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* ADVERTISEMENT.

[Bulletin No. 80.]

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 annual reportof 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 desmed 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 docament 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.

L. First Aunual 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.
8°. 1lv, 688 pp. 62pl. 1map.

III. Third Annual Report of the United States Geological Survey, 1881~'82, by J. W. Powell. 1883.
8. 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,
80, xxxvi, 469 pp. 58 pl. and maps. )

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell, 1885,
g0. xxix, 570 pp. 65 pl. and maps.

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

VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889,
80, 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.
80, xiii, 717 pp. 88 pl. and maps. ’

X. Tenth Aunual Report of the United States Geological Survey, 1888-'89, by J. W. Powell. 1890.
8°, 2v. xv, 774 pp. 98 pl. and maps; viii, 123 pp. .

The Eleventh and Twelfth Annual Reports are in press.

MONOGRAPHS.

1. Lake Bonneville, by Grove Karl Gilbert. 1890. 4°. xx,438pp. 51pl. 1map. Price $1.50.

II. Tertiary History of the Grand Cafion 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. Geology of the Comstock Lode and the Washoe Distriet, with atlas by George F. Becker. 1882.
4°, xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00.

1V. Comstock Mining and Miners, by Eliot Lord. 1883. 4°. xiv, 451 pp. 3 pl. Price $1.50.

) §



11 ADVERTISEMENT.

V. The Copper-Bearing Rocks of Lake Superior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp.
151, 29 pl. and maps. Price$1.8Z.

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. 40, xiii, 200 pp. 16
pl. Price $1.20. .

VIIL Paleontology of the Eureka District, by Charles Doolittle Walcott. 1884 4°. xiii, 298 pp.
241. 24pl. Price $1.10.

* IX. Brachiopodaand Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,

by Robert P. Whitfield. 1885. 4°. xx,338pp. 35pl. 1map. Price $1.15,

X. Dinocerata. A Monograph of an Extinct Orderof 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.

XIIIL., Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker.
1888, 4°. xix, 486pp. T 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. 40, xiv, 152 pp. 26 pl. Price $1.00.

XYV. The Potomac or Younger Mesozoic Flora, by William Morris Fontaine. 1889, 4°, xiv,377
pp. 180pl. Textand 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,
In press:

XVIL The Flora of the Dakota Group, & posthumous work, by Leo Lesquereux. Edited by F. H.
Knowlton. 4° 400 pp. 66 plL.

In preparation:

XVIII Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of New Jersey,
by Robert P. Whitfield.

— The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D, Irving and
C.R. Van Hise,

— Mollusca and Crustacea of the Miocene Formations of New Jersey, by R. P. Whitfleld.

— Geology of the Eureka Mining District, Nevada, with atlas, by Arnold Hague.

— Sauropoda, vy O. C. Marsh,

~ Stegosauria, by O. C. Marsh,

— Brontotheridw®, by 0. 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. Emmons.

— The Glacial Lake Agassiz, by Warren Upham.

BULLETIXNS,

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, witha
Geological Sketch of Buffalo Peaks, Colorado, by S, F. Emmons. 1883. 8°, 42 pp. 2pl. Price 10 cents.

2. (vold and Silver Conversion Tables, giving the coining valaes of troy ounces of fine metal, etc., com-
puted by Albert Williams, jr. 1883. 8. 8pp. Price 5 cents.

3. Onthe Fossil Faunas of the Upper Devonian, along the meridian of 76° 30/, from Tompkins County,
New York, to Bradford County, Pennsylvania, by Henry S. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9pl. Price 5 cents.

5. A Dictionary of Altitudes in the United States, compiled by Henry Gannett. 1884. 8°. 325 pp.
Price 20 cents.

6. Elevations in the Dominion of Canada, by J. W. Spencer. 1884. 8°. 43 pp. Price 5 cents.

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South),
1752-1881, in geographic and chronologic order, by Jules Marcou and John Belknap Marcou. 1884.
80, 184 pp. Price 10 cents.

8. On Secondary Enlargements of Mineral Fragments in Certain Rocks, by R. D. Irving and C. R.
Van Hise. 1884. 8°. 56 pp. 6pl. Price 10 cents.

9. A report of work done in the Washington Laboratory during the fiscal year 1883-'84. F, W. Clarke,
chief chemist. 1. M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.
1884. 8°. T4 pp. 10pl. Price 5 cents. v

11. Onthe 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. 80, 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. 3pl. Price 5 cents.
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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°,
86pp. 3pl. Price5 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. 3pl. Price 5 cents.

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 89, 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. 1pl. Price 10 cents.

21. The Lignites of the Great Sioux Reservation. A Report on the Region between the Grand and Mo-
reau Rivers, Dakota, by Bailey Willis. 1885. 8°. 16 pp. 5pl. Price 5 cents.

22. On New Cretaceous Fossils from California, by Charles A. White. 1885, 8°. 25pp. 5pl. Price
5 cents.

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on
Keweenaw 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 Healey 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°. 107pp. Pricel0 cents.

27, Report of work done in the Division of Chemistry and Physics, mamly 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. 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. 4pl. Price5 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 Myriapods 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°. 235pp. Price 20 cents.

83. 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°, 54pp. 5pl. 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. 89. 354 pp. 57 pl. Price 25 cents.

38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8°. 31 pp. 1pl. Price5 cents.

39. The Upper Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887, 8°. 84
pp- 1pl. Price 10 cents.

40. Changes in River Courses in Washington Territory due to Glaciation, by Bailey Willis. 1887. 8°,
10 pp. 4pl. 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 donein the Division of Chemistry and Physics, mainly during the fiscal year
1885-'86. F. W. Clarke, chief chemist. 1887. 8, 152 pp. 1pl. Price 15 cents.

43. Tertiary and Cremceous Strata of the ‘Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene
A. Smith and Lawrence C. Johnson. 1887. 80. 189 pp. 21pl. Price 15 cents.

44, Bibliography of North American Geology for 1886, by Nelson H. Darton. 1887. 8°. 35 pp.
Price 5 cents. :

45. The Present Condition of Knowledge of the Geology of Texas, by Robett T. Hill. 1887. 8°. 94
pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphate of Lime, by R. A. F. Penrose, jr., with an Introdue-
tion by N. S. Shaler. 1888. 8°. 143 pp. Price 15 cents.
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47. Analyses of Waters of the Yellowstone Nationa! Park, with an Account of the Methods of Anal.
ysis 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.
Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexzico, 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 Charles Abiathar White. 1889. 8°. 102 pp.
14 pl. Price 15 cents.

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

53, The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 89, 55 pp. 10 pl. Price 10
cents. '

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

56. Fossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 8°. %2 pp.
7 pl. Price 10 cents.

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

58. The Glacial Boundary in Western Pennsylvania, Ohio, Kentucky, Indiana, and Illinois, by George
Frederick Wright, with an introduction by Thomas Chrowder Chamberlin. 1890. 8°. 112 pp. incl
1pl. 8pl. Price 15 cents. .

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp.
1pl. 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 Pacitic Coast, by William Harlow Melville and Waldemar
Lindgren., 1890. 8°. 40pp. 3 pl. Price 5 cents.

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan; a contri.
bution to the subject of dynamic metamopphism in eruptive rocks, by George Huntington Williams;
with an introduction by Roland Duer Irving. 1890. 8. 241 pp. 16pl. Price 30 cents.

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, including a list of North American
species and a systematic arrangement of genera, by Anthony W. Vogdes. 1890. 8°. 177 pp. Price
15 cents.

64. A Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1888-'89. F. W. Clarke, chief chemist. 1890. 8°. 60 pp. Price 10 cents.

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

66. On a Group of Voleanic Rocks from the Tewan Mountains, New Mexico, and on the occurrence
of Primary Quartz in certain Basalts, by Joseph Paxson Iddings. 1890. 8°. 34 pp. Price 5 cents.

67. The relations of the Traps of the Newark System in the New Jersey Region, by Nelson Horatio
Darton. 1890. 8°. 82 pp. Price 10 cents.

68. Earthquakes in California in 1869, by James Edward Keeler. 1890. 8°. 25pp. Price 5 cents.

69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1890.
80, 101pp. Price 15 cents. A

70. Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 80, 79
pp. Price 10 cents.

71. Index to the Known Fossil Insects of the World, including Myriapods and Arachnids, by Samuel
Hubbard Scudder. 1891. 8°. 744pp. Price 50 cents.

72. Altitudes between Lake Superior and the Rocky Mountains, by Warren Upham. 1891, 8°,
229 pp. Price 20 cents.

73. The Viscosity of Solids, by Carl Barns. 1891. 8°. xii, 139 pp. 6 pl. Price 15 cents. .

74. The Minerals of North Carolina, by Frederick Augustus Genth. 1891. 8. 119 pp. Price 1
cents.

75. Record of North American Geology for 1887 to 1889, inclusive, by Neison Horatio Darton. 1891.
8°, 173 pp. Price 15 cents.

76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett,
<chief topographer. 1891. 8°. 393 pp. Price 25 cents.

77. The Texan Permian and its Mesozoic types of Fossils, by Charles A. White. 1891. 8°. 51 pp.
4 pi. Price 10 cents.

78. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1889-'00. F. W. Clarke, chief chemist. 1891. 8°, 131 pp. Price 15 cents.

79 A Late Volcanic Eruption in Northern California and its peculiarlava, by J. 8. Diller. 1891. 8o,
33 pp. 17pl. Price 10 cents.
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80. Correlation papers. Devonian and Carboniferous, by Henry Shaler Williams, 1891. 8°. 279 pp.
Price 20 cents.

In press:

81. Correlation papers—Cambrian, by Charles Doolittle Walcott.

82. Correlation papers—Cretaceous, by Charles A. White.

91. Record of North American Geology for 1890, by Nelson Horatio Darton,
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Mineral Resources of the United States, 1882, by Albert Williams, jr. 1883. 8°. xvii, 813 pp. Price
50 cents.

Mineral Resources of the United States, 1883 and 1884, by Albert Williams, jr. 1885. 80. xiv, 1016
pp. Price 60 cents.

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 1886.
80, wii, 576 pp. Price 40 cents.

Mineral Resources of the United States, 1886, by David T. Day. 1887. 8°. viii, 813 pp. Price 50
cents,

Mineral Resources of the United States, 1887, by David T. Day. 1888. 8°. vii, 832 pp. Price 50
cents.

Mineral Resources of the United States, 1888, by David T. Day. 1890. 8°. vii, 652 pp. Price 50
cents.
In preparation:

Mineral Resources of the United States, 1889 and 1890.

The money received from the sale of these publications is deposited in the Treasury, and the Secre-
_ taryof the Treasury declines to receive bank checks, drafts, or postage stamps; all remittances, there-
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LETTER OF TRANSMITTAL

DEPARTMENT OF THE INTERIOR,
U. S. GEOLOGICAL SURVEY,
D1visioN OoF GEOLOGIGC CORRELATION,
. Washington, D. C., March 15,1891,

Str: I have the honor to transmit herewith a memoir by Dr. Henry
S. Williams on the Devonian and Carboniferous formations of North
America, prepared for publication as a bulletin.

This memoir is the first of a series, and in order to show its relation
to those which are to follow, I quote the following passage from the
report of the Director for the fiscal year ending June 30, 1888 :!

In order to develop the geological history of the United States as a’ consistent
whole, it is necessary to correlate the various local vlements. The events of one dis-
trict—the succession of eruptions, sedimentary deposits, and erosions—must be con-
nected with the synchronous events of other regions. It is especially important to
determine the synchrony of deposits. So far as the outcrops of strata can be contin-
ously traced, or can be observed at short intervals, correlation can be effected by the
study of stratigraphy alone. The correlation of strata separated by wide intervals
of discontinuity can be effected only through the study of their contained fossils.
This is not always easy, and it is now generally recognized that it is possible only
within restricted limits. As distance increases the refinement in detail of correla-
tion diminishes.

Recent discassions in connection with the work of the International Congress of
Geologists have shown that different students assign different limits to the possibili-
ties of correlation, and give different weights to the various kinds of paleontologic
evidence employed. ’

The study of the data and principles of correlation is thus seen to be a necessary
part of the work of the Geological Survey, and by making the study at the present
time it can offer a timely contribution to general geologi¢ philosophy. It has there.
fore been determined to undertake the preparation of a series of essays summarizing
existing knowledge bearing on the correlation of American strata. It is proposed to
have a treatise prepared by a competent specialist on each of the following systems :
The Quaternary, the Newer Tertiary, the Older Tertiary, the Cretaceous, the Jura-
Trias, the Carboniferoas, the Devonian, the Silurian, the Cambrian, the Eparchean,
and the Archean, '

Each essay will consider the several geographic provinces of the system it treats,
the stratigraphic divisions that have been made in the several provinces, the extent
to which these divisions can be correlated with one another, the degree of precision
with which the upper and lower limits of the system can be correlated with the
limits of the corresponding European system, and the extent to which the American
subdivisions can be correlated with the European. It is proposed to treat sepa-

I Ninth Annual Report of the U. S. Geological Survey, p. 16.
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rately the evidence from vertebrate fossils and the evidence from fossil plants as to
all the systems in which they are found; and there will be prepared in connection
with the work a thesaurus of North American stratigraphic terminology.

The work has been placed under the general charge of Mr. G. K. Gilbert, and a
number of specialists to assist him have already been selected from the various divi-
sions of the Survey. :

Each of the systems indicated above was assigned to a paleontologist
or a geologist for treatment, and several conferences were held for the
purpose of developing a definite plan of work. Eventually the plan was
formulated as follows, being incorparated iu a circular letter addressed

the Director to the several specialists ¢chosen for the work in February,
1888:

PLAN FOR THE DISCUSSION OF AMERICAN GEOLOGIC SYSTEMS.

(1) It is proposed to prepare an essay on each of the following American geologic
systems, namely: (1) Quaternary, (2) Plio-Miocene, {3) Oligo-Eocene, (4) Cretaceous,
(5) Jura-Trias, (6) Permo-Carboniferous, (7) Devonian, (§) Silurian, (9) Cambrian,
(10) x y 2, (11) Archean.

The ¢ Congress” committee of the American Association for the Advancement of
Science at arecent meeting resolved (in effect) that ‘* systems are determined primarily
by fossils, secondarily by structure.” This series of esgays is planned on the assump-
tion that for purposes of correlation the most important fossils are marine inverte-
brates. The evidence from vertebrates and that from plants will be discussed each
by an appropriate specialist, but this arrangement does not preclude their considera-
" tion in the essays on individual systems.

(2) Each essay should show how the system of which it treats has been paleonto-
logically and stratigraphically delimited in North America, and should recite and
discuss the facts and principles on which such delimitation is based.

(3) Fach essay should show into what series (major subdivisions) the system has
been divided in various parts of North America, and on wkat facts and principles
the division has been based. If these snbdivisions are not uniform in all parts of
the continent the various areas of exposure should be classified in provinces, and
the essays should show whether and to what extent the series of the several provinces
can be correlated with one another.

(4) Each essay should show whether and to what extent the subdivisions of the
system in any or all of its American provinces can be correlated with the subdivis-
ions of the system in Enrope.

(5) Each essay should be prepared with the aid of a comprehensive review of the
pertinent literature, so as to constitute a summary of the material at present avail-
able for the major taxonomy of the system.

(6) The names of systems in (1) are provisional. Each essay should consider the
question of nawes for system and series.

The number of systems is likewise provisional, and it may eventually appear that
those enumerated in (1) are not coordinate. It was necessary to*prepare a scheme
in order to apportion the work of assembling the facts, but after these have been
assembled, their discussion may lead to an improved scheme. Provision will be
made for such discussion after the series of essays has been prepared.

(7) The general purpose of the preparation of the series of essays is threefold :
first, to exhibit in a summary way the present state of knowledge of North American
geologic systems; second, to formulate the principles of geologic correlation and
taxonomy; third, to set forth from the American standpoint the possibility, or the
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impossibility, of using in all countries the same set of namos for stratigraphic divi-
sions smaller than systems.'

By comparing the list of geologic systems in this ¢ plan” with the
list in the passages cited from the report of the Director, it will be
observed that there are slight discrepancies. The unsettled problems
of nomenclature thus suggested were elaborately discussed by.a con-
ference of the geologists of the Survey held in January, 1889, for the
purpose of establishing the conventions necessary to uniformity in the
preparation of the sheets of the Geologic Atlas of the United States.
By that conference it was determined that the stratigraphic units de-
lineated on the sheets of the geologic atlas should be designated as
formations, that no stratigraphic unit of a higher order should be rec-
ognized in the atlas, and that the only term of classification there em-
ployed should be the geologic ¢ period.” > The time-term ¢ period ” thus
adopted for the geologic atlas has the same taxonomic rank as the strati-
graphic term ¢ system ” employed in the ¢ plan” for the instruction of
the essayists and in the passage cited from thereport of the Director. It
wags preferred by the geologists of the conference because it was believed
that the major classification expressed by either term is essentially arbi-
trary and does not find in nature a universal expression, either physi-
cally through lithologic and structural differences, or biotically through
the differentiation of faunas and fioras. The chronologic term seemed
to them freer than the stratigraphic from the implication that the
classific units are natural and general rather than artificial or local.

The conference likewise indicated and defined eleven periods to be
used in the classification of the formations represented in the atlas, and
designated them as follows: (1) Pleistocene, (2) Neocene, (3) Eocene,
(4) Cretaceous, (5) Jura-trias, (6) Carboniferous, (7) Devonian, (8) Silu-
rian, (9) Cambrian, (10) Algonkian, (11) Archean.! These are the exact
equivalents of the ¢ systems” enumerated in the preceding quotations,
but they differ somewhat as to name,

The conventions thus adopted for the work of the Geological Survey
have modified and controlled the work of the division so far as they
are applicable, and the substitution of ¢ period” for ¢ system” has
changed the point of view of the essays in a manner conducive to their
simplification and to their value as contributions to the subject of cor-
relation.

Although the essayists, working under the same general instructions,
have had before them the accomplishment of the samne purposes with
respect to the several groups of formations assigned them, no attempt
has been made to mold their modes of treatment in a common form.

! This plan was published in the Tenth Annual Report of the Survey as part of a progress report of
the work of the Division of Corvelation (pp.108-113). Further report of progress may be found in the
Eleventh Annual Report, pp. 59-62.

3 Tenth Annual Report U. 8. Geological Survey, pp. 63-65.

81bid., pp. 65-66.



10 THE DEVONIAN AND CARBONIFEROUS. [BULL 80.

The present essay employs the historical method alike in the summari-
zation of present knowledge and in the formulation of the principles of
geologic correlation. 1t groups facts and opinions as to Carboniferous
and Devonian formations about certain specific problems of correlation,
and traces the history of the discussion of each problem. Iln connec-
tion with the historical summaries there is much incidental discussion
of the principles of correlation, and they are afterward classified in a
closing chapter. The author concludes, from the American standpoint,
that in a universal classification of formations it is not practicable to
employ classific units smaller than periods.
Very respectfully, your obedient servant,
' G. K. GILBERT,
Geologist in Charge.
Hon. J. W. POWELL,
Director U. 8. Geological Survey.



OUTLINE OF THIS PAPER.

The following essay is a historical study of the classifications and nomenclatures
of geological -formations in America, made with the purpose of ascertaining how
satisfactory correlations have been made and upon what principles they have been
based. For this purpose the literature upon the whole Paleozoic for the first 40
years of the century has been reviewed, but for the period following the publication

of the Final Reports on the Geology of the State of New York (1842-1844), the study
has been confined to the literature of the Devonian and Carboniferous systems.

In the course of the historical development of the science, and as the geological
surveys have extended over new territory, a number of specific problems have arisen
for the solution of which it has been mnecessary to determine the relations between
standard formations already named and classified and those newly discovered. In
this essay the discussion of each of these problems has been followed out in detail,
the various attempts at correlation have been noted, and the methods employed and
the final results attained have been traced to the principles involved in their deter-
mination.

The following problems have been thus discnssed :

(1) The general correlation of the Paleozoic formations of eastern North America
with the corresponding formations of Europe.

(2) The determination of the parallelism between the upper Paleozoic formations
of the Appalachian region and the rocks of the interior of the continent as far west
as the Mississippi River,

(3) The correlation in the Northern Appalachian region of the various subdivis-
ions of the Coal Measures and formations immediately underlying them.

(4) The problems connected with the correlation of the Chemung and Catskill
groups, aud with the correlation of the Waverly and Marshall groups.

(5) The elaboration of the Mississippian series, or ** Subcarboniferous” formations
of the Mississippi River basin.

(6) The Permian problem of Kansas and Nebraska.

(7) The correlation problems involved in classifying (a) the formations of the Aca-
dian province, and (b) the formations of the Rocky Mountains and Western Platean
provinces.

In the discussion of these various problems several definite stages in the develop-
ment of the principles of correlation have been recognized. At the opening of the
century the Wernerian system of classification was generally adopted. In this
classification the mineral characters of the formations were regarded as of funda-
mental importance, and constituted the chief eriteria for their classification and cor-
relation, and the order of deposition was supposed to be indicated by the actual and
relative position of the present outcropping of the strata. The theory underlying
this latter interpretation was, that the older rocks formed the core of the mountains;
on the higher part and at an inclination were formed the next younger, and as the
waters dried off the surface of the earth the successive rocks were deposited at lower
and lower levels. The names “ Primary,” ‘Secondary,” ¢‘ Tertiary,” and ‘‘ Quater-
nary” preserve the memory of this theory, though the theory itself has given way to
the more rational one of oscillation of the crust of the earth itself, with relative sta-

1.
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bility of the mean tide level of the ocean. The correlations of this period were de-
fective, not so much on account of imperfect observation as on account of incorrect
theories. ‘‘ Red sandstone,” ‘‘ Mountain limestone,” ¢ Saliferous rocks,” and ¢ Grau-
wacke” were truly found in America, but they were not the correlatives of forma-
tions so named in Europe, because formations present no regularity in the order of
sequence of their mineral characters. The perfecting of the New York system of
Paleozoic rocks (published in 1842) marks practically the abandonment of the Wer-
nerian school of opinion in America.

The second stage of development took definite shape in the New York system.
Formations were considered as holding a fixed order of sequence, but differences in
thickness or even in composition were tosome extent allowed as compatible. Still,
a general ‘““parallelism of strata” wasbelieved in, and in order to make the interpre-
tation fit the facts, ¢“ gaps” and ‘‘ intercalations” were assumed. The application of-
this principle of correlation is conspicuous in the various attempts at ¢ parallelism”
made in the period 1840-1860, and the method is most minutely carried out in the
second Geological Survey of Pennsylvania, where the term ‘persistent parallelism
of strata” is named and defined. Fossils were used in these correlations, but rather
as arbitrary labels which were of value only when exact identity was recognized.
This being rarely the case, fossils played only a secondary part. This principle did

‘not reach satisfactory results, because stratigraphic order and stratification iteelf

offer no intrinsic evidence of the age of the formation, and stratigraphic structure
was found not to be uniformly persistent even for a few miles’ extent.

In the first quarter of the century, an Englishman, William Smith, or ‘Strata
Smith,” as he was called, advanced the idea that strata could be identified by their
fossils, and fossils have ever since been used with greater or less success in identify-
ing formations; but; when the fossils are not of the same but of kindred species,
other considerations have been brought forward to establish the correlation. Wiihin
the last 20 years fossils have begun to be used on the principle that they contain in
themselves intrinsic evidence of their relative age.

And this brings us to the third stage in the development of the methods of correla-
tion in which fossils assume the chief role. Underlying these correlations are the
following considerations: Geologic formations in their mineral and lithologic com-
position, their stratigraphic and structural characters, and as to their limitations
are recognized as strictly local formations; hence the primary principle is that none

of these characters can be relied upon for the correlation of formations of different
localities. Secondly, fossils are recognized as remains of organisms which possess
genetic relationship ; and the specific and varietal characters of the organisms are
believed to be indications of these affinities; and with evolution in time and modifi-
cation coordinate with changed condition of environment, the organisms are believed
to be extremely sensitive indicators of time relations. Thus the minute and exhaus-
tive comparative study of fossils in their stratigraphic and geographic relations is
now proving to be not only the best but the only reliable guide to correlation of
geologic formations.

The conclusions reached from this historical study confirm the belief that the de-
scription and nomenclature of stractural formations should be quite independent of
their correlations, and that precision in correlation must be based npon mature and
exhaustive paleontologic study, that the time scale must be made independently of
the structure scale, and that the time scale of correlation is based fundamentally
upon biologic data.

The investigation leads to the further conclusions that as nomenclature finds its
basis in some intrinsic characters of the things named, uniformity of nomenclature for
formations is impracticable, since the intrinsic characters of formations are local and
have nothing to do with their geologic position; and that uniformity of classification
can be looked for only through an exhaustive biologic stady of the fossils, and is
inapplicable to geological structure, stratigraphy, or formation.



THE DEVONIAN AND CARBONIFEROUS FORMATIONS
OF NORTH AMERICA.

By HENRY S. WILLIAMS.

INTRODUCTION.

THE STATE OF OPINION AT THE BEGINNING OF THE PRESENT
CENTURY REGARDING THE CLASSIFICATION AND NAMING OF
GEOLOGIC FORMATIONS.

THE STATE OF GEOLOGICAL OPINION PRIOR TO 1835.

Upon reviewing the works of geologists written in the early part of
this century, we find a very well marked school of -opinion pervading
all the works of English and American geologists, who published their
works prior to the year 1835, A gradual change was taking place 10
" years before this, but it was not until after 1835 and about 1840 that
the new school of opinion, as expressed in modern classification of
geological deposits, became generally adopted.

The prominent English text-books upon geology which appeared prior
to that date are those of Maclure, 1817; Maculloch, 1821 ; Eaton’s
“Index,” 1820; ¢ Erie Canal Rocks,” 1824; Conybeare and Phillips,
1822; Lyell’s ¢ Principles,” 1830; De la Béche, first edition, 1831.

All these books are based upon the general principle for the propa-
gation of which, if not for the entire origination of the idea, Werner is
distinguished. This idea which characterized the Wernerian school
consisted fundamentally in the attempt to classify geologic deposits by
the minerals which they contained and their petrographic characters.

Abraham Gottlob Werner (1750-1817), who has been called the father
" of German geology, was undoubtedly the founder of the classification
of rocks into formations arranged in stratigraphic order.

Although his ¢ theory of formations” has been superseded by other
theories, the proposition that the crust of the earth is divisible into
formations and that these formations have a regular order of sequence
in relation to one another is at the very foundation of modern geology.

Werner was an enthusiastic teacher, but he wrote little, and we are
obliged to look to the writings of his pupils and their followers for an
exposition of the views which formed the basis of geological science at

the beginning of the XIX century.
13
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In the Edinburgh Encyclopedia! there is an exposition of his views
which will serve our present purpose.

The author divided the science of mineralogy into two divisions,
geognosy and oryctognosy. He said:

Geology, according to Werner, comprehends not only geognosy but also geography,
hydrography, meteorology, and geogony. Geognosy makes us acquainted with the

structure, relative position, materials, and mode of formation of the mineral masses
of which the crust of the earth is composed.

WERNER'S SYSTEM.

In 1740 De Maillet maintained that the globe was composed of strata
successively deposited one over another, by the sea, which gradually
retired and uncovered the present continents, This view was adopted
by Linneus. Buffon accepted it also, in part, so far as regarding super-
ficial strata as the deposition from water. It played a conspicuous
part in Werner’s system.

‘Werner had several pupils, of whom some of the more prominent are
Mohs, Charpentier, Buch, Raumer, Freisleben, Humboldt, Steppen,
Engelhart, Esmarck, D’Andrada, Brocchi, De la Rio. In the article
before us we find Werner’s system discussed under the following heads:
¢ Werner on the structure of the crust of the globe.,” Then follow the
subdivisions :

1. Original extent of the formations.

2. Their present extent and continunity.

3. Position and direction of strata in relation to fundamental rocks.

4. Position and direction of strata themselves,

5. Relation of the outgoings [outcrop] of the strata to the exterior of mountains.

Under the first head, ¢the original extent of formation,” Werner dis-
tinguished as “universal formations” those that extend around the
whole globe (nof, however, without interrnption), and constitute by far
the greater mass of the crust of the earth. Almost all the Primitive,
Transition, and Secondary formations are ¢ universal depositions.” Of
these the following are named: ¢ Granite, Gneiss, Porphyry, Lime-
stone.” ¢Partial formations,” of which sandstones, limestones, shales,
etc., are examples, were deposited only in particular places, and were
due to lake or flood sediments. The author wrote:

The spheroidal figure of the earth, its crystalline and stratified structure, and its
numerous petrifactions are proofs of its original fluidity. The fluidity, according to
Werner, was aqueous, and he conjectures that the various rocks were originally sus-
pended or dissolved in water, and gradually deposited from it- 2

Two grand epochs are recognized in his system, first, ¢ the Primitive,
containing no fossils or organic remains, always below the other rocks,
and wholly of chemical origin.” ¢Second, the Secondary : these rocks
were formed posterior to the creation of organized beings.” The rocks

1The Edinburgh Encyclopedia, conducted by David Brewster, LL. D., F.R.8. 1812-1831. Article
“Mineralogy,” prepared by Prof. Robert Jameson, D. D., F. R. 6., L., and E., professor of natural history.
Edinburgh. First American edition, 1832, vol. Xu1.

2Qp. cit., p. 437,
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of this group which resemble the first group, but contain fossils, are
called “Transition” by Werner, and “Intérmediate” by other geol-
ogists. The Secondary are called ¢ Floetz.”

In addition to these two grand epochs, there were recognlzed by some
geologists,

{3) The Tertiary, including the upper part of the Secondary class of
Werner, which is distinguished as containing the remains of quadru-
peds; '

(4) An Alluvial class, consisting of gravel, sand, clay, marls, recog-
nized by its resting upon the previously mentioned class; and

(5) The Volcanic class, the rocks of which were undoubtedly produced
by fire.

In general, Werner believed all rocks were formed from one and the |
same solution by deposition, either chemical or mechanical, These
¢ depositions ”? were made at various heights determined by the gradual
departure of the water as it evaporated or sank away into cavities in
the earth. But, to account for the formation of the ¢ Secondary trap”
and certain ¢ Primitive porphyries,” new inundations were assumed to
have taken place.! In his system there were series of formations, and
each series was denominated a ¢ suite; ” thus, there were eight of these
suites, called—

. Limestone formation suite,
. Slate formation suite,

. Trap formation suite.

. Porphyry formation suite.

. Gypsum formation suite,

. Salt formation suite,

. Coal formation suite.
. Serpentine formation suite.

A DU W =

Thus, ¢ the limestone formation suite” consists of——

1. White granular limestone in the Primitive class (with large, granular, distinct
concretions).

2. Variegated limestone in the Transition rocks, having ¢“less translucidity,” and
containing the first traces of petrifactions.

3. The gray Floetz limestone, scarcely translucent on edges, and full of petrifactions,
and found in the Floetz or Secondar: rocks.

4, Chalk.

5, Limestones and narls of the Paris Basin,

6. Calcareous tuff.

In these series, extending from the earliest to the latest period, there
is a gradual disappearance of the crystalline, and a gradual increase
of the earthy aspect, ¢ corresponding with the relative age of the dif-
ferent members of the series, and the state of the solvent from which
they were precipitated, and all serving as proofs of the immensely
great but gradual alteration of the state of the universal waters.?”
¢ Quietness of the water” was the characteristic at first, and as the

1Op. cit., . 436.
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waters shallowed they were more disturbed, and the resulting rocks
wereless crystalline and more earthy ; and, lastly, theearthy limestones
as a result of exposure of the rocks to erosion by withdrawal of the
waters.

Another point conspicuous in his theory is that regarding the actual
position of the rocks as indicative of the age when they were formed.
In describing each of these formation series we find the following sen-
tence, *with sinking levels of the outgoings of the newer and newer
strata.”

The following exhibits Jameson’s idea of the classification, which is
apparently an amplification of the scheme taught by Werner.

CLASSES OF ROCKS. I

CrAss L. Primitive Rocks.—Urgebirge of Werner; Terrains primitifs
of Daubuisson. _
Those formed antecedent to that of the creation of organic beings.
Chemical formation, no fossils, under the Floetz or Transition.
The rocks of this class are—
. Granite, with syenite, protogene topaz rock.
. Gneiss, and varieties of white stone.
. Mica slate, and varieties of talc slate.
. Clay slate, Thonschiefer, with alum slate, flinty slate, ete.
. Granular limestone, and primitive gypsum.
. Primitive trap.
. Serpentine and euphotide.
. Porphyry.
. Quartz rock.
Crass IL. Transition Rocks.—Ueberganggebirge of Werner.
Contains fossils, is less crystalline than the Primitive, and interposed
between the Primitive and Secondary.
The rocks are—

. Grauwacke, Werner; Psammite of Brongniart.
. Transition limestone. :

. Granite and porphyry.

. Gneiss, mica slate, eto.

. Serpentine,

. Quartz rock.

. Red sandstone.

. Transition trap.

. Gypsum,

Class IIL. Secondary or Floetz' rocks.—Floetzgebirge of Werner ;
Secondary or Floetz rock of Jameson ; Terrain secondaire of Daubuis-
son. It rests on Transition or Primitive, is less crystalline, has many
fossils. , ‘

The principal Secondary rocks are—

1. Sandstone.
2. Limestone.

3. Gypsum,
4, Trap rock,

O W ST O
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1. Sandstone: Conglomerate, Breccia, including—

First or Red sandstone, with the coal formation, or
0Old Red sandstone of Jameson,

Aelter rother Sandstein of Werner,
Rothe-todte-liegende of German miners,

Gres ancien of Daubuisson.

The coal formation is the * coal measures” or “coal fields” of the Eng-
lish miners, the ¢ Steinkohlengebirge” of Werner, ¢ Terrain houiller”
of Daubuisson, ¢ Terrain & charbon de terre” of older French writers.

It includes coal, slate, sandstone, quartz rock, clay, trap, graphite.
Coal is either black coal or ¢ glance” or ¢ blind,” The coal formation
rests on the Mountain limestone or Red sandstone, and underlies the
Magnesian limestone.

The second sandstone is the New Red or Variegated sandstone, the
“bunter Sandstein ” of Werner, “ Red Ground” of English geologists,
«New Red?” of Buckland, “ New Red or Variegated sandstone?” of
Jameson. The second formation of “ grés” and “ grés avec argil,” and
“grés bigarre.” It rests upon the second or Magnesian limestone.

The third sandstone formation, * Green Sand?” of English geologists,
“third sandstone formation” ot Jameson and Daubuisson, ¢ Quader-
sandstein” of Werner. It rests upon the upper Oolite, and is covered
by the chalk.

The fourth sandstone formatlon is associated with the rocks that rest
upon the chalk. :

2. Secondary or Floetz limestone: There are five of these, called first,
second, third, fourth, and fifth secondary limestones.

The first secondary limestone of Jameson is the ¢ Alpine and Jura
limestone ” of the Germans and some French authors, and the ¢ Moun-
tain limestone” of English geologists. In regular succession it comes
after the Old Red sandstone.

The second secondary limestone of Jameson is probably the ¢ Erster
Floetz Kalkstein” of Werner, the ¢ Magnesian limestone” of English
authors, and rests upon the coal formation. .

The third secondary limestone of Jameson is the ¢ Muschel Kalkstein”
of Werner, ¢ Oolite,” of Buckland, * Lias and Oolite,” of others.

The fourth secondary limestone is the ¢ Chalk,” the ¢ Kreidegebirge”
of Werner, and rests upon the third sandstone.

The fifth secondary limestone. (See the ¢ Paris formation.”)

3. The Secondary Gypsum of Jameson, the ¢ Floetz Gyps” of Werner.
This included the first and second gypsum, also the * Steinsalzgebirge,”
of Werner. In this second class were also included the formations
above chalk, or the Paris formation, the ¢ Terrain Tertiare” of Dau-
buisson, which includes seven different beds

CraAss IV. Alluvial rocks.

Up to the end of the first quarter of the centurv very little knowledge
was possessed of the characteristic fossils contained in geological de-

Bull. 80——2
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posits. William Smith, as all geologists know, early in the century
recognized the importance of fossils in identifying geological deposits,
and as early as 1812 a map of England and Wales was prepared by him
with the order of the geological deposits marked upon it, and it was
known, by Willinm Smith, at least, that the several strata were char-
acterized by different organisms. The order of these deposits was
known by him, and a table was drawn up in 1799, some improvements
were made in his map and in his table in 1815 and 1816, and in 1815 a
small treatise was published by Smith, entitled ¢ A Geological Table of
British Organized Fossils,” Whlch identified the course and continuity
of the strata.

It will thus be seen that in the earliest decade of the century there
was one man, at least, who recognized the importance of fossils in de-
termining and correlating geological strata, The methods of Smith
were applied, however, no lower than the Carboniferous system, and it
was not until later that they were adopted as a general principle for the
classification and systematization of the whole geologic column.

Although fossils were recognized as important, they were so poorly
understood, anid so few individuals studying geology had any accurate
knowledge even of their generic characters, that they were of very slight
service in correlating strata.

Mineral characters, therefore, played the principal part in all the
classifications, correlations, and even nomenclatures of the geologists of
the first quarter of this century.

Much confusion is found, also, in the attempts to generalize, on ac-
count of ignorance of the true means of correlating the strata that
cropped out in different regions. The early names used indicate the
prluclples of these c]asmﬁcatmns, such as ‘¢ Granular limestones,” ¢ Ar-
gillite,” ¢ Grauwacke,” «0ld Red sandstone,” ¢ Qolite,” « Cretaceous,”
“ Magnesian limestones ”; and a great many others could be enumer-
ated. These,it will be seen, are all names indicating the usage of min-
eral characters for the distinction of the strata, independent of their
locality and independent of their order of sequenceor position in a ver-
tical scale. )

In order to change this system, it was necessary that a careful study
of fossils be made, that their biological relations be clearly understood,
and that their characters be geographically and geologically known.
The classification of the geological deposits for England was fairly well
understood for the Mesozoic and higher strata as early as 1822, but the
lower strata, the Paleozoic series, as we now understand it, were not
well understood prior to the works of Murchison and Sedgwick and
their associates. Murchison’s * Silurian system” was not published
till 1839, and the classification of the Paleozoic series, although studied
by English and Americans between 1830 and 1840, can not be regarded
as having been fully understood by geologists until about the year 1840,

A glance at the general system of classification in the early text books



WILLIAMS.] EARLY CLASSIFICATIONS OF ROCKS. . 19

will give the best idea of the state of opinion in this first period of geo-
logical science. The rocks were classified at the beginning of the cen-
tury by the Wernerian school into Primary and Secondary rocks ; the
idea contained in this distinction was, for the first, those rocks which
were originally deposited from chemical solution and by evaporation
from the ocean waters, and the Secondary were those which were pro-
duced by water erosion and reshaping of the Primary rocks, and depo-
sition of the sediments above them. In the Secondary series fossils
were observed, but the Primary series was supposed to have been laid
down before the existence of organisms upon the earth. As observa-
tions accumulated, the rocks called Primary were found to include some
which are now placed in the Paleozoic series. The name Transition
came into use as a designation for the rocks, which were known to be
stratified and occasionally to contain fossils, occupying a position be-
tween the . original Primary and Secondary formations. The Germans
applied the name * Grauwacke?” to this Transition series, and we find
in Eaton’s classification, as presented in his ¢Index to the Geology of

- the Northern States,” his ¢ Erie Canal rocks,” and His otber papers, the
use of the term ¢ Grauwacke” in a sense avhich is different from that
originally applied, but one necessitated by the discovery of the same
kind of rocks at undoubtedly different horizons. The “Grauwacke”
of Eaton was spoken of as ¢ Iirst,” ¢ Second,” and * Third Grauwacke,”
ete., and we find him identifying the great mass of the rocks of western
New York as belonging to the ¢ Third Grauwacke,” which he placed in
the Secondary class. This ¢ Third Grauwacke ” is placed above the
Carboniferous, and also above the ¢ Saliferous rocks,” a name which he
used to represent the English Saliferous group, but which he identified
with the Onondaga Salt group or Salina of the New York system. This
was placed above the Conglomerates in the order of sequence because
the ¢¢ Millstone Grit,” which they were supposed to represent in the
English series, was below the New Red sandstone,

The imperfection in the methods of correlation of this time is well
illustrated by Baton’s identification of the ¢ Old Red sandstone” in
New York. :

In “Erie Canal rocks,” 1824, “Old Red sandstone” is placed at the
top of the ¢“Transition class.” It included the ¢ Red sandstone of the
Connecticut River,” and the ¢ Red sandstone of the Catskill Moun-
tains,” and in 1820 he reported the ¢ Old Red sandstone ” as outcrop-
ping in the Niagara gorge.

This example shows that the color and composition were the basis of
correlation, and that the belief that the order or sequence of formations
must be the same in New York as in Great Britain led o the erroneous
classification.

This confusion is due not so much to poor observation, which Eaton
can not be charged with, as to erroneous theories which were common
to geologists in his time. The recognition of the position of the Car-
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boniferous in the Paleozoic, and its relation to ¢ Old Red sandstone?”
and “New Red sandstone,” are two distinct issues. Stratigraphically,
the relation of the Coal Measures and its associated Carboniferous
limestones and Millstone Grit with the Old Red sandstone below and
the New Red sandstone above, was well established, but the division
line, which separates our Paleozoic from Mesozoic, was not drawn until
the fossils had been carefully studied.

Originally, and beginning with the works of Bakewell and De la
Beche, and Conybeare and Phillips, above mentioned, the Carbonifer-
ous Coal Measures were associated with the Secondary rocks of Wer-
ner, and we find in the latter work,! which, it will be noticed, was pub-
lished in 1822, that the ¢ Old Red sandstone” in part is also included in
what is called the ¢ Medial or Carboniferous order.” This was the first
step toward the modern classification into Paleozoic and Mesozoic.
By the majority of geologists for several years later than 1822, the Old
Red sandstone and the Carboniferous were included in the Secondary,
and the rocks below? were placed in the Transition or Grauwacke of
the older classifications.

It was John Phillips® who first clearly conceived the importance of
associating the Carboniferous, the Devonian, and the Magnesian lime-
stones together, and separating them from the rest of the New Red
formation, to form the upper part of the Paleozoic strata. This brought
the demarkation between the ancient (Paleozoic) fauna and the middle
(Mesozoic) fauna at the top of the Permian, or, in England, at the top
of the Magnesian limestones; and the distinction was based purely
upon the study of the contained fossils. This was first suggested in the
articles in the Penny Encyclopedia, in 1840 and 1811, entitled “Paleo-
zoic Rocks” and ¢ Saliferous system,” and the statement that Phillips
is responsible for so extending the Paleozoic is given in his ¢ Paleozoic
Fossils.”* The term ¢ Paleozoic” was suggested by Sedgwick to take
the place of ¢ Protozoic,” the term which Murchison applied to the
rocks described in his ¢ Silurian system,” and which were regarded as
belonging to the Transition strata of the Wernerians.

Thus it will be seen that the grand distinction between Mesozoic and
Paleozoic, as now understood, was entirely determined by the fossils.

The study of the Devonian rocks, and the determination of their
" position by Lonsdale in 1837, furnish another example of the applica-
tion of paleontology in perfecting classification. The rocks themselves,
their stratigraphy, their relations to other rocks, had been carefully
studied by Murchison and De la Beche, and by numerous others in a
more irregular way, prior to 1838, but the identification of their fossil
contents by Lonsdale, and their comparison with the fossils of other
formations, made it possible for him to assert positively that the posi-

1 Conybeare and Phillips's Geology, etc.

2 The Silurian, Cambrian, and, as we see in De la Beche, the Devonian systems.

8 Author of ‘‘Paleozoic Fossils of Cornwall, Devon,-and West Somerset,” published in 1841,
4Page 160.
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tion ot the Devonian rocks chronologically, in the geological series, is
between the Silurian system of Murchison, and the Carboniferous sys-
tem of Conybeare, heretofore regarded as of the Secondary strata of
‘Werner.

The demarkation of the Paleozoic by its fossils which we owe to
Phillips and the determination of the intermediate position of the De-
vonian system by Lonsdale were two conspicuous examples of the ines-
timable value of fossils for geologic correlation. Heretofore the
. methods of the Wernerian school were dominant in all geologic classifi-
cations and correlations. Afterward in English and American geology
paleontology became the indispensible ally of stratigraphic geology.



CHAPTER 1.

THE HISTORY AND DEVELOPMENT OF OPINIONS REGARDING
THE CLASSIFICATION OF ROCKS IN THE UNITED STATES FROM
THE TIME OF WILLIAM MACLURE TO THE COMPLETION OF
THE GEOLOGICAL SURVEY OF THE STATE OF NEW YORK,
1809-1843.

An article appeared in the Trans. Am. Phil. Soc., in the year 1809,
which is among the earliest careful expositions of the systematic
arrangement of the rocks of North America, if not the very earliest.?

The classification adopted by Maclure is the Wernerian, and he de-
fends the usage of this system by the following arguments?: ¢Tirst,
because it is the most perfect and extensive in its general outlines;
and secondly, the nature and relative situation of the minerals in the
United States, whilst they are certainly the most extensive of any field
yet examined, may perhaps be found to be the most correct elucidation
of the general exactitude of that theory as respects the relative position
of the different series of rocks.”

The following is the nomenclature adopted :!

Crass 1. Primitive rocks.—(1) Granite, (2) Gneiss, (3) Micaslate, (4) Clay slate, (5)
Primitive limestone, (6) Primitive trap, (7) Serpentine, (8) Porphyry (9) Syenite,
(10) Topaz rock, (11) Quartz rock, (12) Primitive flinty slate, (13) Primitive gypsum,
(14) White stone.

Crass 2. Transition rocks.—(1) Transition limestone, (2) Transition trap, (3) Grey-
wacke, (4) Transition flinty slate, (5) Transition gypsum. .

Crass 3. Floetz or Secondary rocks.—(1) Old Red sandstone or first sandstone forma-
tion, (2) First or oldest Fioetz limestone, (3) First or oldest Floetz Gypsum, (4)
Second or Variegated sandstone, (5) Second Floetz gypsum, (6) Second Floetz
limestone, (7) Third Floetz sandstone, (8) Rock Salt formation, (9) Chalk formation,
(10) Floetz Trap formation, (11) Independent Coal formation, (12) Newest Floetz
Trap formation.

CLa8s 4. Alluvial rocks.—(1) Peat, (2) Sand and gravel, (3) Loam, (4) Bog iron ore,
(5) Nagel fluh, (6) Cale tuff, (7) Calc sinter,

It is singular to notice how persistently this original error of placing
the ¢ Coal formation ” high up in the *Secondary ” was perpetuated by
later geologists. So, too, the position of the “ Rock Salt formation,”
which wasin the Mesozoic in England, was erroneously regarded, when

1Vol. 6, pp. 411-428.
2The article is entitled ‘‘Observations on the geology of the United States, explanatory of a
geological map, by William Maclure, read January 20,1809.” For students of early maps, it is well
to remember this map of Maclure's in the Tranasctions.
80p. cit., pp. 411, 412,
4Ibid., p. 412
22
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discovered in New York and other places, as a central one in the
“ Floetz rocks.”

The position of the «Independent Coal formation” is defined by
Maclure as extending “from the head waters of the Ohio, with some
interruption, all the way to the waters of the Tombigbee.”!

This ¢ Coal formation,” as mentioned above, is placed in the upper
part of the ¢ Floetz,” and is said to lie on “immense beds of Secondary
limestone, intercepted in some places by extensive tracts of sandstone
and other Secondary aggregates.”

Maclure was familiar with the theoretical classification of Werner, and
it is instructive to us, seeking a universal classification for the rock
formations of the earth, to observe that the first geologist of America,
in 1809, found the formations of America * the most correct elucidation
of the general exactitude” of this German system. Perhaps American
geologists are not at present in danger of imitating any foreign system
with such reverence, but the attempt to harmonize or coordinate the
classifications across the ocean leads to the same imperfect science, unless
strict and even severe adherence to the facts be insisted upon.

In 1818 XElias Cornelius, in a paper on the geology, mineralogy, ete.,
of parts of Tennessee, Virginia, and Alabama and Mississippi Terri-
tories, defined two limestones which he distinguished as the ¢“inclined
strata” and the ¢ horizontal strata,” reminding us here of the Werne.
rian ¢“Floetz” formation, His * inclined strata” were observed along
the route of his travelsover the Blue Ridge and the Cumberland Moun-
tains, and all of the five ranges of the Alleghany Mountains. They
were usually called gray limestones, sometimes reddish, as at XKnox-
ville. The second, or ¢ horizontal strata,” of bluish color, he observed
from the Cumberland Mountains for 200 miles southwegtward. The
editor explains in a note that the ¢ highly inclined limestone” is the
Transition of Werner; the ¢ fiat strata” belong to the Secondary.

John Grammar, jr., gave an account of coal mines in the vicinity of
Richmond, in Chesterfield County, and noticed that the coal rests upon
granite, is inclined 45° to the horizon, and has a thickness from 25 to
50 feet, thinning out southward ; but he did not describe its geological
horizon.?

In an article by John H. Kain, we find a reference to coal worked at
Knoxville, Tennessee.

Daniel Drake published “A geological account of the valley of the
Ohio.”?

This is in a letter to Joseph Correa de Serra, and it presents his
views in regard to the surface rocks and conditions, and some of the
basement rocks are also referred to in the article, but the nomenclature
for these is entirely Wernerian, as ¢ Floetz,” ¢Secondary,” ¢ Geest,”
etc.

1 Trans. Am. Phil. Soc., vol. 6, p. 425.
2This is the first notice we see of the Mesozole coal formations of this region.
8 Trans. of the Am. Phil. Soc., vol. 2, new serios, pp. 124-139,
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In 1819 the American Geological Society was formed.! It was incor-
porated by the State of Connecticut and provisionally located in New
Haven, and the first meeting was held in the philosophical room of
Yale College, New Haven.

The Geological Society continued in existence for several years and
gradunally came to an end.?

It is evident from the honor bestowed upon William Maclure that in
the first quarter of the century he was regarded as the most learned
American geologist. In 1819, when the American Geological Society
was started in New Haven, he was elected its first president. In a
note at the foot of page 360, volume II, of the Silliman Journal, where
a donation from him to the American Geological Society is referred to,
he is described as a gentlemen who ¢ has, in person, examined the
" geology of almost every portion of Europe as well as of the civilized
portions of America. He has visited several countries repeatedly, and
has inspected most of the interesting localities of minerals in Europe
and America.”

‘When we remember how few of the present facilities for travel and
communication with foreign lands were existent in 1820, when this was
written, some idea can be formed of the great influence such a man
must have exerted over the opinions of American geologists.

W. B, Stilson, in a sketch of the geology and mineralogy of a part of
the State of Indiana, briefly described the geological formations of the
State, and referred them to the ¢ secondary rocks.” This was a cor-
rect correlation following Maclure’s classification ; the mistake, as be-
fore noted, was in the standard scale.

In 1820 Prof. Amos Eaton published “An Index to the Geology of
the Northerm States.”> The observations recorded in his book are
almost entirely the result of his own personal experience. He writes
in the preface, page vi: ¢ With respect to the theoretical part, as far as
I have given in to any theory it is to that of Werner, with the im-
provements of Cuvier and Bakewell.”

He recognized eighteen strata in order from the bottom upward,
which he grouped into five classes. These were as follows:

) Strata.
1. Granite.
2. Gneiss.
3. Hornblende rock.
4. Mica slate.
5. Talcose rock.
6. Granular limestone.

1. Primitive class .co.c.....

1 Am. Jour. Sci., vol. 2, page 139.

2 Prof. Dana informs me by letter, October 30, 1888, that by consultation of the records of the society
in Yale College library he ascertained that the last meeting of the society was held in 1826, and the
last member, E. Leffingwell, died in New Haven during the year 1888. Isaac Lea was a member of
the society, and when he died there was but one member of the society still living. In the earlv num-
bers of the American Journal of Science frequent references are made to the reception of books and
specimens by the society.

8 Second edition, 286 pages, 12mo, Troy, New York.
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Argillite.

Metalliferous limestone.

Graywacke.

Red Sandstone (including those of ‘¢ Catskill
Mountains, Oswego River, Niagara River, and
Connecticut River”),

. Breccia.

2, Compact limestone.

3. Gypsum (Manlius, Onondaga, Madison, etc.).
. Secondary sandstone,

. Basalt.

. Greenstone irap.

Geest.

V. Alluvial class............ " Allavion.

- This follows the general system of Bakewell, who was a disciple of
Werner; but the individual strata are partly peculiar to his own sys-
tem, although distributed in the several clagses of the Wernerian classi-
fication.

In 1821 we find a notice of the occurrence of *“blind coal” on the
bank of the Arkansas, 500 miles from its mouth, ¢“equal to the best .
Kilkenny coal ;” this by L. Bringier.

In aletter to Silliman (the editor of the American Journal), dated
1820, Brongniart writes about fossils in @ way to show how they were
then used, and to what a slight extent they were of value in the inter-
pretation of geologic strata. He says' in regard to Trilobites: «1I
learned from these specimens, and from some others which I received
in different ways, that Trilobites existedin Americaas well asin Earope;
that the animals differed very little (if, indeed, they constantly differed
at all) from those of Europe, and that they are, in both cases, found in
the Sclists phyllades, or in the transition limestone, or, at least,in those
which are very ancient.”

Ebenezer Granger noticed some vegetable impressions from the coal
_formation of Zanesville, Ohio, and recognized them as Lepidodendra and
Calamites, but did not further identify them.

Thomas Nuttall?, of Philadelphia, records some ¢ Observations on
the Geological Structure of the Valley of the Mississippi.” He gives
an account of the probable limits and character of the ¢ secondary
formations” in the Mississippi Valley. He compares the calcareous
platform of the Mississippi (as seen in the plains of Ohio, Michigan,
Indiana, Illinois, Kentucky, western Tennessee, and Missouri) to the
plains of the Tartarian district, traversed by the Kuban, as described
by Pallas and Clarke, and he states that he thinks he meets in these
calcareous deposits ¢ almost every fossil described and figured in Mar-
tin’s Petrifacta Derbiensia.”

Although he makes no allusion to specific identification, this is a
clear recognition of the ¢ Carboniferous rocks” in these limestones of
the interior.

In 1822 Zachariah Cist gave an account of the Lehigh and Schuyl-

1 Am. Jour. Sei.. vol. 3, p. 226.
2Jour. of the Acad. of Sci. of Philadelphia, 1821, vol. 2, pp. 14-65.
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kill coal mines in the neighborhood of Wilkes-Barre, P ennsylvania,
which were then being worked to the extent of 1,500 tons annually sent
to market,

"~ In 1823' Ami Borré discussed “ European Geology, with remarks on
the prevailing geological arrangements.” The nomenclature is mainly
Wernerian; such terms as *“Encrinal limestone,” “Old Red sand-
stone,” and ¢Coal Formation” are associated with ¢ Grauwacke,”
¢ Floetz,” and ¢ Red Ground,” and in the next volume,? Conybeare and
Phillips’s Geology is reviewed.? In the review the supposition is made
that our salt and gypsum beds may belong to the “original marl” of
the authors, and doabt is expressed as to the Connecticut Old Red
sandstone being really the equivalent of the ¢ red marl.” ¢

The ¢ Rhode Island anthracite” is referred to ¢ transition slates,”
graywacke slate.® It is distinctly stated ¢ that in this country no
distinction had theretofore been made between ¢ rothe todte liegende ”
and the English * Old Red sandstone,” and the argument is set forth
that since the red sandstone in Connecticut lies below the coal measures
therefore the “rothe todte” is not uniformly above the coal, as it is
claimed to be by the authors, the Connecticut sandstone having been
recognized by its fossils as equivalent to the ¢‘ rethe todte.”

Again, in this same year, Prof. Edward Hitchcock gave a considerable
account of ¢ the Geology, Mineralogy, and Scenery of the Connecticut
River.” He recognized the sandstone along the Connecticut River as
unmistakably the ¢ Old Red sandstone” of the English authors.”

Also, he referred to the occurrence of the ¢ coal formations ” along the
river, at Chatham, at Middletown, and at Berlin. ¢ The occurrence of
fish in these coal beds at Westfield and Sunderland is mentioned on
page 76, where one of them is referred to the genus Palethrissum. In
the next volume ° the ¢ Rhode Island coal formation” is said to be
older than that of Connecticut, and the supposition is made that they
are both ¢ transition.” Hitehecock in his classification evidently fol-
lowed Conybeare and Phillips’s Geology, and from a foot-note! it is
evident that he regarded the red sandstone to be the same with the
“rothe todte liegende,” ¢ which,” he says, ¢ lies immediately below the.
bituminous marl formation 6f Germany, and below the coal formation
in England.” He quoted Conybeare as considering them distinet, and
ventured the supposition that the ¢ red sandstones of the Connecticut
Valley” are not “Old Red” but ¢ rothe todte,” although he still con-
sidered the sandstones west of the Connecticut River as true Old Red
sandstone. '

This confusion in regard to the determination of our red sands was
not altogether due to faulty stratigraphic observation on the part of

1 Am. Jour. Sci., vol. 6, pp. 188-192. 6Ibid., p. 230.

2Xbid., vol. 7, pp. 203-240. 7 Ibid., vol. 6, p. 39,

8 This was published in 1882. 8 See ibid., pp. 41, 4.

4Red marl of Conybeare and Phillips is in the - °Ibid., vol.7, p. 28,
Triassic. 10Tbid., p. 27.

§ Am. Jour. Sci. vol. 7, p. 224.
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our geologists, but to confusion in their identification of them with the
red sandstones deseribed in the English books. The English geologists
themselves were not yet united in distinguishing the red sandstones in
their own country, and here, too, the trouble was more due to an attempt
at correlating them with the red sandstones of the European Triassic
than a failure to understand their difference in England. It was not
until considerably later that our geologists clearly distingunished and
placed in their proper geological horizon the Triassic sandstones of the
Connecticut Valley and southward along the Atlantic border, and the
several Paleozoic red sandstones now known as Potsdam, Medina, and
Catskill red sandstones.

The year 1824 is noticeable in the progress-of American Geology by
the publication of Amos Eaton’s work on the Erie Canal rocks.?

Part 1 contains a description of the rock formations, together with
a geological profile extending from the Atlantic to Lake Erie. The
classification is substantially that adopted in his text-book, though some-
what modified. In the place of the sixteen strata he has twenty-five,
distributed in the four classes, Primitive, Transition, Secondary, and
Superincambent. His favorite system in naming rocks is recognized
in the new names which he proposes in his classification. These are
after the pattern of *the metalliferous lime rock,” that is, the Latin
termination meaning ¢ to bear,” added to the name of the mineral, and
applied to the rock. ‘Such terms are ¢ saliferous rock,” « ferriferous
slate,” ¢ geodiferons slate,” *‘lime rock,” ete. A few of these terms are
still preserved in our nomenclature, but where they are used they are
confusing, and the objection to them is the objection to all of the names
* of‘the Wernerian school, that they are attempts to define rock strata
by their mineral and physical characters, under the supposition that
these characters were traceable in other than the locality where the
original stratum was described. Stratigraphic geology was impeded
by the attempts to perpetuate this method of classification, and we are
scarcely yet entirely free from the influence of this Wernerian school.

A review of this book is given in the eighth volume of the American
Journal of Science.?

Objection is there taken to the ¢ unnecessary innovations in geolog-
ical nomenclature,” or to ¢ any deviation from the present highly im-
proved state of the science on the eastern continent, unless it is where
new facts and discoveries imperiously demand such a course.” This is
evidently a rap at Prof. Eaton’s criticism of Phillips and Conybeare’s
Geology, published in the same volume of the American Journal of Sci-
ence?® a few months before.

1A Geological and Agricultural Survey of the District adjoining the Erie Canal, by Amos Eaton,
163 pages and a plate, Albany, New York, talken under the direction of the Hon.Stephen Van Rens.
selacr.

2Pp. 358-362.

3 Pp. 261-263.
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Eaton’s article is entitled ¢ Ought American geologists to adopt the
changes in the science proposed by Phillips and Conybeare?” He
protests against accepting such a radical change in classification as
Phillips and Conybeare propose, which is practically a defense of the
older Wernerian classification, while Conybeare and Phillips, conced-
ing the importance of defining the various formations by their chemical
and external characters and mineral contents, distinctly recognized
also the importance of the organic remains as a means of determining
and characterizing each individual geological formation, thus following
directly in the steps of William Smith and Cuvier.

In 1824, in volume 1 of the second series of Transactions of the Geolog-
ical Society, is an article by J. L. Bigsby, entitled ¢“Notes on the Geog-
raphy and Geology of Lake Huron.,” This, one of the earliest descrip-
tions of a geological section in that part of the country, recognizes
(p. 196) the following formations: ¢ Primitive rocks, Secondary, lime-
stone with Orthoceratites on High Cliff Island, Red sandstone equiva-
lent to the Old Red of Werner, underlying Lake George, and the Straits
of St. Mary, and limestones at St. Joseph, and on Drummond Island,
with Orthoceratites, Milliporse, Madreporz, Encrini, shells,” etc. Some
of the fossils are described and figured; they are all referred to the
“Secondary.” A Trilobite is also figured' and described by Charles
Stokes.? This is plainly a Lower Silurian fossil, and its identification
indicates the use of the term “Secondary” in 1824 as including part
of what we now call Silurian rocks.

In 1825 Chester.Dewey spoke of Eaton’s survey of the Erie Canal®
and recognized its value, but mildly protested against the * needless
novelties in technical language.”

In 1825 a letter* William Maclure urges ¢ perhaps the most nseful
classification in the present state of the science would be to retain
‘Werner’s five classes as being well defined, that is, as well as the graded
variety of nmature will permit, and to make some subdivisions in each
class without deranging the system already best known, or the ideas of
those who follow it.”

Thus it will be seen that, at this date, the ablest geologists of Amer-
ica adhered to the old Wernerian system of classification, and when we
remember that this system was based upon a study of the primitive
rocks, and that the classification which was applicable to them was
applied to the whole series as well, we need not be surprised at the
retarding influence exerted upon all true progress in geological science.

During the year 1826, and for several years after, frequent papers
were published descnptlve of coal mines, and dealing particularly with
the properties of coal considered as afuel and in its economical aspects.
The regions discussed in these several papers were principally three,

1 Am, Jour. Sci., vol. 8, p. 20.

* It is called by him Asaphus platycephalus, and figured on Plate 27, Figs. 1, a-b-c, and 2.
3 Am. Jour. Sci., vol. 9, p. 355.

4Ibid., p. 254, dated Paris, January 14, to the editor.
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those of Virginia, Pennsylvania, and Rhode Island, but in none of these
papers was there expressed any very clear appreciation of the strati-
graphic relations of the coal.

Two such papers were by James Pierce.!

In the first paper the author gave no opinion as to the geological age
of the coal in Virginia, but in the second paper he referred the coal of
Lehigh, Mauch Chunk, Easton, and Pottsville to the ¢ Grauwacke for-
mation,” and regarded the Grauwacke as in the Transition group. This
was a recognition of a lower horizon for the coal than had been accepted
by the geologists in America. The coal heretofore discovered was re-
garded as belonging to the ¢ Secondary formation” of the prevailing
classification. The author also noticed that the coal in the eastern part
of Pennsylvania is anthracite and the coal of the western deposits in
Pennsylvania is bituminous.

Prof. Silliman, the editor of the American Journal of Science, also
published several papers, about this timne, on the coals of Rhode Island,
Pennsylvania, and other regions.? But in his discussions on the coal,
it is its properties and economical uses rather than its geological posi-
tion which he considered.

In 1827, William Meade® considered the anthracite in the region fromn
the Susquehanna to the Penobscot as decidedly belonging in the Tran-
sition. Reference was made by him to the coal lately discovered near
the Tioga River, Pennsylvania.*

In 1828, Amos Eaton published in Albany a small treatise of some
thirty-one pages, entitled ¢“A Geological Nomenclature for North Amer-
ica.”

This publication is a revision of the ¢ Nomenclature” published in
the first part of the Erie Canal Survey of 1824, after suggestions re-
ceived from Prof. Parker Cleaveland, Dr. Steele, and others. There are
also some corrections based upon his own observations. Among the
latter are to be noticed the statement that ¢ there is no mica slate in
Berkshire County on the western slope of the Green Mountain Range,”
and ‘“no Primitive Argillite in our district;” ¢ neither do 1 believe there
is such a rock as Primitive Argillite on this globe,” in which he follows
Bakewell’s opinion. Another modification is his statement that the
«0ld Red sandstone of Werneris not a general stratum,” but is found
in the third Graywacke, and also.in the second Graywacke. In this
view he follows Conybeare’s opinion, as found in the Introduction of
Phillips’s and Conybeare’s Geology.’

1 The marl regions of Virginia and Maryland, and on the bituminous coal formation in Virginia;
Am. Jour.Sci., vol. 11,1826, pp 54-59. Themountaindistricls of Pennsylvania, and the mineralresources
of that State, including its bituminous coal; ibid., vol. 12, 1827, pp. 54-74.

2 Am. Jour. Sci., vol. 11, p. 78 ; ibid., 1830, vol. 18, p. 308 ; ibid., 1831, vol. 19, p. 1-21.

8 Romarks on the Anthracites of Europe and America, Am. Jour. Sei., vol. 12, p. 76.

4Ibid., vol.14, pp. 32-35.

8In the Am. Jour. Sci, vol. 13, pp. 145-159 and 359-368, is found substantially the same article
under the title of Geological Nomenclature, Classes of Rocks, etc., by Prof. Amos Eaton,

6 See op. cit. foot-note, p. 146.

7Ibid., pp. 147 and 155,
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In the American Journal article, four pages, entitled ¢ (Geological No-
menclature Exhibited in a Synopsis of North American Rocks and De-
tritus,” are inserted between the regular pp. 144 and 145, which appear
to be a reprint of pages of the work as printed in Albany. This ¢ No-
menclatare” gives the following list of the classes of rocks:

Crass 1. Primitive rocks ; being those which contain no organic relics nor coal (in-
cluding. Granite, Mica slato, Hornblende rock, Talcose slate, Granular Quartz, Gran-
ular limerock).

Crass 2. Tramsitionrocks; being those which contain marine organic relics ouly,
and in some localities Anthracite coal (including Argillite, First Graywacke, Sparry
limerock, Calciferous sandrock, Metalliferous limerock, Second Graywacke).

Crass 3. Secondary rocks ; being those which contain, in some localities, dry-land
or fresh-water organic relics, as well as marine, or bituminous coal (including Mill-
stone grit, Saliferous rock, Ferriferous rock, Lias, Geodiferous limerock, Cornetifer-
ous limerock, Third Graywacke).

Crass 4. Superincumbent rocks ; being those Hornblende rocks which overlay others
without any regular order of superposition, and supposed to Le of volcanic origin
(including Basalt).

CLASSES OF DETRITUS.

Crass 5. Alluvial detritus ; being those masses of detritus which have been washed
into their present situation (including Anti-Diluvion, Diluvion, Ultimate Diluvion,
Post-Diluvion). .

CLAsS 6. Analluvial detritus; being those masses of detritus which have not been
washed from places, showing they were first formed by the disintegration of rocks
(including Stratified Analluvion and superficial analluvion).

The localities are given for each of the above mentioned kinds of
rocks, and we find them in Massachusetts, Connecticut, and New York,
in the latter State mainly along the line of the Erie Canal.

A few of the names used in this ¢ Nomenclature” are still retained,
with no, or but slight, modification. ¢ Calciferous sandrock,” and
under % Metalliferous limerock,” ¢ Birdseye marble” is mentioned as
a variety of it; under the term ¢ Third Graywacke,” with the subdi-
vision ¢ Pyritiferous rock,” is described what we now know as the De-
vonian rocks of the State of New York, including the Catskill, or what
were known as the Old Red sandstone of Werner, but not including
the Lower limestones. Eaton’s ¢ Cornetiferous limerock” appears to
be a name covering both Lower Helderberg and Upper Helderberg
rocks of our present classification, and his ¢ Third Graywacke ” rested
upon the ¢ Cornetiferous limerock.” In this paper Eaton pointed out
the distinction between ¢ general strata,” which he finds in America
“can be traced for an extent of 100 or 300 miles,” and “ beds or vari-
eties ” of the former.!

According to this proposed nomenclature, ¢ the Lias, Geodiferous
limerock, Cornetiferous limerock, and the Third Graywacke occupied
as uppermost rocks more than half of the great States of New York,
Pennsylvania, Virginia, and nearly all the States of Ohio, Indiana,
Illinois, Kentucky, Tennessee, and Michigan Territory,” and he says

1Am., Jour. Sci., vol. 13, p. 361,
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“If we adopt the European nomenclature, one must treat of this vast
territory under the Oolitic Formation.”!

Prof, Eaton regarded this synopsis as expressing accurately ¢the
order of superposition,” as well as the definition and geographical locat-
ing of the strata named.? In the same article he stated that ¢ No one
is qualified for examining geological facts, nor for reading essays or
systematic treatises on geology, until he has fixed inhis mind a system-
atic arrangement of general strata.”® And he informed us that Van
Rensselaer speut more than $18,000 on the investigations and re-
searches which were carried on in connection with his survey of the
Erie Canal rocks.*

‘In 1829 there appeared® an interesting article by J. E. Doornik on
“Qbservations concerning fossil organic remains,” communicated by
the aunthor in French, and translated by Charles U. Shepard. The
author made some remarks upon M. Cuvier’s method of explaining the
importance of organic remains for geology. (Cuvier’s ¢Ossemens fos-
siles” had been published in 1825.)

Doornik combats the proposition of Cuvier that ¢ to fossil remains
alone is due the origin of the theory of the earth, and chat there had
been in the formation of the globe successive epochs and a series of
different operations,” and while combating this proposition he defends
Werner as having laid the foundation of geology.

This article is interesting particularly as showing the progress of
science caused by the opposition of the conservatives., Fossils were
rapidly taking the place of mineral characters in the correlation of
stratified rocks, and the old school (such men as Doornik and Prof.
Eaton) strenuously advocated the system of Werner. A quotation is
found in this article from Brongniart, which shows how thoroughly he,
as a student of fossil botany, appreciated the value of fossils. He
wrote as follows:

I consider, then, those characters relating to the epochs’of formations which are
taken from organic remains as of the first value in geology and as superior to all
others, however valuable they may appear.

Lardner Vanuxem wrote a letter to Prof. Cleveland the same year.’
Among other remarks the following are worthy of quotation: He said
that the * Alluvial” of Maclure includes both Tertiary and Secondary,
and the different deposits are characterized by their fossils, which are
not confused or mixed, but are found at different levels, and this is
noticeable in the Southern State§ particularly. Hepointed out an error,
which was a generally accepted one, and is traceable to the identifica-

1 Am. Jour. Sei., vol. 13, p. 361, °

2Ibid., p. 362.

8Ibid., p. 359.

4Ibid., note to p. 360.

5 Am. Jour. Sci., vol. 25, p. 90, et seq.

80n the oharacters and classification of certain American rock formations. Am.Jour. Sci.,vol. 16,
1829, p. 254.
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tion of Amos Eaton, viz, the covering ¢ of the western country and the
back and upper parts of New York with Secondary rocks.” Vanuxem
found them, by their fossils, to belong to the Transition, and remarked :
“The analogy or identity of rocks I determine by their fossils in the
first instance and by their position and mineralogical characters in the
second or last instance.” He mentioned instances of such determina-
tions in regard to certain rocks of Ohio, Kentucky, and Tennessee,
which he identified with the ¢ limestones of Trenton Falls by the gen-
era of the fossils,” and recognized that they are different from the rocks
lying above the Coal Measures. This appears to be the first, or at
least one of the very earliest, expressions in American literature of the
principle underlying the new school of geologic correlation which soon
after took the place of the Wernerian school.

To show how the errors of the system of Werner led to mistakes of
identity, it may be noticed that Eaton's determination of the rocks of
western New York, etc., as belonging to the ¢ secondary rocks?” of his
classification, appears to be influenced by the term ¢ floetz” of the
Wernerian nomenclature, which applied to these rocks.

In 1830 James O. Morse published an article! in which is an illustra-
tion of the arguments used for defending the Wernerian system. The
author referred to the doubt which had been expressed as to the iden-
tification of certain rocks with the Greywacke, and argued as follows:

Prof. Jameson describes Greywacke as composed of sand connected together by a
basgis of clay slate, and minute inspection of the rock of these regions will convince
any one that our Greywacke has these component parts.

Prof. Amos Eaton made some  Observations on the coal formations
in the State of New York in connection with the great coal beds of
Pennsylvania.”? In this article he recognized four distinct coal forma-
tions in the United States: TFirst, ¢ the gennine Anthracite or Glance
coal,” in the Transition Argillite, Newport, Rhode Island, and Worces-
ter, Massachusetts; second, ‘“coal destitute of bituminous matter,” not
true anthracite, but what he calls ¢ Anasphaltic coal,” occurring in slate
rock, lowest of the second series, which he identifies with the greatest
Coal Measures of Europe, Pennsylvania, Carbondale, Lehigh, Lacka-
waxan, and Wilkes Barre; third, the ¢“bituminous coal” proper, in slate
rock of the lowest of the upper Secondary rocks, Tioga, Lycoming, ete.,
Pennsylvania; fourth, “Lignite coal,” as seen at the south shore of the
Bay of Amboy, in New Jersey. The first or ‘“Anthracite coals” are
represented by slates which he traced from Canada to Orange County,
New York, but the coal never occurs in seams thicker than an inch.
The third, ¢ bituminous coal,” Eaton traced from Pennsylvania to
Seneca and Cayuga Lakes, and the coal seams, he said, were not over
2 inches in thickness. Iti$ said to ‘‘rest on what the English call Car-
boniferous limestone.” This ¢ Carboniferous limestone” is plainly the
Tully limestone, and the ¢ Coal Measures” above are the Genesee shale.

10bservations on the Greywacke region of the State of New York; Albany Institute Trans., vol.1,
pD. 84,85, :
*Trans, of the Albany Institute, vol. 1., pp. 126-13Q.
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Eaton identified the Onondaga Salt group and the Medina sandstone
and shales, and Clinton rocks, probably, with the English ¢ Saliferous”
and underlying ¢ Millstone grit,” and in accordance with the English
precedeut coal was supposed to lie below these. He believed that
boring at Gasport, 6 miles east of Lockport, which at the surface was
274 feet higher than the surface of Lake Ontario, would reveal the Coal
Measures at 600 feet below the surface, and he was so confident that he
even suggested that legislative aid be furnished for boring down to this
coal. And again he says:! “ And it may be stated that if coal is not
found beneath the Saliferous rock, which is more than 200 miles in ex-
tent, it will be truly a geological curiosity which has no parallel on the
Eastern continent; but we find many deviations in America from the
geological maxims which seem to be established in Europe.”

This mistake of the first of American teachers of geology of that time
in supposing that coal would be found below the Middle Silarian rocks
is the legitimate outgrowth of the imperfection of the Wernerian sys-
tem. The supposition that Saliferous rocks occupy a particular place
in a scale of strata was not Prof. Eaton’s fault ; he followed the English
and they the German school in this, and it was not due to the ignorance
of the uneducated that attempts were made to find coal in New York
State for years after this, but it was due to the ignorance of the best
geologists of the time as to the right means of correlating rock equiva-
lents across the Atlantic.

In 1830 Amos Eaton wrote a short article® entitled ¢ Geological Pro-
dromus.” He announced that heintended to demonstrate that all geo-
logical strata are arranged in five analagous series, and that each series
consists of three formations, viz: the Carboniferous, Quartzose, and
Calcareons.” He referred to Bakewell’s classification, and this idea is
evidently a modification of the notion that strata were arranged in
recurring suites of formations, a notion which was brought out in the
later development of geology, in the theory of ¢ circles of sedimenta-
tion,” of which Dr. J. S. Newberry is the most conspicuous exponent.

Baton particularizes in the article referred to, saying that he intends
to show that ¢ the Lehigh or Lackawannock coal * # #* isembraced
in the Second Grauwacke, Secondary, and that the Tioga coal is em-
braced in the Third Grauwacke or Upper Secondary of Bakewell and
others”; and in this latter position, the Third Grauwacke, he mentions
as belonging to the *¢ thin layers of coal at Ithaca, on Seneca Lake, and
Lake Erie shores.”3 ,

This error of Eaton’s in identifying the rocks of Ithaca, Cayuga Lake,
and westward to Lake Erie with the ¢ Third Grauwacke,” placing them
above the Blossburg coal of Pennsylvania, was not corrected until sev-
eral years later, when the study of fossils clearly revealed the fact that
the rocks belonged below the Carboniferous.

1Am. Jour. Sci., p. 130. 21bid., vol. 17, p. 63, dated Troy, July 28, 1820. 3Ibid.. p. 28
Bull, 80—--3
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The classification of De la Béche is reported in the Journal,' a few
points of which may be worth recording in order to show how opinion
stood in England at this time. The rocks from the top down to what
is called * the lowest fossiliferous” are divided into nine groups, and
together are called ¢ the superior stratified or fossiliferous rocks.”

These divisions are as follows: °

1. Alluvial Group. 6. Red Sandstone.

2. Diluvial Group. 7. Carboniferous.

3. Lowest Great Mammiferous. 8. Grauwacke.

4. Cretaceous. 9. Lowest Fossiliferous,
5. Oolitie.

In this classification is seen also a separation of the Old Red sand-
stone from the Carboniferous, placing the Old Red in the eighth divi-
sion, the Grauwacke.

Eaton identified the second coal with the formations Lelow the « Salif-
erous,” and the third coal, he stated, is the same with the outcrops in
Ithaca and on Cayuga Lake.?

This opinion was controverted by David Thomas, who dates his ar-
ticle, Greatfield, Cayuga Couuty, New York, 18303 He pointed out the
fact that the rocks on Cayuga Lake dip slightly to the south, which
would bring them below the Tioga coal, and he modestly differcd from
the distinguished geologist, Prof. Eaton, and snggested that these rocks
on Cayuga Lake must belong to different strata, below the coal deposits
of Tioga, Pennsylvania.

In 1831 Silliman compared conglomerates associated with the anthra.
cite coal in Pennsylvania with the Millstone grit of the English Coal
Measures;* in 1832° Eaton supposed that he had established identity for
the rocks in New York with European strata by their contained fossils,
for #(1) Granular limerock with no organic remains; (2) the Metallifer-
ous, mountain, or Carboniferous limerock,” which he recognized by
fossils in the rocks from Glens and Trenton Falls, Bethlehem, Catskill,
Esopus Strand, and Rondout. ¢(3) The Oolitic series of calcareous
rocks, the ¢coral rag,/” recognized on the south shore of Lake Erie,
and 23 miles southwest of Albany. ¢(4) Tertiary marls,” recognized
in New Jersey as * London clay,” and ¢‘shell marl ” in the bank of the
Erie Canal, 10 miles west of the Onondaga Salt Works.

This article is dated October 2,1831; the identifications, as it will be
seen, are mainly utterly wrong, although the attempt shows how the
principle of correlation by means of fossils was being forced into notice
and adopted by even the extreme disciples of Werner.

In the same year and volume® Eaton published another article, enti-

1 De la Béche, Heury. Sketch of a classification of the European rocks. Am. Jour. Sci., vol. 18,
1830, pp. 26-39.

2 Albany Institute, Transactions, vol. 1; also Am. Jour. Sci., vol. 19, pp. 21-26.

8 Am. Jour. Sci.,vol. 19, p. 326.

41bid., pp. 21-26. ) ¢ )

5 On the four cardinal points in Stratigraphic Geology, established by organic remajns.” Am,
Jour, Sci., vol. 21, pp. 199-200,

6 Ibjd., pp- 132-138.
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titled ¢ Geological Equivalents,” in which is given a list of ¢ names of
strata which are known to geologists of both continents, with some of
their organic associations in North America.” In the list eighty species
are named. The names were taken, of Mollusca, chiefly, from Sowerby,
of Radiata, from Goldfuss, of Crustacea, from Brongniart. It is an at-
tempt to recognize the European strata in America, adopting the Bake-
wellian adaptation of Werner’s system, and there are necessarily many
£ross errors. '

In an article in the American Journal of Science, Prof. Silliman, the
editor, reviewed ¢ Phillips’s Geology of Yorkshire,” which had been pub-
lished in 1829. In the course of his remarks we find the following state-
ment: ¢ Werner and Smith are, therefore, the leaders of the modern
school of geology,” and ¢ Smith has the great merit of establishing the
facts that different strata contain different fossils, but that the same
sratam over a very large extent of country contains generally the same
fossils, hence he deduces the important conclusion that strata may be
discriminated and indentified by their organic contents,”

Edward Hitchcock reported? on the ¢ Geology of Massachusetts,”
which be had examined under the direction of the government of that
State, during the years 1830-’31. Partfirst, or economical geology, was
published in the Journal, and in a foot-note the editor said that ¢ this is
the first example in this country of the geological survey of an entire
State.” In this report the Connecticut River sandstone is called the
“New Red sandstone,” the opinion formerly expressed in regard to
coal occurring'in Connecticut and Massachusetts is reconsidered, and
in the present article the coal formation of this region is regarded as
belonging to the New Red sandstone or its equivalent.’ The Worcester
anthracite is regarded as in older rocks than that of Rhode Island, and
the Pennsylvania anthracite is reported as occurring in the higher beds
of the Grauwacke, and as belonging to a newer horizon than that of
the Rhode Island coal. .

Geo. W. Featherstonhaugh* did little more in the way of classification
than theoretically to adapt the system of Conybeare to Awmerica. The
table of formations is as follows: (details only of the parts pertaining
to the present discussion are here given):

Feet,

[ T T
| 16. Variegated or red marl .... .- 500
N 15. Muschelkalk ............ 300
( Supermedial order.. { 14, New Red sandstone ..... 300
13. Zechstein ........_._...... 500
Secondary L12. Exeter red conglomerate... 500
) 11. Coalbeds ....... T 1,000
. 10. Millstone grit and shales........... 800
(Medial order ....... 9. Carboniferous 1imestone ........... 850
8. Old Red sandstone ve.ceeeccaeann.. 1,500

t Am. Jour.Sei., vol. 22, pp. 4, 11-12,

2Tbid., pp. 1-70

31bid. p. 43.

4 Featherstonhaugh, G.W. : On the order of succession of the rocks composing the grust of tho earth
Mouthly Aw, Jour. Geol. and Nat. Sci,, yol. 1, 1832, pp. 337-347,
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7. Greywacke

Transition.. ..Submedial order.... { 6. Transition sandstone

In 1833 Eaton gave reasons for referring the Pennsylvania coal beds
to the Secondary Coal Measures of Europe.! In this article reference
is made to coal plants collected by Mr. James Hall, then adjunct pro-
fessor in Rensselaer Institute. Eaton defended his reference of the coal
beds of Pennsylvania to the “ Secondary,” aud mentioned his identifi-
cation of twenty-three species of the specimens of ferns collected by
Hall with species described by Brongniart from the great Secondary
coal formation. 4

J. B. Gibson, in 1833, recognized in Pennsylvania, N ew'York, Upper
Canada, Ohio,and Michigan,twosuperior formations: the New Red sand-
stone,associated with which he reports Magnesian limestone, gypsum, and
rocksalt ; resting on this is a calcareous formation, forming the cataracts
of Niagara, Onondaga, and Genesee.” Of the limestone along the Niagara
River he said :

It corresponds in all material respects to the Lias of the English geologists and
corroborates the German doctrine of universal formations.?

And more of the same kind, :

Bituminous coal in Alabama was reported by Alexander Jones in
1834, and a section was run across the country trom Baltimore to the
Ohio River by William E. A. Aiken.*

In 1834’35 the Transactions of the Geological Society of Pennsylva-
nia, vols. 1,2, were published.

Richard C. Taylor had several papers in these transactions in regard
to the geological position of the coal deposits of Pennsylvania and
Richmond, Virginia.® He recognized in the plants from Lewistown,
Mifflin County, Pennsylvania, “marine plants of the family Fucoids,
from the Grauwacke group, and the Old Red sandstone.” ¢ In one arti-
cle Taylor shows that coal is not to be expected to the northward, as
the dip of the rocks is southward, In Pl 8, Fig. 5, the true relation
of the beds from Blossburg northward to the Chemung River is given,
and from observations made upon the dip of the rocks, decreasing north-
ward, he estimated that the rocks at the Chemung River, ¢ Chimney
Narrows,” would be 6,275 feet below the summit of the hills of the
Tioga Basin. These beds below the Blossburg coal basin are called
¢“0ld Red sandstone,” and he regarded them-as 6,000 or 7,000 feet
thick.”

1The coal beds of Pennsylvania equivalent to the great Secondary Coal Measures of Europe;
Am. Jour. Sci., vol. 23, p. 399,

2This is the Niagara limestone.

8 Am. Jour. Sci., vol. 23, p. 203.

4 Aiken, Dr. William E. A.: *‘ Some notices of the geology of the country between Baltimore and the
Ohio River, with a section illustrating the superposition of the rocks.” Am. Jour. Sci., 18t ser., vol. 26,
1834, pp. 210-232.

5Vol. 1, pp.5-15. .

6Pp. 204-223: ‘‘On the mineral basin of the coal field of Blossburg, on the Tioga River, Tioga

County, Pennsylvania.”
7P. 208,
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Of fossils he named the following as occurring in these beds: ¢ Pro-
ducta and Crinoidel remains, and occasionally Fucoides, Carophyllea,
Pectens, and Spirifer are interspersed.” This is, apparently, the first
identification of the Chemung group, as it is now called, of the Upper
Devonian.

He discussed ! “a section passing through the bituminous coal field
near Richmond, Virginia,” and gave a tull account of “these interest-
ing beds of coal,” which he regarded as ¢ probably of Transition age”
rather than Secondary, to which position Mr. Maclure referred them.

At that time, apparently, the fossils had not been studied, ignorance
in regard to which left the geologists in the dark as to the true position
of these Mesozoic deposits.

An account is given? of studies of sections for 250 miles across Vir-
ginia and Maryland. In the discussion the Primitive, Transition, Old
Red, and Secondary rocks are recognized, and the Iredericksburg
plant beds were referred ® to the ¢ Oolitic” of Europe.

In another paper the coal beds of the Alleghany Mountains are called
“ Secondary, with Old Red Sandstone lying: under them,” and on the
other side of the anticline were seen other coal beds, which Mr. Taylor
called ¢ Transition.,” A cutis given! presenting the truc relations of
the Chemung and Blossburg deposits, but the Blossburg coal is re-
garded as Secondary.

In the same Transactions,® Edward Miller described a portion of the
Alleghany Mountains, in which he recognized the coal formations as
belonging to the ¢ Coal Measures.”

Gerard Troost,’ in a paper on certain Pentremites found in Tennessee,
Alabama, and Kentucky, identified the rocks of Perry County, Tennes-
see, as ‘““a stratum below the Coal Measuares,” regarded by him as “in
the Upper Transition.” In the same rocks with the Pentremites were

- found Trilobites, Calceola sandalina, Calamopora, Tercbratula, Spivifera,
Producta, ete. .

In some cases the limestone had an oolitic structure. The limestone
near Nashville, Tennessee, was referred to the ¢ Mountain limestone of
the English.” The conclusion is that the beds containing the Pentre-
mites .of these Southern States characterize ¢‘“the Upper Transition

. limestone” of the interior of America.

The same author” wrote ¢ On the organic remains which character-
ize the Transition series of the Valley of the Mississippi.” In this arti-
cle he included ¢ Mountain limestone?” in the ¢ Transition strata,” be-

1 On pp. 275-294.

2(0n p.314.

3Vol. 2, pp. 177-193: *“On the relative position of the Transition and Secondary coal formations in
Pennsylvania, and description of some Transition coal, or bituminous, anthracite, and iron-ore beds
near Broad Top Mountain, in Bedford County, and of a coal vein in Perry County, Pennsylvania, with
sections.” -

4P.194.

5Vol. 1, p. 251,

SIbid, pp. 224-231.

7Ibid., 248,
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cause, as he says, “ the fossils of the Carboniferous limestone are those
found in the Grauwacke of Europe, while his Grauwacke is without
fossils except in the upper strata.” The ¢ Carboniferous limestone” he
considered distinct from the ¢ Coal Measures.”

In 1836 S. P. Hildreth recognized in the State of Ohio, using the
nomenclature of De la Béche, the ¢ Tertiary, Super-Cretaceous, New
Red sandstone, Red marl, White Lias limestone, Millstone grit or
Breccia, Bituminous coal, Old Red sandstone.” The ¢Pittsburg coal
strata” and the ¢ Carboniferous limestone ” are described. An ¢ex-
tensive spring of petrolenm ” is mentioned. A large number of fossils
are figured, thirty plates of which are published with names and short
descriptions.! -

In 1836 Featherstonhaugh compared the deposits of anthracite coal
and bituminous coal, and stated that the former belongs to an entirely
distinet geological position from that of the latter. The ¢ anthracite,”
with the exception of Broad Top in Bedford County, Pennsylvania, is
¢ without exception deposited low down among what have been called
the Grauwacke rocks.” And he thinks they will prove ¢ the equiva-
lent of Mr. Murchison’s Silurian rocks.”?

In 1837, George E. Hayes* gave his reasons for differing from those
who considered the rocks of western New York as of Secondary age.
Heregarded them as “ older than the Carboniferous ” and of Transition
age.”

In 1838 Charles T. Jackson, speaking of the Coal Measures of Mans-
field, Massachusetts, refers them to the ‘‘Conglomerate or Grauwacke.”®

This brings us up to the time of the Geological Survey in New York,
and the work of the Rogers in the Pennsylvania and Virginia rocks, and
the clearing up of the classifications, due in great measure, for the lower
rocks, to the publications of Murchison and Sedgwick in England, which
had then reached America. It is interesting to notice that so long as
the Transition and Granwacke rocks were classified in accordance with
the Wernerian system, nothing satisfactory was reached. The Coal
Measures, the Saliferous rocks, the Grauwacke, the Old Red sandstone,
and the Carboniferous limestones, when attempts were made to identify
them in this country, were placed in the positions to which they were
agsigned by the Wernerian school; position being determined not by
stady of their stratigraphy alone, but by the primary identification of
the rock from its mineralogical characteristics, which were supposed to
be recognized, and then by an arbitrary reference of it to a position in
the system corresponding to that found in the European seties.

! Observations on the bituminous coal deposits of the valley of the Ohio, and the accompanying
rock strata, with notices of the fossil organic remains and the relics of vegetable and animal beds.
Am. Jour. Sci., vol. 29, pp. 1-154.

2Report of a geological ‘Teconnoissance made in 1835, from the seat of Government by the way of
Green Bay and the Wisconsin Territory to the Coteau de Prairie.

30p. cit., p. 113. '

4 Am. Jour. Sei., vol. 31, pp. 241-247,

51bid., vol. 34, p. 395.
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The new school of geologists, when they began work in New York
State, made careful stratigraplhic observations. Following the methods
begun by Murchison and Sedgwick, although taking the data from the
facts as they found them, they arrived at a correct interpretation of
the strata of New York, which are peculiarly simple in their strati-
graphic relations. And ultimately the ¢ New York system,” as it was
afterward called (the name was proposed as a temporary name for
convenience), became the standard section for American Paleozoic
rocks. - This New York system of rocks is for the Paleozoic one of the
most perfect and satisfactory geologic sections found anywhere in the
world, and may well stand-as a classic section for the interpretation of
the rocks which had been called Transition in the older nomenclature,

In 1837, the first annual report of the Geological Survey of New York
was publisbed. In this report, T. A. Conrad, who had previously stud-
ied the paleontology of Tertiary deposits along the coast, and was rec-
ognized as a paleontologist of ability. reported for the third district
of New York. In classification, the nomenclature of Eaton mainly
was used. We notice! that in the main the strata he studied were
recognized as belonging to ¢ the Silurian or Lower Transition rocks.
Thus it will be seen that the Murchisonian classification had already
reached America.

In this first report special attention is called to the importance of
having the fossils carefnlly stadied by a man specially appointed for that
purpose, as State paleontologist. The next year Conrad was appointed
paleontologist.

In the second report, 1838, Conrad, as paleontologist, reported the fol-
lowing points, which will show the progress that had been made during
" the year. He concluded that with the exception of the upper part of
the Catskill Mountaius, the rocks of the State terminate with the * Up-
per Ludlow rocks” of Murchison; and he noted that the fossils in the
strata below the coal in Tioga County are the same as those in the
Coldbrook Dale coal, and also that the same fossils are recognized in
Ohio.?

Among the fossils discovered in the various strata he found what he
regarded as equivalents of those reported from foreign rocks in the fol-
lowing places:

(1) Below the Catskill strata fossils equivalent to those of the Lud-
low.?

(2) A limestone and two strata of sandstone with fossils equivalent
to those of the Dudley.* )

(3) The ¢ Calciferous slate” of Iaton, containing the gypsum, was
correlated with the ¢ dye earth” of Shropshire.

(4) The « Saliferous sand rock” of Eaton, was the Red sandstone at
Niagara and Genesee Rivers (now the Medina sandstone.®)

10p. cit., p. 184. aIbid., p. 111.
2 Op. cit., pp. 109, 110, 5Tbid., p. 112.
2 Ibid., p. 110. §Ibid., p. 113.
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(5) Olive sandstone and slate of Salmon River, Oswego County (these
two, 4 and 5 were recognized as equivalents of ¢ the fourth group in
the slate system of Wales,” as defined in Phillip’s Encyclopadia Metro-
politana, article Geology, p. 568.)

(6) The black limestone and shale of Trenton, the * Birdseye lime-
stone,” and ¢ calciferous sand rock” of Eaton, and the grauwacke and
slate of Hudson River, he recognized as equivalent to the # Llandeilo
flags ” of Murchison.!

In this report, also, thirteen species of fossils are described from the
first group above, which he regarded as equivalent to the Ludlow.?

The localities given are Norwich, Cazenovia, Madison, and Sher-
burne. Since all these localities are Devonian localities, and the fossils
are Devonian fossils, it is evident that in 1838, the paleontologist Con-
rad regarded these Devonian rocks as equivalent to the Ludlow group
of the Upper Silurian of Murchison.

Lardner Vanuxem reported for the third district® and appears to fol-
low Eaton’s nomenclature, except in a few new names, like ¢ Trenton
limestone,” which had already been published. Fossils are given for
“Trenton limestone, black shale,” ¢ green shale and sandstone,” ¢ upper
limestone,” ¢ white sandstone” (which can be recognized as the Oris-
kany). The species in this report were evidently determined by
Conrad.

James Hall reported for the fourth distriet. This,it will be remem-
bered, includes the rocks of the State from Cayuga Lake westward.
These rocks were regarded as equivalents of the Old Red sandstone
and Carboniferous groups, and stratigraphically above the Silurian sys-
tem of Murchison.* Some erroneous identifications, however, are evi-
dent; what is now the Medina sandstone was called in this report ¢ Old
Red sandstone,” and the Corniferous limestone was identified as ¢ Car-
boniferous or Mountain limestone.”®

W. W. Mather, in 1838, published the first annual report of the Geo-
logical Survey of the State of Ohio. Inhisidentifications he mentioned
first the great limestone deposit, which he correlated with the ¢ Moun-
tain or Carboniferous limestone” of Europe. He defined this as cover-
ing the western border of the State. He named a number of fossils
from this limestone, which are evidently erroneously identified, as the
formation is Silurian, and not Carboniferous, as be supposed. His
third formation he called ¢ Waverly sandstone series.” Other points
of the correlation were made, as ¢ couglomerates,” and also an ‘“ upper
coal series,” but it is particularly 1mport’mt to notice that originally
the formations called ¢ Carboniferous limestone” in America were not
correctly identified.

The second annual report of the Geological Survey of Ohio was

I'N.Y.Geol. Surv.,2d Rep., p. 114.

21bid., p. 116.

8Tbid., pp. 253-286.

4Ibid., p. 291.

58ee ‘‘map along the Genessee Rivoer from Rochester southward.”
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published in 1838. The director of the work, and editor-in-chief, was
W. W. Mather. The volume contains reports by Mather,! C. Whit-
tlesey,? J. W. Foster,® C. Briggs, jr.,* and J. Locke.’

In the geological parts of this report we have general descriptions
of the regions surveyed and some location of the order of the strata,
as seen particularly in a ¢ table representing the geological structure
of Ohio,” prepared by C. Briggs, jr., which is as follows:

The rocks of the State are divided into six formations, which, from
above downward, are in the following order: (1) Allaviam, (2) Ter-
tiary, (3) Coal Measures, (4) Iine-grained sandstone, (5) Shales, and
(6) Mountain limestone.”

The ¢ Mountain limestone (G),” which is said to be about a thousand
feet in thickness, and is delined as *beds of limestone intermixed with
chert,” judging from the localities in which it is identified, is probably
the Corniferous limestone. The ¢ Tine-grained sandstone (4),” underly-
ing the Coal Measures, is apparently the ¢ Waverly sandstone series”
of the first report.

In John Locke’s report? a generalized section of the southwestern
part of Ohio is given. In this section the following deposits are recog-
nized, beginning at the bottom with ¢ (1) Blue limestone,” [the Cinein-
nati limestone], ¢(2) Marle, (3) Flinty limestone, (4) Marle, (5) Clift
limestone, including basins of iron ore, (6) Bituminous slate, and (7)
Fine-grained sandstone.” )

It will be seen from this report that nothing had been done to cor-
relate accurately the deposits with any of the systems then in use.
Mather was one of the corps of geologists engaged in the State survey
of New York, and it was not until later than 1838 that the New York
geologists had adopted any systematic classification of rocks.

In Houghton’s report of the survey of Michigan, the coal formation
was recognized, but the classification was not correlated with the
Euaropean system, and merely the nature of the rocks and their order
were defined. , .

In Indiana identifications had been made of the ¢ coal formation”
and ¢ Subcarboniferons rocks,” including the ¢Oolitic limestone,
Hydranlic limestone, etec.,” which were rightly identified in their strati-
graphic relations to the Carboniferous. They were regarded by D. D.
Owen as similar to the Mountain limestone of the Europeans.®

In Tennessee (fourth report, by G. Troost), the ¢ Primordial,” the
“ Grauwacke,” the ¢ Mountain limestone,” and the ¢ Coal Measures?”
were distinguished, and an immense deposit of sandstone was recog-
nized between the Grauwacke and the Mountain limestone which was
regarded as equivalent to the Old Red sandstone of the European geol-
ogists.?

1 Pp.1-40. 6 Loc. cit., p. 108.

2Pp. 41-72. 7See p. 205.

3Pp. 13-107. 8Seo Am. Jonr. Sci., vol. 34, p. 193,
4Pp. 109-154. 9Ibid., p. 187.

& Pp. 203-286.
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Pennsylvania: H. D. Rogers had been studying the rocks of Penn-
sylvania, and there was published in this year a generalized sectioun of
the Appalachian region of Pennsylvania.? The formations recognized
by Rogers were as follows :

1. Sandstone of South Mountain.
2. Limestone of Kittatiny Valley.
3. Slate of Kittatiny Valley.
. Sandstone and conglomerate of Kittatiny Valley and Blue Mountain.
. Red and variegated sandstone and shale of the valley northwest of Kitta-
tiny.
6. Blue lisr'nesbone along the north base of Kittatiny and both sides of Montour’s
Ridge.
7. Sandstone of the first ridge north of Kittatiny.
8. Olive-colored slate of the valley between Kittatiny and second mountain.
9. Red sandsione and shale of southeast slope and base of Alleghany Mounn-
tains. .
10. Sandstone and conglomerates of second mountain, and of sontheast summit
of Alleghany.
11. Red shale of anthracite coal regions.
12. Conglomerates and sandstones immediately below the Coal Measures (Broad
Top and Alleghany coal region)
13. Anthracite Coal Measures.

It is interesting to note that this system of numbers for the various
formations was made out about the same time that the system of no-
menclature adopted by the New York Survey was being formed. Both
systems have struggled for existence in some parts of the country.
The system of Rogers was one based strictly upon the nature of the
rocks and their stratigraphic sequence, and in so far is satisfactory for
that particular region ; but the New York system was defined in addi-
tion by the fossil contents of the various formations, and an attempt
was made at the very start to correlate them with the several forma-
tions defined by the European geologists.

‘Whether we adopt local geographieal names or not, it is doubtful if
simple numbers, as proposed in the Pennsylvania system ot Rogers,
will ever be satisfactory except for a limited region.

In this same year, 1838, we have a report upon the Upper Illinois,
by C. U. Shepard.? The name ¢ Magnesian limestone” is applied to
the ¢ great limestone rock formation extending from near Chicago to
the Kankakee River,” and in various places the coal formation was
recognized. Several sections of the coal formations and descriptions
and figures of some plants and fossil shells are given.

Prof. Dewey, of Rochester, gave an account® of some observations
on the rocks in western New York. The rocks south of Rochester
were misunderstood by him on account of the misinterpretation of the
fossils; for instance, the ‘limestones” were regarded as the same as
those of Trenton Falls, and as belonging to the Transition, and were

(o1

1'See Am. Jour. Sci., vol, 34, pp. 189, 190.
2Tbid., pp. 134-161.
3Ibid., vol. 33, pp. 121-123.
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thought to “rank with the Mountain limestone of Europe, and rest on
the Old Red sandstone.,”! By the latter term he evidently meant the
Medina sandstone.

In 1839, T. A. Conrad published “Notes on American Geology.”?
He used the term *Trilobite rocks” for what had previously been
called the Transition or the Silurian system. In this paper he stated
that * Strophomena is the most characteristic of the Trilobite system ;”
that “Producta has as yet been found only in the upper term,” or
« Pyritiferous rock 7. of Eaton, and that the ¢ Producta is abundant in
the Mountain limestone where Strophomena is rare,” and that this
genus is “eminently characteristic of the Carboniferous system.” This
indicates a careful observation of fossils, although the identifications
are broader than customary at the present time.

In 1839, Whittlesey, Ch,, recognized the following classification of
the rocks of Ohio: ‘

1. Coal Measures.

2. Conglomerate.

3. Waverly series.

4, (Black shale, Hamilton and Marcellus).

5, Cliff limestone (including Corniferous and Onondaga).

The ¢ Hamilton and Marcellus shales ” extended from the lake to the
base of the Newburg section. ¢ Chemung and Portage” included the
rocks of Newburg and Bedford and above to about half way to Hudson.

Murchison, in his ¢Silurian System,”? London, 1839, proposed the
following names.

<

S

Oolitic system.* Silurian system.®
New Red system.b Upper Silarian rocks.®
Carboniferous system.8 Lower Silurian rocks.?

01d Red system.”

and quotes the term ¢ Cambrian System,”? from Prof, Sedgwick. The
words, “ Oolitic,” “ New Red,” ¢ Carboniferous,” ¢ Old Red,” were names
used before and applied to certain rocks, but their use in connection
with the word, * system,” is apparently introduced for the first time by
Murchison.

The following is the classification proposed by Murchison as it ap-
pears upon his map :

a. Inferior 001ite ..cveerieeaetivnnn i aea e

b, Upper liag and marlstone . cocoee vencoenioaoncracnnn- Oolitic system.
D, Loower 1ias o i i ieecee e ieeaee s ’

¢. Upperred marl ..._....._.. .. M imsececemecesnasaeee )

c. Keuper}gaudstone ...................................... ‘L

c. Lower Redmarl ... o iaiianns e evee e

d. New Red sandstone ... . .. . iiiimieimneiinnnnnn ¢ New Red system.
e. Calcareous Conglomerate (Magnesian limestone)........

f- Lower New Red sandstone ........ocooiemivininaaa... J

' Am. Jour. Sci., vol. 33, page 12% 2&

2Tbid., vol. 35, pp. 237-251.

8 The Silurian System, founded on Geological Researches in the counties of Salop, Hereford, Radnor,
Montgomery, Caermarthen, Brecon, Pembroke, Monmouth, Gloucester, Worcester, and Stufford, with
descriptions of the coal fields and overlying formations. By Roderick Impey Murchison, F. R. 8., etec.
In two parts. London, 1839. Quarto, 768 pp., 37 plates, and large folding map. .

$P.13. 5P, 217. SP.79. 7P.169. 8 P.195. 2P, 265.
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g. Upper Coal and Fresh-water lime cooe vove vneeenvnnnan.
¢. Lower Coal Measnres .......... e e
ho Millstone grit. ... . coooe el
i, Carboniferous limestone ... .. ...ceenoeveme i,
k. Old Red Conglomerate ..........c.veeceercanarinoannann.
1. Cornstone and marlsof Old Red .. ..o iiiana i,
m. Tilestone of Old Red .cae cccoceenienerrianacerennaecnns
n. Upper Ludioeroialk.. A
n. Aymestry and Ludlow

y limestone .... .... Lndlow .... !>
. Lower Ludlow rock.. J .

|

Carbonifercus system,

0ld Red system.

— P~

.Upper Silurian
rocks. ;

n
0. Wenlock limestone. .. X
0. Wenlock shale....... Wenlock ... Silarian system.
p. Upper Caradoc (with
limestone) . ...... Caradoc.. ..
. Carm\loc‘ saﬁldstone - )
q- Llandeilo flags (and ¢y, a0
limestone)........ o o
r. Upper Cambrian (beds of passage)....veeaeeeaaeaena..n. §Cambrian system (part
8. Slaty Cambrian roeks ....coeiiiniinn i of). .

..Lower Silurian
rocks. J

M. de Verneuil! gave the following classification:

@]
1. Coal Measures and Millstone grit.
gQ. Mountain limestone.

3. Lower Carboniferous shales.

1. Upper Silarian (including Old Red sandstone and
Silarian Syst Devonshire strata).

Harian System. . - - oz veveeen 9. Middle Silurian.
3. Lower Silurian.

Carboniferous System.......

Thus evidently following Murchison, and he pointed out the error of
Toster of Ohio and other American geologists in identifying limestones
containing Silurian fossils as ‘¢ Mountain limestone.”

In the same journal, in the following year (1841), J. W. Foster ex-
plains that the Silurian fossils came from a formation wrongly called
by him ¢ Mountain limestone.” ©

In a review of the report of the geological and agricultural survey
of the State of Rhode Island, by Charles T. Jackson,? the reviewer gave
the following opinion: “In determining the geological age of rocks
Dr. Jackson gives a preference to superposition of strata and the
mineralogical composition over zoological and botanical characteristics,
which, however, he allows to be of great value. He prefers also
the Wernerian division of Transition rocks to the names Cambrian
and Silurian proposed for certain groups in England, which he thinks
will never be regarded in this country as appropriate terms for our
rocks.” ,

This is an indication of the prejudice which is not confined to the old
geologists or to the early stages of geological science, but which
troubles ns at the present time. The names ¢ Cambrian” and
“Silurian,” within 10 years of the time when Jackson wrote this, were
almost universally adopted by Americans whenever the formations
included under these names were under consideration, and the Wer-
nerian system, for which Jackson and many of his associates at that

1 Verneuil, Ed. de: Surl'importance de la limite qui sépare le calcaire montagne des formations qui
lui sont inférieures. Soc. géol. France, Bull., 1840, vol, 2, pp. 166-179.
2 Am. Jour. Sci., vol. 40, 1840, pp. 182, 183.
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time strenuously fought, has been entirely superseded. Attempts to
fetter the progress of science by holding on to established systems are
always to be avoided, and those who have the interests of true science
at heart should jealously watch against the prejudices which tempt
them to cling to those things which have been, merely because they
have been.

In 1840 Conrad published a paper ¢ On the Silurian system, with a
table of strata and characteristic fossils.”! This paper appears to e in
its essential features the same as the table published in the fifth annual
report of the State of New York in the following year. He had studied
the Silurian system of Murchison and found spread over the greater
part of New York, Ohio, Indiana, Kentucky, and Tennessee, and
terminating on the south in the mountains or hill regions of north
Alabama, rocks which represented the Silurian system. He reported
in the vicinity of Florence and Tuscumbia, Alabama, the “Oriskany
sandstone.” At Blossburg, Pennsylvania, the ¢“Old Red sandstone”
was recognized by the presence of Holoptychius. On the western
slopes of the Appalachian he found the Carboniferous system well
developed, with the Mountain limestone rare and generally in thin
deposits. The “New Rad sandstone” was recognized in very limited
areas. No traces of the ‘“Oolitic,” the *Lias,” or *Wealden” were
recognized. The Cretaceous” was widely distributed and the
¢Tertiary formation” was reported as occurring on the sea border.

In New York State the ¢ Llandeilo flags” were recognized and the
¢ Caradoc sandstone” was regarded as the equivalent of the “ Trenton
" limestone.” The ¢ Wenlock shale?” was recognized in the ¢ Rochester
shale” and the “ Calciferous slate” of Eaton. The ¢ Wenlock lime-
stone” was identified in the ¢ Helderberg limestones,” six of them.
The ¢ Ludlow rocks” were not defined in this paper. A table is given?
showing the characteristic fossils of each of the formations and their
English equivalents as represented in Murchison’s Silurian system.
This paper is particularly interesting as the first exhaustive attempt to
correlate the formations of America with those of Murchison’s Silurian
system by means of their fossils alone. Previous attempts had Leen
made by him to correlate the New York rocks with the English rocks
in general.?

In a notice, by O. P. Hubbard, of the third annual report on the
Geological Survey of New York,? a few remarks are made which show
the confusion which existed at this time regarding the classification of
the New York rocks. He shows that there was considerable difference
of opinion as to the position of the rocks in central and western New
York., “They have been alternately described as Transition and Sec-
ondary.” “The Saliferous group?” is counted as above the coal series,

1 Am, Jour. Sci., vol. 38, pp. 86-93.
2Tbid., pp. 89, 90.

8 See New York annual reports.

4 Am. Jour. Sci., vol. 39, pp. 95-108.
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and this with the “sandstone of Rochester” is regarded as New Red
sandstone, The rocks of the fourth distriet are considered as belong-
ing to the ¢ Old Red sandstone and the Carboniferous group,” and to
lie ¢“above the Silurian system of Mr. Murchison,” a conclusmu based
in part upon the organic remains.

This confusion was doubtless due to the fact that the Wernerian
method, which, somewhat modified, was seen in the earlier works of
Eaton, was inconsistent with the new method which was being elabo-
rated by the New York State geologists. Those who thought in terms
of the first considered the new method revolutionary.

Prof. Baton’s systematic work heretofore followed the English treat-
ise on geology by Bakewell. In an article which appeared in 1840! he
quotes an outline of the system of Brongniart, proposed in 1829, which
he states the author still maintained in 1840. As Eaton used this sys-
tem and attempted to defend its application to American rocks, it may
be worth while to record Brongniart’s system of classification :

1. Primitive class (Agalysient, overthrowing or breaking up by internal

forces).

. Transition class (Hemilysient, half breaking up by internal forces).
. Lower Secondary class (Abyssicnt, deepest abyss of the ocean).

. Upper Secondary class (Pelagient, ‘the ocean).

. Tertiary class (Thalassient, the sea).

. Diluavial class (Clysmient, the deluge).
. Alluvial class (washed).

O UL W

It will be seen from the terms used that Brongniart considered the
rocks to be formed in the Primitive class by the overthrowing or break-
ing up processes due to internal forces; the Transition class, half to
this operation; the Lower Secondary class, to the sedimentation of the
deep abyss of the ocean; the Upper Secondary, to the ordinary depo-
sition of the ocean ; the Tertiary, to the shallow seas or modern seas;
the Diluvial, to floods or deluges on the land; and the seventh,
Allavial, to the washing of rivers and streams. ‘

The general theory of this interpretation of the strata was proposed
earlier by Lehmann, and is associated with the general notion that the
earth was formed from water solution—first, by a chemical crystalliza-
tion and deposition, and later by sedimentation from the ocean, at first
higher up in the hills, and, as the water evaporated, lower down in the
valleys. This general theory pervades various systems of the early part
of the century, and may be regarded as the fundamental theory of
‘Werner, determining his method of classification and of correlation.

In the present article, Eaton attempted to point out the limits be-
tween the various divisions of Brongniart in our own strata. He rec-
ognized the well known Stockbridge marble of Massachusetts as the
upper stratum of the Primitive class. Second, he regarded the ¢ Cor-

1 Amos Katon: Referoences to North American localities to be applied in illustration of the equiva.
lency of geological deposits op the castern and western sides of the Atlantie, Aw, Jour. Sci., vol,
39, p. 149,
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niferous limerock ” as the uppermost Transition rock. This he identi-
fied further as equivalent to‘ some part or most of the Grauwacke
group of De la Béche, the Grauwacke limestones of some Lnglish
writers, the Granwacke slate of Bakewell, and perhaps the Carbonifer-
ous rock of Conybeare, and, surely, the Upper Trausition (one of the
Psammite) rocks of Brongniart.”

The limit between the Secondary and Tertiary, Eaton recognized along
the south shore of Raritan Bay, in New Jersey. He says. ¢ Upper-
most of the Secondary deposits is the Cretaceous formation most per-
fectly characterized, but it contains no white chalk ; the last of the
Tertiary is the plastic clay.?

There is nothing particular valuable in this article, or new, even at
that time, but the particular importance of quoting it is to show how
the Wernerians were beginning to recognize the absolute importance
of fossils in determining the relations of deposits. )

In 1841 A. OClapp?® correlated the ¢ limestone of the TFalls of the
Ohio” with the Wenlock of Murchison; it is the * Cliff limestone” of
Locke. The ¢ limestone and marls of Madison and Hanover, Indiana”
are correlated with the Wenlock; the “Middle and Lower Blue lime-
stone and marls” of Cincinnati are correlated with the Caradoc; the
“black bituminous shale” at the foot of the IFalls is considered as
equivalent to the Marcellus shale of New York; the ¢ Oolitic” and the
“Pentremite limestone” of Troost and Owen, of Kentucky, Indiana,
and Illinois are identified as Carboniferous limestone. The author con-
sidered the ¢ limestone of the Falls of the Ohio” in its upper portion
to be identical with the Ludlow and Wenlock, the lower and middle
portion as equivalent to the Niagara limestone and Gypseous shales of
New York, and he further correlated the “Cliff limestone” of Locke
with the whole of the rocks represented in New York by Niagara lime-
stove, Gypseous shale, Water-lime, and Onondaga limestones. This
constitutes the total rock deposit between the ‘ Blue limestone and
marls of Cincinnati” and the “Black shale” (Marcellus), and is the
western continuation, as he says, of the Middle Silurian of Conrad.
The 8 feet of fetid suberystalline limestone immediately underlying the
Black shale the author identitied with the New York Water lime, and the
“ Black shale” above it he regards as not equivalent to the Ludlowville
shale, as was asserted by Prof. Hall, but as lower and the true equiva-
lent of the Marcellus shale.

In 1841 (which was the second year of the association), Bdward Hitch-
cock delivered the ¢ First anniversary address before the Association
of American Geologists in Philadelphia.”* A few points are interest-
ing in this historical sketch, as signifying the progress which geology
had made in America up to this time.

1 Am, Jour. Sci., vol. 39, p.153. It is now (1890) called the Corniferous limestone.

2 This limit is apparently the line between the Green sand and the Raritan clays.

3Goological Equivalents of the vicinity of New Albany, Indiana, as compared with these described
fu the Silurian system of Murchison; Proc. Phil. Acad. of Sci., vol. 1 1841, pp. 18,19, 177,178,

$5e0 Am, Jour. Sci., vol. 41, pp. 237-275. )
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The Association? was formed the year before at the call of the gentle-
men of the New York Survey, who ¢ issued a circular inviting those
engaged in similar surveys in other States” to a meeting in Philadel-
phia. We learn from Hitchcock’s address that the first attempt to
classify American geology was made by William MacClure in 1807, who,
in the field work preparatory to this, crossed the Alleghany Mountains
in fifty places. In 1810, Dr. Bruce had started the Mineralogical Jour-
nal; in 1816, Dr. Cleveland’s Treatise on Mineralogy and Geology was
published ; in 1818, Silliman’s Journal was begun; in 1818, also, an
American Geological Society was founded at New Haven, with William
MacClure as its first president. In 1832 the Pennsylvania Geological
Society was started.

In addition to this general activity in the early part of the century,
from the year 1824, when the first State survey was begun by Prof.
Olmstead in North Carolina, up to the date of this address (1841), State
surveys had been started and more or less publication had been accom-
plished in the way of reports or accounts of the surveys made in twenty-
one States and Territories. The men engaged in these State surveys
were as follows:

North Carolina, Olmsted; South Carolina, Vanuxem ; Massashu-
setts, Hitchcock ; Tennessee, Troost; Maryland, Ducatel ; New Jersey,
H. D. Rogers; New York, Vanuxem, Mather, Emmons, James Hall,
Conrad, and Beck; Virginia, W. B. Rogers ; Maine, Rhode Island, and
New Hampshire, Jackson ; Connecticut, Percival and Shepard ; Penn-
sylvania, H. D. Rogers; Ohio, Mather, Hildreth, Locke, Briggs, and
Foster; Delaware, Bvoth; Michigan, Houghton; Indiana, D. D.Owen;
Kentucky, Mather (only a reconnaissance); Georgia, Cotting (no re-
port had been published up t01841); Arkansas, etc., Featherstonhaugh;
Iowa, D. D. Owen and Locke.

Besides these, a reconnaissance had been made by Nicollet west of the
Mississippi, and in 1824 Eaton’s irie Canal Survey had been made, and
private surveys had been made by Taylor, Johnson, Silliman, and Shep-
ard in coal and miuneral regions in Pennsylvania, Virginia, and Missouri.

Hitchecock made slight reference to the actual state of progress in the
matter of correlation and classification of the geological terranes; this
can be better learned from the study of the New York reports, for the
Paleozoic at least, and the other reports, which it is not necessary here
to discuss. ‘

The last annual report of the New York State Survey was published
in 1841 ; sufficient to say here that the Archean was fairly well recog-
nized along the eastern border of the continent, and its general extent

!The Association of American Geologists held its first meeting in Philadelphia on the 2d of April,
1840. The following were the original founders present at this meeting: E. Hitchcock, L. C. Beck,
H. D. Rogers, L. Vanuxem, William W, Mather, W. R. Johnson, 1. A. Conrad, E. Emmons, J. Hall,
C. B. Trego, J. C. Booth, M. H. Boyi, R. E. Rogers, A. McKinley, C. B, Hayden, R. C. Taylor, D.
Houghton, B. Hubbard.

E. Hitcheock was elected chairman and L. C. Beck secretary. See Am. Jour. Sci., vol. 39, p. 189,
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i from Canada to the sources of the Mississippi. The Paleozoic was rec-
ognized in its distribution throughout the eastern part of the United
States. The Coal Measures were recognized in Pennsylvania, Ohio,
Indiana, Illinoiy, Michigan, and Missouri. The Devonian was recog-
nized by some of its fossils in New York State, but its limitation was
not determined precisely as at present. The Silurian had been recog-
nized in at least the Caradoc sandstone, the Wenlock shale and lime-
stone, and the Ludlow rocks, but it was not until the final reports were
published (two or three years later) that a full classification of the
Paleozoic series was accessible to American geologists.

The Rogers brothers used fossils to determine the age of the Mait-
land limestone, and concluded that ¢ though they indicate relation to
Onondaga, Seneca, and Marcellus strata, the exact age is not proven.”
In other respects these authors adopted the New York classification as
a standard for comparisons.

The ‘“Address before the Association of American Geologists and
Naturalists for the year 1842”7 was given by B. Silliman.!

In it we have a few indications of the state of the science at that
time. Silliman had the advantage of being in England in 1805, when
the discussions of the rival schools, the Neptunists and the Vulcanists,
tlte Wernerians and the Huttonians, were at their height ; Prof. Jame-
son and Dr. John Murray defending the Wernerian views, and Sir
James Hall, Prof. Playfair, and Prof. Thomas Hope defending the
views of Hutton. Silliman appears to have taken a neutral position in
regard to these schools, recognizing the good points of each. We find
a statement made in the course of his description of his part in the prog-
ress of science that Dr. Dana read the title of what was probably the
first geological report made on American geology, at the meeting of
the Association in Boston,viz: ¢ Beytriige zur mineralogischen Kentniss
des ostlichen Theils von Nordamerika und seiner Gebirge, vou D,
Johann David Schopf.”

Of William Maclure he said:

He was the William Smith of this country, and not only did he add to the foreign
collections of this country in mineralogy and geology, but he did great service in the
direction of personal field-work and interpretation of onr geology, and also in pub-
lishing his Geology of the United States with the first general map of the geology of
the eastern part of the continent.

Mineralogy was studied prior to the cultivation of geology in
Americaas well asin Great Britain. The earlier geologists were mineral
geologists, and the collections of minerals constituted the principal
cabinets of that time. Prof. Cleaveland, of Bowdoin, Maine, Dr. Sey-
bert, in Philadelphia, Colonel Gibbs, at Yale College, the Messrs. Dana,
in Boston, had each accumulated more or less valuable mineral cab-
inets, and a Journal of Mineralogy and Geology was started in New

! Am. Jour. Sci., vol. 43, pp. 217-250.

Bull. 80——4
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York by Dr. A. Bruece, in 1809, which lasted a year, and in 1818 the
American Journal of Science and Arts was established in New Haven.
Silliman did not rehearse any detailed account of the state of the
science at the time, but gave general statements referring to the past,
with comparisons of the general results effected by the American ge-
ologists with what had been done by the English and European geolo-
gists.
. In 1842 T. A. Conrad published an important paper in the Journal of
the Philadelphia Academy of Science, entitled * Observations on the
Silurian and Devonian Systems of the United States, with descriptions
of new organic remains.” A number of fossils were identified, and
several points of interest are noted in this paper, indicating the limita-
tion of the groups as they were then recognized. The “ older Paleozoic
rocks” were the equivalent of the Transition of the older nomenclature.
The author notes the perfection of the series of rocks in New York
State, and ¢ the great convenience they afford for study, in that they
lie nearly horizontal.” !

In this paper the * Cambrian rocks” are included in the Silurian,
and the Silarian thus includes all the rocks from the Archean upward
to the Tully limestone inclusive. Thus it will be seen that the fossils
described previous to 1842 as Silurian fossils may have been Silurian
or Devonian to the base of the upper Devonian.

A list of supposed equivalents is given,? in which we find the Lower
Silurian strata are: ¢ (10) Clinton group, (9) Niagara sandstone, (8)
Shales of Salmon River,?® (7) Blue shale, (5) Trenton limestone, (4)
Mohawk limestone, (3) Birdseye limestone, (2) Calciferous limestone,
(1) Potsdam limestone.”*

The * Trenton limestone ” is reported as ¢ forming the bed of the Ohio
River from Cincinnati to Louisville,”

The Middle Silurian strata are the ¢ Niagara shale, which equals the
Wenlock shale, and upward to Oriskany sandstone.

The Upper Silurian rocks, included the lower Ludlow and succeeding
rocks upward to the Tally limestone inclusive.

In the Devonian system, Conrad placed as Lower Devonian the
Ithaca group; as Middle Devonian, the Chemung group; as Upper
Devonian, the Old Red sandstone.

The subdivision into Lower, Middle, and Upper Sllurlan appears to
have been original with Conrad, and he proposed the names * Mohawk
system ” for the Lower, ¢ Helderberg system” for the Middle, and
“Onondaga system ” for the Upper Silurian groups, respectively, and
stated that the systems are based upon the ¢ distinctness of the fossil
contents.”

The year 1843 marks one of the most important periods in the history

1 Jour. Phil. Acad. Sci., 1842, pp. 228-235.

2Ibid, p. 230.

3 These thrce are regarded as the equxvalents of the Caradoc,

41n his list there is no No, 6, and Conrad states that 7, 5, 4, 3, 2, and 1 are wanting in Europe.
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of American geology. The final reports of the State ef New York
were published in the years 1842-'43.!

The classification which appears in the several final reports was,

already outlined by Conrad in 1841, and, in fact, the general order of
strata was given in his report for 1839. The development of the classi-
fication of the rocks for New York State will bear minute study, and
will yield valuable suggestions to students of systematic geology-
The rocks with which the New York geologists were concerned were
mainly confined to the series from the Archean or Primary rocks
through the Paleozoic as far as to the base of the Carboniferous. The
geologists, although working together, had the State separated into
four divisions and developed the stratigraphical geology of each dis-
trict independently, observing the character of the individual rock for-
mations, their order, and the fossils contained in each. Conrad was
the paleontologist during the field operations, and his contribution to
the work was the identification of the fossils sufficiently well to make
recognizable the relationship between the fossils of the New York
rocks and the formations of England which had been studied so care-
fully and were so elaborately defined by Murchison and Sedgwick.

The fossils of the British sections had been deseribed by John Phil-
lips, J. De C. Sowerby, and Lonsdale, and their descriptions were
accessible to the American geologists as early as 1839. Conrad had
used this Silurian system with its fossils as a basis for the classification
and correlation of the rocks of New York State.. The attempt was
made in 1839 to divide the New York rocks in accordance with Murchi-
son and Sedgwick’s classifications, and the fossils found in them, corre-
sponding with those of the British rocks, were enumerated. Thus, in
the third annual report, Conrad gave a ‘ table of formations,” showing
the order of superposition and some characteristic fossils of the Transi-
tion strata. The Carboniferous strata (No. 10) were mentioned (but
are in Penusylvania), then the rocks of New York? were distributed as
follows: : :

Under the ¢ Old Red sandstone group (Murchison)” he placed:

%9, Old Red sandstone (?) and Olive sandstone,” which, we find
from study of the reports, includes the Chemung and Catskill groups.

«8. Dark-colored shales and black slate,” which appears to be the
Hamilton and Marcellus.

Under ¢ Medial Silurian system,” are found ¢ (7) Gray Brachiopodus
sandstone, Helderberg sandstones, Helderberg limestones, second Pen-
tamerus limestones; (6) Gypseous shales, Rochester shales, and Pent-
amerus limestones, (6) Green slate, Lenticular iron, ete., and (4) Niagara
sandstone (red).”

! The editors of these final reports were William W. Mather; roport of the first district, published
1813; Ebenezer Fmmons, report of the second district, 1842; Lardner Vanuxem, report of the third
Qistrict, 1842, James Hall, report of the fourth district, 1843. It is important also to remember that T.
A. Conrad published his final report on the paleontology of the survey in the year 1841, in the fifth
annual report.

2N. Y. Geol. Survey, 34 Ann. Rep., pp. 62-63,
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Under “Lower Silurian system” he placed ¢ (3) Salmon River sand-
stone (olive) and green slate, (2) gray Crinoidal limestone, Trenton lime.
stone and slate, Mohawk limestoue, gray limestone with sparry veins,
gray Calcareous sandstone.”

Under the term ‘.Cambrian systém (Sedgwick)” he placed ¢ (1) olive
sandstone and slate, and varigated sandstone (Potsdam sandstone of
Emmons),” and below all these the ¢ Primary.”

In the next report ! James Hall gave a somewhat more elaborate list
of formations, bat distributed them substantially as was done by
Conrad. As this classification was only tem porary, I will not stop to
enumerate it in detail, the final results published in the final reports
will be given in the proper place.

But in the fifth annual Report, Conrad produced a more finished
clagsification, and with slight modifications the order of sequence of
deposits and the general relations of the groups to each other are those
which appeared in the several final reports; but we do not find the
classification into the ¢ divisions of the New York system” in Con-
rad’s reports.

We may mention a few points in regard to Conrad’s classification of
1841', The following names were used : ¢ Tertiary,” ¢ Cretaceous Sys-
tem,” ¢ Oolitic system,” ¢ New Red sandstone or Saliferous system,”
¢ Carboniferous system,” **Old Red sandstone or Devonian system,”
including the Chemung and Catskill rocks. Then the ¢ Upper Silurian
series” included the rocks from the *“Oneonta group, No. 26,” to the
¢« Black slate, No. 21.” The “ Middle Silurian series” included from
the “ Onondaga limestone, No. 20,” down to the ¢ Rochester shale, No.
10;” the ¢ Lower Silurian series” included from ¢ Pentamerus oblon-
gus limestone, No. 9,” to the ¢ Potsdam sandstone, No. 1,” inclusive,

Thus we see, that to the end of his work in connection with the sur-
vey Conrad’s influence was directed toward the correlation of the
American classification with that already in use in Great Britain.

After the annual reports were finished, the several geologists prepared
their final reports. We find no evidence that Conrad assisted in their
. preparation, and in these reports, from the first one published to the
last, there is a general symmetry in the classifications, but a neglect
of any formal recognition of the classifications already adopted in
Murchison’s Silurian system, although the authors refer to the corre-
lation of some of the New York deposits with recognized horizons in
Murchison’s Silurian system. A most important feature of the com-
pleted reports is the introduction of the * New York system?” into -
geological nomenclature. The New York system was constituted to
include the geological deposits from the earliest fossiliferous rocks to
the base of the Carboniferous, and we find the four authors disagree-
ing in their interpretation of what this system included, and as to the
groups into which it was subdivided.

1Fourth annual report, 1840, 2See Fifth Angual Report, pp. 31-46.
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Vanuxem and Mather adopted the following plan: They had a “Pri-
mary system,” including the Archean as we consider it to-day; second,
the ¢ Taconic system,” including a conglomeration of strata, all sapposed
by Emmons to lie below the Potsdam sandstone; third, the ¢ New York
system,” which included the Ohampla,m d1v1s1on, the Onbarlo division,
the Helderberg division, the Erie division, and the Catskill division or
group. Above this, according to Mather, followed the ¢ Coal system,”
the ¢ Red Sandstone system,” the ¢ Trappean system,” the ¢ Tertiary
system,” and the ¢ Quaternary system,” but Vanuxem enumerates only
the last, the ¢ Quaternary system,” the others being wanting in New
York State.

On the other hand, Emmons and Hall recognized the New York
system as including the Champlain Ontario, Helderberg, and Erie
divisions, but placed the rocks of the Catskill Mountains in a separate
system, calling it the ¢ Old Red system.” The division line in their
scheme between the New York system and the Old Red was at the top
of the Chemung group.

‘When we inspect the local distribution of the several formations in
the “divisions” of the New York system we find like differences of
usage on the part of the several geologists. For instance, the Cham-
plain group of Emmons and Hall terminates above in the Oneida Con-
glomerate, whereas in the reports of Vanuxem and Mather it termi-
nates with the Hudson River group. In the Ontario group Mather
includes only the Oneida Conglomerate; Emmons includes the strata
from the Medina to the waterlime; Vanuxem, those from the Oneida to
the Niagara; and Hall, those from the Medina to the Niagara, inclusive.
The Helderberg division was regarded by Mather, Vanuxem, and Hall
as extending from the Onondaga salt group through the Corniferous
limestone, while Emmons made it begin with the Pentamerus limestone
and carried it to the top of the Helderberg limestone. All four of the
geologists in their final reports agree in the limitation of the Erie divi-
sion, including the rocks from the Marcellus shales through the Che-
mung group.

Another point may be mentioned: While individual formations are
substantially alike as named by the several reporters, there are fre-
quent differences in usage, as in the use of ¢ Loraine shales” by Em-
mons for the Hudson River group of the other reports, and of ¢ Cor-
niferous limestone” by all the authors but Emmnions, who uses ¢ He.-
derberg limestone.” Besides these differences we notice that deposits
are mentioned in some of the reports which are left out in others, and
in some reports the name of the rock is given, while in others the word
“group” is attached to a geographical name, as “ Niagara limestone”
and ¢ Niagara group.”

These differences which appeared in the final reports accentuate
the difficulties which the geologists met with in attempting to classify
the rock formations according to the methods then in use. The old sys-
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tem of correlation by means of the petrographic characters of the de-
posits was used in part by these geologists and formed the original
basis of the classification. In the field work the formations were dis-
tinguished by their petrographic features and were so defined. In
most cases local names were applied to them ; the geographic designa-
tion of the place where the particular formation was discovered, or was
found to be exposed in a good condition, was applied to the rock, and
ag the surveys went on the name as applied was extended to the other
outcrops of what appeared to be the same stratum or series of strata.
This was all very well so long as no correlation was attempted, but as
soon as correlation of the several formations with those of other regions
was attempted the necessity of some other means of identification was
apparent. This means was recognized in the fossil contents, but in the
field the fossils were not studied, and could not be studied by the field
geologists. It was necessary to take them home and compare them
with other fossils from other parts of the country and world, and to de-
seribe them, and ascertain their range and distribution. All this re-
quired time and learning, which could not be attained at once by any
one of the geologists. This learning was the special province of the
paleontologist, and the wide knowledge requisite to correlate the
various strata of the New York system accurately with those of Great
Britain was, we may imagine, clearly recognized by Conrad before he
left the survey; but, as we have learned since, many years of study
have not enabled geologists to establish with certainty the correlation
between the several faunas of the formations in New York and those
abroad.

The great desideratum at that time, and for geologists at the present
time, is such a system of nomenclature and classification as shall ena-
ble the field geologist at once to record his observations correctly and
systematically, and to preserve the records of fossil contents which he
discovers for the careful detailed study of the paleontologist. The no-
menclature adopted in many cases by the New York geologists, which
has satisfied the demands of the progress of science, at least up to the
present time, is that which is based upon the simple practice of giving
a geographic name to a rock terrane, connecting it with the name of
the particular rock which is exhibited at the locality in which it out-
crops; for example, “Trenton limestone,” ¢Oriskany sandstone,” ¢ Scho-
harie grit,” ¢ Genesee slate,” although in the latter case slate is not ap-
propriate, because it is a false name, shale being the right name.
These several terms applied to definite rock masses located in particu-
lar regions in New York State, having their typical outcrops designated
by their names, can be applied with exactness at all times, and suggest
the progress of the science. Whenever wrongly applied to deposits out-
side the original region where discovered, new names can be easily sub-
stituted.

The groupings of these separate formations, made without regard to

°
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the fossils characterizing them, were purely arbitrary, and were ulti-
mately discarded. We have already entirely ignored the ¢ New York
system,” the ‘Champlain,” ¢ Ontario,” etc., ¢ divisions,” and the only
part of the New York classification which is retained, is the nomencla-
ture of the individual formations in their stratigraphic sequence. Itis
evident,therefore, considering how important the work of this New York
survey has been for all American geology, that the most important part
of the work of the geologist is that of carefully observing the characters
of the individual formation, deseribing its petrographic, stratigraphic,
and geologic relations, preserving the fossils aceumulated, and describ-
ing his observations so that distinct association will be found in the
name applied to each formation with the observations actually madein
the field. The reference of each particular formation to a place in some
standard scale should not be made without careful study. This care-
ful study can not be made independently of the fossils, for fossiliferous
rocks, and in order that the paleontologist may make his studies with-
out prejudice, the names of the formations, their localities, and their
petrographic characters should be described and recorded, quite inde-
pendently of the fossils which they contain.

The following tables will exhibit the final results of the four State
geologists in their attempts to classify the geological formations of the
State of New York.

They are taken from the final reports of the ¢ Geology of New York,”
and are arranged in the order given them by the authors.

CLASSIFICATION BY MATHER. 1843,
[Final Report, First District, p. 2.]

Alluvial division.
1. Quaternary system.< Quaternary division.
Drift division.

. Tertiary system.

. Trappean gystem.

. Red Sandstone system.
. Coal system.

B W

o

( Catskill division.
Erio divislon.
Corniferous limestone, Onondaga
gmﬁstone, S((:)hoharie grit, Cauda-
. soas alli grit, Oriskany sandstone
Helderberg division .. ¢u40kiTl ghaly limestone, Penta.
6. New York system .. merus limestone, Water lime
group, Onondaga salt group.
Ontario division........ Oneida or Shawangunk Conglom-
erate.
Hudson River group, Utica slate,
Champlain division...% Trenton limestone, Calciferous
group, Potsdamn sandstone.

7. Taconic system.

8. Primary sysﬁem[... % Metamorphic rocks.

Primary rocks.

o
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CLASSIFICATION BY EMMONS, 1842,
[Final Report, Second District, p. 429.]
Tabular view of the sedimentary rocks of New York.

Taconic system. .....coomeeeeeanniaaann. Taconic slate, Magnesianslate, Stockbridge

limestone, Granular quartz.

(Champlain group....Potsdam sandstone, Calciferous sandrock,
Chazy and Birdseye limestone, marble
of Isle La Motte, Trenton limestone,
Utica slate, Lorraine shales, Gray sand-
stone, Conglomerate.

Ontario group....... Medina sandstone, Green shales and Ooli-
tic iron ore, Niagara limestone, Red
shale, Onondaga salt and plaster rocks,

. Manlius water-lime.

Helderberg series....Pentamerus limestone, Delthyris shaly
limestone, Oriskany sandstone, Encrinal
limestone, Cauda-Galli grit, Schoharie
grit, Helderberg limestone.

Erie group .......... Mareellus and Hamilton shales, Tully lime-
stone, Genesee slate, Ithaca and Che-

L mung shales and grits.

Old Red system .........ccceoeeeannnn.-. Old Red sandstone, with its beds of Con-

glomerate and its greenish shales of the

Catskill Mountains.

New Red system ......ocoiicmaeniccnnenn. New Red sandstone associated with vol-

canic rocks and greenstone trap of the
Palisades.

Tertiary ..... e it cecmca e Blue and yellowish clays of Champlain and

white and yellowish sand.

New York system.

CLASSIFICATION BY VANUXEM. 1842,
[Final Report on the Third District, p.13. }
Classification of rocks of New York State.

1. Primary system.

2. Taeonic system,

( Champlain division.......Potsdam sandstone, Calcifer-
ous group, Black River
limestone, Trenton lime-
stone, Utica slate, Hudson
River group.

Ontario division..........Gray sandstone, Medina sand-
stone, Oneida Conglomer-
ate, Clinton group, ﬁiagara

-’ group.
Helderberg division ...... Onondaga salt gronp, Water-
) lime group, Pentamerns

3. New York system ...... limestone, Catskill shaly
limestone, Oriskany sand-
stone, Caunda - Galli grit,
Schoharie grit, Onondaga
limestone, Corniferouslime-

- stone.

Erije division .............Marcellus shale, Hamilton
group, Tully limestone,
Genesee slate, Portage
group, Ithaca group, Che-
mung group.

\ Catskill group,
4. Quaternary system.
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CLASSIFICATION BY JAMES HALL.! 1843,
{Final Report, Fourth District, pp. 18,19.]
Tabular view of rocks and groups of New York.

I. Primary or Hypogene system.
II. Taconic system. :
( 1. Potsdam sandstone.

2. Calciferous sandrock.

3. Black Riverlimestone group,
embracing the Chazy and
Birdseye.

Champlain division..{ 4. Trenton limestone.

5. Utica slate.

6. Hudson River group.

7. Gray sandstone,

8. Oneida or Shawangunk Con-
glomerate.

9. Medina sandstone.

0. Clinton group.

1. Niagara group, including

shale and limestone.

(12. Onondaga salt group.

13. Water-lime group.

14. Pentamerus limestone.

15. Delthyris shaly limestone,

IIL. New York system.... 16. Encriga.l limesytone.

Helderberg series.... { 17. Upper Pentameruslimestone.

18. Oriskany sandstone,

19. Cauda-Galli grit.

20. Schoharie grit.

21, Onondaga limestone.

22. Corniferous limestone.

(3. Marcellus shale,

24. Hamilton group. (Moscow
shales, Encrinal limestone,
Ludlowville shales.)

Erie division ........ 25. Tully limestone.

26, Genesee slate,

27. Portage or Nunda group.

(Portage sandstone, Gardeau
flagstone, Cashagqua slate.)
~ 28. Chemung group.

Ontario division..... i

\
IV. Old Red system, or Old Red sandstone.
V. Carboniferous system.
VI. New Red sandstone.
VII. Tertiary.
VIII. Quaternary system.
RESUMT OF CLASSIFICATIONS.

Champlain group .. . Emmons and Hall agree in terminating it with the Oneida Con-
glomerate.
Vanuxem and Mather terminate it with the Hudson River group,
Oantario group ......Emmons, Medina to Water-lime, inclusive.
Hall, Medina to Niagara, inclusive.
Mather, Oneida Conglomerate alone,
Vanuxem, Oneida to Niagara (but order wrong).
Helderberg series. ... Emmons, Pentamerus limestone to Helderberg limestone.
Hall, Onondaga salt group through Corniferous limestone.
Vannxem, Onondaga to Corniferous.
. Mather, Onondaga to Corniferons.
Erie division........ Marcellus to Chemung, inclusive, by all.

'According to this author the formations 1,2,3,4 were correlated with the “Cambrian system’’ of
Sedgwick, the Potsdam (1) doubtfully included. ‘‘Silurian system’ Murchison==Utica slate (5) to
Hamilton (24). ‘‘Devonian System” of Phillips=Chemung and Portage and part of the Hamilton
(24 to 28).  (See p. 20.)



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 TO 1851,

The termination of the New York State Survey and the publication
of the final reports practically established the new ideals for the classi-
fication of the Paleozoic rocks of North America.

The Final Report on the Geology of the Fourth District (the western

quarter of the State) by James Hall was published in 1843. This may
be regarded as expressing the more perfected views in regard to classi-
fication and nomenclatare.
I The New York system was the comprehensive term applied to the
series of rocks beginning with the Potsdam sandstone and terminating
in the “ Chemung group.” The rocks of the Catskill Stage were called
the Old Red system or Old Red sandstone. The New York system
was made up of twenty-nine ¢ systematic subdivisions,” ¢ founded upon
the fossil and lithological characters.” !

These were grouped into four ¢ geographical subdivisions.” The
lowest, from the Potsdam to the Oneida Conglomerate, inclusive, was
named the * Champlain Division;” the second, including the Medina,
the Clinton, and the Niagara, was called the * Ontario Division.” From
the Onondaga Salt group to the Corniferous limestone, inclusive,was the
« Helderberg series.”” From the Marcellus to the Chemung, inclusive,
was the ¢ Erie Division.” .

Comparisons had been made with the Silurian system of Murchison
and the Devonian of Murchison and Phillips, and a general corre-
lation recognized, but the equivalencies were not minutely accordant.

In respect of the part of the seale with which this essay is con-
cerned, the author wrote, ¢ If the Devonian is to be regarded as a dis-
tinet system, we shall find its repesentatives in the Chemung and Port-
age groups, with perhaps a part of the Hamilton group. In New York,
however, as already stated, no subdivisions can be made which are
entitled to the name of systems.”2

1(No. 3 of p. 18 was exparded into two sub divisions on p. 517 (i. e., Nos. 27, 26) by the recognition of
the Chazy limestoneas distinct from the Black River limestone.)
2 Geology of New York, part 1v. comprising the survey of the fourth geological district, by James
Hall, 1843, p. 516, : .
58
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In the table the following equivalencies are given:!

Roclks of the New York system. Subdivisions in Great Britain,

OldRed 8andstone. ..cocveeeeeiececanarecaneecccnssooan «-.... 0ld Red sandstone.
1. Chemung group....ccvveecannnn. )
2. Portage group....ccceveeeamnnn..

. Genesee slate.....

. Tully limestone ..

. Hamilton group............c....

. Marcellus shale.............

. Corniferons limestone

. Onondaga limestone

. Schoharie [0 0 L R

10. Cauda-galli grit........... Ceeeen

11. Oriskany sandstone.............. )

12. Upper Pentamerus limestone.....

13. Encrinal limestone ..............

14. Delthyris shaly limestone........

15. Pentamerus limestone..... civecee

16. Water-lime group................

17, Onondaga salt group........ .....
18, Niagara group.cce.ecccee caceanans

Correlations with the Pennsylmma and Virginia rocks and those of
Ohio and Michigan are expressed as follows :

Upper and Lower Ludlow rocks including
the Dovonian system of Phillips.

LRSS

‘Wenlock rocks,

Pennsylvania and Virginia Survey. Ohio Survey. Michigan Survey.

[Soft light-colored
28. Chemung group } _.No.9 Waverly sandstone sandstones, argilla-

27. Portage group geries. ceous slates and Hag-
26. Geneseo slate ......o0 coall.s No.8 Wanting(?) ....... stones of Lake Hu-
25, Tully limestone .......c...c.cc... Wanting .. .aae.. .. ron, sandstones of

Point aux Barques.

: Wanting. or but par- ) Shales, black alumin- -
4. Hamilton group ............ No. 8; tially developed. } ous shales.
23. Marcellus shale..............No. 8..Black slate.
; . - Upper part of CLff Q. :
22. Corniferous limestone............ % limestone. Corniferous limestone.
21, Onondaga 1imestone ... ... coceeeicaeiecnnenuanns cesseesasaneanen ctemee s
20. Scholarie grit.....ceo voccosnaann g
Several limestones rep-
19. Cauda-galli grit ............ NOo. 7 ceeeererecanaecaaca-aq resent this and Jower
beds. .
18. Oriskany sandstone..... FRRS ' X e tocacsesemenan

Some of the results thus far attained were permanently satisfactory ;
others have already been modified, and there are still others which
await correction.

The classification of the rocks of the New York system into ¢ system-
atic subdivisions, founded upon the fossil and lithologieal characters,”
and the application to them of geographical names suggested by the
locality where the typical sections occur have stood the test of com-
mon use for 50 years. The classification is based upon observed facts,
and the nomenclature is expressive of actual facts with no mixture of
theory.

The groupings of these stages into ¢ geographical subdivisions?” is
faulty, in that it expresses only accidental relations, and produces
purely artificial groups. There are no geological reasons for drawing

1Geology of New York, part iv, comprising the survey of the fourth geological district, by James
Hall, 1843, p.517.
2 Ihid., p. 619.
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the lines between the ¢ Champlain” and ¢ Ontario,” or the ¢ Ontario”
and ¢ Helderberg divisions,” and this part of the classitication has
accordingly fallen out of use, because useless.

Like objection exists to the term “New York system.” While the
base is well marked, the rocks of Pennsylvania, to the top of the Coal-
Measures, should be added to them to complete the system. Adding
the Carboniferous system, as expressed in Pennsylvania, Ohio, and Vie-
ginia, a natural group of the first order is produced which nearly cor-
responds to what we call the Paleozoicera. Were we to adopt for this
grand terrane the name Appalachian group, we should have a properly
constituted name for an actual, existing geologic group, free from
theory, and its nse would probably assist in the progress of science.

This classification of the New York State survey is further defective
in the retention from the old nomenclature of such definitive terms as
Corniferous, Encrinal, Water-lime, etc. Intrinsically they are not dis-
tinctive of any particular stage and therefore do not fulfill the true pur-
pose of names for the stages.

A similar objection holds in the case of such names as Cauda-galli
grit, Pentamerus limestone, and similar terms. Although the fossils
indicated may characterize the formations so named in their typical
outerops, the fossils may fail in the geographic extension of the forma-
tion, or further study may show that the fossils are not confined strati-
graphically to the zone represented by the particular formation in
question.

The only kind of name which can be applied without objection to the
ultimate subdivisions of the terranes, is a binomial term composed of
the lithologic name of the rock and the geographic name indicating its
typical exposure. .

The use or the name “0ld Red sandstone system” has been dis-
carded, and its use in 1843 indicated that the name system gave such
dignity to a terrane that it was supposed necessary to find it in every
complete section of rocks. It was later that geologists agreed that the
Old Red sandstone represents the Devonian system, but represents it
in a different type of deposits.

The imperfection in the nomenclature, even at the present time, is
seen in the fact that English geologists ! still use the phrase ¢ Devonian
and Old Red sandstone” for the rocks between the Silurian and Car-
boniferous systems, This error and confusion comes from the difficulty
in ridding ourselves of the old notion that the age of rocks may be in-
dicated by their lithologic or stratigraphic characters. Age can be
indicated only by something which persists through time; the litho-
logic characters of rocks indicate what they were made of and how;
the stratigraphy indicates the order of sequence. The age of rocks
can be indicated only by something which changes with the passage of
time according to some definite law. The organisms represented by

11887. Geikie Text-Book: Woodward’s Geology of England and Wales.
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fossil remains alone meet these requirements. A continuousrock section
furnishes us with the order of sequence of these changes, but a classi-
fication of the rocks bLased upon the age of the fossils must not be
hampered by stratigraphic or lithologic limits. The time classification
can be built up only gradually by wide study of the fossils, and the
nomenclature of the formations must be applied, and applied with pre-
cision, before the time limitations can possibly be fixed with precision.

Besides these defects in the final results of the New York survey,
there were two imperfections occasioned by lack of evidene, and others
due to false generalization. The Devonian system was scarcely more
than recognized by its general fauna—the limits above and below were
not determined. The upper limit excluded the Catskill formations
which were subsequently placed in the system. An equivalency was
supposed to exist in Ohio and Michigan between the Chemung and the
rocks now called Waverly belonging in the Carboniferous system. The
attempts to correlate with the English models resulted in fixing the
limit between the Wenlock and lower Ludlow of Murchison between the
Corniferous limestone and Marcellus shale of the New York system.
The rocks above this limit were correlated with Murchison’s Ludlow
group and Phillips’s Devonian system.

The imperfection of this work was mainly due to ignorance of the
precise relations existing between the two faunas; and, secondly, to the
fact that Phillips’s fossils were mainly middle and upper Devonian
forms, while the lower Devonian species and the lower Devonian type
of deposits were not well understood by the New York geologists.

It was the comparative study of the fossils, and particularly a more
careful discrimination of them and better appreciation of the range of
the characters they exhibited, which finally cleared up these imperfec-
tions.

Having perfected a scheme of classification, the next step of progress
was the correlation of the formations west of New York with the
scheme. This was mainly accomplished during the decade from 1840
to 1850. The chief discussions of the subject were published between
1842 and 1851.

James Hall published an article in 1842! in which an attempt was
made to correlate the rocks of the States of Ohio, Indiana, Illinois, part
of Michigan, Kentucky, Missouri, Iowa, and Wisconsin, with the rocks
of New York State. He classified the basins of the Coal Measures into
four groups, as follows: first, that of Pennsylvania and eastern Ohio;
a second extending over portions of Indiana, Illinois, Kentucky, and
Tennessee; a third in Missouri, and a fourth in Michigan. He traced
the underlying ¢ conglomerate” from Pennsylvania to the Mississippi
River. The ¢“Old Red sandstone” was not recognized west of the
Genesee River in Allegany County, New York; the Chemung forma-
tion, which, he remarked, ¢ Lyell compares with the lower part of the

1 Notes upon the Geology of the Western States, Am. Jour. Sci., vol. 42, p. 312,
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Old Red in Forfarshire, etc., Scotland, in its gray, thin, laminated sand-
stones and green shales,” Hall recognized in Ohio, at Cuyahoga Falls,
Akron, ete. He also correlated the Portage and Gardeau with rocks at
Cuyahoga Falls and Newburg in Ohio, but found them of diminished
thickness. He said, *The Portage sandstone (known as Waverly
sandstone)” is found in many places in Ohio. The thin-bedded lime-
stones which he found often Oolitic in structure, and in some places
becoming thick beds of limestone interstratified with sandstone, in
Indiana, Illinois, and Kentucky, Hall found to contain fossils which
were different from those of the limestones of New York, and he thought
them to be identical with the Carboniferous limnestone of Europe, re-
cording one of the fossils, Productus hemispherica, which was a char-
acteristic of that formation.! The conglomerates which occur above
this he correlated with the Millstone grit of the British classification.
This identification of the carboniferous rocks in the West, or in the
Mississippi Valley Basin, was not new with Hall, but had been made
several years before by D. D. Owen, as will be shown further on..

In 1842 Hall? read a paper before the Association of Geologists and
Naturalists, which was published the following year with a plate ex-
plaining a section from Cleveland to the Mississippi River. In this
plate the Waverly sandstone series of the Ohio report is called ¢ Che-
mung and Portage groups.” The term ¢ Subcarboniferous rocks” is
applied to ¢ friable gray sandstone with intercalated beds of oolitic
limestone ” lying between the ¢ Waverly series” and the ¢ Carbonifer-
ous limestone.” Where the latter outcrops in the Mississippi River
Valley it is called the ¢ Great Carboniferous limestone.”

At Newburg ¢ the Portage sandstone or upper part of the group is
seen, and is there underlaid by the green shale. These are eguivalent
to the Waverly sandstone of the Ohio reports, as was afterward ascer-
tained by visiting the quarries at Waverly. From Newburg we pass
over the shales and sandstones of the Chemung group, till we arrive
upoun the Conglomerate, which is well developed at Stow and Cuyahoga
Falls. This Conglomerate, which, so far as I could discover, is identi-
cal with the outlier of a similar mass in the southern part of New York,
is the fundamental rock of the great coal formations.”

The ¢ black, bituminous shale underlies this Portage and Chemung
on the road toward Columbus, and represents Hamilton and Marceilus,
particularly the latter.”3

In the vicinity of Louisville and New Albany, at the Falls of Ohio,
the ¢ black, bituminous limestone ” he correlated with the Marcellus
shale of New York above the ¢ Corniferous limestone.” This is fol-
lowed by the “green shales and slaty sandstones of the Portage group

1 Notes upon the Geology of the Western States, Am. Jour. Sci., vol. 42, p. 57.

2Hall, James: Notes explanatory of a section from Cleveland, Ohio, to the Mississippi River, in a
sonthwest direction, with remarks upon the identity of the western formations with those of Now
York, Assoc. Am. Geol., Trans., 1843, pp. 474-531.

3Ibid., p. 272,
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or Waverly sandstone series of Ohio.”! Above this were scen ¢ friable
gray sandstones with intercalated beds of oolitic limestone.”

“These rocks are marked in the section by the name *Subcarboniferous,’
and although the fossils and the character of the intercalated beds of
limestone indicate the commencement of the same era as the Carbonif-
erous limestone, yet it requires that a limit should be fixed between
what is to be strictly referred to Carbouiferous and older deposits.” 2

In a foot-note the author referred to Dr. Owen’s denomination of *the
rocks here described as well as the succeeding limestone as Subcarbon-
iferous,” and remarks that he had not seen the report when his section
was prepared.

D. D. Owen first applied the term Subcarboniferous to the limestones
underlying the Coal Measures, having included with them the Silurian
limestones, and to the whole series be applied the designation Cliff
limestone. James Hall introduced the name Subcarboniferous to indi-
cate rocks which he regarded as lying below the ¢ Carboniferous lime-
stone,” the intercalated calcareous beds of which contained fossils
like those of the Carboniferous era.?

The ¢“Carboniferous limestone” of Hall’s paper was not recognized
east of New Albany, Indiana, where it is reported as resting upon the
“ Subcarboniferous rocks.” From there it was traced westward, and
along the Mississippi Valley in Illinois, Towa, Missouri, and Tennessee.

The author held that upon going westward the character of the
deposits changes, and the nature of the species changes with indica-
tions of difference in depth.

It will be seen that Hall’s interpretation was based upon tracing the
continuity of the strata. Though fossils were considered in a general
way, the differences noted were regarded as due to changed conditions
rather than to lapse of time. So thatthe more minute comparison of
the fossils for a long time failed to convince geologists of the errors of
correlation. '

The misinterpretation of the relation of the Waverly formation of
Obio to the New York system was very difficult to correct, since the
State geologist who best knew the New York system had claimed, as
the result of personal examination, tracing the rocks step Ly step all
the way from New York to the Mississippi Valley, that these rocks
were identical. It was difficult to get people to believe in the testi-
mony of fossils against such assertions.

In the year 1843 H. D. Rogers* expressed the opinion that the black
bituminous shales which appear in the States west of Ohio, between
the Silurian and the Carbouniferous, represent the Marcellus shales of
New York State, and in this opinion he differed with Hall, who re-

1 Hall, James: Notes explanatory of a section from Cleveland, Ohio, to the Mississippi River, in a
southward direction, with remarks npon the identity of the western formations with thoso of Now
York. Assoc. Am. Geol., Trans. 1843, p. 280.

2Tbid., p. 281.

38¢6é Chapter VIIL.

4 Rogers, HonryD.: On Marcellus and Hamilton of the West; Am. Jour. Sci., vol. 45, 1843, pp. 161, 162,
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garded them as representing both the Marcellus and the Hamilton,
although not equivalent to either.!

In 18432 David Dale Owen commented *On the Geology of the West-
ern States.” In this paper a fine-grained sandstone and chert with
iron ore was described from Tennessee, Kentucky, and Indiana, and
examined on its outcrop near the Knobs. In its lower part this forma-
tion was correlated with the Devonian system of England and with the
Chemung group of New York, and was described as resting on black
bituminous shales and as equivalent to the Marcellus shales of New
York.

The high appreciation of the results of the New York State survey is
indicated by the frequent references which were made in the Journals
to the reports.®

In D. D. Owen’s review a tentative scheme of a chronologic table is
given as follows:*

Protozoic rocks or New York system.

. Potsdam sandstone.

. Calciferous sandrock.

Black River limestone.

Trenton limestone.

Utica slate.

Hudson River group.

Oneida Conglomerate.

. Medina sandstone.

. Clinton group.
Niagarasandstone.

. Onondaga Salt group.

. Wator limestone.

. Pentamerus limestone and Catskill shaly limestone,
. Oriskany sandstone.

. Cauda-galli and Schoharie grit.
. Onondaga limestone.

. Corniferous limestone.

. Marcellus rhale.

Transition series .......ec--.-

First or Lower Division.....
Transition series ...........

Second or Middle Division ..

DD ok ek b et b b el e ek
SOPNOTNPRO— XSO R WO

Transition series ...........

PANAS e N e NN e A

; . . Hamilton group.
Third or upper division ..... 4 90" Genesee slcte.
21, Portage group.
Transition series ........... 22. Chemung group.

Owen speaks of the Marcellus shale as ¢the base of the third division
of the American Protozoic rocks.,” The equivalents to this are given
as the “lower part of F. VIII of Pennsylvania and Virginia, Post-
medidial, Older Black slate of Rogers.”® The transition from the under
lying Corniferous and Seneca limestone is sharp.

He expressed the opinion that the black shale at the IFalls of Ohio is
probably the representative of the Genesee, and that the Encrinital
limestone of Tennessee and Kentucky (Button Mould Knob) may rep-
resent the Encrinital limestone of the Hamilton of New York.®

1See Am. Jour. Sci., vol. 43, pp. 161-162,

2 Am. Jour. Sci., vol. 45, pp. 151-165.

3 Among these may be mentioned particularly, ** Review of the New York Geological Reports,” by
D. D. Owen, published in the Am. Jour. Seci., vol. 46, pp. 143-157; vol. 47, pp. 354-380; vol. 48, pp. 296-316;
2d ser., vol. 1, pv. 43-70, vol. 3, pp. 164-171.

4Ibid., vol. 47, p. 355. (This article is signed ““D.D. O.,” p. 380.)

8 Am. Jour. Sci., vol. 3, 1847, p. 57,

¢ Ibid, p. 72.
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In 1844 Henry D. Rogers delivered the annual address before the
association of geologists and naturalists at the meeting held in Wash-
ington, May, 1844,

At that time the geological publications of the United States had
reached a stage of considerable perfection, the author remarked.! The
¢ Geology and Mineralogy of the State of New York ” had been issued.
Reports on surveys covering the greater part of the Eastern States
of the Union had been published, furnishing information in regard to
the Paleozoic, Mesozoic, and Tertiary formations of this half of the
United States. In regard to the Paleozoic formations he said:

From Lake Champlain, therefore, westward to the mouth of the Wisconsin River, a
distance of at least 1,100 miles, and southward to Alabama,over a still larger and
very complicated tract, and throughout the entire triangular area included between
these limits, the bonndaries of each of our Paleozoic Appalachian formations have
been determined and with very considerable precision.

He and his brother had prepared a map of the United States, 14 feet
by 12 feet in size. This was appareuntly of the eastern part of the
United States.?

The paleontology of the Appalachian basin at this time had been
carried on by the researches of Messrs. Conrad, Emmons, and Hall, in
New York, and by Messrs. Hall, Owen, Troost, Locke, and Chpp, in
the Western States, until ¢“five hundred well characterized marine
fossils had been made known.,” The work of study and description was
pushed further, particularly by James Hall. Rogers acknowledged, in
1844, that ¢ the most elaborate classification of our Appalachian Paleo-
zoic strata hitherto is that of the New York geologlcal survey.,” « It
embraces, under the title of the New York system, the entire body of
strata from the bottom of the lowest fossiliferous rocks to the base of
the Red sandstone of the Catskill Mountains.”

Although the New York geologists were acknowledged to have pro-
vided a valuable classification of these formations, the anthor did not
feel satisfied with recommending this for general adoption. He appreci-
ated the difficulties attaching to the application of local names to the
geological formations, and because.of the necessity of a general nomen-
clature for rocks he gave an account in this address of a scheme of
grouping and naming the Paleozoic strata, which his brother, W. B.
Rogers, all(l himself had been maturing during the last three years.*

Their nomenclature was purely artificial. To quote he says:

We proposo to distribute the whole great body of strata, from the base already
designated to the top of the Coal Measures, in nine distinct series, the products of
as many great successive periods, and resorting to the analogy between these
periods and the nine natural intervals into which the day is conveniently divided
we have mamed them in ascending order, the Primal, the Matinal, Levant, Preme-

'Rogeors, Henry D.,on Amorican geologyand present condition of geological research in the United,
States. Am. Jour. Sci., vol. 47, 1844, pp. 137-161, 247, 278.

21bid, p. 146,

8See p.147. 1find no evidence that it was published.—H. S. W,

$Tbid, p. 154,
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didial, Medidial, Post-medidial, Ponent, Vespertine, Seral series; the deposits of the
Dawn, Morning, Suurise, Forenoon, Noon, Afternoon, Sunset, Evening, and Twilight
periods of the great Appalachian Paleozoic day.

The author goes to some length in explaining the application of this
scheme to the formations of the ‘“Appalachian system” and their cor-
responding limits in the formations of the New York geologists, and we*
notice that he has attempted to cover very much the same field already
covered by the nomenclature of the New York State survey. The ad-
vantages of his nomenclature it seems to the writer are entirely nega-
tive; the names are entirely arbitrary, and on that account have not
the objections attaching to them which were raised against mineralogic
or paleontologic names. The greatest objection to the scheme as a
whole is that it is necessarily local, both geologically and geograph-
ically, since it is a scheme of nomenclature which does not permit inter-
calations without disturbing its symmetry, and it does not allow of
expansion to cover what might be found below or to cover the higher
rocks.

The author discussed in the latter part of his address the formations
of the Mesozoic period, named the Red sandstone along the eastern
border ¢ Mesozoic Red sandstone,” and enumerated some of the fossils
oceurring in the “ Mesozoic Coal Measures of Eastern Virginia,” The
Cretaceous deposits are briefly referred to and a few of their charac-
teristic fossils enumerated. The Cainozoic or Tertiary period is also
briefly described, and above that the Post-Pliocene period is reported in
Maryland and North Carolina and elsewhere aloug the coast, and a few
of the fossils which Conrad had been so active in describing are named.

In 1847 Daniel Sharp? reported the Oriskany sandstone, Cauda-Galli
grit, and Schoharie grit as locally distributed in New York, the first
being most prominent in Pennsylvania and Virginia. The whole series
is classified in the Devonian system. )

The Marcellus shale, the Hamilton group (Moscow shales, Encrinal
limestone, Ludlowville shales), Tully limestone, and Genesee slate are
especially distinguished by their faunas, which consist chiefly of Brach-
iopods and Lamellibranchs, the majority of them peculiar to the De-
vonian while a few occur in the higher Carboniferous deposits. This
is by far the most fossiliferous series in the Devonian system. The
Portage group, consisting of sandstones and shales and haying a thick-
ness of 1,000 feet, is nearly barren of fossils, while the Chemung rocks,
which have a thickness of 1,500 feet and occur just above the Yortage
group, are highly fossiliferous. Both of these series are considered as
belonging to the Devonian system,and with the Hamilton group con-
stitute the ¢ Erie division,” The Devonian system closes with the
Chemung group, above which comes the Old Red sandstone formation.

! Am. Jour. Sci., vol. 47, 1844, p. 247.

2Sharpe, Daniel : Report on the fossil remains of mollusca from the Paleozoic formations of the
United States (etc.), with romarks on the comparison of the North Amorican formations with those of
Lurope. Quart. Jour. Geol. Soc., 1847, vol 4, pp. 145-181.
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The author in the main agreed with American geologists in the line of
division between these two great groups of rocks. He then correlated
the system of America with that of Europe, after which he added a tab-
ulation of the faunas of both countries, giving references to synonyms,
strata, localities, and formation in country.

In 1848, before the American Association of Geologists and Natur-
alists, James Hall presented a paper! in which some valuable compari-
sons are given of the characters expressed by the rocks as they outcrop
in different areas. The Hudson River group was recognized in Obio,
Indiana, Kentucky, and elsewhere in the interior. It becomes more
calcareous and is called ¢ Blue limestone” in the more western expos-
ures. Hall noticed that it contains Conchifera in the Bast with few
Brachiopods; that in the West, Brachiopods are conspicuous with Corals
and Crinoids, Crustacea, and Trilobites. The Oneida conglomerate,
the Medina sandstone, and the Clinton formations of New York were
very slightly represented in the Southwest. The Niagara shale and
limestone in the East were both fossiliferous; in their western expos-
ures the limestone is reported as thicker and containing abundant
Corals, and the calcareous matter is reported as increasing on coming
westward. The Onondaga Salt formation thins out on coming west-
ward, the Helderberg formations mainly disappear west of New York,
except the Upper Limestone, which appears in Ohio, Indiana, and Ken-
tucky, but is of lighter color than its representatives’ in New York.
The Marcellus and the Hamilton formations are reported as sandy in
the East, and the muds diminish and the sands increase in western
New York, and in Ohio only the lower, Shale, and tbis of limited thick-
ness appears. The rocks from the Hamilton group upward, and the
Old Red sandstone are more sandy in the East, and more argillaceous
and thinner westward. The rocks of the Catskill Mountains, called
the ¢ Old Red sandstone,” also appear in eastern Pennsylvania, but
disappear westward, allowing the Coal Measures to rest on the con-
glomerate in the East, but in the West, on the Chemung, and still far.
ther west on the limestone.

As a conclusion from these observations the author pointed out that
a continent supplying sediments muost have existed eastward of the
great deposition of sediment along the border, extending from New
York through Pennsylvania southward.

M. IEd. de Verneuil, after a visit to the United States and examina-
tion of our formations and their fossils, published in the Bulletin of the
Geological Society of France the most valnable paper on correlation
which had appeared up to this time.?

! The Geographical Distribution of Fossils in the Older Rucks of the United States.

27The Corniferous and Onondaga limestone.—H. S. W.

3Noto sur lo paralllisme des roches dos dépdts paléozoiques de 1'Amérique séeptentrionale aveo
coux do 'Europe, suivie d’'un tabloau des espdces fussiles communes aux doux continents, avec 'indi-
cation dos Etagos oir elles so rencontrent ot tormiué par un examen critique do chacune de ces esptes.
Soo. gool. France, Bull., 2° sér., vol. 4, 1847, pp. 646-709.
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A few copies of the paper doubtless came to America, but the form
in which it had most effect upon American geology was the condensed
tramslation and review of it by Mr. Jawes Hall, which appeared iu the
American Journal of Science.!

In the present essay the original paper and HallP’s comments upon it
will be discussed together.

Mr. Hall’s Review of M. de Verneuil’s Study of the American Pale-
ozoic was entitled ¢ On the Parallelism of the Paleozoic Deposits of
North America, with those of Europe; followed by a Table of the
Species of Fossils common to the two Continents, with indication of
the positions in which they occur, and terminated by a critical exami-
nation of each of these species; by Ed. de Verneuil (translated and
condensed from Bulletin of the Geol. Soc. of France, 2d ser., vol. 4 for
this Journal; by James Hall, New York State Geologist).”

This review is of great importance historically, as it shows how the
classification of the New York strata was perfected by comparisons
with the European strata and their fossils.

M. de Verneuil, one of the ablest paleontologists of the time, had
been associated with Murchison in studying the Russian seties. This
had led to a careful comparison of the English Silurian and higher
rocks with those of Russia, and had fitted him preeminently to recog-
nize cogrespondmfr species, zones, aud faunas in the New York and
American series. And this ¢ review” of his report on the ¢ parallel-
ism ” was by the rising paleontologist of New York, who, better than
any other American, understood -the fossils and the arguments pre-
sented.

De Verneuil appreciated the great value, for classificatory purposes,
of the New York series. He said, ¢ No country in Europe offers us so
complete and uninterrapted a development of the Silurian and Devo-
nian systems,” and ¢this series presents a continuous succession of
deposits which are superimposed in regular stratification.”?

The various strata of this New York system had been defined and
named in their stratigraphic order, each different kind of rock receiving
a distinct, generally geographi¢c name. These formations had been
grouped together arbitrarily on grounds of their geographic outerops ;
as Champlain, Ontario, Helderberg, and Erie divisions. By some of
the State Geologists they were regarded as merely convenient group-
ings of the rocks for reference, and of no scientific value.

In the final reports attempts had been made to correlate them with
the English subdivisions, as given by Murchison and others, but these
correlations were incorrect, as the result has shown. .

No satisfactory method of classifying the individual formatlons into
more comprehensive groups had been attained. De Verneuil proposed
to unite them into groups according to their paleontologic affinities.

1Second series, vols, 5 and 7, 1848. 2 Am, Jour. Sci., 2d ser., vol. 5, p- 178
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This had been roughly attempted by Hall, bat, as we examine the
changes proposed by De Verneuil, it is evident that the final grouping
was greatly influenced by his suggestions.

In the first volume of the Paleontology of New York, published in
1847, no attempt was made by Hall to form subordinate groups of the
several formations included in the lower or ¢ Champlain division,” the
Potsdam sandstone, Calciferons sandrock, Chazy limestone, Birdseye
limestone, Black River limestone, Trenton limestone, Utica shales,
ITudson River shales). De Verneuil thought there were several subor-
dinate groups, viz, (1) Potsdam, (2) Calciferous, (3) Chazy, Birdseye,
and Black River limestone, (4) Trenton limestone, Utica and Hudson
River shales. The placing of the Oneida conglomerate and the Me-
dina sandstone with the Niagara limestone was supported by de Ver-
neuil. It had been proposed by Vanuxem and Mather, but was not
followed by Hall; in this review the latter expressed his assent to its
propriety.

The combination (Water-lime, Pentamerus galeatus limestone, Del-
thyris shaly limestone, Upper Pentamerus) to form the Lower Helder-
berg group, was the suggestion of de Verneuil.! This is in accordance
with Conrad’s identification of this combination with the ¢ Wenlock
limestone” in 1841, but does not agree with Hall’s previous grouping
of the equivalents of the Wenlock limestone.

The inclusion of the Oriskany with the Corniferous in the Devonian
was suggested by de Verneuil. The combination Marcellus, Hamilton,
Tully, and Genesee as a lower group, and Portage and Chemung as an
upper group of the Erie division of the New York reports was also his,

De Verneuil’s parallelisms of the strata of Europe and America were
as follows: '

The Potsdam sandstone he regarded as the equivalent of the ¢ sand-
stone with obolus” of Russia and the ¢ Carboniferous sandstone” of
Scandinavia. The siliceous limestone and Black River and Trenton
limestones were the ¢ bitaminous schist and Orthoceratite limestone” of
Sweden and Russia. The Utica shales and Hudson River group were

- the “ Graptolite slates” of Sweden and of Bain, France. These to-
gether form the equivalent of the inferior stage of the Silurian system,
and as we study his classification of the next division, it is apparent
that the groupings suggested are not those arising from the particular
American sequence of rocks, or alone from the faunas themselves, but
from their equivalency to the divisions of the European classifications.?

In the western exposures in Indiana and Ohio, he recognized a union
of the faunas of the Lower and Upper Silurian, but in New York these
are separated by the Oneida and Medina arenaceous deposits, and he
drew the'line so as to include the latter in the Upper Silurian with the
Clinton and Niagara. The limestones and shales of the Niagara he re-
garded as the equivalent of the limestones and slates of Wenlock and

Y Am. Jour. Sci., 2d ser., vol. 5, p. 180. 2Ibid., pp. 179, 180.
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of Gothland, and the five inferior groups of the Helderberg division as
the equivalent of the Ludlow rocks.

In M. de Verneuil’s opinion the Devonian begins with the Oriskany
and includes the five superior groups of the Helderberg division and
the six groups of the Erie division and the Old Red sandstone. His
argument for beginning the Devonian with the Oriskany is the paleon-
tologic equivalency of its fauna with the fauna of the European Devo-
nian, the oceurrence of Asterolepis in Schoharie grit, and the characters
of the numerous Spirifera, some of which reminded him of Spirifer cul-
trijugatus and 8. macropterus of the Eifel, and the fact observed by Hall
that the Oriskany was preceded by a violent movement of the waters,
denuding and wearing depressions in the underlying rocks. The Oris-
kany he regarded as the equivalent of the fossiliferous schists of the
border of the Rhine. The Chemung, Portage, Genesee, Tully, and
Hamilton represented for him the formations of the Eifel and Devon-
shire ; the Marcellus shales, those of Wissenbach in Nassau; the black
(Devonian) schists of Ohio, Indiana, and Kentucky, he regarded as
representing the Genesee slates of New York, and the calcareous band
below represented the Corniferous and Onondaga limestones and the
Hamilton group of the East. He held that the Devonian disappears
entirely on the borders of the Mississippi, where the Carboniferous sys-
tem rests directly on the Silarian.!

M. de Verneuil first pointed out the fact that the * Waverly series ”
of Ohio and Indiana in great part belonged to the Carboniferous sys-
tem, and not to the Devonian or Chemung, as American geologists
held.2 This determination was based upon study of the fossils from
near Medina, and from Cuyahoga, and Newark, Ohio. He showed that
the representative of the Portage in Ohio was possibly at the base of
the Waverly sandstone, but found it difficult to draw a line on account
of the lack of fossils, and held the view that in Indiana, Kentucky,
and Tennessee all above the black slates is Carboniferous.

In a foot note 3 Mr. Hall explains that he had called rocks at New
Albany, Indiana, lying above the black slates and containing Carbon-
iferous fossils, ¢ Subcarboniferous, from the fact that up to that timeI
wasnotaware that anything below the base of the great Carboniferous
limestone had been recognized as belonging to the Carboniferous
period.”

In Tennessee the siliceous strata of Prof. Troost are also reported as
belonging to the Carboniferous system. Those ¢ Psammites and sili-
ceous strata” M. de Verneuil regarded as equivalent to the ¢ yellow sand-
stone of Ireland” and the ¢ slates and sandstones of Westphalia.”

The reviewer at the close still differed from the author in his defini-
tion of the Devonian system above and below, insisting that the limit
between Silurian and Devonian should be at the base of the Schoharie

i Am. Jour. Sci., 2d ser., vol. 5, p. 15L. 2Ibid., vol. 7, p. 45. 21bid., p. 461



WILLIAMS.] TALL, DE VERNFUIL, 71

grit, with the Oriskany left out of consideration, and that the line
between the Devonian and Carboniferous was not established and
should be regarded as a matter for future determination.!

Mr. Hall in this review quotes M. de Vernenil’s views as to the great
importance of the Paleozoic formations of America:

No series of formations extended in continuous manner over a vaster surface than
the Paleozoic strata of North America. * * *

By one of those happy chances of which the history of science offers us examples,
tho territory of the State of New York presents us, below the Carboniferons system,
the Paleozoic series most complete. -Every favorable condition is there alse united
to facilitate that study, and to give to superposition, and consequently to paleon-
tology, of which it is the foundation, a certainty truly sciontific.? -

Hall as well as de Verneuil objected to the unfortunate grouping into
¢« Champlain, Ontario, ete., divisions” of the rocks of New York.

The finer subdivisions are, however, of permanent value. As Hall
wrote :

In trath, wo are satisfied that what has given certainty and security to our labors
are the minute snbdivisions which have never been attempted elsewhere.?

The reason for this is not far to seek. These * minute subdivisions’
are the natural stratigraphic units of the rocks and express the his-
torical changes of local conditions. They express for each geographic
province the epochs of its geologic history and are the units of which
the geologic history of the world was built. The fossils they contain
are the means by which the history of geographically separate prov-
inces may be compared, and, as will be seen by tracing the effect of de
Vernenil’s work, the coordinating and systematizing of the several
stages of relative uniformity of condition for each separate province
are to be accomplished by a comparative study of the fossil contents.

The reason for grouping any particular formation with those below
rather than with those above is not found in its mineral constitution,
nor in its stratigraphic condition, but in the character of its fossil con-
tents.

The New York geologists attempted to makeé groupings of the funda-
mental formations based npon their relation to the present geographic
features of the surface. This plan failed because there is no natural
connection between the two sets of phenomena.

When de Verneuil discussed the matter with Hall on a basis of the
fossil contents of each particular formation for each particular geo-
graphic province, a natural classification was reached, which, as far as
the state of knowledge permitted, was satisfactory, and which persists
because it is based upon facts which have a history, and therefore can
be historically classified.!

In Tennessee, according to the reports of Troostand Owen, Silurian,

1 Am. Jour. Sci., 2d ser., vol. 7, p. 231.

2Tbid., vol. 5, p. 177.

8Thid., p. 179.

4Comparison of the goological features of Tennosseo with those of the State of New York, by
James Hall; Proc. Amer. Assoe., 1851, vol. 6, pp. 256-259.
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Devonian, and Carboniferous species occur together. Hall accounted
for this fact by the absence in this basin of the rocks which in New
York separate these great limestones, thus bringing the representa-
tives of the Niagara, Lower Helderberg, and Corniferous together, and
causing some confusion of the species at their junction.

This was in the direction of clear definition for the faunas. Up to
this time (and to some extent even to the present), geologists did not
appreciate the essential importance of knowing the precise order and
association of species making up the successive faunas met with in
geological sections,

James Hall also prepared a paper on ‘Parallelism of the Paleozoic
deposits of the United States and Europe.”! This was written after
the work on the geological survey of the State of New York had been
completed. Interest had also been excited in Burope, and he had the
benefit of the studies of several very able European geologists. Lyell
had visited America the first time; de Verneuil had written his paper
on the Parallelism of the Paleozoic formations of America with those
of Europe; Daniel Sharpe had written a paper on the Paleozoic rocks
of North America;? Murchison’s Silurian System had been published
several years before; also Phillips’s Fossils of Devonshire, and McCoy’s
description of Carboniferous Fossils; these were all published and at
hand for comparison.

The first part of Mr. Hall’s paper was devoted to a comparison be-
tween the Paleozoic rocks of New York and those of the West. As
bearing upon our present discussion the only point of particular interest
in this comparison is the correlation of the ¢ Cliff limestone ” with the
Niagara, Clinton, and Corniferous limestones of the East. Inthe West a
black shale was found to follow this limestone in some parts of Ohio,
Indiana, and Kentucky, which was believed to represent the remaining
part of the Devonian; above it, all over the Mississippi Valley area, the
Carboniferous limestone appeared. Several interesting points appear
in the discussion of the comparisons between the American and the
European sections made by Messrs. Sharpe, de Verneuil, and others. In
these comparisons the use of fossils was paramount, and all the argu-
ments were based upon the presence of fossils, irrespective of the lith-
ologic characters of the deposits. The determinations were based
chiefly upon a nnmerical comparison of the recorded lists of fossils;
resemblance of genera and identity of species were recorded as deter-
mining the correlation in each case. This principle was carried to the
extent of recognizing,in species from what are called now Devonian
deposits of America, correlations with Silurian, Devonian, and Car-
boniferous species in the different groups of organisms which were com-
pared. For instance,in a table® the Brachiopods of the Oriskany sand-

tIt appeared as chapter xviii of Foster and Whitney’s Report on Lake Superior, part 11, pp.
285-318, published in 1851.

2 Quar. Jour. Geol. Soc. Lond., August, 1848.

8Tbid., p.316.
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stone are said to indicate a ¢“close affinity with the Carboniferous;” the
Cephalopoda of the Marcellus and the Brachiopoda ard some Cephal-
opoda of the Chemung and Hamilton groups are reported as ¢ of Carbon-
iferous facies.” Again, the Brachiopods and Lamellibranchs of the
Chemung and Hamilton, and the Brachiopods of the Corniferous are in-
dicated as presenting a ¢ Devonian facies,” while the Lamellibranchiata
and Orthocerata of the Chemung and Hamilton, the Cephalopoda of the
Corniferous, and the Cephalopoda and Crustacea of the Schoharie grit
are regarded as ¢ equivalents of the corresponding faunas of the Lud-
low rocks in Europe.”

This indicates considerable confusion, and the inference to be drawn
from a study of these results is that the determination of the fossils
was not sufficiently accurate to make the comparisons with precision.
It is probable that the difference between the species which were de-
fined ag ¢ Carboniferous,” or ¢Devonian,” or “ Upper Silurian (Lud-
Jow)” in Europe, belonging to the same genera, was not so great as the
difference which the species, belonging to the same horizon, might
exhibit on the two sides of the ocean; but at this stage in the progress
of paleontology there was apparen tly very little appreciation of the
amount of variation which species of the same genus undergo during
the same geologic epoch.

Hall was of the opinion that the Upper Helderberg of the New York
system represented the Ludlow group of Murchison, and while he ree-
ognized the fact that the Ludlow beds were separated by the English
from the Devonian, he insisted that the fossils of the Ludlow were
represented by the fossils of the Schoharie grit and Corniferous lime-
stone more closely than by any of our Lower Helderberg spegies. Ile
insisted that either. the Ludlow beds belonged to the Devonian or that
there must be some consider able gap in the New York series between
the Lower Helderberg and the Upper Helderberg. He said, after
stating that he could not agree with M. de Verneuil in placing the
Lower Helderberg limestones in parallelism with the Ludlow: ,

Leaving ont of consideration the Oriskany sandstone and Cauda-Galli grit, we feel
disposed to regard the Schoharie grit as possessing zoological features mnorein accord-
ance with those of the Lower Lindlo w series than any other rock in our classification.
‘We shall thus place it for the present.t .

And in his table of equivalents the Wenlock series is represented by
the Clinton group in part, Niagara group, and Lower Helderberg lime-
stones; and the Ludlow series and Devonian system are represented
by our Upper Helderberg limestones, Hamilton group, Chemung group,
and the Red sandstone and shale of the Catskill- Mountains.?

As indicative of the stage of refinement reached in the identification
of species and its results, the following quotations may be made:

Although it is not difficnlt to find the evidence of a 'gonera.l parallelism in our suc-

1 Fostor and Whitney, Rept. on Lake Superior, pt.2, p. 310, 21bid., p.317.
- -
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cessive groups with those of Europe, yet when we come to more minute and critical
comparisons the difficulties increase rather than diminish,

The relations of our divisions often appear to be in two directions, and it is im-
possible to account satisfactorily for the apparent divergence in the direction of
groups, as shown by the evidence afforded by the recognized species of European
authorities.!

This determination of (correlation with) the Ludlow wasindependent
of his determination of the true representative of the Devonian system
in America; for in another place he said :

The Oriskany sandstone, however, marks an important horizon, since we now regard
it as commencing the Devonian period.?

Althongh fossils were used for the purpose of correlating formations
across geographic intervals, as from England to America, it was not by
paleontology pure and simple. It was an identification of strata by
likeness of fossils irrespective of the question of paleontologic history.
The fossils were mere ¢ medals of creation;” those pussessing the same
marks were supposed to belong to the same creation. The time had
not come for an examination of the relations of the various fossils to
each other. The law of paleontologic succession did not become a
factor of correlation till the idea of the evolution of species furnished
a rational basis of confidence in the naturalness of the observed order
of sequence of forms. Theidea of evolution suggests the true biologic
system of correlation,in which the data of the classification are fossils,
and the distinctions made are into periods in the history of organisms,
the strata taking their relative position in the series according to the
period in this history which their contained fossil remains may indi- -
cate. ’

1 Foster and Whitney, Ropt. on Lake Superior, pt. 2, p. 314. 2 Ibid., p. 302.



CHAPTER III.
THE DIFFERENTIATION OF THE CARBONIFEROUS SYSTEM.

In matters of correlation the Carboniferous system is particularly
unfortunate, in that there is nothing in the name nor in the usage
to determine preeisely the limits of the system above and below.
The grand divisions Lower Carboniferous, Millstone Grit, and Coal
Measures have been handed down from the early<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>