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ADVERTISEMENT. 

· [.Bulletin No. 98.) 

The publications of the United States Geological Survey are issued in accordance with the statut6 
approved March 3, 1879, which declares that-

"The publications of the Geological S~rvey shall cop.si~t of the annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology .l)Jld paleontology. The annual report of operations of the Geological Survey 
shall accompany the annual report of the Secretary of the Interior. All special memoirs and reports 
of said Survey.shall be issued in uniform qu,arto series if deemed necessary by the Director, but other­
wise in ordinary octavos. Tb,ree thousand copies of each shall be published for scientific exchanges 
and for sale at the price. of publtcatio~; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization; and the 
money resulting froi:p. the sale of such publications shall be covered into the Treasury of the United 
States." · · · · 

On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress: 

"That whenever any document or riiport ,shall b~ qrdered printed by Congress, there shall be printed, 
in addition to the number in each case stated, the 'usual number' (734) of copies for binding and 
distribution among those entitled to receive them." 

Except in those cases in which an extra number of any publication has been suppliecl to the Surve J 
by special resolution of Congress or has peen ordered by the Secretary of the Interior, this office h,JlS 
n.o copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 
1 map.-A preliminary report describing plan of organization and publications. 

II . . Second Annual Report of the United States Geological Survey, 1880-' 81, by J. W. Powell. 1882. 
s0 • lv, 588 pp. 62 pl. 1 map. 

ill. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883, 
go. xviii, 564 pp. 67 pl. and maps. 

IV. Fourth Annual Report of the United States Geolo,gical Survey, 1882-'83, by J. W. Powell. 1884. 
so. xxxii, 473 pp. 85 pl. and maps. 

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, .by J. W. Powell. 1885. 
so. xxxvi, 469 pp. 58 pl. and maps. 

VI. Sixth Annual Report of the "'\Jni~ed States Geological Survey, 1884-'85, by J. W. Powell. 1885, 
8° xxix, 570 pp. 65 pl. and maps. • 

VII. Seventh Annual Report of the U nitecl States Geological Survey, 1885-'86, by J. W. Powell. 1888. 
go. xx, 656 pp. 71 pl. and maps. 

VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, bf J. W. Powell. 1889. 
s0 • 2 v. xix, 474, xii pp. 53 pl. and maps; 1 p. 1., 475-1063 pp. 54-76 pl. and maps. 

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889. 
so. xiii, 717 pp. 88 pl. and maps. 

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890. 
s0 • 2 v. xv, 774 pp. 98 pl. and maps; viii, 123 pp. 

XI. EleventhAnnualReportof the United States Geolo.gical Survey, 1889-'90, byJ. W. Powell. 1891, 
go. 2 v. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. 

XII. Twelfth Annual Report of the United States Geological Survey, 1890-'91, by J. W. Powell. 1891. 
8° . 2 v. xiii, 675 pp. 53 pl. and maps; xviii, 576 pp. 146 pl. and maps. 

XIII. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, by J. W. Powell, 
1893. 8°. 3 v. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. 1 map. Price $1.50. 
TI. Tertiary History of the Grand Canon Dist,rict, with atlas, by Clarence E. Dutton, Capt. U. S . .A.. 

1882. , 0 • xiv, 264 pp. 42 pl. and atlas of' 24 sheets folio. Price $10.00. 
I 



n ADVERTISEMENT. 

III. Geologyofthe OomstookLode and the Washoe District, with atlas, by Georg-e F. Becker. 1882, ,o. xv, 422 :pp. 7 pl. and atlas of21 sheets folio. Price $11.00. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. , 0 • xiv, (51 pp. • pl. Price $1.50. 
V. The Copper-Bearing Bocks of Lake Superior, by Roland Duer Irving. 1883. 4P. xvi, 464 pp. 

JS 1. 29 pl. and maps. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 

Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16 

pl. Price $1.20. 
VIII. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°. xiii, 298 pp. 

24 1. 24 pl. Price $1.10. ' 
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. 1 map. Price $1.15. , 
X. Dinocerata. A Monograph of an Extin<1t Order of Gigantic Mammals, by Othniel Charles Marsh. 

1886. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 

Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1. 75. 
XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40. 
XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 

1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 
XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val­

ley, by John S. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00. 
XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv,377 

pp. 180 pl. Text and plates bound separately. Price $2.50. . 
XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl. 

Price $1.00. 
XVII. The Flora of the Dakota Group, a posthumous work, by Leo L esquereux. Edited by F. H. 

Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 
XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00. 
XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving 

and C. R. Van Hise. 1892. 4°. 
XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 1892. 4°. 419pp. Spl. 

In press : 
XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder. 
XXII. A Manual of Topographic Methods, by Henry Gannett, chief topographer. 
XXIII. Geology of the Green Mount-ains in Massachusetts, by Raphael Pumpelly, J, E. Woljf, 

T. Nelsc,n D.tle, and Bayard T. Putnam. 

In preparation: 
- Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield. 
- Sauropoda, by 0. C. Marsh. 
- Stegosauria, by 0. C. Marsh. 
- Brontothericlie, by O. C. Marsh. 
- Report on the Denver Coal Basin, by S. F. Emmons. 
- Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Emmollllo 
-The Glacial Lake Agassiz. by Warren Upham. 

BULLETINS. 

1. On Hypersthene-Andesite and on Triclinic Pyroxene in .A.ugitie Rocks, by Whitman Cross, with a 
Geological ketch of J3uffalo Peaks, Colorado, by S. F. Emmons. 1888. so. 42 pp. 2 pl. Price 10 cents. 

2. Gold and liver Conversion Tables, giving the coining value of troy ounces of fine metal, etc., com· 
puted by lbert Williams,jr. 1883. 8°. 8 pp. Price 5 cents. 

8. On the Fossil Fauna.a of the Upper Devonian, a.long the meridian of76o 30', from Tompkins County, 
ewYork, to Bradford County, Pennsylvania, by Henry S. Willia.ms. 1884. so. 36 pp. Price 5 cents. 
4. n Mesozoic Fossils, by Charles A. White. 1884. s0 • 86 pp. 9 pl. Price 5 cents. 
5. Di tionary of Altitudes in the United States, compiled by Henry Gannett. J884. so. 825 pp. 

Price 20 cents. 

0. Elevations in the Dominion of Canada, by J'. W. Spencer. 1884. so. 43 pp. Price 5 cents. 
7 · poteoa Geologica Americana. .A. Catalogue of Geological Maps of America (North and South), 

1752-1881, in geographic and chronologic order, by J'ules Marcou and John Belknap Marcou. 1884. 
So. 184 pp. Price 10 cents. 

8. On Second .Enlargement. of Mineral Fragments in Certain Rocks, by R. D. Irving and C.R. 
Van Ria . 188(. So. 56 pp. 6 pl. Price 10 cents. 

11. A report ot work done in the Washington Laboratory during the fiscal year 1883-'84. F. w. Clarke. 
ohief chem.tat.. T. M. Chat.ard, aaaiatant chemist. 188(. so. 41) pp. Price 6 oenta. 



ADVEHTISEMENT. III 

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Waleott. 
HlU, ~o. '!1 pp. !0 l)l- P!'k~ 5 cen~. 

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms, 
by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. 
Gilbert. 1884. 8°: 66 pp. 6 pl. Price 5 cents. 

12 . .A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8°. 
ll4 pp. 3 pl. Price 5 cents. 

13. Boundaries of the United States and of the several States and Territories, with a Historical 
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Cari Barus and Vincent 
Strouhal. 1885. s0 • 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles .A. White. 1885. 8°. 33 pp. 
Price 5 cents. · 

16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8°. 
86 pp. 3 pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on 
the Geology of the District, by .Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 
cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North.America, 
by Charles .A White. 1885. 8°. 26 pp. 3 pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F . Becker. 1885. 8°. 28 pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille­

brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation. .A Report on the Region between the Grand and 

Moreau Rivers, Dakota, by Bailey Willis. 1885. s0 • 16 pp. 5 pl. Price 5 cents. 
22. On New Cretaceous Fossils from California, by Charles .A. White. 1885. 8°. 25 pp. 5 pL 

Price 5 cents. 
23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke­

weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin, 1885. 8°. 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from .American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall. 
1885. 8°. 336 pp. Price 25 cents. 

25. 'l'he Present Technical Condition of the Steel Industry of the United States, by Phineaa Barnes. 
1885. 8°. 85 pp. Price 10 cents. 

26 . Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents. 
27. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1884-'85. 1886. 8°. 80 pp. Price 10 cents. 
28. The Gabbros and .Associated Hornblende Rocks occurring in the neighborhood of Baltimore 

Maryland, by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North .American Jurassic, by Charles .A.. White. 1886. 

so. 41 pp. 4 pl. Price 5 cents. 
30. Second Contribution to the Studies on the Cambrian Faunas of North .America, by Charles Do,, 

little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents. 
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapoda and .Arach­

nids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents. 
32. Lists and .Analyses of the Mineral Springs of the United States; a Preliminary Study, by .Albert 

C. Feale. 1886. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 cents. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and other groups, by Charles .A. White. 1886. 8°. 54 pp. 6 pl. Frice 10 cents. 
36. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. so. 62 

pp. Frice 10 cents. 
36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. so. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1887. so. 354 pp. 57 pl. Price 25 cents. 
38. Peridotite of Elliott County, Kentu~ky, by J. S. Diller. 1887. so. 31 pp. 1 pl. Price 5 cents . 
39. The Upper Beaches and Deltas of the Gla-Oial Lake .Agassiz, by Warren Upham. 1887. so. 84 

pp. 1 pl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 

8°. 10 pp. 4 pl. Price 5 cents. 
41. On the Fossil Faunas of the Upper Devonian-the Genesee Section, New York, by Henry S. 

Williams. 1887. 8°. 121 pp. 4 pl. Price 15 cents. · 
42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1885-'86. F. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1 pl. Price 15 cents. 
43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and .Alabama Rivers, by Eugene 

.A.. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 
44. Bibliography of North .American Geology for 1886, by Nelson H. Darton. 1887. 8°. 36 pp.. 

Price 6 cents. 



IY ADVERf.l.'ISEMENT. 

45. The PreseIJ.t Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. s0 • 94 
pp. Price 10 cents. 

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F . Penrose, jr., with an Inm>­
dnction by N. S. Shale,r. -1888. 8°. 143 pp. Price 15 cents 

47 . .Analyses of Waters of the Yellowstone National Park, with an .Account of the Methods of 
Analysis employed, byFr~k ;A,.ustin Q-qoch and .Tames Edward Wl:µtfi.eld. 1888. S0 • 84 pp. Price 
10 cents. 

48. On the Form and Posiµon of the S~a Lev.el, .by Robert Simpson W oodward. 1888. 8°. 88 pp. 
Price 10 cents. 

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert 
Simpson Woodward. 1889. 8°. 133 pp. Price 15 cents. 

50. Formulas and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood­
ward. 1889. 8° . 124 pp. Price 15 cents. 

51. On Invertebrate Fossils from the Pacific Coast, by Charle,s .Abiathar White. 1889. S0 • 102 pp, 
14 pl. Price 15 cents. 

52. Subaerial Decay of Rocks and Origin of the :Red Color of Certain Formations, by Israel Cook 
Russell. 1889. 8°. 65 pp. 5 pl. Price 10 cents. 

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 55 pp. 10 pl. PricelO 
cents. 

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8° . 313 pp, 
incl. 1 pl. 11 pl. Price 25 cents. 

55. Report of work done in the Divif!ion of Chemistry and Physics, mainly during the fiscal year 
1886-'87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents . 

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. 72 pp. 
7 pl. Price 10 cents. 

57 . .A Geological Reconnaissance in Southwestern Kansas, by Robert H ay. 1890. 8°. 49 pp. 2 pl. 
Price 5 cents. 

58. The Glacial Boundaryµi "yVl)sternPennsylvania, Ohio, Ken tucky, Indiana, and Illinois, by George 
Fredericlr Wright, with an introduction by Thomas Chrowder Chamberlin. 1890. 8°. 112 pp. incl. 
1 pl. 8 pl. Price 15 cents. 

59. The Gabbros and Asaociated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp. 
1 pl. Price 10 cents. 

60. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 
1887-'88. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Price 15 cents. 

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlow Melville and Waldemar 
Lindgren. 1890. 8°. 10 pp. 3 pl. Price 5 cents. 

62. The Greens tone Schist Areas of the Menomipee and Marquette Regions of Michigan; a contri 
bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington W illiams; 
with an introduction by RolaP,d I?ue;r ,:J:rvµig. ,1890. 8°. 241 pp. 16 pl. Price 30 cents . 

63 . Bibliography of Paleozoic Crustac~a from 1698 to 1889, including a list of North American 
species and a systematic arrangement of gf)nera, by .Anthony W. Vogdes. 1890. s0 • 177 pp. Price 
15 cents . 

64 . .A report of work done in thp :Oivi&ion pf Chemistry ai;i.d Physics, mainly during the fiscal year 
1888-'8!!. F. vV. Clarke, chief chemist. 1890. s0 • 60 pp. Price 10 cents. 

65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, by Isra& 
C. White. 1891. 8°. 212 pp. 11 pl. Price 20 cents. 

6G. On a Group of Volcanic Rocks from the Tewan Mountains, New Mexico, and on the occurrence 
of Primary Quartz in certain Basalte, by .Joseph Paxson Iddings. 1890. so. 34 pp. Price 5 cents. 

67. The Relations of the Traps of the r ewark System in the New J' ersey Region, by Nelson Horatio 
Darton. 1890. 8°. 82 pp. Price 10 cents. 

68. Earthquakes in California. in 1889, by .Tames Edward Keeler. 1890. s0 • 25 pp. Price 5 cente. 
69 . .A Cla.llsed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1890. 

8°. 101 pp. Price 15 cents. 
70. Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woocl ward. 1890. 8° . 79 pp. 

Pri o 10 cents. 
71. Indox to the Known Fo sil Insects of tho World, including Myriapoda and Arachnids, by Samuel 

Huhbard cndder. 1801. 8°. 744 pp. Price 50 cents. 
72. ltitudee between Lake Superior and the Rocky Mountains, by Warren Upham. 1891. So, 

220 pp. Price 20 cents. 
73. Th Vi. co ity of Solids, by Carl Barns. 1891. 8°. xii, 139 pp. 6 pl. Price 15 cents. 
74.. Tb Minerals of North Carolina, by Frederick ngustus Gonth. 1801. so. 119 pp. Price 15 
nta. 
75. Record of North merican Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton. 1811L 
. 173 pp. Price 15 cent&. 
76. Dictionary of Altitudes in tho United tates (second edition), compiled by Henry Gannett. 

chi ftopograpber. 1891. 8°. 303 pp. Pric- 2;; ent . 
77. 'lb Texan P rmiaD a.nd its esozoic Type of .Fos ils, by Charles A.. White. 1891. so. 51 pp. 

, pl. Price 10 ooata. 



ADVERTISEMENT. V 

78. A report of work clone in tho Divisiori of Chemis try and Physics, mainly during the :fiscal year 
1889-'90! F. W . Clarke, chief chemist. 1891. 8°. 131 pp. Price 15 cents. 

79. A Late Volcanic Eruption iri Northern California and its Peculiar Lava, by.T. S. Diller. 1891. so, 
88 pp. 17 pl. Price 10 cents. 

80. Correlation papers-Devonian and Carboniferous, by Henry Shaler Williams. 1891. 8°. 279 pp. 
Price 20 cents. 

Sl. Conelation papers-Cambrian, by Charles Doolittle Walcott. 1891. 8°. 447 pp. 3 pl. Prioe 
25 cents. • 

82. Correlation papers-Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 8 pl. Price 20 cents. 
83. Correlation papers- Eocene, by William .Bullock ClR,rk. 1801.. 8°. 173 pp. 2 pl. Price 15 cents. 
84. Correlation papers-N eocene, by W. H. Pall arnl G. D. Harris. 1s9·2. 8°. 349 pp. 8 pl. Price 

25 cents. 
85. Correlation papers- The Newark System, by Israel Cook Russell. 1892. 86 , 844 pp. 13 pl. 

Price 25 cents. 
86. Correlation papers-Archean and Algonkian, by C. R. Van Hise. 1892. 8°. 549 pp. 12 pl. 

Price 25 cents. 
90. A report of work done in the Division of Chemistry and Physics, mainly during the :fiscal year 

1890-'91.' F. ·w. Clarke, chief chemist. 1892. 8°. 77 pp. Price 10 cents. 
91. Record of North .American Geology for 1890, by Nelson Horatio Darton. 1891. 8°, 88 pp. Price 

10 cents. 
92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 96 pp. 29 pl. Price 10 cents. 
93. Some insects of special interest from Flo.rissant, Colorado, and other point s in the Tertiaries of 

Colorado and Utah, by Samuel Hubbard Scudder. 1892. 8°. 35 pp. 3 pl. Price 5 cents. 
94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Priee 15 cents. 
95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. s0 • 31 pp. 

Price 5 cents. · 
96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8°. 100 pp. Price 10 cents. 
97. The Mesozoic Echinodermata of the United States, by W. B. Clark. 1893. 8°. 209 pp. 50 pl. 

Price 20 cents. 
98. Flora of the Outlying Carboniferous Basins of Southwestern Missouri, by David White. 1893. go. 

139 pp. 5 pl. Price 15 cents. 
99. Record of North .American Geology for 1891, by Nelson Horatio Parton. 1892, so. 73 :pp. 

Price 15 cents . 
101. Insect Fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder. 1893. 8°, 27 pp. 

2 pl. :Price 5 cents . 

. i:n press: 
100. Bibliography and Index of the publications of the U, S. Geological Survey, 1879-1892, by P. C. 

Warman. 
102. A Catalogue and Bibliography of North .American Mesozoic Invertebrata, by C. B. Boyle. 
103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by 

Carl Barus. 
104. Glaciation of the Yellowstone Valley north of the Park, by W. H. Weed. 
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OUTLINE OF THIS PAPER. 

The flora treated in this bulletin comes from the most recent fossiliferous rock 
within the limits of the lead and zinc region of southwesteru Missouri that is known 
to have been laid down before the ores were formed. It therefore furnishes a date 
for the earliest limit of a period during some portion of which the rich ores of that 
region were deposited. 

It is noteworthy as the :first flora to be described from any other horizon of the Car­
boniferous of the state than that at Clinton near the base of the Lower Coal-meas­
ures. It is also the first flora sufficient for correlation that bas been made known 
from above the Clinton stage throughout the entire trans-Mississippi Carboniferous. 

'rheassemblage oftypes, which mayberegardcd as constituting, in some respects, 
an upland flora. by reason of its probaLle altitude of one or two hundred feet or more 
above the contemporaneous Coal-measure marshes, is characterized by a predomi­
nance of Neuropterids, the presence of numerous Cordaites leaves, the entire ab­
sence of any .remains of the Lycopodinere except the leaves of one species, an<l the 
scarcity of Calamarian fragments. 

All the species are described, several old or uncertain forms, as well as the new 
ferns, being illustrated. Generic and ordinal characterizations are omitted except 
in cases where recent discoveries as to the nature or relation of the groups make 
it seem desirable. 

An examination of the distribution of the species and of the facies and affinities of 
the flora. leads to the conclusion that the plant-bearing outliers belong to the Lower 
Coal-measures, with an indicated stage near, probably above, the middle of that 
series. 
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FLORA OF THE OUTLYING CARBONIFEROUS COAL 
BASINS OF SOUTHWESTERN MISSOURI. 

BY DAVID WHITE. 

INTRODUCTION. 

GEOLOGICAL. 

The flora described in this report is worthy _of consideration in three 
respects: (1) It furnishes locally a datum subsequent to which the 
deposition of the lead and zinc ores of this region must have occurred, 
the plants having been laid down in these basins in the Lower Carbon­
iferous rock prior to the ore formation. (2) The collection constitutes 
essentially the first flora that has been studied and described from any 
horizon above the lower part of the Lower Coal-measures in the Car­
boniferous terranes of the trans-Mississippi regions. It is therefore of 
much interest and of considerable importance, although the fossils do 
not from t:he nature of their occurrence constitute the flora of a single 
ascertained horizon in a section of the Coal-measures. (3) The position 
and stratigraphic relations of the outliers with which we are concerned 
are such as to indicate an altitude of perhaps 100 to 200 feet above the 
contemporaneous marshes flanking the "Ozark Uplift" at some dis­
t ance westward, which now constitute the coal fields of northern Mis­
souri and eastern Kansas. We are therefore justified, from the bio­
logical point of view, in regarding this assemblage of species, which 
must have grown on dry land or near a small uplaud stream or pond, 
as practically constituting an upland flora, as contrasted with that of 
the semi-inundated region westward. 

LOCALITIES. 

The material ~xamined comprises the contents of fourteen boxes, col­
lected in the fall of 1889 by Dr. W. P. Jenney, of the U.S. Geological Sur­
vey, while engaged in the study of the zinc and lead deposits of th~ 
southwest~~rn Missouri region. The localities where the fossils were 
obtained a:re, in the order of their richness in species, as follows: 

I. By far the greater number of species were obtained from neair 
Belleville, Jasper county, Missouri, at McClelland's shaft, Sec. 31, T. 
28 W., R. 33 N. These are contained in light ash-colored somewhat 
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12 CARBONIFEROUS FLORA. OP SOUTHWESTERN MISSOURI. [BULL.98. 

arenaceous shales with minute particles of mica. In portions they are 
more massive and are sandy and rather darker. 

II. Several species, belonging mostly to Neuropteris, were found in 
similar shales at the Hannam shaft, 1 mile northeast of Carterville, 
Jasper county. These shales are rather finer and more compact, weath­
ering a light brownish tea color. 

III. From a shaft 1 mile north of .Aurora, Lawrence county, a small 
bundle of specime":s was collected in May, 1891. The shales contain­
ing the fossils are lighter than those described above, with less sand. 
The plants are poorly preserved, though numerous, the thicker tissues 
and leaves of Oorcla"ites being somewhat infiltrated with pyrites. 

IV . .A few fragments were collected from the north end of the Bay 
State lease near Joplin, Jasper county. They consist of a dark coarse 
sandstone, somewhat laminated, :filled with small fragments of vege­
table matter, chiefly stems, either charred or replaced wholly or in part 
by marcasite. 

V . .A number of specimens of black coaly shale from the Bristow 
land, Sec. 15, T. 28, R. 33, 4 miles north of Joplin, Jasper county, con­
tain lamellre composed almost exclusively of fragments of Oordaites 
leaves and stems. The latter are either too small or too ill-preserved 
for satisfactory identification. 

MODE 01!' OCCURRENCE. 

The small basins from which the plants in hand were collected were 
all eroded in a limestone considered on the evidence of its fossils to be 
"of Warsaw-St. Louis age." .At other points of the Ozark Uplift, such 
outlying basins are found in the Burlington and Chouteau limestones 
of the Lower Carboniferous, and even in the upper limestones of the 
Magnesian series of Swallow, of Lower Silurian (Ordovician) age. 
Whether these outliers in the zinc region are of the same da.te as tho, e 
found in Lincolu, Warren, Montgomery, Calloway, Cole, aml other 
rountie , which have generally been regarded as contemporaneous with 
the lowest of the true Coal-me~sures in western Missouri, remains un­
d ided, no plants haviug, o far as I can learn, yet been collected or 
tudi d from any of the latter 1 deposits. 

Th geol gy of this r gion, which will form the especial subject of Dr. 
J nu y' rep rt, ha been discus ed in many tate and individual pub­
Ii ti n. par icul. rly in Me r . .Adolf Schmidt and .Alexand r Leon­
h , lnal 1 r ·port included iu th volume i u d by the ._ tate urvey 
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WHITE.] M'CLELLAND'S SHAFT. 13 

the greater portion of the data on which the chronological conclusions 
are based. 

At McOlelland's shaft the basin affects the· surface topography as 
a slight " sink." The depression occurs ~n a peculiar series of the 
Lower Carboniferous, consisting of loose layers of chert brecciated in 
situ and alternate limestone strata, more or less dissolved and re­
moved, whose fossils, determined by Prof. H. S. Williams, are character­
istic of the Warsaw and Chester groups. The bottom of the depression 
is covered by loose chert. The walls, composed of the same formation, 
are also somewhat broken. On this loose floor rests the lenticular body 
of shales, about ten feet iri. thickness, very convex below and slightly · 
convex above. The basin at this level is about _thirty feet in diameter. 
A t unnel was extended from the shaft in the center following the plant­
bearing layers, to· the wall of the sink on one side, a distance of fif­
teen feet. From the top of the shales to the surface, about thirty feet, 
the d epression is filled with loose chert, gravel, and recent material 
washed in. 

The accompanying section, drawn semidiagrammatically, is prepared 
from sketches kindly furnished by Dr. J enney, to whose notes I am in­
debted for the brief description of the formation in advance of his own 
publication. 

+ +- ++ + +t-t--+-+-+- ++ 

F IG. 1·-Semidiagrammatic section of outlier at McClelland's shaft; Sec. 31, T. 28, R. 33. 
a, loose chert, gravel, and wash. 
b, plant-bearing shales . 
c, alternate strata of cher t and limestone, more or less broken, the interstices filled with ore. (The 

brok en characte! is not well r epresented in the diagram.) 

The more important events relating to the formation of the fossilifer­
ous shales are : (1) The flexure of the stra.ta and fracture of the chert 
attending the latter part of the Ozark uplift, which elevated this re-
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gion, near the close of the Lower Carboniferous, to a considerable height 
above the Carboniferous sea lying to the westward. (2) The solution 
and removal of the :fissured alternating limestones by surface water 
charged with carbon-dioxide, continuing for a long period and produc­
ing innumerable passages, crevices, and chambers, often permitting the 
interlarded chert layers to crush for want of support. This under­
mining has occasionally been so extensive as to result in a collapse of 
all the overlying rock, producing a sink or pothole, such as that de­
scribed, that is apparent in the surface topography, and which indi­
cates to the prospector the existence in the subjacent rocks of cham­
bers, pockets, etc., containing the ores. (4) Such a sink existed, or 
came into existence, in the early Carboniferous, constituting a small 
pond which was filled with sediments burying portions of the plants 
that grew in the shallows or near the borders. (5) After :filling to the 
point of erosion by drainage, no more sediments were perhaps deposited 
until the Pleistocene, when the outlet, which was probably a tributary 
to the Carboniferous river described by Winslow 1 and others, may have 
been obstructed and the process of washing in gravels and detritus re­
newed. (6) At some time during the interval between the deposition 
of the shales and that of the superimposed gravels and detritus, rich 
deposits of zinc blende and galena were formed in the passages, :fissures, 
caverns, and interstices of the limestone and chert, frequently :filling the 
chambers and constituting large masses and pockets. At the same 
time dolomite, with minute quantities of cbalcopyrite, greenockite, and 
marcasite were formed. Quartz aud calcite rarely occur as gangues. 
Many other minerals have subsequently been formed by alteration. 
The dense mass of clay shales was penetrated for a foot or more by the 
solutions carrying lead and zinc and contains near its borders numer­
ous perfect crystals of galena and blende, often distorting and replac­
ing portions of the plant remains, and showing that the deposition of 
the ores was later than the preservation of the plants. The shales are 
nearly horizontal, and but slightly disturbed, the disturbance being 
apparently due to the irregular settling of the mass consequent to the 
, ubterran an ero ion of the underlying terranes. 

The veg table remain are generally well preserved, the thinner 
lamin, bein<r brown or dark, and distinct, while the stem and den er 
p rti ll, ' ar arbo1iized. But in th coa,rser matrix t he preservation is 
hardly g od pecially for the ,·tudy of the nervation. As a rule 
th plan fra 0 ·mf'nt, lie n , rly normal to tlte bedding. The , urface of 
h ro ·k.-p cim n fr m c rtain horizon· in the finer ediment i nearly 
· v r lb r plc ut r main,· pr nting on the ame tone a ociated pe-
i . · f •T div r i y in form and r lati u hip. 
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PALE ONTOLOGICAL. 

In describing the following species I have sought to make the diag-
119ses as full as was expedient from all the material at my disposal in 
order to secure as complete a differentiation and characterization as 
possible of each species, and to render its identification by other 
workers in other localities more exact and less difficult. 

The greater service to geology will, I trust, be accomplished in the 
more accurate differentiation of the species and forms. If we admit as 
a fact that the modifications in many species enduring through a long 
period are such in the course of time, or amid changing circumstances, 
that certain phases or forms in a fossil state are peculiar to certain 
horizons, especially within limited regions, it follows that the greater 
efficiency in correlation will be attained, and consequently the greater 
aid given by paleontology to geology, by thoroughly diagnosing each 
variety or form of a species which is sufficiently distinct from all others 
to be clearly distinguishable in any region or series of localities when 
thus fully characterized. In the ideal point of view any impression that 
possesses a character which marks it as different from all other impres­
sions and as peculiar to a horizon or series merits a characterization 
sufficient for its complete distinction; for its value in identifying that 
horizon within certain limits is equ~lly important whether it be a good 
species to the eye of the systematic biologist, or only the track of an 
otherwise unknown organism. However, in practice the material at 
hand is so far from the ideal either in quantity or in the degree of per­
fection, that it is seldom that differentiation has gone with distinct 
characterization beyond what are regarded as distinct species. 

In several cases, on account of the paucity of material belonging to a 
certain species in the collection, or for lack of specimens for comparison, 
I have doubtfully referred a form to an established species for the pres­
ent, though the identification is far from satisfactory. In other cases I , 
have united old species whose forms either represent different portions 
of the same plant or do not appear capable of distinction when repre­
sented by a good suite of specimens from any lollality. 

The systematic arrangement of the groups represented in this flora 
is temporary. The relations of many of them are now the subjects of 
radical disagreements among paleontologists, while the knowledge 
constantly accruing from the study of internal structure and fructifica­
tion compels a frequent readjustment of the lines of classification. 

It is hoped that my coworkers, whether in the laboratory or the field, 
will herein :find assistance in identifiying our species, a task which is 
often difficult when the student has no other aid than the descriptions 
and figures in our American literature on the Carboniferous plants. 
The method followed is that employed by the distinguished paleobot­
anist, Mr. Rene Zeiller, in bis classical work on the coal :flora of the 
Valenciennes basin, and to that work I am much indebted for aid and 
information. 



16 CARBONIFEROUS FLORA OF SOUTHWESTERN MISSOURI. [BuLL.98. 

In taking up the systematic study of our Carboniferous flora where it 
was left by its chief architect and devotee, Prof. Lesquereux, it has be­
come apparent that a certain amount of revision to suit the progress 
of the science, and of recharacterizatfon accompanied by reexamination 
of collections, is necessary; but such fault s as are found in the existing 
condition of American Paleozoic paleobotany are easily explained when 
we remember his failing powers of memory and vision during his last 
years, and the great physical disadvantages under which his labor was 
performed and which win for his life work the highest admiration and 
distinction, especially from those who through scientific or friendly in­
tercourse learned the beauty and simplicity of his personal character. 

Grateful acknowledgments are due to l\Ir. R. D. Lacoe, of Pittston, 
Pennsylvania, and Dr. J. H. Britts, of Clinton, Missouri, for kind 
courtesies in transmitting authentic specimen s from Lesquereux's hand 
for comparison; and particularly to Mr. Lacoe for valuable counsel and 
information given during the preparation of this manuscript. 



DESCRIPTION OF THE SPECIES. 

I. V ASOULAR ORYPrOGAMS. 

EQUISETINEZE. 
CALAMAIU.lE.1 

CA.LA.MITES Suckow. 1784. 

CAL.A.MITES (EUC.A.LAMITES) R.A.MOSUS .Artis. 

182G. Cala1nites mmosus Artis, Anteclil. Phytol., Pl. II. 1828: Brongniart, Hist. Veg. 
foss., p. 127; Pl. XVII, Fig. 5 (non.6). 1835: Gutbier, Abdriicke, p. 18; Pl. II, 

Fig. 6. 1848: Sauveur, Veg. foss. Belg., Pl. 1x, Fig. 2; Pl. x, Figs. 1, 2. 1858: 
Lesquereux, Geol. Penn., II, p. 850. 1866: Lesquereux, Geol. Surv. Ill., II, 

Pal., p. «5. 1877: Grand'Eury, Fl. Carb. Loire, p. 20; Pl. II, Fig. 4. 1879: 
Lesquereux, Coal Flora, I, atlas, Pl. 1, fig. 2; text (1880), p. 22. 1882: Renault, 
Cours bot. fo~s., II, p. 163; Pl. xx1v, Figs. 8, 9. 1884: Lesquereux, Coal 
Flora, III, p. 702; Pl. xcII, Figs. 1-4. 1886: Zeiller, Fl. foss. Valenciennes, 
atlas, Pl. Lv. , :Fig. 3; Pl. LVI, Fig. 3; text (1888) p. 345. 1887: Stur, Carb. 
Fl. Schatzlarer Sch., II, p. 96; Pl. XII, Figs.1-6; Pl. xub; Pl. x111, :figs. 
1-9; Pl. xiv, Figs. 3-5; text figs. 1, 2, 28, 29, 31, 32. " 

1877. Calamites nodosus Sehl., Lebour, lllustr., Pl. II, Pl. III. 

188-i. Calamites (Eucalamites) ramosus, Weiss, Steink.-Cal., II, p. 98, Pl. II, Fig. 3; 
Pl. v, Figs. 1, 2; Pl. VI; Pl. VII, Figs. 1, 2; Pl. VIII, Figs. 1, 2, 4; Pl. IX, l?ig. 
1; Pl. x, Fig. 1; Pl. xx, Figs. 1, 2. 1886: Kidston, Foss. Pl. Lanarksh., p. 51. 

1887. Eucalamites (Calamites) ramosus, Kidston, Foss. Fl. Rad11tock Series, p. 341. 
1889: Kidston, Foss. Pl. Raven.head Coll., p. 400. 

1888. Euct1lamites ramosus, Schenk, Die foss. Pflanzen., p. 125. 

FOLIAGE. 

1828. Annulariaradiata Brongn., (pars!), Prodrome, p. 156. 
1848. Annularia radiata, Sauveur, Veg. foss. terr. houill. Belg., Pl. LXVII, Fig. 2. 

1855: Geinitz, Verst. Steink. Sachsens, p. 11, Pl. xvm, Figs. 6, 7. 1869: 
v. Roehl, Foss. Fl. Steink. Westphalens, p. 28, Pl. 1v, Fig. 3. 1874: 0. Feist­
ma.ntel, Verst. bohm. Ablag., I, p. 130, Pl. XVII, Figij. 2, 3, 4. 1878: Zeil­
ler, Veg. foss. terr. houill., atlas, Pl. CLX, Fig. 1, text (1879), p. 24. 1886·: 
Zeiller, Fl. foss. Valenciennes, atlas, Pl. LIX, Fig. 8, Pl. LXI, Figs. 1, 2, text 
(1888), p. 394. 

1877.( f ) Calamites nodoms Schloth., Lebour, lllustr., Pl. III. 

1881. Annularia ·ramosa Weiss, N. Jahrb. f. Min., II, (Brief.) p. 273. 1884: Weiss, 
Steink.-Cal., II, p. 98; Pl. v, Figs. 1, 2; Pl. v1, Figs. 1-7; Pl. x, Fig. 1; Pt 
xx, Figs. 1, 2. 

1887. A nnularia ramosa Stur, Carb.-Fl. Schatzlarer Sch., II, p. 106; Pl. XIIl>, Figs. 
2, 3J 4, 6; Pl. XIII, Figs. 1, 3-9; Pl. XIV, Figs. 3-5. 

1886. Calamites (E·ucalamites) ramosus, Kidston, Foss. Pl. Lanarksh. p. 51, Pl. 111, 

Fig. 1. 
1.A.s the order Equiaetacere is defined and generally understood among botanists, the great family 

O&lamarire can not be included therein. I have preferred therefore to adopt the classification coordi­
nating the two families within the order Equisetinere, which has been so defined 11,8 to contain the 
highly organized Carboniferous representatives, of which the living Equiseta, are but feeble and 
degenerate descendants. 

Bull. 98-2 17 
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FRUCTIFICATION, 

1884. Calamites (Eucalarnites) ramosus, Weiss, Steink.-Cal., II, p. 98; Pl. v, Fig. 2; 
Pl. VI, Figs. 2, 3, 4, 6, 7; Pl. xx, Figs. 1, 2. 

1884. Calamostdchys i'amosa Weiss, Steink.-Cal., II, p. 180 (266)~ Pl. xx, Figs. 1, 2. 
1887. Calamites ranwsus Stur, Carb. -FI. Scbatzlarer Sch., II, p. 96; Pl. xn, Figs. 

5 ( Y), 6 ( Y); PI. xnb, Figs. 2, 3, 4, 6. 

Stems cylindrical, branching, the lower portions, and rhizomes bear­
ing roots; internodes . slender, generally mueh longer than broad; 
ribs straight, low, 1½-3 or even 4 mm broad, rounded or obtusely pointed 
at the extremities, minutely striated longitudinally, often marked trans­
versely so as to form rectangular meshes, furrows shallow, Hmm broad 
and bounded on the internal casts by two fine indented lines between 
which the surface is slightly raised, tubercles often indistinct, at the 
top_s pf the ribs, oval, rather longer than broad, often absent from the 
fower ends of the ribs or represented only byfodistinct rounded pro­
tuberances; branches and upper part of the stems slender and less 
tlistinctly·costate; branching several times· repeated, the branches or 
their cicatrices usually placed diametrically opposite, two at each no~e, 
or sometimes three or rarely one; rameal cicatrices placed on the mid­
dle of the articulation, large, circular, or oval, a little broader than 
long, more or less depressed, with a zone of converging furrows, cor­
responding to the ribs of the stem, within its borders; final branches 
and branchlets foliate, in annulated verticils of radiating, uninerved 
leaves, the latter.being lanceolate, narrowed to each end, 5-20mm long, 
and ½-2 mm wide, the smaller ones nearer the tips of the branches; 
,this.foliage is commonly known as Annularia radiata (Brongn.) Sternb. 

This species, now one of the best known of its genus, is a good ex­
ample of the progress made in synthetic work among fossil plants 
during the last decade. The careful studies by the late Dr. Weiss of 
the rich material contained in the collections of the Prussian Geolog­
ical Survey and many other German institutions,' the critical examina­
tions by Director Stur of the exhaustive collections from the coal-fields 
of Bohemia and Moravian Silesia, with comparisons with numerous 
other collections to which he had access, the constructive work of 
Grand 'Eury among the plants from the basin of the Loire, and espe­
cially the painstaking and brilliant work of Zeiller and Renault among 
the collections from the regions of Autun, Valenciennes, and Commen­
try, have yielded a great amount of data for the revision of the :flora 
of the Coal-measures and the future reconstruction of the system of 
Paleozoic plants on the basis of a knowledge of the essential char­
acters in the entire plant, including its fruiting and its internal struc­
ture. Few as are the types whose life history is yet even relatively 
well known, the increment contributed to our understanding of many 
widely different types make the last fifteen years an important period 
in the hi tory of paleobotanical progres . The study of the Oalamaritz 
ha been characterized by special activity and enthusiasm regarding 

h the uperfi.cial characters of the various organs and their micro­
co i trncture. Th re ulta of all, o far, though establishing no 

pecifi.c correlation of stem , foliage, and fruitings, go t.o pro e; 
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,at the same tiine1 the unity of many of the types in the calamarian 
family, and the real diversity .of the types formerly included in the 
genus Oa,lamltes itself. Sufficient has been learned of the organs be­
louging to various forms of Oalamites to show·that it contains type's 
·wbich wil1 prollably necessitate its division into several distinct genera. 

In the meantime, for convenience and a better definition of its char­
acters, Weiss has proposed a provisional classification of the sterns 
belonging to this genus, which may itself be considered as provisional, 
into four groups based on the alternation or continuity of the furrows 
at the nodes, the periodicity of the branch cicatrices, and the relative 
length of the .internodes.1 

, According to this system, Oalamites rarnosus belongs to the group 
Eucala1nites, branching as a rule from every_ joint, and most nearly 
resembling our branching Equiseta. 

With the exception of the rhizomes and basal tips of the stems, our 
acquaintance with the superficial characters of this plant is relatively 
complete. Considedng it, therefore, as a type of tbe true Oalamites, 
its general characters will be given somewhat in detail, avoiding as far 
as may be the repetition of those given in the above description. 
· Rhizomes and roots.-Rhizomes undoubtedly belonging to this species 

have not yet been found· attached to stems, though the latter are sup­
posed to have originated from the articulations of a rootstock, as iri. 
other ·species of the genus. 

1 'l'he grouping proposed by Weiss for the calamitean stems, independent of the other parts of the 
plants,· is as follows: 

I. Furrows alternating at the joints. 

1. Oalamitina (emend.) Weiss.-Branch scars occurring periodically, the scar-bearing nodes being 
separated by a certain number of joints without scars. In most cases there is a regular increase or de­
crease in the length of the intemodes or joints occurring between t.he scar-bearing nodes; e.g. d. 
varians Stemb., -0. verticillatus L. & H., and O. approximatus 13rongn. 

2 . .Eucalamites Weiss.-Brancb scars at every joint; the internodes all of the same length or varying 
i1Tegularly in length; e. g. Oalamites ramosus Artis; and O. c1·uciatus Sternb. 

3. Stylocalamites Weiss.-Branch scars occurring without definite order, of subonlinate importance, 
often entirely wanting on long stretches of the stem; the internodes of equal length or varying irreg­
ularly in length; e.g. 0. Suckowii Brongn., 0. arbore,cens Sternb. 

II. Furrows not alternating at the joints. 

4. Archreocalamites Stur. [Bornia Sternb. (pars), Asterocalamites Schimp.]-Branch scars occurring 
irregularly; the internodes of unequal length. 

Weiss, Beitrage zur fossilen Flora, III. Steinkohlen-Calamarien, II. .A.bhandl. z. geol. Special­
karte v. Preussen·u. d. Thiiringischon Staatcn, Vol. V, Heft. 2, Berlin, 1884, pp.1-204(87-290), so . .Atlas, 
Pl. 1-xxvm,·4°. (See pp. 55, 56, 59, 96, 119, 141). 
It is at once apparent that this division of the genus, though largely artificial and purely provi­

sional, 'is simple and most convenient as an aid in classifying tho stems until the true relations of the 
vru:ious species shall be determined. It has, accordingly, been followed by several authors, among 
wltom Kidston (Foss. Pl. Ravenhead Coll., 1889) elevates the groups to generic rank. 

While most recent authors agree in discarding Stemberg's name, Bornia, as confusing to the- no­
menclature on account of its synonymic relations to Oalamites and itR original inclusion of species of 
.Asterophyllitu and Annulana, it seems only allowable, if that prevalent ruling is to continue;· that 
the earliest special well-defined·name shoufd be accepted. .A.mong ·the later names Schimper,'s genus 
~aterocalamitee (Terr. trans. d, Vosges, 1862, p. 321) has priority, and. is preferred by Kidston and 
Zeiller to the name Archreocalwmites, chosen by Stur (Culm Flora, 1, 1875, p. 2), after a careful review 
of the genus, and adopted l>y Weiss ,largely on account of its appropriate etymology. I1is fruit, de­
scribed by Stur, has also been shown by Kidston (Ann. ' Mag. Nat. Hist., May, 1883, p. 297) to be 
identical with Patterson's J>othocites Grantoni. . ; . . . 
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Stur, in his large work on the Oalamarial figures a large fragment 
23cm long and about 4cm broad, with five nodes, which he considers a 
rhizome of this species. It was found oblique to the bedding, with 
roots passing from the nodes horizontally and conformably t-0 the 
bedding. A tapering conical base of a stem is still attached to one of 
the nodes, but it is too poorly preserved to show much except that it 
is ribbed, and that the segments grow shorter towards the base. 
Another very large conical.base of a stem, springing from a rhizome, 
is also illustrated2 under the same name. As in Oalamites ramifer Stur, 
the coaly substance is thicker on the rhizome than on the stem. This 
base is described as 1 cm broad at the tip, enlarging to a diameter of 
15cm at the height of 13cm, the lowest internodes measuring hardly 3111111

, 

The tubercles at the upper ends of the ribs (''root scars" as interpret.eel 
by the author) are seen distinctly at every node, while those on the 
lower eJJ.ds of the ribs (" leaf scars") are seen only rarely on the coaly 
substance. No branch scars appear. No roots are seen on these two 
stem bases. Weiss notes the occurrence of rhizomes at the same 
places with Oalamites ramosus, which may perhaps belong to that 
species, but which, on account of the smooth or very slightly ribbed 
surface, bear an aspect so different from the stems that only organic 
union would permit them to be considered as specifically identicaL 
Neither Weiss nor Zeiller have been able to identify stems of this 
species with the lower ends contracted in the form of a reversed oone 
and with a corresponding foreshortening of the internodes, like that 
figured by Stur or'those belonging to Oalamites (Stylocalamites) 8d 
owii. 

To Prof. Leo Lesquereux is perhaps due the credit for first describ­
ing, from specimens obtained in the vicinity of Lawrence, Kansas, the 
rounded, conical, or subtruncate bases of these stems, with their at­
tached roots. 3 The rootlets on these bases are described as simple, 
l½mm in thickness at the point of attachment, and tapering filiform from 
about 1 mm in diameter. He says: 

'They penetrate the stone, passing outward and downward in a curve, from their 
point of attachment in regular rows a little above the tubercles or leaf scars, more 
rarely upon the articulations, the point of insertion being marked by a deep roun4 
perforation about half as large as the convex tubercles to which they are paralleL 
They are, however, irregular in horizontal distances, the space between them varyllll 
from 2mm to 4mm, The whole length of the radicles can not be seen. By a verii 
br aking of the block embedding the stems of these Calamitea, the rootlet, are 
xpo ed from 1cm to 3cm from their origin to the points where they penetrate 
ton · The scar of the rootlets, as well as the tubercles of the leaves and the · 

ul tions, are di tinctly seen down to tho rounded or subtruncate pa.rt of the inve 
on which on titnte the aMe of the st ms. The lowest articulations less than 

r dual] · more di tant up to the eighth one where at 7cm from the b 
th . ' ' ____ e_ w_ n_ m 1 15mm. Ther is n trace of any rhizoma with these &pec,t-

rl n d r arbon- l m d · batzlar r chicbten. .A.bbandlungen d. k: .. Jc. ieol, 
v L , 2. Abtb., i D, 1887, p. '· 
It. , p .8. 

lora, ol. m, p. 702; Pl. xao, :!'ii•· 14 
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mens, which .are all isolated. But another specimen from the same locality has three 
15,tems, t wo of which ·appear to originate from an inclined stock resembling a frag­
ment of Calamites, as if they were attached to it like britnches, while another grad­
u"ally narrowed to a point or to a sharply obconical base, bears rootlets and merely 
touches the stock by its point, in the same way as are represented by the young 
shoots derived from a horizontal branch in Grand'Eury's Fl. Carb., Pl. 1, Fig. 2. 
In all the specimens observed without connection to a parent stock, the basilar point 
of the stem is a small blunt mamilla, smooth or without any trace of fracture or 
poin t of attachment, and the radicles are diverging all around the conical base. 

Lesquereux's description was based on specimens 1½-4°m in diameter. 
The figures 1 show the tubercles to be low down on the costre of the 
root-bearing portion, sometimes near the middle of the shorter inter­
nodes and covering a considerable portion of the costre. The specimens 
figured are in the cabinet of Mr. R. D. Lacoe, of Pittston, Pennsylvania. 
Two specimens identified and labelled by Prof. Lesquereux as Gala­
mites ramosus are at present in the fossil plant collection of the U. S. 
National Museum. Both purport to come from Ottawa, Illinois. The 
rock is a coarse and rather soft sandstone, somewhat stained by iron. 
Both fragments agree fairly well with Lesquereux's figures. The larger 
specimen, an impression about 10cm long and 6°~ wide, shows neither 
the full width of the stem nor the extreme lower part of it. It presents 
fl ve nodes, the lowest segment being about 1-!cw in length, the highest 
about 3 ·•11

• The tubercles are large, circular, and near the tops of the 
ribs. The rows of pits, apparently on the nodes, marking the origin of 
the rootlets, seem as represented in the Coal Flora, Figs. 1, 2, the num­
ber of pits nearly equaling the number ofribs of the segment. A fracture 
of the rock shows the filamentous appendages illustrated in Fig. 2. 
The tubercles are larger at the lower nodes. The second specimen is a 
cast, about 10cm long, of the contracting base of the stem, but does not 
include the tip. It remains partly embedded in the rock and is some­
what flattened, but nearly three-fourths of its circumference is exposed, 
indicating a diameter of about 5cm at the top and 2½cm at the bottom of 
the fragment. Five articulations are seen, the highest 2~cm in length, 
the lowest smm, It resembles Fig. 3 of the Coal Flora. A portion of 
the cast not compressed shows the low ribs finely striated, the distance 
being the same as in undoubted stems of this species. It also shows 
the two vascular bundles marking by their creases the borders of the 
furrows. The ribs are mostly flat in the upper part of the fragment, 
but become round and prominent in the lower portion. The upper 
tubercles are large, well developed, and often protruded. This protru­
sion has in places been very great, as is distinctly shown by their hav­
ing been broken off, sometimes at a distance of 2mm from the rib, the 
stout stump lying twisted obliquely aside, so that in a few cases they 
overlap halfway across the next rib. Smaller scars, usually indistinct, 
can be sometimes ~een at the bottoms of the larger costre. No append­
ages corresponding to the pits seen in the impression in hand, or in 

1 Op. cit., Pl. xon, Fiis.1-4. 
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those figured in the Coal Flora, are clearly demonstrable on the cast, 
nor do the elongated tubercles of the cast described above seem to 
correspond in position with the pit s of the impression. In the impres­
sion the specific characters are indistinct, the ribs are broader, and the 
tuqercles. l~rger. Tp.~ pits which were interpreted by Lesquereux to 
represent the origin of the roots are distinctly seen, in many cases, ,to be 
placed at the base of the ribs. Owing to the close interlacing of the 
ribs at the nodes in the lower segments, these pits are practically on 
the nodes themselves. They perhaps represent the tubercles at the 
lower end of the ribs. The pits are circular; and pass down into the 
rock, and in many cases a portion, at least, of tµe vascular fibres run­
ning along the furrows of the interior internode may clearly be seen 1io 
curve and pass down into the larger of the pits. It may be added that 
the same feature is observable on a tjp from· the same place identified 
by Lesquereux as 0. Suckowii. The internal cast of this base of 0. Buck­
owii has internodes more or less conc~ve. ·The lower ends of the ribs, 
jut ting out very prominently and generally broken, strongly indicate, 
in the appearance of the fracture, a former protuberance, coinciding 
with the pits in the impression of the same specimen, these pits remain­
ing hollow to a depth of .6mm or 7mm. The specimens identified by Les­
quereux correspond in the much rounded dome-shaped apex, the pro­
portionate length of the internodes, and the disposition of the tubercles 
with the figures of 0. Suckowii on Stur's PI. v, Figs. 5, 6; Pl. XVI, Fig, 1. 
But one of the distinctive characters of O. raniosus, according to that 
author, lies in their tips being more acut e. While the identity of the 
Museum specimens with 0. ramosus is very probable, the fragments in 
the Museum are insufficient to warrant the conclusion tha t they belong 
indisputably to that species. Although they agree largely with the 
base figured, but not described in detail, by Stur ( op. cit., p. 8) neither 
they nor Stur's Fig. 7 correspond in form to the base attached to the 
specimen figured by the latter as the rhizome of this species. And 
while the specimens figured by Lesquereux seem to have the characters 
of 0. ramosus, we can not consider either the stem ba;:,;;::; nor the rbi· 
zomes of this species as definitely correlated until they are demon· 
strated by better material or actual union. 

Roots originating at the articulation of the lower portion of the main 
t ms have been described and figured by several authors. These are 
imple, in fascicles, or sometimes in verticils. Frequently they appear 

in fa cicle or emi-verticil about the lower side of the articulations of 
he main branches with the tern. They are · cylindrical, 4-7mm thick, 

and about 10-17mm long, or perhap longer, tapering to a point . These 
ro t have their urface hagreened and are traversed by an axial vas­

lar bu dle. 
tem and branches.-This species of Oalamites is very ramose, th& 

h diviru g in the ame manner a the tem . The internodes of 
1 tter ar u ually 5-25cm long, the 1 w rib li-3 or 4mm broad, finely 
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striated, and the furrows 14mm wide, marked in the cast at each edge 
by the furrow of a vascular bundle, the intervening portion being ra,iised. 
The segments are generally swollen toward the joints. The branch 
scars, usually two, opposite, at each node, though sometimes three, one, 
or · even n<1•ne, are 1-3fem in· diameter. The larger branches, rather 
oblique to the stem, reach a diameter of 3½em and have internodes as 
tong as 20cm. The ribs on the branches are narrower than on the stem, 
½-l½mm broad, the furrows becoming less distinct. The general diamet­
rically opposite habit of branching gives the secondary ramification a 
distichous aspect, although the larger branches frequently give rise to 
three subordinate branches from a node. The internodes in the smaller 
branches become shorter, and the ramification more nearly distichous. 

Foliage.-The discovery of the dependence of certain forms of Annu­
laria radiata, as foliage, on Oalamites ramosus, was made independently, 
and at about the ·same time, by both Weiss and Stur. The larger foli­
ate branches are mostly distichous in pairs ½-3mm in width, with nodei:J 
15-30mm long, finely _striate, the smaller branches being ½-Imm wide, tp_e 
verticils overlapping. The verticils contain 8-20 uninerved acute leaves, 
often linear, spread out flat and joined at the base in a very narrow ring. 
The length of the leaves varies greatly, those in the larger foliar twigs, 
whose verti.cils often only touch, measuring 15mm in length, and reach­
ing a width at the widest part of 2mm, becoming contracted toward the 
base. · Those in the smaller verticils are shorter, 7 -15mm in length, nar­
rower, ½-2mm, and more acute, the number of leaves to the verticil also 
diminishing. Those on the smallest branches are proportionately 
broader at the base and somewhat resembleAnnularia microphylla. The 
observed foliage of Oalamites ramosus includes nearly all the forms that 
have been described as A.nnula,ria radiata (Brongn.) Stb., and Zeiller 
and Kidston refer this entire species to the Oalamites in question. So 
far , however, the long awl-shaped leaves figured by Brongniart in his 
original description,1 and later by Geinitz,2 which are rare, have not 
been seen attached, I believe, 3 to this species of Oalamites. The true 
Annularia radiata of Brongniart has its verticils from 3½-5em in diam­
eter, the leaves being also much narrower in proportion to their length, 
while those verticils attached to the Oalamites measure about 2½em 
across. Observing this difference, Weiss and Stur independently re­
stricted A._nnularia radiata to Brongniart's typical form, e~ch proposing 
for the Calamitean foliage the name Annularia ramosa. The descrip­
tion and figures of Stur's Annularia ramosa having been prepared in 
1880, while Weiss's announcementofthe discovery, in which he proposes 
the name A. ramosa Weiss, appeared in 1881, Stur sues for priority, 
though his publication did not appear till later. · However, strict ob­
servance of the rules of nomenclature demands priority for Annularia 

1 Classif. et dist. v6g. foss., 1822, Pl. 11, Figs. 7a, b. 
2 Verst. Steink. Saehsens, Pl. xvm, Figs. 6, 7. 
3 In arranging the synonymy I ha,ve citecl only those figures which may be r~ferred to as the leavee 

of Annularia ramosci. 
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mmosa Weiss, the A. ramosa Stur being identical with it, and its syno­
nym. The specimens referred by Geinitz t and Lesquereux2 to Astero­
phyllites foliosus and by Lebour 3 to Calamites nodosus are possibly 
Annularia ramosa Weiss.4 

· FructijicaUon.-The brilliant discoveries of Weiss and Stur which 
almost simultaneously established the absolute connection between 
stem, branches, and foliage of Calamites ramosus were ful'ther singu-
1 arly coincident in revealing the fruiting spikes attached to the 
branches. These strobili are mostly small, slender, and elongated, 
fixed at the end of the leaf-bearing twigs, or arranged in irregular 
panicles. The axis is slender, the segments being about 3mm long, 
the joints surrounded. by verticils of very slender, short, acute, 
sterile bracts, curved outward at nearly a right angle at the base, and 
turning upward. In the older portions of the spike they arch farther 
backward, but near the end they curve upward, closing together like 
a bud at the apex. The sporangiophores spring from the middle of 
the intern odes according to the Bruckmannia type. The sporangia are 
distinct whin present, but their internal structure is not yet known. 
More often they are fallen away. The spikes are usua1Iy borne on mul­
tinodial leafy twigs, the minute leaves of the latter measuring abont½cm 
in length and ½mm in width. For the strobili of Oalamites ramosua 
Weiss proposed the name Calamostachys ramosa. 

Habit and relations.-The roots springing from the lower articula­
tions of the main stem (not the conical base) and especially at the origin 
of the primary branches, are construed by some authors as indicating 
a subaqueous or subterranean habit of growth. The distichous ram­
ification of some of the larger branches and the Annularia branch­
lets, in one plane, are said to arg·ue a floating condition for them, 
while the others, branching irregularly, including the irregular forms 
of Annularia with the minute leaves, may represent an aerial growth. 
Stnr inclines to the belief that the species is heteromorphous, and that 
certain Volkmannia spikes, found intimately associated, also belong to 
this species; but as only the one described has been found physically 
united, the relation of the Volkmannia remains in doubt. 

Oalamites ramosus is most nearly related to 0. ramifer and 0. Suckowii, 
Weiss having referred Stur's 0. ramifer 5 to 0 . ramosus. Stur in his 

alamarire, p. 110, describes the former as the ancestor of 0. ramosus, 
which he regar<ls as representing a later condition of the same type. 

e d ribe the rhizome of the latter a similar to the stems, while that 
f 0. ramijer requires a careful examination to prove it a Oalami'tes. 

1 Ver t. teink. acbeena, Pl. XVI, Fig. 2, 
1 Co 1 Flora, I, p. 39. 
• Illu tratione, Pl. m. 
• 'lb nnularian I aves are wrll repr eented in Weiss's Monograph of the Oalamaria Part 2 an• 

, tnr' alamarice of the Scbatzlar etrata, Pl. xrv, and xm, Figs. 1-9 of the latter havin~ been~. 
from th a.me ap cimen . 

1 C -Flora, II, 1877, p. 82 (188), Pl. m, Fii:e. 3, 8b, 4; Pl. Iv, Figs. 2, a,,. 
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The -stems of 0. ramifcr have a thick coaly substance, while those of 
the other species have a very thin, almost membranaceous layer. The 
Lower Carboniferous form has few branches, often naked for 2-4 consec­
utive joints, whereas the Carboniferous form branches at every, or 
nearly every joint, the ornamentation being at the same time slightly 
more distinct. The furrows of the stems of 0. ramosus are sometimes 
alternate, sometimes irregular at the nodes, and quite frequently they 
pass directly across the node, continuing along the next interval. The 
last arrangement is much more common in 0. ramifer, and would seem 
to suggest a transition from the Bornia type. The stems of 0. ramosus 
differ from those of 0. Suckowii, as pointed out by Zeiller, by the pro­
portionately longer intern odes of the former, the branches not shortened 
near the insertion of the stem, the ribs often broader, less distinctly 
marked, the tubercles at the u1)per ends more oval, and the striations 
of the internal cast less crowded, resembling more those of 0. undula­
tus. The close relation of 0. ramosus and 0. Siwkowii in their ramifica­
tion, shows the artificial character of W ~iss's classification and argues 
against the promotion of the groups Eucalamites and Stylocalamites to 
independent generic rank. · 

Locality.-Represented by several fragments of stems and detached 
foliage from McClellan.d's Shaft, near Belleville, and from Aurora, Law­
rence county. 

ANNULARIA Sternberg. 1823. 

ANNUL.A.RIA STELL.A.TA (Schloth.) Wood. 

1699. Apparince densi-us foliatce Luidiue, Lithophyl. Brit., p. 12; PI. v, Fig. 201. 
1723: Scheuchzer, Herb. diluv., p. 19; Pl. III, Fig. 3. 

1771. Galium albU?n latifolium Rupp., Walch, Naturgeech. Veret., III. Th. p. 117; 
pl. ro, Fig. 2. 

1723. Galium album vulgare Tourn., Scheuchzer, Herb. diluv., p. 63; Pl. XIII, Fig. 3. 
1804. --, Schlotheim, Flora Vorw., Pl. 1, Fig. 4. 
1804:. Equisetum? Parkinson, Organic Remains, p. 4-28; Pl. v, Fig. 11. 
1809. f Phytolith·us stellatus Martin, Petrificata Derb., Pl. xx, Fig. 4. 
1820. Casuarinites stellatus Schlotheim, Petrifactenkunde, p. 397. 1832: Schlotheim, 

Merkwiirdige Verst., p.5; Pl. I, Fig. 4. 
1823. Annularia spinulosa Sternberg, Versnch, I, fasc. 2, pp. 28, 32; Pl. xix, Fig. 4:; 

Tent., p. x.xxi. 
1826. Bornia stellata, Sternberg, Versuch, Tent., p. xxviii. 
1826. Annularia fertilis Sternberg, Versuch, I, fasc. 4:, p. 4:3; Pl. LI, Fig. 2; Tent., 

p. xxxi. 1837: Bronn, Lethrea geogn., p. 44:; Pl. VIII, Fig. 8; 1859: Eich­
wald, Lethrea rossica, p. 187; Pl. XIV, Fig. 9. 

1828. Annularia longifolia Brongniart, Prodrome, p . 156. 1845: Germar, Verst. Wet­
tin u. Lobejiin, p. 25; Pl. Ix, Figs. 1-3. 1849: Brongniart, Tableau, p. 53 
(102). 1852: V. Ettingehausen, Steink.-FI. Stradonitz, p. 8; Pl. 1, l!'ig. 4:. 
1855: Geinitz, Veret. Steink. Sachsens, p. 10; Pl. XIX, Figs. 3-5. 1866: 
Lesquereux, Geol. Surv. Ill., II, Pal., p. 444:. 1869: Schimper, Traite, I, 
p. 348 (pars); Pl. XXII, Fig. 5; Pl. XXVI, Figs. 2,3,4:. 1869: v. Roehl, Foss. 
Fl. Steink. Westphal., p. 28; Pl. rv, Fig. 6. 1874:: 0. Feistmantel, Veret. 
bohm. Ablag, I, p. 127; Pl. xv, Fig. 3; Pl. xv1, Fig. 1. 1876: Ferd. Roemer, 
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Lethaea geognost., I, atlas, Pl. L, Fig. 8; text (1880) ·p. 150. ' 1876: Heer, FL 
foss. Helv., p. 51; Pl. xrx, Figs. 4, 5. 1879: Lesquereux, Coal Flora, atlas, 
Pl. II, Figs. 1, 2, 2a; text (1880), I, p. 45. 1881: Lesquereux, Rept. Geol. 
Surv. Ind., 1879-'80, p.153; Pl. xr, Fig.1. 1882: Renault, Cours bot. foss., 
II, p. 126; Pl. xx; Fig. 1. 1883: Lesquereux, 13th Rept. Geol. Surv. Ind., 
pt . . 2, p. 44; Pl. VII, :E'igs. 1~ 2. 1883: Schenk in Richthofen's China, IV, 
p. 232; Pl. xxxrx. 1884: Lacoe in Lesquereux, Coal Flora, . III, p. 706. 
1889: Lesley, Diet. foss. Penn., I, p. 26 (fig.). 

1834. Asterophy llites equisetifo1·mis (Schloth.) Brongn., Lindley and Hutton, Foss. FI., 
II, Pl. 124. 

1835. Equisetum stellifolium Harlan, Trans. Geol. Soc. Penn., 1, p. 260; Pl. XIV, Fig. 4:. 
1836. Asterophyllites? Morton, Am Jour. Sci. xxrx, p. 151; Pl. rx, Fig. 30. 
1840. Asterophyllites, Jackson, Rept. Geol. Surv. R. I., 1839, p. 288; Pl. VI. 

1841. Annularia, Hitchcock, Final Rept; Geol. Mass., II, p. 754, Fig. 226; Pl. xxn., 
Fig. 3; Pl. XXIII. 

1860. Annularia stellata (Sch1oth.) H. C. Wood, Proc. Acad. Nat. Sci., Philada., XII, 
p. 236. 1878: Zeiller, Veg. foss. terr. houill., atlas, Pl. CLX, Figs. 2, 3; text 
(1879) p. 26. 1886: Zeiller; Fl. foss. Valenciennes, atlas, Pl. LXI, Figs. 4--6, 
text (1888), p. 398. 1887: Kidston, Radstock Series, p. 343. 1887: Stur, Carb..­
Fl. Schatzlarer Sch., II, p. 5p; Pl. xrIIb, Fig. 3. 1890: Renault and Zeiler, 
Fl. foss. Commentry, Pt. 2, p. 398; Pl. XLV, Figs. 1-7; Pl. XLVI, Figs.1-6. 

1868. Asterophyllites longifolius (Sternb.) Brongn., Binney, Obs. Struct. foss. pl. 
Carb., I, p. 28; Pl. vr, Fig. 3. 

1883. ( f) Annularia mucronata Schenk in Richthofen, China, 1v, p. 226; Pl. xxx, 
Fig. 10. 

1887. Annularia Geinitzii Stur., Carb.-Fl. Schatzlarer Sch., II, p. 215; Pl. :xv1b, Figs. 
1, 2, 3. 

1887. Annulai·ia westphalica Stur, op. cit., p. 213; Pl. XIIrb, Fig. 2. 
1887. Asterophyllites westphalicus Stur., op. cit., p. 216; Pl. 1vb, Fig. 4:. 

FRUCTIFICATION. 

1826. Bruckmannia tuberculata (pars f) Sternberg, Versuch. 1, fasc. 4, Tent., p. :n:ix, 
Pl. XLV, Fig. 2. 1882: Renault, Cours bot. foss., II, p. 129; Pl. XXI, Figs. 
l-6bis. 
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Fructi fl cations in long cylindrical spikes, arranged in verticils at the . 
nodes of the principal branches or stems, characterized by whorls of 
sterile bracts at the joints of the axis, with alternating whorls of spo­
rangiophores situated on the ribs in the internodes, representing_a type 
familiar under the name Bruckmannia tuberculata Sternberg. 

This species, one of the commonest of the Annularice, was among the 
first to be described and finally reconstructed, though the caducous 
nature of the branche8 and spikes delayed the definite correlation of 
the_ organs uu'til recent years. I ts large, showy verticils are easily dis­
tinguished, causing it to be one of the most commonly recognized plants · 
of the Coal-measures. 
· Stems.-The re~arkabie specimens of Ann1.tlaria stellata described · 

by Schenk in Richthofen's China (Vol. rv, Pl. xxxrx), and by Renault 
and Zeiller from the coal field of Commentry, showing the foliage 
attached to the branches and stems, confirm the view entertained by 
Grand'Eury and others, that the large trunks known as Equisetites 
lingulatus Germar 1 are but the stems of this Annularia. The trunk 
figured by Schenk is of calamitean aspect, and i~ over 5cm in diameter; 
with an internode nearly 13cm in length. Zeiller describes the stems 
(Valenciennes, p. 399) as having a width of 5 to 6cm, with internodes 6 
to 12cm long. Though it is extremely rare that foliated branches are 
found attached to the large stems, it bas been the good fortune of 
the distinguished French paleobotanists to find such among the Com­
mentry plauts. These discoveries seem to corroborate the description 
and ·conclusion ·of Mr. R. D. Lacoe; communicated to Prof. Lesquereux 
in 1884 and published in the third volume of the Coal Flora (p. 706), 
as foliows: · 

· I have upon four parts of a once large stone upwards of fifty verticils of Annularia 
longifolia, the leaves of which vary from 1½-3tcm in length, the large ones attached 
to branches 4-5mm in width, flattened. These branches come out from larger ones, 
qr stems 15-16'.11m wiue, and upon the same stone, there is a Calarnites stem which 
appears to be of the same species and measures 7½-Scm in diameter. The articulations 
are 18-20cm apart. One of them, with the branch still attached, which is 18-20mm 
in diameter, is broken at its second articulation 35mm from its point of origin. Upon 
the same fragment of stone there is ·another limb or branch 12-15mm wide, passing 
under the main or large stem in the direction of' its other articulation, and to this 
limb is attached one of the small branches with verticils of leaves. I have no doubt 
tp.at all these fragments of stems of various sizes belong to the same species. 

It is unfortunate that in the haste of preparation of the third volume 
of the Coal Flora this fine specimen could not hav~ been figured. 
Renault, who has minutely described the structure of the silicified 
stem of this Ann,ularia, finds it to be essentially parenchymatous, with 
an extremely thin development of the woody zone and cortex, while 
the smaller stems show a structure not essentially different from the 
Irving Equiseta~ 

Foliage.-From nearly all of the enlarged joints of the large stems 
spring pairs of branches, arranged distichously, in the same plane. 
These vary from ½-2cm in diameter,' with interv~ls sometimes as long 

1 Verst.Steink. Wettin u.Lobejiin, p. 27,Pl. x. 
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as 7cm very finely, often indistinctly, striated, the verticils usually 
touching or slightly overlapping. These give rise in the same manner 
to other branches, springing from above the verticils at the joint, some­
times nearly at right angles, sometimes more obliquely. The latter 
are very long and slender, with a width of iess than 5mm. The verticils 
of these branches occur at intervals of 1½-3em, becoming smaller and 
oyerlapping one another sometimes nearly one-half their diameter. 
Renault and Zeiller illustrate in the second part of th-. Flora of Com­
mentry (Pl. XLVI, Fig. 1) a large slab about 70cm long and 45cm wide, 
almost wholly covered by a portion of the ramification and foliage of an 
incomplete segment of a branch or stem of this species. Occasionally 
the leaves of A. stellata, are found :flattened in the shales, the result of 
decomposition or pressure. Renault has observed the leaves on the 
smaller branches to be as short as 1- 1½0 m, while the lateral leaves of 
the larger verticils measured 6-7cm. Notwithstanding its generally 
uniform habit, considerable variations have been observed in different 
specimens, perhaps due only to local influences or the circumstances of 
fossilization. Dr. Stur·, who has examined many specimens with much 
painstaking, proposes1 to divide Annularia stellata into three species, of 
which the first, A. stellata Stur (emend.), has the margin of the leaves 
thickened; the second, A. Geinitzii Stur,2 has the upper surface of the 
leaves hairy; while the third, Annularia westphalica Stur,3 is charac­
terized by its strong stem prominently ribbed with more coaly sub­
stance, and the closer verticils of rigid leaves radiating to right 
and left, but not covering the stems. A deeply dissected specimen be­
longing to the last species he designates4 as Asterophyllites westphaliC11,B, 
on account of its asterophyllitean appearance, such a dual nomencla­
ture being consonant with the author's view of the occurrence of forms 
refera.ble to both Asterophyllites and Annularia on different parts of 
the same calamitean plant. It is doubtful whether these differences 
are constant or of more than varietal importance. Stur's illustration 
(Jf A. fertilis Sternb.5 seems hardly identical with Sternberg's type, 
which belongs to A. stellata, but in the proportions and laxness of the 
leaves it closely resembles A. ramosa. 

/J'ructi.fication.-The union of the stems and fruiting spikes observed 
1,- several author in recent years corroborates the opinion long enter­
tained that the fruiting of Annularia stellata was included among the 
trobili familiar under the name Bruckmannia tuberculata. Renault 

and Zeiller in the atla of their magnificent work on the Commentry 
florarepre ent ( I. XLV, Fig.l)a stem of the Equisetites lingulatus type, 

ver 3cm wide, with nodes at intervals of 1½0 m, from the lower 
'i of which radiate verticil of Bruckmannia tuberculata at an 

1 Carbon-flora d. Schatzlarer Scbichten, IT, p. 213. 
• Op. it., p. 215, Pl. xv1b, Figs. I, 2, a. 
• p. cit., p. 213, Pl. xmb, Fig. 2. 
• p. cit., p. 216, Pl. rvb, Fig. 4.. 
• Op. cit., p. 216, Pl. XIV, Figs. o, 7. 
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angle of about 45 degrees, while the upper part of the stem, poorly 
preserved, is foliate. From the large number of specimens obtained in 
the various coal basins of France, Zeiller describes 1 the strobiles as dis­
posed in verticils on the principal branches and perhaps on the stem, 
twelve to sixteen to a single articulation, often for many consecutive 
nodes, short pediceled, cylindrical, 7_15cm long, with axes 2½-5mm 
wide, with low but quite distinct ribs, the joints provided with 
verticils of sterile bracts, while alternating verticils of sporangiophores 
are situated on the internodes. The bracts are linear-lanceolate, 
4-6mm long, tapering to a point, open or reflexed at the base, then 
curving upward and slightly inward. They occur in verticils of 16-32, 
springing from the joints of the axes, which are 4-6mm apart. The 
s_porangiophores are arranged in verticils situated in the intervals 
between the bract verticils, usually mid way between the latter, the num­
ber of sporangiophores to the verticil being half as many as that of the 
bracts, each sporangiophore bearing four ovoid sporangia at its sum­
mit. The strobili have not been seen in pairs distichously, conforming 
to the plane of ramification. Often the upper sporangia are compressed 
and deformed by pressure between the reflexed sterile bracts above and 
the axis, and crowded against the sporangiophores so that they appear 
as a part of the latter. Schenk shows that this produces the effect of 
"rose thorns" with the convex side upward, so often mentioned in de­
scribing the sporangiophores of Bruckmannia. The strobili are seldom 
found except in fragments, and then the sporangia are often wanting. 
The ribs are marked by slight scars where the sporangiophores are 
fallen. Renault 2 describes and figures in detail the internal structure 
of silicified specimens, in which he finds one pair of sporangia above and 
one pair below each sporangiophore. The bracts are seen to have a, 

single distinct nerve, which is all that shows on some specimens where 
the margins have disappeared. The sporangia consists of sacs 
about 2w.m long, yL0mm thick, and Ifomm in diameter. He found 
the sporas of the upper part of the spike to be spherical, nomm 
in diameter, and grouped in fours. From the lower part of the 
spike, however, he describes larger spores, T!0 --i10 mm in diameter, 
round like the former but isolated, which he considers as macro­
spores. The presence of both microspores and macrospores in An­
nularia brings it into closer relations with Asterophyllites, thus appear­
ing to lend support to the conclusions reached by Stur (Carbon-flora, 
n) that .Annularia and .Asterophyllites are both the foliage of Oalamites, 
the former representing the floating or submerged branches, the latter 
the rerial branches, on both of which were borne the Bruckmannia type 
of fructification. From its structure Renault was led to the generally 
prevalent view of the floating habit of .Annularia. On the other hand 

' it was the opinion of Lesquereux and Zeiller that some, at least, of the 
1 Valenciennes, p. 400. 
1 Coura de botanique foesile, 2° annee, p. 130, .Pl. xu. 
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Annularia could not be floating, an opinion that is supported by thea.r• 
rangement of the strobili about the stein. 

Relations.-N either the base of the stem, the rhizomes, nor the roots 
of Anmtlar-ia stellata are known. Considering this, in connection with 
the facts that the largest known stems of this species are calamitoid 
in form, and that the Annularia radiata, whose fruiting spike is a.ls~ a 
Bruckmannia differing but slightly from -B. tuberculata, is, in part at 
least, the branchlets and foliage of Calamites ramosus, the conclusion 
becomes hig·hly probable that the lower trunk and rhizomes of .A. stet 
lata, when found, will be entitled to a position in the comprehensive 
genus Calamites. Annularia stellata, as generaliy understood, is easily 
distinguished from the other species of its genus. It differs from .A. 
radiata by the greater size of its leaves, which are generally more rigid 
and more spatulate than lanceolate, by the larger number of the leaves 
in the verticil, and their more obtuse apices, and by the distinct nerve 
usually depressed. Its fruit spikes are larger and much longer than 
those of A. ramosa or A. sphenophylloides, as is seen from the descrip­
tions. Annularia inflata Lx. differs by its inflated leaves, oval in 
transverse section, and its obscure or wholly invisible costa, while .A. 
mucronata Schenk is described as having a rounded tip with a mucr<>" 
nate point, and the leaves broader near the apex. 

In his valuable report on the fossil plants of the Oarboniferous,1 in 
which he has done justice to many early authors, while doing good 
service to the science of paleobotany by restoring to use many names 
that should have priority according to the rules of nomenclature now 
genera.Uy obtaining in other branches of biology, Zeiller restores (p. 27) 
Schlotheim's species, identified in this country by Wood, as having 
priority over Brongniart's Annularia longifolia. This is certain_ly just; 
but it should be noted that Martin, in his Petrificata Derbiensia., 
1809, a work accepted among paleozoologists, figures, Pl. xx, Fig. 4, 
and describes, p. 25, a specimen as Phytolithus stellatus, belonging to 
his family Plantitre, which, if referable to our species, as it seems to 
be, would give priority to Martin, as earlier than Schlotheim, though 
the specific name stellata would remain the same. Whether Martin 
or Schlotheim has priority depends entirely upon the identity of the 
pecie figured by the former, a question which should be decided, if 

po ible, by an examination of Martin's type. 
Locality.-The peci i repre ented by fragments of foliage and 

w 11 pre rved porti n of . trobili from McOlelland's shaft. 

NNULA.Rli SPHENOPIIYLLOIDES (Zenk.) Gutb. 

6 . Rub ola. mineralia L uidius, Lithophyl. brit., p. 12, No. 202. 
1771. Rubia ayh:esfria Volkmann, Walch, aturge ch. Verst., m, p. 117; Pl. a.,, 

F ig . 1. 1 04 : Parkin on, rganic mains, p. 42 ; Pl. v, Fig. 3. 

1.E.xpli tion do la Carte g6ologiquo de la France, vol. 1v, pt. 2, Para, 1871, 
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1828. A.nnularia brevifolia Brongniart, Prodrome, p. 156. 1849: Brongniar';, Tab­
leau, p. 53. 1853: Newberry, Annals of Science, vol. 1, p. 97. 1855: Phil­
lips, Man .. Geo 1., p. 234 . . 1876: Heer, Fl. foss. Rel v., p. 51; Pl. xix, Figs. 6-
9. 1880: Roemer, Lethaea geognl)st., p. 150; Fig. 7 . . 1880: Schimper in 
Zittel, Handbuch Pal., n, p. 167; Fig; 127. 1883: Schenk iri Richthofen, 
China, 1v, p. 233; Pl. XL. 1887: Stur, Carbon-Fl. Schatzlarer Sch., 11, p. 
223; Pl. xv1b, Figs. 3, 4. 

1833. Galinm sphenophylloides Zenker, N. Jahrb. f. Min., p. 398, Pl. v, Figs. 6-9. 
'1837. Arinularia sphenophylloides (Zenk.) Gut bier, Isis v. Oken, col. 436. 1854: Les­

quereux, Boston Journ. Nat. Hist., v1, p. 415. 1855: Geinitz, Verst. Steink. 
Sachsens, p. 11; Pl. xvnr, Fig. 10. 1858: Lesquereux, Geol. Penn., n, p. 852; 
Pl. 1, Figs. 5, 5a. 1860: Roemer, Palaeontog., 1x, p. 21; Pl. xr, Fig. 1. · 1860 '. 
Lesquereux, 2d Rept. Geol. Surv. Ark., p. 314. 1866: Lesquereux, Geol. 
Surv. III., Paleont, n, p. 444. 1869: Schimper, Traite, 1, p. 347; Pl. xvn, 
Fig. 12, 13. 1870: Unger, Sitzb. Acad. Naturw. Wien, math. nat. Cl., 
LX, 1, p. 783, Pl. 1, Fig. 8. 1874: 0. Feistmantel, Verst., bohm. Ablag., r, p. 
129, PL xvn, I?igs. 5, 6. · 1878: Lesquereux, Rept. prog. Geol. Surv. Penn.," Q," 
p. 54. 1878: Zeiller, Veg. terr. houill.; atlas, Pl. CLX, Fig. 4; text (1879), p. 
25. 1879: Lesquereux, Coal Flora, atlas, Pl. n, Figs. 8, 9; text (1880), r, p. 48. 
1880: Fontaine aud I. C. White, Permian Flora, pp. 20, 39. 1881: Weiss, 
Aus d. Flora d. Steink., Pl. rx, Fig. 47. 1882: Renault, Cours, bot. foss., n, 
p. 133; Pl. xx, Fig. 3. 1882: Sterzel, Zeitsch. d. deutsch. geol. Gesell., 
xxxrv, p. 685; Pl. xxvn, Figs . . 1-10. 1883: Lesquereux, 13th Rept. Geol. 
Surv. Ind., pt. 2, p. 45; Pl. vn, Figs. 3, 4, 5. 1884: Lesquereux, Am. Nat., 
xvm, p. 923. 1887: Lesquereux, Proc. U.S. Nat. Mus., x, p. 23. 1887: Kid­
s ton, Foss. Fl. Radstock Series, p. 344. 1888: Dawson, Geol. Hist. Plants, p. 
122; Fig. 45b. 1886: Zeiller, Fl. foss. Valenciennes, atlas, Pl. LX, Figs. 5, 6; 
text (1888), p. 388. 1889: Lesley, Diet. foss. Penn., p. 28 (text fig.). 1890: 
Renault and Zeiller, Fl. foss. houill. Commentry, n, atlas, Pl. XLVI, Figs. 
7-9. 

1860. Annularia microphylla Roemer (nee Sauveur), Paleontogr., 1x, p. 21; Pl. v, 
Fig. 1. 

1887. Annularia sarepontana Stur, Carbon-Fl. Schatzlarer Sch., II. p. 221; Pl. xrnb, 
Fig.1. 

FRUCTIFICATIOJS". 

1882. A.nnitlaria sphenophylloides Sterzel, Zeitschr. d. deutsch. geol. Gesell., xxxiv, 
p. 685; Pl. XXVIII, Figs. 1-4. 

1876. ( f) Stachannularia calathifera Weiss, Steink.-Cal., 1, p. 27; Pl. 1~1, Fig. 11. 
1880: Ferd. Roemer, Lethaea,. geognost., r, p. 157. 

1884. Calarnostachys cf. calathifera Weiss, Steink.-Cal., n, p. 178. 

Stems or primary branches slender, with rather fine longitudinal 
ribs, branches opposite at each node, nearly at right angles, biserial, 
the secondary and subsequent branches all in the same plane, branches 
.and branchlets nearly at right angles, finely striate, usually bearing 
verticils close together but not overlapping, except in the ultimate dh 
,visions; leaves 15 to 20 to the verticil, 3.:...J,.Omm long, all spread out in 
the same plane as the branches, the lateral leaves sometimes slightly 
"longer, giving the verticil a somewhat elliptical form, spatulate, wedge­
shaped, enlarged towards the summit, which is abruptly rounded, with 
'apex mucronate at the end of the single median nerve, or often. emar­
ginate, the surface of the leaves sometimes rough, _ the borders m<'ffe 
or less recurved, frequently touching those of' the next leaf; median 
nerve strong, sometime.s broadening at the apex into an oval or sac­
like form nearly twice as thick ~s its _normal w.idth.- · 
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Irructification in deciduous cylindrical strobili, 4-Scm long, aboo.t 
7mm broad, short-pedicellate, situated biserially opposite at the joints 
of the branches, or perhaps in verticils, the joints of the axis 4-5mm 
apart, bearing verticils of eight to twelve sterile bracts, the latter 
3_4mm long, ½-!mm wide at the base, close at the point of origin, open, 
slightly arched, linear, tapering to a slender point; sporangiophores in 
verticils alternating with and midway between the joints, normal t.o 
the axis, of the same number as the bracts and alternating with them 
with respect to their position on the stem, each sporangiophore bearing 
four ovoid sporaugia at its apex; the sporangia, marked with meshes 
when well preserved, attached by their smaller ends and hanging cen­
trad. 

Like Annularia stellata, Annularia sphenophylloides is known only 
from its branches and appendages, although it is possible that the 
larger observed stems may belong to main trunks of the plant. The 
remarkably deciduous character of the ramification and foliage of the 
species leaves room for the belief that the lower unknown parts may 
be of considerable size, finding their place under some other name 
somewhere among the calamitoid stems. Schenk, in Richthofen's 
China, 1 figures as Annularia brevifolia a freely branching stem of 
Galamites about 15mm in diameter with a node 8½0 m long, associatied 
with leaves belonging to that species, which appears to bear fruiting 
spikes like those figured by Grand 'Eury 2 as Volkmannia pseudosessiU,, 
regarded by the latter as the fruiting of Annularia sphenophylloide,. 
The stem has the general habit of the branches of Oalamites ramosus or 
Oalamites ramijer, and is very likely a branch of a related Oalamitel. 
However, the leaf verticils do not appear in the illustration to be dis­
tinctly united to the branches, though their connection is perhaps 
as probable as that of the Volkmannia spikes. Judging from tJae 
figure, either verticils or spikes may be only intimately associated with 
the Oalamites, as is the case with the pinnoo of Pecopteris lying among 
them. The fact that these strobili are quite different from those found 
organically united to Annularia sphenophylloides argues against t · 
correlation with the latter species. The fact that Annularia sphe'M>­
phylloides, Annularia stellata, and Annularia ra,1nosa sustain such cl 
specific relations one to another, the fact that their . fructifications are 
likewise closely related, and the additional fact that Annularia,.. 
mosa (.Annularia radiata in part) is but the foliar branch of a Oalamitel 
an indicate a similar calamitean role for .Annularia sphenophylloiaM 
The pre ence :3't the joint , whence the branches spring, of lanceo 

u~leave , hke tho ·eon the tern of the s.pecimen figured by Geinitz, 
furru h .trong r proof than analogy, making it more probable that 
v; lkmannia, ra her than the .Annularia is to be considered as e 
n u , · n th t th v rti ·il grew on the Oalamites branches with w 

ar intermi gl d. n th e o d part of the Commentry fl 
1Vol. IV, Pl. L. 

:Fl. rb. olr • p . 4 ' Pl. vt, igs. 3, 3a. 
• e t . ink. ach rut, Pl. XYIU, Fi11:. 10. 
A.tlu, 2d part, PL XLVI, Fig. 7. 
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the text to which has not yet appeared, Renault and Zeiller illustrate 
a slab about 25clll square, nearly covered by a part of the branches 
and foliage, apparently entirely originating from a larger stem about 
_25mm in diameter and about 7cm between the nodes, which are provided 
with slender asterophyllitean teeth similar to those on the specimen 
figured by Schenk. The union between this stem and the largest 
branch is distinct, and the whole of this beautiful specimen doubtless 
represents a part of a single system oframification on which the verticils 
are still fixed. The larger stems previously recorded were from 8-I2mm 
wide with the nodes 8-lOcll.l apart. 

Branches.-The greater of the leafy branches are usually nearly at 
right angles to the stems, and measure 1-5mm in width, with internodes 
8-22mm long, the verticils at the nodes not overlapping. The branch­
lets, originating in the axis of the verticils and becoming more oblique 
toward the apex of the branch, are ½-1 mm wide, with internodes 7_15mm 
long, while the final divisions are between ½ and 1mm in width, with 
nodes ½-1 cm in length. 

Foliage.-The leaf verticils vary considerably in their proportions. 
Usually they are nearly uniform in size for the entire length of the 
branchlet; in other cases they become slightly smaller toward the tip. 
Those on the smaller branchlets overlap more than those on the inter­
mediary branches, the verticils of adjacent branches also overlapping. 
Frequently the verticils show a depression at the center, surrounded 
by a raised narrow ring where the bases of the leaves join together 
the wall of the stem. The fact that the verticils are sometimes slightly 
elliptical is thought by some authors to indicate that when living they 
were not quite in the plane of the ramification. Occasionally the leaves 
are thickened or inflated, by reason, perhaps, of an aqueous habitat. 
Often they appear obcordate, the end of the nerve concealed or visible, 
or sometimes enlarged to twice the natural size and appearing bladder­
like at the tip. The surface of the leaveB is rough under the lens, and 
when well preserved shows a series of :filamentary markings radiating 
from the midrib to the margin. These appear to be composed of rows 
of scales. 

In his excellent work on the Oalamarim of the Schatzlar stage1 

Stur separates Annularia brevifolia from Annularia sphenophylloides 
at the same time differentiating a new species, Annularia sare_pontana 
Stur. As differentiated by the eminent Austrian paleontologist, Annu­
laria brevifolia has the same form of leaves on branches and stems, 
without much variation in the size of the verticils; .Annularia spheno­
phylloides has wedge-shaped leaves on the secondary branches, etc., 
but lanceolate leaves on the stem, the upper side of the leaves covered 
by microscopic scales. .Annularia sarepontana branches much more 
rarely than the others, having over twice as many intermediate 
verticils, the latter twice as large, and the surface of the leaves marked 

1 .A.bhandl. d. k.-k. geol. Reichsanst., vol. XI, .A.bth. 2, ·wien, 1887. 
Bull. 98-3 · 
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in a netted form like the nervation of Lonchopteris, but the reticulation 
is invisible without the aid of a glass. According to Stur the fructifi­
cation known as Stachanniilq,ria calathifera Weiss belongs only to the 
last-named species, since he regards that as the only species found in 
the same horizon. 

Of these three species of Annularia it is probable that the first two 
are inseparable, and they have been considered so almost universally. 
The la::it species is perhaps a more robust form of the other, and seems 
to be separated partly for geological reasons. Of the :figures referred 
to in the above synonymy all but that given by Geinitz appear to rep­
resent Annularia brevifolia as defined by that author. Some of the 
American specimens show the :filamentary markings of Annularia 
sphenophylloides, and all that I have seen have the verticils of the same 
form on the stems. One specimen in the collection of the U. S. National 
Museum shows a ramose stem with several pairs of branches coming 
from it, the verticil at the base of the lower pair being composed of 
lanceolate leaves like those in Geinitz's :figure, while the succeeding 
verticils on the same stem at the bases of the branches preserve the 
usual form. It is probable that the leaves of the verticils at the bases 
of branches in the larger stems tend to the lanceolate or tapering 
form. The form which Stur differentiates as Annularia sarepontana 
ma,y be comparable to the variety of Annularia sphenophylloides de­
scribed by Lesquereux as interniedia.1 

Pructijication.-Branches of Annularia sphenophylloides with the 
strobiles attached were :first made known by Sterzel,2 who illustrated 
some specimens from the coal :field of Saxony. In the large specimen 
:figured the strobili are situated opposite, or possibly in whorls, coming 
from the verticillated joints at nearly right angles in the same habit 
a,s the sterile branches. The same branch bears typical verticils of 
Annitlaria sphenophylloides (Annularia brevifolia of Stur). The strobili 
differ from those of Annularia stellata chiefly by their shortness and 
rather smaller diameter. The sterile bracts taper from the base, arch­
ing upward and curving close about the sporangia, which are seen be­
tween, nearly equaling the internodes in length. The internodes with 
the sporangia in place present a globular appearance, while the bract 
are seen under the lens to be transversely corrugated. Sterzel and 
Zeiller con iderthese trobiles a identical with those minutelydescribed 
by Wei a Stacharmularia calathijera, a correlation hardly accepted 
by the latter auth r, alth ugh admitted as pos ible. 

Relations.-Am ng the pecie of it size it is ea ily distinguished 
om ot~ Annula!·ia tnforophylla Sauveur (nee Roemer) and Annularia 

Erner oni Lx. Y it. w dge- h p d patulate leave while unlike the 
la er i~ ha a tr n m dian n rve. everal auth~rs ha;e employed 

r ng 1 rt' name Annularia brevifolia, a having priority (182 ) ovei 

ell., XX.XIV, 1882, p. 685 
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Zenker's Galium sphenophylloides (1833), changed by Gutbier to Annu­
laria 1 before Brongniart had defined his species. But as Brongniart 
neither described, figured, nor- made reference to any description or 
figure, we can only agree_ with Zeiller that his name can not stand. 

Locality.-McOlelland's shaft, near Belleville; and Hannam's shaft, 
near Carterville. 

SPHENOPHYLL UM Brongniart. 1822. 

Concerning the relations of the genus Sphenophyllum, which for 
more than half a century has been the subject of discussions, from 
various points of view, in which a large number of paleontologists 
and totanists have taken part, a strong disagreement still prevails. 
The rapid progress made in studying the internal structure of the 
Carboniferous flora, with its attending startling and revolutionary 
discoveries, has strongly affected the classification of many of the 
Paleozoic groups, including the Sphenophylla. The general characters 
of the internal structure of Sphenophyllum have been described by 
many authors. As to matters of detail and interpretation there yet 
rem,ains much difference of opinion. In their general structure they 
seem to be intermediate between the Oalamarice and the Carboniferous 
L1Jcopodiacece. Renault, whose extensive researches in the internal 
·structure of the coal measure flora is of the highest value, refers the 
genus to the Rhizocarpece, on account of its organization, foliage, and 
fructification, which be considers to be heterosporous. Zeiller considers 
it a distinct family, midway between the Oalamites on the one hand 
and the Lepidodendra and Sigillarire on the other. Schenk and Van 
Tieghm regard it as standing nearest to the Lycopodiacece by reason of 
its structure and the position of the sporangia on the spike, while 
Williamson, the distinguished present representative of a succession 
of fossil plant histologists, insists on its affinities to and union with 
the great family of the Oalamarice through its intimate relations, as he 
interprets them, with the Asterophyllites. Going still further, Stur, 
referring to the dimorphism appearing among the living Equiseta, 
regards Sphenophyllum as the heteromorphous macrospore-bearing 
branches of the Oalamites, the Asterophyllites being the homomorphic 
branches. 

In the continuity of the ribs, without alte~nation at the joints, Sphe­
nophyllum resembles Bornia, the prototype of the calamarian family; 
and such a tendency to continuity in the ribs and furrows appears in 
Oalwmites ramif er and others of the older species of this genus. The 
bifurcation of the nerves also has its prototype in the same genus, as 
has been abundantly described and illustrated by Stur from excellent 
material in the Culm flora. Its articulated stems, with furrows and 
ribs and the pluri-nerved leaves in verticils at the joints, remove it 

1 Isis v. Oken, 1837, col. '3G. 
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from the Lycopodiacem and bring it closer to the Oalamariw. The re­
searches and illustrations of Newberry, Zeiller, and Stur show a ten­
dency of the leaves in parts of Sphenophylla to simulate Asterophyllites. 

Its structure, which is somewhat related to that seen in some forms 
described as Asterophyllites, presents hardly greater differences from 
these than are found in the organization in the many types among 
Oalamarim. Zeiller and Stur :find the bracts of some Sphenophyllum 
strobili bifurcated like the leaves of some Volkmanniw. Fontaine and 
White described their Sphenophyllum latifolium as having the leaves 
united at the base. Stur, in his magnificent work on the Schatzlar 
Calamarim insists that indisputable specimens of Sphenophyllum, which 
he :figures, were the branches of large stems of a type that has gener­
ally been described as Galamites. 

In their atlas of the Carboniferous Flora of Commentry, Pt. n, the 
text for which I have not seen, Renault and Zeiller illustrate 1 as 
Sphenophyllum oblongifolium Germ., two branches of foliate branch­
bearing stems of Sphenophyllum several centimeters long and about 5mm 
wide, at whose joints, 10-12mm apart, are found sheaths. These sheaths, 
which are found only on the main stems, are dissected nearly to the 
base into many slender, linear, acute teeth nearly 1 cm in length, Rome 
straight, some arching slightly inward, some outward, all inclined at a 
narrow angle of divergence from the stem. 

For the reasons suggested above it may be excusable, at present, to 
regard Sphenophyllum as descended from a Bornia or Archwocalamites 
stock, in common with the rest of the calamitean family, to which its 
foliar members have the closest affinities through the Volkmannian 
and asterophyllitean types, while the trunks of the larger species will 
be found, I anticipate, to have been referred by various authors to that 
family under the names Oalamites, Macrostachya, or, perhaps mo£·e 
nroperly, to Oalamitina. 

SPHENOPHYLLUM CUNEIFOLIUM (Sternb.) Zeill. 

1823 . .Rotulnria asplenioides Sternberg, Versuch, I, fasc. 2, p. 30; Pl. xxVI, Figs. 4 a., b. 
1823. Rotularia cuneifolia Sternberg, op. cit., I , fasc. 2, p. 33; Pl. xxvr, Figs. 4 a, b, 
1826. Rotula1·ia puailla Sternberg, op. cit., I, fasc. 4, Tent., p. xxxii. 
1828. Sphenophyllum dentatum Brongniart, Prodrome, p. 68. 1850: Unger, Gen. e, 

pecie , p. 70. 1855: Phillips, Mau. Geol., p. 234, Fig. 110. 
1831. Sphenophyllum eroswnt Lindley and Hutton, Foss. Fl., I, Pl. XIII. 1847: Bun· 

bur Quart. Jour. eol. oc. London, III, p. 430, Pl. XXIII, Figs. 3a, 3b. 
1 64: Coeman and Kickx Monogr. ph n., p. 149; Pl. 1, Figs. 5a, b, c. 1869. 

chimper, Traite, I, p. 3U. 1869: von Roehl, Foss. Fl. teink. Westphalen•, 
p. 30 · l. IV, Fig. 19. 1 9: Daw on cadian Geol., 3d Ed., p. 444, Fig. 165o-
1 0: L qu reux 'oal Fl r, I, p. 55. 1 1: Weiss, .Aus d. Fl. Steink., Pl. X, 

i . ;7, 57a. 1 7: L <1ucr nx ro . . . at. Mus., X p. 23. 1 8 : Da1' 
n ; ol. IIi!'lt. L, p. 22 1'ig. 4.5 . 1891: Tewberry, Jour. Cincinnati Soo 
t. Hi t., .. III, p. 2r, Pl. ,'L 
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1869. Sphenophyllum ernsum var. saxifragrefolium Schimper, Traite, I, p. 342; Pl. x.ic:v1 

Fig. 10, 11-14. 
1836. Rotularia erosa (L. & H.) Goeppert, Foss. Farrnkrauter, p. 431. 
1848. Sphenophyllu.m pusillum (Sternb.) Sauveur, Veg. foss. terr. houill. Belg., Pl. 

LXIV, Fig. 4. 
1855. Sph:enophyllum Schlotheimii var. (3 den'tatum et var. , erosum von Ettingshausen, 

Steink. Radnitz, p. 30; Pl. xr, Figs. 1-3. 
1877. Sphenopliyllum dichotomum (Germ. et Kaulf.) Ung., Stur, Culm-Plora, II, p. 119 

(225). 1887: Carb.-Pl. Schatzlarer Sch., II, p. 233, f. 43; Pl. xv, Pigs. 5a, b ., 
c; Pl. XII b, Fig. 2. 

1878. Sphenophyllum cuneifolium (Sternb.) Zeiller, Veg. terr. houill., p. 30, Pl. CLXI, 
Fig. 1. 1882: Renault, Cours bot. foss., II, p. 87, Pl. xm, Fig.10. 1882: Zeiller, 
Mero. Soc. geol. Nord, II, No. 2, p. 559. 1886: Kidston, Cat. Pal. Foss. Pl. 
Brit. Mus., p. 48. 1886: Zeiller, Fl. foss. Valenciennes, atlas, Pl. LXIII, Figs. 
1-3, 6, 7, (Fruit, Pl. r,xm, Figs. 3, 4, 5, 10) text (1888), p. 413. 1888: Howse, 
Cat. Hutton Collect., p. 37 (52). 

1886. Sphenpphyllum ernarginatum, Sterzel, Pl. Rothl. n.-w. Sachsen, p. 23 (pars). 

F01·ma [varYJ SAXIFRAGlEFOLIUM Sternb. 

1826. Rotularia polyphylla Sternberg, Versuch, I, fasc. 4, p. 42, Tent., p. xxxii, Pl. L, 

Fig. 4. 
1828. Sphenophyllum .finibriatum Brongniart, Prodrome, p. 68. 
1848. Sphenophyllurii saxifragrefolium (Sternb.) Goeppert in Bronn, Index Pal., I, p. 

1166. 1854: Geinitz, Fl. Hain. Ebersdorf., p. 37, Pl. xrv, E1 ig. 7-10. 1869: von 
Roehl, Foss. Fl. Steink. Westphalens, p. 31, Pl. rv, Fig. 17. 1878: Zeiller, 
Veg. foss. terr. houill., atlas, Pl. CLXI, :Figs. 4, 5, text (1879), p. 31. 

1848. Sphenophyllum multi.fidum Sauveur, Veg. foss. terr. houill. Belg., Pl. LXIV, Figs. 
1, 2. 

1852. Sphenophyllmn Schlotheimii var. (J dentaturii et var. , erosum, Ettingshausen, 
Steinkohlenfl. Stradonitz, p. 6, Pl. vr, Fig. 6. 

1854. Sphenophyllum trifoliatum Lesquereux, Bost. Jour. Nat. Hist., VI, No. 4, p. 
415. 1858: Lesquereux, Geol. Penn., II, p. 853, Pl. r, Fig. 7. 1880: Fontaine 
and I. C. White, Permian Flora, p. 20. 

1855. Sphenophyllum Schlotheimii Brongn., Geinitz, Verst. Steink. Sachsens, Pl. xx, 
Fig. 6. 

1847. Sphenophyllum emarginaturii Brongn. var. f3 saxif1·agmfolium, 0. Feistmantel, 
Verst. bobm. Ablag., I, p. 134, Pl. xvnr, Fig. 4. 

1891. Sphenophyllum erosum L. & H., Newberry, Jour. Cincinnati Soc. Nat. Hist., 
XIII, p. 215, Pl. xrx, Figs. 2-4. 

1864. Sphenophyllum erosum L. & H., var. saxifragrefolium, Coemans and Kickx, 
Monogr. gen. Sphenophyllum, p. 151, Pl. r, Fig. 6 a-d. 1880: Schimper, in 
Zittel, Handb. Palreont., II, p. 179, Fig. 135 3, 4• 

1886. Sphenophyllum cuneifolium var. saxifragmfolium, Zeiller, Fl. foss. houill. Valen­
ciennes, atlas, Pl. LXII, Fig. 1; Pl. LXIII, Figs. 4, 5, 9, 10; text (1888), p. 413. 

· Foliate branches isolated on the larger stems, 1-3mm wide, rather 
strongly ribbed, nodes at intervals of 5_14mm, slightly enlarged, verti­
cils spread out, the leaves generally turned towards the sides and lower 
parts of the circle, leaves usually six to the verticil, or 12 by division, 
rather narrowly cuneiform, 6-12mm long, the lateral margins straight or 
sl~ghtly concave, api_ces truncate, about 4m1ll wide, the border straight, 
with 6-14 sharplypomted teeth, or more often cleft by a shallow median 
~ssure, or even laciniate; a single nerve at the base, strong, dichotomiz­
mg three or four times in the entire or bilobate leaves, to form 6-14 
nervils at the apex, each nervil entering a tooth, or forking only two or 
three times in the bifurcate or laciniate leaves. 

Fruiting spikes terminal on the branches, cylindrical, 3-lOcm long, 
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5-]2mm in diameter, consisting of an axis 1-2mm thick divided into in­
ternodes 2-3mm long, with low ribs, and bearing at each node a verticil 
of sporangiferous bract,s 5-lQmm long, open at the base, then curving 
upwards more or less abruptly, sometimes rather crowded, eight to 
twelve bracts to the verticil, perhaps united at the base, bifurcating at 
a distance of 1-2mm from the base, into two lanceolate, unine:rved lam­
inm tapering to a sharp point, those of one verticil overlapping those 
of the next above, each bract bearing an ovoid sporangium 1½-5lllm 
long, with surface finely shagreened, attached at a distance of 2-3mm 
from the axis and crowded together. 

SphenophyllU1n cuneifolium is another of the great number of Carbon­
iferous plants whose description is limited chiefly to foliar characters, 
and whose lower parts are unknown. Zeiller, to whose zeal we are in­
debted for the discovery of its fructification, describes the larger stems 
as attaining a width of 1 cm with internodes as long as 3cm, smooth or 
faintly striate. I have not seen leaf-bearing fragments of stems more 
than 3mm wide, although much larger fragments, apparently belonging 
to the same species, are present. The average smaller branches are 
about 1 mm in width, strongly ribbed, usually exhibiting three rounded 
ribs on the side, the furrows between them having the same shape and 
size as the ribs, the whole covered with a thin coaly substance, finely 
striated. The nodes, usually 9-11 mm apart, are but slightly enlarged, 
the base of the verticils appearing to form a small cup, or possibly a, 

sheath at the joint, before they spread outward. The leaves, as a rule 
6 in the verticil, are, in most cases, with a shallow median fissure, about 
1½-2-½mm deep, but many have none. I have observed verticils of entire 
leaves succeeding others with bilobate leaves on the same branch. These 
entire or simply bilobate leaves are gener~lly 9-11 mm long and about4½mm 
broad at the truncate top. The teeth are pointed at the tip. In these 
leaves the basal nerve branches two or three times, its distinct nervils 
running into the teeth, which more often number 7 to each of the two 
lobes of the leaf. In the best preserved specimens, in which these 
nerves appear black and coaly, the upper surface of the leaf presents a 
minutely striated appearance, the filamentary lines running in a direc­
tion conforming to the nervation. As they seem to cover the black 
vein as well as the dark brown substance of the leaves, they perhaps 
repre ent the arrangement of the epidermal cells, or possibly rows of 
cale . Very often the median cleft extends half way or more down 

th leaf, in which ca e secondary and even tertiary fissures appear, 
giving the leave a wid range of forms including a number that have 
b n de. cribed and :figured as Sphenophyllum saxifragmfolium. The e 
may nl a twice bifurcated form, imilar to that described by Lesque­
r u. · c • > phenophyllu,m bifurcatum, only maller than that pecies, or one 

f th rii ry divi i n may b tridentate, one tooth deeply separated 
h r t r the leav may ecm.ne laciniate or nearly :funbriate. 

m tr n (Tly inclined t b lieve that c rtain forms, not belong-
hi , ·i hav n d ·ribed as ~>henophyllu,m saxifragmfo-

q ually pr b· ble tha.t to the latter species have been re-
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ferred a great many specimens of the more dissected leaves of Spheno­
phyllum, cuneifolium. The frequent and intimate association of these 
forms with the entire or bilobate forms in a large number of localities 
has been pointed out by several authors and has led these authors to 
regard the Sphenophyllum saxifragmfolium as only a· variety of Spheno­
phyllum <runeifolium. Whatever the propriety of such a reference of 
the forms not definitely correlated with the Sphenophyllum cuneifolium 
type, the relation of some to the saxifragmfolium forms is so intimate 
and consistent with the cuneifolium type, occasionally appearing in the 
lower parts of the same stem, that there seems no good reason for re­
ferring them to a variety at all, but rather it is probable that they 
merely represent the lower or submerged leaves of the same plant. 
This view of the relations of the filiform or saxifragmfolium leaves, 
:first expressed by Dr. J. S. Newberry in 18531, and independently pro­
posed by Coemans and Kickx,2 in 1864, has recently been more fully 
elaborated and illustrated by Dr. Newberry.3 The illustrations cited 
as ( ') var. saxifragmfolium in the above synonymy are such as seem to 
agree with the forms in the present collection.4 Frequent among my 
specimens are examples resembling Sphenophyllum bifurcatum, though 
much smaller, and certain laciniate palmati:fid forms like those :figured 
by Z_eiller in the flora of the Valenciennes basin.5 Although Zeiller 
describes·and illustrates6 saxifragmfolium forms on the same stems with 
the Sphenophyllum cuneifolium and doubts not the identity of the two to 
a large extent, he is disposed to preserve the name as a variety for the 
reason that the fruiting spikes are found at the ends of branches with 
the saxifragrefoliate leaves, a circumstance at variance with the theory 
of the submerged condition of life of the portions of the plant with the 
laciniate leaves. The fruiting spikes figured in the Commentry Flora, 
from which the above description of the fructification is taken= are 
borne on relatively robust stems, measuring 2-31Ilm. in diameter, -witb 
joints about 3mm long. It is notice~ble in the foliar parts of this species 
that the portions bearing the dissected leaves generally show a short­
ening of the joints, while the stems are stouter, as would be natural in 
the lower parts of the same plant. The relation appears in the fruiting 
spikes as well. A possible explanation suggesting itself is that the 
finer and more deeply dissected foliage is also characteristic of the fer­
tile branches, which approach, in their development, the two-lobed, 
Volkmannia-like bracts of the strobili. 

Fructification.-A :fine series of strobili in different stages of devel-
1 Proc. Am. Assoc. Adv. Sci., VII, p. 157; Annals of Science, I, Cleveland, 1853, p. 269. 
2Mo·oograpbie des Sphenophyllum d'Europe. Bull . .A.cad. Roy. d. Beigique, 2• i,er. XVIII, p. 139. 
3The Genus Sphenophyllum. .Tour. Cincinnati Soc. Nat. Hist., XIII, 1891, pp. 212-217, Pl. xrx. 
4 The SphenophyUum saxifragrefolium Germ. described by Lesquereux in the third volume of the 

Coal Flora, p . 726, Pl. xcm, Figs. 9, 9a, with "about four" primary nerves, "some of them forking 
above," seems to be quite different from those referred to above under that name. As yet, however, 
I have not been ahle either to consult the original specimen nor find another corresponding to its de­
scription and illustration from the same region. 

6Fl. foss. bassin nouill. d . Valenciennes, Atlas, 1886, Pl. LXIII, Figs. 4, 8, Sa, 8b, 9, 9a, 9b. 
6 0p. cit., Pl. LXII, Fig. 1. See aJso Bunbury, Quart . .Tour. Geol. Soc., London, III, 1847, Pl. xxm, 

Fig. la. 
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opment has been examined by Zeiller, who describes the bracts of 
spikes as two-lobed, quite narrow at the base, broadening to the po' 
where they curve upward, then tapering to a sharp point. These at 
pear to be slightly united at the base, and it is not certain that they 
are not so united. The sporangia, equaling the lobes of the bracts in 
number, are borne on the bract, at some distance from the axis, and 
are marked at the lower end, the point of attachment, by a small cir­
cular umbilical depression. The mode of discharging the spores is 
unknown. 

Relations.-Sphenophyllum cuneifolium can most easily be distin­
guished from Sphenophyllum Schlotheimii by its narrower proportions 
and truncate apex, provided with sharp-pointed teeth. It has more 
and sharper teeth than Sphenophyllum emarginatum, whose teeth a.re 
short and rounded, and whose leaves do not pass into the dissected 
forms common to this species. Sphenophyllum majus, which it res0lll­
bles in many respects, is very much larger, while the leaves of 
Sphenophollum oblongifolium have their lateral margins convex in 
stead of straight, or more often concave, as is the case with Sp"hetio­
phyllum cuneifolium. Zeiner, to whose valuable services in behalf 
of paleobotanical nomenclature I have already made allusion, bas 
with good reason adopted Sternberg's name, cuneifolium. This speci 
first called by Sternberg Rotularia asplenioides, was changed1 in the 
same fascicle, appearing in the same date, to Rotularia ciineifoUa. 
Three years later he proposed the name R otularia pus-illa.2 The emi 
nent French paleobotanist, while admitting the author's right t,o 
change the namefromasplenioides to cuneifolium in the same part, ap-; 
pearing at the same time, justly insists that Sternberg has no fur 
right to change it after the fascicle had been published and was in 
All three of Sternberg's names are obviously prior to Sphenophyll .. 
erosum L . & H., which has generally been employed. 

Locality.-Abundant in the shales from McOlelland's shaft; 
found at Aurora, Lawrence county. 

SPHENOPHYLL UM MA.JUS Bronn. 

1828. 

1848. 

1 55. 

2 p. cit., faao. ,, 1 26, Tent., p. IX.Xii. 
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1855. ( t) Sphenophyllmn saxifragcefoliurn, Geinitz, Verst. Steiuk. Sachsens, p. 13, 
Pl. xx, Figs. 8, 9. 

1866. Sphenophyllum latijolium Wood (nee Font. et White, necque Ren. et Zeill.), 
Trans. Am. Phil. Soc., XIII, p. 347, Pl. VIII, Fig. 3. 

Stems long, robust, with prominent, rather angular, ribs; nodes at 
intervals of 2_3cm ; joints slightly enlarged; branches solitary at the 
nodes, about 1-21mm wide, with articulations 12-26mm apart ; verticils 
of six to eight wedge-shaped leaves, open, with straight lateral margins, 
truncate, 12-24mm long or perhaps longer, usually bifid by a shallow . 
median cleft, sometimes with a secondary fissure less deep, but occa­
sionally deeply cleft, more or less distinctly dentate, the teeth more or 
less obtuse, or parted in acuminate lacinim; nerves strong, two at base, 
dividing dichotomously to form from fourteen to twenty-four nervils, 
entering as many teeth. 

The above description is based exclusively on the features seen in 
the types to which the specimens before us belong. These -characters 
have been incorporated into the diagnoses of Sphenophyllum longifolium 
(Gutb.) Gein. et Guth., and Sphenophyllum majusBronn. Judging from 
the great diversity in the features of the plants described µnder these 
names, especially as seen in the leaves, ranging from 12mm to 6cm with 
veins reduced to two at the base, or not confluent at all, according to 
the different authors, one must conclude either that this is a very 
remarkable species in itself or th~t two or more distinct types have 
been united under one name. Most · authors have either ignored the 
name, Sphenophyllum majus, or have made it a syuonym of Sphenophyl­
lum long{folium. The result is the description of a variety of forms 
mostly named Sphenophyllum longifolium, of which too few have been 
figured and described in detail to permit either a satisfactory union or 
differentiation among them. I employ Bronn's name because it has 
priority, and because his description and figure agree more nearly with 
the specimens in hand. Sphenophyllum longifolium, as described and 
figured by Germar1 has its leave::; usually 2-3cm long, while the nerves 
appear to dichotomize two or three ti;:nes from four nerves distinct at 
the base. Many of the other characters agree. The plants figured by 
Schimper,2 Coemans and Kickx, 3 Weiss,4 von Roehl,5 R<.tnault,6 Renault 
and Zeiller,7 and the very doubtful leaves referred by Heer8 to that 
species all have a N oeggerathian appearance, the leaves long, the nerves 
not confluent at the base, and forking but two or three times. Those 
figured by Geinitz9 have a closer resemblance to our American species. 

Specimens consisting of detached portions of stems and foliage are 
very numerous all through the shales in the collection. The branches, 

llsis v. Oken, 1837, col. 426. Foss. Fl. Stcink, Wettin u. Lobejiin, 1845, p. 17, Pl. vn, Fig. 2. 
2Traite, I., 1869, p. 340, PL xx:v, Fig. 23 (copied from Germar). 
8Monogr. d. Sphenophyllum, Eull. Acad. Roy. Beig., 2e ser. xvm, 1869, p. 147, Pl. I, Fig. 4. 
4.A.us der Flora d. Steinkohlonform, 1881, Pl. x, Fig. 60. 
6Foss. FL Steink.-13'orm. Westphalens, 1869, p. 31, Pl. IV, Fig. 14. 
6Cours bot. foss., 2e annee, 1882, p. 88, Pl. xm Fig. 18 (from Coemans and Kickx). 
7Atlaa tenane houill. Commentry, Fl. fossile, pt. 2, Pl. L, Figs. 12-17. 
8Fl. foss. Arct., IV, 1877, No. 1, Beitrage zur fossilen Flora Spitzbergens, p. 15, Pl. u, Fig. 

22, 22B. 
~verst. Steink:. Sachsens, 1855, Pl. xx:, .I!'igs. 15-17. 
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scarcely enlarged at the joints, are marked with three rounded ribs. 
The verticils almost invariably contain six leaves, often spread out 
in a circle, though more generally confined to the lower three quad.­
ran ts. Occasionally in the smaller branches the verticils overlap nearly 
one-half their diameter. The leaves are very slender at their attach­
ment and are fixed at an oblique angle to the branch, but curve ab­
ruptly outward about 1 mm from the base, so that the specimen frequently 
presents a round pit at the center of the verticil. The average length 
of the leaves is about 19mm, the width of the top being generally 10 or 
11 mm, The :fissure, usually present at the top, is normally about 2-3mm 
deep, though much deeper in the laciniate leaves. The nArves, which 
are strong, forking three to :five times, often appear to coalesce in a 
single nerve for a short distance. in the slender neck of the leaf, but 
they apparently only lie side by side, the vascular bundles of each re­
maining separate, while immediately above the point of attachment 
they are seen, in some cases at least, to diverge suddenly, the one t.o 
the right, the other to the left, to join the vascular system of the branch. 
In a few cases the circumstances of fossilization are such that one of 
the fine black vascular bundles seen running along the ribs of the 
branch is observed to pass up into the leaf. In the middle third of the 
leaf, in the best preserved specimens, the nerves occasionally appear 
double, their borders being marked by two coaly lines. The laciniare 
leaves of this species are not rare, though I have seen none with the 
large proportions of one of the specimens described by Lesquereux in 
the Coal Flora,1 or that figured in his Paleozoic Flora 2 as Spheno­
phyllum longifolium. The other specimens :figured by Lesquereux in 
the latter work,3 and in the third volume of the Coal ·Flora 4 under 
the same name, as well as those described in detail and illustrated by 
Zeiller,5 under Bronn's name, agree well with mine. To this species 
probably belongs also Sphenophyllum latifolium Wood, described in the 
Transactions of the American Philosophical Society.6 

Relations.-The relations of Sphenophyllum majus Bronn to Sphtm­
ophyllum longifolium (Germ.) Gein. et Gutb. are not clear, since there 
doe not seem to be ufficient data either for absolutely combining or 
definitely distinguishing the forms described under these names. 
From Sphenophyllum cuneifolium the species is easily separated by its 
greater size, the two nerves not united at the base and the more 
nnmer u generally blunter teeth. It differs by its proportionately 
narrow r 1 ave u ually bifid and distinct to their bases, from the 

alma ly nerved phenopliyllum latif olium, described by Fontaine and 
Vhit (n n ood) in th ir Permian Flora, 7 as well as from the 

1Vnl. I , p. 54. 
21:lth nn. Rept. tat Geologist, Indiana, 1883, Pt. 2, Pl. VII, Fig. 11. 
1 p. cit., Fi~. 10. 
4Pl. , rr, i~. 6. 

•Fl. fo . : 11in hooill. Val nci nn , p. 420, Pl. LXIV, Figs. 1, la, 2, 2a. 
1 l. Ill 1 '6, p. 3 7, 1 l. VIII , Fig. 3. 
'2d G 1. orv. Penn., Report "PP,'' 1880, p. 36. PI. 1, Figs. 10, 11. 
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species closely resembling the latter, named Sphenophyllum latifol·ium 
by Renault and Zeiller (non Font. et White, nee Wood), and :figured 
in the .Atlas of the Fossil Flora of Commentry.1 

Locality.-Scattered all through the shales from McClelland's shaft; 
also found at Hannam's shaft, near Carterville. 

PINNULARIA Lindley & Hutton. 1834. 

HYDATIC.A .Artis. 1825. 

1834. Pinnularia capillacea Lindley and Hutton, Fossil Flora, II, p. 81; Pl. CXI. 1855: 
Geinitz, Verst. Steink. Sachsens, p. 10; Pl. xvnr, F ig. 4. 1858: Lesquereux, 
Geol. Penn., II, p. 878; Pl. XVII, Fig. 22. 1869: Von Roehl, Foss. Fl. Steink. 
Westphalens, p. 27; Pl. r, Fig. 7 b; Pl. II, Fig. 5 a; PI. rv, Fig. 11. 1873: O. 
Feistmantel, Steink. u. Permabl. n.-w. Prag, p. 72, Pl. 1, Fig. 2. 

L854. Pinnularia pinnata Lesquereux, Bost. Jour. Nat. Hist., VI, No. 4, p. 431. 1858: 
Geol. Penn., II, p. 878; Pl. xvn, Fig. 18. 

L854. Pinnularia fucoides Lesquereux, Bost. Jour. Nat. Hist., VI, No. 4, p. 431. 1858: 
Lesquereux, Geol. Penn., II, p. 878; Pl. xvn, Fig. 19. 

l854. Pinnularia horizontalis Lesquereux, Bost. Jou:r. Nat. Hist., VI, No. 4, p, 431. 
1858: Geol. Penn., II, p. 878; Pl. XVII, Fig. 21 (also Figs, 15, 16, same plate). 

The rootlets known as Pinnularia are believed to belong for the most 
part to the Oalamarim, and particularly to .A. nnularia and .A.sterophyl­
lites. However, the rootlets of widely different forms of plants often 
appear so much alike that the differentiation of the species is of litt]e 
value, as Lesquereux himself suggested_ in 1858. Since, nevertheless, 
these pinnate-appearing rootlets are probably destined in the future, as 
they have been in the past, to be called by some name, it would per­
haps be much more proper to call them Hydatica, the name proposed 
for them by Artis in 1825, rather than to continue the application of 
Lindley & Hutton's name, Pinnularia, proposed in 1834, which was pre­
occupied, having been proposed four years earlier by Ehrenberg 2 for a 
genus of diatoms, many of whose representatives are found fossil. 

Locality .-McClelland's shaft. 

FILICINE.lE. 
SPHENOPTERIDE.2E. 

DIPLOTHMEMAD. 

The group Diplothmmnm as founded by Stur (1877) and emended by 
Zeiller (1879) includes ferns whose fronds are composed of a more or 
less :flexuous naked axis bearing alternating naked branches, each of 
which dichotomizesatthetopintoeither (1) two divergentfoliatepinnre; 
or (2) two short naked branches, each branch for king at a short dis­
tance for its origin into two divergent slightly unequal fronds . .Accord­
ing to Zeiller's division and restriction of Stur's original genus Dip­
lothmema that name is retained for the first section, characterized by a 
division of the primary pinnoo into two divergent sections regularly 

1 Pl. L, Figs. 8, 9 (changed to S. alatifolium in text, p. 487). 
2Fide Goeppert in Bronn: Index Palreont. See Monatsber. Berlin . .A.kad., 1843, p. 62. 
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pinnate, bipinnate, or tripinnate, bearing sphenopteroid pinnules, which 
are contracted at the base, with the margin more or less deeply divided, 
lobed, or denticulate. 

The second section, with quadripartiteprimarypinnre, thefourdivisions 
of which are regularly simple or more often bi pinnate or tripinnate, with 
pecopteroid pinnules attached to the rachis by their entire base, often 
somewhat decurrent toward the base and more or less united, con­
stitutes the genus 1lfariopteris of Zeiller. In this genus the outer pin­
nre, with reference to the bifurcation, are described as rather smaller 
than the others, the laminrn well developed with the margins entire or 
feebly lobed or dentate, the median nerve usualJy distinct and passing 
almost to the summit, the nervils generally oblique, dichotomizing at 
very narrow angles, some of them in the lower part of the pinnules 
springing directly from the rachis. 

While the bifurcation of the rachis constitutes a salient distinctive 
character, indicating the relationship of the species in. a natural group, 
it is, from the very mode of occurrence and exploitation of fossil plants, 
relatively rarely possible to observe the union of the divisions of the 
fronds or even such fragments as to furnish positive proof as to which 
genus the species belongs. Accordingly, although the genera are per­
haps distinct enough, it is, in practice, when dealing with each species, 
often impossible to tell to which of the genera it belongs. Moreover, 
several species, the details of whose foliage indicate an identity with 
one genus, are found, on the strength of the rachial characters, to 
belong to the other. In working, the reference of a species to either 
genus must therefore be necessarily often uncertain and governed 
largely by its affinities. The discovery of the fructi:fication will doubt­
less show the present generic divisions of the groups to be quite arti­
ficial, though temporarily convenient. 

Dr. Stur is disposed to consider the axis of the Diplothmemre, de­
cribed above, as a stem and the branches as alternate or spirall 
arranged petioles bearing bipartite fronds, comparing the latter with 
those of Acrostichum (Rhipidopteris) peltatum. Zeiller and Crepin, on 
the other hand, regard. them as having rather the habitat of Lygodium. 

DIPLOTHMEMA Stur. 1877. 

DIPL0THlHE u GENICULATUM (Germ. et Kaulf.) Stur. 

Pl. 1, Fig . 1, la, 2, 2a. 

1831. Spl!enopteris geniculata Germar nnd Kaulfuss, Nova Acta Acad. C. L. C. na 
cur., xv, pt. 2, p. 22!; Pl. LXV, fig . 2. 1836: Goeppert, Sy tema, p. lCY-
1 33: ternb rg, Versn,·h, IT fa . 5 u. 6, p. 61. 1887: Kidston, Rad.sto 

rie., p. 3!6; 11. XXI, Fig. 1. 
6. Trir.homrrnite11 Kaulf11s11ii -.o pp rt, , y tema, p. 264 . 

. , ~ltenopter·s (Trichomanides) Ka11lfussii ( oepp.) , c:bimper, Traite, I, p. 412, 
1 77. Drploth11te111a ( pl enopt ris) ge, iculatltm, ( rm. et Kaulf.) tu.r Culm-Fl., ll 

121 (- ). ' 

1 - Diplotl11 ma !J nicnlfllum ( 'el'm. ct I :mlf.) tnr, Carbon-Fl. d. Scbatzla 
·h., I . 2fJ7, Pl. _·.-.·v, Fior. 1. 



WHITE.] FILICINEJE-SPHENOPTERIDEJE-D.IPLOTHMEMJE. 45 

Fronds bifurcated into two unequal divisions above a naked axis, 
each division or primary pinna ovate or triangular, acute; priwary 
rachis thin, terete :flexuose-geniculate, bordered by narrow lamina,; 
secondary pinna, alternate, at right angles to the rachis or oblique, 
lanceolate; tertiary divisions or pinnules alternate, the lower ones· 
subpalmato-laciniate; the upper opes diminishing by fewer lacinirn, 
becoming more pinnately dissected; lacinirn equal, sometimes forking, 
linear, acute, each segment traversed by a single nerve. 

This rare species is represented by :a,ve specimens, all showing the 
geniculate bordered rachis, and the peculiar delicate subpalmately 
divided pinnules, whose form, size, and arrangement are especially 

· characteristic. The rachises of the secondary pinna, are less genicu­
late than those of the primary pinna,, and are bordered by a narrow 
lamina, which is distinctly seen decurring from and uniting the con­
stricted subpedicellate pinnules. The latter are rather distant and 
distinct, seldom overlapping, the lowest ones nearly at right angle;:, to 
the rachis, the upper ones becoming more oblique. The larger pin­
nules appear, at :drs-0 glance, palmatifid, but the mode of division is 
sympodially dichotomous or divaricate, as is seen in those higher up 
on the pinna,, the latter becoming more elongated, with fewer lacinirn, 
there being less forking in the upper pinnules. A good indication of 
the habit of these pinnules is seen in Pl. r, Fig. 2, the larger :figures 
failing to give the true aspect of the arrangement of the segments and 
their form. Near the apex of the pinna, the pinnules become merely 
bifid or even simple. While the lacinirn or ultimate segments vary 
much in the same pinnules, they are, relatively, of nearly uniform size 
in all parts of the frond, the larger ones averaging about 4mm in length 
and but little over ¼m in width. The nervation is fairly clear. The 
rachises of the sma1lest pinna, are rounded and generally slightly de­
curring at their junction with the larger rachis. 

The specimens in hand agree well with the :figures given by Kidston 
in the Radstock :flora1 and Fig.1 on Pl. xxxv of Stur's Schatzlar ferns, 2 

as well as with the original illustration by Germar and Kaulfuss. 3 As 
to the specimen figured by Stur, Fig. 1, Pl. xxvrn in the above-men­
tioned work, and some of those published by Heer, 4 I am inclined to 
believe, with Kidston, that they may belong to Diplothmema furoatum 
and Sphenopteris bi.fida L. & H., respectively, while the other fragment 
:figured by Heer5 under this name seems possibly referable to Diploth­
mema subgeniculatum. 

Relations.-Diplothmema geniculatum is said to differ from D. sub­
geniculatitm by the smaller size, the more divided fronds, and the more 

1 Trans. Roy. Soc. Eclinb., XX.XIII, 1887, Pl. xxr, Figs. 1, la, lb, p. 346. 
2 Carbon-Fl. d. Schatzlarer Sch., p. 297. 
3 Ueber einige merkwiirdige Pflanzenabdriicke a1.1s der Steinkohlenformation. Nova Acta .A.cad 

C. L. C. Nat. Cur., vol. xv, pt. 2, 1831, p. 224, Pl. LXV, Fig. 2, 
4 Fl. Foss . .A.rot., vol. rv, No. 1, Pl. I, Figs. 7, 8, 10. 
6 Op. cit., Fig. 9. 
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slender lacinioo of the latter. 1 Diplothmema furcatmn is considerably 
larger than 1>-iplothmema geniculatum, the frond more divided, the pin­
nul es spreading farther, and the laminoo broader and much more ob. 
tuse From Sphenopteris lanceolata it differs by its strongly flexuons 
or geniculate rachis, much more slender, its foliage very much thinner, 
its pinnules not appearing pinnately divided, its lobes not short and 
obtuse, while it is quite easily distinguished from Sphenopteris trich.o­
manoides by its subpalmately djvided pinnules, which have uniformly 
longer lobes, obtusely rounded at the apex. So far as known, Sphenop­
teris Hildreti bas its rachis not geniculate, the pinnules elongated, ap­
pearing pinnately divided, the lobes proportionately longer. 

Locality.-McClelland's shaft. 

MARIOPTERIS Zeiller, 1878. 

l\f.A.RIOPTERIS (PSEUDOPECOPTERIS)2 MA.ZONIA.NA Lx. sp. 

1870. A.lethopteris mazoniana Lesquereux, Geol. Surv. Ill., IV, p. 391, Pl. ix, Figs.1-8; 
Pl. XIII, Figs. 5, 6. 

1879. Pseudopecopteris mazoniana Lesquereux, Coal Flora, atlas, Pl. xxxrr, Figs.1-7, 
text (1880), I, p. 190. 

Fronds pinnately divided in the lower part, dichotomous at the apex; 
primary rachis striate, canaliculate, flat on the borders; secondary 
pinnoo either long, sublinear, gradually tapering to the apex, or short, 
more distinctly linear, obtuse, pinnately lobed; pinnules alte~nate, 
slightly distant, constricted at the base m the lower part of the p~re, 
decurrent, bordering the rachis with a lamina, coriaceous; me~an 
nerve rather strong, thinning upwards, depressed, decu~rent, p~ssmg 
nearly to the apex of the pinnule; secondary nerves oblique, distant, 
parallel, forking below the middle. 

The aboYe description, based upon that given in the Coal Flora, 
seems to include the characters of our fragments, and I have referr~ 
them, with but little doubt, to Mariopteris mazoniana, all the speCI-

1 I have seen no genuine specimens of D. aubgeniculatum., the only specimen from our Coal-meas­
ures ever identified by that name, I believe, having proved on examination to be, as was suggested by 
Lesquereux himself (Proo. U. S. Nat. Mus., vol. xr, 1888, p . 84), only a portion of a sterile frond of 
Sphenopteris Harveyi, with which it was associated. The latter species, according to Lesquereuxand 
Kidston (Cat.Pal. Pl. Brit.Mus., p. 250), is probably identical with Zeilleria delicatula (Sternb.) Kidd. 
(Quart. Jour. Geo!. Soc. London, vol. XL, 1884, p. 592, Pl. xxv.) 

2 The name Pseudopecopttri,, applied by Lesquereux to a restricted portion of the genus Dip~ 
mema, as originally proposed by Stur, including those forms of Pecopteria and certain round pm· 
nuled species of ;phenopteria with dichotomous racbises, usually bordered near the top by a~-­
lamina from the decurrent pinnules, was proposed without knowledge of Zeiller's genus MariopU~ 
founded in 1879 to contain essentially the same group of species. Inasmuch as Mariopteril, ongi­
nally defined, probably includes most of the forms referred by Lesquereux to Paeudopecopteri.,, it baa 
priority over the latter name, which I have, however, included as more familiar to .American geoi. 
gi t , .lfariopteria i de cribed in Bull. Soc. g6ol., France, a• s6r., vu, 1878-'79, p. 93; FI. foss. terr. houill-. 
187, p. 68; Fl. fo . houill. Valencienn , p. l59. 'l'he peculiarquadripinnate structureofthesefron 
\' fir t made the basis for a generic separalion by Ad. Brongniart, who gave the specimens in die 

na6um d'hi toir natur Ile the manuscript name Heteropteria. Owing to the fact that ord.iDM'J 
elm a rarely ahow the dichot.omous character of the plant, many species have been r eferred t.o 

rroup on aecov.nt of their g n ral re. mblan t.o ascertained members of the group. .As a gen 
dffti r n iati n it i doubtl om wh t artificial and may perhaps be found t.o contain several g nera. 
In i~ln \' rnl cl whose trn g n rlc characters hav not, I believe, been observed to 

n P1e11.dop op nt,, qu r ox eem to have followed Stur, who origiDally iDoluded them 111 
R: nu lXplothm 111a. 
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mens being of the types :figured by Lesquereux fo. Pl. xxxn, Figs. 1 a,nd 
6. The pinnules are somewhat oblique to the rachis, generally ovate­
triangular in outline, the lower ones constricted to a 1iarrow attach­
me.nt at the base, irregularly, but not deeply, lobate, especially on the 
lower side, the lowest lobe rather auricular, crenulate on the upper 
side, strongly resembling the pinnules of Mariopteris speciosa in the 
middle portion of Pl. LI of the Coal Flora. . Those higher in the pinna 
are less d istinctly lobed, becoming more deltoid, and attached by the 
whole base, those nea.r the apex beiiig m11.ch smaller, rounded, gradually 
more united and coalescing with the very small terminal pinnule. The 
midrib is strong and depressed, the secondary nerves are indistinct 
except as the parenchyma of the pinnule sometimes arches slightly 
between them. The surface of the pinnules is black and coaly, the 
margi:q.s being slightly curved backwards. 

From the descriptions given by Lesquereux of specimens of Pseudo­
pecopteris mazoniana in his hands, as well as from the affinity of the 
species, it seems probable that this species lies within the limits of the 
genus Mariopteris. 

Relations.-Mariopteris mazoniana differs from all others by the 
polymorphous character of its pinnules, mingling pecopteroid and ale­
thopteroid characters. The pecopteroid pinme, such as those repre­
sented in the present collection, differ from the resemblant species, 
Mariopteris latijolia and Mariopteris speciosa, by the size of the pin­
nules, which are less deeply lobed~ sometimes tending toward gemina­
tion, the pinnules of the former species being much smaller and differ­
ently disposed, the median nerve thin, while the pinnules of the latter 
are more obtuse, lobed near the tip, the nerves inflated and distinct. 

Locality.-McOlelland's shaft. 

MARIOPTERIS (PSEUDOPECOPTERIS) DECIPIENS Lx. Sp. 

Pl. 1, Figs. 5-8, 5a; Pl. u, Figs.1-3, 3a. 

1854. Sphenopteris decipiens Lesquereux, Bost. Jour. Nat. Hist., VI, No. 4, p. 420. 
1858: Lesquereux, Geol. Penna., II, 2, p. 862; Pl. XVIII, Fig. 2. 1860: Les­
quereux, Rept. Geol. Surv. Ark., II, p. 312, Pl. v, Figs. 1-la. 1863: Dawson, 
Can. Nat.,VIII, p. 445. 1866: Dawson, Quart. J·our. Geol. Soc. London, XXII, 
p.156. 

1860. Sphenopteris dilatata Lesquereux: (non L. & H.), Rept. Geol. Surv. Ark., II, 
pp. 310, 315, Pl. u, Figs. 3, 3a. 

1869. Sphenopteris (Aneimoides) decipiens Lx., Schimper, Traite, I, p. 401. 
1879. Pseudopecopteris decipiens Lesquereux, Coal Flora, atlas, Pl. LII, Figs. 9f, 10, 

10a, text (1880), p. 214. 

1889. Pseudopecopteris (Sphenopteris) decipiena Lx., Lesley, Diet. Foss'. Penn. II, p, 798, 
(fig. ) 

. Fron~s large, di?botomous below, tripinnate or quadripinnate, spread­
mg; pr1maryrach1s broad, flat, 2-700 ru or more in width, rather lax, some­
what flex~ous, somewha~ geniculate below, tapering rapidly toward 
the apex, irregularly striate, punctate, covered in portions by a thin . ' 
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Qften shiny, epidermis, the upper portion bordered by narrow la · 
from the decurrent pinnules; primary pinnre at right angles or obli 
toward the apex, oval-lanceolate, somewhat contracted below, taperin 
above to a slightly obtuse apex; secondary rachis rather lax, finely pun 
tate, often flexuous, usually sulcate or depressed above, round beloW' 
somewhat decurrent at the base; secondary pinnre alternate, at right 
angles to the rachis, or oblique, the lower ones often curved backward 
close, usually parallel, with margins close, generally touching or slightly 
overlapping, It-6cm or more in length , liuear-lanceolate, gmm to 3cm 
wide, obtuse, terminating in large, broad sub-lobate, oval, o-v~te, or 
deltoid pinnules with sinuate margins and rounded tip; pinnules slightly 
polymorphous, alternate, more or less oblique, close, generally nearlf 
contiguous, sometimes slightly overlapping, thin, 3nnu_2cm ~ong, 2-~­
broad, the lowest ones broader, oval, ovate, or obovate, somet1m_esorb1cnd­
lar at the base of thepinnre, occasionally oblongin the largestpmnre and 
on the tip of the primary pinnre, always rounded above, de~urrent an 
more or less connate by the decurrent laminre, the margms usu~ly 
slightly thickened and marked by a shallow furrow on the ripper side; 
those toward the lower end of the larger pinnre contracted at the base, 
especially on the anterior margin, rounded below with a broad attach­
ment to the rachis, connate by a narrow, decurring lamina; thos& 
higher up in the pinna oval or obovate, curving outward, rounded a 
the base above by a deep and narrow sinus, decurrent bel?w; those 
still higher on the pinna not so deeply divided, becoming umted some-­
what below, and passing into the t erminal pinnule, which is o~en nearly 
as broad as the pinna; pinnules of the upper secondary p~nnre less 
deeply separated, attached by t he whole width; secondary p11;1nre s~c­
ceeded, in passing toward the apex of the primary pinnre, by p1~natt~d 
pinnules, lobed at the base, large oblong above, becoming entire wit 
slightly sinuate margins in passing upwards, then entire, ob_long, ?vate, 
or obovate, aud with broadening attachments to the rachis, as m the 
secondary pinnre; lower pair of pinnules at the base of each secondary 
pinna usually shorter, more rounded at the base and broader than tho_ 
succeeding; the one on the upper side of the pinna more or less or~ 
ular or truncate above, the dist al border often marked by a bro~ 
shallow sinus or slight fissure in the more mature specimens; the pm­
nule on the lower side more or less triangular or alate, the lo~gest 
side, opposite the attachment, bilobate, more or less deeply cleft m the 
~ore mature specimens, divWing the pinnule into two unequal lobes. the 
d1 tal Jobe us~alJy loIJger and broader, t he proximal lobe rounder and 
omewhat a~riculate, or ?Verlapping the rachis ; pinnules of the lo~er 
econdary prnnre becommg oblong, with slight ly undulat e margm 

t~en lobed b~low, be~oming, in pa . ing downward, like th?se ne~r the 
tip of th., primary pmnre, gradually pinnatifid, the termm~l pmnule 
lon broad,. and obtu e, and a urning the forms and proport10ns oft~ 
econdary pmnre, the divi ions corre ponding to the lower ba al ~n:~­

n:rue of_the, _econdary pinnre, horter, with anomalou pinnatifid d1VI· 
101.; hv~rgnlO' fr m the attachm nt of th original pinnule. 

. rva 1 n g n ~rally ob cur r ept in the lower part of the pinnule 
J)rimc r n r rath r tron liverging from the rachi u ually at a 
v. r: T narr w n<>'l a ar bing mor · or 1 . g a<lually into the pinnul. 
«1y1~" ff re n ·b . ct an IT w a11g-l d riJJ · th ir pa, ag and d 
· Inn~,. Io h • av .· · rim, ry hun 11 •. of n , v r 1 p rb p prin 
n ' 1r · 1. fr m h r, ·hi · i11 th ·m l1 r pin ul · nd diver"in 

> 11 ,wh, fl, 11a _ly ar l. · h m, rgin ran · in v ral time 
nl " n llllll d v 1 p l ~ · a i n nerve in ea h of 
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largest basally constricted pinnules, in which it is strong, depressed, 
and minutely punctate below, diminishing above by finer branches, 
arching slightly and branching repeatedly in passing to the margin, 
where the very slevder and slightly flexuous nervils count about thirty­
five to the centimeter; nerves of the basal pinnules of the pinme more 
or less flabellate from the broad entering band of nerves at the base, 
forking, and passing, arched, to the lateral margins, nearly straight 
towards the .top; fructi:fication unknown. 

The fern described above is represented by over seventy-five speci­
mens, all preserving the same characters of pinnation and nervation. 
The more distinctive features are the obtuseness of the secondary pinnm, 
which usually end in large, broad, terminal pinnules, and the oblong, 
or elliptical, or oval lateral pinnules, always r{)unded above, not lobed, 
except in the case of the lowest pair of each pinna or the largest forms 
becoming pinnati:fid, when they are lobed at the base, and large oval 
above, as s·een in Pl. 1, Fig. 7; the broadly, more or less distinctly 
orbicular-bilobate form of the lower pair of pinnules, seen in Pl. 1, Figs. 
5, 7, the upper lobe of the lower pinnule often elongated and rarely 
lobed again, the lower lobe more or less auriculate, and overlapping 
the primary rachis; and the nervation, more or less flabellate from one, 
two, or more principal nerves diverging from the rachis by a curve, 
rather strong at the base and diminishing in size and distinctness, so 
that the nervils are very :fine, rarely becoming observable. 

The specimens are preserved brown. The broad, flat rachises cov­
ered, in portions, by a thin, somewhat shiny brown lamella and bor­
dered in the upper part by a narrow, decurring wing, dichotomize be­
low, thus indicating their position in the group Mariopteris. From the 
appearance of the pinnules under the lens I suspect that they may be 
minutely pubescent. The presence of large fragments of rachi.s, over 
3cm in diameter, similar to fragments seen with 11Iariopteris muricata 
from Alabama, associated with the foliage of and probably belonging 
to our species, may be construed as indicating a very large size for the 
fern. The nervation of the larger oblong pinnules is much like that 
seen in the larger pinnules of Mariopteris (Pseudopecopteris) speciosa 
(Coal Flora, PI. LI, Fig. lb) except that the nerves are closer and the me­
dian nerve dissolved sooner in larger branches. 

It is only after much hesitation that I refer our specimens to Mariop­
teris (Pseudopecopteris) decipiens, a species which, to judge from the 
descriptions and :figures, is either extremely polymorphous or quite ill­
de:fined. None of the specimens described have the pinnules so oblong 
and distinct as seen in my specimens. The one :figured in the Geology 
of Pennsylvania and copied by Lesley in the Dictionary of Fossils, 
showing the pinnatifid pinnules, is lobed much higher and more irreg­
ularly than the Missouri plant, as seen in Pl. r~ Fig. 5, Pl. n, Fig. 2, 
the latter preserving the tendency to a large broad terminal piiinule 
characteristic of all my specimens~. In the latter the nerves entering 
the lobes are frequently not joined in one, like th,ose of the Pennsyl-

Bull. 98-4 
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vania specimen, which shows a tendency towards a subdivision of some 
of the intermediate lobes. There is nothing in the collection closelJ 
resembling the fragment figured in the Arkansas report 1 as Sphenop­
teris dilatata, later referred by Lesquereux in the Coal Flora2 W 
Pseu,dopecopteris dec,ipiens, nor the specimen 3 doubtfully included under 
the latter name in the same work, while Fig.10 of the atlas is in some 
respects suggestive of the upper secondary pinnre of the · Sphenopteris 
Lesquereuxii of Newberry, illustrated in the Geology of Pennsylvania," 
regarded by Lesquereux as probably belonging to his Pseudopecopteril 
anceps. Fig. 10 differs somewhat from the Missouri plants by having 
its secondary pinnre pinnatifid to the apex and terminating in a small 
round pinnule; by its shorter lateral divisions more truncate, and im­
bricated, and the basal pinnules nearly like the others. The nervils, 
which are described as distinct, very different from my specimens, are 
rather more distant, with less tendency to coalesce at the base, and 
arch gently to the rachis. The Bphenopteris decipiens represented in 
the Arkansas Report 5 has more characters in common with the Missoun 
fern, though its pinnules are much more irregular, the nervils more di& 
tant, the apex of the pinnre smaller and more deeply lobed, the pri­
mary rachis narrower, naked, and terete. 

Through the courtesy of Mr. R. D. Lacoe, I have been able 1io ex­
amine a good specimen from his collection from Dade, Ga., identified 
by Professor Lesquereux as Pseudopecopteris ,decipiens. Its general 
aspect is much like that of the specimen figured in the Arkansas report 
last referred to, or to the Fig. IO of the Coal Flora. In its dilated basal 
and broad terminal pinnules it is closer to my specimens, though t 
lateral pinnules are rather shorter, with their margins somewhat mo 
arched, the nervation coarser and more distinct. Still more nearly · 
my material are two small fragments, No. 1037 of the U.S. Nation 
Museum collections, from Van Buren, Arkansas, identified by Lesquereox 
as Pseudopecopteris decipiens. One of the fragments corresponds qui 
closely to the pinnre figured in Pl. n, Fig. 1, though the pinnoo of 
former are less obtuse than those of the latter. But there is also fJ 
the same locality a small specimen, No. 1027 of the Museum collectio 
labeled Pseudopecopteris cordato-ovata Weiss sp., with pinnules round 
above, which is clearly identical with the terminal portions of lar 
pinnre with oblong pinnules like those seen in Pl. 1, Fig. 5, of our sp 
men . On the same specimen of rock and lying about 2°m distant 
the same plane of deposition, is the counterpart of one of the speeime 
No. 1037, already referred to, labeled Pseudopecopteris decipiens, th 
showing both the probable pecific identity of the specimens from 
ame rock labeled under two names, and the quite probable identit 

1 Gool. Surv. Ark., II, Pl. II, Figs. 3, 3a, p. 310. 
•Vol. I, p, 214. 
1 Pl. LU, F:ig . 0, Oa. 
• ol. II, pt. 2, Pl. x1, F:ig. 1. 
•Vol. l1, p. 312, Pl. v, ig , l, 1•. 
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the Pseit-dopecopteris decipiens with onr specimens through the assured 
identity of the Pseudopecopteris corclato-ovata. 

Notwithstanding then, the disagreements between all the published 
descriptions and figures of Pseitdopecopteris decipiens, on the one band, 
and the facies and characters of the Missouri specimens on the other­
being unwilling to increase the number of species more than is abso­
lutely necessary-I have thought it best to assign to my specimens, for 
the present, that name, for the reason that among the wide range of 
types identified by Prof. Lesquereux as belonging to that species, 
some specimens are apparently identical with the Missouri type, and 
also because it is improper to attempt to revise and redefine or illus­
trate the species without first examining the types . and material ori­
ginally studied by Lesquereux, which I have not yet been able to con­
sult. 

The above description, however, is based purely on the rich material 
bP;fore me in the Missouri collection, and will represent the new species, 
if, as I suspect wi11 be the case, it is found necessary to separate it from 
the Pseudopecopteris decipiens, with whose types, figures, and descrip­
tions it has very little in common. 

Thre~ specimens show tapering pinnre terminating in a prolongation 
of the rachis. At first sight this would appear to be due to accident 
or removal of the pinnules in working out the specimens, but a careful 
examination uncler the lens shows the rachis, which is more rigid and 
terete than usual, to be bordered on each side by a narrow lamina about 
½mm wide ascending from the sinus above the highest pinnulesz the 
thickened margin of the pinnule clearly continuing along the border of 
the lamina. In all three specimens the end of this extension of the 
rachis is broken and lost at a distance of 3_5mm above the highest pin­
nules. These prolongations of the rachis may, possibly, be regarded 
as evidence, though not conclusive, that the fructification of this spe­
cies was borne on the reduced apinnulate terminal portion of the pinure. 
In these specimens the pinnules of the pinna decrease more rapidly in 
size, the uppermost being small and foreshortened, strongly resembling 
the Pecopteris incompleta of Lesquereux, 1 or perhaps less suggestive of 
Mariopteris muricata or Diplothmema Jacquoti as illustrated by Zeiller,2 
and Sphenopteris coarctata of von Roehl. 3 

A few of the fragments like Fig. 5, Pl. 1, are suggestive pf Pseudo­
pecopteris cordato-ovata as figured by Lesquereux in the Coal Flora,4, 
whose identity with the Neuropteris cordato-ovata of Weiss 5 has re­
cently been questioned by Zeiller 6 on account of the more acutely 
pointed pinnules and rather more crowded nervils of the latter. Of 
the Old World plants identified as Sphenopteris decipiens, the one from 

1 Geol. Penna., II, 2, 1858, p. 868, Pl. I, Figs. 12, 12a. 
'Fl. foss. houill. Valenciennes, Atlas, Pl. xx, Figs. 3, 4; Pl. xvrn, Fig.&. 1 
1 Foss. lfl. Steink. Westphalens, Pl. xiv, Fig. 5. 
'Pl. xxxvn, Figs. 4, 5. 
1 Fl. jiingst. Steink. u. Rothl., p. 28, Pl. 1, Figs. 1, 1 a. 
1 Fl. foss. houill . .A.utun et ~pinac, p. 35. 



52 CARBONIFEROUS FLORA OF SOUTHWESTERN MISSOURI. ;BULL.9S. 

::Bohemia described and figured by R. Andree, 1 whose identification was 
probably followed by Karl Feistmantel 2 in his phmts from the same 
:region seems hardly identical with the American forms of which the 
nearest related is the Sphenopteris d-ilatata :figured in the Arkansas re­
port. 3 

Relations.-It is unadvisable to attempt to point out the differen­
tiating characters between this and other species until it shall have 
been better defined. 

My specimens differ from the Mariopteris speciosa Lx., by their rachis 
fiat, not round, not so broadly alate, the pinnffi more evenly pinnate, 
more obtuse, the pinnules smaller, not lobate, the basilar ones bilobate, 
the nervils indistinct, closer and not inflated, while from M. polyphylla, 
as identified by Lesquereux in specimens from Alabama, they are eas­
ily distinguished by the larger pinnules of the latter species, lobed 
irregularly, and usually more pointed. 

Locality.-McOielland's shaft. 

SPHENOPTERIS Brongniart. 1822. 

SPHEN0PTERIS (PSEUD0PEC0PTERIS) 0BTUSIL0B.A. Brongn, 

1829. Sphenopteris obtusiloba Brongniart, Hist. Veg. foss., p . 204, Pl. LIII, Fig. 2*. 
1833: Sternberg, Versuch, n, fasc. 5 u. 6, p. 63. 1848 : Sauveur, Veg. foss. 
Belg., Pl. xv, Fig. 2. 1853: Newberry, Ann. Sci., I, No. 9, p. 106. 1855: 
Ettingshausen, Steinkohlen:fl. Radnitz, p. 37, Pl. xxI, Fig. 2. 1860: Lesque­
reux, Rept. Geol. Surv. Ark., II, p. 315. 1860: H. C. Wood, Proc . .A.cad. 
Nat. Sci. Philada., XII, p. 440. 1866: Lesquereux, Geol. Surv. Ill., II, P· 435. 
1874: 0. Feistmantfi, Studien Kohlen. Bohmen, Pl. I, Fig. 9. 1876: Ferd. 
Roemer, Lethaea geognost., I, atlas, Pl. LI, Figs. la, lb; text (1880), p.169, 
1876: Lesquereux, Rept. Geol. Surv. Ala. for 1875, p. 75. 1878: Zeiller, Veg, 
foss. terr. houill., atlas, Pl. CLXIII, Pigs.1, 2; text (1879), p. 39. 1879: Schim­
per in Zittel, Handbuch, n, p. 108, Fig. 77. 1880: Fontaine and I. C. White 
Permian Flora, p. 11. 1881: Weiss, Aus. d. Fl. d. Steink., PL XI, :Figs. 67 
67a. 1883: Renault, Cours bot. foss., III, p. 190, Pl. xxxnI, Figs. 5, 6 
1886: Zeiller, Fl. foss. houill. Valenciennes, atlas, Pl TII, Figs. 1, la, 2, 2a· 
Pl. IV, Fig. 1; text (1888), p. 65. 

1833. Sphenopteris irregularis Sternberg, Versuch., II, fasc. 5 u. 6, p. 63, Pl. XVII 

Fig. 4, fasc. 7u. 8, p. 132. 1855 ( f): Geinitz, Verst. Steink. Sachsens, p.14, Pl 
XXIII, Figs. 2-4 ( excl. syn.). 1860: },. A. Roemer, Palreontographica, IX 
p. 24, Pl. IV, Fig. 5. 1 63: Andra., Vorweltl. P:fl. Steink., p. 26, Pl. vm; PL 
IX, l!jg. 1. 1869: von Roehl, Foss. Fl. Steink. Westphalens, p. 56, Pl. XYI, 

Fig. 2 ( '); Pl. XX.XI, Figs. 5, 6. 
1836. Oheilant11iles obtusilobus (Brongn.) Goeppert, Systema, p. 246. 
1 36. Oheilanthites irregularis ( t rnb.) oeppert, ystema, pl-247. 
183 . phenopteris latifolia Lindl y and Hutton, Fossil Flora, III, Pl. 178. 
1848. ;_phenopleris trifoliolata (Art. f) Br ngniart, auveur, Veg. fos . terr. hon' 

lg., 1. XIX, Fi . 2; 1. XXI. 1 69: von Ro bl, Fos . Fl. teink. We tpb1 
1 n, p. 65, 1. x I, 1'ig. 3 ( xcl. yn.). 

1 69. ph nopt ria ( An imioidcs) oblusiloba Br ngn., himper, Trait6, I, p. 399, P 
X ·, •i . 1. 
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1869. Sphenopteris (tJymnogrammides) irregula1·is Sternb., Schjmper! Traite, I, p. 373. 
1877. Diplothmema (Sphenopteris) obtusilobum (Brongn.) Stur, Culm-FI., II, p. 124 

(230). 
1877. Diphlothmema (Sphenopteris) irregulare (Sternb.) Stur, Culm-Fl., II, p. 124 

(230). 1885: Stur, Carbon-Fl. Schatzlarer Sch., I, p. 296. 
1879. Pseudopecopteris irregularis (Sternb.) Lesquereux, Coal Flora, atlas, pl. LII, 

Figs. 1-3, 8 ! ; text (1880), p. 211. 
1884. Pseudopecopteris obtusiloba (Brongn.) Lesquereux, Coal l:<'lora, III, p. 753. 
1885. Diplothmema obtusilobum (Brongn.) Stur, Carbon-Fl. Schatzlarer Sch., I, pp. 

296, 354, Pl. xxv, Figs. 8a-c; Pl. xxvb, Fig. 1. 
1890. Diplothmerna irregulare (Sternb.) Stur, Sandberger, Jahrb. d. K.-k. geol. Reich­

sanst., XL, pp. 84, 87, 90. 

Fronds tripinnate or quadripinnate below; rachis strong, flat, naked, 
striated, slightly undulate below, becoming more :flexuous towards the 
tip; primary pinnrn broad, lanceolate, acute, pinnatifid to near the 
extreme apex; secondary pinnrn at right angles below, becoming 
oblique above, alternate, distant, contiguous or slightly imbricated, 
linear-lanceolate, acute, straight or curved, those in the middle and 
lower portions of the primary pinnrn provided with pinnrn of the third 
order, those above bearing reduced tertiary pinnrn or pinnatifid pin­
nules, those still nearer the top being provided with large, broad, 
rather triangular-ovate pinnules, divided into 3-5 more or less deeply 
dissected, round-obtuse lobes; secondary and tertiary rachises narrow, 
more or less distinctly flexuous to correspond to the insertion of the 
pinnrn or pinnules, but sometimes appearing nearly straight, sulcate 
above, rounded on the lower side, finely and evenly striate, bordered 
by narrow laminrn; tertiary pinnrn distinct, alternate, usually close, 
sometimes distant, or even overlapping, the lower ones at a right angle 
to the secondary rachis, the upper somewhat oblique, 12-22rnm long, 
5-12mm wide, more or less acutely pointed, provided with 2 to 5 pairs 
of alternate, sessile, or broad pedicellate, half-round, ovate, or reni­
form and dilated, usually more or less distinctly trilobate pinnules, 
generally close or slightly imbricated, those in the lower part of the 
frond more distant, slightly decurrent; surface of the pinnules coria­
ceous, curved backward somewhat near the border, and marked between 
and parallel to the nerves with close, minute strim; margins apparently 
thickened and traversed on the upper side by a narrow furrow or gutter; 
pinnules of the upper secondary pinnrn broad, more or less deeply dis­
sected into three, sometimes four, broad, rounded or truncate-rounded, 
or oboyate lobes, the lowest pair of the pinnules of the pinnrn subpal­
mately divided into four to six lobes, one or more of the divisions some­
times elongated, those pinnules toward the top of the pinnrn becoming less 
distinctly lobed and approaching the proportions of those borne on the 
tertiary pinnrn; primary nerves originating at a narrow angle and curv­
ing outwards, dichotomizing, the secondary nerves forking and curving, 
indistinct, to the border; fructification unknown. 

Although much difference of opinion exists as to the basis of the 
separation of Sphenopteris obtusiloba and Sphenopteris trijoliata, no two 
authors agreeing on the lines of distinction between those species, 
most paleobotanists, including Zeiller, Kidston, Renault, and the late 
Dr. 0. Feistmantel, are agreed that the forms described by various 
writers as Sphenopteris obtusiloba and Sphenopteris irregularis are only 
different portions of the same fronds. The identity of Andra's speci­
mens described as Sphenopteris irregularis with Brongniart's Sphenop-
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teris obtusiloba, first pointed out by Stur, 1 was concurred in by Zeiller,' 
who also verified the identification after an examination of Brongniart's 
type of Sphenopteris obtusiloba. But while Zeiller and Kidston insist on 
the identity of these with Sternberg's type also, Dr. Stur, who combines 
specimens described and :figured by Andra and von Roehl under Sph6-
nopteris irregularis, excludes, without stating his reasons, Sternberg's 
original identification. 

The identity of the species from the zinc region with that represented 
by a magnificent series of specimens from Clinton, Missouri, brings 
portions of nearly the entire plant before me. Large fragments of the 
frond show the upper secondary pinnre of the species to be provided 
witb large ovate-deltoid, obtusely lobed pinnules agreeing exactly with 
the Sphenopteris irregularis illustrated by Andra3 or like the S. obtllli­
loba :figured by Brongniart 4 and Zeiller,5 or the upper portion of Stur's 
Diplothmema obtusilobum.6 These forms I believe to be more predomi­
nant in the upper part of the lateral primary pinnre. The lower sec­
ondary pinnre, with more fully developed pinnules or tertiary pinnre, a~ 
simila~ to those :figured by Lesquereux 7 as Pseudopecopteris irregularis, 
by Andra 8 as Sphenopteris irregularis, by Stur 9 as Diplothmema obtu­
silobum, and by Zeiller 10 as Sphenopteris obtusiloba. Usually, however, 
my specimens show the tertiary pinnre ending in a small, more or lest 
narrow deltoid, acute pinnule, somewhat different from the specimens 
:figured by Stur 11 and Zeiller,12 the pinnules in most of the specimens 
being also slightly larger. The American species agree well with spec­
imens labeled Sphenopteris obtusiloba, from Radnitz, Bohemia, now in 
the collection of the U.S. National Museum. 

Relations.-Although tbis species appears to have a close relation 
ship to the Diplothrnemata, no specimen has, so far as I am aware, bee 
discovered with the true Diplothniema ramification. Owing to the un 
certain boundary of Sphenopteris obtusiloba, I shall not atterni.t to po· 
out the distinctions between it and other related species, although 
am trongly inclined to r gard many of the :figures inscribed by v 
ou authors a Sphenopteris trifoliata to be only forms belonging 
Sphenopteris obtusiloba, or to other species quite different from Arti 
typ. 

Locality.-Aurora. 

1 Verb. d. K.-k. geol. Reichsanst., 1876, p. 286. 
2 V g. foss. terr. houill. , 1879. p. 40. 
8 Vorw ltl. P1J. teink., Pl. vrn, Figs.1-3. 
'Hi t. Y6g. fo s., Pl. Lill, Fig. 2.* 
5 V6 . t rr. h uill., Pl. CLXm, Fig. 1; Fl. foss. Valenciennes, Pl. m, Figs. 2, L 
• Carbon-1i'1. cl . chatzlarer ch., I, Pl. xx.v, Fig. 8. 
' Coal Flora, atla.<J, Pl. LIT, Figs. 1--8. 
1 p. it., Pl. IX, Fig. l. 
t Op. cit., Pl. xx,, Fig. 8. 

10 p. cit., Pl. m, J!'ig. ,. 
11 p. ci ., Pl. :xxv l!'ig. 1. 
u Op. cit., Pl. m, I<'i&, 1. 
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SPHENOPTERIS (PSEUDOPECOPTEIUS) M.A.CILENTA L , & H. 

Pl. I, Fig. 4, 4a. 

1835. Sphenopte1·is macilenta Lindley and Hutton, Fossil Flora, II, Pl. CLI. 1855: Gei• 
nitz, Verst. Steink. Sachsens, p. 14, Pl. xxnr, Fig. 1. 1880: Fontaine and I. 
C. White, Permian Flora, p. 12. 1887: Kidston, Radstock Series, p. 348. 

1835. Sphenopteris lobata Gut bier (non Morris) .A.bdrticke, p. 44, Pl. 1, Figs. 11-15; Pl. 
x, Figs. 1-3. 

1836 . .A.spidites macilentus (L. & H.) Greppert, Systema, p. 357. 
1869. Sphenopteris (.Aneimioides) macilenta L. & H., Schimper, Traite, I, p. 400. 
1877. Diplothmema maeilentum (L. & H.) Stur, Culm-Flora, II, p. 124 (230). 1885: 

Stur, Carbon-Fl. Schatzlarer Sch., I, p. 375. 
1877. Diplothmema lobaturn (Gutb.) Stur, Culm-Flora, II, p. 123 (229). 1885. Stur, 

Carbon-Fl. Schatzlarer Sch., I, p. 375. 
1880. Pseudopecopteris macilenta (L. & H.) Lesquereux, Coal :Flora,, III, p. 754, Pl. 

xcvm, Fig. 2. 1889: Lesley, Diet. Foss. Penn., p. 799, (Fig. ,). 
1888. t PseudopecopteriB (Sphenopteris) m,acilenta (L. & H.) Lesquereux, Proc. U. S. 

Nat. Mus., xr, p. 85. 

Fronds tripinnate; rachis rather strong, slightly flexuous; primary 
pinnre oblique, d~stant, oval-lan~eolate, a?ute; secondary pinnm alter­
nate, distant, oblique or sometimes at right angles or even reflexed 
below, linear-lanceolate, 2-8cm or more in length, 1-3cm in width; second­
ary ra.chis rather narrow, slightly depressed above, raised below, usu­
ally :flexuous to correspond with the position of each pinnule; naked in 
the lowest parts, bordered by a narrow decurrent margin of the pin­
nules above; pinnules large, thin, alternate, distant, oblique to the 
rachis, except those at the base of the pin.nm, more or less cuueate, usu­
any irregularly tri-sublobate, the borders slightly arched; those in the 
middle portions of the pinnre broad, rather ovate, cuneate below or 
rounded cuneate to the decurrent base, bordering the rachis with a nar­
row lamina, those above becoming more cuneiform below, less distinctly 
lobate, sometimes bilobate, or rounded and entire at the apex, with 
broader attachments, gradually becoming more and more united, the 
uppermost being narrow, cuneate, rounded, passing on to the connate, 
narrow, obtuse terminal pinnule; those in the lower portions of the 
pinnre more distinct, less oblique to the rachis, more contracted below, 
appearing pedicellate, broader, sometimes rhomboidal, rather more in­
distinctly trilobate, the lobes. decurrent and sometimes feebly irregu­
larly lobed again, always rounded below, the basal pinnules less oblique, 
more deeply, and often palmately, lo bate; principal nerves distinct be­
low, very acutely decurrent, slend.er, arching outward, and forking two 
to four times as the pinnules broaden, becoming faint near the border; 
fructification unknown. 

As will be seen by the figures, the Missouri specimens agree quite 
satisfactorily with illustrations given by Lindley and Hutton and by 
Geinitz. It is represented by but eight specimens in the collection, all 
of which are of the type figured. As a rule the pinnules are of a gener­
ally cuneate outline below, curving downward at the attachment, and 
generally indistinctly trilobate above, somEJtimes bilobate, or irregularly 
lobed, appe:uing crenate in some cases, but with all the lobes short and 
rounded. I have not seen specimens showing the quadripartite char­
acter of Mariopteris and Pseudopecopteris, or the bipartite feature of 
Diplotl: :nema to which the species has been referred by Stur. Its in-
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e1usion in Pseudopecopteris by Lesquereux may have been the result of 
the examination of specimens, or perhaps it was only following Stur's 
reference of the species to JJiplothmema. 

Relations.-Sphenopteris macilenta is one of the most distinct Spbenop­
terids. It differs from S. obtusiloba and S. trifoliatci by the much larger 
size of the pinnules, which are more cuneate below, less deeply and 
regularly trifoliate, not elongatb rg, not pinnati:fid except on the pri­
mary rachis just above the secondary pinnre. Cyclopteris valida, as de­
scribed and :figured by Dawson, has a strong, rough primaryrachis, the 
pinnules less developed near the apex of the pinnre, the secondary 
nerves springing from a single primary nerve. Sphenopteris adiantoides 
has its pinnules smaller and proportionately broader, less cuneate, not 
so clearly trifoliate, and apparently not connate by a decurrent margin. 

SPHENOPTERIS LACOEI n. sp. 

Pl. n, Figs. 5, 5a, 6. 

1884:. f Pseudopeoopteris nummularia (Gutb.) Lesquereux, Coal Flora, III, p. 751 (2d 
type, excl. syn.). 

Fronds quadripinnate, spreading; primary pinnre broad, at _right 
angles or somewhat oblique to the rachis; primary rachis finely stnated, 
flat, or slightly arched, naked; secondary pinnre alternate, close, ?ften 
somewhat overlapping, oblique above, at right angles i.n the ~uddle 
and curving backward below, slender, linear-lanceolate acute, sligbtla 
contracted towards the base, nearly straight or gently fl~~uous ~11 

curving, simply pinnate, or pinnati:fid below, the largest div1s10ns bemg 
developed as ultimate pinnre, with the same relations to the secondary 
pinnre as those of the latter to the primary pinnre; secondary rachi 
rather narrow, slightly flexuous to correspond to the position of the 
pinnules, and bordered, at least in the upper part, by a very narrow 
lamina decurring from the pinnules; pinnules coriaceous, dull, flat, 
alternate, at right angles to the rachis below, oblique above, close, 
sometimes contiguous, or overlapping, usually with a decurrent a~tach­
ment to the rachis, cordate-ovate, or somewhat querciform, slightly 
obtuse at the apex, alternately lobed, more or less constricted at the 
base, especially on the distal side, the blade connate by a narrow de­
cm::rent lamina; the larger pinnules, about 6mm long, 3mm wide, con­
stricted at the base so as frequently to appear pedicellate, the ·small~r 
ones above, becoming sessile by the slightly contracted base; lobes m 
the lower part of the larger pinnules divided to near the midrib, larger 
than th? e above, more or less distinctly cuneate toward the b~se, or 
rhombo1dally rounded or rounded-truncate at the broad top, sligh_tlr 
separated by a narrow, decurrent rounded sinus becoming fa pa m 
upwards more connate and obovate, smaller mbre united, and ~o 
? u ely rounded, gradually pa sing into the' small indistinct ternnn 

p~unule; lob ! the pinnati:fid pinnules broadening, becoming Dl~ 
1 tant, more pomted and er nate, se ile by the slightly contractin 

t 1 te and :finally full d veloped pinnule · primary nen-
n mew ha d . urr. nt :peci?tllY in the upper p~rt of the pinn. 

h ft n p anng ~m l ' rn Im r at rjght a gl . t the rac~ 
he 1 w r. art, m 1m · ~PP ari g a. a hort p Heel· nervatI. 

nm , r 11er a .. mp: int a :h 1 b and mitting nef\ 
, ut i of t nervil in the lower part 
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the lobes apparently spring directly from the mid-rib; fructification 
unkno-w11. 

In the third volume of the Coal Flora/ Prof. Lesquereux describes 
two types under the name of Pseudopecopteris nummularia (Gutb.) 
Lesq., remarking that the description of the specimens in hand did not 
agree entirely with the descriptions and :figures of the European au­
thors, and suggesting that they might represent one or even two new 
species, one type including the plants from Clinton, Missouri, and Can­
nelton, Pennsylvania, the other having been found at Campbell's Ledge 
at Pittston, Pennsylvania, and in strata of nearly the same age in 
.Arkansas. Finding the specimens in the collection to be apparently 
identical with others now in my hands from Clinton, Missouri, I was 
led to conclude that these represented the second or Clinton-Cannelton 
type of Pseudopecopteris nummularia, although this type is obviously 
different from Gutbier's type of Sphenopteris nummularia, which has 
been referred by some authors to S. obtusiloba, or from Heer's :figure, 2 

which is accepted by others as a good species. From specimens from 
Cannelton and Pittston, kindly loaned me by Mr. Lacoe, the difference 
between the two types of Lesquereux is seen to be · quite distinct. The 
Pittston plant is most like the :figure given by Heer. As to the other 
type, Mr. Lacoe informs me that Prof. Lesquereux, in a manuscript 
note, observes that the Cannelton plant is "certainly a species different 
from that of Campbell's Ledge." No name for the new species is given 
in the Lesquereux manuscript now in the hands of Mr. Lacoe, which it 
is earnestly hoped may be published at an early date. Being unable 
to identify it with any other described species, I have dedicated it to 
Mr. Lacoe, who has done more than any other to promote the study of 
the Paleozoic flora of the United States, and to whom I am greatly in­
debted for counsel and for the use of specimens in the preparation of this 
paper. There is but little difference between the specimens from Clin­
ton and Belleville and those from Cannelton, except that the former 
are usually rather more open, with the midrib somewhat thinner, tend­
ing in some cases towards flexuosity. The nervation in the Cannelton 
plants is obscure on account of the roughness of the epidermis, which 
often simulates a close venation, and which has led the artist to draw 
the nervils too close in the detail of the Cannelton pinnule . 

.Among the many closely related or resemblant species assigned by 
various authors to Sphenopteris, Hapalopteris, Oligocarpia, Hymeno­
phyllites, and Renaultia, Sphenopteris Lacoei is quite easily distin­
guished by the size of its pinnules, which are rather acute, contracted 
at the decurrent attachment and narrowly bordering the rachis, de­
currently lobed, the lobes entire, the lower ones cuneate below, trun­
cate-rounded above, the succeeding ones narrower, becoming more 
united, ovate, the apex obtuse, passing into confluence with the very 
small, ill-defined terminal pinnules. 

1 P. 751, Pl. cm, Figs.1-3. 
2Fl. foss. Helv., Pl. XIV, Figs. 6, 6b. 
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Relations.-.A.mong the nearest allied species Sphenopteris Lacoei dif­
fers from the forms referred to 8. stipulata, 8. quercifolia, S. Laurentii, 
and S. gracilis, by the irregular lobation among the latter, the lobes 
being more or less distinctly divided. The last-named species, which as 
figured has its pinnules hardly decurrent, I am unable satisfactorily 
to separate from some of the upper and looser portions of 8. mixta 
Schimper. The latter differs from S. Lacoei by its rachis rough, sulcate, 
more slender and more flexuous in the smaller divisions, the secondary 
and ultimate pinnre usually overlapping, the pinnules rougher with 
borders arching slightly backward, more obtusely pointed, not so reg­
ularly nor deeply lobate proportionately, the lobes not cuneate down­
wards, _not so decurrent, broader at the hase, more pointed, crenate or 
sometimes sublobate, the sinuses more acute, the nerves distinct in 
relief on the lower surface, and more flexuous. Sphenopteris marginata 
Dawson, whose foliage is somewhat similar, is described as having the 
pinnre short, obtusely pointed, the pinnules less dissected, the nerves 
simple; while Hapalopteris (Sphenopteris) rotundifolia (Andra) Stur, 
which strongly resembles our species, has its pinnules rather larger, 
less decurrent, the lobes not cuneate, the terminal lobe large and round. 
From Sphenopteris nummularia it strongly differs, the size of the pin­
nules being much greater, the pinnules of that species being hardly 
decurrent, the midrib straight, the lobes more distant, broadly ova,te, 
pointed above, roundly contracted at the base, pedicellate, becoming 
trilobate in the lower part of'the pinnule, bilobate in the middle, and 
elliptical above, the terminal lobe large and oval, more or less distinct, 
similar to forms of S. trijoliolata or S. ob~usiloba, to which it has been 
assigned by several authorities. The normal lobes of S. nummularia, 
pedicellate with entire margins, have the size of those small crenate or 
feebly lobed sessile pinnules of Sphenopteris Lacoei which are passing 
into ultimate pinnre. 

Locality.-1\foClelland's shaft. 

SPHENOPTERIS HILDRETI Lx. 
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well as with the description in the Coal Flora which I have quoted 
above. The racbis is slender, striate, and slightly sinuate. The pin-
1rnles, which are slightly coriaceous, appear sympodially dichotomous 
rather than pinnate in their mode of division, the effect being a pinnate 
appearance. 

From the affinities of the species with Diplothmema furcatum and 
D. geniculatum it seems quite probable that it also belongs to the genus 
Diplothmema, to which Dr. Stur assigned it. in 1877.1 Kidston 2 has sug­
gested that it may be referable to Diplothmema furcatum. My speci­
mens, which are identical in character with that illustrated and de­
scribed in the Geology of Pennsylvania.3 seem quite distinct from 
fl ,iplothmema fu,rcatum, and it may be added that there are p.o true 
specimens of that species in the collection. 

The specimen from the Middle Devonian at St. John, New Bruns~ 
wick, figured, but not described, by Sir William Dawson as Hymeno­
phyllites Hildreti Lx., appears to represent a different species, with 
irregularly dissected pinnules and much broader lacinim, resembling 
more in its aspect the Sphenopteris subfurcata described by him 4 from 
the same locality. 

Relations.-Sphenopteris Hildreti was described by Lesquereux as 
differing from Diplothmema furcatum by its narrower rachis, not genicu­
late, the pinnules all pinnately lobed, none palmately, the lacinirn shorter 
and more distinctly lanceolate-acute. It is also much more delicate than 
Diplothmema furcatum. I have not seen sufficient material to ascer­
tain whether there is a difference in the division of the primary rachis 
or whether both species are Diplothmemm. It appears to differ from 
Diplothmema geniculatum, to which it stands closest, by its rachis, not 
geniculate, its foliage more dense, the divisions of the pinnules not so 
palmately spreading from the base, and not so long relatively, the 
sinuses not rounded at the bottom. Sphenopteris trichomanoides and 
Sphenopteris lanceolata are not so broadly divided; the laminrn are shorter 
and more obtuse, the rachis of the latter species being much stronger 
and its divisions more bushy. 

Locality.-McOlelland's shaft. 

SPHENOPTERIS, SPECIES. 

Pl. 1, Fig. 3. 

Two small specimens in the collection apvear to be different frOill 
any species represented in material that I have seen. I have figured 
one of them with tbe hope that it may be recognized by some more ex­
perienced paleontologist. The rachis is striate and rough. The median 
nerve is thin, slightly decurrent, and flexuous. Pinnules coriaceous 

. ' 
1 Culm-Flora, II, p. 122 (228). Carbon-Flora Schatzlarer Sch., I, 1885, p. 296, 
2 Cat. Pal. P l. Brit. Mus., p. 81. 
1Vol. II, pt. 2, 1858, p. 863, Pl. IX, Figs. 5, 5a. 
'Foss. Pl. Dev. and Upp. Sil. Can., 1871, pp. 541 86, Pl. XVI, Fig. 181, 
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slightly oblique, deeply dissected. The divisions are ovate, pedfoellate, 
decurrent, bordering the midrib, the lower ones suggesting the outline 
of an acorn, only they are round at the apex. The real condition of 
each division is trilobate, the two basal lobes narrow and insignificant, 
slightly reflexed, the third and upper lobe ovate, rounded, constituting 
three-fourths of the entire division. In this respect it differs from' he 
trilobate forms of Sphenopteris trijoliata, Sphenopteris obtusiloba, or 
Sphenopteris nwnimitlaria Gutb.,1 the last named of which it resembles 
more closely in the general proportions. The form of the division is 
mnch like that seen in portions of the Sphenopteris Boclcingiana figured 
by Weiss. 2 The nerves are rather strong and close, branching alter­
nately from the median nerve and forking again. 

The second fragment, apparently belonging to the sa~e species, bas 
its divisions of the same character. It represents the tip of a pinna, 
the uppermost divisions being either macerated or otherwise deprived 
of parenchyrna. It is possible that both specimens represent fertile 
pinnffi of some species, though no distinct evidence of fructification is 
visible. 

Locality.-McCielland's shaft. 

PECOPTERIDEJE. 

PECOPTERIS .Brongniart. 1822. 

PECOPTERIS DENT.A.TA Brongn. (non Wi11.) 

1828. Pecopteris dentata Brongniart, Prodrome, pp. 58, 170. 1834: Brongniart, Histofre 
p. 346, Pl. cxxrn, cxx1v. 1835: Lindley a.nd Hutton, Fossil Flora, n, Pl. 
cuv. 1838: Sternberg, Versnch, n, 7 u. 8, p. 152. 1870: Lesquereux, Rept. 
Geol. Surv. Ill., IV, 2, p. 404. 1876: Ferd. Hoerner, Lethaea geognost., 1, at­
las, Pl. LII, Figs. la, b; text (1880), p. 176. 1878: Zeiller, Veg. foss. terr. 
houill., atlas, Pl. CLXVIII, Figs. 3, 4; text (1879), p. 86. 1879: Lesquereux, 
Coal Flora, atlas, Pl. XLIV, Figs. 4, 4a; text (1880), p. 240. 1880: Fontaine 
and I. C. White, Permian Flor'a, p. 66, Pl. xxn, Figs. 1, 2, (3-5 f). 18 3: 
Renault, Cours bot. foss., III, p. 121, Pl. xxr, Figs. 4, 5. 1884: Lesqnereux, 
Amer. Nat., XVIII, p. 922. 1887: Lesquereux, Proc. U.S. Nat. Mus., x, p. 25. 

1828. Pecopteris plu1nosa (Artist) Brongniart, Prodrome, p. 58, 171. 1835 or 1 36: 
Brongniart, Histoire, p. 348, Pls. CXXI, cxxn. 1838: Pres1, in Sternb rg, 
Versuch, n, 7 u. 8, p.152. 1858: Lesquereux, Geol. Penn., n, 2, p. 867. 1 66: 
Lesquereux, Geol. Surv. Ill., n, Palreont., p. 442. 1869: von Roehl, Fo s.TI. 
St ink. Westphalen, p. 88, Pl. XXXIII, Fig. 4. 1881: Weiss, Aus d. Fl. d. 

teink., Pl. xvn, Figs. 104, 104a. 1888: Howse, Trans. Nat. Hist. oc. 
orthumb., etc., x, 1, p. 89. 

1828. Pecopteris triangularis Brongniart, Prodrome, pp. 58, 171. 
1 32. t ph nopteris caudata Lindley and Hutton, Fossil Flora, 1, Pl. XLVIII. 

1 33. Cyath it~ dentatus (Brongn.) opp rt, y tema,p. 325. 1 55: Geinitz Vel1l, 
, t ink. a h n , p. 2 , (par,) PL XXIX, Fig . 10-12; Pl. XXX Fig . 1. :?. 

: von ehl F 1. t ink. We phal n , p. 87, Pl. xxxm, Fig. 6. 
r, 1. £ . H lv., p. 30 Pl. XI· l. XII, Fi s. 1-5. 

Heer, Fl,F 
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1838. Pecopteris Brongniartiana Presl, in Sternberg, Versuch, n, 7 u. 8,· p. 160. 
]848. Cyatheites plurnosus (Artis i) Goeppert, in Bronn, Index pa]mont., p. 365. 
1869. Cyathoca1-pus dentatus (Brongn.) Weiss, Foss. Fl. jiingst. Steink., p. 86. 
1869. Pecopte1·is ( Cyatheites) dentata Brongn., Sch imper, Traite, I, p. 508. 
1877. Senftenbergia dentata (Brongn.) Stur, Culm-Flora, n, p. 187 (293). 
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1877. Senftenbergia plurnosa Stur, Culm-Flora, n, p. 187 (293). 1885: Stur Carb •• 
Fl. Schatzlarer Sch., vol. 1, p. 92 (pars), Pl. LI, Pigs. 1, 2, 3. · 

1883. Dactylotheca dentata (Brongn.) Zeiller, Ann. Sci. nat., [6] bot., xvi, pp. 184, 
207, Pl. 1x, Figs. 12-15. 1884: Zeiller, Ann. Soe. geol. Nord, x1, p. 206. 1888: 
Zei1ler, Fl. foss. Valenciennes, p. 30, Figs. 16a, b. 1890: Zeil1er, Fl. foss. 
Au tun et Epinac, 1, p. 21, Figs. 17a, b. 

1885. Senftenbergia acuta (Brongn.) St11r, Carb.-Fl. Schatzlarer Sch., 1, p. 96, Pl. LI, 

Figs. 4, 5. 
1886. Pecopteris (Dactylotheca) dentata Brongn., Zeiller, Fl. foss. houill. Valenciennes, 

atlas, Pl. xxv1, Figs. 1, la, b, 2, 2a-e; Pl. xxvn, Figs. 1, la, b, 2, 2a, 3, 3a, 
4; Pl. xxvm, Figs, 4, 5, 5a; text (1888), p. 196. 1890: Zeiller, Fl. foss. Au tun 
et Epinac, 1, p. 66, Pl. 1xa, Figs. 3, 3a. 

1887. Dact.11lotheca plumosa (Artis f) Kidston, Radstock Ser., p. 381. 1886: Kidston, 
Cat. Pal. Pl. Brit. Mus., p. 128. 1889: Kidston, Trans. R. Soc. Edinb., vol. 
xxxv, 2, No.10, p. 409. 1890: Kidston, Proc. Roy. Phys. Soc. Edinb., x, pp. 
368, 375, 386. 

1887. Dactylotheca plumosa var. dentata, Kidston, Radstock Ser., p. 382. 

Fronds large, tripinnate, quadripinnatifid below; primary rachis 
large, 5-12mm wide, finely trichomatose; secondary rachis 1-&nm broad, 
grooved on the upper surface and finely punctate; primary pinnoo 
alternate~ at right angles or oblique, often reflexed in the lower part 
of the frond, usual1y overlapping slightly, 3½--11 cm apart, oval-lance­
olate, 18-50cm, or more, long, 3½--12cm wide at the middle, somewhat 
contracted at the base, the sides of the larger ones parallel in the 
middle portion, and tapering to a sharp point above; secondary pinnoo 
alternate, 6-1!::lmm apart, usually overlapping somewhat, the upper ones 
oblique, the middle nearly at right angles, the lower ones, often re­
flexed and shorter, often flexuous, linear-lanceolate, the larger ones 
2½-6cm long, 5-25rnm wide, tapering to an obtusely acuminate point; 
pinnules alternate, more or less triangular, somewhat arched, generally 
obtusely pointed or rounded, sometimes acuminate at the tip or appear­
ing oblong, somewhat oblique, sessile, contiguous and slightly connate 
at the base, those in the middle of the secondary pinnre 35mm long, av­
eraging about 2mm in width at base, the margins generally more or less 
reflexed so as to make them appear sharply triangular, the laminoo 
arching between the nervils, either entire or with a few rounded, usually 
indistinct lobes; the lower basilar pinnule of each secondary pinna 
generally shorter and lo bate, sometimes appearing auriculate; pinnules 
towards the top of the secondary pinnre gradually becoming confluent, 
passing to the entire or slightly lobed apex of the pinnre; pinnules of the 
lower secondary pinnre near the base of the frond, 5_13mm long, 2-4mm 
wide, pinnatifid, or perhaps pinnate, the divisions being about l~mm 
long and 1 mm wide, the uppermost secondary pinnoo with pinnules oe­
eoming united and passing into primary pinnules, pinnatifid below 
in rounded_ lol;>~s, _the succeedi~g ones crenulate, then entire; nerves 
usually quite d1stmct, the median nerve passing to the top, but very 
slightly, if at all, decurrent, emitting uervils at a wide angle, the lower 
nervils forking, the upper ones simple, those of the large pinnati:fid pin­
nules giving off other simple nervils in the lower lobes. 



62 CARBONIFEROUS FLORA OF SOUTHWESTERN MISSOURI. [BULL. 9& 

Considerable difference of opinion exists among paleobotanists as 
to the range of forms to be included in this somewhat polymorphous 
species. While most authors agree in uniting Pecopteris dentata and 
P. plumosa (Artis 1) Brongn., a few, including so distinguished a paleo­
botanist as Director Stur, insist on their distinction as two separate 
species. But Stur, referring to Brongniart's figures and descriptions, 
joins 1 P. pennceformis Brongn. to P. plumosa. On the other hand, P. 
delicatula Brongn., which is made a variety of P. plumosa by Kidston z 
and of P. dentata (P. plumosa Brongn. non Artis) by Zeiller, 3is united 
by Stur 4 with .P. acuta Brongniart. Kidston is inclined, on the basis 
of distribution, to partially separate Peeopteris dentata as a variety of 
Pecopteris plumosa. Happily, as one of the important results of the 
painstaking examination of many of Brongniart's type specimens, 
Zeiller has been able to clear up many of the doubts respecting this 
as well as many other species described in the Histoire, and he has 
given excellent· and elaborate new descriptions, amplifying and rede­
fining those species, in his classical work on the Valenciennes flora . 
.As the result of his investigations of the old specimens as well as of 
much new material, he finds both P. plumosa and .P. dentata in the 
same species, thus verifying the conclusions of Schimper, Lesquereux, 
Geinitz, and others of the older paleobotanists. 

The specimens in the present collection are identical with others 
labeled by Lesquereux in the U.S. National Museum collections, as well 
as with a :fine series communicated by Dr .. J. H. Britts from Clinton, 
Missouri, whence some of the specimens described in the Coal Flora5 

originated. The agreement of these :fine specimens with Zeiller's fig­
ures and descriptions 6 is good in nearly every detail. The figure given 
by Lesquereux on Pl. XLIV does not represent the pinnules so small nor 
so crenulate or lobed, nor so pointed as they appear in my specimens. 
The laminre in the latter are more arched between the nerves, the mar­
gins rolled back so as to give them a sharper appearance, the strong 
midrib sunken and tending to become :flexuous in the partly macerated 
specimens, and the lower basal pinnules of the secondary pinnre lobed 
or more or le s auriculate. Some of the pinnu.les are acute, like P. 
acuta Brongn., which .P. dentata further resembles by the imple 
veined pinnu1es of the upper part. The general habit, as seen in our 
pecie , i better indicated by Fontaine and I. C. White in their 

Permian r Upper Carboniferou Flora, Pl. xxu, Figs. 1 and 2, though 
t latt r e m to somewhat re emble .P. acuta. The variety parra 

ig. 2, of th e author i imilar to the pinnati:fi.d pinnu.les near the 
of th 1 w r e · n ary pinnre. The Mi ouri representative of 

ci ar mo t ade uat ly repre ented by the :figures of Br ngni-
1 arb;n-Fl. chlatr:l;rer b., 1, p. 93. 
• •· :F 1. Rada tock r., p . 1; Tr. n . Yorkshire Nat. Union, pt. 14, 1888 (1890) 1 p. 3B. 
111. fo . hoaill. V enci nn s, p. 196. 
• p . it. , p. 97. 
1 -V-ol. J p. 2H. 
• p. cit., p . 196, Pl. XXTL 
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art, 1 Stur,2 and Zeiller.3 One large fragment of the basal portion of a 
primary pinna shows the pinnules delicate and slender as in P. del-ica,.. 
tula, 4 though I do not venture to refer it to that form. 

Although it is believed by many authors that the type of .Artis's 
Filicites plumosus 5 is specifically identical with Brongniart's .Pecopteris 
plumosa .Artis sp., and that Artis's name has therefore priority over P. 
dentata Brongn., the incompleteness of .Artis's description and figure and 
the indistinctly indicated fructification near the margin, differing from 
that seen in P. dentata (P. plumosa Brongn.), render the evidence too 
uncertain, as it seems to me, to warrant such a conclusion, and I am 
disposed to follow Zeiller in retaining P. dentata for the present. lfilici­
tes plumosus .Artis seems to be represented \n form, nervation, and fruc­
tification by the Pecopteris (Aspidites) silesiaoa of Goeppert. 6 

The fructification of Pecopteris dentata worked out by Zeiller from 
abundant silicified material constitutes the type of the genus Dactyl­
otheca.7 It consists of exannulate ovoid sporangia, separate from 
one another, obtuse at the base, 0.5-0. 75mm long, o.2-o.25mm broad, 
tapering to an acute apex, each sporangium lying on one of the ultimate 
nervils of one of the lower pinnules, the apex pointing toward the 
border. 

The Aphlebire, which, in spite of their caducity, are frequently found 
attached to the rachis near the origin of the primary pinnre of this spe­
cies, have been observed by Fontaine and White, Stur, and Zeiller. 
They have been described as oval in outline, lying close to the rachis, 
often obscuring it, deeply pinnatifid in close linear lobes, the lower ones 
themselves pinnatifid, with surface finely striate and apparently cov­
ered with fine hairs. A few such aphlebian fragments were found in 
the collection, but none are attached to rachises with other pinnules. 
One large rachial fragment from Clinton resembles the Aphlebia filici- . 
f'orniis found by Geinitz 8 on the rachis of Pecopteris dentata Geinitz (no·n 
Brongn.). 

Relations.-Pecopteris dentata differs from P. pennreformis by its sul­
cate and rather more strongly punctate rachis, its pinnre larger and 
more flexuous, and its pinnules more triangular. P. pennreformis is de­
seribed as having the secondary nerves simple or forking but once, the 
laminre folded upwards in sharp ridges between the nervils, and the 
fructification apparently in two rows of round dots, one on each side of 
the midrib. Pecopteris acuta Brongn. has its rachis rather smoother, 

1P. plumosa, Histoire, Pls. mac, cxxn, Figs. 3, 4, and P. dentata, Pls. cxxrn, cxxrv. 
2 Senjtenbergia plumosa,, Foss. Fl. Schlatzlarer Sch., r, Pl. LI, Figs. 1, 2, 3, and S. acuta, Figs. 4, 5. 
8 Fl. foss. houill. Valenciennes, Pls. xxv1, xxvn, Figs. 2, 3, 4. 
'Brongniart, op. cit., Pl. CXVI, Fig. 6. Zeiller, op. cit., P . dentata, var. delicatula, Pl. xxvm. Figs. 5, 5a. 
6 .Antedil. Phytol., Pl. XVII. 
6Systema., p. 364, Pl. XXVII. 
7.Ann. Sci. Nat. (6), Bot., XVI, 1883, pp.184, 207, Pl. IX, Figs.12-15. Fl. foss. houill. Valenciennes, 1888, 

pp. 30, 198, Pl. XXVI, Figs. 2, 2a, d. Fl. foss. A utun et ~pinao, 1890, p. 21, Fig.17a, b, p. 67. 
•Versi. Steink. Sachsens, p. 26, Pl. xxv, :Fig. ll. 
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the pinnules more a,cutely falcate, and the nerves almost invariably sim­
ple, while P. aspera Brongn. is distinguished by its shorter parallel 
pinnre at right angles to the rachis, the pirmules more rounded, the ter­
minal ones distinct and obtuse, and the nerves more :flexuous. 

Locality.-McOlelland's shaft. 

PECOP'.l'E R lS (P'l'YCHOCARPUS) UNIT.A. Brongn. y 

Fronds large, bipinnate or tripinnate; primary pinnre broad, lanceo­
late, tapering to an acute point ; primary rachis broad, flat, striated; 
secondary pinnre alternat e or subopposite, 2-5mm apart, nearly at right 
angles to the rachis or somewhat oblique, parallel, linear, 2-4cm tong, 
5-11 mm wide, the borders nearly parallel, converging slightly near th_e 
rounded apex, crenulate, lobate, or pi nnatifid, according to their posi­
tion higher or lower on ·the primary pinnre; secondary rach1s roufl:d, 
slender, flexuous in the smaller pinnre, more or less decurrent and d1s­
solvin g just below the apex; secondary pinn re succeeded above on the 
primary pinnre by and passing into dist ant, oblique, linear pinnules, 
rounded at the apex, crenulate, then crenulate below and entire above, 
becoming entire in passing upward, decurrent and connate by a decur­
ring border, united more deeply in approaching the tip of the frond; 
pinnules of the ultimate pinnre, represented by crenation, lobes, and 
well-defined pinnules according as the pinnre occur lower on the frond, 
united ahout one-half their length in the average pinnre, curving o:iit­
ward to nearly a r ight angle, the apices gradually rounded, the margrns 
slightly reflexed, tlie texture rather thin, the more mature pinnules 
6-7rnm long, close, alteruate, dec11rring somewhat, contiguous to the 
middle, united below, the margins converging a little towards the 
rounded apex; median nerve originating at a narrow angle, arching out­
ward towards the tip of the pinnule; secondary nerves alternate, ~su­
ally simple except in the larger pinnules, nearly straight or curvmg 
towa,rd the apex, not anastomosing, and marked near the border . by 
fusiform enlargements, the distal ends of these enlargements bemg 
rather thicker tban the proximal ends. 
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of the upper primary pinnffi are widely different from those described at 
the lower portions of these pinnffi. The more deeply lobed secondary 
pinnffi, similar to Fig. 2 of Stur, bear evidence of fructification, but 
these pinnffi are too macerated to reveal the characters of the sori in 
the mingled coaly material. The thickening of the ultimate nervils, 
like that seen in JJiplazites as figured by Goppert, Stur, and other 
authors, construed as indicating the beginning of the sori, appears 
somewhat farther up on the nervils and rather more obtuse at the 
upper end than is commonly represented in P. unita. The secondary 
pinnffi taper but little towards the apex, while those more fully devei­
oped have their pinnules rather broad and arched backward, as shown 
by Kidston 1 and Lesquereux. 

On account of the uncertainty attached to the specific reference of 
my plant, I have not attempted to give the synonymy of P. unita, which 
is made by many authors to include P. emarginata and P. longif olia, 
but have left the description of the specimens to wait ultimate absolute 
identification or separation. 

Relations.-The specimens in this collection differ perhaps from P. 
unita or P. emarginata, as those species are usually described, by the 
greater distance between the fully developed pinnu.les, the slender, 
rather flexuous rachis of the median secondary pinnffi, and the large, 
rounded pinnule forming the apex of the secondary pinnffi. 

Looality.-McClelland's shaft. 

PEOOPTERIS (ASTEROTHEC.A.) LESQUEREUXII n. sp. 

Pl. n, Fig. 4. 

1880. Pecopteris arborescens (Schloth.) Brongu., Lesquereux, Coal Flora, 1, p. 230, 
(pars cxcl. syn. et fig.). · 

1884. f Peco1Jteris aspidioides Brongn., Lesquereux, Coal Flora, III, 1"· 756. 

Fronds triphrnate; primary pinnffi broad, tapering rapidly to an 
acute point; secondary rachis rather broad, striate, more or less dis­
tinctly and finely punctate; secondary pinme alternate, open, close, 
somewhat caducous, linear, 7mm_3cm wide, slightly narrowed at the base, 
the borders converging very gently in the middle, contracting more 
rapidly toward the tip to an acute apex; pinnules alternate, open or 
slightly oblique, usually nearly at right angles to the rachis, very close, 
often contiguous, occasionally :fl.exuous, linear, the length usually four to 
six times the width, :flat, or rarely with margins slightly arched, the lat­
eral borders nearly parallel or slightly converging, the apex gradually 
rounded, united near the uase, sometimes a little contracted in the 
largest pinnules, the rachis being bordered by a narrow, decurrent 
margin; median nerve strong, distinct, passing to the apex, usually 
slightly decurrent, but frequently at right angles to the rachis in the 
larger pinnules; secondary nerves of the smaller pinnules, simple, 
alternate, slightly arching to the borders or nearly straight, or, rarely, 
even goniopteroid; a few of the nerves in pinnules of the average size 
sometimes forking once near or above the middle, the lowest pair usu­
ally forking near the base, but most of the upper ones simple, while in 

1 ]'oss. Fl. Ra<.lstook Ser., Pl. XXIV, Figs. 3
1 

9. 
Bull.98--5 
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the larger pinnnles of the largest secondary pinme and those above the 
secondary pin me on the primary ra.chis the nerves fork once at a rather 
wide angle below the middle, the upper division usually forking again; 
fertile pinnules of the same form and arrangement as the sterile; fruc­
tification in oval or round sori, disposed in two rows, one on each side 
of the median nerve, nearly covering the lower surface of the pinnules; 
sporangia, four or five in the sorus. 

This species, represented by a large number of specimens, is dis­
tinctly characterized by the long slender pinnules, contiguous or a little 
distant, usually slightly decurrent in the smaller pinnules, united for 
about 1 mm at the base, the borders converging slightly, the blade flat, 
the apex obtuse, not round truncate, and by the peculiar nervation. 
The nerves of the smaller pinnules are simple, as in P. arborescens or 
P. hemitelioides. In those of the average size, about 9mm long and 21mm 
wide, the lower pair of nerves fork, and here and there, irregularly, in 
the pinnule other nerves fork, like those of P. cyathea or P. paleacea. 
Only in the largest pinnules, 10-15mm in length and 2½-3mm in width, 
are the nervils, all branching near or above the middle, similar to those 
of P. Oandolliana and P. Mo~yi, the upper division occasionally forking 
again, especially in the pinnules succeeding the secondary pinnm. In 
these largest pinnules there is an occasional constriction at the base, 
suggestive of P. Oandolliana, but the rachis is bordered by a narrow 
decurrent lamina, uniting the pinnules, which have the surface very 
nearly flat, are not constricted at the middle, and which are propor­
tionately considerably longer than the pinnules of P. Oandolliana. 

In general habit the pinnre and pinnules resemble Pecopteris "lepid,o­
rachis 1 and P. cyathea,2 though its pinnules are .flatter, not distinct ro 
the base, and irregular in length as in the latter. The closest similarity 
in the arrangement of the pinnules and nervation is with P. kemii. 
ioides, except that our pinnules are not separate and all simple nerved, 
and with P. Monyi,3 whose pinnules are much more oblique, decurrent, 
much broader proportionately, the margins converging more rapidly. 
The latter species appears somewhat closely related to P. venulosa Lx., 
but Lesquereux's species has the pinnules less united, shorter, more 
curved, the midrib stronger, and the nerves curving upward. Some 
of the smaller pinnre are suggestive of P. platyrachis as figured in the 
Co I Flora. However, the figure given by Lesquereux 5 is a copy of 

i . 5 n Plate cnr of Brongnjart'~ Histoire, in which work it is 
.·, i 0 ·1 d y rongniart (p. ::H2) to P. platyrachis and again on the fol 

l wiuCT pag to P. lepidorachis. However, since a smooth rachis is one o 
h di in tive haracter f the former species as diagnosed by Brong 

ni rt it em m re pr bl that the reference to P. lepidora<Jh · • 
t n th h uld remain, although the pinnules 
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much like P. cyathea. It is possible that the specimens forming the 
basis of Lesquereux's description 1 may be referable to P. lepidorachis 
or P. cyathea, both of which have been referred oy many authors to 
P. arborescens. Renault and Zeiller have with reason, as it seems to 
me, separated them as species, after an examination of the original 
types together with new material, with concise and distinct definitions. 

In the entire collection, containing over one hundred and finy speci­
mens belonging to this species, I have not seen any fragments referable 
to P. arborescens. My specimens are apparently identical with those 
in the museum collection labeled by Lesquereux as belonging to P. 
aspidioides. But P. aspidioides, characterized by Brongniart as having 
contiguous elliptical-oblong pinnules, distinct to the base, with simple, 
oblique nervils, and as differing from P. arborescens only in its greater 
size, longer, obtuser pinnIB, and less truncated pinnules, is generally 
regarded as belonging either to P. arborescens, to which the above 
author regarded it as very closely related, or to P. cyathea, the agree­
ment of the figures being quite close. Since the name Pecopteris aspid­
ioides can not therefore be retained and employed to designate our 
species, no new name can be more appropriate than that of the great 
student and elaborator of the .American coal flora. 

Rela'tions.-Pecopteris Lesquereuxii differs from P. arborescens by its 
much broader pinnffi with the apices more obtuse, the pinnules usually 
mor"e than double the length of those of the latter species, not distinct 
at the base, more often slightly apart, sometimes slightly decurring in 
the smaller pinnules, gradually rounded, not truncate-rounded, at the 
tip, the nervils sometimes branching once irregularly in the larger 
pinnules, the upper division occasionally branching again in the largest 
pinnules, generally curving more or less to the border. P. cyathea has 
its pinnules contiguous, separate to the rachis, often reflexed, shorter 
proportionately, unequal in length, the ma,rgins often curved back­
ward, the sporangia in pairs or fours. P. lepidorachis has the rachis 
strongly punctate, its pinnules contiguous, die.tinct to the base, the 
nerves always forked below the middle. P. hemitelioides, whose form 
ours resembles closely, has its rachis rougher, the pinnules rather 
broader proportionately, usually separate at the base, and all the 
nerves simple. P. Oandolliana is easily distinguished by its pinnules 
contracted and distinct at the base, the margins usually rolled back, 
frequently so as to give it a contracted appearance in the middle, and 
by the nerves always forked. P. Monyi and P. venulosa have the pin­
nules more rapidly tapering, shorter proportionately, those contiguous 
at the base becoming separate above, the midrib of the larger pinnules 
more dccurrent, and but few of the nervils forking once in the larger 
pinnules, the former species having a thinner median ner~, while the 
latter has the median nerve thickened near the base. 

Locality.-McClelland's shaft. 
1 Coal Flora, I, p. 232. 
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NEUROPTERIDE.lE. 

NEUROPTERIS Brongniart. 1822. 

NEUROPTERIS FIMBRI.A.T.A. Lx. 

1852. Cyclopteris fimbriata Lesquereux, Proc. Boston Soc. N. H., IV, p. 177. 18M: 
Lesquereux, Boston Jour. N. H., VI, 416. 1858: Lesquereux, Geol. Penn.,11, 
p. 855, Pl.1v,Pigs.17,18. 1863: Dawson;Can.Nat.,VIII,p.442. 1866:Wood, 
Trans. Am. Phil. Soc., XIII, p. 348. 1878: Dawson, Acadian Geol., 3d ed., p. 
481. 1878: Lesquereux, in I. C. White, Rept. Prog. Geol. Surv. Penn., "Q,• 
p. 54. 1880: Pontaine and I. C. White, Permian Flora, p. 17. 

1857. Neuropteris fimbriata Lesquereux, 3d Rept. Geol. Surv. Ky., p. 536. 1860: Lea­
quereux, 2d Rept. Geol. Surv. Ark., p. 315. 1866: Lesquerenx, Geol. Surv. 
Ill., II, Paleont., p. 430. 1870: Lesquereux, Geol. Surv. Ill., IV, Pt. 2, P• 
384, PL v1, Pig. 4. 1874: Schimper, Traite, III, p. 474. 1879: Lesquereux, 
Coal Flora, I, Pl.v,Figs.1-6;text(1880), p.81. 1880: Fontaine andl.C. 
White, Permian Plora, p. 51. 1883: Lesquereux, 13th Ann. Rept. Geol. Surv. 
Ind., Pt. 2, p. 52, PI. x, Fig. 2. 1887: Kidston, Foss. Fl. Radstock Ser., p. 361, 
PL XXI, Figs. 3-5. 

1860. Cyclopteris Wilsoni H. C. Wood, Proc. Acad. Nat. Sci. Phila., xn, p. 519. 

Fronds tripinnate; primary pinnm apparently large, triangular; sec­
ondary pinnm linear, slightly oblique; rachis round, undulate, finely 
striate, more or less punctate, bearing alternate, distant, oval or ob­
long, or nearly round, rarely entfre pinnules, generalJy fringed from t~s 
middle upward, auricled and entfre at the broad base, pedicellate m 
the upper pinnules, which are slightly decurring; veins distinct, fla~­
ellate aud dichotomous from the base, dividing three or four time m 
the larger pinnules, generally twice in the smaller ones, slightly arched 
toward the borders, and asceuding to the top of the long, narrow, 
acute, undulating fimbrim. 

The foliage of this beautiful fern has been fully illustrated by Pro£. 
Lesquereux in the Illinois and Pennsylvania reports. My specimen 
show consjderable variation in the closeness of the nervation of the lar e 
pinnules, the :fi.rnbrim in some pinnules becoming correspondingly 
crowded and much closer than in Lesquereux's figures. The latter are 
slender, sometimes as much as 7mm in length, usually tapering from the 
ba e to a fine sharp point, and wavy. In one large pinnule, which · 
parted below the middle into two lobes, dichotomously, the long lacini 
are lar 0 ·ely dichotomou , lending an Aphlebian aspect to portion · o 
the margin. A imilar bifurcation of the lacinim on a small scales c 
to be pr ent on one specimen figured in Kidston's Radstock Flo 
The n rvation in ome pinnules seems fully a close as that in H 
:ti ur of Oyclopteris lacerata, 2 and appear to ju tify the inclinati n 

himper an 1 i 1. t-0n to unite the two pecie , though Wei regard 
bel nging in part to Neuropteris heterophylla.3 Sh 

wi ·peci prove to be identical, Neiwopteri fl 
riority. 

hi fi rn i 
rm Uy fim 
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dentata Lx. and Neuropteris laciniata Lx. by its thinner, more delicate 
texture, and from the former by its margin, fringed instead of jagged 
toothed. The small pinnules differ from Neuropteris flexuosa and Neu­
ropteris heterophylla, to both of which this species is closely allied, by 
its pinnules distant and its nervils fewer than in the latter and more 
distant than in either. 

Locality.-Found in fragments of pinnrn and distorted pinnules from 
McClelland's shaft and Hannam's shaft. 

NEUROPTERIS SCHEUCHZERI Hoffm. 

1826. Neuropteris Scheuchzeri Hoffmann, in Keferstein, Teutschland, IV, p. 157, 
Pl. lb, Figs. lb-4. 1840: Jackson, Rept. Geol. Agricult. Surv. R. I., 1839, 
p. 288, Pl. v, Fig. 10. 1857: Kimball, Fl. Appal. Coal Field, p. 9, Pl. 1, 

Fig. 1. 1869: Schimper, Traite, 1, p. 434. 1887: Kidston, Radstock Ser., 
p. 356, Pl. xxm, Fig. 1, la, 2. 

1830. Nevropteris Scheuchzeri Hoffm., Brongniart, Hist. veg. foss., p. 230, Pl. LXIII, 

Fig. 5. 1882: Zeiller, in Barrois, Terr. anc. Asturies, p. 559. 1886: Zeiller, 
Fl. foss. houill. Valenciennes, atlas, Pl. XLI, Figs. 1, la, 2, 3; text (1889), 
p. 251. 

1830. Nevropteris angustifolia Brongniart, Hist. veg. foss., p. 231, Pl. LXIV, Figs. 3, 4. 
1830. Nevropteris acutifolia Brongniart, Hist. veg. foss., p. 231, Pl. LXIV, Figs. 6, 7. 
1832. Neuropt&ris cordata Brongn., Lindley and Hutton, Fossil Flora, 1, p. 119, Pl. 

XLI. 1847: Bunbury, Quart. Jour. Geol. Soc. London, 111, p. 423, Pl. XXI, 
Figs. 1, la-f. 1853: Newberry, Annals Sci., 1, No. 9, p. 106. 1865: (t) 
Goppert, Foss. Fl. Perm. Form., p. 100, Pl. x1, Figs. 1, 2. 1878: Dawson, 
Acad. Geol., 3d ed., p. 446, Fig. 166b. 1880: Lesquereux, Coal Flora, p. 91 
(pars). 1888: Dawson, Geol. Hist. Pl., p. 126, Fig. 51b. 1889: Lesley, 
Diet. foss. Penn., n, p. 452, :figure. 

1836. --Morton, Amer. Jour. Sci., xx1x, Pl. x1, Fig. 26. 
1838. Neiiropteris angustifolia Brongn., Foster, N. Jahrb. f. Min., p. 535. 1862: 

( Y) Geinitz, Dyas 11, p. 139, Pl. xxvn, Fig. 9. 1869: ( t) v. Roehl, Foss. 
Fl. Steinkohlen. Westphalens, p. 33, Pl. xiv., Fig. 7. 1870: Lesquereux, 
Geol. Surv. Ill., IV, p. 467. 1879: Lesquereux, Coal Flora, atlas, Pl. VIII, 

Figs. 2, 3, 6, 8, 10, 11; text (1880) p. 89. · 1880: Fontaine and I. C. White, 
Permian Flora, p. 17. 1883: Lesquereux, 13th Rept. Geol. Surv. Ind., Pt. 
2, p. 52, Pl. x, Fig. 1. 1884: Lesquereux, Coal Flora, III, p. 734. 1889: 
Lesley, Diet. foss. Penn., II, p. 451, :figure. 

1847. Neiiropteris cordata Br:ongn., var. ang,ustifolia, Bunbury, Quarli. Jour. Geol. 
Soc. London, 111, p. 424. 1866: Dawson, Quart. Jour. Geol. Soc. London, 
xxn, p. 154:. 

1854. Newropteris hirsuta Lesquereux, Boston Jour. Nat. Hist., VI, No. 4, p. 417. 
1857: Lesquereux, Geo}. Surv. Ky., III, p, 534, 556, Pl. VI, Fig. 4. 1858: 
Lesquereux, Geol. Penn., II, p. 857, Pl. III, Fig. 6; Pl. 1v, Figs.1-16. 1860: 
Lesquereux, Geol. Surv. Ark., II, p. 315. 1866: Lesquereux, Geol. Surv. 
Ill., II, Paleont., p. 427. 1869: Schimper, Traite, I, p. 445. 1870: Les­
quereux, Geol. Surv. Ill., IV, Paleont., II, p. 380. 1875: Dana, Manual 
Geol., 2d ed., p. 327, Fig. 635. 1879: Lesquereux, Coal Flora, atlas, Pl. 
vm, Figs, 1, 4, 5, 7, 9, 12; text (1880), p. 88. 1880: Fontaine and I. C. 
White, Permian Flora, pp. 16, 17, 47, Pl. VIII, Figs. 7, 8. 1881: C. A. White, 
Rept. Geol. Surv. Ind., 1879-'80, p. 152, Pl. 1x, Figs. 1, 2, 3. 1882: Le 
Conte, Geol., p. 365, Fig. 473. 1883: Chamberlain, Geol. Wis., I, p. 216, 
Fig. 67f. 1887: Lesquereux, Ann. Rept. Geol. Surv. Penn., 1886, Pt. 1, p. 
517. 1889: Lesley, Diet. foss. Penn., II, pp. 460, 461, 462,_ figures. 
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1855. Neu1·opteris acutifolia Brongn., Ettingshausen, Steinkohlen:fl. Radnitz, p. 32, 
Pl. XVIII, Fig. 5. 1876: ( ') 0. Feistmantel, Verst. bohm. Ablag., III, p. 
64, Pl. XVII, Fig. 4. 1880: Fontaine and I. C. White, Permian Flora, p. 20. 
1881: Weiss, Aus d. Fl. d. Steink., Pl. xiv, Fig. 89. 

1857. Neuropteris Rogersii Kimball (non L:x:.), Fl. Appal. Coal Field, p. 10, Pl. :r, 
Fig. 1. 

1884. Neuropteris angustifolia Brongn. var. hirsuta Lesquereu:x:, Coal Flora, III,p. 885. 

Fronds tripinnate, spreading, dichotomizing below; primary pinnm 
large; prjmary rachis robust, lineate; secondary pinnre alternate or 
sub-opposite, oblique, lanceolate, or linear-lanceolate, somewhat con­
tracted at the base, frequently overlapping; ultimate pinnre alternate 
or sub-opposite, oblique or at right angles to the rachis, close or dis­
tant, sometimes overlapping, very caducous, and generally trifoliate, 
consisting of a large oblong-lanceolate, lanceolate, or linear-lanceolate 
more or less obtusely pointed, entire, or undulate, often somewhat fal­
cate, short pedicellate median pinnule 3-11 cm long, having close at its 
rounded or more or less auricular base one or two small somewhat 
polymorphous pinnules, the latter usually unequilateral, round, ova4 
or reniform, but sometimes becoming double, enlarging fato lobate­
lanceolate or even digitate cyclopterid pinnules; ultimate pinnre suc­
ceeded above on the secondary pinnre by large pinnules similar to the 
median pinnules of the ultimate pinnre, but sessile on the thorn-like 
attachment to the ra.chis, and more or less distinctly cordate, auriculate, 
or lobed at the base, the upper side rounded, the lower auriculate or 
lobed, passing into the pinnate form; lower surface of the pinnules 
generally provided with rather rig·id hairs or bristles 1-3mm in length, 
generally visible to the naked eye, scattered irregularly about, close or 
distant, and lying in various directions, but mostly in a direction some­
what parallel to the midrib, or the course of the nerves, often produc­
ing a dictyopterid effect; margins of the leaves usually slightly ar~ed 
backward; basilar or cyclopterid pinnules often naked, with nervation 
rather coarser than in the terminal pinnules and generally :fiabella~ 
from the base; primary nerve originating usually from a broad, short 
pedicel, distinct in the terminal or long pinnules, though rather thin, 
ascending three-fourths of the length of the pinnule or more before 
vani ·hing; nervils originating at a narrow angle to the midrib, arch­
ing gradually and dichotomizing three or four times before they have 
pa sed a little more than half way fr61Il the median nerve to the border, 
some of them forking a fifth time, thin, close, often undulating, u ually 
more. or les immersed in the epidermis, which_ is raised between them, 
meeti:ng the border some.what ?bliquely, except in the low~r part of 
the pmnule , and numbermg thirty-five to forty-five per cent1.IDeter a 
the border. 

Thi species is one concerning which great confusion has exi ted dur­
in many years; and while many paleontologists, including at one tiin 

r f. Le qu reux, have been di po ed to regard forms de cribed b 
r ngni rt under the name of Nevropteris Scheuchzeri, N . angustif ol' 
d . acutifolia as ill-defined and belonging perhaps to the am 

i , n o inion fir t sugge t d by Brongniart himself, the que tion 
·ned un olv d, for la k f ufficient material and a better knowl 

f r ngniartls type, until r. Zeiler, in the conr e of his criti 
xh n ti e re h in th ra of the French coal :field . m 

a thor ugh and pai taking ex mination of Brongniart's pecim 
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and elaborated the original descriptions. To the invaluable investiga­
tions by Zeiller of the types in the Museum d'Histoire N aturelle and by 
Kidston among the types in the British Museum, the Geological Society 
of London, and other collections, we are especially indebted for a knowl­
edge of the real characters and 1dentity of these as well as many other 
species described or figured, often imperfectly, by Brongniart and Lind­
ley and Hutton. 

The affinities of the above-mentioned forms as well as the variations 
among the specimens belonging to each of the species that have been 
distinguished in this country are incidentally indicated in the following 
notes, which, so far as they relate to .American material, are based on 
specimens in the collection of the U. S. National Museum examined 
and labeled-many of them recorded in the "Register"-by Lesque­
reux at various times since the appearance of the first two volumes 
and atlas of the Coal Flora. 

Neuropteris Scheuchzeri Hoffm • 

.Although, in his original description of Neuropteris Scheuchzeri, Hoff­
mann 1 fails to mention the hirsute character of his species, both the 
agreement of his figures and descriptions and the identification and 
description of the same fern by various European paleontologists show 
that it is identical with the Neuropteris cordata described and illus­
trated by Lindley and Hutton and Bunbury, which in turn is proved 
specifically identical with Brongniart's types of N. angustijolia and N. 
acutifolia. Zeiller does not seem to have had access to Brongniart's 
type of N. Scheuchzeri, and is not assured 2 of its identity with Hoff­
mann's species, though the figure in the Histoire 3 agrees fairly well 
with the fragment represented in Fig. 2 on Hoffmann's plate, or equally 
with the specimen from Pennsylvania figured as Neuropteris Scheuchzeri 
by Kimball.4 The type of N. Scheuchzeri as described and figured by 
Brongniart came from Wilkesbarre, Pa., whence that author had· 
types of N. angustifolia and N. acidifolia, and he was disposed to con­
sider the former as perhaps identical with N. Scheuchzeri, though it 
was impos::.-;ible to tell from so little material, consisting of isolated 
pinnules. The identity of the Pennsylvania specimens described as 
N. Scheiwhzeri with the Old World forms is further indicated by a 
comparison with the descriptions and figures of foreign authors, es­
pecially with those of the magnificent fragment of a pinna given by 
Kidston in the Flora of the Rad stock Series. 5 

1 Keferstein's Teutscbland geognostiscb-geologiscb dargestellt, mit Charten und Zeichnungen 
welcbe einen geognostischen Atlas bilden, vol. IV, Weimar, 1826, p. 157, Pl. xb, Figa.1..._ 

2 Fl. Foss. houill. V alenciennes, p. 254. 
• Pl. LXm, Fig. 5. 
• Flora of the Appalachian Coal-Field, Gottingen, 1857, p. 9, Pl. :r, Fig.L 
1 Trana. Roy. Soo. Edinb., XXXIII, 1887, p. 256, PL JOWi, Figs, It a. 
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Neuropteris hirsuta Lx. 

In his original description 1 of Neuropteris hirsuta, as well as in that 
published with the illustrations in Rogers's Geology of Pennsylvania,2 
Lesquereux inscribes Neuropteris angustifolia, N. acutifolia, N. Scheuch-
. zeri, and N. cordata as synonyms, referring in the last case to both 
Brongniart's and Lindley and Hutton's works. In his remarks Prof. 
Lesquereux notes that "near the summit of the. pinrne the pinuule 
become simple, narrowly lanceolate (in which case they belong to 
Neuropteris angustifolia Brongn."), and that "Neuropteris Scheuchzeri 
Ho:ffm., sent to Mr. Brongniart from Wilkesbarre, belongs probably 
to this species also; nevertheless, we have never seen a leaflet with 
the petiole attached to it as it is figured by this eminent author." But 
in the Coal Flora 3 tbe pinnules of this species are distinctly desc:ribed 
and figured as pedicellate when compound. He further adds, that 
"except the villosity the characters of this species are much like tho 
of the following [ N. angustifolia ], and in some cases it is very difficult 
to ascertain the reference of the leaflets generally found detached from 
the rachis and often mixed together;" and Sc him per 4 was disposed to 
accept the species, in default of a better definition of the other speci 
on account of the presence of the hairs. Except the occurrence of these 
hairs in N. hirsuta the only other distinctions between it and N. angus­
tifolia that I am able to derive from the descriptions are a wider pin­
nule, less acute for the former, while in the latter the pinnule are 
perhaps more distant, the midrib proportionately stronger and extend­
ing farther up the pinnule, and the veins of the cyclopterid pinnul 
rather closer than in those of N. hirsuta. In N. hirsuta the median 
pinnules are "more rapidly narrowed upward, but never pointed," th 
nerves counting forty to fifty per centimeter at tbe margin. 

Among the specimens labeled Neuropteris hirsuta in the Mu eum co· 
lection the following are examples: Number 1454, from Mazon Cree 
represents the lower part, 3cm long, of a pinnule 3cm wide, omewh 
falcate, the border. parallel, rounded toward the base with ligh 
auri les near the pedicel, like those seen in N. decipiens.5 The pedi 
i flat, 5½mm long 2mm wide; the surface of the pinnule is hirsute. t 
midri and nervation exactly that of N. decipiens and counting tw n 
io-h t thirty per centimeter at the border. No. 1451 i a pinn 

9~cm long 2½cm wide blong-lanceolate, rather bluntly point d. 
broken; hir ut , xternal characters identical with the form 

n rvati n w n y-eio-ht t thirty per centimeter. No. 1016, an en · 
pi n ½''rn 1 ng 2½rrn wide, blong Ian eolate rather acute at 
tip mew hat narrow d I w, auriculate hir ute · 26 or 27 nervil 

. ' ' centimeter. . 4, vate-lance late, 6cm long, 2-½cm wide near 
1 Bo t. Jouro.?at. Ilia ., VI, 1854, o. 4, p. il7. 
1 II, p. 7, Pl. w. Fig. 6; Pl. IV, Figs.1-16. 
• Vol. 1, Jl, , Pl. vm. 
• Trait , I, p. 4d5. 

• C !or , JU, Pl. xorv, Fig. 2, t rmin 1 piouole. 
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base, rather obtuse above, the base like 1454, distinctly pedicellate; 
midrib very thin, dissolving in the upper quarter; hirsute; nervils 
twenty-six per centimeter. This pinnule has the outline and thin 
midrib characteristic of the American N. cordata, as seen in speci­
mens from Cannelton, labeled by Lesquereux. The form is similar to 
that of the N. cordata figured by Zeiller in the Commentry Flora, Pl. 
xxv1n, Fig. 2, though the nervation is very different. No. 1452 con­
tains a fragment of the middle of a . pinnule 32mm wide, showing the 
characteristic nervation of the Mazon Creek pinnules, the nervils num­
bering twenty-eight to thirty per centimeter. No.1455 is alinear-lance­
olate pinnule, 8½cm long. 2½cm wide near the base, tapering upward to a 
rather acute point; base wanting; borders undulate; hirsute; nervils 
twenty-nine to thirty per centimeter. This specimen agrees in outline 
with the typical N. hirsuta. All of the above specimens said to belong 
to N. hirsuta are from Mazon Creek. All have the same form and 
nervation, and the same number of nervils per centimeter on the margin 
as Neuropteris dccipiens Lesq., described 1 as abundant at Mazon Creek, 
from which locality a large number of specimens of the latter species 
have been compared. These specimens labeled N. hirsuta are said to 
have passed under Lesquereux's hand since the publication of the de­
scription of N. decipiens, from which the only distinction made seems to 
be that the pinnules of the latter are comparatively larger and the 
nerves twenty-five to twenty-eight per centimeter on the border, but 
after a critical examination and comparison I can find no character in 
them that is different from those seen in specimens in the same col­
lection labeled N. decipiens. 2 

Of the other specimens labeled Neuropteris hirsuta, No. 2188, from 
Eugene, Indiana, represents the greater part, including the tip of a 
linear-lanceolate pinnule, 9¼cm long, 2cm wide, tapering to a long slender 
tip which is rounded at the apex. A fine midrib passes nearly to the top. 
The specimen is distinctly hirsute; the nervils thirty-five to thirty-eight 
per centimeter. It appears to represent the form described by Brong­
niart as N. angustijolia, though larger than his N. acutijolia, while it is 
nearly as acute as the latter. Another specimen with the same rmm­
ber, from the same locality, is linear-lanceolate, 7cm long, the top wanting, 
17mm wide, somewhat falcate, slightly contracted towards the base, 
tapering in the upper half, the border undulate, rounded at the base, 
and agreeing excellently with Brongniart's and Kimball's N. Scheuchzeri, 
except that the midrib is not strong, and the pedicel, 3mm long, I½mm 
wide, is not round as Brongniart's figure represents. The nervils 
count thirty-five to forty per centimeter. No 1290, from the Excelsior 
Colliery, is a long linear-lanceolat.e leaf lO½cm long, 19mm in greatest 
width, somewhat falcate, with a characteristic unequal base and pedicel, 
and tapering from the base to a rather slender acute tip, the extreme 

1 Coal Flora, m, l). 733. 
?The apparent confnsion regarding this species i8 probably due t,0 the fa.1Jt that it waa not fnDT 

diagno!'led nntil the third ,olnme of the Coal Flora was p11blislied. 
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apex slightly rounded; the slender midrib passes to near the tip; 
the margin is rather undulate; surface hirsute in portions; nervils 
thirty-five to thirty-eight per centimeter. This pinnnle, which has the 
form of N. angustijolia in Brongniart's plate, though more tapering and 
more slender than his N. acutifolia, is much larger than any of the 
slender acute pinmiles that I have seen :figured, the nearest illustration 
being that of N. Scheuchzeri, Fig. 2 of the Pl. XLI in the atlas to Zeiller's 
Valenciennes flora. The specimen, identified in 1881 or 1882, appears to 
contradict the statement in the Coal Flora that the pinnules of N. hir­
suta are "never pointed." No. 1948 is a very interesting specimen 
from Wilkes barre, the locality whence came some of Brongniart's speci­
mens of N. aootifolia. It agrees excellently with Brongniart's figure of 
N. acutifolia, except that the upper side of the base is not so truncate. 
It is also comparable to Bunbury's Fig. lc1 of N. angustifolia. The 
apex is fully as acute as in Brongniart's figure. The pinnule, which i. 
over 7¼cm long and 20mm wide, is densely hirsute. There can hardly be 
any doubt of the specific identity of this specimen with that described 
by Brongniart from the same locality. Two other fragments, No. 2185 
from St. Clair, Schuylkill County, Pennsylvania, showing the same 
characters of nervation and apex, are less distinctly hirsute and have 
their nerves forty-one to forty-five per centimeter. Another specimen, 
No. 1299a contains the greater part of a pinnule, including the ba e 
6f11m long, 18mru wide, linear, distinctly hirsute, with thirty-six to thlrty­
eight nervils per centimeter. The pinnule resembles somewhat the 
N. cordata :figured by Lindley and Hutton, or still better the pinnulb 
marked X in Kidston's fine specime11 2

• The back side of the same rock 
contains an unlabeled upper portion of a large hirsute, lingulate oL­
tusely pointed pinnule, of exactly the form illustrated in Fig. 5, Pl. VIII. 

of the Coal Flora. It is also characterized by elongated pit between 
many of the nerves, which I take to represent perhaps the markim: 
described and figured by Fontaine and I. C. White3 as fructificatior ~ 
of N. hirsuta. Itis a suggestive fact that Brongniart also, in the de 'cri -
tion of N. angustifol-ia, notes "indications of fructi:fication " betwe n 
the nerves, similar to the suppo ed fructification of N. flexuosa. .A.no th 
specimen of No. 2188, from St. Clair, contains fragment.· of everal pin­
nule of the forms illu trated by Le q uereux in Rogers' Report' an 
Dr. C. A. White iu Collet's Indiana Geologi ·al R port, 1879-1 0.5 

The nervation i forty to forty-two per centim t r at the border. 

1 Quart. Jour. I. oc. Lonclon, m, Pl. XXI. 
1 :Ra too Flor , I. • xm, Fi&r. 1. 
•P nniAn lora, p. •1, Pl. vm, iga. 7,8. 
• Geol. Penn., n, 1 , Pl. w, Fig. o. 
1 P. 152, Pl. n , Fi . l. 
1 :m.i. V6g. !01 ., p. 230. 
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the identity of the localities making such a relation quite probable, but 
that the great difference in form made it necessary to consider them as 
distinct, although the disposition and :fineness of the nervation were 
similar. The possibility that N. angustifolia was only a variety or even 
a part of the other is again stated 1 on the following page in the de­
scription of the latter species. No mention is made by that author of 
the occurrence of hairs on either species. It was singular and probably 
an oversight that Lesquereux, in his descriptions of Brongniart's N. 
angustifolia, whose chief and sole important difference from N. hirsuta, 
as stated above (Coal Flora, 1, p. 89), consisted in the absence of hairs 
on the pinnules, the nervation being the same, should have followed 
Schimper in referring as a synonym to this smooth-pinnuled species 
Bunbury's N. cordata from Cape Breton, which was both described and 
figured as distinctly hirsute. ' 

But an important light on the question of the relaition of these spe­
cies results from Zeiller's examination of Brongniart's original speci­
mens of Nevropteris angustifolia and N. acutifolia from Wilkesbarre, 
Pennsylvania, and near Bath, England, in which he has found both 
species to have the same form and hairs characteristic of N. Scheuch­
zeri.2 This fact, in connection with the following notes on specimens 
identified by Lesquereux as N. angustifolia in the Museum collection, 
tends to show that the fundamental and perhaps the only important 
distinction between N. hirsuta and N. angustifolia as differentiated by 
Lesquereux rests on a probable failure of observation or description. 

I have found but four specimens labeled Neuropteris angustifolia in 
the Museum collection. Of these No. 1017, from Mazon Creek, is an 
inequilateral lanceolate pinnule 6½0m long, 20mm wide below the middle, 
somewhat contracted toward the base, which is auricled on one side, 
pedicellate, with a moderately thick midrib passing well up into the 
slender tip, which, though partially broken, was probably rounded; the 
margins are undulate; the surfase is sparsely hirsute; the nerves 25 
to 27 per centimeter. No. 1017, from Mazon Creek also, is a bipartite 
pinnule similar to those :figured by Lesquereux 3 as N. hirsuta and N. 
angustifolia. It is divided to within 5mm of the base, the midribs join­
ing in a common pedicel. The broader division is ovate lanceolate, 
auriculate on one side at the base, obtuse at the apex, 4cm long, 19mm 
wide; the other division is narrowly lanceolate, acute, slightly shorter, 
and about 9mm wide. The nervils number 20 to 25 per centimeter, and 
the pinnule is distinctly hirsute. Were the two parts detached one 
should be referable, purely on account of its form, to N. hirsuta, while 
the other, for the same reason, would probably belong to N. angusti­
folia. But the characters are so exactly those of N. decipiens, though 

1 Cette plante, dont nous n'avone vu que dee pinnulee ieoleee, n'eet peut-Gtre qu'une variate de 
l'eepece precedente, ou peut-Gtre n'est elle fondee que eur des folioles provenant de parties different.ea 
ae la mGme feuille; leur strnoture est la mllme; maie lea pinnulee eont oonstamment beauooup plu 
6troites, quoique d'une longueur a peu pree·eemblable. 

ll Fl. fose. houill. Valenciennee, p. 254. See .Atlas, Pl. XLI, Figs.1-8. 
1 Geol Penn., D, Pl IV, Fi&e 8, 4; Coal Flora, Atlas, PL vm, Figs. S>, U. 
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the form is not that described for the species, that they can be re­
ferred only to that hirsute species, which is so predominant in that de­
posit, and with whose nervation they fully accord. The remaining two 
specimens with this name are both fro:µi the original locality, Wilkes­
barre. No. 1946 is a linear fragment 6½cm long and 18= wide, the 
apex and a portion of the base being lost. Enough remains to show 
that the base is rounded on one side, while the upper portion taper 
gradually; the margins are undulate; the nervation, which is indis­
tinguishable from that seen in No. 1290 (N. hirsuta), is very nearly 
like that seen in some specimens of N. cordata from Cannelton. The 
nervils count 36 to 40 per centimeter. The specimen has the propor­
tions and appearance of Hoffman's Fig. 3. Portions of the pinnule are 
clearly hirsute. The other specimen bears the same number. It repre­
sents the lower 5cm of a lanceolate pinnule 21 mm wide. The thin mid­
rib runs well up, the undulate sides are rounded toward the pedicellare 
base. The specimen is nearly a counterpart of Brongniart's figure of 
N. Scheuchzeri, except that the midrib is not so strong and distinct, but 
comparison by other European authors of his figures with the types 
has taught that the figures are not always trustworthy. The nerva­
tion is still closer to that of the Cannelton specimen-42 to 45 per 
centimeter. Numerous fragments of other pinnules on the same rock 
show the proportions of the N. hirsuta, in Pl. vrn, Fig. 5, of the Coal 
Flora, the upper part tapering to a rounded tip, the basal portion pedi­
cellate and auriculate. The auricular lobes often seen in the ba es of 
these forms, as well as in N. decipiens and N. cordata, have the rounded 
sinuses running upward along the pedicel, like that seen in PL XCIV 

Fig. 2, of the Coal Flora, and Bunbury's Fig. le. Nearly all the frag­
ments are plentifully supplied with distinct hairs. The first two peci­
mens were identified by Lesquereux in 1881, the last two in 1884. 

It was not, I believe, until 1870 1 that Lesquereux removed N. angus­
tifolia from the synonymy of N. hirsuta, remarking that ''the u.rface 
of the leaflet is smooth, without hairs; the veinlets somewhat coarser 
and not quite as distinct a in hirs'l1,ta," though he thought it might till 
be only a form of N. hirsuta. The difficulty often experienced by him 
in di tingui bing between the two forms, expressed in 1880,2 i further in­
dicated in the discu ion of the pedicels of the terminal pinnule of the 
two specie , when, in describing N. hirsuta, he says: "It i probabl 
u none leaf of thi kind that Brongniart made his pecie , N. Schei 
zeri i. t. d. Veg. fo ., p. 230, Pl. LXIII, Fig. 5. The chara~ter 
e · ·tly tho e of N. angu, tijolia, a specie commonly found at Wilk -
b rr , wh refr m the author rec ived the American specimen which h 
r fi r to it.' Tbr e pag . farther in the volume a statement e enti 
the ame i mad with refi rence to N. oordata. The third volume 
the Ooal Flora contain a note on a "variety" of N. angustifolia fro 
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Ottawa and Osage City, Kansas, with leaflets hirsute, like those of N. hir­
suta." They have a broad, deep percurrent medial nerve, with oblique, 
so mew hat thick, lateral nerves counting thirty-five to forty per centimeter 
on the border. It was then regarded as midway between N. hirsuta 
and N. decipiens. This is probably the variety referred to in the table, 
op. cit., p. 885, as N. angustifolia var. hirsuta, whose sole distribution 
includes the above mentioned localities. I am wholly at a loss for any · 
reason explaining why the presence of the hairs on the specimens from 
the Eastern states identified by. him a·s N. angustijolia should not have 
been mentioned. 

This examination of the authentic specimens in the Museum labeled 
by Lesquereux shows (1) that mo·st of those marked N. hirsuta are more 
lanceolate, with a much more acute tip, than the specimens :figured by 
him; and (2) that the apparent difference between the N. hirsuta and the 
specimens marked N. angustijolia lies in the fact that the latter name . 
was usually applied to those narrower pinnules on which the hairs are 
less distinct. The nervils, counted at the border, do not average less 
in N. angustifolia than in N. hirsuta. Among the narrower pinnules of 
N. Soheuchzeri belong those identified as N. angustijolia by Brongniart; 
N. Scheiwhzeri, by Jackson; 1 N. Rogersii, by Kimball, 2 the relation of 
which to Pl. vrn, Fig. 8, of the Coal Flora, or Pl. rv, Fig. 5, of the 
Pennsylvania Geology, is at once apparent; Ettingshausen's N. acuti­
folia; 3 Bunbury's Fig. 1 B; the N. hirsuta figured by Dr. C. A. White,4 

and the N. Scheuchzeri illustrated by Zeiller in the Valenciennes Flora.5 

Neuropteris cordata. 

Another species quite misunderstood in this country is that identified 
as N. cordata Brongn. Of this Prof. Lesquereux says: 6 "It seems to 
be a variety of N. angustifolia, from which it differs essentially by the 
broader terminal leaflets." The nervation and the form of the pinnules 
are described as being the same as in N. angustijolia, both species 
being found in the same locality, where in many cases N. hirsuta was 
identified. 

The study of a large series of specimens of N. cordata, identified by 
Lesquereux in the Museum collection, reveals outlines common to both 
N. hirsuta and N. decipiens. The pinnules generally have their lateral 
margins rather more rounded than in the above-named forms, but 
many are linear-lanceolate, though slightly more obtuse, and as a rule, 
more nearly equal at the base. It differs somewhat in nervation from 
N. Rcheuchzeri; the midrib, rather strong at the base, vanishes above 
the middle, or passes into the apex. The nervation often resembles 

1 Rept. Geol. and Agricult. Surv. R. I., 1839 (1840), PL v. 
2 Fl. Appalachian Coal Field, Pl. I, Fig. 2. 
• Steinkohlenfl. Radnitz, Pl. XVIII, Fig. 5. 
'Indiana Geol. Rept., 1879-'80, Pl. IX, Fig. 3, 
I Atlas, Pl. XLI, Figs. 2, 3. 
1 Coal Flora, p. 92. 
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closely that of the Wilkesbarre specimens of N. Scheuchzeri, being 
very fine, and nearly as close near the midrib as at the border, where 
it is 40 to 50 per centimeter. It is difficult to distinguish some of the 
specimens from N. Scheuch.zeri, and an examination shows in some 
cases (cf. Nos. 1083, 1084, 1084a), probable errors in identification, and 
identi ~y in form, texture, nervation, and hirsuteness with that species. 
However, most of the specimens have their nervation rather finer, 
more evenly embedded in the parenchyma, and the surface smooth, 
appearing to constitute a distinct variety, if not a separate species. 

The specimens described by Lindley and Hutton 1 as N. cordat4 
Brongn., referred to by Lesquereux in the synonymy, have proved on 
examination by Kidston to be, like Bunbury's, hirsute and identical in 
all respects with N. Scheuchzeri. On the other hand, although the 
type of Brongniart's figure is lost, Zeiller has found many specimens 
in the Museum at Paris labeled by Brongniart, some of which are the 
true N. cordata figured in the "Histoire," while others are N. Scheuch­
zeri. The true N. cordata of Brongniart as newly described by Zeiller,' 
although resembling many of the Cannelton specimens in form and 
proportions, has the pin.nules smooth, the midrib hardly more than ~ 
line, and the nervils distant, counting only eight to fifteen per centi­
meter. 3 

It may be noted also in this connection that Kidston and Zeiller 
unite in referring F . .A. Roemer's hirsute Dictyopteris cordata 4 and D. 
Scheuchzeri founded on Brongniart's N. cordata, and Hoffmann's X. 
Scheuchzeri, respectively, to be the true Neuropteris Scheuchzeri Hoffm. 
Should this reference prove valid, the plants identified and briefly 
described, without illustration, by Lesquereux in the third volume of 
the Coal Flora 5 as Dictyopteris cordata and D. Scheuchzeri, need, if good 
species, to be more fully described and figured under other names. The 
undulation of the nervils, in N. Scheuchzeri, frequently simulating ana­
tomosis, was pointed out by Lesquereux. It is well illustrated in the 
specimens No. 2188, described above. 

The ynonymy of the names correlated with Neuropteris Scheuchzeri 
Hoffmann affords a good illustration of the fallibility, frequently a po · · 
tive evil, of identifying American species with those in a different hemi · 
phere olely on the basis of their agreements with de cription and 
figure (often imperfect, incomplete, or misleading), without having r 

ur e to a tual authentic specimens for compari on. 
1 Fossil Flora, p. 118, Pl. XLI. 

i Fl. Fo s. Comm.entry, p. 237, Pl. xxvn, Figs. 6-10; Pl. xxvm, Figs. 1, 2. Fl. Foss. Autnll 
ltpinac, p. 150, Pl. XI, Fig. 6. 

1 . Lacoe informs me that in unpublished manuscript Prof. Lesquereu:x removes the 
d crlbed as N. cordata Brongn. in the Coal Flora, declaring it t.o be probably new, and that be 
lat r found tb true N. cordata Bron!!n. with distant nervation, and also typical N. cheu,c}&.;: 
:Be.f r completinir the ltudy of this group the health of the lamented pioneer and elaborator in 
atudy of our CarboniterotJJS flora became so impair d that he never so far advanced the manuaarip 
to r •nam th Cannelton apoclea. 

4 P nt.ogr.,u,l ,p.30, LVI,Fig.,;PLIX, ig.l. SeevonRoehl,Fou.FLSteinh. Weatp 
pp. I>, 50 L XXI, ll'ig.12 (7); PL xv, Fi&- fS; PL XXI, Fi . 7b • 

• Pp. 832, 833. 
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Neuropteris Olarksoni Lx. 

It is frequently difficult to distinguish between some of the pinnnles 
identified as N. Olarksoni and such of the more narrow and acute pin­
nules of N. Scheuchzeri as have not been preserved so as to show the 
hairs. An illustration of this is seen in a specimen from Cannelton, No. 
1887 of the Museum collection, labeled Neuropteris Olarksoni. It con­
sists of an entire pinnule, linear-lanceolate lO½cm long, falcate, tapering 
gradually upward to a slender point, which is slightly rounded at the 
tip; it broadens at the base, which is sublobate, 31 mru in greatest width, 
unequal and auriculate and broadly pedicellate. This dilation of the 
base, which is greater than that I have seen in any specimens of N. . 
Scheuchzeri, is comparable to what is seen in the N. Olarksoni, :figured 
on Plate VI of Rogers's Report.1 The upper portion of the pinnule is 
similar in form, size, and nervation to that seen in specimens No. 2188 
and 1290, described above under N. hirsuta. The secondary nerves 
are, however, less distant near the thin midrib than is characteristic of 
N. Olarksoni; the margins are undulate and the surface clearly hirsute 
over most of its area. Another specimen, labeled N. Olarksoni, No. 
1947, this time from Wilkesbarre, linear-lanceolate, somewhat falcate 
pinnule, is gem long, 16mm wide, tapering, but not quite so acute as in the 
last; the base is rounded, characteristic of N. Scheuchzeri, auriculate and 
pedicellate, the nerves count thirty-eight to forty per centimeter; the 
hairs on the surface are easily visible to the naked eye. · Both species 
are referable to N. Scheuchzeri, No. 194 7, representing the form known 
as N. angustijolia. In the true N europteris Olarksoni of Lesquereux, as 
represented by many specimens in the Museum the pinnules, which are 
not hirsute, are generally more narrowly acute, without basal cyclop­
terid pinnules, the auricles round and frequently overlapping at the 
base, the median nerve rather broad at the base; thinning gradually to 
the apex, its nerves in relief, much farther apart near the midrib and 
forking at a wider angle, arching towards and often forking near the 
border, which they meet nearly at right angles in the lower part, num­
bering twenty-eight to thirty-four per centimeter at the margin. It ap­
pears to me to be quite a different species from N. macrophylla Brongn., 
to which Kidston2 has referred it. 

Neuropteris f asciculata Lx. 

Two other specimens identified by Lesquereux in the Museum collec­
tion are of some interest on account of their relation to our species. 
Specimen No. 1183 is the lower 6½0 m of an oblong lanceolate pinnule, 
32mm wide, unequally rounded, and pedicellate. The lower portion is 
somewhat compressed. The texture and nervation, twenty-five to 
twenty-eight per centimeter at the margin, are identical with that in No. 
1202 or 1451, described above. N o.1181a contains the middle 6cm of a sim-

1 Geol. Penn., vol. u, 1858. 
1 Foss. Fl. Radstock Series, p. 35'. 
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ilar pinnule, 3cm wide, tapering and rounding gradually toward the a 
the nervils twenty-six to twenty-eight per ceutimeter. Both of -·--1¾ 
specimens are labeled N europteris f asciculata Lx. But the charac 
in -these specimens are in every respect, including the hairs, which 
strong and visible to the naked eye, identical with those of the N. deoi,p,f 
ens from the same place, to which only the pinnules can be referred. B 
Neuropteris Ja.sciculata is described 1 as "evidently distinct from thia 
last species [N. hirsuta], as is shown by its smooth (not hairy) surf~ 
though the veins are said to be "about at the same distance as in 
decipiens." These two specimens, with their counterparts, are the o 
ones in the Museum labeled by Prof. Lesquereux as belonging 1io ~ 
fasciculata. Their indisputable identity with N. decipiens, taken i.., 
gether with the fact that they come from Mazon Creek, where some of 
the types described and :figured by Lesquereux were found and where 
the latter species is abundant, casts suspicion on the entire spec· 
N. fasciculata. It is probable that both this species and N. Colli• 
need a careful examination. 

CONCLUSIONS. 



WHITE,] FILICINE.2E-NEUROPTERIDE.2E-N.EUROPTERIS. 81 

riety at least, radically different from the true N. cordata described 
and figured by Brongniart. 

So far as the collections of the U.S. National Museum are concerned, 
and the same is possibly true in other collections, it is quite clear 
that the specimens in the concretions from Mazon Creek, Illinois, 
identified by Lesquereux as N. hirsuta, are inseparable on any charac­
ter from N. decipiens, Lx., all having the characteristic forms, text­
ure, and nervation (counting twenty-four to thirty per centimeter on 
the border) of the latter species, while the nervils of the less robust 
species, N. Scheuchzeri, with generally narrower and more acute pin­
nules, number not less than thirty-four or thirty-five, and usuallythirty­
five to forty-five, per centimeter at the bQrder. Also that those speci­
mens labeled.Neuropterisfasciculata Lx., in the Museum, from the same 
place, are identical in structure, disposition, including hirsuteness, and 
nervation, with Neuropteris decipiens, indicating in that species the 
presence of bilobate cyclopterid pinnules similar to those known in 
N. Scheuchzeri, thus rendering the intimate relationship of these two 
species still more apparent. 

The difference between the more narrow and acute pinnules of 
Neuropteris Scheuchzeri and certain forms of N. Olarksoni is very 
slight, hirsute specimens of the former species having been identified 
and labeled under the latter name, although N. Olarksoni is, in general, 
quite distinct and well differentiated. It would not be invariably safe 
to conclude that the fact that a pinnule is hirsute is itself sufficient 
proof that it belongs to a species characteristically hirsute as ordi­
narily observed; neither should all the large linear-lanceolate Neurop­
teris pinnules that are provided with hairs or bristles be united in the 
same species. Fontaine and I. C. White report that the hirsute char­
acter of N. hirsuta is almost never seen in the upper beds of the Upper 
Barren Measures.1 More.over, the degree of hirsuteness, or even the 
absence thereof, may have been affected by environment, and this may 
be worthy of slight consideration as explaining the occurrence or ab­
sence of hairs on specimens otherwise identical, though it may be gen­
erally due to the circumstances of preservation. 

Neuropteris decipiens may represent only a robust variety of N. 
Scheuchzeri, to which it is in habit, form and nervation very closely 
allied. But the broader, more oblong pinnules rounding up to an ob­
tusely pointed apex, the hairs generally stronger, the midrib generally 
strong near the base, the more open nervation near the median nerve, 
and the constant limit of the nerves, twenty-four to thirty per centi­
meter at the margin, mark it as specifically distinct from N. Scheuchzeri 
in which, as seen above (2188, 1290, 1290a, 1948, 2185, 1946, 1087, and 
1947), they are closer from the midrib outward, numbering thirty-five , 
to forty-six per centimeter at the margin. 

Locality.-Abundant in the shales from Hannam's Shaft, Carterville. 

Bull. 98--6 
1 l'ermian Flora, p. ,1. 



8·2 C.ARBONIFijRQU$ FLORA OF SOUTHWESTERN M~.&SOURI. [BULL. 98. 

NEUROPTERIS JEN;NEYI n. sp. 

Pl. 1, Fig. 7a,, 7b; Pl. 1~, Pigs. 7-12; Pl. m, Figs.1-6, 6a, 7-10. 

]rronds tripinp.ate; primary rachis irregularly but distinctly striate; 
primary pinnm- broad, tapering abov'3 to an acute tip, the portion above 
the secondary pinnre being simply pinn~te, with distant ovate-lanceolate, 
slightly triangular, obtusely-pointed pinnules 12mm-4cm long, 4½-15mm 
wide, cordate at the base, the lowest ones short-pedicellate, the upper 
~mes sessile, becoming decurrent and conflnent at the base toward the 
apex of the pinna, which is deeply lobed and sinuate, without a distinct 
terminal pinnule; secondary pinnre alternate or subopposite, usually 
distant qut sometimes contiguous, very caducous, open, oblique, or re­
flexed, lax, ovate or linear-lanceolate, 3½--13°m or more in length, 1½-4,cm, 
averaging about 2½0m, in wid:th, the uppermost trifoliate, the number of 
pinnules increasing in the pinnre below, the apex of ·each pinna consist­
ing of an elongated phmule, the lower part of which is sublobate, de­
current, and cr~nate, the middle third straight or slightly crenu1ate, 
with J)arallel borders, the upper third tapering in lobes, becoming lanceo­
late, or, most commonly, crenate or deeply crenate toothed above to a 
rather acute apex; secondary rachis very lax, ribbon-like; pinnules of 
the secondary pinnre caducous, alternate or subopposite, distant, oval, 
ovat~, or oval-lanceolate, 6-21 mm long, 4-16mm wide, with margins 
slightly reflexed, the lowest slightly auriculate and short pedicella~e, 
those next becoming sessile by a narrow attachment to the lax rach1s, 
then sessile and contracted at the base, the higher ones decurrent, th?se 
near the top obovate, odontopteroid, united at the base, passing, with 
shallower sin use&, jnto the terminal pinnule; upper rachial pinnules 
broad, deltoid, cordate, lobate-auricu]ate, obtusely pointed,, 1smm-3cm o_r 
more in length, l 7-29mm or more in width, often with short, broad pedi­
cels; lower rachial pinnules asymmetrically cordate, sessile by a broad 
attachment, distant or contiguous, acuminate or obtusely rounded, 
4-6°m long, 2½-5½cm broad, or more or less orbicular or orbicular-ovate, 
3~_5cm or more in the lon~er diameter, 2½-4°m or more in the. sh_orter, 
with br~ad or p_artly claspmg ~ttachment; primary nerves thm 11;1 the 
up.per, srmple pmnules of the pmnm- hardly passing beyond. t~e ~1ddle 
third, the secondary nerves, often thickened at the base, or1gmatm~ at 
~ verf narrow angle, those in the lower portion of the pinnule sprmg· 
mg directly from the rachis, flabellate, forking four or five times at a 
narrow ~ngle, ar?hing_ to nearly a right angle to the border, where th_ey 
coun~thirtyto thirty-eightper centimeter; pinnules ofthesecondarypm· 
nre without a well-defined midrib, all the nerves and nervils appearing fla­
bellate fr m_ the ba e in the oval pinnules, being developed fro!Il a single 
b~m. I pa mg from the base of the leaf down the rachis · nervils usually 

1 • tin t lightlythi_nn ratthemargin, wheretheynumb~r twenty-nin_e t-0 
t~irt -fi r ·ent1meter; each lobe and crenulation of the termmal 

11;1 ul fi d fr ma ingle bundle diverging from the axis of the pinna · 
P ·1 r f the rachial pinnule thin or entirely wanting, seco~d-
ry n r u ·u Ily tron er near the base, passing flabellately arching 

r. or I . the b rder, at which they count about thirty-two t.o the 
C t1 t r. 

ie are unique as well as beautiful. Owing 
ifi tion an the lax texture of the ribbon-Ii.k 

re, the latter are not only almo t invariabl 
portions of the secondary pinnm and tho 
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_pinnules that ar~ so far developed as to be constricted at the base are 
generally detached. Consequently the fern is represented, in by far 
the greater number of the specimens, merely by the lower part of the 
terminal pinn"Q.les of the secondary pinnre, with the preceding more or 
less uniteµ., and decurrent pinnules, as seen in Pl. III, Figs. 1, ·2, 5, 6, 
and 8. These fragments are Odontopteroid in outline, suggesting Odon­
topteris obtusiloba.1 In these pinnules, as . well as in those in the lower 
part of the pinnre, the nervation of each pinnule is seen to differ from 
that of Odontopteris by its origin in a single vascular bundle, curving 
in towards the axis of the pinrnB at a very acute angle, and passing 
for a considerable distance downward alongside of or contiguous to 
the rachial axis. This is imperfectly ind_icated in Pl. III, Fig. 6. In 
many cases which I have observed this bundle continues on until that 
from the preceding pinnule in its turn comes down close by its side, 
when frequently each is seen to continue for a time as an independent 
strand in the loose rachis. It is to this lax rachial constitution that I 
attribute both the frequent split.ting of the rachis, Pl. I, Fig. 7b, and 
the almost invariable separation of all the pinnules that have not a suffi­
ciently broad limb attachment to retain them in position. It may also 
account for the loose :flexuous attitudes of the :fragments of pinnre in a 
matrix where the other fern remains are normal. In rare cases, how­
ever, the rachial axis is somewhat thick and rounded in the lower 
middle of the terminal pinnules in these secondary pinnre, as seen in 
Pl. III, Fig. 8, perhaps remaining thin and sharp in passing downward, 
but in such cases the secondary nerves lie close to the axis for some 
distance before they become lost therein, while lower down the rachis 
becomes often thin and correspondingly delicate. The pinnules on the 
primary pinnre and rachis are plurinerved from the base. The forms 
of the secondary pinnules are iUustrated in Pl. III, Figs. 1, 5, and 6. 
From these it will be seen that while the secondary terminal pinnules 
are ovate-lanceolate and rather obtuse, as seen in Pl. III, Fig. 3, .in the 
undeveloped pinnre, in the more advanced stages the margins are 
nearly straight or slightly sinuate in the middle, becoming crenulate, 
lobed, and crenulate-dentate toward the tip, as seen in Pl. III, Figs. 7 
and 9, a feature unknown, I believe, in any other species of Neuropteris. 
These upper lobes, like those below the middle, are each fed from a single 
bundle. 

The relation of the broad deltoid pinnules, such as Pl. n, Figs. 7, 8, 11, 
and 12, to the secondary pinnre, Pl. ru, Fig. 6, is not definitely known 
to me, but, from their obvious resemblance, their tendency towards 
lo bat ion, and the occurrence of a few specimens intermediate between 
these and the t:iimpler primary pinnules, Pl. II, Fig. 9, I am inclined to 
regard them as simple pinnules on the primary rachis, occurring per­
hap between the secondary pinnre, the larger and broader ones being 
situated nearer the base of the frond. One specimen in the collection 

1 See Weiss, Flora d. jiingst. Steink. u. Rothl., Pls. n, m. 
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shows two pairs of pinnu.les, of nearly the type and size of those in PL 
n, Fig. 9, placed opposite on a rachis less than 1½= in width, the lower 
pair being preceded on one side by a small pinna. Similar ra..chial 
pinnules between the secondary pinnrn are seen in other species of 
Neuropteris, such as N. aurioulata, N. Scheuohzeri, and in 0dontopteris 
lingulata ( 0. obtusiloba), whose secondary pinnrn are also suggestive of 
ours.1 None of these triangular sublobate pinnules have been seen in 
direct connection with the common form of larger secondary pinnm. 
The connection of the largest of the cordate or deltoid pinnules with 
larger fragments of rachis establishes their relations and brings them 
into comparison with the rachial pinnules of N. aurioulata and N. kirsuta 
of Lesquereux.2 These have a broad attachment, perhaps partially 
clasping the rachis. Their nervation is more or less :flabellate, the 
nerves sometimes thickened below, forking 4-6 times and counting 
about thirty-four per centimeter at the border. 

Relations.-In form and habit Neuropteris Jenneyi is somewhat inter­
mediate between Neuropteris and 0dontopteris. The simple pinnules 
near the end of the primary pinnre, and the smaller oval pinnules of 
the secondary pinnrn closely resemble the group of trifoliate species of 
Neuropteris, including N. Scheuchzeri, N. cordata, and N. decipiens. 
The basal pinnules of these species, however, are not so elongated, nor 
is the origin of the pinnular nervation the same. The nervation of the 
first two is also closer than that of N. Jenneyi. The upper pinnule of 
the secondary pinnrn are most like those seen in 0dontopteris lingulata, 
though the nervation of each pinnule, when carefully examined i~ een 
to spring from a single bundle. The rachis of 0. lingulata is thick and 
the termjnal pinnules, while more or less undulate, are rounded at the 
tip, not de ply dentate, as in our species. The middle of the terminal 
pinnule of our species is much like that of 0. lingulata and 0. Worthen· 
but i more sublobate, crenulate, or sinuate, without the strong median 
nerve of the others, while it tip has its only homologue in that of O. 
Wortheni, 3 who e pinnre e pecially suggest ours in their habit, althou uh 
they ar hir ute and deeply lobate at the apex, not roundly dent~ t 
with r unded i u e , a in N. Jenneyi, in which the dentition continu 
to the more or le acute point. The rachi 1 pinnu.le are more 

ifi rmly deltoid and cordate than tho e of N. aurimilata and ~-: 
cheuchzer· ( . Mr uta Lx.) without the di tinct median nerve of~-. 
lark o, · n n t o i tinctly pedicell te , and generally mo 
·i· 1 r h n, th of . lingillata. 

ocal ·ty.- I l 11 w ere it i 
fr ID the 
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NEUROPTERIS R.A.RINERVIS Bunb. 

Pl. v, Fig. 7, 6f. 

1847. Neuropte1·is rarinervia Bunbury, Quart. Jour. Geol. Soc. London, m, p. 425, 
Pl. xxII, Figs. 1, la, b. 1858: Lesquereux, Geo!. Penn., II, p. 859. 1860: 
Lesquereux, Amer. Jour. Sci., 2d ser., xxx, p. 68. 1863: Dawson, Can. 
Nat., VIII, p. 443. 1866: Dawson, Quart. Jour. Geol. Soc. London, XXII, p. 
154. 1866: Lesquereux, Geo!. Surv. Ill., II, Palreont., p. 428, Pl. XXXIII, 

Figs. 1-5; Pl. xxx1v, Figs. 1, la. 1869: Schimper, Traite, 1, p. 440; (1874), 
1n, p. 474. 1870: Lesquereux, Geol. Surv. Ill., 1v, 2, p. 386, Pl. VIII, Figs. 
1-6. 1871: Dawson, Rept. Geo!. Struct. Min. Res. P. E. I., p. 44, Pl. II, Fig. 
19. 1879: Lesquereux, Coal Flora, atlas, Pl. xv, Figs. 2-5; text (1880), p. 
109. 1880: Fontaine and I. C. White, Permian Flora, pp. 16, 20. 1881: Les­
quereux, Rept. Geol. Ind., 1879-'80, p. 152, Pl. x, Figs. 1, 2, 3. 1885: Dawson 
and Bain, Can. Rec. Sci., 1, p. 158. 1886: Kidston, Cat. Pal. Pl. Brit. Mus., 
p. 91. 1887: Lesquereux, Proc. U. S. Nat. Mus., x, p. 24. 1887: Kidston, 
Foss. fl. Radstock Ser., p. 361. 1888: Dawson, Geol. Hist. Pl., p. 274. 1888: 
Kidston, Trans. Roy. Soc. Edinb., xxxv, pt. 1, p. 321. 

1878. Nevropteris heterophylla Brongn., Zeiller, (pars) Veg. foss. terr. houill., atlaa, 
Pl. CLXIV, Fig. 2; text (1879), p. 49. 

1881. Nevropteris rarinervis Bunb., Six, Ann. Soc. geol. Nord, x1, p. 208. 1883: Zeil­
ler, Bull. Soc. geol. Fr., (3) XII, p. 197. 1886: Zeiller, Fl. foss. Valenciennes, 
atlas, Pl. XL v, Figs, 1, la, 2, 3, 4, 4a; text (1888), p. 268. 

Fronds very large, polypinnate, primary and secondary rachis thick, 
striate, dichotomous, often bearing, at or near the forks, sessile oval 
cyclopterid pinnules, sometimes orbicular or cordate at the base; pin­
noo alternate or subopposite, open or oblique, broad or triangu1ar in 
outline, overlapping one another, bipinnate in the greater part of their 
length, simply pinnate toward the tip; ultimate pinnoo alternate or sub­
opposite, open or oblique, sometimes slightly arched upward, linear or 
linear-lanceolate, with borders touching or overlapping, contracted to­
ward the apex, and obtusely pointed; pinnu1es alternate, open or 
oblique, distant or overlapping, rather small except at the top of the 
secondary pinnoo, fl.at or slightly arched at the borders, sessile, some­
times united at the top of the pinnoo, cordate at the base, occasionally 
attached by a portion of the base to the rachis in the upper part of the 
pinnoo, oblong, the borders parallel or gradually narrowed upward to 
the obtuse or rounded apex; terminal pinnule larger, comparatively 
long, somewhat hastate, cuneate below, usually sublobate, contracted 
in the upper part, lanceolate, often slightly undulate, rounded at th-e 
tip; midrib strong, appearing as a furrow on the upper side of the p:in­
nule, raised beneath, passing nearly to the apex of the leaf; secondary 
nerves thick, of-ten appearing double, sometimes in relief on both sides 
of the pinnules, springing at a narrow angle from the midrib, arched, 
forking two or three t imes into thick, distant nervils; nervation of the 
cyclopterid pinnules :fl.abellate, coarse, often appearing double. 

This species, well known on this continent, where it was discovered, 
has since been definitely recognized in France by direct comparison of 
specimens by Zeiller, and in Great Britain by Kidston. Zeiller 
describes1 the fronds of the very fine specimens which he has examined 
as dichotomizing below, their general habit being nearly the same a3 

• Fl foss. houill. Valenciennes, p. 270. 



86 CARBONIFEROUS FLORA OF SOUTHWESTERN MISSOURI. [BtrLL.98. 

that of N. heterohpylla, oniy smaller in its development. Lesquereux 
describes fragments of the rachis, 3½0m broad, covered with cyclopterid 
pmnules 7-8°m in diameter, nearly round. The middle ultimate pinnm 
are quite slender, averaging about 10°m in length, those lower down 
becoming mueh longer, while the upperniost are but little over 2°m, or 
s-lightly longer than the large pinnules succeeding them on the primary 
rachis. Frequently the margins are more or less crenulate or undu­
late. The leaf sub.stance is quite coriaceous, especially in the larger 
pinnules. The length of the pinnules varies from about 3mm in the small­
est to 22mm in the larg~r, which are somewhat contracted in the upper 
part, the average length being about 9mm, while the width, varying from 
2 to 6mm or 7mm, averages about 4½mm. The nerves fork usually twice, 
arching to the border, where they average about twenty-six to the centi­
meter in the larger pinnules, eighteen to twenty per centimeter in the 
smaller. The cyclopterid pinnules have been seen as long as gem and 
as wide as 10°m. Sometimes they are orbicular, clasping the rachis 
more or less, or cordate, while in other cases they are lateral, varying in 
outline, frequently appearing more or less cuneate at the base, and 
rounded above; as illustrated by Prof. Lesquereux.1 Of the cyclopterid 
pinnules that I have figured, that represented in Pl. v, Fig. 7, seems 
to me to be referable to this species. It· is incomplete on the left and 
above. The lower portion approaching the point of attachment is 
arched outward, the surface still partly covered with the thick cori­
aceous substance of the leaf, on which the coarse nerves appear as 
double lines, as represented in the :figures published by Lesquereux. 
It occurs in association with the pinrne of this species. 

Zeiller 2 and Kidston 3 refer Neuropteris oor·it1oea of Lesquereux (non 
Ettingshausen) to N. rarinervis. It is true that the same form of pin­
nules and arched secondary nerves which were among the distingui b­
ing character of. N. ooriacea, according to Lesquereux's description 
are een in the Mus um pecimen ' of N. rarinervis as well as in tho 
e amined or :.fi.!!UI'ed by the Europ an author . Al o some of the larger 
1 av of N. rarinervis how a thick texture and marked impre ion in 
the ro k. But I have not yet een pecim n of our pecies with t -
minal ul · twice a r .: d, cl deepJy 1 bed above the middle like 
th, t d ri d under . coria a a a differ ntiating character. m 

rminal pin ule :.fi.gur d y Bunbury4 would eem to approa ·h 
it m r 1 ly. T e unio of the e two pe ie , which wa :fir t n -

by Z ill r, ould n t ffected without comp ring exampl 
f th 1 · known p i i t n al o om ine N. I>esori· · 
. 1·u·n t ·i h :£ p ·im n of the latt r in Wal 

h ... •. 3 all t f inn l which qu reux ha 

,, p. 01 . 

. London, I, 1847, Pl. un, iJ, ta. 
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tioned as occurring in his N. coriacea and N. IJesorii can be- seen." .An 
oxamination of specimens in the collections of the Museum seents to 
confirm the action of Lesquereux in separating N. Desorii from N. rari­
nervis. Aside from the peculiar deeply lobed, irregularly divided, 
and lacerated cyclopterid pinnules, much more closely nerved than the 
rachial pinnules of N. rarinervis, ~nd the broadly triangular undulate 
or lobate rachial pinnules descibed and illustrated as proper to N. IJe­
sorii, there exist several other more or less conspicuous characters dis­
tinctive of the latter species. In N. Desorii the pinnules of the longer 
pinnre are more often opposite or subopposite, those in the lower part 
of the pinnre being at a considerable distance from each other, while 
those higher up approach one another gradually until they become 
partly, then wholly united, forming a lobate or undulate tip of the 
pinnre, without any distinction of a terminal pinnule.1 The small lat­
eral pinnre are nearly like the tips· of the larger pinnre, only less deeply 
lobed. As a rule the large pinnules· of this species are more tapering, 
more pointed, and undulate to the tip, the thin midnerve also waving 
in accord with the margin.al undulations. The small pin.nules are 
generally more rounded, with a more gradual transition. through the 
deep lobation. of the pinnre to the tip. The nerves of the larger piil'­
nules are strong at the base, becoming thin and round in passing to 
the margin where they count from thirty-six to forty-two to the centi­
meter, while in the smaller pinnules there is no distinct midrib, or, if 
present, it soon disappears, the nerves-at the margin numbering thirty 
to thirty-five per centimeter. In both the large and small pinnules the 
nervation is somewhat irregularly lax, as is well illustrated in Pl. xiv, 
Fig. 7, of the Coal Flora. 

Relations.-The relations of Neuropteris rarinervis to N. coriacea 
are somewhat in doubt, but the latter is described as differing by its , 
much broader and shorter terminal pinnules. Its difference from N. 
Desorii is pointed out above. It is dissimilar to N. heterophylla in 
having its pinnules usually smaller, the nerves much thicker, fewer, 
and less dichotomized. N. Smithsii has much smaller pinnre and pin­
nules, the latter distant, oval, or round, with sharply defined midrib, 
and lateral nerves much closer, usually forking but once and meeting 
the border at right angles. 

Locality.-McCielland's shaft. 

NEUROPTERIS CAUD.AT.A n. sp. 

Pl. IV, Figs. 1-9. 

i.:ronds tripJnnate, rachis coarsely striated, primary pinnre broad, 
r~p1dly tapermg toward the apex to a rather acute tip· secondary 
pmnre a!ternate1 , ometime subopposite, linear-lanceolaM '2-20°m long 
1-5cm ~de, at right angl~s to the primary rachis or obliqu'e, straight o: 
curved irregularly, the sides nearly parallel in the middle, converging 

1 Soe Coal Flora, Pl. XIV, Figs. 4, 7, Pl. xv, Fi~. 1. 



88 CARBONIFEROlTS FLORA OP SOUTHWESTERN MISSOURI. [BULL.~. 

gradually near the top to a lanceolate, obtusely-pointed tip, sometimes 
contracting toward the base, which often bears a pair of elongated pin­
nules; secondary rachis distinctly striate; secondary pinnre succeeded 
near the apex of the primary pinnre by large, narrow, rather elongate. 
triangulate, lanceolate, acute, or acu:ininate pinnules, 9mm_4cm long, 2mm_ 
2°m wide, the lower ones attached by a narrow portion of their bases, the 
upper becoming attached by their whole bases or even decnrrent; pin­
nules somewhat coriaceous, alternate, at right angles and generally close 
or overlapping below, becoming oblique, touching and usually more di:­
tant in the middle and upper parts; those of the secondary pinnoo rather 
oblong, 7mm-4cm long, 2-18mm wide, but in both the secondary and pri­
mary pinnre rounded or round-auriculate at the base above the point 
of attachment, which is about I½mm wide toward the base of the pinnre, 
attenuate-auriculate below the attachment, the lower angle prolonged 
downward in a rather flexible, acuminate, spur-like appendage extend­
ing down beneath or over the preceding pinnule, frequently crossing 
.the median nerve of the latter; margins of the pinn ules of the second­
ary pinnre parallel in the middle, the upper border straight or slightly 
concave, the lower curving in the last half to meet it at the more or le 
upward turned tip of the pinnules which are obtuse, rounded, or some­
what angular or even beeoming obovate near the tip of the pinna, ~he 
upper pinnules of the pinnre attached to the rachis by a wider portion 
of the base, becoming decurrent near the top, somewhat constricted at 
the base, the auricles diminishing or even disappearing in those near­
est the apex; rachial pinuules large, generally of the same form as the 
middle ones of the secondary pinnre but proportionately larger, th~ au­
ricular appendages usually present and corresponding in proportions; 
'terminal pinnules rhomboidal, narrow, spatulate, more or less obtu ely 
pointed, with one or two lobes in the lower part; nervation nepbrop­
teroid, the econdary nerves springing from a number of rather la~ger 
vascular bundles entering the base of the pinnule and dissolving mto 
distinct rounded nervils, diverging somewhat fl.abellately, equally clo 
in all parts of the pinnule, dichotomizing from four to six times at aver~ 
narrow angle, arching gradually to the border, where they number 45-6J 
to the centimeter; the upper surface of the more mature pinnule lon­
gitudinally crea ed along the middle in the lower part over the thicke~ 
portion of the entering ribbon of nerves, the under side being corre-
pondingly rai ed. 
Thi 
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; These pinnules at the top of the primary pinnm are long, 9mm-3½cm or 
more in length, 2-20mm or more in width, open or close, more or less 
triangular, tapering to a more or less slender acute or slightly obtuse 
point. The larger ones have the auricular appendages well developed 
below, those higher up become attached by the whole base, and finally 
decurrent, similar in outline to the corresponding upper pinnules of 
Odontopteris neuropteroides N ewberry1 (non Marrat, nee Grand 'Eury, nee 
Roem.) from the lower coal, Mill Creek, Ohio. In the latter the nerva­
tion also is in general like that of Odontopteris. Some of the larger and 
broader pinnules have a certain resemblance in outline to several of 
Heer's figures of N. Leberti,2 though in our species they are almost in­
variably acute, with the auricles attenuated so as to suggest spines. 
rhe nervation of Heer's species, judging by the figures, is but half as 
close, however. · 

The pinnules of the secondary pinnre have the base rounded above 
the point of attachment to the raehis, and, except near the tips of the 
pinnre, are attenuate, auricled below like the mature large primary 
pinnules just described. The general outline is oblong, the borders 
parallel in the lower middle of the pinnule, often concave above, convex 
below, and rounded in the distal half to meet in a somewhat angular 
or obtusely rounded apex, which is generally higher than the medial 
furrow seen towards the base of the pinnule, often occurring so high that 
the upper margin is nearly straight. These pinnules, which show a 
fair degree of uniformity in proportions, are illustrated in Pl. IV., Fig. 9. 
In the upper portions of the secondary pinnre the auricular appendages 
become shortened, as seen in the figures, the outline more ova.I or obo­
vate, as seen in Figs. 1 and 3, the attachment broader, and even de­
current, and the nervation more odontopteroid, as in Newberry's 0. 
neuropteroides, 3 or in some specimens of the American N. Loshii. Fre­
quently the pair of pinnules at the base of the pinnre are elongated, as 
shown in Figs. 6, 8, and 9, that above being rather triangular, narrower, 
and more acute than the succeeding pinnules, while that below is lanceo­
late and acute, sometimes nearly three times as long as the next pin­
nule. These basal pinnules are comparable to the :upper primary pin­
nules, but the caudal prolongation is not so fully developed. The 
terminal pinnules of the secondary fronds are spatulate or rhomboidal, 
somewhat lanceolate in some cases, rounded at the tip, generally united 
with one or two of the undeveloped pinnules preceding them, so as to ap­
pear more or less sublobate, resembling those of N. Loshii, though gen­
erally more slender. The terminal pinnules of the primary pinnre are 
similar to those of the secondary pinnre, though generally more acute 
and more distinctly sublobate. The pinnules below them of the lanceo­
late type (Pl. IV, :Fig. 5) may be quite distant or crowded together in 

1 Geol. Sa.rv. Ohio, Pal. I, 1873, p. 382, Pl. XLVII, Fig. 2. 
2 Fl. foss. Helv., Pl. II, Fig. 8, 1011. 
1 Op. cit., Pl. XLVII, p. 3, 
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much the same manner g,s in Lesquereux's N. aspera, at an acute 
angle to the rachis, or oblique, straight, reflexed, or incurved. 

The most striking characteristic of this species is the attenuated 
auricle at the lower side of the base of all the mature pinnnles. In the 
upper part of the pinnre it first appears as a rounded lobe, gradually 
elongating in tbe preceding pinimles until in the more mature leaflets 
it reaches a length of 11mm or more, generally terminating in an awn.­
like point. This auricle may curve outward somewhat, presenting a 
c·oncave side to the rachis, rounding up to the attachment of the pin­
nule, or it may descend parallel and close to the rachis, or frequently 
it turns inward, crossing the rachis and passing underneath the oppo­
site pinnules. When the pfanules are contiguous or overlapping, as is 
usually the case, the lower part of the pinnule and its appendage is 
covered by the preceding pinnule, as shown in Pl. 1v, Fig. 8, in which 
case the point seldom appears unless its form shows through the some­
what coriaceous texture of the pinnules, or the pinna is dislocated, or 
the rachis splits, as frequently happens. .A. similar tendency toward 
an elongation of the lower auricle is often seen in certain species of Neu­
ropteris, especially in N. Loshii.1 

The nervation of the species is nephropteroid. The niidrib is repre­
sented by a band of vascular bundles forking and diverging, arching, 
to the margin, in the manner illustrate'd by Lesquereux for N. Loshii, 
in the Coal Flora. The secondary nerves, often obscure in the rather 
thick texture of the pinnules, are round, close, forking :five or six or even 
seven times at a narrow angle, and are hardly larger at their orjgin than 
at the margin, equally close together in all parts of the pinnule, and 
measuring an average of about :fifty-five per centimeter. The vascular 
bundles at the base of the leaf are slightly enlarged where they pas · 
from the rachis into the pinnule, but they soon dissolve into nervHs of 
uniform size. The pinnules are slightly creased along the middle for a 
distance over the thick vascular bundles in the axis, a similar econd­
ary crease marking the position of the smaller band of nerve starting 
to upply the auricle. 

Relations.-In it general habit, pinnation, secondary, ba al and 
ra ·hial pinnul , and it nervation Neuropteris caudata re emble ~ 
Lo hii more than any other pecie . However, it differ · from thi . · ~ 
fro oth r , y it 11ervation, which is clo er, there being no di tinct 

· heterophylla, by it awn-like prolongation of the lower 
the linear cuminate form , of pinnul . N. Leberti 
r ul r ble the lar er primary pjnnule of thi p i -

a havin it innul m re di tant the mid-
it' n ar n r e fi w rand firkin · at av r -::--::-:--=----~----:------~-
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fuuch wider angle. From Odontopteris neuropteroides of Newberry the 
upper pinnules of Neuropteris caudatd differ by their closer nervation, 
the development of the .auricle, and the constriction of the mature pin.­
nules at the base. The pinnules of the Ohio plant are decurrent, 
except the basal pair on the pinna. 

Locality.-McClelland's shaft; Hannam shaft. 

NEUROPTERIS FLEXUOSA.. Sternb. 

Pl. v, Figs. 1-5. 

1826. Neuropteris flexuosa Stern berg, Versuch, 1-, 4, Te·nt., p. XVI, n, 5, p. 71, Pl. xxxu, 
Fig. 2. 1847: Bunbury, Quart. Jour. Geol. So'c. London, rn, p. 425. 1849:­
Bunbury, Quart. Jour. Geol. Soc. London, v, p. 141. 1858: Lesquereux, 
Gool. Penn., II, p. 858. 1860: F. A. Roemer, Palreontgr., 1x, p. 27, Pl. VIII, 

Fig. 6. 1866: Lesquereux, Geol. Surv. Ill., II, Palooont., p. 428. 1869: 
Schiro.per, Traite, 1, p. 434, Pl. xxx, Figs. 12, 13. 1869: v. Roehl, Foss. Fl. 
Steink. Westphalens, p. 35, Pl. XII, Fig. 3a, Pl. xv, Fig. 10. 1870: Unger, 
Sitzb. k.-k. Akad. Naturw. Wien, math.-nat. Cl., LX, p. 783, Pl. II, l!,ig. 1. 
1872: Dawson, Rept. Prog. Geol. Surv. Can. 1870-'71, p. 215. 1876: Ferd. 
Roemer, Lethaea geognost., 1, Pl. LI, Figs. 5a, b, text (1880), p. 183. 1876: 
0. Feistmantel, Verst. bohm. Ablag., III, p. 64, Pl. xvi, Figs, 5, 6. 1880: 
Rothpletz, Steink. Ostseite d. Todi, p. 5, Pl. 1, Figs. 8, 9. 1881: Weiss, Aus 
d. Fl. d. Steink., p. 14, Pl. xv, Fig. 90. 1883: Schenk, in Richthofen's China:, 
1v, p. 217 (pars.). 1886~ Kidston, Cat. Pat Pl. Brit. Mus., p. 93. 1887: 
Kidston, Radstock Ser., p. 359. 

1828. Nevropteris flexuosa Sternb., Brongniart, Prodrome, p. 46. 1830: Brongniart, 
Hist., p. 239, Pl. LXV, Figs. 2, 3, 3a, b; Pl. LXVIII, Figs. 2, 2a. 1879: Zeitler, 
Veg. foss. terr. houill., p. 51. 1883: Renault, Cours bot. foss., 111, p. 169, 
Pl. XXIX, Figs. 10, 11. 1886: Zeiller, Fl. foss. Valenciennes, atlas, Pl', XLVI, 

Figs. 2, 2a; text (1888), p. 277. 
1835. Neu1·opterisflexuosa Sternb., var. a Gut bier, Abdriicke, p. 56, Pl. VII, Figs. 1, 2,5. 

Fronds large bi- or tripinnate, with large rachis; finely but distinctly 
striated, secondary pinnre caducous, at right angles to the rachis, or 
oblique, alternate, linear, tapering, obtusely pointed; pinrnlles cadt1.cous, 
alternate, open or oblique, straight or curving slightly upwards, fl.at, 
usually contiguous or overlapping, sometimes more distant, sessile, 
attached at a single point, oblong, cordate at the base, the lower angle 
sometimes more or less extended, 8-25mm long, 5-l0mm wide, the borders 
parallel, sometimes contracted toward the base, rounded at the summit, 
those nearer the apex becoming shorter; terminal pinnule much larger 
than those below it, ovate-lanceolate, generally cuneate toward the 
base, which is often united with one or two rounded pinnules, the 
lateral borders undulate; median nerve distinct, dissolving about mid­
way but marked by a furrow up to two-thirds the length of the pinnule; 
secondary nerves numerous, very slender, originating at a very narrow 
angle, and forking many times in fine, quite distinct veins • 

.A number of forms in the collection are specifically inseparable, 
but they include variations that are so nearly identical with certairr 
forms seen in several of the old-world species that it is alike difficult 
to assign them all to any one of the European species or to find a 
boundary line between tho!ile types that should be placed in one group 
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belonging to one species and those in another group belonging to another 
~pecies. This difficulty is complicated by the number of old-world 
species to which they are closely related, inclu(ling Neuroptm·is hetero­
phylla, N. tenuifolia, and N. flexuosa, to all of which different specimens 
are perhaps referable, though each identification with one species not only 
involves specifically identical variations not described from the Euro­
pean strata, but also involves a series of intermediate forms represent­
ing the steps in the transition to those types apparently referable to 
another of the old established species. Were it not for the minuteness 
of the generally accepted old-world differentiation, by which forms so 
closely related and so commonly found together as some of the forms 
described under the above names, are retained distinct, the circum­
stances would perhaps justify the separation of some of the American 
forms as a distinct species. Rather than increase the number of spe­
cies having so much in common, I have followed Lesquereux, referring 
them to the old species, though, as a whole, they illy fit the European 
descriptions, and at the same time I shall try to point out the principal 
differences peculiar to the American plants. 

Pinnffi and pinnules of the form represented by Brongniart1 and 
others, with overlapping, rather oblong pinnules asymetrically cordate 
at the base, are found only among the rarer specimens. The rachis, 
which is often remarkably flexuous, is generally distinctly striated. 
Usually the pinnules hardly touch, but stand about ½mm apart, though 
the dist ance in rare instances reaches 2mm. Pl. LXV, Fig. 2, in the 
Histoire, closely represents the prevailing form among the larger 
pinnules. The average length of these larger pinnules is about 2cm, the 
width 1 cm. All are more or less distinctly cordate at the base, the 
lower angle somet,imes elongated. The specimens show every form in 
transition, from those in which the sides are nearly parallel, the end 
round, to those more or less wedge shaped, approaching the forms :fig­
ured by Lesquereux as N. tenuifolia in the Arkansas Report.2 The 
terminal pinnule is more or less sublobate or united to the preceding 
pinnules, as shown by Lesquereux in the Coal Flora, Pl. xn, Fig .... : 
by Gutbier, Abdriicke, P l. vn, Figs. 1, la; and my Pl. v, Fig. L 
2, 4. The number of the nerves at t he margin of the pinnule i thirty 
to fifty per ntimeter. The specimens figured appear to be o dir ctl, 
onne te with typical specimen of N . jlexuosa that I have placed 

th m, not with ut doubt, under thi species. Fig . 1 and 2 may rep­
r . nt por i n near the end of the primary pinnre. In the ob en 
of h rmin 1 pinn le f th mailer secondary pinnffi they are nnlik 

th t hav en fl d under this name but trongly re emble 
oal Flora P l. vn Fig . 5, 6 with whi 

f th e i nre :figured b Zeitler in t 
. heterophylla. They are prob I 

------ -------
1 Hitt .• Pl. LXVm, Fig . 2, 2a. 
'Vol. X. 1 , P l. v , Fil{. 2. 
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identical with the specimen figured as N. tenuifolia by Lesquereux in 
the Coal Flora, Pl. xn, Fig. 5, and, being unable to separate the 
forms represented, I am disposed to regard Figs. 1, 2, and 3 on the 
latter plate as also belonging.to N.flexuosa, although so large a united 
portion of a frond as Fig. 1 would be remarkable in that species. Fig. 4 
of the same plate can hardly belong to the same species, while the Cyclop­
teris pinnules, Figs. 8, 9, were subsequently 1 referred by Lesquereux 
to N. Loshii. 

The concavity of the lateral margins, illustrated by Lesquereux and 
seen frequently in the Missouri specimens, is, I believe, peculiar to the 
.American representatives of this species . 

.Among the fragments of pinnrn of N. flexuosa in the collection are a. 
few examples in which elongated rounded portions, including most of 
the leaf substance between the nervils, have been removed, leaving only 
a thin brown membranous covering on the stone, while the intact por­
tions of the leaf are black. Corresponding to these thin portions in the 
petrifaction raised wormlike troughs bordered and mingled with more 
or less carbonaceous matter appear on the counterpart. .At first I was 
disposed to regard these appearances, so similar to the supposed Neu­
ropteris fructifications illustrated by Fontaine and I. C. White, Heer, 
Lesquereux, and others, as indicating a fructification comparable, es.,. 
pecially in form and position, to that of Scolopendrium. The evidence 
is, however, insufficient, especially in view of the altogether different 
nature of fruiting of the genus as described by Kidston and discovered, 
though not published, by Lesquereux. 

Many authors, among them Schimper, Heer, and Schenk, have com­
bined N. flexuosa with N. tenuifolia, while Kidston2 regards N. plicata, 
as figured by Lesquereux,3 as belonging to N. flexuosa. My present 
distinction between the groups is tentative, especially so far as it con7 
cerns the forms of the type illustrated. 

Relations.-Neuropteris flexuosa differs from N. tenuifolia by its pro­
portionately broader pinnules, more decidedly cordate at the base, its 
nerves more dichotomized and closer at the margin, and its terminal 
pinnule usually broader, larger, and more flexuous. The pinnules of 
N. heterophylla are usually smaller, rather less densely nerved, the ter­
minal one usually smaller and more elongated. N. gigantea, as described 
in Europe, has its nerves finer and more crowded, the pinnules less 
often overlapping, usually curved upward, the rachis often provided 
with small cyclopterid pinnules, and the terminal pinnule smaller than 
the lateral ones. Our species differs from N. vermicularis by the thick­
ened nerves and the union of the terminal with the upper pinnules in 
the latter, while N. capitata differs by its pinnules pedicellate, rounded, 
the terminal deltoid, acuminate, the nerves fl.abellate. 

LocalifllJ .-McClelland's shaft. 
1 18thRept. Geol. Surv. Ind., pt. 2, p. 52. 
1 Cat. Palreozoio Plants, p. 93; Trans. Roy. Soc. Edinb., :u:xv, pt. l, p. 314. 
• Coal Flora, Pl. x, Figs. 1-4. 
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NEUROPTERIS TENUIFOLI.A: (Schloth.) Sternb. 

1820. Filicites tenuifolius Schlotheim, Petrefactenkunde, p. 405, Pl. xxu, Fig. 1. 
1826. Neuropteris tenuifolia (Schloth.) Sternberg, Versuch, I, 4, Tent., p. xvii; n, 

5, 6,p. 72. 1846: Bunbury, Amer. Jour. Sci., 2d ser., p. 231. 1855: Geinitz, 
Verst. S~eink. Sachsens, p. 22, Pl. XX.VII, Fig. 3. 1857: Lesquereux, Rept. Geol. 
Surv. Ky., III, p. 537. 1858: Lesquereux, Geol. Penn., II, p. 879. 1860: 
Lesquereux, Geol. Surv. Ark., II, p. 312, Pl. v, Figs. 2-6. 1866: Lesquereux, 
Geol. Surv. Ill., II, Palreont., p. 428. 1869: Schimper, Traite, 1, p. 438. 
1879: Lesquereux, Coal Flora, text (1880), I, p. 100; atlas, Pl. xrr, Figs. 6, 7. 
1884: Lesquereux, Am. Nat., XVIII, p. 922. 

1830. }{evropteris tenuifolia (Schloth.) Sternb., Brongniart, Hist., p. 241, Pl. L.UII, 

Fig. 3. 1886: Zeiller, Fl. foss. Valenciennes, atlas, Pl. XLVI, Figs. 1, fa, b; 
text (1888), p. 273. 

FrondR large, tripinnate; rachis striate; secondary pinnm alternate 
or subopposite, often short, linear-lanceolate, tapering slowly from 
near the base to the obtusely pointed summit, at right angles or obliq~e 
somewhat caducous, often touching or overlapping; pinnules vai:ymg 
much in size, alternate or subopposite, at right angles or oblique 
straight or slightly curving upwards, usually contiguous or slightly 
overlapping, but often distant, attached at a single point, ses ile or 
short pediceled, 5mm_3cm long, 1_7mm wide, fl.at or slightly arched up­
ward, more or less distinctly cordate at the base, oblong and obtu ~ 
with borders parallel or possibly laterally concave, or somewhat tri­
angular, the sides tapering to an obtuse apex; terminal pinnule larger 
than the lateral ones, lanceolate, sublobate, with somewhat wedge­
shaped base, tapering to a round point at the top, the borders SOJ?- -

times undulate; midrib very distinct, quite strong at the base, pa mg 
two-thirds of the way up or more, marked by a furrow on the upper 
side of the pinnule; secondary nerves distinct though thin, origin_at­
ing at a narrow angle and forking two or three times into :fine nervils. 

To Neuropteris tenuifolia I have referred a series agreeing with spe i­
mens in the Museum collection identified by Lesquereux as belongin 
to that species. Some of the variations agree with the European de­
scriptions and :figures, and, although I have seen no foreign specimens 
for comparison, the identification seems to be more sati factory than 
in the ca e of the preceding species, and fewer forms are left appar­
entlyunde cribeda d unaccountedfor. Thi pecies,liketheprececlin11 

i r pre ented by fragment of frond and pi11nm and detached pinnuJ. · 
Form identi al in proportions and nerva,tion with tho e :figur db 
Br ng i rt, 1 with tap ring pinnm, con ti uo . or lightly eparat d pin-

ul h l tter c rdate at the ba e, and gradn, lly contracting towar 
th whi ·hi ro re them t fr fJU 11t, while tran ition fo 
I fi w ith th gated pin11ul . h, ing the margin mo 

r, 11 l h tho e ft ur y L qu reux 2 or Z ill r. 
1 r pinnul . I r •v il g neraUy th p' · 

f n b '( mi fl er ra h r dl 
·h tl.i 
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in "the Arkan.sas report.1 The intermediate variations between the 
specimens ref~rred to N. flexuosa and these forms are so many that it 
is in many cases, especially when the matrix is coarse and the nerva­
tion ob~cure, difficult to decide to which species the ~pecimen should 
be assigned. 

As indicated above, the American specimens referred to N. flexuosa 
and N. tenuifolia seem not only far from being completely identical 
with the European species in all their forms, but these variations very 
strongly indicata a specific unity of the American specimens in a single 
species, perhaps including N. missouriensis, and perhaps distinct from 
the European, but combining characters differentiated in and common 
to both of the old-world forms. The same difficulty in differentiating 
our types, or :finding them in complete accord with either or both of the 
European species, was mentioned by Bunbury in his descriptions of the 
plants from Cape Breton,2 and by Lesquereux in the Coal Flora.3 Al­
though I can :find no satisfactory dividing line separating our speci­
mens into two species, I have followed my distinguished predecessor in 
assigning to the best of my ability, though undoubtedly with errors, 
tp.e various forms to the old-world species to which they appear to 
approach the most closely. While many of my specimens agree per­
fectly with specimens in the U. S. National Museum collections, identi­
fied by Lesquereux as N. tenuifolia, I am inclined to regard some of 
tp.ose :figured by him4 under that name as standing nearer the forms 
referable to N.flexuosa, though others5 seem to represent the former. 
The reference of Fig. 4, Pl. xu, of the Coal Flora with the triangular 
cyclopterid pinnules to either of these species seems to me very doubt­
ful. Some of the phases shown in the species approach N. gigantea, as 
:figured by Sternberg, Brongniart, and Weiss, in habit, form, and dis­
tance of pinnules, but the terminal pinnules are larger, the nervation 
much more distinct, and the small rachial pinnules observed by Stern­
berg and Zeiller are wanting in our specimens. 

Relations.-The distinctions between N. tenuifolia and N. gigantea 
have just been mentioned. The former is said to differ from N. flexuosa 
by its smaller pinnules, more tapering, narrower in proportion to the 
length, and the nervation less crowded, while the pinnules are propor­
tionate.Jy longer, with secondary nerves :finer and less crowded than 
those of N. heterophylla. 

Local-ity.-McClelland's shaft; Hannam's shaft. 

NEUROPTERIS cf. TRICHOMANOIDES (Brongn.) Lx. 

Pl. IV, Fig. 10. 

To N eu,ropteris trichomanoides I have compared three specimens of 
Oyclopteris, whose preserved portions agree well with Brongniart's orig-

1vo1. n ,, 1800, P l. v, Fig. 2. 
2 Quart. Jour. Cl-eol. Soc., London, m, 1847, p. 425. 
1 \'ol.r, p.101. 
4Coal Flora, Pl. XII, Figs. 1, 2, 3, 5. 
6 Loc. cit.,Figt1. 6, 7. Report Geol. Surv. Ark., Vol. 11, 1860.pl. v.,Fi,s.3-4. 
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inal description and illustration 1 as well as with those of several other 
European authors.2 While the Missouri fragments have the thin tex­
ture, the outline orbicular or oval, and the nerves rather thin, distinct, 
distant in the lower part, dichotomizing several times, to about eighteen 
to the centimeter at the border, I still hesitate to refer them definitely 
to that species, for the reason that in none of them are the basal lobes 
and attachment shown. The specimen figured is possibly only a small 
representative belonging to the same plants as those described below 
as N. dilatata (L. and H.) Lx., the specimens of both being found min­
gled with the remains of N. flexuosa and N. tenuifolia. They differ 
markedly from the specimen figul'ed by Lesquereux in the Coal Flora,3 
as well as with the specimens from Cannelton, Pennsylvania, identified 
by him as N. trichomanoides in the Museum collection, in which the 
nerves are much closer in all parts, numbering forty-eight to :fifty-:fl.ve 
per centimeter at the border.4 The latter are much finer veined than 
anything elsewhere described under that name. Von Roehl 5 and Kids­
ton 6 having found Oyclopteris pinnules, which they accept as 0. triclw­
manoides, attached to Neuropteris heterophylla (N. Loshii in part), regard 
them as the rachial pinnules of true Neuropteris, but Grand 'Eury 7 and 
Zeiller 8 prefer to consider the pinnules identified by themselves as K 
trichomanoides to be odontopteroid on account of their association with 
Odontopteris minor and 0. Reichiana. I have placed these and all the 
following Oyclopteroid pinnules in the genus Neuropteris, because among 
all the specimens and blocks broken up in the collection, compri ing 
fourteen boxes of material, I have not yet seen a fragment of any species 
of Odontopteris. 

Locality.-McClelland's shaft. 

NEUROPTERIS DIL.AT.AT.A (L. & H.) LX. 

1833. Cyclopteris dilatata Lindley and Hutton [non (L. & H.) Sternb.], Fossil Florai 
n, Pl. xcrn. 

1849. Nephropteris dilatata (L. & H.) Brongniart, Tableau, p.16 (65). 1869: Scbimper 
Traite, 1, p. 4.30. 

1880. Neuropteris dilatata (L. & H.) Lesquereux, Coal Flora, 1, p. 78 . 

. Pinnule very lar ·' tran versely oblong or oval-orbicular, asJIDil:le -
n al very de ply aur1 ·ulate, the lobes often overlapping, the bail 
inu ub ·entral; margin more or le undulate; texture rather thi · 

n r , of mod rate iz , quite di tinct, though often di sociated 
~radi tin fiabellate from the ba e, about 6-10 to th 

. contains tbe note that ii belongs to a new • 
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timeter at one-third of the distance to the border, dichotomizing 5-7 
times in passing, slightly arcuate, to the margin, where they number 
about 22-28 or more per centimeter. 

The great variation in the form and peripheral characters, as well as 
in size, that has been observed among the pinnules of the same species 
of Oyclopteris, even when attached to the same rachis, has cast much 
doubt on the prevailing discrimination of the forms in species. Pin­
nules belonging to the same species may be more or less cuneate, or 
they may have overlapping auricles. Size is of but little specific 
value. However, while it may well be that the pinnules of the same 
kind of Neuropteris or Odontopteris have been described under different 
names, it does not seem quite probable that Oyclopteris dilatata, 0. orbic­
ularis, 0. oblata, and 0. trichomanoides all are parts of N europteris 
heterophylla. The large number of species of Neuropteris, a portion of 
which are known to have borne cyclopterid pinnules, and of Odontop­
teris, whose rachial pinnules are sometimes cyclopterid, furnishes in 
itself some reason for the attempt to distinguish specific characters 
among the many cyclopterid forms. It appears probable t·hat the 
classification of those whose actual pinnate relations are not definitely 
known will ultimately be based chiefly on the characters of nervation 
and texture. The only illustration of Neuropteris dilatata L. & H. of 
which I am aware is that given in the Fossil Flora. Of the original 
specimen, Mr. Kids ton, in his valuable Notes on the Palreozoic Species 
mentioned in the Fossil Flora, says,1 "The nervation is not sufficiently 
indicated to determine the species. I believe, however, that it is refer­
able to Neuropteris heterophylla, Brongn." The enumeration and brief 
description of this species made subsequently by Goeppert, Unger, and 
Schimper, seem to have been based wholly upon Lindley and Hutton's 
figure and brief characterization. It appears, therefore, somewhat 
doubtful whether the American species is identical with that repre­
sented by the British specimen. I have, however, thought best to 
retain, for the present, the name employed by Prof. Lesquereux for 
this form of pinnule. The identification of my specimens with those 
described by Lesquereux under that name, is based upon a comparison 
with the specimens originally described in the Coal Flora, p. 78, 
placed in my hands through the courtesy of Dr. J. H. Britts of Clin­
ton, Missouri, of whose collection they form a part. The pinnules, 
some of which must have been as much as 25cm in longer diameter, are 
of rather thick texture, and irregularly sinuate at the margin. Some 
of the fragments show evidence of a more or less longitudinally oval 
form similar to that seen in 0. orbicularis, with which Zeiller2 unites 
Oyclopteris dilatata L. & H. The nerves, as described above, are gen­
erally distinct, sometimes appearing narrow and rounded, but usually 
they are spread out, similar to the nervation shown by Goeppert3 in 

1 Proc. Roy. Phys. Soc. Edinb., vol. x, 1890-91, p. 366. 
2 Fl. foss. houill. Valencieunes, p. 298. 
8 Gattungen, Lief. 5 u. 61 p. !Jl, PL 1v u. v, Fig. 2. 

Bull. 98-7 
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Oyclopteris crassinervis, which is perhaps referable to our species, or 
they are separated into two close parallel bundles. Occasionally they 
are. dissociated into filaments. It is hoped that these original .American 
forms may eventually be illustrated. 

Relations.-The relations of Neuropteris dilatata to other Cyclopterid 
species is undefined. The American specimens appear to conform more 
closely to the description and characters of N. trichomanoides, from 
which they differ perhaps by their rather thicker texture and coarser 
nerves. The size, which was formerly one of the distinguishing fea­
tures of N. dilatata, is not much greater than that of the N. triclwma­
noides figured by .Zeiller in the Oommen try Flora,1 the general character 
of which, excepting the very thin nerves, more distant at the margin. i 
very much like that of our specimens. As stated above, it is quite 
possible that the specimen, Pl. rv, Fig. 10, compared to N. trichoma­
noides, is really a small specimen of this species. N. dilatata seems t-0 
differ from Oyclopteris orbicularis by its nervation, proportionally closer 
at the base, branching more irregularly and at a narrower angle, and 
less dense at the margin. 

Locality.-McClelland's shaft; Hannam's shaft. 

NEUROPTERIS, SPECIES. 

Pl. v, Fig. 6. 
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species. It is slightly suggestive of the rachial pinnules of Odontop -
teris alata Lx., 1 the Oyclopteris semiflabellijormis of Morris,2 and C. densa 
Ren. and Zeill.3 It is probably a Nevropteris pinnule, there being no 
fragment of Odontopteris in the collection. 

Locality.-McOlelland's shaft. 

DICTYOPTERIS Gutbier. 1835. 

DICTYOP'l'ERIS SQU.A.RROS.A. Ett. Sp. 

1852. Newroptet·is squarrosa Ettingshausen, .A.bhancll. K.-k. geol. Reiohsanst., 1, 3, No. 
4, p. 10, Pl. VI, Fig. 3. 

1855. Diotyopteris neuropteroides Gutb. in litt., Geinitz, Verst. Steink. Saohsens, p. 23, 
Pl. xxv, Fig. 6, 6a. 1864: R. Andree, N. Jahrb. f. Min., p. 170. 1866: Bureau, 
Bull. Soc. geol. France, [2] xxm, p. 848, Pl. xiv, Figs. 3, 4. 1868: Weiss, 
Verh. naturh. Ver. pr. Rheinl. u. Westphal., xxv, p. 83. 1869: Karl J<""'eist­
mantel, Steink. Klein-Pfilep, etc., pp. 34, 61, 94.. 1869: v. Roehl, Poss. Fl. 
Steink. Westphalens, p. 49, Pl. xvi, Fig. 6. 1869: Schimper, Traite, 1, p. 
618. 1873: 0. Feistmantel, Zeitschr. d. deutsch. geol. Gesell., xxv, p . 598. 
1873: 0. Feistmantel, Jahrb. K.-k. geol. Reichsanst., XXIII, p. 277 (29). 
1874: 0. Peistmantel, Abh. k. bohm. Gesell. Wiss., [6] v1, p. 81. 1874: 
0. Feistmantel, Abh. k. bohm. Gesell. Wiss. [6], vn, p. 24. 1874: Areitio, 
Anales Soc. esp. Hist. nat., III, p. 250. 1876: Heer, Fl. foss. Helv., p. 36, Pl. 
VII, Fig. 9. 1877: Grand 'Eury, Fl. Carb. Loire, p. 120. 1881: Weiss, Aus 
d. Fl. Steink., Pl. xv, Figs. 93, 93a. 1882: Schi.itze, Abh. geol. Specialk. 
Preussen, III, 4, pp. 77, 226. 1883: Karl Feistmantel, Mittelbohm. Steinkoh­
len-Ablag., p. 61. 1883: Kusta, Sitzb. math.-nat. Cl. k. bohm. Gesell. Wiss., 
pp. 160, 172, 178. 1884: Lesquereux, Coal Flora, nr, p. 833. 

Fronds bi pinnate, pinnm opposite or subopposite; pinnules opposite 
or subopposite, at right angles to the rachis, sessile, close, contiguous 
or slightly overlapping, entire, 2-3-½cm long and 9-12mm in width, the 
shorter ones oval, those of average length, or longer, somewhat falcate, 
nearly truncate or truncate-corclate, often unequal at the base, oblong­
lanceolate, tapering towards the eud, obtuse; terminal pinnules long, 
rather linear-lanceolate, obtusely pointed; median nerve dissolved 
quickly into slender secondary nerves, at first close and nearly parallel, 
diverging gradually and forking four or :five times, and anastomosing 
in passing very obliquely to the border; secondary nerves near the 
base :flabellate from the point of attachment; meshes very narrow, 
acute at each end, greatly elongated near the median line, becoming 
shorter near its borders. 

The most prominent characters of this species of Dictyopteris, frag­
ments of which are scattered all through the shales Rent from Aurora, 
are the rather narrow pinnules, sometimes slightly dilated at the base, 
but hardly auriculate, the larger ones falcate towards the tip, which is 
obtu ·e; the rather weak median nerve dissolviug at about one-third or 
one-half the distance up the pinnule into :fine, nearly parallel secondary 
nerves, curving gradually towards the margin, which they meet quite 
obliquely; and the areolation, elongated and narrow proportionately, 

1 Coal Flora, J, p. 13J , Pl. xxr, Fig. 1. 
2 Trans. Geol. , or.. Lornlon [2], v, 1840, p. 448, Pl. xxxvrn, Fig. 7. 
a Fl. foss. houill. Commcntry, pt. 1, p. 267, Pl. xxm, ]fig. 4. 
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mren at the margin. The slender secondary nerves hardly anastomose 
until they have passed some distance from the median line, the meshes 
becoming shorter, but continuing narrow nearer the margin. The 
areolm are bounded by irregularly curved nervils and are acute at the 
ends. The general characters of the pinnules are fairly well shown by 
Ettingshausen 1 in his original figure of Neuropteris sqitarrosa, although 
the tips of the pinnules are broken, only indicating the falcate upward 
curve towards the end. This is better shown by von Roehl 2, pinnules 
of whose specimen are proportionately considerably wider at the base, 
the lateral borders converging more rapidly. The figure of JJictyopteris 
neuropteroides given by Geinitz,3 and copied by several authors, indi­
cates a rather more pronounced curvature in the middle of the pinnule, 
and an apex rather more acute than that seen either in Ettingshausen's 
:figure or my specimens. The pedicel seen in Dr. Geinitz's .figure seems 
somewhat doubtful. The shorter and broader pinnules of this _species 
are oval and truncate-rounded at the base, similar to the pinnules on 
the main rachis of Gutbier's Dictyopteris Brongniartii.4 

In 1855 Dr. Geinitz, when describing the JJictyopteris neuropteroides 
Gutb. in litt., inscribed the. name Neuropteris squarrosa Ett. in the 
synonymy only with doubt, having only Ettingshausen's figure before 
him. Their identity was verified, however, by R. .A.ndree5 in the exam­
ination of a collection of fossil plants from the same source as those 
studied by Ettingshausen, viz, Stradonitz, and his verification has been 
accepted, I believe, by all European paleontologists except Kidston, 
who referred 6 Neuropteris squarrosa to Neuropteris cordata L. & H., 
apparently on account of the original fisrure and Ettingshausen's com­
parison ofit with N. macrophylla. 

Among the fossil plants in the collection of the U. S. National Mu­
seum are two specimens (No. 1463) from Stradonitz, Bohemia, labeled 
Neuropteris squarrosa Ett., apparently in Ettingshausen's own hand­
writing. Th e pecimens comprise several pinnules whose agreement 
with my . pecimen a well as with the original :figures, i clearly identi­
cal. In all the characters of form, size, texture, and nervation th 
Am ricau an the Bob mian , pecie agree. 7 Certainly the Neuropter · 
squm-rosa i. · a Dictyopteris. I can :find no reason for disagre in°· with 
th European author in m1iting it with Dictyopteris neuropteroide . . 

ut n h l i11g h ca it appear, that conformity with the law 
n m n -latnr cl mand that I~tti11g. ·haus n's , peci:fic name, publi h 
cl . ·ri 1 and illn:tr, t cl in 1 .32, ,·hould have priority o r ut i r· 

ictyopir'ri.· n ,n·opteroide.· ti ·:t vu Ii h d by G initz in 1 --, < 
nthi r in 1i . hu hi r ,' manu. cript nam a> of 1 'h ul 

pintmlf' 111 • h • hcr,•al't r illu trut . 
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not obtain when, before its publication, the species had been fully 
described and figured under another designation. I have, therefore, 
recognized Ettingshausen's species, both as identical with the American 
fem, and also, granting it to be identical with Dictyopteris neuropter­
oides7 as having priority over the other name. 

Relations.-This species is most nearly related to Dictyopteris Brongni­
artii, from which it differs by its insignificant median nerve and its 
secondary nerves, which are much finer and clearer, forming larger and 
narrower meshes. The areolre of Dictyopteris Brongniartii are very 
much shorter near the middle of the pinnre, without so much variation 
in the length between the meshes near the median line and those near 
the border. The form of the pinnules, including the short oval ones of 
D. neuropteroides, is largely similar to that of the Dictyopteris Brong­
niartii re1)resente.d by Gutbier. 

Dictyopteris Schiltzei has a strong midrib, the secondary nerves arch­
ing to the border, and its areoles much smaller. Dictyopteris Scheuch­
zeri has cordate-acute pinnules, with distinet midrib and nerves arch­
in strongly, forming very fine, irregular meshes, while Dictyopteris 
obliqua has a rather pronounced midrib, the nerves curving to the bor­
der, and the areolation nearly alike in all parts of the pinnule, some­
what polygonal and often hexagonal. 

Locality.-Aurora; also at Hannams' shaft. 

ANOMALOUS FORMS. 

APHLEBIA Presl. 1838. 

The real nature of these interesting remains, which have been 
described at different times in the genera Fucoides, by Gutbier, 
Aphlebia, by Presl, Schizopteris, by Brongniart, Hymenophyllites, by 
Goeppert, Pachyphyllum, by Lesquereux, Rhacophyllum, by Schimper, 
Filicites, by Germer, and iu Palmacites, Algacites, Rhodea, Trichoman­
ites, and Laminarites, by various authors, is not yet perfectly clear. 
They are considered by various botanists as primordial fern fronds, 
undeveloped stipal fronds, or a,nomalous laciniate pinnules sometimes 
occurring at the base of the primary pinnre. They were considered 
by Lesquereux as including types related to several rankR of vege­
tation, some having affinities with Neuropteris, Hymenophyllum, and 
other fern , others as being parasitic on fern stems, or as derived from 
thalli, or primary rhizornatic tufts of leaves, while others might be 
fucoidal. 

The discovery in recent years of Aphlebice attached to the rachis of 
many species of Pecopteris and Sphenopteris, such as P. dentata, P. 
Biotii, P. abbreviata, and Sphenopter-is crenata strengthens the view now 
generally entertained, that most of the species of Aphlebia are stipal 
abortive pinnre growing from the bases of primary or secondary 
rachises, similar to the foliar growth seen in HemiteUa capensis Br., or 
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Gleichenia gigantea Wall. However, Kidston's claim to having found 
both sterile and fruiting fronds of A licornopteris convoluta, 1 a frond ap­
parently closely related to some forms of Aphlebia, indicates that the 
above hypothesis may account for only a portion of the species. It is 
not improbable that more than one group may be represented among 
these anomalous remains. · Zeiller points out with justice, when restor­
ing Presl's genus, that the type to which Brongniart applied the name 
Schizopteris does not belong to the genus Aphlebia or Rhacophyllum, 
and that Aphlebia has priority and should be retained in spite of its 
derivative signification, the name of a genus or species being in effect 
a designation rather than a description. A similar misnomer is familiar 
as Oalamites. 

AP'.HLEBIA ARBORESOENS Lx. sp. 

1870. Hymenophyllites arborescens Lesquereux, Geol. Surv. Ill., vol. rv, p. 415, Pl. 
XVII. 

1874. Rachophyllum arborescens (Lx.) Schimper, Traite, nr, p. 525. 1880: Lesquereu.x, 
Coal Flora, 1, p. 314. 

Primary pinnrn large, linear, acute ( 1) sympodially dichotomous., the 
axis straight or slightly flexuous; secondary pinnrn alternate, oblique, 
rather strong, decurrent, curving outward, not constricted at the base, 
divided into alternate oblique, more or less regularly and deeply lobe~ 
segments; lobes or pinnules, alternate simple, linear-lanceolate, or b1-
or tri:fid, the ultimate divisions shorter and more broadly lanceolate: 
nervation usually very obscure, the main axis flat, marked by obscure 
vascular bundles, giving off other thin bundles which pass, mingled 
with cellular tissue, into the secondary divisions. 

This :fine form of Aphlebia is well illustrated in the Illinois report 
referred to above. The most prominent features of the species are the 
long frond with its axis rather broad and flat; the obscure nervation 
in the cellular ti ue; the branches or secondary pinnre, moderately 
broad, ramose, the borders close or slightly overlapping; the divi ion~ 
deeply di ected into broadly diverging lobes; and the lobes broadly 
lane late, f varying length, and generally acute. 

Aphlebia arborescens i very similar to some of the forms referred to 
A. filiciformi Gutb. The one :figured in Gutbier's Abdriicke Pl. L 

Fig. 1 i. very imilar to some of the upper secondary pinnrn in mv 
p imen th ugh the former are rather le s distinctly di ected. I 

n t m pr able that the large number of form included bv 
· l t n, and me other author under A. filicijormi.s ar 

r r · nt ti n of ingle cie . view of the fact that al 
r f p ·i of fern b l n ing to ev ral genera ha e b n 

· v r · t l ' phleb ·a inn, i e om pr bable that the nu.m 
f · f tl l u t o id ra le, nd that in .Ap 

· r ful and riti 
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Relations.-Among the described species of this genus Aphlebia arbo­
rescens is most nearly r~lated to A. jilicijormis and A. elongata Zeill. 
From the former it differs by its broad, fl.at, rather thin axis and 
branches, with the vascular tissue obscure or . invisible, and the well­
developed ultimate divisions broader, often longer, and more acute. 
The ramification is also more robust. Aphlebia elongata, as described 
by Zeiller, is, on the contrary, more ovate-lanceolate in the contour, 
its primary divisions preserving the same form, the division very much 
more oblique, and deeply dissected, the lobes much closer, more fascicu­
late in appearance and elongated, the sinuses being narrow and acute. 
The Oommen try species differs further by the presence of a large median 
nerve. 

Locality.-McOlelland's shaft. 

LYCOPODINEZ:BJ. 

SIGILLARLE. 

SIG ILLARIA Brongn., 1822. 

With the exception of some macrospores which may perhaps belong 
to some of the Carboniferous lycopods, but which are not so preserved. 
as to appear identifiable, the only remains of this great order that I 
have observed in the entire collection consist of numerous fragments of 
long leaves which belong probably to the genus Sigillaria. These 
leaves are broad and rather thin, but seldom flattened, the circum­
stances of preservation having been such as to keep them in nearly 
their original form. Some of the fragments are 20cm or more in length, 
from 5-11 mm in width, quite rigid, and tapering very gradually. From 
the fact that the decrease in width is hardly perceptible in specimens 
of 10-15cm long it is probable that the larger ones may have attained 
a length of 40-50cm or more. The surface is covered with a thin, black, 
quite smooth, coaly covering in most of the specimens. The upper sur­
face is characterized by a strongly marked, rather broad furrow 2-2½mm 
wide, the sides of which curve slightly downward to a rounded angle 
in the center or to a quite distinct fine rounded medial crease in most 
fragments where the coaly covering is removed. Under the lens the 
surface in the groove is rather dista::o.tly striated. Bordering the groove 
are two slender raised lines, one on each side, apparent on most of the 
pecimens. These may be nerve bundles or ducts originating in the 

lateral cicatrices of the scar. From these lines to the margin the sur­
face of the leaves is nearly fl.at or slightly curved upward, the only in­
terruption being a :fine line in slight relief from the parenchyma at a 
distance of about Hmm from and parallel to the border. The lower 
surface of the leaves is marked by a carene about 2mm wide, the edge 
thiu and rounded, though not raised very high. On either side of the 
carene is a well-defined crease, probably the stomatiferous crease de-
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scribed by Renault. A faint secondary crease is seen in some specimens 
situated just within the line near the border noted in the description of 
the upper surface. The latter, which is also quite distinct in a speci­
men belonging to the same species in the museum collection from Mur­
physboro, Illinois, would seem to indicate the presence of a pair of 
nerves near the border. Such a condition would, however, be contrary 
to the conclusions reached by Renault from his researches in the in­
ternal structure of the lycopodiaceous leaves of the Coal Measures, a 
well as to the results of Kidston's examination of the group represented 
by Oyperites bicarinata L. & H., 1 which he regards2 as uninerved, and 
belonging to Sigillaria or Lepidodendron. Enough is not yet known or 
described of the leaves of this group to make them of much assistance 
in the identification of species; and considering the known variation of 
proportions of the leaves in the different parts of the same tree it is not 
probable that great assistance can be expected from a special study of 
them. However, comparatively few have ever been illustrated or de­
scribed. Of these, one of the specimens :figured by Ettingshausen3 a~ 
Flabellaria Sternbergii, subsequently re:fi.gured by 0. Feistmantel a 
belonging probably to Lepidophyllum, 4 is much like our specimens. The 
general aspect of the leaves is much that of the one :figured and referred 

. to Lepidodendron by Lesquereux5 or the Lomatophloios macrolepidotu 11 
illustrated by Renault in the Atlas to the Commentry flora6• 

Several specimens from the Preston colliery, in Schuylkill county. 
Pennsylvania1 and from Murphysboro, Illinois, containing leaves be­
tween which and my specimens I can see no difference, are in the 
fossil-plant coJlection of the U. S. National Museum, but I have n 
satisfactory information as to their floral association on which to ba­
more than a supposition as to the identified trunks to which they may 
have b longed. 

Locality.-Abundant at McClelland's shaft· rare in the shale fro 
Carterville. ' 

1 F ossil Flora, r, P l. X LIII, Figs. 1, 2. 
2 P roc. Roy. Phys. Soc. Edinb ., x, 1890-'91, p. 359. 
3 teinkohlenii Radnitz, Pl. xxrv, F ig. 2. 
4 V rst. bohm. Ablag., n, Pl. xx, F ig. 3, p. 43 (217). 
6 eol. Surv. 111., u, Palreont., p . 455, Pl. XLV, Fig. 6. 
• P l. LVIU, Fig. I. 
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II. PHANEROGAMS. 

GYMNOSPERM.l:E,. 

CORDA.ITE~. 

CORD.AITES, Unger. 1850. 

O0RDAITES C0MMUNIS Lx. 

1878. Cordaites communis Lesquereux, Proc. Am. Phil. Soc., xvn, p. 320. 1880: Les­
quereux, Coal Flora, 1, p. 534. 1880: Fontaine and I. C. White, Permian 
Flora, p. 18. 1890: G. Hambach, Bull. Geol. Surv. Mo., 1, p. 85. 

Leaves rather large, oblique at the stem, somewhat imbricated, vary­
ing in size, the largest reaching a length of 25cm or more and a breadth 
of 4cm or more, quite rapidly narrowed to the base, the borders gen­
erally slightly recurved; primary nerves, twenty-four to twenty-six per 
centimeter, distinct, especially on the under surface of the leaf, rela­
tively strong, rounded; intermediate nerves, two to four, rather indis­
tinct; epidermis apparently minutely shagreened. 

I am unable to find any difference between the abundant fragments 
of leaves occurring in the shales of McOlelland's shaft and specimens of 
0ordaites communis from Clinton, the locality whence came the types 
described by Lesquereux in the Coal Flora. I have not seen the leaves 
attached to the. stem nor examples of the peculiar fructi:fication men­
tioned by Lesquereux. The density of the nervation remains constant, 
varying only from twenty-two to twenty-four primary nerves per centi­
meter in the middle portion of the blade, thus apparently constituting 
a definite character for the species in this region, although but little 
weight has generally been given by paleontologists to the density of 
the nervation of the leaves in determining the species of 0ordaites. 
The same species is also represented by specimens from Van Buren, 
Arkansas, in the National Museum collection. 

Relations.-0ordaites communis appears to be closely related to 0. 
borassijolius (Sternb.) Ung., from which it was distinguished by Les­
quereux by its smaller leaves, more rapidly narrowed to the base. Its 
nervation appears to be less dense. Small fragments of the leaves are 
suggestive of the foliage of 0. principalis (Germ.) Goepp., as figured by 
Heer1 and Sterzel. 2 The leaves of 0. principalis as generally described are 
rather smaller, with the primary nerves usually farther apart. The dis­
tinction between many of the American species and those of the old world 
will remain uncertain until foreign specimens are in hand for compari­
son. For stratigraphic purposes it will suffice to be content for the 
present with identifying the new material so far as possible with the 
types examined and identified by Lesquereux, Newberry, and Andrews. 

1 Fl. foss. H elv ., Pl. r, Figs. 12-16. 
2 Fl. Rothl. nordwestl. Sa.chsen, p. 82, Pl. 1v (XXIV), Figs. 1

1 
2, 
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Fragments of the leaves of 0. serpens Lesq. are also similar to our spe­
cies, but the primary nerves of the former are farther apart, while one 
·of the secondary or intermediate nerves is stronger than the others. 

Locality.-McOielland's shaft; Aurora. 

CORD.AITES cf. C0S'l'ATUS Lx. 

A few fragments of leaves are present which agree fairly well with 
the corresponding portions of Museum specimens of 0. costatus de­
scribed and illustrated by Lesquereux.1 The leaves are narrow occa­
sionally appearing somewhat palmately divided. The primary nerve.·. 
eighteen to twenty per centimeter, are sharp, with four thin intermediate 
nerves. While my fragments appear to belong to the same species a 
the specimens in the Museum collection, I hesitate, in the absence of 
the characteristic stems with narrow carinate interrupted ridges decn.r­
ring from the attachments of the leaves, to refer them definitely to that 
species. 

Locality.-McOielland's shaft. 

CORDAIANTHUS Grand 'Eury. 1877. 

C0RDAIAN'l'HUS, species. 

Ten specimens of the fruiting spikes of 0ordaites, all belonging pro -
ably to the same species, are found in the material from Bellevill 
These are _included in Grand 'Eury's division, baeeifer, having ovul 
in the axils of foliaceous bracts along the raceme. The condition 
preservation is not such as to allow a satisfactory specific identificati 
or description. The spikes are long and slender, one of the specimen 
both ends of which are broken away, still measuring 18°m in length. 
In width they are 12-15mm. The axis, 2-3mm in diameter, is fibrou 
slightly striate and somewhat zigzag, corre ponding to the atta h­
ments of the ovule , and concave in the intervals, similar to the fo 
of the axis in "head " of wheat or rye. The fruit capsules are se: · 
clo e, oblique to the axi ', and arranged spirally. The bract are ho 
lightly exceeding the ovule in the younger state, and apparently , -

ing away when the fruit i more mature. The ovules are ovate-cord 
about 5mm or 6mm in length, and 3mm or 4mm in width, and minnt 
tria d. In form they re emble the 0ordaianthus subgermari, 

figur d by rand 'Eury 2 or the .Antholithus illu trated by Newb 
from oun "· ·town, Ohio, but in ize and arrangement they must 
h n r r Grand 'Eury' Fig. 11, of 0ordaiantku,s on Pl XXVI -
th ire ra. When broken l ngitudinally the appearance i m 
lik the ike een i the 0ordaieladus elenoides, Fig. I, Pl. XXV o 
h ter rk. Although ha. e n t yet n any pecimen nor :fl 
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anywhere agreeing with these very long, slender spikes with crowded 
ovules and short bracts, the latter often apparently absent, I have 
thought best not to describe them u.nder a new name until seen in 
more abundant material or compared with other collections. 

Locality.-McOlelland's shaft. 

CORDAICARPUS Geinitz. 1862. 

CoRDAICARPUS LINEATUS Lx. 

1884. CordaicarpuB lineatuB Lesquereux, Coal Flora, rn, p. 805, Pl. cxr, Fig. 16. 

Endotesta exactly cordate, about S½mm long and 6½mm wide in the 
broadest portion, 4mm thick, finely striated, the apex slightly elongated 
to form an acute or mucronate point, the edges rounded, the sides some­
what convex, the basal sinus distinct, marking the sides for a short 
distance in the lower portion by a shallow vanishing gr0ove; sarco­
testa of nearly the same form as the endotesta,, except at the apices of 
the lobes, where it is somewhat dilated or enlarged downward,. about 
2mm thick at the edges of the endotesta at the middle, and 3mm or 3½mm 
thick at the base of the lobes, the medial sinus reaching nearly or quite 
to the base of the endotesta, which appears to be provided with a short 
pedicel passing into the chalaza .. 

Remains of several fruits are found, mingled with fragments of the 
leaves of Oordaites, in a specimen of dark laminated sandy shale from near 
Joplin. The more delicate vegetable tissue is carbonized. The fruits are 
replaced by marcasite. The best preserved fruit on the block represents 
the nucleus or endotesta, in marcasite, of a Oardiocarpus with its semi­
carbonized envelope or sarcotesta. The former is exactly cordate, acute 
or mucronate at the apex with the surface longitudinally striate. The 
structure of the coverings of the nucleus is not clear. 

Although my specimen is somewhat smaller than the figure of Oor­
daicarpus lineatus Lx., given in the Coal Flora, 1 the nucleus or endo­
testa has the same form and character as in that species whose descrip­
tion was based entirely on the nucleus, and it is most probably identi­
cal with that, whether or not 0. Uneatus is a good species. 

The outline of the nucleus itself is somewhat like Oardiocarpus pachy­
testa L.x:., as illustrated in Fig. 15, Pl. CIX of the Coal Flora, though 
not so broad in the upper part; or like 0. zonulatus Lx., Pl. ox, Figs. 
14, 15. 

The profile in a lateral view in the endotesta is suggestive of several 
forms of fruits, such as the Oordaicarpus major, 0. ovatus, and O. con­
gruens: figured by Grand 'Eury,2 Newberry's Oardiocarpon latum,3 Oar­
diocarpum cornutum Daws,4 Oardiocarpus Ottowis Gutb.,5 O. Gutbieri 

1 Vol.m, Pl.ma, Fig.16, p.805. 
i FL Carb. Loire, PI. XXVI, Figs. 16, 20, 21. 
1 Annals of Science, 1, Cleveland, 1853, No.13, p.153, Fig. 3 ; Geol. Surv. Ohio, 1, Pt. 2, Paleont., p. 372, Pl. 

xr.m,Fig.3. 
4 Foss. Pl. Dev. and Upp. Sil. Can. , 1871, p. 60, Pl. XIX, Fig. 214. 
6 Verst. RothL SachMin, 1849, p. 27, Pl. IX, Fig. 7. 
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Gein.,1 Oordaicarpus acuminatus R. and z.,2 and 0. sclerotesta Brongn.3 

It is most similar, however, to Oardiocarpum australe 0arr.,4 and the 
0. emarginatum Brongn. :figured by 0. Feistmantel from the Coal 
Measures of Bohemia.5 

The relative proportions of.the envelope are somewhat like those seen 
in Oardiocarpon ingens Lx.,6 or the 0. latum of Newberry, except that 
the sarcotesta of our species is thinner near the apex, where it is ap­
parently traversed for some distance at least by the elongated apex of 
the endotesta, while its lower portion is emarginate at the base, as in 
0. ingens, in Newberry's 0. samarceforme 7 or Dawson's 0. cornutum, and 
the 0. emarginatum above referred to. The thickening of the envelope 
in the lobes is comparable to that seen in 0. Baileyi Daws.,8 0. Harveyi 
Lx., 9 or the 0. sclerotesta mi1'!)r figured by Brongniart in his beauti­
ful work on the Silicified Fruits.10 

Oordaites is now one of the best known of the Paleozoic plants, its 
trunk, including the pith Artisia and Sternbergia, having been recog 
nized and studied histologically as Dadoxylon Endl. (.Araucarites 
Goepp.) and Oordaioxylon Gr. 'E., the branches as Oordaicladus Gr. 'E .. 
the leaves as Oordaites (Pyncnophyllum Brongn.), Dory-Oordaites Gr. 
'E., Poa-Oordaites Gr.'E., Dictyo-Oordaites Dn., and Scuto-Oordaites R. 
and z., the inflorescences as Oordaianthus (Antholithus L. & H.) and 
Oordaistrobus Lesq., and the fruits Oordaicarpus Gr. 'E. ( Oyclocarpu 
and Jordania Goepp. and Fiedler), and Oordaispermum Gr. 'E. To thi~ 
type most authors now refer the whole or the greater part of the 
genus Oardiocarpon Brongn. The argument for the relationship of 
Oardiocarpon to the Oycadacece was forcibly presented by Dr. Newberry 
in his Report on the Fossil Plants in the Paleontology of Ohio. 11 Th 
combined researches of several authors have made known the struc­
ture of both the male and female flowers of Oordaites, the pollen, the 
fertilization of the ovules, and the developmental stages of the Gorda·_ 
carpus (or Oardiocarpon), specimens of which have been found still a -
tached to stems with leaves. 

Relations.-Oordaicarpus lineatus Lx. most closely resembles 0. a 
minatus R. and Z., 0. australe Carr. sp., and probably O. emargina 
Brongn. It is possible that it may belong to the first of these specie , th 
faint triation being only the re ult of abrasion or erosion of the ligne n­
endotest. The latter i de cribed as having the lateral border trai"h 

1 initz: Vert. t ink. acbsens, Pl. XXI, Fig. 23 (not 24, 25); Von Roehl, Fosa. Fl. St.eink. W 
pbal n , p. 153, Pl. xxrr, Fig. 12; Kicl11ton, Foss. Fl. Radstock Ser., p. 403, Pl. xxm, Fig. 5. 

t Fl. f, s. ommentry, atlns, PI. LXXII, Jfig. 8. 
1 Ad. Brongniart, rainee fo . silicif., 1 I, PL n, Fig. I; Renault and Zeiller, I, o., Fig. 3. 
• Quart. Jour. Geo!. Soc. London, XXVIII 1872, p. 356, Pl. xxvn, Fig. 4. 
• era . bohm. Kohl nablair., n, l 75, p. 46 (221) Pl. xx, Figs.~-
• Geol. o.rv. Arlt:, n, 1860, Pl. rv, Fig . 4, U.; Co&l. Flora, Atlas, I 79, Pl. r.x.x.xv, Figs. 3" 

berry, op. cit., p. 375, Pl. .Ulll, 1- ii( . 11, ll-.. 
w op. ail., p. 60, Pl. DX. Fir. 219. 

:Flora, m, PL oa, . 22 . 
.. 1..A., F.i e. 
11 0-. . Ohio, TI>L 1, pt. 2, 1878, p. 310 
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Jt appears rather broader and smooth. The envelope or sarcotest is 
unknown in this and Carruther's species, which is described as hav­
ing "a ridge running along one side of the fruit within and parallel to 
the edge." 0. emarginatum Brongn. has the nucleus more ovate and 
the sarcotesta much thicker, especially above, while 0. Gutbieri Gein. 
is much broader, thinner, with the endotest less acute, not so distinctly 
cordate at the base, the sarcotest being thin and rounded. 0. latum 
Newb. sp. and 0. major Gr. 'E. have their endotestre broader, that 
of the former being less distinctly mucronate, with a line from the 
lower part to the summit, while the endotesta of the latter is less deeply 
cordate. 0. zonulatus Lx. often has a central depression on the 
smooth nucleus, the sarcotest thickened above and prolonged down­
ward at the base, and 0. pachytesta Lx. has the envelope rounded and 
connivent above and prolonged below, the endotesta being larger, with 
a long slender pedicel. None of these are described as having a thinly 
striated nucleus or endotesta like that of 0. lineatus. 

Locality.-North end of the Bay state lease, Oswego, Joplin, Jasper 
county. 

RESULTS. 

DIFFICULTIES IN CORRELATION OF WESTERN TERRANES WITH EAST­

ERN SERIES BY ME.ANS OF FOSSIL PL.ANTS. 

Two obstacles are most important in preventing a satisfactory deter­
mination of the age of the plants and the correlation of their containing 
terranes with others whose stratigraphical position has been determined. 
The first one is the want of even a single paleobotanical section of the 
trans-Mississippi deposits with which to compare our flora. With the 
exceptions of the flora from near the base of the Lower Coal-measures 
in Henry county, Missouri, and a supposed subconglomerate flora from 
Washington county, Arkansas, the floras of the entire Carboniferous 
series in the great western regions are essentially unknown. Although 
plant-bearing horizons have been reported in the different state publi­
cations as occurring at various localities in the Lower, Middle, and 
Upper Coal-measures of the trans-Mississippi states, no one has ever 
examined them, I believe, nor have we so much as a published list of 
the species from any fixed horizon.1 Considering these circumstances 
it is very earnestly hoped that geologists in these states will cooperate 
in procuring and identifying plants from as many fixed horizons, and 
localities in those horizons, as possible, in order to work out the floral 
associations and characteristics of the various stages in the different 
ascertained sections of the Coal-measures, with a view to their final 

1 Two apparent exceptions to this are the two small collections identified by Lesquereux from Ottawa 
and Osage city, Kansas, whose stratigraphic position is only indefinitely indicated; and a few plants 
described by tho same author in 1860 from .Tenny Lind and .Tames Fork, Arkansas, considered by him 
to be subconglomerate, but which appear on a careful analysis to belong to the true Coal-measures. 
However, it is evident that these two isolated fragments, whose position and relation to the entire 
•eriea ia hardly approximately :fixed, can at beet be of very slight correlative value. 
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utilization in constructing standard paleobotanical sections of the Car­
boniferous in those areas.1 

The second difficulty lies in the unreliability of the recorded geograph­
ical distribution of the species and of the geological position assigned 
to some of the localities, seriously impairing the homotaxial trust­
worthiness of our Carboniferous flora except within broad limits. This 
has already been suggested in the discussion of several species. 

No close or accurate correlation, by means of paleobotany, of Car­
boniferous plant beds in the eastern or western areas can be accom­
plished until a close study of the plants shall have been made on the 
basis of their exact stratigraphical occurrence as well as from the 
standpoint 0£ systematic botany, and it will always be useless to 
attempt to employ the fossil floras of any region in determining preci e 
stages until they shall have been collected and studied by horizons in 
the same sedimentary basin or general region. It is not enough to 
collect and label fossil plants merely by localities; the flora of each 
horizon in the section should be collected and studied by itself. The 
methods so often followed by the paleobotanist must be exchanged for 
the minute and exact method of the best paleozoologist if the paleobotany 
of the Carboniferous or any other series is to fulfill its capacity for 
usefulness and receive the recognition that the paleontology of so com­
prehensive, highly differentiated and sensitive a class of organic life 
deserves. 

Lack of confidence in the recorded distribution and range of the 
species, in view of known errors in geological and geographical distribu­
tion, as well as the want of actual knowledge of the floras of more 
horizons, whose stratigraphical relations to the series in a given region 
has been ascertained, makes it too often impossible to determine the 
age of any undetermined horizon in the eastern region with more pre­
cision than to indicate the group to which it belongs. The inaccura, v 
and liability to error involved in attempting de.finitely to correl. 
i olated horizon at so remote distances as Missouri, Arkansa , r 
Te a , with ea t rn paleontological sections, even when the latter 
good, i a common experience among paleontologists. 

DISTRIBUTION OF '.I.'HE SPECIES. 
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few cases, deeming such errors as remain to be relatively unimportant 
when seeking, as in the present case, only the series to which the ter­
ranes belong, rather than their approximate horizon.J 

CALAMITES RAMOSUS Artis. 

XI. Subconglomerate, Helena, Ala. [Lesq.J, (XII!); Centerville, Tenn. [Lesq.], 
(XIH); .A.rk. [Lesq.J (XIH or XIIH). 

XII. Conglornerate Series, Campb"ell's Ledge, near Pittston, Pa. [I. C. W.-Lesq.J; 
Cuyahoga !<'alls, Ohio [Lesq.-Newby.J. 

XIII. Lower Coal Measures, B. Mazon creek, Morris, Colchester, Murphysboro, 
Ill. [Lesq.J, C. Darlington bed, Cannelton, Pa. [I. C. W.-Lesq.J; D. Duquoin, Ill. 
[Lesq.J, D. or E. Ky. [Lesq.J, ( f) 500 feet above Millstone Grit, near Gadsden, .A.la. 
[Russell-Lesq.],( f) OsageCity,Lawrence,Ottawa,Ifans. [Lesq.J(XVf), R. I. [Lesq.J. 

Anthracite Series, D. or E. Brown's coll., near Pittston, Pa. [Lesq.J; E. Butter 
mine, Pittston, Pa. [Lesq.J; E. or F. Wilkesbarre, Pa. [Lesq.J; F. Y Orchard-mine vein 
[Lesq.J; M. Gate and Salem vein, Pottsville, Pa. [Lesq.J. 

Middle CoaZ Measures, Nova Scotia [Daws.]. 

ANNULARIA STELLATA (Schloth.) H. C. Wood. 

X. Pocono, Berea, Ohio [Lesley]. 
XII. Conglornerate Series, Campbell's ledge, Pittston, Pa. [I. C. W.-Lesq.]. 
XIII. Lower Coal Measures, B. Murphysboro, Mazon creek, Colchester, Ill, [Lesq.J; 

Ky. [Lesq.J; C. Darlington bed, Cannelton, Pa. [I. C. W.-Lesq.J; Clinton, Mo. 
[Lesq.J; D. Duquoin, Ill. [Lesq.J. 

XIV. Lower Barren Measures, 20 feet below Pittsburg coal, Wheeling, W. Va. [F. 
&W.J. 

XV. Upper Coal Measures, St. Clairsville, Ohio [Lesq.J. 
XVI. Pe1·,mo-Oarboniferous, roof shales of Waynesburg coal, Cassville, W. Va. [I. 

C. W.-F. & W.J. 
Anthracite Sm·ies, C. Shamokin, Butler dam, Pittston, Pa. [Lesq.J; E. or F. Port 

Griffith R. R. cut, Pittston, Pa. [Lesq.J; F. Oakwood coll., Pittston, Pa. [Lesq.]; 
G. Olyphant, Pa. [Lesq.J. · 

ANNULARIA SPHENOPHYLLOIDES (Zenk.) Gutb. 

XII. Conglomerate Series, Campbell's ledge, Pittston, Pa. [I. C. W.-Lesq.]. 
XIII. Lower Coal Measures, B. Murphysboro, Mazon creek, Morris, Colchester, 

Ill. [Lesq.J; C. Darlington beds, Cannelton, Pa. [I. 0. W.-Lesq.J; Clinton, Mo. 
LLesq.J; (Y) Jenny Lind, .fames Fork, .A.rk. [D. W.-Lesq.J; Centerville, Tenn. 
[Lesq.J; R. l. [Lesq.J; Ind. [C . .A.. W.[; Pa. [Lesq.J; Lawrence, Kans. [Lesq.J. 

XIV. Lowe1· Barren Measu1·es, 20 feet below Pittsburg coal, Wheeling, W. Va. [F. 
&W.J. 

XV. Upper Coal Measures, Pomeroy, 0. [" G" of Lesq. J. 
XVI. Fermo-Carboniferous, Roof shales of Waynesburg coal, Cassville, W. Va. [I. 

C. W.-F. & W.]. 

1 In the following catalogue of distribution, when the names of two authors, separated by a dash, 
occur within the brackets, it will be understood that the last named is authority for the identification 
of the species in that particular locality, while the first named is responsible for the age assigned to 
the deposit. The Roman numbers are those used by the Geological Survey of Pennl!lylvania. In each 
diviRion or group the localities which have been referred to some horizon are given first. The inter­
rogation points in parentheses indicate that tll.e stages or horizons of the following localities are 
unknown. They do not imply doubt as to the occurrence of the species at a given point. The Roman 
numbers in parentheses with interrogations are used to suggest a different group, as apparently indi­
cated by published flora. Errors will doubtlesR be found by geologists in tbe field, and such corrections 
or criticisms as they may give will in the end, I trust, be conducive to a better understanding of the 
Carboniferous fiora. 
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Anth-racite Series, .A.. Shamokin [Lesq.J; E. or F. Port Griffith [Lesq.J; G. 
Pla.insville [Lesq.J; M. Pottsville, Tremont [Lesq.J. 

Upper and Middle Coals, Nova Scotia [Daws.]. 

SPHENOPHYLLUM CUNEIFOLIUM (Sternb.) Zeill. (=S. erosum.) 

XII. Conglomerate Series, Cuyahoga Falls, 0. [Lesq.J; Talmadge, 0. (Lesq.-
Newby.J; Centerville, Tenn. [Lesq.J (XIII f). 

XIII. Lower Coal Measures, C. Clinton, Mo. [Lesq.J. 
XV. Upper Coal Measures, Pittsburg coal at St. Clairsville, 0. [Lesq.]. 
Middle Coal Formation, Nova Scotia [Daws.]. 

SPHENOPHYLLUM MA.JUS Bronn. 

XIII. LOUJer Coal Measures, B. Spring Creek, Ind. [Lesq.J; Mazon Creek, ill 
[Lesq.J; C. Clinton, Mo. [Lesq.]; Darlington bed, Cannelton, Pa. [Lesq.J; (f) 
James Fork, Ark. [D. W.-Lesq.]; R. I. [Lesq.]. 

XV. Upper Coal Measures, G. Barnesville, 0. [Lesq.]. 
XVI. Permo-Carbonife1·ous, Roof shales, Waynesburg coal, Cassville and West 

Union, W. Va. [F. and W.] . 
.Anthracite Series, E. or F. Port Griffith; Wilkesbarre, Pa. [Lesq.]. 
Upper and Middle Coal Measures, Nova Scotia [Daws.]. 

PINNULARIA sp, 

Not characteristic of an.y horizon or group. 

DIPLOTHMEMA GENICULATUM (Germ. & Kaulf.) Stur. 

Middle Carboniferous and transition to Upper Carboniferous of England, Saxony, 
and Bohemia. 

MARIOPTERIS (PSEUDOPECOPTERIS) MAZONIAN.A. Lesq. sp. 

XIII. Lowe,· Goal Measu1res, B. Mazon Creek, ID. (Lesq.]. 

MARIOPTERIS (PSEUDOPECOPTERIS) DECIPIENS Lesq. sp. 

XI. Subconglomerate, Dade Co., Ga. [Lesq.] (XIH); Helena Coal Mines, Ala. [L 
(XIIf). 

XIII. Lower Coal Measures. James Fork, Jenny Lind, Ark. [D. W.-Lesq.]; V 
Buren, Ark. [D. W.J. D. or E. Sullivan Co., Ind. [Lesq.]. 

Anthracite Series, A. Shamokin, [Lesq.J; F. f Oakwood Colliery, Wilk b 
[L sq.]. 

Middle Coal Formation, Nova Scotia [Daws.]. 

SPHENOPTERIS OBTUSILOBA. Brongn. 

Campbell Led e, Pi 

linton, Mo. [L 
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SPHEN0PTERIS MACILENTA L. & H. 

XI (f). Black Lick seam, Jefferson Co., A.la., along the Black Creek, near Gads­
den, A.la. [Lesq.J (Xllf); ( f) .Ark. [Lesq.J (XIIH). 

XII. Conglomerate Series, W. Va. [F. & W.J. 
XIII. Lower Coal Measures, C. Clinton, Mo. [Lesq.J; Cannelton, Pa. [Lesq.]. 

SPHEN0PTERIS LAC0EI D. White. 

XIII. Lower Coal Measures, Clinton, Mo. [D. W.J; Cannelton, Pa. [D. W.]. 

SPHEN0PTERIS HILDRETI Lesq. 

XIII. Lower Coal Measures, Union, Greenup, and Carter Cos., Ky. [Lesq.]. 

SPHEN0PTERIS, species. 

This form appears to be related to S. nummularia. 

PEC0PTERIS DENTATA Brongn. 

XII. Conglomerate Series, Campbell's Ledge, Pittston, Pa. [Lesq.]; Cuyahoga 
Falls, 0. [uisq.-Newby.J. 

XIII. Lower Coal Measures, B. Morris, Mazon Creek, Colchester, Ill. [Lesq.J; C. 
Clinton, Mo. [Lesq.J; Darlington, Pa. [I. C. W.-Lesq.J; D. Duquoin, Ill. 
[Lesq.J; (Y) R. I. [Lesq.J. 

XIV. Lower Barren Measures, 20 feet below Pittsburg coal, near Wheeling, W. 
Va. [F. & W.J. 

XV. Upper Coal Measures, G. Pomeroy, 0. [Lesq.J. 
XVI. Permo-Carboniferous, Roof shales of Waynesburg coal at Cassville, W. Va. 

[F. & W.J . 
.Anthracite Series, D. or E. Brown's coll., Pittston [Lesq.J; G. Olyphant [Lesq.J. 
Middle Coal Formation, Nova Scotia [Daws.]. 

(') PEC0PTERIS UNIT.A Brongn. 

The species to which our specimens are most closely related, perhaps being iden­
tical, has a record of distribution as follows: 

XIII. Lower Coal Measure~, B. Mazon Creek, Colchester, Grape Creek, Ill. [Lesq.J. 
Union Co., Ky. [Lesq.J; C. Darlington bed, Cannelton, Pa. [Lesq.]; D. Duquoin, 
Ill. [Lesq.] E. Buchtel, 0. [Lesq.]; ( f) R. I. [Lesq.J. 

Anthracite Series, D. or E. Brown's coll., Pittston [Lesq.J; E. or F. Stanton and 
Empire mines, Wilkesbarre [Lesq.]; Port Griffith [Lesq.J; F. f Wilkesbarre [Lesq.J; 
G. Olyphant [Leaq.]; M. Gate ancl Salem veins, Pottsville [Lesq.]. 

Middle and Upper Ca1·boniferous, Nova Scotia [Daws.]. 

PEC0PTERIS LESQUEREUXII D. White. 

Perhaps identical with forms indentified as P. aspidioides from Rhode Island 
(XIII). It belongs to the group including P. arborescens, P. cyathea, etc. 

NEUR0PTERIS FIMBRIATA Lesq. 

XIII. Lower Coal Measures, B. Mazon Creek, Murpl ysboro, Morris, ID. [Lesq.J; 
C. Darlington bed, Cannelton, Pa. [Lesq.J; E. Buchtel, O. [Lesq.J; (f) Jenny 
Lind, Ark. [D. W.-Lesq.J. 

XV. Upper Coal Meaaures, G. St. Clairsville, Athens, O. [Lesq.J; ( f) Marietta, O. 
[Lesq.J. 

XVI. Permo-Carboniferous, Roof shales of Waynesburg coal, Carmichael's, Pa. 
[F. &. W.J; W. Va. [I. C. W.-F. & W.J. 

Bull. 98--8 
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Anthracite Series, D. or E . Brown's colliery, Pittston [Lesq.J; E. Butler mine, 
.Pittston [Lesq.]; F. t Oakwood coll., Wilkesba,rre [Lesq.J; G. Olyphant [Lesq]; 
M. Gate vein, New Philadelphia [Lesq.]; Pottsville [Lesley]. 

NRUR0PTERIS SCHEUCHZERI Hoffm. 

XIII. Lowm· Coal Measures, B. Morris, Murphysboro, Mazon Creek, Colchester, Ill. 
[Lesq.J; Spring Creek, Ind. [Lesq.J; Union Co.; Ky. [Lesq.]; C. Darlington bed, 
Cannelton, Pa. [Lesq.J; Clinton, Mo. [Lesq.]; D. or E. Sullivan Co., Ind. [Lesq. J; 
(f) Shirley Knob, Cass township, Pa. [I. C. W.]; R. I. [Lesq.J; Ottawa, ill. 
[Lesq.J; Jenny Lind, James Fork, Ark. [D. W.--Lesq.J; Ottawa, Osage City, 
Kans. [Lesq.]; Mansfield, Mass. [Marcou]. · 

XIV. Lower Bar1·en Measures, 20 feet below Pittsburg coal, near Wheeling, W.Va. 
[F. & W.J; f Bellaire, 0., 20 feet below Pittsburg coal [F. & W.J. 

XV. Upper Coal Measu1·es, G. St. Clairsville, Pomeroy, 0. [Lesq.J; Pittsburg coal, 
near mouth Redstone Creek, Pa. [Lesley]. 

XVI. Permo-Carboniferous, W. Va. [F. & W.J. 
Anthracite Series, .A.. Shamokin; C. Ontario coll., Pittston; D. Carbon Hill tunn el; 

D. or E. Bro~n's coll., Pittston; E. Yatesville; F . Wilkesbarre; G. Olyphant, M. 
Gate Vein, Pottsville, Pa. [ all Lesq. J. 

NEUR0PTRRIS JENNEYI D. White. 

Nearest related to N. Scheuchzeri, but with a facies somewhat Odontopteroid, com­
parable to 0. Wortheni. 

NEUR0PTERIS RARINERVIS Bunb. 

XIII. ·Lowm· Coal Measures, B. Murpltysboro, Mazon Creek, Morris, Grape 
Creek, Ill. [Lesq.J; Union Co., Ky. [Lesq.J; C. Cannelton, Pa. [Lesq.J; Clinton, 
Mo. [Lesq.J; Kittanning coal, W. Va. [F. & W.J; D. Duquoin, Ill. [Lesq.J. 

XIV. Lower Barren Measures, 20 feet below the Pittsburg coal, near Wheeling, 
W. Va. [F. & W.J. 

Anthracite Serie.s, E. Yatesville; E. or F. Wilkesbarre; F. Wilkesbarre; G. Oly­
phant, Pa. [Lesq.J. 

Middle Carboniferous, Cape Breton [Bunb.J; Nova Scotia [Daws.]. 

NEUR0PTERIS CAUDATA D. White. 

Nearest related to N. Loshii, as seen in specimens from the Kittanning. 

NEUR0PTERIS FLEXU0SA Sternb. 

X. Pocono, Lewis tunnel, W. Va. [Lesq.-Font.J . 
XI. f Saboonglomerate, New river, W. Va. [Font.] (XIlf). 
XIII. Lower Coal Measures, B. Murphysboro, Mazon Creek, Morris, Ill. [Lesq.J · 

C. Cannelton, Pa. [I. C. W.-L sq.]; Kittanning coal, W . Va. [P. & W.J; (f) near 
ba e of ri at Dudley, Pa.; Shirley Knob, Pa. [I. C. W.J. 

XIV. Lower Barren MeatJuru, 20 feet below the Pittsburg coal, near Wheeling, 
Va. [F. & W.J. 

XVI. Permo-Oarboniferom, Roof shal of Wa.yne burg coal, West Union, W. V 
[ . W.]; Carmichael', Pa.. [ •. W.J. 

R PTERJR TE IF0LIA ( chloth.) ternb. 

l. [L 'l·J; Tracy Ci 
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XIII. Lower Coal Measures, B. Murphysboro, Mazon Creek, Morris, Colchester, Ill. 
[Lesq.J; C. Cannelton, Pa. [Lesq.]; Clinton, Mo. [Lesq.]; D. or E. Ky. [Lesq.J ( T) 
Jenny Lind, James Fork, Ark. [D. W.-Lesq.]; R. I. [Lesq.J; Tuscaloosa, Ala. 
[Bunb.J. 

XV. Upper Coal Measures, G. St. Clairsville, 0. [Lesq.J. 
Anthracite Series,A. Shamokin; E. orF. Wilkesbarre; G. Olyphant, Pa. [all Lesq.J. 

NEUROPTERIS cf. TRICH0MANOIDES Brongt. 

Quite different from specimens of N. trichomanoides Lesq. from Cannelton, though 
corresponding closely to the figures and descriptions of foreign specimens under that 
name. 

NEUR0PTERIS DILATATA (L. &. H.) Lesq. 

XIII. Lower Coal Measures, Clinton, Mo. [D. W.J. 
XV. Upper Coal Measures, Pomeroy, 0. [Lesq.-Lyell]. 

NEUR0PTERIS, species. 

Related to N, trichomanoides, and possibly representing cyclopterid pinnules of 
N. flexuosa or N. tenuifolia. 

DICTYOPTERIS SQUARROSA Ett. sp. 

Middle Carboniferous of Europe. 

APHLEBIA ARB0RESCENS Lesq. sp. 

XIII. Lower Coal Measures, B. Morris, Ill. [Lesq.]; ( f) Mo. [Hambach]. 

SIGILLARIA, species. 

Apparently identical with specimens from Murphysboro, Ill., and Preston coll., 
Schuylkill Co., Pa. 

CORD.AITES C0MMUNIS Lesq. 

XI. Waverly Sandstone, Rushville, 0. [Lesq.J. 
XIII. Lowe1· Coal Measures, Darlington beds, Pa. [Lesq.J; C. Clinton, Mo.[Lesq.J. 

C0RDAITES cf. C0STATUS Lesq. 

C. costatus has as yet been identified, I believe, only from the Kittanning (Lowex 
Coal Measures) at Cannelton. 

CORDAIANTHUS, species. 

Of no correlative value. 

C0RDAICARPUS LINEATUS Lesq. 

XI. Subconglomerate, Ark. [Lesq.J. (XII Tor XIIIf). 
XIII. Lowe1· Coal Measures, C. Cannelton. Pa. [Lesq.]. 
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A.GE OF THE OUTLIERS .AS DETERMINED BY THE DISTRIBUTION .A.ND 

F .A.CIES OF THE FLOR.A.. 

A brief inspection of the tabulated summary of the twenty-two spe­
cies recorded from other regions shows the occurrence in the Lower 
Coal-measures of all the old species of our flora, though only four, less 
than one-fifth, are confined thereto. Three are said to occur in the Po­
cono or Waverly and eight, or a little more than one-third, in the Sub­
conglomerate. Only nine, including five of the above, are recorded in 
the Conglomerate series, or Interconglomerate, though there is prob­
ably confusion between XI and xn, some geologists believing several 
of the plant beds referred to in the Coal Flora under XI to belong in 
reality to XII. However this may be, it is clear that, so far as known, 
less than one-half of our species occur below the Lower Productive Meas­
ures. Six only are reported from the Lower Barren Measures, a singu­
larity doubtless due to ignorance of the flora of that series, as will be 
explained later. But nine species have been described from the Upper 
Coal-measures or Monongahela river series, and seven species, all but one 
the same as in the preceding column, are also reported from the Permo-
0arbonife:r;ous, above the Waynesburg coal. However, six of the plants 
which appear in the Upper or Permo-Carboniferous, having survived 
the deposition of the Barren Measures, are also included aillong those 
occurring below the Lower Productive Measures (XIII). These species, 
of great vertical distribution, can therefore be of little assistance in cor­
relation. The remaining six species which have been found below the 
Lower Coal-measures have all a distribution also within XIII. This 
ancient element is, however, fully counterbalanced by that occurring 
in xv and xvr, of which four species have not been found below XIII, 

while eight, perhaps more, do not go below the Conglomerate series 
(xn), and this without taking into consideration the time interval and 
the almost unknown flora represented by the Barren Measures (XIV). 

Judging, therefore, by the recorded distribution in the bituminous re­
gions, the identity of our flora is evidently with that of the Lower Coal­
measures (XIII). 

Passing now to the anthracite region, we find five represented in 
the lower coals, eight in coal G of the Olyphant section, and five 
in the Gate and Salem veins of the upper anthracite. The largest 
representation, twelve species, is, however, in coals D, E, and F of this 
series, and taking this into account, together with the affinity of the 
flora of the Olyphant horizon (G), the age of our flora, judged by the 
recorded anthracite distribution, would be apparently synchronou~ 
with E or F of the anthracite series, a horizon higher than that indi­
cated strictly by the recorded distribution in the bituminous series. 

Returning again to the distribution in the Lower Coal-measures of 
the bituminous fields, it is of some interest to see in what horizon the 
greater number of species appear to be represented, though the con-
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clusions that may be drawn from such a comparison are of little actual 
value. We find fourteen species in the coal B at Mazon creek, Morris, 
etc., in Illinois, eighteen in the Middle Kittanning (C) at Cannelton, 
Pennsylvania, or its·supposed chronologic equivalent at Clinton, accord­
ing to Lesquereux, whHe nine come from coal D or E in Illin,ois and Ken­
t11-cky. The percentage of identity with the Cannelton-Clinton flora is 
very striking, comprising eighteen out of twenty-two old species, and 
furnishes a strong argument for considering our :flora as of nearly the 
same age, i.e., about the middle of the Lower Coal-measures. 

But the materials for the distribution of our coal :flora are as yet too 
scanty to warrant great faith in mere percentages and numerical iden­
tities. Until the :floras of all the stages of all the Coal-measures shall 
have been worked out systematically from a greater range of localities 
proofs by numerical comparisons will al ways be liable to mislead. 
Other things being equal, a :flora from a horizon but little known paleo­
botanically will, in correla.ting on the numerical basis, be attracted 
towards the nearest allied flora thatis relatively well known, though the 
horizon may be quite different. Fragmental :floras-derived more or less 
remotely from the same horizon may seem to have more in common with 
the developed :flora of an entirely different stage than with each other. 
It may even happen that none of the small collections contain or rep­
resent the :floral associations really more characteristic of that ho1izon. 
As yet the :flora of no horizon or series in the bituminous coal fields, 
except, perhaps, the Permo-carboniferous, has been systematically 
studied and published. Only a few horizons have been specially 
worked, and these have been examined only in single localities or re­
stricted vicinities. The collections of Mr. Lacoe from Campbell's ledge 
(xrr) in the anthracite area, of Mr. I. F. Mansfield from the Darlington 
bed, just above the Middle Kittanning, at Cannelton, Pennsylvania 
the collection from the Mazon creek horizon (B) at that place and at 
Colche ter, Murphy boro, and Morris, Illinois, and the collections made 
by Dr. Britts from the Lower Coal Measures in the neighborhood of 
Clinton, Mis ouri, developing these respective :floras in.isolated region 
are loadstone toward wbich the new :floras of unexplored horizons or 
of remote regi n , when developed in a different environment, are in­
evitably ttra ·ted, for want of a relatively equal elaboration of a more 
clo Iy alli d :flora, com.fag either from the same horizon or one strati-
"'r phi Uy n arer. o pale zool gi t of good tanding will insist tha 

llection e fr m oue or two tr ta in a single locality, or even a 
re re nt the fauna exi ting under various condition 

· compl x gr u of great g OO'raphical extent. Owing to 
r bulk f th dm n and the greater labor f collectin(J' 
-' l m th t · · II i n f fo il plants incln more tha 
th fl r f h 1 Ii y wh re they are obt ined. 

h rial rep re n ting Joe 
th o gl m r te (XII) and nbjacen 
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series, the stratigraphical relations of whose habitats are not yet under­
stood or agreed upon, a brief review of the work done on the paleobo­
tanically more important portion of the series is sufficient to indicate in 
the most general way the fragmentary condition of our knowledge of 
the floras of the various stages and regions of the American Coal-meas­
ures. In Pennsylvania, whose Carboniferous paleobotany is best 
known, the only flora that has been published from any horizon in 
the whole bituminous measures above the Conglomerate series is that 
of the shales just below the Middle Kittanning, and this is known only 
from collections made at Cannelton, though the horizon is said to be 
nearly always well filled with good plant remains. A few plants from 
the Permo-Carboniferous (XVI) of this state are described in Fontaine 
and I. C. White's Permian Flora. In West Virginia only a few species 
from the Kittaning and Upper Freeport (xrrr), mostly without locali­
ties, mentioned in the above work, are known between the Con­
glomerate series (xrr) and a horizon twenty feet below the Pitts­
burg coal. The list of plants, about thirty in number, from the latter 
stage at a single locality, Wheeling, constitutes essentially all that is 
published of the entire flo11a of the Barren Measures (XIV) throughout 
their extent. A few unimportant fragmentary lists from the Lower 
Coal-measures and the Upper Coal-measures represent all the species 
known from any stage between the Subcarboniferous and the Permo­
Carboniferous of that state. Nothing is known of the plants above 
XIII in Indiana or Kentucky, although higher horizons are present 
here as well as in Tennessee, whose Paleozoic flora above the Conglom­
erate series is supposed to be wholly unknown. Nothing better can 
be sajd of Georgia or Alabama, except to mention a few plants which 
are de.finitely stated to belong to a horizon above the Millstone Grit, in 
the latter state, near Gadsden. The exploited flora of Illinois is practi, 
cally limited to that of the Lower Coal-measures (XIII), only about 
twenty species having been described among four localities of uncer­
tain position in the Upper Coal-measures. Passing westward and south­
ward, we find that essentially nothing is known of the floras of the en­
tire thickness of the Carboniferous in Iowa, Missouri, Arkansas, Indian 
Territory, and Texas, with the exception of a flora, mostly without 
definite localities, recorded as Subconglomerate in Arkansas, and the 
plants collected in the vicinity of Clinton, in the Lower Coal-measures 
of Missouri. 

It thus becomes quite probable that correlations made now on a basis 
of percentages may l'equire serious revision when the floras of the 
respective stages, many of which are yet wholly unexplored, shall 
have been made known, by means of collections gathered from many 
and more widely distributed stations. We shall probably continue to 
fiud in the flora of any new region or horizon corresponding to a stage 
in XIII or XIV the highest percentage of species identical or allied with 
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the flora listed from Cannelton in Pennsylvania or that from the Morris 
horizon of Illinois, until the floras of the Freeport horizons, the Barren 
Measures (xrv), and the stages of the Upper Coal-measures (xv) are 
at least as well known, relatively, as those represented at Cannelton or 
Morris. Even the more ancient or more recent types can not have their 
proper weight until the presence or absence of those types in the inter­
mediate. or adjacent stages is more satisfactorily indicated by search­
ing at various localities in those stages and studying the plants. 

The occurrence of more ancient or modern types in a local flora is as 
liable, when used as coordinative evidence within too narrow limits, to 
lead to error as is correlation by percentages, and from the same remote 
cause. The best relative results should be obtained by employing both 
methods. 

While on the basis of numerical affinities our flora is largely identical 
with that from Clinton, it appears when considered as to its facies to 
present a rather more recent aspect. Although the round-pinnuled 
sphenopterids are present the lycopods are almost wholly absent. 
This may be due to the upland character of the flora, a condition 
that may otherwise disturb any arguments based on the aspect, or 
facies, of the flora. The number of neuropterids, comprising over one 
third of the flora, is very remarkable and may perhaps be due to the 
above circumstance. But the occurrence among them of several thick­
nerved species would seem to indicate a younger flora. No forms 
peculiar to the Lower Carboniferous are present, while the affinities of 
the new Pecopteris and Sphenopteris species are also among more recent 
forms. F~nally, as a negative argument, may be mentioned the con­
siderable number of forms which are either new species or which differ 
somewhat from anything described from the Lower Coal-measures, or 
found among the great quantities of material from the coals near Clin­
ton, Henry County, now in my hands. It is not improbable that an 
exploration of the measures above the horizons at Clinton, all as yet 
wholly unknown, may reveal there new forms among the interesting 
but unstudied Middle and Upper Carboniferous floras of the trans­
Mississippi regions. 

OONOLUSIONS. 
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flora, the conclusion is reached that the plant-bearing terranes in ques­
tion belong to the Lower Coal-measures, while the horizon indicated, 
though not proved by the flora as a whole, appears to be rather younger 
than that which has furnished the Clinton plants. If such be the case 
the lead and zinc ores of the region must have been deposited at some 
period subsequent to ·the formation of a stage probably about the mid­
dle of or in the upper half of the Lower Qoal-measures. 





PLATES. 

123 





PLATE L, 

125 



PLATE I. 

DIPLOTHMEMA GENICULATUM (Germ. & Kaulf.) Stur. (pp. 44-46). 

Fig. 1. Fragment of compound pinna, natural size. 
la. Pinnule, enlarged two diameters. 
2. Segment from lower in the frond, better indicating the subpalmate division 

of the pinnules, natural size. 
2a Typical pinnule, enlarged two diameters. 

SPHENOPTERIS, species (pp. 59, 60). 

Fig. 3. Small pinnre, showing acorn-shaped pinnules. 

SPHENOPTERIS (PSEUDOPECOPTERIS) MACILENTA L. & I-I. (pp. 55, 56). 

Fig. 4. Fragment of pinna, natural size. 
4a. Similar fragment with detail of nervation, slightly enlarged. 

MARIOPTERIS (PSEUDOPECOPTERIS) DECIPIENS Lx. sp. (pp. 47-52). 

Fig. 5. Portion of secondary ( ~) pinna, natural size. 
5a. Detail of ordinary pinnule, enlarged two diameters. 
6. Pinna, with marginal wing, natural size. 
7. Fragment of compound pinna, probably adjacent to a dichotomy, natural 

size. 
8 . .Apex of secondary pmna, naiiurai size. 

EUROPTERIS JENNEY! n . sp. (pp. 82-84). 

Fig. 7a b. Fragments of two pinnules, on same rock with Mariopteris decipiens, Fi,,. 
7, natural size. 
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PLATE II. 

MARIOPTERIS (PSEUDOPECOPTERIS) DECIPIENS Lx. sp. (pp. 47-52). 

Fig. 1. Small pinme, natural size. 
2. Fragment from compound pinna, with nervation, natural size. 
3. Segment of compound pinna, natural size. 
3a. Pinnules, enlarged two diameters. 

PECOPTERIS (.A.STEROTHEC.A) LESQUEREUXII n. sp. (pp. 65-67). 

Fig. 4. Portion of pinna, natural size. 

SPHENOPTERIS LACOEI n. sp. (pp. 56-58). 

Fi~. 5. Fragment of compound pinna, natural size. 
5a. Pinnule, enlarged two diameters. 

Fig. 

6 . .Another pinnule, enlarged two diameters. 

7. 
8. 
9. 

10. 
11. 
12. 

NEUROPTER.l:S JENNEY! n. sp. (pp. 82-84). 

Pinnule from low in the frond, natural size. 
Small rachial pinnule, natural size. 
Pinnules on penultimate rachis between the ultimate pinnre, natural size. 
Cyclopterid pinnule, natural size. 
Large rachial pinnule, natural size. 
Rachial pinnule, natural size. 

128 



U. S. GEOLOGICAL SURVEY BULLETIN f';IO. 98 PL. II 

. ·~ 

12. 

MARIOPTERIS, SPHENOPTERIS, PECOPTERIS, NEUROPTERIS. 



I 



PLATE III. 

Bull. 98-9 129 



PLATE III. 

NEUROPTERIS JENNEY! n. sp. (pp. 82-84). 

Fig. 1. Portion of lo bed pinnule7 or ultimate pinna. 
2. Upper part of a similar pinnule. 
3. Top of secondary pinna. 
4. Fragment on rock with Figs. 3 and 5. 
5. Broad pinnule7 showing the development of the basal lobes or pinnules. 
6. Fragment from lower part of pinnule. 
6a. Pinnule slightly enlarged. 
7. Dentate-crenulate tip of pinnule. 
8. Pinnules from which the basal lobes or pinnules have fallen. 
9. Top of average pinnule. 

10. Small rachial ( f) trilobate pinnule. 
All natural Aize. 
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PL.ATE IV. 

NEUROPTERIS CAUDATA, n. sp. (pp. 87-91). 

Fig. 1. Pinna. 
2. Typical pinnule. 
3. Small pinna. 
4. Base of pinnule. 
5. Fragment from upper pinna. 
6. Base of pinna, with elongated inferior pinnule. 
7. Broad pinnules. 
8. Basal portion of pinna. 
9. Portion of middle secondary pinna. 

NEUROPTERIS cf. TRICHOMANOIDES (Brongn.) Lx .. (pp. 95,96}. 

Fig. 10. l<'ragmentary pinnule. 
All natural size. 
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PLATE V. 

NEUROPTERIS FLEXUOSA Sternb. (pp. 91-93). 

l!'ig. 1. Upper part of secondary pinna. 
2. Short pinna, resembling N. misHouriensis. 
3. Tip of pinna. 
4. Similar tip. 
5. Tip of small pinna. 

NEUROPTERIS, species (pp. 98, 99). 

Fig. 6. Cyclopterid pinnule, possibly belonging to the preceding species, associated 
with pinnules of the latter. It may represent the following species. 

NEUROPTERIS RARINERVIS, Bunb. (pp. 85-87) . 

. Fig. 7. Cyclopterid pinnule, apparently belonging to this specias, 
All natural size. 
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ADVERTISEMENT. 

[Bulletin No. 99.} 

The publications of the United States Geological Survey are issued in accordance with the statuto 
approved March 3, 1870, which declares that-

'' The publications of the Geological Survey shall consist of the annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
shall accompany the annual report of the Secretary of the Interior. .All special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other­
wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization; and the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 

On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress : 

"That whenever any document or report shall be ordered printed by Congress, there shall be printed, 
in addition to the number in each case stated, the 'usual number' (1,900) of copies for binding and 
distribution among those entitled to receive them." 

Except in those cases in which an extra number of any publication has been supplied to the Survey 
by special resolution of Congress or has been ordered by the Secretary of the Interior, this office has 
no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 
1 map.-A preliminary report describing plan of organization and publications. 

II. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882. 
so. lv, 588 pp. 62 pl. 1 map. 

III. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 
so. xviii, 564 pp. 67 pl. and maps. 

IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884. 
so. xxxii, 473 pp. 85 pl. and maps. 

V. Fifth Annual Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885. 
so. xxxvi, 469 pp. 58 pl. and maps. 

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powoll. 1885. 
8°. xxix, 570 pp. 65 pl. and maps. 

VII. Seventh Annual Report of the United States Geological Survey, 1885-'86, by J. W. Powell. 1888. 
8°. xx, 656 pp. 71 pl. and maps. 

VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889. 
8°. 2 v. xix, 474, xii pp. 53 pl. and maps; 1 p. 1. 475-1063 pp. 54-76 pl. and maps. 

IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1880. 
so. xiii, 717 pp. 88 pl. and maps. 

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1800. 
so. 2 v. xv, 774 pp. 98 pl. and maps; viii. 123 pp. 

XI. Eleventh Annual Report of the United States G-eological Survey, 1889-'90, by J. W. Powell. 1801. 
so. 2v. xv,757pp. 66pl.andmaps;ix,351pp. 30pl. 

XII. Twelfth Annual Report of the United States Geological Survey, 1890-'91, by J. W. Powell. 1801. 
8°. 2 v. xiii, 675 pp. 53 pl. and maps; xviii, 576 pp. 146 pl. and maps. 

The Thirteenth Annual Report is in press. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx, 438 pp. 51 pl. 1 map. Price $1.50. 
II. Tertiary History of the Grand Canon District, with atlas, by Clarence E. Dutton, Capt. U.S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00. 
III. GeologyoftheComstock Lode and the Washoe District, with atlas, by George F.Becker. 1882. 

4°. xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00. 
IV. Comstock Mining and Miners, by Eliot Lord. 1883. 40, :xiv, 451 pp. 3 pl. Price $1.50. 
V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp. 

15 1. 29 pl. and maps. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 

Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05. 
I 



II ADVERTISEMENT. 

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. , 0 • :riii, 200 .PP· 15 
pl. Price $1.20. 

Vill. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4.0• xiii, 298 PP• 
24 I. 24 pl. Price $1.10. ' 

IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey, 
by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. 1 map. Price $1.15. 

X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Mars!!. 
1886. 4°. xviii, 243 pp. 56 l. 56 pl. Price $2.70. 

XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. a.nd maps. Price $1.75. 

XII. Geology and Mining Industry of Leadville, Colorado. with atlas, by Samuel Franklin Emmons. 
1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheet.s folio. Price $8.40. 

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker. 
1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val· 
ley, by John S. Newberry. 1888. 4,0. xiv, 152 pp. 26 pl. Price $1.00. 

XV. 'l'he Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. , 0 • x:iv,37i 
pp. 180 pl. Text and plates bound separately. Price $2.50. 

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl. 
Price $1.00. 

XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. H. 
Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 

XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 
by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00. 

In press: 
XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Imng 

and C. R. Van Hise. 
XX. Geology of the Eureka District, Nevada, ·with atlas, by Arnold Hague. 1892. 4P. 419pp. 8pl. 

In preparation: 
XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder. 
XXII. A Manual of Topographic Methods, by Henry Gannett, chief topographer. 
XXill. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wol.1f, 

T. Nelson D.i.le, and Bayard T. Putnam. . 
- Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield. 
- Sauropoda, by O. C. Marsh. 
- Stegosauria, by O. C. Marsh. 
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1-i. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent 
Strouhal. 1885. 8°. 238 pp. Price 15 cents. 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 33 pp. 
Price 5 cents. 

16. On the Higher Devonian Faunas of Ontario County, New ~rk, by John M. Clarke. 1885. 8°. 
86 pp. 3 pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on 
the Geology of the District, by Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 
cents. 

18. On Marine Eocene, Freeh-water Miocene, and other Fossil Mollusca of Western N ortb America, 
by Charles A White. 1885. 8°. 26 pp. 3 pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F . Becker. 1885. 8°. 28 pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille­

brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
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Moreau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 5 cents. 
22. On New Cretaceous Fossils from California, by Charles A. White. 1885. 8°. 25 pp. 5 pl. 

Price 5 cents. 
23. Observations on the Juncllion between the Eastern Sandstone and the Keweenaw Series on Ke­

weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall. 
1885. 8°. 336 pp. Price 25 cents. 

25. '.!:he Present Technical Condition of the Steel Industry of the United States, by Phineas .Barnes. 
1885. 8°. 85 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. H owe. 1885. 8°. 107 pp. Price 10 cents. 
27. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1884-'85. 1886. 8°. 80 pp. Price 10 cents. 
28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore, 

Maryland, by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886. 

go, 41 pp. 4 pl. Price 5 cents. 
30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo­

little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents. 
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapoda and Arach­

nids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents. 
32. Lists and Analyses of the Mineral Springs of the United States ; a Preliminary Study, by Albert 

C. Peale. 1886. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by J . S. Diller. 1886. 8°. 23 pp. Price 5 cents. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and other groups, by Charles A. White. 1886. 8°. 54 pp. 5 pl. Price 10 cents. 
35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. so. 62 

pp. Price 10 cents. 
36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents. 
38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 31 pp. 1 pl. Price 5 cents. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. so. 84 

pp. 1 pl. Price 10 cents. 
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A. 8mith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 
44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. so. 35 pp. 

Price 5 cents. 
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incl. 1 pl. 11 pl. Price 25 cents. 

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 
1886---'87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents. 
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7 pl. Price 10 cents. 
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RECORD OF NORTH AMERICAN GEOLOGY FOR 1891. 

Bv NELSON HORATIO DARTON. 

INTRODUCTORY. 

This work is the continuation of the record for 1890,1 and com­
prises publications received during the year 1891. 

The literary scope of this record includes geologic publications 
printed in North America, and publications on North American 
geology wherever printed. Purely paleontologic or mineralogic 
papers are omitted. 

The entries are comprised in the two following classes, all arranged 
in a single alphabetic sequence: 

I. Prz"ncipal entn"es.-Consisting of full titles of separate contribu­
tions classified by authors, together with an abbreviated reference 
to the containing publication and a short note descriptive of the 
geologic contents. Imprint dates are given only when other than 
1891, and size of page when other than octavo. The extent of papers 
less than a page in length is indicated thus: ,¼ p., ¼ col., 3 lines. 

II. Subject references.-Each consisting of a condensed title of 
paper, and the author's name for cross-reference to a principal entry. 
These are essentially index references, but they are entered under 
a limited number of headings, of which a classified key is given on 
the next page. 

1 Bulletin U.S. Geological Survey, No. 9L Washington, l89L 
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CLASSIFIED KEY TO THE SUBJECT ENTRIES. 

Alabama. 
Alaska. 
Arizona. 
Arkansas. 
Asia. 
Australia. 
California. 

(I) GEOGRAPHIC SUBJECTS. 

Canada (including all of British America). 
Central America. 
Colorado. 
Connecticut. 
Dakotas. 
Delaware. 
East Indies. 
Europe. 
Florida. 
Georgia. 
Hawaiian Islands. 
Idaho. 
Illinois. 
Indiana. 
Indian Territory (and" Public land strip"). 
Iowa. 
Kansas. 
Kentucky. 
Louisiana. 
Maine. 
Maryland (including District of Columbia). 
Massachusetts. 

exico. 
ichigan. 

Minnesota. 
issi ippi. 

Iissouri. 
ntana. 
braska. 



DARTON.] CLASSIFIED KEY TO THE SUBJECT ENTRIES. 

New Hampshire. 
New Jersey. 
New Mexico. 
New York. 
New Zealand. 
North Carolina. 
Ohio. 
Oregon. 
Pennsylvania. 
Rhode Island. 
South America. 
Sou th Carolina. 
Tennessee. 
Texas. 
Utah. 
Vermont. 
Virginias. 
Washington. 
West Indies. 
Wisconsin. 
Wyoming. 

(2) STRATIGRAPHIC SUBJECTS. 

Archean and Algonkian, with sub-headings as follows: · 
Eastern Canada. 
Lake Superior to Lake Huron region and western Canada. 
Mississippi river to Rocky mountains. 
New England. 
New York to Georgia. 
West of the Rocky mountains. 
Nomenclature. 

Cambrian, with sub-headings as follows: 
Appalachian (Vermont to Alabama). 
Canada. 
Illinois. 
Lake Superior region. 
West of the Mississippi river. 
General and nomenclature. 

Carboniferous (including Permian), with sub-headings as follows: 
Appalachians to Mississippi river. 
Canada. 
Mississippi river to Rocky mountains. 
Rocky mountains to Pacific coast. 
Virginia to Alabama. 
General and nomenclature. 
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Cretaceous, with sub-headings as follows: 
Atlantic coast region. 
Canada. 
Illinois. 
Kentucky. 
Mexico. 
Mississippi river to Rocky mountains. 
Pacific coast region. 
Nomenclature. 

Devonian, with sub-headings as follows: 
Appalachians (New York to Alabama). 
Appalachians to Mississippi river. 
Canada. 
West of the Mississippi river. 
General and nomenclature. 

Jura-Trias, with sub-headings as follows; 
Mississippi river to Rocky mountains. 
Newark formation (Nova Scotia to Virginia). 
West of the Rocky mountains. 
West Canada. 
General and nomenclature. 

Pleistocet:1,e, with sub-headings as follows: 
Alaska . 
Appalach ians to Mississippi basin. 
Atlantic coast r egion. 
Central America. 
General. 
Gr eat lakes region and Eastern Canada. 
Mississippi basin to Rocky m ountains. 
Rocky mountains to Pacific coast. 
Western Canada. 

ilurian, with sub-headings as follows: 
Appalachians (Vermon:t to Alabama). 
Appalachians to Mississippi river. 
Canada. 
West of Mississippi river. 

omenclature. 

Tertiary with sub-headings as follows: 
Alaska. 
Atlantic coastal plain. 
Canada. 

ulf tate Flori a to Texas and Arkansas). 
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PARTON.] CLASSIFIED KEY TO THE SUBJECT ENTRIES. 

Mississippi river to Rocky mountains (north of Arkansas). 
Pacific coast region. 
Tennessee. 
General and nomenclature. 

(3) OTHER SUBJECTS. 

Geologic philosophy, with sub-headings as follows: 
Deformation. 
Petrology. 
Glaciology. 
Ore deposits. 
Physiographic geology. 
Miscellaneous 

Petrography. 
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LIST OF PUBLICATIONS EXAMINED. 

Alabama, Geological Survey, Report on the Cahaba coal field, by J. Squire, 1890, 
--- Report on coal measures of the Plateau region, by H. McCalley. 
American Academy of Arts and Sciences, Proceedings, vol. 25. Boston. 
American Association for the Advancement of Science, Proceedings, vol. 39. Salem, 

Mass. 
Amerioan Geologist, vols. 7, 8. Minneapolis, Minn. 
American Institute of Mining Engineers, Transactions, vol. 9. New York. 
American Journal of Science, 3d series, vols. 41, 42. New Haven, Conn. 
American Naturalist, vol. 25 . . Philadelphia. 
American Philosophical Society, Proceedings, vol. 29, No. 135. Philadelphia. 
Appalachia, vol. 6, No. 3. Boston. . . 
Arkansas, Geological Survey, Annual Reports, 1888, vol. 4; 1889, vol. 2; 1890, vols, 1, 2. 

Little Rock. 
Boston Society of Natural History, Proceedings, vol. 25, pp. 1-303. 
British Association for the Advancement of Science, Report of 60th meeting. London. 
Buffalo Society of Natural History1 Bulletin, vol. 5, No. 3. 
Canada, Geological and Natural History Survey, Reports, vol. 4, new series. Mon-

treal. 
-- Contributions to Paleontology, vol. 3. Montreal. 
Canada, Royal Society, Transactions, vol. 9. Montreal. 
Canadian Institute, Transactions, vol. 1. Toronto. 
Canadian Record of Science, vol. 4, Nos. 5-8. Montreal. 
Cincinnati Society of Natural History, Journal, vol. 13, No. 4; vol. 14, Nos. 1, 2. 
Deutsche geologische Gesellschaft, Zeitschrift, vol. 41, part 4; vol. 42, parts 1-4. 

Berlin. 
Elisha Mitchell Scientific Society, Journal, 1890, part 2. Raleigh, N. C. 
Engineering and Mining Journal, vols. 51, 52. New York. 
Geological Magazine, 3d decade, vol. 8. London. 
Geological Society, Quarterly Journal, vol. 47. London. 
Geologists' Association, Proceedings, vol. 11, Nos. 6-9; vol. 12, Nos. 1-5. London, 
Geologiska Forening, Forhandlingar, vol. 2, Nos. 5-7; vol. 3, \ , . 1-3. Stockholm. 
Georgia, Geological Survey, First report of progress, 1890-91. Atlanta. 
Glasgow, Geological Society, Transactions, vol. 9, part 1. 
Guide to Washingiion, prepared for the International Congress of Geologists, Fifth 

Session. Washington. 
Harvard College, Museum of Comparative Zoology, Bulletin, vol. 16, No. 10; vol. 

o . 6, 8; ~ol. 21; vol. 22, Nos. 1, 2. Cambridge. 
Illinoi , ol ic 1 Survey, vol. 8, .eology and Paleontology, 1890. Springfield, 
John Hopkins Univer ity, Circular oa. 85-94. Baltimore. 
Ka· rlich-konigli che g olo · ch R ichsanstalt, Verhandlung, 1 90, o . 6-18; 1 1 

' . 1-7. 

and pbal; · 

coon ti 
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Manchester, Geological Society, Transactions, vol. 20, parts 1~21; vol. 21, parts 1-12. 
Maryland Academy of Sciences, Transactions, vol. 1, pp. 69-170. 
Meriden Scientific Association, Transactions, vol. 4: Meriden, Conn. 
Minnesota, Geological Survey, 18th Report (date Y). Minneapolis. 
Missouri, Geological Survey, Bulletin Nos. 4, 5. Jefferson City. 
-- Biennial Report of the State Geologist. Jefferson City. 
National Geographic Magazine, vol. 3. Washington. 
Neues Jahrbuch fiir Mineralogie, Geologie, and Paleontologie, 1891 (3 vols.) (Ex-

cepting abstracts.) 
New Jersey, Annual Report of the State Geologist for the year 1890. Trenton. 
New York Academy of Sciences, Annals, vol. 5, extra Nos. 1-3. 
---Transactions, vol. 10, Nos. 4-6. 
New York State Museum, Bulletins, Nos. ~10. Albany. 
Nova Scotian Institute of Natural Science, Proceedings and Transactions, vol. 7, 

part 4. Halifax. 
Ottawa Naturalist, vol. 4, Nos. 10-12; vol. 5, Nos. 1-8. Ottawa: 
Pennsylvania, Second Geological Survey, Report on the geology of the four counties, 

Union, Snyder, Mifflin, and Juniata. Harrisburg. 
Philadelphia Academy of Natural Sciences, Proceedings, 1890, part 3; 1891. 
Popular Science Monthly, 1891. (Excepting abstracts.) New York. 
Rochester Academy of Sciences, Proceedings, vol. 1, pp. 1-100. 
Santa Barbara Society of Natural History, Bulletin, vol. 1, No. 2. 
Science, vols. 171 18. New York. 
School of Mines Quarterly, vol. 12, Nos. 2-4, vol. 13, No. 1. New York. 
Smithsonian Institution, Annual Report, 1889. Washington. 
Societe Geologique de France, Bulletin, series 3, vol. 16, No. 11; vol. 18, Nos. 1-8. 

vol. 19, No. 1. Paris. 
Societe Geologique du Nord, Annales, vol. 18, part 1-3; vol. 19, part 1. Lille. 
Technology Quarterly, vol. 3, No. 4; vol. 4, Nos. 1-3. Boston. 
United States Geological Survey, Bulletins Kos. 65, 71-82, 91. Washington. 
----10th Annual Report, J. W. Powell. Washington. 
-- Progress report on irrigation in the United States, by R. J. Hinton. Wash-

ington. 
-- Progress report of artesian and underflow investigations, part 2, by E. S. Net­

tleton. Washington. 
-- National Museum, Proceedings, vol. 13. Washington. 
Washington, Philosophical Society, Bulletin, vol. 11, pp. 359-496. 
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RECORD. 

A. 
ADAMS, Frank D. On some granites 

from British Columbia and the adja­
cent parts of Alaska and the Yukon dis­
trict. 

Canadian Record of Science, vol. 4, pp. 344-
358. 

Description of their petrography and discussion 
of the origin of certain secondary minerals which 
they contain. 

--Notes to accompany a tabulation of 
the igneous rocks, based on the system 
of Professor H. Rosenbush. 

Canadian Record of Science, vol. 4, pp. 463-

469, pl. 
Petrographic. Accompanied by a folded table, 

-- [Summary l'eport on surveys in the 
St.Maurice district, eastern townships.] 

Canada, Geol. Survey, Reports, vol. 4, new 
series, Report A., pp. 34-35, ! p. 1890. 

Included notes on occurrence and character of 
the crystalline limestones and gneiss. 

Alabama. Appomattox formation, 
McGEE. 

Coal measures of plateau region, 
McCALLEY. 

Coal measures of Blount county, GIB­
SON. 

Cambrian of North America, WAL­
COTT, C. D. 

Columbia formation, McGEE. 
Cretaceous stratigraphy, WHITE, C. 

A. 
Cretaceous of North America, WHITE, 

C.A. 
Dates of origin of certain topographic 

forms, DA vrs. 
[Flora of Tuscaloosa formation], FON­

TAINE. 

Map of Ca.ha.ha coal field, MCCALLEY. 
Preface [Report on coal of plateau 

country], SMITH. 
Overthrust faults of the southern 

Appalachians, HAYES. 

Alabama-Continued. 
Post-Pliocene subsidence, SPENCER. 

Stones for building' MERRILL. 
'fitanic oxide [in soils], DUNNINGTON, 
Variations in Cretaceous and Ter-

tiary, LANGDON. 
Warrior coal field, TRAZER. 

Alaska. Expedition to Mount St. Elias, 
RUSSELL, I. C. 

Explorations in Alaska, RUSSELL, I. 
C. 

Fossil plants from near Mount St. 
Elias, KNOWLTON. 

Granites from British Columbia, 
Alaska, etc., ADAMS. 

Muir glacier region, CUSHING. 
WRIGHT. 

Sands from Yakutat bay, STANLEY. 
BROWN. 

AMERICAN GEOLOGIST. The Cre­
nitic hypothesis. 

Am. Geologist, vol. 8, pp. 110-114. 
Review of T. S. Hunt in "Mineral Physiology 

and Physiography. A second series of chemical 
and geological essays." 2nd edition. 

-- Geological survey of New Jersey. 
Annua1Reportfor1890. JohnC. Smock, 
State Geologist. Trenton, 1891, p. 305, 
three maps. 

Am. Geologist, vol. 8, pp. 120-121. 
Reviews certain conclusions in a. contained paper 

by F. L. Nason, on the post-Archean age of the 
white limestones of Sussex county, in their bear­
ing on the age of the iron orep and limestones of 
the eastern New York and western New England 
region. Also reviews the statements concerning 
the relations of the blue to the white limestones. 

-- Supposed Trenton fossil fish. 
Am. Geologist, vol. 8, pp. 177-180. 
Review of the statements of C. D. Walcott on 

the discovery of fossil fish in the Trenton of Colo­
rado to the Geological Society of America, in Au, 
gust, 1891. 

13 
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AMERICAN GEOLOGIST-Cont'd. 
--Recent studies in spherulitic crystal­

lization. Constitution and origin of 
spherulites in acid eruptive rocks, 
Whitman Cross (Phil. Soc. Wash., Vol. 
x, pp. 411-444). S_pherulitic crystal­

lization, Jos. P. Iddings (Phil. Soc. 
Wash., Vol. IX, pp. 445-464). 

A.m. Geologist, vol. 8, pp. 387-392. 
Analysis and review. 

AMERICAN NATURALIST. The 
Tertiary formations of western Texas. 

A.m. Naturalist~ vol. 25, p. 49, % p. 
Summary of results of studies by Hill, Lerch, 

and Cope, 1883-1889. 

AMI, Henry M. On the geology of Que­
bec and its environs. 

Geol. Soc. A.m., BuU., vol. 2, pp. 477-500, pL 
20. 

Abstracts, A.m. Geologist, vol. 8, p. 186, ¾ p. 
Am. Naturalist, vol. 25, p. 658, 4 lines. 

Description of Trenton, Utica., Lorraine, Quebec, 
Lewis, and Sillery beds, with lists of fossils and a. 
table of distribution of genera and species, and 
discussion of relations and equivalency of the 
lower members. Includes a. brief reference to re­
lations of the Archean. Discussed by A. R. O. 
Selwyn and 0. D. Walcott, pp. 501-502. 

-- On the geology of Quebec city, 
Canada. 

Canadian Record of Science, vol. 4, pp. 315-

319. 
Abstract, Am. Naturalist, vol. 25, p. 822, i p. 
A discuBBion of the stratigraphic position, 

equivalency, and nomenclature of the Quebec 
rocks. 

-- On the sequence of strata forming 
the Quebec group of Logan and Billings, 
with remarks on the fossil remains 
found therein. 

Am. Geologist, vol. 8, pp. 115-117. 
Abstract of paper read to Royal Society of Can­

ada., May, 1891. 

ANGEL, Myron. Monterey county. 
California, 10th Report of Mineralogist, pp. 

345--348, 1890. 
Includes a reoord of au artesian well in Salinas 

Ci ty. 

n Luis Obispo county. 
alJ!ornla, 10th Report of Mineralogist, pp. 

567-685, pl. 1890. 
Includ notes on bltu.mi.ooue rock mlnee, gen­

eral geologic racture, well borings, and econo­
mJ mloera . 

n ta Barbara county. 
allf' mla 1 th Rep rt of eralo t, pp. 

6~99. 1890. 

n ralo I t pp. 

0 le. 

Archean and Algonkian. East ern 
Canada. St. Maurice dis tr i c t. 
ADAMS. 

Drift rocks of central Ontario, COLE-
MAN. 

Grand river, Labrador, CARr. 
Mineral resources of Quebec, ELLS. 
Report · on region . south of Grand 

Trunk railway, ELLS. 
American opinion on the older rocks. 

WINCHELL, A. 
Nova Scotia and Cape Breton, Ho.·-

EYMAN. 
.Asbestus, ELLS. 
Chemical contributions, HoFFMAID-, 

Environs of Quebec, MARCOU. 
Labrador coast, PACKARD, 
Steep rock lake, Ontario, SMYTH. 

Lake Superior to Lake Huron region a 
western Canada.-Geoiogy of Mar­
quette iron region, BROOKS. 

Nickel and copper, Sudbury district 
BELL, BARLOW, 

Report on Sudbury district, BELL. 
Summary Reports of Geological Sur-

vey, SELWYN. 
Penokee iron-bearing series, !RVIXG 

. and VAN HISE. 
Lake Superior stratigraphy, LA w so. -· 
Dikes of Rainy lake region, LAWSo.·. 
Dike in Minnesota river valley 

HALL, C. w. 
Metallic iron in Huronia.n qnartzi 

Ontario, HOFFMANN. 
Fauna of Lower Cambrian, WALcorr. 
Lake Superior stratigraphy, V c 

HISE. 
Report, Lake Superior division, 

S. Geol. Survey, VAN HISE. 
Silicified glass breccia., Sudbury 

trict, WILLIAMS, G. H. 
South trap range of Keweena 

series, w ADSWORTH. 
Age of Saganaga. granite, WIN 

H.V. 
Eastern equivalents of Minn 

iron ores, WINCHELL, N. H. 
Iron ores of Minnesota, Wn-c 

N. H. and H. V. 
A la t word with the Hnronian 

CHELL, A. 
American opinion on the older 

w "CHELL, A. 
Marque te and Keweenaw 

AD SWORTil. 

Record of fi ld ob ervation 
0 LL, A. 
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Archean and Algonkian-Continued. 
Structure of Selkirk range, DAWSON, 

G. M. WALCOTT. 
Lake Winnipegosis and Porcupine 

mountains, TYRRELL. 
Mississippi river to Rocky mountains. 

Central mineral region, COMSTOCK. 
Report of state geologist, DUMBLE. 
Tin in central Texas, COMSTOCK. 
Notes on geology of the Southwest, 

HILL. 
Central basin of Texas, CURTICE. 
Report, Rockymountain division, U. 

S. Geol. Survey, EMMONS, 
Alunite and diaspore from Rosita 

hills, Colorado, CROSS. 
Vein phenomena, Boulder county, 

Colorado, FARISH. 
Reconnaissance in Indian Territory, 

HILL. 
Report,Montana division,U. S. Geol. 

Survey, PEALE. 
Crystalline rocks of Missouri, HA­

WORTH. 
Report,Lake Superior division, U.S. 

Geol. Survey [rocks of Missouri], 
VAN HISE. 

Manganese deposits, PENROSE. 
New England. Report, division of Ar­

chean Geology, U. S. Geo 1. Survey, 
PUMPELLY. 

American opinion on the older rocks,. 
WINCHELL, A. 

Rifting in granite [Cape Ann], TARR. 
Fauna of Lower Cambrian, WALCOTT. 
Arkose beds in central Mas!lachu-

setts, EMERSON. 
Keratophyre from Marblehead Neck, 

Massachusetts, analysis, CHA.TA.RD. 
Trias of Massachusetts, EMERSON. 
The four Rocks about New Haven, 

DANA, 

Metamorphism in eon glomerate 
schist, WOLFF. 

Iron ores of Minnesota, WINCHELL, N. 
H. and H. V. 

New York to Georgia. New Jersey, 
Geol. Survey,Report [Age of white 
limestones],AM.GEOLOGIST. DA.NA.. 
NASON. SMOCK. 

Post-Archrean age of white lime­
stones, NASON. 

Artesian wells in eastern Pennsy lva­
nia, CARTER. 

American opinion on the older rocks, 
WINCHELL, A. 

Archean and Algonkian-Continued. 
Feldspar bed in Pennsylvania, CAR-

TER, 

Building stones of New York, SMOCK. 
Genesis of iron ores, KIMBALL. 
Excavation of new Croton Aqueduct, 

CARSON. 
Artesian wells, SMOCK, 
Structure of Blue Ridge in Virginia, 

HITCHCOCK. GEIGER and KEITH. 
Section across Piedmont plateau in 

Maryland, KEYES. 

Fauna of Lower Cambrian,W ALCOTT. 
Rifting in granite [Cape Ann], TARR. 
Haile mine, South Carolina, THIES 

and MEZGER. 
Eruptive iron ores [New York and 

New Jersey], NASON. 
Iron mines, New Jersey, NASON. 

Iron ores of Virginia, PECHIN. 
South Valley hill [Pennsylvania], 

RAND. 

Crystalline rocks of Maryland, WILL­
IA.MS, G. H: 

Piedmont plateau, Maryland, WILL­
IAMS, G. H. 

Geology of Washington, McGEE. 
WILLIAMS, G. H. 

Anglesite [etc.] from Carroll county, 
Maryland, WILLIA.MS, N. H. 

Iron ores of Minnesota, WINCHELL, 
N. H. and H. V. 

Equivalents of Minnesota iron ores, 
WINCHELL, N. H. 

Excursion across the Appalachians, 
1891, WILLIAMS, G. H. 

Geological survey of Georgia, SPEN­
CER. 

West of the Rocky mountains. Granites 
from British Columbia, Alaska, etc., 
ADAMS. 

Sierra Nevada, BECKER. 
Report, California division, U. S. 

Geol. Survey, BECKER. 
Placer county, California, HOBSON, 
Great Falls coal field, Montana, NEW­

BERRY, 

Fauna of Lower Cambrian, WOLCOTT. 
Nomenclature. American opinion on the 

older rocks, WINCHELL, A. 
A last word with the Huronian, WIN­

CHELL, A. 
Claim of priority for name "Algon­

kian," SPENCER. GILBERT. 
Lake Superiorstratigraphy,LA.WSON, 

VANHISE. 
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Arizona. Analysis of sandstone, CHA­
TARD. 

Cambrian of North America, W .AL­

COTT. 
Devonian and Carboniferous, correla-

tion, WILLIAMS, H. S. 
Fauna of Lower CambriaD;, WALCOTT. 
Manganese deposits, PENROSE. 
Meteoric iron locality, FOOTE. 
Stones for building, MERRILL, G. P. 

Arkansas. Appomattox formation, Mc­
GEE. 

Bauxite, BRANNER. 
Basic dikes outside of syenite areas, 

KEMP. 
Comanche series of Texas-Arkansas 

series, HILL. 
Cretaceous of North America, WHITE, 

C. A. 
Crowley's Ridge, CALL. SALISBURY. 

BRANNER. 

Devonian and Carboniferous, correla­
tion, WILLIAMS, H. S. 

Fayetteville-Huntsville section, 
HARRIS. 

Geology of Washington county, SI­
MONDS. 

Geology of western Arkansas, WINS­
LOW. 

Igneous rocks of Arkansas, WILLIA..~s, 
J. F. 

Introduction [Washington county], 
BRANNER. 

Arkansas-Continued. 
Manganese deposits, PENROSE. 
Novaculites, GRISWOLD. 
Origin of manganese ores of northern 

Arkansas, PENROSE. 
Reade's theory of origin of mountain 

ranges, READE. 
Relationship of Pleistocene to pre­

Pleistocene, CHAMBERLIN and SAL­
ISBURY. 

Stones for building, MERRILL, G. P. 
Tabulation of dikes, KEMP and WIL-

LIAMS. 
Tertiary silici:fied woods, CALL. 
Titanic oxide [in soils], DUNNINGTON, 
Topographic features of Arkansas 

marble, HOPKINS. 
ARMS, I. M. Clay concretions of the 

Connecticut river. 
Canadian Record of Science, vol. 4, pp. 237-

241. 
Includes an account of the beds in which they 

occur and a discuBSion of the origin of concre­
tions. 

Asia. Cambrian of North America, WAL­
COTT. 

Progress of mining in China, CLARK, 
E. 

Review of Quaternary era, UBHAM. 
Titanic oxide [in soils], DUNNINGTO .. T. 

Australia. Glaciers of New Zealand, 
JACK, 

Mount Morgan mine, Queensland, 
RICKARD, WEED. 

B. 
[BAILEY, L. W.J [Summary report on 

work in northern New Brunswick and 
Quebec.] 

Canada, Geol. Survey, Report, vol. 4, new 
series, Report A, pp. 36-38. 1890. 

Includes reference to occurrences of ilurian 
rocks. 

BARLOW, Alfred. On the nickel and 
copp rd posits of udbury, ntario. 

tt w raturall t vol. 5, pp. 51-71. 
Includ brl f description of the geologic fea,-

tur of th!' d it. 
BARUS, . The c ntr ction of molten 

rock. 
r. 99, 

BEACHLER, Charles S. The rocks at 

St. Paul, Indiana, and vicinity. 
Am. Geologist, vol. 7, pp. 178-170. 
Description of the stratigraphic column. 

BECKER, George H. Structure of 
portion of the Sierra Nevada of Califor­
nia. 

Geol. oc. A.m., Bull., vol. 2, pp. 49-14. 
Abstracts, .\m. Geologi t, vol. 7, pp. 201--

1890, ¾ p. Am. Naturali t, vol. 2-!, p. 'Zr , 
1 90. 

Account of a complexly faulted area and · 
eion of the mechanism of the dislocation 

from under Tnoln 
alifornia. 
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BECKER, George H.-Continued. 
--Notes on the early Cretaceous of Cal­

ifornia and Oregon. 
Geol. Soc. Am., Bull., vol. 2, pp. 201-206. 
Abstracts, Am. Geologist, vol. 7, p. 258, ½ P; 

Am. Naturalist, vol. 25, p. 365, 6 lines. 
Describes relations at a newly discovered fossil­

iferous locality at Riddles, Oregon, and discusses 
its bearing on the history and correlation of 
th,e Shasta group. Also announces an occurrence 
of fossiliferous Triassic beds and points out their 
relations to a post-Triassic upheaval with granitic 
intrusions. Discussed by G. M. Dawson, J. S. 
Diller, and C. A. White, pp. 207-208. 

___._ Report, California division. 
U.S. Geol. Survey, 10th Report, J. W.Pow­

ell, pp. 141-144, 1890. 
Abstract, ib., pp. 27-28, % p. 
Includes references to the massive rocks in the 

gold belt and to localities exhibiting glaciation 
in the Yosemite region, and a discussion of the 
nature and origin of "dome" structure in granite 
in the Sierra Nevaela. 

BELL, Robert. The nickel &nd copper 
deposits of Sudbury district, Canada. 

Geol. Soc. Am. Bull., vol. 2, pp. 125-137. 
Abstract, Engineering and Mining Jour., vol. 

51, p. 328, % p. 4°. 
Description of the deposits and of the geology 

of the region, and discussion of the genesis of the 
ores. 

[--] [Summary report on surveys in the 

Sudbury district.] 
Canada Geol. Survey, Reports, vol. 4, new 

series, Report A, pp. 29-32. 1890. 
Includes a brief account of the relations of Hu­

ronian and Laurentian rocks in the region exam­
ined, and notes on the copper and nickel deposits. 

BOWERS, Stephen. Orange county. 
California, 10th Report of Mineralogist, pp. 

399-409. 
Description of geology ; notices of fossiliferous 

localities, with lists of Cretaceous and Tertiary 
fossils, and notes on mineral resources. 

--Ventura County. 
California, 10th Report of Mineralogist, pp. 

758-762, 1890. 
Notes on bituminous rock, building stones and 

fossiliferous Miocene on the upper Sespe. 

BOUVE, T. T. Kame ridges, kettle­
holes, and other phenomena attendant 
upon the passing away of the great ice 
sheet in Hingham, Massachusetts. 

Boston Soc. Nat. Hist., Proc., vol. 25, pp. 
173-182, pl. VI. 

Description of the various features about Hing­
ham, and discussion of their origin and bearing 
on the glacial history of the region. 

BOYD, C.R. Map of the mineral re­
sonrces and railway facilities of south­
west Virginia. 1891. 

BULL.99-2 

BRAINERD, Ezra. The Cb.azy forma­
tion in the Champlain valley. 

Geol. Soc. Am., Bull.; vol. 2, pp. 293-300, pl. 
11. 

Abstract, Am. Geologist, vol. 7, p. 378, ½ p. 
Descriptions of detailed sections, and note on 

the distribution of the Chazy in other regions. 

BRANNER, John C. The relations of 
the State and National Geological Sur­
veys to each other and to the geologists 
of the country. 

Am. Assoc. Adv. Science, Proc., vol. 39, pp. 
219-237. 

--Preface. 
Arkansal'l Geol. Survey, Report for 1889, 

vol. 2. The Geology of Crowley's Ridge by R. 
E. Call, pp. xI-xix, map. 

Includes a brief discussion of the origin of Crow­
ley's Ridge. 

--Introduction. 
Arkansas Geol. Survey, Report for 1888, 

vol. 4, Geology of Washington county by F. W. 
Simonds. pp. XI-XIV 

Includes a stratigraphic column of the forma­
tions of Washington county, and references to 
the Eureka (Devonian?) shale and Lower Silurian 
sandstone exposures. 

-- Bauxite in Arkansas. 
Am. Geologist, vol. 7, pp. 181-183. 
Science, vol. 17, p. 171, ½ p. 4°. 
Engineering and Mining Jour., vol. 51, p. 

114, ¾ col. 4°. 
Description of its character, geologic relations 

and composition. 

BRIGHAM, W. T. On the recent erup­
tion of Kilauea. 

Am. Jour. Sci., 3d series, vol. 41, pp. 507-510. 
Report to W. D. Alexander, Surveyor General. 

BROADHEAD, G. C. The Ozark se­
ries. 

Am. Geologist, vol. 8, pp. 83-35. 
Account of the distribution, character, and stra· 

tigraphy of the series in Missouri, and discussion 
of the relations and equivalency of its members. 

BROOKS, T. B. Geology of the Mar­
quette iron region. A correction. 

Am. Jour. Sci., 3d series, vol. 41, p. 160, ½ p. 
Notice of the drift nature of a certain crystal­

line rock outcrop referred to in his report; Geol­
ogy of Michigan, 1873, vol. 1. 

BROWN, J. A. Amador county. 
California, 10th Report of Mineralogist, pp. 

98-123. 1890. 
Account" of mines with incidental references to 

geologic features. 

-- Calaveras county. 
California, 10th Report of Mineralogist, pp. 

147-152. 1890. 
Account of mines with brief, incidental geologia 

references. 
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BROWN, W. G., and CAMPBELL, H. 
D. Composition of certain Mesozoic 
igneous rocks of Virginia •. 

Geol. Soc. Am. Bull., vol. 2, pp. 339-348. 

Abstracts Am. Geologist, vol. 8, p. 54, ½ p.; 

Am. Naturalist, vol. 25, pp. 1002-1003, ½ p. 
Petrographic descriptions and chemical analy­

ses of rorks from several localities, with notes on 
their occurence. 

BROWNE, Ross E. The ancient river 
beds of the Forest hill divide. 1

1 

California, 10th Report of Mineralogist, pp. 
435-465; 2-sheet map in accompanying pocket. 

BROWNE, Ross E.-Continued. 
An account of their relations and & di!cussio12 

of their history. 

BRYSON, John. The so-called sand 
dunes of East Hampton, Long l!!land. 
[New York.] 

Am. Geologist, vol. 8, pp. 188-190. 
Points out their nature and discUBses their bi­

tory and significance. 
-- Excursion across Long Island [~Tew 

York.] 
Am. Geologist, vol. 8, pp. 332-333. 
Account of glacial features between Eastpon 

and Wading river, and discussion of thoirsignifi· 
cance. 

C. 
California. 

Alameda county, GOODYEAR. 
Amador county, BROWN. 
Ancient river beds of the Forest hill 

divide, BROWNE. 
Antiquities from Tuolumne Table 

mountain, BECKER. 
Analyses of rocks, CHATARD. 
Asphaltum mine, Ventura county, 

HILGARD. 

Butte county, MINER. 
Calaveras county, BROWN. 
Chemistry of Mount Diablo rocks, 

MELVILLE. 

Colusa county, GOODYEAR. 
Coniferous wood saturated with bit­

umen, FORD. 
Contra Costa county, GOODYEAR. 
Cretaceous of northern California, 

DILLER. 

Classification of mountain ranges, 
UPHAM. 

Colorado desert, ORCUTT. 
Cretaceous of North America, WHITE, 

C.A. 
Early Cretaceous, BECKER. 
Flooding of the Colorodo desert, 

POWELL. 

Fr sno county, GOLDSTONE. 
Ga w ll t ummerlan , WHEELAN. 

of Mo h r Lode region, AIR-

Tri 

p cu-

California-Continued. 
Lassen county, PRESTON, 
Los Angeles county! PRESTON, 
Manganese deposits, PENROSE, 
Marion county, GOODYEAR. 
Mariposa county, PRESTON, 
Mendocino county, GOODYEAR, 
Merced county, WATTS. 
Mining of gold ores, HAMMOND, 
Modoc county, PRESTON, 
Mohawk lake beds, TURNER, 
Monterey connty, ANGEL. 
Mount Diablo, TURNER. 
Napa county, GooDYEAR 
Nevada county, HOBSON. 
Orange county, BOWERS. 
Placer county, HOBSON. 
Pico Canon oil field, NORTH, 
Plumas county, PRESTON. 
Report, California division, U. 

Geol. Survey, BECKER. 
Report, Cascade division, U.S. G 

Survey, DILLER. 
Rincon hill well, IRELAN, 
San Joaquin county, WATTS, 

Siskiyou county, HOBSON. 
Searle's borax mar h, DE GROOT. 
Santa Cruz county, W .ATTS. 

Santa. Barbara county, .A .·G 

HODSON. 
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Californla-Continued. 
Sutter county, PRESTON. 
Tertiary and post-Tertiary changes of 

Pacific Coast, Le Conte. 
Titanic oxide in soils, DUNNINGTON. 
Tulare county, ANGEL. 
Trinity county, MILLER. 
Tuolumne county, GOLDSTONE. 
Ventura county, BOWERS. 
Yolo county, GooDYEAU. WATTS. 

CALL, R. Ellsworth. The Geology of 
Crowley's ridge. 

Arkansas Geol. Survey, Report for 1889, vol. 
2, pp. 1-223, plate. 

Abstract Am. Naturalist, vol. 25, p. 823, ¾ p. 
Descriptions of Tertiary and Pleistocene forma­

tions in the Crowley's ridge region, especially in 
St. Francis county, and review of the geologic 
history. Accompanied by sections, and colored 
geologic map of the western part of St. Francis 
county. 

--The Tertiary silicified woods of 
eastern Arkansas. 

Am. J our. Sci., 3d series, vol. 42, pp. 394-401. 
Description of their occurrences and characters, 

and discussion of their age, stratigraphic distri­
bution and conditions of silicification. Compari­
son with silicified woods of California and else­
where. 

CAL VIN, S. Additional notes on the 
Devonian rocks of Buchanan county, 
Iowa. 

Am. Geologist, vol. 8, pp.142-145. 
Abstract, Am. Naturalist, vol, 25, p. 1127, 4 

lines. 
Calls att.ention to the occurrence of a brecciated 

limestone bed at the base of the Devonian, gives 
a resume of the various members exposed in 
Buchanan county, and discusses the stratigraphic 
relations of certain beds. 

Cambrian. 
.Appalachian ( Ve1·mont to A lab am a). 

Overthrust fault in Vermont, WAL­
COTT. 

American opinion on the older rocks, 
WINCHELL, A. 

New Jersey Geo 1. Survey, Report, 
[Age of white limestones] AM. GE­
OLOGIST. DANA. SMOCK. 

. Overlap relations at base of Paleozo­
ics, WALCOTT. 

Age of Stockbridge limestone,WoLFF. 
Iron ores of Minnesota, WINCHELL, 

N. H. and H. V. 
Equivalents of Minnesota iron ores, 

WINCHELL, N. H. 
Metamorphism of conglomerate 

schist, WOLFF. 
Identity of lower Cambrian in Rut­

land region, J A.MES, 

Cambrian-Continued. 
Grey lock synclinorium, DALE. 
Douglas region, central Massachu­

setts, EMERSON. 
Reporti division of Archean Geology, 

[Massachusetts] U.S. Geol. Survey, 
PUMPELLY. 

Cambrian of North America, WAL­
COTT. 

Fauna of lower Cambrian, WALCOTT. 
American opinion on the older rocks, 

WINCHELL, A. 
Excursion across App a 1 a chi ans 

[Maryland], WILLIAMS, G. H. 
Sandstones of Chester Valley, RAND. 
Post-Archean age of white limestone 

of Sussex county, New Jersey, 
NASON. 

Artesian wells in eastern Pennsyl­
vania, CARTER. 

Manganese deposit at Cremora, Vir­
ginia, HALL, C. W. 

Structure of Blue Ridge in Virginia, 
HITCHCOCK. GEIGER and KEITH. 

Piedmont plateau in Mary 1 and, 
KEYES. WILLIAMS, G. H. 

Cambrian of North America, WAL­

COTT. 
[Plateau region of Alabama.] Preface, 
. SMITH. 

Cahaba coal field region, MCCALLEY, 
SMITH. 

Overthrust faults of southern Appa­
lachians, HAYES,, 

Geological survey of Georgia, SPE~­
CER. 

Iron ores of Virginia, PECHIN. 
South Valley hill [Pennsylvania], 

RA.ND. 
Canada. Structure of Selkirk range, 

DAWSON, G.M. WALCOTT. 
NovaScotia,FARIBAULT. MONCKTON. 
Notes on Cambrian faunas, MAT­

THEW. 

West Kootanie district, DAWSON, 
G.M. 

Yukon and Mackenzie basins, McCON­
NELL. 

Causes of spread of Cambrian fau­
nas, MATTHEW. 

New horizon in St. John group, MAT-
THEW. 

Fauna of St.John group, MATTHEW. 
Environs of Quebec, MARCOU. 
Summary reports of Geological Sur-

vey' SELWYN. 



20 RECORD OF NORTH AMERICAN GEOLOGY FOR 1891. (BULL. 99. 

Cambrian-Continued. 
Cambrian of North America, vV AL­

COTT. 
Fauna of Lower Cambrian, WALCOTT. 
American opinion on the older rocks, 

WINCHELL, A. 
Illinois. Economic geology, Wo RTHEN. 
Lake Superior region. Relations of east­

ern sandstones, Keweenaw point, 
W .ADSWORTH, 

Genesis of iron ores, KIMBALL. 
South trap range, w ADSWORTH 
Cambrian of North America, WAL-

COTT. 
American opinion on the older rocks, 

WINCHELL, A. 
Record of observations, WINCHELL, 

N.H. 
Marquette and Keweenaw district, 

WADSWORTH. 
Fauna of Lower Cambrian, WALCOTT. 

West of the Mississippi Rivm·. Central 
basin of Texas, CURTICE. 

Central mineral region of Tex as, 
COMSTOCK. 

Cambrian of North America, WAL­
COTT. 

Ozark series, BROADHEAD. 
Report, Rocky Mountain division, U. 

s. Geol. Survey' EMMONS. 
Genesis of iron ores, KIMBALL. 
Ore deposits of Pioche, Nevada, MAY­

NARD. 
Great falls co~l field, Montana, NEW­

BERRY. 
Report, Montana division, U.S. Geol. 

Survey, PEALE. 
General and nomenclature. Causes of 

spread. of Cambrian faunas, MAT­
TIIEW. 

ote on Cambrian faunas, MATTHEW' 
Fauna of the lower Cambrian, JAMES, 

io raphical notice of E. Emmons, 
MARCOU. Allll. 

, ology of environs of Quebec, MAR-
CO. 

orth America, WAL-

group rock , 

r rocks, 

Campbell, H. D., and BroWD, W. G.­
Continued. 

Am. Naturalist, vol. 25, pp. 1002-1003, ½ p. 
Petrographic description with chemical analyse= 

of rocks from several localities, with notes on their 
occurrence. 

Canada, including all of British 
America. Age of the Catskill flora, 

DAWSON, J. W. 
American opinions on the older rocks, 

WINCHELL, A. 
Auriferous series of Nova Scotia, 

MONCKTON. 
Area and duration of Lake Agassiz, 

UPHAM, 
A last word with the Hnronian, 

WINCHELL, A. 
Ashestus, ELLS. 
Beach phenomena at Quaco, New 

Brunswick, WHITTLE, 
Age of rocks at Quebec, SELWYN, 
Cambrian of North America, WAL­

COTT. 
Carboniferous fossils from Newfound­

land, DAWSON, J. w. 
Carboniferous conglomerate of Nov 

Scotia, GILPIN. 
Causes of spread of Cambrian faun , 

MATTifEW. 
Classification of Quebec group rocks 

WALCOTT. 
Chazy formation in the Champl · 

valley' BRAINERD. 
Chemical contributions, HoFFM~ -. 

Country northwest ofLake Snpe ·or, 
LAWSON, 

Country north of Leaser Slave la 
McCONNELL. 

Cretaceous formations of No 
America, WHITE, C. A. 

Criteria of engla.oial and snbgl 
drift, UPHAM, 

Cretaceous ofNorth America, W 
C. A. 

Davis on the Iroquois beach, PE1-

Devonian of Cape Breton, GILPC • 

Deformation of the Algonquin 
PENOER. 

Devonian and Carboniferon 
H .. 

E 
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Canada, including all of British 
America-Continued. 

Fauna of St. John's group, MATTHEW. 
Fauna of lower Cambrian, WALCOTT, 
Formation of Toronto island, CLARK, 

L. J. 
Fish remains, New Brunswick, 

MATTHEW, 

Foraminifera and radiolaria from 
Cretaceous of Manitoba, TYRRELL, 

Fossil plants from Similkameen val­
ley, DAWSON, J. W. 

Fossils from Silurian of Saskatchewan 
district, WHITEAVES. 

Genesis of manganese deposits, New 
Brunswick, WHITTLE. 

Glacial Lake Agassiz in Manitoba, 
UPHAM. 

Glacial geology of Cape Breton, 
HONEYMAN. 

Gleanings in Nova Scotia and Cape 
Breton, HONEYMAN. 

Geology of environs of Quebec, 
MARCOU. 

Geology of Steep rock lake, Ontario, 
SMYTH. 

Gold series, Nova Scotia, FARIBAULT. 
Glacial lakes in Canada, UPHAM. 
Geology of Quebec city, AMr. 
Geology of Selkirk range, DAWSON, 

G. M. WALCOTT, 

Glaciation of Great Plains region, 
DAWSON, G. M. 

Granites of British Columbia, ADAMS. 
High level shores of Great Lakes and 

their deformation, SPENCER. 
Inequality of distribution of engla­

cial drift, UPHAM, 
Infusorial earths of Pacific coast, 

EDWARDS. 

Labrador coast, PACKARD. 
Lake Superior stratigraphy, LAWSON. 
Later physiographic geology of 

Rocky mountain region, DAWSON, 
G.M. 

Lake Superior stratigravhy, LAW­
SON. VAN HISE. 

Manganese deposits, PENROSE. 
Metallic iron in Huronian on Lake 

Huron, HOFFMAN. 
Mineral resources of Quebec, ELLS. 
Old channel of Niagara river, Sco­

VELL. 

Petrographic differentiation in dikes 
of Rainy lake region, LA.WBON. 

Canada, including all of British 
America-Continued. 

Pleistocene of Winnipeg basin, TYR 
RELL. 

New horizon in St. John group 
MATTHEW. 

Nickel and copper deposits of Sud 
bury,BELL. BARLOW. 

Northern New Brunswick and Que 
bee, BAILEY. 

Northern extension of earlier Cre­
taceous, DAWSON, G. M. 

Notes on Kootanie mines of British 
Columbia, LEDOUX. 

Notes on Cambrian faunas, MATTHEW, 
Picton and Colchester counties, 

Nova Scotia, FLETCHER. FARI­
BAULT. 

Post-Pliocene continental subsidence 
versus glacial dams, SPENCER. 

Quebec group of Logan and Billings, 
AMI. 

Report of field observations [Sudbury 
region], WINCHELL, N. H. 

Report on Sudbury district, BELL. 
Report on region south of Grand 

Trunk railway, ELLS. 
Review of Quaternary era, UPHA.M. 
Silicified glass breccia, Sudbury dis­

trict, WILLIAMS, <1. H. 
St. Maurice district, ADAMS. 
Southern invertebrates on shores of 

Acadia, GANONG. 
Subsidence in late glacial times in 

St. Lawrence region, HITCHCOCK. 
Surface geology of Southern New 

Brunswick, CHALMERS. 
Summary reports for 1889, SELWYN. 
Surface geology of Pictou coal field, 

POOLE. 
Vertebrata of the Northwest terri­

tory, COPE. 
West Kootanie district, British Co­

lumbia, DAWSON, G. M. 
Was Lake Iroquois an arm of the 

seaf DAVIS. STONE. SPENCER. 

Carboniferous. 
.Appalachians to Mississippi river. Age of 

Cincinnati anticlinal, FCERSTE. 
Cuyahoga shale and Waverly prob­

lem' HERRICK. 
Genesis of iron ores, KIMBALL. 
Local deposit of Chester sandstone 

[Illinois], NICKLES. 
Map of Kentucky, PROCTER, 
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Carboniferous-Continued. 
Jackson and Rockcastle counties, 

Kentucky, SULLIVAN. 
Stratigraphy of coal field of Pennsyl­

vania, Ohio, and West Virginia, 
WHITE, J.C. 

Economic geology [Illinois], WoR-
Tl'l:EN. 

Geologic map of Illinois, WORTHEN. 
Geological notes, Illinois, GRESLEY. 
Devonian and Carboniferous, correla-

tion, WILLIAMS, H. s. 
Basanite from Indiana, GOLDSMITH. 
Western Kentucky, ORTON, 

Oanada. West Kootanie district, DAW­
SON, G. M. 

Devonian of Cape Breton, GILPIN. 
Giacial geology of Cape Breton, 

HONEYMAN, 
Gleanings in Nova Scotia and Cape 

Breton, HONEYMAN. 
Structure of Selkirk range, DAW­

SON, G. W. 
Carboniferous fossils from New 

Brunswick, DAWSON, J. W. 
Age of the Catskill flora, DAWSON, 

J.W. 
Nova Scotia, FLETCHER. FARIBAULT. 

GILPIN. 
Manganese deposits of New Bruns­

wick, WHITTLE. 
Qua.co, New Brunswick, WHrrTLE. 
Devonian and Carboniferous, corre­

lation, WILLI.A.MB, H. S. 
Manganese deposits, PENROSE. 

MiBBiBsippi rive,· to Rocky mountains. 
Reade's theory of origin of moun­
tain ranges, READE. 

Crinoids from Le Grande, Iowa, 
w A.CHM.A.CH and SPRINGER. 

Carboniferous-Continued. 
Report on northwestern Texas, CUM· 

MINS. 
Results of Texas Survey, DUMBLE. 
Washington county, Arkansas, 

SIMONDS. 
Analysis of limestone from Kansas, 

STOKES. 
Fayetteville-Hunts vi 11 e section. 

HARRIS. 
Stratigraphy of central Iowa, KEYES, 
Fossil faunas of central Iowa, KEYES, 
Redrock sandstone of Marion county, 

Iowa, KEYES. 
Clays and building stones of west 

central Kansas, LADD. 
Crinoids from Missouri, MILLER, 
Igneous rocks, Arkansas, WILLIAMS, 

J. F. 
Report on Trans-Pecos Tex as , 

STREERUWITZ, 
Cretaceous [Trans-Pecos Tex as]. 

TAFF. 

Central mineral region of Tex 
COMSTOCK. 

Central basin of Texas, CURTICE, 
Rocky Mountains to Pacific Coast. De­

vonian and Carboniferous, correla­
tion, WILLIAMS, H. S. 

Report of Montana division, U. 
Geol. Survey, PEALE. 

Great falls coal field, Montana, i.:·e -

BERRY. 

Mother lode region, California, FAIB­
BANKS. 

Amador county, California, BRO -·· 

Placer and Nevada counties, Califor­
nia, HOBSON, 

Analysis of sandstones from .Aruo 
CHA.TARD. 

Virginia to Alabama. Coal measu 
plateau region of Alabama 
CALLEY. IB ON. MITH, 

Cahaba coal :field, Alabama, 
SQUIRE. MCCALLEY, 

Warrior coal field of Alabama F 

c-
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Carboniferous-Continued. 

Geological Survey of Georgia, SPEN­
CER. 

Excursion across Appalachians 
[Maryland], WILLIAMS, G. H. 

General and Nomenclatu1·e. Age of the 
Catskill flora, DAWSON, J. w. 

Geologic position of the Catskill 
group, PROSSER. 

Stratigraphy in central Iowa, KEYES. 

What is the Carboniferous system? 
WILLIAMS, H. s. 

Devonian and Carboniferous, correla­
tion, WILLIAMS, H. S. 

CARSON, J. P. Notes on the excava­
tion of the new Cl'oton aqueduct. 

Am. Inst. Mining Engineers, Trans., vol. 19, 
pp. 705-760. 

Includes a brief account of the rocks passed 
through. 

CARTER, Oscar C. S. Feldspar bed in 
Laurentian (?) gneiss [Montgomery 
county, Pennsylvania]. 

Am. Phil. Soc., Proc., vol. 29, pp. 49-50, % p. 
Account of its geologic relations. 

-- [Artesian wells in eastern Pennsyl­
vania]. 

Am, Phil. Soc., Proc., vol. 29, pp. 43-45, 47-49. 
Well records in Newark formation, Lower Silu­

rian limestone, "Potsdam sandstone," and Chester 
valley clays in Montgomery county, and in mica 
schist at Philadelphia, and near Radnor, Delaware 
county. 

CARY, Austin. Geological facts noted 
on Grand river, Labrador. 

Am. Jour. Sci., 3d series, vol. 42, pp. 419-421, 
616. 

Notes on topographic and geologic features of 
the Grand or Hamilton river region; its gorge, 
falls, crystalline rocks, valley deposits, and ad­
jacent plateau country. 

Central America. 
Elevation and subsidence d11.ring the 

glacial period, UPHA.M. 
Elevation and subsidence in Central 

America, JUKES-BROWN. 
Elevation of America in Cenozoic 

periods, DALL. 
Evidences of a glacial epoch in Nica­

ragua, CRAWFORD. 
Geology of Nicaragua, CRAWFORD. 
Human footprints in volcanic mud 

in Nicaragua, CR.A. WFORD. 
Correlation of changes of level in 

North America and the Caribbean 
region, UPHAM. 

Neolithic man in Nicaragua, C RA w­
j"QRD, 

Central America-Continued. 
Recent earthquakes in Nicaragua., 

CRAWFORD, -
Researches in Yucatan, HALPRIN. 
Review of Quaternary era, UPHAM. 
Viejo Range of Nicaragua, CRAW-

FORD, 

CHALMERS, Robert. Report on the 
surface geology of southern New Bruns­
wick, to accompany quarter sheet maps 
1 S. W., 1 S. E., and 1 N. E. 

Canada Geol. Survey Reports, vol. 4, new 
series, Report N., 92 pages, plate 3, maps in accom­
panying atlas, 1890. 

Abstracts, ibid,, Report A, pp. 38-43; Am. 
Geol.ogist, vol. 8, pp. 394-395, % p. 

Description of physiography ; glacial strioo ; 
glaci.al, fresh water and marine deposits of various 
kinds; discussion of the denuding agencies which 
have affected the region, and of Tertiary and post­
Tertiary oscillations of level, and classification of 
soils and subsoils. 

CHAMBERLIN, T. C. .A proposed 
system of chronologic cartography on 
a physiographic basis. 

Geol. Soc. Am., Bull., vol. 2, pp. 542-544. 
Abstract, Am. Geologist, vol. 8, p. 260, ½ p. 
Remarks on chronologic classification of topo-

graphic forms, and description of a system of 
devices for their representation on geologic maps. 

-- The attitude of the eastern and 
central portions of the United States 
during the glacial period. 

Am. Geologist, vol. 8, pp. 233, 267-275. 
Discussed by W. Upham, ibid., pp. 223-234. 
Read to Am. Assoc. Adv. Science, 1891. Dis-

cussion of the bearing of various evidences in the 
Mississippi basin. 

-- [The Cincinnati ice dam.] 
Am. Geologist, vol. 8, p. 233, 4 lines. 
Discussion of paper by F. Leverett, read to 

A.m. A.ssoc. Adv. Science, 1891. 

-- The present standing of the several 
hypotheses of the cause of the glacial 
period. 

Am. Geologist, vol. 8, p. 237, % p. 
Astract of paper read to Geological Society of 

America, 1891. 

- and SALISBURY, R. D. On the 
relationship of the Pleistocene to the 
pre-Pleistocene formations of the Mis­
sissippi basin· south of the limits of 
glaciation. 

Am. Jour. Sci., 3d series, vol. 41, pp. 359-377. 
Also in part in Arkansas Geol. Survey, Report 
for 1889, vol. 2. The Geology of Crowley's ridge, 
by R. E. Call, pp. 224-241!. 

Discussion of the relations of the glacial drift, 
loess ancl orange sand formations and their bearing 
on the geologic history of the region, 
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CHANCE, H. M. The resources of the 
Black hills and Big Horn country, 
Wyoming. 

Am. Inst. Mining Engineers, Trans,, vol. 19, 
pp. 49-58. 

Includes brief general references to geology of 
the region. 

CHAPIN, J. H. Some geological feat­
ures of Meriden. 

.Meriden Sci. Assoc., Trans., vol. 4, pp. 58-61. 
Includes brief references to certain fragmental 

ciruptive materials in the Newark formation, to 
disturbed beds of clay and sand, and an eskar. 

CHARLTON, 0. C. On the occurrence 
of Mammoth remains in Franklin 
county, Kansas .. 

Kansas .A.cad, Science, Trans., vol. 12, p. 74, 

%P• 
Includes an account of the formation in which 

they occur. 

CHATARD, T. M. Keratophyre from 
Marblehead Neck, Massachusetts. 
[Analyses.] 

U. S, Geol. Survey, Bull., No. 78, p. 121, ½ p. 

-- Eruptive rook from Montana. 
[Analysis.] 

U.S. Geol. Survey, Bull,, No. 78, p. 123, ½ p. 

-- Rocks from California. [Analyses.] 
U.S. Geol. Survey, Bull., No. 78, p. 123. 
Sandstone dike series collected by J. S. Diller. 

--Sandstone from Arizona. [Analysis.] 
lJ, S. Geol. Survey, Bull., No. 78, p.124, ½ p. 
From quarries at Flagstaff. 

CHESTER, Frederick D. The gabbros 
and associated rocks in Delaware. 

CLARKE, F. W. The relative abnn-
dance of the chemical elements. 

U. S. Geol. Survey, Bull,, No. 78, pp. 34--42. 
Includes rock analvses. 

CLARKE, J. M. The fauna, with Goni­
atites intumesoens, BEYRICH, in west­
ern New York. 

Am. Geologist, vol. 8, pp. 86-105. 
Neues Jahrbuch, 1891, vol. 1, pp. 161-168. 
Includes a brief description of the stratigraphic 

relations. 

CLAYPOLE, E.W. The continents and 
deep seas. [Abstract.] 

Geol. Soc. Am., Bull., vol. 2, pp. 10-16. 
A review of the '' stability of continents" ques­

tion. 

-- Megalonyx in Holmes county, Ohio, 
1890. Part 2. 

Am. Geologist, vol. 7, pp. 149-153. 
Includes a discussion of the a~e and history of 

the containing deposit. 

-- An episode in the Paleozoic history 
of Pennsylvania. 

Am, Geologist, vol. 8, pp. 152-159. 
A sketch of the stratigraphy, fauna, and history 

of the Hamilton group in Pennsylvania. 

-- On a deep boring near Akron, Ohio, 
and its significance. 

Am. Geologist, vol 8, p. 239, ! p. 
Abstract of paper read to Geological Society of 

America, 1891. 

COLEMAN, A. P. Drift rocks of central 
Ontario. 

Canada, Royal Soc., Trans., vol. 8, section 3 

pp. 11-18. 
Description of their petrography. 

Am. Naturalist, vol. 25, p. 1002. 
Abstract of paper described in Record for 1890. 

CLARK, Ellis. Notes on the progress 
of mining in China. 

Colorado. Alunite and diaspore from 
the Rosita hills, CROSS. 

Am. In t. Mining Eagineers, Trans., vol. 19, 
pp. 671-595. 

Includes incidental geologic notes. 

CLARK, L. J. TheformationofToronto 
island. 

anadfan In.st. Tran.s., vol. 1, pp. 37-38, 239-
246. 

Ab•tmct, m . .. ' aturali t vol. 25, pp. 821-822, 
6 lin . 

Asphaltum, STONE, 

Devonian a.::ndl. Carboniferous, correla­
tion, Wrr,LIAMS, H. s. 

Cambrian of North America WAL-
COTT, C. D. 

Clas ification of mountain 
UPHAM. 

Cretaceous of North America 
C.A. 

rang -

WRIT 

Florence oil fields ELDRIDGE. 
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Colorado-Continued. 
Supposed Trenton fossil fish, AM. GE­

OLOGIST. 
Stones for building, MERRILL, G. P. 
Vein phenomena, Boulder county, 

FARISH. 

COMAN, C. W. Geological work in the 
southern part of the state. Terrace 
formations of the Atlantic coast and 
along the Delaware river. 

New Jersey Geol, Survey, Report for 1890, 
pp. 129-135. 

Description of the section at Long Branch, 
notes on old shore lines above the present sea 
level, and a brief general account of the Trenton 
gravels. 

COMSTOCK, Theodore B. Report on 
the geography and mineral resources of 
the central mineral region of Texas, 
chiefly south of the San Saba river, 
north of the Pedernales river, west of 
Burnet, and east of Menardsville and 
Junction city. 

Texas Geol. Survey, Second Annual Report, 
pp. 553-664, 3 maps. 

An extended account of the economic geology 
with a general description of the Archrean "Ep­
archean," Cambrian, Silurian, Devonian(?), and 
Carboniferous formations, and in a supplemental 
part a discussion of the stratigraphic geology and 
history, including a consideration of the original 
nondeposition of the Cretaceous in the central 
mineral region. Accompanied by map indicating 
distribution of economic minerals. 

--Tin in central Texas. 
Engineering and Mining Jour., vol. 51, pp. 

117-118, 4°. 
With incidental account of the geology of the 

containing rocks. 

Connecticut. Clay concretions, AMES. 
Cambrian of North America, WAL· 

COTT. 
Dates of origin of topographic forms, 

DAVIS. 

Fossiliferous black shales in Trias, 
DAVIS. LOPER. 

Features of nonvolcanic ejections in 
New Haven region, DANA. 

Geological features of M. er i a en, 
CHAPIN, 

Lost volcanoes, DAVIS. 
Percival's map of the Jura-Trias and 

the upturning of the formation, 
DANA. 

Physical geography of outhern New 
England, DAVIS. 

Stones for building, MERRILL, G. P. 
The four" rocks" about New Haven, 

DANA, 

Connecticut-Continued. 
Triassic of Connecticut v ~, 11 e y, 

DAVIS. 

COPE, E. D. The vertebra.ta of the Ter­
tiary and Cretaceous rocks of the North­
west Territory. Canada, Geol. Survey, 
Contributions to Canadian Paleontol­
ogy. The species from the Oligocene 
or lower Miocene beds of the Cyprel:ls 
hills, 25 pages, 15 plates, 4°. Montreal. 

With a brief prefatory comment on the age of 
the beds. 

-- On some new fishes from South Da­
kota. 

Am. Naturalist, vol. 25, pp. 654-658. 
Descriptions, followed by brief discussion of the 

age of the containing beds. 

COX, E. T. Floridite: A new variety 
of phosphate of lime. 

Am. Assoc, Adv, Science, .t:>roc., vol. 39, pp. 
260-262. 

Occurrence, nature, and origin. 

-- Florida pebble and nodular phos-
phate of lime. · 

Engineering and Mining Jour., vol. 52, pp. 
359-360. 

Read to Am. Assoc. Adv. Science, August, 1891. 
A general account of its distribution, strati­

graphic relations, and constitution. Includes a 
letter by Henry Wurtz concerning the mineral 
nature, origin, and agricultural value of the Flo­
rida phosphates. 

CRAGIN, F. W. On the Cheyenne sand­
stone and the Neocomian shales of Kan­
sas. 

Am. Geologist, vol. 7, pp. 23-33. 
Continued from vol. 6, page 238. Accounts of 

stratigraphy, distribution and relations, and dis­
cussion of the equivalency of the formations. 

-- On a leaf-bearing terrane in t h e 
Loup fork. [Near Alpine in the "Pub­
lic Lands."] 

Am. Geologist, vol. 8, pp. 20-:12. 
Description of the beds and their stratigraphic 

relations. 

-- Further notes on the Cheyenne sand­
stone and Neocomian shales . 

Am. Geologist, vol. 7, pp. 179-181. 
Discussion of their identity and strati graphic 

relations in the Kansas-Texas region. 

CRAMER, Frank. On the rock-frac­
tures at the Combined Locks Mill, Ap­
pleton, Wisconsin. ' 

Am. Jour. Sci., 3d series, vol. 41, pp. 432-434. 
Description of the fracture at the mill and of 

other similar fractures in the same region, and 
discussion of their cause. 

CRAWFORD, J. Recent earthqnakes 
in Nicaragua. 
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CRAWFORD, J.-Continued. 
Am. Geologist, vol. 7, pp. 77-86, pl. 2. 
Includes a brief account of the geology of the 

Granada region. 

-- Neolithic man in Nicaragua. 
Am. Geologist, vol. 8, pp. 160-166. 
Describes the relations and characters of the 

stratum containing footprints, and discusses its 
age and history. 

-- Viejo range of Nicaragua. 
Am. Geologist, vol. 8, p. 190, ½ p. 
Calls attention to extensive recent deposits of 

carbonate of lime from springs at the base of the 
Yiej o range. 

-- Evidences of a glacial epoch in Nic­
aragua. 

Am. Geologist, vol. 8, pp. 306-314. 
Account of striated surfaces and bowlder de­

posits and discussion of evidence of post-Pliocene 
elevation and subsidence of the region. 

-- Human footprints in recent volcanic 
mud in Nicaragua. 

British Assoc. Adv. Science, Report of 60th 
meeting, p. 812, ½ p. 

Account of r elations, and history of the forma­
tion in which the footprints are contained. 

-- On the geology of Nicaragua. 
British Assoc. Adv. Science, Report of 60th 

meeting, pp. 812-813, ½ p. 
An enumeration of the general geologic feat_ 

urea. 

CRESSON, Hilborne T. A fallen for­
est and peat layer underlying aqueous 
deposits in Delaware. 

Geol. Soc. Am., Bull., vol. 2, pp. 640--642. 
Sketch of the geology of the lower Delaware 

Cretaceous-Con tinned. 
Expedition into southern Maryland, 

CLARK, W. B. 
Stratigraphy in Alabama, W HITE,C.A. 
Cretaceous and Eocene of Maryland, 

UHLER. 
Variations in Alabama, LANGDON. 
Cahaba coal :field region map, MC­

CALLEY. SQUIRE. SMITH. 
Potomac formations of North Caro­

lina and flora of Tuscaloosa forma­
tion, FONTAINE. 

Section along Chattahoochee river, 
LANGDON. 

Georgia Geological Survey report, 
SPENCER. 

Canada. Yukon and Mackenzie basins. 
McCONNELL. 

Structure of the Selkirk range, 
DAWSON, G. M. 

Later physiographic geology of 
Rocky mountain region, DAwso.·, 
G.M. 

Northern extension of earlier re­
taceous, DAWSON, G. M. 

Country north of Lesser Slave lake 
McCONNELL, 

Foraminifera and radiolaria from 
Manitoba, TYRRELL. 

Lake Winnipegosis and Porcupin 
mountains, TYRRELL. 

Cretaceous formations of Nor h 
America, WIDTE, C. A. 

Glacial Lake Agassiz, UPHAM. 
Illinois. Drift deposits, WORTHEN­
Kentuclcy. Map. PROCTOR. 
Mexico. Cretaceous deposits of Mexico 

HILPRIN. 
Cretaceous formations ofNorthAm r­

ica, WHITE, C. A. 
Mississippi river to Rocky mountai · 

Comanche series of Texa -Arka · 
sas region, RILL. 

Extension of Cretaceou over Cen 
ba in of Texa , WALCOTT. !IJ: 

ou h rn interjor of orth Ameri 
WmTE . A. 

Texa TREERUW!Tl• 
[of Tr n -P co T 

a 1 TI.rx LOW, 
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Cretaceous-Con tinned. 
Notes on geology of New Mexico and 

southwestern Texas, HILL. 
Geology of the Southwest, HILL. 
Report of State Geologist of Texas, 

DUMBLE. 
Report on northwestern Texas, CUM­

MINS. 
Reconnaissance in Indian Territory, 

HILL. 
Report on central mineral region, 

COMSTOCIL 
Concho county, Texas, LERCH, 
Texas Permian and its Mesozoic type 

offossils, WHITE, C. A. 
Salt, Kansas, HAY. 
Northwest Kansas, HAY. 
Iron ores of Minnesota, WINCHELL, 

N. H. and H. V. 
Megalonyx beds in Kansas, UDDEN. 
Kansas salt marshes, HAY. 
Fuel resources of Colorado, LAKES. 
Black Hills and Big Horn country, 

CHANCE. 
Cheyenne sandstone of Kansas, CRA­

GIN. 

Florence oil fields, Colorado, ELD­
RIDGE, 

Interesting occurrence of gold [Col­
orado]' HAUSMANN. 

Geological horizons as determined by 
vertebrate fossils, MARSH. 

Great Falls coal field, Montana, 
NEWBERRY. 

Coal fields of Montana, WEED. 
Pacific Coast region. Faunas of the 

Shasta group, WHITE, C. A. 
Early Cretaceous of California and 

Oregon, BECKER. 
Coal measures of Washington, DEW­

SNAP. 

Orange County, California, BOWERS. 
Report, Cascade division, U. S. 

Geol. Survey, DILLER. 
[Counties in California], GOODYEAR. 
Nevada and Placer counties, Cali­

fornia, HOBSON. 
Geology of Mount Diablo, California, 

'l'UR ER . 

Chemistry of Mount Diablo rocks, 
MELVILLE . 

Coal mining in Oregon, NORTON. 
Lassen and Los Angeles counties, 

California, PRESTON. 
Cretaceous formations of North 

America, WHITE, c. A. 

Cretaceous-Continued. 
Gold ores in California, HAMMOND. 
Ricon Hill well [San Francisco], 

IRELAN. 
[Counties of California], GOODYEAR, 

HOBSON, PRESTON. WATTS. 
Nomenclature. Cretaceous formations 

of North America, Correlation, 
WHITE, C. A. 

Northern extension of earlier Creta­
ceo-i{s in western British America, 
DAWSON, G. M. 

Classification in southern interior of 
North America, ·WHITE, C. A. 

CROSBY, W. 0. Composition of till or 
bow Ider clay. 

Boston Soc. Nat. Hist., Proc., vol. 25, pp. 
115-140. 

Abstract, Am. Jour. Sci., 3d series, vol. 42, p. 
259, ½P· 

Account of analyses of specimens from Boston 
basin region, of the nature of the separated ma­
terials and of the occurrence of salt in the dri.t't. 
Discusses the history and relations of the tills, 
conditions of glacial erosion and transportation 
in the region, and the distribution of glacial and 
nonglacial silts. ' 

-- On the contrast in color of the soils 
of high and low latitudes. 

Am. Geologist, vol. 8, pp. 72-82. 
Technology Quart., vol. 4, pp. 36-45. 
Considers the conditions of occurrence of the 

red soils of the southern states, reviews Russell's 
statements concerning them, and discusses the 
nature and origin of the color. 

CROSS, C. Whitman. Constitution and 
origin pf spherulites in acid eruptive 
rocks. 

Washington, Phil. Soc., Bull., vol. 11, pp. 
411-443, pis. 5, 6. 

Review by Anon., Am. Geologist, vol. 8, pp. 
387-392. 

Description of spherulites from Colorado, dis­
cussion of mineralogic constituents of spheru­
lites, and historical review of spherulite litera­
ture. 

-- On alunite and diaspore from the 
Rosita hills, Colorado. 

Am. Jour. Sci., 3d series, vol. 41, pp. 466-475. 
Includes a geologic sketch of the region, de­

scription of the alunite rocks, and discussion of 
their origin. 

CUMMINS, W. F. Report on the ge­
ology of northwestern Texas. 

Texas, Geol. Survey, Second Annual Report, 
pp. 357-552, map. 

Abstract Am. Jonr, Sci., 3d series, vol. 42, p. 
430, ¾P-

Description of Carboniferous, Permian, •rriassic, 
and Tertiary formations, review of the economic 
geology and agriculture, and descriptions of the 
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CUMMINS, W. F.-Continued. 
several counties in which the larger coal seams 
occur. Accompanied by a map indicating the 
coal measure and Permian areas and the Creta­
ceous border. 

CURTICE, Cooper. [Relations of Pale­
ozoic and pre-Paleozoic rocks in the 
Central basin of Texas.] 

Geol. Soc. Am., Bull. vol. 2, pp. 527-528. 

CURTICE, Cooper-Continued. 
In discussion of " the Comanche series of the 

Texas-Arkansas region," by R. T. Hill. 

CUSHING, H. P. Notes on the Muir 
glacial region, Alaska, and its geology. 

Am. Geologist, vol. 8, pp. 207-230, pis. 3, 4. 
Description of the glaciers and their depo its, 

and discussion of the glacial history of the region 
and the erosive power of the Muir glacier. 

D. 
Dakotas, Area and duration of Lake 

Agassiz, UPHAM. 
Cambrian of North America, WAL­

COTT. 

Conditions controlling artesian well­
boring, HALL, C. W. 

Criteria of englacial and sub-glacial 
drift, UPHAM. 

Devonian and Carboniferous, correla­
tion, WILLIAMS, H. S. 

Glacial Lake Agassiz in Manitoba, 
UPHAM. 

New fishes from South Dakota, COPE, 

DALE, T. Nelson. The Greylock syn­
clinorium. 

Am. Geologist, vol. 8, pp. 1-7. 
Abstract, Am. Jonr. Sci., 3d series, vol. 42 p. 

347, ¼ p. 
A condensed description of the structure and 

stratigraphy of the Grey lock region and a postula­
tion of certain structural principles which are 
therein illustrated. 

DALL, W. M. Elevation of America in 
the Cenozoic periods. 

Geologic I Magazine, 3d decade, vol. 8 pp. 
2 7-288. 

m rlcan Naturali t, vol. 25, pp. 735-736. 
Points out the bearing of evidence in the Pan­

ama and Florida region in review of W. Upham. 

-- On the ag of the Peace creek beds, 
Florida. 

ad • • • l. Proc., 1 1, p. 120, 

DANA, James D.-Continued. 
-- On Percival's map of the trap belts 

of central Connecticut, with observa.­
tions on the upturning or mountain­
making disturbance of the formation. 

Am. Jour. Sci., 3d series, vol. 42, pp. 439-447, 
pl. 16. 

A sketch of some of the features of the area, 
illustrated by a reproduction of a part of Perci­
val's map, and a discussion of the mechanism of 
the uplift. 

-- Annual report of the State Geologist 
of New Jersey for the year 1890, 305 pp., 
8°, 1891. 

Am. Jour. Sci., 3d series, vol. 42, pp. 70-72. 
A review of the contained report by F. L. Na n 

on the age of the crystalline limestones of Su • 
county, New J ersey. 

-- The four "rocks," with walk and 
drives about New Haven, 120 pages, 7 
plates, New Haven 

Tot seen. 
DARTON, N. H. Mesozoic and Ceno­

zoic formations of eastern Virginia and 
and Maryland. 

Geol. Soc. Am., Bull., vol. 2, pp. 431-450, I. 

16. 
Abstracts, Am. Geologist, vol. 8, p. 1 ·, ;_ 

Am. Naturali t, vol. 25, p. 65 , 4 Jin s. 
Description of di tribution, stratigraphy, char­

acters and structllrO of the formation of 

middl~ Atlantic coastal plain, account of ad' 
placement, and sketch of the gPologic h orr 
tho r gion. Illu trat d by a g ologic map. 

-- 'eology of s di rn n tary ro · 
Wa hinuton he t, IaryJand Di tri 

of Columbia. Virginia. 
logical urve . 
Ouid to Wa bin to 
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DARTON, N. H.-Continued. 
-- Record of North American geology 

for 1887 to 1889, inclusive. 
U. S. Geol. Survey, Bulletin No. 75,173 pages. 

Washington. 
List of papers with descriptive notes and index 

references. 

-- Record of N_orth American geology 
for 1890. 

U. S. Geol. Survey, Bulletin No.91, 88 pages. 
Washington. 

List of papers with descriptive notes and index 
references. 

-- Notes on the geology of the Florida 
phosphates. 

Am. Jour. Sci., 3d series, vol. 41, pp. 102-105. 
Abstract, Engineering and Mining Jour,, 

vol. 51, p. 210, 1½ col. 4°. 
Descriptions of the several classes of deposits, 

and discussion of their geologic relations and 
history. 

-- Record of a deep well at Lake Worth, 
southern Florida. 

Am. ,Jour. Sci., 3d series, vol. 41, pp. 105-106. 
Brief notes on materials penetrated in a 1212-

foot well, and statements in regard to the age and 
limits of th e beds. 

-- The relations of the traps of the 
Newark system in [the] New Jersey 
[region]. 

Am. Naturalist, vol. 25, p. 910, ½ p. 
Abstract of paper described in Record for 1890, 

-- On a jointed earth-auger for geolog­
ical explorations in soft deposits. 

Am. Geologist, vol 7, pp. 117-119. 
Engineering and Mining Jour., vol. 51, p. 

401, ½ col. 4°. 
Abstract, Geol Soc, Am., Bull., vol. 2, p. 638, 

8 lines. 
Instructions for its construction and use, 

DAVIDSON, Walter B. M. Suggestions 
as to the origin and deposition of 
Florida phosphates. 

Engineering and Mining Jour., vol. 51, pp. 
628-629, 4°. 

-- A phosphatic chalk at Taplow, Eng­
land. 

Engineering and Mining Jour., vol. 52, p. 
502, ½ col. 4°. 

Extracts from a paper with this title by M. A. 
Strahan, who holds that the phosphoric acid in 
the deposits was mainly derived from fishes. Sug­
gests that the l!'lorida phosphates were similarly 
derived. 

DA VIS, William M. The geological 
dates of origin of certain topographic 
forms on the Atlantic slope of the 
United States. 

Geol. oc, Am., Bull., vol. 2, pp. 541-542, 
645-586. 

Abstract, Am. Geologist, vol. 8, p. 260, ¾ p. 

DA VIS, William M.-Continued. 
A preliminary analysis of the topographic de­

velopment of the Atlantic slope, with a brief 
chapter on genetic topographic classification in 
general, and comments on the representation of 
dates of topographic forms by colored maps. 

-- Introductory statement. Two belts 
of fossiliferous black shale in the Tri­
assic formation in Connecticut. 

Geol. Soc. Am., Bull., vol. 2, pp. 415-424, 430. 
Abstracts, Am. Geologist, vol. 8, p. 118, ½ p. 
Am. Jour. Sci., 3d series, vol. 42, pp. 72-73. 
An account of the relations about Meriden, in 

which are discussed the origin of the deposits, 
formation of the trap sheets, deformation, topo­
graphic expression of structure, and the structure 
and stratigraphy in the Meriden region. Dis­
cussed by B. K. Emerson, p. 430. 

-- [Age and extent of the overthrusts 
in the southern Appalachians.] 

Geo!. Soc. Am., Bull., vol. 2, pp. 153-154, ½ p. 
Abstract, Am. Geologist, vol. 7, p. 262, ¾ p. 
In discussion of paper by C. W. Hayes " The 

overthrust faults of the southern Appalachians." 
Presentation of evidence correlating them with 
the post-Newark deformation and suggestion of 
means for determinining their original extent. 

-- The physical geography of southern 
New England. 

Johns Hopkins Univ., Circulars, vol. 10, No. 
87, pp. 78-79, th p., 4°. 

An analysis of the development of the topog­
raphy of the region from the Cretaceous to the 
present time. 

-- The Triassic sandstone of the Con­
necticut Valley. 

Johns Hopkins Univ., Circulars, vol. IO, No. 
87, p. 79, ½ col., 4°. 

Description of a model illustrating the history 
of the region from the Triassic to the beginning 
of the Pleistocene. 

-- The lost volcanoes of Connecticu L 
Popular Science Monthly, vol. 40, pp. 221-235. 
Account of relations and history of igneous 

members of the Newark formation in the Con­
necticut valley, and description of a model ex­
hibiting the development of the structure of the. 
region. 

--Was Lake Iroquois an arm of the 
sea? 

Am. Geologist, vol. 7, pp. 139-140. 
Reviewed by J. W. Spencer, ibid., pp. 266-267, 

½P-
Discussion of the conditions attending the 

presence of Lake Iroquois, especially in connec­
tion with its outlet. 

-- Structure and origin of glacial sand 
plains. 

Am. Geologist, vol. 7, p. 141, ¾ p. 
Abstract of paper described in Record for 1890. 

DAWSON, George M. On the later 
physiographical geology of the Rocky 
mountain reg:wn in Canada, with epe-
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DAWSON, George M.-Continued. 
cial reference to changes in elevation 
and to the history of the glacial period; 
being the presidential address for the 
year. 

Canada, Royal Soc., Trans., vol. 9, section 4, 
pp. 3-74. pls. 1-3. 

Review of Mesozoic and Tertiary history and 
elaborate discussion of evidence bearing on the 
glacial history of the Rocky mountain and ad­
joining regions. 

- Report on a portion of the West 
Kootanie district, British Columbia. 

Canada, Geol. Survey, Reports, vol. 4, new 
series, r eport B, 66 pages, map, phtes, 1890. 

Abstracts, ibid. r eport A, pp. 7-12; Am, Geolo• 
gist, vol. 8, pp. 392-394. 

Description of a crystalline rock series, in part 
Paleozoic, granites, ore deposits, principal physi­
cal features, glaciation and superficial deposits ; 
detailed notes on mining districte and claims, and 
comments on g lacial history of the region and 
genesis of the ore deposits. Accompanied by a 
map indicating geology along the routes traveled. 

-- Note on the geological structure of 
the Selkirk range. 

Geol. Soc. Am., Bull., vol. 2, pp. 165-176. 
Abstracts, Am. Geologist, vol. 7, pp. 262-263, 

½ p. Am. Naturalist, vol. 25, p. 658, 3 lines. 
Description of the stratigraphy and structure, 

with introductory remarks on the general geol­
ogy of the Canadian Rocky mountain and the in­
terior plateau regions with comparative strati­
graphic lists for each region. Discussed by C. D. 
Walcott, p. 611, ¼P-

-- [Northern extension of earlier Cre­
taceous in western British North 
America.] 

Geol. Soc. Am., Bull., vol. 2, p. 207, ¾ p. 
In discussion of paper by G. F. Becker: 

"Notes on the early Cretaceous of California and 
Oregon." Refers to an occurrence of aucella­
bearing beds in tho far North and remarks on 
tho designation of the earlier Cretaceous of the 
Wet. 

-- [Remarks on glaciation of the Great 
Plain r gion.J 

0 ol. o • Am. Bull., vol. 2, pp. 275-276. 
h tract, Am. G ologl t, vol. 7, p. 143, 5 lines. 

Di u ion of paper by ·w. pham, "Glacial 
Lak of 

DAWSON, J. William-Continued. 
Canada, Royal Soc., Trans., vol. 9, section 4, 

pp. 75-91. 
Including remarks on their age and geological 

bearing. 

-- [The age of the Catskill flora.] 
Am. Geologist, vol. 7, p. 363, % p. 
Letter to C. S. Prosser included in paper " The 

Geological Position of the Catskill Group." 

[DE GROOT, Henry.] The Searles borax 
marsh. 

California, 10th Report of Mineralogist, PP· 
534-539, 1890. 

Includes a record of a boring down to 230 feet. 

Delaware. 
Cambrian of North America, WAL­

COTT. 

Cretaceous formations of North 
America, WHITE, C. A. 

Fallen forest and peat layer underly-
ing aqueous deposits, CRESSON, 

Mesozoic and Cenozoic, DARTO~. 

Stones for building, MERRILL, G. P. 
Submarine channels, LINDENKOHL, 

DERBY, Orville A. On the occurrence 
of xenotime as an accessory element in 

rocks. 
Am. Jour. Sci., 3d series, vol. 41, pp. 308-311. 
Calls attention to its occurrence and a ,ociat 

in Brazil, and in granite from Westerly, Rh od 
Island. 

-- On the magnetite ore districts o 
Jacupiranga and Ipanema, Sao Paulo 
Brazil. 

Am. Jour. Sci., 3d series, vol. 41, pp. 311-3:!1. 
Brief account of geology of the region a 

petrographic description of the rocks. 

-- Nepheline-bearing rocks in Brazil. 
[Abstract.] 

Am. Assoc. Adv. Science, Proc., vol. 39, 
263, ¾P· 

Notices of their nature and associate . 

--Observations on the gene i of certai 
magnetites . . [Abstract.] 

Am . Assoc. Adv. cience, Proc., ml. 
263, 4 lines. 

Brazil. 

DAWSON, J. \ illiam. arboni£ rous Devonian. 

fo ·i l fr m " wfi undland. 
( I. o • Am., null., Yol. 2, r,p. 52 54 , pis. 

21,22. 
I t ct, lm., ( l f{i t ,01. , pp. 259-260, 

A.ppalachians, ... ew York to Alab 
Devonian and Carboniferou 

H. 
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Devonian-Continued. 
Post-glacial anticlinal ridge in New 

York, GILBERT. 
Paint ore mines at Lehigh gap, 

HESSE. 
Union, Snyder, Mifflin, and Juniata 

counties, Pennsylvania, D'INVIL­
LIERS. 

Building stones of New York, 
SMOCK. 

Excursion across Appalachians, 
WILLIAMS, H. s. 

Iron ores of Virginia, PECHIN. 
Overthrust faults of Southern Ap­

palachfans, HAYES. 
Geological survey of Georgia, SPEN­

CER. 
Physical geology of Tennessee, HULL. 
Plateau region of Alabama, MCCAL­

LEY. SMITH, 
Cahaba coalfield, MCCALLEY. SMITH. 

Appala()hians to Mississippi river. Rocks 
at St. Paul, Indiana, BEACHLER. 

Age of Cincinnati anticlinal, 
l!,OERSTE. 

Cuyahoga shale and Waverly prob­
lem, HERRICK. 

Notes on southwestern New York, 
HARRIS. 

Map of Kentucky' PROCTER. 
Jackson and Rockcastle counties, 

Kentucky, SULLIVAN. 
Western Kentucky, ORTON. 
Economic geology [Illinois] WOR­

THEN. 
Map of Illinois, WOR'fHEN. 

Canada. Devonian and Carboniferous, 
correlation, WILLIAMS, H. S. 

Late Winnipegosis and Porcupine 
mountains, 'rYRRELL. 

Nova Scotia, FLETCHER. 
Cape Breton, GILPIN. 
West Kootaniedii,trfot, DA wsoN,G.M. 
Yukon and Mackenzie basins, 

McCONNELL. 
J~e&t of the Mississippi river. Devonian 

rocks of Buchanan county, Iowa, 
CALVIN. 

Washington county, Arkansas, SI­
MONDS. 

Introduction [Washington county, 
Arkansas], BRANNER. 

Contributions to geology of the 
outhwest, HILL. 

Report, Montana division, U.S. Geol. 
Survey, PEALE. 

Devonian-Con tinned. 
Devonian and Carboniferous, corre­

lation, WILLIAMS, H. S. 
Central mineral region of Texas, 

COMSTOCK. 
General and nornenolature. Age of Cats­

kill flora, DAWSON, J. w. 
Geological position of the Catskill 

group, PROSSER. 
Devonian and Carboniferous, correla­

tion, WILLIAMS, H. s. 
DEWSNAP, S. G. The coal measures 

of Washington. 
Engineering and Mining Jour., vol. 52, pp. 

245, 246, %, p. 4°, 
Thickness of beds and character of the coal, 

with incidental reference to geologic relations. 

DILLER, J. S. A late volcanic eruption 
in northern California and its peculiar 
lava. 

U.S. Geol., Survey, Bull. No. 79, 33 pages, 
17 plates. Washington. 

Description of the "Cinder cone" region, its 
lavas, ash field, and ancient lake bed, with dis­
cussion of the age of the eruption, an account of 
the petrographic character of its quartz-basalt, 
and a brief review of the occurrence of quartz­
basalts elsewhere. 

-- Report, Cascade division. 
U. S. Geol. Survey, 10th Report, J. W. Powell. 

pp. 144-147. 1890. 
Includes references to observations on the 

structure of the Crazy mountains in Montana; on 
Aucella beds lying on metamorphics in Cow 
creek valley, Oregon; on a lava stream of Mount 
Shasta in the canyon of the Sacramento; on tuff 
deposits and Cretaceous beds in the northern Sac­
ramento valley ; and on porphyritic eruptions 
along Clear creek, Shasta county, California. 

-- [Relations of the Cretaceous forma­
tions in northern California]. 

Geol. Soc. Am., Bull., vol. 2, p. 206, ½ p. 
In discussion of paper by G. F. Becker, "Notes 

on the early Cretaceous of California and Oregon." 

DUMBLE, E. T. Report of the State 
Geologist for 1890. 

Texas, Geo!. Survey, Second Annual Report, 
pp, v-lxxxviii. 

Includes a general account of the mineral r e­
sources of Texas, pp. xxv-lxviii, and a discussion 
of the artesian water conditions of the stat~, pp. 
lxvii-lxxxviii. 

-- A general description of the iron ore 
district of east Texas. 

Texas, Geol. Survey, Second Annual Report, 
pp. 7-31. 

Abstract, Am. Naturalist, vol. 25, pp. 737,910, 
911, ¾ p. 

Account of topography and strati graphy of the 
region and the mode of occurrence of the ores. 

-- [Iron ore district of east Texas] 
Anderson county. 
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DUMBLE, E. T.-Continued. 
Texas, Geol. Survey, Second Annual Report, 

pp. 303-317. 
Description of stratigraphy and economic re­

sources. 

-- [Iron ore district of east Texas] 
Houston county. 

Texas, Geol. Survey, Second Annual Report, 
pp. 318-326. 

Notes on stratigraphy and economic r esources 
and analyses of soils. 

-- Important results of the Texas 
survey. 

Am. Geologist, vol. 7, pp. 267-269. 

DUMBLE, E. T.-Continued. 
Includes account of the relations of the Tria.SBi0 

to Carboniferous in north Texas as determined by 
Cummins, and of new light on Cretaceous s tratig­
raphy in western Texas due to Streeruwitz. 

DUNNINGTON, F. P. Distribution. of 
titanic oxide upon the surface of the 
earth. 

Am. Jour. Sci., 3d series, vol. 42, pp. 491-495. 
Gives analyses of soils from Virginia, West 

Virginia, Maryland, North Carolina, South Caro­
lina, Indiana, Tennessee, Alabama, Mississipp~ 
Arkansas, Missouri, Montana, Nevada, California, 
and from Europe, Asia, and Oceanica. 

E. 

EAKINS, L. G. Five Cherokee lime­
stones. [Analyses]. 

U. S. Geol. Survey, Bull. No. 78, p. 125, ½ p. 
From the lead-zinc region of southwestern 

Missouri. 

East Indies. Permian, Triassic, and 
Jurassic of Timor and Rotti, R0TH­
PLETZ. 

EDWARDS, Arthur M. Report of the 
examination by means ofthemicroscope 
of specimens of infusorial earths of the 
Pacific Coast of the United States. 

Am. Jour. Sci., 3d series, vol. 42, pp. 369-385. 
Includes n otes on the localities and discussion 

of the st ratigraph ic distribution of the forms. In 
a supplemen tal note considers the age of thti 
" Great Basin" deposits. 

ELDRIDGE, G. H. The Florence oil 
:fields, Colorado. 

Engineering and Mining Jour., vol. 52, p. 422 
½ col. , 4°. ' 

Abstract of paper read to Am. Inst. of Mining 
Engineers, October, 1891. 

Reference to stratigraphic position and depths 
of tho oil-bearing strata. 

ELLS, R . W. Repor t on the mineral r e­
sources of the P rovince of Quebec. 

'anada, Geol. Survey, Reports, vol. 4. new 
series, Report K. 159 pages, 1890. 

A bri f sketch of geology in opening chapte1· 
1101! incidental geologic note for some of tbelocali· 
ti .. 

--Ab ur-

under 

n urY y of 
¾r ncl Trunk 

icllmon 

ELLS, T. W.-Continued. 
Includes a brief reference to the relations and 

age of the pre-Cambrian and Cambrian or later 
slates of the region. 

EMERSON, Benjamin K. On the T ri­
assic of Massachusetts. 

Geol. Soc. Am., Bull., vol. 2, pp. 451-456, pl. 
17. 

Abstracts, Am. Geologist, vol. 8, p. 185, ¾ p. 
Am. Naturalist, vol. 25, p. 910, ½ p. 
Points out the character of the members, refers 

briefly to structural r elations, and discusses the 
currents and conditions of deposition indicated 
by the deposits. Accompanied by a geologic map 

of the Massachusetts area. 

-- [Arkose beds in the Newark forma­
tion and relations of the rocks, in the 
Douglas region in central Massachu­
setts.] 

Geol. Soc. Am., Bull., vol. 2, p. 223, ¾ p. 
In discussion of paper by R. Pumpelly: "The re­

lation of secular rock disintegration to certain 
t ransitional crystalline schists. " 

-- [Stratigraphic position of fossil-bear­
ing beds in the Newark formation in 
Massachusetts.] 

Geol. Soc. Am., Bull., vol. 2, p. 430, 4 lines. 
In discussion of paper by W. M. Davis: " Two 

belts of fossiliferous black sbal in the Triassic 
formation of Connecticut." 

EMMONS, S. F. Report, Rock Moun­

tain division. 
U •• Geol. urvoy, lOthReport,J.W.Po ell. 

pp. 137-140, 1890. 
Inclu<l s references to ob ervation on the 

gonkian bed , and tratigrapby in the n J 
region, the discovery of ilurian f, ;ii at n~ 

ity, and tho di covery by "\ . Cr of an Al 
ki n s ri near lida. 

EUROPE. 
ambrian of 
C01T. 

rth Am rica, 
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Europe-Continued. 
Causes of spread of Cambrian faunas, 

MATTHEW. 
Fauna of lower Cambrian, WALCOTT. 
Genesis of iron ores, KIMBALL. 
Phosphatic chalk at Ta plow, England. 

DAVIDSON, . 

Europe-Continued. 
Quaternary changes of level in Scan­

dinavia, GEER. 
Relation of strength of marble to its 

structure, PERRY, 
Review of Quaternary era, UPHAM, 
Titanic oxide [in soils], DUNNINGTON, 

F. 

FAIRBANKS, Harold W. Geology of Florida-Continued. 
the Mother lode region. 

California, 10th Report of Mineralogist,pp. 
23-90, map in accompanying pocket, 1890. 

"Condensed" in Am. Geologist, vol. 7, pp. 
209-222. 

Description of the rocks and their relations, and 
diacuBSion of their age. Accompanied by a folded, 
colored, geologic map. 

[FARIBAULT, E.R.J [Summary report 
on observations in gold-bearing series 
in Colchester and Halifax counties, 
Nova Scotia.] 

Canada, Geol. Survey, Reports, vol. 4, new 
series, Report A, p. 45, ½ p. 1890. 

Includes a note regarding the distribution of 
Carboniferous rocks and their relations to the 
lower Cambrian slates. 

FARISH, John B. Interesting vein­
phenomena in Boulder county, Colo­
rada. 

Am, Inst. Mining Engineers, Trans., vol. 19, 
pp. 547-552. 

Includes a brief reference to associated rocks 
and to the age of the veins. 

[FLETCHER, Hugh.] [Summary report 
on part of Pictou and Colchester coun­
ties, Nova Scotia.] 

Canada, Geol. Survey, Reports, vol. 4, new 
Report A, pp. 43-45, 1890. 

Includes notes on the Triassic, Permian, Car­
boniferous, Devonian, and Silurian rocks and the 
structure of Cobequid Hill. 

Florida. 
Age of Peace creek beds, DALL. 
Elevation of America in Cenozoic 

periods, DALL. 
Floridite, Cox. 
Fresh water swamps, SHALER. 
Geology of phosphates, DARTON. 
Origin of Florida phosphates, DAVID-

SON, 

Pebble andnodularphosphate oflime, 
Cox. 

Phospbatic chalk at Taplow, Eng­
land, DAVIDSON. 

Phosphate fields, MILLAR, 
BULL. 99--3 

Phosphates of America, WYATT, 

Record of deep well at Lake Worth, 
DARTON, 

Stones for building, MERRILL, G. P. 

FOERSTE, Aug. F. On the Clinton 
oolitic iron ores. 

Am. Jour. Sci., 3d series, vol. 41, pp. 28-29. 
Account of the structure of the grains and the 

nature of their replacement, with a comment on 
the conditions of deposition and location of the 
shores during Clinton times. 

-- The age of the Cincinnati anticlinal. 
Am. Geologist, vol. 7, pp. 97-109. 
A discussion of the bearing of the stratigraphy 

of th e region on the age and history of the uplift. 

FONTAINE, W. M. [Report of the 
work done during 1888 to 1889.J 

U.S. Geol. Survey, 10th Report, J. W. Powell, 
~- 174-, %P-

Include8 reference to occurrence of Potomac for­
mation at Haywood, North Carolina and to the 
flora of he Tuscaloosa formation of Alabama. 

FOOTE, A. E. Geological features of the 
meteoric iron locality in Arizona. 

Philadelphia, Acad. Sci., Proc., 1890, p. 407, 
½P, 

Remarks on nature and origin of the depression. 

FORD, H. C. Specimens of coniferous 
wood saturated with-bitumen. 

Santa Barbara Soc., Nat. Hist., Bull,, vol. I, 
No. 2, p. 11, %P-

Account of the beds in which they occur at Car• 
penteria, California. 

FOSHAY, P. Max, and HICE, Richard 
R. Glacial grooves at the southern 
margin of the drift [in western Penn­
sylvania]. 

Geol. Soc. A.m,, Bull,, vol. 2, pp. 457-464, pl. 
18. 

Review by F. Leverett, Am, Jour, Sci., 3d 
aeries, vol. 42, pp. 200-212. 

Abstracts, A.m, Geologist, vol. 8, p. 186, ¾ p. 
Am. Jour. Sci., 3d seri es, vol. 42, p. 172, ¼ p, 

Description of the p:./siography of the Beaver; 
valley and its various glacial phenomena, and 
discussion of their significance. 
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FRAZER, Persifor. The Warrior coal 
· :field of northern .Alabama. 

Am. Geologist, vol. 7, pp. 305-320. 
Notes on coal bed stratigraphy and structure 

and analyses of coals. Includes a detailed strati­
graphic column of t1',9 coal measures in Jefferson 
county, by McCall06'. 

G. 

FULLER, Homer T. Preservation of 
glaciated rocks. [Abstract.] 

Am. Assoc. Adv. Science, Proc., vol.39, p. 246, 

½P· 
Points out favorable conditions by which certain 

glacial grooving in central Massachusetts is pre­
served, 

GANONG, W. F. Southern invertebrates 
on the shores of Acadia. 

Geologic Philosophy-Continued. 

Canada, Royal Soc., Trans., vol. 9, section 4, 
pp. 167-185. 

Includes reference to evidences of subsidence. 

GEER, Gerard de. On the Quaternary 
changes of level in Scandinavia. 

Am. Geologist, vol. 8, pp. 236-237, % p. 
Abstract of paper read to Geo!. Soc. of America, 

1891. 

GEIGER, H. R., and KEITH, Arthur. 
The structure of the Blue Ridge near 
Harpers Ferry. 

Geol. Soc. Am., Bull., vol. 2, pp. 155-163, 164, 
pis. 4, 5. 

Abstracts, Am. Geologist, vol. 7, p. 262, ¾ p.; 
Am. Naturalist, vol. 25, pp. 364, 658, 4 lines. 

Description of the structure of the region and 
discussion of ~he age of the Bluo Ridge rocks. 
Discu sed by C. D. Walcott and C. H. Hitchcock, 
pp. 163-164. "i·. 

Geologic Philosophy. 
Defo1·mation. Sierra Nevada of Califor­

nia, BECKER. 
Report, California division, U. S. 

Geol. Survey, BECKER. 
Greylock synclinorium, DALE. 
Overthrnst faults of southern Appa­

lachians, HAYES. WILLIS. 
Rock fracture at Appleton, Wiscon­

sin, CRAMER. 
Lo t volcanoes of Connecticut, DA-

of central Connecticut, 

ive str 

MYTH. 

r-

Petrology. Spherulitic crystallization. 
AM. GEOLOGIST. !DlHNGS. CROSS. 

Late volcanic eruption in California, 
DILLER. 

Granites from British Columbia, 
AD.AMS. 

Alunite and diaspore, Rosita hills , 
Colorado, CROSS. 

Crystalline rocks of Missouri, H A­
WORTH. 

Petrographic differentia,tion in dike 
in Rainy lake region, L.AWSON. 

Silici:fied glass breccia, Sudbury dis­
trict, Canada, WILLIAMS, G. H. 

Metamorphism in conglomera te 
schist, WOLFF. 

JgneousrocksofArkansa,s, WILLIAMS, 
J.F. 

Penokee iron series, IRVING and VAN 
HISE. 

Glaciology. So-called sand dunes, Long 
Island, BRYSON, 

Phenomena at Hingham, Massachu­
setts, BOUVE. 

Muir glacier, Alaska, CUSHING, 
Evidence of glacial epoch in Nicara­

gua, CRAWFORD. 

Composition of till, CROSBY. 
Changes of Atlantic and Pacific 

coasts, [etc.], LE CONTE, 

Are there glacial records in the New­
ark system V Ru SELL, I. C. 

Antiquity of last glacial period, 
HALER. 

modifi.ed drif 

rain form o 
VIB. 
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Geologic Philosophy-Continued. 
Physiographic geology-Continued. 

Physiographic geology of weatern 
Arkansas, WINSLOW. 

Postglacial history of Hudson valley, 
MERRILL, F. J. H. 

Physical geology of Tennessee, HALL. 
Age of overthrusts in southern Ap­

palachians, DA VIS. 
Fossiliferous shales in Triassic of 

Connecticut, DAVIS. 
Geography of southern New England, 

DAVIS, 

An old lake bottom, HICKS. 
Gravel accumulation in arid regions 

of the west, GILBERT. 
R.elations of secular rock disintegra­

tion to certain transitional schists, 
PUMPELLY. 

Geological work of mosses and algoo, 
WEED. 

Ore deposits. 
Nickel and copper of Sudbury, 

Canada, BELL. 
Florida phosphate, ·Cox. 
Vein phenomena in Boulder county, 

Colorado, FARISH. 
Mother Lode region, California, FAIR-

BANKS. 
Rcdonda phosphates, HITCHCOCK. 
Genesis of iron ores, KIMBALL. 
Manganese deposits, PENROSE. 
Eruptive iron ores, NASON. 
Origin of manganese ores, PENROAE. 
Mount Morgan mine, Queensland, 

RICKARD. 

Manganese deposits, New Brunswick, 
WHITTLE. 

Asphaltum, California, HILGARD. 
Literature of ore deposits, KEMP. 
Genesis of ore deposits, STn EERUWITZ. 
Petroleum, etc., western Kentucky, 

ORTON. 

Miscellaneous. 
The Crenitic hypothesis, AM. GEOLO­

GIST. 
Contraction of molten rock, BARUS. 
Contrast in color of soils of high and 

low latitudes, CROSBY. 
Geological work of mosses and a1goo, 

WEED. 

Continents and deep seas, CLAYPOLE. 
Coefficients of thermal expansion of 

certain rocks, HALLOCK. 
Cycles of sedimentation, WILLIAMS, 

J. L. 

Geologic Philosophy-Continued. 
Miscellaneous-Continued. 

Beach phenomena, New Brunswick, 
WHITTLE. 

Fresh water morasses, SHALER. 
Relations of secular rock disintegra­

tion to transitional schists, PuM­
PELLY. 

Georgia. Age of overthrusts in sou them 
Appalachians, DAVIS. 

Cambrian of North America, WAL­
COTT. 

Clinton oolitic iron ores, FoRnSTE. 
CretaceousofNorth America, vVnITE, 

C.A. 
Fauna of lower Cambrian, WALCOTT. 
Fresh water swamps, SHALER. · 
Geological survey report, SPENCER. 
Manganese deposits, PENROSE. 
Origin of certain topographic forms, 

DAVIS. 

Overthrust faults of the southern 
Appalachians, HAYES. 

Post-pliocene subsidence, SPENCEH. 
Section along Chattahoochee river, 

LANGDON. 

Stones for building, MERRILL, G. P. 

GIBSON, A. M. [Report on the coal 
measures of Blount county.] 

Alabama, Geol. Survey, Report on coal meas­
ures of the plateau region by II. McCalley, pp. 
114-122, 188-215. 

Notes on stratigraphy of the coal measures. 

GILBERT, G. K. Postglacial anticlinal 
ridges near Ripley and Caleclonia,, New 
York. 

Am. Geologist, vol. 8, pp. 230-231, % p. 
Abstract, A.m. Naturalist, vol. 25, p. 1127, 5 

lines. 
Abstract of paper read to Am. Assoc. Adv, Sci­

ence, 1891. 

-- [Mode of gravel accumulation in the 
arid regions of the West.] 

Geol. Soc. Am., Bull., vol. 2, pp. 223-22.J., ¾ p. 
In discussion of paper by R. l'umpelly "The 

relation of secular rock disintegration to ce~tain 
transitional crystalline schi'sts." 

-- -[Status of terms "Algonkian" and 
"Algonquin."] 

Geol. Soc. Am., Bull., vol. 2, p. 174, ¾ p. 

GILPIN, E. The Devonian of Cape 
Breton. 

Nova Scotian Inst. Trans., vol 7, pp. 381-387, 
1890. 

Distribution, characters in various districts, 
dikes, relations to carboniferous, and economic 
minerals. 
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GILPIN, E., jr. The evidence of a, Nova 
Scotia Carboniferous conglomerate. 

Canada, Royal Soc., Trans., vol. 9, section 4, 
pp. 119-121. 

Discussion of the nature of the basal beds of the 
Carboniferous formations in various parts of the 
region. 

GOLDSMITH, E. Basa.nite from Craw­
ford county, Indiana. 

Philadelphia, Acad. Sci., Proc. 1891, pp. 
99-104. 

Description of its nature and mode of occur­
rence. 

GOLDSTONE, L. P. Fresno county. 
California, 10th Report of Mineralogist, 

pp. 183-204, pl. 1890. 
.Account of coal and lignites, limestones, free­

stone, granite, petroleum and mineral deposits, 
with incidental geologic notes. 

--Tuolumne county. 
California, 10th Report of Mineralogist, 

pp. 734--757. 1890. 
Notes on general geology, and descriptions of 

mines with incidental geologic references. 

GOODYEAR, W. A. Alameda county. 
California, 10th Re11ort of Mineralogist, 

pp. 91-95. 1890. 
Statements regarding coal mines and coal beds. 

-- Colusa county. 
California, 10th Report of Mineralogist, 

pp. 153-164. 1890. 
Geologic notes. 

-- Contra Costa county. 
California, 10th Report of Mineralogist, 

p. 165. 1890. 
Includes brief account or basalt area near 

Concord. 

--Lake county. 
California, 10th Report of Mineralogist, 

pp. 227-271. 1890. 
Geologic notes. 

H. 

GOODYEAR, W. A.-Continued. 
-- Marin County. 

California, 10th Report of Mineralogist, 
p. 299. 

Geologic notes at various localities. 

-- Mendocino county. 
California, 10th Report of Mineralogist, 

pp. 314-322. 1890. 
Incidental geologic notes along certain lines of 

travel. 

-- Napa county. 
California, 10th Report of Mineralogist, 

pp. 349-363. 1890. 
Includes incidental geologic notes in various 

districts. 

- Solano county. 
California, 10th Report of Mineralogist, 

pp. 669-671. 1890. 
Notes on region about Goodyear's station, 

Suisun marble quarries, and tho onyx quarry. 

-- Sonoma county. 
California, 10th Report of Mineralogist, 

pp. 672-679. 1890. 
Geologic notes. 

--Yolo county. 
California, 10th Report Mineralogist, 

pp. 793-794, ½P, 1890. . 
Notes on volcanic materials near Winters. 

GRESLEY, W . . S. North American 
geological notes. 

Manchester, Geol. Soc., Trans., vol. 21, pp. 
68-74, pl. 1. 

Describes relations of clay streaks in coal beds 
in Illinois, and bowltlcrs and tree trunks in 
anthracite coal beds in Pennsylvania.. 

G3ISWOLD, Leon S. The novaculites 
of Arkansas. [Abstract.] 

Am. Assoc. Adv. Science, Proc., vol. 39, pp. 
248-250. 

Stratigraphy, nature and origin, ago, and 
structure. 

HALL, Charles E. Notes on the Mancra­
n se ore deposits at Crimora, Virginia. 

HALL, C. W.-Continued. 

En ln rln and ining Jour., vol. 52, pp. 
IU, 95, I p. 4°. 

:Bead to Am. Inst. Mining Engineers, June, 1891. 
D ribe und figure th structure of tbe d -

posits and ociat d formation . 

HALL C. A notable in the 
[ 

Am. A o • Adv. cience, Proc., vol. 39, 
pp. 264-265, i p. 

Includes an enum ration of the water produc­
ing basins of th e several tat . 

HALLOCK, William. 
notes on the coefficient 

Preliminarf 
of therm I 

ralog· t 

riptioo of the g I • 
ract r of th vein an 
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HAUSMANN, A. Interesting occur­
rence of gold. 

Engineering and Mining Journ., vol. 51, p. 
516, ½ p. 4°. 

Reference of geologic relations at locality in 
Summit county, Colorado, and on Cerros island 
off the coast of lower California. 

HARRIS, Gilbert D. Notes on the ge­
ology of southwestern New York. 

Am. Geologist, vol. 7, pp. 164-178. 
Description of well sections and discussion of 

the stratigraphy and structure of the region. 

--The Fayetteville-Huntsville section. 
Arkansas, Geol. Survey, Report, 1888, vol. 

4, pp. 149-154. 
Description of the stratigraphy of the several 

Carboniferous members. 

HATCH, Frederick H. An introduction 
to the study of Petrology : The igneous 
rocks, 128 pages 12°, New York, 1891. 

Not seen. 

Hawaiian Islands. 
Recent eruptions of Kilauea, BRIGHAM. 

HA WORTH, Erasmus. The age and 
origin of the crystalline rocks of Mis­
souri. 

Missouri, Geol. Survey, Bull., No. 5, pp· 
11-42. 

Abstracts, Am, Jour. Sci., 3d series, vol. 42, 
p. 515, ¼ p.; Am. Naturalist, vol. 25, pp.1120-1121, 

t'o· P· 
Descriptions of their character and relations and 

discussion of their age and origin. 

HAY, Robert. Northwest Kansas. Its ­
topography, geology, climate, and re­
sources. 

Kansas, Board of Agriculture, 6th Report, 
pp. 92-116, pl. 1889. 

Includes description of the characteristics and 
distribution of the Triassic, Cretaceous, Tertiary, 
and Pleistocene formations and economic geology. 
Accompanied by a folded cross section. 

- - Salt-Its discovery and manufacture 
in Kansas, with suggestions for its use 
in agriculture. 

Kansas, Board of Agriculture, 6th Report, 
pp. 192-204, 1889. 

Includes brief account of the saliferious forma­
tions. 

-- Notes on some Kansas salt marshes. 
Kansas A.cad. Sci. Trans., vol. 12, pp. 97-100, 

1890. 
Account of their distribution and discussion of 

their geologic relations and origin. 

HAYES, C. Willard. The overthrust 
faults of the southern Appalachians. 

Geol. Soc. Am., Bull., vol. 2, pp. 141-154, 
pls. 2, 3. 

Abstracts, Am. Geologist, p. 262, ½ p.; Am. 
Naturalist, vol. 25, p. 364, ¼ p. 

Description of the northwestern Georgia region 
and discussion of the character and mechanism of 

HA YES, C. Willard-Continued. 
its great overthrusts. Illustrated by geologic map 
and plates of sections. Discussed by C. D. Wal­
cott, W. M. Davis, and B. Willis, pp. 15&-154. 

HEILPRIN, Angelo. The Eocene mol­
lusca of the State of Texas. 

Philadelpl1ia, Acad. Sci., Proc., 1890, pp. 
393-406. 

With brief prefatory remarks on their strati­
graphic bearing. 

-- The geology and paleontology of the 
Cretaceous deposits of Mexico. 

Philadelphia, Acad. Sci., Proc., 1890, pp. 
445-469, pis., 12-14. 

Notes on the character, distribution, relations, 
equivalency, and paleontology of the Cretaceous 
formations of Mexico, mainly in the south central 
region, and descriptions of some fossils from near 
Orizaba. 

-- Geological researches in Yucatan. 
Philadelphia, Acad. Sci., Proc., 1891, pp. 

136-158. 

Notes on later Tertiary and post-Pliocene lime­
stones and their fossils, "terra rossa,"_ caves and 
physiography, and a discussion of the evidence 
afforded by submarine topography of the Gulf and 
along the Atlantic coast of Tertiary and Pleisto­
cene continental movements. 

HERNDON, J. H. [Iron ore districts of 
east Texas.] Smith county. 

Texas, Geol. Survey, Second Annual Re­
port, pp. 204-224. 

Account of economic resources. 

HERRICK, C. L. The Cuyahoga shale 
and the problems of the Ohio Waverly. 

Geol. Soc. Am., Bull., vol. 2, pp. 31-48, pl. l. 
Abstracts, Am. Naturalist, vol. 25, p. 275, ¾ p.; 
Am. Jour. Sci., 3d series, vol. 40, p. 332, 5 lines, 
1890. 

Resume of the general stratigraphy, discussion 
of stratigraphic relations, list of fauna and de­
scription, with plate, of some new or little-known 
Wa.verly fossils. 

HESSE, Conrad E. The paint-ore mines 
at Lehigh Gap. 

Am. Inst. Mining Engineers, Trans., vol. 
19, pp. 321-330. 

Includes an account of geologic relations of the 
ore bed. 

HICE, Richard R., FOSHEY, P. Max, 
and. Glacial grooves at the southern 
margin of the drift [in western Penn­
sylvania]. 

Geol. Soc. Am., Bull., vol. 6, pp. 457-464, pl. 
l& . 

Reviewed by F. Leverett, Am. Jour. Sci., Sd. 
series, vol. 42, pp. 200-212. 

Abstracts, Am. Geologist, vol. 8, p. 186, ¼ p. ; 
Am. Jour. Sci., 3d series, vol. 42, p. 172, ¾ p. 

Description of the physiography of the Beaver 
valley and its various glacial phenomena, and 
discuBBlon of their significance. 
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HICKS, L. E. An old lake bottom. 
Geol. Soc. Am., Bull., vol. 2, pp. 25-30. 
Abstract, Am. Naturalist, vol. 25, p. 279, ½ p. 
Description of certain peculiarities of topography 

in Chester county, Nebraska, and discussion of 
their nature and origin. 

HILGARD, E. W. Orange sand, La­
grange and Appomattox. 

Am. Geologist, vol. 8, pp. 129-131. 
A history of the names and discussion of their 

status. With an appended note of concurrence 
by J. M. Stafford. 

-- [Mode of deposition of the Lafayette 
formation in the Mississippi valley.] 

Am. Geologist, vol. 8, p. 235 ¼ p. 
Discussion of paper by W J McGee, "Neocene 

and Pleistocene continent movements," read to 
Am. Assoc. Adv. Science, 1891. 

-- Report of the asphaltum mine of the 
Ventura Asphalt company. 

California, 10th Report of Mineralogist, pp. 
763-772, map, pl. 1890. 

Character of the deposit, nature of the material, 
geological position and origin of veins. Illus­
trated by topographic map and geologic cross 
section. 

HILL, Robert T. The Comanche series 
of the rrexas-Arkansas region. 

Geol. Soc. Am., Bull., vol. 2, pp. 503-524, 526-
527. 

Abstracts, Am. Geologist, vol. 8, p. 259, % p.; 
Am. Naturalist, vol. 25, p. 738, 4 lines. 

Description of its members and discussion of its 
age, stratigraphic value and original extent. Dis­
cussed by C. A. White, C. D. Walcott, and C. Cur­
tice, pp. 525-528. 

-- Notes on a reconnaissance of the 
Ouachita mountain system in Indian 
Territory. 

Am. Jonr. ci., 3d series, vol. 42, pp. 111-124. 
Description of salient features of stratigraphy 

and structure of the eoutht-rn half of Indian Ter­
ritory and re um6 of llistory recorded in the 
Ouachita syst m. 

-- Contributions to the geology of the 
Southwest. 

Am. G ologl t, vol. 7, pp. 119-122. 

Calle attention to a ilorian area in the Chick­
asaw nation country; a new source of artesian 
water in Texas in the Dakota 

HILL, Robert T.-Continucd. 
A 2,000-foot well in the upper Cretaceous of 

central Texas; foraminiferal beds of Twras; 
structure of the Tertiary basin of the Low.er Rio 
Grande; age of the strata at Marble Falls and 
Shinbone Ridge ; and reolian deposits of Eddy 
county, New Mexico. 

-- Preliminary notes on the topography 
and geology of northern New Mexico 
and southwest Texas and New Mexico. 

Am. Geologist, vol. 8, pp. 133-141. 
Analysis of the topgraphic characteristics of 

the region, and n~tes on the structure, Cretaceous 
formations, a great "valley conglomerate," and 
the volcanic areas. 

HITCHCOCK, C. H. The Redonda. 
phosphate. 

Geol. Soc. Am., Bull., vol. 2, pp. 6-9. 
Abstract, Am. Jour. Sci., 3d series, vol. 40, 

p. 332, ¼ p. 18!J0. 
Account of characteristics, composition and 

geologic relations of the deposit, and discussion of 
its genesis. 

-- [Remarks on the structure of the 
Blue ridge in Virginia.] 

Geol. Soc. Am., Bull., vol. 2, p. 164, ½ p. 
In discussion of paper by H. R. Geiger and A. 

Keith "The Structure of the Blue Ridge near 
Harper's Ferry." Refers to the evidence in the 
Balcony Falls and Christiansburg regions. 

-- [Evidence of subsidence in later 
glacial times in the northern New Eng­
land to St. Lawrence region.] 

Am. Geologist, vol. 8, p. 235, 4 lines. 
Discussion of paper by W J McGee, "Neocene 

and Pleistocene continent movements," read to 
Am. Assoc. Adv. Science, 1891. 

HOBSON, J.B. Nevada county. 
California, 10th Report of Minerologist, pp. 

364-3D8, map, plate. 
Description of mining districts with note on 

geology. Accompanied by a colored geologic P 

of the county. 

-- Placer county. 
California, 10th Report of Minerologist, PP· 

410-424, map, platt'. 
Notes on the mining di trict with referenc 

the geology. Accompanied by o. colored geologic 
map of the county, and plate of sections. 

-- The a.nta. Maria river [ anta. Bar­
bara county]. 

'alifornla, 10th Report of llinerologilt, 
GOO-GO!, 4 plates, 1 90. 

De ri1,tion of geology at Fugler's point, ill 
trated by geologic map and er section. 
ecliou of Point al gy um min 

iski ou county. 
ali~ rnla 10th ll port of erolorlEt 

G.¼- . l !JO. 
o ncrnl geology. 

HOFFMANN, '. na.p 
f m talJi · ir n found 

0 h 
0 
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HOFFMANN, G. C.-Continued. 
Canada, Royal Soc., Trans., vol. 9, Section 3, 

pp. 39-42. Pl. 1. 
Account of its mode of occurrence in the rock. 

-- Chemical contributions of the geol­
ogy of Canada. 

Canada, Geol. Survey, Reports, vol. 4, new 
series, Report R, 68 pages. 1890. 

Includes analyses of coals, ores, limestone, 
dolomite, clay, and mineral waters. 

[HOLLICK, Arthur.] [Minerals from 
:fire clay beds at Green ridge, Staten 
island.] 

Am. Naturalist, vol. 25, p. 403, ¾ p. 
Read to Staten Island Natural Science Assoc­

iation. 
Incidentally refers to the Cretaceous age of 

the clays. 

HOLMES, J. A. Mineralogical, geologi­
cal, and agricultural surveys of South 
Carolina. 

Elisha Mitchell, Sci. Soc., Jour., 1890, pp. 
89-117. 

Historical. 

HONEYMAN, D. Glacial geology of 
Cape Breton. 

Nova Scotian Inst., Trans., vol. 7, pp. 337-
344. 1890. 

Notes on drift deposits and glacial markings. 

Idaho. 
Cambrian of North America, WAL-

COTT. 
Stones for building, MERRILL, G. P. 
The Nampa ima,ge, WRIGHT. 
Man and the glacial period, WRIGHT. 

IDDINGS, Joseph Paxton. Spherulitic 
crystallization. 
Washington, Phil. Soc., Bull., vol. 11, pp. 

445-463, pls. 7, 8. 
Review by Anon, Am. Geologist, vol. 8, pp. 

387-392. 
A discussion of characteristics of specimens from 

Yellowstone Park and of the conditions of spheru­
litic development. 

-- and PENFIELD, S. L. The min­
erals in hollow spherulites of rhyolite 
from Glade creek, Wyoming. 

Am. Jour. Sci., 3d series, vol. 42, pp. 39-46. 
Includes a prefatory description of the contain­

ing rock. 

Illinois. Age of orange sands, SALIS­
BURY. 

Altitude of United States during 
glacial period, CHAMBERLAIN, 

I. 

HONEYMAN, D.-Continued. 
-- Geological Gleanings in Nova Scotia 

and Cape Breton. 
Nova Scotian Inst., Trans., vol. 7, pp. 345-

356. 1890. 
Notes on Archean, lower Carboniferous and 

igneous rocks, and glacial geology in the Mabou 
region. 

HOPKINS, T. C. Topographic features 
of Arkansas marble. [Abstract.] 

Am. Assoc. Adv. Sci., Proc., vol. 39, pp. 247-
248. 

Brief notice of the distribution, character, and 
topographic characteristics of the marbles. 

HULL, Edward. On the physical geol­
ogy of Tennessee and adjoining districts 
in the United States of America. 

Geol. Soc., Qnar. Jour., vol. 47, pp. 69-77, 
plate. 

Abstract, Geol. Magazine, 3d decade, vol. 8, 
pp, 45-46. 

De8cription of_ the chief physical features of 
eastern Tennessee and discussion of the history of 
their development. Illustrated by plate of g.eo­
logical cross sections. 

HUNT, T. Sterry. The iron ores of the 
United States. 

Am. Inst. Mining Engineers, Trans., vol. 19, 
pp. '3-17. 

Brief references to the nature and geologic re­
lations of the various deposits. 

Illinois-Continued. 
Criteria· of englacial and subglacial 

drift, UPHAM. 
Drift deposits, WORTHEN. 
Devonian and Carboniferous, correla­

tion, WILLIAMS, H. S. 
Extension of pre-Pleistocene gravels, 

SALISBURY. 
Economic geology, WORTHEN. 
Geologic map, WORTHEN. 
Geological notes, GRESLEY. 
Local deposit of Chester sandstone, 

NICKLES. 
Stones for building, MERRILL, G. P. 
Relationship of Pleistocene to pre­

Pleistocene, CHAMBERLAIN and 
SALISBURY. 

Strioo and slickensides at Alton, 
TODD. 

Second driftless area, SALISBURY. 

Indiana. Basanite from Crawford 
county' GOLDSMITH. 

Criteria of englacial and subglacial 
drift, UPHAM, 
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Indiana-Continued. 
Devonian and Carboniferous, correla­

tion, WILLIAMS, R. s. 
Petroleum [etc.] in western Ken­

tucky, ORTON. 

Relation of strength of marble to its 
structure, PERRY. 

Relationship of Pleistocene to pre­
Pleistocene, CHAMBERLAIN and 
SALISBURY. 

Rocks at St. Paul, BEACHLER. 
Stones for building, MERRILL, G. P. 
Titanic oxide [in soils], DUNNING-

TON. 

Indian Territory (and "Public Land 
Strip.") 

Cretaceous formations of North 
America, WHITE, C. A. 

Leaf-bearing terrane near Alpine, 
CRAGIN. 

Notes on geology of the Southwest, 
HILL. 

Reconnaissance of Ouachita Moun­
tain system, HILL. 

Stones for building, MERRILL, G. P. 

d'INVILLIERS, Edward V. The phos-
phate deposits of the island of Navassa. 

Geol. Soc. Am., Bull., vol. 2, pp. 75-84. 
Abstract, Am. Geologist, vol. 7, p. 202, ½ p. , 
Description of the physiography of the island 

and of the character, comp9sition, and mode of 
occurrcuce of the phosphates. 

-- Report on the geology of the four 
counties of Union, Snyder, Mifflin, and 
Juniata, with descriptions of the Clin­
ton fossil ore mines, Marcellus carbo­
nate iron ore mines, Oriskany glass­
sand mines, and Lewiston limestone 
quarries. Pennsylvania 2d Geol. Sur­
vey, Report F3, pages 1-420, 2 maps in 
pockets. 

D riptions of physiography, structure and stra­
tigrapl1y of the region and of the details of town-

J. 

d'INVILLIERS, Edward-Continued. 
ship geology. Illustrated by folded colored geo­
logic maps. 

Iowa. Biennial report of State Geologist, 
WINSLOW. 

Cambrian of North America, WAL­
COTT. 

Crinoids from lower Carboniferous, 
w ACHMUTH and SPRINGER. 

Conditions controlling artesian well 
boring, HALL, C. W. 

Criteria of englacial and subglacial 
drift, UPHAM. 

Devonian and Carboniferous,correla­
tion, WILLIAMS, H. S. 

Devonian of Buchanan c o u n t Y , 
CALVIN. 

Extension of pre-Pleistocene gravels, 
SALISBURY. . 

Fossil faunas in central Iowa, KEYES, 

Redrocksandstoneof Marion county, 
KEYES. 

Report, Potomac division, U.S. Geol. 
Survey, MAGEE. 

Stratigraphy of Carbonifero u s, 
KEYES. 

Stones for building, MERLILL, G. P. 
[IRELAN, William, jr.] Rincon Hill 

well. Folsom and Second street . 
Geologic sections as seen in sinking. 

California, 10th report of Mineralogist, PP· 
94:1-945, 1890. 

Notes on formations pierced by 252-foot well. 

IRVING, Roland D., and VAN HISE, 
C. R. The Penokee iron-bearing seri 
of Michigan and Wisconsin. 

U. S. Geol. Survey, 10th Report, J. W. 
Powell, pp. 341-507, pis. 20-42, 1890. 

Chapters on geological exploration and lit 
turc by Irving; on the cherty lim811tone mem r, 
the quartz slate member, the iron-bearing mem­
ber, by Irving and Van Hise, and on the southern 
complex, the upper slate member, eruptives, the 
eastern area, the general geology (structure and 
correlation) by Van Hise. Illustrated by colored 
geologic maps and petrographic plates. 

JAMES, Joseph F.-Continued. 
-- 'l'h fauua of the Lower Cambrian or 
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JAMES, Joseph F.-Continued. 
In discussion of paper by J. E. Wolff, "On 

the lower Cambrian age of the Stockbridge lime­
stone." 

-- A brief history of the Ohio river. 
Po1iular Science .Monthly, vol. 38, pp. 739-

748. 
Abstract, Engineering and Mining ,Tour., 

vol. 51, p. 380, ¾ col. 4°. 

JOHNSON, Lawrence C. The Nita cre­
vasse. 

Geol. Soc. Am., Bull., vol. 2, pp. 20-25. 
Abstract, Am. Jour. Sci., 3d series, vol. 40, pp. 

332-333, ½ p. 1890. 
Description of the crevasse and of its effects, 

with an account of the recent deposits and their 
history in the lower Mississippi region. 

JUKES-BROWN, A. J. Elevation and 
subsidence in Central America. 

Geol. Magazine, 3d decade, vol. 8, p. 143. 
Discussion of extent of elevat ion and suusidence 

in Central and North America and their bearing 
on the cauRe of the glacial period. 

Jura-Trias. 
Mississippi rive1· to Rocky mountains. 

Coal fields of Monta,na, WEED. 
Cheyenne sandstone and Neocomian 

of Kansas, CRAGIN. 
Leaf-bearing terrane, near Alpine 

"Public Lands," CRAGIN. 
Report on northwestern Texas, CUM­

MINS. 

Report of State Geologist of Texas, 
DUMBLE. 

Results of 'fexas survey, DUMBLE. 
Notes on New Mexico and southwest­

ern Texas, HILL. 
Reconnaissance in Indian Territory, 

HILL, 

Triassic plants from New Mexico, 
KNOWLTON. 

Concho country, Texas, LERCH. 
Geologfoal horizons as determined by 

vertebrate fossils, MARSH. 
Plant-bearing beds of American Trias, 

WARD. 

Texas Permian and its Mesozoic types 
of fossils, WHITE, C. A. 

Report, Mesozoic division, inverte­
brate paleontology, U.S. Geol. Sur­
vey, WmTE,C.A. 

Northwest Kansas, HAY. 

Newa1·k formation (Nova Scotia to Va.) 
Composition of igneous rocks of 

Virginia, CAMPBELL and BROWN. 
Nova Scotia, FLETCHER. 
Quaco, New Brunswick, WHITTLE. 
Triassic of Massachusetts, EMERSON. 

Jura-Trias-Continued. 
Newark forination-Con tinued. 

Position of fossil-bearing beds in Mas­
sachusetts, EMERSON. 

Fossiliferous shales in Connecticut, 
DA VIS. SOPER. 

The four Rocks about New Haven, 
DANA, 

Geological features of Meriden, Con-
necticut, CHAPIN. · 

Igneous injections of New Haven 
region, DANA. 

Jura-Trias of central Connecticut, 
DANA. 

Arkose beds in Triassic in central 
Massachusetts, EMERSON. 

Eastern Virginia and Maryland, DAR· 

TON. 
Age of overthrusts of southern Appa­

lachians, DA VIS. 
Artesian wells in eastern Pennsyl­

vania, CARTER. 
Structure of Blue ridge near Harper's 

Ferry, GEIGER and KEITH. 
Section across Maryland, KEYES. 
2,000-foot boring in eastern Pennsyl­

vania, SEELEY. LYMAN. 
Artesian wells, New Jersey, SMOCK. 
Are there glacial records in the New­

ark system f RussELL, I. C. 
Fossils in Maryland, WILLIAMS, G. H. 
Work on crystalline rocks of Mary­

land, WILLIAMS, G. H. 
Piedmont plateau, Maryland, WIL­

LIAMS, G. H. 
Triassic of Connecticut valley, 

DAVIS. 

Lost volcanoes of Connecticut, DA VIS. 
Dan River coal fields in North Caro­

lina, KITZE. 

Building stones of New York, SMOCK. 

West of the Roclcy mountains [Counties 
ofCalifornia], HOBSON, GOODYEAR: 
PRESTON, WATTS. 

Supposed Triassic from Mineral King 
district [California], WHITE, C. A. 

Early Cretaceous of California and 
Oregon, BECKER. 

Amador county, California, BROWN. 
Mother Lode region, California, FAIR-

BANKS. 

Placer county, California, HOBSON. 
Mount Diablo, California, TURNER. 
Gold ores, California, HAMMOND. 
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Jnra-Trias-Coutinued. 
West Canada. 

Physiogr:1phic geology of Rocky 
Mountain region, DAWSON, G. M. 

Structure of Selkirk Rauge, DAWSON, 
G.M. 

Yukon and Mackenzie basins, Mc­
CONNELL. 

Jura-Trias-Con tinned. 
General and Nornenclature. 

Has Newark priority as a group 
name ¥ RUSSELL, I. C. 

Are there glacial records in the New­
ark system f RUSSELL, I. C. 

Plant-bearing deposits of the Ameri­
can Trias, WARD. 

K. 
Kansas. 

Analysis of limestone [from Iola], 
STOKES. 

Cheyenne sandstone and Neocomian 
shales, C_RAGIN. 

Devonian and Carboniferous, corre­
lation, WILLIAMS, H. S. 

Progress report of artesian and under­
flow investigation, NETTLETON. 

Mammoth remains in Franklin 
county, CHARLTON. 

Megalonyx beds in Kansas, UDDEN. 
Northwest Kansas, HAY, 
Salt, HAY. 

Salt marshes, HAY. 

Stones for building, MERRILL, G. P. 

Structure of Kansas chalk, WILLIS-
TON. 

KEITH, Arthur, GEIGER, H. R., and. 
The structure of the Blue ridge near 

Harper's ferry. 
Geo!. Soc. Am., Bull., vol. 2, pp. 155-163, 164. 
Abstracts, Am. Geologist, vol. 7, p. 262, ½ p. 
Am. Naturalist, vol. 25, pp, 364-, 658, 4 lines. 
Description of the structure of the region and 

di cus,ion of the age of the Blue Ridge rocks. 
Discu ed by 0 . D. Walcott and 0. H. Hitchcock, 
pp. 163-164. 

KEMP, J. F. The basic dikes occurring 
outside of the syenite areas of Arkansas. 

Arkan a , Geol. urvcy, Report for 1 90. 
't'Ol. 2. "Ign ous rocks of Ark.ansa ," by J. F. 
William , pp. :192-406. 

Petrographic descriptions preceded by a short 
description of their occurrence. 

-- A briefreview of the literature of ore 
depo it, V. 

hool or Min Qu rt. vol. 12, pp. 218--235. 
-- and WILLIAMS, J. Francia. Tab­

ula ion of the da.t of ign ous rocks of 

ri e, dJp, all rock, 
ar Ust . 

KENNEDY, William. [Iron ore dis­
trict of east Texas.] Cass county. 

Texas, Geol. Survey, Second Annual Report, 
pp. 65-95. 

Account of topography, stratigraphy, and min­
eral~resources. 

-- [Iron ore district of east Texas. J 
Marion county, 

Texas, Geol. Survey, Second Annual Report, 
pp. 96-114. 

Account of the economic resources. 

-- [Iron ore district of east Texas.] 
Harrison county. 

Texas, Geol. Survey, Second Annual Report, 
pp. 115-160. 

Account of stratigraphy and economic resources. 

-- [Iron ore district of ea.st Texas.] 
Gregg county. 

Texas, Geo!. Survey, Second A.1lllnal Report 
pp. 161-172. 

Account of stratigraphy and economic resources. 

-- [Iron ore district of east Texa . ] 
Morris, Upshur, Wood, Van Zandt, and 
Henderson counties. 

Texas, Geol. Suney, Second A.nnual Bepo~ 
pp. 173-203. 

Account of stratigraphy and economic re nrcee. 

Kentucky. 
Age of Cincinnati a.nticlina. 1. 

FOERST.E, 
Age of Pt. Pleasant, Ohio, beds 

JAIUES . 
Appomattox formation , McGEE. 
Cincinnati ice dam, LE ERETT, 

Cretaceous of North America, Wru 
C.A. 

Devonian and Ca.rboniferou , corre-
lation, WILLIA.Ms, H. 

Gene i of iron ore , IMBALL. 

History of Ohio river, JAMES. 
Jackson and Ha.rdca tle conn · 

ULLIV.AN. 

M p of Kentucky' PROCTOR, 
etroleum [etc.], western Ken c 

RTON. 
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Kentucky-Continued. 
Relationship of Pleistocene to pre­

Pleistocene, CHAMBKRLIN and SAL­
ISBURY. 

Stones for building, MERRILL, G. P. 
KEYES, Charles R. Stratigraphy ofthe 

Carboniferous in central Iowa. 
Geol. Soc. Am., nun., vol. 2, pp. 277-292, 

pls. 9, 10. 
Abstract, Am. Geologist, vol. 7, p. 377, % p. 
Description of the strata, structuro, and uncon­

formities, review of fauna, and a uiscussion of 
s~-:>atigraphic range and relations of the forma­
tions. 

--- A geological section across the Pied-
mont plateau in Marylaud. 

Geol. Soc. Am. Bull., vol. 2, pp. 319-322. 
Abstract, Am. Geologist, vol. 8, p. 331, 4 lines. 
Description of the rocks in a section from the 

Catoctin Mountains to Washington, with au ac­
count of the fossils in the Frederick limestone and 
a discussion of the structure of Sugar Loaf Moun­
tain. 

-- The redrock sandstones of Marion 
county, Iowa. 

Am. Jour. Sci., 3d series, vol. 41, pp. 273-276. 
Description of tho formation and discussion of 

its history n.ud stratigraphic relations. 

-- Fossil faunas in central Iowa. 
Philadelphia, Acad. Sci., Proc., 1890, pp. 

242-265. 
With prefatory remarks on stratigraphic re­

lations in the region. 

KIMBALL, James P. Genesis of iron 
ores by isomorphous and pseudomor­
phous replacement of limestone, etc. 

Am. Geologist, vol. 8, pp. 352-376. 
In part, Am. Jour. Sci., 3d series, vol. 42, pp. 

231-241. 
Discussion of conditions in the principal Ameri­

can deposits and references to some foreign ex­
amples. 

KINGSLEY, J. S. The Hat creek bad 
lands. 

Am. Naturalist, vol. 25, pp. 963-971. 
Description of topographic characteristics, oc­

currences of fossils, and general geologic features. 

KIRKPATRICK, J. W. A bowlder of 
copper and glacial strire in central 
Missouri. 

Science, vol. 18, pp. 344-345, t col. 4°. 
Includes references to its probable origin and 

to the geologic features of the region. 

KNOWLTON, F. H. Notes on Triassic 
plants from New Mexico. Description 
of the locality. 

U.S. National Mus., Proc., vol. 13, pp. 281-
283. 

Account of geologic features. 

-- Report on fossil plants from Pin­
nacle Pass, near Mt. St. Elias, Alaska. 

National Geogr. Mag., vol. 3, pp. 199-200. 
Description of the plants, and comment on their 

age. 

L. 

LADD, G. E. Notes on the clays and 
building stones of certain western cen­
tral counties tributary to Kansas City. 

Missouri, Geol. Survey, Bull., No. 5, pp. 
48-86. 

With incidental references to their geologic 
features. 

LAKES, A. The fuel resources of Colo­
rado. 

Am. Geologist, vol. 8, pp. 7-19. 
A description of the several coal and oil fields. 

LANE, Alfred C. Petrographical tables. 
Arn. Geologist, vol. 7, pp. 337-339, 2 plates. 
Two folded tables with explanatory text. 

LANGDON, Daniel W. Variations in 
the Cretaceous and Tertiary strata of 
Alabama. 

Geol. Soc. Am., Bull., vol. 2, pp. 587-605, 606, 
pl. 23. 

Abstract, Am. Geologist, vol. 8, pp. 260, ¼ p. 
DMcriptions of the formations and of the gene­

ral section exposed on the Chattahooche river, 
and comparison of the sections of the several 
regions. Discussed by 0. A. White, p. 606. 

LANGDON-Continued. 
--Geological section along the Chatta­

hooche river from Columbus to Alum 
Bluff. 

Georgia, Geol. Suney, First Report, pp. 
90-97. 

Description of members from Tuscaloosa series 
to Alum Bluff series. 

LAWSON, Andrew C. Petrographical 
differentiation of certain dikes of the 
Rainy Lake region, with analyses by 
F. 'I'. Shutt, Communication No. 2. 

Am. Geologist, vol. 7, pp. 153-164. 
Abstract, Am. Naturalist, vol. 25, pp. 1003-

1004, ¾ p. 
Description of structural, mineralogical, and 

chemical var iations from contact to interior in 
several dikes, and a consideration of the bearing 
of the facts on the conditions under which the 
differentiation was developed. 

-- Lake Superior stratigraphy. 
Am. Geologist, vol. 7, pp. 320-327, 388. 
Reviewed by C. R. Van Hise, Am. Geologist, 

vol. 7, pp. 388-386. 
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LAWSON-Continued. 
Review ofC. R. Van Hise, "An attempt to har­

monize some apparently conflicting vie\\'.S of Lake 
Superior geology." Am. Jour. Sci., 3d series, 
vol. 41, pp. 117-136. 

A discussion of the' position of the dividing line 
between the Archean and post-Archean in the 
Lake Superior region. 

-- [Summary report on surveys in 
country northwest of Lake Superior.] 

Canada, Geol. Survey, Report, vol. 4, new 
series, Report A, pp. 25-28. 1890. 

Includes a brief note on old beaches and terraces 
of Lake Superior. 

-- Pre-Paleozoic surface of the Archean 
terranes of Canada. 

Am. Naturalist, vol. 25, p. 652, ¾ p. 
Abstract of paper described in Record for 1890. 

LE CONTE, Joseph. Tertiary and post­
Tertiary changes of the Atlantic and 
Pacific coasts, with a note on the 
mutual relations of land elevation and 
ice accumulation during the Quater­
nary period. 

Gcol. Soc. Am., Bull., vol. 2, pp. 323-330. 
Abstract, Am. Naturalist, vol. 25, pp, 482-483, 

* p. 
Considers the history of continental changes of 

elevation in the two regions, and their relation to 
the ice accumulations of glacial times. 

LEDOUX, Albert R. Notes on the Sweet 
Grass hills of Montana and the Koo­
tenai mines of British Columbia. [Ab­
stract.] 

New York, Acad. Sci., Trans., vol. 10, pp. 
57-66. 

Includes incidental references to geologic fea­
tures. 

LERCH, Otto. Remarks on the geology 
of the Concho country, state of 'l'exas. 

Am. Geologl t, vol. 7, pp. 73-77. 
Abstract, Am. Naturalist, vol. 25, p. 365, 6 

lines. 
Description of structure and stratigraphy of 

formations from Carboniferous to Cretaceous, 
with remarks on their history. 

LESLEY, J.P. On an important boring 
through 2,000 feet of Trias, in eastern 
Penn ylvania. 

Am. Phil. o ., Proc., vol. 29, pp. 20-24. 
De ription of the well r cord and discu sion 

of th o identity of alleged coal bed. 

--.A.rt ian w 11 in Low r ilurian lime-
st o ark urg, enn ylvana. 

• Pro ., vol. 20, pp. 45--47. 
n cord of 602-foot boring, and di~W1Sion of age 

of the formaUon pene t 

LESLEY-Continued. 
-- Letter of transmittal. 

Report on Union, Snyder, Mifflin and 
Juniata counties by E. V. d'lnvilliers, Penn­
sylvania, 2d Geol. Survey, Report F.3,pp. IX­

XVII. 

Includes remarks on the relations of the drain­
age to glaciation in the region. 

LEVERETT, Frank. Pleistocenefl.uvia.l 
planes of western Pennsylvania. 

Am. Jour., Sci., 3d series, vol. 42, pp. 200-212. 
Summary of their features and of evidence of 

interglacial (buried) valleys, quotations from T. 
C. Chamberlin on moraine-headed terraces and 
discussion of the history of events in the western 
Pennsylvania-Ohio region. A review of P. 
Foshay on "Preglacial drainage and recent geo­
logical history of western Pennsylvania." 

-- The Cincinnati ice dam. 
Am. Geologist., vol. 8, pp. 232-233, 1/ap. 
Abstract of paper read to Am. Assoc. Adv. 

Science, 1891. 

LINDENKOHL, .A.. Notes on the su -
marine channel of the Hudson river and 
other evidences of postglacial sub­
sidence of the middle Atlantic coa t 
region. 

Am. Jour. Sci., 3d series, vol. 41, pp . .S9 
pl. 18. 

Describes the submarine channels of the Hn 
river, Chesapeake bay, and Delaware bay, and ,um­
marizes the evidence of subsidences preseu t.ed b_ 
them and other features of the coastal regio , 
Includes an account of the discovery of gree 
sand in soundings off the New Jersey coast. Ac­
companied by a hypsometric map of the mid I 
Atlantic coast region. 

LOPER, S. V! a.rd. Fossils of the ant rior 
and posterior shales [in the Newar · 
formation of Connecticut]. 

Geol. Soc. Am., Bnll., vol. 2, pp. 425-430-
Description of the localities, table of peciecr a 

a list indicating their distribution. 

Louisiana. 
Appomattox formation, McGEE. 
Columbia formation, McGEE. 
Fresh water swamps, SHALER. 

Nita crevaase, JOHNSON. 

Stones for building, MERRILL, G. 
LYMAN, H. S. [On a deep borin" -

the Newark formation in eastern P 
syl a.nia.J 

Am. Phil. oc., Proc., vol. 29, pp. 2-l-2 
Discnssion of the stratigraphy of th B 

county r gion, particularly in il8 l,eariJi 

alleged occurrence of coal in the borillg. 
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M. 
Mc CALLEY, Henry. On the coal 

measures of the plateau region of 
Alabama. 

Alabama, Geol. Survey, Report on coal 
measures of the plateau region, pp. 9-238, 2 
plates. 

Abstract, Am. Jour. Sci., 3d series, vol. 42, 
p. 515, ½ p. 

Detailed descriptions of coal beds in the various 
counties with a general review of the stratigraphy 
and structure. Includes notes on the coal meas­
ures of Blount county by A. M. Gibson, pp. 114-
122, 188-215. Accompanied by a geologic map 
and a folded plate of colored sections. 

-- [Geology of the adjacent regions.] 
Map of the Cahaba coal field and adja­
cent regions by Joseph Squire. 

Alabama, Geol. Survey, Report on the 
Cahaba coal field, by J. Squire, 1890. 

Folded colored geologic map. 

McCONNELL, R. G. Report on an ex­
ploration in the Yukon and Mackenzie 
basins, Northwest territory. 

Canada, Geol. Survey, Reports, vol. 4, new 
series, Report D, 163 pages; map, and 9 sheets in 
accompanying atlas. 1890. 

Abstract, Am. Geologist, vol. 8, p. 394, ½ p. 
Itinerary notes with a summary description of 

Archrean, Cambrian, Devonian, Triassic, Creta­
ceous and Tertiarf formations, superficial deposits, 
glaciation, and physical features. 

[--] [Summary report on country north 
of Lesser Slave lake bounded by the 
Peace and Athabasca rivers.] 

Canada, Geol. Survey, Reports, vol. 4, new 
series, Report A, pp. 12-15. 1890. 

Includes some brief references to geologic 
features. 

McGEE, W J. Report, Potomac division. 
U. S. Geol. Survey, 10th Report, J. W. 

Powell, pp. 148-158. 1890. 
Abstract, Ibi<.l., at 30, ½ p. 
Includes a reference to the geologic character­

istics of the northeastern Iowa region and a report 
by G. H. Williams, "The work on the crystalline 
rocks of Maryland." 

-- Neocene and Pleistocene continent 
movements. 

Am. Geologist, vol. 8, pp. 234-235, t p. 
Abstract of paper read to Am. Assoc. Adv. 

Science, 1891. 

-- The Columbia formation in the Mis­
sissippi embayment. [Abstract.] 

Am. Assoc. Adv. Science, vol. 39, pp. 244-245, 

½P· 
Brief notice of its distribution, character, and 

thickness. 

-- The Appomattox formation on the 
Mississippi emba.yment. [Abstract.] 

McGEE, W J-Continued. 
Geol. Soc. Am., Bull., vol. 2, pp. 2-6. 
Abstract, Am. Jour. Sci., 3d series, vol. 40, p. 

332, ¼ p. 1890. 
Description of characteristics, relations, and 

distribution, and review of the nomenclature of 
the formation. 

-- The geology of Washington and 
vicinity. 

Guide to Washington prepared for the In­
ternational Congress of Geologists, Fifth 
Session, Washington, pp. 38-64. [Including 
parts by G. H. Williams, N. H. Darton, an<.l B. 
Willis.] 

Description of general and local physiography, 
the general geology [in part], and the geomorph­
ology, 

-- [The southern extension of the Ap­
pomattox formation.] 

Am. Naturalist, vol. 25, p. 823, ¼ p. 
Abstract of paper described in record for 1890. 

Maine. Antiquity of last glacial period, 
SHALER. 

American opinion on the older rocks, 
. WINCHELL, A. 
Cambrian of North America, WAL­

COTT. 
Devonian and Carboniferous, correla­

tion, WILLIAMS, H. S. 
Geologic position of the Catskill 

group, PROSSER. 
Lakes enclosed by glacial drift, UP­

HAM. 

Subsidence in later glacial ti.mes, 
HITCHCOCK. 

Stones for building, MERRILL, G. P. 

MARCOU, Jules. Geology of the en­
virons of Quebec, with map and sec­
tions. 

Boston Soc. Nat. Hist., Proc., vol. 25, pp. 202-
227, pls. 7-9. 

Abstract, Am. Geologist, vol. 8, pp. 119-120. 
Discussion of the structural relations and age 

of the formations, with a bibliography of the ge­
ology and paleontology of the region. Illustrated 
by a colored geologic map and plates of sections. 

-- Biographical notice of Ebenezer 
Emmons. 

Am. Geologist, vol, 7, pp.1-23, pl. I. 
Includes historical data concerning the Taconic 

system and a list of Emmons' publications. Ac• 
companied by a portrait. 

MARSH, 0. C. Geological horizons as 
determined by vertebrate fossils. 

Am. Jour. Sci., 3d seriee, vol. 42, pp. 336-338, 
pl. 12. 

Abstract of paper read to International Geolog, 
ical Congress. 181:Jl. 
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l\1"assachusetts-Continued. 
Enumeration of the hori zons charac terized by · O 

vertebrate faunas, with a section to illustrate the retaceous of North America, WHITE, 

MARSH, 0. C.-Continued. 

stratigraphic distribution of vertebrate life in C. A . 
.America. Dates of origin t>f C'ertain topographic 

Maryland, including District of Co- forms, DAVIS. 
lumbia. Anglesite [etc.]; car roll Devonian and Carboniferou;, correla-
county, WILLIAMS, G. H. tion, WILLIAMS, H. S. 

Artesian wells, WOOLMAN. Equivalents o·f Minnesota iron ores, 

Cambrian of North America, w AL- . WINCHELL, N. H. · 
COTT. Fauna of Lower Cambrian,WALCOIT, 

Cretaceous and Eocene, UHLER. 
Crystalline rocks of Maryland, WIL­

LIAMs, G. H. 
Crystalline rocks of Washington, 

WILLIAMS, G. H. 
Cretaceous of North America, WHITE, 

C.A. . 
Dates of origin of certain topog~aphic 

forms, DAVIS, · 
Devonian and Carboniferous, correla­

tion, WILLIAMS, H. S. 
Excursion across the Appalachians, 

WILLIAMS, G-. H. 
Fossils in Newark formation, WIL­

LIAMS, G.H. 
Geology of Washington and vicinity, 

DARTON, McGEE. · WILLIAMS, G. H. 
Mesozoic and Cenozoic formations, 

DARTON, . 

Petrography and structure of Pied~ 
mont plateau, WILLIAMS, G. H. 

Report ·of expedition to southern 
Maryland, CLARK, W. B. 

Sedimentary rocks of Washington, 
DARTON. 

Section across Piedmont p 1 ate au, 
KEYES, 

Stones for building, MERRILL, G. P. 
Structure of Blue Ridge near Harper's 

ferry, GEIGER and KEITII. 

ubmarine channel , LI 'DENKOHL. 
Titanic oxide [in soils], D "INGTON. 

of E. Emmons, 

ortb Am ri a, WAL-

la 

Fossiliferous shales in Trias of Con­
necticut, DAVIS. ' 

·Fresh water swamps, SHALER. 
Greylock synclinorium, DALE, 

, Genesis of iron ores, KIMBALL. 
Inequality of distribution of engla­

cial orift, UPHAM. 
Iron ores of Minnesota, WINCHELL, 

N. H. and H. V. 
Kameridges,etc.,inHingham, BouVE. 
Kerarophyre from Marblehead Neck 

[analysis], CHAT.A.RD, 
Metamorphism in con g 1 om er ate 

schist, WOLFF. 

New J ersoy Geol. Survey, Report 
[Age of white limestones],AM. GE­
OLOGIST. DANA, 

Physical geography of southern New 
England, DAVIS, . 

Position of fossiliferous Newark bed . 
EMERSON, 

Preservation of glaciated roc k 1 

J<'ULLER. 

Report-Atlantic Coast division, U. 
Geol. Survey, SHALER. 

Report-Division of Archrean G l­
ogy, U.S. Geol. Survey, PUMPELLY. 

Relation of secular rock disin te ra­
tion of certain transitional schi 
PUMPELLY, 

Rifting in granite[Cape Ann] TARI'. 

tones for building, MERRILL, G. P. 
Triassic of Connecticu valley, AYI • 

Triassic of Mas achu ett. E:\IER • •• 

Wald n, Cochituate, and th ·r Jak 
enclo ed by modined drift PllA 

What con titu t the Taconic moon -
a.in I WI~·CHELL, . H. 
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MATTHEW, G. F.-Continued. 
-- On some cause_s w4ich may have in­

fluenced the spread of the Cambrian 
faunas. 

Canadian Record of Science, -vol. 4, pp. 255-

269. 
A review of the stratigraphic and geographic 

distribution of Cambrian faun.as, with comments 
on some of t'he causes which may have.determined 
their development. 

-- On a new horizon in the St. John 
group. 

Canadian Record of Science, vol. 4, pp:339-
343. 

Announces the discovery of a dictionema-bear­
ing series, reviews the nature a·nd distribution- of 
the genus, and summarizes tho stratigraphic com­
ponents of the Bretanian division of the' St. John 
group. 

-- [Fish remains in the Lower Helder­
berg of New Brunswick.] 

Am. Geologist, vol. 8, pp. 61-62, ½ p. 
Discusses age of the beds holding Diplaspis 

Acadica. 

-- Notes-on Cambrian faunas. 
Am. Geologist, v·o1. 8, pp. 237...:291. 
Comparison of the Taconic fauna of Emmons 

with the Cambrian horizons of the .St. John 
group. Mainly paleontologic. 

[MAYNARD, George W. J The ore de-
posits of Pioche, Nevada. 

Engineeting an<l Mining Jour., vol. 51, p. 
171-172, ½ p., 4°. 

Includes brief reference to geological relations. 

MELVILLE, W. H. Notes on the chen;i­
istry of the Mount Diablo rocks. 

Geol. Soc. Am., Bull., vol. 2, · pp. 402-414. 
Abstract U.S. Geol. Survey, Dull. No. 78, p. 124, 
½ p. Analyses, with notes on the character and 
occurrence of the rocks. 

MERRILL, Frederick, J. H. On the 
post-giacial history of the Hudson 
river valley. 

Am. Jour. Sci., 3d series, vol. 41, pp. 460-466. 
Reviews the evidence afforded by the terraces 

and their deposits, and points out the conditions 
which they indicate. 

MERRILL, G. P. Stones for building 
and decoration, 453 pages. New York. 
[Wiley.] 

Includes a description of the principal building 
stones of the United States and Europe. 

Mexico. Cretaceous of North America. 
WHITE, C. A. 

Cretaceous deposits, HEILPRIN. 
Interesting occurrence of gold. 

HAUSMANN, 

MEZGER, A. Some geological obser­
vations in the vicinity of Charlotte, 
North Carolina.. 

ME,ZGER, A.-Continued. 
Engineering ancl Mining Jour., vol. 52, p. 

725, ¾ p. 4°. 

Discusses the nature and distribution of residu­
ary clays in the region. 

-- THIES,· A. and. The geology of the 
Haile mine, South Carolina. 

Am. Inst. Mining Engineers, Trans., vol. 19, 
'pp, 595-601. 

Account of the relations of the veins and tho as• 
sociated diabase dikes and crystalline schists. 

Michigan. A last word with the Hu­
ronian, WINCHELL, A. 

American opinions on the older 
rocks; WINCHELL, A. 

Conditions controJling artesian well 
borings, HALL, C. w·. 

Cambrian of North America, WAL-' 
COTT. 

Devonian and Carboniferous, correla­
tion, WILLIAMS, H. S. 

Fauna of Lower Cambrian, WALCOTT. 
Geology of Marquette iron region, 

BROOKS. 

High level shores _and their deforma-· 
tion, SPENCER: 

Highest old shore line on Mackinac 
island, TAYLOR. 

Iron ores of Minnesota, WINCHELL, 
N. H. and H. V. 

·· LakeSuperiorstratigraphy,LAWSON. 
VAN HISE. 

Marquette and Keweenaw districts, 
WADSWORTH. . 

Penokee iron series, IRVING and VAN 
HISE . . 

Post-Pliocene subsidence versus Gla­
cial dams, SPENCER. 

Relations of eastern sandstone to 
Silurian, Keweenaw Point, w ADS­
WORTH. 

South Trap range of the Keweenaw an 
series, w ADSWORTH. 

Stones for building, MERRILL, G. P. 

MILLAR, C. C. Hoyer. The phosphate 
:fields of Florida, 48 pages. Eden Fisher 
& Co., London, 1891. 

Not seen. 

MILLER, Samuel A. A description of 
some lower Carboniferous crinoids 
from Missouri. 

Missouri Geol. Survey, Bull. No. 4, 40 pages, 
plates, J efferson City. 

With some introductory remarks on the dis­
tributien of the fossils and on the stratigraphy of 
the Warsaw group. 
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MILLER, William P. Trinity county. 
California, 10th Report of Mineralogist, pp. 

695-727, map, 1890. 
Notes on general geology, and descriptions of 

mines with incidental geologic references. Ac­
companied by folded colored map. 

MINER, J. A. Butte county. 
California, 10th Report of lllineralogist, pp. 

124-146, 1890. 
.Accounts of mines with brief incidental refer­

ences to veinstones and associated rocks. 

Minnesota. Age of the Saganaga gran­
ite, WINCHELL, H. V. 

American opinions on the older rocks, 
WINCHELL, A. 

Area and duration of Lake Agassiz, 
UPHAM, 

Cambrian of North America, WOL­
COTT. 

Cretaceous of North America, WHITE, 
C. A. 

Conditions controlling artesian wells, 
HALL, C. w. 

Criteria of englacial and subglacial 
drift, UPHAM, 

Dike in Minnesota river valley, 
HALL, C. W. 

Eastern equivalents of Minnesota 
iron ores, WINCHELL, N. H. 

Fauna of Lower Cambrian, WOLCOTT. 
Glacial Lake Agassiz in Manitoba, 

UPHAM. 

Inequality of distribution of en­
glacial drift. UPHAM. 

Iron ores of Minnesota, WINCHELL, 
N. H. and H. V. 

Lake Superior stratigraphy, LAWSON, 
VAN HISE. 

Lakes enclosed by modified drift, 
UPHAM. 

Last word with the Huronian, WIN­
CHELL, ,A, 

Record of field observations, WIN­
CHELL, N. H. 

Report, Lake Superior division, U. 
. Geol. Survey, VAN HISE. 

tones for building, MERRILL, G. P. 

Mississippi. Appomattox formation, 
C EE. 

Columbia formation, McGEE. 
retaceous of North America., WIIITE, 

C. 

LER. 

and pp -

rriJl, ' 

Missouri. Analyses of five Cherokee 
limestones, EAKINS. 

Age and origin _of crystalline rocks, 

HAWORTH. 
Boulder of copper, and glacial strire, 

KILPATRICK, 

Cambrian of North America, WOL­
COTT . 

Clays and building stones, LADD. 
Devonian and Carboniferous, cor­

relation, WILLIAMS, H. S. 
Genesis of iron ores, KIMBALL. 
Lower Carboniferous crinoids, MIL· 

LER. 
Report, Lake Superior division, U. S. 

Geol. Survey. [Crystalline rocks.] 
VAN HISE. 

Ozark series. BROADHEAD, 
Reade's theory of the origin of moun­

tain ranges, READE. 
Relation of secular rock disintegra­

tion to certain schists, PAMPELLY. 
Relationship of Pleistocene to pre­

Pleistocene, CHAMBERLIN and SAL­
ISBURY, 

Stones for building, MERRILL, G. P. 
Titanic oxide [in soils],DUNNINGTo.-. 

MONCKTON, G. F. The auriferou 
series of Nova Scotia. 

Geologists Assoc., Proc., vol.11, pp. 454-464. 
Includes au account of their character and 

structure. 

Montana. Analyses of eruptive rock 
CHAT.ARD, 

Cambrian of North America, WAL­

COTT. 
Cinnabar and Bozeman coal fiel , 

WEED. 
Classifica,tion of mountain rang , 

UPHAM. 
Coal fields of Montana, WEED. 

Cretaceous of North America, WHITE 

C.A . 
Dates of origin of certain topograpbi 

form , DAVIS. 

Devonian and Carboniferous, correl -
tion WILLIA::\IS, H. S. 

Cl ification of mCluntain ran!! 
UPIIAi\I. 

Flora of Gr at Falls coal field, • 
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.t't.Iontana-Con tin ued. 
Report, Montana division, U.S. Geol. 

Survey, PEALE. 

Stones for building, MERRILL, G. P. 
Titanic oxil1e [in soils] DUNNINGTON. 

MOREHEAD, J. M. Occurrence of go 1.d 
in Montgomery county, North Carolina,. 

Elisl1a Mitchell Sci. Soc., Jour., 1890, pp. 
87-88. 

Refers to the relations of the gold bearing 
gravels. 

N. 

NASON, Frank L. The post-Archean 
age of the white limestones of Sussex 
county, New Jersey. 

New Jersey, Geol. Survey, Report for 1890, 
pp. 25-50, 2 plates. 

Abstract, Am. Naturalist, vol. 25, pp. 815-816. 
Reviewed by Anon, Am. Geologist, vol. 8, pp. 

120-121, and by J. D. D[ana,] Am. Jour. Sci., 3d 
series, vol. 42, pp. 70-72. 

Describes the characters and relations of the 
white limestones and associated sedimentary and 
igneous rocks. Illustrated by a colored geologic 
map and a plate of sections. 

-- The post-Archrean age of the white 
limestones of Sussex county, New Jer­
sey. 

Am. Geologist, vol 7, pp. 241-252. 
A review of previous observers and discussion 

of the relations of the white limestone to the 
associated formations. 

-- 'l'he post-Archrean age of the white 
limestone nfSussex county, New Jersey. 

Am. Goologist, vol. 8, pp. 166-171. 
A resume of tho evidence in answer to J. D. 

Dana, Am. Jour. Sci.,3dseries, vol. 42, pp. 70-72. 

-- Iron mines. Notes on the active 
iron mines. 

New Jersey, Geol. Survey, Report for 1890, 
pp. 51-127. 

Includes some incidental references to geologic 
features, notes on the rocks associated with the 
iron ores, a discussion of the position of the ore 
bodies in the crystalline rocks, and directions for 
searching for ore with the magnetic needle. 

-- Eruptive iron ores. 
Engineering and Mining Journal, vol. 51, p. 

603, ½ p. 4° . 
Discussion of conditions under which bodies of 

iron oro may be inclosed in eruptive rocks and 
intruded with them. Reviews the evidence of this 
origin for the magnetic ores of the highlands of 
New J ersey and New York. 

Nebraska. An old lake bottom, HICKS. 
Cretaceous of North America, 

WHITE, C. A. 
Devonian and Carboniferous, corre­

lation, WILLIA.MS, H. s. 
Flat Creek bad lands, KINGSLEY. 
Notes on central Nebraska, RUSSELL, 

F.W. 
Progress report of artesian and under­

flow investigation, NETTLETON. 
RULL. 99---4 

Nebraska-Continued. 
Some Kansas salt marshes, HAY. 
Stones for building, MERRILL, G. P. 

NETTLETON, Edwin S. Progress re­
port of artesian and underflow investi­
gation between the 97th degree of west 
longitude and the foothills of the Rocky 
mountains, with maps and profiles. 
Part IT, prepared under direction of the 
Secretary of Agricultnre, 14 pages, 11 
plates, Washington. 

Profiles along various lines, with well records. 

Nevada. Cambrian of North America, 
WALCOTT. 

Classification of mountain ranges, 
UPHAM. 

Devonian and Carboniferous, corre-
lation, WILLIAMS, H. s. 

Fauna of lower Cambrian, WALCOTT. 
Manganese deposits, PEN~OSE. 
Ore deposits of Pioche, MAYNARD. 
Stones for building, MERRILL, G. P. 

NEWBERRY, J. S. The flora of the 
Great Falls coal field, Montana. 

Am. Jour. Sci.,3dReries, vol. 41, pp. 191-201, pl. 
14. 

Abstract, Am . . Naturalist, vol. 25, pp. 362-363, 
½ P, 

Descriptions of the remains, with prefatory ac­
count of relations of the containing formation, 
and discussion of its equivalence and history. 

New Hampshire. American opinion on 
the older rocks, WINCHELL, A. 

Cambrian of North America, WOL­
COTT. 

Criteria of englacial and subglacia] 
drift, UPHAM. 

Dates of origin of certain topographic 
forms, DAVIS, 

Lakes inclosed by modified drift, 
UPHAM. 

Post-Pliocene subsidence versus gla­
cial dams, SPENCER. 

Stones for building, MERRILL, G. P. 

New Jersey. Artesian wells, NASON. 
WOOLMAN. 

Basic dikes, KEMP. 
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New Jersey-Continued. 
Cambrian of Korth America, WAL­

COTT. 
Cretaceous of North America, WHITE, 

C. A. 
Dates of origin of certain topographic 

forms, DAVIS. 
Extra-moramic drift phenomena, 

SALISBURY. 
Eruptive iron ores, NASON. 
Fallen forest and peat layer in Dela­

ware, CRESSON. 
Geological Survey, Report. [Age of 

whitelimestone.J AM. GEOLOGIST. 
DANA. NASON. 

Geological work in southern part of 
the state, COMAN. 

Iron mines, NASON. 
Post-arcbrean age of white lime­

stones, NASON. 
Post-glacial history of the Hudson 

valley, MERRILL, F. I. H. 
Report of State Geologist, SMOCK. 
Submarine channel of Hudson river, 

LINDENKOHL. 
Stones for building, MERRILL, G. P. 

New Mexico. Cretaceous of North 
America, WHITE, E. A. 

Devoni~n and Carboniferous, correla­
tion, WILLIAMS, H. S. 

Notes on geology of the Southwest, 
HILL. 

Notes on northern and southwestern 
New Mexico, HILL. 

Recent lava flow, TA.RR. 
Stones for building, MERRILL, G. P. 
Triassic plants, KNOWLTON. 

New York. American opinion on the 
older rock , WINCHELL, A. 

Artesian wells, SMOCK. 
Building stones, SMOCK. 
Cambrian of orth America, W .AL­

COTT. 

hazy formation in the Champlain 
valley. BRAINERD. 

Clin on ooli ic iron ores. FOERSTE. 
ret o formation of North Amer-
ica, \VHITE, . A. 

t f ori in of certain topo-
AVIS. 

PXN-

New York-Continued. 
Episode in Paleozoic history of Pen n­

sylvania, CLAYPOLE. 
Excavation of the new Croton aque­

duct, CARSON. 
Excursions across Long island, BRY­

SON. 
Eruptive iron ores, NASON. 
Equivalents of Minnesota iron ore , 

WINCHELL, N. H. 
Fauna with goniatites in western 

New York, CLARKE. 
FaunaofLowerCambrian, WALCOTT. 
Fire-clay beds of Staten island, ROL­

LICK. 
Genesis of iron ores, KIMBALL. 
Geologic position of the Catskill 

group, PROSSER. 
High level shores of Great Lakes antl 

their deformation, SPENCER. 
Inequality of distribution of en.gla­

cial drift, UPHAM. 
Iron ores of Minnesota, WINCHELL, 

N.H. 
New Jersey, Geological Survey Re­

port. [Age of white limestone .] 
AM. GEOLOGIST. 

Notes on southwestern New York , 
HARRIS. 

Overthrust faults in northern Ver­
mont, w ALCOTT. 

Overlap relations at base of Paleo­
zoics, WALCOTT. 

Post-Archrean age of white lime­
stones, NASON. 

Post-glacial anticlines, GILBERT. 
Post-glacial history of Hudson valle ·. 

MERRILL, F. S. H. 
Post-Pliocene subsidence versus gla­

cial dams, SPENCER. 

So called sand dunes, Long island, 
BRYSON. 

Submarine channel of Hudson riv 
LINDENKOHL. 

Subsidence in later glacial tim 
HITCHCOCK. 

Stones for building, Merrill G. P. 
W a Lake Iroquois an arm of the 

D.A. VIS. TO E. Pfil'CER. 

Xenotime a an ace sory elemen 
rock 'DERBY. 

nan Car onifer u corr la- New Zealand. ew Zealand g1 
\ IL 81 JACK. 
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NICKLES, J. M. A local deposit of 
Chester sandstone. 

Am. Geologist, vol. 7, pp. 47-48. 
Description of the relations and sections at 

Chester, Illinois, and discussion of the history of 
a local unconformity. 

NITZE, H. B. C. Notes on the Dan 
river coal basin in North Carolina. 

Engineering and Mining Jour., vol. 51, p. 
448, ½P· 40_ 

Incidental referenceB to stratigraphy arid dip at 
several localities. 

NORTH, Edward. The Pico Canon oil 
field. 

California, lOtll Report of Mineralogist, pp. 
283-293, 12 plates. 

Geologic notes, and diagrams of well sections. 

North Carolina. Cambrian of North 
America, ·yy ALCOTT. 

Cretaceous and Tertiary near Wil­
mington, STANTON. 

Cretaceous of North America, WHITE, 
C.A. 

North Carolina-Continued. 
Dates of origin of certain topographic 

forms, DAVIS. 
Gold in Montgomery county, MORE-

HEAD. 
Dan river coal basin, NITZE. 
Dismal Swamp, SHALER. 
Observations in vicinity of Charlotte, 

MEZGER. 
[Potomac formation at Haywood], 

FONTAINE, 

Stones for building, MERRILL, G. P . . 
NORTHRUP, John I. Notes on the geol­

ogy of the Bahamas. 
Am. Naturalist, vol. 25, p. 363, ½ p. 
Abstract of paper described in Record for 1800. 

NORTON, R. Henry. Notes on coal 
mining in Oregon. 

Am. Inst. Mining Engineers, Trans., Vol. 
18, pp. 23-28. 

Includes brief account of coal beds at Yaquina 
Bay. 

0. 

Ohio. Age of Cincinnati anticlinal, 
FOERSTE. 

Age of Point Pleasant beds, JAMES. 
Altitude of United States during the 

glacial period, CHAMBERLIN. 
Cuyahoga shale and the Waverly 

problem, HERRICK. 
Criteria of englacial and subg]acial 

drift, UPHAM. 
Clinton oolitic iron ores, FOERSTE. 
Cincinnati ice dam, LEVERETT. 

CHAMBERLIN, 
Deep boring near Akron, CLAYPOLE. 
Devonian and Carboniferous, correla­

tion, WILLIAMS, H. S. 
• Flood plains and the mound builders, 

PEET. 
Fluvial planes of western Pennsyl­

vania, LEVERETT. 
Glacial grooves on Kelly's island, 

WRIGHT. 
Genesis of iron ores, KIMBALL. 
History of Ohio river, JAMES. 
High level shores and their deforma­

tion, SPENCER. 
Man and the glacial period, WRIGHT. 
Megalonyx in Holmes county, CLAY­

POLE. 
Natural and artificial terraces, PEET. 
Petroleum, etc., western Kentucky, 

ORTON. 
Post-Pliocene subsidence versus gla­

cial dams, SPENCER. 

Ohio-Continued. 
Stones for building, MERRILL, G. P. 
Stratigraphy of bituminous coal field, 

WHITE, I. C. 
ORCUTT, Charles Russell. The Colo­

rado Desert. 
California, 10th Report of Mineralogist, pp. 

899-919, 1890. 
Includes an account of Tertiary to Pleistocene 

geology, and a bibliography. 

Oregon. Coal mining, NORTON. 
Cretaceous formations in northern 

California, DILLER. . 
Cretaceous of North America, WHITE, 

C.A. 
Faunas of the Shasta group, WHITE, 

C. A. 
Infusorial earths, EDWARDS. 
Notes on early Cretaceous, BECKER. 
Report, Cascade division, U, S, Geol. 

Survey, DILLER. 
Stones for building, MERRILL, G. P. 

ORTON, Edwa,rd. · Report on the occur­
rence of petroleum, natural gas, and 
asphalt rock in western Kentucky, 
based on examinations made in 1888 
and 1889. Kentucky, Geol. Survey, 
233 pages, plates, map. Frankfort 
[d~te 7]. 

Account of the petroleum district and a general 
sketch of the geology of western Kentucky, pre­
ceeded by chapters on the history of petroleum 
the origin of petroleum and gas, the geology of 
petroleum and the utilization of natural gas. 
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PACKARD, Alpheus S. The Labrador 
coast, 513 pages, New York. Hodges. 

Contains a brief description of tho geology. 

PEALE, A. C. Report, Montana di­
vision. 

U. S. Geol. Survey, 10th Report, J . W. 
Powell, pp. 130-132, 1890. 

Includes references to subdivision of the Cam­
brian and Carboniferous, and a stratigraphic table 
for the Three Forks region . 

PEACHIN, Edmund C. The iron ores 
of Virginia and their development. 

Am, Inst. Mining Engineers, Trans., vol. 19, 

pp, 1016-1035. 

From Iron and Steel Institute, Proc., Oct., 
1890. 

Enumeration of the various ore deposits, with 
brief references to their geologic relations. 

PEET, Stephen D. Natural and artificial 
terraceR. 

Am. Geologist, vol. 7, pp. 113-117. 
Discusses the nature of certain terraces mainly 

near Fort Ancient, Ohio, which have been claimed 
to be artificial. 

--The flood plain and the mound build­
ers. 

Am. Geologist, vol. 8, pp. 44-51. 
Discusses the relations of the flood plains in the 

Mississippi valley region to th e mounds. 

PENFIELD, S. L., IDDINGS, J.P. and. 
The minerals in hollow spherulites of 
rhyolite from Glade Creek, Wyoming. 

Am, Jour. Sci., 3d series, vol. 42, pp. 39-46. 
Includes a prefatory description of the con­

taining rock. 

PENROSE, R. A. F., Jr. Manganese, 
its uses, ores, and deposits. Arkansas, 
Geol. Survey, Report for 1890, vol. 1, 
xxvn and 642 pages, plates and maps. 
Little Rock. 

Abstract, A.m. Geologist, vol. 8, pp. 26L-263. 
Includes a detailed description of the geology 

of the Batesville manganese region and the de­
posits in southwestern Arkansas, acconnts of the 
manganese deposits of the Appalachian region, 
T xaa, the Rocky mountains, Nevada, California, 
and Canada, and a discu ion of the origin and 
chemlca.l relationP of mangaue deposits. 

-- The origin of the man anese ore of 
north rn Arkansa and it ffect on the 
a o iated rata. [Abstract.] 

Am. A oc. d-r. cl ne , Proo., vol. 39, pp. 
~252. 

non he 

ELEY. 

P. 

Pennsylvania-Continued. 
Artesian wells in eastern PennsylYa­

nia, CART.ER. 
Cambrian of North America, W Air 

COTT. 
Cretaceous of North America, WRITE. 

C.A. 
Clinton oolitic iron ores, FOERSTE. 
Dates of origin of certain topographic 

forms, DAVIS. 
Deep boring in Trias, LESLEY. LY­

MAN. 

Devonian and Carboniferous, corre­
lation, WILLIAMS, H. s. 

Episode in Paleozoic history, CLAY­
POLE. 

Fauna of Lower Cambrian, WALCOTT. 
Fallen forest and peet layer in Dela­

ware, CRESSON, 
Feldspar bed in gneiss, CARTER. 
Fluvial planes of western Penn yl­

vania, LEVERETT. 
Glacial grooves at southern rnar«i 

of drift, FOSHAY and HISE. 
Genesis of iron ores, KIMBALL. 
Geologic position of the Cab.kill 

group, PROSSER. 
Geological notes, GRESLEY. 
High level shores of Great Lak and 

their deformation, SPENCEH. 
Notes on southwestern New Yor 

HARRIS. 
Paint ore mines at Lehigh p. 

HESSE. 
Post-Pliocene subsidence ven1i, !! 

cial dams, SPENCER. 
Sandstones of Che ter valley, R~ • 
South (Chester) Valley hill, R~iD. 
Stratigraphy ofbituminou coal fi 

WIIITE1 I. C. 
Stones for building, MERRILL 
Union, nyder, Mifflin, and Ju 

counties, D'INYILLIER . LE.5 

PERRY, George W . The relatio 
the strength of marble to its true 

Engineering and Minin Jour. ,. L 
463, % p. 4°. 

lllu rated by photomicrogn.phs of ms 
Vermont, Teno ee, Indiana, Italy,a~J f 
base of the obeli kin 'ew York. 
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Petrography-Continued. 
Constitution and origin of spherul­

ites, CROSS. 
Spherulitic crystallization, IDDINGS. 
Mother Lode region, California, F Arn­

BANKS. 
Mount Diablo, California, TURNER. 
Late volcanic eruption in northern 

California, DILLER. 
Report U. S. Geol. Survey, POWELL. 
Granites from British Columbia, 

Alaska, etc., ADAMS. 
Drift rocks of central Ontario, COLE­

MAN. 

Metallic iron on St. Joseph island, 
Lake Huron, HOFFMANN. 

Petrographic differentiation in dikes 
of Rait1y Lake region, LAWSON. 

Marquette and Keweenaw districts, 
WADSWORTH. 

Iron ores of Minnesota, WINCHELL. 
Steep Rock Lake region, SMYTH. 
A last word with the Huronian, 

WINCHELL, A. 
Penokee iron series, IRVING and 

VANHISE. 
Introduction to study of petrology, 

HATCH. 
Petrographical tables, LANE. 
Tabulation of igneous rocks, ADAMS. 
Igneous rocks of Arkansas, WIL-

LIAMS, J. F. KEMP.and WILLIAMS. 
Dikes outside the Syenite areas of 

Arkansas, KEMP. 
Dike in Minnesota l'iver valley, 

HALL, C. w. 
Crystalline rocks of Missouri, HA­

WORTH. 
Silici:fied glass breccia, Sudbury dis­

trict, WILLI.A.MS, G. H. 
Basanite from Indiana, GOLDSMITH, 
Piedmont plateau, Maryland, WIL­

LI.A.MS, G. H. KEYES. 
Mesozoic igneous rocks of Virginia, 

CAMPBELL and BROWN. 
Distribution of titanic oxide [in 

soils], DUNNINGTON. 
Metamorphism in conglomerate 

schist, WOLFF. 
Rifting in granite [Cape Ann], T.A.RR, 

Post-Archreanageof white limestones 
of New Jersey, NASON. 

Nepheline-bearing rocks in Brazil, 
DERBY. 

Magnetite districts in Brazil, DERBY. 

Petrography-Continued. 
Xenotime as an accessory element in 

rocks, DERBY. 
Pleistocene. 

Alaska. Muir glacier, CUSHING. 
WRIGHT, 

Explorations in Alaska, RUSSELL, 
I. C. 

Expedition to Mount St. Elias, Rus­
SELL, I. C. 

Atlantic Coast Region. So-called san<l. 
dunes, Long island, BRYSON, 

Clay concretions of Connecticut 
river, ARMS. 

Review of the Quaternary era, UP­
HAM. 

Excursion across Long island, BRY­
SON. 

Kame ridges and other phenomena in 
Hingham, MassachusettsJ BouvE. 

Composition of till or boulder ciay, 
CROSBY. 

Date of origin 9f certain topographic 
forms, DAVIS. 

Physical geography of southern New 
England, DAVIS. 

Geological features of Meride.n, Con­
necticut, CHAPIN .. 

Subsidence in later glacial times, 
HrrCBCOCK. 

Glaciated rocks, FULLER. 
Excavation of new Croton aque­

duct, New York, CARSON. 
The four "rocks" about New Haven, 

DANA. 

Post-Pliocene continental subsidence 
versus glacial dams, SPENCER. 

Criteria of englacial and subglacial 
drift, UPHAM. 

Walden, Cochituate, and other lakes 
enclosed by modified drift, UPHAM. 

Post-Glacial history of Hudson river 
valley' MERRILL, F. s. H. 

Artesian wells, New Jersey report, 
SMOCK. WOOLMAN. 

Forest and peat layer in Delaware, 
CRESSON. 

Artesian wells in eastern Pennsylva­
nia, CARTER. 

Terrace formations of the Atlantic 
coast and along the Delaware, 
COMAN. 

Report, New Jersey Geol. Survey, 
SMOCK. 

Extra-morainic drift phenomena of 
New Jersey, SALISBURY. 
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Pleistocene-Continued. 
.Atlantic Coast Region-Continued. 

Inequality of distribution of the en­
glacial drift, UPHAM. 

Eastern Mary land and . Virginia, 
DARTON. 

Geology of Washington region, DAR­
TON. McGEE, 

Expedition into southern Maryland, 
CLARK, W. B. 

Submarine channels of middle At­
lantic coast, LINDENKOHL. 

Neocene and Pleistocene continent 
movements, McGEE. 

Dismal swamp, SHALER. 
Report, Atlantic Coast division U. 

S. Geol. Survey, SHALER. 
Caha,ba coal field region, Alabama, 

SQUIRE. S.t,HTH, 

I<'lor~da phospate, Cox. DARTON. 
DAVIDSON. 

Floridite, Cox. 
Record of deep well at Lake Worth, 

southern Florid.a, DARTON, 
Phosphates of America. WYATT. 
Elevation ,f America in Cenozoic 

periods, DALL. 
Geological Survey of Georgia, SPEN­

CER. 

Researches in Yucatan [continental 
movements], HEILPRIN. 

Appalachians to Mississippi basin. Re­
lationship of Pleistocene to pre­
Pleistocene formations south of 
limit of glaciation, CHAMBERLIN 
and SALISBURY. 

Extension of pre-Pleistocene gravels 
in basin of the Mississippi. SAL­
ISBURY. 

Review of the Quaternary era. UP­
HAM. 

Orange sand, Lagrange and Appo­
mattox, HrLGARD. 

Cincinnati ice dam, CHAMBERLIN. 
LEVERETI'. SPENCER. 

Deep boring near Akron, Ohio, CLAY­
P LE. 

Megalonyx in Holm county, Ohio, 
CLAYPOLE. 

Attitnd of United 
d 

RTIIEN. 

Pleistocene-Continued. 
Appalachians to Mississippi basin -Con'd . 

Economical geology, Illinois, W OR­
T HEN. 

History of Ohio river, JAMES. 

Post-Glacial anticlinal ridges in New 
York, GILBERT. 

Letter of transmittal [central Penn­
sylvania], LESLEY. 

Fluvial planes of western Pennsyl­
vania, LEVERJilTT. 

Flood plains and the mound builders 
PEET. 

Man and the glacial period, WRIGHT. 

Nita crevasse LMississippi River], 
JOHNSON. 

Variations in Cretaceous and Tertiary 
in Alabama, LANGDON. 

Columbia formation in the Mis · -
sippi embaymeut, McGEE. 

Natural and artificial terraces, Ohio, 
PEET. 

Map of Kentucky, PROCTER. 
Age of orange sands [Illinois], AL­

ISBURY. 

A second driftless area in the Mi i -
sippi valley, SALISBURY. 

Cahal>a coal field region, Alabama 
SQUIRE. SMITH. 

Artesian wells of Memphis, Tenn 
see, SAFFORD. 

Strire and ~lickensides at Alton, 
nois, TODD. 

Criteria of englacial and subglac 
drfft, UPHAM, 

Glacial grooves on Kelley's i I 
WRIGHT. 

Great Lakes region and eastern Canad . 
Surface geology of southern · 

Brunswick, CHALMERS. 
Review of the Quaternary era, 

HAM, 

Formation of Toronto jsland, 
L. J. 

Drift rocks of central Ontario, C 
MAN, 

Grand river, Labrador, CARY, 
Was Lake Iroq nois an arm of th 

DA VIS. STONE, PENCEB, 

Davis on the Iroquois beach. 
CER. 

Later phy iographic 
Rocky 1onn tain r 

AWSO ', J . M. 
ova cotfa, GILPIN. 
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Pleistocene-Continued. 
Great Lakes region and Eastern Canada­

Con tin ued. 
Beach phenomena, Quaco, New Bruns­

wick, WHITTLE. 
Glacial geology of Cape Breton, 

HONEYMAN. 
Gleanings in Nova Scotia and Cape 

Breton, HONEYMAN. 
Southern invertebrates on shores of 

Acadia, GANONG. 
Subsidence in later glacial times, 

HITCHCOCK. 
Chemical contributions [Analysis of 

days], HOFFMANN, 
Environs of Quebec, MARCOU. 
Surface geology of Pictou coal :fields, 

POOLE. 
Country northwest of Lake Superior, 

LAWSON. 
Cause of active compressive stress in 

rocks, READE. 
Old channel of Niagara river, Sco­

VELL. 
High leve] shores and their deforma­

tion, SPENCRR. 
Post-Pliocene continental subsidence 

verses glacial dams, SPENCER. 
Deformation of the Algonquin beach, 

SPENCER. 
Pleistocene of the Winnipeg basin, 

TYRRELL, 
Highest old shore line in Mackinac 

island, TAYLOR. 
Inequality of distribution of the en­

glacial drift, UPHAM. 
Glacial lakes in Canada, UPHAM. 
Criteria of englacial and su bglacial 

drift, UPHAM. 
Lakes enclosed by modified drift, UP­

HAM. 

Mississippi basin to Rocky mountains. 
Relationship of Pleistocene to pre­

Pleistocene south of limits of gla­
ciation, CHAMBERLIN and SALIS­
BURY. 

Extension of pre-Pleistocene gravels 
in basin of Mississippi, SALISBURY. 

Crowley's Ridge, CA.LL. BRANNER. 
SALISBURY. 

Northwest Kansas, HAY. 
Altitude of United States during gla­

cial period, CHAMBERLIN. 
Mammoth remains in Kansas, CHARL­

TON. 

Pleistocene-Continued. 
Mississippi basin to Rocky Mountains­

Continued. 
Leaf-bearing terrane on Loup Fork 

in "Public Lands," CRAGIN. 
Tertiary woods of eastern Arkansas, 

CALL. 
Columbia formation in Mississippi 

embayment, McGEE. 
Appomattox formation in the Missis­

sippi embayment, McGEE. 
Review of the Quaternary era, UP­

HAM. 

Report, Potomac division, U. S. Geol. 
Survey [Iowa], McGEE. 

Great Falls coal :field, Montana, NEW-
BERRY. 

CeIJ.tral Nebraska, RUSSELL, F. W. 
Megalonyx beds in Kansas, UDDEN. 
Area and duration of Lake Agassiz, 

UPHAM. 
Criteria of englacial and subglacial 

drift, UPHAM. 
Glacial Lake Agassiz, UPHAM. 
Igneous rocks of Arkansas,WILLIAMS, 

J. F. 
Report on northwestern Tex_as, CUM­

MINS. 

Report of State Geologist of Texas, 
DUMBLE. 

Iron ore district of eastern Texas, 
DUMBLE. HERNDON, KENNEDY. 
WALKER. 

Trans-Pecos 'rexas, STREERUWITZ. 
Artesian and underflow investigation, 

NETTLETON. 
Boulder of copper in central Missouri, 

KIRKPATRICK, 
An old _ lake bottom [Nebraska], 

HICKS. 
Conditions controlling artesian wells, 

HALL, C. w. 
Red-rock sandstone of Marion county, 

Iowa, KEYES. 
Notes on geology of the Southwest, 

HILL. 
Notes on New Mexico and southwest 

Texas, HILL. 
Reconnaissance in Indian Territory, 

HILL. 
Clays and building stones of west 

central Kansas, LA.DD. 

Rocky mountains to Pac-ific coast. 
Recent lava flow in New Mexico, 

TARR. 
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Pleistocene-Continued. 
Rocky mountains to Pacific coast-Cont'd. 

Mount Diablo, California, TURNER. 
Placer county, California, HOBSON. 
Searles borax marsh, California, 

DEGROOT. 

Tuolumne Table mountain in Califor­
nia, BECKER. 

Monterey county, California, ANGEL. 
Ancient river beds of Forest Hill 

divide, California, BROWNE. 
Orange county, California, BOWERS. 
Infusiorial earths of Pacific Slope, 

EDWARDS. 

Los Angeles county, Colorado, PRES­
TON. 

Merced and St. Joaquin counties, 
California, w A.TTS. 

San Mateo county, California, WATTS. 
Man and the glacial period, WRIGHT. 
Nampa images, WRIGHT. 
Sacramento county, California, 

WATI'S. 

Late volcanic eruption in California, 
DILLER. 

Mohawk lake beds, 'l'URNER. 
Colorado Desert, ORCUTT. 
Review of the Quaternary era, UP­

HAM. 

Western Canada. West Kootamie dis­
trict, DAWSON, G. M. 

Yukon and Mackenzie basins, Mc­
CONNELL. 

Country north of Lesser Slave Jake, 
McCONNELL. 

Later physiography geology of Rocky 
mountain region in Canada, DAW­
SON, G. M. 

Glaciation of the Great Plains region, 
DAWSON, G. M. 

About Lake Winnipegosis, TYRRELL. 
Glacial Lake Agassiz in Manitoba, 

UPHAM. 
Revi w of Qnatenary era, UPHAM. 

neral. IIypothese of the cause of 
he lacial p riod, CHAMBERLIN. 

Al i ud of Unit d ta.tea during gla­
cial p riod, H rnERLIN. UPHAM. 

f America in Cenozoic 

Pleistocene-Con tin ueu. 
General-Continued. 

N eocene and Pleistocene continent, 
movements, McGEE. 

Cincinnati ice dam, SPENCER. 
Claim of priority for name "A.lgo­

kian ," SPENCER. 
Antiquity of last glacial period, 

SHALER. 
Elevation and subsidence during the 

glacial period, UPHAM. 
Correlation of changes of level in 

North America and the Caribbean 
region, UPHAl\f. 

Origin and age of Lafayette and Co-
lumbia formations, UPHAM. 

Review of Quaternary era, UPHA:11, 

Cause of the glacial period, UPHAll­

Inequality of distribution of engla-
cial drift, UAHAM. 

Limits of plan ts in basin of Red river 
of the north, UPHAM. 

Glacial lakes in Canada, UPHAM. 

Criteria of englacial and snbglacial 
drift, UPHAM. 

Lakes enclosed by modified drift, 
UPHAM. 

Classification of mountain range.-,, 
UPHAM. 

Researches in Yucatan [continental 
movements], HEILPRIN, 

POOLE, H. S. Surface geology of the 
Pictou coal field. 
Nova Scotian Inst., Trans., vol. 7, pp . .,.,~-

393. 

Notes on drift formations, topographic pecu · -
ities and Plcistoceno history of the region. 

POWELL, J. W. Tenth Annual Re­
port of the United States Geologi 
Survey. 
U. • (:leol. Survey, 10th Report J. • 

Powell, pp. 3-80, Pls. 2--5. 1 90. 
Includra brief summaries of the r ul 

various geologic divisions, and descrip oo o 
geologic co.rtogropbic sy tern. I llu 
plates of pattern and colors for the cart 
sys tem. 

[-] The :flooding of the Col 
De ert. 
Engine rin and Jnin Jour. vol 

¾col. 4° . 
.Account of the geologic condi tioll!. 

ntral PRESTON, E. . La 

cific 
Tncid II I r •f< r nc to ol ic fi t 
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PRESTON, E. B.-Continuecl. 
-- Los Angeles county. 

California, 10th Report of Mineralogist, pp. 
277-283. 

Geologic notes on Santa Catalina island, Lake 
Salinas, and the Tujunga Cafions. 

-- Mariposa county. 
California, 10th Report of Mineralogist, pp. 

300-310, 1890. 
Incidental geological references. 

-- Modoc county. 
California, 10th Report of Mineralogist, pp. 

332-335, 1890. 
· Includes notes respecting the distribution and 

relations of volcanic rocks. 

-- Plumas county. 
California, 10th Report of Mineralogist,pp. 

466-495. 
Includes incidental geologic notes in descrip­

tions of minin g regions. 

-- Sutter county. 
California, 10th Report of Mineralogist, p. 

691, 1890. 
Account of structure of Marysville buttes. 

PROCTER, John R. Preliminary map 
of Kentucky. Scale 20 miles to one 
inch. 
Kentucky Geol. Survey. Re1>ort on petro­

leum, gas, and asph alt rock by E. Orton. In 
pocket iu cover. 

Folded colored geologic map. 

PROSSER, Charles S. The geological 
position of the Catskill group. 

Am. Geologist, vol. 7, pp. 351-366. 
A review of the paleontologic evidence, includ­

ing a letter on the subject from J. W. Dawson, 
and notes on observations in the eastern Catskills 
in New York. 

PUMPELL Y, Raphael. The relation of 
secular rock disintegration to certain 
transitional crystalline schists. 

Geol. Soc. Am., Bull., vol. 2, pp. 209-223. 
Abstracts, Am. Geologist, ,·ol. 7, p. 259, ! p.; 

Am. Jour. Sci., 3d series, vol. 42, pp. 346-347, gp.; 
Am. Naturalist, vol. 25, pp. 363, 826-827, ½ p. 

Reoume of former studies on rock disintegration; 
description of relations of Cambrian to older crys­
tallines iu western Massachusetts as an example 
of secular disintegration in ancient rocks, and 
discussion ofinfluence of antecedent diaintegration 
on rock formation, instancing relations in the 
Adirondack region, the Green mountains, am! 
tho Iron mountain of Missouri. Also briefly 
describes the relations of the granite and quartz­
ites in Doc River gorge, eastern Tennessee. 
Discussed by G. H. Williams, B. K. Emerson, and 
G. IL Gilbert, pp. 223-224. 

--Report, division of Archrean geology. 
U.S. Geological Survey, 10th Ueport, J. W. 

Powell, pp. 114-116, 1890. 
Abstract, lb., pp. 13-14, % p. 
Account of progress in the Green mountain 

region in Maaaachusetts. 

R. 
RAN D, Theodore D. Geology of the 

South (Chester) Valley hill. 
Philadelphia, Acad. Sci., Proc., 1890, pp. 

435-436. 
Remarks ou the character, relations, and distri­

bution of the rockt1. 

-- The sandstones of Chester valley, 
Pennsylvania. 

Philadelphia, Acad. Sci., Proc., 1891, pp. 
119-120. 

Announces the discovery of a bed of sandstone 
of which the age and relations arc discussed. 

READE, T. Mellard. 'fhe cause of active 
compressive stress in rocks and recent 
rock flexures. 

Am. Jour. Sci., 3d series, vol. 41, pp. 409-414. 
Instances recent surface flexinga in various parts 

of the world, and briefly discusses their nature 
and cause. 

-- An outline of Mr. Mellard Reade's 
theory of the origin of mountain ranges 
by sedimentary overloading and cumu­
lative recurrent expansion. 

Am. Geologi1,t, vol. 8, pp. 275-287. 
From Phil. Magazine for June, 1891. 
Includes a reference to the structure of the 

western ArkanHas region descrilicd by A. Winslow, 
iu "The geotectonic and pbysiographic gi,olog-y 
of western Arkansas." 

Rhode Island. 
Devonian and Carboniferous, correla­

tion, WILLIA.MS, H. S. 
Lakes enclosed by modified drift, 

UPHAM. 

Stones for building, MERRILL, G. P . 
Xenotime as an accessory element in 

rocks, DERBY. 

RICKARD, T . A. 'l'he Mount Morgan 
mine, Queensland. 

Engineering and Mining Jour., vol. 52, pp. 
214-210, 240-241, 40, 

llead to Am. Inst. of Mining Engineers, J"une, 
18!)1. 

Account of geologic structure and discuss:on of 
the genesis of the ore deposit. 

RIDLEY, Henry N. The raised reefs of 
Pernando de Noronha. 

.Am. Jour. Sci,, 3d series, vol. 41, pp. 406-40!l. 
Discussion of the origin of the so-called ::eolian 

sandstones. 

ROTHPLETZ, Auguf:lt. The Permiau, 
Triassic, and Jurassic formations in the 
East Indian Archipelago. ('fimor ancl 
Rotti.) 

Am. Naturalist, vol. 25, Pp. !l56-962. 
Abstract of paper read to Geol. Soc. of America, 

Augu8t, 1891. 
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RUSSELL, Francis W. Preliminary 
notes on the geology of central Ne­
braska. 

Am. Geologist, vol. 7, pp. 38-44. 
Description of the character and relations of a 

post-Tertiary formation about the headwatera 
of the Middle and North Loup rivers. 

RUSSELL, Israel C. An expedition to 
Mount Saint Elias, Alaska. 

National Geogr. Mag., vol. 3, pp. 53-194, pls. 
2-20. 

Ab_stracts, Am. Jour. Sci., 3d series, vol. 42, pp. 
171-172, ½ p. Am. Geologist, vol. 8, pp. 

141-142. 
Includes a sketch of the geology of the St. Elias 

region and descriptions of the glaciers (pp. 167-
188). 

-- Explorations in Alaska. 

RUSSELL, Israel C.-Continued. 
Am. Geologist, vol. 7, pp. 33-38. 
Brief account of the results of the exploration, 

• including notices of the glaciers and a bri~r 
reference to the structure of Mt. St. Elias. 

-- .A.re there glacial records in the 
Newark system¥ 

Am. Jour. Sci., 3d serie~, vol. 41, pp. 499-505. 
Abstract, Am. Naturalist, vol. 25, p. 739, 5 line;;. 

A review of evidence which has been advancPd 
by various observers, in which the history of the 
coarse deposits of the system is discussed and th 
nature of glacial records considered. 

-- Has "Newark" priority as a. group 
name1 

Am. Geologist, vol. 7, pp. 238-241. 
Discussion of the objections made by Hitchcock 

to the adoption of the term. 

s. 
SAFFORD, James M. The formations 

and artesian wells of Memphis, Tenn­
essee. [Abstract.] 

Am. Assoc. Adv. Science, Proc., vol. 39; p. 244, 
½p. 

(Published in full in Tennessee State Board of 
Health, Bulletin, vol. 5, No. 7, pp. 98-106. Nash­
ville, 1890.) 

List of strata in the artesian wells. 

SALISBURY, R. D. On certain extra­
morainic drift phenomena of New Jer­
sey. 

Am. Geologist, vol. 8, pp. 195, 238, 239, ½ p. 
Abstract of paper read to Geo!. Soc. of America, 

1891. 

-- On the northward and eastward ex­
tension of pru-Pleistocene gravels in 
the basin of the Mississippi. 

Am. Geologist, vol. 8, pp. 195, 2a8, ¼ page. 
Abstract of paper read to Geo!. Soc. America, 

1891. 

- .- On the probable existence of a sec­
ond driftless area in the Mississippi val­
ley. 

Am. Geologist, vol. 8, p. 232, i p. 
Abstract of paper rend to Am. Assoc. Adv. Sci­

uce, 1891. 

SALISBURY, R. D.-Continued. 
In part from Am. Joor. Sci., 3d series, vul.41, 

pp.359-377. 
Abstract, Am. Geologist, vol. 7, pp. 263-2&4, 

½P· 
A discussion of the geologic history of tho 

region and its general bearing. 

-- CHAMBERLIN, T. C., and. On 
the relationship of the Pleistocene to 
the pre-Pleistocene formations of tl.te 
Mississippi basin south of the limit of 
glaciation. 

Am. Jour. Sci., 3d series, vol. 41,pp. 359-377. 
Also in part in Arkansas, Geol. Survey, Re· 

port for 1889, vol. 2. The Geology of Crow­
ley's Ridge, by R. E. Call, pp. 224-248. 

Discussion of the relations of the glacial drill 
loess and orange sand, and their bearing on th 
geologic history of the region. 

SCOVELL, J. T . .An old channel of the 
Niagara river [abstract]. 
Am. Assoc. Adv. Science, Proc., voLS9,pp. 

245-246, i p. 
Account of evidence in the t. David's region 

and notice of its bearing on the age of the river. 

SELWYN, Alfred R. C. Summary re­
ports of the operations of the Geolo ic 
Survey for the yea.r 1 9. 

anada, Geol. Survey Report , vol. 4, ne,r 

series. Report A, 66 pages, 1890. 
Includes an account of ob rvations on Bo1 

east rn town hi 
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SELWYN, Alfred R. C.-Continued. 
district; L. W. Bailey, in northern New Bruns­
wick and Quebec; R. Chalmers, on superficial de­
posits of southern New Brunswick; H. Fletcher, 
in Pictou and Colchester counties, Nova Scotia; 
and E. R. Fairbault on gold-bearing rocks in Nova 
Scotia. 

-- [Age of the rocks at Quebec.] 
Geol. Soc. A.m., Bull., vol. 2, p. 501, ½ p. 
In discussion of " On the geology of Quebec and 

its environs," by H. M. Ami. 

SHALER, N. S. General account of the 
fresh- water morasses of the United 
States, with a description of the Dismal 
Swamp district of Virginia and North 
Carolina. 

U. S. Geol. Survey, 10th Iteport, J. W. 
Powell, pp. 255-339, pls. 6-19, 1890. 

Classification of swamps and their origin, and 
description of the Disma,l Swamp region, its to­
pography, vegetation, marginal beach, underlying 
beds, animal life, effect of recent changes in the 
continental level, drainage and healthfulness. 

-- Report, Atlantic coast division. 
U. S. Geol. Survey, 10th Report, J. W. 

Powell, pp. 117-119. 
Abstract, lb., pp.15-16, %· 
Includes references to features .of the drift in 

southeastern New England and occurrence of 
probable '.l'ertiary or Cretaceous beds on Cape Cod. 

-- 'rhe antiquity of the last glacial 
period. 

Boston, Soc. Nat. Hist., Proc., vol. 25, pp. 
258-267. 

A review of the various arguments, especially 
of the evidence, afforded by the distribution of 
vegetation. 

-- The history of our continent. 290 
pages, 12°. Boston. 

Not seen. 

SHIMIK, B. The loess and its fossils. 
A.m. Jour. Sci., 3d series, vol. 41, p. 72, 1/s p. 
Abstract of paper described in Record for 1890. 

Silurian. 
Appalachians. (Vermont to Alabama.) 

Chazy formation in the Champlain 
va1ley' BRAINERD. 

Greylock synclinorium, DALE. 
Age of Stockbridge limestone, WOLFF. 
Report, division of Archrean geology, 

U.S. Geol. Survey [Massachusetts], 
PUMPELLY. 

Clinton oolitic iron ores, FOERSTE. 
Artesian wells in eastern Penn­

sylvania, CARTER. 
Union, Snyder, Mifflin, and Juniata 

counties, Pennsylvania, D'lNVIL­
LIERS. 

Structure of Blue Ridge in Virginia, 
HITCHCOCK, GEIGER and KEITH. 

Silurian-Continued. 
Appalachians-Continued. 

Manganese ore deposits at Crimora, 
Virginia, HALL, C. E. 

Genesis of iron ores, KIMBALL. 
Biographical notice of E. Emmons, 

MARCOU, 
Building stones of New York, SMOCK. 
Artesian well at Parkesburg, Penn­

sylvania, LESLEY. 
Excursion across Appalachians, 

[Maryland], WILLIAMS, H. s. 
Piedmont plateau in Maryland, 

KEYES. WILLIAMS, G. H. 
Overthrust faults of southern Appa­

lachians, HAYES. 
Physical geology of Tennessee, HULL. 
Cahaba coal :field region, MCCALLEY. 

SMITH. 
Coal measures of plateau region of 

Alabama. MCCALLEY. SMITH. 
Post-Archrean age of white limestone 

of New Jersey, NASON. 
Relation of strength of marble to its 

structu1e, PERRY. 
Iron ores of Virginia, PECHIN. 
Overthrust faults in Vermont, WAL­

COTT. 
Overlap relation at base of Paleozoics, 

WALCOTT. 
Eastern equivalents of Minnesota 

iroD; ores, WINCHELL, N. H. 
Manganese deposits, PENROSE. 
Geological Survey of Georgia, 

SPENCER. 

Appalachians to Mississippi river. Rocks 
at St. Paul, Indiana, BEACHLER. 

Age of Cincinnati anticlinal,FOERSTE. 
Age of beds at Point Pleasant, Ohio, 

JAMES, 

Clinton oolitic iron ores, FOERSTE. 
Genesis of iron ores, KIMBALL. 
Map of Kentucky, PROCTER. 
Relation of strength of marble to its 

structure, PERRY. 
Western Kentucky, ORTON. 
Relations of eastern sandstones to 

Silurian, Keweenaw Point, WADS­
WORTH. 

Rock fracture at Appleton, Wisconsin, 
CRAMER. 

Map of Illinois, WORTHEN. 
Economic geology [I 11 in o is] , 

WORTHEN, 
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Silurian-Continued. 
Canada. Quebec group of Logan and 

Billings, AMI. 
Geology of Quebec, AMI. MARCOU. 
Northern New Brunswick and Quebec, 

BAILEY. 
Chazy formation in the Champlain 

valley, BRAINERD. 
Nova Scotia, FLETCHER. 
Chemical contributions, HOFFMANN. 
Fish remains in Lower Helderberg, 

New Brunswick, MATTHEW. 
Summary reports of geological sur­

vey, SELWYN. 
Pleistocene of the Winnipeg basin, 

TYRRELL. 
Lake Winnepegosis and Porcupine 

mountains, TYRRELL. 
Fossils from Saskatchewan district, 

WHITEAVES. 
Classification of Quebec group rocks, 

WALCOTT. 
Age of rocks at Quebec, SELWYN. 
West Kootanie district, DAWSON, 

G.M. 
West of the Mississippi .River. Central 

basin of Texas, CURTICE. 
Contributions to geology of the south­

west, HrLL. 
Reconnaissance in Indian Territory, 

HILL. 

Ozark series, BROADHEAD. 
Washington county, Arkansas, SI­

MONDS, BRANNER. 
Report, Rocky Mountain division, 

U .. Geol. Survey, EMMONS. 
npposed Trenton fossil fish, AM. 
GEOLOGIST. 

Analysis of Cherokee limestone, 
EA.KINS. 

Novaculites of Arkansas, GRISWOLD. 
Ore d po it of Pioche, Nevada, MAY­

NARD. 

Great Fan C al :field, NEWBERRY. 
Report, Montana division, U. 

G ol. y, EALK 
'Arkansas, PENROSE. 
of Arkansa , WrL-

region of T xa , 

Silurian-Continued. 
Nomenclatu1'e-Con tin ued. 

Aga of rocks at Quebec, SELWYN. 
Classification of Quebec group rocks, 

WALCOTT. 

SIMONDS,F. W. ThegeologyofWash­
ington county. 

Arkansas, Geol. Survey, Report 1888, vol 4, 
pp. 1-148, pis. 

Abstract, Am. Jour. Sci, 3d series, vol. 42, p. 
347, ¾ p. 

Description of the stratigraphy of the several 
Carboniferous formations and supposed Devonian 
Structure, physiography, and economic geology: 

SMITH, Eugene A. Geological structure 
and description of the valley region 
adjacent to the Cahaba coal field. 

Alabama, Geol. Survey, Report on Cahaba 
coal field, pp. 133-180, 2 plates. 

Description of the characteristics, distribution, 
and structure of the Cambrian, Silurian, Devonian, 
and Carboniferous rocks and of the Tuscaloosa 
and Orange sand formations, preceded by a brief 
sketch of the origin of the formations and the 
conditions of their deposition. Illustrated by a 
colored cross section. 

--Preface. 
Alabama, Geol. Survey, Report on coal 

measures of the plateau region by H.McCalley, 
pp. 5-8. 

General description of the Carboniferous, De1·u­
nian, Silurian, and Cambrian formations of tbe 
state. 

SMOCK, John C. Building stone in 
New York. 

New York. State Mus., Bull., No. IO (vol. 2) 
396 pages, plate, map, 1890. 

Descriptive notes of quarry districb1 and quarri 
and chapters on geologic position and geographi 
distribution of building stones in the state; tb 
use of stone in cities; physical tests and chemical 
examinations of building stones, and on their 
durability and causes of decay. .Accompanied by 
a map indicating distribution of the quarrfo • 

--Report. 
New Jersey, Geol. Survey, Report for 1 

pp. 9-22. 
Includes brief reference to discoveri 

Nason of fo ils in the blue Jim ton 
county and of the relations of the white Jim 
stoues of the region, and to ob rvations by C. •• 
Ooman on terraces along the Atlantic c tr · 
and on the Trenton gravels. 

--Arte ian and other bored well . 
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SMYTH, Henry Lloyd. Structural geol­
ogy of Steep Rock lake, Ontario. 

A.m. Jour. Sci., 3d series, vol. 42, pp. 317-331, 
pl.11. 

Descriptions of the several crystalline forma­
tions and the structure of the region, and discus­
sion of the geologic history. Illustrated by a 
folded, geologic map. 

South America. Geology of South 
America, STEINMANN, 

Mesozoic fossils from Straits of Ma­
gellan, WHITE, C. A. 

Magnetile districts in San Paulo, 
Brazil, DERBY. 

Nepheline-bearing rocks in Brazil, 
DERBY. 

Origin of the Galapagos islands, 
BAUR. 

Raised reefs of Fernando de N oron ha, 
RIDLEY. 

Potosi silver district,Bolivia, WENDT. 
Xenotime as an accessory element in 

rocks, DERBY. 

South Carolina. Cretaceous of North 
America, WHITE, C. A. 
Dates of origin of certain topo­

graphic forms, DAVIS. 
Geology of Haile mine, THIES and 

MEZGER, 
Phosphates of America, WYATT. 
Stones for building, MERRILL, G. P. 
Surveys of South Carolina, HOLMES. 

SPENOER, J. W. Geological Survey of 
Georgia. First report of progress, 1890-
'91, 128 pages, map, Atlanta. (South­
western Georgia and Polk County.) 

Pr0liminary description of Cretaceous, Tertiary, 
and Pleistocene formations and economic geology 
of southwestern Georgia, and of Cambrian to 
Carboniferous formations, metamorphic rocks and 
economic resources of Polk county. Includes a 
chapter by D. W. Langdon, "Geological section 
along the Chattahoochee river from Columbus to 
Alum Bluff', pp. 90-97. 

-- Deformation of the Algonquin beach 
and birth of Lake Huron. 
A.m. Jour. Sci., 3d series, vol. 41, pp. 12-21. 
Statements regarding elevations, course and 

character of the beaches, and discussion of the 
history of the Algonquin waters. 

-- High level shores in the region of 
the Great Lakes a.nd their deforma­
tion. 
Am. Jour. Sci., 3d series, vol. 41, pp. 201-211. 
Lists of elevations and map, and discussion of 

the amount of warping. 

--Post-Pliocenecontinental subsidence 
(in America) versus glacial dams. 

SPENCER, J. W.-Continued. 
Geol. Soc. A.m., Bull., vol. 2, pp. 465-476, pl. 

19. 
Geol. Magazine, 3d decade, vol. 8, pp. 262-272. 
Abstracts, Am. Naturalist, vol. 25, p. 653, 

¼ p. A.m. Geologist, vol. 7, pp. 141; vol.8, p. 
186, ½ p. 

Review of the evidence in the various regions 
and discussion of its bearing on post-Pliocene 
history. 

-- [Claim of priority for name "Algon­
kian."] 
Geo. Soc. A.m., Bull., vol. 2, p. 176, 4 lines. 
In discussion of paper by G. M. Dawson, "Note 

on the geological structure of the Selkirk range." 

-- Professor W. M. Davis on the Iro­
quois beach. 
Am. Geologist, vol. 7, pp. 68-69, ¼ p. 
Criticism of Davis' comments on the outlet of 

lake Iroquois. (Am. Geologist, ;.ol. 6, p. 400, ¼ 
p. 1890). 

-- Professor W. M. Davis on the Iro­
quois beach. 
A.m. Geologist, vol. 7, pp. 266-267, i p. 
Answers to the objections of Davis (Am. Geo­

logist, vol. 7, pp. 139-140.) 

-- Origin of the basins of the great 
lakes of America. 
A.m. Geologist, vol. 7, pp. 86-!l7. 
From Geo!. Soc., Quart. Jour., vol. 46, 1890. 
Described in Record for 1890. 

-- [The Cincinnati ice dam]. 
Am. Geologist, vol. 8, p. 233, 4 lines. 
Discussion of paper by F. Leverett, read to Am. 

Assoc. Adv. Science, 1891. 

SPRINGER, Frank, W ACHSMUCH, 
Charles, and. New species of crinoids 
and blastoids from the Kinderhook 
group of lower Carboniferous works at 
Le Grande, Iowa. 

Illinois, Geol. Survey, Geology and Paleont­
ology, vol. 8, pp. 155-208, pls. 1890. 

With i1rief prefatory remarks on the strati­
graphy of the beds. 

SQUIRE, Joseph. Report on the Cahaba 
coal field. 

Alabama, Geo. Survey, Report on Cahaba 
coal field, pp. 1-131, plates, map, 1890. 

Descriptions of the-stratigraphy and structure 
of the several basins, preceded by a. general de­
scription of the field and followed by an account 
of methods of mining, Illustrated by a large, 
folded, colored geologic map with cross and col­
umnar sections on margin. 

STANLEY-BROWN, J. Report on 
auriferous sands from Yukatat bay. 

National Geog. lllag., vol. 3, pp. 196-198. 
Description of its miner11,logic components. 

STANTON, T. W. Cretaceous and Ter­
tiary strata near Wilmington, North 
Carolina. 
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STANTON, T. W.-Continued. 
Am. Geologist, vol. 8, pp. 333-334. 
Announces the discovery of fossiliferous Cre­

taceous limestone and describes its relations to the 
overlying Eocene. 

STEINMANN, Gustaf. The geology of 
South America. 

Am. Naturalist, vol. 25, pp. 855-860. 
Am. Geologist, vol. 8, pp. 193-194, ¾ p. 
Abstracts of paper read to Geol. Soc. America, 

1891. 

STOKES, H. N. Limestone from Kansas 
[Analysis]. · 

U.S. Geol. Survey, Bull. No. 78, p. 124, ¼ p. 
Marble from Iola. 

STONE, G. H. Was Lake Iroquois an 
arm of the sea ~ 

Science, vol. 17, pp.107-108, ¾ p. 4°. 
Calls attention to certain deposits not h eretofore 

described, which bear on the question. 

-- Notes on the asphaltum of Utah and 
Colorado. 

Am. Jour. Sci., 3d series, vol. 42, pp. 148-159. 

STONE, G. H.-Continued. 
Abstract, Am. Naturalist, vol. 25, p. 1127, G 

lines. 
An account of its mode of occurrence and geologic 

relations, and discussion of its age and origin. 

STREERUWITZ, W. H. von. Report 
on the geology and mineral resources of 
Trans-Pecos, Texas. 

Texas, Geol. Survey, Second Annual Report, 
pp. 665-713, map and plate of sections. 

Description of characters and structural rela­
tions of Silurian, Carboniferous, Cretaceous and 
Pleistocene formations and various metamorphic 
and igneous rocks, notes on economic resourc , 
and a list of minerals. Accompanied by a folded 
plate of sections. 

-- On the genesis of ore deposits. 
School of Mines Quart., vol. 12, pp. 181-lSr.. 

SULLIVAN, George M. Report on the 
geology of parts of Jackson and Rock­
castle counties. Kentucky, Geol. ur­
vey, J. R. Procter, Director, 20 pages, 
map. Frankfort, 1891. 

Descriptions of Carboniferous formations. Illus­
trated by a folded, colored geologic map, 

T. 
TAFF, J. A. The Cretaceous deposits. 

Texas Geol. Survey, Second Annual Report, 

Report on Geology and Mineral Resources of 

Trans-Pecos, Texas,pp. 714-738, plate of sections. 
Description of the various upper and lower Cre­

taceous members in El Paso county, a general 
account of the ~tructure of the region illustrated 
by a plate of cross sections, and a stratigraphic 
table of the system. 

TARR, Ralph S. A recent lava flow in 
New Mexico. 

Am. Naturalist, vol. 25, pp. 524-527, pl. 12. 
Description of a lava field in southern central 

New Mexico and references to the Pleistocene 
history of the region. 

--The phenomena. of rifting in granHe. 
Am. Jour. cf., 3d series, vol, 41, pp. 267-272. 

Engineering and Mining Jour., vol. 51, pp. 
604-605. 4°. 

A diacu ion of its nature and ca.use from studies 
in the Cape Ann region. 

TAYLOR, F. B. The highest old shore 
line on Mackinac island. 

Am. G olo i t vol. 8, pp. 236-236, ¾ p. 
A tr ct of paper read to Am. A.8soc. Adv. 
ienCI', 1 91. 

Tennessee. 
anticlin 

i n, f • ,E. 

f d phi Al 

Tennessee-Continued. 
Cambrian of North America, WAL­

COTT. 

Cretaceous formations of North Amer­
ica, WHITE, C. A. 

Devonian and Carboniferous, corre­
lation, WILLIAMS, H. S. 

Fauna of Lower Cambrian, WAL­
COTT. 

Orange sand, Lagrange and .A.pp'.>­
mattox, HILGARD. 

Origin of certain topographic forms 
DAVIS. 

Overthrust faults of the Southern 
Appalachian , HAYS. 

Stones for building, MERRILL G. P. 
Physical geology of Tennc . 

HULL. 
Relationship of Pleistocene to pr -

Pleistocene, CHAMBERLU- an 
SALISBURY. 

Relation of tren O'th of marble t-0 i 
structur , PERRY. 

Relations of ecalar rock di int _ -
tion to certain ch· t [Doe rher]. 
Pm.fPELLY. 

Titanic oxide [in oil ],D • ~.-:u-ar 
Tertiary. 

.tllaska. ar 
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Tertiary-Continued. 
Atlantic Coastal Plain; Section along 

Chattahoochie river, LANGDON. 
Surface geology of eastern New 

Brunswick, CHALMERS. 
Artesian wells, New Jersey, SMOCK. 

NASON. 

Cretaceous and Eocene of Maryland, 
UHLER. 

Changes of Atlantic and Pacific 
coast, LECONTE. 

Eastern Maryland and Virginia, 
DARTON. 

Expedition into southern Maryland, 
CLARK, W. B. 

Fallen forest and peat in Delaware, 
CRESSON. 

Washington region, DARTON, Mc­
GEE. 

Report, Atlantic coast division, U. 
S. Geol. Survey [Cape Cod], 
SHALER. 

Neocene and Pleistocene continent 
movements, McGEE, 

Dismal Swamp, SHALER. 
Near Wilmington, North Carolina, 

STANTON. 
Georgia, Report of Geological Survey, 

SPENCER. 
Triassic of Connecticut valley ,DAVIS. 
Dates of origin of certain topographic 

forms, DAVIS. 
Physical geography of southern New 

England, DA VIS. 
Phosphates of America, WYATT. 

Canada. Fossil plants from Similka­
meen valley, DAWSON, J. W. 

Later physiographical geology of 
Rocky Mountain region, DAWSON, 
G.M. 

Structure of Selkirk Range, DAWSON, 
G.M. 

Country north of Lesser Slave lake, 
McCONNELL. 

Yukon and Mackenzie basins, Mc­
CoN~ELL. 

Vertebrates of Northwest Territory, 
COPE. 

Gulf States, (Florida to Texas and Arkan­
sas). Tertiary of western Texas, 
AM. NATURALIST. 

Bauxite in Arkansas, BRANNER. 
Silicified woods of eastern Arkansas, 

CALL. 

Report on northwestern Texas, CuM­
MIS. 

Tertiary-Continued. 
Gulf States-Continued. 

Florida phosphate, COX; DARTON. 
DAVIDSON. 

Floridite, Cox. 
Report of State Geologist of Texas, 

DUMBLE. 
Iron district of eastern Texas , 

DUMB LE. HERNDON. KENNEDY. 
WALKER. 

Record of well at Lake Worth, 
southern Florida, DARTON. 

Phosphates of America, WYATT. 
Age of Peace Creek beds, Florida, 

DALL. 
Relation of Pleistocene to pre-Pleis­

tocene of Mississippi basin, CHAM­
BERLIN and SALISBURY. 

Northward and eastward extension 
of pre-Pleistocene gravels in Mis­
sissippi basins. SALISBURY. 

Texas Permian, WHITE, C. A. 
Crowley's Ridge, Arkansas, CALL. 

BRANNER, SALISBURY. 
Results of Texas survey, DUMBLE. 
Mode of deposition of Lafayette for­

mation, HrLGARD. 
Igneous rocks of Arkansas, WILLIAMS, 

J.F. 
Elevation of America in Cenozoic 

periods, DALL. 
Orange sand, Lagrange and Appo­

mattox, HILGARD. 
Variations in Cretaceous and Ter-

tiary of Alabama, LANGDON. 
Eocene mol1usca of Texas, HEILPRIN. 
Geology of the southwest, HILL. 
Triassic plants from New Mexico, 

KNOWLTON, 
Appomattox formation in the Mis­

sissippi embayment, McGEE. 
Cahaba coal field region, SQUIRE. 

SMITH. 

Illinois. Drift deposits, WORTHEN, 
Age of orange sands, SALISBURY. 

Mississippi river to Rocky . mountains 
(north of A.rlcansas), Central 
Nebraska, RUSSELL, F. W. 

Flat Creek bad lands (Nebraska), 
KINGSLEY. 

An old lake bottom (Nebraska), 
HICirn. 

Leaf-bearing terrane in Loup Fork 
in the "Public Lands,'' CRAGIN. 
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Tertiary-Continued. 
Mississippi River to Rocky Mountains­

Continued. 
Cheyenne sandstone and Neocomian, 

CRAGIN. 
New fishes from South Dakota, COPE. 
Reconnaissance in Indian Territory, . 

HILL. 
Geology of the Southwest, HILL. 
Geologic horizons as determined by 

vertebrate fossils, MARSH. 
Asphaltum of Utah and Colorado, 

STONE, 
Coal fields of Montana, WEED. 
Northwest Kansas, HAY. 

Kentucky. Map, PROCTER. 
Pacific coast region. Tuolumne Table 

mountain, BECKER. 
Infusorial earths, EDWARDS. 
Tertiary and post-Tertiary changes of 

Pacific coast, LECONTE. 
Colorado desert, ORCUTT. 
Asphaltum,Ventura county, Califor-

1!ia, HILGARD. 
Mother Lodge region, California, 

FAIRBANKS. 
Ventura and Orange counties, Cali­

fornia, BOWERS. 
Nevada and Placer counties, Califor­

nia, HOBSON. 
Chemistry of Mount Diablo rocks, 

MELVILLE. 
Mohawk lake beds, TURNER. 
Lassen and Los Angeles counties, 

California, PRESTON. 
Geology of Mount Diablo, California, 

TURNER. 
Nampa image, WRIGHT. 

Tennessee. Artesian wells of Memphis, 
SAFFORD. 

GeneralandNomenclatttre. Orange sand, 
Lagrange and Appomattox, HIL­
GARD. 
rigin and age of Lafayette forma­
tion, PIIAM. 

Texas. 
am ri n in orth Am rica, WAL-

Tertiary-Continued. 
Texas-Continued. 

Cretaceous [ of Trans-Pecos, Texa ,] 
TAFF. 

Comanche series of Texas-Arkansas 
Region, HILL. 

Eocene mollusca, HEILPRIN. 
Extension of Cretaceous over Central 

basin, COMSTOCK. w ALCOTT. 
Geology of the southwest, HILL. 
Igneous rocks of Arkansas, WILLIAMS, 

J. F. 
Iron ore district of east Texas, 

DUMBLE. HERNDON, KENNEDY. 

WALKER. 
Manganese deposits, PENROSE. 
Notes on southwest Texas, HILL. 
Paleozoic and pre-Paleozoic in Central 

basin region, CURTICE. 
Permian and its Mesozoic types of 

fossils, WHITE, C. A. 
Report, Mesozoic division of in verte­

bra ta paleontology, U. S. Geol. 
Survey, WHITE, C. A. 

Report of State Geologist for 1 
DUMBLE. 

Report on northwestern Texas, CUM-
MINS. 

Results of Texas survey, DUMBLE. 
Report on Trans-Pecos, Texa , vo.­

STREERUWITZ. 
Report on Central mineral region, 

COMSTOCK. 
Stones for building, MERRELL, G. P. 

Tertiary silicified woods of ea tern 
Arkansas, CALL. 

Tertiary formation of western Te a.s, 
AM. NATURALIST, 

Tin in central Texas, COMSTOCK, 

THIES, A., and MEZGER, A. Th g 
logy of the Haile mine, South arolin 

.A.m. In t. Mining Engineers, Tra . oL 1 

TODD, J.E. 
Alton, Illinoi . 

m. eolo I t, vol. 8, p. 236, ¾ p. 
Abstract of paper road to Am. 
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TURNER, Henry W.-Continued. 
tocene formations, and metamorphic and volcanic 
rocks, and discussion of structure and history. 

-- Mohawk Lake beds. 
Washington, Phil. Soc., Bull. vol. 11, pp. 

385-410, pl. 4. 
Abstract, Am. Naturalist, vol. 25, p. 823, ¾ p. 
Describes Pleistocene and earlier lake beds in 

Mohawk valley, California, and discusses their 
relation to glacial moraines, and the relations of 
a fault in the lake beds to the structure of the 
Sierra Nevada. 

TYRRELL, J. B. Pleistocene of the 
Winnipeg basin. 

Am. Geologist, vol. 8, pp. 19-28. 
An account of striation, moraines, shore lines, 

and the several deposits, and review of the Pleis­
tocene history of the region. 

TYRRELL, J. B.-Continued. 
-- Foraminifera and radiolaria from 

the Cretaceous of Manitoba. 
Canada, Royal Soc., Trans., vol. 9, section 4. 

pp. 111-115. 

Account of the characters, occurrences and geo­

logic relations of the containing deposits, and of 

the distribution of the remains. 

-- [Summary report of surveys about 
Lake Winnipegosis and in the ·Porcu­
pine mountains.] 

Canada, Geol. Survey, Reports, vol. 4, new 
series, Report A, pp. 15-25, 1890. 

Abstract, Am. Geologist, vol. 7, p. 374, ½ p. 
Includes itinerary notes on Archrean, Silurian, 

Devonian,Oretaceous, and Pleistocene formations 

u. 
UDDEN, J. A. MegalonyxbectsinKan­

sas. 
Am. Geologist, vol. 7, pp. 340-345. 
Describes the geologic relations of a Pleistocene 

trough and its contents in McPherson county, and 
discussion of its history. 

UHLER, P.R. Notes and illustrations 
to "Observations on the Cretaceous 
and Eocene formations of Maryland." 

Maryland Acad. Sci., Trans., vol. I, pp. 97-104, 

pl.A. 
Description of a section (plate A) along the Sev­

ern river, and notes on exposures in the Fort 
Washington vicinity, and near Upper Marlbor­

ough. 

UPHAM, Warren. A review of the 
Quaternary era, with special reference 
to the deposits of :flooded rivers. 

Am. Jour. Sci., 3d series, vol. 41, pp. 33-52. 
Summary of evidence in the various regions, 

especially of fl.uvial deposits, and a table of "suc­
cession of epochs, glacial and fl.uvial deposits and 
changes in altitude and climate during the Qua­
ternary era" in the eastern Provinces and New 
England, Middle and Southern Atlantic states, 
Mississippi basin and northward, Cordilleran re­
gion and Europe and Asia. 

-- Report of exploration of tihe glacial 
Lake Agassiz in Manitoba. 

Canada, Geol. Survey, Report, vol. 4, new 
ijeries, Report E, 156 pages, 3 sheets in accompany­
ing atlas, 1890. 

Abstracts, A.a. Jour. Sci., 3d series, vol. 42, p. 

429,½ p.; A.m. Geologist, vol. 7, pp. 188-194, l97, 
198, 222-231 ; Geol. Magazine, 3d decade, vol. 8, 
pp. 228--229. 

Descriptions of the various beaches, deltas, and 
other features of the baain and the drift forma­
tions of Manitoba ; notes on changes of level of 
the beachEll'I and records of wells; sketch of history 
of Lake Agassiz, and tables of course of glacial 
Itri.al, and of altitudes. 
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UPHAM, Warren-Continued. 
-- Glacial lakes in Canada. 

Geol. Soc. Am., Bull., vol. 2, pp. 243-274. 
Abstracts, Am. Geologist, vol. 7, pp. 143, 375-

377. 
Descriptions of the principal glacial lakes, and 

discussion of the evidence of glacial lakes and of 
the extent and thickness of the ice sheet. 

--Geographic limits of species of plants 
in the basin of the Red river of the 
North. 

Iloston Soc. Nat. Hist., Proc., vol. 25, pp. 
140-172. 

With remarks on the influence of climate in 
geologic times. 

-- Walden, Cochituate, and other lakes 
enclosed by modified drift. 

Boston Soc. Nat. Hist., Proc., vol. 25, pp. 
228-242. 

Description of these lakes and of others in Mas­
sachusetts, Maine, New Hampshire, Rhode Island, 
anu. Minnesota, and discussion of their history and 
bearing on the origia of the osars and kames. 

-- Elevation and subsidence during the 
glacial period. 

Geol. Magazine, 3d decade, vol. 8, p. 92, & p. 
On the bearing of the submergence of the Isthmus 

of Panama on the cause of the glacial period. 

-- Correlation of Quaternary changes 
of level in North America and the 
Caribbean region. 

Geol. Magazine, 3d decade, vol. 8, pp. 330-331. 
R(isum(; of evidence in the various regions and 

discussion of its bearing on conditions during 
tlie glacial period. 

-- Area and duration of Lake Agassiz. 
Am. Geologist, vol. 8, pp. 127-128. 
Review of Tyrrell on the extent of the lake in 

Camtda. 

-- [The altitude of the eastern and cen­
tral portions of the United States dur­
ing the glacial period.] 
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UPHAM, Warren-Continued. 
Am. Geologist, vol. 8, pp. 233-234, ½ p. 
Discussion of paper read by T. C. Chamberlin to 

Am. Assoc. Adv. Science, 1891. 

-- [The cause of the glacial period.] 
Am. Geologist, vol. 8, p. 238. 
Discussion of paper by T. C. Chamberlin, "The 

present standing of the several hypotheses of 
the cause of the glacial period," read to Geol. 
Soc. America, 1891. 

-- Origin and age of the Lafayette and 
Columbia formations. 

Am. Geologist, vol. 8, p. 235, ½ p. 
Discussion of paper by W. J. McGee, "N eocene 

and Pleistocene continent movements," read to 
Am. Assoc. Adv. Science, 1891. 

-- Inequality of distribution of the en­
glacial drift. 

Am. Geologist, vol. 8, p. 239, ½ p. 
Abstract of paper read to Geol.Soc.America,1891. 

-- Criteria of englacial and subglacia] 
drift. 

Am. Geologist. vol. 8. pp. 376-385. 
Msum~ of the characters of the material sand 

discussion of their relations and differentiation. 

UPHAM, W a.rren-Continued. 
-- A classification of mountain r-_.nge& 

according to their structure, origin and 
age. 

Appalachia, vol. 6, pp. 191-207. 

Describes the structural features and history of 
instances of each of the classes proposed and 
briefly reviews the conditions and nature of 
mountain making in the several districts. 

Utah. 
Cambrian of North America, WAL­

COTT. 
Classification of mountain ranges, 

UPHAM. 

CretaceousofNorthAmerica, WHITE, 
C.A. 

Devonian and Carboniferous, correla­
tion, WILLIAMS, H. S. 

Fauna of lower Cambrian, WAL­
COTT. 

Notes on asphaltum, STONE. 
Stones for building, MERRILL, G. P. 

V. 

VAN HISE, C. R. An attempt to har­
monize some apparently conflicting 
views of Lake Superior stratigraphy. 

Am. Jour. Sci., 3d series, vol. 41, pp. 117-136. 
Reviewed by A. C. Lawson, Am. Geologist, 

vol. 7, pp. 320-327, 388. 
Read to Wisconsin Academy of Sciences, Dec. 

1890. 
A general review of stratigraphy, structure, and 

equivalency. 

-- Lake Superior stratigraphy. 
Am. Geologist, vol. 7, pp. 383-386. 
Review of A. 0. Lawson, "Lake Superior stra­

tigraphy," Ib., pp. 32-327, 388. 

-- Report, Lake Superior division. 
U.S. Geol. Survey, 10th Report, J. W. Pow­

ell, pp. 123-128, 1890. 
Includes references to results of studies by E. 

Haworth on the nature and relations of crystalline 
rocks of Missouri, and by W. 8. Bayley on the rocks 
and contact phenomena of Pigeon Point, Minne· 
sota. 

-- IRVING, Roland D. and. The Pe­
nokee iron-bearing series of Michjgan 
and Wisconsin. 

U. . Geol. urv 1 10th R port J. W. Pow­
ell, pp. 341-607, pis. 20-42, 1890. 

Chapters on geological exploration and litera­
ture by Irving; on tbe cherty lime tone member 
the quartz alate member, and the fron-b rin; 
m mber, by Irving nd Van Bit , and on the 

uthern complex, the up r 1lat m m r, ruJ>-
tl th t rn ar , and It neral ology ( truct-

nil corrolatioo) by m, . Illu tratcd 
by color I c ma and rapbJc pl tee. 

Vermont. Cambrian of North America, 
WALCOTT. 

Chazy formation in the Champlain 
valley' BRAINERD. 

American opinion on the older rocks 
WINCHELL, A. 

Fauna of lower Cambrian, WOLCOTT. 
Identity of lower Cambrian in Rut-­

land region, JAMES. 

Lower Cambrian age of Stockbrid e 
limestone, WOLFF. 

Manganese deposites, PENROSE. 
Metamorphism in conglomer a. 

schist, WOLFF. 
Overthrnst faults, WALCOTT, 
Relation of strength of marble to i 

structure, PERRY. 
Stones for building, MERRILL, G. P. 

Virginia. Artesian wells, WooL A.-. 

Cambrian of North America W 
COTT. 

Com po i tion ofcertain M ozoic L 
ou rocks, CAMPBELL and BRO -.. - . 

Contra tin color of oil , CR0 BY. 

Cretaceous of North America, W 
C. A. 

Date of origin of certain topo 
form ' AVIS. 

De,·onian and Carboniferous, oo 
tion, WILLI.AMS, H. S. 
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1rginia-Continued. 
Excursion across Appalachians, WIL­

LIAMS, G. H. 
Expedition to southern Maryland, 

CLARK, W. B. 
Fauna of lower Cambrian, WALCOTT. 
Fresh water morasses, SHALER. 
Genesis of iron ores, KIMBALL. 
Geologic position of Catskill group, 

PROSSER. 
Iron ores of Virginia, PECHIN. 
Manganese deposits, PENROSE. 
Manganes~ districts at Cremora, 

HULL, C. E. 
Map of southwest Virginia, BOYD. 

Virginia-Continued. 
Mesozoic and Cenozoic formations, 

DARTON, 
Post-Pliocene subsidence versus gla­

cial dams, SPENCER. 
Stratigraphy of bituminous coal field, 

WHITE, I. C. 
Structure of Blue Ridge, HITCHCOCK, 

GEIGER and KEITH. 
Submarine channels, LINDENK0HL. 
Stones for building, MERRILL, G. P. 
Titanic oxide [in soils], DUNNING-

TON. 
Washington region, D. C., DART0N, 

McGEE. WILLIAMS, G. H. 

w. 
WACHSMUTH,Charles,andSPRING­

ER, Frank. New species of crinoids 
and blastoids from the Kinderhook 
group of the lower Carboniferous rocks 
at Le Grand, Iowa. 

Illinois, Geol. Survey, Geology and Paleon• 
tology, vol. 8, pp. 155-208, pls., 1890. 

With brief prefatory remarks on the stratig­
raphy of the beds. 

WADS WORTH, M. E. The South 
Trap range of the Keweenawan series. 

Am. Jour. Sci., 3d series, vol. 42, pp. 417-419. 
Notes on relation of traps, sandstones, and crys­

talline schists, and discussion of their bearing on 
the general relations of the traps to the eastern 
sandstones. 

-- On the relations of the eastern sand­
stone of Keweenaw Point to the lower 
Silurian limestones. 

Am. Jour. Sci,, 3d series, vol. 42, pp.170-171, 
¾P, 

Science. vol. 18, p. 25, ½ col. 4°. 
Engineering and Mining Jour., vol. 25, p. 94, 

¾p,40, 
Announcement of the discovery of a contact 

west of L'Anse exhibiting contact, and comments 
on the bearing of the relations on the age of the 
sandstone. 

-- A sketch of the geology of the Mar­
quette and Keweenaw districtA. 

Along the South Shore of Lake Superior, 
Dulnth, South Shore and Atlantic Railway 
Co., pp. 63-80 (1890]. Also with changes and ad­
ditions in second edition (1891], pp. 55-79. 

Account of character and distribution of the 
rocks and a discussion of their relations, claBBifl­
catio_n and history, and of the origin of the ores. 

WALCOTT, Charles Doolittle. Corre­
lation papers. Cambrian. The Cam­
brian group of rocks in North America. 

lJ, S. Geol. Survey, Bull, No. 81, 447 pages, 3 
plates. Washington. 

WALCOTT, Charles Doolittle-Cont'd. 
A historic and descriptive review and a summary 

of the present knowledge of the group. Comprises 
a sketch of the Cambrian history of North Amer­
ica, an enumeration of problems for investigation; 
a consideration of the criteria and principles used 
in Cambrian correlation, and a bibliography. 

-- The fauna of the lower Cambrian or 
Olenellus zone. 

U. S. Geol. Survey, 10th Report, J. W. Pow­
ell, pp. 509-760, pis. 43-98. 1890. 

Abstracts, Am. Jour. Sci., 3d series, vol. 42, 
pp. 345-346, ¾ p. Am, Geologist, vol. 8, pp. 
82-86 (by J, F. James). 

Historical reviews and list of papers of geologic 
and pa.leontologic investigations in North Amer­
ica and Europe ; relations of lower Cambrian in 
typical localities; distribution and geologic history 
in North America and Europe; relations of fauna 
to superjacent faunas, and notes on genera and 
species. Illustrated by maps of distribution in 
America. and Europe with columnar sections, 
structure sections, and plates of fossils. 

-- [Overthrust faults in northern Ver­
mont.] 

Geol. Soc . .A.m., Bull., vol. 2, p. 153, ½ p. 
In discussion of paper by C. W. Ha.yes, "The 

overthru8t faults of the southern Appalachians." 
Discusses the structural relations in the northern 
Vermont region. 

-- [Overlap relations at the base of the 
Paleozoic in the northern Appalach­
ians.] 

Geol. Soc. Am., Bull., vol. 2, pp. 163-164, ¾ p. 
In discussion of H. R. Geiger and A.. Keith, 

"The structure of the Blue Ridge uea.r Harper's 
Ferry." Points out their general bearing on the 
age of the Blue Ridge rocks in substantiation of 
the views of Geiger and Keith. 

-- [Classification of the Quebec group 
rocks. 

Geol. Soc • .A.m., Bull., vol. 2, pp. 501-502, t p. 
In discussion of paper by H. M. Ami, "On the 

geology of Quebec and its environs,'· 
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WALCOTT, Charlf's Doolittle-Cont'd. 
-- [Extension of Cretaceous over the 

central basin of Texas.] 
Geol. Soc. A.m., Bull., vol. 2, pp. 526-527, ¾ p. 
In discussion of paper by R. T. Hill, "The 

Comanche series of the Texas-Arkansas region." 

-- Discussion of the geological struc­
ture of the Selkirk range. 

Geol. Soc. Am., Bull., vol. 2, p. 611, ¾ p. 
Discussion of G. M. Dawson, "Note on the 

geological structure of the Selkirk range." Re­
garding the stratigraphic range of the Cambrian 
members and the age of the Bow river series. 

WALKER, Joseph B. [Iron ore district 
of east Texas,] Panola county. 

Texas, Geol. Survey, Second Annual Re­
port, pp. 225-243. 

Notes on stratigraphy, and accounts of eco­
nomic resources. 

-- [Iron ore district of east Texas,] 
Shelby county. 

Texas, Geol. Survey, Second Annual R«,i· 
port, pp. 244-254. 

Notes on stratigraphy and economic resources. 

-- [Iron ore district of east . Texas, l 
Rusk county. 

Texas, Geol. Survey, Second Annual Re­
port, pp. 253-267. 

Notes on stratigraphy and economic resources. 

-- [Iron ore district of east Texas,] 
Nacogdoches conn ty. 

Texas, Geol. Survey, Second A.nnual Re­
port, pp. 268-286, pls. 2, 3. 

Description of stratigraphy and economic re­
sources. 

-- [Iron ore district of east Texas,] 
Cherokee county. 

Texas, Geo!. Survey, Second A.nnnal Re­
port, pp. 287-302. 

Notes on economic resources and an account of 
a recent earthquake. 

WARD, Lester F. The plant-bearing 
deposits of the American Trias. 

Science, vol. 18, pp. 287-288, i p. 4°. 

WATTS, W. L.-Continued. 
-- Sacramento county. 

California, 10th Report of :Mineralogist, 
pp. 496-514, 1890, 

Includes well records and notes on economic 
geology. 

-- San Joaquin county. 
California, 10th Report of :Mineralogist, 

pp. 548-566, 1890. 
Includes account of deep borings at variom 

·1ocalities. 

-- San Mateo county. 
California, 10th Report of :Mineralogist. 

pp. 586-594, 1890. 
Includes well records. 

-- Santa Clara county. 
California, 10th Report of lllineralogist, 

pp. 604-619, 1890. 
Includes a series of well records and notes on 

water-bearing strata. 

-- Santa Cruz county. 
California, 10th Report of .Mineralogist, 

pp. 620-626, 1890. 
Notes on general geology, economic minerals, 

and artesian wells. 

-- Stanislaus county. 
California, 10th Report of .Mineralogist, 

pp. 680-690, 1890. 
Notes on economic geology, well records, and 

irrigation. 

--Yolo county. 
California, 10th Report of :Mineralogist, 

pp. 773-793, 1890. 
Notes on well borings and economic minerals. 

WEED, Walter Harvey. 'l'he Cinnabar 
and Bozeman coal fields of Montana. 

Geol. Soc. A.m., Bull., vol. 2, pp.a49-SM. 
pl.13. 

Abstracts, A.m. Geologist, vol. 8, pp. 54-65, ½P­
A.m. Naturalist, vol. 25, p. 483, ¼ p. 
Description of their stratigraphy, general ~ 

ology and structure, and consideration of the 
of the coal measures. 

-- .A. gold-bearing hot spring deposit. 
A.m. Joor. Sci., 3d series, vol. 42, pp. 166-1 
Account of specimens from Morgan mine, 

Queensland, Australia, with notes on tbegeoloci 
relations. 

Read to Am. Assoc. Adv. Science and Geol. So­
ciety of America, 1891. 

-- Principle and methods of geologic 
corr lation by means of fossil plants. 

ci nc , vol. 18, p. 282, ¾ p. 40_ 

-- Notes on the coal fields of Montana. 
chool of Mines, Quarterly, vol. 12, pp. I 

131. 

Abetract of paper read to Am. Assoc. Adv. Account of the stratigraphy and general 
logic relations of the coal beda. 

-- The geological works of mosse and 
algae. 

A.m. Geologt t, vol 7, pp. 48-46. 
Enumeration of some of the ohemieo-O 

ag nci which produce geologic d posit.a. 

-- Formation of travertine and ill 
in r y the g tati n of hot priD-

En,;Jn rin and our., ol. 61, 
6 ~ 5, 4°. 

A t of paper deecrfbod in Becord i I 
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WENDT, Arthur F. The Potosi, Bolivia, 
silver district. 

_ Am. Inst. Mining Engineers, Trans., vol.19, 
pp. 74-104, map. 

Abstract, Am. Geologist, vol. 8, p. 307, ¼ p. 
111 · : udes an account of the Paleozoic, Mesozoic, 

and Tertiary formations, volcanic rocks, old lake 
deposits, evidence of glacial action, vein structure, 
and age of the veins. Accompanied by a folded 
colored geological map. 

West Indies. Phosphate deposits of 
Navassa, D'lNVILLIERS. 

The Rondonda phosphate, HITCH­
COCK. 

West Virginia, see Virginias. 

WHEELAN, F. H. The gas well at 
Summerland [Santa Barbara county.] 

California, 10th Report of Mineralogist, 
pp. 601-603, 1890. 

Includes the record of a 104-foot boring. 

WHITE, C. A. Correlation papers, Cre­
taceous. A review of the Cretaceous 
formations of North America. U. S. 
Geol. Survey, Bull. No. 82, :d73 pages, 3 
plates, Washington. 

A. summary of the present knowledge of the 
North American Cretaceous and discussion of the 
classification and correlation of its formations. 
Includes a review of the principles of classifica­
tion and an annotated list of the principal litera­
ture of the Cretaceous. 

-- The Texas Permian and its Mesozoic 
types of fossils. U. S. Geol. Survey, 
Bull., No. 77, 51 pages, 4: plates, Wash­
ington. 

Abstract, Am. Geologist, vol. 8, pp.121-123. 
A description of the species, preceded by a gen­

eral description of the Texas Permian and a dis­
cussion of its faunn.l characteristics. 

--R11port, Mesozoic division of inverte-
brate paleontology. 

U. S. Oeol. Survey, 10th Report, J. W. 
Powell, pp. 162-165. Abstract, Ibid., pp. 39-40, ½ 
p., 1890. 

Includes references to observations on the com­
mingling of Permian and Mesozoic faunas in the 
Texas Permian, and on the relations of th e Cre­
taceous formations of the Gulf coast to those of 
the interior region. 

-- On the biological and geological sig­
nificance of closely similar fossil forms. 

Am. Assoc. Adv. Science, Proc., vol.39,pp. 
239-243. 

Abstract, Am. Geologist~ vol. 7, pp. 374-375, 
½P, 

Includes referenctlS to classification of certain 
similar forms and general remarks on their distri­
bution. 

-- [ On the fauna of the " Shasta 
group" and of the supposed Trias from 
the Mineral King district.] 

WHITE, C. A.-Continued. 
Geol. Soc. Am., Bull., vol. 2, p. 208. 
In discussion of paper by G. F. Becker: "Notes 

on the early Cretaceous of California and Ore­
gon." 

-- [Remarks on classification of Creta­
ceous members in southern interior 
North America.] 

Geol. Soc. Am., Bull., vol. 2, pp. 525-526. 
In discussion of paper by R. T. Hill: "The 

Comanche series of the Texas-Arkansas region." 

-- [Remarks on Cretaceous stratigraphy 
in Alabama.] 

Geol. Soc. Am., Bull., vol. 2, p. 606, ½ p. 
In discussion of paper by D. W. Langdon: 

"Variations in the Cretaceous and Tertiary 
strata of Alabama." 

-- On certain Mesozoic fossils from the 
islands of St. Paul's and St. Peter's, in 
the Straits of Magellen. 

U.S. National Mus. Proc., vol.13, pp.13-14, 
pls.2,3. 

Has a prefatory note regarding their age. 

WHITE, Israel C. Stratigraphy of the 
bituminous coal fields of Pennsylvania, 
Ohio, and West Virginia. U. S. Geo­
logical Survey, Bull., No. 65,212 pages, 
11 plates, including a co°lored folded 
map. 

Descriptions of the thickness, character, and ex­
tent of the various formations, the structure of the 
region, and the distribution of the coal beds. Dis­
cusses the age and correlation of some of the 
formations. 

WHITEAVES, J. F. Descriptions of 
four new species of fossils from the Silu­
rian rocks of the southeastern portion 
of the district of the Saskatchewan. 

Canadian Record of Science, vol. 4, pp. 293-
303, pl. 3. 

Includes a brief reference to the beds in which 
they occur. 

WHITTLE, Charles Livy. The Beach 
phenomena at Quaco, New Brunswick. 

Am. Geologist, vol. 7, pp. 183-187. 
Description of the two bars in the harbor and 

an elevated beach, with comments on their history, 
and notes on the relations of the Newark and _Car­
boniferous formations of the vicinity. 

-- Genesis of the manganese deposits 
of Quaco, New Brunswick. 

Boston Soc. Nat. Hist., Proc., vol. 25, pp. 
263-258. 

Includes an account of their geologic relations. 

WILLIAMS, George Huntington. The 
petrography and structure of the Pied­
mont plateau in Maryland. 

Geol. Soc. Am., Bull., vol. 2, pp. 301-317, 318, 
pl. 12. 

Abstracts, Am. Geologist, vol. 8, pp. 330-331, 
½ p.; Am. Naturalist, vol. 25, pp. 909-910, ½ p. 
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WILLIAMS, Geo. Huntington-Cont'd. 
Descriptions of the rocks and discussion of their 

relations and history and of the structure of the 
region. Illustrated by a geologic map. 

-- The silicifi.ed glass-breccia of Ver­
million river, Sudbury district. 

Geol. Soe. A.m., Bull., vol. 2, pp. 138-140. 
Abstracts, A.m. Geologist, vol. 7, p. 261, 3 lines; 

A.m. Naturalist, vol. 25, pp. 1005-1006, ¾ p. 
Petrographic description and discussion of its 

nature. 

-- [On transition of crystalline and 
semi-crystalline rocks in eastern Mary­
land.] 

Geol. Soe. A.m., Bull., vol. 2, p. 223, ¼ p. 
In discussion of paper by R. Pumpelly: "The 

relation of secular rock disintegration to certain 
transitional crystalline schists." 

-- [Fossils in the Newark formation of 
Frederick county, Maryland.] 

Geol. Soe. Am., Bull., vol. 2, p. 318, ¾ p. 
Statement of localities and of the general nature 

of the fossils. 

--Anglesite, cerussite and sulphur from 
the Mountain View lead mine, near 
Union Bridge, Carroll county, Mary­
land. 

Johns Hopkins Univ. Circulars, vol. 10, pp. 
73-75, No. 87, 4°. 

Includes a brief prefatory account of the 
geology of the vicinity. 

-- Geology of crystalline rocks. Wash­
ington sheet. Maryland, District of 
Columbia, Virginia. U. S. Geological 
Survey. 

Guide to Washington, prepared for the 
International Congress of Geologists, Fifth 
Session, Washington. In back. 

Folded colored geologic map, with geology of 
sedimentary rocks, by N. H. Darton. 

WILLIAMS, Geo. Huntington-Cont'd. 
-- The geological excursion by univer­

sity students across the Appalachians 
in May, 1891. 

Johns Hopkins Univ., Cfrelllars, Toi. 11, 
pp. 25--27, No. 94, 40. 

Geologic notes from Baltimore via Washington 
to the Cumberland plateau, including Harper's 

Ferry, Hancock, Cumberland, and the coal mines 
at Lonaconing. 

-- The greenstone schist areas of the 
Menominee and Marquette regions of 
Michigan. 

A.m. Naturalist, vol. 25, pp. 672--574. 
Abstract of paper described in Record for 1890. 

WILLIAMS, Henry Shaler. Correla­
tion papers. Devonian and Carbonif­
erous, U. S. Geological Survey, Bnll. 
No. 80, 279 pages. Washington. 
· Review of the literature and general discussion 
of nomenclature, classification, correlation, and 
stratigraphy of the North American Devonian 
and Carboniferous formations, with an intro­
ductory chapter on geologic classification and 
nomenclature in general. 

--What is the Carboniferous system f 
[Abstract.] 

Geol. Soe. A.m., Bull., vol. 2, pp. 16-20. 
Gives the early his ory of the application of the 

name, and a summarv of the characteristics and 
relations of the format ion in the Pennine range­
its type locality. Discuesee the status of the D&IDe 

and correlation of the American Carboniferous 
with the Pennine Carboniferous. 

WILLIAMS, J. Francis. The igneon 
rocks of Arkansas. 

Arkansas, Geol. Suney, Report for 1 91, 
vol. 2, pp. 1-391, 429--467, 22 plates, 8 maps. 

Descriptions of the relations and petrograpby of 
the igneoue and associated rock8 in the 118f 

districts. Accompanied by folded, colored geo­
logic maps. -- The rocks and their relations [Pied­

mont plateau]. 
Guide to Wa hington, prepared for the 

International Congress of Geologists, Fifth 
es ion, Washington, pp. 43-44, ¾ p. 
General account of the geology of the rocks of 

the central Piedmont plateau. 

--KEMP, J. F., and. Tabulation of 
the dikes of igneous rocks of Arkan 

Arkansas, Geo!. Surn7, Report for 1 91, 
vol. 2, "Igneous roeks of A.rkallsa8," by J. 
Williams, pp. 407-427. 

-- Cry ta.Hine rocks of Wa hin<Yton. 
Gold to Wa hington, prepared for the 

Int rnatlonal ongr of Geologi t , Fifth 
ion Waehlngton, pp. 66, 67. 

D ription or the g neral features and leading 
rock typea. 

-- The work on the cry talline rocks 
f fa ryland. 

ol. ur 1 1 th R port J . W. Pow­
ell, pp. 162-1 , l 

A lb., pp. 31-32. 
or th work and 

Table in which locality, strike, dip, wall r 
and petrographic peculiarities are listed. 

WILLIAMS, J. Lawton. On oycl of 
sedimentation. 

Am. Geologl t, vol. 8, pp. 316-324. 
A discussion of the nature of the condi tf 

which they are due, eepecially their rela 
earth-cl'UJ!t movements. 

WILLIS, Bailey. Graphic field n 
for areal geology. 

ol. • Am., Bull., TOl. 2, pp. 1,-
pl. 6. 

hool of JI.IA Quart., TOI. 12, pp. S1 



DAMON,) RECORD OF NORTH AMERICAN GEOLOGY FOR 1891. 71 
WILLIS, Bailey-Continued. 
-- Report, Appalachian division. 

U. S. Geol. Survey, 10th Report, J. W. 
Powell, pp. 119-122, 1890. 

Includes some general statements rgarding Ap­
palachian stratigraphy and the mechanism of 
faults. 

-- [On the relations existing between 
faulting and the arrangement of strata 
in the vertical column, in the Appala­
chian region.] 

Geol. Soc. Am., Bull,, vol. 2., p. 154, ¾ p. 
In di.Bcuseion of paper by C. W. Hayes: "The 

overthrust faults of the Southern Appalachians." 
Points out certain relations which determine the 
nature and . distribution of faults in the Appa­
lachians. 

WILLISTON, S. W. On the structure 
of the Kansas chalk. 

Kansas Acad. Sci., Trans., vol. 12, p. 100, % 
p., 1890. 

Brief statement of the nature and size of its 
component organisms. 

WINCHELL, Alexander. A last word 
with the Huronian. 

Geol. Soc. Am., Bull., vol. 2, pp. 85-124. 
Abstracts, Am. Naturalist, vol. 25, pp. 651-652; 

Am. Geologist, vol. 7, p. 261, ½ p. 
Review of the original application of the name, 

discussion of the structual and lithological dis­
cordance between the two systems which it com­
prised in the various regions, account of personal 
observation in the Echo Lake region and con­
clusions regarding the restriction of the term 
"Huronian." 

-- American opinion on the older rocks. 
Minnesota, Geol. Survey, 18th Report, pp. 

65-219 (date?J. 
Review of writings of E. Emmons, D. Hough­

ton, E. Hitchcock, H. D. Rogers, J. Hall, W. E. 
Logan, ,J. D. Whitney, T. S. Hunt, G. F. Matthew, 
0. H. Hitchcock, T. B. Brooks, W. H. Winchell, 
0 Rominger, R. D. Irving, A. C. Lawson, with 
citations from some others, on Archean, Algon­
kian, and Cambrian of North America. 

-- Recent observations on some Cana­
dian rocks. 

Am. Naturalist, vol. 25, pp. 365-366, ¾ p. 
Abstract of paper described in Record for 1890. 

WINCHELL, Horace V. Geological 
age of the Saganaga granite. 

Am, Jour, Sci., 3d series, vol. 41, pp. 386-390. 
Discuasion of its relations to surrounding rocks, 

the significan~f the occurrence of an included 
band of chaleedonic silica and the bearing of the 
age of the granite on the equivalency and history 
of certain other rocks in northern Minnesota. 

--, WINCHELL, N. H., and. The iron 
ores of Minnesota, their geology, dis­
covery, development, qualities and 
origin, and comparison with those of 
ocher iron districts. Minnesota, Geol. 

WINCHELL, N.H. ,and Horace V .-Con. 
Survey, Bull. No. 6,430 pages, 44 plates, 
including three folded maps, Minneap­
olis. 

Abstracts, Engineering and Mining Jour., 
vol. 52, p. 3, % p. 4°; Am. Geologist, vol. 7, pp. 
370-374. 

Includes an extended description of their char­
acters _and geologic relations, a comparison of the 
ores of Minnesota with those of Michigan, Wis­
consin, and the "Ta.conic" region and a discus­
sion of their age and origin and of the origin of 
iron ores in general, with a bibliography of the 
origin of iron ores. Illustrated by a colored geo­
logic map and with plates of microscopic rock 
sections. In appendices A, B, C, are republished 
"On a possible chemical origin of the ores of the 
Keewatkin in Minnesota" and" The Taconic iron 
ores of Minnesota and western New England," by 
N. H. and H. V. Winchell, and "The Eastern 
equivalents of the Minnesota iron ores," by N. H. 
Winchell. 

--, --. On a possible chemical origin 
of the iron ores of the Keewatin in 
Minnesota. 

39
rJ~_esota Geol. Survey, Bull. No. 6, pp. 

Described in Record for 1887 to 18~9, inclusive. 

--, --. The Taconic iron ores of 
Minnesota and western New England. 

ltlinnesota, Geol. Survey Bull. No. 6, pp. 
400-410. 

Described in Record for 1890. 

WINCHELL, N. H. Record of field 
observations. 

Minnesota, Geol. Survey, 18th Report, pp. 
7-63 [date?]. 

Abstracts, Am. Geologist, vol. 7, pp. 198-199, 
½ p. Am. Naturalist, vol. 25, pp. 737-738, ½ p. 

Mesabi iron range ; about Tower; at Ely; Poke­
gama Falls and eastward ; gold in the Keewatin 
in northern part of the state ; crystalline rocka of 
Minnesota valley; at Duluth; on relations and 
age of the gabbro of the typical Huronian, and 
on the rocks about Sudbury, Ontario. 

--The eastern equivalents of the Minne­
sota iron ores. 

Minnesota, Geo!. Survey, Bull. No. 6, pp. 
411-419 

Raad to Minnesota Academy of Science, Oct. 7 ,' 
1890. I 

Comparison of Minnesota ore deposits with thC1 
iron deposits of other regions, especially those of 
New York and western New England, with com­
ments on geologic relations and nomenclature iu 
the "Ta.conic" region. 

-- What constitutes the Taconic moun­
tains Y [Abstract.] 

Am. Assoc. Adv. Science, Proc., vol. 39, pp. 
246--2i7, ¼ p. 

--and WINCHELL, II. V. The iron 
ores of Minnesota, their geology, dis­
covery, development, qualities, and 



72 RECORD OF NORTH AMERICAN GEOLOGY FOR 1891. [BULL. 99. 

WINCHELL, N. H. and H. V.-Cont'd. 
origin, and comparison with thoae of 
other iron districts. 

Minnesota, Geol. Survey, Bull. No. 6, 430 
pages, 44 plates, -including three folded maps 
Minneapolis. · 

Abstracts, Engineering and Mining Jour., 
vol. 52, p. 3, ¾ p. 4° Am. Geologist, vol 7, 
pp. 370-374. 

Includes an extended description of their char­
acters and geologic relations, a comparison of the 
ores of Minnesota with those of Michigan, Wis­
consin, and the "Taconic" region, and a discus­
sion of their age and origin and of the origin of 
iron ores in general, with a bibliography of the 
origin of iron •res. Illustrated by a colored geo­
logic map and with plates of microscopic rock­
sections. In appendices A, B, C, are republished 
"On a possible chemical origin of the ores of the 
Keewatin in Minnesota" and " The Taconic iron 
ores of Minnesota and western New England", 
by N. H. and H. V. Winchell, and "The eastern 
equivalents of the Minnesota iron ores", by N. H. 
Winchell. 

-- -- On a possible chemical origin of 
the iron ores of the Keewatin in Minne­
sota. 

Minnesota, Geol. Survey, Bull. No. 6, pp. 
;-391--399. 

Described in the Record for 1887 to 1889 in­
clusive. 

---- The Taconic iron ores of Minne­
sota and western New England. 

Minnesota, Geol. Survey, Bull. No. 6, pp. 
400--410. 

Described in Record for 1890. 

WINSLOW, Arthur. The geotectonic 
and physiographic geology of western 
Arkansas. 

Geol. Soc. A.m., Bull., vol. 2, pp. 226--242, pl. 8. 
Abstracts, A.m. Geologist, vol. 7, p. 259, ½ p.; 

A.m. Naturalist, vol. 25, p. 364, 6 lines. 
Description of physiography and structure, and 

discuesion of the character, age, and cause of the 
flexing, the genesis of the physiography, and the 
age of the rocks. Discussed by T. M. Reade, Am. 
Geologist, vol. 8, pp. 276--287. 

-- Geological survey of Missouri. Bi­
ennial Report of the tate Geologist 
transmitted by the Bureau of eology 
and Min s to the General .A.ssembly, 53 
pages, 2 plate . 

Contain bi.story of geologic exploration in 
the state. 

emarks on the construction of topo­
graphic m ps for geologic pnrpo e . 
[Ab rac .] 

dY. J nc Proc., vol. 39, pp. 

Wisconsin-Continued. 
American opinion on the older rocks, 

WINCHELL, A. 
Altitude of United States during 

glaical period, CHAMBERLIN. 

Cambrian of North America, WAL­
COTT. 

Conditions controlling artesian wells, 
HALL, C. w. 

Iron ores of Minnesota, WINCHELL, 

N. H. and H. V. 
Lake Superior stratigraphy, LAWSON. 

V.AN HISE. 

Northern eJ.:tension of pre-Pleistocene 
gravels, SALISBURY. 

Penokee iron series, IRVING and VAN. 

HISE. 

Rock feature at Appleton, CRAMER. 
Stones for building, MERRILL, G. P. 

WOLFF, J.E. On the lower Cambrian 
age of the Stockridge limestone. 

Geol. Soc. A.m., Bull., vol. 2, pp. 331-337. 
Abstracts, A.m. Geologist, vol. 8, p. 117, ½ p., 

A.m. Jour., Sci., 3d series, vol. 41, p. 435, ¾ p. 
Description of the relations in the vicinity of 

Rutland, Vermont, announcement of the discoT­
ery of Cambrian fossils in the limestone and d.6-
cussion of the structure and age of the formatioos 
in that district. Preceded by a. review of preli0111 
opinions. Discussed by J. F. James, p. 338. 

-- Metamorphism of elastic feldspar in 
conglomerate schist. 

Harvard Coll., .Mus. Comp. Zool., BIJL, 
vol. 17, pp. 173-184, 2 pls. 

Description of petrogra.phy of specimens f: 
Green Mountain region in New England, with a 
brief account of the relations of the rocks. 

-- On some occurrences of ottrelite and 
ilmenite schist in New England. 

A.m. Naturalist, vol. 26, p. 1005, ¾ p. 
Abstract of paper described in Reconl for 

WOOLMAN, Lewis. Artesian w 
and water-bearing horizons of on them 
New Jersey [with a "note on the ex­
tension southward of diatom 
clays and the occurrence there of flow­
ing artesian wells."] 

New Jer ey, Geol. urn1, Report for I 
pp. 26~276. 

the water baa.ring strata in southern ·ew J 
and references to occurrences of the dial 
clays of the ri in outcrops and we 
pointa in Maryland and Virginia. 

Wisconsin. 
1 t rd 

'CHB.LL, A. 
·th the tll'Onian, 

WORTHEN, A. H. Approx:ima 
logical map of the tat of Illinoi 
duced from the map published in 
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WORTHEN, A. H.-Continued. 
with volume 6, Geological Survey of 
Illinois. 

Illinois, Geo I. Survey, Geology and Pal• 
eontology, vol. 8, plate at end. 

Black and white map, scale 32 miles to the inch. 

-- Drift deposits of Illinois. 
Illinois, Geol. Survey, Geology and Pal· 

eontology, vol. 8, pp. 1-24,-1890. 
Abstract, Geol. Magazine, 3d decade, vol. 8, 

p. 322, ½P, 
Account of the character and relations of the 

drifts and the occurrence of pre-Pleistocene fossils, 
with remarks on the Cretaceous to Pleistocene 
history. 

-- Economical geology. 
Illinois, Geo 1. Survey, Geology and Pal­

eontology, vol. 8, pp. 25-67, 1890. 
Account of deep borings in various parts of the 

state, mainly in the coal region, with comments 
on the stratigraphy of the beds penetrated. 

WRIGHT, G. Frederick. Mr. Cushing 
and the Muir glacier. 

Am. Geologist, vol. 8, pp. 330-331. 
Discusses the conditions under which forests 

were buried on the west side of the inlet. 

-- Additional notes concerning the 
Nampa image. 

Boston Soc. Nat. Hist., Proc., vol. 25, pp. 
242-246. 

Includes a. discussion of the age of the beds and 
the source and relations of the lava. beds of the 
region. 

-- Additional notes concerning the 
Nampa image. 
Boston Soc. Nat. Hist., Proc., vol. 25, pp. 

242-246. 

0 

WRIGHT, G. Frederick-Continued. 
Includes a. discussion of the age of·the beds and 

the source and relations of the lava. beds of the 
region. 

-- Man and the glacial period. 
Popular Science Monthly, vol. 39, pp. 314-

319. 
From supplementary notes to new edition of 

"The Ice Age in North America." 
References to discoveries of human implements 

at Newcomerstown, Ohio; Nampa, Idaho, and 
Bald mountain, California, with notes on the 
geological conditions under which they occur. 

-- The glacial grooves on Kelly's island 
to be preserved. 
Science, vol. 17, pp. 358-359, /lJ p. 
Am. Geologist, vol. 8, p. 266, % p. 
Includes brief reference to the character of the 

grooves and to the conditions of glaciation in the 
region. 

WYATT, Prancis. The phosphates of 
America, 187 pages, New York. 

Not seen. 

Wyoming. Cambrian of North America, 
WALCOTT. 

Cretaceous of North America, WHITE, 
C.A. 

Geological horizons as determined by 
vertebrte fossils, MARSH. 

Minerals in spherulites from Glade 
creek, IDDINGS and PENFIELD. 

Resources of Black Hills and Big 
Horn country, CHANCE. 

Spherulite crystallization, IDDINGS. 
Stones for building, MERRILL, G. P. 
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s0 • 496 pp. 
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.ADVERTISEMENT. 

[Bulletin No. 100.] 

The publications of the United States Geological Survey are issued in accordance with the statute 
approved March 3, 1879, which declares that-

"The publications of the Geological Survey shall consist of the !l.ilnual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
&hall accompany the annual report of the Secretary of the Interio:r. .A.11 special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other­
wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization; and the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 

On July 7, 1882, the following joint resolution, referring to all Government publications, was passed 
by Congress: 

"That whenever any document or report shall be ordered printed by Congress, there shall be printed, 
in addition to the number in each case stated, the 'usual number' (1,734) of copies for binding and 
distribution among those entitled to receive them." 

E xcept in those cases in which an extra number of any publication has been supplied to the Survey 
by special resolution of Congress or has been ordered by the Secretary of the Interior, this office has 
no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. FirstAnnualReportofthe United States Geological Survey, by Clarence King. 1880. so. 79 pp. 
1 map.-A preliminary report describing plan of organization and publications. 

II. Second Annual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882. 
8°. lv, 588 pp. 62 pl. 1 map. 
ill. Third Annual Report of the United States Geological Survey, 1881-'82, by J. W. Powell. 1883. 

so. xviii, 564 pp. 67 pl. and maps. 
IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884, 

8°. xxxii, 473 pp. 85 pl. and maps. 
V. Fifth Annual .Report of the United States Geological Survey, 1883-'84, by J. W. Powell. 1885. 

8°. x:xxvi, 469 pp. 58 pl. and maps. 
VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885. 

go. xxix, 570 pp. 65 pl. and maps. 
VII. Seventh Annual Report of the United States Geological Survey, 1885-'86, by J. W. Powell. 1888, 

s0 • xx, 656 pp. 71 pl. and maps. 
VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889. 

8°. 2 pt. xix, 474, xii pp. 53 pl. and maps; 1 p. 1., 475-1063 pp. 54-76 pl. and maps. 
IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by J. W. Powell. 1889. 

S0 • xiii, 717 pp. 88 pl. and maps. 
X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890. 

s0 • 2 pt. xv, 774 pp. 98 pl. and maps; viii. 123 pp. 
XI. Eleventh.A.nnualReportofthe United States Geological Survey, 1889--'90, byJ. W. Powell. 1891. 

8°. 2 pt. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. 
XII. Twelfth Annual Report of the United States Geological Survey, 1890-'91, by J. W. Powell. 1891. 

S0 • 2 pt. xiii, 675 pp. 53 pl. and maps ; xviii, 576 pp. 146 pl. and maps. 
XIII. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, by J. W. Powell. 

1893. go. 3 pt. 

MONOGRAPHS. 

L Lake Bonneville, by Grove Karl Gilbert. 1890. 40, xx, 438 pp. 51 pl. 1 map. Price $1.150. 
ll. Tertiary History of the Grand Cafion District, with atlas, by Clarence E. Dutton, Capt. U.S. A. 

1882. , 0 • xiv, 2M pp. 42 pl. and atlas of 24 sheets folio. Price $10.00, ' 
I 



II ADVERTISEMENT. 

ID. Geology of the Comstock Lode and the Washoe District, with atl38, by George 1!'. Becker. 1882. 
40, xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00. 

IV. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50. 
V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 4M pp. 

15 l. 29 pl. and maps. Price $1.85. 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morra 

Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pl. Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16 

pl. Price $1.20. 
vm. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4°. xiii, 298 pp. 

24 l. 24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand .Marls of New J ersey, 

by Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35 pl. 1 map. Price $1.15. 
X. Dinocerata. .A. Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 

1886. 4°. xviii, 243 pp. 56 1. 56 pl. Price $2. 70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 

Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75. 
XIl. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40. 
XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker, 

1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 
XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val· 

ley, by John S. N ewberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00. 
XV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889. 4°. :riv, 377 

pp. 180 pl. Text and plates bound separately. Price $2.50. 
XVI. The Paleozoic Fishes of North .America, by John Strong Newberry. 1889. 4°. 340pp. 53p1 

Price $1.00. 
XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. H. 

Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 
XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 

by Robert P. Whitfield. 1891. 4,{ 402 pp. 50 pl. Price $1.00. 
XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving 

and C.R. Van Hise. 1892. 4°. 
XX. Geology of the Eureka District, Nevada, with atlas, by .Arnold Hague. 1892. 4°. 419 pp. 8 pL 

InpreetS: 
XXI. The Tertiary Rhyncbophorons Coleoptera of North .America, by Samuel Hubbard Scudder. 
XXII . .A. Manual of Topographic Methods, by Henry Gannett, chief topographer. 
XXIII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J.E. Wo~ 

T. Nelson Dale, and Bayard T. Putnam. 

In preparation : 
- Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfield. 
- Sanropoda, by O. C. Marsh. 
- Stegosauria, by O. C. Marsh. 
- Brontotheridm, by O. C. Marsh. 
- Report on t he Denver Coal Basin, by S. F. Emmons. 
- Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Emmons. 
- The Glacial Lake .Agassiz, by Warren Upham. 

BULLETINS. 

1. On H ypersthene-.A.ndesite and on Triolinio Pyroxene in .A.ugitio Rooks, by Whitman Cro ~. wi • 
Geological k tch of Buffa.lo Peaks, Colorado, by S. F. Emmons. 1883. so. 42 pp. 2 pl. Price 10 cen 

2. Gold and ilver Conversion Tables, giving the coining values of troy ounces of fine metal, etc., 
puted by .Albert Williama, jr. 1883. s0 • 8 pp. Price 5 cents. 

8. On theFo sil Fauna.a of the Upper Devonian, alongthemeridianof76030', from Tompkins Coan , 
New York, to l3rad~ rd County, Pennsylvania, by H enry S. Williams. 1884. So. 36 pp. Price 5 

4.. On ozoic 1''o il , by Charles .A.. White. 1884. So. 36 pp. 9 pl. Price 5 cent . 
6. A ictionary of .Altitudes in the United States, compiled by Henry Gan.nett. 1884.. So. r-· 

Pri 20 cen ta. 
6. El vntione in th Dominion o!Cannda, by J. W. Spencer. 1884. so. ~ pp. Price 5 c nt . 
7. apot eologi a meri na. A Catalogue ot Geological Maps of Am ri (North and 

1762-1 , in g grophic and ohronologio order, by Jules Maroon and John Belknap 
So. 184 pp. Prloe 10 n . 

8. nrlary Enlnr!:: of 
. 1 i . So. • pp. 6 pl. 

portofw rkdon in he a.shin nL 1 ra ry doring the.flacalyearl883-'8'. F.W. 
t. T . .M. Cha d, tant ohemiat. 188L ao. ~opp. Prioo 6 cents.. 



ADVERTISEMENT. III 

10. On the Cambrian Fa11na11 of North America. Preliminary stuclies, by Charles Doolittle Walcott. 
1884. so. 74 pp. 10 pl. Price 5 cents. 

11. On the Quaternary ancl Recent Mollusca of the Great Basin; with Descriptions of New Forms. 
by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. 
Gilbert. 1884. 8°. 66 pp. 6 pl. Price 5 cents. 

12 . .A. Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8°. 
34 pp. 3 pl. Price 5 cents. 

13. Boundaries of the United States and of the several States and Territories, with a Historical 
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent 
Strouhal. 1885. 8°. 238 pp. Price 15 cents . 

15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 33 pp. 
Price 5 cents. 

16. On the Higher Devonian Faunas of Ontario County, New York, by .John M. Clarke. 1885. 8°. 
86 pp. 3 pl. Price 5 cents. 

17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on 
the Geology of the District, by Arnold Hague and .Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 
cents. 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America, 
by Charles .A.. White. 1885. go_ 26 pp. 3 pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28 pp. Price 5 cents. 
20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille­

brand. 1885. go_ 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation. .A. Report on the Region between the Grand and 

Moreau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5 pl. Price 5 cents. 
22. On New Cretaceous Fossils from California, by Charles .A.. White. 1885. 8°. 25 pp. 5 pl. 

Price 5 cents . 
23. Observations on the .Junction between the Eastern Sandstone and the Keweenaw Series on Ke. 

weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl. 
Price 15 cents. 

24. List of Marine Mollusca, comp11sing the Quaternary Fossils and recent forms from American 
Localities between Cape Hatteras and Cape Roque, inclucling the Bermudas, by William Healy Dall. 
1885. 8°. 336 pp. Price 25 cents. 

25. The Present Technical. Condition of the Steel Industry of the United States, by Phineas Barnes. 
1885. 8°. 85 pp. Price 10 cents . 

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents. 
27. Report of work done in the Division of Chemistry and Physics, mainly during the :fiscal year 

1884-'85. 1886. 8°. 80 pp. Price 10 cents. 
28. The Gabbros and Associated Hornblcncle Rocks occurring in the neighborhood of Baltimore, 

Mel., by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. Price 10 cents. 
29. On the Fresh-water Invertebrates of the North American .Jurassic, by Charles .A.. White. 1886. 

8°. 41 pp. 4 pl. Price 5 cents. 
30. Seconcl Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo­

little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents. 
31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and .A.raoh­

nids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents. 
32. Lists ancl Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert 

C. Peale. 1886. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by .J. S. Diller. 1886. so. 23 pp. Price 5 cents. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

a.nd other groups, by Charles A. White. 188.6. 8°. 54 pp. 5 pl. Price 10 cents. 
35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. so. 62 

pp. Price 10 cents. 
36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents. 
38. Peridotite of Elliott County, Kentucky, by .J. S. Diller. 1887. so. 31 pp. 1 pl. Price 5 cents. 
39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. so. 84 

pp. 1 pl. Price 10 cents. 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 

8°. 10 pp. 4 pl. Price 5 cents. 
41. On the Fossil Faunas of the Upper Devonian-the Genesee Section, New York, by Henry S. 

Williams. 1887, 8°. 121 pp. 4 pl. Price 15 cents. 
42. Report of work done in the Division of Chemistry and Physics, mainly cluring the :fiscal year 

1885-'86. F. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1 pl. Price 15 cents. 
(3. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene 

.A.. Smith and Lawrence C . .Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents. 
44. Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. so. 85 p:. 

Price 5 cent.a. 
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62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan; a contri­
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LETTER OF TRANSMITTAL. 

DEPARTMENT OF THE INTERIOR, 

UNITED STATES GEOLOGICAL SURVEY, 

Washington, D. V., April 20, 1893. 
Sm: I have the honor to transmit herewith the manuscript of a 

bibliography and index of the publications of the Geological Survey, 
with a compilation of the laws governing their printing and distribu­
tion, prepared with a view to its publication as a bulletin. 

Permit me to make use of this opportunity to thank you for the priv­
ilege of diverting a portion of my attention to this work and for your 
constant support and encouragement while eng::i,ged therein. 

Hon. J. w. POWELL, 

Director, 

P. 0, WARMAN. 
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NOTICE. 

All the publications of the U. S. Geological Survey are either sold or exchanged for 
scientific works of like value except the series of Annual Reports. The larger 1>or­
tion of the Survey's quota of the latter, also, go regularly to institutions and indi­
viduals with whom the Survey has established exchange relations, so that only a 
limited number of any Annual are available for gratuitous distribution, and the: 
are quickly exhausted. The earlier Annuals can no longer be supplied by the Geo­
logical Survey, but the Secretary of the Interior has a small number for sale at co. t 
of paper, printing, and binding. The Monographs, Bulletins, and Mineral Resonrc 
are purchasable of the Director of the Geological Survey at like low price , which 
are given individually throughout the bibliography in this Bulletin. Checks, draf , 
or postage stamps can not be received; all remittances must be for the exact amount 
in currency or by po tal note or money order made payable to the Chief Clerk of th 
U. S. Geological Survey. 
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PREF ACE. 

The publications of the U.S. Geological Survey catalogued and in­
dexed herein are: .Annual Reports 1 to 12, Monographs I to XX, Bulle­
tins 1 to 99 ( except 87, 88, and 89, reserved as numbers of a series 
not yet completed), the first eight volumes of Mineral Resources (1882-
1891), such portions of the Geologic .Atlas, with auxiliary and subsidi­
ary maps, as have been completed, and a few miscellaneous brochures. 
The work has been done incidentally to the compiler's regular official 
duties, and therefore in a desultory manner, occupying his attention, 
now five minutes, now a half hour, through more than a year's time. 

In the bibliographic work no limitations of detail were set, and the 
information given approximates completeness. Respecting the index, 
however, the intention has been to avoid much elaboration, which the 
Director of the Survey thought not highly desirable. The plan contem­
plated a broad and systematic classification of contents, alphabetically 
arranged, rather than a detailed and full index composed of unrelated 
items. To this end the large domain of knowledge into which the pub­
lications of the Geological Survey enter has been conceived as falling 
into the following fields: Geology (structural), geologic processes, 
petrography, paleontology, topography, and chemistry and physics. 
Under these names themselves and under the names of grand divisions 
in each of these fields entries have been grouped. For example, entries 
of a more strictly geologic character will be found aggregated under the 
period names of the stratigraphic column-Archean, .Algonkian, Cam­
brian, Silurian, etc.; geologic processes, under the names of the pro­
cesses, as Degradation, Metamorphism, Volcanism, etc.; those of a pale­
ontologic nature, under Paleontology, Paleobotany, Plants, Vertebrate, 
Invertebrate, Brachiopoda, Lamellibranchiata, Pteropoda, etc.; those of 
a petrographic character, under Petrography, Lithology, Igneous, Sed­
imentary, Rocks, etc.; and so on. The names of states and countries 
have been treated as leading words, and so of course have the names 
of authors; and each paper has been entered under every significant 
word in its title. 

For many of the bibliographic details the writer is indebted to Mr. 
Jame C. Pilling, who, while OhiefOlerkofthe Survey, was in the habit 
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10 PREFACE. 

of making memoranda of such matters as they passed through hi~ 
hands; and he has contributed valued suggestions during the reading 
of the proof. Any excellence the index may be found to possess i due 
in large measure to Mr. G. K. Gilbert, who is responsible for intere ting 
the writer in the project and who has at all times been found ready t-0 
advance it by advice and aid, and to Messrs. Whitman Cross, A. C. 
Peale, Charles S. Prosser, and I. C. Russell, who have kindly rendered 
assistance in special lines. 

P. C. W. 
WASHINGTON, D. 0., May 25, 1893. 



LAWS RELATING TO THE PUBLICATIONS OF THE 
UNITED STATES GEOLOGICAL SURVEY. 

The legal provisions under which the various editions of the reports 
of the U. S. Geological Survey are published, sold, and distributed 
are as follows: 

GENERAL PROVISIONS IN THE ORGANIC ACT, 

The publications of the Geological Survey shall consist of the annual report of 
operations, geological and economic maps illustrating the resources and classifica­
tion of the lands, and reports upon general and economic geology and paleontology. 
The annual report of operations of the Geological Survey shall accompany the 
annual report of the Secretary of the Interior. All special memoirs and reports of 
said Survey shall be issued in uniform quarto series if deemed necessary by the 
Director, but otherwise in ordinary octavos. Three thousand copies of each shall 
be published for scientific exchanges and for sale at the price of publication; and 
all literary and cartographic materials received in exchange shall be the property 
of the United States and form a part of the library of the organization: And the 
money resulting from the sale of such publications shall be covered into the Treasury 
of the United States * * * [Approved March 3, 1879.]-Statutes at Large, vol. 20, 
pp. 994-395. 

USUAL NUMBER EDITION. 

Fifteen hundred and fifty copies of any document ordered by Congress shall be 
printed, and that number shall be known as the usual number. No greater number 
shall be printed unless ordered by either House or as hereinafter provided.-.R6tlised 
Statu,tes, sec. 3792. 

Increased for a time to 1,~00 to meet the requirements of law, and subsequently decreased to 1, 734.. 

USUAL NUMBER TO BE ADDED TO ALL ORDERS • 

.Resolved by the Senate and House of .Representatives of the United States of America in 
Congress assembled, That whenever any document or report shall be ordered printed 
by Congress, there shall be printed, in addition to the number in each case stated, 
the ''usual number" of copies for binding and distribution among those entitled to 
receive them; and this shall apply to all unexecuted orders now in the office of the 
Public Printer. [Approved July 7, 1882.]-Statutes at Large, vol. 22, p. 387. 

When the foregoing joint resolution was approved, monograph u of the survey publications-the one 
first to appear-had just been printed and was then being delivered; it was consequently not covered 
by this resolution, and in order that the same number of copies should be published of it as of the 
monographs to succeed it, the following joint resolution was subsequently passed: ' 

USUAL NUMBER OF MONOGRAPH 11 • 

.Resolved by the Senate and House of .Representatives of the United States of America in 
Congress assembled, That there be printed at the Government Printing Office the 
usual number of monograph second of the publications of the United States Geo­
logical Survey, with the necessary illustrations, and to conform to the editions al-
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ready issued by the Survey. [Approved March 2, 1885. ]-Statutes at Lal'ge, vol. is, 
' p. 519. . 

MESSAGE AND DOCUMENTS EDITION, 

Of the documents named in this section there shall be printed and bound, in ad­
dition to the usual number for Congress, the following numbers of copies, namely: 

First. Of the documents accompanying the annual reports of the Executive De­
partments, one thousand copies for the use of the members of the Senate, and two 
thousand copies for the use of the members of' the House of Representatives.-Re­
vi&ed Statutes, sec: 3798. 

DEPARTMENTAL EDITION. 

Provided, That hereafter the Congressional Printer shall print, upon the order of 
the heads of the Executive Departments, respectively, only such limited number of 
the annual reports of such Departments and necessary accompanying reports of sub­
ordinates as may be deemed necessary for the use of Congress.-Revised Statutes, Sup­
plernent, p. 93. 

SECOND AND THIRD ANNUALS, SPECIAL EDITION, 

Resolt•ed by the Senate and House of Representatives of the United States of America 
in Congress assembled, That there be printed, at the Government Printing 0ffict, 
eleven thousand copies each of the second and third annual reports of the Director 
of the United States Geological Survey, with the necessary illustrations and charts, 
:five thousand copies of which shall be for. the use of the House of Representative , 
two thousand :five hundred for the use of the Senate, and two thousand five hundred 
for the use of the United States Geological Survey, and one thousand for sale by the 
Public Printer, at the cost of publication with ten per cent added thereto; the illus­
trations and charts to be made by the Public Printer under the direction of the 
joint committee on printing. [Approved August 5, 1882.]-Statutes at Large, vol. 12, 
p. 393. 

FOURTH AND FIFTH ANNUALS, SPECIAL EDITION, 

Resolved by the Senate and House of Representatives of the United States of America 
in Cong1·ess assembled1 That there be printed at the Government Printing Office, in 
addition to the number already ordered by law, :fifteen thousand :five hundred copies 
of each of the. Fourth and Fifth Annual Roports of the Director of the United 
States Geological Survey, uniform with the preceding volumes of the series; of 
which three thousand :five hundred of each shall be for the use of the Senate, seven 
thousancl for the use of the House of Representatives, and :five thousand for distri· 
bution by the Geological Survey. [Approved June 26, 1884.]-Statutes at Large, rol. 
23,p. 276. 

SIXTH AND SEVENTH ANNUALS, SPECIAL EDITION. 

Resolved by the Senate and House of Representatives of the United tates of .America i 
Congress assembled, That there be printed at the Government Printing Office, in ad­
dition to the number already ordered by law, :fifteen thousand :five hundred copie o 
ach of tbe ixth and seventh annual reports of the Director of the United ta 
' e 1 gic 1 u.rvey, uniform with the preceding volumes of the seri s; of which t 

th u and :five hundred shall be for the use of the enate, seven thousand for the u 
of the ouse of pre entat iv , and :five thousand for the di tribntion by the G 
l gical nrvey . [Appr v d arch 2, 1 -.]-Statutes at Large, vol. 13, p. 519. 

TH UAL I PECIAL EDITION. 

• nal ( tlLtJ Hou e of R p reaentati es concurr ·ng herein), Thattbe 
t ' v rum n · tin ffi in dition to th numb r alr ad, or 
'ft en th UBB.nd five hundr copi of the eighth and ninth annu~ repo 
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of the Director of the United States Geologicfl,l Survey, uniform with the preceding 
volumes of the series, of which three thousand five hundred of each f:!hall be for t h e 
use of the Senate, seven thousand for the use of the House of Represent,ltives, and. 
five thousand for di&tribution by the Geological Survey.-Congressional Record, vol. 
19, pp. 6498, 6990. 

TENTH, ELEVENTH, AND TWELFTH ANNUALS, SPECIAL EDITION • 

.Resolved by the House of Representatives (the Senate concurring he1·ein), That there be 
printed at the Government Printing Office, in addition to the number already or­
dered by law, fifteen thousand five hundred copies each of the tenth, eleventh, and 
twelfth annual reports of the Director of the United States Geological Survey, uni­
form with the preceding volumes of the series, of which three thousand five hundred 
of each shall be for the use of the Senate, seven thousand for the use of the House 
of Representatives and five thousand for distribution by the Geological Survey.­
Congressional Record, vol. 21, pp. 872, 2142. 

DISTRIBUTION OF PUBLIC DOCUMENTS. 

The copies of journals, books, and public documents which are or may be author­
ized to be distributed to incorporated bodies, institutions, and associations within 
the States and Territories, shall be di~tributed to such bodies as shall be designated 
to the Secretary of the Interior by each of the Senators from the several States re­
spectively, and by the Representatives in Congress from each congressional dis­
trict, and by the Delegate from each Territory. The distribution shall be made in 
such manner that the quantity distributed to each congressional district and Terri­
tory shall be equal; except that whenever the number of copies of any publication 
is insufficient to supply therewith one institution, upon the designation of each 
member of the Senate and House of Representatives, the copies at the disposal of 
the Secretary may be distributed to such incorporated colleges, public libraries, 
athenamms, literary and scientific institutions, boards of trade, or public associa­
tions, as he may select. 

The selection of an institution to receive the documents ordered to be published or 
procured at the first session of any Congress shall control the documents of the en­
tire Congress, unless another designation be made before any distribution has taken 
place under the selection first made. Where the same work is printed by order both 
of the Senate and House of Representatives, the duplicates may be sent to different 
institutions, if so desired, by the member whose right it is to direct the distribu­
tion. And the public documents to be distributed by the· Secretary of the Interior 
shall be sent to the institutions already designated, unless he shall be satisfied that 
any such institution is no longer a suitable depository of the samE). Congressional 
journals and public documents, authorized to be distributed to institutions on the 
designation of members of Congress, shall be sent to such libraries and institutions 
only as shall signify a willingness to pay the cost of their transportation.-Reviaed 
Statutes, secs. 501, 502. 

DISTRIBUTION OF SPECIAL MEMOIRS AND REPORTS OF THE SURVEY. 

Resolved by the Sena,te and House of Representatives of the United States of America 
in Congress assembled, That there shall be distributed from the number of special 
memoirs and reports of the United Statee Geological Survey now authorized by law 
one copy of every such publication to every public library which shall be desig­
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law. [Approved March 3, 1887.]-Statutes at Large, vol. 24, p. 647. 
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ANNUAL REPORTS. 

FIRST ANNUAL REPORT, 1879-1880. 

[First] Annual report of the United States geological survey [by 
Clarence King, director]. 

In 46th congress, 3d session, house of representatives, ex. doc. 1, part 5, report of 
the secretary of the interior, being part of the message and documents communi­
cated to the two houses of congress at the beginning of the third session of the 
forty-sixth congress, in three volumes, vol. n, pp. 333-392; Washington, 1880. 8°. 
No map. The report is dated Nov. 1, 1880, and signed Clarence King, director. 

This edition of this volume consisted of 1,900 copies, the "usual number." A 
portion of these (about 800) were, as is customary, delivered unbound; the remain­
der (about 1,100) were printed later and bound in sheep, and these constitute vol. 
10 of the "Executive documents of the house of representatives for the third 
session of the forty-sixth congress." -

In addition to the "usual number" an edition of 3,000 copies of the same docu­
ment was printed, as the law directs, "1,000 copies for the use of the members of 
the senate and 2,000 copies for the use of the members of the house of representa­
tives." These 3,000 were bound, as is customary, in black cloth. Their title is 
identical with that of the 1,900 edition, with the exception of the omission at the 
top of the designation of the congress, session, etc., the title beginning "Report of 
the secretary of the interior." Survey report, pp. 333-392. 

Besides the 4,900 copies of this volume described above, 750 copies of the same were 
printed by order of the secretary of the interior. They are bound in dark red cloth 
and titled as follows: 

Annual report I of the I secretary of the interior I on the I operations of the depart-
ment I for I the year ended June 30, 1880 I In three volumes. I Volume II. I 

Washington: I government printing office. j 1880. 
The survey report occupies pp. 333-392. 
On the requisition of the director of the survey the secretary of the interior caused 

to be printed for the use of the survey 2,000 separate copies of the survey report, as 
follows: 

First annual report I of the I United States geological survey I to 
tbe I hon. Carl Schurz, I secretary of the interior. I By I Clarence 
King, I director. I 

Washington: I government printing office. I 1880. 
Paper cover bearing title as above within a border; inner title same, no border, 

verso blank; the report, pp. 3-62. 8°. Map. This description applies to one-half 

Bu11. 100-2 
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of the edition only; the other 1,000 copies have no map or paper cover, but w 

bound in dark red cloth, with the following half-title in gilt on the front co,er: 
First annual report I of the I U. S. geological survey I King, 1880 

The only other changes from the original issue are of pagination and running head­
ing on versos, which is changed from "Report of the secretary of the interior'' 
uniformity with the recto heading-" United States geological survey." The map 
accompanying the paper-cover quota is entitled "Map showing geographical di­
visions of the U. S. geological survey, 1880." The "colored areas indicate clivi fon 
now [then] organized," all of which are west of the 102d meridian. 

Sold by the secretary of the interior, by authority of a joint resolution approved 
March 3, 1887, for 50 oents. 

All the forms of this survey report thus far described were probably printed from 
the same plates, the typ<' being long primer, with subreports, tables, etc., in brevier. 
By order of the secretary of the interior there were published 1,000 additional copie 
of the report, as follows: 

First annual report I of the I United States geological survey I to 
tbe I hon. Carl Schurz, I secretary of the interior. I By I Clarence 
King, I director. I 

Washington: I government printing office. I 1880. 
Paper cover bearing title as above within a border; inner title same, no border 

verso blank; text, pp. 3-79. Royal 8° . Map, as in the other separate. 
The matter was partly, at least, reset, subreports appearing in long primer aLo 

instead of in brevier. The type page is practically the same size as in the earli 
separate, but the work is printed on sheets of royal octavo size. 

I have seen the same separate bound in the customary dark red cloth, withou 
pa.per cover, showing that there were two styles of issue, as was the case with h 
smaller separate, but I have been unable to ascertain the number of copies issu 
of each style; the survey requisition merely called for 1,000 copies. 

This report was prepared by Mr. King in the fall of 1880 while engaged in surve 
work in California, and was transmitted to the secretary of the interior from 
Francisco. '.rhe Washington office not having been fully organized, and there bein_ 
no special person to supervise the preparation of the survey reports, Mr. · 
thought it best to submit his report in type; therefrom a private edition of -
copies was printed; title and collation as follows: 

First I annual report I of the I U. S. geological survey I to tl1e I hon. Carl Schurz 
secretary of the interior. I By I Clarence King, I director. 

[ an :Francisco, Cal .: 18 0.J 
Paper cover bearing title as above; inner title same, verso blank; the rep 

pp. 3-77. go, 
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Report I of the I secretary of the interior; f being part of I the mes­
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gress I at the I beginning of the first session of the forty-seventh con­
gress. t In four volumes. I Volume III. I 

Washington: I government printing office. I 1882. 
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as in the preceding edition. 
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tions of the department I for I the year ended June 30, 1881. I In four 
volumes. I Volume III. I 

Washington: I government printing office. I 1882. 
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as in the preceding editions. 
This edition consisted of 750 copies, ordered by the secretary of the interior for 

distribution by the department; bound in dark red cloth. Another edition as fol­
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Second annual report I of the I United States geological survey I to 
the I secretary of the interior 11880-'81 I by I J. W. Powell I direc­
tor I [Survey design] I 

Washington I government printing office I 1882 
Title as above, verso blank; half-title and remainder of collation and the contents 
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The second annual is sold by the secretary of the interior, under authority of a 
joint resolution approved March 3, 1887, at the price of $1.80. 

One hundred copies of this report were divided into the separate papers of which 
it is composed and the separates issued with the following titles, etc. : 

SEPARATES FROM THE SECOND ANNUAL. 

Second annual report I of the I United States geological survey I to 
the I secretary of the interior I 1880-'81 I by I J. W. Powell I direc­
t-0r I [Survey design] I 

Washington l government printiug office 11882 
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v r o bl :ink, letter of transmittal to Professor Cook by the author, p. 11, verso blank: 
preliI 1in:ny remarks by tlie author, pp. 13-15, verso blank; half-title "Ga teropo I . • 
p. 17, v r o blank; text, pp. 19-2391 verso blank; half-title "Cephalopoda,' p. :?.U 
v rs blank; text, pp. 243-295, ver o blank ; half-title "Plate ,n ver o blank, PP· 
[297-298]; half-title "Plate r/1 ver o explanation of same, pp. [299]-300 (foll 
by pfat I); half ti tl "Platen," verso explanation of sam , pp. [301]-302 (follo 
b late n); etc. ons cntiv ly to h alf-title " fate L," v rso xplanation of 
pp. [397]-3 8 (followed lJy plate L); index, pp. 399-402. 4°. Plate 1-L· 6~ · 
and 2. 

CO TE T, OF MONOGR PIT XVIII. 

n.,toropoda f tho lom'r marl b cl . ___ _ ... _ ..................... - ... - ...... · · · 
ast ropodn of th midcll marl b d ........... _ .............. ·--- ........ ······ 

Ill. rut ropodn of tho bnso of tho upp marl b d ... ... ___ .. .... _ ... ··- ..... --···· 
. n t ropo,la of th E c· n marls ...... ___ .... _ ..... _ .... ....... -· ..... -- -- .... • 

phnlopodn of tl1' 'r ta u marls ... _ ........... _ .... _ ...... _ ........ - .... -· · 
VI. phnlopo1fa of tl1 !A> n mnrl,; ........ ....... ..... . .. ..... ....... .... ........ . 

Ii t of tbo .Mollu ·ca of tho Ct· t:lccou nna Eocene formation .. ............. ...... ·•• 
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3,000 copies, the number required by law; bound in dark maroon cloth. Mono· 
graph xvm is sold by the director of the survey at $1 a copy, the cost of its publi­
cation. 

Documentary edition as follows: 

52d congress, I 1st session. 1 · House of'. representatives. I Mis. doc. I 
no. 77. I Department of the interior I Monographs I of the I United 
States geological survey I Volume xvrn I [Seal of the department of the 
interior] I 

Washington I governme11t printing office 11892 
No cover; general title as above on white paper; sample library catalogue slips, 

verso bl:tnk, 1 l.; advertisement of the publications of the survey, pp. i-v, verso 
blank; special title, contents, illustrations, .letters of transmittal, and remainder of 
volume as described under the previous edition. 

1,734 copies, the "nsnal number" edition; published in pursuance of a joint reso­
lution approved July 7, 1882. Of these, abont 600 were delivered unbound, as de­
scribou.; the remainder were printed later and bound in sheep as vol. 30 of the 
"Miscellaneous documents of the house of representatives for the :first session of the 
fifty.second congress." 

MONOGRAPH XIX. 

General title: Department of interior I Monographs l of the I United 
States geological survey I Volume xrx I [Seal of the department of the 
interior] I 

Washington I government printing office I 1892 
Special title: United States geological survey I J. W. Powell director 

I The I Penokee iron.bearing series I of I Michigan and Wisconsin I 
by I Roland Duer Irving I and I Charles Richard Van Hise I [Survey 
design] I 

Washington I government printing office j 1892 
Sample library catalogue slips, verso blank, 11.; advertisement of the publications 

of the survey, pp. i-v, verso blank; general title as above, verso blank; special 
title as above, verso blank; contents, pp. v-vii, verso blank; illustrations, pp. ix­
xii; letter of transmittal by Van Hise, pp. xiii-xv, verso blank; outline of the mon­
ograph, pp. xvii-xix, verso blank; introduction, pp. 1-4; text, pp. 5-474; half-title, 
"Plate xrv," p, 475; explanation of plate xrv, p. 476; followed by the plate; half­
title, "Plate xv," p. 477; explanation of plate xv, p. 478, followed by the plate; etc. 
consecutively with half-titles on odd pages and explanations of plates on even pages 
to "Plate xxxvn," p. 521; explanation of plate xxxvn, p. 522, followed by the 
plate; index, pp. 523-534. 4°. Plates 1-xxxvn ; figs. 1-12. 

CONTENTS OF MONOGRAPH XIX. 
Page. 

Chapter !.-Geological explorations and literature............................................ . 5 
II.-The southern complex . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 

III.-The cherty limestone.... .................... . ..................................... 127 
IV.-The quartz.slate member. . .. ................ . ........... ... ............. .. ........ 143 
V.-Tbe iron-bearingmember ........ . . . ..... ... . . :... ........ ........ ................. 182 

VI.-The upper slate member . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 296 
VII.-The eruptives....... ....... . ... ... .............................. ...... ............ 346 

VIII.- The eastern area.... ...... .............. . .. ........................................ 360 
IX.- General geology of the district... ... ... ...... ... ........ . ... . ...................... 437 

3,000 copies, the number required by the law relating to these monographs· bound 
in dark maroon cloth. ' 
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At this writing monograph XIX is not yet out of press; the foregoing description, 
therefore, which bas been made up from final page proof, should be taken mimgrana 
salis. The documentary edition bas not, of course, been issued, but I understand 
the sheep portion will constitute vol. 52 of the miscellaneous docmnents of thehonse 
of representatives for the first session of the fifty-second congress. 

MONOGRAPH XX. 

General title: Department of the interior I Monographs I of the I 
United States geological survey I Volume xx I [Seal of the depart· 
ment of the interior] I 

Washington I government printing office I 1892 

Special title: United States geological survey I J. W. Powell, director 
I Geology I of the I Eureka district, Nevada I with an atlas I by I 

Arnold Hague I [Survey design] I 
Washington I government printing office I 1892 

Sample library catalogue slips, verso blank, 11.; advertisement of the publication 
of the survey, pp. i-v, verso blank; general title as above, verso blank; special title 
as above, verso blank; contents, p. v, verso blank; illustrations, p. vii; atlas heet, 
p. viii; letter of transmittal, p. [ix], verso blank; preface, pp. xi-xiv; outline of 
volume, pp. xv-xvii, verso blank; text, including appendixes A and n with haJf. 
titles, pp. 1-394; explanation of plate m, pp. 395-396, followed by the plate; explana­
tion of plate, IV, p. 398, recto l,lank, followed by the plate; explanation of plate v, 
p. 400, recto blank, followed by the plate; explanation of plate VI, p. 402, recto 
blank, followed by the plate; explana.tion of plate vu, p. 404, recto blank, followe: 
by tho plate; explanation of plate VIII, p. 406, recto blank, followed by the plated 
index, pp. 407-419. 4°. Plates I-VITI; figs. 1-9. 

CONTENTS OF MONOGRAPH XX. 
Pa_ 

Outline of volume . . . . . . . . . . • . . . . . . . . .• . . . . . . . . . . . • . . . . . . . . •. • . . . . . . . . . . . . . . .. . .. . . . . . . ••••..... . XT 

Chapter I.-General description............................................................ . 1 
Chapter II.-Grological sketch of the Eureka district ....•..................... .............. 
Chapter III.-Cambrian and Silurian rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . 3-t 
Chapter IV.-Devonian an.l Carboniferous rocks...................................... ....... 63 
Chapter V.-De!lcriptive geology ....... ............................................ ......... . 
Chapter VI.-General discussion of the Paleozoic rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 ,;; 

bapt r VII.-Pre-Tertiary igneous rocks ............................................... .... . . 
Chapter Vlll.-Tertiary and post-Tertiary volcanic rocks ... _ ............... __ .. .............. ........ ~ 
Chapter IX.-Ore deposits .............................................................. ..... . 
Appendix A.-Systematic lists of fossils of each geologic horizon. By C. D. Walcott... ....... sr 
App ndix B.-Microscopical petro~aphy of the eruptive rocks. By J.P. Iddings ......... ... . 

A companied by an atlas, as follows: 

artm nt of the int rior I United State geological urv y I Jar· 
· ir ct r I A.tl I to accompany the monograph I n th 
I th I Eur ka di trict I evada I by I A.mold agu I [ 

~io- ] l 
hin [ ic] .I Jnliu Bien & co. lith. N w York. 

ely inside a 
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CONTENTS OF ATLAS TO MONOGRAPH XX. 
Sheet 

Title (as on cover) ........•..•.•••.•••••••••.•.• · · •••••••••••••••••· · ·• • · · · ·• • • · •••• •• • •••••••• · 
List of atla,i sheets and legend ........ ...•..... ..... --· · · · • •• -• - - · · · · · -- -- -- -.. - - - . •• • • • • • • . • • • . II -
Topographical and index map of the Eureka district........................................... III 

Geological map of the Eureka district ......•...•...•...•............. - . - -. . . . • • . • . • • • • • • • • •• •• • IV 

Geological map of the northwest sheet ....................................... - • . • • . . . • • • • • . • • . • v 
Geological map of the northeast sheet ...........•.... --... -. --. - -- · · -· · · - -- .... - . • . . . • . . • • • • • • • VI 
Geological map of the northwest-central sheet ................... -.. -... -•.. --- . . . . . . . . . • • • . . • • • VII 

Geological map of thE; northeast-central sheet ...•................................. - . . • . . • • . • • . . VIII 

Geological map of the southwest-central sheet ................................. - . . . . . . . • . • . • • • . IX 

Geological map of the southeast-central sheet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . • • . x 
Geological map of the southwest sheet .....•................................. - . . . . . . . . .. . . • • • . • XI 

Geological map of the southeast sheet.......................................................... XII 

Geological cross-sections . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . • • . XIII 

3,000 copies of both text and atlas published, the number required by law; text 
bound in dark maroon cloth; atlas sheets in paper cover. Monograph xx is sold by 
the director of the survey at $5.25 for both parts, the cost of their publication. 

Docu~cntary edition as follows: 

52d congress, I 1st session. I House of representatives. I Mis. doc. I 
no 343. I Department of the interior I Monographs I of the I United 
States geological survey I Volume xx I [Survey designl I 

Washington I government printing office I 1892 
No cover ; general title al:! above, verso blank; sample library catalogue slips, 

verso blank, 11.; advertisement of the publications of the survey, pp. i-v, verso. 
blank ; then follow special title, contents, and remainder of volume as collated for 
the other edition. 

The atlas furnished with this edition is identical in title and contents with that 
accompanying the other edition, the distinguishing mark being that in this edition 
the atlas cover bears in its upper right corner a pasted slip on which is printed: 

52d congress, 1st session. I House of representatives. I Mis. doc. no. 343. 

1,734 copies, the "usual number" edition, published under authority of a joint 
resolution approved July 7, 1882. Of these, a portion (about 600) were issued un­
bound, as described; the remainder were printed later and bound in sheep as 
vol. 53 of the "Miscellaneous documents of the house of representatives for the :first 
session of the fifty-second congress." 





BULLETINS. 

BULLETIN 1. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no.1 I On hypersthene-andesite and on tri· 
clinic pyroxene in augitic I rocks, by Whitman Cross; with a geological 
sketch of I Buffalo peaks, Colorado, by S. F. Emmons, geologist- I in­
charge of Rocky mountain division I 

Washington I government printing office I 1883 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 1 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11883 
Special title: United States geological survey I J. W. Powell direc­

tor I On I hypersthene-andesite I and on I triclinic pyrnxene ju augitic 
rock s I by I Whitman Cross I with a I geological sketch of Buffalo peaks 
Colorado I by I S. F. Emmons I geologist in charge of Rocky mountain 
division I [Survey design] I 

Washington I government printing office \ 1883 
P aper cover bearingtitle as above; advertisementofthepublicationsofthesurvey, 

p p .1-2; general title as above, verso blank; special title as above, verso blank; letter 
of transmitt al by Mr. Emmons to the director, p. "7-8," verso blank; contents and 
illustrations, p. "9-10,'; verso blank; "Errors in bulletin 1, United States geological 
su r vey," verso blank, 11.; introductory sketch by Emmons, pp. 11-17, verso blank; 
t ext b y Cross, pp. 19-38; index, pp. 39-42; "notice" (as to numbering and binding) 
on outside of back cover; 8°. Plates I and II. A second (volume) pagination, in 
p ar en t h eses, is carried through the text at the foot of the pages. In this (the first) 
bulletin it runs uniform with the regular pagination; and it is explained by the 
following extract from the advertisement: 

"The Bulletins will each contain but one paper, and be complete in itself. They 
will, h owever, be numbered in a continuous series, and will in time be united into 
v olumes of convenient size. To facilitate this each Bulletin will have two pagin­
ations, one proper to itself at the top, and at the bottom, one which belongs to it in 
t h e v olume." 

CONTENTS OF BULLETIN 1. 

Page. 
Letter of transmittal . • • • • • • •• • • • . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . . . . . . • • . . • . . . • • . . . . • • • • • • • • . . • • • . . 7 
Introductory geological sketch of Buffalo peaks, by S. F. Emmons................... .............. 11 
On hypersthene-andesite and on triclinic pyroxene in augitic rocks, by Whitman Cross .• _....... 19 
Chapter I.- Hypersthene-anclesite from Buffalo peaks, Coloraclo .........•.......... _ .. .... .•.. ••. 19 

Description of rock .... . ......•........•.••••................ . ................ .. ..... __ .....•.. 19 
Triclinic pyroxene in other rocks.......................................................... 23 

Chemical composition of the rock ...........•...........•.•.......•......... _ .... _............. 25 
Ia>lation and analysis of hypersthene •..•••....•••.••.••••..•..•....... _........ . . . . • . . . . . . • • . 26 

127 



128 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Page. 
Chapter IL-Rhombic pyroxene in other andesites.. ... . .......•. ...... ........ .... ... ...... ...... 31 

Previous observations of rhombic pyroxene in augite-anclesites ................................ 33 
Rhombic pyroxene in diabasic rocks . ..................................................... . 35 
Rhombic pyroxene in hornblende-andesite ................................................ . 36 

Classification of andesitic rocks............................................................... . 36 
Results ........................................................................................ 38 

3,200 copies puhlished-3,000 required by the law relating to these bulletins, and 
200 extras ordered by the authors. The selling price of this bulletin is 10 cents. 

Documentary edition of bulletin 1 as follows: 

47th congress, I 2d session. I House of representatives. I Mis. doc. I 
no.16. I Department ofthe interior I Bulletin I ofthe I United States I 
geological survey I no. 1 I On hypersthene.andesite and on triclinic 
pyroxene iu augitic I rocks, by Whitman Cross; with a geological 
sketch of I Buffalo peaks, Colorado, by S. F. Emmons, geologist- I in­
charge of Rocky mountain division I 

Washington I government printing office j 1883 
Ontside title as above, on white paper; advertisement, general title, special title, 

and remainder of collation as in the other edition. 
1,900 copies, the "usual number'1 edition; published by authority of a joint reso­

lution approved July 7, 1882. Of these, about 800 were delivered unbound, as de· 
scribed above; the remainder were prin+,ed later and bound in sheep as a part of vol. 
1 of the "Miscellaneous documents of the house of representatives for the second 
session of the forty-seventh congress." 

This bulletin appears again in the documentary edition of vol. r, description of 
which will be found inj'1·a between the descriptions of bulletins 6 and 7. 

BULLETIN 2, 
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There is no documentary edition of this bulletin and subsequent ones separately. 
Bulletin 1 does appear separately in documentary form, but thereafter, seeing that 
several bulletins would appear within a year and that they were prepared for com­
bination into volumes, it was concluded to issue a docun;ientary edition of -the vol­
umes instead of one of each brochure. For description of the documentary edition 
of vol 1, see infra between descriptions of bulletj.ns 6 and 7. 

BULLETIN 3. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 3 I On the fossil faunas of the upper 
De':onian along the I meridian of 76° 30' from Tompkins county N. 
Y. I to Bradford county Pa. I 

Washington I government printing office I 1884 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 3 I [Seal of the department of the 
interior] I 

Washington I government printing -office j 1884 

Special title: United States geological survey I J. W. Powell direc­
tor I On I the fossil faunas I of the I upper Devonian I along the meri­
dian of '76° 30' from Tompkins county, N. Y., I to Bradford county, 
Pa. I by I Henry S. Williams I [Survey design] I 

Washington I government printing office 11884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as above, 
verso blank; text, pp. [5]-31 (55-81. of the volume) verso blank; index, pp. 33-36; 
notice as to numbering and binding, outside of back cover. s0 • 

3,000 copies published, being the number required by the law relating to these 
bulletins. The price of this bulletin is 5 cents. 

BULLETIN 4. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 4 I On Mesozoic fossils I 

Washington I government printing office 11884 

General title: Department of the interior I Bulletin-I of the I United 
States I geological survey I no [sic] 4. I [Seal of the department of the 
interior] I 

Washington I government printing office I 1884 

Special title: United States geological survey I J. W. Powell direc­
tor I On I Mesozoic fossils I by I Charles A. White, m. d. I [Survey de­
sign] I 

Washington I government printing office 11884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as above, verso 
blank; contents and illustrations, verso blank, 1 leaf; text, pp. [5]-17 (93-105 of the 
volume), verso blank; index, p. [19]; explanation of plate 1, p. 20 (followed by the 
plate); explanation of platen, p. 22, r ecto blank (followed by the plate); etc. even 
pages to 36, rectos blank, each followed by a plate· notice as to numbering and 
binding, outside of back cover. s0 • Plates I-IX. ' 

.Bull. 100-9 



130 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. (BULL, 100. 

CONTENTS OF BULLETIN 4. 
Page. 

Description of certain aberrant forms of the Chamidai from the Cretaceous rocks of Texas . . . . . . . . 5 

On a small collection of Mesozoic fos sils obtained in .Alaska by Mr. W. H. Dall, of the United 
States Coast Survey .. ..... .... .• ................ .. ..... .. ... . ... . ... ......... . ......... . ..•••• .. 10 

On the N autiloid, genus Enclimatoceras Hyatt, and a descriptic,n of the type c1pecies..... .. .. .... 16 

3,000 copies published, being the number required by the law relatjng to these 
bulletins. Price, 5 cents. 

BULLETIN 5. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 5 I .A dictionary of altitudes in the 
United States I 

Washington I government printing office I 1884 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 5 I [Seal of the department of the 
interior] I 

Washington I government printing office j 1884 

Special title: United States geological survey I J. W. Powell director I 
.A I dictionary of altitudes I in I the United States I compiled by I 
Henry Gannett I chief geographer I [Survey deign] I 

Washington I government printing office I 1884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as above, ver o 
blank; letter of transmittal, verso blank, 1 leaf; contents, pp. [7]-8; discos ion of 
authorities, pp. [9]-16; abbreviations of names of railroads given as authoritie , pp. 
[17]-24; the dictionary of altitudes, pp. [25]-325 (149-449 of the volume); notice a.a 
to numbering and binding, outside of back cover . 8° . 

Arranged alphabetically by states, and within each state by railroad stations. 
3,500 copies-the 3,000 required by the law relating to these bulletin , and 500 

additional ordered by the department. Price, 20 cents. See bulletin no. 76. 

BULLETIN 6. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological urvey I no. 6 I Elevations in the dominion f 
Canada I 

Wahington I government printing office j 1884 

General title: Department of the interior I Bulletin I of the I Unit 
Sta:te I geological urvey I no. 6 I [Seal of the department of the in­
t ri rJ 1 

· gton I government printing office I 1884 

p wial title: United State geol gi al survey I J. W. P well i-
r t r I 1 ti n I in the I dominion of a ada j by I J. . penc r I 

ig J l 
..,~:""v,.,,...,. I g 
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of the volume), verso blank; title for vol. I (see below), verso blank; contents for 
v ol. 1, p. iii, verso blank; illustrations for vol. 1, p. v, verso blank; notice as to 
n umbering and binding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 6. 
Page. 

5 L etter of transmittal ...•••.....•.............•......... · -· · · · · · · · · · · · · • · · · · • · • · · · · ...•.• , · · .. · · · 
P reface . ...................................... · ... · .... · · · · ·' .. · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · • • 7 
Profiles .... . .......... . .................................................. ··· ·· ·······............ 11 

Great western railway ...... . . . ............................... ·........ . .......•.............. 11 
Wellington, Grey and Bruce railway............... . ............ . ........................... 15 
W elland railway .... . ...••.... .. . ..................................... . .... ,................ 17 
H amilton and northwestern railway ....... . ...... , .......................................... 17 
Northern railway;............................................................................ 18 
Toronto, Grey and Bruce rail way . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Credit valley railway .......... . .................. '. ............ .. ....... · ........... · · · .. · · ·• 21 
Canadasouthcrn railway. . .................................................................. 22 
Gr and trunk railway........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 23 
Toronto and Nipissing railway ................ ... ......................... ... ............ ,.. 29 
Micllandrailway . . ................................................. , ......... ............... ; ~ 29 
Ontario and Quebec railway . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 
Saint Lawrence and Ottawa rail way........................................ .. ............... 32 
Saint Lawrence river.... . .......................... . .. . ......... .... ...................... . . 33 
Ottawa river and Rideau navigation co .... . ...••... . ................ . ,....... . .......... ... 33 
Qnebec, Montreal, Ottawa and occitlental railwa_y .. . .......... .. . . . . . ... . . ... ..• . .•. .. .. .••. 33 

.Alphabetic list of ele-vatfons in Canada, abstracted from the foregoing profiles................. 35 

3,000 copies, the number required by the law relating to these bulletins. Price, 5 
cents. 

B ulletins 1-6 form vol. 1, as follows: 

D epartment of the interior I Bulletins I of the I United States I 
geological survey I Vol. I I [Seal of the department of the interior] I 

W ashington I government printing office I 1884 
Title as. a.hove, verso blank; contents of the volume, p. iii, verso bl ank; illustra­

t ions of the volume, p. v, verso blank; the six bulletins, pp. 1-493. 8°. 11 plates. 
Documentary edition of vol. 1, as follows: 

48th congress, j lst session. I House of represtfutatives. I Mis. doc. 
I no. 71. I Department of the interior I Bulletins I of the I United 

S tates I geological survey I Vol. I I 
Washington t, government printing office 11884 
Title as above on white paper; then follow title, contents, illustrations, and re­

mainder of volume as in the other edition. 
1,900 copies published, the "usual number" edition. A portion of the edition 

( about 800) were deliver ed unbound, as described above; the remainder were printed 
later and bound in sheep, in which form they constitute tlie gteatet part of vol. 36 
of the "Miscellaneous documents of the house of representatives for the first session 
of the for ty-eighth congress." · 

BULLETIN 7. 

Gover title: Department of the interior I Bulletin I of the i United 
States I geological survey I no. 7 I A catalogue of geological maps 
relative to l North and South America I 

Washington I government printing office I 1884 

General title; Department of the interior I Bulletin I of the i United 
States I geological survey I no. 7 [ [Seal of the department of the 
interiorl I 

Washington I government printing office I 1884 



132 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Special title: United States geological survey I J. W. Powell director 
I Mapoteca geologica americana I .A catalogue I of I geological maps I 

of I .America (North and South) 11752-1881 I in geographic and chro­
nologic order I by I Jules Marcou and John Belknap Marcou I [Survey 
design] I 

Washington I government printing office I 1884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as above, 
verso blank; contents, p. v, verso blank; contractions used in references, pp. [7]-8; 
introduction (signed Jules Marcou, Cambridge, Mass., September, 1882), pp. 9-17, 
verso blank; the catalogue, pp. 19-171, a supplement beginning on·p. 159; index of 
authors and places, pp. 173-184; notice as to numbering and binding, outside of back 
cover. 8°. A volume pagination, in parentheses, appears at the foot of the pages. 

The catalogue is arranged geographically, from Arctic America to Tierra del Fuego, 
and chronologically under each division. 

3,000 copies published, being the number required by the law relating to these 
bulletins. Price 10 cents. 

BULLETIN 8. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 8 I On secondary enlargements of min· 
eral fragments I in certain rocks. I 

Washington I government printing office j 1884 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 8 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11884 

Special title: United States geological survey I J. W. Powell director 
I On I secondary enlargements I of I mineral fragments I in I certain 

rocks I by I R. D. Irving and C.R. Van Hise I [Survey design] I 
Washington I government printing office I 1884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as alwve, 
verso blank; letter of transmittal by Irving to the director, p. 5, verso blank; con­
tents, p. 7, verso blank; illustrations, pp. 9-10; text, pp. 11-52 (195-236 of the vol­
ume); index, pp. 53-56; notice as to numbering and binding, outside of back cover. 
8°. Plates I-VI; figs. 1-4. 

CONTENTS OF BULLETIN 8. 
Page. 

Letter oftransmittal ...••••• -·····-·············· ............................................ .... 5 
Contents...................... ................................................................... 7 
List of illuatrations ............... _ .................................................. .......... .. 
Part I.-Enlargemente of quartz fragments and genesis of quartzit-es, by R. D. Irving and C. 

R.Van Hise .... .. ....... ......•.....••............................................ ............ 
General considerations ..................................................................... . 
L1St oflocalities of rocks examined, with brief descriptive notes ........... .............. . . . 

For Huronian rocks ..................................................................... . 
In the typical Huronian of lake Huron .................••............ . ... -......... . 
In the iron.bearing series of Marquette, Mich ............................. ·········· 
In the iron-bearing series of the Penokee region of Wisconsin ............ · · · · ·•· · ·· 
In the slates of the saint Louis river, Minnesota .......................... ··· · ······· 
In the quartzite formation of the Baraboo region of Wisconsin ........... • ... •• .... . 

11 
11 
23 
23 
23 
27 

30 

32 

33 



WARMAN,) BULLETINS 8 .A.ND 9. 133 

Part !.-Enlargements of quartz fragments anil genesis of quartzites-continued. Page. 
In the quartzite formatfon ·of so:,thern Minnesota.................................. . 34 

1fu. the Animikie series of northern Minnesota and the Thunder bay region of lake 
Superior ...........•..•. · .......................... ·····.· .......... -· -· -·· · ·· · · · · · · 35 

ln the folded schists of the national boundary line north of lake Superior........... 37 
For Keweenawan sandstones .......................................................... • • 38 
For Cambrian rocks ..........•........................ ~.................................. 39 

In the Grand canon group of the Colorado river . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
In the Potsdam sandstone of the Mi1,sissippi valley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 39 
In the Eastern sandstone of la;..e Superior........................................... 40 
In the Western sandstone oflake Snperior.... ....... .. . . .. . . . . .. . . .. .... ..... ... ... 41 

For Silurian rocks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . • . . . . . . . . . . . . . ... . . . • . • .. •• . 41' 
In the saint Peter's sandstone of Wisconsin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 41 
In the· Eureka quartzite of Nevada ........... ·.....•................................. 42 

For Devonian J.'OCks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 
For Carboniferous rocks............................................................ . .... 43 

· For Triassic r9cks .....•...•..•...... ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • 43 
For Cretaceous rocks ................................ ·. ·. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43 

Part IL-Enlargements of feldspar fragments in certain Keweenawan sandstones, by C.R. Van 
Hise ................................. · .............................. ·.... . . . . . . . . . . . . . . . . . . . . . . • . 44 

Part. III.-Summary of general conclusions, by R. D. Irving ...•••. · ... ·..•........................ 48 

3,000 copies published, the numper required.by the law relating to these bulletins. 
Price 10 cents. 

BULLETIN 9. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey -I no. 9 I A report of work done in the Wash­
ton laboratory I during the fiscal year 1883-'84 I 

Washington I government printing office 11884 . 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 9 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11884 
Special title: United States geological survey 1 ·J. W. Powell director 

I .A report of work done I in the I Washington laboratory I during 
the I fiscal year 1883-'84 I F. W. Clark chief chemist I T. M. Chatard 
assistant chemist I [Survey design l I 

Washington I government printing office 11884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as above, verso 
blank; contents, p. 5, verso blank; introductory, by Clarke, p. 7, verso blank; 
text, pp. 9-37 (249-277 of the volume), verso blank; index, pp. 39-40; notice as to 
numbering and binding, outside of back cover. 8°. 

CONTENTS OF :BULLETIN 9. 

Page. 
Introductory . • . • . • • • • .. • • . . • • • . . . • . . • • • • • . • . . . . . . . • . . . • . . • . . . . . . • . . . . • • • . • • • . • . . . . . • • . • • • . • . . • . . 7 
Mineral, rock, and ore analyses.................................................................. 9 

Gahnite, from Montgomery county, Maryland.............................................. 9 
Jade and pectolite, from Alaska............................................................. 9 
Saussnrite, from Shasta county, California . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . • . . 10 
Allanite, from Topsham, Maine . . . . . . . . . • • • . • • . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . 10 
Beryl, from Greene county, Tennessee . . . . . • . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • 11 
Damourite, from Stoneham, Maine.......................................................... 11 
Margarite . . . . . . • . . • . • . . . . . . . . . . . . . . • • • . . . . • • . . • • . . . . . . . . . • . . . • . . . • • • . . • . • . . . • . • • • . . . . • . . . . • • 11 
Cimolite, from Norway, Maine.............................................................. . 12 



134 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL, lpO. 

Mineral, rock, and ore analysis-continued. Page. 
Halloysite, from California.................................................................. 12 
Prochlorite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Alum rock, from Grant county, New Mexico................................................ 13 
Scoriaceous Obsidian, fro!Il Mono valley, California ....... ...... .. . .. .. . . ......... .•..... ... 14 
Powder, froIP Truckee river, N evijcta ............................................. , ....... , . 14 
Marl, from Pyramid ~ake, 1{" evada. ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 14 
Clays, from J\,!:ill City, Nevada .. .......••.......................................... , . . . . . . . . . 15 
Basalt, from mo-qnt Thielson, Oregon ..••...............................•.... : •....... ,...... 15 
Basalt, from Pit river, California............................................................ 16 
Dacites, from Lassei;i's peak, California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 16 
Limestones, from Moundsyille, West Virginia.......... . .... ....... ......... ........ ...... 17 
Magnetite, from near Bozeman, MoI).tana............................................... .. . . . 17 
Limonite, from Canaan mou:µtain, West .Virginia........................................... 18 
Coal, from Cranston, Rhode Island .................................................•.....• ,. 18 

Water analyses.................................................................................. 19 
Pyramid lake, Nevada .............•.................................................. ,...... 19 
Winnemucca lake, Nevada ...•.•.............................................. , . . . . . . . . . . . . 21 
Walker lake, Nevada......................................................................... 2.l 
Walker riyer. .... ...........•...... .... .... .... ..... ... ..... .. ....... .... .. .. . . .. ... .... .... 23 
Humboldt river, Nevada.................................................................... 23 
Hot spring, foot of Granite mountain, Nevada.............................................. 24 
Hot spring, Hot spring station, Nevada..................................................... 24 
Larger Soda lake, Ragtown, Nevada. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Mono lake, California.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Spring on Tufa crag in Mono lake, California . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
Warm spring, Mono basin, California.. .. ................................................... 27 
Boiling spring, Honey lake valley, California ........................... , . . . . . . . . . . . . . . . . . . . 28 
Lake Tahoe, California . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
.A.bert lake, Oregon................................................................. .. ... .... 28 
·utah lake, Utah ......................... , ...................................... _.......... ... 29 
City creek, Utah . . . . .. . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
Bear river, Utah................................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Utah hot springs . . . . . . . . . .. . . . . ....•... ... . ... ... . .. . . . . ....... .. . .. . . . . . . ... . . . . . . .. . . ..•.. 30 
Livingston warm springs, Montana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 31 
Warm springs, Emigrant gulch, Montana................................................... 31 
Helena hot springs, Montana................................................................ 32 
Mill creek cold springs, Montana .. ...... , ........................................ ,. ......... 32 
Virginia hot springs, Bath county, Virginia.... . ...... ............................ .... ..... . 33 

The estimation of alkalies in stlicates, by T. M. Cbatard ...•••.. •.. . . . . . . .. . . . . . .. . . . . .. . ...•.. 36 

3,150 copies published-3,000 required by the law relating to these b.ulletins, a,nd 
150 extras ordered by the author. Price, 5 cents. 

BULLETIN 10. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 10 I On the Cambrian faunas of North 
.America I 

Washington I government printing office I 1884 
General t-itle: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 10 I [Seal of the department of the in· 
terior] I 

Washington I government printing office j 1884 
Special title: United States geological survey I J. W. Powell direc· 

tor I On I the Cambrian faunas I of I North .America I preliminary 
studies I by I Charles Doolittle Walcott J [Survey design] I 

Washington I government printing office j 1884 
Paper cover bearing title a-s above; advertisement of the publications of the snr· 

vey-, 1 unpaged leaf; general title as above, verso blank; special title as above, 



WABMAN,] BULLETINS 11 AND 12. 135 

verso blank; letter of transmittal, p. 5, verso blank; contents and illustrations, p. 
7, verso blank; text, pp. 9-51 (289-331 of the volume), verso blank; index, pp. 53-55; 
explanation of plate 1, p. 56 (plate I facing); explanations of the remaining plates, 
pp. 58, 60, 62, 64, 66, 68, 70, 72, and 74 (rectos blank, plates facing explanations); 
notice as to numbering and binding, outside of back cover. S0 • Plates 1-x (IX being 
folded.) 

CONTENTS OF BULLETIN 10. 
Pa,2'e, 

Letter of transmittal.. . • • . • • • • • . . . . . . . • . • • • . • • • • • . . . • • • . . • • • • • • • • . • • • . • • • • • • • • • . . • • • • . • • • • • • •• • • • 5 
Review of the fauna of the saint John formation, contained in the Hartt collection . . • . • • • . •• • •• 9 
Fauna of the Braintree argillites . . . . . . • . . . • • . . . . . . . . . . . . . . . • • • . . . . . • . . • . . . • • . . . • • • . • • • . . • • • • • • • 43 
On a new genus and species of Phyllopoda from the middle Cambrian. . • • . • • • . . • • . . • • • • • • • • . . • • • 50 

3,100 copies published-3,000 required by the law relating to these bulletins, 
and 100 extras ordered by the author. Price, 5 cents. 

BULLETIN 11. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 11 I On the Quaternary and recent Mol­
lusca of the I Great basin, with descriptfons of new forms I 

Washington I government printing office I 1884 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 11 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11884 
Special title: United States geological survey I J. W. Powell direc­

tor I On the I Quaternary and recent Mollusca of the I Great basin I 
with descriptions.of new forms I by IR. Ellsworth Call I Introduced by 
a I sketch of the Quaternary lakes of the Great basin I by I G. K. Gil­
bert I [Survey design] I 

Washington I government printing office 11884 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title .as above, verso blank; speciai title as above, 
verso blank; contents, p. 5, verso blank; illustrations, p. 7, verso blank; introduc­
tory sketch by Gilbert, pp. 9-12; text by Call, pp. 13-49 (367-403 of the volume), 
verso blank; index, pp. 51-56; plate explanations, pp. 58, 60, 62, 64, and 66 (rectos 
blank, plates facing the explanations); notice as to numbering and binding, outside of 
back cover. s0 • Plates 1-v1. 

CONTENTS OF BULLETIN 11. 
Page. 

Introductory sketch of the Quaternary lakes of the Great basin, by G. K. Gilbert............... 9 
On the Quaternary and recent Mollusca of the Great basfri, with descriptions of new forms, by 

R. Ellsworth Call . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . • • • . • • • • • • • • 13 
Systematic catalogue of the recent and Quaternary shells of the Great basin ..•..••...•..•••.••• 

Introduction • . • • .............••.....•.•.....••.....•.........••••.•• 
Catalogue ..••••..•....•...•.•.• _ .•....••••••..•.........•...........••••••.••.•.......•••••••• 

Lamellibranchia ta .........••••..•........... .............•...•.•••.•....•••.......•••••• 
Gasteropoda. . ..... . ................................................................... . 
Ostracoda .....•..••..•.••••.•.•••...•.....•..•....•.•.•••••.••..•.•......••............ 

Distribution and environment ..•.......••........•••••••.•...•••••••••.••.•••..••........••.•••• 
Geographic and chronologic distribution ............•..•• _____ ............................ .. 
Depauperation versus salinity ...••......••.•••.••...•••••••••••••••.••.•••••....•.•••.•••.••. 
Depauperation versus temperature ..... •.......•........ . .....•...••••..•...........•••.••••• 
Hypsometric distribution ...•••........•....••.•..•....•...•.....•...................•..••••• 
Conoluaiona.. . • • . . • . . . . . ........•.........................................................•. 

13 
13 
14, 

14 
16 
23 
26 
26 
30 
38 
41 
43 



136 PUBLICATIONS QF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Page. 
Descriptions of new forms....................................................................... 44 

Valvatidre................... .. . .. . .. . . . .. . . . . . . . . . . .. . ... . . .. . . . . . . . . . . . . . .. ... . . . ....... ... 44 
Valvata sincera var. utahensis... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . .. . . . . . . . . . . . . . 44 

Rissoidre.. .. . . . . . . .................... .. . . . . . . . . . . . . . . . . .. .. . . . . . . . . ... . . . ... .. . . . .. . . ....... 45 
.A.mnicola dalli ... .............................................. ·........ ......... .. .... ... 45 

Limnreidre . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . 47 
Radix amp la var. utahensis ...... ~.............. .. • . • . . . . . . . . . . . . . • . . . . . . .. .. .. .. .. .. . . .. 47 
Limnophysa bonnevillensis .... ..... .... .. . . . .. . . ..... .. . . . . . . . . . . . . . . . .. . . . . . . .. . . . .... .• 49 

3,2Q0 ~opie~ :rrnblished-3,0_00 re<]_uired by tp.~ law relating to these bulletins, and 
200 extras ordered by the author. Price, 5 cents. 

BULLETIN 12. 

Gover title: Department of the inte:1'.'ior I Bulletin I of the I United 
States I geological survey I no. 12 I A crystallographic study of the 
thinolite of lake Labontan. I · 
- Washington I government printing office I 1884: 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I _no. 12 I [Seal of the department of the 
interior] I 

Washington I government printing office 11884: 

. Special title: United States geological survey I J. W. Powell di­
rector I A I crystallographic study I of the I tbinolite of lake Lahon­
tan I by I Edward S. Dana I [Survey design] I 

Washington I government printing office I 1884: 
' Paper cover bearing title as above; advertisement of t1:re publications of the 
survey, 1 unpaged leaf; general title as above, verso blank; specia;I title as above, 
verso blank; letter of transmittal by G. K. Gilbert, geologist in ·charge of the divi­
sion, to the director, p. 5, verso blank; contents and illustrations, p. 7, verso blank; 
text, pp. 9-28 ( 429-448 of the volume); index, p. "29-30," verso blank; explanations 
of plates, pp. 32 and 34 (rectos 'blank, plates facing the explanations); notice as to 
numbering and binding, outside of back cover. 8°. Plates r-ur; fig. 1. 

CONTENTS OF BULLETIN 12. 
Page. 

Letter of transmittal...... .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . 5 
Introductory statement . . ... .. . . . .. . ... . . . ............. .. . . . . .. . . . . ... . . . ... . . . ... . . .... .. .. .. .. 9 

Varieties of tufa .. ... ..... .................... ..... ............. . ................... .. . . . . . . . 10 
Succession of tufa deposits. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

Crystallographic study ............................................................ : . . . . . . . . . . . . . 14 
General aspect of the thinolite . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Thinolite from Pyramid lake. ........................................................... .... 15 
Examination of sections of crystals......................................................... 17 
Thinolite from Mono lake . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Tbinolite from Walker lake ancl from Black rock and Smoke creek deserts.................. 20 

Original crystalline form of the tbinoli te ................ : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Chemical nature of the original mineral. ................. : ....... ... .......... . . . . . . . . . . . . .. . . . . 22 
Relation of the thinolite to the so.called Gaylussite pse·udomorpbs of Sangerhausen and other 

localities . .... .. ..... .. . . ............ . ... ... . .... .... .......... .. ........ . ..... : ............... 25 

3,100 copies publisbed-?,000 required by the law relating to these bulletins, and 
100 extras ordered by the author. Price, 5 cents. 

BULLETIN 13. 

Gover title: Department of the interior I Bulletin I of 'the I United 
States l geological survey I no. 13 I Boundaries of the United States 



w.A.imAN.] BULLETINS 127 137 AND 14:. 137 

and of the several I states and territories, with a historical I sketch of 
the territorial changes I 

W asllington I government printing office I 1885 
General title: ·Department of the interior I Bulletin I of the I United 

States I geological survey I no. 13 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11885 
Special title: United States geological survey I J. W. Powell direc­

tor I Boundaries I of I the United St~tes I and of the I several states and 
territories I with a I historical sketch of the territorial changes I by I 
Henry Gannett I chief geographer I [S"!1rvey design] I 

Washington 1 · government printing office 11885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 1 unpaged leaf; general title as above, verso blank; special title as above, verso 
blank; letter of transmittal, p. 5, verso blank; contents, pp. 7-8; text, pp. 9-129 
(465-585 of the volume), verso_ blank; index, pp. 131-135; notice as to numbering 
and b.i,nding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 13. 

Page. 
Boundaries of the Unit.ed States and additions to its territory................................ 9 

Boundaries of .the United States.......................................................... 9 
Additions to the territory of the United States............................................ 19 

Louisiana purchase.-.................................................................... 19 
Florida.............. .................................................................... 21 
Texas .... -......................... : ............. -·...................................... 21 
First Mexican cession ............... .'................................................. 22 
Gadsden purchase· ........ -.............................................................. 22 

· Alaska . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23 
The public domain and an outiine of the history of the changes made therein . . . . . . . . . . . . . . . . 24 

Cessions by the states.. . .................................................................. 24 
Territory northwest of the river Ohio..................................................... 27 
Territory south of the river Ohio.......................................................... 29 
Lo11isiana and the territory acquired from Mexico , .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • 30 

Boundary lines of tha states and territories (in usual geographical order, from Maine to Cali• 
fornia)....................................................................................... 32 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. · · · 

BULLETIN 14. 

Oover title: Department _of the interior I Bulletin I of the I United 
States I geological survey I no. 14 I On the physical characteristics of' 
the iron-carburets I more particularly on the galvanic thei·mo-e1ectric I 
and magnetic properties of wrought iron steel I and ca~~ iron in dif­
ferent states of hardness I together with a physical diagram for I the 
classification of iron-carburets I 

Washington I government printing office j 1885 

General title: Department of the interior I R-~ 11 Atin I of the I United 
States I geological survey I no. 14 I [Seal of tL department of the in­
teriorl I 

Washington I government printing office I 1885 

Special title: United States geological survey I J. W. Powell di-



138 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BtiLL.100. 

rector I The I electrical and magnetic properties I of the I iron-carbu­
rets I by I Carl Barus and Vincent Strouhal I [Survey design] I 

Washington I government printing office I 1885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, recto [sic] blank; preface, pp. 5-8; contents, pp. 9-10; illus­
trations, p. 11, verso blank; introduction, pp. 13-14; text, pp. 15-226 (607-818 of the 
volume); index, pp. 227-238; title for vol. II (see below), verso blank; coll.tents for 
vol. II, p. iii, verso blank; illustrations for vol. II, pp. y-vi; notice as to numbering 
and binding, outsidfl of back cover. 8°. Figures 1-31. 

CONTENTS OF BULLETIN 14. 
Page. 

Introduction_---······---------.-·- -- ···--- ...••.. ••. ..•••• ••••••••••.• •••••••••••••••••••••.•••• 13 
The relation between electrical conductivity and temperature in case of steel in different states 

of hardness, of wrought iron, and of cast iron ....•••...••• -·····.............................. 15 
Steel..·-_ ....••••.....••..•... _...... ......... ................. ............. ................. 15 
Wrought iron. ___ .•.••.••......•..••...•.. ·····-···-_........................................ 20 
Cast iron ........••.. _ .......••.. ··- .•.•...• ··-- .•.....•.•••.....••...••••.••..•.• ~........... 22 

Deductions················-·······················-········································-- 24 
Addendum: Statement of a resistance method for, the measurement of heat conductivity.... 25 

The conditions which in the case of steel essentially determine the efficacy of the operation of 
tempering; the measurement of the state of hardness of steel....... . . . . . . . . . . . • . . • . . . . . . . . . • • . 28 

Introductory remarks .....••. -···· ......... -· .....•....•••.•• ·••• .. • .• • •.. ..•.•...••.. •.••••• 28 
.Apparatus for imparting glass.hardness to steel. ..••••.•••.• ·•••••.•.••..•.•....•....•..•.••• 29 
Measurement of thermo.electric power . . . • . . • • . • . • . • • • . • • • • • . . . . • • . . • • . • • . . • • . . . • . . . . . • • . . • • 31 
Measurement of electrical conductivity....................... ............................... 36 
The operation of sudden cooling. Glass.hardness..................... ........ ............... 38 
Behavior of hard steel rods annealed in hot oil baths . . . . •• . . • • • . . . • . . • • . . . • • •. . • • . . . . • .• . . • . 40 
On the bearing of the time of exposure on the efficacy of annealing. . . . . . . . • • . . • • . . • . . • . . . . • • 43 
Behavior of bard steel annealed in vapor of boiling methyl alcohol (660)... •• • • . •• • •• . • • . . • • • 47 
Behavior of hard steel annealed in steam (100°) ..... _........................................ 49 
Behavior of hard steel annealed in vapor of boiling aniline (185°)....... .• . .• . . . . . . . . . . . .. . . . 51 
Behavior of hard steel annealed in molten lead (330°J........................... ••• . . . . . . . . . • 53 
General discussion of the results of this annealing . . ..•••.•••••.....•.••..••.. _..... . . . . . . . 54 
The effect of higher and of lower temperatures on the temper of steel originally annealed at 

a given intermediate temperature...... . . . . • • . . • . . . . • . . . • • • . • • . . . . . . • • • . . . . . . . . . . . . . . . . . . . . 57 
Behavior of soft steel rods. . . . . . . . . . . • • . . . . . • . . • • • • . . . . . • . • . . • • . . . . . . . . . . • . . . . . . . . . . • • • . . . . . . 60 
The relation existing between the thermo.electric power and the specific resistance of steel. 62 
Sources of error. . . . • • • . • • • . . • . . . . • . • . . . . . . • • • • . . • • . . • • • • . . . . . • . . • . . . . . . . . . • • . . . . . • • • • • . . . . . • 68 
Concluding remarks ..................................... ............. ···-·····.............. 70 
.Addendum: On a simple method for the galvanic calibration of a wire....... .. ............. 72 

The nature of the phenomenon of t emper, as observed in steel, discussed from an electrical stand· 
point, particularly in reference to the analogous behavior of malleable cast iron and of alloys 
of silver .........•............•......................••. _ .••. _.................. . . . . . . . . . . . . . . • 76 

Introduction ......•...•••.•••..••••... _...................................................... 76 

Experiments with alloys ..••••.....• ·················································-······ 80 
The general phenomenon of temper regarded from the chemical and from the mechanical 

standpoint . ..•............................. -········ ........ ·. .. . . .. . .. . .. .. . .. ... .. .... ... 88 
The phenomenon of glass.hardness discussed from the chemical and frum the mechanical 

standpoint.................................................... ............... .............. 98 
Experiments with malleable cast iron....................................................... 100 

The thermo-electric effect of magnetization ......••......•.................. _.................... 104 
The influence of hardness on the maximum of magnetization which thin cylindrical steel rods 

of different dimensions permanently reta in................................................... . 111 
Plan and purpose of the present experiments ..... _ ..••.......... _ . . . . . . . . . . . . . . . . . . . . . . . . . . . 111 
The material used........................................................................... 115 
Method of magnetization ..............••••.......................................... . _... . . . 118 
Measurement of magnetic moment. . . . . . • . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . 120 
Determination of the degree of hardness ...•....•............... _.... . . . . . . . . . . . . . . . . . . . . . . . . 121 
M ethod of annealing ............................................. _... . . . . . . . • . . . . . . . . . . . . . . . . 123 
Magnetic results for rods of large dimension.ratio...................................... ..... 125 
Results with roda of smaller dimensional ratio...... ..... ................................... 128 



WARMAN.] BULLETIN 14. 

The influence of hardness on the maximum of magnetization, etc.-continued. 

Discussion ........................... · · ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • .. • • • • • • • • • • • • • 
Oonclusion .................................... · · · · · · · · · · · · · · · · • · .. · .. • • • · · · · · · • .. · · .... • • • • • 
.Addendum: Density.effect of incipient annealing of hard steel. ...................•......••. 

The tempering of steel considered in its booriug on the power of magnetic retention, and on the 
, conditions of magnetic stability of this material. ................. , ........................... . 

Introduction ............... ,., .... , ................... ··· .. · ...... • ..... • ................ ··•· 
Retentiveness as regards variation of temperature .............. ~ ......................... .. 
Magnetic i;etentiveness as regards the effects of :percussion, etc ............................ . 
.Addendum: Results of H. Wild, of St. Petersburg, with magnets tempered and magnetized 

by the method proposed in this chapter .•....•...•............................•.......••.• 
.A physical definition of steel based on the electrical be.havior of iron with gradually increasing 

degrees of carburation ........... , ................................................ , ........... . 
Introduction ............................................................................... . 

139 

Page. 
136 
148 
149 

151 
151 
152 
166 

171 

173 
173 

Wrought iron ..•... , .......................................................... :............. 176 
Steel. .. , ...... , ...• ,., ........................................ ~.............................. 177 
Castiron .................................................... . ............................... 178 
Discussion .......................................... ,........................................ 184 
Commercial or impure iron.carbµret1;1 ... ,.................................................... 188 
Final generalization. . . . . . . . . . . .. . • . . . • . .. • . . . . . . . . • .. . . . .. . . . . .. . . . . . . . . . . . .. . . .. . . .. .. .. • • • 190 

llrief summary of the principal data ................... , . . • . . . . . . . • . . . . • . . . . . .. . • . . . • . . • • . . • • • • • 194 
,Appendix.-On the relation ],let-ween the thermo.electric properties, the specific resistance, and 

the hardness qf steel (1879) ... , . , .... , ............ , .. , ... , . . • • . . . • . .. . • .. . .. • . . . . . . • . . .. . .. . .. . 203 
Introdu,ctory remarks . . . • .. .. . . . • . . . . . . . .. • .. . . .. . . .. . . . • . . .. . . .. . . . . . . . . • . . . . • . . • . .. • • .. • •• 203 
.Apparatus for hardening thin steel wire . • • . . .. . . .. . . . . . . .. . . . • . . . . . . . .. . . . . • • . .. . . • . . . .. • • • 204 
Methods of measuring the hardness of steel electrically.. . • . . . • . . . . . . . . . . . . . . . . . . • • • . • • . . • • . 205 
Determination of thermo.electric hardness. A.pparatus....... .........••• ....•• ............ 208 
Determination of specific resistance......................................................... 210 
Experimental results........................................................................ 211 
Hardness and thermo.electric properties of steel: deductions and supplementary experl· 

ments ..................................................................................... 217 
Hardness and specific resistance of steel: deductions........................................ 223 
Remarks on the above considered as auxiliary to the determination of the relation between 

hardness and magnetic moment............................................................ 225 

3,200 copies published-the 3,000 required by the law relating to these bulletins, 
and 200 extras ordered by the author. The ll;litter have a leaf of dedication. Price, 
15 cents. See bulletins 27 and 35. 

Bulletins 7-14 form vol. n, as :follows: 

Department of the interior I Bulletins t of the I United States I geo­
logical survey I Vol. 11. I [Seal of the department of the interior] I 

Washington I government printing offi~e 11885 
Title a~ above verso. blll,nk; contents of the volume, p. iii, verso blank; illustra­

tions of the volume, pp. v-vi i the eight bulletins, pp. 1-830. 8°. 25 plates and 39 
figures. 

Documentary edition of vol. II as follows: 

48th congress, I 2d session. I House of representatives I Mis. doc. I no. 
41. ~ Department of the i~te.rior I! :SqlJetins I o:t' the I United States I 
geological survey I Vol. Il, I [Seal of the department of the interior] I 

Washington I government printing office I 1885 
Title as above on white paper; then. follow contents, illustrations, and remainder 

of volume as in the oth~r edition,. 
1,900 copies published, being the "usµal number" edition. A portion of these 

( about 800) were delivered unbound, as described above; the remainder were printed 
later and bound in sheep, in which form they constitute the greater part of vol. 16 of 
the "Miscellaneow~ documents of the how,e of representatives for tl;le second session 
of the forty-eighth ~ongre~s." 



140 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. LBULL. 100. 

BULLETIN 15. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 15 I Notes on the Mesozoic and Cenozoic 
paleontology I of California I 

Washington I government printing office 11885 
Gen·eral ·title: Department of the interior I Bu1letin I of the I United 

State.~. I g~ological suryey I no. 15. I [Seal of the department of the in­
terior] I 

Washi~gton I govern~nent printing office 11885 
S_pec-ial title: United Stat~s geological survey I J. W. Powell director 

I On th~ I .Me~ozoic and Cenozoic paleontology I of I California j by I 
Charles A-. -White m. d. I [Survey design] I 

Washington I government prin~ing office j 1885 · 
Paper cover bearing title as-above; advertisement of the publications of the survey, 

2 unpaged leaves, vers·o of last one blank; general title as above, verso blank; special 
title as above, verso blank; contents, p. 5, verso blank; text, pp. 7-32; index, p. 33, 
verso_bl_an)r; notice as to numbering and _bind_ing, verso of back cover. 8°. 

CONTENTS OF BULLETIN 15, 
Page. 

General remarks ..••. : .•••............•...•••••.•••••..••••...•••••••••.••••• ·-····.............. 7 
. The Chico-Tejon series .........•.........•. ~............................ .......... .............. 11 
The Shasta group .......................•.........•............. ··············-·········......... 18 

Relations of the ·shasta group to strata beyond the limits of California...................... 22 
Relations of the faun~ of the aurifero~s slates to that of the Shasta group . . . . • • . •. . . . . .. . . . 24 
The geological age of the .A.ucell:i.bearing strata of California.................. . ............ 26 
Certain Cretaceous strata which apparently belong between the Shasta and the Chico groups. 27 
Remarks on certain Californian fossils which have been identified with eastern species . • • •• 27 
On the separation of contemporaneous Cretaceous faunas in western North .America........ 30 
Conclusion ..........................•..••..••..••••..••...••••• -............................. 31 

Index............................................................................................ 33 

. 3,100 copies published-3,OOO required by the law relating to these bulletins, and 
100 extras ordered by the author. Price, 5 cents. 

BULLETIN 16. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 16 I On the higher Devonian faunas of 
Ontario I county, New York. I 

Washington I government printing office f 1885 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 16 I [Seal of the- department of the 
interior] I 

Washington I government printing office I 188~ 
Special title: United States geological survey I J. W. Powell director 

I On I the higher Devonian faunas I of I Ontario county New York I by 
I John M. Clarke I [Survey design] I 

Washington I government printing office j 1885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title.as above, verso blank; letter of transmittal from Charles D. Walcott, 



WARMAN,] BULLETINS 15, 16, .AND 17. 141 

paleontologist, to the director, p. 5, verso blank; contents and il11J1strations, p. 7, 
verso blank; text, pp. 9-76 (43-110 _of the volume); index, pp. 77-80; explanations 
of plates, pp. 82, 84, 86 (versos), rectos blank, each explanation facing its plate; 
notice as to numbering aml binding, outside of back cover. 8°. · Plates 1-111. 

CONTENTS OF BU:.I;,LETIN 16. 

Page. 
Letter oftransmittal............................................................... .............. 5 
Introductory remarks .................................. -- ... ·. · · · · · · · · · · .. · · · · · · · · · · ·........... 9 

:Bibliography of the formations .................................. -- -- ... -- ..... - . • . .. . . . .. . . . . 9 
Petrographic and paleontologic characters of the Genesee beds...... . . . . . . . . . . . . . . . . . . . . . . . . . . . • 13 
Review of the fossils of the Genesee shales of New York........................................ 17 
Petrographic and paleontologio characters of the Naples beds................................... 35 
Review of fauna and flora of the Naples beds.................................................... 40 
Petrographic and paleontologic characters of the Portage beds.................................. 67 
Fa1llla of Chemung beds at High point........................................................... 72 

3,100 copies published-3, 000 required 'by the law relating to these bulletins, and 100 
ordered by the author. Price, 5 cents. 

BULLETIN 17. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 17 I On the development of crystalliza­
tion in the igneous I rocks of Washoe Nevada with notes on I the geol­
ogy of the district I · 

Washington I government printing office 11885 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 17 I [Seal of the department of the 
interior] I 

Washington I government printing office j 1885 

Special title: United States geological survey I J. W. Powell director I 
On the I development of crystallization I in the I igneous rocks of 
Washoe Nevada I with I notes on the geology of the district I by j 
Arnold Hague and Joseph P. Iddings I [Survey design] I 

Washington I government printing office j 18_85 
Paper cover bearing title as above; advertisement of the publications of the snr­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; letter of transmittal 
by .Arnold Hague to the director, p. 7, verso blank; text, pp. 9-41 (129-161 of the 
volume), verso blank; index, pp. 43-44; notice as to numbering and binding, outside 
of back cover. go. 

CONTENTS OF BULLETIN 17. 
Page. 

Letter of transmittal .. .. .. . .. .. . .. .. .. .. .. . • . .. • .. .. .. .. . .. .. . .. .. .. . .. .. • .. .. .. .. .. .. ... • • • .. .. .. 7 
Introductory ................................................................................... ,__ 9 

Diabase and augite.andesite . .. . .. • .. .. .. .. .. .. .. . • .. .. . . .. .. .. . . .. . .. . . .. . .. .. .. .. .. .. .. .. . • • • 12 
Sutro tunnel section........................................................................... 18 
Granular diorite....... . . .. . • . . .. . . . .. . . . . .. . . . . . . . . . . . .. . . .. .. . . . . . . . .. . . .. . . . .. .. . .. .. . .. .. .. 21 
Porphyritic diorite and earlier hornblende-andesite................................. .• .. . ... . .. 22 
Mica-diorite and later hornblende-andesite....... ... . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . .. . . . . .. .. . 23 
Quartz.porphyry, dacite, and rhyolite......... .... . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . .. .. .. . .... .. 26 
Yo1lllger cliaba.'le, black dike, and basalt........................................................ 27 
Geological ancl chemical evidence.............................................................. 29 
Conclusions . . .. .. .. . . .. .. . . .. .. . . . . . .. . . .. .. . . .. . . . . . .. . . .. . . . . .. .. . .. .. . . . . . . .. . .. . . . . . . .. . 39 

Index .............................................................................................. 43 

3,200 copies published--3,000 required by the law relating to these bulletins, and 
200 extras ordered by the authors. Price, 5 cents. 



1 J:2 PUBLICATIONS OP THE tr. S. GEOLOGIC.AL SURVEY. [BULL. 100. 

BULLETIN 18. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geologfoal survey I no. 18 I On marine Eocene fresh water 
Miocene and other I .fossil Mollusca of western North America I 

Washington I government printing office I 1885 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 18 I [Seal of the department of the in· 

terior] I 
Washington I government printing office j 1885 
Special title: United States geological survey I J. W. PowelI direc. 

tor I On I marine Eocene fresh water Miocene I and other fossil :Mol· 
lusca I of I western North America I by I Charles A. White m. d. I 
[Survey design] I 

Washington I government printing office I 1885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as abov-e, verso blank; 
special title as above, verso blank; contents and illustrations, p. 5; verso blank; 
text, pp. 7-19 (171-183 of the volume), verso blank; index, p. 21; explanation of 
plate 1, p. 22 (facing plate 1); explanation of plate n, p. 24 (facing platen), recto 
blank; explanation of plate nr, p. 26 (facing plate rr1), recto blank ; notice as to 
numbering and binding, outside of back cover. 8°. Plates r-m; figs. 1-3· and 3a. 

3,050 copieEr publisbed-3,000 required by the law relating to these bulletins, and 
50 extras ordered by the author. Price, 5· cents. 

CONTENTS OF BULLITIN 18. 
Page; 

The occurrence orCardita planicosta Lamarck in western Oregon....................... .......... 7 
Fossil Mollusca from the .John Day group in eastern Oregon ... .. .....•........ .... ... ...........• 10 

U nionidre . . . . • • • . . • • . . . . . . . • . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . • • . . . . . • . . . . . . . . . •• . . . . . . . . . . • •. . . . 13 
Helicidre .............. . ........................................................ ...... ·. · · · · · · · 1' 

Supplementary notes on the ildn-marine fossil Mollusca of North .America .... ...... .•..........•. 17 
Additions . ... . .......... .. .................... .. ................... , ........... •...•.......... 17 
Corrections ...•••.•• , ••......•.•••••• _.................. . . . . • • • . . • . . . • . . • • . . • . . . . • • . . . .. . . . . • . . 18 

Index .•••••.•••••••••.•••....•... ~·............................................. .• • . .• . • .. . • .••.... 21 

BULLETIN 19, 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological sm"'7"ey I no. 19 I Notes on the stratigraphy of 
California I 

Washington I government printing office I 1885 
General title: Department of the interior I Bulletin I of the I United 

States i geological survey I no. 19 I [Seal of the department of the 
interior] I 

Washington I government printing office I 1885 
. Special title: United States geological survey I J. W. Powell 

director I Notes I on the I stratigraphy of California I by j George F. 
Becker I l Survey design] J 

Washington f government printing office j 1885 
Paper cover bearing title as a-bo-ve; advertisement of the publications of the 

aurvey, 2 unpaged leaves, verso of last one blank; g~neral title as above, verso 



WARMAN,) BULLETINS 18, 197 AND 20. 143 

blank; special title as above, verso blank; contents, p. 5, verso blank; text, pp. 7-25 
(197-215 of the volume), verso blank; index, pp. 27-28; notice as to numbering and 
binding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 19. 
Page. 

Introductory...................................................................................... 7 
Matamorphio rooks of the Coast ranges ........................................... - ... . . • . . . . . . . . .. 7 
.Age of the metamorphic rooks of the Coast ranges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
N onoonformity between the Knoxville beds and the Chico . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 12 
Identity of the Mariposa and Knoxville beds...................................................... 18 
Relation of the Cascades to the Sierra and the Coast ranges of California.......................... 20 
Other Mesozoic beds............................................................................... 20 
Paleozoic rocks of California...................................................................... 21 
The Coast ranges members of the western cordillera system....................................... 23 
Index ......................................................................................... · ..... 27 

3,150 copies published-3,000 required by the law relating to these bulletins, and 
150 extras ordered by the author. Price, 5 cents. 

BULLETIN 20. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 20 I Contributions to the mineralogy 
of the I Rocky mountains I 

WashiDgton I government printing office l 1885 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 20 I [Seal of the department of the in-
terior] I · 

Washington I government printing office I 1885 
Special title: United States geological survey I J. W. Powell 

director I Contributions I to the I mineralogy of the Rocky moun­
tains I by [ Whitman Cross and W. F. Hillebrand I [Survey de­
sign} I 

Washington I government printing office I 1885 

Paper cover bearing title as above; advertisement of the publications of the sur­
vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; letter of transmittal by S. F. Emmons, geologist 
in charge, to the director, p. 5, verso blank; contents and illustrations. pp. 7-9, 
verso blank; introductory remarks, pp. 11-12; text, pp. 13-109 (231-327 of the vol­
ume), verso blank; index, pp. 111-113; e.xplanation of plate, p. 114 (facing the 
plate); notice as to numbering and binding, outside of back cover. 8°. Plate 1, 

consisting of 21 :figures. 

CONTENTS OF BULLETIN 20 
Page. 

Introductory Temarks . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. • • . . . . . . . . . . . . . . 11 
!.-Minerals from the basalt of Table mountain, Golden, Colorado, by Whitman Cross and w. 

F. Hillebrand ................................................................................ 13 
Description of Table mountain .......................................... ·....................•. 13 

Manner of ooeurrence of the minerals................................................. 14 
Order of deposition.................................................................... 15 

Zeolites. FirS't group . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Gen~ra,l ....................................... · ......................................... 15 

Laumontite ................................................................................ 16 
Description .... · ...... ·....... . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . 16 
-Chemical composition . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . • . . . . . . . . .. . . . . . . . . . . . . . 16 

Mixed zeolites ...................................................•....... ·........ .. . . . . . . .. 17 
Gener~l <l.eeoription....... .• . . .. . . . • • • . . ..• •• . . . . . ..• ... . • . . . . . .. • . . . • . • • • • . • . . • • • • •• • . • 17 



144 PUBLICATIONS OF THE U.S. GEOLOGICAL SURVEY. [BULL. 100, 

I.-Minerals from the basalt of Table mountain, Golden, Colorado, ·eto.-oontinued. 
Zeolites-oontinued. 

Mixed zeolites-oontinued. Page. 
Chemioal composition................................ . . . • . . . . . . . . • • . • . . • . . . . . . . • • . . . . . . 18 

Thomsonite spherules . . . . . • • . . • • • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • • . • 18 
Chemical identification . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 18 

Zeolites. Second group ......................... , . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 19 
Stilbite. (" Desmin" German.) . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

General. ...................... _. . ............................ . ...................... .... 19 
Crystal form and optical properties.................................................... 19 
Analysis .....••.•••..•..........................•...•....•... ~.............. ........... 23 

Chabazite .....•••••.•••..••••..•.......................................•...........•...•.•. 23 
General. .....•...•••.............. _............................................. ........ 23 
Chemical composition . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . 24 

Thomsonite. ..... ...... ... ....................................................... .......... 24. 
Occurrence and general description............ . ..... ..... ................. . ........... 24, 

Chemical composition . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
Discussion of analyses . . . . . . • • . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . 26 
Relation to "mesole"...... . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 26 

Analcite . ............•••.. ~........... . . . . . . . . . . . . • . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 
General description .................................................................... 27 
Optical behavior. . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . 27 
Chemical oomposition.. ..... ..• . . . .. ..... .... .. . ......... .... .. . ..... ... .......... ... • 29 

A:pophyllite. .. ... ...... ...• .• . . . .. .. .. . . .. . . . . . . .. . ....•••.... .. .. .. .. .. . ... .... .. .... .•. . 29 
General description . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . • . 29 
Optical properties . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. •.. . . . . . . . .. . . . . .••••• 29 
Chemical composition . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . 33 
Alteration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 34 

Mesolite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 35 
General description. . ....................................................... .. .. ....... 35 
Chemical oomposition . . . . . . • . • . . . . . . . . . . . . . . • . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35 

Natrolite ..•..•................................... ...... ..... .. .......•.. .................. 36 
Desoription and analysis ...•.•.....................................................•.. 36 

Scolecite. . . . . .. .. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . .. . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . .. . . .. . • . 36 
Description and analysis............................................................... 36 

Levynite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 37 
Ge11eral desoription ....... .. .. . . .. ... .. . .... .. .. . . . . ... .. . .. ... ........ .... •......••.. 37 
Chemical composition . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

Other minerals ...•••.•••••.....• .. •......... :.. . .• ...... ... ..... .. . . ... . . ........ ...... ......• 38 
Bole ....•.....••....•......•.......•....................................................... 38 

Desoription and analysis . . . . . . . . . . . . . . . . . • .• . . . . . . . . . • . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Calcite............. .... ................................................. .. ........ ......... 39 

Ocourrence and desoription. .. . . . . . . . . ... ......... .. . .. . ... .. .. .. .... .. .... ... . . ....... 39 
IL-Minerals from the neighborhood of Pike's peak, by Whitman Cross and W. F. Hillebrand.. 40 

General. . .... ... ........ ......... ... . .... . ................ . .............. ................•. 40 
List of species known . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . 40 
Mode of occurrence . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 

Cryolite . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Locality............................................................................... 41 
Occurrence and association . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . 41 
Purely soientifio value of the disoovery . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . 42 
P.ecent literature of oryolite and its alteration produots........... •. . . . . . . . .. . .. ...•.. 42 
General desoription. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . • . . . . . 43 
Twin struoture...... ........................... . . . . . . . . . . . . . . . . . . . . . • . . . • . . . . . . . . . . . . . 43 
Chemioal oomposition ..•.•....•....•.... ..... ..... _..................... .• • . . . . . . . . . •. . 48 
Alteration of cryolite............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 48 

Pachnolite .....•. ... .. . .•.••.••.......... .. .. . . . . . . . . . . . . . . ... . . ... . . • .. . . . ....•.. .• ..••••• 49 
From the thin walls . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . • • . • • . 49 

From the bluish massive alteration produot . . . . . . . . . . . . . . . . . . . . . . . . .• • • . . . . . . . . . . . . . . . 50 
Crystallographioal determinatioDB.................................... .. . . . . . . . . . . .. . . . 50 
Chemical investigation................................................................ 52 
Other forms of paohnolite . . . • . . • . . . . • • . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . .. . 55 

Thomsenolite................................. . . . . . . . . • . • • . . . . . . . • . . . • • . . . • • . • • • . • • . . . . • . .. 55 
Oocurrenoe and description......... ............... .................................... 55 

Raletonite ....... .................. •••·••·····•· .. ......•........ ····•········· .... .... .•.. 56 
Probable identification • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • 56 



WARMAN.) BULLETINS 20 AND 21. 145 

II.-Minerals from the neighborhood of Pike's peak, etc .. -continued, Page. 
Elpasolite, a new mineral. ........... . ....... . ..... ·····~············.····················· 57 
Gearksutite .. ........................... · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·· · · · · ·· · · · · ·· · · · · · · · · 58 

General description ........................... ········································· 58 
Chemical investigation ............................. · .... · · .................. · · · · · · · · · · 58 
Evigtokite ..................................... · · · · · · · · · · ~ · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 61 

Prosopite ................. . ............................ · · ·· · · · · · · · · · · · ·· · · · ···· · · · · ·· ···· · · 62 
Occurrence .............. . .......................... · · · · · · · · · · · · · · · ·· · · ··. ·· · · · · · · · · · · · 62 
Crystalline form and pl1,vsical properties............................................... 63 
Chemical investigation .............................................................. · 63 

Zircon .................................................... · . · · · · · ......... · · · . · · · · · · · · · · · · · 66 
General occurrence .................................................................... 66 
Zircon from the Eureka tunnel . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . 66 

Kaolinite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 
Pheuacite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 

From Crystal park . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Phenacite from near Florissaat........................................................ 69 

Topaz . . .. . . . .. . . . ... . . . . . . . . . . . . . .. .. . . .. .. . ... . .. . . . .. .. . . . . . . ... . . . . . . . ... . . . ... . . .... .. 70 
Crystal park... .. ...................................................................... 70 
Florissant ............................................................................. 71 
'ropaz from Devil's head mountain.................................................... 72 

.Appendix ...................................................................................... 73 
Notes upon the occurrence of topaz at Devil's head mountain, by W. B. Smith.......... 73 

Topaz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 73 
Microcline.... ... .•... ... ....... .. . . .. .... .. .... .. ...... ... . .. ...... ...... ... ... . ... .. . 74 
Cassiterite............................................................................. 74 
Fluorite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74 

Ill.-On the lustre exhibited by sanidine in certain rhyolites, by Whitman Cross............... 75. 
Sanidine in rhyolite from Chalk mountain............................................. 75 
Sanidine in rhyolite from Ragged mountain ............... ·............................ 77 
Previous description of lustre in feldspar.............................................. 78 
Lustre upon other sanidines. .. .. . . .. . . .. .. .. . ... . . . . . . . . .. . . . ... . .. ... . . . .... .. ... . . . . 80 
Conclusion............................................................................. 80 

IV.-.An unusual occurrence of topaz, by Whitman Cross ...........••.......................... 81 
V.-.Associated rare minerals from Utah, by W. F. Hillebrand................................. 83 

Olivenite. ...... .. .. .. . . . . .. ... . .. . . . ... . . ..... .. .... .. . ... .. .... .. . . . .. .. . ... . .. ...... 83 
Conichalcite ...••.. .. . ......... .. ... .... .. . . . . ....... ... ... ... . .. . . . .... .. ....... ... ... 84 
Chenev'ixite-. .... .. .. .. .. . . . .... .. ....... ... .. . ...... ..... ...... ... . . . ... ... ... . . . .... .. 85 
.A hydrous cnpri·caicium arseniate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 
Jarosite................... .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . 86 
The massive ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86 

VI.-Miscellaneous mineral notes, by W. F. Hillebrand................ .. ....................... 89 
Lollingite ............................................................................. .' 89 

Occurrence......................................................................... 89 
Description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 
Chemical eomposition...... •. . . . . . . . . . . . ... . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . ...•.. 92 

Zinckenite....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93 
Cosalite...... ... . •. . . . . . .. . . . ... . . . .. . . . . . .. . . • . .. . . . ... . . . .. . . .. . .. . . . . ..• . . . . . .. . . . • . 9fi 
Hiibnerite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 
l3indheimite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Kaolinite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 98 

Chemical composition.............................................................. 99 
A chromiferous pseudomorph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . 99 
Native lead .....................•....................................... ~ ............... 99 

VII.-New mineral species from Colorado, by W. F. Hilbbranc1. ................................. 100 
Zunyite .......•.................................................•....................... 100 
Guitermanite ....................•.......... .,. • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• . . • . 105 
A probably new mineral .....................••..............•..•...................... 107 

3,200 copies published-3,000 required by the law relating to these bulletins, and 
200 extras ordered by the authors. Price, 10 cents. 

BULLETIN 21. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 21 I The lignites of the great Sioux res­

Bull. 100-10 



146 PUBLICATIONS OF 'rHE U. S. GEOLOGICAL SURVEY. [BULL.100. 

ervation-a I report on the region between the Grand I and Moreau 
rivers Dakota I 

Washington I government printing office I 1885 
General title : :pepartment of the 'interior I Bulletin I of the I United 

States I geological survey I no. 21 I [Seal of the department of the 
interior] I 

Washington j government printing office j 1885 
Special title! United States geological survey I J. W. Powell direct01 

I The lignites I of the I great Sioux reservation I a report on the region 
between the Grand I and Moreau rivers Dakota I by I Bailey Willis I 
[Survey design] I 

Washington I government printing office I 1885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; letter of transmittal, p. 5, verso blank; contents 
and illustrations, p. 7, verso blank; text, pp. 9-14: (341-346 of the volume); index, 
pp. 15-16. 8°. Plates I-V (III being double and IV and v folded maps). 

3,000 copies published, the number required by .the .law relating to these bulletins. 
Price, 5 cents. 

BULLETIN 22. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 22 I On new Cretaceous fossils from 
California I 

Washington I government printing office I 1885 
General title: Department of the interior I Bulletin I of the I United 

States J geological survey I no. 22 I [Seal of the department of the 
interior] I 

Washington I government printing office · 1 1885 
Special title: United States geological survey I J. W. Powell di­

rector r On I new Cretaceous fossils I from I California I by I Oharles 
A. White m. d. I [Survey design] I 

Washington I government printing office 11885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents and illustrations, p. 5, verso blank; 
text pp. 7-14 (355-362 of the volume); _plate explanations, pp. 14 [bis] , 16, 18, 20, 22, 
(versos), rectos blank, each explanation facing its plate; index, p. 25, verso blank; 
notice as to numbering and binding, outside of back cover. 8°. Plates I-V. 

CONTENTS OF BULLETIN 22. 
Page. 

General remarks.................................................................................. 7 
Cbamidre .......... ....••••••.. .................. ............................................. 9 
Troobidre................ .• .• ............. ... . . . .. . .. . .. .. . . .. . . . ... . .. .... . . . .. . . . . .. . . . . .. . . 12 
Neritidre .................................................................................... . 12 
Cerithiidre..... ••. ... . . . . . . . . . . . • •. . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . .. .. .. .... . .. .•. .• . . •. 13 
Soliriidre. ....... ... . .... . . . . .. .. .. . . .. . . . ....... .. . . . .. .. .. . . . . . . .... .. .... .. . ... .. ........... 14 

Index.............. . ...................................................................... ....... 15 

3,050 copies published-3,000 required by the law relating to these bulletins, and 
50 extra,s ordered by the author. Price, 5 cents. 



WAR:lf.AN,) BULLETINS 22 AND 23. 147 

BULLETIN 23. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 23 I Observations on the junction 
between the Eastern I sandstone aud the Keweenaw series on I Kewee­
naw point, I lake Superior I 

Washington I government printing office j 1885 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 23 I [Seal of the department of the 
interior] I 

Washington I government printing office I 1885 
Special title: United States geological survey I J. W. Powell director 

/ Observations I on the I junction between the Eastern sandstone I and 
the I Keweenaw series I on I Keweenaw point, lake Superior I by I 
R. D. Irving and T. C. Chamberlin I [Survey design] I 

Washington I government printing office I 1885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; illustrations, pp. 
7-8; letter of transmittal by Irving to the director, p. 9, verso blank; text,pp.11-119 
(385-493 of the volume), verso l:,lank; index pp.121-124; title for vol. III (see below), 
verso blank; contents for vol. III, p. iii, verso blank; illustrations for vol. ur, pp. 
v- vii; notice as to numbering and binding, outside of back cover. 8°. Plates 
I-XVII; figs . 1-26, 

CONTENTS OF BULLETIN 23. 

PART I . LOO.AL DESCRIPTIONS. 
Page. 

Introductory . • • • • • • . . . . . . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • . . . . . . . . . . . . 1J 

Be.te grise bay . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Wall ravine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
Saint Louis ravine................................................................................. 27 
Douglass Houghton ravine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Torch lake quarry...... . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 49 

Hungarian ravine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . 54 
The contact at other points. . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . • 68 

PART II. DISCUSSION OF VIEWS; CONCLUSIONS. 

The Jackson view . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . 71 
The Foster and Whitney view . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .• • • . . • • • 73 
The Agassiz view................................................................................. 86 
The Rominger view . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . . • . • 88, 
The Credner view ·· ··· · ········· · ··············,.--························· · ····· ·· ················· 91 
Conclusions of the authors . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . .• ••• 98-
Index ..•......•...•.......•...••......•...•....•.•••.••••.........•..........................•..••. 121 

3,000 copies published, the number required by the law relating to these bulletins •. 
Price, 15 cents. 

Bulletins 15-23 form vol. 111, as follows: 

Department of the interior I Bulletins I of the I United States I geo­
logical survey I Vol. III I [Seal of the department of the interior] I 

Washington I government printing office j 1885 
Title as above, verso blank; contents of the volume, p. iii, verso blank; illustra­

tions of the volume, pp. v-vii, verso blank; the nine bulletins, pp. 1-4:98. so. 34 
plates and 34 figures. 



148 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. (nuLL. 100. 

Documentary edition of vol. III as follows: 

49th congress, I 1st session. I House of representatives. I Mis. doc. I 
no. 33. I Department of the interior I Bulletins I of the I United States 
I geological survey I Vol. III I [Seal of the department of the interior] I 

Washington I government printing office I 1885 
Title as above on white paper, verso blank; contents, illustrations, and remainder 

of collation as in the other edition. 
1,900 copies pliblished, being the "usual number" edition. A portion of the edi­

tion (about 800 copies) were delivered unbound, as described above; the remainder 
were printed later and bound in sheep, in which form they constitute a portion of 
vol. 1 of the "Miscellaneous documents of the house of representatives for the first 
session of the forty-ninth congress." 

BULLETIN 24. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 24 I List of marine Mollusca comprising 
the Quaternary I fossils and recent forms from American local- I ities 
between cape Hatteras and cape I Roque including the Bermudas I 

Washington I government printing office I 1885 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 24 I [Seal of the department of the in­
terior] I 

Washington I government printing office j 1885 
Special title: United States geological survey I J. W. Powell director 

I List I of I marine Mollusca I comprising the I Quaternary fossils and 
recent forms I from I American localities between cape Hatteras and 
cape Roque I including the Bermudas I by I William Healey Dall I 
[Survey design] I 

Washington I government printing office I 1885 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as abov-e, verso blank; contents, p. "5-6", verso blank; introductory, 
pp. 7-8; bibliography, pp. 9-17; abbreviations for localities, p. 18; list of marine 
Mollusca, pp. 19-336; notice as to numbering and binding1 outside of back cover. 8° . 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 25 cents. 

BULLETIN 25. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 25 I The present technical condition of 
the teel I industry of the United States I 

Washington I government printing office 11885 
General title: Department of the interior I Bulletin I of the I United 

tates I geological survey I no. 25 I [Seal of the department of the in­
terior] I 

a hington I government printing office I 1885 



WARMAN,j BULLETINS 24, 25, AND 26. 149 

Special title: United States geological survey I J. W. Powell direc­
tor I The present technical condition I of the I steel industry I of the I 
United States I by I Phineas Barnes I [Survey design] I 

Washington I government printing office 11885 
Paper cover b·earing title as above; advertisement of the publications of the. sur­

Tey, 2 unpaged leaves, verso of last one blank; general ti~le as above, verso blank; 
special title as above, verso blank; contents, p. [5], verso blank; letter of trans­
mittal by Albert Williams, jr., geologist in charge, to the director, p. 7, verso blank; 
text1 pp. [9]-82 (345-418 of the volume); index, pp. 83-85; notice as to numbering 
and binding, verso of back cover. 8°. 

CONTENTS OF BULLETIN 25. 
Page. 

Letter of transmittal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . • • . . . . . . . . . • . . . . . . . . . • . . . 7 
Introductory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Raw material .................................................... ·.·... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

Carbon ......................................................................................... 12 
Silicon ......................................................................................... 13 
Manganese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 13 
Sulphur ....................................................................................... 13 
Phosphorus.................................................................................... i4 
Rare metals in combination.................................................................... li 

Processes.......................................................................................... 14 
Crucible process............................................................................... 15 
Bessemer process.............................................................................. 17 
Open hearth process. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

Furnaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Fuels .............................................................................................. 34 
Refractories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Converting methods ............................. ~........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Basic process . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41 
Apparatus ......................................................................................... 45 

Steam machinery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

Hydraulic machinery.............................................................................. 49 
Finishing machinery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51 
Steel castings...................................................................................... 65 
Steel plates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70 
General methods and requirements in testing ................................................. •.... 72 
Recent applications of steel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
Index.............................................................................................. 83 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 26. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological_ survey I no. 26 I Copper smelting I 

Washington I government printing office I 1885 
General title: Department of the· interior I Bulletin I of the I United 

States I geological survey I no. 26 I [Seal of the department of the in-
terior] I · 

Washington I government printing office I 1885 
Special title: United States geological survey I J. W. Powell, di­

rector I Copper smelting I by I Henry M. Howe I [Survey design] I 
Washington I government printing office I 1885 

Paper cover bearing title as above; advertisement of the publications of the sur­
vey, 2 unpaged leaves, verso of la.st one blank; general title as above, verso blank; 



150 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

special title as above, verso blank; contents, pp. 5-7, verso blank; letter of trans­
mittal by Albert Williams, jr., geologist in charge, to the director, p. 9, verso blank; 
text, pp. 11-104 ( 433-526 of the volume); index, pp. 105-107; notice as to numbering 
and binding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 26. 
Page. 

Letter of transmittal . . • • . . • . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • . . • • • • • . • • . 9 
Introduction..................................................................................... 11 

I. 

Reverberatory method for sulphureted ores . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 
1. Ore roasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 16 

Roasting in heaps or piles........................................................ . ...... 16 
Roasting in stalls........................................................................ 18 
Kiln roasting............................................................................ 18 
Furnaces for fine ore . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 

Hasenclever and R.elbig's... .. . . .. .... .. . .. . . . .. . . .. .. .. ......... ..... ....... ...... .. 19 
Gerstenhi:ifer's. ...... .. . . . . . . . ........... ... .. ...... ....... .. . .. . ... ... .. ....... ... .. 19 
Maletra's . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
Spence's . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Revolving cylindeni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
The Stetefeldt furnace............................................................... 21 
Reverberatory furnaces . ............................................................. 21 

Open reverberatories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Muffles.......................................................................... 24 
Mechanical reverberatories . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 24 

Objects of the roasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
a. Oxidation of the iron, and incidentally of the sulphur............................ 25 
b. 1'he expulsion of arsenic and antimony........................................... 25 

Pile and stall roasting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
Roasting in reverberatories.... .. ... . .. . .. . . . . . . . . . . . ........... ... .. . . . . ..... .. 26 

Comparison of heap and reverberatory roasting . ................................. 28 
2. Smelting the roasted ore in reverberatories.. .. ....... ..... ........ .. . .. . .... .. . ... .. .. . .. 28 

Furnace construction.................................................................... 28 
Fire box............................................ .......................... . ...... 28 
Fire bridge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29 
:Binding........ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 

Erection of binding. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
The masonry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32 
The bottom or hearth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 
Size and shape of hearth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 

Chimneys ............................................................................. ... 35 
Draft................................................................................ 35 
Separate chimneys................................................................... 35 
Central chimneys.................................................................... 36 

Shape................................................................................ 37 
Stability............................................................................. 38 
Iron va. brick chimneys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 
Linings ................................................................ ,............. 38 
:Batter............................................................................... 38 

Gas furnaces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Smelting operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44 
The matte . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
The slag................................................................................. 47 

In general . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47 
Classification....................................................................... . 50 

Fusibility, simple silicates.... ............................... . ..................... . 50 

Multiple silicates.................................................................... 50 
Specific l?l'avity...................................................................... 52 
Corrosiveness. ...................................................................... . 52 
Liquidity.................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 
Scorification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52 

Chemical reactions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
In general . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 
Arsenic and antimony................ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~ 



WARMAN,] BULLETIN 26. 151 

Reverberatory met,hod for sulphureted ores-continued. 
3. Roasting the first matte (coarse metal) .......••...•...••••••••••••.••••••...•..•••• • · · · •. 

The aim .....•.•••••••••.••••••.••..........••.•...••..••••••••••.•••••••.•........•••••• 
The operation ..•...•..••....•....•............••••••••••••••••••••••.•..•.........•..•••• 

4. Smelting roasted coarse metal for white metal ......•.••••••••••••...•...••.•........•...• 
The aim ......•.....•••.••••••.••..•....•.........•..•••.••••.•.•••..••.•••...........••. 
The operation .••..••••••••••••••.••••••••.••.•••••• _ .•••••••••••.••....•..••••........•••• 
Chemical reactions .....••••.................•..••..•••.••••••....•••••.•................ 

, a. Smelting roasted coarse metal for blue metal ..•..•••••••••..••.•.••.••••••.....•.....•.. 
The furnaces ..•.........•..•.....•..•••..•..•.•••....•. · . · • • • • · •• •• • • • • · · • • · • • • • · • · • • · · · 
The operation •••.•••••........••..••....•........••••.......••••.•••••••••..••••..•••... 

, b. Roasting-smelting the raw blue metal for regule and bottoms ..••••.••........••.••••... 

Page. 
54 
54 
56 
58 
58 
60 
61 
62 
62 
63 
63 

The aim ............•••..••..•..•••••...••...••••••••..••.•••••••••.•••.•.•..••...•.••••. 
The operation .•..•••••.•••.•••.•••......•..•••••••••••••••.••••••.•..•.•......••..•••••• 
Chemical reactions ..................................................................... . 

5. Roasting-smelting the raw white metal and regule for blistered copper ............•••••• 
The aim ...........•...••••..•.•••.••.....•••..••.•.•.•..•..•••...•....•...........••.••• 
The operation . . . . . • • . . . • • . • . • • • • . • • . . . • • . . • • . • • • . • . . • • . . . • . . . . . . . . . . . . • . . . . .. . . . . . . . ..• 

Classification of ores and slags .••.....•••.••...••......••.•..••..••..••.•.•.............••.. 
· Ores .................................................................................... . 

Slags ......... - ........................................................................ .. 

II. 

63 
63 
64 
66 
66 
66 
70 
70 
72 

Reverberatory method for oxidized ores and native copper • • • . • • • • • • • • • • • . • • • • • • • . • • • . • • • • • • • • • • 73 
Reducing·smelting with carbon . • • . . . • • • • . . . . . • • • • • • • • • • • • • • . • . • • • • • • . • . . • • • • . . . • • . • • • • • • • • • 73 
Smelting without carbon ...•...•..•••••••...•.•••••••••••.•••.•••.••••.••.• .-.. . ............. 74 
Comparison of the two methods.............................................................. 74 

III. 

Shaft furnace process for sulphureted ores .•••••••••••••••••••••••••••••••••••••••••..•.••••••.• 
General plan ..•.•••••••.•••••.••••.•••••.••....•••.•••••••••..••••••.••.•••.••••.•••••••••••. 
1. Ore roasting .•••.•••••••.•••••••••.•••••..•...•.••••••.••••••••••••.•••.•••.•••.•.•.••••.• 
2. Ore smelting ............................................................................. . 

In general .............................................................................. . 
The deoxidizing effect . ...........••.•...••.•...•.........•••••••.••..•.••••••.••••.••••• 

The average temperature of the ore .•••••.••••••••.••••••••...•••.•....•.•.•..•••••• 
The proportion of fuel to burden ......••••••••••••...•..•••.••••.•.•••••.••...•.••.. 
The porosity of the fuel. .•..•.•...•••.•.•..••.•.......•••••••••••••••••..•..••.••••.• 
The porosity of the ore ......•.••••••.....•••••••.•.••..•..•••..••••••••••..••..••..• 
The intimacy of mixture .•...••.......•••••••••••••.•••.•••••••••••••••••••..••...••. 
The basicity of the mixture ..••••••••••.•••••.••••••••••••••••••.•••••••..•••••••••.• 
The infusibility of the mixture ....•.•••.•••.•••.•••.•••••••••••.•••..••.•.•..••.•••• 
The preponderance of iron oxide •.••.••••..•••••••••••.••••••••.......••••••••••••••• 
Height vs. width ..••••.••••....••.•••••••••••••••••.••••...•..•.•.....•.•.•••.••••••• 
Sulphides ......•......••..•..•.••••.....••.••••••••••..•••.•••.•••.•••••••••••••••••• 

.Arsenic and antimony ..••..••..••.•••..•••..••••••••••..•.•••••••••.•••••.•••••••••••••. 
Volume of furnace ...•..••..••....•...••...•..••..•...••.••.••••.••.••••..••.••••.••••••• 
Raschette furnaces •.••..••..••.••••.•.•.....•.•...••...••••••••••••••••.••••••••••••••••• 
Disposition of crucible ...•••..•••••••••..•••••••••••••••.•••.•••••••.•••.•••..••..•••.••• 

Internal crucibles ......•..•.....•...•••.•..•••••.••••••.••.•••.•••••••.•••••••.•••••• 
Crucibles, partly internal, partly external ......••..•••••..••••..•.•••.••••••.••.•••• 
External crucibles .................................................................. . 

Water.jacketed vs. brick walls ..•••••••...••.••••••••.••..•••...•••.•....•••••••••••••••• 
Cast vs. wrought-iron jackets .....•••.•.....••..••.•••..•••••••••••••••••.••••••••••••••• 
Blast, tuyeres, etc ..•...••.••••.•..•••.••••••••••••••••...••• ,. •••••••••••••••.••••••••••• 
Hot blast.... . ••..••.•••••••.•••...•.••••••.••••••••••••••..••..•••..•••.•••••• 
Products ................................................................................ . 

Matte .........................•...••..••..••.•••.......••••.••.•••••••••••••...•••••• 
Slag . .....•......••.•••••.•••.•••••.•••••••••••.••.•••••••••.••••••••.••.•••...•••••• 

Details of working ..........•••...•.•.•.••.•••.•••..••.•••.•••.••••••.••..••...••...••••• 
Mechanical charging ...•••.......•..••••••••••••••••••••••••.•••.•••.•••••••••••••••• 
Changing tuyeres ...•.••••••....•. _, ..•••..•.•••••...•••••••••••••••••••••.•.•.••.•••• 
Filter charging ..•..••••••..•••••.••••••••••••••••.•••••.••••••••••.••••••••••••••••• 

3. Roaa!!;et':e\i;~t ~;tt~: :::::: :::: ....................................................... : 

74 
74 
76 
76 
76 
80 
80 
80 
80 
80 
80 
80 
80 
80 
81 
82 
82 
83 
85 
86 
86 
87 
87 
88 
90 
91 
92 
92 
92 
93 
94 
94 
95 
95 
95 
116 



152 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL,100. 

Shaft furnace process for sulphureted ores-continued. 
4. Smelting the roasted first matte ...................................... ····················· 

Products .................................................................. ····· · ······· ·· 
Black copper ......................................... ................... · · · · · · · · · · · · · 
Matte ............................................. - ...... ......•... -· ...... ··--·- ·· ·· 
Slags ..................•.........................•.................................•. 

IV. 

Page. 
96 
98 
98 
98 
98 

Shaft furnace process for oxidized ores and native copper ..............••...... - . . . . . . . . . . . . . . . . . 99 

V. 

Comparison of the reverberatory and shaft furnace met,bods ........... ........ .... - ... .......•.. 

~::!o::!o~:1 ~~~~~:::::::: :·:::::::::::::::::::::::::::::::::::: : : : : : : : : : : : : : : : : : : : : : : : : : : : 

99 
99 
99 

Arsenic and antimony ................................ : ..................................... . 
Technical skill ...................................................... . .......•................ 
The first cost of construction .................. ... ........................ - ... ...... - ....... -
Repairs ........................................... - ............................. - -... -· · · .. · · 
The loss of copper .......................................................... ............... . . 
Fines ........................................................ ......... - .. - ...... - ........... . 
Salamanders ................................................................................ . 
Rapidity ........................•........................ .................................... 
Size of establishment ...............................•........................................ 
Bringing forward ..........•.........•................•.•..••...•....... ..... ................ 

100 
101 
101 
101 
101 
101 
101 
101 
102 
102 

VI. 

Resume.......................................................................................... 102 

ADDENDUM. 

Matte roasting in reverberawry furnaces at the Oxford copper and sulphur works............... 10 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 27. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 27 I Work done in the division of chem­
istry and physics I mainly during the :fiscal year 1884-'85 I 

Washington I government printing office I 1886 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 27 I [Seal of the department of the in­
terior J I 

Washington I government printing office j 1886 
Special title: United States geological survey I J. W. Powell, director 

I Report of work done I in the I division of chemistry and physics I 
mainly during the I :fiscal year 1884-'85 I [Survey design] I 

Washington I government printing office I 1886 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; preface by F. W. 
Clarke, chief chemist, p. 7, verso blank; text, pp. 9-76 (539-606 of the volume); in­
dex, pp. 77-80; notice as to numbering and binding, outside of back cover. 8° . 

CONTENTS OF BULLETIN 27. 
Page. 

Preface.......................................................................................... 7 
Topaz from Stoneham, Me.; by F.W. Clarke.................................................... 9 
On the separation of titanium and aluminum, with a note on the separation of titanium and 

iron; by F . .A.. Gooch............................................. ........................... 10 



WARfilN,] BULLETINS 27 .A.ND 28. 153 

Page. 

.A method offiltratiou by means of easily soluble and easily volatile filters; by F . .A. Gooch .. -. 27 
The relation between electrical resistance and density. when varying with the temper of steel; 

by C. Barus and V. Strouhal. ....•...•••....••........••.....• · ······ ······ · ···· · · ········ · ·· 
The relation between time of exposure, temper.value, and color in oxide films on steel; by C. 

30 

Barus and V. Strouhal. (See bulletins 14 and 35) ......•...•. · · · • • • · .. · · •. · ·. · · • • · · · · · • · · · • • • 51 

MISCELLANEOUS ANALYSES, 

Minerals from Washington, D. C ...•...............•.............. ·····• ·······•·•·••· ·••··••··• 
Fayalite from the Yellowstone park .....................•.... · .... ···················•···••··· · · 
Serpentine from Newburyport, Mass ....••.............................. ························ 
Kaoli.n from Aiken, S. C ..•............................................ · · ·····•·· · ···· · · ·· · · ·· ··· 
Hornblende andesite from Bog11!<loft' island, .Alaska ............................................• 
Eruptive rocks from New Mexico ............................................................. ·· 
Dacite from Washoe, Nev .................................................................. .. .. ·· 
Rhyolite from Washoe, Nev ..•.............................. . ..............•.................. ·• 
Blue Ohio sandstone .......................................... ·.································· 
Sll ndstone from Stony point, Mich ...•........................................................... 
Clays from Henry county, Illinois .................................................... ··········· 
Residuary clays from Wisconsin ..........................................................••.••. 
Maritime soils from Massachusetts ...................................................... ········ 
Oolitic sand from Great salt lake ....••............................. · ............................• 
Two incrustations from Nevada .....................................•..........•..... · ........•• 
Marl fr_om WaKeeney, Kans ................................................................... . 
Incrustation from a gas·well, Armstrong county, Pennsylvania ................•.•.............. 
Two porcelain clays from China ......•.......................................................... 
Ancient Mexican cement ......................................................................•. 
Brown iron ore from Timonium, Md ................................................. ... ........ . 
Brown iron ore from Randolph county, W est Virginia. · .........................•................ 
Coal from Ra11dolph county_, West Virginia ..................................•.................. 
Coal and limestone from Randolph county, West Virginia ...................•.................. 
Lignite from Turtle mountains, Dakota ........................................................ . 
Coal from Arizona ..........................................................••................... 

62 

63 
63 
63 
63 
64 
65 

66 
66 
66 

66 

67 
68 

69 
69 
71 
71 
71 
72 
72 
73 
72 
74. 
74 
74 

WaterfromMatthews' warm springs, Montana................................................. 75 
Water from White sulphur springs, Montana .........................••.............. ~......... 75 
Water from near Santa Fe, N. Mex.............................................................. 75 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 28. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 28 I The gabbros and associated horn­
blende rocks I occurring in the neighborhood I of Baltimore, Md. I 

Washington l government printing office [ 1886 

General title: Department of the interior I Bulletin I of the I United 
States I ge'ologic~l survey I no. 28 I l Seal of the department of the in­
terior] I 

Washington I government printing office I 1886 

Special title: United States geological survey I J. W. PoweU, direc· 
tor I The gab bros I and I associated hornblende rocks I occurring in the 
I neighborhood of Baltimore, Md. I by I George Huntington Williams, 

ph. d. I ass0ciate professor in the Johns Hopkins university. I [Survey 
design] I 

Washington I government printing office j 1886 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; illustrations, pp. 



154 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL. 100. 

7-8; text, pp. 9-59 (619-669 of the volume); explanation of plate I, p. 60 (pla.te r 
facing); explanation of platen, p. 64, of plate III, p. 68, of plate IV, p. 72, recto of 
each blank, each explanation facing its plate; index, pp. 75-78; notice as to number­
ing and binding, outside of back cover. 8°. Plates I-IV, the fast one being a geo­
logical map. 

CONTENTS OF BULLETIN 28. 

Page. 
Introduction . .•• •• . . . • •• • • •• • • • • . • . . . . • • .. • • •• .. .. . • . .. .. • . . • .. • • • .. . .. .. • • • •• •••• •• ...... .••... 9 
Summary................................................... ..... .... ............................ 11 
The limits of the gab bro area near Baltimore and the general character of the rocks composing it. 13 
Petrographical description of the hypersthene.gabbro... ........ .. ......... ...... ...... ..•••••• 18 
Petrographical description of the gabbro.diorite................................................. 27 
Genetic relations of the hypersthene-gabbro and the gabbro·diorite.. ... ........................ 34 

1. Geological relations of the gab bro and diorite to each other and to the, surrounding rocks. 34 
2. Chemical relations of the gab bro and diorite . . .. . ... .. ...... ...... ....... ...... ....•••••. 37 
3. Microscopical relations of the gab bro and diorite.. .............. ......................... 40 
4. General conclusions....................................................................... 45 

The olivine-bronzite.gabbro, peridotites, and associated serpentines and amphibole rocks of the 
:Balt.imore region .......................................... _ ................................. _. 50 

Index:............................................................................................ 75 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 29. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 29 I On the fresh-water invertebrates 
of the I North American Jurassic I 

Washington I government printing office I 1886 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 29 I [Seal of the department of t he 
interior] I 

Washington I government printing office I 1886 
Special title: United States geological survey I J. W. Powell, di­

rector I On the I fresh-water invertebrates I of the I North American 
Jurassic I by I Charles A. White, m. d. I [Survey design] I 

Washington I government printing office j 1886 

Paper cover bearing title as above; advertisement of the publications of the snr­
Tey, 2 ~paged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; illustrations, p . 7, 
verso blank; text, pp. 9-24 (697-712 of the volume); plate explanations, pp. 26, 30, 
34, 38 (versos), rectos blank, each explanation facing its plate; index, p. 41, verso 
blank; notice as to numbering and binding, outside of back cover. 8°. Plates I - IT. 

CONTENTS OF :BULLETIN 29. 

Pas: 
General remarks ................................................................................ . . . -
Description and citation of species .............................................................. _ 1 
Mollusca......................................................................................... .. l.S 
Crustacea ......................................................................................... . 
Index ............................................................................................ .. 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 5 cents. 



W.ARMA.N,] BULLETINS 29 AND 30. 155 

BULLETIN 30. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 30 I Second contribution to the studies 
of the Cambrian I faunas of North America I 

Washington I government printing office I 1886 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 30 I [Seal of the department of the 
interior] I 

Washington I government printing office 11886 
Special title: United States geological survey I J. W. Powell, 

director I Second contribution I to the I studies of the Cambrian 
faunas I of I North America I by I Charles Doolittle Walcott I [Survey 
design] I 

Washington I government printing office I 1886 
P ap er cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents and note, p. 5, verso blank; illustra­
t ions, p. 7, verso blank; text, pp. 11-225 (737-951 of the volume); explanation of 
plate I, p. 226 (facing plate I); explanations of the remaining plates, pp. 230, 234, 
238, and every fourth page thereafter to and including 354 (versos), rectos blank, 
each explanation facing its plate; index, pp. 357-369, verso blank; title for 
vol. IV, verso blank; contents for vol. 1v, p. iii, verso blank; illustrations for vol. 
I V, pp. v-vii, verso blank; notice as to numbering and binding, outside of back 
cover. S0 • Plates I-XXXIII; figs. 1-10. 

CONTENTS OF BULLETIN 30. 
Page. 

Letter of transmittal........................ . . . . . . . . . . . • • . . . . . . . • . . . . . . • . . • • • . • • • . • • • . • • • • • . • • . . 7 
I ntroductory observations . .. ..•. ..... .. . . . .. . .... .. ...... ....... ....... .. . . . . ...... ...... ...... 11 

Review of the strata and faunas referred to the middle Cambrian or Georgia horizon....... 12 
Summary of the Cambrian faunas of North America............................... . ........ 59 
On t he use of the name Taconic.. .. ... . . . .. . . . ...... ... . .. ............. .. . . . . .. .. . ... . ...•.. 65' 
A cknowledgments . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . • . . 71 

Description of the middle Cambrian fauna . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 
F ucoidal remains, trails of annelids, etc............................... . ..................... 72 
Spongioo .........••••••...................... . ................ . ................. :....... . .... 72 
Echinodermata . ..................................... . ................... . ....... . . . . . . • . . • . • 94 

~:::~~:::~hi~~~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:: 1:: 
Gasteropoda. . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 125 
Pteropoda . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . • . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . • . • • • . • . . . 131 
Preci1 opoda.. . ................ . ....... . . ... ....................................... . .......... 149 

Description of a pteropod from the upper Cambrian or Potsdam horizon ...••...... •. ...... .• • • • 223 
Index. . . . . . . ................ .. .............................................................. . ... 357 

3,000 copies published, the number required bythe law relating to these bulletins. 
Price, 25 cents. 

Bul1etins 24-30 form vol. IV, as follows: 

Dep~rtment of the interior I Bulletins I of the I United States I 
geological survey I Vol. IV I [Seal of the department of the interior] I 

Washington I government printing office I 1886 
Title as ab ove, verso blank; contents, p. iii, verso blank; illustrations, pp. v-vii, 

verso bl ank ; the seven bulletins, pp. 1-1095. so. 41 plates and 14: figures. 
Document ary edition of vol. IV as follows: 



156 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100, 

49th congress, I 2d session. I House of representatives. I Mis. doc. I 
no. 163. I Department of the interior I Bulletins I of the I United 
States I geological survey I Vol. IV I [Seal of the department of the 

interiorl I 
Washington I government printing office 11887 
Title as above, verso blank; contents, illustrations, and remainder of collation as 

in the other edi tfon. 
1,734 copies, the" usual number," about 600 of which were delivered unbound; 

the remainder were printed later and bound in sheep, in which form they constitute 
a portion of volume 8 of the '' Miscellaneous documents of the house of repre­
sentatives for the second session of the forty-ninth congress." 

BULLETIN 31. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological :mrvey I no. 31 I Systematic review of our present 
knowledge of fossil I insects, including myriapodR and arachnids I 

Washington I government printing office I 1886 
· General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 31 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11886 
Special title: United States geological survey I J. W. Powell, di­

rector I Systematic review I of our I present knowledge of fossil in· 
sects I including I myriapods and arachnids I by I Samuel Hubbard 
Scudder I [Survey design] I 

Washington I government printing office I 1886 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves: verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, pp. 5-6; letter of transmittal, p. 7, 
verso blank; text, pp. 9-113, verso blank; index of names, pp. 115-128; notice as 
to numbering and binding, outside of back cov.er; 8°. See bulletin no. 71. 

CONTENTS OF BULLETIN 31. 
Page. 

Letter of transmittal . . . . . • . . . . . . . . . • • . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 
Myriapoda...................................................................................... 9 

Bibliography ............................................... _. _ ................. _..... ....... 9 
Characteristics and phylogeny . ......................................................... .... . 
Table showing geological distribution....................................................... 13 
1. Order Protosyngnatha Scudder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
2. Order Chilopoda Latreille . .............................................................. .. 14 
3. Order Archipolypocla Scudder ..................... __ .. ___ ................................ 15 
4. Order Diplopolla Gervais ................................. _ ......... _............ .......... li 

.Axachnida ..........................•......... _ .......... _ .. _ ..................... _ ...... _ . _.. . . . 19 
Bibliography ................................ _ ......... . ............... _ ....... __ . _.......... 19 
Characteristics and geological history ..... . ................ _ ........ _................. ...... 19 
Table showing geological distribntion.............................................. .. . . . . . .. 22 
1. Or<ler.A.cari Leach........... ............. .. ....................... ........................ .,... 
2. Order Chelonrtbi Thorell ...... ....... ...... ... _...................... . ... _.............. 23 
a. Order .A.ntbracomarti Karsch . .......... .. ................. .. ................ ............ . 
4. Order Pedipalpi Latreille......................................................... .. . . . . . . . 25 
5. Order corpiones Thorell....... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26 
6. Order OpilioneR undevall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . 29 
7. Order .A.ranero Snndevall ...••............. ..... _ ...............••....................••••. 



WARMAN,] BULLETINS 31 AND 32. 

Insecta ................................... - ........ · ···· .... · ··••· ·· ·· ..••..••.••••.••..•..•••... 
Bibliography .................................. -- .... -................•.......••....... - . - .. . 
Characteristics and development .............................................•............•. 
.A.. Palaiodictyoptera Goldan berg .................... . ...................................... . 

Bibliography .......................................................•.................... 
1. Sect.ion Orthopteroiclea Scudder ...............................................•...•.•. 
2. Section Neuropteroidea Scutlder ................................ . .................... . 
3. Section Hemipteroidea Scudder ...................................................... . 
4. Section Coleopteroidea Scudder ..................................................•...• 

B. Heterometabola Packard ..........•................................ . ......•.............• 
1. Order Orthoptera Olivier· ............................................................. . 

Bibliography ........................ . .............................................. . 
2. Order N europtera Linne ............................................. : ..............•. 

Bibliojl;l"aphy .......................................•................................ 
8. Order Hemiptera Linne ............................................................••• 

Bibliography ............................................................•........... 
4. Order Coleoptera Linne ...........................................................•.•. 

Bibliography ..............................•..•....................................•. 
C. Meta.bola Packard ......................................•....... •. .••.......•..........••. 

5. Order Diptera Linne .................•.......................••...•..........••.....•• 
Bibliography ...............................................................•.••••••• 

6. Order Lepidoptera Linne ................................•..........................•• 
Bibliography ...... ... ...........................................................•... 

7. Order Hymen1ptera Linne ...........................................................• 
Bililiography ....................................... ~ ............................... . 

History and distribution of fossil insects . .....................................................•. 
Tables showing the geological distribution of insects ...................................... . 
Table of comparative distribution of extinct and existing orders ..................•......... 
Comparative histories of Myriapoda, .Arachnida, and Hexapoda .. .. ... .. . ... .. ............ . 
Table iudicating the chronological range of presumed ancestral and extinct stocks ....•..... 

Index ......................................•.......•...........•...........•.............•...•••• 

157 
Page. 

32 
32 
84 
36 
36 
38 
41 
45 
45 
46 
46 
46 
51 
51 
58 
58 
65 
65 
85 
85 
85 
94 
94 
96 
96 

102 

110 
111 
111 
113 
115 

3,000 copies published, the numbe1 requhed by the la.w relating to these bulletins. 
Price, 15 cents. 

BULLETIN 32. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 32 I Mineral springs of the United 
States I 

Washington I government printing office I 1886 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 32 I [Seal of the department of the inte­
rior] I 

W asbington I government printing office I 1886 

Special title: United States geological survey I J. W. Powell, direc­
tor I Lists and analyses I of' the I mineral springs I of the I United 
States I (a preliminary study) I by I Albert 0. Peale, m. d. I [Survey 
design] I 

Washington I government printing office 11886 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as aibove, verso blank; 
special title as above, verso blank; contents, pp. 5-8; text, pp. 9-220 (137-348 of the 
volume); jndex, pp. 221-235, verso blank; notice as to numbering and binding, out­
side of hack cover. 8°. 

Arranged geographically by states, and under each state alphabetically by names 
of springs. 



158 PUBLICATIONS OJ;, THE U. S. GEOLOGICAL SURVEY. [BULL, 100. 

3,650 copies published-3,000 required by the law relating to these bulletins, 150 
extras ordered by the author, and 500 extras ordered by the department for gratui­
tous distribution. Price, 20 cents. 

BULLETIN 33. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 33 I Notes on the geology of northern 
California I 

Washington I government printing office 11886 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey_ I no. 33 I l Seal of the department of the 
interior] I 

·washington I government printing office 11886 
Special title: United States geological survey I J. W. Powell, di­

rector I N ates I on the I geology I of I northern California I by I J. S. 
Diller I [Survey design] I 

Washington I government printing office I 1886 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; letter of transmittal 
by C. E. Dutton to the director, p. 7, verso blank; text, pp. 9-21 (373-385 of the 
volume), verso blank; index, p. [23], verso blank; notice as to numbering and 
binding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 33. 
Page. 

Letter of transmittaL.................................. . . . • • • . . • • • . . • . • . • . . . • • • . . . • . • . . . . • . . . . . . . 7 
Introductory ................................................................................... . 
General topographic divisions of northern California and Oregon ............................... . 
Character &nd dfstribution of the carboniferous limestone..................................... . 10 
Structure of the Sierra nevada range............................................................ 12 
.Age of the faulting of the Sierra nevada range.................................................. 15 
.Age of the auriferous slates. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 
General distribution of the metamorphic, volcanic, and Cretaceous rocks........................ 18 
Relation of the Sierra, Coast, and Cascade ranges................................................ 19 
Conclusions . . . • . • . • • . . . • . . • • . . . ..• . . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • • . . . . . 21 
Index ........•........•...••....•.... ·............................................................ 23 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 5 cents. 

BULLETIN 34. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey J no. 34. I On the relation of the Laramie 
Molluscan fauna I to that of the succeeding fresh-water I Eocene and 
other groups I 

Washington I government printing office I 1886 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 34 I [Seal of the department of the in­
terior J I 

Washington I government printing office I 1886 
Special title: United States geological survey I J. W. Powell, direc­

tor I On the relation I of the I Laramie Molluscan fauna I to that of 



WARMAN,] BULLETINS 33, 34, AND 35. 159 

the/ succeeding fresh-water .Eocene I and other groups I by I Charles 
A. White, m. d. I [Survey design] I 

Washington I government printing office 11886 
Paper cover bearing title as above; advertisement of the publications of the 

survey, 2 unpaged leaves, verso of last one blank; general title as above, verso 
blank; special title as above, verso blank; contents, p. 5, verso blank; illustrations, 
p. 7, verso blank; text, pp. 9-32 (397-420 of the volume); half-title "Plate 1," p. 33; 
explanation of plate 1, p. 34 (the plate facing); half-title "Plate 11," p. 37; explan­
ation of plate n, -p. 38 (the plate facing); half-title "Plate n1," p. 41; explanation of 
plate m, p. 42 (the plate facing); half-title "Plate 1v," p. 45; explanation of plate 
1v, p. 46 (the plate facing); half-title "Plate v," p. 49; explanation of plate v, p. 
50 (the plate facing); index, pp. 53-54; notice as to numbering and binding, outside 
of back cover. 8°. Plates 1-v. 

CONTENTS OF BULLETIN 34. 
Page. 

General remarks................................................................................. 9 
Description of species . . . . . . . . . . . . . . . . . . . . . . . . . • • . . . . . . . • . . . . . .. . . • . . . . • . • . . . . . . . . . . . . . . . . • . . . •• . 20 
Mollusca................................... . . . . . . . . . . • • . . . . . . . . . . • • . . . . • . • • . • • • • • . . . . . . . . . . . . . • . • 20 

Unionidre .................................................................................... 20 
Cyrenidre . . . .. . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . .. .. • . . .. . . • • . • . • . . . . . . . .. . . . . . • . . . . .. . . .. . . . • • 21 
Limnooidoo . . . . . . . . .. . . .. . . .. . . . .. . . . . . . . . . . .. . . . . • . . . • • . • . • . • . . . . . . . . . . . . . . . . . . . . . . . • . • • . . • • . 22 
Physidre . . .. . . . . . . . . . . . . . . . . • • • • . . .. . • • . . . . . . . . . . . • . . . . . . . . . .. . . . . . . . . . • . . . • • . • . . . . . . . . . . . • . • 24 
Ancylidoo .................................. ,....... .......................................... 26 
Helicidoo. .................... ..... ....•.. .•.... ...... ......•... .. ...... ....... ... ...... ..•.•• 26 
Pupid(e ...................................................................................... 27 
Ceripbasiidoo .................................................... ................. ........... 28 
Rissoidoo.. . . . . . . . . . . . . . . . . .. . . . .. . . . . . • • • . . . . . .. . . .. . . . .. . • . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . • . . 30 
Viviparidre . . . . . . . . . . . . . . . ... . . . . • . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31 

Crustacea. . . . . . . . . . . . • . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . . . . • 32 
Cypridre . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . • . • . . . . .. . . . .. . . . . . . .. . . • . . . . . • . • . . • • • . . . . . • • . • . . . • 32 

Index............................................................................................ 53 

3,000 copies published, the number required by the law relating to these bulle­
tins. Price, 10 cents. 

BULLETIN 35. 

Oover title: Department of the interior I Bulletin I of the I U ni.ted 
States I geological survey I no. 35 I Physical properties of the iron­
carburets I 

Washington. I government printing office 11886 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 35 I [Seal of the department of the in­
terior] I 

Washington I government printing office I 1886 
Special title: United States geological survey I J. W. Powell, director 

I Physical properties I of I the iron-carburets I third paper I (preced­
ing papers on the iron-carburets in bulletins 14 and 27) I by I Carl 
Barus and Vincent Strouhal I [Survey design] I 

Washington I government printing office j 1886 
Paper cover bearing title as above; adveTtisement of the publications of the sur­

-vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; illustrations, p. 7, 
verso blank; letter of transmittal, p. 9, verso blank; text, pp. 11-60 (453-502 of 
the volume); index, pp. 61-62; notice as to numbering and binding, verso of back 
cover. 8°. :Figures 1-10. 



160 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BuLL.100. 

CONTENTS OF .BULLETIN 35. 
P age. 

Letter of transmittal .....••..................•........................................ --· · · · · · · · · · 10 
The intArnal structnre of tempered steel ................................................... ·. · · · ·• ll 

Introduction ................................................................ --· -.... - -... · - ··· · ll 
Apparatus ..................................................................... -.. - . -... ·. - · · · · 12 
Experimental results .......................................................................•. - 16 
Discussion ............................................................................... - · · -· · 31 
Conclusion ............................................................................... -.. -- - 50 

The color effect produced by slow oxidation of iron-carburets... .. . . . . . . .. . ... . .. . . . . . . ....... .. .. 51 
Data for high temperature ................................................................. -·· - 5'.l 
Data for low temperature ..................................••............................. - - - .. 55 

Index ............................................................•............................. . ... 61 

3,000 copies published, the number required by the law relating to these bulletiru. 
Price, 10 cents. 

BULLETIN 36. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 36 I Subsidence of fine solid particles 
in liquids I 

Washington I government printing office I 1886 
General title: DepartJ?ent of the interior I Bulletin I of the I United 

States I geological survey I no. 36 I [Seal of the department of the in· 
terior] I 

Wa shington I government printing office 11886 
Special title: United States geological survey I J. W. Powell, direc­

tor I Subsidence I of I fine solid particles in liquids I by I Carl Barus 
I [Survey design] I 

Washington I government printing office I 1886 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso _of last one blank; general title as above, verso blank ; 
special title as above, verso blank; contents, p. 5, verso blank; illustrations, p. 7, 
verso blank; letter of transmittal, p. 9, verso blank; text, pp. 11-51 (515-555 of the 
volume), verso blank; index, pp. 53-54; title for vol. v, verso blank; contents for 
vol. v, p. iii, verso blank; illustra-t.ions for vol. v, p. v, verso blank; notice as to 
numbering aud binding, outside of back cover. 8°. Figures 1-4. See bulletin 60. 

CONTENTS OF BULLETIN 36. 
Page. 

General relations of the phenomenon of subsidence.............................................. 11 
Introductory . ... .. ...... ...... ...... ...... .... .. ...... ... . . . ...... .... .. ... . .. . .. ... ... .. . . . 11 
General inferences...................... ... .................................................. 13 

.A.nalogies....... .. . . . . .. . . . . ... . . .. . . •• . . . . . .. . . . . . . . . . . . . . • . . .. . . . . . . . . . . . . . . . . .. . . . . . . . 13 
The physical variables...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . H 

Stratification ..... _.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . 15 
Analogies............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 15 
D escriptive equation..................................................................... 16 
Effect of density of mixture......................................................... . ... 19 
Sharp demarkation ... ......... ............ .... .. ............ ...... ...... ...........•..•. 20 

'l'emperature . ...... ... . . .. . . . . . ..... ... . . . . ... . . . .. . . . ... . .. ...... .... .. . .. . .. . ..... ...... .. . 20 
(.,'bemi cal effect . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . ... . . . . ... .. . . 20 
Physical effect........................................................................... :?1 

Precipitants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • 24 
Chemical effect . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . . . . . 24 
Phyl'ical effect........................................................................... :i 
Exp rimental results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . 26 

Discussion................................................................................... 33 



WARMAN.] BULLETINS 36 AND 37. 

General relations of the phenomenon of subsidence-continued. 
Mechanical relations ..••••...•••.•••••...•••.•...........•.•••••••••••••••••••••.••••••• , 
Electrical relations .......•.. . ...••• - -...••....••..... -. -•••••••••••••••••...•..•••••••. •• · 
Particles of larger dimensions ...•••...•.•..••••..........••..•.•••••..•...........•..••• 
Subsidence and viscosity .........••• -- ..••...........•.....•.......•.........•...••••••• 

Conclusion ....••..•......•...•••••...•..................••.•••••.••••..•............•..••••. 
The dependence of rate of subsidence on order of surface, concentration, and turbidity .....•.. 

Experimental results ....•.........•.•............•...........•.... ·· ... - . - ............•••••• 
Introductory ....••..•........•..............•.......•...............••.................. 
Data ...•......••.....• . ..........•....................••.•.••••.....••.............••••.• 

Deductions ....••...............•.............................••..•....... · .................. . 
Surfaces of different orders .......•......................•.......................•...••.• 

161 

Page. 
33 
35 
36 
88 
39 
41 
41 
41 
42 
48 
48 

Concentration............................................................................ 49 
Turbidity .................•........................•....•................ --... · •••• · · •• · · 50 
Sedimentation battery ......•.••..••.•... , ..•........ -...... - .•.........••.... - • • . • . . • • . . . 50 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

Bulletins 31-36 form vol. v, as follows: 

Department of the interior I Bulletins I of the I United States I geo­
logical survey I Vol. v I [Seal of the department of the interior] I 

Washington I government printing office I 1887 
Title as above, verso blank; contents, p. iii, verso blank; illustrations, p. v, verso 

blank; the six bulletins, pp. 1-558. 8°. 5 plates and 14 figures. 
Documentary edition of vol. v as follows: 

49th congress, I 2d session. I House of representatives. I Mis. doc. I 
no. 164. I Department of the interior I Bulletins I of the I United States 
I geological survey I Vol. v I [Seal of the department of the interior] I 

Washington I government printing office j 1887. 
Title as above, verso blank; contents, illustrations, etc., as in the other edition. 
1,734 copies published,· the "usual number," about 600 of which were delivered 

nn bound; the remainder were printed later and bound in sheep as a portion of vol. 
8 of the "Miscellaneous· documents of the House of representatives for the second 
session of the forty-ninth Congress." 

BULLETIN 87. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 37 I Types of the Laramie flora I 

Washington I government printing office 11887 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 37 I [Seal of the department of the inte. 
riorJ I 

Washington I government printing office I 1887 
Special title: United States geological survey I J. W. Powell, director 

I Types I of the I Laramie flora I by I Lester F. Ward I [Survey de­
sign] I 

Washington .I government _printing office 11887 
Paper cover bearing title as above; advertisement · of the publications of the 

survey, 2 unpaged leaves, verso of last one blank; general title as above, verso 
blank; special title as above, verso blank; contents, pp. 5-6; illustrations, pp. 7-8; 
text, pp. 9-1_15, verso blank; half-title, "Plates," p.117, verso blank; (plates I-LVII, 

all folded;) mdex, pp. 347-354; notice as to numbering and binding, outside of back 
eover. 8°. Plates I-LVII. The hiatus of 228 pages in the pagination (from 119 to 

Bull. 100--11 



162 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

346 inclusive) was evidently an allowance by the printer for 57 leaves of plates and 
57 accompanying leaves of plate explanations, but the plates were not provided 
with explanations on separate leaves. 

CONTENTS OF BULLETIN 37. 
Page. 

Explanatory remarks............ . . . . . . . . . • • • . . . • • • . . . • • • . • . • • • . • • • • • . • • • • • • •• • • • . • • • • • . • . • . • • • • . 9 
Description of the species • • • • • • • . • . • . • . • • • . • . . . . . . . • • . . • . • • • • • . • • • • • • • • • • • • • • • • • • • • • • • . • • • • . • • • . la 

CRYPTOGAMS, 

Algre ................. ·.•..... .. ••. . . . . . . . . . . . . . . . . . . . . . . . . ..•••... .. .. .•.•.. ...... ...... ...... .. 13 
Fucus . ••• • • . . . . •• . •• •• • . . • . • • . . . • •• . . •• • • . • • • • • . •• • •• . .•• •• ••••••• •• •• •••••• •••••• .. ••••. •• . 13 
Spiraxis ........................................ ·; .... .. ...• .• ...... .••. •• ...... ...... ...•.. . 14 

PHANEROGAMS. 

Gymnosperms .........•••...•••..... . ••••...•.....•....•••••.•.•....•••••••••..•••••••••••••••.. 
Conifene .....•....••.•.•.•.•••••.....•.......•••••.•••••..••..•..••....•••..••••.........•••. 

Ginkgo . ........•...••..•............•...........••.•..•..........••••••••••.••••....••.. 
Sequoia .......•••••.....•.•.•••..••.•...•••.......•••.••.•.....•...•••.•.....•..••...••.. 

Angiosperms ...•......••.....•..••...•......•...........•.....•••.••••..••••.••••••••••••.•••••. 
Monocotyledons ...•••..•••..••••..•••...•..........••....•.••...•••...•••...•..••..••••..••. 

Gramineoo ..•..•••...•••.•••..•..................•....••.......•....•...••.•..•..•....•.• 
Phragmites .....•.•••••.•••••...•...•..•..•••••.•....••.•.•.•.••..•.......••......••. 

Lemnacere .••......•..•••...•.••••••••••..•..•.......••.•••.......•..............••...... 
Lemna .••..•••..••••.••..••.....................•.......•..•..•••..•..........•••.•.• 

Typhaceoo . , ....................••..........••..••.•••..••.•••..••..•......••.......•..... 
Sparganium ...•••.•••.••..••..............•..•••.•••.•••.••••.•...•........••....•.• 

Dicotyledons ....•..•••••...•••...•••.•.••.......••..•••..•...•..•••.•••...............•••. . . 
Apetaloo 

Salici;~~·: ...•...••••.•••••••••••.....•••••.•••••• _ •••••••••••••••.•..•...... _ ..••••• 
Populus .•••.•••••.•••.•••••.•.•••.•••••••.•...••••.•...•........•.......••••••.. 

Cupuliferoo ..••••.•••••.•••••...•••••••••••.•••...•••.••••••....•...•••.•••••..•..••• 
Quercus ...•.•.•••••••••.•.•.••••..••••••••.....••••••.••••••••...•.••••.••.••••• 
Dryophyllum .••.••••••.....••..••..•••••••••••.•••••..••••••••..••.•.•..•..••••• 
Corylus ...•••.•.•••..••.•••.•••.••..•••...••..••••..•....••.•..••..........•••••• 
Alnus . • ••••.•••••...•••.......•..........•••.••..•••..•.•..••••••.••.••• 
Betula 

M,vricaceoo .•••.•••.•.•..•..•••.•••.••..•••.••••••.••••••.•••••..••.......•...•••••••• 
Myrica ..•..•.•••.•••••.•...•.•.....•••.•..•••..•....••..•...••....•...•...••••••• 

J uglandacere •..••..•....•..•.•..•.....••..•••.•••.••..•...••.....•••.••••••••• 
Juglans ..•.......•.................••••.....••..••.•.••••••.••.....•...•...•••••• 
Carya ..•..••..••..•...•••.....••......••..••.••••.•••••••••••.••..........•••.••. 

Platanaceoo 
Platanus ·•••·•·•· 

Urti;~i::. ~::::: ~:: :: : ~:::::: .... : .......... : . ::: : :::: :: : : ~ :: ::: ~:::: :·. ·. :: : :: :~:: :: :::: 
Ulmus 

Laurineoo 
Laurus ·····•·••• · -.... -- . -... -. -.. -. --...... -.... ---... -.. -........... ·- -- ...... --
Litsrea ..••.........•••••.••...•..........••.....••.....•.•..•..•••.•••.•••••••••• 
Cinnamomum ..........••.••...•..........•••...•••.•.•••..•..•••••••..•••••••••• 
Daphnogene 

M .. on~~::~;i; · ....................... ______ .. __ ... _ ...... _ .. _ .............. ___ ... . 
...... . .......................................................................... . 

Pol~E{i// :): : : : : : :: : :: :: : : : :::: :::::::::: :: :)::::):)::::::::: 
Reder a - · · .. - · .. · · · · · · · · · · · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ........................................................................... 

14 
14 
14 
16 
16 
16 
16 
16 
1i 
17 
17 
17 
18 
18 
18 
18 
24 
2! 
26 
28 
30 
31 
32 
32 
33 
33 
34 
34 
34 
37 
37 
44 
46 
46 
48 
49 
51 
51 
51 
52 
52 
52 

54 
56 
56 
59 
ea 
63 
M 



WARMAN,] BULLETIN8 3i AND 38. 

Angiosperms-continued. 
Hamamelites ...••..•••..••••..••••...• ·• ·•·••• -••.•••••••••••••••••••••••••••• •• 

Leguminosre .••..•...•••.....•....••......•..••••••..••.••••••••••••.••..•••••••.•••• 
Leguminosites ......• ...........•••.....•...•...•. ••••••••.•.•.••..••..•••.•••••• 

Sapindacere ..•.....••......••••....••.•••••..•...•..•••.•••••••••••.•••.••.•••....... 
Acer ............................................................................... . 
Sapindus .••..............••..•••.••..••.••..•....•••.•••••••••••.••.••••••.•••.• 

.Ampelidere .•••.........•••••.•....•...•..•••.•...••..••..••.•••.•• - .•. - .. - - ...•.••• · 
Vitis ..••.••..•.•..........•..••...••...•.....•..•..•••..•..••..••..••...•.••••..• 

:Rhamnere ...•••••••••.•.•••••••••. .• ..••.....•..•••.••..•••••••••••.••••••••••..••••• 
Berchemia ..•..•....•...•...............•...........•.....•••..•• , .....••....•••• 
Zizyphus ......•...........................•...•............••..••••...••...••••• 
Paliurus ............•.....•..•................•...........•.......•...•.•••...••• 

Celastrinere ..............................................•.•...............•...•..••• 
Celastrus ..•..........•....•...............................................•..••. 
Euonymus ..................................................................••••• 
Eheodendron ................................•.......•.............•..........••• 

Tiliaceai .....•............................•.....................................••••• 
Grewia ..•............................................••..••..••.......•...••.••• 
Grewiopsis .....•...••.........................•......•••....•..•...•••.••..•.••• 

Sterculiacere ..............•..••..••..•....................•............••••..••.••••• 
Pterospermites ........••.••.......•...•..........••.......•...••..•..••..••••••• 

Credneriaceai .••....•.•...••...•......•.........•••..•.......••.•••.•••.•••..•....••• 
Credneria ..•....•.•....•..••...•..........•...••.•....••..•••..•..••..•.•......•• 

Menispermacere .....•........•..•....•...........•...•..•...••..•••.••..••..••.••••• 
Cocculus ..•...•..............••...•......................••......•.......••••••.• 

Magnoliaceai .••..••..••...•...•...........•.............. -.•.......••...•......•.•.• 
Liriodendron .... ..................... ........ ................................. .. 
Magnolia .•••..••.••..••...•.......•..•....•.•••..•......••••••.............•.•.• 

Gamopetalre............................................ .. •...•..••...•...............••• 
Ebenacere .•••••.......•.........••..••...•......••..•••.•....•...•..............••..• 

163 

Page. 
6<l 
65 
65 
65 
65 
66 
69 
69 
72 
72 
73 
75 
77 
77 
82 
83 
85 
85 
88 
93 
93 
96 
96 

100 
100 
102 
102 
103 
104 
104 

Diospyros . . • . . • • . . • • • . . . . . . • • . • • . . . . . . . . . . . • . . . . • • • . • • . . • • . . • • . . . • . . . . . . . • • • • • • • 104 
Caprifoliacere... .. . ••. ••• . •• .. . • . . . . . . • ••. . •. . . .•. • ••. . •• . • ••. ••• . • . .. . ... . . . . • •.. . • . 106 

Viburnum . . • . . • • • . • • • . . . . . . . . . . . . . . • . . • • . . . • . . • • . . . • • . • • • . . • • • . • • • • • . . • . . • • . . . . . 106 
Index............................................................................................ 347 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 25 cents. 

BULLETIN 38. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 38 I Peridotite of Elliott cQunty, Ken­
tucky I 

Washington I government printing office j 1887 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 38 I [Seal of the department of the in­
terior] I 

Washington I government printing office I 1887 
Special title: United States geological survey I J. W. Powell, di­

rector I Peridotite I of I Elliott county, Kentucky I by I J. S. Diller I 
[Survey design] I 

Washington I government printing office I 1887 

Paper cover bearing title as above; advertisement of the publications of the sur­
vey, 2 unpaged leaves, verso of last one blank; general title as above, verso blank; 
special title as above, verso blank; contents, p. 5, verso blank; illustrations, p. 7, 
verso blank; text, pp. 9-29 (363-383 of the volume), verso blank; index, p. 31, verso 
blank; notice as to numbering and binding, verso of back cover. 8°. Plate 1; 
figs. 1-8. 



164 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

CONTENTS OF :BULLETIN 38. 

Page. 
Introduction..................................................................................... 9 
Distribution a~d mode ~i oc~urrence . . . . . . . • • • . •• . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 9 
Mineralogical composition and structure .• • -:: . • . . • . • • . . . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

Relations and origin of the peridotite. ..••• ...•... ..•.. .....•. •...•. ..... .. . . ......... ........... 2-0 
Chemical composition .... _........................................................................ 24 
Loose fragments off'eldspathic rocks found with the peridotite.. .•......•...••........ .....•. .•. 2.5 
Age of the peridotite .. _ ......••..•............•••...• _........ . . . . . . . . . . . . . . . . . . . • . • . • . . . . . . . . . . . . 28 
Summary........................................................................................ 29 
Index .....•...•..... .,............................................................................ 31 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 5 cents. 

BULLETIN 39. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 39 I The upper beaches and deltas of 
the I glacial lake .A.gaHsiz I 

Washington I government printing office 11887 
General title: Department of the interior· I Bulletin I of the I United 

States I geological survey I no. 39 I [Seal of the department of the in· 
terior] I 

Washington I government printing office I 1887 
Special title: United States geological survey I J. W. Powell, direc· 

tor I The I upper beaches and deltas I of the I glacial lake .Agassiz I by 
I Warren Upham I [Survey design] I 
Washington I government printing office I 1887 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves, verso of last one blank; general title as above, verso bla.nk; 
special title as above, verso blank; contents and illustrations, p. 5, verso blank; 
letter of transmittal to the director by T. C. Chamberlin, geologist in charge of 
glacial division, p. 7, verso blank; text, pp. 9-79 (395-465 of the volume), verso 
blank; index, pp. 81-84; notice as to numbering and binding, outside of back cover. 
8°. Plate 1; figs. 1 and 2. 

CONTENTS OF :BULLETIN 39. 
Introduction: Page. 

The upper or Herman beach ..••.••••.••.••••.•••••.••. ~..................................... 10 
The Norcross beach . . . • . • . . . . . . . . . • • . . . • • . . . . • • • • . . . . . . . . . . . . . • . . . . . . . • • • . • . . . . • . . • . . . . . • • . . I.a 
The Campbell beach ......•..•••................••............. _.... •• • • • . . • . . . • . . . . • • . ....•• 12 
The McCauleyville beach.................................................................... 12 
The Red river valley ...................................... _ ...... _ .. _.. . . . . . . • . . . . . . . . . . . . . • . 12 
The outlet of lake Agassiz................................................................... 14 
The northern barrier .............•..••.....•................ _ .•............ _................ 15 
Area and depth of lake .Agassiz ..•....................... _.................................. 19 
Elevations of the crests of the beaches of lake .Agassiz...................... . . . . . . . . • . . . . . • . 20 

The upper or Herman beach in Minnesota: 
From lake Traverse east to Herman......................................................... 21 
From Herman north to the Red river ................... ·.................. .... ............... 23 
From the Red river north to Muskoda .......................................... _...... .. . . •• 24 
Delta of the :BuffiJ.o river % 
From Muskoda north to th~ Wild rice river ......••.•..••.......... _........................ 30 
From the Wild rice river north to Maple lake............................................... 3' 

The upper or Herman beach in Dakota: 
From lake Traverse north west t o Milnor. . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . 38 
From Milnor north to Sheldon............................................................... 42 
From Sheldon north to the northern Pacific railroad......................................... 45 



W~MAN,] BULLETINS 397 40, AND 41. 165 

The upper or Hermm beach in Dakota-continued. Page. 
From the northern Pacific railroad north to Galesburg...................................... 48 
From Galesburg north to Larimore ...... -....................................... -· •.•.• .•• • • . 51 
Shore west of the Elk and Golden valleys................................................... 57 
Beaches and islands east of the Elk and Golden valleys...................................... 64 
From Garder north to the Tongue river..................................................... 72 
Delta of the Pembina river ...... .....•.••..... ... . ........ ....... ... ............. ........ ... 74 

3,000 copies published, the number required by the law relating to these bulle­
tins. Price, 10 cents. 

BULLETIN 40. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 40 I Changes in river courses in Wash· 
ington territory I due to glaciation I 

Washington I g:overnment printing office 11887 
Genera,l title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 40 I [Seal of the department of the 
interior] I 

W ashingt-On I government printing office I 1887 
Specia,l title: United States geological survey I J. W. Powell, di­

rector I Changes in river courses I in I Washington territory I due to 
glaciation I by I Bailey Willis I [Survey design J I 

Washington I government printing office I 1887 

Paper cover bearing title as above; advertisement of the publications of the sur­
vey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; illustrations, p. 5, verso blank; text, pp. 7-10 (477-480 of the volume); 
notice as to numbering and binding; outside of back cover. 8°. Plates 1-1v. 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 5 cents. 

BULLETIN 41. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 41 I On the fossil faunas of the upper 
Devonian-the I Genesee section, New York. I 

Washington I government printing office I 1887 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 41 I [Seal of the department of the 
interior] I 

Washington I government printing office I 1887 
Special title: United States geological survey I J. W. Powell, di­

rector I On I the fossil faunas I of the I upper Devonian I the Gen­
esee section, New York I by I Henry S. Williams I [ Survey design] I 

Washington I government printing office I 1887 

Paper cover bearing title as above; advertisement of the publications of the sur­
vey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; contents, p. [5], verso blank; illustrations, p. 7, verso blank; letter 
of transmittal, pp. 9-10; introduction, pp.11-13, verso blank; text, pp. 15-104 (495-
584 of the volume); half-title "Plates," p. 105, verso blank; plates I and u, pp. 



166 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [IIULL.100, 

[107-110]; explanation of plate m, p. 112, recto blank; plate m, pp. [113-114] ; 
explanation of plate IV, p. 116, recto blank; plate IV, pp. [117-118]; index, pp. 119-
123, verso blank; title for vol. vr, verso blank; contents for vol. v1, p. iii, verso 
blank; illustrations for vol. VI, pp. v-vn, verso blank; notice as to numbering and 
binding, outside of back cover. 8°. Plates I-IV. 

CONTENTS OF BULLETIN 41. 

Page. 
Introduction..................................................................................... 11 
Review of opinions; the bearings of these investigations upon the classification of the upper 

Devonian rocks and faunas............................................................... . 15 
Prof . .Tames Hall's views.................................................................... 16 
Prof. A. Winchell's views................................................................... 17 
Views on the relation of the Waverly to the New York series.............................. . 17 
Views of the Pennsylvania geologists....................................................... 19 
The Allegany county section . . . . . . . . . • . . . • . . . . . . . . . . . . . . . . . . . • . . . . . . . • • . . . . . . . . . . . . . . . . . . . . . 20 
Order of deposits in Ohio.................................................................... 20 
Geographical and chronological relations of the faunas . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 21 
List of the faunas............................................................................ 22 
Relation of the faunas to the character of the deposits.................. . . . . . . . . . . . . . . . . . . . . 23 
Relation of the black shales to the upper faunas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2i 
Place of the Venango oil group.............................................................. 25 
Strata following the Chemung faunas . . . • . • . •. . . • . . . • . . . .•• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
The interpretation of the facts ........... ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27 

Faunas of the Genesee shale and the Portage groups .................. ·'".................... ... 31 
Description of two new lamellibranchs. ........•.........•.•••••................ ...........•. 35 
Description of Lunulicardiu1n levis . • • . • • • • . • • • • . • • • . • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • . • • • • • . • • . 39 
Description of two new Lucinas.. . . . • • • • • • . • • • • • • • • • • • . • • • • • • • . • • • • • • • • • • . • • • • • • . • • . . . • • • • . • 44 
Description of worm tracks. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46 

The Portage sandstones and the faunas of the Chemung group.................................. 51 
Description of fish remains ............................ _........................... . . . . . . . . . . 62 

The upper Chemung-the sands and the conglomerates.......................................... 83 
Description of Rhynchonella .A.llegania...... •••••• •••••••••••• •••••••••. ••••••••••••••••••••• !r1 
Conclusions.................................................................................. 103 

3,000 copies published, the number required by the law relating to these bulle­
tins. Price, 15 cents. 

Bulletins 37-41 form vol. vr, as follows: 

Department of the interior I Bulletins I of the I United States I geo­
logical survey I Vol. VI I [Seal of the department of the interior] I 

Washington I government printing office I 1887 

Title as above, verso blank; contents, p. iii, verso blank; illustrations, pp. v-vii, 
verso blank; the five bulletins, pp. 1-603. 8°. 67 plates and 10 figures. 

Documentary edition of vol. VI as follows: 

50th congress, I 1st session. I House of representatives. I Mis. doc. I 
no. 375. I Department of the interior I Bulletins I of the I United 
State I geological survey I Vol. VI I [Seal of the department of the 
interior] I 

Washington I government printing office I 1887 

Title as above on white paper, ven10 blank; contents, illustrations, and remainder 
of volume as in the other edition. 

1,734 copie, the "usual number" edition, a portion. of which (about 600 copie-) 
were delivered unbound, as described above; the remainder were printed later and 
bound in heep as a part of vol. 2 of the "Miscellaneous documents of the house oi 
representatives for the first session of the fiftieth congress." 



WAJWAN,] BULLETINS 41 AND 42. 167 

BULLETIN 42. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 42 I Report of work done in the division 
of chemistry I and physics mainly during the fiscal year 1885-'86 I 

Washington I government printing office I 1887 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 42 I [Seal of the department of the in­
terior] I 

Washington I government printing office j 1887 
Special title: United States geological survey I J. W. Powell, director 

I Report of work done I in the I division of chemistry and physics I 
mainly during the I fiscal year 1885-'86 IF. W. Clarke, chief chemist I 
[Survey design] I 

Washington I government printing office I 1887 
Paper cover bearing title as above; advertisement of the publications °of the sur­

vey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; contents, pp. 5-6; illustrations, p. 7, verso blank; preface, p. 9, verso 
blank; text, 'pp.11-149, verso blank; index, pp.151-152; notice as to numbering 
and binding, outside of back cover. 8°. Plate 1; :figs. 1-10. 

CONTENTS OF BULLETIN 42. 

SCIENTIFIC PA.PERS. 

Page. 
Researches on the lithia micas. By F. W. Clarke............................................... 11 

I. The lepidolites of Maine................................................................. 11 
II. The iron lithia micas of cape .A.nn......... •. . •.• •• . . • . .••• •• . • • . . .. . . • . . • . . . • . .•• . .. • • • . 21 

The minerals of Litchfield, Maine. By F. W. Clarke............................................ 28 
Elreolite ........................................... : . . • • . . . . . . • • . . . • . . • • • . . . • • . . . • . . • . . • • • • .. 28 
Cancrinite . . . . • • .. . • • . . . . . . . . . . • .... .. . . . . .. . . • . . .. • . .. • • . . .. • • . • . • • • • . • • . • .. • • • • • .. • • .. .. • .. • 29 
Sodalite...................................................................................... 80 
Hydronephelite ............ .'................................................................. 81 
.A.lbite and lepidomelane. . . . . .. .. . .. • . . . . .. • . . . . . . • • . • •• • .. . . • .. .. • .. • • • • • • .. • .. • • . .. • • .. • • .. 84 
Discussion of formuhe............... .... . ................................................. 85 

Turquoise from New Mexico. By F. W. Clarke and J. S. Diller................................. 89 
The gneiss dunyte contacts of Corundum hill, North Carolina, in relation to the origin of corun-

dum. By Thomas M. Chatard. . . . . . . . . . . . . . .. • . .. . . . . . . . . . . . . . .. • . • . . . . . . .. . . . . . . .. • . . . . . . 45 
The localities ....................... J............................................... ... .. . . . . 46 
Description of the sections . . . . . • • . . • • • • . . . . • • . . • . . . . . . • .. . • • • . . . • . • . . . • . . • .. • • • . . • • . .. • • . • • . 48 
.Analytical results . . .. . .. . . .. . . • . . . . . • • . . .. . .. .. . .. . . .. . . . .. .. . • .. .. .. • .. .. • • • • . .. .. .. .. . • .. . 49 
Conclusion................................................................................... 61 

.A method for the separation and estimation of boric acid, with an account of a convenient form 
of apparatus for quantitative distillations. By F . .A.. Gooch............................... 64 

.A method for the separation of sodium and potassium from lithium by the action of amyl alcohol 
on the chlorides, with some reference to a similar separation of the same from magnesium 
and calcium. By F . .A.. Gooch . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . .. . .. . . .. • . . .. . . . . . . . . .. . . .. . .. 78 

The indirect estimation of chlorine, bromine, and iodine by the electrolysis of their silver salts, 
with experiments on the convertibility of the silver salts by the action of alkaline halo ids. 
ByJ.Edward Whitfield ................................ :.................................. 89 

On two new meteoric irons and an iron of doubtful nature. By R. B. Riggs . . • • . • • . • . . • . • . . . • • • 94 
The Grand rapids meteorite . . . . . . . .. . . . . . • . . . . .. . . . .. .. . . . . . . . . . . . . . . .. .. . . . . . .. . . . .. . . . . .. 94 
The Abert iron 
..A.n iron of doubtful nature ........................................................... • • .. · • • 

The effect of sudden cooling exhibited by glass and by steel. By C. Barus and V. Strouhal •.••. 
§ I. The strain imparted by sudden cooling, and its relations to temperature .....•..•..••. 

§ IT. The strain imparted by sudden cooling, and its structural relations ..••...•.......•••• 
§ m. The hydro.electric effect of temper ................................................... . 
Retrospective remarks .. ~- ................................................................. . 

The specific gravity of lampblack. By William Hallock ...................................... . 

95 
96 
98 
98 

112 
12i 
129 
132 



168 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL. !OC. 

MISCELLANEOUS ANALYSES. 

Pa.1;e. 
The peridotite of Elliott County, Kentucky..................... . ............................... 136 
Trenton limestone from Lexingt:on, Virginia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 13i 
Residual deposit from the subaerial decay of chloritic schist from eight miles west of Cary, 

North Carolina....................................................................... ..... 13i 
Decomposed trap from North Carolina . . . . . • • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13a 
.Altered feldspar from Laurel creek, Georgia . . . • . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138 
Ferruginous rock from Penokee iron range, Wisconsin.......................................... 138 
Two rocks from Kakabikka falls, Kaministiquia river, Ontario . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 
Mica andesite from a canon on the east side of San Mateo mountain, New Mexico.......... ..... 139 
Hypcrstbene andesite from San Francisco mountains, Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 139 
Basalt from six miles northeast of Grant, X ew Mexico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 
Fulgurite from Whiteside county, Illinois ............. ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. 140 
Blue and buff limestones from Bedford, Indiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 140 
Yellow sandstone from Armejo quarry, Colorado . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . .. ... m 
Eight samples of volcanic dust.................. . .. . . . . . . . . . . . . . . . .. . . . . . . .. • . .. . •.. . .. . .... ... 141 
Loess and clays. . . . . • . . . . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 
Iron ores from Louisiana . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ill 
"Natural coke" from Midlothian, Virginia..................................................... . 146 
Coal from .Je.fferson county, West Virginia...................................................... 146 
Three coals from Gulf, North Carolina........... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146 
Coal from Walnut cove, North Carolina......................................................... H6 
"Natural coke" from Purgatory canon, New Mexico........................................... li7 
Two springs, one mile from Farm well station, Loudoun county, Virginia........................ J!7 
Two artesian wells, Story city, Iowa . . . . . . ... . .. . . . . . .. . .. . . . . .. . . ... . . .... . .. .. .. .. . . .. ....... 148 
Beck's hot springs, near Salt lake city, Utah . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... 148 
Water of Mono lake, California . ... ....•... .. ....... .... .. ....... ........ .. . . .. . . .. . . .. ......... li9 

3,000 copies published, the number required by the law relating to these bulle· 
tins. Price, 15 cents. 

BULLETIN 43. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 43 I On the Tertiary and Cretaceous 
strata of the Tuscaloosa, Tombigbee, and .Alabama rivers I 

Washington I government printing office I 1887 
General title: Department of the interior I Bulletin I of the I Unired 

States I geological survey I no. 43 I [Seal of the department of the 
interior] I 

Washington I government printing office I 1887 
Special title: United States geological survey I J. W. Powell di­

rector I Tertiary and Cretaceous strata I of the I Tuscaloosa, Tombig· 
bee, and Alabama rivers I by I Eugene .A.. Smith I and I Lawrence C 
Johnson I [Survey design] I 

Washington I government printing office I 1887 
Paper cover bearing title as above; advertisement of the publications of the~ · 

vey, 2 unpag d leaves; general title as above, verso blank; special title a abo• 
verso blank; contents, pp. 5-8; illustrations, p. 9, verso blank; letter of tr -
mittal, by Eugene .A.. Smith, state geologist of Alabama, p. 11, verso blank; prefa 
signed Eugene .A.. Smith, pp. 13-14; text, pp. 15-138 (167-290 of the volume)· h · 
title "Plates XII-XXI, with explanations," p. 139, verso blank; plates xn-xn ·• 
explanations on separate leaves, pp. 141-184; index, pp. 185-189, verso blank : no 
as to numbering ancl binding, outside of back cover. go. Plates 1-XXI; fig. 1. 



WARMAN,] BULLETINS 43, 44, AND 45. 

CONTENTS OF BULLETIN 43. 

Preface .........•..•......•............................. · ........................................ . 
Introduction .....•....••........... - .•.. · · . - · - · · · · · · · • · · · · · • · · • · · · · • • • · · · • · · · • · · • · • · · · · · · · · · · • • • • 
Tertiary strata: 

The ,vhite limestone ........................... -...•...... · · - · · • • · · · - · - · · · · · · · • · · · · · · .. · · · · · · 
The Claiborne ........ . ... . ....... · · - · · . · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
The buhrstone ........................... · · · · · ·. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · 
The lignitic .•••..•........... . .•...............•.................................. · ........•. 
Summary of the leading features of the Tertiary strata of Alabama ...•.•................•• 

Cretaceous strata: 
The Ripley formation .........• , ..............••....••• : .•........•........... - ....•...•..••• 
The rotten limestone ..••••...........•.......•.........•......................... - ....•..••. 
The Eutaw formation .....•••••............•............... . •.........•.....•••.••..•••..... 

Other Mesozoic strata, probably Cretaceous: 
The Tuscaloosa formation .....•..•..••.......•..........••..•.•••...•..•.....•..••..••...•.• 

Summary of the leading features of the Cretaceous strata of Alabama: 
Cretaceous strata ..•......•.•...•••.......•••.•.......•.••......•.•••..••••••••.....••..••••• 
Strata of undetermined age, probably Cretaceous .•••..••••.•••••.....•.•••••.•••••..••••••. 

Undulations and faults in the Tertiary and Cretaceous strata of Alabama: 
T ertiary strata .•.•••••.•••.•..................•....•...••..••..•.....•...••.•••.•••••••••••• 
Cretaceous strata .•••••..•....••..•••..••.....•.••...••.•.••.••••••.••..•••••••••••••.••••••• 

Resume: 
The formations ..••.•.•••.••••••.......••••••.•••.••..••..•••....••.••••••••••••••••••••••••. 
The genesis of the formations .•••.•••.•••.•••.•••.•••.•••.•••.••...•.••••••.••. ~ ••••••.••••• 

169 

Page. 
13 
15 

19 
25 
34 
38 
68 

71 
83 
86 

95 

116 
117 

117 
131 

133 
136 

3,000 copies published, the number required by the law Tela ting to these bulletins. 
Price, 15 cents. 

BULLETIN 44. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 44 I Bibliography of North American 
geology for 1886 I 

Washington .1 government printing office I 1887 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no .. 44 l.[Seal of the department of the in­
terior] I 

Washington I government printing office J 1887 

Special title: United States geological survey I J. W. Powell, direc­
tor I Bibliography I of I' N or~h American geology for 1886 I by I Nelson 
H. Darton I [Survey design] I 

Washington I government printing office I 1887 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; introduction, pp. 5-6; text, pp. 7-35 (349-377 of volume), verso blank; 
notice as to numbering and binding, outside of back cover. 8°. 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 5 cents. 

BULLETIN 45. 

Gover title: Department of the interior l Bulletin I of the I United 
States l geological survey I no. 45 I Present condition of knowledge of 
the I geology of Texas I 

Washington I government printing office j 1887 



170 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 45 I [Seal of the department of the in-
terior] I 

Washington I government printing office 11887 
Special title: United States geological survey I J. W. Powell, di­

rector I The I present condition of knowledge I of the I geology of 
Texas I by I Robert T. Hill I [Survey design] I 

Washington I government printing office 11887 
Paper cover bearing title as above; advertisement of the publications of the sur­

vey; 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; contents, pp. 5-6; prefatory note, p. 7, verso blank; tex.t, pp. 9-89 
(387-467 of the volume), verso blank; index, pp. 91-95, verso blank; notice as t,o 

numbering and binding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 45, 
Page. 

Prefatory note................................................................................... 7 

I. HISTORIC STATEMENT OF GEOLOGIC INVESTIGATIONS, 

Knowledge at the beginning of this century ...••..•.•.........•...........••••.•.•••••••••••••. 
Anglo-American adventurers and colonists ...•.••..•............•.........•...•..••.......•••.. 

Philip Nolan ...............................•.......•...•.......................•.•.........• 
American colonization period............................................. . ................ . 

European investigators ..•..........••.......•............................•..................... 
William Kennedy ...•..•.............•.......••........•..........••....••.............•...• 
G. A. Scherpf .....•............•...•..........•......•............................. : .•...... 
Prince Carl Solms-Braunfels ....••..............•...............•.......................•.. . 
Victor Bracht ............•.......................................................•.......... 
Ferdinand Roemer . . . . . . . . . . . . . . . . . . . . . . . .....................•.•.•...•.•......•........... 

United States military reconnaissances and explorations ....................................... . 
Reconnaissances ............................................•.......•...................••.. 
Explorations .............•..................................•..............................• 

Exploration of the Red river of Louisiana ........•.•.•............................•.••. 
United States and Mexican boundary survey ......••.••.•..........................• .... 
Pacific railroad survey ...................•...•.....•..••.•..................•........•.. 

Thirty.:fifth parallel survey ..••••.................•...........•......•.•....•....... 
Thirty-second parallel survey ............•.........••..•..•..•••.....•.•............ 

Artesian well experiment ........•.•.•...............•........•........................• 
Geologic surveys conducted by the state ..••.•••.•.•...............•.......•.......•...•...... .. 

The Texas land office .............•.••..••.•.......•...•...............•••................•• 
First geological survey (Shumard) ..••...•...•.•...•......••.•.................••...•.•...•• 

Organization and equipment ...•.•.......•...•............•..••........•......••.•.•••.. 
Field labors 
Methods of survey ...•.••.......••...........................•.......................... 
Maps ...............•....•.......•..............................•.....................•.. 
Operations of 1860 
Official results 
Indirect results ...............••..... : :: :: :::: -~ :: :: :: :::: :: :: :: :: :: :: :: :::::::::::::::: 
Expense ............................................•...•................................ 

Second geological survey (Glenn.Buckley) .........................•.....•................•. 

Rooent ~E:;:~:E E}Lii~~ii~~~ ~: :: ~: ~: :: ~::: :: :: :: :: : : :: :: :: :::: :::: :: :: :::::: :: :::::::::: 
Individual contributors 

Suc!::!n°!/!:i~1~:ue!~~::i:i~~~~~ ~~~~;Y· · · · · · · · · · · · · · · · · · · · · · · _ · · · · · · · · · · · · · · · · · · · · ·· ·· 
n. SUMMARY OF RESUL'.rs. 

Top~;!~~ti~~ ·~; ·;;;~;~~;h;· ~f · T;~~~ · .· _' _' _' _' _' _' _' _' · _' _' · · · · · · · · · · · · · · · · · · · · · · · · · · ·· ·· ·· · · · · · · · · ·· 

10 
ll 
ll 
12 
13 
1' 
14 
15 
15 
18 
21 
2'J 
23 
24 
25 
25 
26 
27 
27 
29 
29 
30 
30 
31 
32 
sa 
36 
36 
r, 
38 
4D 
(1 

42 
C 
{j 

48 

Chart illustrating progressive classification of topographic features..................... ... 53 



WilMAN,] BULLETINS 45 .AND 46. 

n. BUMM.ARY OF RESULTS-continued. 

Historic geology and stratigraphy .....•........• •. • ••..• • · • · · · • · · · · · • · · • • · · • • · • • • • • • • • · • • • · • · · · 
Table of geologic formations of Texas, with authorities ...•.••••..•••••••••••••.•...•••..•• 
So·Called Archean and earlier Paleozoic ......•...••......•••••.•••.•..•..•••••••••••••.•.••• 
Carboniferous system .............•....•••..•••..•.•..... ··••••••••··•• ......••••.•... ···•••• 

Central Carboniferous area ...........•.•.................................•.............. 
Trans.Pecos Carboniferous area ........................................................ . 
General conclusions respecting the Texas Carboniferous .... .. ..............••.....••.•• 

So-called Permian or Permo-Carboniferous .....•.....................••••.•••............••• 
Trans·Pecos region of Shumard .........•..•.......•......••...........•.•.•.........••• 
Permian of Cope and his assistants ....•...•........................................•... 

171 

Jura-Trias or gypsum strata .......•.•.•.........•......••...•.....•.......•........••..•••• 

Page. 
53 
54 
55 
57 
58 
59 
62 
62 
63 
65 
69 
70 
71 
8-' 
84 
86 

87 
88 

So·called Jurassic ......... , .•••.•••••..•............................ .... .................... 
Cretaceous ........••••••.•.•.•••.•..••........ . ................... ... ........•.•...•..... . .• 
So.called Laramie •••••••••.•••.•...•••.•...•...............•........••..•.••..•••..••.....•. 
Tertiary ............•.•...•.............•...................•............................. ..• 
Quaternary and other post-Tertiary strata ........• ··.· ...••••••.••.••........•...........•.. 
Geological deductions .......•..•.....•.....•.•......••....••.•..•••..•••••••••.............. 

General conclusions .......••.•••••.•••....•.••.••••.••••...•..••..••..••.••••••..•..••.......... 

3,000 copies published, the number required by the law relating to these bulletins. 
Price~ 10 cents. 

BULLETIN 46. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 46 I The nature and origin of deposits 
of I phosphate of lime I 

Washington I government printing office I 1888 
General title: Department of the interior I BuJletin I of the I United 

States I geological survey I no. 46 I [seal of the department of the 
interior] I 

Washington I government printing office I 1888. 
Special title: United States geological survey I J. W. Powell, di­

rector I Nature and origin I of I deposits of phosphate of lime I by I 
R. A. F. Penrose, jr. I with an I introduction by N. S. Shaler I [Survey 
design] I 

Washington I government printing office I 1888 

Paper cover bearing title as above; advertisement of the publications of the 
survey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; contents, p. 5, verso blank; illustrations, pp. 7-8; introduction, by N. 
S. Shaler, pp. 9-20; text, pp. 21-127, (495-601 of the volume), verso blank; bibliog­
raphy, pp. 129-140; index, pp. 141-143, verso blank; title for volume vn, verso 
blank; contents for vol., vu, p. iii, verso blank; illustrations for vol. vu. pp. v-vii, 
verso blank; notice as to numbering and binding, outside of back cover. go. Plates 
I-III j figs. 1-36. 

CONTENTS OF BULLETIN 46. 

Page. 
Introduction by N. S. Shaler .••....•••.•.•••..•.•....••....••..••••••••..• _ ..••.••. _............ g 

Importance of phosphate of lime in nature...................................................... 21 
Classification of deposits of phosphate oflime ...••••.•..••.••.••• _ ••.•• _ ••....••••.. __ .•••••.••• 21 
:Mineral phosphates...... .................... ......... ..................................... . ..... 22 

Apatites..................................................................................... 22 
Apatites of Canada ......••..• _ ..•..•••..•.......••.•.....•••••••• _ ••..• _................ 23 
Apatites of Norway ...••••..••.....•••..••••• _ •..•••••••••••. _. __ •.•• _.................. 42 
Apatites of Spain........................................................................ 45 



172 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Mineral phosphates-continued. Page. 
Phosphorites .................•••••.••..••....•.....•.....•••.••...•.••• • • • · - - · · · · · · ··· · · · · · · 46 

Phosphorites of Nass au ......•...................................•.•....•. · · · · ·· ·. · ·.... 46 
Phosphorites of southwestern France................................................... 48 
Phosphorites of Spain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

Rock phosphates .....•.................. · ..... · • .- ... · .......•... · .... · .......••........ ············· · 59 
Amorphous nodular phosphates ..................... ·..........................•. .• . . . • .. . . . . 60 

Amorphous nodular phosphates of South Carolina ........ , ...................... .,...... 60 
Amorphous nodular phosphates of North Carolina...................................... i'0 
Amorphous nodular phosphates of Alabama......................... . . . . . . . . . . . . . .. . . . .. 75 
Amorphous nodular phosphates of Martha's vineyard................................... 'iS 
Amorphous nodular phosphates of ·Florida ...... ........ ·.· .. ... ... .. .•... .. . .. .......... 78 
Amorphous nodular phosphate deposits of north W-ales . . . . . . . . . . . . . . . . . . . . . . . . . . . ... . . • 80 
Amorphous nodular phosphate deposits of England ............ . ·........................ 84 

Phosphate beds of Cretaceous upper greensand ........ ·. ·.... .. . .. . .. . . . .... .......... 84 
Phosphate beds of Cretaceous lower greensand.-..... · .. · .. ·... .. . . . . .. .. . .... .........• 90 
Tertiary phosphate beds ...•••....••.....•.... .-....... .... ............ ............... 9! 
History of the rock phosphates .of England......... ........................... ...... 96 

Phosphates of Belgium................................................................. . 102 
Phosphates of northern France ................................... ~.... . . . . . . . . . . . . . . . . . . 107 
Phosphates of central France............................................................ Ill 
Phosphates of Russia.................................................................... ill 

Phosphatic limestone beds... ... . .............. . ............................................. 116 
Phosphatic limestones of Kentucky..................................................... 116 

Guanos...................................................................................... 117 
Soluble guanos . ... ... . . . . ... .. ........... .. . . . ....... ..... . .. .. . .. . . . . . . ..............•• 117 
Leached guanos.................................................. ... ................. ... 122 

Bone beds .....•.....•.....•.......... ·. . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . • • . . . . . . • • . . 126 
Cave deposits............................................................................ 126 
Lacustrine deposits...................................................................... 127 

Bibliography . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . . . . . . . . . . . . . 129 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 15 cents. 

Bulletins 42-46 form vol. vu, as follows: 

Department of the interior I Bulletins I of the I United States I geo· 
logical survey I Vol. vu I l Seal of the department of the interior] I 

Washington I government printing office I 1888 
Title as above, verso blank; contents, p. iii, verso blank; illustrations, pp. v-vii, 

verso blank; the :five bulletins, pp. 1-617. so. 25 plates and 4:7 figures. 
Documentary edition of vol. vn as follows: 

50th Congress, I 2d session. I House of representatives. I Mis. doc. 
I no. 137. I Department of the interior I Bulletins I of the I United 

States I geological survey I Vol. VII I [Seal of the. department of the 
interior] I 

Washington I government pri.nting office J 1888 
Title as above on white paper, verso blank; contents; illustrations, and remainder 

of volume as in the other edition. 
1,734 copies, the· "usual number" edition, about 600 copies of which were, aa is 

customary, delivered unbound, a.s described above; the remainder were printed later 
and bounq as a part of vol. 11 of the "Miscellaneous documents of the house of 
representatives for the second session of the fiftieth congress." 

BULLETIN 47. 

Gover title: Department of the interior I Bulletin I of the I Uni 
States l geological survey I no. 4 7 l Analyses of waters of the Y ello · 



W.UMA.N,] BULLETIN 47. 173 

stone national I park, with an account of the methods I of analysis 
employed I 

Washington I government printing office j 1888 
General title: . Department of the interior I Bulletin I of the I United 

States I geological survey I no. 47 I [Seal of the department of the in­
terior] I 

Washington I government printing office 11888 
Special title: United States geological survey I J. W. Powell, direc­

tor I Analyses of waters I of the I Yellowstone national park I with an 
account of the ·methods of analysis employed I by I Frank Austin 
Gooch I and I James Edward Whitfield I [Survey design] I 

Washington I government printing office I 1888 
Paper cover bearing title as above; ·advertisement of the publications of the sur­

vey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; contents and illustrations, pp. 5-6; letter of transmittal, by F. W. 
Clarke, chief chemist, p. 7, verso blank; text, pp. 9-81, verso blank; folded table 
containing a "Summary of analyses;" index, pp. 83-84; notice as to numbering and 
binding, outside of back cover. 8c. Figures 1 and 2. 

CONTENTS OF BULLETIN 47. 
Page. 

Letter of transmittal ................... · ........................................................ 7 
Introduction ............ ............ ...•....... ..... ·............................................. 9 
Operationsinthefield ................... ~....................................................... 10 
Operations in the laboratory ............... a ••••••• •••••••••••• ";..... • • • • • • • • • • • • • .. • • • • • • • • • • • 11 
Treatment of natural waters . a .................... " •••• a a .......... , • , •••••• , • • • • • • • • • • • • • • .. • • • 12 

Specific gravity .. ~ .................•...••.•.......... a ••• ·•••••••••••••••••••••••••••••••••••• 12 
Hydrogen sulphide and free sulphur ......... , ................... ·.........................•. 13 
Sulphurous acid.............. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . 13 
Sulphuric acid............................................................................... 13 
Nitric and nitrous acids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 14 
Carbonic acid................................................................................ 15 
Arsenious acid and boric acid .......................................................... ,..... 17 
Chlorine (with bromine and iodine)........................................................... 20 
Silica, iron an<l aluminum, calcium, and ma,gnesium......................................... 21 
Sodium, potassium, and lithium.............................................................. 22 
Ammonia and albuminoid ammonia.......................... . . . . . . . . . . . . . . . . . • .. . . • . . . . .. . . . 25 

Treatment of concentrated waters............................................................... 25 
Strength of the concentrated waters . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . •. • • . . • • . 25 
Treatment of the residue ..................................... ............................. _.. 26 
Fluorine .................................................................................... . 
Barium and strontium ...................................................................... . 
Phosphoric acid .................................................................... _ ..... _ •• 
Manganese ................................................................................. . 
Iron ......................................................................................... . 
Titanic acid ................................................................................. . 

Treatment of the aqueous solution ............................................................. . 
Iodine and bromine ................................................... _ ..................... . 
Lithium 
Cresium, ~bidi~," ~~d.th~ili~~·:: ::: : : : : ::: :: : : ::: :: :: : : : : :: : : ::::: :::::: :::: :: : :: : :: :::: :: 
Arsenic, antimony, tin, copper, and lead .......•..............•.........•......•............• 
Boric acid ............................................ .. .......................•....•......••. 

Statement of the results of analysis ............................................................ . 
.Analyses ....................................................................................... . 

Cleopatra sl)ring . . . . . .. . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . .. . .. . . • . . • • . . . . . . . . . . • . . . . . . . . ...•.. 
Orange spring .................. ···:··············-- .................................. , ..... . 
Rot river .................................................................................. . 
Gardiner river ............................................................................................................ 
Gardiner river ......................................................................... . 
Water supply at Mammoth hot springs .......................•............................ 
Soda &pring ..................................................... _ .......................... . 

26 
26 
27 
27 
28 
28 
29 
29 
30 
31 
31 
33 
33 
36 
36 
38 
39 
40 
41 

4Z 
43 



174 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Analyses-continued. Page. 

Fearless geyser .............•...••..... · · ... -· ..• • • · • • · · • • • • • · · · · · · · · · · • • • • • • • • • • · · • · • · • • · · · · 
Pearl geyser ...................•.............. - . · · · · · · · · · · · · · · · · · · · · · · • · · · · • · · · · · · • · · · · · · · · · 
Constant geyser ........•••••...•...........•........ ····················•••··•·············· 
Coral spring ..•...•...........................................•............•. :· ............. . 
Coral spring .......•......... : ......................•...••....•.............•.......••....... 
Echinus spring ..........................................••........•••.•...... ··············· 
Schlammkessel ............................. · ......•...........• · · · · · · · · • · · · • · · · · · · · · · · · ··· ·· · 
Fountain geyser .............•................................. - · ·. · · · · · · · · · · · · · · · · • · · · · · · · · 
Great fountain geyser ...........................•.......•..... · .........••.• · · · · · · · · · · -· · · · 
Hygeia spring ................•..........................................•. ·. · · · · · · · · · · · ·· · · · 
Madison spring ..............••........................•............•........• · · · · · · · · · · -· · · 
Firehole river ........................................................•.•....•. ••·•·•··•····· 
Excelsior geyser ..................•.....................•• · • ·• • ·. -.. · · · • • • • · · · · - · · · · · · · •·· · · 
Old faithful geyser ................•............................••..... · •.•.• · · · · · · · · · · · · · · • · 
Splendid geyser ........•••.•.........................••.•..••..........•.....•.............. 
Splendid geyser ....•....••••.•••.•.•.•••.......•.•.•••••.•..•.•..........•.•.••..•.......... 
Giantess geyser ....•••..•••...........•..........•••.•••••...••••••••..•••••.•••.. ·····•·••· 
Beehive geyser ...................................•••.•••.....•.•..•.....•••........•...... ·· 
Grotto geyser ............•...•••..••......•.••••••.•••.........•.......•..••................ 
Turban and Grand geysers .....•.••..••..•.••..•........•...•..•...••..•••.•.........•.•...• 
.Artemisia geyser .......•••...•.......••.•.•••..•........••.••..•••••.•••••. - . - · · · · · · · · • · · · · · 
Taurus geyser ..•...•......•..........•...•....•...•.••.•.•••.•••••............ · · · · • · · · · · · · · · 
.Asta spring ....••..••••••••.••.•••••.•.••..•••••........•.•....•.........•.....•............ 
Bench spring ...••..••........•••...•...••..•.............•.••.......••..................... · 
Firehole river ...•..•••••.•••••..••.••.••••••••••••.•.•...•..••........•..•.••......... ··•··• 
Yellowstone lake ........................................................ · · - . -- - -· · · · · · ·· · · · 
.Alum creek .......•...•.••••••.•••••.•.•...••...•..•..••••.••..••........ - ••. - -- • · · · · · · · •· ·• 
Chrome spring •••..•..•.••••.•.•••.••••••.....•..•.••..•••...•.......•••.•••..........•...•. 
Mush pot spring ...•..•••••...•.•••.••...............•..•••...............•..•••........... • · 
Devil's ink pot .....•.••.••••••••••••••••....•......••..•••.••...•........•••••...........•.. 
Soda butte spring .••••.•••.•••.••...•..•••....••••.•••.•••.•••..•.••••...•••.•••...•....... · 

Summary of analys0t1 .•••.••.••••••••••••••••••.•.•.••••••••.••••••••••.....•••••••••••......•. •. 
Index ...••.••••••••.•••••••••••••••••••••••••.•••.•••••••••••••••••••.••.••....•.....•.......... . 

M 
46 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
60 
62 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
78 
80 
81 
82 
83 

3,000 copies published, the number required by the law relating to these bulletinB. 
Price, 10 cents. 

BULLETIN 48. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 48 I On the form and position of the sea 
level I 

Washington I government printing office I 1888 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 48 I [Seal of the department of the 
interior] I 

Washington I government printing office I 1888 
Special title: United States geological survey I J. W. Powell, di· 

rector I On the form and position I of I the sea level I with special 
reference to its dependence on superficial I masses symmetrically dis· 
posed about a normal I to the earth's surface I by I Robert Simpson 
Woodward I [Survey design] I 

Washington I government printiug office I 1888 
Paper cover bearing title as above; advertisements of the publications of the sur­

vey, 2 unpaged leaves; general title as above, verso blank; special title as above, 
verso blank; contents, pp. 5-7, verso blank; key to mathematical symbols, PP· 9-11. 
verso blank; letter of transmittal, p. 13, verso blank; text pp. 15-86 (99-170 of the 
volume); index, pp. 87-88: notice as to numbering and binding, outside of bac 
cover. so. 



W.A.BMAN.] BULLETIN 48. 175 

CONTENTS OF BULLETIN 48. 

Key to mathematical symbols ......... ..... ......... ·. · · ·. · · · · · · · · · • • • • • •• · · • · ••• •• · • ••· • • · · · • · · 

Page. 
9 

13 
15 

Letter of transmittal ...........•..................................•..•...........•..........•• • • 
!.-Introduction ...•.•.••.•................................•..•...•.••.•••.••••......•...... 

1. Form and dimensions of sea-level surface of earth. Close approximation of oblate 
spheroid. Relation of actual sea surface or geoid to spheroidal surface. A kn owl· 
edge required of form of geoid by geodesy, of variations in form and position by 
geology. Difficulties in way of improved theory .................................. . 

2. Class of problems discussed in this paper ........................................••• 
3. Resume of results attained ..••••...............•................................•••• 

A. THEORY, 

15 
16 
17 

IL-Mathematical statement ofproblem .... .-.. ...............•...•••.........••. .........••• 18 
4. Fundamental principle and equation................................................ 18 
5. Dimensions of earth's ellipsoid and sphere of equal volume......................... 19 
6. Derivation of equation of disturbed surface......................................... 19 

m.-Evaluation of potential of disturbing mass of uniform thickness . . . . . . . . . . . . . . . . . . . . . . • 21 
7. Determination of potential in terms of rectangular and polar coordinates........... 21 
8, Transfofmation and reduction to single integration of elliptic forms................. 22 
9. Discussion and further transformation.............................................. 24 

10. Special values of the integrals and corresponding values of the potential . . . . . .. •••• 25 
(a,) For a point of the disturbed surface at the center of the disturbing mass........ 25 
(b) For a point of the disturbed surface at the border of the disturbing mass . . .• ••• 25 
(c) For a point of the disturbed surface 180° from the center of the disturbing mass. 26 
(d) Potential of a spherical shell..................................................... 26 

IV.-Degree of approximation of the expressions for the potential of the disturbing mass... 26 
11. Exact expression for potential of complete spherical shell . . . • . . . . • • • • . . . . . . . . . . . • • • 26 
12. Degree of approximation of expression for potential at center of disturbing mass... 27 
18. Degree of approximation of expression for potential at border of disturbing mass... 28 
14. Degree of approximation of expression for potential at point 180° from center of dis· 

turbing mass . . . . . • . . . . • . . . . . . • . . . • • • . . . . . . . . . . . • . . . . . . . . . • . . . . . . . . . • • . • •• • • • . • • • 30 
V.-Development of potential of disturbing mass in series of spherical harmonics ......•••• 30 

15. Remarks on expressions for potential previously derived and on those to be consid· 
ered ..••..•.••...••.•.•.•••.•.••..••..........•.•.••..••..........••..••......••. 30 

16. Expansion of potential function in series and integration of separate terms......... 81 
17. Discussion and derivation of approximate forms. Harmonic development of elliptic 

integrals I 1 and I 2)........ •• • •• • • • • • •• • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • • • • • • •• 34 
VI.-E:ffect of rearranged free water . . . • • . • • • . . . • • • . . • • . . . . . . . . . . . . . . . . • . . . . • • . . • • • • • . . . . . . • • Si 

18. Remark on difficulty ot' obtaining exact expression for effect of rearranged free 
water. Derivation of expression for an effect which will exceed probable actual 
effect............................................................................ 35 

VIL-Evaluation of constants V0 and U0 in equation to disturbed surface . . . • • . . . . • • • . • • . • • • • 37 
19. Statement of principle involved in determination of constants V0 and U0 and their 

evaluation....................................................................... 37 
(a) Values of V0 and U0 found by means of property of spherical harmonics .• .•. ••• 38 
(b) Value of V0 found by direct integration.......................................... 38 

VIII.-Equations of disturbed surface . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • 40 
20. Equations of disturbed surface when effect of rearranged water is neglect'3d and 

when that effect is considered................................................... 40 
21. Discussion of equations . . . . . . . • . • . • • • • • . . . . . • . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • 41 
22. Special values of the elevation of the disturbed surface at the center, at the border, 

and 180° from the center of the disturbing mass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 41 
23. Angular radial extent of masses of uniform thickness requisite to produce maxi· 

mum elevation of disturbed surface.............................................. 42 
24. Effect of rearranged free water...................................................... 42 

IX.-Evaluation of the definite integrals I 1 and I 2••••••••••••••••••••••••••••• •• • • • • • • • • • • • •• 43 
25. Expansion of I 1 in series . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 43 
26. Expansion of I 2 in series.................................. . . . . . . . . . . . . . . . . . . . . . . . . . . 45 
27. Additional expansion of I 2 for case when attracted point is near border of attracting 

mass............................................................................. 46 
X.-Slope of disturbed surface............................................................... 47 

28. Derivation of expressions for slope of disturbed surface . . . . . . . . . . . . . . • . . . . . . . . .. • •• 47 
29. Failure of these expressions in special case of slope at border of disturbing mass... 47 
30. Derivation of expression for slope at border of disturbing mass..................... 4.8 



176 PUBLICATIONS OF THE U. S. GEOLOGICAL 1::iURVEY. [BULL. 100. 

A. THEORY-continued. 
Page. 

51 XI.-Distnrbed center of gravity of earth ...•••..•..••...••••.•••••..••••••••.........•...... 
81. Centers of surfaces of reference appropriate for different purposes; derivation of 

modifications of preceding formulas when disturbed center of gravity is center of 
surface of reference ................................•.•..•.•..••.................. . 

XII.-Equations of disturbed surface when disturbing mass is of variable thickness ......... . 
32. Desirability of extending the investigation to more complex disturbing masses .... . 
83. Derivation of expression for effect of any mass symmetrically disposed about a 

radial axis, and application to a class of mass.forms ..........••.........•........ 
84. Evaluation of a definite integral needed in applications of sequel. ...••..•..... ...... 
85. Elevation of disturbed surface at the center, at the border, and at the point 180° 

from the center of the disturbing mass in the case of the above class of mass.forms. 
86. Slope of disturbed surface .....•• .....•..••••..•..•..•...••••.......... .............. 
87. Effect of rearranged free water .......•.........................•..... - ........ .... --
38. Remark on a property of certain form11las of this article .•••.•••..•.....••....••.... 

B. APPLICATIONS. 

51 
52 
52 

53 

55 

56 
56 
56 
58 

XTII.-Relative positions oflevel or equipotential surfaces in a lake basin . . • . • •• •. . . .. .• . .. .. . 58 
89. Solution of problem stated in section 2 (a) . . . ...••• .••••• ..•••• .... ... .... ..... .. ..... 58 
40. Illustrative numerical example ..••.•.•••...•••..••••.......••..•....•.• :............ 59 
41. Inference from preceding solution....... . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 60 

XIV.-Variations in sea level attributable to continental glaciers or ice caps .... ............ •. 60 
42. Statement of problem, and brief consideration of the first of two difficulties......... 60 
43. Consideration of second difficulty.................................................... 61 
44. Data assumed for calculation . . . . . . . . . . . . . . . . . . . . . • . • • • . . • . . . . . . • . • . . . • . . . . . . . . . . . . . . 61 
45. Definition of forms of assumed masses. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
46. Information as to actual forms of the ice caps, and reasons for considering assumed 

forms adequate................................................................... . 62 
47. Computation of the volumes of the assumed masses and equivalent lowering of sea 

level.......................................................................... . .... 64 
Table of results ...•••.. . •....... . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64 

48. Remark on the magnitudes of the masses of the assumed ice caps in comparison with 
the earth's mass.................................................................... 61> 

49. Computation of position and slope of disturbed surface.............................. 65 
Table ofresults...... ......•... ... ......... ...... ...•... .. .. ... . .. .. ................. 66 

50. Estimate of the effect of thfl rearranged free water and discussion of results . . . . . . •• 67 
51. Minimum thicknesses of ice masses of varying radial extent requisite to produce 

average slopes of 5 feet per mile wit bin 1 ° of their borders . . . . • • . . . . . • . . . . . . . . . . . • 68 
Table of results...................................................................... 68 

52. Variations in sea level due to alternation of glaciation at the poles.................. 69 
Table of results . ..................................... . . . . . . . . . . . . . . . . . .. . . . . . . . ..... . 70 
Graphical representation . . . . .• . • . . . . . . . . . . . . . . . . . . • . . . . . . •. • . • . . . . . . . . . . . . . . . . ... . . . 70 

XV.-Historical note.......................................................................... . 71 
53. Reference to discussions and investigations of previous writers on the effect of the 

glacial accumulation in disturbing the sea level.................................... 71 
54. Investigations of Archdeacon Pratt . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . 71 
55. Numerical calculations of Pratt ........ .............•................ ...... . ......... 
56. Test of the correctness of Pratt's formula........................................... . 73 
57. Investigations of Mr. D. D. Heath.................................................... 74 
58. Verification of a numerical example in Heath's work................................ 75 
69. Heath's criticism of Croll and Pratt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . i5 
60. Contribution of Sir William Thomson; proofs of Thomson's formula . . . . . • . . . .. . . . . . i6 
81. Verification of his numerical example .. ............... .. ..... ....................... . 
62. Remarks on the results obtained by different writers and tabular statement of the 

data employed by them ... ........ ......•..•....................................... 
Table of data used ..... ............................................................ . 

XVI.-Variations in sea level attributable to continental masses ....... ....... .............. ·· 
63. Two hypotheses relative to the nature of the earth's crust ........................ · · 
64. Assumptions adopted in accordance with first hypothesis .................. -.. -. · -· · 
65. Data for and methods of computation ...•••........................ ·········-····-··· 

Table of results ... .......................•..................................... .... .. 
66. Graphical representation of results ..... . .... ........ .... _ ................. ......... . 
67. El vation of disturbed surface at the border of the contiornt .. ........... _. _ .. -.... . 
68. Remark on the resultant action of the contiuents . . . . . . . . . ................... ... . 



WARMAN,] BULLETIN 49. 177 
B, APPLIOATIONS-continued. 

Page. 
XVI.-Variations in sea level attributable to continental masses-continued, 

69. Deflections of the plumb-line along the border of the continent --.............. _..... 83 
70. Consideration of the effect on the sea level of the continents under the conditions of 

the second hypothesis ..................................... ; .•. ; . . . . . . . . • . . . . . . . . . . . 83 
71. Deflection of the plumb-line.................................. . . . . .. . . . . . . . . . . . . . . . . . . 85 

XVII.-Li1:1t of authors consulted............................................................... 85 
72 . .A.ut,hors, titles of their works, and dates of publication ...•..•....................... 85, 86 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 49. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geolog'ical survey J no. 49 I Latitudes and longitudes of certain 
points in Missouri, I Kansas, and New Mexico I 

Washington I government printing office I 1889 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 49 I [Seal of the department of the inte· 
rior] I 

Washington I government printing office 11889 

Special title: United States geological survey I J. W. Powell, direc­
tor I Latitudes and longitudes I of I certain points in Mfasouri, Kansas, 
and New Mexico I by I Robert Simpson Woodward I [Survey design] I 

Washington I government, printing office j 1889 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

1 l.; advertisement of the publications of the survey, pp. i-iv; general title as 
above, verso blank; special title as_ above, verso blank; contents, p. [5], verso 
blank; letter of transmittal, p. [7], verso blank; text, pp. 9-133 (181-305 of the 
volume); notice as· to numbering and binding, outside of back cover. 8°. 

CONTENTS OF BULLETIN 49. Page. 
Descriptions of stations.......................................................................... 9 

Oswego, Elk Falls, and Fort Scott, Kans.; Springfield and :Bolivar, Mo.; . .Albuquerque, N. 
Mex ........................................................................................ . 9 

Instruments and instrumental constants ..•.............••.•. ~- ........................... : . . . . • • 11 
Instruments used at Saint Louis and their constants........................................ 11 
Instruments used at the :field stations ·and their constants_ .................... -.... _......... 11 
Principal details of determination of constants of fielcl instruments . . . . . . . ... . . . . . . . . . . . . . . . . 12 

Latitudes .................................................... -............... -. . . . . . . . . . . . . . . . . . . . 20 
:Methods of observation; selection of stars; table of results ........................ __ .....•. 20 
Combination of results from different pairs of stars by weights; table of definitive results.. 32 

Longitudes ......................................... _...................... . . . . . . . . . . . . . . . . . . . . . . . 39 
Program for time determination .......•••....•.......................................... : . . . 39 
:Method of reduction . . . . . . . . . . . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Weights····-································································ .. ,............. 41 
Details of time work- .•...........•.... ~ ........... : ...... :.................................. 42 
Personal equation............................................................................ 43 
Time-piece corrections and.rates-............................................................ 112 
Apparent differences of longitude............................................................ 115 
Relations of apparent and true differences of longitude and systematic errors-_ ........... a. 120 
Derivation oflongitude differences uncorrected for personal and instrumental equation_.... 121 
Corrections for personal equation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123 
Transmission times; arrangement of circuits; instrumental equation....................... 128 
Adopted corrections for personal and instrumental equation ..........•...................•• 130 

130 
132 ' 
l.a3 

Adopted longitudes ..•...• , ........................................... . ..................... . 
Table of geographical positions ...................................................... , ..••..• .: .. ~ 

Derivation of geographical positions ........................................................ . 

Bull. 100-12 



178 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

3,000 copies published, the number required by the law relating to these bulletins. 

Price, 15 cents. 
BTJLLETIN 50. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 50 I Formulas and tables to facilitate 
the construction I and use of maps. I 

Washington I government printing office 11889 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 50 I [Seal of the department of the 
interior] I 

Washington I government printing office 11889 
Special title: United States geological survey I J. W. Powell, direc­

tor I Formulas and tables I to I facilitate the construction and use of 
maps I by I Robert Simpson Woodward I [Survey design] I 

Washington I government printing office I 1889 
Paper cover bearing title as above; sample _library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-iv; errata slip; general 
title as above, verso blank; special title as above, verso blank; contents, p. 5, verso 
blank; letter of transmittal, p. 7, verso blank; text, pp. 9-124 (315-430 of the volume) i 
notice as to numbering and binding, outside of back cover, 8°, 

CONTENTS OF BULLETIN tjO, 
Page. 

Theory of the tables . ................................................. ~:.................... ..... 9 
Adopted spheroid and constants thereof.......................................... . ........ .. 9 
Principal radii of curvature............................................................ ..... 9 
Lengths of arcs of meridian.............................................................. ... 11 
Lengths of arcs of parallels............ • • • • . • .. .. .. • • .. • .. .. • • . • • . . • .. • • • . • . . • . .. .. . . . .. • . . .. U 
Coordinates for the polyconic projection of maps . .......... ......... ... .. .. . . ... ........... 15 
Areas of zones a~d quadrilaterals of the earth's surface • • • • . . . • . . . .. . . . . .. . . . .. . . . . . . .. . . • . 1 

Explanation of use oftables . .... : ................................................... ........... . 

Tab~=bi~ -I~ ·i;~~;ith~; -~f ;~di~;~f ;~~:;~t~;;·~f ~~~idi~~- ::::::::::::: :: : ~:::: :: : :: : : : : : : :::::: : 
Table II, logarithms of radius of curvature of normal section .. ,......................... .... 2a 
Table rn, lengths of arcs of meridian .. .. .. · · · · · · 31 
Table IV, lengths of arcs of parallels .. ..... ::::::································• . ......... , ~ 
Table v, co-ordinates for map projection on scale ·;=·;50000 :: : : :::::~ ::::::: ::: ::::::::::::::: 33 
Table VI, CO·Ordinates for map projection on scale 1 ·126720 36 
Table VII, CO·Ordinates for map projection on scale 1:125000·::: :::::::::::::: ::::::: :::::::::: 39 
Table VIII, co.ordinates for map projection on scale 1 :63360 .••••••••••••..••.••.•• ••• •.. .•• .• 
Table rx, CO·Ordinates for map projection on scale 1 :62500 ,r 
T able x, CO·Ordinates for map projection on scale 1 ·31680 · · · · .. · · · · • · · · • · · • · · · • · · · · · · · · ·· · · · 53. 
Table XI, co.ordinates for map projection on scale 1.:30000 • • .. • .. · • .. · • • · • • • • • · · • · • · · • • · · •• • · · 

Table xrr, areas of quadrilaterals of the earth's surface ·~f ;~- ~~i:;~t · i~ · i~tlt~d~ ·~~di~~-~·. 
tude ... .. ..................................................................... . ... ........ . 

Table XIII, areas of quadrilaterals of the earth's surface of 30' extent in latitude and longi· 
tude............. .... . ..... . ... ............ ....................... .. . . ........... .......... l -

Table XIV, areas of quadrilaterals of the earth's surface of 15' extent in latitude and longi-
tude ... .... .. ......... . .. .. ...... . ......................................... .... .. .......... 1 

Table xv, areas of quadrilaterals of the earth's surface of ·lO' extent in latitude and longi· 
tude Mis:e~:i~ ::ii!~~~~~~~~ ~~~~~:~~~-di~~·~ ·o.~~· ~~h ~~ ~~~~ -~f ~~ri~·~. ~~~~:::::: :: : : : 

3,500 copies published-the 3,000 required by the law relating to these bulletin! 
and 500 extras ordered by the department. Price, 15 cents. 



WARMAN,) BULLETINS 50 AND 51. 179 

BULLETIN 51. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 51 I On invertebrate fossil~ from the 
Pacific coast I 

Washington I government printing office J 1889 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 51 I [Seal of the d_epartment of the in-
terior] I -· 

Washington · 1 government printing office 11889 

Special title: United States geological survey I J. W. Powell, di­
rector I On I invertebrate fossils I from I the Pacific coast I by I 
Charles A. White I [Survey design] I 

Washington I government printing office 11889 

Paper cover bearing title as above; sample library catalogue slips, verso blank, 
11.; advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank; special title as above, verso ·blank; contents, pp. 5-6; illustrations, 
p. 7, verso bla.nk; letter of transmittal, p. 9, verso blank; text pp. 11-70 (441-500 
of the volume); half-title "Plates," p. 71, verso blank; half-titles of individual 
plates (on rectos) and explanations of the same (on versos), -14 leaves paged 73-100, 
each plate facing its explanation; index, pp. 101-102; notice as to numbering and 
binding, outside of back cover. 8°. Plates I-XIV. 

CONTENTS OF BULLETIN 5L 
P~e. 

Letter of transmittal.................................................. • • • • • • • • • • • • • • • • • • • • • • • • . • 9 
Part 1. New fossil Mollusca from the Chico-Tejon series of California........................... 11 

Generalremarks ... -~ .•. : ••••... ~............................................................. 11 
Description of species .. : . . • • . . . . .. • • . • • • • . • .. . • • • . • • . • • • • . • • . • • • • • • . . . • • . • • • . . . • • • • . . • . . . . . • 14 

Conchifera.............. . . . • • . . • • • . . • • . .. • • • • • . • • • . . • • • . • • • • • • . • • • . • • • . . . . . • • • • • • • . . . . . . . 14 
Ostreidre. . . .. • • . • • . . • • • • . . • • • . . . • • • . • • • • • • . • • • • • • • • • • . • • • . • • • • • . . • • . • • • . • . . • . • . • . • . • . 14 
Pholadidre ................. · ..•••.. · .•.........•.••.••...•.. ·... .•.. .. . ••.. ... •...... ••• 15 

Gasteropoda .................................................................. _ ..•..•...• 
.A.ctreonidre ......................................................................... . 
Fiesurellidre ......................................................................... . 
Stomatellidre .••••....••. '. ........ ·: · :· •••.. : ..•.....••.•............•. .-.......••.••• 
Trochidre ..•••.••••...•••.•...•...•.•.........•••.••...•...•..........•...........••. 
N aticidre ..••..••••••..........••.......••...•. ; ••..•.....•.•..•..•.•........•.••.••• 
.A.porrhaidre ......................................................................... . 
Turritellidre · · · · · · 
Melanopsidre.:: :: :: : : :::::: :-:-::-:-:-: ::: : : ::::::::: ::: : : : : : ::: : : : :: : : : : :: : : ..........•.• 
Rissoidre .......•.....................•••••••••..•.......••.•.......••....•..•••.••... 
Muricidre .•.•.•.••••......•.•...•............•....•.••.••••••....••.....••. ' .•..•.••• 
Buccinidre ....................... ~ •••.••••..••....•••.•.•••.•••..••.•..........•.•... 
Fasciolariidre ....••.•...•••............•..........•..•••••••.....•....•..........•••. 
Volutidre 
Cancellariidre .................................... _ ............................. -•..•• · 
Pleurotom.idre .•.•••••••••..•••.••••........•.••••••••••••••..........•.•...•.....•••. 

Cephalopoda ............................................................................ . 
.A.mmonitidre 

Part IL Equivalents of th~- Chi~~-T~j~~-~;;i~; -i~ o·;~~~~- ~~·ci ·w ~~i;i~~t~~ .......•..•......•••.• 
General remarks .............•..........•...•.........•.•••..••..••.•••.•••.•••.•••.••....••• 
Localities in southern, central, and eastern Oregon ......................................... . 
Locality near Dwamish river, in Washington ..•.•.••••••••....•.•••••••.•.•••..•••••.•••••• 
·Locality near Astoria, · Oregon ...... : ....................................................... . 

Part m. Cretaceous fossils from Vancouver island region................................. ... . 
General remarks.~ •••••.•••••.•••••••••••••••••.•••••••••••••••••••.••••••••••••••••••••••••• 

15 
15 
16 
17 
17 
19 
19 
20 
20 
21 
21 
22 
22 
23 
25 
25 
26 
27 
28 
28 
29 
30 
31 
33 
33 



180 PUBLICATIONS OF THE U.S. GEOLOGICAL SURVEY. [BULL. 100. 

Part III. Cretaceous fossils from Vancouver island region-continued. 
Annotated list and description of species .......•.•......•. · • · · • • · · • · · • · • • • .•.• · · .. • • · ...... . 

Brachiopoda .... . ............ -..•....•............ · · • · · · • · · • • • • · · • · · · · · • · · · • • · · • • · · · · · · · . 
Rhynchonellidro .............••...•..............•.••................................ 

Conchifera .........•..•............•.•............•....••••..••.... ; .................... . 
Ostreidre .....•..................................•..•.•••.............•.•.......•..... 
Anomiidre .....•.....•.•....... s ••••••••••• , •••••••••••• • ••• ••• •••••••••••••••••••••• 

Aviculidre ··························"···-············································ 
Mytilicloo ...•• ~ .......•.•....••..•..•..••.•.• , .....••...• · •.•.................•......•. 
Arcidro .......••..•.•........•.•.•. :··· ....•••••..••..•••••........•......•...••.••.. 
Trigonidro ..•..••.....•..•...•..••••.•....•.•••....• · · .•• · .....................•..... 
Crassatellidro .......••...•......•••.•....•...•.•.•..................••.........•..... 
Lucinidro ........•••••.....•.. ,, .••••..•..••...••.•.•........•..•.••..............•.. 
Veneriidoo ..•..••.••.......••....••........••. s •••••••••••••••••••••••••••••••••••••• 

Maotridro . ..••..••..........•...•.•.•.•..•...•.• , ••.....•...............•......•... . . 
Pholadomyidoo .•.......••..•......•.•....••......•••.•.......•....................... 
Anatinidre ..•.....••.•••• ~ ............................................ , ............. . 
Teredinidre ......................................................................... . 

Gasteropoda ......... ~ ..................... , ••..........•••..•.••..•....•......•......•.•• 
Dentaliidre .....••..••..•••.............••...•..••..••••••..••..•...••..••..••.•••.... 
Ringiculidoo .•••••.•••.•...••.. ; ••..........•••..••••••••••.•.•...•..••.•••..••..•••• 
Trochidoo ..•••••••.•••..••••••..•..•••.•••..••.••••.••••••........•.••.••..•••...••.. 
Scalariidro .•...••..••.....•••...•..•...........••.•••..••..............••.••.....•••. 
Natiddre ..•.•••......•....•...••••••.••..••.•••.•••..••...........•..•••.••..••..... 
Neritopsidoo ........................................................................ . 
Fasciolariidre ................................................................... . .. .. 
Volutidoo .......................................................................... . . 

Cephalopoda .........••..••..••..••.•••..••..••.•••••••••.•••...........•.....•••.••••••. 
Baculitidoo .......................................................................... . 
Ammonitidre .............................................................. ~ ........ . 

Part IV. Molluscan fauna of the Puget group .......••.••••••••..•••..•••...•..• : ••...•......... 
General remarks on the geology of the group ..••••••• : .................................... .. 
Description of species ...................................................................... . 

Conchifera .............................................................................. . 
Cardiidm ........................................................................... . 
Cyrenidoo ........................................................................... . 
Tellinidre ..••••••••••.••.•••.•••.•••.••••.• ~ ....................................... .. 
Terediniare ......................................................................... . 

Gasteropoda ........................................................ _ •...•..•...•••.••••.• 
Neritidm ............................................................................ . 
Cerithiiare .......................................................................... . 

Concluding remarks on the farina ........................................................... . 
Par1i'V. Mesozoic Mollusca from the southern coast of the Alaskan peninsula .................. . 

General remarks ............................................................................ . 
Description of species ..................................................................... . . . 

Concbifera .............................................................................. . 
Arcidre ............................................................................. . 

Page. 
36 
36 
36 
36 
36 
36 
37 
38 
38 
a9 
39 
41 
42 
42 
42 
43 
« 

" 44 
44 
(5 

45 
45 
46 
'6 
46 
47 
47 
48 
49 
(9 

58 
58 
58 
58 
81 
62 
62 
62 
62 
63 
64 
64 
65 
86 
65 

Saxicavidoo. •.• .............................. •••.•. •••. .............................. M 
Cephalopoda. . • . . . . • • • • .. . . • • . • • • • • • • . • . . • • . • • • . .. • • • . • • • . . • . . . . • . . • . . • • • • • . • • . • .. • • • •. • 67 

Belemnitidm..... •• • • . . • • • .. • • • • . • . • • . • • • . • • • • • • .. • • • • • • • . . • • . • • • •• • • . • • • . • •• • • •• .. .. 67 
Ammonitidm . . . • • • • • • • • • . . • • • • . • • • • • . • • • • • • • • • • • • • • • • • • • • • . • . . • . • . . . • • • . • • • • . • . . • . . . 68 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 15 cents. 

BULLETIN 52. 

Cover title: Department _of the interior I Bulletin I of the f United 
States I geological survey I no. 52 I Subaerial decay of rocks and origin 
of the I red color of certain formations I 

Wa hington I government printing office j 1889 
General title: Department of the interior I Bulletin f of the f United 

State I geological survey J no. 52 J [Seal of the department of the in­
terior] j 



WARMAN.] BULLETINS 52 AND 53. 181 

WashingtJn I government printing office 11889 
Special title: United States geological sur-vey l J. W. Powell, di­

rector I Subaerial decay o~ rocks I. 3!nd [ 0:1:igin of the red color of cer­
tain formations I by I Israel Cook Russell I [Survey design] I 

Washington ( ~ov~rnment prin~ing offic.e I 1889 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11. · advertisement of the publications of the survey, pp. i-iv; general title as above, 
ver~o blank ; special title as above, verso blank; contents, p. 5~ verso blank; illus­
tr~tions, p. 7, ~ers_o blank; lett.er of transmittal, pp. 9-10; introduction, p. 11; text, 
pp. 12-56°(544-588 of the volume); bibliography, pp. 57-61, verso blank; index, pp. 
63-65; notice as to numbering and binding, outside of back cover. 8°. Plates 1-v. 

CONTENTS OF BULLETIN 52. 
Page. 

Introduction ......................................................... •••••••••••••••••••••••••••• 11 
Subaerial d.e-Oay of rocks ........... ~• ............................ ·-••• LO ...... • •• ··••··· •••• - • • • • • • 12 

Decay of the crystalline rocks of the Piedmont region . • • • • ••• •• .. •• . • •• . • • • • • • •• • •• • • • •• • •• 12 
Decay of the rocks of the New:3:rk syste~ ...... ··, ~·· , ····· ...... .••••••••••• •••••••••••••••• 15 
Decay of the rocki of the so~thern Appalachians •••••.•••.•••.•••.••••••••••••••••••••••••• 
,Pec~y. of the,:cocks of the gi;eat Appal~hi:µi valley .. , .......... ~--· ••••••••.•••• , ......... . 
Absence of decayed rocks in the arid region of th;e far West .................. ....... ..... . . 
S.ubaerial decay in o.ther countries .............................................................. . 
Conditions favoring the decay of rocks .•••••.•••••••.•••...•••.•••••.•••••.••••••..•••.••••.• 
Effects of geologically recent orographic movement on the distribution of residual deposits 

18 
20 
26 
28 
30 

in the Appalachian region ...... , ........................................................... 34, 

Tbe soluble port\ons, of rq,9k11 ............ . .. ., ...................................... ....... .... ·• 37 
Characteristics of residual clays ........•••••.•••••.• ; • • • . • • . .. • • • • . • • • • • • • • • • • . . • • • • . . . . • • • • 39 
Econoll}ic prod:ucts ~fresidual clays........ .. ......................................... ...... '3 

Origin of the red color of certain formations . . • • • • • .. • • •• . . . . • • . • • • . • • • • • .. • • . • . • • . . . • .. • • • • • • • • • « 
A. hypothesis proposed .... ,.................................................................. « 
Previous hypotheses . • • • • • . . • • . • • . . • • . . • • • • • •.• . • • • • • • • • • • • • • . • • . . • • • . • • • • • • • • • • • • • . • • • . • • • • • 4.7 

Exceptiqn_s ............... _ •.•.•••••. , .. '"·~···•···-··~·······--······················ ····· ······ 55 
Resume........ ............................................................... .. ................. 56 
Bibliography ... ....................... . .... ~ ••••••• _.:.: ••.••••• -~ ••.••.••. :.. .................... . 57 

3,000 copies published, the :n;1,1mber requrned, by th,e.l,aw rel~ting to these bulletins. 
Pr~ce, 10- cents •. 

BULLETIN 53. 

Cover title: Dep~rt~ent of the interior I .8ulletin I of the I United 
States I geological surveYi I no. 53 I The geology of Nantucket I 

W asbington I government :printing office Ii 18$9 
General title : Department of the interior I Bulletin I of the I United 

State_s I geolo_gi~a\ survey l :QQ. ~3 I [S_efll of the department of the 
interioF] I 

Washington I government printing office 11889 
Special title: United States geological survey I J'. W. Powell, di­

r~ctor I The 1 geology ~f N ant,u~k~t I by I :N" a.~haniel Southgate Shaler I 
[Surve.y design] I 

Washington I government printing office I 1889 
Paper. c0-ve.1: beai;ing. title as a.bov:e; sample library catalogu"6 slips, verso blank, 

1 1.; advertisement of the pubHcations of· the survey, pp. i-iv; general title as 
above, verso blank ; specia;l title as above; verso blank; contents, p. 5, verso blank; 
illustrations;p. 7, verso blank; letter of ~ransmitta~; p. 9,. verso blank; text, pp. 
11-54 (609-65~ o~ tµ_e volu~e); in,d~x, p. 55; n_otioe. as to numbering and binding, 
on.tsjde oi back cover. 8°. Plates.1-:x:; figs. 1-16. 



182 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL, 100, 

· CONTENTS OF :BULLETIN 53., 
Page. 

Prefatory note.................................................................................. . 11 
General form of Nantucket .....•••••...•••.......••••.•.....•........................ -. . . . . • . . . . 11 
General' geological structure ....••......••..••.•••••........•.......•................ - . . . . . . . . . . . 15 
Origin of the detrita} materials .....•...•.•..••..............•..•••.•................ -... .. ...... 26 
Fossiliferous deposits............................................................................ 28 

Fossiliferous deposits of Sankaty head . . . . . . . . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Succession of geological events . . . . . • . . . . . . . .. . . .. . . .. . . . . . . . . . . . . . . . . . • • . . . . . . . . .. . . . . . .. . . . . .. . 42 
Post-glacial changes of Nantucket................................................................ 47 
Recent changes on the coast of Nantucket . • . . . • • .. . . . . . . • •• . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . .. .. .. 49 
Vegetation of N &.ntucket . . . . . . . • • • . . . . . • . . . • . . .. • • • . . . . . . . . • . • . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . .. . 52 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 54. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 54 1 · On the thermo.electric measurement 
of high I temperatures I 

Washington I government printing ·office j 1889 
General title: Department of the interior I Bulletin I-of the I United 

States I geological survey .j no. 54 I [Seal of the department of the inte· 
rior] I 

Washington I government printing office I 1889 
Special title: United States geological survey I J. W. Powell, di­

rector I On the I thermo.electric ·measurement I of I high tempera­
tures I by I Carl Barus I [Survey design] I 

W ashin·gton I government printing office ·1 1889 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 1 

I., advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank; special title as above, verso blank; contents, pp. 5-8; illustrations, pp. 
9-10; list of tables, pp. 11-13, verso 1,lank; letter of transmittal, by F. W. Clarke, 
chief chemist, p. 15, verso blank; preface, pp. 17-22; introduction, pp. 23-55; text, 
pp. 56-306 (710-960 of the volume); index, pp. 307-313, verso blank; title for vol. 
vm, verso blank j contents for vol. v1rr, p. iii, ~erso blank; plustrations for vol. VIII, 
pp. v-vii; notice as to numbering and binding, outside of back cover. 8°. Figures 
1-55, 10a, lla, 14a, 35a, 36a, 47a, and a frontispiece unnumbered. 

CONTENTS OF BULLETIN 54. 
Page. 

Letter of transmittal . • • • • • • • • • • • . • • • . . . • . • . • . • . • • . . . • . • . . • • • • • • • • • • • • • • • • • • •• • • • • • • • . • • • . • • . .. . . 16 
Preface.......................................................................................... 17 
Introdnction . ............... .. . . . . . . . . .. . . . . . . . .•.•.•..• .• • •. • • . .. • • • • . .......... ......... ....... 23 

General account of methods of pyrometry. . . . . • • . • • • • • . . . . .. • • . • .. • . .. . . . . . . • • . . • . . . . . . .. . .. 23 
Earlier digests............. . ............................................................. 23 
Charaeter of the measurements.......................................................... Zi 
Classification of pyrometers................... . . . . . . • . . . . • . • • . • • • • • • • • . • . • • • • . . • . . • .. .. . 25 
Dilatation of solids . . . . . . . . . • . . . . . . . . . • • • . . . . . . . . . . . . • . . . . • . . • • . • • . • • . . . . . . . • . . . . . • • . . . .. 25 
Dila.tation of liquids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • . • . . . • • • • • . • • • . . . . . • • • • . . • • .. • . .. '1i 
Dilatation of gases (manometric methods) . . • • • • . . . . • • . • • • • • . . . . . • • • • . • • • • . • • • • ....... ... 'li 
DilataUon of gases (displacement methods).............................................. 36 
Vapor tension . . • . . . . . . . • . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . .. . . . . . . . . . . . • • . 38 
Dis ociation . . . . . . • . . . . . . . . • . . . . . . . . . . . . . . . .. . . . . . . • . . . • . . . . . . . • • . .. • . .. . . . . . . • • • • • .. . • .. 38 
Fusion................................................................................... 39 
Specific heat...... . . . • • • • • • • . • . • • • • • . . . . . . • . • . . . . . .. . . .. • • . . • • . . • • .• • . . • • • . • • • • • • . • • • • ... 40 
Ebulliti n '2 
Heat conduction .••...••. :::::::·.-.-· ................................................... .. 
Badiation .••••••••••••••••••••••••••••••••••••••.•••••••••••••••••••••••••• •••••••••••••• 



:bt1LLE'l'IN 54. 

Introdnction-oontinned. 
General account of methods of pyrometry-con tinned. 

Viscosity ............................................................................... . 
Page. 

46 

Aconstics ............................................................................... . 

Thermo-electrics ............................ • • •• • • · · · • · • · · · • • • · • • · •·• •·· · · · · · · · · .. · • .. · • • · 
Electrical conductivity ...................................... ••••·•·•· ... ,~-- ........ •••· 
Magnetism ............................................................................ .. 
Interpolation methods ................................................................. .. 

Advantages of thermo-electric pyrometry ............................ -..................... . 
Chapter I.-The degree of constant high temperature attained in metallic vapor baths of large 

dimensions; by C. Barus and W. Hallock ............................................ . 
Explanation .................................................. · · · · · · · · · · -- · ... · · -- · · · · · · .... · 
Apparatus .................................................................................. . 

Remarks ................................................................................ . 
Low boiling points ....•••....• ~ ......................................................... . 
Boiling points between 100° and 300° ................................................... . 
Apparatus for mercury ........................................................... - ... - --
Boiling point of zinc ................................................................... -· 

Experime11.tal results ....................................................................... . 
Methods of measurement .••..••..•.........•.• • ........................................ .. 

47 
48 
50 
52 
52 
52 

56 

56 
57 
57 
58 
59 
61 
62 
67 
67 

List of thermo-couples................................................................... 68 
Data for mercury vapor baths . . . . . .. . . . . . . • . . . • . . . . . . . . . . • . . . . . . . . • . . . . . .. . . . . . . • . . . • . . . 69 
Data for zinc vapor baths................................................................ 70 

Inferences relative to low percentage alloys................................................. 77 
Reduction of data........................................................................ 77 
Series of alloys . . . . . . • . . .. . . • • . . . • • . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79 

Chapter Il.-The calibration of electrical pyrometers by the aid of fixed thermal data.......... 84 
Explanation ................••......... ; . . . . . . . . . . . . • • . . • . . .. • . . . . . . . . . . . . . . . . . . . . . . . . . . • . • • • 84 
Apparatus for low boiling points (100° to 500°) • ••• • ••• •• • ••• . • • • • . • •• •• . . • . . • . . . . . . .•• . . . • • . 84 

Original forms of boiling tubes . . • • • • . • . • • • . . . . . . . . . . . • . . . • . . . .. • . . . . . . . . . . . . . . . . . . . . . . • . 84 
Perfected forms of boiling tubes......................................................... 86 
Boiling-point tubes for pressure work . . . . .• . . . . . . . •. . .. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • • . . 88 
Dr. Gibbs's ring burner.................................................................. 90 

Apparatus for high boiling points . . . . • • . . . . . . • . . . . • . • • • • • • . . . • . • . . . . . . . . . . . . . . . . . . . . • • • • . . . . 90 
Original forms of boiling-point crucible ...... .....• ...... ...••. .•••.•.... .. ...... •••.•.. 90 
Perfected forms of boiling-point crucible................................................ 91 

Insulators . . . . • • . . . . . . . • . • • .. .. • • • . • . • .. . . . . . . . . . . . . . • . . . . . • . • .. . . . . . . . . . . . .. . . . . . . . . • • . . . • . . 95 
Method of measurement . . • • • • .. . . . . . .. • . . . . . . . . .. . . . . . . . • • • . . • . . . . . . . . . .. • . • . . . . . . . . • . . . . .. . 97 

Thermo-element . . . . . .. .. • . . . . . • • . . • . . • . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97 
Standards of electromotive force......................................................... 99 

Method of computation . . . • • • ••••••. .•• • • . . • . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103 
Experimental results .....••..•••.••.••••.•.•.....................•••..•....... : . . . . . . . . . . . . . 104 

Exploration for constancy of temperature; water, aniline................................ 104 
Exploration for constancy of temperature, mercury . . . . . . . . . • . . . . . . . . . . . . . . . • . . . • . . . . • . . 105 
Exploration for constancy of temperature, sulphur...................................... 107 
Exploration for constancy of temperature, zinc .....•................... ·................. 108 

Practical calibration......................................................................... 110 
Investigation of data .. . .. .... .. • . .. .. .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Discussion of data....................................................................... 114 
Time-variation of thermo-electric data................................................ . .. 116 
Duration of continued ebullition, constant high temperature............................ 116 
Duration of continued ebullition, constant low temperature............................. 116 
Available substances for boiling points.................................................. 119 
Points of volatilization . . . . . . . .. • • • . . . . . . . . . . . . . . . • . . . • . . . . . . . . . • • . • . . . . . . . . . . . . • . . • . . • • . 121 
Subsidiary data: antimony; bismuth; cadmium........................................ 122 
Thermo-electric datum for the melting point of platinum . . . . . . . . • . . • • . . . . . . . . . . . • . . . • . . 124 

Chapter ID.-Certain pyro-electric properties of the alloys of platinum......................... 126 
Explanation . . . . • . . . .. • • . . • . • • • . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . • . . . . . .. . . • • . • • • • • • • 126 
Fusion and mechanical treatment of the alloys . . • . .. • . . . . • • • . . .. • . . . . . . . • . . .. • • . • • • . . . • .. • . • 128 

Fusion and rolling....................................................................... 128 
Preliminary data, density . . . . • • • .. • • . . . . . . . . . . . • . • . • . . . .. • • .. • • • .. • • . • • • . . • • • • .. • • . • • • • • 128 
Preliminary data, electrical resistance of rods........................................... 131 

:Experimental data.................. . . . . . . . . . . . . . . . . . . • • • . • • . • • • • • • • • .. • . • . • • • . • • • . • • .. • • .. • • 133 
Further mechanical treatment; resistance of wires...................................... 138 
Thermo-electrics of wires...................... . . .. .. . .. . . .. .. .. . ... . . .. .. . . .. . . . . . . .. . .. 135 
Temperatnre coefficient.. .. .. • • • • • • • . .. • • • • • .. • • • • • .. • • • .. • • • • • •• • • • • • • • • • • • • • • • • •••• ••• • 139 



184 PtJBtiCATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL, 100. 

Chapter III.-Certain pyro.electric properties of the alloys of platinum-continued. 
Experimental data-continued. 

General digest ......................................................................... .. 
Discussion and inferences .................................................................. · 

Earlier results. .......................................................................... · 
Resistance and density .............................................................. ·. · · 
Resist:J,nce and thermo·electrica ......................................................... . 
Electrical tests fo,r purity ........................................................... .. .. 
Electrical resistance and temperature coefficient ..•........•.......................... ... 
Other relevant results ................................................................ .. . 
General remarks ....................................................... : ........... . . ... . 

Chapter IV.-The calibration of electrical pyrometers by direct compa.rison with the air ther. 
mometer ............................................................................ .. . 

Displacement methods. of thermometry .................................................... .. 
Constant volume thermometers .......................................................... ... . 

Page. 
143 
I« 
144 
145 
146 
146 
149 
157 
161 

165 
165 
167 

Manometer . . . . . . . . . . . . . . . . . • . . . • • . • • • . . • .. .. . . . . . . . . . . . . . .. . . . . . . . . . . . . • . . . . . . . . .. . . . . . . 167 
Metallic capillary tubes . . . . . • . . . . . . .. • . . . . . . . . . . . . . .. . . • . . . . . . . • . • . . . . . . . . . . . . . . . . .. . .. . 169 
Porcelain air-thermometer. bulbs . . . . . . . . . . . . .. .. .. . .. . .. . .. . . . . . . . . . . .. . . .. .. . . .. . . . .. .. 171 
Machine for soldering porcelain......................................................... 175 
Revolving muffle ....................... : ................................................. 180 
Remarks regai:ding apparatus and manipulation . . . . .. . • • • . • • . • • .. . . . . . . . . . . . .. . . . . .. . .. 185 

Constant volume air thermometer-method of computation . . . . • • . • • • • . . • . . . . . . . . . . . . . . . . . . . 188 
The general equation........................................................ ... .. ..... . . 188 
The.equation simplified................................................................. 190 
Errors of the approximations.. . . • .. . . • .. . • .. . .. . .. .. • • . . . .. • • • • . . .. . . .. . .. . . .. . . . . . .. .. 190 
Compensator . . . . .. . . . . . .. . .. . . . . . • • • . . .. . .. • . . .. . . • .. • • • • • .. . . . . . • . .. . . .. . . . . . . . .. . . . . . • 192 
Errors of measurement-in general....................................................... 195 

Constant volume air thermometer-experimental results.................................... 198 
Earlier results..... . . .. .. . . . . . . .. • . . . . • . . . . . .. . • . . . .. .. • .. . . .. . . . . . .. . . .. . . .. . .. . . . . . . .. . 198 
Later results . .. • . .. .. . • • • • • • . • . . . • • • .. • • • .. . .. . .. . .. . .. .. . . . • • . .. .. . .. .. . . . . . . . . . . . . . . . . 204 

. Digression. .. . . . . . . . . . . . .. • • • • • . • . . . . . . . . . . . . . . .... .. . . • . . . . .. . .. . . . .. .. . . •• .. . . . .. . . . . . . 206 
Constant pressure air thermometry-apparatus ........... ·.......•.......•........ ..... .... . 208 
Constant pressure air thermometry-method of: computation............................... . 210 

The general equation.................................................................... 210 
The equation simplified................................................................. 211 

. Volumetry of bulbs . . . .. . . . • • • . • • • .. • • . . .. . . . .. . . .. • . • . .. • . • • • . . . . . . . . .. . . . . . . . . . . . . . . . . 213 
Errors of the approximations • .. .. .. .. . • • .. . . . . . . . . . . . .. .. . . • . . .. . • . . . . . . . . . . . . . . . . . . . . . 214 
Compensator . . . . . . . . .. . . . . . .. • • . .. . • .. . . . . . . . . . .. . . . . . . .. . . • • • . . . .. . . . . . . . . . . . . .. . . . . . . . 215 

Constant pressure air thermometer-experimental results . . . . . . • • • • • . . . . . . . . . . . . . . . . . . . . . . . 216 
Manipulation .. .. .. .. . .. .. .. .. • .. . • • . . • . . . .. . . . . . . . . .. . . .. . . . . . . • . . . . . .. . . . . . . . . . . . . . . . . . 216 
Experimental data ................... .......................... ................... ...... 217 
Graphic digests . • .. • . . • • • • • • • • • • . .. . . . . .. . .. .. .. .. . .. . . . . .. • . .. .. . . .. . . .. . .. .. . .. . . . .. . 227 

Constant pressure air thermometer-discussion . . . . .. . . .. . .. • .. . . . . . . . .. . . . . . . . . . . . . . . .... . 227 
Errors of measurement, in general...................................................... 2'1fl 

Accuracy of the measurments made, group 1 • • . • .. • • . . .. • • • • • • .. .. • • • • • . • • .. • • • .. .. • .. • 231 
Accuracy of the measurements made, group n . .. . . . . . .. • .. • • . . .. . . . . . . . . . . .. . . .. . . . . . . 232 
Boiling point of zinc........................................................ .. . . . . .... .. 233 
Coefficient of heat expansion of porcelain .. ·...................................... ....... 236 
Remarks................................................................................ 237 

Chapter V.-Tbe pyrometric use of the principle of viscosity . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . 239 
Introduction................................................................................. 239 

Remarks................................................................................ 239 
Literature............ . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. .. . . .. . . . • . • . . . . . . . . . . . . . .. .. . • . . • . 240 

Tran piration subject to the Poiseuille.Meyer law.................................. ........ 242 
Apparatus ...................................... -...................................... ..... 242 

General dispositlon of parts...... . . • • • . . .. • • . .. • . . . . . . . . . • . . .. . . • . .. . . . .. .. . . .. . . . .. .. . . 242 
Apparatus for constant pressure........................................................ 244 
The capillary apparatus............................................................ . .... 245 
Differential apparatus................................................................... U9 
Method of beating..................................................................... . 249 

M:ethode of computation ................. _.............. ... . . . . .. . . . . . • . . . . . . . . . . . . . . . . .. . . . 2.51 
The general eqUAtion..... ...... .•. ..•..• ............ ............. ....................... 2.51 
Case of two cold end , absolute apparatus ......................................... .... · 2.5:? 
Cue of two cold ends, differential app~atua ........................................... . 

.Experimental resulta ...................... -................................................. 255 
KauipulaiiOD .......................... - .... • ...... • • • •. •• ........ ., • • ....... , ••• •• ., • • • 



WillWf,] BULLE TIN 54. 

Chapter V.-The pyrometrto use of the principle of viscosity-continued. 
Experimental results.-continued. 

N OII\enclature .•••••••••••••••••••••••••••• • • • • • •. • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • · • • • 
Data ................................................................ , .................... . 

Discussion .•••.•••••••••••..••••••••••••••••. · • • • • ~ • · • • · • • • • · • • · · • • • • · · · · · · • · · · • • · · · • · • · • · • • • 
Viscosity at zero .....••..•••.•.•••.•....•.•.. ·. · · · · · · • · · · · · · · • · · · · · · · · · · · • · · · · · · · · · · · · • • 
Viscosity at high temperat~res, kinetic inferences ..•......••...•... ···················! 

Sources of error ..••.•.••.••••••.•....•.........•...........•••.••................••. 
Diffusion .......•.•.•••••••••••••.••......•.....................•..................•. 
Sliding coefficient .........•..•...•...••••...•.•...............•................ • • · · · · · • 
Advantages of an exponential law .....••........................................... 
Effect of imperfect gaseity .........•.......................•...................•.••. 

The new method of pyrom!)try .•.•.••........•.•••••.•.....••........................• -.... • 
M~thod~ of computation ..••••.•••.••.............••.•....•.........................•••• 
Results ...•••...•...••..•.•.•..••.... .' ..........•...•...................................• 

Transpi~ation not subject to th!' foisenille·Meyer law ..••..••.•........•..........•.....••• 
Objects of the investigation ...•.•••....•....•...•.•••.......•.•............••.......•••. 
Hoffman's researches ....••••.•••.•••.•.•.......•...•...•••...•........••....••...•...••• 

Experimental results .....•......• , ••••••••....••.••......•.....••......... , •.......•........ 
Transpiration under variable pres~ure ..••.. ~ •.•••....••.•••••...•..... ~ .......•..•...•. 
Transpiration under constant pressure .••..••....•.•...•.............•...•.......•.....• 
Tr~l}~irations compared diffe.re~ti,ally ....••..••••..•••.......•......••...........•.••• 

Discussion ..••.• ····:·· .......••...•..•.•• '. .. , ...•....•......•.........................••..••. 
~pparent viscosi~y and pressure .............•.• , ..................... : .........•..•.••• 
.Apparent viscosity and temperature ...•••..•.......•..••..•..................•...•....• 
Obliquity of the linear loci. .••••..•..•.•....••....••...•.•........................•..•.• 
Supplementa;ry res_ults .....•••.•••..••.•...............•.•...•................ • ...••..••• 
General rem,arks .........•.••••••..••.... ; .•....•... ;~ .•......•.•.................••..••• 

The new method of pyrometry .••..•.•....•........•.•....•......•. '. ..... ; .......•.......••. 
Pra,Qti9al re~ar ks ..••••••••••••• ~ ....................... '. ................................ . 
Appur:enances ...•••.•••••.••.••••••.••........••••...•.•.........•...................... 
The transpiration pyrometer .•...•••.••......... · .•.•..••.••..•••.....•.............••••• 

185 

Page. 
256 
258 
271 
271 
273 
274 
275 
276 
277 
279 
281 
281 
282 
284 
284 
285 
287 
287 
288 
293 
295 
295 
297 
297 
298 
300 
302 
302 

30~ 
302 

8,000 copies published; the n-u.m bei: req~ired by th~ law, relating to these bulletins. 
Price, 25 cents. 

Bulletins 47-54 form vol. v111, as follows: 

Department of the interior I ~ulletj~s l of tlie I U nite.d States I geo­
logical survey I Vol. VIII I [Seal of the department of the i~terior] f 

Washington I government pri~ting office j 1889 

Title as above, verso blank; content~ of the volu~e, p. iii, verso blank; list of 
illustrations in the v,:olume, p~. v-vii, verso 1,>laI;lki the eight bulletins, pp. 1-960 
(and 961-967, being the index to bulletin 54). 8°. 29 plates and 80 figures. 

Documentary edition of vol. v;u1 as fo~lows: · 

50th congress, I 2d session. I House of representativ-es. I Mis. doc. I 
no. 138. I Department of the interior I Bulletins I. of the. I United 
States I geological surv.ey I Vol. VJU I, ~Se.al of the department of the 
interior] I 

W ~~hin,gt<>n I gq':er:µ~e~t p~'int~l)-g. q:ffi:ce I 1889 

Paper cover bearing title as above; inner title same, verso blank; then follow 
contents, list of illus~r~tionsJ ~1:1-~ the e~g~t l?~~lE?tinsJ_ as t:i;i the other edition. 

1,734 CQplee, tl,w "wnial 1;>.1.nr;i.b_er" editio;Q., a,bou..t .600.ofwhich w.ere issued in paper 
covers, as just des.cribed; . the remainder were printed later and bound in sheep as a 
part of vol. 11 of the "Miscellaneous documents ·of the house of representatives for 
tbe second session of the fiftieth con~reu," · ' 



186 PUBLICATIONS OF THE U, S. GEOLOGICAL SURVEY. [BULL. 1-00. 

BULLETIN 55. 

Oo1Jer title: Department of the interior I Bulletin I of the I United 
States I geological survey I no.55 I Report of work .done in the division 
of chemistry and I physics, mainly during the fiscal year 1886-'87 I 

Washington I government printing office { 1889 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 55 I [Seal of the department of the in­
terior] I 

Washington I government printing office I 1889 
Special itle: United States geological. survey I J. W. Powell, 

director I Report of work done I in the I division of chemistry and 
physics I mainly during the I fiscal year 1886-'87 I Frank Wiggles· 
worth Clarke, chief chemist I [Survey design] I 

Washington I government printing office j 1889 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

1 1.; advertisement of the publications of the survey, pp. i-iv; general title as 
above, verso blank; special title as above, verso blank; contents, p. 5, verso blank; 
illustrations, p. 7, verso blank; letter of transmittal, p. 9, verso blank; half-title 
"Scientific papers," p. 11, verso blank; text, pp. 13-75, verso blank; half-title "Mis­
cellaneous analyses," p. 77, verso blank; the analyses, pp. 79-93, verso blank; index, 
pp. 95-96. 8°. Plate 1; figs. 1-16. 

This bulletin and subsequent ones have no volume pagination, the combining of 
them into volumes having been discontinued. 

CONTENTS OF BULLETIN 55. 

SCIENTIFIC PAPERS. 
Page. 

Studies in the mica groups. F. W. Clarke. (See bulletin 64). •••••••••••••••••••••••••••.••••• 12 
The analysis and composition of tourmaline. By R. B. Riggs ..••......•..••. __ .. _.............. 19 
Notes on certain rare copper minerals from Utah. By W. F. Hillebrand and H. S. Washington. 88 
Mineralogical notes. By W. F. Hillebrand.................................. .. .................. 48 
.Analyses of some natural borates and borosilicates. By J". Edward Whitfield.................. 56 
On the Johnson county, Ark., and .Allen county, Ky., meteorites. By J". Edward Whitfield.... 63 
Scorodite from the Yellowstone park. By J". Edward Whitfield................................ 65 
Flow of solids, or behavior of solids under high pressure. By William Hallock................ 67 

KIBCELLA.NEOUB ANALYSES. 

Feldspar from the Hoosao tunnel .............................................................. . 
Two feldspars from Grey lock mountain, Massachusetts ........................................ . 
Three feldspars from Delaware ................................................................ .. 
Tria.esic sandstone from Maryland ......................... _ .................................... . 
Limestone from the .Auglaize river, Ohio ...................................................... .. 
Twelve rocks from the Menomonee river ...................................................... . 
Rocks from Pigeon point, Minnesota ... ............. .............. ........... .................. . 
Two rocks from Montana ............. _ .......................... _ ............................. .. 
Fifteen rocks from California .... ....... ....................................................... .. 
Ores of iron and manganese ............................................. _ ...................... .. 
Coals ........................................................................................... . 
Iron and steel ........................... _ ............................. _ ....................... . 
Nitre from Utah ......................................................... _ ...................... . 
Salt from Warsaw, N. Y ........................................................................ . 
Two clays from Owen's lake, California. .......................... _ .............................. . 
Cla.y, sand, etc., from Martha's vineyard ...................................................... .. 

~ ;::~.;:s: ==:::::::::::::::::::::::::::::::::::::: ::::::::::::::::::: 

7D 
79 
711 
80 
80 
81 
81 
83 
8' 
85 
ff1 

87 
88 
gg 

89 
8SI 
91 
91 
11 



WARMAN.) BULLETINS 55, 56, AND 57. 187 
Page. 

Wa.ter from Arkansas ...................................... ·················.................... 92 
Water from a spring near fort Wingate, N. ;Mex................................................ 92 
Water from Owen's lake, California ....•.•...•••...•.......•.. ·.•···· - - - •.•.••..... · --·. •· •··••• 93 

3,000 copies published, the number. r_equir~d by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 56. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 56 I Fossil wood and lignite of the 
Potomac I formation I 

Washington I government printing office j 1889 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 56 I [Seal of the department of the in­
terior] I 

Washington I government printing office j 1889 
Special title: United States geological survey I J. W. Powell, direc­

tor I Fossil wood and lignite I of the I Potomac formation I by I Frank 
Hall Knowlton I [Survey design] I 

Washington I government printing office I 1889 

Paper cover bearing title as above; sample library catalogue slips, verso blank, 
11.; advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank; special title as above, verso blank; contents, p. 5, verso blank; illus­
trations, p. 7, verso blank; letter of transmittal, by Lester F. Ward, geologist in 
charge, p. 9, verso blank; text, pp. 11-52; h/l,lf-title "Plates," p. 53, verso blank; 
half-titles of individual plates (on rectos) and explanations of the same (on versos), 
seven leaves paged 55-68, each plate facing its explanation; index, pp. 69-72. 
8°. Plates 1-vn. 

CONTENTS OF BULLETIN .66. 
Page. 

Introduction . . • • • • . • • • • • • • • • • • • • . • . . . • . . • • • • • • . . • • . . • • • • • • • • • • . • • • . • • . • • • • • • • • . • • • • • • • • • • • • . • • •• 11 
Value of the study of internal structure, with brief review of its progress. ~................ 11 

Geologic and geographic distribution of the Potomac formation................................. 38 
The organic remains and their mode of occurrence.......... . • • . . • . • • . • • • . . . . . . . • • • . . • • . • • • • . • • . 39 
Systematic description of lignite...... . • . • • • . • • • . • • • • • • • . • • . • • • . . • • • • • . . • . . • • . • • • . . . • . . • • . • • • • • • 41 
Systematic description of silicifled species . ..................................................... 43 

Cupressinoxylon Goppert...................... .. • • . . . • . • . • . . • • •• • • • • •• • • • . • • • • • • • • • • . • ••••• 43 
Cupressinoxylon pulchellum, n. sp. .••••• .•••••••••.••••••.. •..•••••• •••••••••••••••••••••••• 45 
Cupressinoxylon McGeei., n. sp .......... ,..... .. . . . . . . . . . . . . . . . . . . .. .. . .. . .. .. . . . . . .. . . . . . . . 48 
Cupressinoxylon Wa.rdi, n. sp..... .. •. •••••••• •. . • •. ....••.• ••• •• .• ... • • ••• ... . •• .•••. •••••• 48 
Cupressinoxylon Columbianum, n. sp. ••• • • • . • • . . • • . . • • • • •. • • • . • • . . ... • . • .. . • • • .. • • .. • • .• • .. 49 
Araucariox:ylon Kraus...................................................................... 50 
Araucarioxylon Virginianum, n. sp...... . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . .. . 50 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 57. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 57 I A geological reconnaissance in 
sou th western I Kansas I 

Washington I government printing office 11890 
General title: Department of the interior I Bulletin I of the J United 

States I geological survey I no. 57 I [Seal of the department of the 
interiorl I · 

Washington I government printing office 11890 



188 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Special title: United States geological survey I J. W. Powe11, direc­
tor I A geolQgical repo.r;inaissance I in I southwestern Kansas I by I 
Robert Hay I [Survey design) ~ 

Washington I government printing office 11890 
Paper cover bearing title as above; saµiple library catalogue slips, verso blank, 

1 1.; advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank; special title as above, verso blank; contents, p. 5, verso blank; illustra­
tions, p. 7~ verso blank; letter of ~ransmittal, p. 9, verso blank; introduction, by W 
J McGee, pp. 11-14; text, pp. 15-48; index, p. 49. 8°. Plates I and n; figs. 1-21. 

CONlrENTS OF BULLETIN 57. 

Introduction by W J McGee ................................................................... .. 
General statement ................................ , • ~ ............... , ........................... . 
The geologic formations ....................................................................... .. 

Carboniferous ................. ~ ........ , ................................................... . 
J ura·Trias .................................................................................. . 
Cretaceous ................................ " .................................. , · · · · ...... • ~ .. 

The Dakota ........................................................................... .. 
The fort Benton ......................... , ............................................... . 
The Niobrara ................................................. , ........................... . 
The post.Cretaceous erosio:p. ........................................................... .. 

Tertiary .................................................................................... . 

i!: ;:::!:; !!!i::::::::::::::::~ ::: ::: :::: :::::::::::::: :::: :: :: : : : : :: : ~: :::: :::::: ::: 
The Tertiary erosiQn ........................ : ................................. ........ .. 

Quate.rnaly ............................ , ............ • .... · .... • • • · .. • .. · ........ • .. · · .... · · · • 
The gumbo ............... ~~ · · -t ........................... , .............................. . 

The ear],ier gravel .......................................... .................... , ....... .. 
The loess ....................................... , ............................ ,.,"' ......... . 
The later gravel ................................................. . ............ . ........ .. 
Th~ alluvium .................................................. ,. ...................... .. 

Conclusion ............................. · ....................................................... .. 
The general results ............................. , .................... . ...... .. ............... . 

The source of the Tertiary conglomerates ........... . .... ~--" ··--· .. .... .............. . . 
The question of 'l'ertiary shores ....................................................... .. 
The tripartite erosion ............ ~ ........ , ...... ..................... . ................. . · 

Economic geology ........................................................................... . 

Page. 
11 
15 
18 
19 
20 
27 
27 
27 
30 
31 
31 
32 
35 
36 
38 
39 
41 
41 
42 
43 
45. 
45 
45 
46 
47 
48 

3,000 copies published, t4e number requii;-~d by the law relating to these bulletins. 
Price, 5 cents. 

BULL~TIN ~i 

Oover tit~e: Department of the in,tedQr I Bulletin I pf the I Unified 
States I geological survey- ~ no. 58 I The glacial boundary in western 
Pennsylvania, I Ohio, Kentucky, Indianai and Illinois I 

Washington I gov:ernment printing office J 1890 
General title: Department of the interior I Bulletin I of the I 

United States I geological survey I no. 58 I [Seal of the department of 
the interior 11 

Washington I government printing office I 1890 
Special title: United State geological survey I J. W. Powell, di· 

rector I The I glacial boundary I in I western Pennsylvania, Ohio, Ken­
tucky, I Indiana, and Illinois I by I George Frederick Wright I with 
an introduction by Thomas Chrowder Chamberlin j [Survey design] I 

Washington I government printing office I 1890 



WARMAN,) BULLETIN 58. · 189 

Paper cover bearing title as above; sample library catalogue slips, verso blank, 
11.; advertisement of the publications of the survey, pp. i-v; general title as 
above, verso blank; special title as above, verso blank; contents, 'pp. 5-7, verso 
blank; illustrations, p. 9, verso blank; letter of transmittal by T. C. Chamberlin, 
geologist in charge, p. 11, verso blank; introduction by T. C. Chamberlin, pp. 13-38; 
text, pp. 39-110; index, pp. 111-112. 8°. Plates r-vm; figs. 1-10. 

CONTENTS OF BULLETIN 58. 
:Page. 

INTRODUCTION BY T. C. CHAMB~RLIN .•• · •••••• ~ • • ••• • • • • • • • .. • •• • • • .. • • • • • •• • • • ·.................. 13 
Terraces of the upper Ohio river district . • . • .. . . . . . . . .. • . • . • • • . . • • • • . • . • . . • • .. . . . • • • . • • • . • . . . . • . 22 

The high horizontal terraces . . . . . . .. • • . . . • • • . . . . • • . . . • .. . • . • • • . • . • .. . . .. .. . . • • .. . .. . . • • . . • . • 22 
The higher river terraces.................................................................... 24 
The lower river or morain-headed terraces ......................... , . . • • . . . . . . . . . • .. . . . . . .. • 32 

General remarks on the two systems . . ... • • •. • • •. . . . . . . . . . . . .• . . . . . • . . . . . . . . . • . . . . . . . . • • 33 
The slender horizontal terraces ....................................................... ~.... . . 37 
The structural terraces...................................................................... 38 

Summation . . . . . . . . • • . . . . . . . . . . .. • • . . . . • • . . . . . . . . • • . . . • . • . . . . . . . . . . . . . . • . . . • . . . . • . . . . .. . . . . . . . • . • 38 
THE GLACIAL BOUNDARY IN WESTERN PENNSYLVANIA, Omo, KENTUCKY, INDIANA, AND ILLINOIS, 

BY G. F. WRIGHT . • • .. • • • • • • .. • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • . • • • . . . • • • • • . • • • 39 
Introduction .................. ................................... .................... ~ ........ .. 
Striated surfaces of rocks in place ..................................................... . ........ . 
Summary of facts concerning the unstratified deposit called "till" ..••..••••..••..••.•••.....•.. 

Preliminary remarks .................... .... .......................................... ..... . 
General distribution of till and its relations to buried channels .........•••.....•..........• 
Character of the material composing the till ..................................... .......... .. 
Source of bowlders in the till ................. ....................... ................ . ...... . 

Regularity of distribution of till near the margin ................................ .............. .. 
Distribution of the till east of the Alleghanies ............................................. . 

New Engiand ........................................................................... . 
NewJersey ............................................................................. . 
Pennsylvania .............................. · ............................................. . 
NewYork ............................................................................. .. 

Distribution of the till west of the A.lleghanies ............................................ .. 
General remarks .............. ·.................... • .................................... . 
Pennsylvania ........................................................................... . 
Ohio ................................. _ ................................................. .. 
Kentucky .......................................................... ................... .. 
Indiana ..................................................... uu,. • ' ................. .. 

Illinois ............................................................................... .. 
Missouri. ............................................................................... . 

General remarks ........................................................................... .. 
Hypothesis of a glacial dam at Cincinnati ...................................................... . 

Introduction ................................................................................ . 
The lower terraces of the Ohio and its tributaries .......................................... . 
The upper terraces of the Ohio and its tributaries ......................................... .. 
Theoretical explanations ..... , ................ ~ ............................................. . 

The upper terraces the remnants of a distinct glacial epoch earlier than that producing 
the lower ............................................................................ . 

Facts adverse to this theory ........................................................... .. 
Terraces on the Monongahela ....................................................... . 
River deposits in Teazos valley, W. Va ............................................. . 
Terraces on the Big Sandy .......................................................... . 
Terraces on the Elk river 
Terraces in Bath cauntv, i;::::: ............................................... ::~. 
Beach flats, Pike county, Ohio ...................................................... . 
Freshness of the vegetable remains near the glacial margin .•••••••••••••••••••..••• 

Summary ................................................................. · .................. . 
The loess and its relation to the glacial drift .................................................. .. 
Gold near the glacial margin ................................................................... . 

:~::~~~:ui:::S~~::::::::::::::::::::::::::··••••••••• .. ••••••· .. •·•~··••·•••••••• .. ••••••• 

39 
39 
42 
42 
43 
45 
50 
52 
52 
52 
55 

55 
56 

57 
57 
58 
51} 

63 

65 
70 
72 
73 
76 
76 
76 
80 

82 

82 
83 
8a 
86 
88 
88 
90 

92 
96 

100 
101 

104 
105 

108 

3,000 copies published, the number required by the law relating to these bulletinB 
Price, 15 centa, ' 



190 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BUU...100. 

BULLETIN 59. 

Oover title: Department of the interior I Bulletin I of tbe I United 
States I geological survey I no. 59 I The gabbros and associated rocks 
in Dela ware I , 

Washington I government printing office I 1890 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 59 I [Seal of the department of the 
interior] I 

Washington I government printing office 11890 

Special title: United States geological survey I J. W. Powell, di­
rector I The gabbros I and I associated rocks in Delaware I by l Fred­
erick D. Chester I [Survey design] I 

Washington I government printingoffice I 1890 

Paper cover bearing title as above; sample library catalogue slips, verso blank, 
11.; advertisement of the publications of the survey, pp. i-iv; general title as 
above, verso blank; special title as above, verso blank; contents and illustrations, 
p. 5, verso blank; text, pp. 7-43, verso blank; index, p. 45. 8°. Plate 1; figs. 1-5. 

CONTENTS OF :BULLETIN 59. 
Page. 

Introduction..................................................................................... 7 
General petrographical considerations ....••.....•.....•..........••••. _.... . . . . . • . . . . . . . . . . • . . . . 8 
Hypersthene.gabbro .....•...•.••.......••. ·-···· .. ····-··· •....••....... ·-·.,. .. . . . . . .... ..... .. 10 
Gabbro-diorite ............................................ -·· .. _........ • . . . . . . . . . . . • . . . . . . •. . . . •. 15 

Series illustrat,ing transformations ....•..•••••..••.•....••...............••.. _........ . . . . . . 18 
Gab bro-granite ...........................•••..••••.....•. ··- .•......... __ .................. . .... 19 

Series illustrating transformations . . . • . • . . . . . . . . . • . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 
Norite.............................................................. . ............ ................ 21 
The iron hill gabbros and gabbro·diorites. .• .. • ........•... .• . ........ .. . ... . . . . . ... . . .. ... ...... 22 
Diorite ...... . .............. .... .. ....••. ........•...••..... ...... .•.. ....... .. . . ... . .........•.. 29 

Series illustrating transformations ...•••.. _ ................•.. _.. . . . . . . . . . . . . . . . . . . . . . . . . . . • 30 
Gabbro.diorite and hornblende-gneiss._ ...•..•• ·-···· ...•............... . ............ ·-··....... 31 
Structural relations ...............•.....•... _ ....•....•...... ,.... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 

The gab bro belt . . . . . . . . . . . . . . . . . . . • . . . . . . . • • • . . . . . . . • . . . • . . . . . . . . .. . . . . . • . . . . . . • . . . . . . . . . . . . . 36 
Stratigraphy . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38 

The origin and genetic relationship of the gabbros and their associated hornblende rocks....... 40 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 60. 

Oover title: Bulletin I of the I United States I geological survey I 
no. 60 I Report of work done in the division of chemistry and l physics, 
mainly during the :fiscal year 1887-'88 I 

W a hington I government printing office j 1890 

General title: Department of the interior I Bulletin I of the I United 
tate I geological urvey I no. 60 I [Seal of the department of the 

interior] I 
Wa bington I government printing office I 1890 

peoial title: United State geological urvey I J.W. Powell dire tor 
eport of work done I in the I di vision of chemistry and phy ics l 



WARMAN.] BULLETINS 59 AND 60. 191 

mainly during the I fiscal year 1887-'88 IF. W. Clarke, chief chemist I 
[Survey design] I 

Washington I government printing office I 1890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11. ; advertisement of the publications of the survey, · pp. i-iv; general title as 
above, ,erso blank; special title as above, verso blank; contents, pp. 5-7, verso 
blank; illustrations, p. 9, verso blank; preface, p.11, verso blank; text, pp. 13-174. 
8°. Figures 1-9, 

CONTENTS OF BULLETIN 00. 
Page. 

Preface.......................................................................................... 11 
The chemical structure oftbe natural silicates. By F. W. Clarke.............................. 18 
Some nickel ores from Oregon. By F. W. ciarke............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21 
Natural soda: Its occurrence and utilization. By Thomas Marean Chatard.. .. ....... ....... .• . 27 

Composition...... . . . . . . . . . . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ... • . . . . 28 
Sodium sulphate......................................................................... 29 
Sodium chloride....................................................... .. ................ 30 
Sodium carbonate . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . • .. . . . . . . . . . . . . . . . . . . . . . .. . .• . . . .. . . . . 31 
Sodium bicarbonate...................................................................... 34 
Sodium sesq uicarbonate . . . . . . . . . . . . . . . . . . . . . . .. • . . . . . . . • .. . . . .. . . . . . . . . . .. .. . . . . . . . • . . . . 35 

Localities andmodeofoccurrence........ ............................................ . ....... 36 
Hungary................................................................................ 36 
Egypt............................................................................... . ... 38 
Armenia.................................... . ............................ . ............... 39 
Venezuela . . . . . .. . .. • • . . .. . . . . .• . . . . . . . . . . .. .. .. • .... . .. . . . . ..... • • . .... . . . • .• .•. • . . . . . .• 40 
North .America........................................................................... 41 

Wyoming............................................................................ 42 
Ragtown lakes, Nevada.............................................................. 46 
Ragtown soda works................................................................. 49 
Mono lake, California................................................................ 53 
Abert lake, Oregon .......................................................... .,...... 58 
Dry deposits ................................................. ·........................ 55 
Owen's lake, California ............................................. o... ... . .. ... .. . 57 
Owen's lake soda works............................................................. 58 

Experiments on the evaporation and fractional crystallization of the water of Owen's lake. 59 
Evaporation . . . . . . . . . . . . . • . . .. .. .. . . . • . . • . .. • . . .. .. .. . . • . . • . . . • . .. .. .. . . . .. . . . . . . . . . . 59 
Fractional crystallization ............................ , ............................... 61 
Discussion of results ......... , • • • . . . . . . • • . . . . . . . . • • . . • . . .. . . . . .. .. • . • . .. . . . . . . . . .. . . 65 
J!'ractional crystallization of water of Mono lake.................................... 65 

Urao .................................................................... . ................... 67 
Native urao from Venezuela......................................................... 67 
Native urao from Egypt . . . • .. • . . . . . • • . . . . •• . . .. . .. • . . • . . • . • • • .. . • . . .. • . • • . . . . . . • . • • . 68 
True character of Trona, or the native sesquicarbonate ... .......................... 69 
Artificial production of sesquicarbonate................. ...... ........ ...... .•.•.. .. 72 
Urao from Owen's lake................................. . ............................ 75 
Artificial productionofurao; experiments and discussion of results . ............... 78 

Analytical methods................................................. . ........................ 85 
Origin of natural soda . . . . . . . . . . • . . . . . . . • . . • .. . . •• . • . .. .. .. .. . • . . • . . . . . . . . . . . . .. . . . . . . . .. • . . . 89 
Cause of the red color of alkalule brinelj . . . • . . • . . .. • • .. . .. . • .. • . . .. • . . .. . .. . . . . . . . . . . . . . . • .. . 95 
Leaching of alkaline soils and clays . . . . . . . . . . . . . . . • . . . • . . • . . • • • . • . . . . . . . . • . . . • . . . . . . . . . . . . • • 96 
Conclusions . . . . . . . . • . • . . . . . . . . . . . . . . . . • . . • • . • . . . . . . .. • • • ... • • • • . • . . • • . . . . . . . . .. . . . . . . . . . . . . • 99 

.Analyses of six new meteorites. By ,J.E. Whitfield ........•......•..... -....................... 103 
The Rockwood meteorite . . . . . . . . . . . . . • • . . . . . . . . . . • . . . . . . . . • . . . . . • .. • . . . . . . . • . . . . . . . . 103 
Chattooga county meteorite......................................................... 106 
Taney county meteorite........................... ................ . .................. 106 
Linn ville mountain meteorite . . . . . .. . . . . . . . . . .. .. .. •• • .. . .. . . . . . . • • . . . . . . . . . . . . . . • . • 107 
F ayette county meteorite . . . . . . . . . . . • • . . • .. .. . . • .. .. . . . . . • • . . . . . . . . . . . . . • • . . . . . . • . . . 107 
San Bernardino count~ meteorite . . ..... . ........ ~.................................. 114 

Two sulphantimonites from Colorado. By L. G. Eakins . . . . . . . ... . . . • . . . . . . . . . . . . . . . . . . . . . . . . .. 115 
Coefficients of volatility for aqueous chlorhydric acid. By Robert B. Warder.................. 119 

Experimental method . . . . . . . . . . . .. . . • . . . • • .. . . . . . . .. . . . . . . • . . . . • . . . . . . . . . . . . . . . . . .. . . . . . • • .. 120 
Calculation ofresults........................ .................. . ......... . .................... 121 
Discussion of reaults ...................................................................... ,.. 122 



192 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL, 100. 

Page . 
.A.naiyses of jade. By F. W. Clarke............................................................. 12J 
.Mineralogical notes: 

1. Petalite from Peru, .Me. By F. W. Clarke ..................................... ;··...... 12t 
2. Spessartite from Amelia county, Va. By F. W. Clarke................................. 129 
3. Oligoclase from Bakersville, N, C. By F. W. Clarke.................................... 129 
4. WillemitefromFranklin,N.J. ByF. W. Clarke .............................. . ......... 130 
5. Descloizite from Beaverhead county, Mont. By W. F. Hillebrand...................... 130 
6. Preliminary remarks on North American uraninites. By W. F. Hillebrand............ 131 
7. Dumortierite from New York and Arizona. By J.E. Whitfield......................... 133 
8. Xanthitane from North Carolina. By L. G. Eakins................................... .. 135 
9. Triplite from the Black hills. By L. G. Eakins......................................... 135 

10. Kaolin from Gunnison county, Colo. By 1',. G. Eakin'S. .. . • • . .. . • . . .. . . . . .. . . . . ... . .. . . . 136 
11. Native gold from Persia. By C. Catlett................................................. 137 
12. Pyroxene and serpentine from Montville, N. J. By C. Catlett...................... .... 137 

The subsidence of fine solid particles in liquids. Second paper (see bulletin 36). By Carl Barus 139 
.A.new method of making alloys. By William Haliock.......................................... 147 
Miscellaneous analyses : 

Rocks collected by R. D. Irving............................... . • • . • • • • . . • • • . . • • • . • . . . • • • • • • • 141 
Novaculite from Marquette, Mich........................................................... 159 
Brick clay from New Ulm, Minn............................................................ 151 
Rocks from Montana. . . . . . . • . • . • • .. . • . . .. .. • . . . . .. . . • . . . . . . . • • . . . . .. • • • • . . . . . • • • . .. . • . • • • • • • 152 
Eruptive rock from the Henry mountains, Utah .. . . . . .. .. . • . . • • .. . . . . • . • • • • . . • . • • .... • • • • • • 154. 
Rocks from New Mexico..................................................................... 155 
Lavas from near Lassen peak, California.................................................... 155 
Basalt from Mytilene........................................................................ 158 
Inclusion in diorite from Cruger's statfon, N. Y ......... ,. ..•..... .. ...... ...... .••••••...•. 158 
White earth from Talladega, .A.la............................................................. 158 
Sandstone from Berea, Ohio.................................................................. 158 
Knox dolomite and residual clay, from Alabama .. . .. . • • . . . . • • • • • • • . .. • • • . •• .. .. . . .. . . . . . . • . 159 
Dolomitefrom Tuckahoe, N. Y.. .....•••...••..•.....•••.••••.....••••••••••.... ............ 159 
Dolomite marble from Cockeysville, Md................................................... .. 159 
Marble from Louisiana . .. . . . . . . . .. . • • • . . • • . • .. • • • • • • • • • • . . . • • . • • • • . • • • • • • . . .. . . . • . • . .. . • • • .. 160 
Limestones from Ohio a,nd Indiana . .. . . • . • • • • • . •• • •• . • • • . . • • • • . . • ..... •• ••• • • • •• • • . .. •• • • • .. 160 
Coquina, ooral, coral rocks, eto . . . . • . • • . . • . . . • • . • • • . . . • • . • • • • • • • • . . . . • . • • •. • • . . . . .. . . . • • • • • •. 162 
Iron and manganese ores...... . . • • . • • • • • • • . • . • • • . • • • • • . • • • • • • . • . • • . • • • . • . . . . . • . . . . • • .. • • • • . . • 16' 
Coal and coke. . • . . • . . . .. . . . . • • • • • . . . . • . . • . . • • . . • • • • . • . . . • • • • • . • . • • • •. • • • • . . . . . • • . • • . . . . • . • • • . 169 
Efflorescence from Cliff creek, Colo........................................................ .. 170 
Salt from Hutchinson, Kans.................................................................. 171 
Water from Lincoln county, N. C. .. •••• •• . • •• .••• ••. .• . ...• •. ......... •. • . . .•. ...••. .••. ••• 171 
Water from St. Augustine, Fla.............................................................. 171 
Water from McLeansborough, Ill............................................................ 172 
Water from Lebanon, Mo.................................................................... 172 
W:rter from Hominy hill, .A.rk ................................... ._......................... 173 
Water from near Denver, Colo . . ....•••• .. . ••••••••••.•••••••• ...••• .•.•••.•... ....•••.....• 174 
Water from Matilija hot springs, California................................................ . 11, 

3,()(10 copies published, the number required by the law relating to these bulle­
tina. Price, 15 cents. 

BULLETIN 61. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 61 I Contributions to the mineralogy of 
the I Pacific coast I 

W a hington I government printing office j 1890 
General title: Department of the interior I Bulletin I of the I United 

State I geological survey I no. 61 I [Seal of the department of the in­
terior] I 

Wa hington I government printing office / 1890 
Special ti,tle: United States geological survey I J. W.Powell, director 



BULLETINS 61 .A.ND 62. 193 

I Contributions I to the I mineralogy of the Pacific coast I by I William 
Harlow Melville I and I Waldemar Lindgren I [Survey design] I 

Washington I government printing office I 1890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank; special title as above, verso blank; contents, p. 5, verso blank; illus­
trations, p. 7, verso blank; letter of transmittal, p. 9, verso blank; text, pp. 11-30; 
note, p. 31, verso blank; half-title "Plates," p. 33, verso blank; half-titles of indi­
vidual plates (on rectos) and explanations of the same (on versos), three leaves, paged 
35--40, each plate facing its explanation. 8°: Plates 1-111. 

CONTENTS OF BULLETIN 61. 
Page. 

Cinnabar crystals from New Idria, Fresno county, California................................... 11 
Cinnabar crystals from Sulphur bank, Lake county, California.................................. 21 
Cinnabar crystals from Knoxville, Napa county, California..................................... 22 
Cinnabar "rystals from New Almaden, Santa Clara county, California.......................... 22 
Metacinnabarite from Knoxville, Napa county, California....................................... 22 
Motacinnabarite from Cerro Gordo mine, near Panoche, Fresno oo., Cal. . . . . . • . . . . . . . . . . . . . . . . . . 23 
Sulphates from the Redington quicksilver mine, Knoxville, Napa co., Cal....................... 23 
Copiapite from Redington mine, Knoxville, California ....• -·.................................... 25 
Copiapite from Sulphur bank, Lake county, California. . . . . • • • . . . • • • . • • . . . • . . . . . . . . . . . . . . • • . . • • . 25 
Stromeyerite from Calico, San.Bernardino county, California.................................... 27 
Chromiforous chlorite-Kotschubeite ............... ~.. ...... ............ ...•••. ..... ...... ....•• 27 
Uwarowite....... .........•••.....••.••••.••....•••.•••••....•..•••...•.•.•.•.••...............•. 30 
Scorodite . . . . . . . . . . . . . . . . . . . . . • . • • . • • . . • . • . . • . • . . . • • . . . . . . • . . . . • . . . . • • • . • . • • • • . . • . . . . . . . . . . . . . . .. 30 
Note........................................................................ •................••. 31 

Plates···· :················--················--········· .. •··•••··••··•··•••••••••••··••··•····•• 33 

3,000 copies published, the number required by_the_ law relating to these bulletins. 
Price, 5 cents. 

With vol. vm (ending with bulletin 54) the volume feature was discontinued by 
the survey, but of the subsequent bulletins the documentary edition required by 
law was gotten out by throwing together bodily as many as might be convenient. 
Bulletins 55-61 form a volume with the following title: · 

51st congress, I 1st session. I House of repre~entatives. I Mis. doc. I 
no. 244. I· Bulletins I of the I United States I geological survey I nos. 55 
to 611 . . 

Washington I government .printing office I 1890 
No covers; title ·as above, verso blank; followed by the seven bulletins, without 

their covers. 
1,734 copies, the "usual number." edition, .about 600 of which were issued unbound, 

as described above; the remainder were printed later and bound in sheep as vol. 32 
of the "Miscellaneous documents of the house of representatives for the .first session 
of the· fifty-firs~ congress." 

BULLETIN 62. 

Oove't title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 62 I The greenstone schist areas of the 
Menominee and I Marquette regions of Michigan I 

Washington l government printing office l -189() 

General title: Department of the interior , ·Bulletin I of the I United 
States I geological survey I no. 62 I [Seal ·of the department of the in­
terior] I 

Washington l government printing office f 1890 
Bull. 100-13 



i94 PUBLICATIONS OF THE U.S. GEOLOGICAL SURVEY. [BULL, 100. 

1 Special title: United . States geological survey I J. W. Powell, di­
rector j . The greens tone schis·t areas I of the I Menominee and Marquette 
regions of Michigan l a contribution to the subject of dynamic meta­
morphism I in eruptive rocks I by I George Huntington Williams I with 
an introduction by I Roland Duer Irving I [Survey design] I 
~ Washington I government printing office I 1890 
· Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank; special title as above, verso blank; contents, pp. 5-6; illustrations, pp. 
7-8; letter of transmittal, by R. D. Irving, geologist in charge, p. 9, verso blank; 
explanatory and historical note, by Roland Duer Irving, pp. 11-30; text, pp. 31-217, 
verso blank; half-title "Plates," p. 219, verso blank; half-titles of individual plates 
vn1-iv1 (on rectos) !l,nd explanations of the same (on versos), nine leaves paged 
221-238, each plate facing its explanation and covered with tissue paper; index, pp. 
239-241. 8°. Plates 1-xv1; :figs.1-29. 

CONTENTS OF BULLETIN 62, 
Page. 

Letter of transmittal, by R. D. Irving........................................................... 9 
Explanatory and historical note, by R.D.Irving................................................. 11 
Introdnction ............................................................ , . . . . . . . .. . .. .... .. . .. .. • 31 
Chapter I. Present state of our knowledge regarding the metamorphism of eruptive rocks . . • . . 34 

Value of the microscope in the study of metamorphit:1m..... . • . . • . . . . . . . • . . . . . . . . . .. . . . . .. . . . 34 
Historical outline of studies on the metamorphism of eruptive rocks ... ..................... 40 

Chapter II. Greenstone belts of the Menominee iron district ...•... _............................ 64 
Introductory and historical.................................................................. 64 
Sturgeon falls...................... .. .............................................. .......... 67 
Lower, or Little Quinneseo falls ................... _.............. . . . . . .. . . . . .. .. . . . . . . . .. . . 77 

Chapter III. Greenstone belts of the Menominee iron district ( continued) . . . . . . . . . . . . . . . . . . . . . . 96 
Upper, or Big Quinnesec falls . .. .. .. . .. .. . . • • . .. • . .. • . . .. .. • . . . • .. . . .. .. .. • • .. .. .. . . .. . . .. . . 96 

The dark colored greenstones of the basin ........... ·............................... .... . 97 
The light colored greenstones at Upper Quinnesec falls . . . . . . . . . . . • . . . . . . . . . . • . . . . . . . . . . 102 
The coarse grained diol'ites of the Horse race . . • .. . • . . . . . . • • . . . . . . . . . . . .. . . . .. .. • .. . . .. . 106 
The acid rocks of the Upper Quinnesec falls and Horse race ............................ 110 

Four.foot falls............................................................................... 123 
The Twin falls . . . . . . . . . .. • • •• • .. .... •• .. .. .. .... .. . .. .. • . . .. .. .. .. . . . .. .. . . .. .. . . .. .. . . .. .. . 127 

Lower Twin falls........................................................................ 129 
Upper Twin falls........................................................................ 132 

Chapter IV. Greenstione belts of the Marquette district.............................. ......... . . 134 
Introductory................................................................................ 134 
Rocks of the northern portion of the Marquette area .................. ; ....... _... . .. . .. . . .. 138 

Basic intrusives . . .. .. . .. • .. ... .. .. .. .. . .. .. .. .. .. • • . .. .. .. . . . .. .. .. .. .. .. .. .. . . . . . . . . . . . 138 
Acid intrusives.......................................................................... 14.6 
Banded greenstone schists. .. . . .. .. .. • . .. .. • .. . • .. .. . • . . . . . . . .. .. .. • .. .. . . .. .. . .. • . . . .. .. 154 

Chapter V. Greenstone belts of the Marquette district (continued) . . ... .. . .... . . . . .. . . .. . ...... 163 
Rocks of the southern portion of the Marquette area ............................ -............ 163 

The aphanitic green stones .. . • .. .. .. . . .. . . . .. . ... .. . .. . .. • . .. .. . . . .. .. .. . . .. . . .. .. .. .. .. 163 
Coarse grained dike rooks . . .. . .. . . • • . . .. . . .. .. • .. .. .. .. . .. .. .. • .. .. .. .. .. .. . • . . .. .. . . .. . 168 
Greenstones south of the quartzite...................................................... 170 

Rooks of the Negaunee area................................................................. 171 
Aphanitic greenstonea................................. .......... ........................ 171 
"Coarsely crystalline greenstones. ................. ............ ...................... ..... 173 
The stretched fragmental rocks on the Carp river . . . . . . . . . . . . . . . . . . . .. . . . . .. • .. . . .. . . .. 175 

Acid rocks............................................................................... 178 
Rocks of the northern area..................... ............................................. 179 

Unaltered ba.eio intrusives...................................................... . ........ 180 
Altered coarse grained rocks . .. • • • .. • • • • .. .. . • • • . .. .. .. .. .. .. • • • . .. .. .. . .. .. • .. • .. . . • • . . 1 
Banded greens-tones . .. .. . . •. .... .. . . • .. . .. . . .. .. .. . ... .. • • .. .. .. . .. .. . . . .... • • ... .. .. ... UU 

Green schists and agglomerates of Deer lake................................................ 1 • 
Chapt r VI. Genera11'68nlts and conclusions . .............................................. . .. .. 

riginal character of the Menominee and Marquette greenstione areas ...... _.. .... • . ... •• • . 111'.! 
E vidence of eruptive oharaoter.......................................................... l..92 



WABH..UI,] BULLETINS 621 . 631 AND 64. 195 

Chapter VI.-General results and conclnsionB--Oontinned. 
Original charooter of the Menominee and Marquette greens tone areas-continued. Page. 

Different original rock types ............... -• • · ••. · · • • • • • · · • • · · · · • · · · • • • • • · · · · · · · • • • • • · · 197 
Original mineral constituents ......................... - • • • • • · • •. • •••••• • · · · · · · • • · • · · • · • • ·· 199 
Conditions under which the greenstonea were formed................................... 200 

Macrostructnral metamorphism of the Menominee and Marquette massive rocks............ 201 
Macrostructural metamorphism through compression, faulting, or crushing . . . . . • • . . . . • 202 
Macrostructural metamorphism through stretching..................................... 204 

Microstructural metamorphism of the Menominee and Marquette massive rocks............ 204 
Effects of dynamic action on individual minerals........................................ 205 
New structures produced by dynamic action............................................ 206 

Mineralogical (chemical) metamorphism of the Menominee and Marquette massive rocks... 208 
Secondary minerals and their origin ...•.•...•••.•••••.•••••.••... - ..• - • · · · · · · •.. · ·•••.•. 20~ 
Progress of alteration in the original minerals........................................... 214 

3,000 copies published, the number required-by the law relating to these bulletins. 
Price, 30 cents. 

. . - . . . 
. .BULLETIN 63. 

Oover title : Department of. the . interior I Bulletin I of the I United 
States I geological survey I no~ 63 I A · bibliography of Pale~)Zoic Crus. 
tacea I from 1698 to 1889 I 

Washington I government printing office 11890 
General title : Department of the interior I Bulletin I of the I United 

States I geological survey J no. 63 I [Seal of. the department of the 
interiorJ I 

Washington I government printing office 11890 
Speoial title: United States geological survey I J. W. Powell, di­

rector I A bibliography I of I Paleozoic Crustacea I from 11698 to 1889 
I including a list of North American species and a I systematic arrange-

ment of genera I by I Anthony W. Vodges 1 · [Survey design] I · •. 

Washington I government printing office I 1890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-iv; general title as 
above, verso blank; special title as above, verso blank; contents, l>· 5, verso blank; 
letter of transmittal, p. 71 verso blank; introduction, p. 9, verso blank; half-title 
"Part 1, list of authors," p. 11, verso blank; text, pp; 13-78; half-title" Part u, cat­
alogue of trilobites," p. 79, verso blank; text, pp. 81-148; half-title" Part III, cata­
logue of non-trilobites," p. 149, verso blank; text, pp. 151-177. 8°. 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 15 cents. 

BULLETIN 64. 

Oo1Jer title: Department of the interior I Bulletin I of the I United 
States I geological survey I no.641 Are~ortofworkdonein the division 
of chemistry and I physics, mainly during the fiscal year 1888-'89 I 

Washington I government printing office. I 1890 
Ge?1fer~l _titler I)epai:t~~Jit. o{ the interior I Bulletin I of the I United 

States I geological su-rvey,t no. 64 I [Seal of the department of the 
inte~iot] I. _ .. ,·.·.· ·. :· .. _ . ., .·: 

Washington I government printing .office j 1890 
Special title: United States geological survey I J. W. Powell, di­

rector I A report of work done I in the I division of chemistry and physics 



196 PUBLICATIONS OF THE U.S. GEOLOGICAL SURVEY. [BULL.100. 

I mainly during the I fiscal year 1888-'89 I F. W. Clarke, chief chemist 
I [Survey design J I 

Washington I ·government-printing office -j 1890 
Paper cover bearing title as above; sample library catalogll'e slips, verso blank, 

1 I.; advertisement of the publications of the survey, pp. i-iv; general title as 
above, verso blank; special title as above, verso blank; contents, p. 5, verso blank; 
preface, p. 7, yerso blank; text, pp. 9-60. s0 • 

CONTENTS OF BULLETIN 64. 
Page. 

A theory of the mica group, by F. W . Clarke. '(See bulletin 55).............. •••••. •••••••• .. . . . 9-19 
A platiniferous nickel ore from Canada, by F: W. Clarke and Charles Catlett . . . . . . • • . • • • . . . . • • . 20-21 
A new occurrence of gyrolite, by F. W. Clarke .•••••.•••......•..........•••..•....•.••..••••••. 22-23 
Analyses of three descloizitos from new localities, by W. F. Hillebrand ..•..•...•••..•.•.• .. .... 24-28 
A new meteorite from Mexico, by J. Edward Whitfield ............................•..•.•...... 29-30 
Dumortierite from Harlem, N. Y., and Clip, Ariz., by J. S. Diller and J.E. Whitfield .....•.•.. .. 31-33 
Chemical action between solids, by William Hallock .•••...•••.••••.•............•••.•........ . 3W7 
The fl.ow of solids: a note, by William Hallock ...••• : .............••.•......•...... -....... ...... 38-39 
Miscellaneous analyses (by Hillebrand, Eakins, Whitfield, Chatard, Catlett, Clarke, and E. L. 

Howard) ......•..•••••.•••• , •••...•.•....••..•........•..•••...•..•........•.................. .. 40-00 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 65. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 65 I Stratigraphy of the bituminous coal 
field in I Pennsylvania, Ohio, and West Virginia I 

Washington I government printing office / 1891 

General title: Department of the interior I BulleJ;in I of the I United 
States. I geological survey I no. 65 I [Seal of the department of the in· 
terior] I 

Washington I government printing office j 1891 

Special title: United States geological tmrvey I J. W. Powell, di· 
rector / Stratigraphy / of the I bituminous coal field I of I Pennsyl· 
vania, Ohio and West Virginia/ by I Israel 0. White/ [Survey de· 
sign] I 

Washington I government printing office j 1891 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as. above, verso blank; contents, pp. 5-10; 
illustrations, pp. 11-14; letter of transmittal, p. 15, verso blank; text, pp. 17-205, 
verso blank; index, pp. 207-212. s0 • Plates 1-x1; :figs. 1-152, plate I being~a map 
showing the general distribution of. the Carboniferous in Pennsylvania, West Vir-
ginia, and Ohio. ' 

CONTENTS OF BULLETIN 65. 
Page. 

Area, structure, and classification of the bituminous coal rocks................................ . 17 
The Permo-Carboniferons or Dunkard creek measures.......................................... 20 
The upper coal measures, or Monongahela river series.......................................... '3 
The barren measures, or Elk river series.. .................................................. .... 70 
The lower coal measures, or Alleghany river series............................................. 99 
The Pottsville conglomerate series.............................................................. 179 

3,000 copie published, the number required by the law relating to these buDetin.s. 
rice, 20 cents. 



WA.BHAN.] BULLETINS 65 AND 66. 197 

A documentary edition of bulletins 62-65 in a single volume was is~med as follows: 

51~.t cop.gress, I 2d sessi~n. I ~ous_e .~f . representatives. I Mis. 
doc. I no.136. I Department of the interior. .j .Bulletins I of the I United 
Sta~es I geological survey I nos. 62 to __ 65 · 1 · 

Washington I government printing office 11891 
No cover; t~tle as above, ·verso bl_ank~ !61l~~ed by the four bulletins, without their 

covers. . 
1,734 copies, the" usual number" edition, ab.out 600 of which were issued unbound, 

as described above; the remainder were printed later and bound in sheep as vol. 15 of 
the " 'Miscellaneous documents of-the ·house of representatives for the second session 
of th~ fifty.first congress." ' · · 

. 'BULLETIN 66. 

Oovm· title: Department of the.interior · I Bulletin I of the I United 
States I geological survey I no. 66 I On a group of volcanic rocks from 
the Tewan I mountains, New Mexico, and on the I occurrence of pri­
mary quartz I in certain basalts. I 

Washington I government printing office I 1890 

General title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 66. I [Seal of the department of the in­
terior] I 

Washington I government .printing office 11890 
Special title: United States geological survey I J. W. Powell, direc­

tor I On I a group of volcanic rocks I from the I Tewan mountains, New 
Mexico, I and on I the occurrence of primary qua,rtz in certain ba­

, salts I by I Joseph Paxson Iddings I [Survey design] I 
Washington I government printing office 11890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-iv; general title as above, 
verso blank ; special title as above, verso blank; contents, p. 5, verso blank; letter 
of transmittal, by Arnold Hague, · p. 7, verso blank; text, pp. 9-32; index, pp. 
33-34'. 8°. 

CONTENTS OF BULLETIN 66; 
. . . . Page. 

Introductton . • • • . • • • • • • • • • • • • • • • . • • . • • • • . • • . . • • . • • • • • • . • • • • • • • • • .. • • • • • • • • • • • • • • • • • .. • • • • • • . • • • • 9 
Petrographical description.............................. . . . • • • . . • • • . • • • • • . . • • . • • • • . • • • • • • • • • • • • • 10 

Rhyolites ........................... ... ............................... ,........................ 10 
Normal porphyritic varieties............................................................ 10 
Obsidian ... : ••••••••.•................ : ..........•.•.....•..••••....• :.. ..... . .. . ........ 11 
Lithoidite . . • • . . • . . . . . . . • . . . . . . . . . . . . • . . . • • • • • • . . . • • • • . . . • • • . • • • . • • • • • . • • • . . • • . • . • • . • • • • • 11 
Mica.bearing rhyolite .. :.. ••. . ••.. ••••••..••• ••.••• .•.••• •••••• .•••••••••••..•••• .•••••• 11 

i:~a::: ··::::. :.·: .·.·. ·:::· ·: ... ·:::·:: . :: .... ·: .. .... ·: ........................ ::: :: :::~:: ~: 
Andesites ............. · ... ~ •• : ••.• :::: ••• · .• ·; .•••.•• ~.. .•••••.• ...••.. ................... ••••. 12 

General characteristics:: ••••••.•••• :: .: ................................ .. ............ . .. 12 
. Class I. M'ica~an·desite : .•• :: .. : •.•. ·.: ••• · .• ·~......................................... 13 

Class II. Hornblende-nii<ia·artdesite ·; . .' .. :.. • • • • •• • • • . . . • . • . • • • • • • • • • • • . • • • • • . • . . . • • • · 13 
·class III. '.Hornblende-pyroxene-andesite ...••••.••• :.·.............................. 1' 

• Basalts -~~.
8

~.~ :-.:~~:~~.~·~~~~-~~~~ ~ : :: : •• •• •• :·. •• •• •• :. : : : ~ ~:::: ~ :: : ·::: ~~::: ·.:::: :·.::::: ::: : : : : : :: ~: 

Normal basalts .................. : ..................................... . ............. ~... 16 
Quartz.bearing basalt ........................... _........................................ 18 

Mineralogical gradationa. ••• •• • ••• •• • •• • • • • • • • •••••• •••••••••• •••••••• •• •••• •••••• ••••••• •• •••• 17 



~198 PUBLICATIONS OF THE U.S. GEOLOGICAL SURVEY. [BULL, 10(>. 

Page. 
The occurrence of primary quartz grains in basalts............................................. 20 

Basalt from rio Grande canon .........•.•... ~.......... . . . . . . . . . • . . . . .• . . . . . . . . . . . . . . . . . . . . • 20 
Basalt from Arizona......................................................................... 21 
Basalt from Colorado ........ :............................................................... 22 
Possible origin of porphyritical quartz...................................................... 23 

Its exceptional occurrence............................................................... 23 
Variation of conditions ........... ~...................................................... 23 
Influence of absorbed water...... . . . . • • . . . . • • . . . .. • . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . 24 
Comparison of exceptional occurrences.................................................. 24 
Changes of physical conditions................ . . .• . . . . . . . . . . . . • . . . • . • . . . • . . . . . . . . . . . . • . . 25 
Influence of water vapor....... • . . . . . . . . . . . . . • . . . . . . . . • • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 26 
Application to quartz-bearing basalts................................................... 28 

Confirmatory observations ...................... _. _. ___ ..................................... 29 
Porphyritical quartz in other volcanic rocks ...••........................ -.......•.... • • 29 
Chemical similarity of basalts with and without quartz................................ 30 
Chemical differences between basalts with quartz .................... ~ ................ - 31 
Different mineral development of chemically similar magmas........................... 31 

Summary ............................................................... ._....................... 32 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 5 cents. 

BULLETIN 67. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 67 I The relations of the traps of the 
Newark system I in the New Jerseyregion, I 

Washington I gover:q.m~nt printing office I 1890 
General title: Department of the interior I Bull~tin l of the I United 

States I geological survey I no. 67 I [Seal of the department of the in· 
terior] I 

Washington I .government printing office I 1890 , 
Special title: United States geological survey I J. W. Powell,, di­

rector I The .relations I of the I traps of the Newark system I in 
the I New Jersey region I by I Nelson Horatio Darton I [Survey 
design] I 

Washington I government printing office f 1890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-iv and [v], verso blank; 
general title as above, verso blank; special title as above, verso blank; contents, 
pp. 5-6; illustrations, pp. 7-9, verso blii,nk; letter of tra1ismittal, by G. K. Gilbert, 
geologist in chal'ge, p. 11, verso blank; text, pp. 13-74; bibliography, pp. 74-79, 
verso blank; index, pp. 81-82. 8°. Plates 1-vi; figs. 1-49. 

CONTENTS OF BULLETIN fr1 ~ 

Introduction .................................................................................... . 
Watchung trap sheets .......................................................................... . 

Structural relations in the Watchung region .....•••••.••....•.•.••••..•....•...•........••. 
Mutua! relations ofthf? Watchung traps ................................................... . 
First and second Watchung traps ......................................................... .. 

General r elations ....................................................................... . 
Thlckness-Fa.ulta ..................................................................... . 
Columnar structure ..................................................................... . 
Succession of sheets .................................................................... . 
The surface of the trap sheets and their ·contact relations with the incloaing etrat.a ... .. 

Page. 
13 
111 
ltl 
18 
19 
IS 
!1 
23 
2' 
25 



W.ABMAN,] BULLETINS 67 AND 68. 199 

Watchung trap sheets-continued. Page. 
Third Watchung trap ...............••.•.......... ························•········••··••••• 32 

General relations ............................... · ·. · · · · · · · · · · .... · : · · ....... · · · · · · · ·; · • • • 32 
Thickness .........••...................•..••• · .... · ·. · · · · · · .................. · · · · • • • • • • 33 
Rock structure .......•................................ · · · · · · ..................... · · • · • • • 
Relations to the associated sedimentary rocks ..........•......•................••..•.... 

New Vernon trap ..............•..........................................•................••..•.. 
New Germantown trap ............................. , ..•......................................... 
Palisade trap ....................................................... --..........................• 

General relations ......•...•.........................................................•.....•. 
Structural relations in the Palisade region ............................... , ..................• 
Faults ..............••........................ -...... ·. · · · · · · · · · · · · · · · · ·· ·: · · · · · · · · · · · · · · ··· ·• 
Thickness ......................•...................................................... ······ 

34 
34 
34 
36 
37 
37 
39 
41 
44 

Relations to underlying strata............................................................... 45 
Relations to overlying strata . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . • . . . . . . . . . . . . . . . . . . • . . . . • • • • . • 50 

Union bill trap . •• • . . . . . . . . . . . . . . . . . • . . . .. . . . . . . . . .. . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . • . . • . • . . • . 53 
Granton trap . . . . . . ... . . . . . . . • . . . . . . . . • • • • • . . • . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . • • . . . . . . . . . 54 
Snake hills trap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 
.Arlington traps.................................................................................. 56 
Lawrence brook, Ten mile run mountain, Rocky hill, Pennington mountain, Bald pate, and 

Jericho hill traps.............................................................................. 59 
Sour land mountains trap ..........•...........•.......•... ·............ . . . . . . . . . . . . . . . . . . . . . . . . . . 61 
Trap of Cushetunk and Round mountains....................................................... 62 
Small trap sheets in the Raritan river region .....•.••...•...•••.......•.•................•• .-.... 65 
Smaller tr.ap masses of the Delaware river region . . . • . • . . . . • . . . . . • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68 
Small dikes................ . . . . . • • . • . . •• • . . . . . • . . . • • . • • • . • • . . . . . . . • . . . . . . . . . • . . . • . . . . . . . . . . . . . . . • 69 

Summary .............•......•••.•.......••..•••.•••.•••.•••..••..••..•.. ~............... . . . . . . . . 70 
Bibliography.................................................................................... 74 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 68. 

Oover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 68 I Earthquakes in California in 1889 I 

Washington I government printing office 1 1890 
General title: Department of the. interior I Bulletin I of the I United 

States I geological survey I no. 68 I [Seal of the department of the 
inteiror] I 

Washington I government printing office 11890 
Special title: United States geological survey I J. W. Powell, di­

rector I Earthquakes in California I in I 1889 I by I· James Edward 
Keeler I astronomer in charge of earthquake observations, Lick I ob· 
servatory I [Survey design] I 

Washington I government printing office 11890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as above, verso blank; contents, p. 5, verso 
blank; text, pp. 7-24; index, p. 25. 8°. See bulletin 95. 

CONTENTS OF BULLETIN 68. 
Page. 

Introduction...................................................... . . • . • . • • . . . . • •. ............... 7 
Scale of measurements . . . . . . . . . . . . . . . . . . .•• • • . . . . . . • . . . . . . . . • . •• . • . . . . . . . . . . . . . . . . . . . . . . . . . •• . . . 7 
Differences of intensity ......•..•••......•.••..........•........••..••.......................•• ~. 8 
Chronologic record . . .• • • .. . . • • . . . . • . • . . • . . . . . . . . . . . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10 

3,000 copies :published, the number required by the law relating to these bulletins. 
Pric~, 5 cents. 



200 PUBLICATIONS OF TUE U. S. GEOLOGICAL SURVEY. [BULL. 100. 

BULLETIN 69. 

Gover title: Department of the interior I Bul1etin. j of the I United 
States I geological survey I no. 69 I A classed and annotated biblio· 
graphy I of fossil insects I 

Washington I government printing office I 1890 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 69 I [Seal of the department of the 
interior] I 

Washington I government printing office f 1890 
Special title: United States geological survey I J. W. Powell, di· 

rector I A I cfassed and annotated I bibliography of fossil insects I by I 
Samuel Hubbard Scudder I [Survey design] I 

Washington I government printing office I 1890 
Paper cover bearing title as ·above; sa:rp.ple library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title ::is above, verso blank; special title as above, verso blank; contents, p. 5, verso 
blank; preface, pp. 7-8; the bibliography, pp. 9-98; index of authors, pp. 99-101. 8°. 

CONTENTS OF BULLETIN 69. 
Page. 

Preface ....•....... • · · · · • • · · · · · · · · · · · · · · · · · · · ...•• - -... _.......................................... 7 
General for a.II gcol~gi~al times, or without regard to times, or miscellaneous .... .- . . . . . . . . . . . . . 9 
General for Paleozoic time............................... ............. ........................... 25 
Special for Paleozoic time............................................................. .. .. ....... 33 

Myriapoda ................ ••··.......................................................... ..... 33 
.A.rachnicla ................ ··•·· · ···· .. . ............ .... ......... ...... ...... ............. .... 36 
N europteroidea .......... , .......................................................... ........ . 
Orthopte.roidea ................................................... ...... .................... . 
H emipteroidea . ............................................................................. . 

Gen~r~:;::~
0
::::~i~· ti~~:::.·:::_":::.-.-.-:.-:.-:::::::::::::::::::_"_"_"::::::::::::::::::::::::::::::: 

Special for Mesozoic time ....................................................................... . 
Myriapoda ................................................................................ .. . 
.Arachnida ................................................... .. ............................. . 
N enroptera ................................................................................. . 
Orthoptera .............................. : ............................................... .... . 
Hemiptera ...............................•................................................... 
Coleoptera .. ............................................................................. ... . 
Diptera . .................................................................................. .. . 
Lepidoptera ................................................................................ . 
Hymenoptera . .............................................................................. . 

General for Cenozoic time ...................................................................... . 
Special for Cenozoic time . ................ . ......••.................•............................ 

Myriapoda .................................................................................. . 
Arachnida ....... . ........... ....................................................... ......•.. 
N enroptera .. . . ..... ....... ... ...... ............................... ........ ............. .... . 
Ortboptera ... .... ..... ............. .. .. . ................................. ..... ...... ........ . 
Hemiptera. ........................................................................... . ...... . 
Coleoptera .................................................................................. . 
Diptera ... , .................... ·································· ......................... .. . 
Lepidoptera ................................................................................ . 
H ymenoptera ......... ..... ...... ..... ... . .. ........................ .. ........... ... ....... . . 

Copal insects ... ...... . ... · · · · · · · · · · · · .. .... ... ... ................................ ... ........ ... . 

40 
43 
47 
4.7 
48 
53 
53 
53 
54 
56 
67 
57 
59 
59 
59 
59 
80 
80 
80 
81 
85 
85 
86 
92 
9' 
96 

3,000 copi r ,nhli lied, the number requin,d by the law relating to these bulletins. 
Price, 15 cents. 



W.ARlliAN,] BULLETINS 69 AND 70. 201 

BULLETIN 70. 

Gover title: Department of the interior I BuWetin I of the I United 
States I geological survey I no. 70 I Report on astronomical work of 1889 
and 1890 I · 

Washington I government printing office 11890 
General title: Department-of the interior I Bul1etin I of the I United 

States I geological survey I n-0. 70 I [Seal of the department of the in­
terior] I 

Washington I government printing office-I 1890 
Special title: United States geological survey I J. W. Powell, di­

rector I Report I on I astronomical work I of 11889 and 18_80 I by I 
Robert Simpson Woodward I [Survey design] I 

w ashingtou I government printing office I 1890 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 1 

1.; a,dvertisement of tpe publication_s of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as above, verso blank; contents, p. 5, verso 

·blank; illustration p. 7, verso blank; letter of transmittal, p. 9, verso blank; text, 
pp. 11-79. 8°, 1 figure. 

CONTENTS OF BULLETIN 70. 
Page. 

.Astronomical positions determined in 1889 and 1890 . • • • .. • • • • • . • • • • • • • .. • • • • • • • • . • • • • • • .. • • • • • • . 11 
, Description of stations. '. ........ . . . . . . . • . . • . • • • • • • . • . • • • • • . . . • • . . • . . . . . • . . . • . • . . • • • • • • • • • • • . 12 

Spearville, Kansas; Boise city, Idaho; Cisco, Texas; Sierra Blanca, Texas............. 12 
Inatruments and instrumental constants.......................................... ........... . 12 

In11trum~nts used at St. Lo~s and in field, and their constants . . . . . • • . . . . . . . • • . . . . . . . . . 12 
Latitudes............................ ............. ........................................... 13 

Methods of observation and computation; tables of results .•.•••......•.•.......•..•.. · 13 
Longitudes . . . . . . . . . . . . . . . . . . . • . . . . . • . . • • • • • • . . . . . . . . . . . . . . . • • . • . . • . . • . • . . • . . . . . . . . . . • • • . • • . . 23 

:Methods of observation and computation; tables of re3ults. .••.•. ••••.•. •.. .... .. ...•.. 23 
Personal equation work . . • • . . . . . . • • • . • • • .. • • .. ... • • • • •• • • • • • • • • • •• • • • • • • • . . • • . . • • . . . . • . . 24 
Time-piece correction!! and rates.:.: ••.•• :: •.. : .................. .. ............... .' .. ~... 62 
Record of clock comparisons and apparent differences of longitude . . • . . . • . . . • • • . • • • • • • • 64 
Longitude differences· uncorrected for personal' and "instrumental equation . .-.-.. ......... 66 
Corrections for personal and instrumental equation, 1889 .............................. .". 67 
Corrections for personal and instrumental equation, 1890: .•• •• •••• •• .... •• ••• • • . . . . . . • • . 69 
Arrangement ·or telegraphic circuits,· transmission times, etc ..•..••.••••••.••..••..• ~... 70 
:Adopted longitudes.-..........•••••• .- •• -........ .. ................................... '..... 70 
Geographical positions of }liars ........................ · .............................. : ... , 71 

Fixation of the one hundred and ·:fifth meridian in El Paso county, Texas. : .... : • . .. • • • • • • • • 71 
:Method adopted to :fix meridian.: ............... : ..• :.······-·· .••••...•••. ;. ............ 71 
:Measurement of base-line ........................................... :................. . .. 72 
Anglee of triangulation, ...................................... .-• .- •••••••••• ; •••••••••••• : 74 
Connection with base of Texas geological survey ........ ;..................... • • • • • • . . • . 77 
Azimuth of base-line . . . • . . . . . . . . . . . . . . . . . . . . • • • • • • .. • • .. • • • • • .. • • • • • • • .. .. . • • • • . • • . • • • • 78 
Geodetic position of points in·trfangulation ..••.••.••••••.•••.•• ·•••• ••••••••.••.. .•••••• 78 
Positions of stones marking the one hundred and fifth meridian . • •• • .. . •• • • • . •• • • • . • • . 79 
Probable e1Tor of position of meridian as defined by marking stones ·................... 80 

3,000 copies published, the number required by th~ law relating to these bulletins. 
Price, IO cents. 

A documentary edition of bulletins 66-70 in a single volume was issued as follows: 

52d congress, I 1st session. I House of representatives. I Mis. doc. I 
no.21. I Departmentoftheinterior I Bulletins I ofthe I United States I 
geological survey I nos. 66 to 70 I . · · · 

Washington I government printing office j 1892 



202 PUBLICATIONS OF THE U.S. GEOLOGICAL SURVEY. [BULL.lOG. 

No covers -; title as above, verso blank; followed by the five bulletins, without their 
covers. 

1,734 copies, the "usual number'' edition, about 600 of which were issued unbound, 
as described al>ove; the remainder were printed later and bound in sheep as the 
larger portion of vol. 17 of the "Miscellaneous documents of the house of repreaen· 
tatives for the :first session of the fifty-second congress. 

· BULLETIN 71. 

Cover title: Department of the interior I Bulletin I of the I Unit,ed 
States I geological survey I no. 71 I Index to the known fossil insects 
of the world, I· including myriapods and arachnids I 

Washington I government printing office 11891 
General title: Department of the interior I Bulletin I of the I Unit,ed 

States I geological survey I no. 71 I [Seal of the department of the 
interior] I 

Washington I government_printing office 11891 
Special title: United States geological survey I J. W. Powell, di­

rector I Index I to the known I fossil insects of the world I inclu· 
ding I myriapods and arachnids I by I Samuel Hubbard Scudder I 
[Survey design] I 

Washington I government printing office 11891 
Paper cover bearing title as above.; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as above, verso blank; contents, p. 5, verso 
blank; letter of transmittal to the director, pp. 7-8; text, pp. 9-734; index: of gen­
eric names, pp. 735-744:. 8°. See bulletin no. a1: 

CONTENTS OF :BULLETIN 71. 
Page. 

Paleozoicfossils ..... : ......... ~ ...... · .......... : ....... ::;.·...................................... 9 
Myriapoda.................................. . .. . .. .. . .. . . .. . .. . .. . .. .. .. . . .. • . . . . . . . . . . .. .. .. 9 
Arachnida................................................................................... 18 
Palreodictyoptera........................................................ ....... ... .. . .. ... . . 30 

The orthopteroid series.................................................................. 30 
The neuropteroid series.................................................................. 70 
The hemipteroid series ........................................................ ~......... 92 
The coleopteroid series ....... _-........... _-........ ·. : ..................................... 96 
Others................................................................................... 98 

Mesozoic fossils.................................................................................. 98 
Myriapoda .................. · ........... ~.~.......................... . .......... . ............. 98 
Arachnida ................................................. ·............................ .. . . . . 99 
He:xapoda....... .. . . . . .. . .. . . . . . . . .. .. . . . . . . . .. . .. . . . . . . . . .. . . . .. . . . . . . . . . ... . . . . ..... ...... . 100 

Ortboptera......................................... . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . 101 
N europtera . .. .. . .. .. . . . .. . .. . . . . . .. . . . . . . . .. .. . . . . . . .. . . . . . .. . . . . . . . .. .. . . . . . . . . .. .. . . . . 130 
Hemiptera . . . . . . . .. . . . . . . . . . .. .. . . . . . . .. . .. . . . . . . . . . . .... .. . . . . . . .. .. .. . . . . . . . . . .. . .• . . . . 165 
Coleoptera . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . •• . . . . . . . . . . . . . . . . . • . . . . . . . .. . .. . . .. . .. 177 
Diptera . . . . . .. .. .. . . . . .. . .. . . .. . . . . . .. .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . 221 
Lepidoptera...... . . . . . . . . .. . .. . . . . . . . . . . . . . . . . .. . . . . . . . . •. . • . . . . . . . .. .... . . . . . . . .. . . . . . . . 'm 
Hymenoptera......... .. .. . . .. .. . . . . . . . . . . . . . . . .... .. . .. .. . .. .. .. . .. . . . ... . . . ...... ...... 228 

Tracks and foot.prints..................................................................... .. 233 
Cenozoic fossils.......................................................................... . ..... .. 237 

Myriapoda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . 237 
Arachnida . . . . . . . . . .. . . . . . . . .. . .. . . . . . . . . . .. . . .. ... . .. .. . . . . . .. . .. . . . . .. . . . . . .. . .. . .. . . .. . .. . 244 
Hexapoda....... . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .... . . 301 

Orthoptera.................................. .. . . . . . . . . . . . . . . . .. .. . . . .. . . .. .... .... .. . .. . . 1 
N europtera . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . • . . .. . . • • . .. . . . .. . • . . .. . .. • . 318 
Hemiptera . . •• .• .. .. .. . . . • .. . . . . . • • • . . . . .. • . • • . . ... .. • . . . .. . • . • . • . .. • .. • .. .. • • ... .. . .. .. . 380 



.A.lU!U.N.) BULLETINS , 71 AND 72 • 203 

Cenozoic fossils-continued. 
Hexapoda-continued. .Page. 

~:~~?r!~r-~: :::::::::: :: : :: :::::::::: ::: ::: ::::::::: :: : : : :~: :~·::::::: :: :: : ::::: ::: : :: : : :: '. :~ 
Lepidoptera ...•..• ··~· ...•.•. · .·· .. ,." •...•. .. , .............. : • . . . ........ .• . . . . . . . . . . •• ..••. 671 
Hymenoptera .•••.•...••.•••....••.•.•...• n.. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 682 

ID.dex of genera .....••••..•••••...••••..•.•.•.••••••.•••.•.•..•...... .,......................... 735 

3,000 copie~ published, the number0 required by the law relating to these bulletins. 
Pr.ice, 50 cents. 

A documentary edition of bulletin. 7l alone was published, as follows: 

52d congress, I 1st session; I· House of representatives. I Mis. doc. I 
n..o. 22. I Department of the.interior I Bulletins I of the I United States I 
geological survey I no. 71 I 

-w ashirigton I government: printing· office· 1. 1~92 
Title as above, verso blank; followed ·by the leaf bearing sample catalogue slips, 

the advertisement, and the remainder of the volume as detailed above for the other . 
-edition. · · 

1,734 copies, the "usual number" edition, about 600 of which were issued unbound, 
a.s just described; the remainder were printed later and bound in sheep as a portion 
of vol. 17 of the "Miscellaneous documents of the house of representatives for the 
first session of the fifty-second congress." · · · 

BULLETJN 72. 

<Jover title: Departineiit of the·· info~ior_ I. Bulletin I of the I United 
States I geological survey I no. 72 +Altitudes -between lake Superior 
and the I Rocky mountains I 

-Washington f governmEmt printing office f 1891 
General title: Department of the interior ·1 Bulletin ·1 of the I U n'ited 

States I geological survey l·no. 721 [Seal of the department of the 
interior] .I " .. .. _ 

Washington I government printing office I 1891 
Special title: United States geological survey I J. W. Powell, di­

rector I Altitudes I between I lake Superior and the Rocky moun­
tains I by I Warren u pham 1 [Survey design J I 

Washington I government printing office J 1891 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

1 L; advertisement of the publications of the survey, pp. i-v, verso blallk; general 
title as above, verso blank; special title as above, verso blank; contents, pp. 5-::10; 
Jetter of transmittal to the director by T. 0. Chamberlin, geologist fu charge, p. 11, 
-verso blank; introduction, pp. 13-17; text, pp. 18-193, ,verso blank; indexes (of hills 
and Jllountains, lakes, and towns and stations), pp. 195-229. 8°. · 

CONTENTS OF BULLETIN 72. . . . . 

:rn:trodnctfon ...••••.• ·• : ••••••.......... ~ .•••..•••.......•••...... : ••.• · .••.••.. ,;,. ~ . . ·: •• .••• : ••... . ;1:'ag~~ 
yiuctnations oflake Superior, November, l~70, to J'anuary, 1888 ..•• ••••• ••••••• •••••••••. •• .• ••• 18 
A-1-t:itudes of railroads ••.•••.........• ~ ..•••. ; ..•••.••.................................• 1•• • • • • • • • 19 

N ortbern Pacifi.c railroad system ..••.•.••..•••••..•••........................ ...••. .•• .'. .... 19 

Ca.nadianPacifi.c railroad systenl. ••••••••••••• ~ ••• : •••• .:.., ••• ••.•••••• ••• •.• '.··-.·················· 39 
Winnipeg and.Hudson bay railway ........••••.••••................••... .' .. -. . . . . . . . . • . . . . • • . 52 
:Manitoba and northwestern railway ................••...•................ . .. ; ..•..... ·....... 52 
:N ortbwest coal and naviga.tion company's railway ......••• -· ...................•.......• · . .:,. i : 57 
:B,egina and Long la:ke railway .•. . .••. M .. ............. :. •••••••••••••• •• ••••••• •• ~· • • •• -·... • • • • 57 
St. Paul and Duluth rail way .....•••.•••••••.•••..•............ : ................. : '........ . . . 57 
DUluth and Iron range railroad.............................................................. 62 



204 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL. 100. 

Altitudes of railroads-continued. Page. 
Wisconsin central railroad (the part in :Minnesota).......................................... 63 
Chicago, Burlington and northern railroad (the part in Minnesota) . . . . . . . . . . . . . . . . . . . . . . . . . 63 
:Minneapolis, Sault Ste. :Marie and .Atlantic railway. . . . • • • . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . .. . 63 
:Minneapolis and Pacific railway............................................................. 66 
Great northern (formerly St. Paul, :Minneapolis and Manitoba) railway system .. .. . . . . . . . .. 68 
Chicago, Milwaukee and St. Paul railway system........................................... 95 
Chicago and northwestern railway . . ... ..•. .•.. ......••• ....••.. ... ... . . . .. . . .. . . .. . . ....... 116 
Chicago, St. Paul, Minneapolis and Omaha railway.. . . . • . • . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 122 
Chicago, St. Paul and Kansas city railway . • • • • • . . • • . . • . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . 129 
:Minneapolis and St. Louis railway.......................................................... 135 
Burlington, Cedar rapids and northern railway.............................................. 140 
Fremont, Elkhorn and Missouri valley railroad.................... . . . . . . . . . . . . . . . . . . .. .. . . . 145 

Altitudes of rivers ... , ..•.... ·................................................................... 147 
St. Lawrence river system ........................... , . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . .. . . .. 147 
:Mississippi river system . • • •• • • • . • • . . • • . . . . . . •.• . . • • .. . . . . . . .. . .. . . . . . . . . . . . . . . . .. . . .. .. .. .. . 148 
Minnesota river system . . . . . • . • . . . • • . . . • . . . . .. . . . . . • . . • . .. . . . . . .. . . . .. . . .. . . . . . . .. . . . .. .. .. . 161 
:Missouri river system . . . . . • . •• . • • . . . . . . . . . .. . . . . . . . . . • . . . . .. . . . . . . . . . . .. . . .. . . .. . . . .. . .. . .. . 163 
Streams and lakes on the canoe route from lake Superior to the Lake of the woocls, by way 

of the KaminiRtiquia, Dog, Sturgeon, and Rainy rivers................................... 170 
System of the Rainy and Winnipeg rivers................................................... 171 
System of the Red river of the north . • • . . • • • •• . . • • • • . . . . . . . . . . . . . .. • •• . . . .. . . . . . . . . . . .. .. .. . 173 
Saskatchewan river. . • . . • • . • • • • . • • . . . • • • . • • • • • • . • • . • • • • • • • • . . . . . • . . . . . .. . .. . . . • . . . . . .. . .. . . . . 181 
Nelson river ................................... ·-······· .................................. .. . 

Altitudes of watersheds, hills, mountains, lakes, and streams_, on r~utes of geological or other 
surveys ........................... : ....................................................... . 

.Additional notes from railroad surveys in Minnesota ................................ ....... . 
Chains of lakes in :Martin county ....................... , .................................... . 
St. Paul and vicinlty ........... ·~ .•.•••..••. ,. .................................. ·.· ·.· ........ -
:Minneapolis and vicinity ............................................................... .... . 
Northeastern Minnesota ............................................................. ....... . 

181 

182 
182 
182 
183 
183 
184 

Various topographic districts in :Minnesota................................................. 187 
:Morainic belts in Iowa . . . . . . • • . . . . . . . . . . . . . . • . . . . . . . . • . . . • . . . . . . . . . . . . . .. . . . . . . . . .. .. .. .. . . . 187 
Plateaus, hills, and lakes in South and North Dakota............................... ........ 188 
On the international boundary ........•.......•••.....•••.......... ~........................ 188 
:Manitoba and adjoining parts of British America........................................... 189 

Index of hills and mountains.................................................................... 195 
Index of lakes ......................................... ~........ ........... ...................... 197 
Index of towns and stations...................................... . . . .. . .. . . . . . . • • . . . . . .. .. . . . .. . 204 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 20 cents. 

BULLETIN 73. 

Gover title: Department of the interior f Bulletin I of the I United 
States I geological survey I no. 73 I The viscosity of solids I 

Washington I government printing office I 1891: 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 73 I fSeal of the department of the 
interior] I 

Wahington I government printing office 11891 
Special title: United States geological . su:rvey I J. W. Powell 

director I The I viscosity of solids I by I Carl Barus. I [Survey de­
sign] I 

Washington I government printing office 11891 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

1 I.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title aa above_. verao blank; special title a.s above, verso bla.nk; contents, pp. v-vil, 



w .AB.X.Alf. 1 BULLETIN 73. 205 

v-erso blank; illustrations, pp. ix-x; preface, pp. xi-xii; text, pp. 1-135, . verso 
bl.a.nk; index, pp. 137-139. 8°. ·Plates 1-v1; figs. 1-28. Chapter I (pp. 1-52) is 
' ' by Carl·Barus andYincent Strouhal;" 

CONTENTS 01!' BULLETIN 73. 
Page. 

P:ref'a.ce ..... -.............................................. ; ........ ~............................ XI 
Chapter I. The viscosity of steel and its relations to temper, by C. Barus and V. Strouhal..... 1 

Introduction:: ................................... :............................................ 1 
Literary notes .......................................... ••· .. ······•·····................ 2 
Plan -of research ........... . ............................. • ...... ·........................ 2 

Method of experiment....................................................................... 3 
Apparatus .............................................................. ·................ 3 

Btiilar apparatus ............................. ,........................................ 3 
Tubular apparatus ........................................ • • .. · • · • · · · · · · · · · · · · · • · • · · 5 
Unifilar apparatus...................................................................... 6 

·Method of observing ......... ".......................................................... 6 
Method ·of tempering .......... • ... ,..................................................... 6 

Quenching ... : ••. : ........................ -.............. -.............................. 6 
Annealing.: ............. .'........................................................... 8 

Elimination of errors.................................................................... 9 
Experimental data: ................... .. ..................................................... 12 

Notation ..................................... ,........................................... 12 
Introductory explanations ...•• , . . .. .. .. . • • .. • • . . . . . . . . . . • . . . . . . . . • . . . .. . .. .. . . . . . . . . . • . . . 12 

- Experiments proper ....................... .. .... -. • . ..... .. • . .. . . ... . . . . • . . . • • .. . • . . . • . .. .. .. 14 
Notat.ion ... ,, .. .. ..................................................................... 14 
Rods annealed at 25° and 100°, ............................................... ~;.,: ..... 14 
Rods annealed at-190° ........................................................... ·...... 18 
Rods annealed at 360°................... . . . . • .. • • .. . • .. .. .. .. . .. . . . . .. . . .. . . .. . . . .. . • 21 
Rods annealed at 450°.,. , ... -.,....................................................... 23 
Soft rods ......... , ........ , ... .. ..... , ; .. ; ............ ; .. .. . . . . . . .. . . . .. .. .. .. .. .. • .. 25 

Remarks on the tables ............ ,.-..................................................... 28 
:Miscellaneous experiments .... , .... . ............ ;.:. .................................... 29 

Glass fibers......................... ............. ..................................... . 29 
Iron, soft and drawn ............... ... ... . ;.................................................. 31 
Nickel and ·copper . •. .....• • , , , . ...... .... .................. ; .. .. . . .. .. .. .. .. .. . . • .. 35 
Steels annealed at 450°-a.nd 1000° . ; , •. , • . • .. • .. .. . .. . .. .. • . . • . . . . . . . .. . . • . .. . . . . .. . . • 37 
Quadrifila.r arrangement-............................................................. 37 
Tubular apparatus, ... , .. -.. -.... ·· ·· ••• -., -.• -...................... ; ................ ; .. .. . 38 

J)i.aonssion. · .... ~ .... · ......... • ....... ·. ·· ···· ....... ................................................. 39 
Interpretation ·of- {<f,---1/1') ..... ........... ................. ; .. • .. • .. • .. • • .. • • • .. .. .. .. .. .. .. 39 

~ Viscosity and-temper .......... -.-.: ...... ,............ ............................................ 41 
Graphic- digest .............................. -. .... ... ........................................ . . . 41 
Immediate results .... ,-. . ...... .... . .. • .. . .. .. . .... • • . .. . . .. . .. . . .. . • . .. .. • . .. . .. . . . . . .. .. 42 

· Viscosity and-electrics of -steel ...... ~....................... . . • . . .. . . . . • • • .. . • . . . . . . 44 
Viscosity -an.f hardness, . • .. . • .. • .. • • . . • . .. . • .. • .. .. .. • . . .. .. . .. . . .. .. .. . . .. .. .. .. . . • 44 

- Residual phenomenon ......... -. ... ..................................................... 45 
Sectional arllas-of -the bifilar . wires........ ............... . . . . .. .. .. .. . . . . . . . .. .. . . . . . . .. .. . . . 45 

- Viscosity and strain .................... ~ ............ _.·.................................. .. 47 
Steel and glass.-................... ro-....... · ......... : ..................... .-............. 47 
Steel and iron· ................................ -............................................ 47 
Effect of quenching ................. ., ..... ·~ ........... ; . .-~: .· .. : .. ... . .. . . ... . . . . . . .. .. . . 48 
Steel and cast-iron ..................... .- .. .. .. .. . . .. .. . . . . .. .. . .. . . . . . . . . . . . . . . . . .. . . 49 
Stress intensity estimated .......................... ; ... ~....... . . . . .. .. . . . . . . .. .. .. . 49 

),{agnetic relations ...... ....... . . ~ ro • • ~.... .. ............ ••• ...... ......................... 50 
Viscosity and magnetic intensity .. - -- .. .. • .... ..................... . . .. . .. . . . . .. . . . .. , 50 
:Magnetic and viscous. maxima in. steel...................................... . . . . . . .. • . 50 
Steel and iron .............. or................................................. .. . . . . . 51 

:B,eIIl.8.rks... . ... . . . ............... . .. . .. . ..... . .. . . . .. . . .. . . ... . .. .. . . . . . . . . .. . . .. .. . . . . .. .. .. . 51 
Clul,p"ter II. The viscosity of steel and its relations to temperature . . . . • . . . • . . . . . . . • . . . . . . . . . . • . 53 

_rn.troduction................................................................................. 53 
:.[:ei;hod of measurement .............. .- ... .-.-.................................................. 53 

Apparatus ......................... .- .............................. .- ................ .-. 53 
Theory .of apparatus ................................ ~-- .................... .. ......... · 55 
Digression........................................................................... 57 



206 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Chapter II.-The viscosity of steel and its relations to temperature-continued. 
Experimental results .................. --................................................. . 

Residual twist ...•••..••..••••.•..•.•••.••••••••.•.•.•••••.••••• ...••.••..•....•••... 
Torsional viscosity and temperature ..•..•••••.•••.•••••...••..••....••..........•...••.. 

Notation ......... .............. ................... .................................. . 
Viscosity at 100° •••••••••••••••••••••••••••.•••.••••..•••.•••••..•.•.••.••.•••••.•••• 
Viscosity at 190° .................................................................... . 
Viscosity at 360° ••••••••••••••••••••••••••..•••••••.••••••.••.••••.••.••••.••.•••..••. 

Remarks on the tables---·-···· .. ···u·················--·--···--·············•······ 
_ Deductions .•••••••..••.•••.••.•••.••••••••.•••.••••••..•..••••••...•.•.••.•••••••••.•••••••. 

Viscosity and temperature ...•.••••.•••.••••••••..••...••.••......••...•.••...••..••. 
Behavior of other metals ............................. ........... ................... . 
Viscosity and pressure .............................................................. . 
Sudden and gradual deformation ••••.••.•.•.••••••.•...••..••.•••..••......••.•••.•• 

Chapter m. :Maxwell's theory of the viscosity of solids and its physical verification ...••...... 
Introduction ..••••••••••••••••••••.••..•.••.•• •..•••.••••••••••.•••••..•.•.••.••..••••••.••.. 
Historical sketch of the theories of solid viscosity ..•••••••••.••...••.••.•••••••••••••••••••• 

O. E. Meyer's theory .•••••.••••••••••••••••••.•••••..••••.•••.•..•.••..•.••.••••.•••. 
Boltzmann's theory ................................................................. . 
Neesen's theory ..••••••••••••••••••••••••••.•••••...• · ..•...•.....••.•.••••••••....... 
War.burg's theoryu ••.••••••••••••••••••••••••••.••••.•.•...•...•••••••••••••••••••.• 
Nissen's theory .................................................................... . . 
Maxwell's theory ..•••••••••••••••••••.••••••••••••••.......•....•..•.•....•••••.•... 

Experimental res~ts •••.••••••••••••••••••••••••••••.•••.•.•••..•.••••••••.••.•••.••...•••.. 
.Apparatus .••.•••.••••. ···········~······· •••••••••••••••...•••..••.•••••••.•...••.••.•. 

Theory of the apparatus ............................................................ . 
:Measurements with steel ••••••••••••••••••••••••••••••.••..• .......••••••. •••.•..... 
Viscous behavior of the rods •••••••••••••••••••••••••••.•.•.••••••••.••.•••••..••... 
Mean values deduced ..•.•••••••••••••••••••..•••••...••••.••.••.•••.•••••••.....•••• 
Data of the measurements with platinum alloys .................................... . 

Deductions from platinum alloys ........................................................... . 
Viscous effect of alloying ........................... ................ ................ . 
Effect of annealing and hardening pla.tinum ...•.•.••..•••..•..•...•...••..••..•••.•• 

Summary .•••••••••••••••••••••••••••••••••••••••••••••••.••.••••••••••••.••..••.•••..••• 
Deductions for steel ........................................................................ . 

"Accommodation" in glass-hard steel. ................................................. . 
The phenomena proper ••••••••••••••••••••.••••••••••••••••••••..••••••••.••••••..••. 
:Motional effects estimated ......................................................... .. 
"Accommodation" and hysteresis .................................................. . 
Viscous and electrical behavior compared .......................................... . 
Viscosity at mean atmospheric temperature •.••••••••.•••••••••••••.••••....•..••.•• 
Viscooity at 100° .................................................................... . 
Viscosity at higher temperatures. .••.•••••••••••.••••.•.••.•.•....••••..•...••.••..•• 
Annealing and viscoW1 deformations superposed ................................... . 
Viscosity and stress .••.••••.•••••••••••••••••••••••••••.•••••••.•••.•••••••.••...••• 
The phenomenon of glass-hardness •••••••••••••••••••••••.•.•....•••••••.•••••••••••• 
The phenomena of annealing .•••.•••••••••••••••••••••.••••••••••••••. · ••.••••••••••• 
The temper-strain in other substances .............................................. . 
Extremes of complex and of simple molecular structure .••..••••••.••..•.••••••••••. 
Thermal stability of magnetic configuration ........................................ . 
Intensity of magnetic configuration .•••••••••••••••••••••••.•••..•••..••••.•••••..••• 

Summary .•...••••••••.....••...•.•. ·-~····- ••••••••••• ··~ ••••••••••••••••••••••••••••••.•.•• 
Clausius's and Maxwell's theories compared .•••.•••.•••.•••.•......••.•••........•...•. 

Chapter IV. The effect of magnetization on the viscosity aud on the rigidity of iron and steel.. 
Introduotion ................................................................ _ ••••.....•.••••. 
Viacosity of magnetized steel and iron ..•••••••••••••.•.•...•.•••...•••.•••••••••••.•••••••• • 

Apparatus and method .•••.•.•••• - ••••••••••.•.•••••••••••......•••••••••.••..•••.• 
Results••••••••••••••••••••••••• •••••••n ••-•• ••• •.O•••••• •••• •• •••••• ••••••••••••• • 

Rigidity otmaguetized iron .•.•••••••.••••••••••••.•••..•••••....•..••....••••••..••..•.•.•.. 
Definitions and results .••••••.••..•••••••••••••••••••••..••••••••••.••••••••••.•••••. 

Deductiont1 .•.•••. -~- ••••••••••••••.•••••..••••••••.•••••....•••••••••..••••••.••..•••••• 
Constant fields ....••••••••••••••••••.••••••••••••••••...••.••.•••••.••..••.••• • ••.••. 
Intermittent fields .••••••.•••.••..•••••••••••••••••••.••••..•..•..• _ •.•.• ___ .••.••••• 

Bfgidity of magnetized steel ..•.•••••••••••••••••••••••••••• n ............................. .. 

Chapter V. The change of the order of absolute viacoaity encountered on passing from fluid t.o 
eolid •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

Page. 
58 
58 
59 
59 
00 
64 
66 
68 
68 
68 
70 
71 
72 
74 
74 
75 
75 
75 
76 
77 
77 
77 
79 

,.,- 79 
79 
79 
80 
82 
83 
86 
86 
87 
88 
88 
88 
88 
92 
92 
93 
94 
95 
96 
96 
97 
99 

100 
101 
101 
102 
103 
104 
104 
105 
105 
106 
106 
107 
110 
110 
113 
113 
116 
118 

120 



w A.RM.AN.] BULLETINS 73 AND 7 4. 207 

Chapter V.-The change of the order of absolute viscosity, etc.-continned. Page. 
In.troduction ....••.....•..•.••.....•.........•.....•.......... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Gases and vapors . . . . . . . . . • . • • • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 120 
Liqui.is . ....•....••.....•....••.....••........•...•....•..... . ............. -. . . . . . .. .• . . . .. . . . 121 
Viscous fluids ....••...............•.....•. : ...... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 121 

Apparatus ................................ _........................................... 121 
Computation. Example: glycerine ..... : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 121 
Data for marine glue . . • . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . 123 
Results for paraffine. .•••. .•. ..•..• ...... ....... ... .. .....•. ..... .....• .. .. .. . .... .•. 124 

Solids ..................................................................... : .. :............... 124 
Method of comparison ..•.......•.......• · ....... ~ ........•...... : . . . . . . . . . . . . . . • . . . . . 124 
Discussion of results . . . . . . . . • . . . . . . . . • . . • . . . • . . . . . . • . . . . • • . . . . . . . . . . . . . . . . . . . • . . . . . • 125 
Errors encountered.................................................................. 125 
General remarks on solid viscosity ...• ~............................................. 126 
Apparatus for direct method .•••...•......•...•..•.....•................... ·......••• 126 
Met.hod of computation..... . . • . . . • • • . . . . . . • . . . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 
Data obtained . . •• •• . . . . . . . .. . •. . . .. . •• . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 128 

Discus2ion . ..................... ·....................................... ...................... 132 
Retrospective......................................................................... 132 
Spontaneous breaking . . . . • • • . . . • . . • . . . • . . • . . . . . . . . . . • • . . • . . . . . . . . . . . . . . . . • • • . . • . . • . . 132 
Time variation of absolute viscosity. . ........................... . . . • . • . . . . . • • •• • . . . . 132 
Solidity of the three states of aggregation . . . . . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . . . . . . . . •• 134. 

3,000 copies published, the number reqltiredpy the law relating to these bulletins, 
Price, 15 cents. 

BULLETIN 74. 

Cover title: Department . of the interior I Bulletin I of the I United 
States I geological survey I no. 741 The minerals..ofNorth Carolina I 

Washington I government printing office I 189~ .. 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey j no: :74 I [Seal of the department of the inte· 
rior] I 

Washington I government printing office l _1891 
Special title: United States geological survey I J. W. Powell, di· 

rector I The I minerals of North Carolina I by I Frederick Augustus 
Genth I [Survey design] I 

Washington I government printing office I 1891 
Pa.per cover bearing title as above; sample library catalogue-slips, verso blank, 1 

1.; advertisement of the publications of the survey, pp. i.:..v, .verso blank; general 
-ti.-tle as above, verso blank; special title as above, verso blank; contents, pp. 5-8; 
le-tter of transmittal to the director, by F. W. Clark, chief chemist, p. 91 verso blank; 
preface, pp. 11-12; text, pp. 13-116; index:,-pp. 117-119. 8.0, 

CONTENTS OF BULLETIN 74, 
. P•& 

I..etter of transmittal .......•.• -... . .........••....••..•••........••• •.. ·--.·· ... •. . . .. . . . . . . . ••. . . . . 9 
Preface..... ..................................................................................... 1.1 
Native elements ..•.......................... , ................................................... 13 

Gold...... .. . ............................................................................. 13 
Silver... .. . .............................................. .. .............................. 14 
Platinum ................................... •. .......•.......••.. ····-···-·················· 14 
Palladium ...........................•......... - ......... .-n - · ·-· •• -· --·........ • • • • • • • • • • • • 14 
Copper ......... . ............................................................... . .......... 14 
Iron, including meteorites. -............ ... .................................................. 14 

Lead ..•• ••••..•....••• - .... •••H•••••···········'"················-·········--··· ····· ·····•·· 20 
Antimony ..... . ........... ················H••···································· ......••• 20 
Sulphur.. .......... .. ................................................................... 21 
Diamond . • . • • • • • • • • • . . . • • • . • • • . . • • . • • . . • • • • • • • • • • • • • • • • • • • . • • • • • . . • • • • • • • • • • . • • • • • • • • • • • 21 
Graphite ••••••.••••••• • •.•• • .•• •. • • • ••.••••••••••••••• •• . • • • •• • • • • •• • • • • • • • • • • • • • •• • • • • . 22 



208 PUBLICATIONS OF 'rHE U. S. GEOLOGICAL SURVEY. [BULL, 100, 

Page. 
S11Jphicles, etc .......•....•. J ...................... • ...... •• .. • ............ ••• ... • • ••• • • • •••••• •• 22 

Sulphides and tellurides of metals of the sulphur and arsenic groups........................ 22 
Stibnite .. ......................... ....... .. ..... .. ......... ....... ....... ...... ........ . 22 
Bismuthinite ..................................... : ... : .............................. .... 22 
Tet1;adymite ........................................................... :................. 22 
Molybdenite............................................................................. 23 

Sulphides, etc., of the iron, gold, and tin groups............................................. 23 
.A.rgentite . . . . .. .. . . . . . . . . .. . . . • . .. . .. • . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . .. . .. . . .. . .. . 23 
·Galenite .................................. ........ : ....... :.............................. 23 
.A.ltaite ................................................ :................................. 23 
Bornite ..................................... ~... . . .. . . .. . . . . . . . . . . .. .. . .. . . .. . . .. . . . . . .. . 23 
Sphalerite or zinc blende ............... ~ ... :...... . . .. .. . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . 24 
Chalcocite . . . • • • . .. . .. .. .. .. . . . . . . .. .. .. . . . .. .. . .. . . . . . . . . . . .. .. . . . . .. . . . . . . . . . . . . . . . . . . . 24 
Troilite ............ ..... .......... ~ ...... ::. :........ ......... ..................... ...... 24 
Pyrrhotite................................................ ............................... 24 
Schreibersite . . .. .. .. .. .. . . . .. . . . .. .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 24 
Pyrite .. : .................................... :............................... . ......... 24 
Chaloopyrite ............................................ :................................ 25 
Barnhard ti ta .................................. : .. . . .. . .. . . . . . . . .. .. . .. . . . . . . . . .. . .. . . . . . 25 
Marca:site................................................................................ 26 
Leuoopyrite ......................... : .. : .. . .. . . . . . .. .. .. .. . . . . . .. .. . .. .. .. . . .. . . .. .. . .. . 26 
'.A.rseno1lyrite ............ .............. ·::............................... .......... ....... 26 
Nagyagite............................................................................... 26 
Covellite ................ ~·............................................................... 27 

Sulphareenides, 1rnlphantimonides, etc..................................................... . rn 
Proustite ........................... : . . . . . .. . . .. . . • . .. . .. . .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . 27 
.A.iki,nite ....... .. ,... ... ... . ..• .. ...... .•. ... . . • . . ... . . . ... . . ........................... .. '%1 
Tetrahedrite..... •• . .. . . . . . • • •• . .. . . • .. •• • • . .. . . •• •• • . . . .. . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . 27 

Compounds of chlorine, eto.................. . . . . . . . . • . . • . . . . . . . . . . . . . . . . . .. .. . • . . . . . . . . . . .. . . . . . 28 
Halite............................................................................ ....... 28 
Cerargyrite ... .'.. ................................... ......... ...... ...... ...... .......... 28 
Ferrous chloride........................ ..... ............................................ 28 

Fluorine compounds:............................................................................ 28 
Fluorite ......... :....................................................................... 28 
Yttrooerite . . . . .. . . .. • .. . . . . . .. . .. .. • . .. .. . . . .. . • • • .. .. . . . . .. .. . .. . . . . .. . .. . . . . . . . . . . . . . . 28 

Oxygen compounds .................. ~ .......... : ........... .................................... 28 
Oxides...................................................................................... . 28 

Cuprite ........ .... . .:.... ...... .... .. . ........... ......... ... .. . . ... . . . . . . ... . . ... ... . . .. 28 
l!elaoonite .. .. . . .. .. .. .. .. .. .. .. .. . .. . . . .. .. . .. .. . .. .. . . . . . . .. .. . . . . . . . .. .. . . . . . . . .. . . .. 29 
Corundum.......................................................................... ..... 29 
Hematite................................................................................ 31 
Menaocanite............................................................. ......... ........ 31 
Spine!.................................................................... . ............ .. 32 
Gahnite............................................................................... ... 33 
l!agnetite .. . .. . .. .. . . .. .. .. . . .. .. . . . . . . . . . . . . . .. . .. . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . 33 
Chromite .. . .. • . .. .. . . . . . .. .. . .. . . . . . . . .. .. . . . . . . . • . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . 3' 
Cassiterite........................................................................... .... 35 
Uraninite.................................................................... . . .......... 35 
Rutile .............................................................................. ..... 36 
.A.natase . . .. .. .. .. . • .. . .. . . . .. .. . .. . .. . . . .. .. .. . .. . .. .. .. . .. .. . . .. .. . .. . . . . . . . . . . . . . . . . .. 37 
Brookite............................................... ........................... ....... 37 
Pyrolusite..... ..... .... .. . .. . .. . .. .. . .. . ... .. . .. ... . .. . . . . .. . . . . ..... . . .. . . . .. . .. ... . . . . 37 
.Braunite ......................................................................... : . . . . . . . 38 
Hausmannite ........ '................. .. . . .. .. . . .. . . . . . . .. . . . . . . . .. .. . . . . . . . . . . . .. . . . . . . . 38 
Dia.spore........................................................................ ......... 38 
Gothite...................... .. ................................................... ....... 38 
Limonite .... -·.......................................................................... 38 
Gummite................................................................................ 38 
Peilomelane .................... .. .. : . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39 
Wad.................................................... .. .. ...... ...... .. ...... ......... 39 
Senarmontite or valentinite. .. .. . ... . .. . . .. . .... . . .. ..... ... . ... ... . .... . ... ...... .. . ... 40 
Bismite.. . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . • . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40 
:Holy bdite . . .. . . .. . . . . . . . . . .. . .. . .. . . .. .. . . . . . . . . .. . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . !Cl 
Quartz.................................................................................. '° 
Opal.................................................................................... . ~ 



WA.IUIAN,] BULLETIN 7 4. 

Oxygen componnds-eontinned. 
Ternary oxygen compounds-silicates ...•.••...••..•• : .••.•••.•••.•••..••..•..•••..• •······· 

Anhydrous silicates .•••••••••.•••.•••••..•..•.•••... , .• • • · • • · • • • • . • • · ..•...• · · · · · · · · · · • • • • 
Enstatite .•••.•••••••.••..•••.•• :-:. ...................................................... . 
Pyroxene ............................................................................... . 
Spodumene ............................................................................. . 
Amphibole ............................................................................ .. 
Smaragdite ......................................... • • • · • • • • • • • · · • · · .. · • • · · · · · · · · · · • • · • • • 
Arfvedsonite ........................................... • • • • • • ... •• • • ..... • ........ ·. · · · • 
Crocidolite ............................................................................ .. 
Beryl. .................................................................................. . 
Chrysolite .............................................................................. . 
Garnet .................................... ' ........................... .................. . 
Zircon .................................................................................. . 
Veanvianite .••....•••.•••••.•.....••..•..... · ...••..••.•••••.••. ·• ·• ·· ·· ·• ·• · · ·· · · ·· · · ·· • 
Epidote ....••..••••.............•...•.•.......•.. · •. • · • • • • • • • · · · · · • · · · · · • · · · • · · • · · · • • · · • 
.Allanite ................................................................................ . 
Zoisite .................................................. ·••••• ...... ••••••· ••·•••••• · ••• · 
Phlogopite ....................................... • ·• • •• • · · · • · · · • · • • • · • · · · • • • · • · · · · · · • • • • · 
Biotite .......................................... ·· · ....... • · ·· ........ -- ..... · • · ·• • ·· ·• · · 

20~) 

Page. 
42 
42 
42 
43 
43 
44 
45 
45 
46 
46 
47 
48 
49 
49 
50 
50 
51 
52 
52 

Muscovite............................................................................... 52 
Labradorite . . . • • • . . . . • • • . . .. . . . . .. .. . .. . .. . • • • • • . • • . • • • • • • • . . • • .. • • • . • • .. • • . • • • . . . • .. • • . 54 
Andesite .. • • • • . •• • • . • • • • • • .. .. . • .. • • .. .. .. .. • • • • • • . • • • • . • • • • • • .. .. . . . • . • • • • • . • .. .. . • • • .. 55 
Oligoclase ................................................................................ 55 
Albite. .... ........ .•••••.. .................. ••. ••. .••••••.•••••••••••••.•••••••••••••••• 56 
Orthoclase... •• • • •• . • . . • • • • . • • • •• . . • . . ..• . .. • • • • .. • • . . • • • • •• • •• • • • . • • • • • ••• • • • • • • • • • • • • • • • 56 
Tourmaline.............................................................................. 57 
Fibrolite.. .• . •• . •••••. .•• • • .•. • .. •••• •• ......... ••• •• .•• • •• •••••• •••• •• •. • • •• . • • .. • ••• • • . 58 
Cyanite. .. .. . • .. • •••••••• •• ..••.• .••.. ................................................ ••• 58 
Topaz.................................................................................... 59 
Enclase. .................. ..................... .......................................... 59 
Titanite ...•••...•..••.••• _. •••.•• .. •••• •• .. • • •• • • . • • • . • • •• • •• .• • •. . • • .• • • .• • • . . • .. •••• •• 60 
Staurolite............ . . • . • . . • . • .. .. . • • . • . . • • • .. • .. • • • • • .. . • . • . . • • • . • . .. • • .. . .. . .. .. • • . • • . 60 

Hydrous silicates.......................................................................... 60 
Chrysocolla . . . . . • . . • • . • • • • • • • . • • .. . • • • • • • • • . • • • • • • • • • • • • • • • • • • • • . . • • • • • • • • • • . • • • • • . • • • • . • 60 
Calamine . • • . . • • • . • • . • • • . • • • . . • • • . • • . • . • . • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • . • • • . • • • . . • • . . • . . 61 
Talc..................................................................................... 61 
Pyropbyllite ...••.•••••• ,................................................................ 62 
Stilpnom elane . • • •• • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • 62 
Glauconite ............. , ,................................................................ 62 
Serpentine ................ · ......................... · •• •• • . •••••• .••••• •••• •• .•••.•. ••••• 62 
Dewey lite • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• • • • • • • • • • • • • • • • • • • • • • . . • • • • . • • . • • • . . • • • • • • • • . 63 
Cerolite....................... •• • . • .. . • • • . • • • • • • • .. • • • • • • • • •• . • • . • • • • • . • . • • . . . .. .. . • • . • • . 63 
Genthite. .•• •• .••••• •••••• •. .•.. ••• ... •• . .•••••• •• . . ••.•• •. ...•••. ••. .••••• ••• .•••••• •••. 63 
Kaolinite .................................................. , • • • • . • . . • . • • • • • • • • • . • • • • • • • • • 63 
Saponite ..•••• ••••••. •• •. •..•. ....... ...... .••••. •.••.• ••••••. .• .. . •.•••••• .••• .. . .•.•••. 64 
Halloysite . • • . • • • . • . • • . .. . • . . . • .. . • . . • • • • . . • • • • . . . • • • • • • • • • • • . • • • • . . • • • • . • • • • • . . . . . . • . • • • 64 
Pinite . . .. . . . . • • • . • • • • • . . . .. . • .. . • . . . • .. .. .. • • • • • . • • • •• . • • • • . • • • • • • • . .. • . • . . . . • • • . . . • . • . . 64 
Paragonite............. ................................ .••••• ................ .•••••.••••• 64 
Hisingerite . . . • • .. • . . • • • . .. . . .. .. • • • • . . . • . . • • • • • • . • . • . • • • • • • • . • . . • . . . • • . . . • • . • • • . • • • • • • • • 64 
Culsageeite . • •• • • • • • • • • • .. • • • • . . . . • • • . • • . • • • • • • ••• • •• • • • • • • • • • . . • • • • • • • • •• • • • • • • • • • • •• • • • 65 
Kerrite . . • • • • • • • • . . . • • • • • • • • • . . • • • • • • • • • • . • • • • • . • • • • • • • • • . • . • • • • • . • • • • • . • . • • • • • • • • • • • • • . • 65 
Ma.conite . • • • • • . . . . . • • • . . . • • • . • • • • • . • • • • • . • • • • • . • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • 66 
Lucasite . • • • . • • • • . • • • • • . . .. .. • . • • .. • • • • .. • • • • • • • • • • •• • • • • • • .. • • .. .. .. • • • • •• •• • • • • • • . •• • • • 66 
Penninite .. • • • . • • • • • • . • • . .. • • • . • . • • • •• . .. • • • . . • • • • • • • . . • • • •• .. . • •• . • • • • • • .. • • • • • • • • • • • • • 66 
Prochlorite and chlorite . .. • • • .. • • .. . . • • • . • . • • • . .. • • • . • • .. . • . .. • .. • • • • • . . • • • • .. . • • • . • • • •• 67 
Cbloritoid . . • • • • • • .. • • • • •• • • • • . ... • • • • • • • • • • • • . •• .. • • . • . • . . . . . .. • .. . • • • . • . • • • ••• • • • .. • • • • 68 
Willcoxite . . • • • • . • • • • • • • • • • • • • • • • • • .. • • . • • • ••• • • • ••• • • • . • • • • • • • • • .. . • • . • • • .. • • . • • • • • • • • • • 68 
Margarite............................................................................... 69 
Dndleyite................................................................................ 69 
Uranotil . . . • . ••• • . . . • . • . • .••• •• • . •••• •• ••• •• • . • • .. • • .... . • . ••. • •• •••••••. •• •• • • . • •• •••••• 70 
Tborite . . • • • • • • . • • • • • . • • • • • . • • • • • . • • . • • • • • • . . • . . • .. . • • .. • • . . • • • . • . . • • • • • • .. • • • . • • • • • • • • • • 70 
Auerlite ............................................................ ............ , • .. .. • .. 70 
Xanthitane .............................................................. · ............... 71 

T.alltalates, eolumbates . • • .. . • .. . • .. . • • . . . • • .. . • . . ••• .• . • •• •••• •• •••• .••• •• • ••••••.. ••• •• •••• 71 
Pyrochlore or microlite . . . . . . • . • • • • • • • . . • • .. • • • . • • •• • •• • • • • • • •• • • • • • • • • . • • • • • • • • . • • . . • • • • 71 
:Bull.100-14 



210 PUBLICATIONb OP THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Oxygen compounds--cuntinued. 
Tantalates, columbates-cuntinued ....•. -. • . . - -- . . . . • . Page. 

Hatcbettolite . ..• .. ..• • •••• .••• .••• .. •• •. • • . • • • • . •• • ••• •••••••• •••. •.••••• •••••••••.•••••• 72 
.Tan.talite ..••••..... -.•...•••.. ·-... .• ••.•..••••••••••••..••..•.. •• • . . • . . •• . •.••.•...•• .. • • . 72 
.Col um bite •......•. • ••..•... .. -.. h ••• •••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

:Yttrotant.alite ......••.......... u .. , ..•••••• "" •........... ••..•..••..••..••.....••.....•. 

. Samarskite ..••.......•......••...•.•... · ...•.•.•.•.•.•..•••.•....••..•.•••...••...........•. 
Rutherfordite ........................................................................... . 

Fergusonite ......... ········h·•~•· • ···················································· 
Polycrase ................................................................................ . 
Rogersite .... , .....•...•••..•........•.................• , ....•.......•.•..•..••.......•. 

Phoi6~a:~~=~~~~~~~~'. ~~~~:. ~::.~:~·: :.:.:~~:~.::~ ::~:::::.:.:.:·::: :~::: ~:: :~:: :.: : :~: :: : : : ::::: :: : :: 
Apatite .............................. -•.••......• -•.•.•. -.•••..•..•.•..••••••.•....•..•••..••. 
Pyromorphite ............... ............ .' .••..........••.•••.••••.•.•• -- - - •....•...•.••. 
Monazite •...•.•..•....•..••.• , •••.•.••.••..•.•.••••.•••.....•..•..... . . •..• ..•••.••• • • • • • · · 
Vivianite .•••..• .••••.••••....•.......•..•....•...•...•.........•..•....•......••.•••..••. 
Olivenite. . . .. . . . • . . . . • . . . .. .............. . ... .• ..•••. • ...............••......•.....•..•..•.. 
Pseudomalachite........ . . . . . . . . . ... . . . . • . .... ... . • • ....••••............•..••.. ·- .....•. .. ..... 
Lazulite ................................................................................... . 
Scorodite ..... -.............•...•• -.... -.............•......•••..••..•........••...........••. 

· ;w-avellite.-.. -.·.······ •• -.-.-.-•. ·.· .•.•.. -.. -.-••.•• -.. .... ~ -• ..•.•.•....•• •..• •. •.••..........•...•• • • · · • • · 
Pharmacosiderite ..•••••••.•••• -.-.-................................................... • •••••• 
Dufrenite ....•••.•••...•..•... .- ........................................................... . 
Phos-phuranylite ............. -.-.· .• .r.-, •..... · ....... ........... -...•...•...•.... ·- ... ···-·· .......... . 

· Autunite .· .•• -••.•••••..•.••••.... -....•...•.•.••.••••••. ~ •.•••.•.•••.••.•.•.•••••.••••••••••• 
Niter ...•••••.•• -••••• -......... -. · ..•••......•.•••••.•••.•.••••.•...••............•.•.• • · •••• •· 

Tungetatee1 molyb.dates, -et.c.-.·.······ ..•..••.. •.· .•.•..... -.•.•...• · ..•••..•••.....•.•.......••••••.•••• 
-Wolframite-..•. .- .. · .. -. , . . -.•. ·.: . "·· ................... -..•••••••.•••.•.•..........•...•..•.••.••.•. 
Rhombic tungstate of lime .....•••... · ..•...... . .. · .••..•.•..•.......•.•..•..•.•••.•••.••. 
-Soheelite ......•..••••.........•.. .- ....•.•• · .•......•.••••••..•.••......•••.........•....•• 
Cuproscheelite .................. ................................. -•••.•.•...•••••..•••.•••. 
Stolzite ....•........•.•••.•.••..•.••..•••••..•••..•..•........•............••.•••.•••.••. 

Sulphates, chromates, etc ...•. • .•......... · •.••............•••..•......•..... . ......•..••.•.•. 

:Barite , ..... , ........•• ······················"·"··································· ·••·•· 
Anglesite .••••••• •. u ......... . ..... ,.-............ u ·.-•• ...... •'• .- ••••••••••.••••••••••••••••••• 
Crocoite ....•.••...•.•••..•......••.......•••••. · .••..••••••.•...•.••.•••••.•••.•••... ..•. 
Melanterite ..••••••.•....••.•••••.......••.•••••••.••••••••....••..•.•••..•••••.•••••. • •• 
-Gosl&r-ite -........••••..•••••••.••.•• -, ••.. ., .................................................. . 
Chalcanthite ...•.•••••••.....•...........•.••••••• ., ••••.••••.••.••.••.••••••.•••••••.•.• 
Alnnogen •.••••..••••..•• -••..••••. ~ •.•.•..•••• -••••.••.•••••• , .• .-•••••••••••• • •• • • • • • • · ••• • • 
Mi-sy ...... - ...................... • r.: •• • ~.;..: .:-• ... _ .: • ...... .: .. J •• .: . ,. ..... . ~ •• -.,. •• •• .,...r, • .,, •• ................. 

72 
73 
73 
74 
74 
75 
75 
76 
76 
76 
77 
77 
78 
78 
78 
78 
79 
79 
79 
79 
79 
79 
79 
80 
80 
80 
80 
80 
80 
81 
81 
81 
81 
81 
81 
81 
82 
82 

Montanite ......•.• ,. • • • . • . • • . . . • • . . •• . • • . . • . . • • •• • • • . • . . . •• . . • . •• . . • • • • . •••••• •• • . . • • .• . 82 
Carbonates ....••••.•.••.••.••..•••••..•••.••.•••.•.••••.• -.... •••..•• ••..•• ••••.•• •••. •. ••••.• 82 

Calcite ..•••••.•••••......••• , •••• ,........................................................ 82 
Dolomite .•••••••••....••••.•••••...•••..••..••..••..•..•••••••..••• 0 ••••••••••••••••• •• 83 
Magnesite ......••.•••••••••••. , . • • • . . . . . • . • • . • • . • • • . . . • . . • . • • . . . • . . • • . . . • • • • • . . • . • • • • • • . 83 
Siderite...... .. .. . • . .. . . . • . . • • .•••• •• ••••••. .. .•••••..... .••. •• . ••.••• ..••• ••••••. .••• •• • 83 
Rhodochrosite ...•.••..•..••..••..•• ,. . . . . • • . . • • . . • • • . • • . • • • . . • • • • • . • •• • • • ••••••• •. •••••• 84 
Cerus ite . . . . . . . • . • . . • . . . • • • • . . • . . . . • • . . . • • • • • • • . • • • . . . . . • • • • . • • . • • . . . • • • • . . • . • • . • • . . • • • . 84 
Malachite ..••••.. , •••.••...•...•... ~............... ...... ............. .... ............... 84 
Azurite. . . . • • • . . . • • . . • • • . • • • . . . • . . . • . . . . • • • • • . • . . • • . . . . . . . . • • • . • • • • . • . . • . • • • • • •• • • • •• • ••• 84 
Bismutite .••...• ,.......... ......................... .•••••••••••.••.•••..••.•••..••.•••. 84 

Mineral coal . . • . . • • . . • • . • . . . . • . . . • • • . • • • . . . . . • . . . • . . • . . . . • • . . • . • • • • . • • • • . . • • • • • • • • • . • • . • . • . • • . • • . 85 
Anthracite................................................................................... 85 
Bituminous coal . . . . • . . . . . • • . . . . . . . . . . . . . • . . . . • • . • • • . . . • . • • • . • . . . . . • • . . • . • . • • • . • • • • • • • • • . • • • . 85 
Lignite . . . . . . • . . . • . . • • • • • • • • . . . . . • • • . . . . . • . . • . . • . • • • . . • . . . . • • • • . . . • • . . . • . • • • . • • • . • • • . • • • . . • • . 85 

Organic compounds............. ...................................................... ........... 85 
Amber ... .......•.••••••.••.....•..•....••.....•• -........................................... 85 

Synop i.e of minerals and mineral localities by counties . . • • . • . . • • • • • • • • • • • . • • • • • • •• • • • • •• • • • • • • . 86 
Index............................................................................................ ll7 

3,000 copies published, the number required by the la.w relating to these bulletins. 
Price, 15 cents. 



WABMA.N.] BULLETINS 74, ,75, AND 76. 211 

BULLETIN 75. 

Gover t-itle: Department of the interior I Bulletin 1-ofthe 1-United 
States I geological survey I no. 75 I Record of North .American ge­
ology for 1887 to 1889 I inclusive I 

W-ashington I gover11ment printing office I 1891 
General #tle: Departm~nt. of theinterior I Bull~tin I of the I United: 

States I geological survey I no. 75 I [Seal of the -department -of the in­
terior] I 

-W-ashington I government printing office I 1891 
Special ti tle: , United States geological survey I J. ·w .. Powell, di­

rector I Reco~d I of I North Americaq geo_log:y .foF 1887 to 1889 inclu­
sive I by I Nelson Horatio Darton I [Survey design] I 

-W-asbington I governme~t printing -office I 1891 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

1 1.; adver t isement of the publications of the survey, pp. i-v, verso blank; general 
titl.e as above, verso blank; special title as above, verso blank; letter of trans­
mittal to the director, p. 5, verso blank; introductory, p. 7; key to the subject 
refe rences, p. 8; list of public.ations exa~ined, pp. 9-11, verso' blank; text, pp. 
13-173. 8°. 1 

3 , 000 copi es publisp.ed:, the number required by the law relating to these bulletins. 
Price, 15 cents . 

.A documentary edition of bulletins 72-75 in a single volume was issued as follows: 

52d .congress, I 1st session. I House of representatives. I Mis. doc. I 
no.23. I Departrnentoftheinterior I Bulletins I of the I United States I 
geological survey I nos. 72 to 75 I 

-W ashlngton I government printing office j 1892 
- No covers ; title as above, verso blank; followed by the four bulletins, without 

tbeir covers. . . 
1 , 73'4 copies, the ,(( usual number" edition, about 600 ' of which .were' Jssued un-. 

bound, as j ust described; the remainder were printed later and bound in 'sheep as 
vol. 18 0£ the "Miscellaneou~ ,documents of the house of1representatives for the first 
session of t he fifty-second congress." 

,- ... ., ·· ,. ·, --·-· ·- ·-- .. ···--·· -BU·LI:iETIN· 76: ·· · .. · -·· · · --- · ..... ··. · ··· ·· 

(Jover -title:--Depart-ment of ·the ·faterior j·BuUetintof· the I United 
States I geological survey I no. 76 I A dictionary : of' altitudes in the 
United States I (second edition) I 

Washington I government printing office I 1891 
General title: _ ],)epartment of the interior I Bulletin I 0f ,the-I United 

States I geological survey I no. 76 I [Seal of the department of.the in­
t erior] I 

vV ashington I government printing office j 1891 
Special title: United States geological survey I J. W. P 'owell, di­

r ector I A I dictionary of altitudes I in I the United States I (second 
edition) I compiled by I Henry Gannett ·, chief 'topograpber !'[Survey . 
design] ! ·· · , · . -· ' 

-w ashington ! government printin'g offi~•e 11891 , • '• I , ' • ' • • 



212 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Paper cover beadng title as above; sample library catalogue slips, verso blank, 1 
l.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as above, verso blank; letter of trans­
mittal to the director, p. 5, verso blank; schedule of authorities, pp. 7-14; abbre­
viations of names of railroads, pp. 15-19, verso blank; the dictionary, pp. 21-393. 
go. Arranged alphabetically by railroad stations. See bulletin no. 5 . 
. 3,500 copies published, the 3,000 required by the law relating to these bulletins 
and 500 copies ordered by the department for gratuitous distribution. These 500 
were bound in dark maroon cloth. Price, 25 cents. 

BULLETIN 77. 

Gover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 77 I The Texan Permian and its Meso­
zoic types of fossils I 

Washington I government printing office J 1891 
General title: Department of the interior I Bulletin I of the I United 

Stat.es I geological survey I no. 77 I [Seal of the department of the in­
terior] I 

Washington I government printing office I 1891 
Special title: United States geological survey I J. W. Powell, di­

rector I The Texan Permian I and its I Mesozoic types of fossils I by I 
Charles A. White I [Survey design] I 

Washington I government printing office I 1891 
Paper cover bearing title as above; sample library catalogue slips, ve~so blank, 1 

L; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as above, verso blank; contents a.nd illUB­
trations, p. 5, verso blank; letter of transmittal to the director, p. 7, verso blank; 
synopsis of results, p. 8; text, pp. 9-39, verso blank; half-title "Plates," p. 41, 
verso blank; descriptions ofplates, pp. 44, 46, 48, and 50 (versos), the recto in each 
case containing the word "Plate" and its number as a half-title; index, p. 51. 8°. 
Plates I-IV; fig. 1. 

CONTENTS OF :BULLETIN 77. 
Page. 

Synopsis of results. ___________ ·----··--·.--· .. ··--·----- ____________ ·-·-·---------··------·-·-·· 8 
Introduction ........ ·-·- __ -·-··· __________ ·-. __ ··-- _ ••. __ .. ____ ·-- _ .••..•• ··-··· ·-··-- ··-······· 9 
Description of species .• -· __ .···--.·-·· ••.••••• ···- ••• ·--_ •• ___ •••••. ·-- ••..••••••• _ •• _ •• _....... 19 
General discussion .• _ •.•.••••••••••••.......•...•..•.•••••. _ •• _ •.....••.•......•••. _. _..... •• • •. 30 

3,000 copies published, the number required by the law relating to these bulletins. 
Price, 10 cents. 

BULLETIN 78. 

Gover title: Department of the interior I BulJetin I of the I United 
StateH I geological survey I no. 78 I Report of work done in the division 
of chemi try and I physics, mainly during the fiscal year 1889-'90 I 

W a bington I government printing office I 1891 
General title: Department of the interior I Bulletin I of the I United 

State I geological urvey I no. 78 I [Sea] of the department of the in­
terior] I 

a hington I government printing office I 1891 



WA.BHAN.) BULLETINS 77 AND 78. 213 

Special title: United States geological survey I J. W. Powell, di· 
rector I Report of work done I in the I division of chemistry and 
physics I mainly during the I fiscal year 1889-'90 I Frank Wiggles. 
worth Clarke, chief chemist I [Survey design] I 

Washington I government printing office 11891 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

1 1. ; advertisement of the publications of the survey, pp. i-v, verso blank ; general 
-title as above, verso blank; special title as above, verso blank; contents, pp. 5-6; 
illustrations,. p. 7, verso blank; preface, p. 9, verso blank; text, pp.11-129, verso 
blank; index, p.131. 8°. Figs. 1-9. 

CONTENTS OF BULLETIN 78. 
Page. 

Pre:f'ace . . . • • . . • . • •• • • ••. .. . . . . . . . . . . . . . . . .. . . . .. .. .. .. . ..... .. . . .. .. . . . . . . .. . .. .• ••• • • .. • .. .. . .. . 9 
Experiments upon the constitution of the natural silicates, by F. W. Clarke and E. A. Schneider. 11 

Olivine . . •• .. .. • • . .. .. •• • .. . .. .• • • . . • •• • • . • .. . . ... .. . .. .. . • . • • . • .. .. .. • .. . • • . .. • .. .. • . • .. . • • . 13 
Talc . ................................................. · ...................................... 13 
Serpentine ................. ,................................................................. 15 
The chlorite group.......................................................................... 19 
The micas . . . . .. .. . .. . .. • ... .. . .. . .. . .. • . .................................................... 24 
The vermiculites . . . . . .. .. . .. . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . • . . . . . . . . . . • . . .. • .. 28 
Final considerations................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . 31 

The relative abundance of the chemical elements, by F. W. Clarke.............................. 35 
On the occurrence of nitrogen in uraninite, and on the composition of uraninite in general; by 

W. F. Hillebrand.......................................... . ............................... 43 
General introductory remarks . . . .. . . . . .. . .... .. .... .. . .. . . . . .. . . . . . . . . . . . . .. . . . .. . . .. . . .. • • • 43 
Preparation of samples for analysis . .. • .. .. . .. . . .. . . .. . .. .. .. . .. . . . . . .. . . . .. .. .. .. . .. . . . .. .. 45 
Methods of analysis . . .. . . . . . . . . . . . . . .. . . .. . .. .. .. . .. . .. . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . .. . . . . . 46 
Detection and examination of nitrogen...................................................... 53 
Estimation of nitrogen . • .. . . .. . . .. . . . . . ••• •• . .. .. . .. . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . .. 56 
..A.nalysis of uraninite. . . . . . • . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . 60 

Bohemian and Saxon uraninite . . . . . . • . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. 72 
Discussionof analyses ................................................................... ·.•.• 73 
Special experiments relating to the nitrogen in uraninite............... ... . . .. . . . . . . . . . . . . .. 76 

Effect of heating in air. . . . . . . . . . . . .. .. • • .. • .. • • .. .. . .. .. . . .. .. .. . . . . . .. . . .. . . . . . . . . .. • .. 76 
Effect of heating in carbonic acid gas . • • .. • . .. • . • .. .. .. .. . .. . .. . .. . . .. . .. . .. .. . .. . . .. • .. 77 
Effect of heating.in hydrogen............................................................ 77 

Conclusions . .. . . .. . . . .. . .. . . . . . . .... . . .. . . . .. .. .. . . . . . .. .. . . . . . . . .. . . .. .. .. .. . . .. . .. .. .. . . . . 78 
Metacinnabaritefrom New Almaden, California, byW. H. Melville............................. 80 
An apparatus for the determination of water in mineral analysis, by Thomas M. Chatard...... 84 
The separation of titanium, chromium, aluminum, iron, barium and phosphoric acid in rc,ck 

analysis, by Thomas M. Chatard.............. ............................................. . 87 
Seven new meteorites, by L. G. Eakins.......................................................... 91 

Stony meteorite from Texas . .. . . . .. .. • .• • • .. .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . • . .. 91 
Meteoric iron from North Carolina.................... ...................................... 93 
Pallasite from Kansas....................................................................... 94 
Meteoric iron from Texas.......................... .. .. .. . .. . . . . . . . .. . . .. . . .. . . .. . .. . . .. .. • . . 95 
Meteoric iron from Chili................................................... . ................. 95 
Chondrite from Iowa.............................. ... . . .. . . . . . .. .. . .. .. .. .. . .. • ... .. .. . . . . .. 95 
Llano del Inca meteorite . . . . . .. . . . . . . . . . . .. . . . .. . . . . . .. . .... .. ...... . . .. .. . .. .. .. .. .. .... • .. 97 

On a :petroleum from Cuba, by H. N. Stokes..................................................... 98 
Paraffins.... ................................................................................. 100 
Unsaturated fatty hydrocarbons...... . ...................................................... 100 
..A.romatic hydrocarbons...................................................................... 100 
Naphthenes ................................................................................. 101 

On a supposed mineral resin from Livingston, Montana, by H. N. Stokes . ... ............. .. . . . 105 
rreliDlinary notes on the coefficients of thermal expansion of certain rocks, by William Hallock. 109 

Methods. ......... ........................................................................... 109 
Materials. ................................................................................... 115 

::Miscellaneous analyses.......................................................................... 119 
..A.strophyllite. .............................. . ................................................ 119 
Brown hornblende........................................................................... 119 
Kyanite .. ... • .. . .. . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . .. . .. .. .. .. . .. .. .. .. . . . . .. .. 120 



214 PUBLICATIONS 9F THE U. S. GEOLOGICAL SURVEY. {BULL.100. 

Miscellaneous ana,1yses-continued. Page. 
Liebenerite1 · ...... ·.........................••••..•...•.....••................................ 120 
Kaolin.................................................................................... . ... 120 
Picrallumogene . .. .... ... ............. ...... ...... ... . .. . .. ... ... . .. .... .. .. . .. . .. .......... 121 
Brochantite ....... ·..... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • . • . . . • . . . . . . . . . . . . . . . . . . . 121 
K cratophyr from Marblehead neck, Massachusetts .......... ..... ... ...... ._................ 121 
Websterite from North Carolina and Maryland ........................ ······:·.............. 122 

!:~~~::sr:~m:~n;:;::::~~~~·s·:::::::::::::::::::::::::::::::::::::::::::::::::::::::::: !!! 
RockR from California............................... .................................. ...... 123 
Sandstone from Arizona ........................ ,............................................ 124 
Limestone from Kansas. . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Five Cherokee limestones ...... .••• : . ............................................ : . . . . ...... 125 
Ores of iron ....................•.....•..•.•....................... : . . . . . . . . . . . . . . . . . . . . . . . . . 125 
Ores of manganese.......................................................................... 127 
.Two coals from West Virginia .......... ; ..••.. ~ .. .-.......................................... 128 
Water from Webster grove, Missouri...... . . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129 
Brass .. ·:::: •..... : ... :.:: .•... : ·.·:. :.·: ......... :::::::.--~ .. ·.:.· ...••• : .• ·.·:.":.·.· ......... : •...•.. :.... 129 

3,000·copies .. pub-Hshed; ·the number -required· by· the la-w relating ·to-these bulletins. 
Price; 1.5·· iieuta. · · · · · · · · · · · ·· · · · · ·· 

. BULLETIN 79. 

Oover.·:title: Department of the. interior. I Builetin r of the I United 
States I geological · survey I no. ·79 I A. late volcanic eruption in north· 
ern Qalifor;nj~ I and _it~ peculiar l~ya I .. 

Washington I go-vernment-printing·-office j 1891 
Gener:ai tMe_:· Department .of .the.)nterior I Bulletin I of the I United 

States I geological survey I no. -79 I· f Seal of the department of the in· 
teri · rJ I · · · · · · · · · · · · .. · · · · · 

()_. . ... 

Washington I government printing -office I 1891 
Sjjeciaftitle ::·united.··states ·geologicat" survey" I J. W. Powell, direc· 

tor I A late-volcanic eruption I in · I ·noTthern California j and I its pecu· 
liar lii,y~ -1 ·oyJ JosephJ~ilas lJUier I [Su,rr~Y design] I 

Washington / -government printing office I 1891 
Paner cover bearing .title as above; sample library catalogue slips, verso blank, 1 

1.; advertisement of the publications of the survey, pp. i-iv, verso blank; general 
title as a-bove, verso blank; special title as above, verso blank; contents, p. 5, verso 
blank; illustrations, p. 7; synopsis of contents, p. 8; text, pp. 9-33. 8°. Plates 
I-XVII j :figs. 1-4. 

CONTE~TS OF .in:fj,~~TIN 79~ ... 

Synopsis of contents:: .......................................................................... . 
Introduction . : . .............. : . .........................•..........................•............ 
General view of the scene ."." ........ : . : ......... : .............•......... .............••....•...... 
The cinder cone::: .......... : .......... : ....................................................... . 
The ash field .. : .. : .......•........•....•....................•..............•..........•.......... 
The lava :field ...... : ............................................................................ . 
Ancient lake bed .. ......•..•......................•.......••...•.....•.......................... 
History of the ruptlon ..•..•.........................................................•....•..... 
Age of the eruption ............................................................................. . 
The lava-quartz basalt .................................••.....•...................••......•...... 
The quartz of the quartz basalt ..........•..••.•...•.•.••...•..•..............•..•.............. 
Distribu 'on of quartz basalt ...........••..•..•...•••..•••......•..••...•......••..••.•••....... 

Page. 
8 
9 

10 
11 
13 
15 
17 
18 
19 
21 
24 
so 

3,000 eo-pies published, the number required by the Ia.w relating to these bulletins. 
Price, 10 cents. 



wAID!AN.J BULLETINS 79 AND 80. 215 

BULLETIN 80. 

Oo·ver title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 80 I Correlation papers-Devonian and 
Carboniferous I 

Washington. I government printing office 11891 
General title: Department of .the interior I Bulletin I of the I United 

States I geological survey I no. 80 I [Seal of the department of the 
interior] I 

Washington I government print.ing office 11891 
Special title: United States geological survey I J. W. Powell, direc­

tor I Correlation papers I Devonian and Carboniferous I by I Henry 
Shaler Williams I [Survey design] I 

Washington I government printing office 11891 

Paper cover bearing title as above; sample ·library catalogue slips, verso blank, 
1 l. ; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso blank; special title as above, verso blank; contents, p. 5, verso 
blank; letter of trans111ittal to the director by G. K. Gilbert, geologist in charge, 
pp. 7-10; outline of the paper, pp. 11-12; text, pp. 13-269, verso blank; index, pp. 
271-279. 8°. 

CONTENTS OF BULLETIN 80. 
Page. 

Letter of transmittal by Mr. G. K. Gilbert..................................................... 7 
Outline of this paper............................................................................ ,11 
Introduction. The state of opinion at the beginning of the present century regarding the classi· 

:fl.cation and naming of . geologic formations . . . • • • . . . • . • . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 
Chapter I. The history and development of opinion regarding the classification of rocks in 

the United States, from the time of William Madu.re to the completion of the geological sur· 
vey of the state of New York (1809-1843). ..••• ...•••. ••.. ••• . ..•••. .•.••... •••...••• ... .•• . ••• 22 

Chapter II. The general application of the nomenclature of the New York system as a 
standard of correlation in other parts of the United States (1840-1851). .. .••. •••...•••.. ••. .•• 58 

Chapter III. Miscellaneous discussions reg1trding the correlation of Devonian and Carbonifer. 
ou.s formations in the central part of the United States (1846-1887) .•••••• •••.••••• .••••• ..•••• 75 

Chapter IV. The differentiation of the Carboniferous system.................................. 83 
Chapter V. The Coal measures or Pennsylvanian series: The development of its nomenclature 

and classification in the Appalachian province (1836-1888) . . . • • • . . . • • • . • . • • • . . . • • • . . • • • • . . • . • • 108 
Chapter VI. The conglomerates and lower Carboniferous formations of the Appalachian 

province ....•••.•••••..•...••••...•••.........•.........•••............•..... ,................... 121 
Chapter VII. The Chemung.Catskill problem: The history of the discussions concerning the 

correlation of the Chemung.Catskill formations in the northern. part of the Appalachian 
province ....•......••. ··············-········· •u••-•·,~········· ... •.• ······· ........ ·.· ,·.····. .... ... 135 

Chapter VIII. The lower Carboniferous or Mississippfan series: The development of the 
nomenclature and classification of the lower Carboniferous formations of the Mississippian 
province (1821-1874) . • • • . • • • • • . ••• •• . .•• •• . . . . .• ••• • • • . . • • •• •• .• •• . . . • • . . .• • •• . •. . • • •• . ••• . . • •• 173 

Chap ter IX. The Waverly problem: The history of the discussion concerning the correlation 
of the W.averly, :Marshall, Goniatite limestone, Kinderhook, and Choteau formations (1838-
1888) .........•.•..••.....•...•••...•...••••.............• •.• ...•.. ······.•...... •• .. . . . . .. .. . . . . • 193 

Cb.ap.ter X. The Permian ,problem: Discussions relatiye to the correlation of the Permian in 
Kansas and Nebraska and other.parts of the United States (1858~1886). .••..••••.•••••. .••.••• 213 

Chapt&Xl. Devonian.3nd Carboniferous correlatiqns in the w;~ster:n and northern provinces 
of North America .....•.•••...•••...•.•....•..... , • .. ,........ .... .. . ....... ........... .... .•• 226 

Chapter XII. ' The Ac~dian province: The correlatioi;is and classifi.catiom1 of the upper Pale· 
ozoic formations in the Acadian province ...•••.......•••..••••....• ~......................... 258 

3,500 c?Jiies published, the 3,000 required by the law relating to these bulletins, 
and 5QO ordered by th:e department for free distribution. Price, 20 cents, 



216 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL. 100. 

A documentary edition of bulletins 76-80 in a single volume was issued as follows: 

52d congress, 1st session. I House of representatives. I Mis. doc. I no. 
24. I Department of the interior I Bulletins I of the I United States I 
geological survey I nos. 76 to 80 I 

Washington I government printing office 11892 
No covers; title as above, verso blank; followed by the :five bulletins, without their 

covers. 
1,734 copies, the "usual number" edition, about 600 of which were issued unbound, 

as just described; the remainder were printed later and bound in sheep as vol. 19 of 
the "Miscellaneous documents of the house of representatives for the :first session of 
the fifty-second congress." 

BULLETIN 81. 

Cover title: Department of the interior I Bulletin I of the I United 
States I geological survey I no. 81 I Correlation papers-Cambrian I 

Washington I government printing office j 1891 
General title: Department of the interior I Bulletin I of the I United 

States I geological survey I no. 81 I [Seal of the department of the 
interior] I 

Washington I government printing office I 1891 
Special title: United States geological survey I J. W. Powell, director 

I Correlation papers I Cambrian I by I Charles Doolittle Walcott I 
[Survey desjgn] I 

Washington I government printing office I 1891 
Paper cover bearing title as above; sample library catalogue slips, verso blank, 

11.; advertisement of the publications of the survey, pp. i-v, verso blank; general 
title as above, verso bla,nk; special title as above, verso blank; contents, pp. 5-9, 
verso blank; illustrations, p. 11, verso blank; letter of transmitta,l to the director 
by G. K. Gilbert, geologist in charge, p. 13, verso blank; outline of the paper, pp, 
15-16; text, pp. 17-434; index, pp. 435-447. 8°. Plates r-rn; figs. 1-5. 

CONTENTS OF BULLETIN 81. 
Page. 

Letter of transmittal .••............... ·-···· ........... ····-·................................... 13 
Outline of this paper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 
Chapter I. Introductory........................................................................ 17 

Literature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 
List of authors and year of publication.................................................. 19 
List of papers by dates.................................................................. 22 

Chapter II. Historical review of the geologic and paleontologic work . . . . . ..... .. . . . .. ... ...... 49 
Atlantic coast province . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50 

Newfoundland........................................................................... 50 
Nova Scotia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56 
New Brunswick and Cape Breton....................................................... 59 
Maine................................................................................... 68 
Ne,v Hampshire......................................................................... 70 
Ea tern Massachu8etts.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72 

Paleontology.............................................................................. 78 
Newfoundland ........................................................... ···-............ 78 
New Brunswick and Cape Breton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80 
Eastern Ma achu etts.. ....... ... .... .. .... .. . .. .. ... .. ....... .............. .. .. ....••. 88 

Appalachian province ...................................... _............................. .. . 91 
Northern Appalachian district.......................................................... 91 

Granular quartz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 91 
Red aandrock.. ....•.. ......... .... .. . . . . . .............. ..... ..... ....•. ... ....••..•. 9G 



WABMAN.] BULLETIN 81. 217 

Chapter II.-Historical review of the geologic and paleontologic work-continued. 
Appalachian provinces-continued. 

Northern .Appalachian district-continued. 
Georgia slates . - . ····-··· ......................••. ····•· ······ .... · ···· ·· ·······••··· 
Potsdam sandstone ................................. · · · ...... · - · ·. · .... · · .. · · · · · .. • • · 
Canadian extension .................... · . · · · · · · · · · , · · · · .. · · 7 • • • • • • • • • • • • • • • • • • • • • • • • • 

Southern .Appalachian district ................... -............. -........... - . -..... · · · · · 
New Jersey ............................ -....... · .................................. ·· ·· 
Delaware ............................. --................................ - .......•.••. 
Pennsylvania ........... ..... ........ . -....................... .. .................... . 
Maryland ........... .............................. ·--······················ · ······--· 
Virginia ................................................................... - ........ . 
NortJ.1 Carolina .................................... ························· -· · · · · · · · 
Tennessee ......................................... · · · · · · · · · · · · · · · · · · · · - · - · · · · · · · .. .. 
Georgia .......................................................... •.................•. 
.Alabama ................................................ ~ ........................... . 

Paleontology . . ............................................................................ . 
Northern .Appalachian district ........................................................ .. 
Southern .Appalachian district ........ . .................. .............................. . 

New J ersey, etc ....................................... .. ............................. . 
Tennessee .......................................................................... . 
Georgia ............................................................................ .. 

Eocky mountain province .................................................................. . 
Utah and Nevada ....................................................................... . 
Idaho ................................................................................... . 
Montana ................................................................................ . 

Page. 
98 

113 
114 
122 
122 
123 
124 
133 
133 
138 
139 
144 
146 
148 
148 
154 
154 
154 
155 
155 
155 
161 
162 

Canadian extension......................... . . .. . .. . . . . . . . . . . . . . . . . .. . .. . .. . . . . . . . . . . . . .. 163 
Paleontology . . . . . . . . . . . . . . . . . . .. . . .. ................................. ... . • .. .. •. .. . . .. .. . . .. 165 

:Interior continental province.................................................................... 171 
Upper Mississippi area.................................................................. 171 

Wisconsin ................................. , ........ ......... ....... .... .. . . .... .. .. 171 
Minnesota............................................................................. 181 
Iowa................... .............................................................. 187 
Lake Superior sandstone............................................................ 188 
Missouri............. ................................ ................................ 199 

Ea.stern border or Adirondack sub.province ........... ~................................. 201 
Canadian extension...................................................................... 207 
Western border or Rocky mountain sub.province....................................... 209 

Uolorado ... . •·. .• .. . . . . . . . .... .. .. .. .... •• ... • ... • • .. • ... .... • • .. • ... .. .. .. .. . . .. . • . . 209 
Wyoming............ ................................................................ 211 
Dakota ... . .......................................................................... 214 

Southwestern SlJb·province... .. ...... ...... .... ..• •• ..... .. ............ ......... ..... .. • 216 
Texas................................................................................ 216 
Arizona ............................................................ -................. 219 

Paleontology , . .. . ... •• ...... .. .. . • .. . . . . . . . . . . . . . .. ... .. . .. .. • .••• •• . . .. .. . .. . . . . . . . . .. . . . 221 
Upper Mississippi area.................................................................. 221 

Red sandstone of la~e Superior . . . . . .. .. .. • • • .. . . . • .. • .. • • .. • .. .. . . . . .. .. .. • .. . .. .. 228 
Missouri. . • .. • .. . . . . . . . . .. . . .. .. . .. .. .. . • • • • •• . . . .. ••• •• • • • . • • • .. .. .. • • • • • . • .. ... • • • • 229 

. Eastern border or Adirol).dack sub.province............................................. 229 
Western border or Rocky mountain sub·province ...... . ..................... ..••..••••. 233 

Texa_s...... . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . • . .. . • • . • • • • • . • • . . .. • . • . • • .. . . • .. .. .. . .. • • • 234 
Arizona.............................................................................. 235 

Chapter ill. Nom~nclature employed in the desctjption of the formations..................... 236 
Cam.brian ...... _.................. . ........................................................... 237 
Taconic .. ...... :···.......................................................................... 242 
Taconian ...... _._._ .............................. . ... _.......................................... 243 
Fri.mordial. .............................. .. . .. . . . .. . .. . . . . . . . . . .. . . . . . . . . .. .. • . . • .. . .. . . . . • . . 243 
Fotsdam . ....... : ······--··--·............................................................... 244 
St. Croix ..................................................................................... 245 
:Madison ......... _. ........................................................................... 245 

Mendota ........... . ··: ····························-·····..................................... 245 
Tonto ....• _ ....... ·.·.......................................................................... 245 
:B.a_m burg .......... .. ............................................. ........ ................... 246 
secret caiio_n . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . .. .. . . . . .. . . • .. . . . . . .. . . . .. . . . . .. . . .. . . .. 246 
:Jraterocy .. _._··········.···· ....... . .......................................... ~................ 246 
Biley ............ . ....................... . .............. . .................................... 246 



218 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL. 100, 

Chapter m.-Nomenclature employed in the description of the formations-continueal. 
Hickory .....•..••.••••••......••..•...••.•••••.••••.••..••••.••••••..•.•..........••..•••••. 
Connasaug'a ....••••.........•.•...•••....•.••••.•••.••..••..••..••..••.•.•••..••.••••••••••• 
Montevallo ..............•.................•.•••.•.•..••..•....•...••....•..•..•.......•.•••. 
Choccolocco .•••••.....•............•..••..........•••••••••••••...•..•••..•...••..•••......•. 
Coosa ..... .......................••.•....•••......••.•••.••••••....•.•..•.....••.....•.....•. 
Rome sandstone .........•.•.•........•••••.••.•••...•..•••••••.•.••••......•.......••...•..•. 
Bretonian ........................................................................................ . 
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.Tohannian ............ .. ......... . ...•...•.•••......•..••••.•.......•...•.•••.••..•••• .•• .••. 
Georgia ......................•.•..•...••...... · •.......•...• -••.•• -•.••.••••......•••...••.•..•••.. 
Granular quartz ...................•..........•.•... ........•.. .••.•••.••••••.••.•.•••••••••••••••. 
Red sandrock .. • ...•... · ..............••...•......••..••........••.••..••..•••••........•••..••. 
PrimaL~ ...........•.... - · ...................................................................... . 
Chilhowee .. ......•...•....•...........•..•••.. ..••...••••••.••..••.••••.••.•.•.•.••.••••••••.•. 
Weisner ...........•••.........•..................••...•...•.••....••.........••..••..••..••. 
Ocoee .........••....•...••.....••......•........•...•...•...•..••.•••..••.........•..••..••••• 
Prospect .......•.................••...•........••.•.... ---· ...•••.......••...•..•....•.•..•••••. 
Eastern and western sandstone ............••.•... · ........................................... . 
Lake Superior sandstone .... -•••••..••••..•••••.•. -.••..••••.••.•••.•••.........••.•...••.•••. 
Potsdamio .... ., •...........•.•.....•.......••... ,. . ,. , ...•.........•••..•••....•..•.....••••. 

Chapter.IV.- Summary of -the present knawledge of the ,for-mations, .••.•.•......•.••.••..••••• 
Atlantic coast-province .................. · .•... · ....... ,.· •. · ..•..••..••.•••••.•.........••..••••• 

Newfoundland and the adjoining coast of-Labrador.·.-................................... . 
Northwestern Newfoundland .. · ....................................................... . 
South western Newfoundland ..... ~-.••..•••••.••. -...•.......•.............•...••..••• 
Eastern and southeastern Newfoundland .••••••••• · ••••.•••..••..........••....••••.• 

·Nova Scotia ...........•. ·.· .. ·.· ...... •. u.·.· •.•••. · ••••• ·•· •••• ·•· •••••.•••••••••••.••••.••••••.•. 
New Brunswick and Cape Breron-.••••••..• · ••.••. ·.-••..•••.•••.•.••.••••••....•.•....•••. 
Maine ............................................... · ••..••...•...•...••.........•••••••••• 
New Hampshire ... · .... -. .-...•....••• -.·.······ ••....•.•.. · •••••••...•.. · .•...•...........•..•..• 
Eastern Massachusetts .. • ..••....•.. , •••••.•.••••••..•••••..••••••••••.••..•.........••. 
Resume ...........••..... "=., . .•..... ...... •.. . · ........................................ . 

Appalachian pi'Ovince ....•... ,. , , ••.•...••..•.••• •..•...••..•.•.•.••...•. , ......••..••..••.. 
Northern Appalachian distriol , ..• •• .••.•••...•......••...••••.••...••.......•..•••..••• 

Canadian e:ic:tension .....•...••..•..•.•.....•.....•..••..•...•• : ..•..•.......•.....••.. 
· -Southern Appalachian district .••..•....•..•....•..•...•••••••.•••••.••.•••..••..•••••••. 

· NewJersey ..... ~ .... , ........................... , ............. ... ........................ . 
Delaware ................ . .......................................................... . 
Pennsylvania .••.•••..••••••• , ••. , •••....•• , •••••••••••••••••••••••••••••••.••••.•••. 
Maryland .................................... u •.•••••••••••••••••••••••••••••••••••• 

Virginia ............•.••••.•••....•..••••.•••••.•••..••..••••.••••••.••.••••••••••••• 
North Carolina ...•••••••••.••.••.••••••..•••••.••.••••.•.••. , -.. , ••..•••••.•••.••..••• 
Tennessee ........•..••..•........•.•••..••.•••••••• -.. ••••. , •• :: .•.•....•.•...•..•••.• 

Ocoee oonglomeFate ..••••..•.•.••••.....•.••.•••••••••••••••••.•..•.•......•..••. 
Chilhowee sandstone ............. ,,, .•••••.•.••••••.•••••••.••.•..•.•••.••••.•••. 
Knox sa::idstone and shale ....... ,. ••.•••..•••••.••.••••.••••• , •••••••••.••••••• . 

Georgia •.•• ••..••••.. ,.,, ••••••.•••••••.•.•.•••••••••••.••.....••.....•...••.•••..••. 
Alabama ........••.•.••••••.•...•...............•••••••..•••.•••....•..••......••••. 
Resume .. .....••.....•........••••..••... .... .•••••.•.•••........•.•..•..•...•.•..... 

Rocky mountain province .........•••...•••.•••....•....••••.••..•..•••••...•••.•••.••.•••.• 
Utah and Nevada ....•....•••.•...••.........•.•...•.•••.••..•....•.•.••••••••••••.•••••• 
Idaho ........ .......•.............•.... . ..•...•••...•...•••....•...••.•.••..•••••....•••. 
Montana ...... ...•........•.......•..••... •• .••••..... •..••••.•••.•.•.•.••••.••..••..••.• 
Canadian extension .....••..••....•...••....•.•.•••...••...•..•.....•...••...........••.• 
R6sume .................... ..•.•..•....•..•••.•••...••......•.•.••....•....•..•....•...•. 
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Canadian extension ....•••••.••..••.......••..•..•••••••.•...•..•••.••.•...••.••..••• 
Lake uperior sandstone ••••...•••..•.••••••••••••••.•••••••••••••.••...••••..••..•.•••• 

Canadian extension ..•.•••...••••.••...•..••••••....•...••.••••••••.•..•..•.••.•••••• 
Missouri. ..................•...... ........ ............• ....... ...... .....•.•••••••••..•• • 
East rn border or AHrondack sub-provinc and its Canadian extension . .........•••.••. 

ction at Pot dam ........................... ..............•............•••••••••••• 
Section at Chateaugay chasm .••....•.•...•••.••.••••••••.••••.••••••••..••.••••••• • 
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Chapter IV.-Summary of the present knowledge of the formations-continued. 
J.nterior continental province-continued. · 

Eastern border or Adirondack sub-province and its Canadian extension-continued. Page. 
Section at Hemmingford ......... .... -...... ············•·· .......... ·. ·•·• .·•••.•• .••...•.. •• .. . •.. 343 
Section at Keese:ville anu in ·Au SalJle chasm . . . . . . . . . . .. . • . . . . . . . • • . • • • . . . . . . . • • • • • • . 343 

Section at W-hi tehall ....... ,,_. .................. · ..... -. · ··· • · · .- · · · .... · • · · ••• · · · • · · • · · · · • · • • • · • 344 
Section at Saratoga ......... .... , .,, .•. ..... · .. ··.·.·.···········. ·.·· - ·· · · · · · • · · • · • ·••• • · 

Western border or Rocky mouutain -sub·province ..•... ·., ...... ._ .......••.......•..••••. 
South Dakota ...... ···.· .. ·.· ..... ·.·.,·.·.· ... -.•...... • .. -:. ·. · ................... · .. ...•..•• •.•••. 
Wyoming .. ·.-..•......... · .. · .......... ·.· ............ ·······.········ ..... · ..•.......••.. 
Colorado ... · ........... ,. · .... .... · ... ·.-.· .... ·., ... :· ..... · ................................ . 

Southwestern sub-province·.·.·. : ·•·. e·•-a· ... · .... ·.-.: ·. :-. ....... ·. :;· ... ._ .......••.............•••. 
Texas ..... .. .- •. -.· ........ · .• ·.·.•.· •..••........ ·.· .•. · ..............•...... . .•........•••..••. 
Arizona .••••. · .. · •. : .... -...... .... ..•. ........•..•.. · .....•............................•. 
Resuml'.l ..•. _. .... ••·.·.·.·•· .. · ....•• -'· .................. ·-.·-. .. ·.· ... · .... : · .. -. .. -. ..... -:. · ...........••.•.•••• 

Synopsis of the·Cambrian group- ; . -. .. · .. · .. . · .. ,-. ... ::-. .• : ..• •. · .. · .. ._. -.· .......•..............••••• 
Base of 0ambri-an .......... · ... · .. ·.· ........ · .. -.· .. -. ·.·.-. · .........•.... ,. -...........•.....•••.. 
Summit of Cambri-an-.-. ... · ....... , .•............ · ..• ·.-. ·,· .....•.....................•.......•.. 
Sedimentation of-the-Oambrian group, · ........ ,· '-:-. · •...••••.....••.•.•....•••....••.••.• 
Subdivision of-the Cambrian .... : . . ,._ ..............• , .•......••..••........•••.•..•••••• 

Comparison with the Gambrian·rocks of· other countries .•••..•...••..•...•...•..........••• 
Europe, ...... :: . ;: ,., ................................................................... . 
Scotland, ••..• -. ..••.... ,.,,, ..... · ... :;;; . , .......•.....•........•...•.•.••...•.....•..••. 

· · Ireland .• ._.-,·. ·.·.·.·.·.·.-..•....... · .... -..·.· ........ · .••....•..••. · ...•...•••.•.•...•...•.•.•...... 
Ohina. .•• , ••. ,. :: ·"' •• ·. , ••• ·"·., ........ , •• : • • · "· · •.•••.•••.••.••••••.•••.•••..••••••••• ~ •• 
India .....•... ,· •• ·. · •• -.-.... -.• •... ... ...... .. -. .••.•••... · ..• ,· ••.••...•... -. .•.••...•.••...•••.••. 
A11stralia· .. · ..•. ·.·.-.................. · •. · •••...••••••.. · ........ -.....•• · .. · •••••.•.•••.••••.•••••••. 
South America -.....• ............ · ...•. · .... · .. · ... · ...• ·, • ._._._ .• -.. ·.· ••.. .-·.-......•.••..••..••••••• 

ehapter-V. Problems for investigation· and settlement ... ._-. ..•• -. . -. ,.._ -. · ....•. ._ ....•......•...••.• 
Local problems .... ·. -.. .·.· .• · .......... · ... ·.· ..•.. ... · .... ·.-.·. · .. ·.·•· .....•. · .•. ·.·. ·.-.••........••..••..••. 

N ewfonndland ..•• ·•· •... · .... · ......•.•...• · ...•....... -. ................ : ..... ..••..••...•••• 

... ;::a :;:~~~~k-:·:: :.:~ :·:·::::.: :.:::::: :.: :~~.'.~.: .. ::: :.: :·: :~ :~~-:::~~::::: :: : ::: : : : : :: : : : : : :::·::: 
· ·Maine aml New ·Hampshire." ...... ·. , ·.·, , ." .• -. ..... ._ .•.. ·: ·. : ...•..........••........•••• 
· Eastern- Me.ssaohasetts-.• ·.··· ..... ·.•.··.-.-•• ..• · •• -.-.. ._ . ._ .•.... · ... ·.·.·.·.·.·.·.-. ................•..•..•••. 

New· York ... , .. · .. · . .-. .•..........• n-. ..•• .•• •.. , .. ,, • ,,, .• -. ..•••.•..•.•.•••..•....•..••.. 
Adirondack; au b· province·.·.·.-.·· .....•.• ·. ·.· ••• ,. .... .. ,._ .. , ~ •. -.••..••...•......••••• . ....•.••.. 

· :Vermont .....•.••...•..••.. · .•...• .••••..•.••• -.. •..•. , .....•• , •••......•.•.•.............•••.• 
Canadian extension-.....•... ,,. .•. -.. .. .. . , ... . -.•••............••..••..•........ ......• ..•••••• 

· New Jersey ......••••• -..••.••.... •.•.. .. -...... · ...... · . • -... · ...•.•••••.•..•...•....•...•.•..•••••• 
Pennsylva,nia .•••••......• ~,-... -. · •••••• ·.·· .-•. , ••• · •• ·~ . ~-. ~ ._ .-:. ·. · .•••...•...•...•..••.•.•..••••••• 

• Virginia-. .-.. •••• , .• · ........ ,· .. ~--' .... ~, •• , •.•........ ::~~ ••.•..... ; ...........••••.••••••• 
Nm:th Carolina-.-•• -............ . -.•....••.•. -:. ·.· .• ••... • , • .-.· ••..••...•......•....•.••..•.•••. 
Tennessee .•• · ·· · · · -- .•..••.•.. · . v •.•• , .. · - · - • - ·· • •••• · • ·· • · · ............................ . 

Georgia and Al1i.bama ... .......... , . " .. . · .... ,a -.,~ H •• ·• -•••••••••••••••••••••••.•••••••••••••• 

Utah and Nevada .....••••••••..•..•.••......•••.•...••.••••.••.••.....•••.•••......••••. 
Colorado . .•..•.•••.••...•••...•.•..............•.••••••••..••...•..•••••........•..•••••• 
Rocky mountains ..•••••..•...••...•••.•.••.•••••....•••......••.•••.••..••........•••••. 
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of I the division of mining statistics and technology I [Survey design] l 

Washington I government printing office I 1892 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 44:9-

455. 8°. 100 copies. 
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Department of the interior I United States geological survey I J. W. 
Powell, director I Abrasive materials I Abstract from "Mineral re­
sources of the United States I calendar years 1889 and 1890"-David 
T. Day, chief of I the division of mining statistics and technology I [Sur­
vey design] I 

Washington I government printing office I 1892 
Paper cover bearing title as above; inner title same, verso beginning of text; 

text, pp. 456-460. 8°. 100 copies. 

D epartment of the interior I United States geological survey I J. W. 
Powell, director I Cement and gypsum I Abstract from "Mineral re­
sources of the United States I calendar years 1889 and 1890"-David 
T. Day, chief of I the division of mining statistics and technology I [Sur­
vey design] I 

Washington I government printing office I 1892 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 461-

467. 8°. 100 copies. 

Department of the interior I United States geological survey I J.W. 
Powell, director I Fluorspar I Abstract from "Mineral resources of the 
United States I calendar years 1889 and 1890 "-David T. Day, chief 
of I the division of mining statistics and technology I [Survey design] I 

Washing ton I government printing office I 1892 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 468-473. 8° . 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Mica I Abstract from "Mineral resources of the 
United States I calendar years 1889 and 1890"-David T. Day, chief 
of I the division of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1892 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 474:--475. 8°. 100 copies. 

D epartment of the interior I United States geological survey I J. W. 
Powell, director I Asphaltum I by I E. W. Parker I Abstract from 
''Mineral resources of the United States I calendar years 1889 and 
1890"-David T. Day, chief of I the division of mining statistics and 
technology I [Survey design l I 

Wahington I government printing office 11892 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 4:77-

481. 8°. 100 copies. 

partm nt of the interior I United States geological survey I J. W. 
Pow ll, dir tor I Salt I by I William A. Raborg I Abstract from "Min­
eral re ource of the United States I calendar years 1889 and 1890"-
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David T. Day, chief of I the division of mining statistics and tech­
nology I [Survey design J I 

Washington I government printing office j 1892 
Paper cover bearing title as above; inner title same, vereo beginning of text; 

text, pp. 482-492. 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Bromine and borax I Abstract from ,~ Mineral 
resources of the United States I calendar years 1889 and 1890"-David 
T . Day, chief of I the division of mining statistics and technology I 
l Survey design] I 

Washington j government printing office I 1892 
Paper cover bearing title as abon; inner title same, verso blank; text, pp. 493-

506. 8°. 100 copies, 

Department of the interior I United States geological survey I J. W. 
Powell, director I Graphite, mineral paints, barytes I and asbestos I 
.Abstract from "Mineral resources of the United States I calendar years 
1889 and 1890"-David T. Day, chief of I the division of mining sta­
tistics and technology I [Survey design] I 

W ashington I government printing office j 189~ 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 507-

514. 8°, 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Sulphur and pyrites I Abstract from "Mineral re­
sources of the United States I calendar years 1889 and 1890"-David 
T. Day, chief of I the division of mining statistics and technology I 
{Survey design] I 

Washington I government printing office I 1892 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 515-

.518. 8°. 100 copies. 

·Department of the interior I United States geological sur-vey I J. W. 
Powell, director I Mineral waters I by I A. C. Peale I Abstract from 
~'Mineral resources of the United States I calendar years 1889 and 
189O"-David T. Day, chief of I the division of mining statistics and 
technology I [Survey design] I 

Washington I government printing office j 1892 · 
Paper cover bearing title as above; inner t itle same, verso blank; text, pp. 521-

535. 8°. 400 copies. 
MINERAL RESOURCES 1891. 

[Survey design] Department of the interior I United States geologi­
cal survey I J. W. Powell, director . I Mineral products of the United 
States. I Calendar years 1880 to 1891. 

Colophon: Washington, D. O., October · 1, 1892. I David T. Day, I 
chief of division of mining statistics. 
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One sheet, 28 by 31 inches. A tabulation of the quantities and values of the various 
mineral products of the country for the years named. 4,000 copies issued by the de­
partment. 

Department of the interior J United States geological survey I J.W. 
Powell, director I Mineral resources I of the I United States I calendar 
year I 1891 I David T. Day I chief of division of mining statistics and 
technology I [Survey design] I 

Washington I government printing office j 1893 
Sample library catalogue slips, verso blank, 11.; advertisement of the publica­

tions of the survey, pp. i-v, verso notice; title as above, verso blank; contents, pp. 
iii-iv; letter of transmittal to the director, p. v, verso blank; introduction, p. vii, 
verso blank; text, pp. 1-610; index, pp. 611-630. 8°. Three unnumbered illus­
trations, one occupying pp. 44-45, one (a folded plate) following p. 46, and one 
occupying p. 118. 

CONTENTS. 
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Page. 

EI§tif {f. ;t\]\EH'.'./'.'.'.'.'.'.'.'.~\\\\'.\:\/'.'.> ~J 
7,000 copies published-3,000 under the law relating to survey publicn.tion nd 

4,000 additional copies ordered by the secretary of the interior. Sold by th dir tor 
of the survey at 50 cents a copy, actual cost of publication as estimated by the 
public printer. 

At this writing the documentary edition of M. R. 1891 has not been issued. 
Of the papers composing this volume separates were issued as follows: 

SEPARATES FROM MINERAL RESOURCES 1891. 

Department of the interior I United States geological survey I ,J. W. 
Powell, director I The I production of iron ores I in 11891 I by I John 
Birkinbine I Extract from "Mineral resources of the United States I 
calendar year 1891 "-David T. Day, chief of the I division of mining 
statistics and technology I [Survey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso beginning of text; 

text, pp 10-46. 8°. 2 plates. 100 copies. 
The foregoing is the regular separate, delivered in May, 1893; but there was an 

issue of 700 copies in advance of the volume; in these the title is identical with that 
given above except that the date is 1892 instead of 1893, and the collation is the 
same except that the text is repaged 3-37 and the running heading on both even 
and odd pages is made to read "Production of iron ores in 1891." 

Department of the interior I United States geological survey I J. W. 
Powell, director I Twenty years of progress I in the I manufacture ot 
iron and steel I in the I United States I by I James M. Swank I general 
manager American iron and steel association I Abstract from" Mineral 
resources of the United States I calendar year 1891 "-David T. Day, 
chief of the I division of mining statistics and technology I [Survey de­
sign] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso blank; text, pp 47-73. 

So. 100 copies. 
The foregoing is the regular separate from the volume, but the same matter was 

printed and issued earlier, as follows: 

Department of the interior, I United States geological survey. I J. 
W. Powell, director. I Twenty years of progress I in I the manufacture 
of iron and steel I in the United States. I By I James M. Swank, I gen­
eral manager of the American iron and steel association. I Extract from 
Mineral resources of the United States I for calendar year 1891.-David 
T. Day, chief of the I division of mining statistics and technology. I 
[Survey design.] I 

Washington: I 1892. 
Paper cover bearing title as above, verso contents; no inner title; text, pp. 1-32. 

8°. 600 copies, At the foot of p. 31 is the following line: "No. 261 South Fourth 
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Street, Philadelphia, December 1, 1892." This brochure was printed in Philadelphia. 
in advance of the volume, the former being used as copy for the corresponding por­
tion of the latter, thouo-h there are a few minor differences between the two texts, 
probably made in proot Moreover, the last page of this earlier brochure is occupied 
by a "Comparative exhibit of the foregoing statistical statements," partly in graphie 
form, which does not appear at all in the volume or the regular separate. 

'l'wenty years of iron-ore development, pp. 1-7. 
Twenty years of pig-iron produotion, pp. 7-13. 
Twenty years of progress in the manufaoture of steel, pp. 13-16. 
Twenty years of rolling-mill development, pp. 17-19. 
Twenty years of ohanges in the manufaoture of iron and steel rails, pp. 19-22, 
Twenty years of progress in the manufaoture of nails, pp. 23-24. 
Twenty years of progress in iron and steel bridge-building, pp. 24-25. 
Twenty years of iron and steel shipbuilding, pp. 25-27. 
Efforts to establish the tin-plate indnstry, pp. 27-29. 
A bran.oh of the h-on industry whioh has deolined, p. 29. 
Twenty years of prioes of iron and steel, p. 30. 
The United States now the first of all iron and steel manufaoturing countries, pp. S0-31. 
Comparative exhibit of the foregoing statistioal statements, p. 32. 

Department of the interior I U nHed States geological survey I J. W. 
Powell, director I Gold and silver I Abstract from ''Mineral resources 
of the United States I calendar year 1891"-David T. Day, chief of 
the I division of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso beginning of te:x:t; text, 

pp. 74-80. 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Copper I by I C. Kirchhoff I Abstract from "Mineral 
resources of the United States I calendar year 1891"-David T. Day, 
chief of the I division of mining statistics and technology I [Survey 
design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 81-102. 

go. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Lead I by I 0. Kirchhoff I Abstract from "Mineral 
resources of the United States I calendar year 1891"-David T. Day, 
chief of the I division of mining statistics and technology I [Survey 
design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 103-110. 

8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Zinc I by I 0. Kirchhoff I Abstract from "Mineral 
r ur e of the United States I calendar year 1891"-David T. Day, 
hi f of the I divi ion of mining statistics and technology I [ Survey 

a irn] I 
a hingt.on I government printing office I 1893 

ap r cover bearing title aa above; inner title same verso blank· text pp.111-116. 
8°. 100 copiea. ' ' ' 
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Department of the interior I United States geological survey I J. W. 
Powell director I Quicksilver I .Abstract from "Mineral resources of 
the United States I calendar year 1891 "-David T. Day, chief of the I 
division of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso blank; text, pp.117-

125 (p. 118 being occupied by an unnumbered plate). 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Manganese I by I Joseph D. Weeks I .Abstract from 
"Mineral resources of the United States I calendar year 1891"-David 
T. Day, chief of the I division of mining statistics and technology I 
(Survey de.sign] I 

Washington I government printing office j 1893 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 126-146. 8°. 200 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Aluminum I by I R. L. Packard I .Abstract from 
"Mineral resources of the United States I calendar year 1891"-David 
T. Day, chief of the I division of mining statistics and technology I 
[Survey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso blank; text, pp.147-

63. 8°. 100 copies. 

Department of the interior I United States geological survey I J. 
W. Powell, director I Tin I Abstract from "Mineral resources of the 
United States I calendar year 1891"-David T. Day, chief of the I divi­
sion of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso beginning of text; 

text, pp. 164-166. 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Pow ell, director I Nickel and cobalt I Abstract from "Mineral resources 
of the United States I calendar year 1891"-David T. Day, chief of 
the I division of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso blank; text, pp.167-

170. 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Chrome iron ore I Abstract from "Mineral resources 
of the United States I calendar year 1891"-David T. Day, chief of 
the I division of mining statistics and technology I [Survey design] I 

W asbington I government printing office 11893 · 
p11,per cover bearing title as above; inner title same, verso blank; text, pp.171-

173. 8°. 100 copiea. 
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Department of the interior I United States geological survey I J. W. 
Powell, director I Antimony I by I E.W. Parker I Abstract from ''Min­
eral resources of the United States I calendar year 1891"-David T. 
Day, chief of the I division of mining statistics and technology I [Sur­
vey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso beginning of text; 

text, pp.174-176. 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell,director I Coal I by I E. W.Parker I Extract [sic] from ''Mineral 
resources of the United States,"[sic] I calendar year1891-DavidT.Day, 
chief of the I division of mining statistics and technology I [Survey 
design] I 

W asbiugton I government printing office I 1892 
Paper cover bearing title as above, inner title the same, verso blank; text, pp. 3-

182. 8°. 2,600 copies; issued in advance of the volume. The text is identical 
with the corresponding text in the volume; only the pagination and running head­
ings changed. 

Department of the interior I United States geological survey I J. W. 
Powell, director. I The I manufacture of coke I by I Joseph D. Weeks I 
Extract [sic] from ''Mineral resources of the United States I calendar 
year 1891"-David T. Day, chief of the I division of mining statistics 
and technology I [Survey design] I 

Washington I government printing office 11892 
Paper cover bearing title as above; inner title the same, verso blank; text, pp. 3-

48. 8°. 600 copies; issued in advance of the volume. The text is identical with 
the corresponding text in the volume; only the pagination and running headings 
changed. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Petroleum I by I Joseph D. Weeks I Abstract from 
"Mineral resources of the United States I calendar year 1891 "-David 
T. Day, chief of the I division of mining statistics and technology I 
[Survey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 403-435. 

8°, 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, cli.t· ctor I Natural gas I by I Joseph D. Weeks I Abstract from 
" fineral re ources of the United States I calendar year 1891 "-David 
T. ay, chief of the I division of mining statistics and technology I 
[Survey de ign] I 

a hington I government printing office I 1893 
Paper ~ver bearing title as above; inner title same, verso beginning of text; ten, 

pp. 436-401. 8°. 800 copies. 
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Department of the interior I United States geological survey I J. W. 
Powell dfrector I Asphalt.um I by I E. W.Parker I Abstract from "Min­
eral r;sources of the United States I calendar year 1891"-David T. 
Day, chief of the I division of mining statistics and technology I [Sur­
vey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 452-455. s0 • 100 copies. 

Department of the interior I United States geologica,l survey I J. W. 
Powell, di.rector I Stone I by I William C. Day I Abstract from "Min­
eral resources of the United States I calendar year 1891"-David T. 
Day, chief of the I division of mining statistics and technology I [Sur­
vey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 456-473. S0 • 1,500 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Olay materials of the United States I by I Robert T. 
Hill I Abstract from "Mineral resources of the United States I calen­
dar year 1891"-Division of mining I statistics and technology I [Sur­
vey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 474-528. 8°. 300 copies. The words "David T. Day, chief of the," usually 
found in the titles of these separates, are iacking in this instance. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Natural and artificial cements I by I Spencei.· B. New­
berry [sic] I Abstract from "Mi:aeral resources of the United States I 
calendar year 1891"-David T. Day, chief of the I division of mining 
statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 529-

538. go. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Precious stones I by I George F. Kunz I A.bstract 
from "Mineral resources of the United States I calendar year 1891 "­
David T. Day, chief of the I division of mining statistics and tech­
nology I [Survey design] I 

Washington I government printing office j 1893 
Pa.per cover bearing title as above; inner title same, verso blank; text, pp. 539-

551. go. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Abrasive materials I by I E. W. Parker I Abstract 
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from ''Mineral resources of the United States I calendar year 1891"­
David T. Day, chief of the I division of mining statistics and tech-
nology I [Survey design] I · 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso beginning of text; text, 

pp. 552-556. 8°. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Fertilizers I Abstract from "Mineral resources of the 
United S·tates I calendar year 1891"-David T. Day, chief of the I di­
vision of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso blank; text, pp. 557-

663. go. 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Sulphur I Abstract from "Mineral resources of the 
United States I calendar year 1891"-David T. Day, chief of the I di­
vision of mining statistics and technology I [Survey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso beginning of text; 

text, pp. 564-571. go, 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Salt and bromine I Abstract from "Mineral resource:! 
of the United States I calendar year 1891"-David T. Day, chief of 
the I division of mining statistics and technology I [Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing title as above; inner title same, verso beginning of text; 

text, pp. 572-579. go, 100 copies. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Gypsum I by IE. W. Parker I Abstract from "Min· 
eral resources of the United States I calendar year 1891"-David T. 
Day, chief of the I division of mining statistics and technology I 
[Survey design] I 

Washington I government printing office I 1893 
Paper cover bearing tit]e as above; inner title same, verso beginning of text; 

text, pp. 580-583. go. 100 copies, 

Department of the interior I United States geological survey I J. W. 
Powell, director I Magnesite I Abstract from "Mineral resources of 
the United States I calendar year 1891"-David T. Day, chief of the I 
divi ion of mining ta tis tics and technology I [Survey design] I 

Wa hington I government printing office j 1893 
Paper cover bearing title as above; inner title same, verso beginning of text; 

~xt, pp. 584-585. go. 100 copies. 

D partment of the interior I United States geological survey I Flnor­
Bpar and borax I Abstract from '' Mineral resources of the United 



WARMAN.] MINER.AL RESOURCES 1891, SE A A'I 

States I calendar year 1891"-Division of mining I 
nology I [Survey design] I 

Washington I government printing office I 1 9 
Paper cover bea,ring title as above; inner title nm , 

text, pp. 586-588. s0 • 100 copies. The words "Da i · 
found in the titles of these separates, are lacking in hi 

Department of the interior I United Stat 
Powell, director I Graphite, asbestos, and 
Parker I Abstract from "Mineral resour ' 
calendar year 1891 "-David T. Day, chief of th 
statistics and technology I [Survey de ign] I 

Washington I government printing office I 1 
Paper cover bearing title as above; inner title same, r o 1 k; t 

694. go. 200 copies. 

Department of the interior I United State g 
Powell, director I Mineral paints and baryt 
Abstract from "Mineral resources of the Unit 
1891 "-David T. Day, chief of the I divi ion of 
technology I [Survey design] I 

Washington I government printing office j 18 3 
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p . 9-

Paper cover bearing title as above; inner title same, rso bl nk · t t, p. 6 -
600. go. 100 copies. 

Department of the interior I United State 
Powell, director I Mineral waters I by I A. . 
'' Mineral resources of the United States I cal n • 
T. Day, chief of the I division of mining sta i ti 
[Survey design] I 

Washington I government printing office I 1 93 
Paper cover bearing title as above· inner title sa.m blank. t rl 601 

610. 8°. 100 copies. ' e, verso , e , PP· -





GEOLOGIC ATLAS OF THE UNITED STATES AND AUXILIARY AND 
SUBSIDIARY MAPS. 

GEOLOGIC FOLIOS. 

Department of the interior I United States geological survey I J. W. 
Powell, director I Geologic atlas I of the I United States I Chattanooga 
Hheet I Tennessee [-Ringgold sheet I Tennessee-Georgia] I Index map I 
[ the index map, showing geographic position of area covered by the 
sheet] I Scale: 50 miles=l inch I List of sheets I explanatory Appa­
lachian descriptive topography areal geology structure sections I 
economic geology columnar sections I 

Executed by the engraving division, U.S. geological survey I Wash­
ington, D. C. j 1892 I Chattano~ga sheet [-Ringgold sheet] 

Title as above on cover, laid loosely inside which are, in each case, the sheets com­
posing the folio. 

The following information concerning these atlas folios is taken from the explan­
atory text which accompanies every foUo: 

" The Geological Survey is making a large topographic map and a large geologic 
map of the United States. These large maps are being made in small sections or 
sheets of convenient and uniform size. Several thousand such sheets are required 
for the whole of the United States. Taken altogether they will constitute an atlas, 
and each leaf is called an atlas sheet. . . • . . 

"Three different scales are used on the atlas sheets of the U.S. Geological Survey; 
the smallest is Yocfo,rrr, the second rn¾lllY, and the largest llrtoo• These correspond 
approximately to four miles, two miles, and one mile of natural length to one inch 
of map length ..... . 

"A map of the United States on the smallest scale used by the U. S. Geological 
Survey would be 60 feet long and 45 feet high. If drawn on one of the larger 
scales it would be either two times or four times as long and high. To make it 
possible to use such a map it is divided into parts printed on atlas sheets of conven­
ient size, about 17 by 21 inches, and bounded by parallels and meridians. Each 
sheet on the scale of~ contains one square degree (that is, represents an area 
one degree in extent in each direction); each sheet on the scale of ns1-nlflf contains 
one-quarter of a square degree; each sheet on the scale of 1r2¼inr, one-sixteenth of a 
square degree. These areas correspond nearly to 4,000, 1,000, and 250 square miles. 

"The atlas sheets, being parts of one great map, are laid out without reference to 
political boundary lines of any kind. They are not state, county, or town maps, 
out only parts of one map of the United States. For convenience of reference they 
a.re given such names as will readill suggest the region shown. 

:J3U:U, :J_0Q-.-20 ~01? 



306 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

"The details belonging to the geologic map are numerous, and in some districts a 
single sheet does not suffice for their representation without confusion. In such 
cases special groups of facts are represented on different copies of the same base 
map. In many of the northern states the Pleistocene formations are varied in 
character and require representation in detail, yet fail to conceal wholly the under­
lying formations, so that the latter also can be mapped. In such case a special 
sheet is devoted to the Pleistocene formations. In regions where the rocks are 
greatly folded it is specially important that record be made of their inclination or 
dip. To this end structure sections are delineated on a sheet, which is a partial 
duplicate of the general geologic map, so as to bring them into close relation to the 
representation of formation areas, and there is added a special notation to indicate 
the direction and amount of dip. In certain districts where economic resources are 
sufficiently important, a special sheet is devoted to the representation of mines and 
minerals in their relation to the rock formations." 

.A.t this writing the following six folios have been :finished, but there is yet no 
edition for distribution, though it is hoped one will soon be ready. 

Folio. Sheets. 
(Explanatory. 

! t~r:;i~~~~~~-
ch tt T Topography. a anooga, enn ••••••••••• - • Areal geology. 

Structure sections. 
Economic geology. 
Columnar sections. 

l ~~I:~~':ltain. 
Descriptive. 

Hawley, Mass .••••••••••• ····-- Topography. 
Areal geology. 
Economic geology. 
Structure sections. 

r 
Explanatory. 
Sketch of Gold Belt. 
Descriptive text. 

Sacramento, CaL _. _ ••••••..•• --1 Topography. 
Areal geology. 
Economic geology. 
Structure sections. 

l~~;:i~~I~:· 
L s p k C 1 Topography. 

a sen ea, a··············· .A:realgeology. 
Economic geology. 
Illustrations of the Cinder Cone. 

j 
Explanatory. 
Appalachian. 
Descriptive. 

Kin t T Topography. gs on, enn .•••••••••••.•... l.A:real geology. 
Economic geology. 
Structure sections. 
Columnar sections. 

(
!~~!~~~~~~~ 
Descriptive. 

Ringgold, Tenn.-Ga. ___ ....•.. _ ;~P0

1
graph

1 
Y· 

..t::U.ea geo ogy. 
Econorruc geology. 

trncture sections. 
Columnar sections. 

S~e ial g ologic sh ets and maps accompany many of the volumes of text; s~ 
entries under "Ma.p , geologic" in the index, pp. 410-416 of this bulletin. 



W.AJI.MAK.J GEOLOGIC FOLIOS AND TOPOGRAPHIC ATLAS SHEETS. 307 

TOPOGRAPHIC ATLAS SHEETS. 

Topography is the basis of geologic representation, and as no suitable topographic 
niap of the country existed, the preparation of such a map claimed the first atten­
tion of the survey. The topographic work is therefore well advanced, the follow­
ing atlas sheets having been finished. The plates are ready for the press, but n o 
edition for general distribution has been printed, and the survey is therefore sup­
plied with only a limited number of proofs. 

Locality. Name of sheet. 

Designation of 
sheet. .Area 

covered. Scale. 
Lat. Long. 

0 0 

M aine ......••••......... Portland.............. 43 30 70 15 n degree 1: 62500 

New.field.............. 43 80 . 70 45 ... do .•...... do .• ••• 
Biddeford............. 43 15 70 15 ... do •••...•. do •••• • 
Kennebunk........... 48 15 70 80 ... do •••••••. do .... . 
Gardiner .. .• .... .. .. . 44 00 69 45 ... do ........ do ... .. 
Freeport.............. 43 45 70 00 ..• do ........ do ••••. 
.Augusta.............. 44 15 69 45 ... do ........ do . •••• 
Buxton............... 43 80 70 80 ... do . ....... do .... . 
Waterville............ 44 80 69 80 ... do ........ do .•••• 
Small Point........... 48 80 69 45 ... do ........ do .... . 
Boothbay • • • • • • • .. .. .. 43 45 69 80 ... do ........ do .... . 
Bath.................. 48 45 69 45 ... do ........ do .... . 
Wiscasset . •• • • • • • • • .. 44 00 69 80 ... do ........ do ••••• 
Vassalboro............ 44 15 69 80 ... do ... . .... do ••••• 
Norridgewock........ 44 80 69 45 ... do ........ do .... . 

Maine and New Hamp- York................. 43 oo 70 80 ... do ....... . do .... . 
shire. Dover................ 48 00 

Berwick.............. 43 15 
New Hampshire ••••••••• MountWashington... 44 15 
New Hanpshire and Ver- Brattleboro • • ••• • •• • • • 42 45 

mont. 
Vermont .•••••••••••••••. 

Massachnsett1 and New 
Hampshire. 

Wilmington .. • • • •• • • • 42 45 
Rutland .. .. • • • • • •• • • . 48 80 
Wallingford . .. .. .. • • . 48 15 
Newburyport......... 42 45 
Haverhill............. 42 45 
Lawrence............. 42 30 
Lowell..... • • • • • .. . • • . 42 30 
Groton • • • • • • • • • .. • .. . 42 30 
Fitchburg . .. . .. ••• • .. 42 80 
Winchendon.......... 42 00 

Ma s s aohueette,New Warwick ............. 42 80 
Hampshire, and Ver-
m.ont. 

Massachusett.a and Ver- Greenfteld ............ 42 30 
m.ont. Hawley............... 42 80 

Grey lock . • .. • • • •• • • .. 42 30 
Massachusetts, Vermont, Berlin................ 42 80 

and New York. 

M.assachueett.a and New Pittsfield............. 42 15 
York. 

Maaaachll80tt.a.. ..• . . . . . . Gloucester . ........... 42 80 

Salem..... . ........... 42 80 
Boston Bay.......... . 42 15 
:Boston................ '2 15 

70 45 ... do ........ do .... . 
70 45 ... do ........ do ••••• 
71 15 ... do ........ do ••••. 
72 80 ... do .••..••• do ••••• 

72 45 ... do .••.•••. do ••••• 
72 45 . • . do •••..••. do ••••. 
72 45 ... do .••.•.•. do .•••• 
70 45 ... do ........ do ••••• 
71 00 ... do •••••••. do ••••• 
71 00 ... do ••••.••. do ••••• 
71 15 ... do ••••••• • do •.••. 
71 80 ... do •••••••• do ••••• 
71 45 ... do ........ do ••••• 
72 00 ••. do ........ do ••••• 
72 15 .. . do ••...••. do ••••• 

72 30 ... do ••••.••. do ••••• 
72 45 ... do •••.•••. do ••••• 
78 00 .•. do •••.•••• do ••••• 
78 15 .•. do •••..••• do ••••• 

78 15 ... do ........ do •• ••. 

70 80 .•. do ........ do ••••. 
70 45 ... do ........ do ••••• 
70 45 ... do •••••••• do ••••• 
71 00 •• • do .•••••• . do ••••• 

Contour 
interval . 

Feet. 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
40 
20 

20 

20 
20 
20 
20 
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Designation of 
Contour 

Locality. Name of sheet. sheet. Area Scale. covered. interval. 
Lat. Long. 

0 0 Feet. 

Massachusetts ....•...... Framingham ..••..•.. 42 15 71 15 radegree 1: 62500 20 

Marlboro ............. 42 15 71 30 ... d~ .... .... do ...•. 20 

Worcester ............ 42 15 71 45 ... do .... .... do ..•.. 20 

:Barre ......•.•.•••.••. 42 15 72 00 ... do .... .... do •.... 20 

Belchertown ...••...•. 42 15 72 15 ... do .... .... do ..... 20 

Northampton ....•..•. 42 15 72 30 ... do ..•. .••. do ..... 20 

Chesterfield .......... 42 15 72 45 ••. do .... .... do ..... 20 

:Becket ...••••••.•••••• 42 15 73 00 ..• do ..•. .... do ..... 20 

Provincetown •••.•••. 42 00 70 00 ... do .... ..•. do ..... 20 

Duxbury ............. 42 00 70 30 ... do .... •.•. do ..... 20 

Abington . ............ 42 00 70 45 . .. do ..•. .... do ..... 20 

Dedham ....... . ...... 42 00 71 00 ... do .... .... do ..... 20 

Wellfleet ............. 41 45 69 55 . . . do .... .... do ..... 20 

Plymouth ............ 41 45 70 30 . .. do .... .... do ..... 20 

Middleboro ........... 41 45 70 45 . .. do .... .... do ..... 20 

Taunton .. ............ 41 45 71 00 . .. do .... .... do ..... 20 

Chatham ............. 41 30 69 45 . .. do .... ..•. do ..... 20 

Yarmouth ............ 41 30 70 00 ... do .••. . ... do ..... 20 

:Barnstable . ....•.•.... 41 32 70 15 ... do ..•. . ... do ..•.. 20 

Falmouth ...........•. 41 30 70 30 . .. do .••. .... do ..... 20 

New 13edford ......... 41 30 70 45 ... do .... . . .. do ..... 20 

Nantucket ..•...•..••. 41 13 69 57 . .. do .... . ... do ..•.. 20 

Muskeget ............ 41 15 70 12 ... do ..•. . .•. do ..... 20 

Martbas Vineyard .... 41 15 70 27 •.. do .... . ... do ..... 20 

Gay Head ............. 41 15 70 42 . .. do .•.. .... do ..•.. 20 

Massachusetts and Con. Webster .............. 42 00 71 45 ... do .... . ... do ..... 20 

necticut. :Brook.field ...•.••..••• 42 00 72 00 . .. uo .... .... do ..... 20 

Palmer ... ..... ....... 42 00 72 15 ... do .... . ... do ..... 20 

Springfield . .•..••.•••• 42 00 72 30 ... do .... . ... do ..... 20 

Granville ............. 42 00 72 45 ... do .... . ... do ..•.. 20 

Sandisfield ............ 42 00 73 00 .. . do .... . ... do ..... 20 

Massaohusetta, Connect- Sheffield .............. 42 00 73 15 ... do .... ..•. do ...•. 20 

icut, and New York. 
Massachusetts and Franklin .....••...... 42 00 71 15 ... do .... .••. do ..... 20 

Rhode Island. :Blackstone ........... 42 00 71 30 .. . do .... .... do ..... 20 

Providence ........... 41 45 71 15 ... do .... . ... do ..... 20 

Fall River ............ 41 30 71 00 ... do .... . ... do ..... 20 

Rhode Island ........... . :Burrilville ... ......... 41 45 71 30 .•. do •••• . ••. do ..••. 20 

Narragansett :Bay .... 41 30 71 15 ... do ..•. . •.. do ..... 20 

Kent .................. 41 30 71 30 . .. do .••. .... do ...•. 20 

Sakonnet ..•..••••••.. 41 15 71 00 . •. do •••• .... do .•... 20 

Rhode Island ••••••••.•.. Newport .............. 41 15 71 15 ..• do .... . ••. do .••.. 20 

Charlestown ..••.••••. 41 15 71 30 . .. do ... . .••. do •.••. 20 

:Block Island .....•••.. 41 00 71 30 .•. do .... .••. do ..••. 20 

Rhode Island and Con· Putnam .•••.••.••••••. 41 45 71 45 ... do .••. .... do ..•.. 20 

necticut. Moosup ............... 41 30 71 45 ... do .... .••. do ..... 20 

Rhode Island, Connecti· Stonington ........... 41 15 71 45 ... do .••. .... do ..... 20 

cut, and New York. 
Connecticut ........... .. Meriden . ........... .. 41 30 72 45 ... do .••. .... do ... .. 20 

Waterbury ........... 41 30 73 00 ... do .... .... do ...•. 20 

New Milford .......... 41 30 73 15 ..• do ..•. ..•. do ..••. 20 

New Haven .......... 41 15 72 45 ... do ..•. .... do ..... 20 

Derby ................ 41 15 73 90 ... 40 .... •••• do ..... 20 
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Locality. Name of sheet. 
Desif ation of 

s eet. .Area l;icale. 

Connecticut ............. . 

New York and Connect­
icut. 

Bridgeport ••••••••... 
Norwalk .••••••...•... 
Danbury .•••••••.••.•. 
Winsted ...••••••••••. 
New London .••••••.•. 
Tolland •••••••••••••.. 
Hartford .••••••••••••. 
Granby ••••.••••.•.... 
Saybrook •.....•.•.••. 
Guilford .••..•••.••... 
Woodstock ..•..••.... 
Gilead ................ 
.Middletown •••.••.••• 
Norwich •••..••...•... 
Stamford •..••.•.•••.• 

Lat. 

0 

41 00 

41 00 

41 15 

41 45 
41 15 

41 45 

41 45 

41 45 
41 15 

41 15 

41 45 
41 30 

41 30 

41 80 

41 00 

New York............... Albany............... 42 80 

West Point........... 41 15 

Brooklyn . . • • • • • • • . • • . 40 30 

Carmel • • • • • • • • • • . • • • . 41 15 

Clove................. 41 80 

Troy.................. 42 80 
New York and New Jer- Harlem............... 40 45 

eey, 

Staten Island ....••••• 40 80 
Ramapo ..••••••.••••. 41 00 
Greenwood lake ..•... 41 00 

NewJerse7 •............ 
Tarrytown ••••..•••.. 41 00 
Franklin •..•..•...... 41 00 
Paterson •••••••.•••.•. 41 00 
.Morristown ••.•••.••. 40 45 
Lake Hopatcong .•...• 40 45 
Hackettstown .....•.. 40 45 
Plainfield ..•••••.••... 40 30 
Somerville .••.••.•.••. 40 30 
High Bridge ..•..•••.. 40 80 
Sandy Hook ...•••.••. 40 15 
New Brunswick ...... 40 15 
Princeton ...•.•.•••.. 40 15 
.Asbury Park ...•••..• 40 00 
Caasville ....... ....... 40 00 
Bordentown .••..•••.• 40 00 
Barnegat •.......••.•. 39 45 
Whitings ..••.••...... 39 45 
Pemberton .....•••.•.. 39 45 
Mount Holly ....••.•.. 89 45 
Long Beach .......••. 39 30 
Little Egg Harbor .••. 39 30 
Mullica.a ........ ~ ..... 39 80 
Hammonton .......•.• 89 80 
Glassboro ............. 89 80 
Salem ................. 89 80 
.Atlantic City ..•.••••• 89 15 

covered. 
Long. 

0 

73 00 n degree 1:62500 

73 15 ... do •••. .... do ••••. 
73 15 ... do • ••. ••.. do ..••. 
73 00 ..• do ... . .•• . do .•••• 
72 00 . .. do ... . ... . do • •••. 
72 15 .•. do .. .. ... . do .•••. 
72 30 ... do ..•. .•.. do •.••• 
72 45 ... do .... ..•. do • • •.• 
72 15 ... do .••. ..•. do ....• 
72 30 ... do .••. .••. do .. • .. 
72 00 ... do .... ... . do ..•.• 
72 15 ... do .... ..•. do ..•.. 
72 30 . .. do .... ... . do .••.• 
72 00 . •. do •••. .••. do ••••• 
73 30 . .. do ••.. .••. do ••••• 

73 45 ... do .....••. do ••••• 
78 45 .•. do ........ do ••••. 
78 45 ..• do ........ do ..••. 
78 80 .•• do ........ do .•••. 
78 80 ••• do ........ do .•••. 
73 80 ..• do ........ do •.••. 
78 45 ••. do .•...... do ..••. 

74 00 .•. do •••..•.. do ••••. 
74 00 .•. do ••....•. do ••••. 
74 15 ... do •••...•. do ••••. 
78 45 ... do ..•. .•.. do ••••. 
74 30 .•• do ........ do •.•.. 
74 00 ... do ..•..••. do ••••• 
74 15 .•. do ........ do .... . 
74 30 ... do ........ do ..•.. 
74 45 ... do .•• . •••. do •••.. 
74 15 ... do .••..••. do .•••. 
74 30 ... do •••..•.. do •.••. 
74 45 .•. do ........ do,# .• , 
74 00 •.. do .....••. do ..... 
74 15 ••• do •••..••. do ••••. 
74 80 ... do .••...•. do ..... 
74 oo ••. do •••..••. do •••.. 
74 15 ... do •••.•••. do •••.. 
74 30 ... do ........ do .••.. 
-74 00 ... do ........ do .... . 
74 15 .•• do •••..•.. do •••.. 
74 30 ... do ..•..•.. do ••••. 
74 45 ... do ........ do •.•.. 
74 00 ... do ••••.... do .... . 
74 15 ••• do •••..•.. do ... .. 
74 80 .•. do .••..••• do ... .. 
74 45 •.. do ••••.••. do ••••. 
75 00 .•• do •••.•••. do .•••. 
75 15 ... do ........ do •.••. 
74 15 .•. do •••••••• do ••••• 
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Contour 
interval. 

F eet. 
20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

lQ 



310 PUBLICATIONS OF THE u. s. GEOLOGICAL SURVEY. [BULL. 100. 

Designation of 
Area Contour 

Locality. Name of sheet. sheet. Scale. covered. f!iterval. 
Lat. Long. 

0 0 Fut. 

NewJeraey ••••••••••... Great Egg Harbor •••. 39 15 74 30 ..fsdegree 1:62500 10 

Tuckahoe •.•••••••••• 39 15 74 45 ... do •••• •••• do ••••• 10 

Bridgeton •••••••••••. 39 15 75 00 ..• do •••• • ••• do ••••• 10 

Se11,Isle ••••••••••••••• 39 00 74 30 •.• do · •••• •••• do ••••• 10 

Dennisville .•••••••••• 39 00 74 45 . .. do •••• •••. do ••••• 10 

Maurice Cove .•••••••. 39 00 75 00 •.• do •••• •••. do .•••. 10 

Cape May •••••••••••• 38 45 74 45 .•. do •••• •••. do ••••• 10 

New Jersey and Penn- Wallpack ••••••••••••• 41 00 74 45 .•• do •••• •••• do ••••• 20 

sylvania. 
Delaware Water Gap. 40 45 75 00 ••. do •••• •••• do .•••• 20 

Easton .••••••••••••••• 40 30 75 00 .•• do •••• •••. do ••••• 20 

Lambertville ••••••••• 40 15 74 45 ..• do •••• .••. do ••••• 20 

Burlington .••••••••••• 40 00 74 45 . .. do •••• •••• do ••••• 20 

Philadelphia ..•••••••. 39 45 75 00 . .. do •••• .••. do ••••• 20 

Pennsylvania ..•••••••... Scranton •••••••••••••. 41 15 75 30 . •. do •••• •••. do ••••• 20 

Hazelton •••••••••••••. 40 45 75 45 ... do .••• •••. do ••••• 20 

Catawissa .•••.••••••. 40 45 76 15 • •. do •••• •••. do .•••• 20 

Lykens •••••••••.••.•. 40 30 76 30 ... do ..•. •••• do ••••• 20 

Doylestown .••••••••.. 40 15 75 00 • .. do •••• •••• do ••••• 20 

Quakertown •••••.•••. 40 15 75 15 ... do •••• •••. do ••••• 20 

Lebanon .••••••••..••. 40 15 76 15 ... do •••• •••• do .•••• 20 

Germantown .••••••... 40 00 75 00 ... do •••• •••• do ••••• 20 

Shamokin .••••••.•.•.• 40 45 76 30 ... do •••. • ••. do ••••• 20 

Pottsville .••••••.••... 40 30 76 00 . .. do •••• • ••• do ••••• 20 

Dundaff .•••••••••••••. 41 30 75 30 ... do .••. • ••• do ••••• 20 

Honesdale ..••.••••••. 41 30 75 15 .•. do .••. . ••. do ••••• 20 

Harrisburg .•••••••••. 40 15 76 45 ..• do .••• • ••. do .•••• 20 

Hummelstown ..•••••• 40 15 76 30 .•. do •••• . ••• do ••••• 20 

Pittston •••••••••..•.. 41 15 75 45 ... do •••• • ••. do .•••• 20 

New Jersey and Delaware Bayside ••••••.•••••••. 39 15 75 15 ••• do •••• • ••. do ••••• 10 

Maryland ••••••••••••.... Baltimore .•••••••••••. 39 15 76 30 .•. do •••• • ••. do ••••• 20 

Brandywine •••••••••• 38 30 76 45 ... do •••• •••• do ••••• 20 

.Annapolis .••••••••••. 38 45 76 15 ••. do •••• •••• do ••••• 20 

Wicomico .•••••••••••. 38 15 76 30 ..• do ..•• •••• do ••••• 20 

Owensville •••••••••.. 38 45 76 30 ••• do •••• •••• do ••••• 20 

Relay .•••••••••••••... 89 00 76 80 ..• do •••. .••• do ••••• 20 

Ellicott .••••••••••.... 39 15 76 45 .. . do .••. •••. do ••••• 20 

Drnm Point ••••••.••. 38 15 76 15 ... do .••. .••. do .•••• 20 

Prince Fredericktown. 38 30 76 30 .•. do .••. .... do ••••• 20 

Laurel ••••..••••.••••. 39 00 76 45 ..• do .••. .••. do ••••. 20 

Leonardtown ••••••••. 38 15 76 30 •.• do .••. •••. do .•••• 20 

Sharps Island •••••••. 38 30 76 15 ..• do ••••.••. do ••••• 20 

North Point ••••••••.. 39 00 76 15 •.• do .•.. .••. do ••••• 20 

Gunpowder ••••••.•••. 39 15 76 15 .•. do .••• .••. do ••••• 20 
Maryland and District of East W aahington .•.•. 88 45 76 45 ••. do .••• •••• do ••••• 20 

Columbia 
Maryland, District of West Washington .... 88 45 77 00 •.. do •••• .••. do ••••• 20 

Columbia, and Virginia. Mount Vernon .••..•.. 38 30 77 00 ¼degree. 1:125000 50 
Maryland, Virginia, and Harpers Ferry •.•••.. 89 00 77 30 ••. do .••. .••. do ••••• 100 

Weet Virginia. Romney •••••••••..••. 39 00 78 30 .•. do •••• •••. do ••••• 100 
llaryland and W eet Vir· Piedmont ••••••••••••• 89 00 79 00 ••. do •••. .••. do ••••• 100 

pnia. 

llaryland and Virginia .. Frederick ••••••••.•••. 89 00 77 00 ... do .••• •••. do ••••• 50 

Fredericka burg ..••••. 38 00 77 00 •.. do •••. •••• do ••••• 50 
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Maryland and Virginia .. Point Lookout ..••.•.. 88 00 76 15 ndegree 1:62500 20 

Pmey Point ••••••••••• 88 00 76 30 ... do .... •••. do ••••• 20 

Montross .....•....... 88 00 76 45 ... do .••. .••. do ..•.. 20 

Virginia .•••.•••••••••... Warrenton ........... 88 30 77 30 ¼degree. 1:125000 50 

Luray ................ 38 30 78 00 ... do .... •••. do ..... 100 

Spottsylvania ..•.••••• 38 00 77 30 . .. do ..•. •••. do ...•. 50 

Gordonsville ....••••.. 38 00 78 00 ..• do •••• ••• . do ..... 100 

Harrisonburg .••.•.••. 38 00 78 00 ... do .... .... do ••••• 100 
Goochland ............ 37 30 77 30 ... do •••• •••. do ..... 60 

Palmyra ......•....... 37 30 78 00 •.. do •••. •... do." •••. 50 

Buckingham .••••••••• 37 30 78 30 ... do •••. •... do ..... 100 

Lexington ............ 37 30 79 00 . .• do •••. ..•. do ••••• 100 

Natural Bridge ....... 37 30 79 30 . •• do •••. ..•. do ..... 100 

Fannville ............. 37 00 78 00 ... do •••. .•.. do ..... 50 

Roanoke .............. 37 00 79 30 .•. do .••. .... do ..... 100 

Appomattox .......... 37 00 78 30 . .. do .... .... do ..... 50 
Lynchburg ........... 37 00 79 00 .•. do .... • .•. do ..••• 100 
-Virginia Beach ....... 36 30 7o 30 ... do •••. . •.. do ..... 6 
Norfolk ..••••.•••••••. 36 30 76 00 .•• do •••. . ... do ...•. 5 

Virginia andlWest Vir- Winchester ........... 39 00 78 00 .•• do .•.. .... do ...•. 100 
ginia. Woodstock ..••••••••. 38 30 78 30 . .. do .•.. .... do ...•. 100 

Franklin ............. 38 30 79 00 ... do .... . •.. do ..... 100 
Beverly ............... 38 30 79 30 ...do .•.. .... do ..... 100 
Staunton ............. 38 00 79 00 ...do •••. .... do .•••• 100 
Monterey ............. 38 00 79 30 ... do •••. . ... do ••••. 100 
Lewisburg .••••••••••• 37 30 80 00 ...do •••. .... do ..... 100 
Christiansburg ....... 37 00 80 00 ... do •••. . .•. do .•••• 100 
Dublin ............... 37 00 80 30 ••• do •••. .... do ..... 100 
Pocahontas ........... 37 00 81 00 • •. do •••. .... do ..... 100 
Tazewell .•••••.•••••• 37 00 81 30 . .. do •••. ..•. do •.••. 100 

West Virginla ••••••..... St. George ............ 39 00 79 30 ... do •••. . ... do .•••. 100 
Huntersville .••••••••. 38 00 80 00 ...do •••. •••. do •.••. 100 
Nicholas ....••••••.••. 38 00 80 30 . .• do •••. •••. do ..••• 100 
Kanawha Falls .•••••• 38 00 81 00 . .. do .•.. .... do .•••. 100 
Hinton ••••••••••••••. 37 30 80 30 . .. do •••. .... do •.••. 100 
Raleigh ••••••••••••••• 37 30 81 00 .•. do •••. .... do •.••• 100 
Oceana ••••••••••••••. 37 30 81 30 ... do •••. .... do ••••• 100 
Charleston •••••••••••. 38 00 81 30 .. . do •••. .... do ..••. 100 ' 
Buckhannon .••••••••. 38 80 80 00 ... do •••. .... do ••••• 100 
Sutton .••.•••.•••••••. 38 80 80 30 ... do •••. .... do .•••. 100 

West Virginia and Ohio. Huntington ........... 38 00 82 00 . •• do ••• ..... do ..... 100 
West Virginia., Virginia, Warfield .••••••••••••. 37 so 82 00 .•• do ••• . .•.. do ••••. 100 

and Kentucky. 

Kentucky ............... Preston burg •••••••••. 37 80 82 30 .•• do ••• . .•.. do ..••. 100 
Salyersville ........... 37 30 83 00 ... do .•• . .••. do ..... 100 
Hazard ............... 37 00 83 00 ••• do ••• . .••. do ••••. 100 
Manchester •••.••••••• 37 00 83 30 .•. do .•• ..... do ..... 100 
Beattyville ........... 37 30 83 30 ... do .•. ..... do ..... 100 
Richmond ............ 37 30 84 00 r- .do • • • . . •• • do ..••. 100 

London ............... 37 00 84 00 ... do .....••. do ..... 100 
Kentucky and Virginia •. Whitesburg .......... 37 00 82 30 ..• do .••..••• do ••••• 100 

Grundy ............... 37 00 82 00 ... do ........ do ••••• 100 
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Virginia and North Car- Hillsville ...•••.••• •. . 36 30 80 30 ¼degree. 1:125000 100 

olina. Wytheville •.•••.••••. 36 30 81 00 ... do .... .•.. do •.••. 100 

Virginia, North Carolina, Abingdon .••••••••.•. 36 30 81 30 ... do .••. .••. do •. ••. 100 

and Tennessee. 
Virginia and Tennessee._ Bristol •.••.•••••.•••.. 36 30 82 00 ... do .... .... do ..... 100 

Kentucky, Virginia, and Estillville ...•.••.••..• 36 30 82 30 .•. do .••. .••. do ...•. 100 

Tennessee. Jonesville .••..••..••. 36 30 83 00 ... do .•.. .... do ..••. 100 

Cumberland Gap .••.. 36 30 83 30 ... do .... .... do ..••• 100 

Kentucky and Tennessee Williamsburg .•••••.. 36 30 84 00 ... do .... .... do ••... 100 . Wilkesboro ....•••.•.. 36 00 81 00 ... do .... .... do .•••. 100 

North Carolina .••••••••. Morganton .•....•.... 35 
30 I 81 30 ... do .... .... do ...•. 100 

Cowee ...••• •..••••••. 35 00 83 00 ... do .... .... do ..... 100 

Statesville .••..•••••.. 35 30 80 30 .•. do .... .... do .•... 50 

North Carolina and Ten· Roan Mountain ....... 36 00 82 00 ... do .•.. .••. do •.••. 100 

nessee. Cranberry ..••••.•.•.. 36 00 81 30 ... do .•.. .... do ..... 100 

Greenville .•••.•••.••• 36 00 82 30 ... do .... .•.. do ..••. 100 

Mount Mitchell .•..... 35 30 82 00 ... do .••. .... do .•••. 100 

Asheville ..••..•...... 35 30 82 30 .•. do, .•. .... do ..••• 100 

Mount Guyot .••.•.••. 35 30 83 00 ... do .•.. .•.. do ..••. 100 

Knoxville •••••••••... 35 30 83 30 ... do .••. .... do ..... 100 

Nantahalah ..•••••••.. 35 00 83 30 ... do .••. .... do ..•.. 100 

Murphy .••.....••..•. 35 00 84 00 ... do .••. .... do ..... 100 

North Carolina and South Saluda .••...••• .•••. .. 35 00 82 00 ... do .••. .... do ..... 100 

Carolina. Pisgah ..•••........... 35 00 82 30 ... do .••. ..•. do ...•. 100 

Tennessee ............... Morristown ........•.. 36 00 83 00 ... do ..•. .... do •.... 100 

Maynardville ......... 36 00 83 30 ... do .•.. .... do ..... 100 

Loudon' .•• . ......•.•.. 35 30 84 00 ... do .... .... do ...•. 100 

Kingston .•...••...... 35 30 84 30 ... do .•.. .... do •.... 100 

Cleveland .......•..... 35 00 84 30 ... do .... .... do ...•. 100 

Chattanooga ..•....... 35 00 85 00 ... do .••. .... do ••••. 100 

:Pikeville .....•...•••• 35 30 85 00 ... do .••. .... do •..•. 100 

Sewanee ......•..••••• 35 00 85 30 ... do .••. .... do .•••. 100 

McMinnville .••..•••. 35 30 85 30 ... do .••. .... do ..... 100 

Briceville ......••..••. 36 00 84 00 ... do . . .. .... do ..... 100 

South Carolina ••••••••.. :Pickens .•........••••. 34 30 82 30 ... do .... .... do ..••• 100 

Abbeville .....•.....• . 34 00 82 00 ... do ..•. .... do ..••. 60 

South Carolina and Geor· Walhalla ...........•. 34 30 83 00 ... do .... .... do ..••• 50 

gia. Elberton ..........•... 34 00 82 30 . . . do .... .... do ..•.. 100 

McCormick ........... 33 30 82 00 ... do .... .... do •.•.. 50 

Georgia .. ...••....•..... . Dahlonega .....•••••• . 34 30 83 30 ... do .... .••. do ..••. 100 

Ellijay ................ 34 30 84 00 . .. do .... .... do ..... 100 

Dalton ..•..........••. 34 30 84 30 ... do .... .... do ..••. 100 

Carnesville .......•••. 84 00 83 00 ... do .... .... do ..••. 100 

Gainesville ........••• 84 00 88 30 . .. do .... .... do ...•. 100 

Suwanee .............. 84 00 84 00 ... do .... .... do ..•.. 100 

Cartersville .. ....••••. 84 00 84 80 . .. do .•.. .... do ..... 100 

Atlanta ............... 33 80 84 00 ... do .••. .... do ..... 100 
Marietta. .............. 83 30 84 30 ... do ..•. .... do ..... 50 

Georgia and Alabama . . . Ringgold ............. 84 30 85 00 ... do .... .... do ..... 100 
Rome ....••..•••••.••. 34 00 85 00 ... do .... .... do ..... 100 
Tallapoosa .....••••••. 33 

.. I 
85 00 ... do .... .... do ..... 100 

Alabama ................. , St.evon""" •••••••••••• 84 80 85 80 ... do .••. .... do .•••• 100 
cottsboro . ....•.•.... 34 30 86 00 ... do ..•. .... do ..... 100 

Rnntaville ......•...•. 34 30 86 30 ... do .... .••. do .•••. 100 
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Alabama .••............. Fort Payne ........... 84 00 85 80 ¼ degree. 1: 125000 100 

Gadsden .............. 84 00 86 00 ... do .... .... do ..... 100 

Collman .•..•......... 84 00 86 80 ... do ... . .... do .... . 100 

.Anniston ............. 88 80 85 80 ... do .... .... do ..... 100 

Springville ....•...... 88 80 86 00 ... do .... .•.. do ..... 100 

Birmingham .••..•.... 88 80 86 80 ... do .... .••. do ..... 100 

.Ashland ....•••....... 88 00 85 80 ... do .... ..•. do •.... 100 
Talladega .•...•...... 88 00 86 00 ... do •... .... do ..... 100 

Bessemer ............. 88 00 86 80 ... do .... .... do ..... 100 

Clanton ............... 82 80 86 80 ... do .... .... do ..... 50 
Louisiana ................ Bonnett Carre ........ 80 00 90 15 y\degree 1: 62500 5 

Spanish Fort ......... 80 00 90 00 ... do . ... .... do .•... None . 
New Orleans .......... 29 45 90 00 ... do .... .... do ..... 5 
Lao des .Allema1Jds .. 29 45 90 80 ... do .... .... do •.••. 5 
St. Bernard ...•..•••.. 29 45 89 45 ... do .•.. ... . do ..... 5 
Hahnville ............ 29 45 90 15 .. '.do .... .... do ..... 5 
Thibodeaux ........ _. 29 45 90 45 . .. do .... .... do ..••. 5 
Pointe a la Hacbe .... 29 80 89 45 . .. do .... .. .. do ..... 5 
Quarantine ........ _ .. 29 15 89 80 . .. do .... .... do ..... 5 
Barataria ......• _ ..••. 29 80 90 00 . .. do .... .... do ..... 5 
Fort Livingstone ..... 29 15 89 45 . .. do .... .... do ..... None . 
ChefMenteur ........ 80 00 89 45 ... do .... .... do ..... None . 
Cut Off ............... 29 80 90 15 ... do .... . ... do ..... 5 
Cheniere Caminada ... 29 00 90 00 ... do ... . .... do ..•.. None • 
Houma ............... 29 80 90 80 ... do .. .. . ... do .•.•. 5 
Mount .Airy .......... 80 00 90 80 . . . do .... . ... do ..... 5 
Donaldsonville ....... 80 00 90 45 ... do .... . ... do ..... 5 
West Delta ........... 29 00 89 15 ... do .... . ... do ..... None. 
Creole ................ 29 15 90 00 ... do .••. .... do ..... None . 
Gibson ............... 29 80 90 45 ... do .... . ... do ...•. 5 
East Delta ............ 29 00 89 00 ... do .... . ... do ..... 5 
Forts ................. 29 15 89 15 ... do .... . ... do ..... 5 
La Fortuna ........... 29 80 89 15 ... do .... . ... do ..... 5 
Shell Beach ........... 29 45 89 80 ... do .... . ... do ...•. 5 
Cat Island ............ 80 00 89 00 ... do .... . ... do ..... 5 
Toulme ............... 80 00 89 15 ... do .... . ... do ..... 5 
Rigolets .............. 80 00 89 80 ... do .... . ... do ..... 5 

Florida .................. Dunellon ..•..•....... 29 00 82 15 ... do .... . ... do ..... 10 
.Arredondo ............ 29 80 82 15 ... do .•.. . ... do ..... 10 

Wisconsin .......... ..... Sun Prairie .......... _ 48 00 89 00 ... do .... . .•. do ..... 20 
Waterloo ............. 48 00 88 45 . .. do ... . .... do ..... 20 
MadiSOJ?. .............. 48 00 89 15 ... do ... . .... do ..... 20 
Koshkonong .•..•..•.. 42 45 88 45 ... do .... . ... do ..... 20 
Stoughton ............ 42 45 89 00 ... do . ... .. . do ..... 20 
Evansville ... _ ...... _. 4.2 45 89 15 ... do ... ..... do ..... 20 
Whitewater ....••.... 42 45 88 80 . .. do ... ..... do··--: 20 
Eagle ................. 42 45 88 15 . . do ..• . .... do ..... 20 
Watertown .....•.••.• 48 00 88 80 ... do ... . .... do ..... 20 
Port Washington .. •.. 48 15 87 45 ... do ... . .•.. do ..... 20 
Bayview .............. 42 45 87 45 ... do ... . .... do ..... 20 
Racine ................ 42 80 87 45 ... do ... ..•.. do ..... 20 
Oconomowoc ...•...•.. 43 00 88 15 ... do .•. ..•.. do ..... 20 
Waukesha ............ 48 00 88 00 ... do ... ..... do ••••• 20 
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Wisconsin ••••••••••••••. Milwaukee ........... 43 00 87 45 ndegree 1:62500 20 

Muskego ••••••••••••. 42 45 88 00 ... do .... .. •. do ..... 20 

Illinois •••••••••••••••••. Deeplainee ............ 41 45 87 45 ... do .••. .... do ..... 10 

Riverside ••••••••••••. 41 80 87 45 ... do •••• •••. do .•••. 10 

Joliet .••••••.••••••••. 41 80 88 00 ... do .••• •••. do ••••. 10 

Wilmington •••••••••. 41 15 88 00 ... do •••• ..•. do ••••• 10 

Morrie ..•••••••••••••. 41 15 88 15 ... do •••• •••. do ••••• 10 

Marseilles ............ 41 15 88 80 • .. do •••• .... do ..... 10 

Ottawa ••••••••••••••. 41 15 88 45 ...do •••• •••. do ..••. 10 

Chicago •••••••••••••. 41 45 87 80 ...do •••• .... do •.••. 5 

Lacon •••••••••••••••. 41 00 89 15 ...do .••. .•.. do ••••• 10 

Lasane ••••••••••••••. 41 15 89 00 ...do •••. .... do ..... 10 

Hennepin ••••••••••••• 41 15 89 15 ...do .... •••• do ..... 10 

lliinoie and Indiana ••••. Calumet .............. 41 80 87 80 ...do .... .... do .•••. 10 

Iowa ••••••••••.••••..... Maquoketa ........... 42 00 90 80 ...do .... .. •. do ••••• 20 

Baldwin •••••••••••••. 42 00 90 45 ... do •.•. .... do ••••. 20 

Monticello .•.••.•••••• 42 00 91 00 ...do .••. .••. do ••••• 20 

Anamosa ••••••••••••• 42 00 91 15 . .• do •••. .... do .•••. 20 

Marion ............... 42 00 91 80 . .. do .... .••. do •••.. 20 

SheJleburg .••••••••••. 42 00 91 45 • .. do .... .... do •.•.. 20 

DeWitt ............... 41 45 90 80 ...do •••• •••• do ••••• 20 

Wheatland .••••••••••. 41 45 90 45 ••• do •••• .... do ..... 20 

Tipton .•••..•••••••••. 41 45 91 00 ... do .... • ••• do ••••• 20 

Mechanicsville ....... 41 45 91 15 ••. do ••.. .... do ..... " 20 

Cedar Rapids ......... 41 45 91 80 ••. do .... •••. do ••••. 20 

.A.mana ............... 41 45 91 45 ... do .... .... do ..... 20 

West Liberty ......... 41 80 91 15 ... do .... .... do ••••. 20 

Iowa City ...••••••••• 41 80 91 80 ... do •••• .... do ..... 20 

Oxford ................ 41 80 91 45 ... do .... .... do ..... 20 

Davenport ............ 41 80 90 80 .. . do •••• •••. do ••••• 20 

Durant ............... 40 80 90 45 ... do •••. •••. do ..... 20 

Wilton Junction .••••. 41 80 91 00 ... do .... .... do ••••. 20 

Iowa and Illinois •••••••. Clinton ............... 41 45 90 00 ... do .... .... do ..... 20 

Goose Lake ••••••••••• il 45 90 15 ... do .••. .••. do .•••• 20 

Leclaire .............. 41 80 90 15 ..• do •••. .••. do ---· 20 

Savanna •••••••••.•••. 42 00 90 00 ... do •••• .... do ..... 20 

Missouri and Illinois ..•. Louisiana ............. 89 00 91 00 ¼ degree. 1: 125000 50 

St. Louis, East ....... 88 80 90 00 hdegree 1: 62500 20 

Miaaouri ••••••••••••••••. St. Louie, West ...... 88 80 90 15 ... do .... .•.. do .•••• 20 

Mexico .••••••••••.... 89 00 91 80 ¼ degree. 1: 125000 50 

Moberly .............. 89 00 92 00 ... do •••. .••. do ••••• 50 

Glasgow ••••••••••••.. 89 00 92 80 .. . do .... .... do ••••• 50 

Marshall .•••••••••••.• 89 00 98 00 ... do .... .••. do .•••• 50 

Lexington ............ 89 00 98 80 ... do .••. .... do ••••• 50 

Independence ..••.•••. 89 00 94 00 ... do •••. .... do ••••• 50 

Hermann .•••••••••... as 80 91 00 ... do .... .... do ..... 50 

Fulton .••••••••••••••. 88 ao 91 80 ... do .... .... do ..... 50 

J effereon City .•••••.. 88 80 92 00 ... do .••• •••. do ..... 50 

Boonville ............. 88 ao 92 80 .. . do •••• •••• do ..... 50 

Sedalia ....•.•••••.... 88 ao 98 00 ... do •••• •••. do .•••. 50 

Warrensburg ••••.•.•. as ao 98 80 ... do •••• •••• do ..... 50 

Harrisonville .••••••.. as 80 94 00 ••. do •••• •••. do ..... 50 

Tnecumbia ........... 88 00 92 00 ... do •••• •••. do ••••• 50 

V waail.lea .••••••••••. 88 00 92 ao ••• do •••• .... do ..••. 60 
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Missouri. •••••••••••..... Warsaw .............. 88 00 98 00 ¼ degree 1:125000 50 

Clinton ••••••••••••••. 88 00 93 80 ..• do •••• .... do ..... 50 

Butler ................ 88 00 94 00 ... do •••. .... do ••••• 50 
Bolivar ............... 87 80 98 00 . .• do •••. ..•. do ••••. 50 
Stockton .............. 87 30 98 80 • •• do ... . .... do ..... 50 
Nevada ............... 87 80 94 00 . •• do .... .••. do ••••• 50 

Springfield ........... 87 00 98 00 ...do ••.• .... do ••••. 50 
Greenfield •...•••..... 87 00 98 80 ... do .... .... do ••••. 50 
Carthage ............. 87 00 94 00 ... do .... .... do ..... 50 

Missourl and Kansas .... Atchison ••••••••••••• 80 95 00 
I • ••. do ..... 50 89 
1 

... do •••• 
Kansas City .......... 89 00 94 80 ... do .... •••• do •.... 50 
Olathe ................ 88 80 94 80 1 ... do .... .... do ..... 50 
Mound City .......... 88 00 94 80 

1 

... do .... .... do ..... 50 
Fort Scott ............ 87 80 94 30 ..• do .... •••. do ..... 50 
.Toplin ................ 87 00 94 80 ..• do .... .... do ..... 50 

Xanaaa .................. Hiawatha ••••••••••••. 89 80 95 80 . .. do .... .. •. do ..... 50 
Seneca ................ 89 80 96 00 •.• do •••• .. .. do ..... 60 
Marysville •••••••••••• 89 80 96 80 • •• do •••. •••• do ••••. 50 
Oskaloosa ............ 89 00 95 00 . .• do .... •••. do ..... 50 
Topeka ••••••••••••••. 89 00 95 30 . .. do .... .... do ••••. 50 
Wamego .............. 89 00 96 00 ...do .... .... do ..... 50 
.Junction City ........ 89 00 96 80 ... do .... .. .. do •.... 50 
Lawrence ••••••••••••• 38 80 95 00 ... do .... . ... do ..... 50 
Burlingame .•••••••••• 88 30 95 80 ... do •••• . ... do ..... 50 
Eskridge ••••••••••••. 88 80 96 00 ..• do .... . ... do ..... 50 
Parkerville ••••••••••• 88 30 96 80 ... do •••• • ••• do ••••. 50 
Abilene ............... 88 80 97 00 ... do •.•. • ••. do ..... 60 
Garnett ••••••••••.•••. 88 00 95 00 ... do •••• • ... do ••••• 50 
Burlington ........... 38 00 95 80 ... do .... • ... do ••.•. 50 
Emporia ••••••••.••••• 88 00 96 00 ..• do .... • ... do ••.•• 50 
Cotttonwood Falls •••. 88 00 96 80 ... do .... • ••• do ..... 50 
Newton .••••••••.••••. 38 00 97 00 .•• do •••• • ... do ••... 50 
Hutchinson ••••••••••. 88 00 97 30 ..• do •••• .. •. do •.••• 20 
Lyons ................ 38 00 98 . 00 .•. do .... ... do ••.•. 20 
Great Bend •.••••••••. 88 00 98 80 ... do •••. . ... do ..... 20 
Larned ............... 88 00 99 00 .•• do .... . ••• do ••... 20 
Ness City .•••••••••••• 88 00 99 80 ..• do .... .... do ..... 20 
Iola ................... 37 30 95 00 ... do .... . ... do ..... 50 
Fredonia ••.••••••••••. 87 30 95 30 ••• do .... • ••• do ••••. 50 
Eureka ............... 87 30 96 00 ... do •••• • ... do ••.•. 50 
Eldorado ............. 87 80 96 30 ••• do .... . ... do ..... 50 
Wichita .............. 87 80 97 00 ..• do •••. • ••. do ..... 50 
Cheney ............... 87 30 97 80 ... do .... . ... do ..... 20 
Kingman ............. 37 80 98 00 ...do .... •••. do ..... 20 
Pratt ................. 37 30 98 30 •.. do •••. .••. do ..... 20 
Kinsley ............... 37 80 99 00 ... do •••. ... do ..... 20 
Spearville ............ 37 80 99 80 • .. do .... .... do ••••. 20 
Parsons ............... 87 00 95 00 ... do .... •••• do ••••. 50 
Independence .••••••.. 37 00 95 30 ... do ••• . .... do ..... 50 
Sedan ................. 87 00 96 00 ... do ... . .... do ..... 50 
Burden ............... 37 00 96 30 ... do ••• . .... do ..... 50 
Wellington ••••••..... 37 00 97 00 ••• do ••• . ..•. do ..... 50 
Caldwell ••••••••••.... 37 00 97 30 ... do ••• • .... do ••••• 20 
Anthony .............. 37 00 98 00 ... do .•. • .... do ••••• :IQ 
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Kansas ••••••••••••••••.. Dodge ..••••••••••••.. 37 30 100 00 ¼ degree 1:125000 20 

Meade ......•......•.. 37 00 100 00 . .. do .•.. .... do •..•• 20 

Clay Center .••.••.••.. 39 00 97 00 ... do ..• . .••. do ••••. 20 

Concordia .....•••••••. 39 30 97 30 rgdegree .•.. do ..••. 20 

Minneapolis .......•.. 39 00 97 30 ..• do .... .... do ..••. 20 

Medicine Lodge ...... 37 00 98 . 30 ... do •••. .... do .•.•. 20 

Coldwater .•• ..•... •.. 37 00 99 00 . .. do .... ..•. do ..••• 20 

Salina .•••••... •••••. . 38 30 97 30 . .. do .... .... do ..••. 20 

Washington .....••••• 39 00 97 00 ... do ..•. .... do .••.. 20 

Arkansaa ••.••..•...... .. Mountain View .. •.••. 36 30 92 00 . .. do •••. ..•. do •.••. 50 

Marshall .••..•..•••••• 35 30 92 30 ..• do ..•. . •.. do .•••• 50 

Morrill ton •.••..•••••. 35 00 92 30 ... do •.•. . ... do .•••. 50 

Dardanelle ....•••.••. 35 00 93 00 ... do .... . ... do •.••. 50 

Magazine Mountain .. 35 00 93 30 ..• do ..•. .... do •.••. 50 

Fort Smith .•••••••••. 35 00 94 00 ..• do .••. . .•. do ..••• 50 

Benton ...••••.••••••. 34 30 92 30 ... do ..•. . ... do ..••• 50 

Hot Springs .•...•••.. 34 30 93 00 ... do ..•. . •.. do •.••• 50 

Mount Ida ............ 34 30 93 30 ..• do •••. . ... do ...•. 50 

Poteau Mountain ..... 34 30 94 00 ..• do .... . ... do ..••• 50 

.Aplin ............••••• 35 00 93 00 ldegree 1: 62500 20 

Greenwood ...•••..•.. 35 00 94 15 ..• do •••. . ... do •.••. 20 

Atkins ......•.••.••.. 35 00 92 45 ..•. do .••. . ... do •.••• 20 

Washburn ...•.•.•.... 35 00 94 00 . .. do .•.. ..•. do ..••• 20 

Petit Jean: .......•.... 35 00 92 45 ..• do .••. .... do .•••. 20 

Danville ........•.... . 35 00 93 15 ... do .•.. .... do •.••• 20 

Russellville .....•.... 35 15 93 00 ... do ..•. .... do ..••. 20 

Clarksville .....••••.. 35 15 93 15 ... do •••. .•.. do .•••• 20 

Coal Hill .......••.•.. 35 15 93 30 ... do .••. .... do ..••• 20 

VanBuren .•.••••.••. 35 15 94 15 ..• do .••. .... do ...•• 20 

Arbuckle ..•••••...... 35 15 94 00 . .. do .•.. .... do ..•.. 20 

Ozark .•••......•...... 35 15 93 45 ... do .•.. .... do ..••. 20 

Oak Mountain .... .... 35 15 92 45 ... do .•.. .... do ..••. 20 

Mountain Home ...... 36 00 9::1 00 ¼ degree 1: 125000 50 

Batesville ....•..•.... 35 30 91 30 ... do . •.. .... do ..... 50 

Little Rock ..•.•. .•• •. 34 30 92 00 ... do .... .... do ...•. 50 

Yellville ••..••..•..•.. 36 00 92 30 ... do .... .... do ..... 50 
Texaa ••••••............. Dallas ••.............. 32 30 96 30 ..• do .... .... do .•••. 20 

Fort Worth ...•.•.... 32 30 97 00 ... do .••. .... do ..... 20 

Weatherford ......... 32 30 97 30 ... do .••. .... do .•••. 50 

Palo Pinto . . ........•. 32 30 98 00 ..• do .••• ..•. do ••••. 50 

Breckenridge .•....... 32 30 98 30 .. . do .••. .... do ..•.. 50 

Albany ••..•••.••..... 32 30 99 00 ... do .•.. .... do ..•.. 50 

Anson ....••.•.....••. 32 30 99 30 ... do .•.. •... do ..... 50 

Cleburne ......••..... 32 00 97 00 ... do .... .... do ..... 50 

Granbury ........••••. 32 00 97 30 ... do .••. .... do ...•. 50 

Stephenville .....•.... 32 00 98 00 ... do .•.. .... do ...•. 50 

Eastland .•.•.•... . .... 32 00 98 30 ... do .•.. .... do ..... 50 

Meridian .•..•••••..•. 31 30 97 30 ... do .•.. .. .. do ...•. 50 

Hamilton ..•...•...... 31 30 98 00 ..• do .••. ••.. do ..... 50 

Brownwood .•.••.•.... 31 30 98 30 ... do •••. .••. do •.••. 50 

Coleman .•..•.•••.•... 31 30 99 00 ... do .... •••. do ..••. 50 

Gatesville ........... . 31 00 97 30 ... do .•.. .••. do •.... 50 

Lampaeas .••••••...•. 31 00 98 00 ..• do •••• •••. do ..... 50 

San Saba ............. 31 00 98 30 ... do .•.. ..•. do ...•. 50 
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Texas .................... Brady ................ 31 00 99 00 ¼degree. 1:125000 50 

Taylor ................ 30 30 97 00 ... do ... . .... do ..... 50 
Georgetown ...••••••. 30 30 97 30 ... do .... . ••. do .... : 50 
Burnet ............... 30 30 98 00 ... do .... .... do . .... 50 
Llano ................. 30 30 98 30 ... do .... .... do ••.•. 50 
Mason ................ 30 30 99 00 ... do .••. •••. do •••.. 50 
Bastrop ............... 30 00 97 00 •.. do .••• .••. do ..... 50 
Austin ............... 30 00 97 30 ... do •••. .••. do ..... 50 
Blanco ................ 30 00 98 00 ..• do •... .••. do .•••• 50 
Fredericksburg .•••... 30 00 98 30 ... do •••. .••. do ..... 50 
Kerrville ............. 30 00 99 00 ... do .... ..•. do .•••• 50 
Albany ............... 32 30 99 00 ... do ..•. ..•. do ..... 50 
Hayrick .............. 31 30 100 00 ... do ..•. •••. do ..... 50 
San Angelo ........... 31 00 100 00 ... do .••. •... do .•••. 50 
Waco ................. 31 30 97 00 . .. do .• a. •••. do .•••• 50 
Temple ............ ... 31 00 97 00 . .. do •••. .... do ..... 50 
Eden ................. 31 00 99 30 ... do .... • ••. do ••••. 50 
Abilene •••••..•••••..• 32 00 99 30 . .. do ..•. .•.. do ••••. 50 
Ballinger ............. 31 30 99 30 . .. do .••. .... do ..••. 50 
Sierra Blanca ..•.••••. 31 00 105 00 ... do .••. . ... do ••••. 50 
Roby ................. S2 30 100 00 ... do •.•. . •.. do .•••• 25 
Nueces ............... 29 30 100 00 ... do .... .•.. do ..... 25 

Son th Dakota ............ Rapid City ...••...•• . 44 00 103 00 ... do ..•. • ••. do ..••. 100 
.Montana ................. Fort Benton .•.••••••. 47 00 110 00 1 degree. 1: 250000 200 

Great Falls ........••. 47 00 111 00 ... do ..•. .. .. do •.••. 200 
Big Snowy Mountain . 46 00 109 00 ... do .••. ..... do ..... 200 
Little Belt Mountain . 46 00 110 00 ... do •... •••. do ••••• 200 
Fort Logan .••••••.... 46 00 111 00 ... do ••.. •••. do ••••. 200 
Helena ............... 46 00 112 00 ... do .... .••. do .•••. 200 
Livingston ••••.•.••.. 45 00 110 00 ... do ••.. • •.. do . .... 200 
Three Forks •••••••••• 45 00 111 00 ... do .••. • •• . do ..... 200 
Dillon ................ 45 00 1112 00 ... do .••. • ••. do ..... 200 
Big Timber ........... 45 30 109 30 ¼degree. 1: 125000 50 
Stillwater ••••••••.... 45 30 109 00 ... do .••. . •.. do ..... 50 
Huntley .............. 45 30 108 00 ... do •••• 1: 621>00 50 

Yellowstone National Canyon ............... 44 30 110 00 .•. do .... 1: 125000 100 
Park. Gallatin .............. 44 30 110 30 ... do •••• .••. do ••••• 100 

Lake ............. .... 44 00 110 00 .•. do .... • ... do ••••• 100 
Shoshone •••.•..•••••. 44 00 110 30 ... do •••. .. •. do ••••• 100 

Wyoming .... ........... Fort Steele ........... 41 30 106 30 ••. do ••• . .... do ..... 25 and50 
Idaho ................... Camas Prairie ....•••. 43 00 115 00 .•. do ••• . .••• do ••••. 100 

Mountain Home ..•.•. 43 00 115 30 ... do ... • .... do ..... 100 
Bisuka._ .............. 43 00 116 00 ... do .•• . .••. do ••••. 25, 50,100 
Boise ......... .... .... 43 30 116 00 .•. do .•• ...... do ••• . 25, 50,100 
Nampa •••.••••••••••. 43 30 116 30 ••. do ••• .•••. do ..... 50 and 100 
Bear Valley .......... 44 00 115 00 ..• do ••• .•••. do ..... 100 
Squaw Valley ........ 44 00 116 00 .•. do ••• ..•.. do ..... 100 

Oregon .................. Klamath ............. 42 00 121 00 1 degree. 1: 250000 200 
Ashland .............. 42 00 122 00 .•• do ••• ..••. do ••••. 200 

Colorado ................ East Denver .......... 39 30 104 30 ¼ degree. 1: 125000 50 
Crested Butte ........ 38 45 106 45 ndegree 1: 62500 100 
Anthracite ........... 38 45 107 00 ... do ••• .•••• do ..... 100 
.A.rroya ............... 38 30 103 00 ¼ degree. 1: 125000 100 
Sanborn .............. 38 30 103 ao ••. do ••• • .... dQ ••••• lOQ 
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Colorado •••••••••••••••. Big Springs .......... 88 80 104 00 ¼degree. 1:125000 100 

Las Animas .••..•••.. 88 00 103 00 ... do .•. . .... do ..•.. 100 

Catlin ................ 88 00 108 80 •.. do .•. ..••. do .•••• 100 

Nepesta .............. 88 00 104 00 ... do .•. ..... do ••••. 100 

Pueblo ................ 88 00 104 80 ... do •••. ..•. do •.••. 100 

Higbee ............... 87 80 108 00 ... do ••• .•••. do ..••. 100 

Timpas ............... 87 80 108 80 ... do .••. .••. do •.•.. 100 

Apishapa .•••..••..... 37 80 104 00 . .. do •••. .... do ..... 100 

Kit Carson ............ 88 80 102 80 . .. do ••.. .... do ..••. 25 

Vilas ................. 87 00 102 00 . .. do •••. ..•. do ...•. 25 

Lamar .••••••••••••••. 88 00 102 80 . .. do •••. .•.. do.: ••. 25 

Cheyenne Wells ...... 88 80 102 00 .. . do .... .•.. do •.••. 25 

Limon .....••••••.•••. 89 00 103 30 ... do .••. .•.. do ••••. 25 

Leadville ..•••..•••... 81, 00 106 00 ... do ..•. .•.. do •..•. 25, 50,100 

Huerfano Park ....... 37 80 105 00 ... do .... . ... do ..... 25, 50,100 

Walsenburg .......... 87 80 104 80 ... do .••. . ... do •.••. 25, 50,100 

Colorado Springs ..... 88 80 104 80 ... do .••. . ... do .•••. 25, 50,100 

El Moro .••••••••..... 87 00 104 00 ... do ..•. • •.. do .••.. 25,50,100 

Canyon City •••.•••... 88 00 105 00 ... do ..•. • ••. do ..••. 25, 50,100 

Trinidad ••••••.•••.... 87 00 104 80 ... do .... . ••. do ...•. 25, 50,100 

Mesa de Maya ........ 87 00 108 80 ... do .••. . ... do .•••. 25, 50,100 

Mount Carriso ........ 87 00 108 00 ... do .••. .••. do ...•. 25,50, 100 

Two Butte .•••••••••.. 87 80 102 80 ... do ..•. .... do ..••. 25 and 50 

Springfield .••••.••••. 37 00 102 80 ... do .••. .... do ..... 25 and 50 

Platte Canyon ....•••. 89 00 105 00 ... do .... . •.. do ..••. 25, 50,100 

Colorado and Kansas ..... Grenada ••••••••••••.. 88 00 102 00 ... do .... .... do ..... 25 

Colorado and Utah •••••.. Ashley .•••••••••••••. 40 00 109 00 1 degree. 1: 250000 250 

East Tavaputs .•••••. 89 00 109 00 ... do •••. ..•. do .•••. 250 

La Sal ••••••••••••••.. 88 00 109 00 ... do .... .... do ••••• 250 

Abajo •••••••••.•••••• 87 00 109 00 ... do .••. .... do ..••• 250 

Utah •••••••••••••••.•••. Uinta ••••••••••••••.. 40 00 110 00 .•. do .••. .••. do ..••. 250 

Salt Lake .••••••••••.. 40 00 111 00 ... do .••. .••. do ••••. 250 

Tooele Valley .••••••.. 40 00 112 00 ... do •••. ••.. do .•••• 250 

Price River •••••..•••. 89 co 110 00 ... do .••. •••. do ••••. 250 

Manti •••••••••••••••. 89 00 111 00 ... do .... .... do .•••• 250 

Sevier Desert .•••.••.. 89 00 112 00 ... do •••. .... do ..... 250 

San Rafael ••••••••••.. 88 00 110 00 ... do •••. •••. do ••••. 250 

Fish Lake ............ 88 00 111 00 ... do .••• ••• . do ..••. 250 

Beaver ................ 88 00 112 00 ... do .••. •.•• do .•••. 250 

Henry Mountain .•••. 87 00 110 00 ... do •••. .... do .•••. 250 

Escalante ............. 87 00 111 00 ... do •••• •.•. do .•••. 250 

Kanab .••••••••••••... 87 00 112 oo .•. do •••. ..•• do •.••. 250 

St.George ............ 87 00 118 00 ..• do .••. •••• do ..... 250 

Utah and Nevada ........ Pioche ................ 87 00 114 00 ... do •••. •••. do ••••• 250 

Nevada ••••••••••••...... Paradise •••••••••••••. 41 00 117 00 ... do .••• ...• do ••••• 200 

Disaster .............. 41 00 118 00 ... do •••. ..•. do .•••• 200 

Long Valley ••••••••.. 41 00 119 00 .•. do ..•. .••. do ..••• 200 

Granite Range .•..•.. . 40 00 119 00 ... do ..•. ..•. do ..••. 200 

Carson .•.••.•••.••..•. 89 00 119 80 ¼degree. 1: 125000 100 

Reno .•••••••••••••••.. 89 80 119 30 ... do •••..... do ••••. 100 

Wabuska .••••••••... . 39 00 119 00 ... do •... ..•. do •.••. 100 
Wadsworth .•••.•••... 30 30 119 00 .. . do .... .... do ..... 100 

T ruckee ..•.••..•.•.. . 30 00 120 00 . .. do .... 

····•• ·····1 
100 

nada and California .. . WelliDgton .•••.•••... 38 30 119 00 .. . do •••. .••. do ••••• 100 

:l!arltleeville •••.•••••. 88 so 119 80 .•. do •••• •••• do ..... 100 
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California •.•...•..••.... Alturas .•••••••••••••. 41 00 120 00 ldegree. 1: 250000 200 

Modoc Lava Bed .••••• 41 00 121 00 •.• do •••. ..•. do ••••. 200 
Shasta •••••••••• - - •• - - 41 00 122 00 ..• do .••. •••• do ••••• 200 
Honey Lake •••••••••• 40 00 120 00 ... do •••. •••• do ••••• 200 
Lassen Peak •••••••••• 40 00 121 00 • •. do •••• ••• -do ••••• 200 
Red Bluff ••••••••••••• 40 00 122 00 . .. do •••. ••.. do ••••• 200 
Downieville •••••••••• 39 30 120 30 ¼degree. 1: 125000 50 
Bidwell Bar •••••••••• 39 30 121 00 . .. do •••• •••• do ••••• 50 
Chico ••••••••••••••••• 39 30 121 30 ... do •••. •••• do ••••• 100 
Colfax •••••••••••••••. 39 00 120 30 ... do •••. •••. do ••••• 100 
Nevada City •••••••••• 39 00 121 00 . .. do .•.. •••• do ••••• 100 
Marysville •••••••••••. 39 00 121 30 ... do ••.. •••• do ••••• 100 
Placerville .••.•••••••• 38 30 120 30 . .. do .••. •.•• do ••••• 100 
Sacramento ••••••••••• 38 30 121 00 .•. do •••. •••• do ••••• 100 
Jackson ........••.... 38 00 120 30 .•. do •••• • ••• do ••••• 100 
Pyramid Peak •••••••. 38 30 120 00 .•• do •••• • ••. do ••••• 100 
Sierra ville •••••••••••• 39 30 120 00 ••• do •••• • ••. do ••••• 100 
Sonora .••••••••••••••• 37 30 120 00 ... do .... • ••• do ••••• 100 
Escondido •••••••••••• 33 00 117 00 ndegree 1: 62500 25 
Oceanside •••••••••••. 33 00 117 15 .•• do •••• • ••• do ••••• 25 
El Cajon •••••••••••••. 32 45 116 45 ... do •••• • ••• do ••••• 25 

New Mexico •••••••••.... Largo ••••••••••••••••. 36 00 107 00 ldegree. 1: 250000 200 
Chaco •••••••••••••••. 36 00 108 00 ..• do •••• . ••• do ••••• 200 
Santa Clara ••••••••••• 35 30 106 00 ¼degree. 1:125000 100 
Jemez •••••••••••••••. 35 30 106 30 ... do •••• • ••• do ••••• 100 
Albuquerque ••••••••. 35 00 106 30 ... do •••• • ••• do ••••• 50 
Mount Taylor •••••••. 35 00 107 00 !degree. 1:250000 200 
Wingate •••••••••••••. 35 00 108 00 .•• do •••• • ••• do ••••• 200 
Las Vegas •••••••••••• 35 30 105 00 ¼degree. 1: 125000 50 
Watrous •••••••••••••. 35 30 104 30 ••• do •••• • ••. do ••• .•• 50 
Bernal •••••••••••••••• 35 00 105 00 ••• do •••• • ••. do ••••• 50 
Corazon •••••••••••••• 35 00 104 30 ••. do •••• . ..• do ..... 50 
Las Cruces ••••••••••• 32 00 106 30 ••• do •••• • ••• do ••••• 25and 50 
Lamy ••••••••••••••••• 35 00 105 30 ••• do .••• • •.• do ••••• 50and 100 
San Pedro •••••••••••• 35 00 106 00 ..• do •••• • ••• do ••••. 50and 100 
Santa Fe •••••••••••••• 35 30 105 30 .•• do •••• . ••• do ••••• 100 :NewMexiooand.A.rlzona. Canyon de Chelly ••••• 36 00 109 00 ldegree. 1: 250000 200 
Fort Defiance ••••••••• 35 00 109 00 ••• do •••. • ••• do ••••• 200 
St.Johna ••••••••••••. 34 00 109 00 ••• do •••• • ••• do ••••• 200 

.Arizona ····-··········. 
Marsh Pase ••••••••••• 36 00 110 00 ••• do •••• • ••• do ••••• 200 
Echo Cliffs •••••••••••• 36 00 111 00 . •• do •••• •••• do ••••• 250 
Kaibab ••••••••••••••• 36 00 112 00 ••• do ••• • •••• do ••••• 250 
Mount Trumbull ••••• 36 00 113 00 . •• do ••• • : ••• do ••••• 250 
Tneayan •••••••••••••• 35 00 110 00 • •• do ••• • •••. do ••••• 200 
San Francisco Moun- 35 00 111 00 .•• do ••• ••••• do ••••• 250 

tain. 
Chino ••••••••••••••••• 35 00 112 00 ••• do ••• ••••. do ••••• 250 
Diamond Creek ••••••• 35 00 113 00 ••• do ••• ••••• do ••••• 250 
Holbrook ••••••••••••• 34 00 110 00 ... do ••• •••.• do ••••• 200 
Verde ................ 34 00 111 00 ••• do ••• ••••• do ••••• 200 
Prescott .••.••••••.••• 3' 00 112 00 •.• do ••• • •••. do ••••• 200 

,Axhona and Nevada ..... St. Thomas ••••••••••. 36 00 114 00 •.. do ••• • .•.• do .•••• 250 
.Arizona, Nevada, and Camp Mohave •••••••. 35 00 114 00 ••• do ••• •..•• do .•••• 250 

California. 
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SPECIAL TOPOGRAPHIC SHEETS. 

Aspen, Colorado. Scale, 1: 9,600; contour interval, 25 feet. 
Banner Hill, California. Scale, 1: 14,400; contour interval, 20 feet. 
Grass Valley, C_alifornia. Scale, 1: 14,400; contour interval, 20 foet. 
Genesee, California. Scale, 1: 31,680; contour interval, 50 feet. 
Taylorsville, California. Scale, 1: 31,680; contour interval, 50 feet. 
Indian Valley, California. Scale, 1: 62,500; contour )nterval, 50 feet. 
Other special topographic sheets accompany some of the volumes of text; see 

especially contents of atlases to monographs n, rn, xn, xnr, xx, as detailed on pages 
96, 98, 113, 115, and 125 of this bulletin. 

MISCELLANEOUS TOPOGRAPHIC MAPS. 

Contour map of the United States; scale 1: 2,500,000. 9 sheets. 
Contour map of the United States; scale 1: 7,000,000. 1 sheet. 
Hypsometric map of the United States; scale 1: 7,000,000. 1 sheet. 
Index map of the United States; scale 1: 2,500,000. 9 sheets. 
Base map of the United States; scale 1: 7,000,000. 1 sheet. 
Base map of the United States; scale 1: 14,000,000. 1 sheet. 
Contour map of the state of Massachusetts; scale 1: 250,000. 4 

sheets. 
Contour map of the state of Connecticut; scale 1: 125,000. 4 sheets. 
Contour map of the states of Massachusetts and Rhode Island; scale 

1: 250,000. 4 sheets. 
Contour map of the drainage basin of the .Arkansas river in Colorado; 

scale 1: 380,160. 2 sheets. 
These miscellaneous maps are compilations. 



MISCELLANEOUS PUBLICATIONS. 

CffiCULARS OF INSTRUCTIONS. 

(Circular no. I.) I Department of the interior, I United States geo­
logical survey, I office of the director, I Washington, July 16, 1879. 

A small sheet, measuring about 5 by 8 inches, with the above heading, and 
signed "Clarence King, director." It calls the attention of officers and employees 
0£ the survey to the provision of law prohibiting personal or private interest by 
-the director and members of the survey in the lands or mineral wealth of the re­
gion under survey and their execution of surveys or examinations for private parties 
or corporations. 

Circular no. 2. I Department of the interior, I United States geo­
logical survey, I office of the director, I Washington, July 16, 1879. 

A small sheet, measuring about 5 by 8 inches, with the above heading, and signed 
u Clarence King, director." It relates to official correspondence. 

Circular no. 3. I Department of the interior, I United States geologi­
cal survey, I office of the director, I Washington, D. C., April 1, 1880. 

A small circular, pp. [l]-3, verso blank, measuring a,bout 5 by 8 inches, and 
signed "Clarence King, director." It relates to reporti:, to be rendered by disbursing 
officers. 

(Circular no. 4.) I Department of the interior, I United States geo­
logical survey, I office of the director, I W ashmgton, May 26, 1880. 

A small sheet, measuring about 5 by 8 inches, with the above heading, and signed 
u Clarence King, director." It relates to the entering by members of the survey of 
private or corporate mining property and to giving expert testimony in lawsuits. 

Circular no. 5. I Department of the interior, I United States geological 
survey, I office of the director, I Washington, D. C., September 10, 
1881. I Instructions relatiug to the form of the reports of the I U.S. 
geological survey . 

.A small circular, 2 leaves (verso of each blank), measuring about 5 by 8 inches, 
and signed "J. W. Powell, director." 1,500 copies issued. 

Circular no. 6. I Department of the interior, I United States geolog-
ical survey, I Washington, D. C., June 6, 1882. · 

.A small sheet, measuring about 5 by 8 inches, with the above heading, and signed 
u J. W. Powell, director." It relates to the survey ration. 250 copies issued. 

These six circulars of instructions were rescinded and superseded by the follow­
ing: 

Bull. 100-21 321 
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REGULATIONS. 

United States geological survey I J. W. Powell director I Regula­
tions I of the I U. S. geological survey I [Survey design] I 

Washington I government printing office I 1882 
Title as above, verso blank; contents, pp. v-vi; promulgating order by the di­

rector, dated Sept. 1, 1882, and approved by the acting secretary of the interior, p. 
[vii], verso blank; text, pp. 1-51. 8°. Bound in cloth and lettered on front cover: 
"Regulations I of the I U. S. geological survey 11882". 200 copies were issued in 
this form. Besides these there were 50 copies issued with paper covers, the full title 
being repeated on the cover. 

Page. 
Chapter L 
Chapter II. 
Chapter ill. 
Chapter IV. 
Chapter V. 
Chapter VI. 

Organic law of the survey, with instructions relating to its provisions............ 1-2 
Instructions relating to money and property. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • • • . . 3-.'16 
Instructions relative to bonded railroads ....•..................... .............•• 37-43 
Instructions relating to collections.. . . • . • . • . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44--46 
Instructions relating to publications ....•••..•..•....•......•.. . ••.•...• ......... 47-50 
Miscellaneous instructions . . . . • . . • • . . . . • • • • • • • . . . . . . . . • • . • • • • . • • • • . . •• . • . . . . . • ••• 51 

A revision of these Regulations is in an advanced state of preparation. 

CillCULAR CONCERNING PUBLICATIONS. 

Department of tbe interior, I United States geological survey, I 
Washington, D. C., ....... 188 . I Circular concerning publica-
tions. 

[Washington: government printing office. 1882.] 
One leaf (two unnumbered pages), with heading as above. 4°. 1,000 copies. 
Brief titles, collations, contents, and prices are given, the whole preceded by infor­

mation respecting the distribution of the reports. 
This circular has been revised and reissued from time to time, and has, of course, 

grown with the increase of survey publications. The last one at this writing is as 
follows: 

(9-320.) l Department of the interior I United States geological sur­
vey I J. W. Powell, director I List I of the I publications I of the I U. 
S. geological survey I J. W. Powell I director I [Survey design] I 

Washington I government printing office 11893 
Paper cover bearing title as above; inner title same, verso blank; prefatory note, 

p. 3, verso blank; the list of survey publications, pp. 5-44; :finding list, showing where 
in the congressional documents the publications of the U.S. geological survey are to 
be folllld, p:p. 4.5-46. 8°. 2,500 copies. 

GUYOT'S TABLES. 

Guyot tables l for I computing differences of elevation I from I 
barometric ob ervations. I (Extract from Smithsonian miscellaneous 
coll ti n , no. 31.) 

[ a hin°ton: government printing office. 1884.] 
Paper cover bearing he lf-title a above; inner half-title same, verso blank; text, 

PP· 3-8; t bl , pp. 9-18. 8°. 100 copies issued by the department of the interior 
on eur ey requisition.. 
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HISTORY OF AMERICAN STATE SURVEYS. 

Department of the interior, I United States geological survey. I A 
proposed I history of American state sarveys. I 

Colophon: Washington, D. C., April 10, 1885. 
No title; heading as given above; pp. [1]-4. S0 • 100 copie8 printed for distribu­

tion among gentlemen invited to contribute to the proposed history, accompanied 
by letters from the director . 

.After setting forth the purpose, scope, and manner of compilation of the proposed 
history, the information desired from cont,ributors is indicated by a. series of ques­
tions, grouped under the five following head::i: 

!.-Questions relating to organization. 
IL-Questions relating to administration. 

m.-Questions relating to cost. 
IV.-Questions relating to publication~. 

V.-Benefi.ts resulting from the survey. 

RULES .AND SUGGESTIONS FOR PREPARATION OF :MANUSCRIPT AND 
ILLUSTRATIONS. 

Rules I for the I preparation of · manuscript and illustrations I de­
signed for publication by the United I States geological survey. I By I 
Thomas Hampson. I January, 1888. 

[Washington: government printing office. 1888.] 
Paper cover bearing half-title as above; inner half-title same, verso blank; letter 

of transmittal to the director and approval of the rules by the director, pp. 3-4; the 
rules, pp. 5-19, verso blank; blank pages for manuscript additions or changes, pp. 
21-24 (headed "Rules" at the top of p. 21). s0 • 500 copies published. 

The following is a revision of these rules: 

Suggestions I for the I preparation of . manuscript and illustrations 
for I publication by the U.S. geological suDvey. I By W. A. Croffut. I 
January, 1892. 

[Washington: government printing office, 1892.] 
Half-title on paper cover as above; inner half-title the same, verso blank; letter 

of transmittal and approval of the director, p. 3, verso blank; text, pp. 5-15. s0 • 

500 copies published. 

JOHNSON'S REPORT ON THE IRON REGIONS OF LOUISIANA AND TEXAS. 

50th congress, j lst session. I House of representatives. I Ex. doc. I 
no. 195. I Report I The iron regions I of I northern Louisiana I and I 
eastern Texas. I 

Washington: I government printing office. j 1888. 
Title as above, verso blank; contents, p. 3, verso blank; illustrations, p. 5, verso 

blank ; letter of transmittal by the secretary of the interior to the spea.ker of the 
house of representatives, p. 7, verso blank; letter of transmittal by the director of 
-the survey to the secretary of the interior, p. 9; letter of transmittal by the author, 
Lawrence C. Johnson, assistant geologist, to the director, pp. 9-10; text, pp. 11-54. 
8°. Plate I (being a map of the region reported on); figs. 1-13. 1,734 copies, the 
"'usual number." 

A preliminary report, made in response oo a resolution of inquiry of the house of 
representatives. 
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DIGEST OF DECISIONS CONCERNING WA.TER IN THE ARID REGION. 

A digest I of I the ·decisions I of the I supreme courts of the states 
and territories of the I arid region and of the United States circuit I 
and supreme courts in cases involving I questions relative to the use 
and I control of water in that region. I Compiled by I D. W. Campbell, 
esq., I of the United States geological survey; I revised and edited, 
under the direction of the secretary of the interior, by I W. C. Pollock, 
esq., I of the assistant attorney-general's office for the interior depart­
ment, I 

Washington: I government printing office. I 1889. 
Title as above, verso blank; text, arranged alphabetically by subject matter of 

decision (e. g., ditch, flumes, riparian), pp. 3-59. 8°. 11000 copies published; 
bound in sheep. 
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INDEX TO THE PUBLICATIONS OF THE U. S. GEOLOGICAL 
SURVEY. 

~bbreviations: Ann= .Annual Report; Mon= Monograph; Bull= :Bulletin; MR=Mineral Resom·cea; 
1 =part 1; II= part II; p =page; pp= pages . 

.A.a type oflava, character of_ ....••••••••••••••••••.•••••••••••...•.... Ann 4, p 95 

.A.cadian area of the Newark system __ .... __ ...... ___ ........•. Bull 85, pp 19-20, 80 

.A.cadian province, the upper Paleozoic formations in the, correlations and 
classifications of ........••.•••..•••••••.........•. •••.•••• Bull 80, pp 226-257 

.A.cadian. See, also, Canada . 

.Accretions formed in the blast furnace ....••••...•• __ .•••••• __ .. Mon xu, pp 725-731 
Actinolite, secondary character of .....•• · •.•••.........•••••........ Ann 10, 1, p 407 
.A.ctinozoa from the Devonian of the Eureka district, Nevada ... Mon VIII, Pl> 100-106 
.A.ctinozoa of the Olenellus zone ...... _ .... __ .................. Ann 10, 1, pp 599-602 
.Adirondacks, pre·Cambrian rocks of the ..•••....•.. Bull 86, pp 398-399, 413-414-, 508 
2Eolfan sands in the Great basin ...••••.•••••........•.....•••... Mon x1, pp 153-156 
2Eolian soils ......................•.... _. ~ •. _ •...•.....• _ •.... Ann 12, 1, pp 326-329 
.Africa, copper production of, statistics of the .... MR 1883-84, pp 3561 370; MR 1885, 

pp 229,242; MR 1886, pp 128, 139; MR 1887, pp 88, 96-
97; MR 1888, p 73; MR 1889-90, p 73; MR 1891, p 101 

Africa, diamond mines and production of ....••.•.••••.••..•... MR 1887, pp 563-568 
.Africa, fossil plants of, literature of the ............••.•....... Ann 8, u, pp 799-803 
Africa, gold production of, compared with that of other portions of the 

world ...........................................••.. MR 1883-84-, pp 319, 320 
Africa; irrigation by artesian waters in Algeria .........••••. Ann 11, n, pp 265-266 
Agassiz, the glacia,l lake, upper beaches and deltas of ....................... Bull 39 
Agatized wood formations in Arizona .......................... MR 1891, pp 548-540 
.Agglomerates, diabasic, relations of, to greenstone schists in the Marquette 

district, Michigan ........................................ Bull 62, pp 185-191 
.A.gnotozoic proposed as a name for a system of rocks between the Archean and 

the Paleozoic ..... Ann 7, pp 454-455; Bull 86, pp. 147,148,461,462,475,491,493 
Alabama, altitudes oflocalities in .....•. ~ ••..•....••••.... Bull 5, pp 25-28; Bull 76 
Alabama, artesian wells in ....... _ ..•.....•........••••........... Ann 11, 11, p 263 
Alabama, boundary lines of, and formation of state .... _ ..... Bull 13, pp 30, 102-103 
Alabama, brick industry of, statistics of the .... MR 1887, pp 535, 537; MR 1888, p 557 
Alabama-, coal areas and statistics of ..... Ann 2, p xxviii; MR 1882, pp 35-37; MR 

1883-84, pp 12, 14-17; MR 1885, pp 11, 13-14:; MR 1886, pp 225,230, 235-240; MR 
1887, pp 169, 171, 189-~7; MR 1888, pp 169, 171, 208-213; MR 1891, pp 180, 205 

Alabama,, coke in, themanufacture of .. MR 1883-84, pp 154-157; MR 1885, pp 80, 85-87; 
MR 1886, pp 378, 384, 389-392; MR 1887, pp 383, 389, 394-
395; MR 1888, pp 395, 400, 406-407; MR 1891, pp 360, 376 

.Alabama, copper mines in ............................ __ ............. MR 1882, p 231 

.Alabama, Cretaceous rocks of .............. _ ............ Bull 82, pp 105-110, 216-217 

.Alabama; dolomite and residual clay from Morrisville, analysis of. ..•. Bull 60, p 159 
I 327 
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Alabama, Eocene deposits in .....•......................... Bull 83, pp 57- 66, 83, 87 
Alabama, fossils from ... Ann 4, pp 296, 301, 310,311; Ann 8, 11, pp 878-879; Bull 4, p 16 
Alabama, geologic and paleontologic investigations in ... Ann 4, pp 43, 49-50; Ann 5, 

pp 52-53; Ann 6, pp 7 4, 75; Ann 7, pp 67, 114; Ann 8, 1, p 129; Ann 9, pp 76, 
122, 132; Ann 10, 1, pp 120, 121, 157, 17 4; Ann 11, 1, p 67; Ann 12, 1, pp 7 4, 75, 79 

Alabama, geologic maps of, listed .....•••............ Bull 7, pp 103,109,110,111,167 
Alabama, gold from, statistics of ...•••.•••.. Ann 2, p 385; MR 1882, pp 176, 177,178; 

MR 1889-90, p 49; MR 1891, p 77 
Alabama, iron and steel from, statistics of ..... Ann 2, p xxvili; MR 1882, pp 120,125, 

129, 130, 131, 133, 135, 136, 137, 149-161; MR 1883-84, pp 252, 
278; MR 1885, pp 182, 184, 186; MR 1886, pp 18, 33, 85-92, 98; 
MR 1887, pp 11, 16, 49-50; MR 1888, pp 14, 17, 23; MR 1889-
90, pp 10, 11, 17, 18, 24, 35, 36, 39, 40, 41; MR 1891, pp 12, 19, 61 

Alabama, iron ores of, in their geological relations ...•••••••••• MR 1882, pp 149-161 
Alabama., lime production of ........••..•......•.........••••.•••... MR 1887, p 532 
Alabama; limestone from Chewacla, Lee county, analysis of ...... MR 1889-90, p 377 
Alabama, manganese ore in ... ...•••••.••...... MR 1885, p 345; MR 1886, pp 181, 183 
Alabama, mineral springs of .......•.......•.. Bull 32, pp 88-94; MR 1883-84, p 979; 

MR 1885, p 536; MR 1886, p 715; MR 1887, p 683; MR 1888, 
p 626; MR 1889-90, pp 522, 524; MR 1891, pp 603, 604 

Alabama, mfoerals of, the useful. ........ MR 1882, pp 667-670; MR 1887, pp 690-695 
Alabama, Neocene beds of ......••••••.••••..•...........••..•.. Bull 84, pp 159-160 
Alabama, phosphate deposits of ..••••••..• _ ..•...... Bull 46, pp 75-78; MR 1883-84, 

pp 794-803; MR 1886, p 618 
Alabama, tin ore in ...••••.•••..••.... MR 1882, pp 434-436; MR 1883-84, pp 601-602 
Alabama, topographic work in ....... Ann 6, pp 9, 10; Ann 7, pp 50, 52; Ann 8, p 102; 

Ann 9, pp 54, 55; Ann 10, 1, pp 91, 92; Ann 11, 1, p 37 
Alabama; white earth from Talladega, a;nalysis of .................... Bull 60, p 158 
Alabama, Tuscaloosa, and Tombigbee rivers, Tertiary and Cretaceous strata 

of the ..............••...•. _ .•...........•...••••. _ •• _ •.. _ ......... _ .. Bull 43 
Alachua clays of Florida ....•....•••.• _ •.....•.....•.•••• __ ._ ... Bull 84, pp 127-130 
Alaska, altitudes of localities in .....• _ .......... .... ................... Bull 5, p 29 
Alaska, Cenozoic epoch in, general considerations on the ........ Bull 84, pp 276-277 
Alaska, cinnabar in ...........•.••........ ............ ........ Mon XIII, pp 384-385 
Alaska, coal deposits and industry in ..... MR 1883-84, p 17; MR 1885, p 14; MR 

1888, pp 214-216; MR 1891, pp 209-210 
Alaska, Cretaceous deposits of ..........•.••• __ •.... ___ . ___ •.... Bull 82, pp 205-206 
Alaska, fossil plants of, literature of the ....•......... __ ... _ •.. Ann 8, II, pp 924-926 
Alaska, fossils from .....................••. Ann 8, 11, pp 924-926 ; Bull 82, pp 205-206 
Alaska, geologic investigations in ............ Ann 11, 1, pp 57-58; Ann 12, 1, pp 59-61 
Alaska, glaciers of ......................•..•.................. _ .. Ann 5, pp 348-355 
Alaska, gold and silver from, statistics of .... Ann 2, p 385; MR 1882, pp 172,174,176, 

177,178; MR 1883-84, pp 312, 313, 314, 315; MR 1885, pp 201, 
203; MR 1886, pp 104, 105; MR 1887, pp 58, 59; MR 1888, 
pp 36, 37; MR 1889-90, p 49; MR 1891, pp 75, 76, 77, 78, 79 

Alaska; hornblende-andesite from Hague volcano, Boguslo:ff island, Bering 
sea, analy1:lis of ..............................•...........•.. Bull 27, pp 63-64 

Ala ka, jade and pectolite from, analyses of ................. ___ ..... Bull 9, pp 9-10 
Ala ka, M ozoic fo sils from ........................ _ ............. Bull 4, pp 10-15 
Ala ka.; Mesozoic Mollusca from the southern coast of the Alaskan peninsula ... Bull 

51,pp 64-70 
Alaska, mineral prings of ..•• _ ..••••••• _ •. _ . _ .. Bull 32, pp 218-219; MR 1882, p 979 
Alaska, min ral of, the n eful ....... _ ...... _ . MR 1882, p 760; MR 1887, pp 695-696 
Al· ka, c ne formation8 of, summary of our know ledge of the .. Bull 84, pp 234-268 
Alaeka, purchase of, from Russia., boundaries of, etc .• ___ •• _ ••••••••••• Bull 13, p 23 
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Alaska, rocks of, general notes on the ...••••••••.•••••••••.••••• Bull 84, PP 232-234 

Alaska. See, also, Arctic. 
Al bite from Litchfield, Maine, analysis of .•••••....•••.•••••..•••• Bull 42, PP 34-35 
Albuquerque district, New Mexico, irrigation in the .....••.... Ann 12, II, PP 270-273 
Alcohol, compressibility and thermal expansion of ................. Bull 92, PP 30--32 
Aleutian islands, lignitic beds of the ..•....•.................... Bull 84, PP 242-249 
Algre of hot springs ..••••..•••.•• _ ••...........•.......... •...... Ann 9, pp 657-666 
Algeria, irrigation in .........••..•••.•....•••..•..•.•..•.. ... Ann 11, II, pp 265-266 
Algonkian; classification of the early Cambrian and pre.Cambrian forma· 

tions ......••..••.•.•..• _ ...........•••...•...•..••.••.••.•. An n 7, pp 371-454 
Algonkian; copper-bearing rocks of lake Superior ....... Ann 1, pp 70--71; Ann 2, PP 

xxxi-xxxiv; Ann 3, pp 89-188; Mon v 
Algonkian; crystalline schists of the lake Superior region .... Ann 10, 1, pp 355-364 
Algonkian ; greenstone·schist areas of the Monominee and Marquette regions 

of Michigan, a contribution to the subject of dynamic metamorphism in 
eruptive rocks .••••••.•.•..•.•••..••..............••.........•..•••.. Bull 62 

Algonkian; Huronian areas, investigations in ..•........••....•. Ann 5, pp 187-208 
Algonkian ; Huronian defined ......••..•.•. · ..•....•..•..•.•••••..... Bull 86, p 463 
Algonkian; Huronian of the northwestern states, metamorphism in the .. Ann 5, pp 

241-242 
Algonkian; Huronian quartzites, genesis of and metamorphism in ... Bull 8, pp 48-52 
Algonkian; Huronian rocks, enlargements in ...•..•..••........... Bull 8, pp 23-37 
Algonkian; Huronian rocks of the lake Superio1· region .•. Mon v, pp 386-394, 402-409 
Algonkian; Huronian system, history of the term ••••••••.•.•.. Bull 86, pp 470-474 
Algonkian; Huronian, the original. ••••.•••••.......•••.. Bull 86, pp 23-50, 498-499 
Algonkian; Huronian and Laurentian, relations of the Keweenawan rock~ to 

the .....•.•.•.••.......••••..•.•••..••••.....••••..••••••.. Ann 3, pp 156-173 
Algonkian ; Huronian and Laurentian, relations of the Penokee iron-bearing 

series of Michigan and Wisconsin to the ............•... Ann 10, 1, pp 458-4.64 
Algonkian; Keweenaw se.ries, lake Superior, the junction between the East-

ern sandstone and the .... _. . . ..............••••..•......••.......••. Bull 23 
Algonkian; Keweenawan rocks of lake Superior, chronologic list of works 

that embrace references to the .••••.•.•.••.•••...... Mon v, pp 14-23, 431-432 
Algonkian; Keweenawan rocks of the lake Superior basin, extent and gen-

eral nature of the ...... Aii'.n 3, pp 93-188; Mon v, pp 24-409; Bull 86, pp 160-162 
Algonkian of Texas .•..•.•••••.......•...•... .........••...•.••.. Bull 45, pp 55-56 
Al.gonkian ; Penokee iron-bearing series of Michigan and Wisconsin ... Ann 10, 1, pp 

341-507; Mon XIX 

Algonkian period to be used in the geologic atlas of the United States .. AnnlO, 1, p 20 
Al.gonkian strata, table showing classification of the ..•.•...•.••••.. Ann 10, 1, p 546 
Al.gonkian and Archean, a correlation essay, by C.R. Van Hise .............. Bull 86 
Al.gonkian and Archean rocks of North America as related to the Cambrian .. Ann 12, 

I, pp 540--563 
Al.kaliee in silicates, estimation of .•••.••••••••••••••••••.•.••••••. Bull 9, pp 36-37 
Allanite from Topsham, Me., description and analysis of ••••••..•...•.•. Bull 9, p 10 
Al.lanite in igneous rocks of the Eureka district, Nevada ... Mon xx, pp 338, 341, 379 
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Climate, arid, of the Great basin, causes of the .... Ann 3, pp 199-201; Mon r, pp 6-10 
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Cl.i.Jn3te; relation of alluvial cones to aridity ..•••••••••••••.••••• Mon I, pp 220-221 
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MR 1883-84, pp 329, 341; MR 1885, p 210; MR 1886, p 112; MR 
1887, p 69; MR 1888, p 54; MR 1889-90, p 60; MR 1891, pp 83, 84 
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the ...•••..•............................................ Ann 11,n,pp 210-214 
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Diabase, relations of, to augite.andesite ....•...•............ Bull 17, pp 12, 16, 20, 40 
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ill r (J. .), ad.mini trative report for 1890-91. ...•••.•........ Ann 12, 1, pp 100-103 
ill r (J., . ), eolog of L n peak district_ .................. Ann 8, i, pp 395-432 
ill :r (J .. ), note on the g 1 gy of northern California ...••••.•••..••.... Bull 33 
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Dinocerata; restoration of Dinoceras and Tinoceras ....••••.•••• ...... Ann 5, p 302; 
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Displacements in the Great basin, data concerning ...•......•..... Ann 4, pp 451-453 
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Faults and faulting, topography in the Great basin due to ..•••..•• Ann 4, pp 443-4-50 
Faults and flexures of the Penokee district ...••••.•••..••..•••• Mon xix, pp 437-441 
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Fauna of the St. John formation contained in the Hartt collection at Cornell 
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Lakes, freshening of, by desiccation .........•............ Anµ 2, pp 177-180; Ann 3, 
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Lamellibranchia ta from the Devonian of the Eureka district, Nevada ...... Mon VIII, 
pp 164-182 

Lamellibranchia ta from the lower Silurian of the Eureka district, Nevada ...... Mon 
VIII, pp 76-78 

Lamellibranchia ta of the Eocene ......•..•.•........••••••••••••••.......... Bull 83 
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Lamellibranchiates of New Jersey formations recognized in other localities, 

table showing .........•................................. Mon xvnr, pp 28-29 
Lamellibranchiates, table showing the number of genera aud species of, uncler 

each family occurring in each of the several marl-beds of New Jersey ...... Mon 
xvrrr, pp 24-25 

Lamination of acid lavas, cause of ....••••.......••..•••..•••.•... Ann 7, pp 260,286 
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La Plata mountains, literature of the geology of the ....•........ Bull 86, pp 323-324 
Laramie flora, typ s of the ................... .... ...... . ................... Bull 37 
Laramie formation, discussion of the ............................ Bull 82, pp 145-153 
Laramie group, historical review of opinion concerning the ....•.•.... Ann 6, 406-433 
Laramie group, nature and extent of the .......................•.. Ann 6, pp 433-436 
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Lava, peculiar, from a late volcanic eruption in northern California ........ Bull 79 
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Lead-silver deposits of the Leadville district, Colorado .......... Mon xn, pp 367- 584 
Lead slags, analyses and chemical properties of ............. MR 1883-84, pp 447-460 
Lead, statistics of .......•.....................•...•.......... MR 1882, pp ~06-345; 
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Lepidomelane from Baltimore, analysis and description of ...•.•... Bull 55, pp 14-15 
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Limonite from Canaan mt., West Virginia, analysis of .......•.••....... Bull 9, P 18 
Lindgren (W.) and Melville (W. H.), contributions to the mineralogy of the 
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Lithographic stone, analyses of ..•....................••.•••••••.... MR 1882, p 596 
Lithographic stone from foreign countries ..........•..••.•••••...... MR 1882, P 596 
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Lithological characters of Azoic, Laurentian, Huronian, etc ...•.. Bull 86, pp 167-170 
Lithological characters of the strata in the Grand canyon ........ Mon u, pp 209-210 
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-1a gnesium, statistics of. ...•••................•.........• •.... MR 1886, pp 694-698 
Xagnetic and electrical properties of the iron carburets ..••••..••...•.... - . Bull 14 

Magnetic iron ore from near Bozeman, Montana, analysis of ....••..•••.. Bull 9, P 17 
:::\.Iagnetite and hematite, occurrence of, in the Penokee iron-bearing rocks ....... Ann 

10, 11 p 391 
::'M:agnetization, effect of, on the viscosity and the rigidity of iron and of steel .. Bull 73, 

pp 105-119 
Magnetization, influence of hardness on ..••••••..••••••••••••••. Bull 14, pp 111-150 
~-1agnetization, thermoelectric effect of ......•••.•••........• - •.. Bull 14, pp 104-110 
-clailloux (C. 0.), electrolysis in the metallurgy of copper, lead, zinc, and other 

metals ....•••...•••...............................•••.... MR 1882, pp 627-658 
Maine; allanite from Topsham, description and analysis of .....•.... Bull 9, pp 10-11 
:Maine, altitudes in .........•............•..•...•.••..... Bull 5, pp 126-128; Bull 76 
~.faine, boundary lines of ..•••..........•.••...•..•...•............ Bull 13, pp 32-40 
:Maine, brick industry of ....................... MR 1887, p 536; MR 1888, pp 560,566 
~aine, building stone from, statistics of. ..... MR 1882, pp 451,452; MR 1887, p 513; 

MR 1888, pp 536, 538; MR 1889-90, pp 373, 396-398; MR 1891, pp 457, 458, 464, 466 
Maine, Cambrian rocks of ......................•...••......... Bull 81, pp 68-69, 267 
Maine; cimolite from Norway, analysis of ........••.....••............. Bull 9, p 12 
J\.1:aine, copper from, statistics of ............•.. Ann 2, p xxi:x:; MR 1882, pp 216,230; 

MR 1883-84, p 329; MR 1885, p 210; MR 1886, p 112; MR 1887, 
p 69; MR 1888, p 54; MR 1889-90, p 60; MR 1891, pp 83-84 

J\.1:aine; damourite from Stoneham, description and analysis of ........... Bull 9, p 11 
Maine, fossils from ..................................•..•............ Ann 8, u, p 849 
Maine, geologic and paleontologic investigations in ................ Ann 6, pp 19, 36; 

Ann 7, pp 62, 82, 157; Ann 8, 1, pp 126, 143; Ann 
9, pp 71, 77; Ann 10, 1, p 160; Ann 12, 1, p 66 

Maine, geological maps of, listed ....•....•.......••............. Bull 7, pp 55, 56, 57 
Maine, gold and silver from, statistics of .......... Ann2, p 385; MR 1882, pp 172,176, 

177, 178; MR 1883-84, p 312; MR 1886, pp 104, 105; MR 1887, p 58; MR 1888, p 36 
Maine, granite production of ........•••....•...••.............. MR 1891, pp 457, 458 
Maine, iron and steel from, statistics of ........... Ann 2, p xxviii; MR 1882, pp 120, 

125, 129, 131, 133, 134, 135, 136, .137; MR 1883-84, p 252; MR 
1885, pp 182,184,186; MR 1886, pp 17, 41-42; MR 1887, pp 11, 
42; MR 1888, p 14; MR 1889-90, pp 10, 17; MR 1891, pp 27, 61 

Maine, lepidolites of ...••...••.••••........•.............•........ Bull 42, pp 11-21 
:Maine, lime production of ...••••..••..••....•....••. MR 1887, p 533; MR 1888, p 555 
Maine; Litchfield, the minerals of ...............•..................... Bull 42, p 28 
Maine, mineral springs of ..••••...•.. Bull 32, pp 13-16; MR 1883-84, p 982; MR 1885, 

p 538; MR 1886, p 716; MR 1887, p 684; MR 1888, 
p 627; MR 1889-90, p 528; MR 1891, pp 603, 605 

Maine, minerals of, the useful. ..•........ MR 1882, pp 687-690; MR 1887, pp 736-739 
Maine; mount Desert, geology of the island of ................ Ann 8, u, pp 987-1061 
Maine; petalite from Peru, description and analysis of ................ Bull 60, p 129 
Maine, precious stones mined for in .................... MR 1882, p 483; MR 1883-84, 

pp 723-724, 744; MR 1885, p 437; MR 1886, p 595 
Maine, rocks of ..•••...•.................................... Bull 80, pp 240,247,256 
Maine; sea-coast swamps of eastern United States ................ Ann 6, pp 353-398 
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Maine, slate production of ..•••••••.•.........•••.........••... MR 1891, pp 472,473 
Maine, tin ore in ..................................••.•..••.. MR 1883-84, pp 598-599 
Maine; topaz from Stoneham, analysis of .............•....•....••.. Bull 27, pp 9-15 
Maine, topographic work in ...... Ann 10, 1, pp 85, 88; Ann 11; 1, p 35; Ann 12, 1, p 25 
Maine; water from Paris, analysis of ...•..........•......••............ Bull 55, p 91 
Malheur river basin, Oregon, hydrography of ...•••..•••.•.. Ann 11, n, pp 87-88, 106 
Mammals, fossil, extinction of large ...............•••.••........ Mon x, pp 189-190 
Mammals, gigantic, an extinct order of (Dinocerata) ..... Ann 5, pp 243-302; Mon x 
Mammals of the Eocene in the Rocky mountain region ...•........ Ann 5, pp 249-254 
Mammoth hot springs, Yellowstone national park, analysis of water from .. Ann 9, p 639 
Mammoth hot springs, Yellowstone national park, geological relations, de· 

posits, etc., of ..........•..............................••.. Ann 9, pp 628-650 
Mammoth hot springs. See, also, Yellowstone national park. 
Man and the soil, action and reaction of ....................... Ann 12, 1, pp 329-345 
Man; human remains in the auriferous gravels of California ..... Bull 84, pp 221-222 
Man, influence of physiography on .....................•....••...... Ann 12, 1, p 357 
Man, interglacial, in Ohio ..................................•... Bull 58, pp 105-108 
Manganese, foreign sources of ................. MR 1883-84, pp 554-555; MR 1885, pp 

350-356; MR 1886, pp 198-207; 1.m 1887, pp 153-161; MR 
1888, pp 133-143; MR 1889-90, p 130; MR 1891, pp 138-146 

Manganese in steel. ....................................•.......•...... Bull 25, p 13 
Manganese in the manufacture of iron and steel ...••.••.•...... MR 1886, pp 209-213 
Manganese silver ore, analyses of .......................•... MR 1883-84, pp 330-381 
Manganese, statistics of .............. MR 1882, pp 424-427; MR 1883-84, pp 550-566; 

MR 1885, pp 303-356; MR 1886, pp 180-213; MR 1887, pp 144-167; 
MR 1888, pp 123-143; MR 1889-90, pp 127-136; MR 1891, pp 126-146 

Manganese and iron, ores of, analyses of ....•...............•.... Bull 55, pp 85-87; 
Bull 60, pp 164-169; Bull 64, pp 51-53; Bull 78, 
pp 127-128; MR 1891, pp 1~4, 135, 137, 140, 144 

Manganiferous iron ore of lake Superior, analyses of ..••••••... MR 1891, pp 128-129 
Mangrove swamps ..........................••..•..••.•••.•... Ann 10, 1, pp 291-295 
Manhattan group of rocks in New York ..........•.....••..•••....•... Bull 86, p 397 
Manigault (G. E. ), account of the Charleston earthquake .•••.•.•.. Ann 9, pp 226-241 
Manitounuck group of rocks of Hudson bay ..•........•••.•.•... Bull 86, pp 212-213 
Manti beds ...........•........••••...................••.••••••..•... Bull 83, p 141 
Map, g ologic, of the United States, plan for the ...•.....•••.... _ .. Ann 8, 1, pp 74--76 
Map notation and geologic nomenclature, conference of geologists and lithol-

ogists on, in January, 1889 ..........•..................... Ann 10, 1, pp 56-67 
Map, the topographic, of the United States, plan ancl description of the ...... Ann 4, 

pp xiii-xxiv; Ann 6, pp xvi-xix; Ann 7, pp 3-8 
Map work in the United States done by national and state organizations and 

by corporate and private enterprise, a sketch of the ......... Ann 4, pp xiv-xx 
Map work, topographic, reports on .......... Ann 3, pp xv-xvi; Ann 4, pp xiii-xxiv, 

3-16; Ann 5, pp xvii-xx, 3-14; Ann 6, pp xv-xix, 3-17; Ann 7, pp 3-8, 45-60; 
Ann 8, 1, pp 70-74, 97-122; Ann 9, pp 3-7, 49-69; Ann 10, 1, pp 5-9, 83-10 

Mapa; atla he ts of the United States prepared by the Geological Survey 
and ngraved to fay 20, 1893, list of, by states. See pp 307-320 of this 
bull tin. 

Map , formnl ancl tables to facilitate the construction and use of .......... Bull 50 
fap ; ge logic folios and sheets. See pp 305-306 of this bulletin. 
1aps, olo•ri al of America, a catalogue of the ..••.•••••..•...••••.••••••••. Bull 7 
faJ>· ological (arrang cl geographically): 

ap bowing distribution of quicksilver deposits throughout the world .... Ann 
,11,pp 9 

Map ontline, of Europe, bowing the comparative thickn s and d pth of 
depo ition of the C mbrian auu low r ilurian rocks in different ar a ... Ann 

8, n, pp 566-56-
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aps, geological (arranged geographically)-continued. 
Map of European Russia, showing the phosphate beds ..••••....••• Bull 46, P 112 
Map

1 
hypothetical, of the North American continent at the beginning of 

lower Cambrian time ............... Ann 12, 1, pp 546-54: 7; Bull 81, pp 368-369 
Map, hypothetical, of the North American continent at the beginning of 

lower Silurian (Ordovician) time ...•.....•......•....... Ann 12, I, pp 566-567 
Map, outline, of North America, with sections illustrating the compara· 

tive thickness of the Cambrian in c:li:fferent provinces ..... Ann 8, n, pp 558-559 
Map showing the distribution by geological provinces of the Cambrian 

strata as shown by surface outcrops in North America .•.•...•...•.. Ann 10, 1, 
pp 510-511; Bull 81, pp 358-359 

Map to illustrate the relative amount of sedimentation within the typical 
geologic provinces of North America during Cambrian time ....•..•. Ann 12, 1, 

pp 532-5:33; Bull 81, pp 364-365 
Map showing the distribution of Cretaceous formations of North Amer· 

ica ..........•..•....................•.......•............ Bull 82, pp 268-269 
Map showing the outlines of the known Cretaceous regions of North 

America .......................... , .....•..•.•......•....... Bull 82, pp 72-73 
Map, geological, of northern Canada ......•..........••...... Bull 86, pp 210-211 
Map, geological, of a portion of southern Canada ......•....... Bull 86, pp 24-25 
Map, geological, of New Bruns wick, Nova Scotia, and part of Que bee ........ Bull 

86, pp 224-225 
Map, geological, of Newfoundland ..•••.••..•.•.••..••..•.... Bull 86, pp 248-249 
Map of the Acadian area of the Newark system ................ Bull 85, pp 18-19 
Map of the United States exhibiting the present status of knowleclge re-

lating to the areal distribution of geologic groups (preliminary com­
pilation) ...•.................... Ann 5, cover pocket and pp xxviii-xxx, 36-38 

Map showing the distribution of the Eocene in the United States ....... Bull 83, 
pp 146-147 

Map showing the known distribution of the Neocene formations in the 
United States ...................•...... ,. •.....•.••••.... Bnll 84, pp 178-179 

Map showing geographic distribution of fossil plants in the United 
States ....................................••....•••...... Ann 8, n, pp 848-849 

Map, general, of the terminal moraine of the second glacial epoch ...•.... Ann 3, 
pp 314-315 

Map of a portion of the terminal moraine of the second glacial epoch .... Ann 3, 
pp 322-323,346-347,382-383 

Map showing areas occupied by the Newark system ..••••....... Bull 85, pp 2-3 
Map showing areal distribution of Columbia and Lafayette formations ..... Ann 

12, 1, pocket 
Map of the glacial strim of eastern United States •.••.•••••..•• Ann 7, pp 154-155 
Map, general, of the drift of northeastern United States, showing the rela-

tions of the driftless area ....••..••••..••••••••••••••••••••. Ann 6, pp 204-205 
Map, geological, of the northeastern states .•••••.•.•..••••••. Bull 86, pp 348-349 
Map showing glaciated region and Pleistocene water bodies of northern 

and eastern half of United States ......•.•••••••••.....•. Ann 11, 1, pp 188-189 
Map, geological, of mount Desert island, Maine ..••....... Ann 8, n, pp 1060-1061 
Map showing the Quaternary deposits of mount Desert island, Maine .... Ann 8, 

u, pp 994-995 
Map, geological, of cape Ann, Massachusetts, showing distribution of 

dikes, etc .................................................. Ann 9, pp 610-611 
Map, geological, of cape Ann, Massachusetts, showing distribution of 

glacial scratches, etc ....................................... Ann 9, pp 606-607 
Map, geological, of cape Ann, Massachusetts, showing superficial de-

]) osi ts .. ......•....................... ...............•...• . Ann 9, pp 608-609 
Map, geological, of Martha's vineyard, showing substructure .. Ann 7, pp 308-309 
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Maps, geological (arranged geograppicall~·)-continued. 
Map of )fartba's vineyard, showing the surface geology ..••••. Ann 7, pp 308-309 
Map of the island of Nantucket, showing the distribution of glacial and 

post-glacial deposits ............... _ ..................... - ... -Bull 53, pp 2-3 
Map of Connecticut valley and Southbury areas of the Newark system. -- .. Bull 

85, pp 20-21 
fap and section of Southbury area, Connecticut valley ............ Bull 85, p 82 

Map, geological, of Connecticut, Percival's (1842), modification of a por-
tion of ................. ................................... Ann 7, pp 462-463 

Map of Rockland county, N. Y., showing geologic formations ...... Bull 67, p 40 
Map of the New York-Virginfa and other Newark areas ........ Bull 85, pp 20-21 
Map, geological, of the greater part of New Jersey ............. Mon IX, pocket 
Map and sections showing relations of Granton trap to Palisade trap, 

New Jersey ................................ ....... ............ _.Bull 67, p 54 
Map of a portion of northeastern New Jersey, showing the relations of the 

Watchnug traps ...................... _ . .......... .......... Bull 67, pp 16-17 
Map of Flemington, New Jersey, and vicinity, showing the extent and 

position of the three trap masses ................................ Bull 67, p 66 
Map of Rocky hill, Ten mile run mountain, Lawrence urook trap and 

vicinity, New Jersey ............ _ ......................•........ Bull 67, p 60 
Map of the New Germantown trap region, New Jersey ....•.... _ ... Bull 67, p 36 
Map of the region adjacent to the New Vernon trap, Long hill, and the 

inner side of the terminal hook of the second Watchung mountain, New 
Jersey._ .......... _ .................... __ ................... Bull 67, pp 34-35 

Map of the region near Arlington and the Schuyler copper mine, north of 
ewark, New Jersey, showing traps ..................... ··-· .... Bull 67, p 57 

Map showing the relations of the Palisade tmp north and northeast of 
Hoboken, New Jersey .......... ........•........................ Bu1167, p 45 

Map, stereogrammic, and sections of Cushetunk and Round mountains 
and vicinity, New Jersey, showing trap ......................... Bull 67, p 63 

Map, steroogrammic, and sections of Snake hi.11, New Jersey ..... _. Bull 67, p 55 
Map, geological, of part of northern New Jersey and adjacent portions of 

ew York and Pennsylvania .. _ ............. Bull 67, pp 2-3; Bull 85, pp 24-25 
Map of the Delaware river region, New Jersey and Pennsylvania, show-

ing trap, etc .......................................•.••..... Bull 67, pp 62-63 
Map of gabl>ro area in Delaware ..... _ .............•.....•...... Bull 59, pp 6--7 
Map, geological, of the Baltimore gab bro-area .. _ ............. Bull 28, pp 73-74 
Map of the head of Che apeake bay, showing the distribution of the Co· 

lumbiaformation .................. ·--··· ··--·· ............ Ann 7, pp 552-553 
Map of the Richmond area of the Newark system ...........•.. Bull 85, pp 22-23 
)fap of th Newark areas in southwestern Va. and N. C ...... _. Bull 85, pp 22-23 
Map, g ological, of the southeastern states, ............... _ .. Bull 86, pp 4-16-U 7 
l\.fop of a portion of North Carolina, showin"' phosphate beds ... Bull 46, pp 70-71 
~fap of a portion of outh Carolina, howing phosphate beds ... Bull 46, pp 60-61 
Aap, geolo"'io, of Florida ....... _ ............ _ .............. Bull 84, pp 156-157 
fap f Alabama, showing the <l.istrilrntion of Cenozoic and Mesozoic strata. -Bull 

4-3, pp 134-135 
fap of Alabama, bowing the distribution of Eocene strata .... Bull 83, pp 60-61 
fap howin"' the general di tribution of the upper ancl middle Caroonif-

rou formation in the bituminou coal regions of Penn ylvania, We ·t 
irginia, and hio ..... ....••....................... _ ....... Bull 65 pp 2-3 

fap of Hamilton county Ohio, bowing situation of "'lacial terrace in 
which pal olith wa form <l. ..... ..•••. ····-· .....•••••••...... Bnll 5, p 106 

fap howin,,. gla i, 1 bonn<lary in hio ............................ Bnll .- , p 46 
lap g ological, of portion of Ohio ancl In<liana. .......... Ann , u pp -20-,.21 
fap, ol ic, of Imliana, howmg gas and oil fields ...... Ann 11, 1, pp 620-621 
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Maps, geological (arrangecl geographica.lly)-continued. 
Map showing approximate t opography of the Trenton limestone in west-

ern Ohio and eastern Indiana .............••............ Ann 8, n, pp 548-549 
Map, hypsograpbic, of the Trenton formation in Indiana .. Ann 11, 1, pp 6-18-649 
Map of southern Indiana, showing glacial boundary ....•....... - .. Bull 58, P 65 
Map of southern Illinois, showing glacial boundary ..•••... - .. Bull 58, PP 70-71 
Map, preliminary geological, of the Northwest .....••.••••.. Ann 5, pp 180-181; 

Mon xix, pp x.x.-1 

Map, preliminary geological, of the Northwest (smaller ar_ca) .......•...... Ann 
10, I, pp 348, 349 

Map, geological, of the original Huronian rocks ....••••.•••... Bull 86, pp 3J-35 
Map, geological, of the lake Superior basin .....•....•...... - .. Ann 3, pp 92-93; 

Mon v, pp 24-25; Bull 86, pp 52-53 
Map of the lake Superior basin, designed to show the structure and extent 

of the Keweenawan trough ............. Ann 3, pp 172-173; Mon v, pp 410-411 
Map, geological, of the northwestern coast of lake Superfor .......... Ann 3, pp 

140-141; Mon v, pp 262-263 
Map, geological, of Keweenaw point, Michigan .. - - - ..... - ... - - - ..... Ann 3, pp 

116-117; Mon v, pp 162-163 
Map, outline geological, of the Marquette region .... - •••...... Bull 62, pp 14-15 
Map, geological, of the Porcupine mountains, Michigan.~ .•...• ______ Ann 3, pp 

132-133; Mon v, pp 208-209 
Map, geological, Brooks and Pumpelly's, of the upper peninsula of Michi-

gan, reproduction of a portion of .......................... Mon XIX, pp 31-32 
Map, geological, of the region between the Ontonagon river, Michigan, 

and Numakagon lake, Wisconsin ....... Ann 3, pp 138-139; Mon v, pp 224-225 
Map, diagrammatic, of drift currents adjacent to the driftless area ...•.... Ann 

6, pp 312-:-313 
Map, geological, of central Wisconsin, designed to indicate the character 

of the ante-Potsdam land surface ... _ ..... _ ................ Ann 7, pp 404-405 
Map, geological, of the driftless region of the upper Mississippi and envi-

rons ..........•............................................ Ann 6, pp 220-221 
Map, Quaternary, of the driftless area of the upper Mississippi and en-

virons .... -· .................. ___ ..•...............••...... Ann 6, pp 258-259 
Map of the Green bay loop (Wisconsin) of the terminal moraine of the 

second glacial epoch .........•......... _ ••.....•........... Ann 3, pp 316-317 
Map showing positions of exposures of Keweenawan rocks in the upper 

St. Croix valley, Wisconsin ... _ .. ____ ... _ ............. _ .... Mon v, pp 246-247 
Map showing glacial flood plain of the Chippewa river ... _ ... Ann 6, pp 308-309 
Map, general geological, of the Penokee region ...••.••••.. Ann 10, r, pp 350-351; 

Mon xrx, pp 2-3 
Ma,p, geological, of the Penokee-Gogebic iron region.-·· .••••.. Ann 7, pp 422-423 
Map of exposures at West branch of Montreal river, Wis ... Mon xix, pp 178-179 
Map, geological, Whittlesey's, of the Penokee range, reproduction of ........ Mon 

XIX, pp 20-21 
Map showing detailed geology in the vicinity of Penokee gap ............. Mon 

XIX, pp 520-521 
Map, geological, Barnes and Whitney's, of region between Agogebic lake 

and Montreal river, Wis., reproduction of .............. _ ... Mon xix, pp 13-14 
Map, geological, of Gunflint lake and vicinity, Animikie series ........ _ .... Mon 

XIX, pp 522-523 
Map of exposures at Pot:1to river, Wisconsin ..........•.... Mon xix, pp 172-173 
Map and section showing position of rock exposures at Tyler's fork, Wis ... Mon 

XIX, pp 177-178 
Map, outline geological, of the Menominee iron region ......... Bull 62, pp 24-25 
Map, geological, of Gunflint lake and vicinity, Minnesota ... Ann 10, 1, pp 508-509 
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Map , o-eological (arranged geographically)-continued. 
Map, geological, of northeastern Minnesota .........•....• •... Ann 7, pp 418-419 
Map of the upper beaches and deltas of the glacial lake Agassiz --Bull 39, pp 2-3 
Map showing position of the exposnres of Keweenawan rocks and Pots-

dam sandstone along the lower portions of Snake and Kett.le rivers, Min-
nesota ..................... _ .............................. Mon v, pp 240-241 

Map, geological, of is.le Royal and neighboring mainland .... _ .............. Ann 
3, pp 156-157; Mon v, pp 328-329 

Map showing regular deformations of northeastern Iowa and contiguous 
t erritory ........••• ................... .................. Ann 11, 1, pp 346-347 

Map of topographic areas of northeastern Iowa, showing drift, loess, and 
other topography ....................................... Ann 11, 1, pp 360-361 

Map showing representative paha in northeastern Iowa .... Ann 11, 1, pp 404-405 
Map, tectonic, of northeastern Iowa, showing distribution of ice and water 

in glacial times ................. Ann 11, 1, pp 564-565, 566-567, 568-569, 570-571 
Ma.p showing principal lakes and rivers of northeastern Iowa during the 

second ice invasion .................................... _. Ann 11, I, pp 576-577 
Map howing primeval forests and swamps of northeast Iowa .. Ann 11, 1, pocket 
Map howing indurated formations of northeastern Iowa ...•.. Ann 11, 1, pocket 
Map showing Pleistocene deposits of northeastern Iowa ........ Ann 11, 1, pocket 
Map, geological, of part of the great Sioux reservation, Dakota ... Bull 21, at encl 
Map, geological, of southwest Kansas .......................•• _ .. Bull 57, pp 2-3 
Map, geological, of LeadV"ille and vicinity, Lake county, Colorado ....... Ann 2, 

pp 240-241; Mon XII, atlas sheets xiii, xiv 
Map, geological, of Mosquito range ................. Mon xII, atlas sheets vi, vii 
.Map, geological, of a portion of northwestern Colorado and adjacent parts 

of Utah and Wyoming .................. _ ........... _ ...... Ann 9, pp 684-685 
Map, geologica,l, of the region of Sepulchre mountain, Yellowstone national 

park .............................................. __ .... Ann 12, 1, pp 664-665 
Map, o-eologica1, of portions of Colorado and New Mexico .... Bull 86, pp 308-309 

Map, o-eological, of portions of Montana, Idaho, Wyoming, and Dakota ... Bull 86, 
pp 258-259 

Map, geological, of northwestern New Mexico ............•••.. Ann 6, pp 128-129 
Map, geological, of a portion of the Old river bed, Utah ...••.. Mon 11 pp 194-195 
Map of a vo-lcanic district near Fillmore, Utah .. _ .. _ .. _ .......... Mon r, 320-321 
Map of the mouths of Little and Dry Cottonwood canyons, Utah, showing 

lacial moraines and faults .................. _ .............. Mon 1, pp 346-347 
Map of the Old river bed, showing former connection of Great salt lake 

with evier lake ................... ______ ........ __ .... ___ .Mon r, pp 182-183 

Map of lake Bonneville, showing its extent at the date of the Provo shore-
line ............................•........ _ .... __ ........... _ Mon 1, pp 128-129 

Map f lake Bonneville, showing lines of recent faulting_._. _. Mon 1, pp 352-353 
fap of fake Bonneville, showing local variations of the v"ertical interval 

b tween the Bonneville and Provo shorelines .. _ ............ Mon 1, pp 372-373 
Map of lake Bonneville, showing the deformation of the Bonneville shore-

lin --.. -- --................................•............•.. Mon 1, pp 368-369 
fap of lake Bonneville, showing the deformation of the Provo shoreline 

and th po ition of Great salt lake on its plain .. _ ...... _ ... Mon 1, pp 372-373 
Map of lake Bonneville, showing the distribution of bn.salt .. Mon 1, pp 334-335 
Map of fake onneville, showing the glaciated districts of the Bonne-

vill ba in ................................................. Mon 1, pp 374-375 
ap of l< ke Bonneville, bowing the present hydrographic divisions of 
tlie Bonneville ba in ...... _ ...... _____ ......••••.•••••.••. _ Mon 1, pp 122-123 

fa of the ontl t of lake BonneviDe in Iclaho ........•....... Mon 1, pp 174-175 
ap of he 'reat basin and its Quaternary lakes ................... .Ann 8, r, pp 

268-269; Mon 1, pp 6-7; Mon XI, pp xiv-1 
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Mc. ps, geological (arranged geographically)-continued. 
Map of the northwestern part of the Great basin, showing fault lines, 

etc ........................................................ Ann 4, pp 442-443 
Map of the northwestern part of the Great basin, showing Quaternary 

1akes, etc ..•.•...•.•...•.... _ .....•...•••••••••.•....•••••. Ann 4, pp 438-439 
Map, geological, of Utah and Nevada ........•••••..•••••••.. Bull 86, pp 286-!:!87 
Map of Carson desert, Nevada, showing lake Lahontan beach ... Mon x1, pp 44-45 
J\.1:ap of lake Lahontan, a Quaternary lake of northwestern Nevada ...•.. Ann 3, 

pp 204-205; Mon x1, pocket 
Map of lake Lahontan, showing water area and boundary of hydro· 
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r bodi' , ff ct of oxidation on the bulk of. ....................... Mon vn, p 100 
r h cli . 1 c ri al a tivi y of. ... Ann 2, pp 320-324; Mon m, pp 309-367, 400-404 
r b 1li f w Almad n a.Ii£ rnia, form of th ............ Ion xnr, pp 316-317 
r bodi of Yirgini roup of bonanza in evada ............ Mon 1rr, pp 275-276 

di ; v info m, tiou th ri . of .... Mon m pp 1 21, 30; fon vu, pp 80-106, 
1 7-190· .. 1 n xn, p 37 ; fon xm, pp 407-4.50, 473-4.-75; Mon xx, pp 310-311 

r d po. it, e of ............................................. Mon vu, pp 69 76 
r <l po its 1 iJic ti n of a. cording to different authors .... Mon vn, pp 117-11 
r<' clepo it falla i r g rding ........... ..... .................. Ann 4, pp 257-271 
r d p sit. in g n ral cla ifi ation of. .... Ann 2, pp 231-233; Mon xn, pp 367-375 
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Ore deposits of Adams hill, Eureka district, Nevada •••••.••••.. Mon vu, PP 166-167 
Ore deposits of Carbonate hill, Leadville, Colorado ••.•..•••....•..• -Mon XII, P 411 
Ore deposits of Eureka district, Nev., classification of the ••.. Mon VII, pp 68-69, 184 
Ore deposits of Eureka district, Nevada, geology of the ......... Mon xx, pp 292-316 
Ore deposits of Eureka district, Nevada, theory"in regard to the formation of 

the ...•...... ..... . ........ . ...... ..... .... .................... Mon VII, p 80 
Ore deposits of Fryer hill, Leadville, Colorado ...................... Mon XII, P 451 
C>re deposits of the Great eastern district, Sonoma co., Cal ..... Mon XIII, pp 363-364 
Ore deposits of Leadville, Colorado .......................... . ... Ann 2, pp 234--239 
Ore deposits of New Idria mineJ California, age of, etc .... Mon XIII, pp 302-304, 307 
Ore deposits of Ten mile district, Colorado ..................... Mon XII, pp 537-538 
O:re deposits; quicksilver ores of California, origin of the ........... .. .... Mon XIII, 

pp 261-263, 289-290, 308-309, 327-330, 394-450, 471-475 
Ore genesis, theories of ............................•...... Mon XIII, pp 442-445, 4 75. 
Ore in Prospect mountain, Eureka district, Nevada, source of the .. . .. Mon vu, p 91 
Ore 0£ Comstock vein, Nevada, source o;f the .......................... Mon III, p 18 
Ore o£ Eureka district, Nevada, age of the ........................... Mon VII, p 105 
Ore of' Eureka district, Nevada, rhyolite as a source of the ............ Mon vu, p 90 
Ore roasting ...•............................ . ........... Bull 26, pp 16-18, 22-24, 76 
Ore Sillelting in shaft.furnace process .......•..........•...... . ... Bull 26, pp 76-77 
Ores and slags, classification of ................................... Bull 26, pp 70-73 
Ores., ·chloride, in the Leadville district, Nevada ......... ... .... Mon XII, pp 548-549 
Ores deposited as sulphides .•••......•........................ Mon xn, pp 562-565; 

Mon xrn, pp 397, 438; Mon xx, pp 310-311 
Ores, iron, analyses of ...•........•...••... Bull 42, pp 144-145; Bull 78, pp 125-127 
Ores, iron, mode of concentration of ................................ Ann 10, I, p 417 
Ores., iron, of Wisconsin and Michigan ........................ Ann 10, I , pp 409-422 
Ores., mode of formation of ...............•.................. • .. Mon xn, pp 565-569 
Ores of the Comstock mines, Nevada .......... _-................. Mon III, pp 218.:..222 
Ores of Eureka district, Nevada; arrangement in chambers ........... Mon vu, p 97 
Ores of Eureka district, Nevada, comparison of, with deposits of Raibl, Carin-

thia ............ .............•........ ........................ Mon VII, p 103 
Ores of Eureka district, Nevada, manner of deposition of the ...•.............. Mon 

vu, pp 93-106, 188 
Ores of Eureka district, Nevada, miner's classification of the .. ... Mon vu, pp 59-60 
Ores of Eureka district, Nevada, occurrence of the ................ Ann 41 pp 244-24 7 
Ores of Eureka district, Nevada, reduction of the ................... Mon vu, p 158 
Ores of Eureka district, Nevada, segregation of the ............... Mon vu, pp 87-89 
Ores of Eureka dist., Nev., source of the .. Ann 4, pp 247-249; Mon vu, pp 80-92, 187 
Ores of Leadville district, Colorado, description and composition of the ..... Ann 2, 

p 235; Mon xn, pp 376-377, 543-548, 616-619 
0res of Leadville dist., Colo., .manner of occurrence of. .... Mon XII, pp 375, 540-543 
ores of manganese, analyses of .... ..•.......................... Bull 78, pp 127-128 
Ores of Mosquito range, Colorado, analyses of .................. Mon xn, pp 536, 537 
ores of Prospect mountain and Ruby hill, Eureka district, Nevada .......... Ann 4

1 

p 250; Mon vu, pp 50-63 
ores of Steamboat springs, California .......... . ... . .......... Mon XIII, pp 342-343 · 
0res., p endomorphism after limestone, evidences of, in ............... Mon vu, p 98 
ores, secondary alteration of ............ . ...................• .. Mon xn, pp 550,553 
Oregon, aboriginal lapidary work in ...•............................ MR 1891, p 551 
Oregon, altitudes in ....•................ Bull 5, pp 241-244; Bull 72, p 226; Bull 76 
Oregon; b asalt from mount 1'hielson, analysis of ....................... Bull 9

1 
p 15 

0regon; borax deposits at Chetco .......................... MR 1889-90, pp 504-505 
:reg o1n, boundary lines of, t erritqry formed, state admitted ...... Bull 13, pp 31 128 

o,:regon · Chico-tejon series in Oregon and Washington territory, the occur- ' 
rence of equivalents of the ... .. ... .... .............. ~ ...... Bull 51, pp 28-32 



442 PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. [BULL.100. 

Oregon, coal area and statistics of .............................. .... Ann 2, p xxviii ; 
MR 1882, pp 94-95; MR 1883-84, pp 12, 66; MR 1885, pp 11, 45; MR 
1886, pp 225, 230, 294-295; MR 1887, pp 169, 288-290; MR 1888, pp 
170,171, 301; MR 1888-90, pp 147, 240-241; MR 1891, pp 180,287 

Oregon, Cretaceous rocks of ....... : . ................ Bull 82, pp 181, 183, 184, 187, 194 
Oregon, fossils from ........................................... Ann 8, n, pp 922-923 
Oregon, geologic and paleontologic investigations in .................. Ann 4, p 41; 

Ann 5, p 49; Ann 6, pp 60, 73; Ann 7, p 102; Ann 8, r, 
pp 156-164; Ann 10, r, p 145; Ann 12, r, pp 57, 100, 116 

Oregon, geologic reconnaissance in southern ................... .. Ann 4, pp 431-464 
Oregon; glaciers, existing, of the United States .......... . ....... Ann 5, pp 303-355 
Oregoll, gold and silver from, statistics of ........................ Ann 2, p 385 ; MR 

1882, pp 172, 17 4, 176, 177, 178, 182; MR 1883-84, pp 312, 313, 314, 315; 
MR 1885, pp 201,203; MR 1886,pp 104, 105; MR 1887, pp 58, 59; MR 
1888, pp 36, 37; MR 1889-90, p 49; MR 1891, pp 75, 76, 77, 78, 79 

Oregon, iron and steel from, statistics of ........................... Ann 2, p xxviii; 
MR 1882, pp 120, 129,131; MR 1883-84, pp 252, 287; MR 1885, p 182; MR 
1886, p 18; MR 1888, p 15; MR 1889-90, pp 10, 17; MR 1891, pp 12, 27 

regon, mineral springs of ...... Bull 32, pp 215-217; MR 1883-84, p 984; MR 1885, p 
540; MR 1886, p 718; MR 1887, p 685; MR 1888, p 628; MR 1889-90, p 531 

Oregon, minerals of, the useful. ............... MR 1882, p 773; MR 1887, pp 778-779 
Oregon, N eocene deposits of ...•........................ Bull 84, pp 223-227, 280-285 

regon, nickel ores from ................... Bull 60, pp 21-26; MR 1882, pp 403-404 ; 
MR 1883-84, pp 537,539; MR 1887, pp 127-128; MR 1891, p 168 

Oregon; on marine Eocene, fresh-water Miocene, and other fossil Mollusca of 
western North America ..................... .. . . ..................... Bull lS 

Oregon; on the Quaternary and recent Mollusca of the Great basin, with de­
riptions of new forms ; introduced by a sketch of the Quaternary lakes 

of the Great basin ........... ~ ........... .. .......................... Bull 11 
regon, California, and Washington, Cenozoic epoch in, general considera-

tions on the ...................................... .. ...... Bull 84, pp 269-273 
r gon, quick ilver production of .••........ MR 1887, pp 118, 125; MR 1889-90, p 94 
regon, soda, natural, of Abert and Summer lakes ............ .. .. Bull 60, pp 53-55 

Oregon, Tejon strata of . . ............................................ Bull 83, p 103 
r gon, topographic work in .. Ann 7, p 57; Ann 8, r, p 105; Ann 9, p 59; Ann 10, 1, p 97 
regon; wat r from Abert lake, analysis of ............................ Bull 9, p 28 
rganic matt r an agent in formation of concretions in sandstones ........ Mon xm, 

pp 64-68 
rganic processes of soil formation ............................ Ann 12, 1, pp 268-287 

Organization, the business, of the United States Geological Survey .. A11n 8, r, pp 3-69 
Orog ny. See Diastrophism. 
Orthoclase, analyses of .............................................. Mon xu, p 333 

rton (E.), gypsum or land plaster in Ohio ........ ... ......... MR 1887, pp 596-601 
Orton (E.), quoted on natural gas in Ohio ...................... MR 1887, pp 479-484 

rton (E.), tb Trenton limestone as a source of petroleum and inflammable 
ga in Ohio and Indiana ................................. Ann 8, n, pp 4 75-662 

0 miridium, analyses of ......................................... MR 1883-84, p 5 1 
treidre, a r view of the fo il, of North America ................ Ann 4, pp 273-430 

Ostr id· , 'arboniferous, of North America . ................•......... Ann 4, p 2 
tr id , Cretaceous, of North America ........... .... ........... Ann 4, pp 290-3 
tr id , Jura sic, of North America ............................ Ann 4, pp 2 9, 2 0 

strei ; life-hi tory of the oyst r .......................... _ .... Ann 4 pp 317-333 
0 r id~e, :!iocene, of North Am rica ............................ Ann 4 pp 312-314 

tr idre , orth American Terti ry ............................... Ann 4-, pp 309-316 
O&tr idw, ligocene, of North America ........................... Ann 4, pp 311 312 
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Ostreidre, Pliocene and post-Pliocene, of North America ...•••.•.. Ann 4, pp 314-316 
Overplacement .••......................•...................... Ann 12, 1, pp 296-300 
Owen's lake, California, analysis of water from ......... Ann 8, 1, p 295; Bull 55, P 93 
Owyhee river basin, Oregon, hydrograpby of ............... Ann 11, n, pp 85-86, 106 
Oxide films on steel, relation between time of exposure, temper-value, and 

color in ................................•.. ................. Bull 27, pp 51-61 
Oyster, life-history of the ..•.............. _ ....• _ •............... Ann 4, pp 317-333 
Ozocerite, statistics of ................................ MR 1882, p 609; MR 1883-84, 

pp 955-957; MR 1888, p 515; MR 1889-90, p 481 
Pachnolite from near Pike's peak, Colo., description, etc., of ....... Bull 20, pp 49-55 
Pacific coast, invertebrate fossils from the .................................. Bull 51 
Pacific coast, mineralogy of the, contributions to the .... - ........ - .. - . - . - . -Bull 61 
Pacific coast. See, also, California; Oregon; Washington. 
Pacific slope, quicksilver deposits of the .•..................... Ann 8, u, Pl> 961-985 
Packard (R. L. ), aluminum, statistics of. __ ........ MR 1882, p 445; MR 1883-84, PP 

.658-660; MR 1885, pp 390-392; MR 1886, pp 220-221; MR 1887, pp 138-
141; MR 1888, pp 160-164; MR 1889-90, pp 110-118; MR 1891, pp 147-163 

Pahoehoe lava, character of ...................... _ ..................... Ann 4, p 95 
Paints, mineral, analyses of ................. .............. MR 1885, pp 528,530, 531 
Paints, mineral, statistics of .......... MR 1883-84, pp 920-929; MR 1885, pp 524-533; 

MR 1886, pp 702-714-; MR 1887, pp 674-679; MR 1888, pp 
616-622; MR 1889-90, pp 508-512 ; MR 1891, pp 595-598 

Paleo botanists, biographical sketches of .......................... Ann 5, pp 369-385 
Paleo botany, classification in, the natural method of ............. Ann 5, pp 431-452 
Paleo botany, definition of. ................................ ~ ..•........ Ann 5, p 363 
Paleobotany; flora of the Laramie group, synopsis of the ......... Ann 6, pp 399-557 
Paleo botany; flora, the older Mesozoic, of Virginia ......................... Mon VI 

Paleo botany; flora, the Potomac or younger Mesozoic ....... _ .............. Mon xv 
Paleobotany ;.flora, types of the Laramie ................................... Bull 37 
Paleo botany, future prospects of. ................................ Ann 5, pp 365-366 
Paleobotany ; lignite and fossil wood of the Potomac formation .............. Bull 56 
Paleo botany of the Dakota group ........................................ Mon xvn 
Paleo botany of the Eocene ...........................•... .................. Bull 83 
Paleo botany of the Newark system ................................ Bull 85, pp 62-65 
Paleo botany; plants, fossil, internal structure of, value of the study of the .. Bull 56, 

. pp 11-38 
Paleobotany; plants, fossil, of the Triassic rocks of New Jersey and the Con-

necticut valley ......................... .... ............... Mon xiv, pp 77-95 
Paleo botany; plants, fossil, the geographical distribution of .. .. Ann 8, n, pp 663-960 
Paleo botany, sketch of ........................................... Ann 5, pp 357-452 
Paleo botany; stratigraphy of the bituminous coal fields of Pennsylvania, Ohio, 

and West Virginia (fossil plants mentioned) .......................... Bull 65 
Paleo botany; travertine and siliceous sinter, the formation of, by the vegeta-

tion of hot springs ......................................... Ann 9, pp 613-676 
Paleo botany and botany, interdependence of ... _ ......... _ ........ Ann 5, pp 366-367 
Paleobotany. See, also, Paleontology. 
Paleontology; Aucella of California, remarks on the genus ...•. Mon xu1, pp 226-232 
Paleontology; birds with teeth ..................................... Ann 3, pp 45-88 
Paleontology; Brachiopoda and Lamellibranchiata of the Raritan clays and 

greensand marl8 of New Jersey ....................................... Mon IX 

Paleontology; butterflies, the fossil, of Florissant, Colorado .... Ann 8, 1, pp 433-474 
Paleontology; classification, paleontologic characters as a basis for .•........ Ann 7, 

pp 372-377 
Paleontology; correlation papers: Archean and Algonkian ............ ___ .. Bull 86 
Paleontology; correlation papers: Cambrian ... _. _ ..... _ .... _ ... ____ ... _ •.. Bull 81 
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Paleontology; correlation papers: Cretaceous ................... - - ... - - - . . · Bull 82 
Pal ontology; correlation paper : Devonian and Carboniferous .. - - - . - . - .... Bull 80 
Pal ontology; correlation papers: Eocene ...•... •....••• ... - ..... - - - : ... - - . Bull 83 
Paleontology; correlation papers: N eocene ..•• ..••...... - ••• -•••....... - -.. Bull 84 
Paleontology; correlation papers: Newark ..•..••....•.... -... -....•....... Bull 85 
Paleontology; Crustacea, Paleozoic, a bibliography of, from 1698 to 1889 .•... Bull 63 
Paleontology; Dinocerata, an extinct order of gigantic mammals .......... - . Ann 5, 

pp 243-302; Mon x 
Paleontology; Eureka district, Nevada, paleontologic divisions of strata in 

the ........................................... ..... ...... Mon xx, pp 182-184 
Paleontology; fauna of the lower Cambrian or Olenellus zone ... Ann 10, 1, pp 509-763 
Paleontology; faunas, Cambrian, of North America ......•...... ... Bull 10; Bull 30 
Pal ontology; fauna , fossil, of the upper Devonian, from Tompkins county, 

w York, to Bradford connty, Pennsylvania ................. ......... Bull 3 
Paleontology; faunas, fossil, of the upper Devonfan, the Genesee section, 

New York .......................................•. . ........•••....... Bull 41 
Pal ontology; faunas, the higher Devonian, of Ontario county, New York ... Bull 16 
Pal ontology; fishes, fossil, of the Triassic rocks of New Jersey and the Con· 

necticut valley ................. ......................... .. Mon XIV, pp 17-76 
Pal outology; fi hes, the Paleozoic, of North America ......... ............ Mon XVI 

Pal ontology; fo sils, new Cretaceous, from California .. .................... Bull 22 
Pal ontology; Gasteropoda and Cephalopoda of the Raritan clays and green. 

and marls of New Jersey ......................................... Mon XVIII 

Paleontology; insects, fossil, a classed and annotated bibliography of ....... Bull 69 
al ontology; insect , fossil, including myriapods and arachnids, systematic 

r view of onr present knowledge of .................................. Bull 31 
Pal ontology; in ects, known fo sil, of the world, including myriapods and 

ara hnid , index to the ................................•.............. Bull 71 
Pal ontol gy; invertebrate fossils from the Pacific coast ....... ....•........ Bull 51 
Pal ontology, invertebrate, of the Eocene ............... _ .................. Bull 83 
Pal ontology, invertebrate, of th Neocene ...................... . . .... .. ... Bull 84 
Pal ontolo y, inv rtebrate, of the Newark system ...... ........... Bull 85, pp 58-61 
Pal ontoloo-y; invertebrates, the fresh-water, of the N. A. Jurassic ......... Bull 29 
Paleontolo y; Lahontan basin, Nevada, paleontologic contributions from 

th ...................................................... . Mon x1, pp 238-249 
PaleontoloO'y, Mesozoic and Cenozoic, of California ....... . •. ... . ........... Bull 15 
Pall'ontology; M ozoic fo ils ........... _ ................. _ ................ Bull 4 
Pa.I ontology; follusca, fossil, of western North America, marine Eocene, 

fre h-water Miocene, and other ........................ ............... Bull 18 
Pal ontology; Mollusca, marine, li t of, comprising the Quaternary fossils and 

re ent form from American localitie between cap Hattera and cape 
Roc1u , in ·luding the B rmndas ................. .... _ ................ Bull 24 

Paleoutol gy; M llu ca, nonmarin fo ail, of North Am rica, a review of 
tho ........................................................ Ann 3, pp 403-550 

P·1l ontolo ry · follu a, th uat rnary and recent, of th Great hasin, with 
cl ription of n w £ rm ................................... BuJl 11, pp 13-49 

al ontology· ~I llu. can fauna, the r lation of the Laramie, to that of the 
nee· cling fre. h-wat r Eo en ancl other group ........ .............. Bull 3-i 

PalPontolo y · 4 an nck t,th g o]o,ryof withli. t ofinvertebrate .. Bull5~3 pp3-i­
Pal on olo :, object of..................................... ..... nu:- pp 363-36! 
Pal n lorry of he Eur k cli triC' , T vada ..................... Aun 3, pp r6-2:-

2 1, 2 2 265-2 7 .., , 270-271 ; Ion VIII; Mon · x pp 319-3 3 
treidtl' fo . il of Torth m ri ·a a revi w of th .. Ann 4, 11p 27-43 

al ontology; qui ·k ilvar h lt of 'a.lifornia, hi torical O'eology of h , with 
Ii ·t offo .. il. ........................................... Mn xm pp 176-__,:..-

Pal1 onto) gy tPnclen y t Q e ializ in ............................... . . Ann p 22 
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Paleontology; Tertiary and Cretaceous strata of the Tuscaloosa, Tombigbee, 
and Alabama rivers, with mention of invertebrates • .•••••.•••.. - ....• Bull 43 

Paleontology; Texan Permian and its Mesozoic types of fossils ...• .• -•... - .. Bull 77 
Paleontology ; Texas, the present condition of knowledge of the geology of, 

with mention of invertebrates .•.•...•....•.. ••••. ••• ••..••• • , ....... . Bull 45-
Paleontology, value of, to stratigraphy ........•.•...•••••.••••••• Bull 56, PP 11-12 
Paleontology, vertebrate, of the Newark system .......••.••••••••• Bull 85, PP 54-58 
Paleontology. See, also, Paleobotany. 
Paleozoic Crustacea, bibliography of, from 1698 to 1889, including a list of 

North American species and a systematic arrangement of genera . . ..•. Bull 63 
Paleozoic fishes of North America ...••.....................•.............. Mon XVI 

Paleozoic formations in the Acadian province, correlations and classifications of .. Bull 
80, pp 226-257 

Paleozoic formations in the Eureka district, Nevada ............... .......... Ann 3, 
pp 248-272; Mon xx, pp 11-13, 34-185-

Paleozoic formations of the Leadville district, Colorado .......... ... .. ...... Ann 2, 
pp 216-220; Mon xu, pp 53-70, 277-278 

Paleozoic history of the Mississippi valley and of the Rocky mountain region .. Bull 
57, pp 11, 12 

Paleozoic rocks and history of northeastern Iowa and contiguous territory ..... Ann 
11, 1, pp 308-334, 347-353 

Paleozoic rocks of California .............••....... ................ Bull 19, pp 21-23 
Paleozoic rocks of Texas .................•..••................. ~ .. Bull 45, pp 56-57 
Paleozoic rocks of the Great basin ....•......... ~ ........•..... Mon xx, pp 185-209 
Paleozoic section of Nevada, with vertical range of genera . .. .. Mon VIII, pp 284-285 
Paleozoic shoreline of the Great basin ............ .. ... ... ... ... Mon xx, pp 175-177 
Paleozoic. See, also, Cambrian; Carboniferous; Devonian; Silurian. 
Pallasite from Kansas, description and analysis of .......•.•....•.. . ... Bull 78, p 94 
Pal mi tic acid, compressibility and thermal expansion of ...••...... Bull 92, pp 32-33: 
Pamunkey formation .......................................•. Ann 12, 1 , pp 418-419 
Paraffin, compressibility and thermal expansion of ......... .•..... Bull 92, pp 36-37 
Paramorphism, general discussion of .......•....••.......••....... Bull 28, pp 45-49 
Paramorphism in relation to uralitization ..••••• .. .. . ......... .... Bull 62, pp 52-54 
Para.morphism of pyroxene to hornblende ..........• Bull 28, p 46; Bull 59, pp 25-27 
Para.toluidine, compressibility and thermal expansion of .......... Bull 92, pp 33-34 
Paria plateau, Grand canon district, description of the ........ .. ....... Ann 2, p 70; 

Mon u, pp 10, 199-202 
Park range, Wyo., literature of the geology of the ...... Bull 86, pp 272, 274, 275, 316 
Parker (E .W.), antimony, statistics of ......................... MR 1891, pp 174-176, 
Parker (E.W.) , asbestos, statistics of .......................... MR 1891, pp 591-592 
Parker (E. W. ), asphaltum, statistics of ............................... MR 1889- 90, 

pp 4 77-481 ; MR 1891, pp 452-455· 
Parker (E.W.), barytes, statistics of. .......................... MR 1891, pp 599-600 
Parker (E.W.), bub.rstones, statistics of ............. . ............... MR 1891, p 552· 
Parker (E.W.), coal, statistics of. .... MR 1889-90, pp 145-286; MR 1891, pp 177-356 
Parker (E.W.), emery and corundum, statistics of ................... MR 1891, p 556 
Parker (E.W.), fl.uorspar, statistics of .. .. .. . ........... ...... ...... MR 1891, p 586 
Parker (E.W.), graphite, statistics of ......................... MR 1891, pp 589-590· 
Pa1·ker (E.W.), gypsum, statistics of ...... . ........ . .......... MR 1891, pp 580- 583 
Parker (E.W.), mineral paints, statistics of. ................... MR 1891, pp 595- 598 
Parker (E.W.), oilstones and whetstones, statistics of ......... MR 1891, pp 554-555 
Parker (E.W.), soapstone, statistics of .... .............. . ..... MR 1891, pp 593- 594 
Parker (E. W. ), sulphur, statistics of .......................... MR 1891, pp 564-571 
Pasturage lands of the West ....................................... Ann 11 , n, p 209 
Pea e creek bon bed ........................................... Bull 84, pp 130-131 
P ale (A. C.), administrative r port for 1886-87 ... ...•.•. ..... .. Ann 8, 1, pp 146-148 
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Peale (A. C.), administrative report for 1887-88 ........••......... Ann 9, pp 111-114 
Peale (A. C.), administrative report for 1888-89 ....•........... Ann 10, 1, pp 130-132 
Peale (A. C.), administrative report for 1889-90 ........•............. Ann 11, 1, p 82 
Peale (A. C.), administrative report for 1890-91 .................. Ann 12, 1, pp 91-92 
Peale (A. C.), lists and analyses of the mineral springs of the U.S ......... Bull 32 
P ale (A. C.), mineral waters, statistics of ................. MR 1883-84, pp 978-987; 

MR 1885, pp 536-543; MR 1886, pp 715-721; MR 1887, pp 680-687; 
MR 1888, pp 623-630; MR 1889-90, pp 521-535; MR 1891, pp 601-610 

Peat of American bogs ........................................ Ann 10, 1, p-p 303-304 
Pecos valley, New Mexico, irrigation in the ................... Ann 12, n, pp 282-290 
Pele's hair in Hawaii .......••••....................................... Ann 4, p 108 
Pennsylvania, altitudes in ..............................• Bull 5, pp 245-274; Bull 76 
Pennsylvania, anthracite coal fields of, description and production of 

the ......................................................... MR 1882, pp 7-24 
Pennsylvania; bituminous coal field in Pennsylvania, Ohio, and West Vir-

ginia, stratigraphy of the ............................................ Bull 65 
Penn ylvania, boundary lines of .................................. Bull 13, pp 78-80 
Pennsylvania, bromine industry of ................. MR 1885, p 487; MR 1886, p 642; 

MR 1887, pp 626,627; MR 1888, p 613; MR 1889-90, p 493; MR 1891, p 579 
Pennsylvania, building stone from, statistics of ...... . ........ MR 1882, pp 451,452; 

MR 1887, pp 514,516; MR 1888, pp 536, 541, 545; MR 1889-90, 
pp 373, 418-427; MR 1891, pp 457, 460, 461, 463, 464, 467 

Penn ylvania, 'ambrian rocks of ............... Bull 81, pp 124-132, 288-289, 382-383 
P nnsylvania, cement manufacture in .............................. MR 1887, p 527; 

MR 1 8 , p 551; MR 1889-90, p 461; MR 1891, pp 532, 536 
P nn ylvania, Cenozoic grav ls of ................................. Bull 84, pp 44-45 
Penn ylvania, ·lay, brick, and pottery industry of ............. MR 1882, pp 465,469; 

MR 1 83- 4, pp 696, 698 ; MR 1885, pp 416, 418; MR 1886, p 569; 
MR 1 7, pp 536, 539: 540; MR 1888, pp 563,566; MR 1891, pp 503-504 

Pennsylvania, oal ar a and statistics of ........................... Ann 2, p xxviii; 
M 1 2, pp 7-32, 67-72; MR 1883-84, pp 12, 66-87; MR 1885, pp 11, 45-64; 
MR 1 6, pp 224, 230, 295-340; MR 1887, pp 169, 171, 290-350; MR 1 88, pp 
169,171, 301-360; MR 18 9-90, pp 241, 252-269; MR 1891, pp 180, 288-320 

Penn lvania, obalt cl posit in .. MR 1 2, p 421; MR 1883-84, p 546; MR 1885, p 363 
Penn ylvauia, oke in, the manufacture of. ................. MR 1883-84, pp 175-196; 

MR 1 5, PJ.> 0, 96-111; MR 1 6, pp 378, 384, 408-417; MR 1 7, pp 3 3, 
3 , 4.09-420; MR 1 , pp 395, 400, 414-425; MR 1891, pp 360, 366: 386-394 

P nos lvania, retac ous d posit of .................. _ .. . ..... _ ...... Bull 82, p 7 
P nn ylvania; fo il fauna of th upper Devonian along the meridian of 76° 

30' , from T mp kins county, NY., to Bradford county, Penn . ..... ...... Bull 3 
P nn ylvania, fo ils from ................. Ann , u, pp 862-870; Mon xvr, pp --123 
P nn ylvania, g ologic and paleontol gic inve tigations in ............. Ann 5, p 52; 

nn 6, pp 2;:;, 31, 3:-, 74, 75; Ann 7, pp 67, 3; Ann 8, 1, p 16 ; Ann 9, pp 77 122 
P nn .. ·lvania., g ologi map of, list cl •...•••.....••..•.... Bull 7, pp 64-76, 162 163 
P nn lvania; glacial boundary in w stern Pennsylvania, Ohio, Kentucky, 

Incliana, and Illinoi ................................................. Bull 
P nusylvania, gla ial iuve tigation in. ... Ann 3, pp 341-343, 346, 3 , 351; Ann 7, p 157 
P nn ylvania, granit prodn ·tion of ........................... MR 1 91 pp 457,460 
l' nu ylvania, apbite min in IR 1 6 p 6 
P nnsylvania, iron and t 1 from, stati ·tics vf .................... . Ann 2 p xxviii 

fR 1 = I>P 120 125, 129, 1 0, 131, 132, 1 3, 13 !, 135 13 , 137 · 
IR 1 . , pp r2, 270; MR 1 :- pp 1 2, 1 4, 1 6 1 ; fR 1 6, 

I> 14 1 , 52-56; MR 1 7, pp 11, 16 44-46; MR 1 pp 14 17, 
23, r · 1 1 9- , pp 10, 12, 17; IR 1 !ll, pp 12 20 -4 5- 1 

J' nnsylvania, lim • produ ti n f. ................... MR 1 7, p 533; IR 1 , p -:-6 
P nn vlvania lim , t n fr m lo ·a.Ii i in, aualy f ...... 1 1 9-D0 pp -121-124 
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Pennsylvania, limestone production of .•..••...•.•.••.•....•.. . MR 1891, PP 464, 467 
Pennsylvania, manganese ore in ..••..•••••.•••. MR 1885, pp 342-343; MR 1888, P 124 
Pennsylvania, marble production of .....•..•••................. MR 1891, PP 468-469 
Pennsylvania, metallic paint production of .......................... MR 1891, P 597 
Pennsylvania, mineral springs oL ................................ Bull 32, PP 44-49; 

MR 1883-84, p 984; MR 1885, p 540; MR 1886, p 718; MR 1887, 
p 685; MR 1888, p 628; MR 1889-90, pp 531-532 ; MR 1891, pp 603, 607 

Pennsylvania, minerals of, the useful ..... MR 1882, pp 721-726; MR 1887, pp 779-785 
Pennsylvania, mining laws of ............................... ... MR 1886, pp 759-790 
Pennsylvania, natural gas localities and statistics of ....... MR 1883-84, pp 236,243; 

MR 1885, pp 162-165; MR 1886, pp 490, 502-504; MR 1887, pp 466, 
467-474; MR 1888, p 489; MR 1889-90, p 367; MR 1891, p 438 

Pennsylvania, Newark system in ...................... ...... Bull 85, pp 20, 21, 83, 84 
Pennsylvania, nickel ore in ..........•••••...•.....•...•...... MR 1882, pp 404-405; 

MR 1883-84, p 537; MR 1889-90, p 124 
Pennsylvania, ocher production of ......•.•......... • ........•........ MR 1891, p 595 
Pennsylvania; petroleum, localities and statistics of ...... MR 1882, pp 190, 199-202; 

MR 1883-84, pp 214-215, 221-224; MR 1885, pp 131-145; 
MR 1886, pp 441, 442-457; MR 1887, pp 438, 439-450; 
MR 1888, pp 444, 445-459 ; MR 1889-90, pp 292, 295-318 

Pennsylvania, rocks of, their classification, etc ..•...................••..... Bull 80, 
pp42,83-112,124-125,131,260-261 

Pennsylvania, salt from, statistics of ..••••••••.•..•.... MR 1882, pp 532-534, 835-836 
Pennsylvania, sandstone from Luzerne, Blair, and Fayette counties, analyst's 

of .................................••.•...••.......... MR 1889-90, pp 419, 420 
Pennsylvania, sandstone production of ........••............... MR 1891, pp 461,463 
Pennsylvania, slate production of. ...•..••••..•••.............. MR 1891, pp 472,473 
Pennsylvania, topographic work in .•••••••••••••••••........... Ann 10, 1, pp 87, 89; 

Ann 11, 1, p 36; Ann 12, 1, p 26 
Pennsylvania, zinc and zinc works in ..•••..•••...................... Ann 2, p xx.ix, 

MR 1882, pp 361-365, 373; MR 1883-84, p 476 
Penokee iron.bearing series of Mich, and Wis ........ Ann 10, 1, pp 341-507; Mon xix 
Penokee series ofrocks oflake Superior .......•.•..•••.......... Bull 86, pp 187-189 
Penrose (R. A. F.), jr., nature and origin of deposits of phosphate of lime, with 

an introduction by N. S. Shaler ....................................... Bull 46 
Penrose (R. A. F.), jr., quoted, on the lignite beds of Texas ..... MR 1891, pp 327-328 
Perezonal formations ............................................. Bull 84, pp 98-99 
Peridotite of Elliott co., Ky., composition, origin, etc., of .. Bull38; Bu1142, pp 136-137 
Peridotites and associated serpentines near Baltimore, Maryland ....... Bull 28, p 50 
Perkins (J.), lists of ores, minerals, and mineral substances of industrial im-

portance in Alaska, California, Nevada, Oregon, and Washington ..... MR 1882, 
pp 760,767-769,772,773,775 

Permian in Kansas and Nebraska and other parts of the United States, discus-
sions relative to the correlation of the ..................... Bull 80, pp 193-212 

Permian of the Grand canyon district .......................... Ann 2, pp 64, 91-94; 
Monn, pp 16, 43-46, 117-121 

Permian strata of the Plateau country .................... Ann 6, pp 134-135, 184-185 
Permian, the Texan, and its Mesozoic types of fossils ........................ Bull 77 
Permian. See, also, Carboniferous. 
Perrenoud ( G. }'.), talc, statistics of ............................ MR 1885, pp 534-535 
Persia, fossil plants of, literature of the .............................. Ann 8, n, p 797 
Per ia, gold from, analysis of ............................... _ ......... Bnll 60, p 137 
Peru, copper production of ...................................... MR 1883-84, p 356; 

MR 1885, p 229; MR 1886, p 128; MR 1887, p 88; MR 
1888, p 73; MR 1889-90, p 73; MR 1891, pp 101, 102 

Peru, iodine production of .................. MR 1883-84, pp 856-857; MR 1885, p 488 
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Peru, quicksilver mines of ....•... Ann 8, II, pp 965-966; Mon XIII, pp 4, 6, 7, 14, 20-23 
Petalite from Peru, Maine, description and analysis of ........... ...... Bull 60, p 129 
Peters (E. D.), jr., the mines and reduction works of Butte city, Montana ....... MR 

1883-84, pp 37 4-396 
Peters (E. D.), jr., the roasting of copper ores and furnace products ....••. MR 1882, 

pp 280-297 
Petrographic and paleontologic characters of Devonian beds in New York ... Bull 16, 

pp 13-17,35-39,67-68 
Petrographic character as a basis for classification of formations .. Ann 7, pp 377-390 
Petrographic character of Obsidian cliff, Yellowstone park ........ Ann 7, pp 261-272 
Petrographic description of rocks from the Tewanmts., N. M ....... Bull66, pp 10-17 
Petrographic descriptions; ferruginous slates, cherts, etc., of the Penokee 

series .... _ .............................................. Ann 10, 1, pp 383-392 
Petrographic descriptions; general or miscellaneous schists of the Penokee 

series ... ............... ............. ... . Ann 10, 1, pp 354-362, 372-375, 426-434 
Petrographic descriptions; greywackes, etc., of the Penokee series ....... ... Ann 10, 

1, pp 427, 429-432 
Petrographic laboratory of the Geological Survey ............. Ann 10, 1, pp 29, 43-44 
P trographic studies in the Archean formations of the northwestern states ..... Ann 

5, pp 209-242 
etrographic work of the Geological Survey, review of the ....... Ann 10, 1, pp 42-52 

Petrography, bibliography of American, 1886 ........................... Bull 44, p 27 
PetroITTaphy, bibliography of American, 1887-89 ................ ...... Bull 75, p 128 
Petrography; description and analyses of the yellow clay and white marl of 

the Bonneville beds ................................... _ Mon 1, pp 190, 200-203 
Petrography, microscopic, development of ............................. . Bull 62, p 35 

trography, microscopic, of the eruptive rocks of the Eureka district, 
vada ...... . ....................................... ... _ Mon xx, pp 335-394 

P tro rraphy, microscopic, of the Great basin and mounts Rainier, Hood, Shasta, 
and Las en's peak ............................................ Ann 3, pp 11-14 

Petrography of cape Ann, Massachusetts .................•••...... Ann 9, pp 605-610 
trography of rocks of the basement series in northern Wisconsin ......... Ann 10, 

1, pp 354-362 
P tro aphy ofth Delaware traps .......................•••..••••......... Bull 59 
P trography of the Mosquito range, Colorado ..............•••.. Mon xII, pp 319-362 
Petro ra.phy of the Newark sy tern .••.....•..•......•••.•••.•••••. Bull 85, pp 32-36 

etrography of the Penokee iron. bearing series .. _ ................. Mon xix, passim 
P trography of the rocks of the Keweenaw series ...... _ .................... Ann 3, 

pp 101-115; Mon v, pp 34-133 
etrography; thinolite from lake Lahontan and the Mono basin ............ Bull 12 

P trography; transitions in mineralogical composition of igneous rocks ........ Bull 
66, pp 17-20 
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Petroleum and inflammable gas in Ohio and Indiana, the Trenton limestone, 
as a source of ............................ _ .............. Ann 8, n, pp 4 75-662 

Petroleum and natural gas, theories respecting the origin of .... Ann 8, n, pp 485-506 
Petroleum; gas and related bitumens, the origin, constitution, future, etc., 

of .................... ..............•.•.......••......... Ann 11, 1, pp 589-616 
Phanerogams from the Carboniferous basins of south western Missouri ......... Bull 

98, pp 105-109 
Phenacite from Crystal park and Florissant, Colorado ...••••..••.. Bull 20, pp 68-70 
Phillips (W. B.), mica mining in North Carolina ............... MR 1887, pp 661- 671 
Phillips (W. B.), the fertilizer trade in North Carolina in 1886 .. MR 1886, pp 611-617 
Phinney (A. J.), the natural-gas field of Indiana ......•••..... Ann 11, 1, pp 579-742 
Phosphate of lime, nature and origin of deposits of ..•••••... . ... .......... Bull 46 
Phosphate rock, statistics and analyses of ............... MR 1882, pp 504-521; MR 

. 1883-84, pp 783-805; MR 1885, pp 445-455; MR 1886, pp 607-610; MR 
1887, pp 580-590; MR 1888, pp 586-593; MR 1889-90, pp 450-455 

Phosphates, bibliography of ...........................•........ Bull 46, pp 129-140 
Phosphates, foreign sources of ...•.... MR 1883-84, pp 803-80-1; MR 1885, pp 454-455 
Phosphates of Alabama .......•....••.......•....•.•...... . ...•... Bull 46, pp 75-78 
Phosphates of Florida .. ~ .......... _ ....••. • Bull 46, pp 78-79; MR 1891, pp 562- 563 
Phosphates of Martha's vineyard ....••.. _ .•••.•••••..••••.•••••...... Bull 46; p 78 
Phosphates of North Carolina ....•.. __ .•••••.••••••••..••• __ .. _ .. Bull 46, pp 70-75 
Phosphates of South Carolina ..••...•••...•...•••..••••..•••• MR 1882, pp 504-521; 

MR 1887, pp 580-584; MR 1891, pp 557-562 
Phosphatic deposits of Plorida, character and correlation of the ........... Bull 84, 

pp 111-112, 130-131, 134-140 
Phosphatic limestone beds of Kentucky ..... __ •••.........•.... Bull 46, pp 116-117 
Phosphatic matter, accumulation of, in morrasses .•••..••••••.. Ann 10, 1, pp 307-308 
Phosphoric acid, separation of, in rock analyses ......•...•••••.... Bull 78, pp 87-90 
Pbosphorites, foreign .....................••••..• _ ••.•••••.•••... Bull 46, pp 46-59 
Phosphorus from iron slag ....••.........•.•.....••••.••.•.•.. . . MR 1883-84, p 805 
Phosphorus in other countries, production of .......••••.•..... MR 1886, pp 676-677 
Phosphorus in steel. .................................••••..• _ ......... Bull 25, p 14 
Phosphorus oxychloride, the action of, on the ethers and chlorhydrines of 

silicic acid .................••.•.•.•..•••••.••••..•••....... Bull 90, pp 4 7-55 
Phosphorus, statistics of ............... . .••••....•..••••.•••.. MR 1886, pp 676-677 
Phthanite of the Coast ranges of California described ...••••••. Mon XIII, pp 105-108 
Physical and chemical effect of sudden cooling of glass ..••...•.. Bull 42, pp 98-131 
Physical effect of precipitants .................•.•...••.••••••.... Bull 36, pp 24-26 
Physical effect of temperature in subsidence of fine solid particles in liquids .. . Bull 

36, pp 21-24 
Physical geology of the Grand canyon district ••••.••••••••••••••. Ann 2, pp 47-166 
Physical properties of the iron-carburets ...•••.•••••.•••. Bull 14; Bull 27; Bull 35 
Physics and chemistry, work in, during 1884-85 .••••.••••• Ann 6, pp 86-88; Bull 27 
Physics and chemistry, work in, during 1885-86 .•••• ••.. Ann 7, pp 127-130; Bull 42 
Physics and chemistry, work in, during 1886-87 .•••••• Ann 8, 1, pp 189-193; Bull 55 
Physics and chemistry, work in, during 1887-88 ••••••••• Ann 9, pp 141-143; Bull 60 
Physics and chemistry, work in, during 1888-89 .••••• Ann 10, 1, pp 177-181; Bull 64 
Physics and chemistry, work in, during 1889-90 .••••• .A.nn 11, 1, pp 125-127; Bull 78 
Physics and chemistry, work in, during 1890-91. ••••• Ann 12, 1, pp 127-129; Bull 90 
Physiography; beach ridges and deltas of lake Agassiz ...••••.•••....•.••. Bull 39 
Physiography ; cliffs of Toroweap valley, Arizona ..•••••.••••..... Monn, pp 84-88 
Physiography; drainage of the Paria plateau ...••••••••.•••.... Monn, pp 200-203 
Physiography; interior basins, origin of ...••... _ .•••••.••........... Mon 1, pp 2-5 
Physiography of copper-bearing rocks of lake Superior, in relation to struct-

ure ...................•••••••••••.•••••••••••••••••••••••. Mon v, PI> 165-166 
Bull. 100-29 
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Physiography of :Martha's Yin yard .............................. Ann 7, pp 306-307 
Physiography of Texa ................................•••........ Bull 45, pp 45-54 
Physiography of the Grand canyon__ district ............•..•......... Ann 2, pp 69-73 
Physio!rraphy of the Hawaiian i lands .........•....•...... Ann 4, pp 81-89, 212-219 
Physiography of the region abo11t Chesapeake bay ....•...•...... Ann 7, pp 548-564 
Physiography; plateaus of the Grand canyon district ............... Monn, pp 9-19 
Physiography; play a lakes and playas ...........•................ Mon XI, pp 81-86 
Physiography; river courses in Washington territory, changes in, due to gla· 

cia ti on ................................•.................•........... Bull 40 
Physiography; surface of the Kaibab plateau ....••..... Monn, pp 135-139, 192-198 
Physiography; terraces of the Grand canyon dist .. Mon n, pp 32, 35-37, 40, 4-2, 46-47 
Physiography; terrace of the upper Ohio river district ..... Bull 58, pp 22-38, 80-96 
Physiography; topographic features of shorelines ................. Ann 5, pp 75-123; 

Mon I, pp 23-170; Mon XI, pp 87-124 
Physiography; topography near Comstock lode due to faulting .•.......... Mon m, 

pp 156, 181-182 
Physiography; Vermilion cliffi of southern Utah ..•••.............. Monn, pp 51-60 
Phy iography; walls of the Grand canyon of the Colo ... Monn, pp 140-170, 173-178 
Physiography and geology of portions of Colo., Utah, and Wyo .. Ann 9, pp 677-712 
Picrallnmogene from vicinity of Las Vegas, New Mexico, analysis of .. Bull 78, p 121 
Piedmont region of the middle Atlantic slope ...•................. Ann 7, pp 548-550 
Pig iron. See iron. 
Pike's peak, minerals from the neighborhood of .........••••....... Bull 20, pp 40-73 
Pilling (J.C.), resignation of, from office of chief clerk ............... Ann 12, r, p 19 
Pipestone, red, from Minnesota, analysis and tests of ............. MR 1889-90, p 404: 
Plantamour (E.), hypsometric method of ................. Ann 2, pp 480-488, 548-549 
Plant life, past and pre ent, of the earth, table and diagrams of, by types and 

geologic formations, with discussions thereof .....•......... Ann 5, pp 439-452 
Plants and animals in r lation to soil formation .•.•..•......... Ann 12 r, pp 268-287 
Plants as rock·builders ..•....•.•....•......•.................... Ann 9, pp 619-620 
Plants, descent of ..................................................... Ann 5, p 452 
Plants, fossil, description of silicified species of, from the Potomac forma· 

tion ...........................•..................•......... Bull 56, pp 43-52 
Plants, fossil, description of species of the Laramie .............. Bull 37, pp 13-115 
Plants, fossil, description of the species of the Potomac or younger Meso· 

zoi c .................................••.................... Mon xv, pp 63-325 
Plants, fo i1, descriptions of genera and species of, from the Trias of New 

J er ey and the Connecticut valley ....•••..•••...••••...... Mon XIV, pp 82-95 
Plant , fo il, discussion of ti ble of distribution of the Laramie .. Ann 6, pp 515-536 
Plants, fo ail, geological affinities of the Potomac or younger Mesozoic .... Mon xv, 

pp 333-348 
Plants, fo ail; list of species of the Potomac formation identical with or allied 

to peci s described from other localities and formations .. Mon xv, pp 358-367 
Plant , fo . il; list of species of the Potomac formation, with the localities 

at whi h hey were collected .•••••.•••.•••••.•••••••.•... Mon xv, pp 35o-357 
Plan , fos il list of th Potomac or younger Mesozoic ...•.•.•.. Mon xv, pp 326-331 
Plant , fi il localiti for th Potomac or younger Mesozoic ..... Mon xv, pp lo-33 

Ian fo il · localiti . other than those of the Potomac formation at which 
P tom a peci or their aJlies have been found ..•.•..••.. Mon xv, pp 368-372 

1 nt , fo · fl nomenclature and classification of ..••..•.•.•....•.. Ann 5, pp 425-43l 
Plan , f .. il, of the akota group ........•.•.........•.•...•••.•....... Mon XVII 

lant , fo il of th evonian of the Eureka district, Nevada .... Mon xx, pp 69-70 
Plant , fo ·il, of the higher Devonian of Ontario co., N. Y .. Bull 16, pp 25-2 , 63-65 

lant,fo il,ofthe arami age ....•••••...•.•••••••.•••.•••... Ann6,pp436-440 
Plants, fo sil, of the ewark system ..•..••••••••••••••••. Bull 85, pp 62-65, 1.26-129 
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Plants; fossil; sketch of paleo botany ............................. Ann 5, PP 357--4.52 
Plants, fossil; stratigraphy of the bituminous coal field of I_.,ennsylva,nia, 

Ohio, and West Virginia, with mention of species .................... Bull 65 
Plants, fossil, synopsis of the flora of the Laramie group of ....... Ann 6, pp 399-557 
Plants, fossil, table of distribution of the Laramie ............... Ann 6, pp 440-514 
Plants, fossil, table of number of species of, from each geological forma-tion .. Ann 5, 

pp 440-441 

Plants, fossil, table of the, from the older Mesozoic of N. C ..... Mon YI, pp 122-123 
Plants, fossil, table of the, from the older Mesozoic of Virginia .... Mon YI, pp 92-93 
Plants, fossil, the geographical distribution of ................. Ann 8, n, pp 663-960 
Plants, fossil; the older Mesozoic flora of North Carolina, with description of 

species ............................•... .................... Mon YI, pp 97-128 
Plants, fossil; the oldeJYifosozoic flora of Virginia, with description of species .. Mon 

VI, pp 1-96 
Plants, fossil, value of the study of the internal structure of, with rev iew of 

its progress ....................... .......................... Bull 56, pp 11-38 
Plants, fossil; wood and lignite of the Potomac formation ................... Bull 56 
Plants; travertine and siliceous sinter, the foTmation of, by the vegetation of 

hot springs .......•...•...•.• ••...........•••...•••..••.... Ann 9, pp 613-676 
Plants, types of .............................. .................... Ann 5, pp 432--433 
Plateau country of the western part of the United States, map showing the .. Ann 6, 

pp 114-115 
Plateau province of western United States ...•••••••..••••••••.•.. Ann 2, pp 49-68; 

Ann 6, 113-124; Monn, pp 9-15, 217-218 
Plate~u province. See, also, Arizona; Colorado; New Mexico; Ut ah ; Wyo-

ming. 
Platiniferous nickel ore from Canada ......•.•••••••••..••••....... Bull 64, pp 20-21 
Platiniridium, analyses of ......•••...•...........••...••........ MR 1883-84, p 581 
Platinum, foreign sources of ...•••..•. MR 1883-84, pp 576-577; MR 1885, pp 367-368 
Platinum ores, analyses of. .. .................•.. MR 1883-84, p 577; MR 1885, p 367 
Platinum, pyro-electric qualities of alloys of .••••••..•.....•••.. Bull 54, pp 126-164 
Platinum, statistics of._ ........................•..••.• ....... MR 1882, pp 442--443; 

MR 1883-84, pp 576-580; MR 1885, pp 367-369; MR 1886, pp 222-223; 
MR 1887, pp 142-143; MR 1888, pp 165-167; MR 1889-90, pp 143-144 

Platte river basin, hydrography of the .............•..•••..... Ann 12, n, pp 238-240 
Playa mud from Carson desert, Nevada, analysis of ......••............ Mon XI, p 83 
Playa lakes and playas, especially those in the Lahontan basin .... Mon xi, pp 81-85 
Pleistocene; beaches and deltas of lake Agassiz ...••...•••...•.•.......... _. Bull 39 
Pleistocene bitumen deposits ........••.........•••••.••••..... Ann 11, 1, pp 595-596 
Pleistocene climate as revealed by the lake Lahontan records .... Mon xi, pp 255-268 
Pleistocene climate, especially of the Great basin .•••••..••.•....••...•...••. Ann 4, 

pp 463--464; Mon I, pp 265-318 
Pleistocene; Columbia formation, description of the ........•.....•...•.... Ann vn, 

pp 594-612, 635; Ann 12, 1, pp 384--407 
Pleistocene; Columbia formation in relation to the Lafayette .. Ann 12, 1, pp 430-496 
Pleistocene, denudation in the Grand canyon of the Colorado during the. _._.Ann 2, 

pp 95-101 
Pleistocene; deposits of hot springs ...••.•••••••••••.•••••..•••.. Ann 9, pp 619-676 
Pleistocene drainage in the Great basin ......•...•••••.••••••••• • . Mon XI, pp 28-32 
Pleistocene; driftless area of the lipper Mississippi. .•••.••••••... Ann 6, pp 205-322 
Pleistocene; earthquake, the Charleston .....•••••.••••..•...•... Ann 9, pp 209-528 
:Pleistocene; earthquakes in California in 1889 ...••••.••••...•••••..••...... Bull 68 
Pleistocene epochs, provisional classification of the, with attendant or charac-

teristic phenomena._ ..........•••.....••••••.•.... Ann 6, p 212; Mon I, p 273 
pleietocene; Equus fauna, age of the .............................. Mon 1, pp 393--402 
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Pleistocene formationR of the Leadville district, Colorado ....••..•••......... Ann 2, 
pp 220-221, 256; Mon XII, PP 40-42, 71-72 

Plei to •ene fossils and recent forms from American localities between cape 
Hattera and cape Roque, including the Bermudas ....•......... ..... Bull 24-

Pleistucene; glacial boundary in Penn., Ohio, Ky., Ind., and Ill ............ Bull 58 
Pleistocene; glacial phenomena about Leadville, Colorado ........ Ann 2, pp 228-230 
Pleistocene; glaciation; terminal moraine of the second glacial epoch ....... Ann 3, 

pp 2~5-402 

Pleistocene; glaciers of the Sierra nevada ......•••..••••.••.•••.. Ann 5, pp 309-355 
Ple1 tocene history of Mono valley, California ...•••.••••••••.•. Ann 8, 1, pp 261-394 
Pl istocene h1 tory of northeastern Iowa .............••.•••••. Ann 11, 1, pp 189-577 
PleiHtocene history recorded in the Columbia formation ..•.•••.•.. Ann 7, pp 637-639 
Pleistocene lacustrine formations in Mexico ...•....•••.••••.•...•...... Mon 1, p 4-02 
Pleistocene; lake Bonneville, geological history of ..••••.. Ann 2, pp 167-200; Mon I 
Pleistocene; lake Lahontan, northwestern Nevada, geological history of ..... Ann 3, 

pp 195-235; Mon XI 

Pleistocene; lake shores, topographic features of .•••••••••••••.... Ann 5, pp 75-123 
Pleistocene lakes of the Great basin, map showing the ...••...••••...... ..... Ann 8, 

1, pp 268-269; Mon 1, pp 6-7 
Plei. tocene lakes of the Great basin, sketch of the ..••••.•••••...... Bull 11, pp 9-12 
Pleistocene mammalian fauna of Great Britain ...•••..••..•• Mon 1, pp 399, 400, 401 
Pleistocene Mollusca of the Great basin ........ Bull 11, pp 13-66; Mon 1, pp 298-299 
Pleistocene; morasses, fresh-water, of the United States .•••... Ann 10, 1, pp 261-339 
Pleistocene of cape Ann, Massachusetts .........•..••••.•••••.•.. Ann 9, pp 546-576 
Pleistoc ne of central Oregon .......•••...•.•.•..••••.•••••..••.. Ann 4, pp 435-464: 
Pl istocene of Florida ...•...•••..............•..•.•.•••. ~ ••.... Bull 84, pp 14-9-156 
Pleistocene of Martha's vineyard ..............••....••••• Ann 7, pp 306-325, 34-7-353 
Pl istocene of mount Desert, Maine ...•.•...•••..••••.•••..... Ann 8, n, pp 994-1034 
Pl i tocene of south we tern Kansas ........••...••••.••••...•..... Bull 57, pp 38-45 
Pleistocene of Texas .............................••..••••......... Bull 45, pp 86-87 
Pleistocene of the vicinity of Chesapeake bay ...••.•••••.•....... Ann 7, pp 545-64-6 
Pleistocene of the Eureka district, Nevada ......••••..•.••••••... Mon xx, pp 31-33 
Pleistocene on Nantucket island .....••....•.••••••••••••••••.•............ ·. Btll 53 
Pl istocene, Ostreidre of the ........••........•....••..••••...•... Ann 4, pp 314-316 
Pleistocene, Quaternary, and Glacial, remarks on the use of the names ....... Mon 1, 

pp 22, 395-396 
Pleistocene; river courses in the state of Washington, changes in, due to gla-

i tion ................................•...•••• _. _ ••••••••............ Bull 40 
Plei to ene; rock-scorings of the great ice invasions .•••••••.••.•. Ann 7, pp 155-248 
Pleistocene; snbaerial decay of rocks and origin of the red color of certain 

formations ..........••..•...•..........•..........••••..•••.......... Bull 52 
Pleistoc ne; swamps, sea-coast, of eastern United States •.••••••• Ann 6, pp 359-398 
Pleistoc ne; thinolite, crystallographic study of .............•.•............ Bull 12 
Plei toe ne; volcanic eruption, a late, in northern California and its peculiar 

lava, ...................................... _ .......................... Bull 79 
Plei to ue volcanic eruption in western U. 8 ......• Mon 1, pp 323, 326,330, 336-338 
Plei tocen volcani eruptions of the Uinkaret plateau ..•••••.... Monn, pp 111-112 
Pl i toe ne wind in the lake Bonn ville basin ..•••••.•••••.•••• _ ...... Mon 1, p 332 
Pliocene, boundari s of the ...............•..•.••••••••••......•••.... Bull 84, p 22 
Pliocene and p t- lioc ne in California. ...••••••••••••.... Mon xm, pp 219-221, 461 
Plioc ne. , al o, eo ne. 
Pog nip lim . ton at Eur k , vada ...•..••••.•••••••••........ Mon xx, pp -54: 
P i ilitic tructure of ign u rocks .....•........•••..••.. Bull 62, pp 7 , 79,183,196 
P llo k (W. C.), digest of d ciRion r lating to the use and control of water 

in th a.rid r gion. p. 324 of this bulletin. 
Porcelain clays from China, analyses of ....•••...•.••••••••••••••. Bull 27, pp 71-72 
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P orphyrites of the Henry mountains ............... . . . . • . .. . . ... Mon xn, PP 359-363 
P orphyrites of the Mosquito range, Colorado .... . .. . ... .. .. Mon XII, PP 85, 334-34-4 
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P ortland cement in America, history of ......... . ........ . ..... MR 1891, pp 535- 537 
Portland group of rocks of New Brunswick ............ .. . ... . •. Bull 86, pp 230- 238 
P or t ugal, antimony production of .... . ...........•... . .. . . ..... . . MR 1883-84, P 645 
Portugal, copper production of. ....... MR 1882, p 254; MR 1883- 84, pp 356, 367- 368; 

MR 1885, pp 228, 237-238; MR 1886, pp 128, 133- 135; MR 1887, 
pp 87, 95-96; MR 1888, p 73; MR 1889-90, p 73; MR 1891, p 100 

P ortugal, fossil plants of, literature of the .•..••....... . ...... Ann 8, II, pp 705-707 
P ortugal, manganese production of ...........••. MR 1886, p 201; MR 1889- 90, p 130 
Portugat pyrites production of ...•..•••............... .. .. MR 1883- 84, pp 882- 884 ; 

MR 1885, pp 507-508; MR 1886, pp 6i>4-656 
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P o t assium and sodinm, a method for the separation of, from lithium by the 
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P otassium salts, analyses of . ...•••........•............•..•... MR 1887, pp 632- 639 
P o tassium salts, statistics of ..... .. . . .. . . . ..... . ..... .. .... · .... MR 1887, pp 628-650 
P o tomac and Tuscaloosa formations .......................... . Ann 12, 1, pp 421--424 
P otomac beds, location and geology of the ...•..... . Ann 7, pp 546- 547, 613- 616, 686; 

Mon xv, pp 33-62 ; Bull 56, pp 38- 39 
P o tomac clays, description of the ..........•..... . ........... . .. .. .. MR 1891, p 192 
Potomac formation, fossil wood and lignite of the .......................... Bull 56 
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Potomac plants, geol~gical affinities of the ..................... Mon xv , pp 333-348 
Potsdam sandstone of Wisconsin ......................••. . .......... Mon x rx, p 29 
P ottery, statistics of ...•••.................................... MR 1882, pp 47;1--472; 

MR 1883-84, pp 685-692, 698-700; MR 1885, pp 419-421; MR 1886, pp 571-
572; MR 1887, pp 542-545; MR 1888, pp 571-575; MR 1889-90, pp 441-444 

P ott ery clays, analyses of. ...•....... · .•.......... MR 1882, p 472; MR 1883-84, p 690 
P owell (J. W.), appointment of, to directorship . . ...•.............. Ann 2, pp xi-xii 
Powell (J. W.), report of director for 1880-81. ...•.•....•.•......... Ann 2, pp xi-lv 
P owell (J. W.), r eport of director for 1881-82 ...•••.•.•....••.... Ann 3, pp xv-xviii 
P owell (J. W.), report of director for 1882-83 ...••............. Ann 4, pp xiii- xxxii 
P owell (J. W.), report of director for 1883-84 .....•••.......... Ann 5, pp xvii-xxxvi 
Powell (J. W.), r eport of director for 1884-85 ..•.•. . ...... • ...... Ann 6, pp xv-xxix 
P owell (J. W.) , report of director for 1885-86 ...•.................... Ann 7, pp 3--42 
Powell (J. W.), report of director for 1886-87 ....••••............... Ann 8, 1, pp 3-93 
Powell (J. W. ), report of din1etor for 1887-88 ...••....•.............. Ann 9, pp 3--46 
P owell (J. W.), r eport of director for 1888-89 ....•.. . ............. Ann 10, 1, pp 3-80 
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print of) ...•........................................... . .. Ann 10, n, pp 15-29 
Powell (J. W.), report of director on the irrigation survey for 1888-89 ....... Ann 10, 
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Powell (J. W.), r eport of director for 1889-90 ....•••••••.••••..... Ann 11, 1, pp 3-30 
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Powcllite, a, new mineral species, description and analysis of ....... Bnll 90, pp 34-37 
Prairie soils ..................................................... Ann 12, I, 323-326 
Pi· ... Cambrian rocks of North America, review of present state of know ledge of 

the .................................................................. Bull 86 
Preciou .metal ore deposits of the Comstock lode, Nevada, source of genesis 

of the .............................................. Mon HI, pp 18-21, 285-288 
Precious.metal ore deposits of the Leadville district, Colorado, source or 

genesis of the ........................................ Mon xu, pp 367-584, 594 
Precious.metal ore deposits, popular fallacies regarding .......... Ann 4, pp 253-271 
Precious.metal statistics ...................... Ann 1, p 73; Ann 2, pp xxxiv-xxxvii, 

331-401; MR 1882, pp 172-185; MR 1883-84, pp 3.12-321 ; MR 
1885, pp 200-207; MR 1886, pp 104-108; MR 1887) pp 58-65; 
MR 1888, pp 36-42; MR 1889-90, pp 48-55; MR 1891, pp 74-80 

Precious metals, discovery of the, in Colorado ..................... Mon xn, pp 7-10 
PL'cciou metal. of Eureka, Nevada .........••.•..•....•..•••.............. Mon VII 

Pr cious m t::tls. ee, also, Gold; Silver. 
Pr dons stones, American ...............••...............•...• MR 1882, pp 483-499 
Pr don tones, foreign sources of ..•.................•.•.•.... MR 1887, pp 563-579 
l'recion, ston s, localities of, in the United States ........... MR 1883-84, pp 728-781 
Precious stouos, statistics of. ..... MR 1882, pp 482-503; MR 1883-84, pp 723-782; MR 

18 5, pp 437-444; MR 18813, pp 595-605; MR 1887, pp 555-579; MR 
1888, pp 580-585; MR 1889-90, pp 445-448; MR 1891, pp 539-551 

Pr<' snre aml t ropcrature, dependence of fluid volume on .......... Bull 92, pp 17-67 
Pre :ure, contractions clue to cooling under ....................... Bull 92, pp 56-61 
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Pr ,, imre in relation to s •histose structure ....................••....... Bnll 59, p 43 
Pres. ure, influence of, on crystallization of igneous magmas ............ Bull 66, p 25 
Pr S!-lnre, very high, method of obtaining and of measuring ........ Bull 96, pp 17-32 
Pre.'fertia,ry igneous rock of Eureka district, Nevada ....•...•.. Ann 3, pp 273-276; 
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Pric ite from Chetco, Oregon, analysis of .......••...•••.......... MR 1889-90, p 505 
Prim rnl rock, possible character of .......................... Mon XIII, pp 171-174 
l'rimitiv rock , history of the term .................................. Bull 86, p 470 
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ro p t mountain quartzite at Eureka., Nevada .........•............ Mon xx, p 35 
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Pt ropoda. of the arboniferou of th• Enr ka di trict evada .... Ion III Pr 
Pteropoda. of the Devonian of th Eureka di trict, Nevada. .... Mon VIII, pp 196-200 
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Pteropoilaof the higher Devonian of Ontario county, New York .. Bull 16, pp 221 56-57 
_Pteropocla of the lo~er Silurian of the Eureka district, Nevada .. Mon VIII, pp 85-86 
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Pteropocla of the Olenellus zone .........................•.... Ann 10, I, pp 620-625 
Puerco beds, literature and correfation of the .... Bull 83, pp 119-129, 137-138, 145-146 
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Puget group, digest of the literature pertaining to the . .. ....... Bull 83, pp 107-110 
Puget group of Washington .........................••....... . Bull 84, pp 229-230 
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Pumice.stone, statistics of ..... MR 1882, pp 480; MR 1883- 8-i, p 721; MR 1885, p 433 
Pumpe1ly (R.), administrative report for 1879-80 ................... Ann 1, pp 57-60 
Pumpelly (R.), administrative report for 1880-81. ...••............ . Ann 2, 11p 35-40 
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MR 1885, pp 501-508, 514; MR 1886, pp 652, 712 
Pyrites, foreign deposits of ....•........................... MR 1883-84, pp 881-886; 
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Pyroxene rocks free from feldspar and olivine ......................... Bull 28, p 55 
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Pyrrhotite, typical composition of .................................. MR 1885, p 516 
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Quartz, conversion of, to serpentine .....................••.•........ Mon XIII, p 123 
Quartz fragments, enlargements of, and genesis of quartzites .... Bull 8, I, pp 11-43 
Quartz in basalt ....•......•......................................... Mon xx, p 339 
Quartz, primary, the occurrence of, in certain basalts ....•.••••....••....... Bull 66 
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Quartz-porphyry of the Mosqnito range, Colorado ........ Mon XII, pp 76-81, 323-332 
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poses ........................... . Ann 11, II, pp 168-183; Ann 12, pp 45, 209- 212 
Reservoir sites, canals, and irrigable lands in New Mexico ............. . . Ann 11, II, 
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MR 1883-84, pp 12, 87; MR 1885, p 11; MR 1886, p 224 ; 
MR 1887, pp 169, 351- 352; MR 1888, pp 169, 171, 361 



458 PUBLJCATIONS OF THE U. S. GEOLOGICAL SURVEY. [nuLL.100. 

Rhode I. land; coal from Cranston, }tnalysis of. .......••..... . ..... . . . . . Bull 9, P 18 
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MR 1887, p 685; MR 1888, p 628; MR 1889-90, p 532; MR 1891, pp 603, 607 
Rhode Island, minerals of, the useful. ..... .... MR 1882, p 727; MR 1887, pp 785-786 
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Rocks from sandstone cliket1 of northern California and from the Diablo, anal-

yses of . .. _ ........... __ .......... __ ....... ___ ... __ .... __ .. Bull 78, pp 123-124 
Rocks from Tewan mour,.tains, New Mexico, analyses of ..... --·· ______ Bull 60, p 155 
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::Ru · ell ( I. C.), geological reconnaissance in southern Oregon. ____ Ann 4, pp 431-464 
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Russia, manganese production of ........••.................... MR 1886, pp 204-205; 

MR 1887, p 161; MR 1888, p 141; MR 1891, p 146 
Russia, mining law of ..................•.••..............•...... MR 1883-84, p 1002 
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Serpentine, pseudomorphic ......••..•...........••••....•..... Mon XIII, pp 123-126 
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Silver and gold in the United States since 1792, product of ....... MR 1891, pp 74-75 
Silver and gold of the Comstock lode, Nevada •.. Mon III, pp 6-7, 9, 18, 224-225, 268 
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Silver and gold, the world's production of .........•.•................. MR 1883-84, 
pp 319-321; MR 1888, p 40; MR 1889-90, p 54: 

-Silver-lead deposits of _Eureka, }lev~da .........•••.. .....•.•....•••....... Mon VII 
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Slags of Leadville, analyses &ind composition of the .....•••.... Mon xn, pp 698-709 
Slate member of the Penokee iron-bearing series, origin and petrographical 
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Soapstone and diabases from the Penokee district of Mich. and Wis .. Mon XIX, p 357 
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oils, maritime, from Massachusetts, analyses of .•.•.••••• -··· .... Bull 27, pp 68-69 
oils, nature and origin of_ ... _ ... ____ . _ ...•••..••••• .•.•. . _. _Ann 12, 1, pp 213-345 
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oli anrl liquid the continuity of .••• --····-··-·· ••..••.••••.•• -.Bull 96, pp 71-!!7 
oli vi co i y,th m chani mof·--····-··········-··-·················--·-Bnll9.! 
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373, 428; MR 1891, pp 464, 467 
South Carolina; Charleston earthquake of August 31, 1886 .•..••••. Ann 9, pp 203-528 
South Carolina, clay deposits of ........•...•...•.................... MR 1891, p 506 
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South Carolina, gold from, statistics of ....••...... Ann 2, p 385; MR 1882, pp 172, 
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'oun ctic t ............................. -.................... Ann 10, 1, PP 7, 88 
husetta •••••••••••.•••••••••••••••••••••••••••• Ann 5, p xviii; Ann 6, p 4. 



INDEX. 469 

States surveyed by their cooperation-continued. 
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Rhode Island ............................ . . ... Ann 9, p 51; Ann 10, 1, pp 7, 85-86 
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Strouhal (V.) and Barus (C.), relation between time of exposure, temper-value, 
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tructure of the Potomac formation ............. ........... ...... Mon xv, pp 47-53 
tructure of the Sierra nevada ........................... __ .... Bull 33, pp 12-16, 21 
tru cture of the Trias in Connecticut and New Jersey ... . _ ••. _._ ... Man XIV, pp 5-8 
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tubbs (W. C.), phosphate rock in Alabama ................ MR 1883-84, pp 794-803 
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Subsidence of fine solid particles in liquids ............. Bull 36; Bull 60, pp 139-145 
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dences of ............................................. .Ann 8, n, pp 1009-1034 
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recent ..................................................... Ann 9, pp 567-574 
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ulph t of lime as an impurity of brines ......................... Ann 7, pp 500-504 
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ulpbat , ba ic fi rric ......................................... Mon xn, pp 549-550 
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Sulphur in steel ..•••••••••••••••••••••.•••••.•.....••••••••••••••••••. Bull 25, p 13 
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pp 604-610; MR 1888, pp 5, 10-11; MR 1889-90, pp 515-517; MR 1891, pp 564-571 
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472 
PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY. 

[BULL.100. 

' nnl~n(~l Mlj' ~w~nty years of progress in the manufacture of iron and steel 

w d u, c;al o:\put :t~:~;~;~d ·~ith. th;t· ~f ·th· · · · · · ·t· ·:·····MR 1891, PP 47-73 
o er coun rrns ........ MR 1882 p 5 · 

MR 1883-84, P 13; MR 1885, p 11; MR 1886, p 235 · MR i887
1 

, d P 189; MR 1888, p 208; MR 1889-90 p 22 , MR
1 
1891 p 73 

w n, cop1ler production of ' ' ' 
· • • · - • · · · - · · · · · · · --- · · - - -- . -..••... MR 1883-84 p 356 · 

MR 1885, p 228; MR 1886, p 128; MR 1887, p 87; 
, , MR 1888, p 73; MR 1889-90, p 73; MR 1891 100 
, " , d(•t1, -:n m~n, of tho Olen ell us zone in ....•.. _ .•. _ .. _ .••.. ___ .Ann 10 

1 
57f_578 

• "t <1<•11, fossil }>!ants of literature of the A 8' 'pp , , ...................... nn ,n pp 779-781 
' weth~i,_ gold. and silver production of, compared with that of other ~oun-
~ n~ · .. ................... ........................... MR 1883-84 pp 319 320 
w •tl 11

,_ uon and steel production of, compared with that of other ~oun- ' 
tncs ....................... .................................. MR 1882, p 109; 

MR 1883-84, p 257; MR 1885, p 193; MR 1886, p 21; MR 1887, p 18; 
MR 1888, pp 28, 29, 30, 31; MR 1889-90, pp 21, 22; MR 1891, p 73 

,"' clon, leadproclnctionof ........ .............. MR1883-84,p434; MR1885,p264 
, wed n, nrnngancse production of ... ............................. MR 1889-90 p 130 
8wcclen, nickel protlnction of ........ ................ ____ ...... MR 1882 pp 405-406 
, W<'tlcn, tin prodn~tion of ........... ............................. MR 1883-84,p 619 

• W<'Ct.wa torn ll(l aclJ:tCent mountains, literature of the geology of .. Bull 86, pp 278-279 
Hwitzel'laucl, fosHil plants of~ literature of the .................. Ann 8, n, pp 738-744 
Syrnit , angite, of the l~weenaw series .......................... Mon v, pp 112-124 
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TahlC's and formnlas to facilitate the construction and use of maps .......... Bull 50 
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Temperature and electrical conductivity, relation between ......... Bull 14, pp 15-27 
Temperature and pressure, dependence of fluid volume on .......... Bull 92, PP 17-67 
Temperature and strain from sudden cooling, relations between ... Bull 42, pp 98-112 
Temperature and viscosity of steel, relation between ....•••....... Bull 73, pp 53-73 
Temperature coefficient of steel. .................. . ....... ....•.•.. Bull 14, pp 15-24 
Temperature, constant high, degree of, attained in metallic vapor baths of 

large dimension .................. . .......•••..... ........... Bull 54, pp 56-83 
Temperature data for color effect in oxidation of iron carburets .... Bull 35, PP 51-57 
Temperature, effect of, in production of petroleum and natural gas .......... Ann 8, 

n, pp 493, 495-496 

Temperature, effect of, in subsidence of fine solid particles in liquids ...... Bull 36, 
pp 20-24 

Temperature, effect of, on glaciation ..•.•.•••••.•••••.••• •..•••.. Mon 1, pp 276-283 
Temperature, effect of, on Molluscan life ................... ............ Bull 11, p 38 
Temperature gradients, underground, determination of, at the Wheeling deep 

well (4,471 feet), West Virginia ................ ................ Ann 12, 1, p 63 
Temperature, inequalities of, as cause of errors in barometric hypsometry .... Ann 2, 

pp 420-425, 536 
Temperature, influence and effect of, in annealing of steel. ........ Bull 14, pp 43-59 
Temperature, influence of, on crystallization of igneous magmas ........ Bull 66, p 25 
Temperature of artesian water .........•••...•.••••• •••••••...... Ann 5, pp 165-167 
Temperature. See, also;Reat; Thermal. 
Temperatures, high, of the mines of the Comstock lode, Nevada ........ Ann 2, p 312; 

Mon m, pp 228-265, 387-392; Mon rv, pp 389-400 
Temperatures, high, thermo.electric measurement of .............. Ann 4, pp 53-59; 

Ann 10, pp 179-180; Bull 54 
Temperatures oflake Tahoe at different depths .•................ ..... . Mon x1, p 72 
Tempering of steel and magnetic retention and stability ......... Bull 14, pp 151-172 
Tempering of steel, the conditions which determine the efficacy of the opera. 

tion of ..............•......•••...................... .... .... Bull 14, pp 28-75 
Tennessee, altitudes in .......•.........•...........•.... Bull 5, pp 279-282; Bull 76 
Tennessee ; bery 1 from Greene county, analysis of ....................... Bull 9, p 11 
Tennessee, boundary lines of, and formation of state .......... Bull 13, pp 30, 108-109 
Tennessee, brick industry of ................... . MR 1887, pp 536, 539; MR 1888, p 563 
Tennessee, building stone from, statistics of ........................ MR 1882, p 451; 

MR 1886, pp 543-544,; MR 1887, p 518; MR 1888, pp 533, 541, 543; 
MR 1889-90, pp 373, 429-430; MR 1891, pp 464, 467, 468, 4 70 

Tennessee, Cambrian rocks of, correlation of the ...•••........... Bull 81, pp 139-144, 
154-155,299-303,311,383 

Tennessee, coal area and statistics of ................•...... . ....••. Ann 2, p xxviii; 
MR 1882, pp 72-73; MR 1883-84-, pp 12, 88; MR 1885, pp 11, 64-67; MR 
1886, pp 225,230, 341-347; MR 1887, pp 169, 171, 352-357; MR 1888, pp 
169, 171, 362-366; MR 1889-90, pp 146, 269- 271 ; MR 1891, pp 180, 320-325 

Tennessee, coals and cokes from, analyses of ....................... Bull 64, pp 54~55 
Tennessee, coke in, the manufacture of .................... MR 1883-84; pp 196-202 ; 

MR 1885, pp 80, 111-116; MR 1886, pp 378, 384, 417-421; MR 1887, pp 
383, 389, 420; MR 1888, pp 395, 400, 425; MR 1891, pp 360, 361, 366, 395 

Tennessee, copper deposits and statistics of ........... Ann 2, p xxix; MR 1882, p 231 
Tennessee, Eocene deposits of. .......•......................... Bull 83, pp 70-71, 83 
Tennessee, fossils from . ...................•. Ann 4, pp 294, 301; Ann 8, n, pp 881-882 
ri'ennessee, geologic and paleontologic investigations in .. .... ...... Ann 5, pp 52, 53; 

Ann 6, pp 24, 25; Ann 7, pp 67, 114; Ann 8, r, p 175; Ann 9, p 76; Ann 10, 
I, pp 120, 167 ; Ann 11, 1, pp 68, 71, 72, 75 ; Ann 12, 1, pp 54, 62, 75, 78, 79 
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Tennessee, geologic maps of, listed ...•......••..••••.•.... Bull 7, pp 102, 103, 104, 107 
1'ennessee, gold from, statistics of ................... Ann 2, p 385 ; MR 1882, pp 172, 

176, 177, 178; MR 1883-84, p 312; MR 1886, p 104; MR 
1887, pp 58, 59 ; MR 1888, pp 36, 37; MR 1891, pp 76, 77 

Tennessee, iron and steel from, statistics of ............... Ann 2, p xxviii; MR 1882, 
.PP 120, 125, 129, 130, 131, 133, 134, 135, 136, 137; MR 1883-84, 
pp 252,278 ; MR 1885, pp 182, 184, 186, 188; MR 1886, pp 14, 
18, 33, 92-96, 98; MR 1887, pp 11, 16; MR 1888, pp 14, 17, 23; 
MR 1889-90, pp 10, 17, 24, 40; MR 1891, pp 12, 25, 54, 55, 61 

Tennessee, lime production of ....................... MR 1887, p 533; MR 1888, p 556 
Tennessee, limestone production of ............................. MR 1891, pp 464, 467 
Tennessee, manganese ore in ............... _ ....... MR 1885, p 344; MR 1886, pp 181, 

193-194; MR 1888, pp 124, 131; MR 1889-90, pp 127, 135; MR 1891, p 137 
Tennessee, marble industry of ............................ ... ... MR 1891, pp 468,470 
Tennessee, metallic-paint production of. ...... _ ...................... MR 1891, p 597 
Tennessee, mineral springs of ........ _ ............... ....... .... _ Bull 32, pp 97-106; 

MR 1883-84, p 985; MR 1885, p 540; MR 1886, p 718; MR 1887, 
p 686; MR 1888, p 628; MR 1889-90, p 532; MR 1891, pp 603, 608 

Tennessee, minerals of, the useful ...... _ .. MR 1882, pp 730-733; MR 1887, pp 788-792 
Tennessee, petroleum localities and statistics of .....••........ MR 1885, pp 147-148; 

MR 1889-90, pp 362-363 
Tennessee, rocks of, their classification, etc ....••.......... Bull 80, pp 37, 41, 164-166 
Tennessee, topographic work in .................... Ann 4, pp 13-15; Ann 5, pp 4-5; 

Ann 6, pp 8, 9, 10; Anu 7, pp 50, 52; Ann 8, 1, p 102; 
Ann 9, p 55; Ann 10, 1, p 89; Ann 12, 1, pp 27-28 

Tennessee; water from Mountain city, analysis of. ...•................. Bull 64, p 58 
T nne see, zinc deposits in._ .... ___ .. __ ...... ____ . ... Ann 2, p xxix; MR 1882, p 367 
T rra ro sa of southern Europe, equivalent of, in America ............. Bull 52, p 25 
Terraces ancl embankments, the formation of .................... Ann 2, pp 171-172; 

Ann 3, pp 206-208; Mon 1, pp 36, 46-58, 78-86; Mon xi, pp 88-99 
Terrac s, embankments, deltas, etc., of shore topography ......... Mon x1, pp 88-99 
T rrace of lake AO'assiz ••••. __ •.. _ ..... ___ ... ___ . __ .... ___ .. _ .• ____ . _. _ . __ . Bull 39 

T rraces of the glacial flood deposits in the Mississippi valley .... Ann 6, pp 308-311 
Terraces of the Grand canyon district ...••••..••....• _ .. __ ........ Ann 2, pp 74-94; 

Monn, pp 32, 35-37, 40, 43, 4.6-47 
T rraces of various kinds ...••....•..•••.•...... Ann 5, pp 115-120; Mon 1, pp 78-86 
T rrace , stream-formed, analysis and classification of ........ . Ann 11, 1, pp 256-273 
TeJTitorial chang in the United States, historical sketch of the._. Bull 13, pp 24-32 
·r r ia.ri s of Colorado and Utah, some insects of special interest from the ... Bull 93 
'f rtiary bitumen d po its ... _. _ .......• _ ....•................ Ann 11, 1, pp 596-597 
Tertiary formations in southwestern Kansas ...........•.......... Bull 57, pp 31-38 
Tertiary hi tory of the Grand canyon district ....• Ann 2, pp xii-xvi, 47-166; Mon II 

Tertiary of western America., divisions and fauna of the ..................... Ann 5, 
pp 252-254; Mon x, pp 5-8 

T rtia.ry O treid~, orth American ..•...••••...••..••.•.•....... Ann 4, pp 309-316 
Tertiary rocks in California .... _ ....••......•... _ .. _ .... _ .. _.Bull 15, pp 15-16, 32; 

ull 1 , pp 10, 13, 17; Bull 51, pp 11-14; Mon xm, pp 214-221, 461 
in the La s n peak district, California ... _ ...... Ann 8, n, pp 413-424 
of fartha's vineyard ..................••.......... Ann 7, pp 326-347 

T rtiary ro k of Texa ............ __ ......... _ ..... _ ........ _ •... Bull 45, pp 6 
Tertiary trata. in the r · on of the inta mountains ....... _ ...... Ann 9, pp 69~691 

rti ry nd r tac ons formations of Tew J rs y, ketch of th geology of 
h .. -- ........ ........ ---- . .. _ ........ _ ... ___ ......... ___ .Mon ix, J>P ix-xiii 

T rti: r · an reta.ci n strata of th Tuscaloo a, Tombigbee, and Alabama 
rive .... --- · .......................... ·----· ....................... Bo11 i3 

Tertiary and esozoio pal ntology of California ••••••••..••••••••••••••••• Bull 15 
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Tertiary and post-Tertiary volcanic rocks of Eureka dist., Nev .... Ann 3, pp 277-287 
Tertiary. See, also, Eocene; Neocene. 
Teton range, Archean and Algonkian literature of the ___ • __ •• _ - .• - - - _ Bull 86, p 281 
Tewan mountains, New Mexico, a group of volcanic rocks from the, and the 

occurrence of primary quartz in certain basalts ___ ••.. - -•... - ..... - ••• Bull 66 
Texan formations, diagram showing interrelation of ....••...•••.. __ .. Bull 82, p 127 
Texan Permian and its Mesozoic types of fossils .....•......••••.....•....... Bull 77 
Texan system ofrocks .....•................ .. .... .. . .. .. . .... .. Bull 86, pp 267- 269 
Texas, boundary lines of, and admission of Republic of ....... Bull 13, pp 21, 105-106 
Texas, altitudes in ...................•............ ...... Bull 5, pp 283-289; Bull 76 
Texas, artesian wells of, list of the .......... ......... .. ... _ .... .. . Ann 11, n , p 272 
Texas, brick industry of ...•.............. MR 1887, pp 536,539; MR 1888, pp 563,566 
Texas, building.stone production of ...•........ . .. . ,MR 1891, pp 457,461,463,464,467 
Texas, Cambrian rocks of, correlation of the .. Bull 81, pp 216-219, 234-235, 354-356, 385 
Texas, Chamidoo from the Creta(leous rocks of, aberrant forms of ...... Bull 4, pp 5-9 
Texas, clay production of ....••......••..... ....... · -·· ...... .. MR 1891, pp 518-522 
Texas, coal area and statistics of ... . .. ....................•......... MR 1882, p 74; 

MR 1883-84, pp 12, 89; MR 1885, pp 11, 67-68; MR 1886, pp 225, 
230, 34 7-350; MR 1887, pp 169, 357-359; MR 1888, pp 169, 171, 
367-374; MR 1889- 90, pp 147, 271; MR 1891, pp 180, 325-328 

Texas, copper deposits of. ....•...•............ .... ... .... .. MR 1883-84, pp 342- 343 
Texas, Cretaceous rocks of ..••••..•••...............•... Bull 82, pp 114-130, 220-223 
Texas, Eocene deposits in ...... ........ ........................ Bull 83, pp 76-79, 84 
Texas ; fixation of the 105th meridian in El Paso county ... .. . ... .. Bull 70, pp 71-79 
Texas, fossils from ....................... ... Ann 4, pp 292-307; Ann 8, n, pp 897-898 
Texas, gadolinite from Llano county, analysis of ...... • .....•.......... Bull 64, p 40 
Texas, geologic and paleontologic investigations in ...•............ Ann 6, pp 75-76 ; 

Ann 8, r, pp 179-180; Ann 9, pp 120-121; Ann 10, r, 
pp 163-164; Ann 11, r, pp 58, 107; Ann 12, r, p 114: 

Texas, geologic maps of, listed ......... ............... . ..... . Bull 7, pp 139, 140, 141 
Texas, geology of~ present condition of knowledge of the .................... -Bull 45 
Texas, gold and silver from, statistics of ........... MR 1889-90, p 49; MR 1891, p 77 
Tex[LS, gypsum industry in ....... .. .......... ........... .. .•........ MR 1891, p 582 
Texas, iron and steel from, statistics of. ..... MR 1882, pp 120, 129, 131; MR 1883-84, 

p 252; MR 1885, pp 182,184; MR 1886, pp 18, 33; MR 1887, pp 11, 51-52; MR 
1888, pp 14, 23; MR 1889-90, pp 10, 17, 24, 40; MR 1891, pp 12, 27, 54, 55 

Texas; iron regions of northern Louisiana and eastern Texas, a report on the, 
by Lawrence C. Johnson. Seep 323 of this bulletin. 

Texas; latitudes and longitudes of Cisco and Sierra Blanca determined ..... Ann 11, 
· r, p 129 ; Bull 70 

Texas, lignite beds of ..................... ..•.. ....... .. .... .. MR 1891, pp 327-328 
Texas, lime production of .................... ... . . .. MR 1887, p 533; MR 1888, p 556 
Texas ; limes tone from El Paso county, analysis of .. ...... ..•... .. MR 1889-90, p 432 
Texas ; lithographic stone in Blanco county .......... ........ __ .. MR 1889-90, p 519 
Texas, meteoric iron from, description and analysis of ....•••...•...... Bnll 78, p 95 
Texas, meteorite, stony, from, description and analysis of ......... Bull 78, pp 91-93 
Texas, mineral springs of .... . ....... .... . .......... . ........ . . Bull 32, pp 124-128; 

MR 1883-84, p 985; MR 1885, p 540; MR 1886, p 718; MR 1887, p 
686 ; MR 1888, p 628; MR 1889-90, p 532; MR 1891, pp 603, 608 

Texas, minerals of, the useful ....... ..... MR 1882, pp 733-736; MR 1887, pp 792-794 
Texa , Neocene bells of ........................•................ Bull 84, pp 172-177 
Texas, petroleum from, statistics of ......... ~ ........... MR 1889-90, pp 292, 359-361 
Texas, salt from, statistics of. .............. MR 1882, pp 532-534; MR 1883-84, p 842 
Texas ; spessartite garnet from Llano county, description and analysis of ....... Bull 

90, pp 39-40 
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'l'exas, topographic work in ...•.•.... Ann 6, pp 12-13; Ann 7, p 55; Ann 8, 1, p 104; 
Ann 9, pp 57-58; Ann 10, 1, pp 95-96; Ann 11, 1, p 40; Ann 12, I, pp 30, 47 

Thermal effect of the action of aqueous vapor on feldspn.thic rocks ........... Ann 2, 
pp 325-330; Mon m, pp 29C-3081 397-400 

Thermal expa11:sion, literature and measurement of ............. Bull 92, pp 17-18, 27 
Thermal expansion of certain rocks, preliminary note on the coefficients of ..... Bull 

78, pp 109-118 
Thermal springs and Molluscan life ...........•..........•............. Bull 11, p 40 
Thermal survey of tbe Comstock lode, Nevada .................. Mon III, pp 244-265 
Thermal. See, also, Heat; Temperature. 
Thermodynamics of liquids, the volume ....•....................•........... Bull 96 
Thermo-electric data of alloys ............•...............•........ Bull 14, pp 80-88 
'l'hermo-electric effect of magneti½ation ............ ............. Bull 14, pp 104-110 
Thermo-electric, galvanic, and magnetic properties of wrought iron1 steel, and 

cast iron in different states of hardness ............................... Bull 14 
Thermo-electric measurement of high temperatures ........ Ann 47 pp 53-59; Bull M 
Thermo-electric power and specific resistance of steel, relation between . . .. Bull 141 

pp 62-70 
Thermo-electric power, measurement of ........................... Bull 141 pp 31-36 
'l'hermo-electric properties, specific resistance, and hardness of steel, rela-

tion of ......................•.....•...................... Bull 14, pp 203-226 
Thinolite, chemical nature of ..................................... Bull 12, pp 22-25 
'l'hinolite, crystallographic study of .......... _ ... Bull 12, p 14; Mon XI, pp 194-201 
Thinolite in the Mono basin, Cal. ....... Ann 8, 1, pp 315-317, 320; Bull 12, pp 19-20 
'fhinolite of lake Lahontan, crystallographic study of t,be ......... ........ Ann 8, 1, 

pp 315-318; Mon XI, pp 194-200; Bull 12 
Tbinolite of Walker lake, Nevada ........••........................... Bull 12, p 20 
'fhinolitc, original crystalline form of ......... _ ........... _ ... __ .. Bull 12, pp 20-22 
Thinolite1 r lation of~ to gay lussite pseudomorphs ...........•..... Bull 12, pp 25-28 
'l'binolitic tnfa of the lake Lah on tan basin, Nevada ... _ ..•...... Mon x1, pp 192-201 
Tbomscnolite from near Pike's peak, Colorado, occurrence and description of ... Bull 

20, pp 55-56 
Thompson (A. H.), report on topographic branch of irrigation survey for 

1888-89 .............................•...•........•....... Ann 10, II, pp 65-77 
Thomp on (A. II.), report on topographic branch of irrigation survey for 

1 ~-90 ..........................•..................... Ann 11, II, pp 291-343 
Thompson (A.H.), report on topographic work during 1890-91 .. Ann 12, I, pp 42-52 
Thompson (A. H. ), r eport on the location and survey of reservoir sites during 

the fiscal year n<.ling June 30, 1891. ......•.••.•.••....... Ann 12, II, pp 1-212 
Thomp on (G.), admini. trative report for 1881-82 .. _ .•••...•.....••. Ann 37 pp 32-41 
Thomp on (G.), quoted on glaciers of mount Shasta .............. Ann 5, pp 332-334 
Thomsonite from Table mountain, Colorado, general description and chemical 

composition of .............................................. Bull 20, pp 24-27 
Thomsonite ph rules from Table mountain, Colorado, chemical identification 

of .................................................... ____ .Bull 20, pp 18-19 
Thorium and uranous sulphate , on the isomorphism and composition of ....... Bnll 

90, pp 26-33 
Thymol, compre ibility and thermal expansion of ..••.....•....•. Bull 92, pp 37-3 
Tile, brick, etc., stati ti s of ............................... __ ............ MR 18 2, 

pp 457-4!5 ; MR 1883-84, pp 679-711; MR 1885, pp 415-427; MR 
1 , pp 566-580; MR 1 7, pp 534-551; MR 1888, pp 557-575 

Till, summary of facts concerning the uustratified deposit called ... Bull 58, pp 42-75 
Till. e , also, lacial; Glaci r. 
Timbering in the omstock mines, Nevada ...•.•.•..•.••••.••..•... Mon m, pp 5-6 
'l'imberiug in the Eureka mines, Nevada .•••••.•••••••••••••••.. Mon vn, pp 153-157 
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Time ratios of the Coastal plain ......•••..••••..••...••• . .. ... Ann 12, r, pp 42 -429 
Tin, analyses of' ...•...•...•..••..••••........••.... . ..•. . . . MR 1 83-84, pp 626, 629 
Tin, foreign sources of ....•...•...........•.......... . ..... ...•.... MR 18 2, p 4.36; 

MR 1883-84, pp 615- 625; MR 1885, pp 376-383; MR 1889-90, p 121 
Tin, physical properties of ..••..••.........•..••...•..... . .. MR 1883-84, pp 625-629 
Tin, statistics of. ......•......................... . ....... MR 1882, pp 1134-437; MR 

1883-84, pp 592-640; MR 1885, pp 370-385 ; MR 1886, pp 214-217; MR 1887, pp 
134:-137; MR 1888, pp 144-159; MR 1889-90 pp 119-123 ; MR 1891, pp 164-166 

Tin ore, analyses of ...................................•.• . ...... .. . MR 1882, p 4.34:; 
MR 1883-84, p 614; MR 1885, p 370 ; MR 1888, pp 151-154 

Tin ore, assays of ...•..••.......•..••...•••............. . . .. . . MR 1888, pp 146-147 
Tin-plate industry_ ..................... MR 1883-84, pp 633-637; MR 1888, pp 20-22 
Tin-plate industry, efforts to establish the ......•.......... . . . . .. .... MR 1891, p 69 
Titanium and aluminum, separation of, and of titanium and iron .. Bull 27, pp 16-26 
'I'itanium, separation of, in rock analyses .............••. . ....... . . Bull 78, pp 87- 90 
Tombigbee, T11scaloosa, and Alauama rivers, Tertiary an d Cretaceous st rata 

of the ..... _ ............•••......•.....••..••...•...•.•.•.. . . .. . . . ... Bull 43 
Topaz, an unusual occurrence of ...•••..••....•.........•••....•.. Bull 20, pp 81-82 
Topaz at Devil's head mountain, Colorado, notes upon the occurren ce of .. . . Bull 20, 

pp 73-74 
Topaz from Florissant and Devil's head mountain, Colorado ...•... Bull 20, pp 70-73 
Topaz from Stoneham, Maine .......................•.•....•...•• . . Bull 27, pp 9-15 
Topaz in nevadite from Chalk mountain, Colorado ....•.••...•.••. . .• Mon xn, p 347 
Topaz in rhyolite .........................•••....•.............•••.... Bull 20, p 81 
Topographic features of the Penokee district in relation to geology . . ..••• Mon x rx, 

pp 145, 188-189,301-302 
Topographic forms, classification of, by hydrography ......•...... Ann 7, pp 558- 564. 
Topographic map of the United States, plan and description of the .......... Ann 4, 

pp xiii-xxiv; Ann 6, pp xvi-xix; Ann 7, pp 3-8 
Topographic map of the United States; altas sheets engraved to May 20, 1893. 

See pp 307-320 of this bulletin. 
Topographic work in the United States done by national and state organiza-

tions and by corporate and private enterprise, sketch of ..... Ann 4, pp xiv-xx 
Topographic work in the various states and territories. See each state and 

territory. 
Topographic work, reports on ......••••••••. Ann 3, pp xv-xvi; Ann 4, pp xiii-xxiv, 

3-16; Ann 5, pp xvii-xx, 3-14; Ann 6, pp xv-xix-, 3-17; Ann 7, pp 3-8, 
45-60; Ann 8, 1, pp 70-74, 97-122; Ann 9, pp 3-7, 49-69; Ann 10, r, 
pp 5-9, 83-108; Ann 11, r, pp 4-10, 33-48; Ann 12, 1, pp 3-8, 23-52 

Topography, analysis of .................... _ .•.••....•.......... Ann 7, pp 558-564 
Topography and geology, interdependence of ..•.•.....•...•.......... Mon xn, p 29 
Topography and geology of India ...•....•....•.............. Ann 12, n, pp 399-403 
Topography as affected by solution ..••••.....•••....•.....•....... Bull 84, pp 88-89 
Topography due to faulting .........•...•••••••••••.............. Ann 4, pp 443-450 
Topography. See, also, Physiography. 
Toroweap valley and the middle portion of the Grand canyon .. . .......... Ann 2, pp 

104-121; Mon n, pp 78-100 
Tourmaline from Nevada county, California, description and analysis of .. Bull 90, p 39 
Tourmaline, the analysis and composition of ...•...••..••.•....•.. Bull 55, pp 19-37 
Tourmaline. See, also, Precious stones. . 
T rade wind confined within narrow vertical limits ....••....•.......... Ann 4, p 145 
Transportation, littoral. .......•................................... Ann 5, pp 85-90 
Transportat ion. See, also, Degradation. 
Trap, deoomposed, from near Sanford, North Carolina, analysis of ....• Bull 42, p 138 
Trap dikes and sheets, characteristice; of ..•••.•••••.•••••..••••.••••••• Bull 85, p 69 
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Trap rocks, decay of .............................................. Bull 52, pp 16-18 
Trap rocks, geographical distribution of, in eastern United States .. Bull 85, pp 70-72 
Trap rocks of the Newark system ................................. Bull 85, pp 66-77 
Traps as data for correlation of Newark areas ..................... Bull 85, pp 30-31 
Traps of the Newark system in tho New Jersey region, the relations of the .. Bull 67 
Traps of the Triassic series in Connecticut valley ............•.•.. Ann 7, pp 462-468 
Traps. See, also, Basalt. 
Travertines, analyses of ......•••............................ . ...•••••. Ann 9, p 646 
Travertine and siliceous sinter, formation of, by hot springs ...... Ann 9, pp 613-676 
Travertine. See, also, Tufa. 
Trees as agents of soil formation ............................... Ann 12 I, pp 269-274 
Trenton limestone as a source of petroleum and inflammable gas in Ohio and 

Indiana .......•......................................... Ann 8, II, pp 4 75-662 
Tres piedras mesa, Rio Grande basin, irrigation on ...•............. Ann 12, II, p 256 
Trias in southwestern Kansas ..................................... Bull 57, pp 20-27 
Trias of the Atlantic slope, flora of the .........................•... . .... . . Mon xv 
Trias of Virginia. and North Carolina and :flora therefrom ..........• . . Mon VI, pp 2, 

92-93,95,100-101,125-126 
Trias. See, also, Jura.trias. 
Triassic age, fossil insects of, found in the Leadville district, Colo ..... Mon xn, p 71 
Triassic of the Connecticut valley, structure of the ............... Ann 7, pp 455-490 
Triassic rocks of New Jersey and the Connecticut valley, fossil :fishes and 

plants of the ...••••.......................................... . ..... Mon XIV 

Triassic rocks of New Jersey and the Connecticut valley, geological relations 
and equivalents of the ...•••...•.•..................••..... Mon XIV, pp 1-15 

Triassic. See, also, Jura-trias. 
Trilobita, catalogue of American Paleozoic ......••............... Bull 63, pp 79-148 
Trilobita from the Cambrian of the Eureka district, Nevada ..... Mon VIII, pp 24-64 
Trilobita from the Carboniferous of the Eureka district, Nev .... Mon vm, pp 266-267 
Trilobita from the Devonian of the Eureka district, Nevada ... Mon VIII, pp 207-211 
Trilo bita from the lower Silurian of the Eureka district, Nevada .. Mon vrn, pp 89-98 
Trilobita from the middle Cambrian of North America ...•.•••.. Bull 30, pp 149-222 
Trilo bi ta of the Olen ell us zone ................................ Ann 10, I, pp 629-658 
Trinidad island, asphaltum production of .•......•........••....... MR 1882, p 605; 

MR 1883-84, p 937; MR 1891, pp 453-454 
Trinidad a phalt pavements, cities where used ......•......•........ MR 1891, p 454 
Trip lite from the Black hills, Dakota, analysis of ................ Bull 60, pp 135-136 
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Virginia, manganese deposits in ............•.........••....... MR 1882, p 424; MR 

1883-84, pp 551-552; MR 1885, pp 305, 307-328; MR 1886, pp 181, 
194-196; MR 1887, pp 145, 146, 151-152; MR 1888, pp 124, 
125, 132-133; MR 1889-90, pp 127,135; MR 1891, pp 127, 137 

Virginia, marble production of.· .....•••.•••.•..........•..••.••..•.. MR 1891, p 470 
Virginia, Mesozoic flora of, the older .•••••••••....•••...••••..•..••.. .... .. Mon VI 

Virginia; meteoric iron from Pulaski co., description and analysis of .. Bull 90, p 45 
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Virginia, mineral springs of ..................•......... Bull 32, pp 54-68; MR 1883-
84, p 985; MR 1885, p 541; MR 1886, p 719; MR 1887, p 686; 
MR 1888, p 629; MR 1889-90, p 533; MR 1891, pp 603, 608 

Virginia, minerals of, the useful .......... MR 1882, pp 738-743; MR 1887, pp 799-803 
Virofoia, N eocene beds of ...........•.... ... .............•..•..... Bull 84, pp 55-67 

b ~g-Virgima, ocher product10n of ..............................••..•.•.. MR 1891, p "· o 
Virginia; Potomac or younger Mesozoic flora ......•...............• .....••. Monxv 
Virginia, pyrites from, statistics of ......................... MR 1883-84, pp 879-880; 

MR 1885, pp 504-505; MR 1886, pp 653-654 
Virginia; pyrolusite from the Crimora mine, analysis of. .......... MR 1883-84, p 551 
Virginia, 1.locks and coal of .................•.............. Bull 80, pp 29, 86, 112-113 
Virginia, salt from, statistics of ....•••........•••.............. MR 1882, pp 532-534; 

MR 1883-84, p 840; MR 1891, p 572 
Virginia, sandstone production of ...•.......••.........••.•••.. MR 1891, pp 461, 463 
Virginia, slate production of ......................•......•.•... MR 1891, pp 472,473 
Virginia; spessartite from Amelia county, description and analysis of .. Bull 60, p 129 
Virginia, tin ore in .... MR 1883-84, pp 599-601; MR 1885, pp 371-376; MR 1891, p 164 
Virginia, topographic work in ..........•...................•...••. Ann 4, pp 13-15; 

Ann 5, p 5; Ann 6, p 8; Ann 7,pp 50, 51; Ann 8, 1, p 101; Ann 9, 
pp 52-53, 54, 55 ; Ann 10, 1, p 90; Ann 11, 1, p 36; Ann 12, 1, p 27 

Virginia; waters from springs fa Loudoun county, analyses of ........ Bull 42, p 147 
Virginia; waters from Virginia hot springs, Bath co., analyses of ... Bull 9, pp 33-35 
Virginia, zinc and zinc works in .................. .. .. Ann 2, p xxix; MR 1882, p 365 
Virginia, Nevada, and immediate vicinity, geological map of ...... Ann 2,pp 292-293 
Virginia.New York area of the Newark system .......•....... Bull 85, pp 20-21, 83-85 
Viscosity of solids ...•...........••....... , .......... . .............•....•••.. Bull 73 
Vi cosity, solid, the mechanism of. ..•. ........................ ........•••.. Bull 94 
Visco ity, the pyrometric use of the principle of ................. Bull 54, pp 239-306 
Vishnu series ofrocks in Arizona .......... . ..................... Bull 86, pp 330-332 
Vogel s (A. W.), bibliography of Paleozoic Crustacea from 1698 to 1889, includ· 

ing a. list of North American species and a systematic arrangement of 
g nera ...•..••••...•.....•...........................•.............. B nll 63 

Volatility, coefficients of, for aqueous chlorhydric acid ...•.•.... Bull 60, pp 115-117 
Volcanic action in the Eureka district, Nevada .....••.......•.. Mon xx, pp 230-291 
Vol anic action in the Grand canyon district ..........•.•.... Ann 2, pp 118-119, 122; 

Mon II, pp 81-83, 94.-97, 104.-112, 120-121 
Volcanic activity in the Great basin during the epoch oflake Bonneville ..... Ann 2, 

pp 190-192; Mon 1, pp 319-339 
Volcanic activity. See, also, Solfataric action. 
Volcanic areas around the borders of the Plateau country, description of, and 

map bowing the ....... . .............•................•.... Ann 6, pp 118-121 
Volcanic c nter, Eureka, Nevada, a . ......... ... .....•.....••••.•.•.. Mon xx, p 230 
Volcanic cones and craters of the Uinkaret plateau, basaltic .......••. .... ... Ann 2, 

pp 118, 121-124; Mon II, pp 104-109 
Vol ani dust from Idaho, Montaina, and Nebraska: analyses of .. Bull 42, pp 141-142 
Volcanic dust from Lahontan beds, description and analyses of ............. Mon XI, 

pp 146--149; Bull 9, p 14 
Volcanic ruption in northern California (a late one) and its peculiar lava ... Bull 79 
Volcanic ruption , Pl isto n , of western United tates .....•... Mon 1, pp 336--337 

olcanic lava of Eureka di t ., ev., manner of occurrence of .... Mon xx, pp 243-249 
olcanic n ck , columnar structure of basalt in ..........•...•.... Ann 6, pp 172-174 

Volcanic n ck in northw tern ew Mexi o ...•..••......•....•.. Ann 6, pp 167-178 
olcanic phenomena, deposition of quick ilver in relation to .... Mon XIII, pp 52,417 

Volcanic phenomena, recent and Quaternary, of Mono valley, California ..... Ann 8, 
I, pp 371--389 
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Volcanic rocks from the Tewan mountains, New Mexico, a group of, and the 
occurrence of primary quartz in certain basal ts .......•............. · · · Bull 66 

Volcanic rocks of Sepulchre mountain, Yellowstone park ...••.. Ann 12, 1, PP 634-650 
Volcanic rocks of the Eureka district. Nevada ..........•....•... Ann 3, PP 277-287; 

· , Mon xx, pp 230, 249-253, 348-394 

Volcanic rocks of the :f'.enokee series, lake Superior district ..... Ann 10, 1, pp 439--444 
Volcanic rocks of Washoe Nevada chemical analyses of ............... Bull 17,p 33 
Volcanic rocks, stratified,' of moun~ Desert id., Me .. Anu 8, u, pp 1037, 1043-104 7, 1051 
Volcanic rocks. See, also, Igneous rocks. 
Volcanic soils, origin and nature of ........•..... ...•...••..... Ann 12, 1, pp 239-245 
Volcanic source of the heat of the Comstock lode ....... ......... Mon III, pp 240-241 
Volcanism; dike of peridotite in Kentucky ...••.....••.... ..... ............ Bull 38 
Volcanism in Alaska ............... ..........................•....... Bull 84, p 268 
Volcanism in relation to diastrophism in the Sierra nevada ...... Ann 8, 1, pp 428-430 
Volcanism; traps of the Newark system, N. J. region, relations of the . ...... Bull 67 
Volcanoes, cause of, the problem of the~ ...•..•......•.....••..... Ann 4, pp 183-198 
Volcanoes, Hawaiian ........................... ................... Ann 4, pp 75-219 
Volcanoes, relation of, to mountain structure in the Rocky mountains .. Mon XII, p 27 
Volcanoes. See, also, Igneous rocks. 
Vulcanized India rubber, the.solution of .....•...••••...•.•...•... Bull 92, pp 85-94 
Wages and labor at coal mines of the United States .................... MR 1889-90, 

. pp 169-171 ; MR 1891, pp 203-204 
Walcott (C. D. ), administrati:ve repqrt for 1882-83 .................. Ann 4, pp 44-48 
Walcott (C. D.), administrative report for :1883-84 ...•......•....... Ann 5, pp 52-55 
Walcott (C. D.), administrative report for 1884-85 .................. Ann 6, pp 74-78 
Walcott (C. D.), administrative report for 1885-86 .......•........ Ann 7, pp 113-117 
Walcott (C. D.), administrative report for 1886-87 ...•........ . . Ann 8, r, pp 174-178 
Walcott (C. D.), administrative report for 1887-88 ................ Ann 9, pp 115-120 
Walcott ( C. D.), admin istra ti ve report for 1888-89 ............. Ann 10, 1, pp 160-162 
Walcott (C . D.), administrative report for 1889-90 ............. Ann 11, 1, pp 102-106 
Walcott (C. D.), administrative report for 1890-91. ............ Ann 12, 1, pp 106-111 
Walcott (C. D.), Cambrian faunas of North America ................ Bull 10; Bull 30 
Walcott (C. D.), correlation papers~Cambrian ........•.....•....••.....•.. Bull 81 
Walcott (C. D.), paleontology of the Eureka district ...................... Mon VIII 

Walcott (C. D.), systematic list of fossils of each geological formation in the 
Eureka district, Nevada .................................. Mon xx,pp 317-333 

Walcott (C. D.), the fauna of the lower Cambrian or Olenellus zone ....... Ann 10, 1, 

pp 509-763 
Walcott (C. D.), the North American continent during Cambrian time .... Ann 12, 1, 

pp 523-568 
Wales, Cambrian rocks of ....................................... Bull 81, pp 373-374 
Wales, fossil plants of, literature of the ........................ Ann 8, 11, pp 683-684 
Wales, lower Cambrian strata and faun3/ of ......................... Ann 10, 1, p 580 
Wales, phosphate deposits of ...................................... Bull 46, pp 80-84 
Wales. See, also, Great Britain. 
Walker (J. A.), graphite, statistics of ... MR 1882, pp 590-594; MR 1883-84, pp 915-919 
Walker lake and river, Nevada, analysis of water of ....•......•... Mon x1, pp 46, 70 
Ward (L. F.), administrative report for 1881-82 ..................... Ann 3, pp 26-29 
Ward (L. F.), administrative report for 1882-83 ...........•......... Ann 4, pp 50-51 
Ward (L. F.), administrative report for 1883-84 ..................... Ann 5, pp 55-59 
Ward (L. F.), administrative report for 1884-85 ..................... Ann 6, pp 81-85 
Ward (L. F .), administrative report for 1885-86 ................... Ann 7, pp 123-126 
Ward ( L. F.), aclministra ti ve report for 1886-87 ...........••.... Ann 8, 1, pp 184-188 
Ward (L. F.), administrative report for 1887-88 ................... Ann 9, pp 128-131 
Ward (L. F.), administrative report for 1888-89 .••••••••••••••. Ann 10, 1, pp 169-175 
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Warcl (L. F.), administrative report for 1889-90 ..........•.... :Ann 11, 1, pp 114-123 
Ward (L. F.), administrative report for 1890-91. ............... Ann 12, r, pp 120-125 
Ward (L. F.), geographical distribution of fossil plants ........ Ann 8, n, pp 663-960 
Ward (L. F.), sketchofpaleobotany .............................. Ann5,pp 357-452 
Ward (L. F.), synopsis of the :flora of the Laramie group .......... Ann 6, pp 399-557 
Ward (L. F.), types of the Laramie flora ........... .......... ........•.•••.. Bull 37 
Warder (R. B.), coefficients of volatility for aqueous chlorhydric acid •...•.. Bull 60, 

pp 115-117 
Warwickite from Edenville, Orange county, New York, analysis of ..... Bull 64, p 41 
Wasatch group of rocks, literature and correlation of the ....•.............. Bull 83 

pp 117-126, 139, 145-146 
Wasatch mountains, Archean and Algonkian literature of the .... Bull 86, pp 289-295 
Wasatch mountains, geologic section of the ...... Ann 2, p 217; Ann 10, 1, pp 549-550; 

Mon xu, p 58; Mon xx, p 206; Bull 30, p 37; Bull 81, p 157 
Wasatch mountains, recent growth of the, the testimony of the Bonneville 

shorelines to the ....••........................ Ann 2, pp 197-200; Mon 1, p 359 
Washington, altitudes in ........ Bull 5, pp 312-313; Bull 72, pp 196, 225-226; Bull 76 
Washington, boundary lines of, and formation of territory .... Bull 13, pp 31, 128-129 
Washjngton, brick industry of ....•.............•••.•.••••••........ MR 1888, p 564 
Washington, building stone from, statistics of. ..................... MR 1882, p 451; 

MR 1889-90, pp 373, 437; MR 1891, pp 461, 463, 464, 468 
Wa hington, Chico.tejon series of rocks in ...................•.... Bull 51, pp 28-32 
Wa hin(l'ton, clay deposits of .................•.•............... MR 1891, pp 525-526 
Washington, coal area and statistics of ......... Ann 2, p xxviii; MR 1882, pp 95-96; 

MR 1883-84, pp 12, 99-100; MR 1885, pp 11, 70; MR 1886, pp 225, 
230, 357-367; MR 1887, pp 169, 171, 367-373; MR 1888, pp 170, 171, 
381-385; MR 1889-90, pp 147, 275-276; MR 1891, pp 180, 331-341 

Washington, coke in, the manufacture of ........................ MR 1883-84, p 206; 
MR 1885, pp 80, 119-120; MR 1886, pp 378, 384, 423; MR 1887, pp 383, 
389, 422; MR 1888, pp 395, 400, 426-427; MR 1891, P.P 360, 361, 366, 396 

Washington, constitution of, extract from the, relating to irrigation .. Annll, n, p 241 
Waahingtou, retaceou rocks of .....•••.•...•...... Bull 82, pp 181,183,184,187,194 
Waflhington, fossils from ...................................•... Ann 8, n, pp 923-924 
Wa hin ton, glacier , existing, of the United States .........•..... Ann 5, pp 303-355 
Washington, gold and silver from, statistics .of ......•••....••......... Ann 2, p 385; 

MR 1 82, pp 172,174,176,177,178,182; MR 1883-84, pp 312, 313, 314, 
315; MR 1885, pp 201, 203; MR 1886, pp 104, 105; MR 1887, pp 58, 59; 
MR 1888, pp 36, 37; MR 1889-90, p 49; MR 1891, pp 75, 77, 78, 79 

Wa hington, iron and steel from, stati tics of .................. MR 1882, pp 129, 131; 
MR 1883-84, pp 252, 288; MR 1885, p 182; MR 1886, p 18; 
MR 1 7, p 11; MR 1888, p 15; MR 1889-90, pp 10, 17, 40 

Wa hington, lim stone production of ..........•.....•.......... MR 1891, pp 464,468 
Wa hington, mineral springs of .....•••••.•.•.......••.......... Bull 32, pp 217-218; 

MR 1889-90, p 534; MR 1891, pp 603, 608 
W hington, minerals of, the useful ...•.•...... MR 1882, p 775; MR 1887, pp 803-804 
W bingt n, eo ened po itsof ... ....•............ ............ Bull84,pp227-230 

a hing on; Pug t group, the Mollu an fauna of the ........• .•.. Bull 51, pp 49-63 
\V hin ton riv r c ur in, change in, due to glaciation .................. Bull 40 
W bi u •t n, a.n tone production of ............•..•.......•.. MR 1891, pp 461, 463 

a bin ton, 'l' ~on and Pug t tmta of ...............••..•.•.... Bull 83, pp 103,107 
bingtou, r goo, and alifornia, nozoic epoch in, gen ral consideration 

n the ...........•........................................ Bull 84, pp 269-273 
bin n (II. .) and Hill brand (W. F.), notes on certain rare copper min-

r from t, h .......................................... _ .. Bull 55, pp 38-47 
Wa h e i trict, ev., dev lopm nt of crystallization in igneous rocks of .... Bnll 17 

aahoo diattict, evada, rocka from the, analyses of •••• Mon xx, p 282; Bull 17, p 33 
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Washoe district and Comstock lode, Nevada, geology of the .................. Ann 2, 
pp xxiv-xxvi, 291-330; Mon III and atlas 

Washoe district, Nevada. See, also, Comstock lode. 
Water above 100°, the compressibility of, and its solvent action on glass .... Bull 92, 

pp 78-84 
Water, action of, in formation of cherty iron carbonates .•....... .... Ann 10, 1, p 395 
Water, action of~ in formation of iron ores ...................... Ann 10, 1, pp 415-417 
\Vater, analyses of, from-

Alabama: 
artesian well at Fitzpatrick's ....•....•••......... ........... .... .. Bull 55, p 91 

Arkansas: _ 
Happy hollow spring ................................. ......... .... Bull 55, p 92 
Potash sulphur springs, Garland county ........................... Bull 55, p 92 
springs at Hominy hill ........•................... ............... Bull 60, p 173 

California : 
Borax lake .........•........................................... Mon XIII, p 265 
Honey lake valley ........ _ ................. _ ....................... Bull 9, p 28 
lake 'I'ahoe .......................................... Mon xi, p 42; Bull 9, p 28 
Matilija hot springs near San Buenaventura ...................... Bull 60, p 174 
14ono lake .................. Ann 8, 1, pp 292-296; Bull 9, pp 26, 27; Bull 42, p 149 
Owens lake ........................................ Ann 8, 1, p 295; Bull 55, p 93 
Sulphur bank ................................ . ................. Mon XIII, p 259 
Truckee river ........•.............................. •............ Mon xi, p 225 

Colorado: 
spring near Denver ....•...••.••...•.......................•••.. . Bull 60, p 174 

Florida: 

artesian wells at St. Augustine .............................. .. ..... Bull 64, p 59 
Georgia: 

artesian well at Albany ........................................... Bull 55, p 91 
arte~ian well at Americus ......................................... Bull 55, p 91 
artesian well at Montezuma ....................................... Dull 55, p 91 
artesian well at Smithville ... _ ..... _ .............................. Bnll 55, p 91 
Savannah river and artesian well at Savannah ....... Bull 55, p 91; Bull 64, p 59 

Illinois: 
spring at McLeansborough ...••...••............................. Bull 60, p 172 

Iowa: 

artesian wells at Story city .............•... _ .................... Bull 42, p 148 
Kentucky: 

Murray well, one mile north of Franlrfort ......•.••................ Bull 64, p 57 
Maine: 

spring near Paris ...••.•• _ ......•..........•........• _ .•........... Bull 55, p 91 
Mississippi: 

well near Clinton ...•.••••..•............ _ ........................ Bull 64, p 60 
Missouri: 

spring at Webster grove, near St. Louis ........................... Bull 78, p 129 
well at Lebanon, Laclede county ................................. Bull 60, p 172 

Montana: 
Emigrant gulch warm springs, Yellowstone valley ................... Bull 9, p 31 
Helena hot springs ...............................•......•.......... Bull 9, p 32 
Livingston warm springs .......................... _ ................ Bull 9, p 31 
Matthews' warm springs, near Bozeman ............•.............. Bull 27, p 75 
Mill creek cold spring, Yellowstone valley .......................... Bull 9, p 32 
Wbite sulphur springs, Meagher county ...•....... _ ................ Bull 27, p 75 

Nevada: 
hot spring, foot of Granite mountain ........•......•.•.............. Bull 9, p 24 
hot spring at Hot 1:1pring station, C. P.R. R ....••.•. ~- •••...•••••.... Bull 9, p 24 



488 PUBLIC.A.TIO NS OF THE U. S. GEOLOGICAL SURVEY• [BULL. 100, 

Water, analyses of, from-continued. 
Nevada-continued. 

Humboldt lake ancl river ..........••........ Mon XI, pp 41, 67,225; Bull 9, P 23 
Pyramid lake ............................ Mon x.1, pp 57, 58,225; Bull 9, pp 20-21 
Soda lakes ........................................... Mon XI, p 77; Bull fl, p 25 
Steamboat springs ........................................ Mon XIII, PP 346,350 
Walker lake and river ................... Mon XI, pp 46, 70, 225; Bull 9, pp 22-23 
Winnemucc~ lake ............................... Mon XI, pp 63,225; Bull 9, p 21 

New Mexico: 
mineral spring one mile west of Santa Fe ....................••••.. Bull 27, P 76 
spring near fort Wingate ...............•.................•....••.. Bull 55, P 92 

New Zealand: 
springs ..•••• __ ••. __ ......• _ ••• _ .••.........•••.....••...••.•...... .A.nu 9, p 673 

North Carolina: 
spring twenty miles from Charlotte, Lincoln county ......••••.... Bull 60, p 171 

Oregon: 
Abertlake .....•.•....••••••.......•••••..•••......•••••...•..•.•.. Bull 9,p 29 

Tennessee : 
spring at Mountain city ....•......•.•••...•....••......••..••.••.. Bull 64, p 58 

Utah: 
Bear river ...•.........................................•.......•... Bull 9, p 30 
Beck's hot springs, near Salt lake city ............................ Bull 42, p 148 
City creek ......................................................... Bull 9,p 29 
Great salt lake ......................................... · .. Mon I, pp 253,254,255 
Utah hot springs, eight miles north of Ogden .......•............... Bull 9, p 30 
Utah lake ................. _ ...••..• _ ........•.. _ ..................... Bull 9, p 29 

Virginia: 
springs in Loudoun county ..... _ .............•. _._._ .. _._ ........ Bull 42, p 147 
Vfrginia hot springi,, Bath county . _ .•..........••...•..• _ ...•.•.•.. Bull 9, p 33 

Yellowstone national park: 
Mammoth hot springs ...•.•••...•................. _ ............... .A.nn 9, p 639 

Water, apparatus for determination of, in mineral analysis ........ Bull 78, pp 84-86 
Wat r, artesian, chemical impregnations of ....................... .A.nn 5, pp 165-167 
Water, artesian; requisite and qualifying conditions of artesi:1n wells ....... .A.nn 5, 

pp 125-173 
Water, artesian, temperature of ........••............. _ ................ .A.nn 5, p 165 
Water-bearing beds, character of .... __ ........................... A.nn 5, pp 135-137 
Water, river, general chemistry of .............................. Mon xI, pp 172-174 
Water, spring, general chemistry of .... __ ....................... Mon x1, pp 175-178 
Water upply, clan erous, conditions of ...•.....•........... _. Ann 12, 1, pp 342-34.4 
Water supply of Mono lake, California .............................. Ann 8, 1, p 287 
Wat r supply of the Colorado river .............................. Mon II, pp 234-235 
Wat r vapor, influence of, in producing fayalite and various structures in ob-

idian .............................. _ ............ _. _ ....... .A.nn 7, pp 280-287 
Wat r v por, r le of, in molten magmas ........................... Bull 66, pp 26-29 
Wat r and w ll , artesian, for irrigation in western United States and in vari-

i u countrie ...... .................. _ ......... _ ....... .A.nn 11, II, pp 257-278 
Wat r g y r, analy of ............................................ .A.un 9, p 655 
v ater min ral, of the nited tates, lists and analyses of the ...•......... Bnll 32 
Water, mineral, ta.ti tic of .......................................... MR 1883-84, 

pp 978-9 7; fR 1 5, pp 536-543; MR 1 6, pp 715-721; MR 1 87, pp 680-
687; MR 1 , pp 623-630; MR 1889-90, pp 521-535; MR 1 91, pp 601-610 

at r natural, tr a.truant of, in analy is ......................... Bull 47, pp 12-25 
Wat r of omatock lo e ource and temperatures of ... Mon m, pp 241-243, 252,390 
Water of Com tock minea, analyses of ...••.••••••••••••••••••••••••• Mon u.r, p 152 



WARM.U,] INDEX. 489 

Waters of rivers, springs, oceans, and inland seas, chemistry of .. Mon XI, pp 172-187 
Waters of the Yellowstone national park, analyses of, with an account of 

the methods of analysis employed .................................. .. Bull 4 7 
Wave motion, especially in solid media, nature and mechanism of.. Ann 9, pp 390-409 
Wave work on shores ........... Ann 5, pp 80-99; Mon 1, pp 29-60; Mon xr, pp 88-99 
·weathering, analysis of, and the results of, in the Grand canyon ............. Ann 2, 

pp 161-166; Mon rr, pp 245-249 
Weathering of rocks and origin of the red color of certain formations ....... Bull 52 
Weathering of rocks producing nodules, discussion of. ....•...... Mon xrrr, pp 68-72 
Weathering, products of, in massive rocks ...•••••••••••••••..... Bull 62, pp 213-214: 
Weathering. See, also, Degradation. · 
Webber lake, California, surveyed as a reservoir site ...... Ann 11, rr, pp 175, 181-182 
Weber and Ogden rivers, Utah, hydrography of .....•••............ Ann 12, rr, p 334 
Weber conglomerate at Eureka, Nevada .............•..••.•.•.... Mon xx, pp 91-92 
Webster (A. L.), altitudes and their determination ................ Mon r, pp 405-419 
Websterite from North Carolina and Mary land, analyses of ......•.... Bull 78, p 122 
Weed (W. H;), travertine and siliceous sinter of hot springs ...... Ann 9, pp 613-676 
Weeks (J. D.), glass materials, statistics of ....•.••••....•............. MR 1883-84, 

pp 958-977 ; MR 1885, pp 544-557 
Weeks ( J. D.), manganese, statistics of ... MR 1885, pp 303-356; MR 1886, pp 180-213; 

MR 1887, pp 144-167; MR 1888, pp 123-143; 
MR 1889-90, pp 127-136; MR 1891, pp 126-146 

Weeks (J. D.), naturalgas,statisticsoL.MR 1885,pp 155-179; MR 1886,pp 488-516; 
MR 1887, pp 464-502; MR 1888, -pp 481-512; 
MR 1889-90, pp 366-372; MR 1891, pp 436-451 

Weeks (J. D.), petroleum, statistics of ... MR 1886, pp 439-487; MR 1887, pp 436-463; 
MR 1888, pp 442-480; MR 1889-90, pp 287-365; MR 1891, pp 403-435 

Weeks (J. D.), the manufacture of coke, statistics of .••.... MR 1883-.84, pp 144-213; 
MR 1885, pp 74-129; MR 1886, pp 378-438; MR 1887, 
pp 383-435; MR 1888, pp 395-441; MR 1891, pp 357-402 

Weiser river basin, Idaho, hydrography of ..............••.. Ann 11, n, pp 89-92, 106 
Wells, artesian, requisite and qualifying conditions of ...•........ Ann 5, pp 125-173 
Wells, artesian, in Kansas ..••••.••••••••••... Ann 11, rr, p 271; Bull 57, pp 13, 30, 48 
Wells, artesian, irrigation by ..••••••..•••. Ann 5, pp 148-150; Ann 11, rr, pp 257-278 
Wells, the art of sinking ....•....••••..•...•.........•....•...... Ann 5, pp 168-170 
West Indies, fossil plants of, literature of the •••••.•••••....•.. Ann 8, n, pp 819-820 
West Indies, geological maps of, listed ....•••..•••.•........•.•.. Bull 7, pp 146-148 
West Virginia, altitudes in ...•.....•••...••..•••••...... Bull 5, pp 314-316; Bull 76 
West Virginia; bituminous coal :field in Pennsylvania, Ohio, and West Vir. 

ginia, stratigraphy of the ....••••.••••••..•. _ ...............••....... Bull 65 
West Virginia, boundary lines of .••••••••.••••........................ Bull 13, p 92 
West Virginia, brick industry of ..••••••••. MR 1887, p 536; MR 1888, pp 564,566,569 
West Virginia, bromine industry of .••• _ •••......... _ •..... MR 1883-84, pp 851-852; 
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,ADVERTI SEMENT. 

[Bulletin No. 101.] 

The publications of the United States Geological Survey are issued in accordance with the Sta.tut& 
approved March 3, 1879, which declares that-

''The publications of the Geological Survey shall consist of the annual report of operations, geological 
and economic maps illustrating the resources and classification of the lands, and reports upon general 
and economic geology and paleontology. The annual report of operations of the Geological Survey 
shall accompany the annual report of the Secretary of the Interior. ..All special memoirs and reports 
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other­
wise in ordinary octavos. Three thousand copies of each shall be published for scientific exchanges 
and for sale at the price of publication; and all literary and cartographic materials received in exchange 
shall be the property of the United States and form a part of the library of the organization; and the 
money resulting from the sale of such publications shall be covered into the Treasury of the United 
States." 

On .July 7, 1882, the following joint resolution, referring t,o all Government publications, was passed 
by Congress : 

"That whenever any document or report shall be ordered printed by Congress, there shall be printed, 
in addition to the number in ·each case stated, the 'usual number' (1,734) of copies for binding and 
distribution among those entitled to receive them." 

Except in those cases in which an extra number of any publication has been supplied to the Survey 
by special r esolution of Congress or has been ordered by the Secretary of the Interior, this office has 
no copies for gratuitous distribution. 

ANNUAL REPORTS. 

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8°. 79 pp. 
1 map.-A preliminary report describing plan of organization and publications. 

II. Second .Annual Report of the United States Geological Survey, 1880-'81, by .J. 1V. Powell. 1882. 
S0

• lv, 588 pp. 62 pl. 1 map. 

m. Third Annual Report of the United States Geological Survey, 1881-'82, by .J. vV. Powell. 1883. 
8°. xviii, 564 pp. 67 pl. and maps. 

IV . Fourth Annual Repor t of the United States Geological Survey, 1882-'83, by .J. W. Powell. 1884. 
S0

• xxxii, 473 pp. 85 pl. and maps . 
V . Fifth Annual Report of the United States Geological Survey, 1883-'84, by .J. vY. Powell. 1885. 

S0
• xxxvi, 469 pp. 58 pl. and maps . 
VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by .J. W. Powell. 1835. 

S0
• xxix, 570 pp. 65 pl. and maps . 
VII. Seventh Annual Report of the United States Geological Survey, 1885-'86, by .J. W. Powell. 1888. 

s0 • xx, 656 pp. 71 pl. and maps. 
vm. Eighth Annual Report of the United States Geological Survey, 1886- '87, by .J. W. Powell. 1889. 

S0
• 2v. xix, 474, xii pp. 53 pl. and maps; 1 p. 1., 475-1063 pp. 54-76 pl. and maps. 
IX. Ninth Annual Report of the United States Geological Survey, 1887-'88, by .J. W. Powell. 1889. 

8° . xiii, 717 pp. 88 pl. and maps. 
X . Tenth Annual Report of the United States Geological Survey, 1888-'89, by ;J. W. Powell. 1890. 

8°. 2v . xv, 774 pp. 98 pl. and maps; v iii. 123 pp. 
XI. Eleventh Annual Report of the (J nited States G-eological Survey, 1889-'90, by .J. W. Powell. 1891. 

s0 • 2v. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. 
XII. Twelfth Annual Report of the United States Geological Survey, 1890-'91, by .J. W. Powell. 1801. 

8° . ~v. xiii, 675 pp. 53 pl. anrl maps; xviii, 576 pp. 146 pl. and maps. 
XIII. Thirteenth Annual Report of the United States Geological Survey, 1891-'92, by .J. W . Powell. 

1 93. s0 • 3v. 

MONOGRAPHS. 

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 4° . xx, 438 pp. 51 pl. 1 map. Price $1.50. 
II. Tertiary History of the Grand Canon District, with a~las, by Clarence E . Dutton, Capt. U.S. A. 

1882. 4°. xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00. 



II ADVERTISEMENT. 

ill. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1882.. 
40, xv, 422 pp. 7 pl. and atlas of 21 sheets folio . Price $11.00. 

IV. Comstock Mining ancl Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50. 
V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4° . xvi, 464 pp. 

15 l. 29 pl. and maps. Price $1.85. • 
VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris 

Fontaine. 1883. 40, xi, 144 pp. 541. 54 pl. Price $1.05. 
VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii, 200 pp. 16 

pl. Price $1.20. 
VI.II. Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884. 4° . xiii, 298 pp. 

241. 24 pl. Price $1.10. 
IX. Brachiopoda and Lamellibrancbiata of the .Raritan Clays and Greensand Marls of New Jersey, 

by Robert P . Whitfield. 1885. 4° . xx, 338 pp. 35 pl. 1 map. Price $1.15. 
X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh. 

1886. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70. 
XI. Geological History of Lake Lahontan, a Quaternary Lake of Northwestern Nevada, by Israel 

Cook .Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75. 
XII. G ology and Mining Incl us try of L ad ville, Colorado, with atlas, by Samuel Franklin Emmons. 

1886. 4°. xxix, 770 pp. 45 pl. aud atlas of 35 sheets folio. Price $8.40. 
XIII. eology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F . Becker. 

18 8. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00. 
XIV. Fossil Fishes and Fossil Plants of the '.l'riassic Rocks of New Jersey and the Connecticut Val­

l y, by John ', ewberry. 1888. 4° . xiv, 152 pp. 26 pl. Price $1.00. 
XV. Tb Potomac or Young r Mesozoic Flora, by William Morris Fontaine. 1889. 4°. xiv, 377 

pp. 180 pl. Text and plates botmd s parately. Price $2.50. 
XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pl. 

Prirr $1.00. 
XVII. The Flora of the Dakota Group, 

0

a posthumous work, by Leo Les(]_uereux. Edited by F . H. 
Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10. 

XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey, 
by RoberL P. Whitfield. 1891. 4° . 402 pp. 50 pl. Price $1.00. 

XIX. The Penok e Iron-B aring Series of Northern Wisconsin and Michigan, by Roland D. Irving 
and '. R Yan Hise. 1892. 4° . 

XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Jiague. 1892. 40. 419 pp. 8 vl. 

111 prrss : 
XXI. Tho Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder. 
XXII. A Manual of Topograp)lic Methods, by Henry Gannett, chief topographer. 
XXIII. Geology of tho Gre n Mountains in Massachusetts, by Raphael Pumpelly, J.E. Wolff, 

T. elson Dalo, ancl Bayard 'I'. Putnam. 

In preparation : 
- Mollus a and Crustacea of tho Miocene Formations of New Jersey, by R. P. Whitfield. 
- ."auropodn, by 0. C. Marsh. 
- 't<•gotmnria, by O. C. Marsh. 
- Brontotb riclre, by O. C. Marsh. 
- R port on the D nv r Coal Basin, by . F. Emmons. 
- R port on ilv r Cliff and T n-Mil Mining Districts, Colorado, by S. F. Emmons. 
- The Glacial Lake Agassiz, by Warren Upham. 

BULLETINS. 

1. On Hypersthene-.A.ndesite and on Triclinio Pyroxene in Augitic Rocks, by Whitman Cross, with a 
logi al 'k tohofBu.ffaloieaks,Colorado,by '.F.Emmons. 1883. so. 42pp. 2pl. Pricel0c nts. 

2. Gold and, ilv r Conv rsion Tabl s, giving the coining values of troy om1 es of fine metal, etc., com­
put d by lb rt Williams, jr. 1883. 8°. 8 pp. Pnce 5 cents. 

a. nth Fo sil Fa1mas of th pp r Devonian, alongthemerirlian of 76030', from Tompkins County, 
w York, to Bradford ounty, P nnsylvania, by Henry S. Williams. 1884. so. 36 pp. Price 5 cents. 

4. n <·. ozoi · 1''o sils, by Charl s A. Whit . 1884. 8° . 36 pp. O pl. Price 5 ent . 
5. Dictionary of .A.ltitnd in tho United ·tates, compiled by Ilcnry Gannett. 1884. so. 325 pp. 

Pri <· 20 ·n . 

'.R. 

F.W.Clark, 



ADVERTISEMENT. III 

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott. 
1884. 8°. 74 pp. 10 pl. Price 5 cents. 

11. On the Quaternary and Recent Mollusca of the Great Basin; with Descriptions of New Forms. 
by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K. 
Gilbert. 1884. 8°. 66 pp. 6 pl. Price 5 cents. 

12 . .A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 0 , 

34 pp. 3 pl. Price 5 cents. 
13. Boundaries of the United States and of the several States and Territories, with a Historical 

Sketch of th·e Territorial Changes, by Henry Gannett. 1885. 8°. 135 pp. Price 10 cents. 
14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and inceut 

Strouhal. 1885. 8°. 238 pp. Price 15 cents. 
15. On the Mesozoic and Cenozoic Paleontology of California, by Charles A . White. 1885. 8° , 33 pp. 

Price 5 cents. 
16. On the Higher Devonian Faunas of Ontario County, New York, by John M. Clarke. 1885. 8°, 

86 pp. 3 pl. Price 5 cents. 
17. On the Development of Crystallization in the Igneous Rocks of Washoe, Nevada, with notes on 

the Geology of the District, by .Arnold Hague and Joseph P. Iddings. 1885. 8°. 44 pp. Price 5 
cents . 

18. On Marine Eocene, Fresh-water Miocene, and other Fossil Mollusca of Western North America, 
by Charles .A. White. 1885. so. 26 pp. 3 pl. Price 5 cents. 

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28 pp. Price 5 cents. 
20. Cont.ributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F . Hille­

brand. 1885. 8°. 114 pp. 1 pl. Price 10 cents. 
21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand and 

Moreau Rivers, Dakota, by Bailey Willis. 1885. go, 16 pp. 5 pl. Price 5 cents. 
22. On New Cretaceou13 Fossils from California, by Charles A. White. 1885. 8° . 25 pp. 5 pl. 

Price 5 cents. 

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke. 
weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 8°. 124 pp. l'i pl. 
Price 15 cents. 

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from .American 
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall. 
1885. 8° . 336 pp. Price 25 cents. 

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes. 
1885. 8° . 85 pp. Price 10 cents. 

26. Copper Smelting, by Henry M. Howe. 1885. so. 107 pp. Price 10 cents. 
27 . Report of work done in the Division of Chemistry aud Physics, mainly during the fiscal year 

1884-'85. 1886. 8° . 80 pp. Price 10 cents. 
28. The Gabbros and .Associated Hornblende Rocks occurring in the neighborhood. of Baltimore, 

Md., by George Huntington Williams. 1886. so. 78 pp. 4 pl. Price 10 cents. 
29 . On the Fresh-water Invertebrates of the North .American Jurassic, by Charles A. ·white. 1886. 

8°. 41 pp. 4 pl. Price 5 cents. 
30. Second Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo­

little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents. 
31. Sy tematic Review of our Present Knowledge of Fossil Insects, including Myriapods and .Arach­

nids, by Samuel Hubbard Scndcler. 1886. so. 128 pp. Price 15 cents . 
32. Lists and .Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert 

C . Peale . 1886. 8°. 235 pp. Price 20 cents. 
33. Notes on the Geology of Northern California, by J. S. Diller. 1886. 8° . 23 pp. Price 5 cents. 
34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocene 

and ot her groups, by Charles .A. White. 1886. so. 54 pp. 5 pl. Price 10 cents. 
35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 8°. 62 

pp . Price 10 cents. 
36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886. 8°. 58 pp. Price 10 cents. 
37. Types of the Laramie Flora, by Lester F . Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents. 
38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 31 pp. 1 pl. Price 5 cents. 
39. The Upper .Beaches and Deltas of the Glacial Lake .Agassiz, by Warren Upham. 1887. 8°. 84 

pp. 1 pl. Price 10 cents . 
40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 

go. 10 pp. 4 pl. Price 5 cents. 
41. On th Fossil Fannas of the Upper Devonian-the Genesee Section, New York, by H enry S. 

Williams. 1 87. 8°. 121 pp. 4 pl. Price 15 cents. 
42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year 

1885-'86. F. W. Clarke, chief chemist. 18 7. 8° . 152 pp. 1 pl. Price 15 cents. 
43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and .A.lab11ma Rivers, by EugenEJ 

.A.. Smith and L awrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents . 
44. Bibliography of N orth meri an Geology for 1886, by elson H. Darton. 1887. 8°. 35 pp. 

:Price 5 cents. 



IV ADVERTISEMENT. 

45. The Pres~nt Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. 8° . 94 

pp. Pric 10 cent . 
46 . .Nature ancl Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Intro-

duction by N. . haler. 1888. 8°. 143 pp. Price 15 cents. 
47. Analy es of "\\Taters of the Yellowstone National Park, with an Account of the Methods of 

Analysi. employed, by Frank Austin Gooch and .James Edward Whitfield. 1888. 8°. 84 pp. Price 

10 cents. 
48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8° . 88 pp. 

Pri ·e 10 cents. 
4!J. Latitud s and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert 

S11npson Woodward. 1889. 8°. 133 pp. Price 15 cents. 
50. Formula and Tables to facilitate the Construction and Use of Maps, by Robert Simpson Wood­

ward. 1889. 8°. 124 pp. Price 15 cents. 
51. On Invertobral Fos ils from the Pacific Coast, by Charles Abiathar White. 1889. 8° . 102 

pp. 14 pl. Price 15 cents. 
52. uba00 rial Decay of Rocks aud Origin of the Red Color of Certain Formations, by Israel Cook 

Ru sell. 1 9. 8°. 65 pp. 5 pl. Price 10 cents. 
53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 55 pp. 10 vi. Price 10 

anti,. 
54. On th Th nno-Electric Measurement of High Temperatures, by Carl Barus. 1889. 8°. 313 pp. 

incl. 1 pl. 11 pl. Price 25 cents. 
55. R port of work done fa the Division of Chemistry and Physics, mainly during the fiscal year 

18 ~ '87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 96 pp. Price 10 cents . 
56. Fos il \ oocl and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. 72 

1>p. 7 pl. Pric 10 <· nts. 
57. A eologioal Rl'connaissance iu Southwestern Kansas, by Robert Hay. 1890. 8°. 49 pp. 2 pl. 

PriC'e 5 cents. 
5 . Tb In inl Bonn!lary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George 

ri ·k Wright, with an introduction l>y Thomas Uhrowder Chamberlin. 1890. 8°. 112 pp. incl. 
8 pl. Pric 15 cents. 

Th Gal>bros anrl As ociatod Ro ·ks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp. 
1 pl. Pri 10 c•rnts. 

60. port of work doue in the Division of Chemistry ancl Physics, mainly during the fiscal year 
J 7-' . F. \V. larko. ·bief' cl1omit1t. 1890. 8°. 174 pp. Price 15 cents. 

6l. 'outrihutiorn1 to th Min ralogy of tb Pa ific Coast, by William Harlowe Melville and Waldemar 
Lill(l~rrm. 1 !l0. 0 • 40 pp. 3 pl. Pri e 5 cents. 

6:l. Thr Grt>OnRtou , "clilst r as of the M •nominee and Marquette Regions of Michigan ; a contri­
bntiou to the Hnbj <:L of dynamic m tamorpbit;m in eruptive rocks, by George Iluntington Williams; 
with nu introclnl'tion by Roland Duer Irving. 1800. 8°. 2.J.l pp. 16 pl. Price 30 cents. 

6:J. Bibliography of Paleozoic Crustac· a from 1698 to 1880, inclnding a list of North American 
sp<• ·ic. nd a systemati arrang ment of gen ra, by Anthony W. Vogdes. 1800. 8°. 177 pp. Price 
15 · ut!l. 

64. rrport of work done in tlie Division of Chemistry and Physics, mainly during the fiscal year 
' 9. F. W. 'lark , ·hief C'hemist: 1800. 8°. 60 pp. Price 10 cents. 

65 . .' ratigrapliy of th J3itmniuomi oal Fiolcl of Pennsylrnnia, Ohio, and West Vir"inia, by Israel 
'. Wbitr. 18!ll. 0 • 212 pp. 111>l. Price 20 c nts. 

6 . ( n a Group of Volcrwio Ro ·ks from th T wan Mountains, N w Mexico, aud on the occurrence 
of Primary Quartz in rtain Basalt.'!, by .Jos ph Pax on Iddings. ·1800. so. 34 pp. Price 5 cents. 

67. Th• I •lation of th TrapH of th ewark yst m in the ::N" ew .J rsey Region, by elson Horatio 
Daiton. l 00. 0 . 82 pp. Pri ·e 10 · uts. 

· . Earrhquakf's in California in 1 0, by.James Edward Keeler. 1890. 8°. 25 pp. Price 5 c nt.·. 
6 . A la . . Ni nncl nnotat xl Biblioi,rraphy of ]'osi,il Ins, ·ts, by Samuel Ilubbard Scudder. 1 00. 
. 101 pp. Pri<-11 15 ·ents. 
70. 1l •port ou stronomi ·al Work of 1 9 ancll 90, by Rol, rt, impson Woodward. 1890. 8°. 79pp. 

Prire 10 !' •ut . 

by Warr n pham. 1891. 

6 pl. Pric 15 c nts. 
ngu .. tus Genth. 1 01. 0 • 110 pp. Pric 1:; 

olo y for 1 7 to 1 0, in ·luaiv , by .. elsou Horatio Darton. 1 91. 

(s ·on<l ('(litirm), r·ompil d by Hcnr Gann tt, 

. Whit . 1891. 8". 51 pp, 
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78 . .A.report of work done in the Division of Chemistry and Physics, mainly during the fi cal Y nr 
1889-'90. F . W. Clarke, chief chemist. 1891. 8°. 131 pp. Price 15 cents. 

79 . .A.L11te Volcanic Eruption in Northern California and its Peculiar Lava, byJ. S. Dill r. 1891. 8°. 
33 pp. 17 pl. Price 10 cents. 

80. Correlation papers- Devonian and Carboniferous, by Henry Shaler Williams. 1891. 8°. 279 PP· 
Price 20 cents. 

81. Correlation papers- Cambrian, by Charles Doolittle Walcott. 1891. 8°. 447 PP· 3 pl. Price 
25 cents. 

82. Correlation papers- Cretaceous, by Charles .A. White. 1891. 8°. 273 pp. 3 pl. Price 20 cent · 
83. Correlat:ionpapers-Eocene, by William Bullock Clark. 1891. 8° . 173 pp. 2 pl. Price 15 cents. 
84. Correlation papers- Neocene, by W. H. Dall and G. D. Harris. 1892. 8°. 349 pp. 3 pl. Prico 

25 cents. 
85. Correlation papers- The Newark System, by Israel Cook Russell. 1892. 8°. 344 PP· 13 pl. 

Price 25 cents. 
86. Correlation papers- Archean and .Algonkian, by C. R. Van Hise. 1892. 8° . 549 pp. 12 pl. 

Price 25 cents . 
90 . .A. report of work done in the Division of Chemistry ancl Physics, mainly during the fiscal year 

1890-'91. F. W. Clarke, chief chemist. 1892. 8°. 77 pp. Price 10 cents. 
91. Record of North .American Geology for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp. Price 

10 cents. 
92. The Compressibility of Liquids, by Carl Barus. 1892. 8°. 96 pp. 29 pl. Price 10 cents . 
93. Some insects of special interest from Florissant, Colorado, and other points in the Tertiaries of 

Colorado and Utah, by Samuel Hubbard Scudder. 1892. 8°. 35 pp. 3 pl. Price 5 cents. 
94. The Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Price 15 cents. 
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LETTER OF TRANSMITTAL 

DEP .ARTMENT OF THE INTERIOR, 

U. S. GEOLOGICAL SURVEY; 

DIVISION OF FOSSIL INSECTS, 

Cambridge, Massachusetts, March 31, 1892. 
Sm: Some years ago Rev. Edgar F. Clark, then of Providence, 

Rhode Island, discovered in the Coal-measures of the neighborhood of 
thait city the wing of a cockroach. This stimulated further search by 
others as well as himself, with the result of finding a fair number and 
variety of insect types, some of special interest. Most of the discoveries 
have been made by Mr. Clark (part of them while in the service of the 
U. S. Geological Survey) and by two young men of Providence, Messrs. 
Frederick P. Gorham and Herbert Scholfield, who have been particu-
1arly encouraged in their work by Prof. A. S. Packard, of Brown 
University. 

All of the specimens have passed under my eye and are herewith 
described and figured. They consist of Anthracomartus, the first dis­
covered Arachnid in the Carboniferous deposits of the eastern United 
States; a new genus of N europteroidea and one of Protophasmida, each 
very different from any forms hitherto found in this country, but rat.her 
allied to some from the rich Carboniferous beds of Commentry, in Frauee, 
pre ·enting new features of alliance between the Carboniferous faunas 
of Europe and America; and a number of cockroaches, all represented 
by their wings alone. These last show considerable variety of form~ 
both known subfamilies of Palreoblattarire being present, including 
three genera and nearly a dozen species, the genus Etoblattina, which 
i. the prevalent Carboniferous type the world over, being represented 
by at least eight species, which again show unusual diversity in size 

. ' form, and di tribution of the nervules that form the framework of the 
wing. 

All the pecies without exception are new to science and unknown 
elsewhere. 

7 
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A few additional stones have been submitted to me containing what 
are apparently parts of the wings of cockroaches, but they are too frag­
mentary to be of the least value. Nothing more can be said than that 
they are or may be portions of such wings. 

It is hoped that the publication of this bulletin will excite further 
exploration and result in more extended discoveries. 

Respectfully yours, 
SAMUEL H. SCUDDER. 

Hon. J. w. POWELL, 

Director U. S. Geological Survey. 



INSECT FAUNA OF THE RHODE ISLAND COAL FIELD. 

BY SAMUEL HUBBA.RD SCUDDER. 

ARACHNIDA. 

Alil.THRA0OMARTUS Karsch. 

ANTHR.A.COM.A.RTUS W OODRUFFI. 

Pl. r,f. 
AnthracomMtus sp. Scudd., Frankl. Soc. Rep. Geol. R. I., 114, Pl. I_. Fig.1 (2 figs.). 

A single specimen with its reverse E:,hows the larger part of the abdo­
men of a species of Anthracomartus distinct from any known, but with­
out any definite margin, though its general form is well indicated a·s 
similar to that of A. trilobitus Scudd., from Arkansas, but with a rela­
tively broader base. The original relief of the central por:tion has en­
tirely disappeared by pressure, but it · can be seen to have occupied 
almost e:x:"actly the central half, and the whole abdomen, except poste­
riorly, to have been almost exactly equal in width throughout and 
strongly rounded behind. Eight segments are shown, and the surface, 
besides being covered almost uniformly and profusely, but most dis­
tinctly in the lateral areas, with rounded or slightly oval slight lenticu­
lar elevations of which there are six or eight on either side of each 
segment, has also lying on the outer edge of the central area a series 
of larger, slightly more prominent, similar circular bosses, one on either 
side of each segment, occupying the whole width of the segment. 
Nothing of this sort appears in any known species of Anthracomartus, 
and sufficiently distinguishes the present one. The division lines of 
the segment are gently arcuate on the central area, opening back-
ward, nearly straight, and transverse on the lateral areas. · 

Length of abdomen, 10mm; breadth, slightly more. 
The pecimeu wa found by Rev. Edgar F. Olark7 at Pawtucke~, and 

by bi reque t i named for the late Julia M. Woodruff. 
9 
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NEUROPTEROIDEA. 

RHAPHIDIOPSIS, gen. nov. 

Known only by its wings, which differ considerably in form, the fore 
wing being slender, nearly or quite three times as long as broad, the 
apex produced and roundly pointed, the costal margin gently and 
rather regularly arcuate, the lower margin more strongly and regularly 
but not greatly arcuate; the hind wing is much broader and less pro­
duced, not much more than twice as long as broad, the apex hardly in 
the lea t produced and broadly rounded, the costal margin strongly 
arcuate apically, but very gently before that, the lower margin regu­
larly and trongly arcuate throughout. The neuration is essentially 
imilar in the two wings, though varying a little. The mediastinal and 
capular vein are both simple, the former running to beyond the mid­

dle f the wing and terminating in the margin, the latter to the apex, 
and both clo ·e together and to the margin throughout their course. 
The externomedian is the principal vein, occupying with its branches 
tb apical half of the lower mal'giu; a principal superior branch is 
thr wn off w ll before the middle of the wing, and runs subparallel to 
but di taut from the scapular vein and so has an arcuate course; from 
it fall two r three inferior di tant branches (two in the fore wing, 
thr e in th hind) which run parallel to the main stem. The interno­
m di n nd anal vein are simple tmight divergent veins, which have 
an api al arcuate or declivent fork, connected at ba~ by straight cross 
v in with th vein on ith r ide, forming large apical cells much 
aft r the manner f Rhaphidia, the further general resemblance to 
whi hi heighten d by a mor or less di tinctly and distantly scalari­
£ rm ri of ubmarginal distant cross veins; other cross veins, 
trai h 1· faintly ·inuous, ometim s transverse, sometimes consider. 

a 1 liqu , ar ·att red di tantly over the wings, giving them a very 
, id ly I en reticula i n of polygonal, triangular, or rhomboidal cells. 

Thi g nu · i · plainly allied most ·lo ely to Brongniart's genus Oory-
aloi , far kn wn only from the Coal Measures of Europe, but 

lift' 1-. • fr m i in the n nfalcate form of the relatively shorter wings, the 
· '-'i r <'. 1th f he hind wing , and the less numerou and much 
r di t nt ca ular branche . It evidently belongs to his family 

I , ' · t l'ida, hou h I hould not place therein all the genera 
hi ·h h r :£ r i . t ca n t fall in any of the family groups of 

rr t r id a hith rto r r.orded from Ameri a, nor in any family of 
in· ·t n xt, t. It i p cially int r ting a forming an w link 

twe ~u the arb ni:£ r us iu ·ect fauua of Europe and merica. 
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RHAPHIDIOPSIS DIVERSIPENNA. 

Pl. r, c, d. 

The wings as preserved show no markings whatever, nor any special 
structure in the veins which practically lie at the same level by cru h_ 

' 1· ing, though there are signs of difference between the internomec. 1a.n 
vein and those on either side of it. In the fore wing there is an iuter­
calary vein connected by oblique cross veins with the externomedian 
and internomedian veins between which it falls, which does not occur 
in the hind wing. The cells are all very large and the cross veins 
mostly straight and transverse, except in the interspace between the 
scapular vein and the upper externomedian branch, where they are 
strongly oblique and more or less sinuous. 

Length of fragment of fore wing, 22mm; probable length of wing, 
·26mm; breadth of same, 8.6mm; length of fragment of hind wing, rnmm; 
probable length of wing, 23mm; breadth of same, 10mm, 

The single specimen with its reverse was found by Rev. Edgar F. 
Ulark, June 22, 1888, at the Lockonosett mine, in Cranston, while 
engaged under Prof. R. Pumpelly in work for the U. S. Geological 
Survey. The specimens bear the :field Nos. 179a, 179b. 

ORTHOPTEROIDEA. 

PAL..tEOBLATTARI..tE. 

MYLACRID.lE.:. 

MYLA.ORIS Scudder. 

MYL.A.CRIS P.A.CK.A.RDII, 

Pl. r, e, g. 

Blatta americana Clark, Proc. Newp. Nat. Hist. Soc., II: 12 (undescribed). 
Mylacris packardii -, Rand. Notes Nat. Hist., II: 64 ( undescribed); Scudd., Frankl. 

Soc. Rep. Geol. R. I., 79, Pl. 1, Pig. 2. 

This species is described :first from a single incomplete wing (Pl. r, e), 
preserving only a gently curved fragment of one (the costal) margin 
and apparently belonging to the genus Mylacris; it differs considerably, 
however, from all the known species, but most nearly approaches M. 
bretonensis. The wing is of very large size for a Mylacris, being longer 
than even M. antiqua but slenderer than it and is remarkably like 1lf. 

heeri in the narrowness of the mediastinal area, which forms a rather 
narrow and nearly equal belt, which must, extend nearly or quite to the 
miu.dle of the wing, and has five or six elongated, scarcely diverging 
nervules, the outer of which spring from near the base of the main stem. 
The ,·capular vein iH divided at the very hase into two stems, and is 
remarkable for its straightness as well as for its unusual extent, for, not­
withstanding the small breadth of the mediastinal area, the scapular 
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vein terminates as usual at or below the apex of the wing; it has seven 
or eight nearly equidi tant branches, with a disproportionate space 
between the bases of the third and fourth, which may be simple or 
de ply forked, occasionally with two branches. The externomedian 
branches are three or four in number, and most of them compound and 
tol rablyregu.lar and longitudinal; in consequence of a break along its 
inner edge it is impossible to tell how far it extends, and the feeble7 

moderately distant, forked, and nearly straight branches of the gently 
ar uate internomedian vein, lying as they do at a lower level, appear 
to indicate that in deposition the wing was folded at this point. A 
m r fragment of the anal furrow is preserved, indicating that this 
area wa extremely small and brief, not extending to the middle of the 
ba ·al half of the wing. 

Length of fragment, 40mm; probable length of wing, 42mm; breadth 
of fragment, 16mm; possible breadth of wing, 18.5mm, 

Thi wing is interesting because it is the first fossil insect found 
in th ew England coal field. It comes from the Carboniferous 
depo it of Bri tol, and was found and sent to me by Rev. Edgar F. 

lark. I take pleasure in acceding to his request that I should name 
it in honor of my life-long friend and fellow student, Prof. A. S. 

ackard, of Providence, R. I., whose studies in American zoology and 
1ml ontology are known to everyone. It is preserved in the Museum 
of 1·own Univer ity. 

Another pecimen of the same species (Pl. 1, g) differs considerably 
in the apparent breadth of the mediastinal area, but the outer limit as 
.fi o-ured (to which the nervules do not extend) may be not the true mar­
o-in f the wing. In all other particulars it very closely resembles the 
th r pecimen, and, curiously, has the same apparent folding of the 

' in · between the externomedian and internomedian areas. It was 
f und at Pawtucket and seems to be the specimen figured in the 

1 ranklin Society's report, although that purports to come from Bristol. 
t i r the same size. 

BLA TTIN ARI.lE. 

ETOBLATTINA Scudder. 

ETOBLATTINA ILL USTRIS. 

Pl. II, i. 

. Thi. . larg t of the Rhode Island cockroaches is represented by a 
f r wmg whi h apparently has the normal form, though the broken 
m ur f tb tip render, this somewhat uncertain the course of th 

. ' al' m, pr r ed tending to show the inner margin nearly straight 
throu ,·b nt, he co tal well arched so that the wing narrows apically 
h. ~ h · r · · ion of th outer margin, the breadth being probably con­
tam u. au ut wo and a fourth times in the length. The mediastinal 
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area is broad and tapers only in its apical third, the main vein ter­
minating at about the end of the middle fifth of the wing, the branches, . 
some of them deeply forked, being more and more and at last strongly 
longitudinal. The scapular area appears to extend from the mediastinal 
to the tip of the wing, and is divided at base into two stems, the upper 
of which has four widely and equally distinct longitudinal branches, 
the last arising just beyond the middle of the wing and simple, the 
first forked opposite the origin of the third, and its forks together 
with the second and third branches forked nearly opposite the origin 
of the last; the lower stem has also four superior, subequidistant, longi­
tudinal branches, the first arising opposite the second branch of the 
upper stem, the fourth opposite the fourth; the second of these is 
simple, the first forks opposite the origin of the second and its lower 
fork again divides opposite the single fork of the third, which on its 
part is midway between the origin and fork of the fourth; there may, of 
course, be other forks in the part of the wing which is here broken, but if 
so they are probably not far from the margin. The externomedian vein 
is very unimportant_; it first forks a little before the middle of the wing, 
its lower branch again forking less than halfway to the tip, but all 
three diverge but little and must occupy but a narrow space on the 
margin. The internomedian area, on the contrary, is more important, 
narrowing rather gradually in the basal half of the wing, veTy gradually 
beyond the main vein, terminating not very far before the tip of the 
wing, and having about half a dozen generally forked or .doubly forked, 
divergent, nearly straight branches dividing the area w.ith great regu­
larity. The anal furrow is rather strongly bent and a little arcuate, 
and terminates before the -end of the basal third of the wing, the anal 
veins apparently parallel to the furrow. 

Length of fragment, 46.5mm; probable length of wing, 61 mm; bread th, 
26.8mm, 

This species seems to show a number of points of resemblance to the 
European E. primmva Gpld. sp., but differs from it strikingly in the 
basal division of the scapular vein. It also resembles not a little the 
European E. steinbachensis Kliver, but has quite another form and 
differs in every detail. 

The specimen was fou~d by Mr. J. E. Clark, but at what exact locality 
is unknown. It is presumed by Mr. H. Scholfield, through whom it 
came to my hands, to have come from Pawtucket. 

ETOBLATTINA Sp. 

Pl. n, c. 

This species, certainly distinct from any of the other Rhode Island 
forms, but too imperfect for anything like a full description of the wing, 
is represented by a fragment from the middle of the fore wing; only 
a very small part of the na.tural border exists, lying outside the medi­
astinal area. It is evidently one of the broader types. The mediastinal 
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area is narrow and rather short, with numerous short, straight, oblique 
. branches. The scapular vein terminates some distance before the tip, 

and has three equidistant, gently arcuate, upturned branches, the outer 
two simple, the inner doubly forked. The remainder of the fragme~t is 
filled with a multitude of slightly diverging, mostly simple, occasrnn­
ally forked, straight, longitudinal nervules, the division ofwhich among 
the lower stems there are no means of determining. 

Length of fragment, 10mm; breadth, 7.5mm. 
The species would seem to fall somewhere in the vicinity of E. prini­

ceva Gold. sp. It was obtained by Mr. Herbert Scholfield at Silver 
Spring, East Providence. 

ETOBL..A.TTIN.A. CL..A.RKII. 

Pl. n,j. 

The fore wing has the normal form, the inner border being straight 
to near the tip, the outer delicately-margined border pretty strongly 
and regularly convex, so that the wing tapers rather rapidly in the 
outer half to the rounded tip at the end of the inner half of the wing; 
it i broade t just before the middle and about two and three-eighthR 
times longer than broad. The mediastinal area is very large and long, 
extending nearly to the apical fourth of the wing and beyond the basal 
third narrowin very gently, acuminate at apex; there are seven or 
eight mo tly forked, gently sinuate, increasingly longitudinal, oblique 
branche . The scapular area reaches nearly to the apex and has un_ 
u ually longitudinal branches; there are three branches, all inferior 
and arising at great distances apart, the first near the base, the third 
a little beyond the middle of the wing; all are forked, the first and sec-
nd n ar the origin of the third. The externomedian vein is strongly 
inu t and ha four uperior equidistant branches almost confined to 

the cond fourth of the wing, the third and fourth simple, the second 
im ly the fir t doubly forked, the apical forking being near the mi<ldlo 
f the api al half of the wing. The main internomedian vein is simi­

larly inuate and terminates considerably farther out than the medi-
a inal; it ha three ubequidistant, forked or doubly forked, strongly 
ar uat weeping ba al branches, besides a simple ( ~ ), nearly longitudi­
nal apic I ranch a Ii tie beyond the middle of the wing. Anal furrow 
tr no-ly b nt and arcuate, well within the basal third of the wing, 

th nal v in few, di tant, simple or singly forked, and subparallel to 
it. Th i al half of the wing shows a very close and delicate cro 

tween the nervu.Ies, breaking the surface up into quadran-
gular everal tim broader than long. 

L ngth of fragment, 41 mm; probable length of wing, 45mm; breadth, 
1 mm. 

i m what re emble the European E. russoma Gold. p. 
E. 1nazona ·udd., from Illinois, but the greater longitudinality 
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and basal extension of the scapular branches and the rapid ba al nar­
rowing of the internomedian area by the strong :imrntion of the nrni11 
internomedian vein easily distinguish it. These are, indeed, it mark d 
features in contradistinction from all known forms. 

The single specimen with its reverse was discovered. by Rev. Edgar 
F. Clark at Pawtucket. It is now in the Museum of Brown UniYer it, . 
I take pleasure in naming it after Mr. Clark, who was the first to <l.i -
cover insect remains in the Rhode Island coal field. 

ETOBL.A.TTIN..A. SCHOLFIELD!. 

Pl. n, b. 

So much of both the apex and base of the single fore wing preserved 
is lost that the form of the wing can not be determined, but the costal 
margin was very gently arcuate, and the probability is that the wing 
had rather an oval form. and was not much more than twice as long as 
broad. The mediastinal area is broad and equal in the basal, regularly 
narrowing in the apical half, reaching to less than the extremity of the 
middle third of the wing, with nearly straight, strongly oblique, simple 
branches. The scapular vein nearly reaches the apex, repeats the gen­
eral appearance of the mediastinal, but with closer and more subdi­
vided branches, most of them being compound; it begins to branch at 
the end of the basal third of the wing, and has in all about five 
branches, the earlier ones the more compound. The externomedian 
vein courses in a nearly straight line through the middle of the wing, 
and begins to branch as soon as the scapular, but its branches, though 
compound, are distantly so and diverge but little, so that they only oc­
cupy on the margin the very apex of the wing; their forkings are sub­
parallel and subeq uidistant. The internomedian area is broad, and, 
though the main vein is a little sinuous, the area narrows pretty regu­
larly and gradually, reaching about as near the apex as the-scapular 
area; there are seven subequidistant, nearly straight, oblique, simple, 
or compound branches, the last just beyond the middle of the wing, 
besides one simple one considerably farther out. The anal furrow is 
not pronounced and is gently arcuate, terminating at the end of the 
basal third of the wing. 

Length of fragment, 14mm; probable length of wing, 18mm; breadth, 
9mm, 

There are many points of resemblance between this species and the 
European E. labachensis Gold. sp., but the far earlier and more profuse 
branching of both scapular and externomedian veins separates our 
species distinctly from it. 

This specimen was obtained at East Providence by Mr. Herbert Schol­
field, to whom it is dedicated. 
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ETOBLATTIN.A. sp. 

Pl. n, k. 

· A inglP bind wing of a cockroach has been found in the Rhode 
Island bed , nearly perfect, the tip and an insigni:ficaut part of the base 
only being lost. The wing expands in size to the middle of the apical 
half and then begins rapidly to narrow, and probably had a rounded, 
perhap angulated tip. The narrow scapular area is nearly uniform in 
breadth, tapering only next the apex, which is at the end of the mid­
dle third of the wing; there are three or four simple oblique apical 
branches. The scapular vein has four branches arising in the basal 
half of the wing, the :firi::t one near the base, all deeply forked and 
li htly divergent, but not expanding the area at the tip of the wing. 

Th xternomedian occupies just about as large a fan-shaped area, and 
h w, a omewhat similar disposition of its branches, but does not 

b gin to branch quite so early and the branches are more longitudinal. 
Th internomedian is a reverse of the scapular if its basal branch be 
omitted. The anal is widely separated from the preceding, and differs 
in toto from the same in the fore wings of Palreoblattarire, being a more 
basal reversed repetition of the mediastinal vein; it extends nearly to 
th middle of the wing and has two or three distant, straight, oblique 
bran h . 

ength of fragment, 15mm; probable length of wing, 18mm; breadth, 
mm. 

comparison with the fore wings of the other cockroaches from the 
me deposit makes it very probable that this is the hind wing of E. 

·cholfieldi, but until they are found together this can not be determined. 
Th ingle specimen and its reverse were found by Messrs. Frederick 

orham and Herbert Scholfield at Fenner's ledge, in Cranstou, 
e r th xtreme western upturned edge of the Carboniferous in the 

plumb· g mining district, and therefore probably older than the others." 

ETOBL.A.'.l'TIN.A. GORR.A.MI. 

Pl. n, a. 

T e fore wing is apparently of a very regular oval shape, slenderer 
ally than toward the base, broadest at about the end of the basal 

hi~· and arcely two and a half times longer than broad. The medi­
a. m, 1 ar a i ribbon-shaped, tapering only at the apex, reaching to 
th nd of the middle third of the wfog, the veins simple and arcuate. 

h ·. a ular area iR broa<l. and reaches almost to the apex of the wing, 
a 1 fill d with numerous regular, parallel, and arcuate, deeply­
£ rk ein . The main externomedian vein runs almost straight 
hr_ u th middle of the wing with a slight sinuation, has two longi-

t.u mall!. lique branches in the second fourth of the wing, simple so 
far a VI 1ble, but the apical half of the wing in this area is lost The 
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internomedian a~ea appears to extend slightly farther than the medi­
astinal, and the ·main vein is sinuate and declivent, with, so far as can 
be seen, three simple parallel, oblique, and slightly arcuate branches, 
their convexity, when any, toward the anal area. The anal furro~ is 
distinctly impressed, arcuate, and slightly bent, terminating a little 
before the middle of the wing; the anal veins are mostly simple, one 
medially forked, few in n:umber, and subparallel to the furrow. 

Length offragment, 17,5mm; probable length of wing, 21.5lllm; breadth, 
f'lmm 
iJ • 

This species seems to resemble the European E. parvula Gold. sp. 
more than any other, but differs from it considerably. 

A single specimen was collected at Pawtucket, by Mr. Frederick P. 
(}orham,.after whom it is named. It was sent to me by Dr. Packard_. 

ETOBLATTINA EXILIS. 

Pl. n, e. 

This is an exceptionally slender species, resembling in that respect 
the following species from the same beds, the fore wing being very 
elongate subfusiform oval, almost three times longer than broad; the 
costal margin is very regularly and not inconsiderably arcuate. The 
mediastinal area broadens a little beyond the base, and narrows again 
and rather rapidly only in its apical :fifth, terminating a little beyond 
the end of the middle third of the wing; the branches are few, longi­
tudinally oblique, straight, and simple. The scapular area reaches 
almost to the tip of the wing; the main vein begins to branch before 
the middle of the wing, and has four simple or deeply forked gently 
arcuate branches closely crowded together. The externomedian vein 
occupies the entire apex; it begins to branch as soon as the scapular 
and its branches are longitudinal and compound, and is but slightly di­
vergent, a half dozen or more veinlets striking the margin. The inter­
nomedian area reaches beyond the middle of the apical half of the wing 
and is peculiar for its nearly uniform width, which is about the same 
as tliat of the mediastinal area, and for the few and distant, mostly 
compound, very longitudinally oblique, and straight branches. The 
anal area is extraordinarily narrow, the furrow slight and almost longi­
tudinal, hardly arcuate, and terminating before the end of the basal 
fourth of the wing. 

Length, 14.25mm; breadth, 4.6mm, 
This species shows most resemblance to the European E. flabellata 

Germ. sp., and especially the form described by Deichmliller as var. 
stelzneri, but differs in the complete longitudinality of the ~xternome­
dian branches, and tb e lack of any sinuosity in the internomedian vein. 

It was obtained by Mr. Herbert Scholfi.eld in a bowlder lying on the 
beach, near Kettle Point, in East Providence. 

Bull.101--2 
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ETOBL.A.TTIN.A. Sp. 

Pl. n, h. 

Thi pecie i represented by a single very obscure aud somewhat 
imp rfect fore wing, which hardly permits more than to say that it 
diIB r from any known form, but closely resembles tlte preceding 
pecie , E. exilis. It is, however, somewhat slenderer, but with other­

wi e a imilar form, the breadth being contained about 2.8 times in the 
length. The media tinal area is apparently shorter and relatively 
broader than in E. exil·is, and tile scapular area does not so closely a,p­
proach the apex. The externomedian vein has few branches, and these 
are very longitudiual, the main vein coursing through the middle of 
the wing, but apically pa sing above the extreme apex. The interno­
median vein evidently extends further out than in E. exilis, reach_ing 
the middle of the apical half, and a few branches of the vein appear to 
be imple and rather trongly arcuate, the area tapering consideral>ly. 
The anal furrow seem to be quite as in E. exilis. 

L ngth of fragm nt, 17mm; probable length of wing, 18.5mm; breadtll, 
6,5mm, 

ingle specimen was obtained by Mr. Herbert Scholfield, at Paw­
tu ket. 

ETOBL.A.'.rTIN.A. RELIQU.A.. 

Pl. rr, g. 
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This is a very anom_alous form of Etoblattina. It was collected by 
Mr. Frederick P. Gorham at Pawtucket, and sent to me for study by 
Prof. A. S. Packard. 

GERABLATTINA Scudder. 

GERABLATTIN A SCAPUL.A.RIS. 

Pl. n, l. 

The larger part of a fore wing, showing all the principal neuration, 
but with the tip lost, is all that remains of this species. It appears to 
be of a pretty reg·ular long oval form with the costal margin strongly 
arched at the base but very gently beyond, proba,bly fully two and a 
half times longer than broad. The mediastinal area is rather broad 
and tapers very gently, reaching well beyond the middle of the apical 
half of the wing; the nervules are simple or singly and rather deeply 
forked, one near the middle trebly forked, and all longitudinarlly oblique 
and gently arcuate. The scapular vein is longitudinally branched, 
beginning at the middle of the basal half of the wing, its lowermost 
fork striking the tip of the wing; the forks are rather distant and 
about seven nervules reach the margin. The exteTnomedian vein is 
strongly sinuous, superiorly branched with three forked or doubly an<l 
very deeply forked longitudinal slightly arcuate nervules, the :first 
arising nearly as far back as in the scapular area. The internomedian 
area terminates just· beyond the middle of the wing, sending a few 
simple, obliquely, and gently arcuate branches from the strongly sinu­
ate main stem. The anal region is not preserved. 

Length of fragment, 33,5mm; probable length of wing·, 41 mm; breadth 
of fragment, 14.5mm; probable breadth of wing, rnmm, 

This species differs from all previously known, and resembles the 
other species from the same coal field in the early branching of the 
scapular and the relative brevity of the internomedian vein. 

It was obtained by Mr. Herbert Scholfield, at Pawtucket. 

GERABLATTINA FR.A.TERNA, 

Pl. n, d, e. 

The form and proportions of the fore wing are much as in G. scapularis, 
but it tapers rather more in the apical half and is a little . slenderer, 
besides being much smaller; it is about two and two-thirds times longer 
than broad, the costal margin rather gently arcuate and not greatly 
more so next the base, the inner nearly straight. The mediastinal 
area is moderately broad and equal, except apically, and reaches well 
beyond the middle of the apical half of the wing; the nervules are arcu­
ate and either single or 'ingly and deeply forked, one near the middle 
doubly forked. 'rh capular includes on the margin almost the whole 
of the tip of the wing, and is composed of two main stems which separ-
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ate near the middle of the basal half of the wing, the lower the more 
important, with many deeply forked, very longitudinally arcuate, supe­
rior, much upcurved nervules of which more than ten strike the margin. 
The externomedian vein is rather strongly sinuate with two superior 
branches thrown off before the middle of the wing, the first simple, 
the second very deeply forked, all nearly longitudinal. The interno­
median vein is gently sinuate and reaches nearly to the middle of the 
apical half of the wing, with somewhat differently directed inequidis­
tant, mostly simple branches, the basal doubly forked and occupying 
nearly half the area. The anal furrow is rather gently and regularly 
arcuate and terminates at about the end of the basal third of the 
wing. The surface is traversed between the nervules by tremulous 
delicate clo e cross lines, and in part by a delicate reticulation ( d). 

Length of fragment, 15mm; probable length of wing, 18mm; breadth, 
6,75mm. 

llhi pecies resembles only the preceding of all the known species 
of Gerablattina, but besides much being smaller, it has a much stronger 
upcurving of the apical scapular branches and a less important devel­
opment of the externomedian area, made up for by the greater extension 
of th internomedian. 

It wa found by Mr. Herbert Scholfield at Silver Spring, East Provi­
dence. 

PROTOPHASMIDA. 

P .A.RALOGUS (7Capa'A_oyo~) gen. nov. 
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The most remarkable thing about the neuration of this wing is the 
simplicity of the externomedian vein which runs in a sinuous course 
through the middle of the wing between the numerous branches of 
the adjoining veins. The wbg evidently belongs to one of the Proto­
phasm id a, but does not at air agree with any of the genera known to 
me from American rocks, though it shows some strong resemblance to 
the European Spilaptera Brongn., known only through an illustration 
which does not permit one to see the details of the neuration except 
along the lower margin of the wing. It is plain, however, that the 
internomedian and anal areas occupy a considerably broader basal 
area in Spilaptera than in Paralogus and the externomedian vein is 
apparently branched. 

PAR.A.LOG US .Al}SCHNOIDES. 

Pl. 1, a, b. 

The fore wing has much the same general form as that of a dragon 
fly of the genus lEschna. In the marginal :field of the basal half of the 
wing, the middle portion of the interspace between the scapular vein 
and its branch and in the interspaces bordering either side of the 
externomedian vein in more than the basal half of the wing, the cells 
are higher than long; in nearly all the rest of the wing they are quad­
rate or approximately so. The united internomedian and anal vein has 
in the basal third of the wing a sinuous course nearly parallel to that 
of the externomedian vein and breaks up into three principal stems, 
two of which divide the anal area about equally between them with 
pretty regular branches, those of the extreme base not united by cross 
veins, those of the distal portion of the proximal anal stem usually 
forked next the margin, those of the distal anal stem similar but the 
alternate branches more or less zigzag and as if intercalary, uniting in­
directly with the stem, their apical forks attached also to the neigh­
boring stem, forming brief intercalaries; the externomedian stem first 
forks a little before the middle of the wing, then divides into three 
branches, the proximal simply forked, the middle throwing off one or 
two superior compound branches, the distal many simple inferior 
branches. 

Length of fragment, 54mm; probable length of wing, 62mm; width in 
middle of wing, 19mm; at base of fragment, 5mm. 

The specimen and its reverse were found by Mr. Frederick P. Gorham, 
November 2, 1889, in the Carboniferous rocks of Silver Spring, in East 
Providence. 
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EXPLANATION OF PLATE I. 

All the drawings are by J. Henry Blake, and, excepting .f, ar e magnified 2 diam­
eters. 

a. Paralogus reschnoides; the dotted tip is pnrely conjectural. 
b. The same; cross section at the point indicn.te<l by the arrow : m, mediasti11al 

vein; s1, s2, 11\ scapular vein and branches; <l, ~,xternomedian vein; i 1, i2, internomc­
dian vein and branch; a, anal vein. 

c. Rha11hiiliopsis diversipcnna; upper wiug. 
d. The same; lower wing. 
<'. Mylacris packar<lii, from Bristol. 
f. Antbracomartus woo<lruffi; ma.gnifiecl 3 diameters. 
y. Mylacris packardii, from Pawtucket. 

24 
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EXPLANATION OF PLATE II. 

All the drawings are by J. Henry Blake, and, excepting d, are magnified 2 diameters. 
a. Etoblattina gorhami; fore wing; the dotted tip conjectural. 
b. Etoblattina scholfieldi; fore wing; the dotted tip conjectural. 
c. Etoblattina sp.; fore wing. 
d. rablattina fraterna; a part of the surface, magnified about 5 diameters 
e. Et blattina exilis; fore wing. 
f. rablattina frat rna; fore wing; the dotted tip conjectural. 
g. Etoblattiua roliqua; fore wing. 
h. Etoblattina sp.; fore wing. 
i . •toblattina illustris; fore wing; the dotted base and tip conjectural. 
.i· Etoblattina clarkii; fore wing; the clotted base and tip conjectural. 
k. Etobla,ttiua sp.; hinu wing; the dotted tip conjectural. 

· i. G rabbttina scapularis; fore wing; the dotted tip conjectural. 
26 . 
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