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ADVERTISEMENT.

[Bulletin No. 86.]

The publications of the United States Geological Survey are issued in accordance with the statute
approved March 3, 1879, which declaves that—

“The publications of the (reological Survey shall consist of the annual report of operations, geological
and economic maps illustrating the resources and classification of the lands, and reports upon general
and economic geology and paleontology. The annual report of operations of the Geological Survey
shall accompany the annnal report of the Secretary of the Interior. Al special memoirs and reports
of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other-
wise in ordinary octavos. Three thousand copies of cach shall be published for scientific exchanges
aud 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 purt of the library of the organization; and the
money resulting from the sale of such publications shall be covered into the Treasury of the United’
States.”

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

“That whenever any document or report shall be ordered printed by Congress, there shall be printed,
in addition to the number in each case stated, the ‘usual number’ (1,900) of copies for binding and
distribution among those entitled to receive them,”

Except in those cases in which an extra number of any publication has been supplied to the Survey
by special resolution of Congress or has been ordered by the Secretary of the Interior, this office has
no copies for gratuitous distribution.

ANNUAL REPORTS.

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

II. Second Aunnual Report of the United States Geological Survey, 1880-'81, by J. W. Powell. 1882.
80, 1v, 588 pp. 62 pl. 1map.

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

IV. Fourth Annual Report of the United States Geological Survey, 1882-'83, by J. W. Powell. 1884.
80, 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 Aunnal Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.
80. xxix, 570 pp. 65 pl. and maps.

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

VILL Eighth Annual Reportof the United States Geological Survey, 1886-'87, by J. W. Powell. 1889.
ge. 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 Geolor'wa,l Survey, 1887-'88, by J. W. Powel] 1889.
80, xiii, 717 pp. 88 pl. and maps.

X. Tenth Annnal Report of the United States Greological Survey, 1883-'89, by J. W. Powell. 1890.
g8o. 2v. Xxv, 774 pp. 98 pl. and maps; viii, 123 pp.

XI. Eleventh Annual Reportof the United States Geological Survey, 1889-'90, by J. W. Powell. 1891.
80, 2v. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 pl. ~

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

The Thirteenth Annual Report is in press.

MONQGRAPHS.

I. Lake Bonneville, by Grove Karl Gilbert. 1890. 49, xx, 438 pp. 51 pl. 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.

LII. Geology of the Comstock Lode and the Washoe District, with atlas, by George F. Becker. 1852.
40, xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00.

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

V. The Copper-Bearing Bocks of Lake Saperior, by Roland Duer Irving. 1883. 4°. xvi, 464 pp.
151. 29 pl. and maps. Price $1.85.

VL. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine. 1883. 4°. xi, M4 pp. S5+l 54pl. Price $1.05.

I
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VII. Sitver-Lead Deposits of Eureka, Nevada, by Joseph Story Cartis. 188f. 4°. 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. Brachiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,
Dby Robert P. Whitfield. 1885. 4°. xx, 338 pp. 35pl. 1map. Price $1.15.

X. Dinocerata. A Monograph of an Extinet Order of Gigantic Maminals, by Othniel Charles Marsh.
1886. 4°. xviii, 243 pp. 561. 56 pl. Price $2.70.

XI. Geological History of Lake Lahontan, a Qnaternary Lake of Northwestern \Tevad.t, by Israel
Cook Russell. 1885. 4°. xiv, 288 pp. 46 pl. and maps. Price $1.75.

X1I. 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.

XIIT. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker.
1888. 4°. xix, 486 pp. 7 pl. and atlas of 14 sheets folio. Price $2.00.

XIV. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val-
ley, by John S. Newberry. 1888. 4°. xiv, 152 pp. 26 pl. Price $1.00.

XV. The Potomac or Younger Mesozoic Flora, by William Morris Foutaine. 1889. 4°. xiv, 377
pp. 180 pl. Text and plates bound separately. Price $2.50.

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340pp. 53 pl.
Price $1.00. y

XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquercux. Edited by F. H.
Knowlton. 1891. 4°. 400 pp. 66 pl. Price $1.10.

XVIIL. Gasteropoda and Cephalopoda of the Raritan Clays and Greeusand Marls of New Jersey,
by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00.

In press:

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

XX. Geology of the Enreka District, Nevada, with atlas, by Arnold Hague. 1392. 4°. 419 pp. 8 pl

In preparation:

XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder.

XXI1I. A Manual of Topographic Methods, by Henry Gannett, chief topographer.

XXIII. Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolf,
T. Nelson Dale, and Bayard T. Putnam.

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

— Sauropoda, by O. C. Marsh.

— Stegosauria, by O. C. Marsh.

— Brontotheride, by 0. C. Marsh.

— Report on the Denver Coal Basin, by S. F. Emmons.

— Report on Silver Cliff and Ten-Mile Mining Districts, Colorwdo, by S. F. Emmons.

— The Glacial Lake Agassiz, by Warren Upham.

BULLETINS.

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

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

3. On the Fossil Faunas of the Upper Devonian, along the meridian of 76°30’, from Tompkins County,
New York, to Bradford Coupty, 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, 80. 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 Johun Belknap Marcou. 1834,
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 daring the fiscal year 1883-'84. F. W. Clarke,
chief chemist. T.M. Chatard, assistant chemist. 1884. 80. 40 pp. Price 5 cents.

10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.
1884. 8°. T4pp. 10pl. Price5 cents.

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

12. A Crystallographic Study of the Thinolite of Lake Lahontan, by Edward S. Dana. 1884. 8.
34 pp. 3pl. Price5 cents.

13. Boundaries of the United States and of the several States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Ganuett. 1885. 8°. 135 pp. Price 10 cents.
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14. The Electrical and Magnetic Propertics of the Iron-Carburets, by Carl Bru-ns and Vincent
Strouhal. 1885, 8°. 238 pp. DTrice 15 cents.

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

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

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

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

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 8°. 28 pp. Price 5 cents.

20. Contributions to the Mineralogy of the Rocky Mountains, by Whitman Cross and W. F. Hille-
brand. 1885. 8°. 114 pp. 1pl. Price 10 cents.

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

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

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke.
weenaw Point, Lake Superior, by R. D. Irving and T. C. Chamberlin. 1885. 80, 124 pp. 17 pl.
Price 15 cents.

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

25. ‘The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.
1885. 80. 85 pp. Price 10 cents.

26. Copper Smelting, by Henry M. Howe. 1885. 8°. 107 pp. Price 10 cents.

27. Report of work done in the Division of Chemistry and Physics, mainly during the fiseal year
1884-'85. 1886. 8°. 80 pp. Price 10 cents.

28. The Gabbros and Associated Hornblende Rocks occurring in the neighborhood of Baltimore,
Mad., by George Huntington Williams. 1886. 8°. 78 pp. 4 pl. Price 10 cents.

29. On the Fresh-water Invertebrates of the North Ainerican Jurassic, by Charles A. White. 1886,
8o, 41 pp. 4pl. Priceb cents.

30. Second Coutribution to the Studies on the Cambrian Faunas of North America, by Charles Doo-
little Walcott. 1886. 8°. 3G9 pp. 33 pl. Price 25 cents.

31. Systematic Review of our Present Knowledge of Foasil 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°. 235 pp. Trice 20 cents.

33. Notes on the Geology of Northern California, by J. S. Diller. 1886. 8°. 23 pp. Price 5 cents.

34. On the relation of the Laramie Molluscan Fauna to that of the sncceeding Fresh-water Eocene
and other groups, by Charles A. White. 1886. 8°. 54 pp. 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 Liqnids, by Carl Barus. 1886. 8°. 58 pp. Price 10 cents.

37. I'ypes of the Laramie Flora, by Lester ¥. Ward. 1887. 8°. 354 pp. 57 pl. Price 25 cents.

38. Peridotito of Elliott County, Kentucky, by J. 8. Diller. 1887. 8°. 31pp. 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.
80. 10pp. 4pl. Price3 cents,

41. On the Fossil Fanunas of the Upper Devonian—the Genesee Section, New York, by Henry S.
Williams. 1887. 8°. 121 pp. 4 pl. Price 15¢cents.

42. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year
1885-'86. F. W. Clarke, chief chemist. 1887. 8°. 152 pp. 1pl. Price 15 cents.

43. Tertiary and Cretaceous Strata of the Tuscaloosa, Tombigbee, and Alabama Rivers, by Eugene
A. Smith and Lawrence C. Johnson. 1887. 8°. 189 pp. 21 pl. Price 15 cents.

44. Bibliograply 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 Robert 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 Intro-
duction by N. S. Shaler. 1888. 8°. 143 pp. Price 15 cents.

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of
Analysis employed, 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 Sunpsou Woodward. 1888. 8°. 88 pp.
Price 10 cents.
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49. Latitodes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert
Simpson Woodward. 1889, 8°, 133 pp. Price 15 cents.

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

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abjathar White. 1889. 8°. 102
pp. 14pl. Price 15 cents.

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

53. 'The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8. 55pp. 10pl. Price10
cents.

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

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

56. T'ossil Wood and Lignite of the Potomac Formation, by Frank Hall Knowlton. 1889. 80, 72
pp. 7pl. Price 10 cents.

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

58, The Glacial Boundary in Western Pennsylvania, Ohio, Kentueky, Indiana, and THinois, 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°. 45pp.
1pl. Price 10 cents.

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

61. Contributions to the Mineralogy of the Pacific Coast, by William Harlowe Melville and Waldemar
Lindgren. 1890. 8°. 40pp. 3pl. Price 5 cents.

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan: a contri-
bution to the subject of dynamic metamorphism in eruptive rocks, by George Huntington Willinms;
with an introduction by Roland Duer Irving. 1800. 8°. 241 pp. 16 pl. Price 30 cents.

63. A Bibliography of Paleozoic Crustacea from 1698 to 1889, inclnding a list of North American
species and a systematic arrangement of genecra, 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 Ficld of Pennsylvania, Ohio, and West Virginia, by Israel
(. White. 1801. 80. 212 pp. 11pl. Price 20 cents.

66. On a Group of Volcanic 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 couts.

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

68. Earthquakes in California in 1889, 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. 101 pp. Price 15 cents.

70. Reporton Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8°. 79pp.
Price 10 cents.

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

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

73. The Viscosity of Solids, by Carl Barus. 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 15
cents.

75. Record of North American Geology for 1887 to 1889, inclusive, by Nelson Horatio Darton. 1891,
80, 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,
4pl. Price 10 cents.

78. A report of work done in the Division of Chemistry aud Physics, mainly during the fiscal year
188990, F. W. Clarke, chief chemist. 1891. 8°. 131 pp. Price 15 cents.

79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, by J. S. Diller. 1891. 8°.
33 pp. 17 pl. Price 10 cents.

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

81. Correlation papers—Cambrian, by Charles Doolittle Walcott. 18J1. 8°. 447.pp. 3 pl. Price
25 ceuts.
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82. Correlation papers—Cretaceous, by Charles A. White. 1891. 8°. 273 pp. 3pl. Price 20 cents.

83. Correlation papers-—Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2pl. Price15 cents.

84. Correlation papers—Neocene, by W.H. Dall and G. D.Harris. 1891. 8. 349 pp. 3pl. DPrice
25 cents.

85. Correlation papers—The Newark System, by Israel Cook Russell. 1892. 80, 344 pp. 13 pl.
Price 25 cents.

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

90. A report of work done in the Division of Chemistry and Physics, mainly during the fiseal year
1890-'91. F.W.Clarke, chief chemist. 1892. 8°. 77 pp. Price 10 cents.

91. Record of North American Geology for 1890, by Nelson Horatio Darton. 1891, 8°. 88pp. Price
10 cents.

92. The Compressibility of Liquids, by Carl Barus. 1892. 8,. 96 pp. 20 pl. Price 10 centa.

93. Some ingects of special interest from Florissant, Colorado, and other points in the Lertiaries of
Colorado and Utah, by Samuel Hubbard Scudder. 1892, 80, 35pp. 3 pl. Price 5 cents.

94, The Mechanism of Solid Viscosity, by Carl Barus, 1892. 8°. 138 pp. Priec 15 cents.

95. Earthquakes in California in 1890 and 1891, by Edward Singleton Holden. 1892. 8°. 31 pp.
Price 5 cents.

96, The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8°. 100 pp. Price 10 cents.

In press:
97. The Mesozoic FEchinodermata of the United States, by W.B. Clark.
98. Carboniferous Flora—Outlying Coal Basins of Southwestern Missouri, by David White.
99. Record of North American Geology for 1891, by Nelson Horatio Darton.
100. Bibliography and Index of the publications of the U. 8. Geological Survey, 1879-1892, by P. C.
‘Warman.
101. Insect fauna of the Rhode Island Coal Field, by Samuel Hubbard Scudder.
102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by C. B. Boyle.
103. High Temperature Work in Igneous Fusion and Ebullition, Chiefly in Relation to Pressure, by
Carl Barus.
104. (laciation of the Yellowstone Valley north of the Park, by W. H. Weed.
105. The Laramie and the overlying Livingstone Formation in Montana, by W. H. Weed, with
Report on Flora, by F. H. Knowlton.
106. The Colorado Formation and’ its Invertebrate Fauna, by T. W. Stanton.
107. The Lrap Dikes of Lake Champlain Valley and the Eastern Adirondacks, by J. F. Kemp.

In preparation: -
— Correlation papers—Pleistocene, by T. C. Chamberlin.
— 'The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom.
ena, by W. S. Bayley.
— The Moraines of the Missouri Cotean, and their attendant deposits, by James Edward Todd.
— The Paleozoic Section in the vicinity of Three Forks, Montana, by A.. C. Peule.
— A Bibliography of Palcobotany, by David White.

STATISTICAL PAPERS.

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. 8°. <xiv, 1016
pp. Price 60 cents.

Mineral Resources of the United States, 1885. Division of Mining Statistics and Technology. 1886.
80, wvii, 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 Uniteéd States, 1888, by David T. Day. 1890. 8°. vii, 652 pp. Price 50 cents.

Mineral Resources of the United States, 1889 and 1890, by David T. Day. 1892. 8°. viii, 671 pp.
Price 50 cents.

In preparation:

Mineral Resources of the United States, 1891.

The money received from the sale of these publications is deposited in the Treasury, and the Secre-
tary of the Treasury declines to receive bank checks, drafts, or postago stamps; all remittances, there-
fore, must be by POSTAL NOTE or MONEY ORDER, made payable to the Librarian of the U, S. Geological
Survey, or in CURRENCY, for the exact amount. Correspondence relating to the publications of the
Survey should be addressed

To THE DIRECTOR OF THE
UNILED STATES GEOLOGICAL SURVEY,
‘WasHINGTON, D. C.
‘W ASHINGTON, D. C., December, 1893.
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LETTER OF TRANSMITTAL.

DFEPARTMENT OF THE INTERIOR,
U. 8. GEOLOGICAL SURVEY,
D1visioN oF (GEOLOGIC CORRELATION,
Washington, D. C., Januwary 30, 1892,

Str: I have the honor to transmit herewith a memoir by Prof. C. R.
‘Van Hise on the Archean and Algonkian of North America, prepared
for publication as a bulletin.

The Division of Geologic Correlation was created for the purpose of
summarizing existing knowledge with reference to the geologic forma-
tions of North America, and especially of the United States; of dis-
cussing the correlation of formations found in different parts of the
country with one another and with formations in other countries; and
of discussing the principles of geologic correlation in the light of Amer-
ican phenomena. The formations of each geologic period were assigned
to some student already well acquainted with them, and it was ar-
ranged that he should expand his knowledge by study of the literature
and by field examination of classie localities, and embody his results in
an essay. The general plan of the work has been set forth on page 16
of the Ninth Annunal Report of the Survey, and on pages 108 to 113 of
the Tenth Annual Report, as well as in a letter of transmittal of Bul-
letin No. 80. :

The present essay is the seventh of the series, having been preceded
by essays on the Carboniferous and Devonian, the Cambrian, the Cre-
taceous, the Eocene, the Neocene, and the Newark systems; prepared
severally by Messrs. Williams, Walcott, White, Clark, Dall and Harris,
and Russell, and constituting Bulletins 80, 81, 82, 83, 84, and 85.

The volumihons literature of the pre-Cambrian rocks of North Amer-
ica is abstracted in a thorough manner, being classified for this purpose
primarily by geographic districts and secondarily by dates. The di-
vision of the rocks into two great classes, the Archean and Algonkian,
taxonomically coordinate with the periods under which the fossil-
iferous clastic rocks are classified, is then advocated and set forth at
length. As these rocks do not contain faunas available for purposes of
correlation, their classification, hoth major and minor, is necessarily

11



12 LETTER OF TRANSMITTAL.

based on physical characters and relations, and much attention is
therefore given to the discussion of the possibilities and limitations of
correlation by means of physical data. Itis concluded that with pres-
ent information the correlation of pre-Cambrian series and formations
of different geologic provinces is impracticable.

Very respectfully, your obedient servant,

G. K. GILBERT,
Geologist in charge.
Hon. J. W. POWELL,
Director U. 8. Geological Survey.
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OUTLINE OF THIS PAPER.

This hook is a review of the present state of knowledge of the general structure of
the pre-Cambrian rocks of the United States and Canada. The material contained
in the historical chapters is of two kinds: Summaries of all articles pertaining to the
subject considered, and summarics of the conclusions which appear to be established.
The first represents the substance of the literature; the second hrings together the
important ascertained structural facts, and oftentimes becomes a more or less extended
discussion. The final chapter covers the same grounds as the historical chapters for
the various pre-Cambrian general successions proposed by different authors, and also
contains a discussion of results and the principles upon which they are based. Within
the chapters, individual districts or regions are given sejarate sections, and the sum-
mary of literature for each is arranged in chronological order. As used in this vol-
ume, the term Cambrian is defined as delimited below by the base of the Olenellus
fauna; Algonkian includes the pre-Olenellus clastics and their equivalent crystal-
lines; while the Archean includes the completely erystalline rocks below the Al-
gonkian.

The several chapters have the following scopes: Chapter I: The Original Lauren-
tian and Huronian areas—treats of eastern Ontario and western Quebee, and the area
from the north channel of lake Huron to lake Temiscamang. Chapter II: Lake
Superior Region—summarizes the work of the official geologists of the Canadian
Survey and associates, of the early United States geologists and associates, of the
Michigan geologists and associates, of the Wisconsin geologists and associates, of
the Minnesota geologists and associates, of the later United States geologists and
associates, and gives a summary and discussion of results. Chapter I1I: The Great
Northern Area—treats of the region about Hudson bay, northern Canada, and the
Jower St. Lawrence river region. Chapter IV: Eastern Canadaand Newfoundland—
treats of the Eastern townships, Gaspé peninsula, central New Brunswick, southern
New Brunswick, Nova Scotia and cape Breton, and Newfoundland. Chapter V:
Isolated Areas of Dakota, Missouri and Texas—treats of the Black hills, the pre-
Cambrian of Missouri, and the central Mineral region of Texas. Chapter VI: The
(‘ordilleras—treats of ‘the many mountain ranges in the far west. Chapter VII:
Lastern United States—treats of the New England, Middle Atlantic, and Southern
Atlantic states. Chapter VIII: General Successions and Discussions of Principles—
summarizes the various general successions proposed, suggests one, and discusses the
principles of pre-Cambrian stratigraphy.

The more important conclusions of this chapter are as follows: The Archean is the
basal complex of America. It has everywhere, if large areas are considered, an
essential likeness. It ¢onsists mainly of granitic, gneissic and schistic rocks, among
which are never found beds of quartzite, limestone, or any other indubitable clastics.
One kind of rock may occupy considerable areas, but when different kinds are asso-
ciated their structural relations are most intricate. These relations, as well as the
completely crystalline schistose character of the rocks, the frequent broken and dis-
torted forms of the mineral constitnents, and their involuted foldings, are evidence
that these most ancient rocks have passed through repeated powerful dynamic move-
ments. : .

As to the origin of the Archean rocks, three different views are proposed: (1) They
may be considered as metamorphosed detrital rocks. - (2) They may be considered as
igneous and later in origin than certain of the pre-Cambrian clastics. (3) They may
De considered as igneous and representing either a part of the earth’s original crust
or else originally crystallized material which has now reached the surfaceas a conse-

13

*



14 OUTLINE OF THIS PAPER.

quence of inward crystallization and subsequent deep denudation. The Archean
rocks haveno limit below, but are limited above by the Algonkian. While structural
methods have been applied to the Archean rocks, they have not thus far been suc-
cessful, and the only subdivisions which are at present applicable are those of &
htho]oglca.l character.

In various parts of North America are one or more series of clastic rocks between
the Archean and Cambrian. These occur in the Original Laurentien area, the Orig-
inal Huronian area, in the lake Superior region, in the region about Hudson bay, in
the Eastern townships, in sonthern New Brunswick, in Nova Scotia and cape Breton,
in Newfoundland, in the Black hills, in Missouri, in Texas, in many ranges of the
Cordilleras, in the Grand canyon of the Colorado, in British Columbia,in the Adi-
rondacks, and in other areas. Within these rocks, in many localities, are evidences
of abundant life, and in a few "places are definitely recognized fossils. The U. §.
Geological Survey, recognizing that it is too early to classify the great thicknesses
of rocks between the Archean and the Cambrian in North America into systems co-
ordinate in value with those of the subdivisions of the Paleozoic, has proposed the
term Algonkian for the whole. The Algonkiau system is then delimited below by
the Archean and above by the Cambrian.

In many regions it is easy to differentiate the Algonkian from other rocks. This
is especially true where they are separated from them by unconformities. In other
regions it is difficult to separate them from the Archean and Cambrian rocks, as
there sometimes appear to be gradations between them. In this respect the Algon-
kian system is in no way different from others.

Algonkian stratigraphy is more difficult than post-Algonkian stratigraphy; be-
cause the further back we go in the history of the world for any given region the
more numerous and frequent have been the changes through which any given rock
stratum has passed; and because as yet fossils have not heen found in sufficient
quantity to be of any assistance in stratigraphy. However, in many regions it has
been possible to subdivide the Algonkian rocks into series and these series into for-
mations. In different regions these formations and series differ widely in the degree
of crystallization, in their lithological character, and in their order of succession.
In this respect Algonkian rocks are not different from those of post-Algonkian age.
Considering the continent as a whole, age is no guide to the chemical ormineral comn-
position, texture, color, degree of crystallization, or any other property of a forma-
tion, or vice versa, although in a given district or region any one of them may be-
come important guides in stratigraphy.

In certain regions it has been found possible to correlate series with a great de-
gree of probability and in some cases formations which occur in different districts.
In regions separated from each other by great distances, and which therefore may
have had different physical conditions at tho same period, it is not yet possible to
make safe correlations of subdivisions of the Algonkian of America. If this con-
clusion be correct,it is evident that the application of such American terms as
Keweenawan, Huronian, etc., to European rocks is not warranted. In working out
the geology of a region, local names should be applied to formations and series.
Later, with fuller knowledge, these may perhaps be correlated with series to which
classical names have been applied.

Physical methods of correlation being the only ones at present available, it becomes
necessary to closely scrutinize these methods, estimate their relative value, and point
out the services that each may be cxpected to perform. Of these methods uncon-
formity must be givén the foremost place for major divisions within a region.
Unconformity may be established by any one of the following phenomena, or by a
combination of two or more of them: (1) Ordinary discordance of bedding; (2) differ-
ence in the number of dynamic movements to which the series have heen subjected;
(3) discordance of bedding of upper series and foliation of lower; (4) relations with
eruptives; (5) difference in degree of crystallization; (6) basal conglomerates; (7)
general field relations,
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PREFACE.

In the preparation of this book great difficulty has been encountered
beomuse of the unequal value of statements of fact by different men.
Oftentimesin regions with which the writer is not familiarit is impossible
to discriminate surely between good and poor work. In certain caseg
in which reports have read plausibly, an examination of the purported
factsin the field with the accounts in hand has shown the descriptive
parts to be so inaccurate as to render the conclusions, while apparently
well founded, wholly valueless. But in general, when an author of this
class has written much, discrepancies between the statements of facts
appear. '

Those who change their opinions are of different classes. A man who
progresses must change his views, but the descriptive parts, given
while an old view was held, onght to be still more useful for support of
the new position. The old view may have contained a large element of
truth, and is perhaps included in the newer, larger position. In reports
the part that purports to be facts should be wholly separable from
the general theories held, just as detailed maps, if rightly constructed,
indicate the observations made and the generalizations drawn. More
frequently than not, facts and theories are so inextricably mingled
that no independent judgment can be reached as to the correctness
of the conclusions, and often the facts of a report can not be used even
by one personally familiar with the districts of which the report treats.
The conclusions of another class of geologists are a series of guesses,
which generally serve no purpose except that when any one of the
numerous guesses has been established by the patient work of an inves-
tigator, the conclusion is at once claimed as a prior discovery of the
guesser. Sometimes the discoveries announced by a writer almost or
quite simultaneously, are wholly inconsistent with one another and
with the facts which are described; for as with other men, so with
geologists, many opinions are held at the same time which logically
are exclusive of one another. Still another group of writers early
reach a general theory as to the definite order of the evolution of the
world. A person of this group year after year repeats the old state-
ments and conclusions without any reference to the establishment of
their falsity. More often than not, he is one who has done little or
no systematic detailed field work in any region. All facts and conclu-

sions which bear in his direction are hailed as discoveries; ¢“all is grist
' 15



16 PREFACE.

which comes to his mill;” while every adverse fact or conclusion is ex-
plained out of existence or dismissed as unworthy of consideration.

By following continuously the summaries of the writings of a geolo-
" gist who has been long at work in.a region it will generally not be diffi-
cult to get a fairly accurate idéa of the value of the work done.

During the preparation of this review, I have visited many districts
of North America, but I have not been able to see important districts
which I hoped to study before the submission of this volume. With
the United States side of the lake Superior country I am tolerably
familiar, having for a number of years given nearly the full field seasons
to work in various parts of this region. Besides doing general work,
I have mapped in detail certain districts. TFrom time to time various
parts of the Caunadian lake Superior region have been visited. While
no systematic mapping work has been done in regions other than that
of lake Superior, reconnaissances ard occasional detailed sectioishave
been made in many. - In the far West these include the Black hills of
Dakota, southwestern Montand, the Laramie and Medicine Bow moun-
tains of Wyoming; the Uinta and Wasatch mountains of Utah; and the
Quartzite mountains and Front range of Colorado. In the Mississippi
valley the crystalline region of Missouri has been seen. In company
with Raphael Pumpelly, Bailey Willis, J. A. Holmes, C. D. Walcott, G. H.
Williams, R. W, Ells, or alone, more or less extended trips have been
made in Georgia, east Tennessee, North Carolina, eastern Maryland, east-
ern Pennsylvania, northern New Jersey, sonthern New York, the Berk-
shire hills, Green mountains, Adirondacks, Hastings district of Ontario,
and the area of the Grenville series constituting the Original Laurentian.
For the most part this work has not been of such a detailed nature as
to add greatly to previous knowledge of these regions. The aim has
been rather to get such a familiarity with them as would enable the
writer to judge accurately of the results already reached. This state-
ment. does not apply to a part of the Adirondacks, where a somewhat
closer study was made; also, in North Carolina a nearly complete sec-
tion was made from the eastern side of the Piedmont plain through the
Blue ridge to the uncrystalline rocks of east Tennessee. The Original
Huronian area has been seen at three different times. The first time,
in company with the late Dr. R. D. Irving, the North channel was
coasted in a small boat and the interior visited, so that all of Logan’s
members of this series were seen, as well as the underlying Lanrentian,
In a second trip, also in company with Prof. Irving, the Canadian Pa-
cific railroad was traversed twice on a hand car from Algoma Mills to
Sudbury, a distance of 100 miles. The third trip, with Prof. Raphael
Pumpelly, was again along the North channel of lake Huron, the object
of special study being the possible existence of two series within the
Huronian, and the structural relations between the lowest Huronian
and the Laurentian,
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The labor involved in abstracting the pre-Cambrian literature of
North America has been great. Thisis shown by the large number of
books and articles actually summarized. These, however, give an im- -
perfect idea of the volume of literature covered; for very numerous
articles have been examined which repeat what had already been sum-
marized from other papers. Also a vast amount of material from which
nothing is taken has been looked through, in order to ascertain whether
it contained anything which ought to be considered. In all cases
summaries are made from the original articles, with the exception of
a part of the section upon northern Canada. Nearly the entire litera-
ture of the geology of this region has recently been clearly compiled by
Dr. George M. Dawson, and from this compilation the major part of the
summary for this region is taken,

To a card catalogue of the Appalachians by N. H. Darton, to Azoic
Rocks and other works by Hunt, to the Minnesota reports, to the Azoic
System by Whitney and Wadsworth, to Irving’s Copper-bearing Rocks,
and also to many other works the writer is much indebted as furnishing
guides to the pre-Cambrian literature. In this way Darton’s catalogue
and the Azoic System have been by far the most valuable. After in-
dependently preparing abstracts of papers and reports I have compared
them with the abstracts contained in the Azoic System in order to dis-
cover omissions, and this book has thus enabled me to make the sur-
vey of literature more nearly complete than it otherwise would have
been. To a certain extent other books have been used in the same
fashion.

Mr. W.N. Merriam has drawn all the maps for the illustration of the
volume. To Mr. George E. Luther the writer is indebted for most effi-
cient clerical assistance from the outset, without which it would have
been impossible to complete this volume within the time allotted.

To Sir Archibald Geikie, Dr. Hans Reusch, Dr. K. A. Lossen, Michel-
Levy, and Dr. Johannes Lehmann I am indebted for summary statements
of the condition of knowledge with reference to the pre-Cambrian of
Great Britain, France, Germany and Scandinavia.

‘With Messrs. C. D. Waleott, G. H. Williams, Bailey Willis, and R, W.
Bls I have been in the field ’md in consultation, and from them have
received much useful information.

Mr. G. K. Gilbert has kindly read the manuscript, and has ntade many
suggestions which have been of value.

To the late Prof. Roland D. Irving, and to Prof. Raphael Pumpelly I
am indebted in a peculiar manner. With the former I was associated
in work from my earliest studies in geology until his death. With
the latter I have been much in the field for the last two seasons and
have received many pregnant ideas. What part of the thoughts cou-
tained come from these two friends I am unable to speclfy in detail, but
I am conscious that the debt is a beavy one.

Bull, 86——2
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No one else will feel so keenly the imperfections of this volune as the
writer. Papers will be found to beoverlooked of which summaries ought
to have been made, Mistakes of interpretation will be found., Undue
proportion in the summaries will be discovered. I can only say that
I have attempted to reduce these defects to a minimum. It will be
esteemed a great favor, with reference to a possible future edition, if
all who discover such onissions and mistakes will communicate them
to the writer. .

C.R. V,

Mabison, Wis,, July, 51, 1891.
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A REVIEW OF THE PRESENT STATE OF KNOWILEDGE
OF THE PRE-CAMBRIAN ROCKS OF NORTH AMERICA.

By C. R. VAN HISE.

INTRODUCTION.

The purpose of this book is to give an account of the present state of
knowledge of the general .structure of the pre-Cambrian of the United
States and Canada. Itis not a bibliography. of pre-Cambrian litera-
ture, nor a petrography of the pre-Cambrian rocks, nor a treatment of
metamorphism, nor an account of economic facts. Mere occurrences of
pre-Cambrian or crystalline rocks are notreferred to unless the districts
are new. Petrography, metamorphism, and economic geology are con-
sidered only so far as they have a direct bearing upon structural re-
sults, and then the substance of the established conclusions is given
rather than the facts upon which they are based and the manner of
reaching them,

The material contained in the historical chapters of this volume is of
two kinds: First, a summary of all articles or parts of articles which
have contributed knowledge upon the subject considered; and second,
summaries of the conclusions which appear to be established in the
various regions, while the final chapter covers the same ground for
general successions proposed and also a discussion of these results and
the principles upon which they are based. "No summaries are made of
writings based wholly upon the field work and reports of others. This
report is not a review of reviews; neither is purely contréversial liter-
ature noticed. When a paper is made up in part of an original investi-
gation and of a discussion of the works of others, only the first part is
summarized. When the same writer repeats the same facts and con-
clusions several times, summary is made of the most comprehensive
article and references are made to the others in the footnotes.! Often-
times a final report includes all found in several annual reports. In
this case the final report only is summarized. In making summaries
the conclusions reached by the various authors are always given, and
as full an account of the facts upon which they are based as is possible
without extending this book beyond bounds.

’ 1At the end of each chapter.
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The abstracts given have the defects of all summaries—a certain
amount of inaccuracy, because all modifyiug and qualifying facts can
not be given, and an undue amount of emphasis in the conclusions. In
regions in which much work has been done these defects are not so
‘serious as in little studied regions, for in the former the observations
of independent observers confirm or neutralize each other.

So far as possible, in the summaries, the original language of the
author is used, although a single sentence of the swmmary may be taken
from several sentences of the original. Where the ideas can be con-
veyed in a briefer manner than in the original language other words
are used. No quotations are made; for the ideas contained, whether
in the original language or not, are wholly the ideas of the author—the
whole is in fact really quoted. It might be thought that better results
would have been reached by indicating through quotations what words
are taken from the original, but this method would have necessitated
an unpleasant and constant alternation from quoted to nonquoted
phrases. It would have made it much more difficult to convey briefly
the thoughts of the original; for the words which are adapted to com-
plete expositions are often not the best adapted to a résumé. At first
the plan of quoting was followed, but this was abandoned, because it
was seen that carrying it out would add greatly to the size of this
volume without enhancing, if indeed it did not diminish, the accuracy
and comprehensiveness of the review.

Due proportion should be maintained between the abstracts of the
various writings. Frequently a short article contains much more of
structural importance than one of far greater length, although the
longer article may contain much of interest which does not come within
-the scope of the paper. Into the summaries the editor enters only in
80 far that he must of necessity take what appears to him important
and omit what appears unimportant. Undoubtedly in this respect mauny
mistakes are made; future investigations will show that omitted facts
and conclusions have greater importance than now appears; but a per-
fectly proportioned summary,could be made only by perfect knowledge.

The necessarily brief summaries will perhaps serve the purposes of

those who are interested in the general stratigraphy of the pre-Cam-
brian. "They will not answer for those who wish to understand in

detail the structure of any given region. For this local details are nec-
essary. As the summaries are not made with reference to upholding
any theory, they of necessity will fail to give all the facts which bear
upon any particular hypothesis. But even for these special purposes
it is hoped this volume may be found sufficiently full to be useful, and
it certainly will assist in directing to the important literature.

In the discussion the aim has been, not to call attention to all that
seems to be erroneous, but first to point out where there is harmony
between the different authors, often veiled because terms are used
with different significations; and, second, to note the important conclu-
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sions which have been clearly determined. Statements and conclu-
sions with whicl, the writer does not agree are in general not criti-
cised noris any refutation attempted, unless the point at issue is one of
such a fundamental character that it can not be overlooked.

The maps are in all cases compiled from the original sources, and, like
the summaries, have whatever excellence or defects the original work
has. In many cases the editor feels assured that the maps will need to
be materially modified, but he has not the detailed knowledge necessary
to make the modifications. The generalized character of the bounda-
ries is often indicated by the fact that they are straight lines. It need
not be said that true geological boundaries aré not of this nature in
much disturbed regions. In the Appalachians the maps merely
outline the crystalline rocks. Much of the area included is known to
belong to the Paleozoic, but itis impossible either accurately to separate
these areas or to snbdivide the pre-Cambrian. All that can be done
in many areas is to indicate that the rocks are pre-Cambrian, although
it is oftentimes certain that Algonkian and Archean rocks both occur,
which have not been separated in mapping. In a few regions, notonly
can the Archean and Algonkian be discriminated, but the latter has been
subdivided into series and these into formations. There are then on
the maps all grades of knowledge, from the eastern United States,
where the pre-Cambrian is not outlined, to areas in which pre-Cam-
brian series are divided into formations. The maps, as the summaries,
are a résumé of the present imperfect knowledge.

The order in which the districts are taken up is not consistently
geographical or geological, but rather the order of the development
of exact knowledge of the pre-Cambrian rocks. The great Canadian
pre-Cambrian area in all its parts is a geological unit, yet the de-
tailed study of it has been confined somewhat closely to particular
regions; and of necessity the regions which have been units of work
have to be followed rather than a strictly logical order. Chapter I is
devoted to the original Laurentian and original Huronian areas, Chap-
ter I is given to the lake Superior region. These regions are taken
first because the exact knowledge of the pre-Cambrian rocks is here
greater than in other areas. The Appalachian region, although the

“earliest to be studied, is reviewed last, for it is the area in which the
conditions for obtaining exact knowledge are the least favorable, and
about which comparatively little structural knowledge of the pre-Cam-
brian has been acquired.

In the summaries of the individual districts the order is that of ap-
pearance of the papers. By giving the entire summary of the literature
of one district before taking up another, epitomes of parts of a single
paper are necessarily dissociated. By this method something of corre-
lation is lost; but purely general work is summarized in the general
chapter and the subject of correlation is here treated.
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In regard to regions like the Appalachians and California, in which
post-Cambrian rocks have becomne completely erystalline and have been
for many years and are yet confused with pre-Cambrian rocks, sumn-
maries unavoidably extend beyond the proper scope of this paper. Of
series which were in the past supposed to be pre.Cambrian, but which
have been demonstrated to be Cambrian or post-Cambrian, the fact
is mentioned, but the literature which concerns them is not sum-
marized, since it does not fall within the scope of this paper. The par-
ticular position which such formations shall take in Cambrian or post-
Cambrian time is a subject for others 4o consider.

Of necessity the eruptives which have not been differentiated from
the pre-Cambrian have to be considered. Oftentimes it is quite proba-
ble that eruptives noted belong to post-Cambrian time. No paper is
summarized bearing upon the unmistakable Cambrian or post-Camn-
‘brian eruptives unless it has a direct bearing upon the character or re-
lations of the associated rocks of pre-Cambrian age.
~ All references to literature are given at the ends of the respective
chapters, the reference notes having continuous numbers. In the dis-
cussions closing sections or chapters and in the general chapter cita-
tions are not repeated. The orviginal source of any statement attrib-
uted to an author may always be found by the aid of the index, where
the name of each author is followed by refelences to the pages where
his work is summarized.

The terms group, system, series, are used with the stratigraphical
significance given them by the International Geological Congress. The
corresponding chronological terms era and period are used. Forma-
tion is used as one of the members of a series, as quartzite formation
or limestone formation of the Huronian series. The term “crystalline
schist ” is rigidly confined to rocks which have a ¢ completely crystal-
line interlocked texture, which is possessed of a schistose parting due
to a parallel or foliated arrangement of the mineral ingredients, or of
aggregations of these ingredients.”” The finely banded gneisses are
typical examples. All rock masses which within themselves show in-
dubitable evidence of clastic origin are excluded from the crystal-
line schists and are regarded as semi or partially crystalline. A clastie
or semi-erystalline formation may grade into a crystalline schist.

In the summaries of results and in the general discussion (Chap-
ter VIII), unless otherwise stated, the term Cambrian is delimited below
by the Olenellus fauna. The term Algonkian is a system term, covering
all recognizable pre-Cambrian clastic rocks. The term Archean is a co-
ordinate-system term, covering all pre-Algonkian rocks. It therefore
includes only completely crystalline rocks, but does notinclude all rocks
of this kind, as holoerystalline rocks of eruptive and sedimentary ori-
gin may oceur in Algonkian or post-Algonkian time. The propriety of
these usages will appear in what follows.



CHAPTER I.
THE ORIGINAL LAURENTIAN AND HURONIAN AREAS,

SECTION I. EASTERN ONTARIO AND WESTERN QUEBEC.
LITERATURE,

LoGAN,! in 1847, describes between the Ottawa and Mattawa rivers, a
metamorphie series of rocks, which, in its highly erystalline character,
belongs to the order named by Lyell Primary. They are called meta-
morphic, because their aspect is such as to lead to the theoretical be-
lief that they may be ancient sedimentary formations. A red syenitic
gneiss, in which hornblende and mica are arranged in a parallel direc-
tion, is the predominantrock. The thickness of the gneiss is not ascer-
tained. South of the Mattawa and Ottawa are important beds of
coarse crystalline limestone interstratified with the gneiss in a conform-
able manner, although this conformity would not be seen in a small
area, because of the minor complicated contortions. One section at
High falls, on the Madawaska, has a thickness of 1,351 feet, and con-
sists of gneiss, erystalline limestone, with a small amount of micaceous
quartz rock, the gneiss greatly predominating. The areas which bear
limestone are so distinet that they are placed as a separate group of
metamorphic strata, supposed from their geographical position and gen-
eral attitude to overlie the syenitic group conformably. Both of the
metamorphic groups are frequently traversed by dikes and veins, in-
cluding those of a granitic and pyroxenic character. From the vicin-
ity of Quebec thelimestone group ranged along the St. Lawrence, a dis-
tance varying from 10 to 20 miles, reaches the seigniory of Argenteuil,
where it makes a turn toward the valley of the Ottawa, is seen above
Grenville, and is last seen about half way between Fort William and
Joachim falls, and at Portage de Talon, on the Mattawa. In the vicin-
ity of Grenville the limestone is plambaceous.

LoGAN,? in 1852, finds a metamorphic and gneissic series of a wide-
spread occurrence upon the river du Nord and the country to the west-
ward. The Potsdam formation rests unconformably upon the meta-
morphic series. '

MURRAY,? in 1852, describes a metamorphic series upon and north of
the Upper St. Lawrence. On the Thousand isles are micaceous and
hornblende gneisses. COrystalline limestones, quartzites, and conglom-
merates are all found upon the mainland, and the latter is cited as
decisive evidence of the metamorphic character of the series as awhole.

: '.For notes see end of chapter, p. 48,
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LoGAN,* in 1854, applies to the series before called “metamorphic”
underlying the fossiliferous formations of Canada the name Laurentian
series, because metamorphie is applicable to any series of altered rocks.
The proposed name is founded on that given by Mr. Garneau to the
chain of hills which they compose. Above the Laurentian seriesisthe
Potsdam sandstone.

MuRrRAY,” in 1854, remarks that south of the Laurentian series are
the more recent fossiliferous rocks. The Laurentian series consists of
masses of micaceous and hornblende-gneiss and masses of interstrati-
fied crystalline limestone. Intrusive granite is found in the gneiss.
The magnesian crystalline limestone layers, one 700 feet thick, are per-
sistent. A section of gneiss, mica-schist and quartzite, all sometimes
garnetiferous, and two belts of limestone, together 140 feet thick, make
up a succession 1,369 feet thick at Birch lake. In the seriesis a con-
glomerate, the matrix of which in one case is a limestone and the peb-
bles of quartz and feldspar. In another conglomerate are distinct peb-
bles in a talcose slaty matrix. These pebbles are sometimes distinetly
rounded and flattened, the flat sides alwayslying parallel with the bed-
ding. The pebbles vary from 5 or 6 inches in diameter to those so small
as not to exceed the size of snipe shot.

LoGAN,’ in 1857, describes the Laurentian formation for some dis-
tance north of the Ottawa river between rivers Rouge and du Nord.
The rocks are found to be limestone, gneiss, and quartzite. The lime-
stone formations are used chiefly in working out the structure, but even
with this guide, on account of the repetition of layers by folding and
lack of fossils, the work is very difficult. - All of the above rocks are
taken to be metamorphosed sediments. They are cut by eruptives, such
as syenite, porphyry, and greenstone, which are older than the fossil-
iferous formations.

MuURRAY, in 1857, inds Laurentian rocks largely exposed between
Georgian bay and the Ottawa river. The rocks are red and gray
gneisses, micaceous and hornblendic schists, quartzite, and crystalline
limestone. On lake Nipissing and its islands is found the Laurentian
formation, consisting of gneiss, mica-schist, hornblende schist, crystal-
line limestone, and associated with this beds of specular ore. Lime-
stones are also found along Muskoka river. The strata are everywhere
more or less corrugated, in many places exhibiting sharp and compli-
cated folding. They are intersected by quartzo-feldspathic and quartz
veins. The Laurentian rocks of Georgian bay are separated from the
Huronian north of lake Huron by a line running from the northwest
side of Shibahahnahning to the junction of the Maskanongi and Stur-
geon rivers, its course being in a northeasterly direction.

Hunr,® in 1857, states that stratified feldspathic rocks are closely as-
sociated with the crystalline limestones, which alternate with gneissoid
and quartzose rocks of the Laurentide mountains. These rocks, besides
containing pyroxene,which passes over into hypersthene and a triclinic
feldspar, contain as accidental minerals, mica, garnet, and ilenite.
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LoGAN,? in 1858, in describing the Laurentian of Ottawa thinks it prob-
able that it can be divided into two great groups: that characterized
by the presence of limestone and that without, and the latter of these
groups.also will be capable of subdivision. Often interstratified with
the limestones are bands of quartzite which are heaviest near the junc-
tion of. the limestone and the gneiss. The greatest mass of quartzite
is beneath the limestone and is 400 feet thick. The limestones of
the Laurentian are influenced in their strikes and dips by subsequent
masses of igneous rocks. However, to these rocks as a whole, as well
as to their equivalent throughout Canada,is applied the term Lauren-
tian series, from the Laurentide range of mountains from lake Huron to
Labrador, which are composed of this rock.

LoGAN," in 1859, gives an elaborate description of the distribution of
the limestones along the Rouge river. There are found to be two belts
which are regarded as interstratified with the gneisses. This latter
rock is scmetimes garnetiferous and occasionally is spoken of as the
quartzite. The total thickness of rocks exposed on the Rouge is over
22,000 feet, of which over 5,000 is limestone.

LoeAn,! in 1860, finds three belts of limestone, which are associated
with massive orthoclase gneiss, mica-slate, hornblende rock, and quartz
rock together 15,000 feet thick. The calcareous bands are largely asso-
ciated with labradorite, and beds of hornblenderocks and quartz rocks
often thickly studded with pink garnets. One of the beds of pure white
quartz rock is a thousand feet thick. Certain fossil-like forms have
been found which resemble Stromatocerium. The strata are very much
folded.

LoGAN,? in 1863, gives a general account of the pre-Potsdam rocks,
which are called Azoic and are divided into the Huronian series and
the Laurentian system. In the Laurentian system are included anor-
thosite, orthoclase-gneiss, granitoid gneiss, quartzite, hornblende-schist,
mica-schist, pyroxene and garnet rocks, limestones and dolomites. The
anorthosites are composed of lime-soda feldspar, varying in compo-
sition from andesine to anorthite, and associated with pyroxene or
hypersthene. The orthoclase-gneiss has a never failing constancy in
the parallelism of its mineral constituents, which, however, is some-
times obscure. This rock is usually very teldspathic and often coarse
grained. With the feldspar and quartz are often mica and hornblende.
The gneisses appear to attain several thousand feet in thickness, but
are divided at unequal intervals by hornblende and mica-schist in
which the stratification is more distinet. The quartzites are in consid-
erable volume, two layers of which, nearly pure, have one a thickness
of 400 and the other a thickness of 600 feet. The masses of limestone
are generally very crystalline and coarse grained, but sometimes are
saccharoidal. The bands of limestone are sometimes of great thick-
ness. They are usually not pure, but contain many other minerals,
among which are very frequently mica and graphite. Among the
rarer minerals is chondrodite, The iron ore, which is mostly mag-



26 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL. 86,

petite, is interstratified with or mnot far removed from the limestone
bands. Associated with the limestones are dolomltea, which, however,
compose distinet beds.

There is not any special order in the masses, but beds of hornblende
rock and hornblende schists are more abundant near the interstratified
bands of limestone than elsewhere, and in the same neighborhood there
usnally occurs a more frequent repetition of beds of quartzite than in
other parts. Garnet is sometimes disseminated in the micaceous and
hornblendic gneiss and quartzite and are commonly confined to the
immediate proximity of the limestones. The limestones and gneiss
beds as a whole are generally conformable to them. It often happens
that a subordinate layer of gneiss will display contortions of the most
complicated description. Notwithstanding the highly erystalline con-
dition of the Laurentian rocks, beds of unmistakable conglomeritic
character are occasionally met with. These generally occur in the
quartzite or micaceous beds. The intrusives of the Laurentian consist
chiefly of syenite and greenstones. - The greenstone dikes are always
interrupted by the syenite when they have been found to come in con-
tact with it, and the latter is therefore of posterior date. A mass of
intrusive syenite occupies an area of about 36 square miles in the
townships of Grenville, Chatham, and Wentworth. Itis cut and pen-
etrated by masses of a porphyritic character which are therefore of a
still later date.

The Laurentian series stretches on the north side of the St. Lawrence
from Labrador to Lake Huron, and occupies by far the larger portion
of Canada. Its strata probably possesses a very great thickness. To
determine the superposition of the various members of such an ancient
series is a task which has never yet been accomplished, and the diffi-
culties attending it arise from the absence of fossils to characterize its
different members. Bands of crystalline limestones are easily distin-
guished from the bands of gneiss, but it is scarcely possible to know
from local inspection whether any mass of limestone in one part is
equivalent to a certain mass in another part. They all resemble one
another lithologically. The dips avail butlittle in tracing out the strue-
ture, for in numerous folds in the series the dips are overturned, and the
only reliable mode of working out the physical structure is to continu-
ously follow the outcrop of each important mass in all its windings as
far as it can be traced, until it becomes covered by superior str ata, is
cut off by dislocation, or disappears by thinning out.

Several sections are described in-detail. The general section is as
follows, in ascending order: Orthoclase-gneiss, 5,000 feet; Trembling
lake limestone, 1,500 feet; orthoclase-gneiss, 4,000 feet; Great Beaver
lake and Green lake crystalline limestone, including interstratified beds
of garnetiferous and hornblendic gneiss, 2,500 feet; orthoclase-gneiss,
the lower part having several bands of quartzite, 3,500 feet; Grenville
crystalline limestone, 750 feet; orthoclase-guneiss, 1,580 feet; Proctor’s



VAN MISE.] EASTERN ONTARIO AND WESTERN QUEBEC. 27

lake limestone, 20 feet; orthoclase-gneiss, including quartzite, 3,400
feet; anorthosite, thickness (wholly eonjectural), 10,000 feet; total,
32,750 feet. In the limestones are fossil-like forms which resemble
Stromatopora rugosa. Accompanying the account of the Laurentian is
a detailed map of it in parts of the counties of Terrebonne, Argenteuil,
and Two Mountains.

The anorthosite probably overlies the Grenville series uncomformably.
It is remarked that if the two inferior limestone bands of the Gren-
ville series disappear on reaching the margin of the anorthosite, it is
conclusive evidence of the existence in the Laurentian system of two
immense sedimentary formations, the one superimposed unconformably
upon the other, with probably a great difference of time between them.

LoGAN, in 1863, first describes a part of what was later called the
Hastings series. In ascending order are found contorted gneiss and
micaceous schists cut by red syenite veins. Above this comes erys-
talline limestone, and north of the village of Madoc, still in ascending
order, occurs a somewhat micaceous schist, which contains numerous
fragments of rock in character different from the matrix, some of them
resembling syenite or greenstone. The pebbles are in places distinctly
rounded. '

BiesBy,”” in 1864, states that crystalline limestones occur in bands
from 50 to 1,500 feet thick at Gananoque, on the lake of the Thousand
isles, and on the Mattawa. The bands of marble are tortuous, and
between them are sometimes found corrugated seams of gneiss, Con-
glomerates and grits occur at Bastard, on the Ottawa, and at Madoc, near
lake Ontario. At the former place, between the beds of marble, is
quartzose sandstone, with pebbles of calcareous sandstone and vitrified
quartz. At Madoc village are interstratified marble and conglomerate,
one being bluish micaceous schist, holding fragments of greenstone and
syenite, the other being a dolomite with large pebbles of quartz, feld-
Spar, and calcite. As proofs of life are the occurrence of limestone,
carbon, phosphorus, sulphur, and iron ore. The Laurentian system as
a whole consists of, (1) orthoclase-gneiss, sometimes granitoid, with
quartzite, hornblendic and micaceous schists, pyroxene, and garnet
rock; (2) white crystalline limestone and dolomites, in numerous thick
beds, containing serpentine, pyroxene, hornblende, mica, graphite, iron
ores, apatite, fluor, ete., and interstratified with bands of gneiss; (3)
lime-feldspar rock, or anorthosite, containing hypersthene, ilmenite,
pyroxene, horneblende, graphite, etc. These three groups are traversed
by granitic and metalliferous veins.

MACFARLANE,' in 1866, describes the Laurentian rocks of several
townsin the county of Hastings. The rocks here found include granite,
granite-gneiss, gneiss, petrosilex, conglomerates, and limestones. At
Madoc are conglomerates consisting of pebbles, generally of quartzite,
in a schistose matrix, lithologically not unlike some of the Huronian
. rocks.
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LoGAN,” in 1866, further describes the distribution and structure of
the Ottawa Laurentian limestone. There are here three great conforma-
ble bands, which are termed the Grenville, Green lake, and Trembling
lake bands. In these limestones Eozoon is found.

LOGAN,' in 1867, states that the Hastings series is arranged in the
form of a trough, and that to the eastward, and probably beneath them,
are rocks which resemble those of the Grenville, and it is supposed
that the Hastings series is somewhat higher than the Grenville. The
Madoc limestone is overlain unconformably at several places by the
horizontal Lower Silurian limestone. In Tudor the limestone is sud-
denly interrupted for a considerable part of its breadth by a mass of
anorthosite rock, rising 150 feet above the general plain, which is sup-
posed to belong to the unconformable Upper Laurentian,

VENNOR," in 1867, gives the ascending section of Laurentian rocks
in Hastings county as follows: Red feldspathic gneiss, 5,000 feet thick;
dark green chloritic slates, 200 feet; crystalline limestone, 2,200 fect;
siliceous and micaceous slates, 400 feet; bluish and grayish mica-slates,
500 feet; pinkish dolomite, 100 feet; inicaceous limestone or cale-schist,
containing Eozoon, 2,000 feet; green diorite slates, 7,500 feet; reddish
granitic gueiss, 2,100 feet; total, 20,000 feet.

Dawson'® (Sir William), in 1869, states that the graphite of the Lau-
rentian is scattered through great thickness of limestones, and is found
also in veins. - In one bed of limestone 600 feet thick the amount of
disseminated graphite must amount to as much as a solid bed 20 or 30
feet thick. The graphite is believed to be of organic origin because,
first, it contains obscure traces of organic structure; second, its arrange-
ment and microscopical structure corresponds with that of micaceons
and bituminous matter in marine formations of modern date; third, if

_of metamorphie origin, it has only undergone the metamorphosis which
is known to affect organic material of later age; fourth, it is associated
with beds of limestone, iron ore, and metallic sulphides, presumably of
organic origin. ’

VENNOR," in 1870, in a report on Hastings county, describes the pre-
Silurian rocks. The rocks are divided into three divisions, A, B, and
C. A, the lower division, consists of syenite rock, granitic gneiss, 2,000
feet; fine-grained gneiss, sometimes hornblendic and passing into mica-
schist, 10,400 feet; crystalline limestone, 400 feet. B, the middle divi-
sion, is of hornblendic and pyroxenic rocks, including diorite and dia-
base, both massive and schistose, 4,200 feet. C, the upper division,
consists of crystalline and granular limestone, 330 feet; mica-slates in-
terstratified with dolomite, sometimes conglomeratic, with pebbles of
gneiss or quartzite 1 to 12 inches in diameter, 400 feet; slate imterstrat-
ified with gneiss, 500 feet; gneissoid micaceous quartzites, interstrati-
fied with siliceous limestone, 1,900 feet; gray micaceous limestone, 1,000
feet. Total, 21,130 feet. The syenite in certain localities has no ap-
parent marks of stratification. Associated with the above rocks are
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deposits of iron ore. Hozoon canadense occurs in the topmost member
of the upper division (C). Division B rests immediately upon A, but
whether conformably or not is not determined, as the basal members of
B are massive diorites and greenstones.

VENNOR,” in 1872, applies to the lowest division of the Hastings
series (A), the term Laurentian, and the middle division (B) is placed
as probable Huronian. The rocks of the upper group are found to lie
unconformably upon the gneisses and crystalline limestones of the low-
est, and it is probable that the middle group is unconformably below
the upper and unconformably above the lower group.

VENNOR,* in 1872, reports on Leeds, Frontenac, and Lanark counties,
Ontario. The granite of the gold-bearing rocks is believed to repre-
sent eruptions which took place probably toward the close of the Lau-
rentian period, or at some time prior to the deposition of the rocks of
divisions B and C, for, whenever these higher rocks are wanting, the |
Laurentian gneisses, quartzites, and limestone are cut by a network of
veins.

VENNOR,? in 1873, gives an additional report upon the counties of
Frontenac, Leeds, and Lanark., The area is divided into western, mid-
dle, and eastern sections. In the western section the main mass of
rocks is of granite, syenite, and coarse and fine grained gneisses. The
red granites sometimes appear to be of later date than the white mica-
granites and even of the diorites of division B. _ Limestone was not ob-
served. In a trough between two granite and gneiss areas are found
diorite-slates, micaceous and chloritic schists, pyroxenic rocks, con-
glomerates, dolomites, and sandy crystalline limestones. In one con-
glomerate the pebbles of quartz in a matrix of sand and mica are flat-
tened out along the plane of bedding, so that those which in cross
measurement are not more than one-fifth of an inch broad have a length
of from 5 to 10 inches. In places in the conglomerate, instead of peb-
bles, are layers of vitreous quartz or quartzite and mica-schist. The
middle section is undoubtedly Lower Laurentian. The rocks met with
include great thicknesses of gneiss, for the most part clearly stratified,
with well defined strike and dip; masses of hornblenderock and diorite,
graduating into slate or schist; large and important bands of crystal-
line limestones, and groups of calcareous strata associated with mica-
slates, and workable masses of magnetic iron ore. These rocks are
clearly interstratified. Apparently five distinct bands of crystalline
limestone are met with, separated by reddish granitic and dark horn-
blendic gneisses. The rocks of the eastern section comnsist chiefly of
gneiss, but associated with this are coarsely granular limestones, The
horizontal limestones of the Lower Silurian by a fault are brought into
abrupt vertical contact with the Laurentian gneiss.

VENNOR,” in 1874, further describes Frontenac, Leeds, and Lanark
counties. The five belts of crystalline limestones mentioned in the pre-
vious report are described in detail. Eozoon occurs abundantly in
Pplaces.
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VENNOR,* in 1876, gives a further report on the rear portious of Fron-
tenac and Lanark counties. Two sections are given, representing the
limestones asinterstratified with the quartzites and gneisses. Therocks
are classified into five groups: I, Mica-schist group; II, Dolomite and
slate group; 1II, Diorite and hornblende-schist group; IV, Crystalline
limestone and hornblende-rock group; V, Gneiss and crystalline lime-
stone group. A. sixth group, described in a previous report, occupies
the front portion of Lanark county. Each of the five groups have
many subordinate phases of rocks; they occupy distinet and separate
positions, but it is not known whether they represent one or more for-
mations. '

VENNOR,? in 1877, states that there is in eastern Ontario and the
adjoining portions of Quebec an Azoic formation, consisting of syenite
and gneiss(?), without crystalline limestone, in which there is but little
indication of stratification. On it has been unconformably deposited a
great system of gneisses, schists, slates, crystalline limestones, and
dolomites, in the higher member of which Eozoon is found. The lime-
stone oceurs in four principal belts. Both Logan’s Huronian and Upper
Laurentian are considered to belong to the second division, whicl is for
the present called the Upper Laurentian. Interstratified with several
of the bands of limestone are labradorite rocks. No evidence is found
for making these a distinet system, The Huronian and Hastings series
are simply an altered condition in their westward extension of the
lower portion of the upper system.

VENNOR,” in 1878, reports on the counties of Renfrew, Pontiac, and
Ottawa. Referring to the work of previous years, it is said that the
rocks of divisions B and C of the Hastings series are really the western
extensions of the diorites, hornblende-schists, and mica-slates of Lanark
and Renfrew counties, in other words, of groups I, IT, and III; and
these last have also been shown to be a low portion of the gneiss and
limestone series, that is, groups IV, V, and VI; and these have always
been looked upon as typical Laurentian. The conclusion is consequently
reached that the Hastings series is not, as it has been considered to be,
the most recent, but rather the oldest portion of this great system of
rocks investigated. Itis also clear that this great crystalline gneiss
and limestone series rests upon a still older gneiss series, in which no
crystalline limestones have yet been discovered. This series is the one
referred to as division A, where limestones have been mentioned, but
incorrectly. This occupies many hundreds of square miles between the
St. Lawrence and Ottawa rivers, and is the rock which forms the back-
bone of eastern Ontario and the nucleus around which have been de-
posited all succeeding formations. This, then, is undoubtedly Archean
and Lower Laurentian, and consequently the crystalline limestones
and gneisses constitute a series which would come in beneath Logan’s
Upper Laurentian or Labradorite series. Whether this latter exists
as a distinet formation is doubtful. In each instance in which the
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crystalline limestones have been found in the interior of the gneiss
country, these have been proved to occur in the superficial condition of
shallow troughs, and not as bands interstratified in the gneiss itself.

The lower noncalcareous Laurentian is a great series of crystalline
rocks, not only highly metamorphosed, but most intricately contorted.
In the entire area studied the gneiss and syenite are by far the most
abundant rocks, while gneisses with interstratified crystalline lime-
stones occupy but a comparatively limited area, and this only toward
the margins of the former. The relative volumes of the two distinct
sebs of rocks, that is, the gneisses with the crystalline limestones, bear
about the same relations to the volume of gneiss and syenite that the
comparatively narrow belt of the Silurian does in this section of country
to both of these together.

There is thus in these old erystalline rocks a great uncalcareous di-
vision and a smaller calcareous one. The first of these may be further
subdivided into a stratified and unstratified portion, of which the latter
is undoubtedly the lowest and oldest. As shown by the map, north
and northwestward of the line, at the base of the gneiss and limestone
series, there are numerous and repeated troughs of the lower member |
of this division which separate out over the great fundamental gneiss
system in a most irregular manner, and it is these that have given rise
to the supposition that the older gneiss and syenite is interstratified
with the crystalline limestone. The three great subdivisions in east-
ern Ontario are, then, first, a great gneissic and syenitic series without
-limestone; second, a thinner gneissic series with labradorites and lime-
stones; and, third, Lower Silurian (Potsdam to Trenton). The thick-
ness of the upper series, exclusive of the fundamental gneiss, is placed
tentatively as from 50,000 to 60,000 feet. No attempt is made to esti-
mate the thickness of the underlying gneiss and syenite series.

BELL,” in 1878, reports on geological researches north of lake Huron
and east of lake Superior, including lake Nipissing. He finds the rocks
along the whole northeast coast of Georgian bay, a distance of 125 miles,
to belong to the Laurentian series, They consist principally of varie-
ties of gneiss, occasionally interstratified with bands of hornblendic and
micaceous schists. The crystalline limestones are also found, as well
as stratified diorites, trap rocks, and . granite veins. The rocks have
no uniform strike and are contorted into many anticlinals and syneli-
nals. The crystalline limestones of Georgian bayand lake Nipissing are
regarded as belonging in three and possibly more crystalline bands.
Associated with the limestone are sometimes found chert, conglomerate,
quartzite, and magnetic iron ore. A junction of the granite with the
Huronian quartzite and hornblende-schist is mentioned.

‘WILKINS,? in 1878, describes near the Graud Trunk station of Shau-
nonville, about three-quarters of a mile north of the village, a gray and
green slate conglomerate which much resembles the slate conglomerate
of lake Huron belonging to the Huronian system. 7The base of this
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rock is a schistose gray orthoclase with green hornblende and epidote,
while the pebbles are of Laurentian gneiss, white and red micaceous
and syenitic granite, syenite, felsite, dolerite, diorite, epidote, chlorite,
and quartz, these masses being generally rounded, particularly the
gnoeissic pebbles, and very rarely angular, while in size some exceed a
foot in diameter, and others are not over 2 or 3 inches. At Gibson’s
mountain, 6 miles southwest of Belleville, occurs Laurentian porphyritic
coarse grained granitoid syenitic gneiss.

SELWYN,? in 1879, states that it has been conclusively demonstrated
that the Grenville and Hastings groups, consisting of limestones and
calcareous schists holding Eozoon, with associated dieritic, felsitic, mi-
caceous, slaty, and conglomeratic rocks, form one great conformable
series, which rests quite unconformably upon amassive granitoid, syen-
itie, or red gneiss series, and are unconformably below the Potsdam or
Lower Silurian rocks. The same may be said.of the Huronian series
of Georgian bay, which at lake Nipissing include some labradorite
gueiss, and it is very probable that a connection will eventually be
traced out between these supposed greatly different formations like that
. now proved to exist between the Hastings and Grenville series. The
Norian series is thought to be a part and parcel of the great erystalline
limestone series. These anorthosites are thought to represent the vol-
canic and intrusive rocks of the Laurentian period, and if so, their
massive and irregular, and sometimes bedded appearance, and the fact
that they interrupt and cut off some of the limestones, is readily under-
stood. Chemical and microscopical investigations both seem to point
to this as the true explanation of their origin. That they are really
eruptive rocks is held by nearly all geologists who have carefully
studied their stratigraphical relations.

SELWYN,® in 1884, finds from Pembroke to Wahnahpitae river on
the Canadian Pacific railway, nothing but Laurentian, which consists
of red, gray, and white orthoclase gneiss, black hornblende-schists and
mica-schists, often garnetiferous, pyroxenic gneiss banded like Eozoon,
and large bands of crystalline limestone. These rocks are all very dis-
tinetly stratified, and dip generally in an easterly direction at angles
varying from almost horizontal to vertical.

SUMMARY OF RESULTS.

It is apparent that the great area, roughly bounded by Georgian bay,
the Ottawa and St. Lawrence rivers, to which the term Lauventian is
applied, is, as a whole, a very crystalline one. Thisis so far true that no
attempt has been made over the greater part of the area to stratigraph-
ically subdivide the rocks. The exceptions to this are a small area in
Argenteuil and adjacent counties, and a strip of country running from
Ottawa to Madoc. Even in the districts in which the detailed maps
. are given thereis no estimate of the thicknessof the layers of the more
massive parts of the series,

4
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In discussing the stratigraphical succession, large areas of the rocks,
including syenite, granite, porphyry, ete., can be excluded, for it is cer-
tain, as was early recognized by Logan and Murray, that many of these
rocks are eruptives of later age than the gneissic and schistose rocks

. with which they are associated. ‘

Logan, Murray, and Vennor in his final comprehensive review, reached
the same stratigraphical conclusions. Occupying the inferior position
in this region is animmense thickness of syenitic, granitic, and gneissic
rocks. For the most part this lower division is intricately folded, and if
it has a stratigraphy, it is of so complicated a character that no esti-
mate is made of the thickness. Where a structure is present there is
no evidence that it is due to sedimentation. It contains no bedded
limestones, no carbonaceous schists, no clastics, either voleanic or water-
deposited. It is, then, a complex, devoid of any structure which has
been shown to be bedding, devoid of any materials which may not be
of other than surface origin. As described by Vennor, this lower non-
calcareous Laurentian covers the larger part of the region. That lime-
stones were at one time supposed to be contained in this series is ex-
plained by him to be due to the fact that overlying bands of the upper

-division are included as infolded troughs.

Upou these rocks rests a series of a very different lithological charac-
ter. It includes great thicknesses of limestones, quartzites, conglom-
erates, hornblende-schists, mica-schists, and bedded gneisses. If the
limestones, quartzites and the regularly bedded character of the gneisses
are not sufficient evidence of a clastic origin, the presence of nunmis-
takable conglomerates at numerous points is conclusive. This clastic
series, as shown by the descriptions of it in the vicinity of Madoe, is in
part clearly volcanic. The very great estimated thickness of this bed-
ded series may be questioned, for evidently the study was not close
enough and the structure well enough determined to decide this difficult
question.” The equivalénce of the clastic rocks of the different districts
has been assumed, but those more distant from the type area differ con-
siderably from it in lithological character as well as from each other.
That they are really equal has not been shown, although this is proba-
ble for certain of the districts. A

As to the anorthosite series it may be excluded from:the bedded
succession. It is now believed by most geologists that this rock is an
eruptive. The unconformity at its base is an eruptive one, in all prob-
ability caused by the outflowing of this rock at alater period than the
formation of the underlying series.

The Laurentian clastic series of the type area resembles, to a re-
markable degree, the bedded gneisses, limestones, graphitic schists,
and quartzites of the Adirondacks, except that the latter have become
more completely crystalline. The core of the Adirondacks is ¢ anor-
thosite rock,” really gabbro, and away from this the bedded serics
dips in a quaquaversal manner, so that the anorthosites apparently

Bull. 86—3 ‘
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underlie the clastics. This is explicable by regarding the anorthosite
as an intrusive which has pushed up the bedded clastics, causing the
latter to dip away from it in every direction. In the Ontario area it
appears that the ¢ anorthosite” has actually burst through and over-
flowed the clasties. , ‘

Comparing the bedded clastic division of the Laurentian with the
Original Huronian, the description of the latter by Bell at Nipissing
approaches closely in lithological character that of the Huronian, to
which division the series was referred by Selwyn. The clastic series
in the vicinity of Madoc, before Vennor realized that it is probably
a continuation of that to which the term Laurentian was applied at
Ottawa by Logan, was considered as Huronian, and by Logan himself
was supposed to be higher than the Grenville series.

These two districts are intermediate in position as in eharacter between
the type areas of upper Laurentian and the Huronian.

The clastics of the Laurentian nowhere come in contact with those of
the Original Huronian area, so that we have no evidence whatever as
to their relative age. The former are underlain by a banded and con-
torted gneissic and granitic series. The same is true of the Huronian
of lake Huron. In this latter area the clastic series rests uncon-
formably upon a lower gneissic one, but in eastern Ontario we have no
positive evidence that similar relations obtain; but it is not improb-
able, as maintained by Vennor, that there is at the base of the clastic
series a true unconformity. On the other hand, it is possible that the
relations between the clastic series and the underlying completely crys-
talline series are those of sedimentary rocks and later intrusives.

Bearing in favor of an unconformity between the lower granite-gneiss
and at least a part of the clastic series are several lines of evidence:
(1) In Leeds, Frontenac, and Lanark counties the granites which cut the
Laurentian gneisses in a network of veins never penetrate the series of
quartzites, conglomerates, limestones, ete., although sometimes found
in Vennor’s middle or dioritic division. This indicates that the gran-
ite-gneiss not only existed but had been intruded by granitic eruptions
before the clastics were deposited. (2) The abundant large pebbles
and-bowlders of granite and syenite found at many localities in the
Laurentian region, and particularly about lake Nipissing and near
Shannonville, show that earlier than the clastics existed gneisses
and granites identical in character with those now designated as Lau-
rentian. The probability is that these pebbles are, as supposed by
Logan and Wilkins, derived directly from the Laurentian. If this is
the case, between the two must have existed a great time gap, for these
fragments when deposited show that the rocks from which they are
derived were then at the surface in their present completely crystal-
line condition. (3) The rocks of plainly elastic origin are associated and
oceur in trough-like aveas, although having interstratified with them
comparatively thin belts of gneiss, which, however, may be meta-
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morphosed sedimentaries. That this series is newer than the granite.
gneisses, is indicated by the fact that the intricate structure of the
lower Laurentian is not simulated by the clastic rocks. Apparently the
latter has undergone earlier and more intense orographic movements
than the former. -

SECTION II. FROM NORTH CHANNEL OF LAKE HURON TO LAKE
TEMISCAMANG.,

" LITERATURE.

BiesBy,” in 1821, gives the earliest geological account of the north
shore of Jake Huron. He found north of the North channel two scries
of rocks, one of granite, gneiss, and trap, which was placed by him
with the Primitive; the other, without mentioning distinet characters,
he called the Transition formation.

MURRAY,® in 1845, finds Primary and Metamorphic rocks to com-
prise the whole country to the north of lake Simcoe and the northeast-
ern shores of lake Huron. The rocks are similar in appearance to the
masses which compose the Thousand isles, and include granite, syenite,
and gneiss, as well as a coarse micaceous sandstone, which at one place
presents evidence of stratification.

LoGAN, in 1847, ﬁnds, after passing over 63 miles of lower meta-
morphic or syenitic gneiss on the Ottawa, after leaving the Mattawa
(nearing lake Temiscamang), a succession con31st1ng of (1) chloritic
slates and conglomerates, (2) greenish sandstones, and (3) fossilifer-
ous limestones. The conglomerates often hold pebbles and bowlders,
sometimes a foot in diameter, of the subjacent gneiss, from which they
are chiefly derived. So indurated is the rock that the fracture breaks
across the pebbles. The sandstone is of a sea-green color, and appears
to be composed of quartz and feldspar, with occasional flakes of mica.
The volume of (1) is probably not less and may be very much more
than 1,000 feet, while that of the sandstone is between 400 and 500 feet.
Fornwtlon (3), fossiliferous limestone, is often conglomeratic at its base,
containing pebbles, fragments, and bowlders of the sandstone beneath
in a calcareous cement. Some of the harder beds abound in chert and
many of them are fossiliferous, the organic remains leading to the opin-
ion that this rock is equivalent to the Niagara of New York. That
these limestones are unconformable with the slates appears almost cer-
tain, but whether the intermediate sandstones are conformable with
one or both of these can not be asserted, nor can it be asserted that
the slates are conformable with the gneiss. -

LOCKE,* in 1847, having visited Echo lake and the Bruce mine, finds
the rocks of the North channel to consist of sandstone, talcose slate,
limestone, all metamorphosed by trap rock. The slate contains some
pebbles of primitive rock, and thus approaches a conglomerate. The
limestone at Echo lake shows original stratification, and is traversed
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by seams of hard metamorphic slate, being nearly in the condition of
a jasper. They are undulated, contorted, and pleated in a’beautiful
manner. ' ‘

CHANNING,* in 1847, reports on an examination of Sugar island,
Sailors Encampment island, St. Joseph island, and the main shore to
Sault Ste. Marie on the American side. Metamorphic sandstone
quartz, chlorite-slate quartz, feldspar rock quartz, chlorite, granite,
syenite are all found, and are constantly intersected by the trap dikes.
At Echo lake is a metamorphie sandstone quartz, containing a stratum
of pebbles converted into jasper. On Sué‘fﬂ* island is found metamor-
phic sandstone, containing fragments of metamorphic sandstone and
gray gneiss.

MURRAY,® in 1849, describes the continuation of his work on the
north coast of lake Huron west of French river, and upon the adjacent
Manitoulin islands. The pre-Potsdam group of rocks consist, firstly,
of a metamorphic series, composed of granitic and syenitic rocks in
the forms of gneiss, mica-slate, and hornblende-slate; and, secondly, in
ascending order, of a stratified series, composed of quartz rock or sand-
stones, conglomerates, shales, and limestones, with interposed beds of
greenstone. The first of these series is in so highly a disturbed con-
dition, and is so much contorted that it is impossible to ascertain its
thickness. The second series occupies the whole north coast of lake
Huron, with many of its neighboring islands between little lake
George and Shebawenahning. The breadth of country this series
occupies, and the thickness it attains, there was no opportunity of
determining. The quartzites sometimes pass into a sandstone, and
into a beautiful conglomerate, whose pebbles are chiefly of blood-red
jasper. Besides the jasper conglomerates there are other conglomer-
ates, the pebbles and bowlders of which are of syenite, varying from
those of small size to those 2 feet in diameter; and these are some-
times in a greenish quartz rock as a matrix, and sometimes in a
greenish slate, more frequently the latter. - Numerous greenstone dikes
traverse the stratified series, and greenstone masses are interposed
among the sedimentary beds. On some small islands granite veins
and trap dikes were found breaking through the quartz rock, on one of
which the latter beds dipped in opposite directions on opposite sides of
the granite, and on another the quartz rock was found reclining on the
granite, the contact being seen. The fossiliferous series is supported
unconformably upon the older rocks.

LoGAN,” in 1849, next gives a general account of the geology of the
north shore of lake Huron. An area of rocks, 120 miles long, and from
10 to 20 miles wide, is placed in a single formation. This formation
rests unconformably below the Silurian, as shown by the fact that the
latter horizontal strata rest upon the uptilted edges of the quartz rock,
fill the valleys between, and overtop the mountains. Upon account of
the eruptive material which the formation contains it is placed as the
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probable equivalent of the copper-bearing group of lake Superior.
The series is divided into rocks of sedimentary and rocks of eruptive
origin. The sedimentaries consist of sandstones, conglomerates, slates,
and limestones. The greenstones are of igneous origin, and are of two
classes, intrusives and overflows. The intrusives are in part as sheets
and in part as dikes. The various kinds of sedimentary beds grade
into each other, while the greenstones do not thus grade into the sedi-
ments, and therefore present a strong contrast to the real sedimentary
beds. The dikes and overflow sheets are lithologically alike, and the
dikes reveal a history which has two or three episodes. The chief dif-
ference in the copper-bearing rock of lakes Huron and Superior seems
to lie in the great amount of amygdaloidal trap in the latter, and of
white quartz or sandstone in the former, but there are strong points of
resemblance, 8o it is highly probable, if not almost certain, that they
are equivalent and beneath the lowest fossiliferous deposits. On the
east and west the series seems to repose on granite.

o MURRAY,® in 1850, gives the result of a survey of the Spanish river.
Upon this stream he finds exposed a granitic or metamorphic group and
a quartz-rock group. The latter contains quartzites, slates, and con-
glomerates, holding sometimes pebbles of jasper, but more often of sye-
nite or granite, as well as limestones and dikes and beds of intrusive
greenstones, and can scarcely be less than 10,000 feet thick. The gra-
- nitic group appears to rise from beneath the metamorphic group at two
places. '

LoGAN,® in 1852, states that on lake Huron the Lower Silurian group
rests unconformably upon a siliceous series, containing one band of
limestone about 150 feet in thickness, having leaves of chert, but with-
out discovered fossils. The series is the copper-bearing rocks of that
distriet, is interstratified with igneous masses, and has a thickness of
at least 10,000 feet; it is supposed to be the Cambrian epoch. The
gneissoid group is probably still older, and its condition is such as to
make it reasonable to suppose that it consists of altered aqueous depos-
its.

MURRAY,’ in 1857, describes several of the more important streams
between Georgian bay and lake Nipissing. They embrace two of the
oldest recognized geological formations, the Laurentian and Huronian;
the rocks of the latter are more recent and have been observed to pass
unconformably below the lowest of the fossiliferous strata of the Silu-
rian system. The contorted gueiss of the Laurentian series, with its
associated micaccous and hornblendic schists, spreads over the country
to the south and east, while the slates, conglomerates, limestones,
quartzites, and greenstones of the Huronian occupy the northern and
western parts. The difference in lithological character between the
two formations is always sufficiently apparent, but though both were
found a short distance apart, the immediate point of contact was always
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obscure, and a mass of greenstone of rather coarse grain was usually
the first intimation of the proximity of the higher rocks. Whether this
greenstone is a contemporaneous flow or subsequent intrusion has not
been ascertained. The lower slates stand nearly vertical on Sturgeon
river near the gneiss. The following is the general succession within
the Huronian, in ascending order: fine grained siliceous slates;, slate-
conglomerate, containing profuse syenite and occasional jasper pebbles;
limestone; slate-conglomerate, like the first; green siliceous chloritic
slate; and close grained quartzite of various colors running into a
conglomerate, the pebbles of which include white guartz and red and
green jasper. The thickness of the Huronian is calenlated at 10,000
feet and corresponds with the determination of the thickness of the
quartz-rock series on the Spanish river.

LoGAN,* in 1858, applies the term Huronian to the copper- bearmo'
rocks of lauke Huron. A limestone near the middle of the series isused
to trace out the structure.

MuUrrAY,* in 1858, gives a continuation of his study of the rocks.
north of lake Huron. He places the rocks of Irench river, described
in the report of 1857, as Laurentian. A belt of limestone 200 feet thick
is used in working out the structure of the Huronian. The Huronian
is also called the copper-bearing rocks.

LOGAN,” in 1838, gives a general description of the pre-Silurian
Azoie rocks of Canada, which occupy nearly a quarter of a million -
square miles.” These are a series of very ancient sedimentary deposits
in an altered position. They are of great thickness and are capable of
division into stratigraphical groups. Inthe formation about lake Te-
miscamang are sandstones, quartzose conglomerates, and slate conglom-
erates, the slate conglomerates holding pebbles and bowlders derived
from the subjacent gneiss.. The bowlders display red feldspar, trans-
lucent quartz, green homblende, and black mica, arranged in parallel
layers, which present directions accordant with the attitude in which
the bowlders were accidentally inclosed. From this it is evident that
the slate conglomerate was not deposited until the subjacent forma-
tion had been converted into gneiss, and very probably greatly dis-
turbed; for while the dip of the gneiss, up to the immediate vicinity of
the slate conglomerates, was usunally at high angles, that of the latter
did not exceed 9 degrees. A similar set of clastic rocksis found on
the north shore of lake Huron, except that the series is here intersected
and interstratified with greenstone trap, and pebbles of syenite and jas-
per are found. Iastward of lake Temiscamang, in an area of 200,000
‘square miles iinperfectly examined, no similar series of rocks has been
met with. Because this clastic series of rocks occurs in typical devel-
opment on lake Huron it has been decided to designate it by the term
Huronian,

MURRAY,* in 1859, in continuing his study of the Huronian, gives
most of his tlme to the region adjacent to the Thessalon and Mississagui
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rivers. The Huronian is found to be in two main troughs and the thick-
ness of the series of formations amounts to 16,700 feet. This thickness,
greater than that given in the report of 1857, is due to the accidental
existence here of intercalated greenstones.

BrasBy,* in 1862, concludes that the Huronian is greatly older than
the Cambrian because: (1) Its marked similarity, lithologically, to the
fundamental gneiss formation. (2) The conformity of these two sets of
beds. (3) The great interval of time which must have elapsed between
the periods of laying down the fundamental formation and the Silur-
ian, if we are to judge from the occasionally vast thickness of the Cam-
brian. Beyond all comparison, the Huronian is more widespread and
extensive, as well as more uniform in its mineral constitution, than the
Cambrian group. It is, perhaps, also more important economically.

LoGaAN,?2 in 1863, gives a general summary of the information as to
the Huronian series north of lake Huron. This area is mapped in
detail. It extends along the entire North channel of lake Huron, with
the exception of a short distance where the Laurentian occupies the
shore. The full section on the north shore of lake Huron is as fol-
lows, from the bottom upward: (1) gray quartzite, 500 feet; (2) green
chlorite slate, 200 feet; (3) white quartzite, 1,000 feet; (4) lower slate
" conglomerate, 1,280 feet; (5) limestone, 300 feet; (6) upper slate con-

glomerate, 3,000 feet; (7) red quartzite, 2,300 feet; (8) red jasper
conglomerate, 2,150 feet; (9) white quartzite, 2,970 feet; (10) yellow
chert and limestone, 400 feet; (11) white quartzite, 1,500 feet; (12)
yellowish chert and impure limestone, 200 feet; (13) white quartzite,
400 feet; total thickness, 18,000 feet. Interstratified with certain of
these layers, and particularly Nos. 4, 6, 7, 8, and 9 are considerable
masses of greenstone. That these are contemporaneous overflows in
places is indicated by the fact that they are amygdaloidal and are
arranged in layers. There are, however, also present intrusive masses
of greenstone and granite, which in the fonn of dikes cut the stratified -
rocks in many directions.. The different sets of dikes are of at least
three different ages, the granite being intermediate in age between two
greenstone eruptions. Many of the pebbles of the red jasper con-
glomerate are banded, shoWing their derivation from a more ancient
stratified rock. South of lake Pakowagaming is a considerable area of
_granite which breaks through and disturbs the Laurentian gneiss, and
from which emanates a complexity of dikes, the whole being supposed
to be of Huronian age. The immediate contact of the gneiss with
the overlying rocks has not been observed. The gneiss between Mis-
~ sissagui and St. Marys rivers has been much disturbed by intrusive
granite and greenstone,and it is difficult to make out how the stratified
portions are related to each other. Near Les Grandes Sables, a gray
quartzite, supposed to be the lowest Huronian, abuts against one mass
of gneiss, and runs under another and appears to be much broken by
and entangled among the infrusive rock. On lake Temiscamang the
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Laurentian gneiss is followed by a slate conglomerate which contains
pebbles and bowlders sometimes a foot in diameter of the subjacent
gneiss. The Huronian of lake Huron is correlated with the lower cop-
per-bearing rocks of lake Superior. Several detailed sections are
described. The general sections represent the Huronian series as
resting unconformably upon the Laurentian.

LoGAN,® in 1865, states that the horizontal strata, which form the
base of the Lower Silurian in western Canada, rest upon the upturned
edges of the Huronian series, which in its turn unconformably overlies
the Lower Laurentian. The Huronian is believed to be more recent
than the Upper Laurentian series, although the two formations have
never yet been seen in contact.

SELWYN,® in 1884, west of Wahnahpitae river,on the Canadian Pacific
railway, for 80 miles, finds Laurentian rocks, which consist of felsites
or felsitic quartzites, thin bedded quartzites which hold angular frag-
ments of granite and gneiss, diorite and diabase, with a series of coarse
and fine fragmental beds varying in character from a fine ash to coarse
agglomerate. *

IRVING,* in 1887, summarizes the information of the Canadian Survey
with reference to the Huronian of lake Huron, and describes a contact
near Thessalon river between the underlying gneissic series and the
overlying Huronian. Here a basal conglomerate, containing partly
rounded and angular fragments up to 2 feet in diameter, largely derived
from the immediately underlying gneiss, rests directly upon the up-
turned edges of the gneissic series. Such a contact indicates a great
structural break, whether the underlying gneissic series is of eruptive
or of sedimentary origin. If sedimentary, it must have been metamor-
phosed to its present crystalline condition and upturned before the frag-
mentals were deposited upon it; if eruptive, its coarsely crystalline
character shows that it belongs to the deep-seated rocks which must
have crystallized at depth, and therefore has been subjected to great
erosion in order that this class of rocks may be found at the surface.
Such a contact is also found at two or three other points on the Algoma

branch of the Canadian Pacific railway, angd particularly at the vicinity
of the mouth of Serpent river. Logan’s? green, chloritic slate is com-
posed of diabase sheets and a little interleaved fragmental material,
perhaps partly volcanic ash. 4

WincneLL (N. H.),* in 1888, describes many localities within the
Original Huronian. Logan’s chloritic slates, as well as the greenstones,
areregarded as accidental features, the former being a part of the basic
eruptive rocks of the region. Vast outflows of greenstone cover many
square miles in the Thessalon valley and constitute hill ranges as con-
spicuous as those of any hillrock in the region. This serics is classified
and parallelized with the Minnesota rocks, as follows:

.
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Original Huronian. Minnesota equivalents.

Otter Tail quartzite . .,... oo oot

. New Ulm, Pokegama and Waus-
Thessalon quartzite....... .. .. .. ... ...

Pewabic quartzite (%).
3 waugoning quartzites.

Black slate . o ceever e Animikie black slate.

‘“Lithographic stone ” and fine gray quartzite ..Not known. ;

Red felsite..ooenvamann it Telsites at Duluth and probably the
Great palisades.

Mississagui quartzite ... ..ol Not known.

Slate conglomerate -.............o.ooiiiiiiaa Ogishlki conglomerate.

Chert and quartzite pebbles in the Thessalon quartzite lead to the
inference that this is unconformably upon the black slate. The exist-
ence of granite bowlders in the slate conglomerate indicates another
unconformity between it and the granites of the region. In this latter
case the evidence is conclusive, and in the former it is inconsiderable.

WINCHELL (ALEX.),* in 1888, also gives many observations upon
the original Huronian. In the Huronian system is a large volume of
eruptive rock with a great thickness of rocks of undoubted sedimen-
tary origin, with an equal volume of an obscure slaty character. The
latter appear to constitute the green chlorite schist of Logan, which is
either an ancient or much altered eruptive or highly altered sedimen-
tary material. The quartzites contain angular fragments of such a
character that they seem to be derived from this diabase schist; and
this circumstance countenances the theory that the latter are older and
probably sedimentary in origin. The Huronian of Canada, in descend-
ing order, is as follows: Otter Tail white quartzite, 4,000 feet; Thessa-
lon red and gray quartzite, 5,000 feet; Otter Tail cherty limestone, 100
feet; Upper Plummer conglomeratic and siliceous argillite, 500 feet;
red felsite, granulite, and quartzite, 100 feet; lower conglomeratic and
siliceous argillite, 7,400 feet; Bruce limestone, 100 feet; Mississagui
vitreous quartzite, 3,750 feet. This succession includes neither the
lower nor the upper limit of the Huronian, At St. Josepl’s island the
Huronian is immediately overlain by a fossiliferous limestone, appar-
ently the Chazy. It thus appears that the Huronian is a system fol-
lowing downward immediately below the Lower Silurian, and if no
intervening terranes are wanting it occupies the position of the Taconic
of Emmons and the Lower Cambrian of Sedgwick. The lower limit of
the Huronian must be succeeded by a formation of vitreous quartz, red
jasper, and graywacke, besides greenstones, red granulite, red gneiss,
mica-bearing granite, since fragments of all these are found in the
Huronian. It may be that the quartzite pebbles are derived from the
Mississagui quartzite, but the red jasper and greywacke must have
been derived from a terrane older than the Huronian and newer than
the crystalline masses of the Laurentian.

BONNEY,* in 1888, discusses the development of the crystalline
schists in the neighborhood of Sudbury. The semicrystallines can be
easily separated from the thoroughly crystalline rocks of the Lauren-
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tian. In the Huronian rocks two groups may be distinguished, one of
which is slightly altered and the other very much more extensively
modified. The semizrystallines are compared with those of like char-
acter in.Great Britain. - )

BArLOW,” in 1890, describes the relations between the Huronian
and Laurentian north of lake Huron. At many localities the contact
is found to be an irruptive one, the granite and gneiss intruding the
Huronian clastics.. Very often the Huronian strata dip into or under
the gneiss, although often the Huronian beds are superimposed upon
the gneiss in perfect conformity, and occasionally gneiss is seen dipping
away from the vertical Huronian strata. Huronian rocks are also seen
resting unconformably upon the upturned edges of Laurentian gneiss.
The Huronian strata are often metamorphosed where in contact with
the gneiss. These different phenomena are all explained by the later
irruptive character of the gneiss.. It is concluded that the Huronian
system is the oldest series of sedimentary strata known in this region.

BELL™, in 1890, states that stretching from lake Huron to lake Temis-
camang is the greatest area of Huronian rocks in Canada. The most
prevalent rock in this region is graywacke, often conglomeratic. An-
other rock of great abundance is a quartz-diorite. These two are the
parent rocks of the Huroniah. The quartzites and clay-slates are but
phases of the graywacke. The rocks of this region show three ways by
which gneiss may be formed, namely, by the direct conversion of the
thin bedded or slaty varieties of graywacke, by the alteration of the
mixed quartz and feldspar rock derived from other varieties of it, and
by the alteration of the modified quartz-diorites. The dolomites are of
a concretionary or segregated nature, derived from the hornblende and
augite of the rocks with which they are associated. During the process
of conversion from graywacke into syenite, strings and veins of mag-
netite have formed.

WINCHELL (ALEX.)”, in 1890, gives further observations on the orig-
inal Huronian region. Northwest of Echo lake is found a series of
argillites, slates, quartzites, and schists, which are frequently conglom-
eratic and in one place contain outcrops of hematite. These strata are
close to a vertical attitude, strike nearly east and west, and resemble the
Knife lake series and Ogishki conglomerates of Minnesota. These
rocks can mnot belong to the same system as the quartzites, upper
slate conglomerates, and limestone of the Huronian, which dip at an
angle of 200, There is here a genuine discordance of stratification, and
two series, not one, as mapped by Logan. The lower system is the
formation which occurs at Gros cap, Goulais bay, and Doré river, which
was identified by Logan with the Huronian of lake Huron. The author
is convinced also of their identity with the vertical strata in Minnesota
and Canada known as the Keewatin system. It is also clear that these
gnarled, green pebble slates are the prolongation of the lower slate con-
glomerate of the Thessalon valley.
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WiNcnELL (ALEX.)%, in 1891, maintains that the Original Huronian
is divisible into two unconformable series, the break occurring between
the upper and lower slate-couglomerates, and the limestone belonging
with the upper series. The descriptions of this region by Murray indi-
cate that near lake Wahnapitae there is a stratigraphic unconformity
between the upper and lower divisions of the Original Huronian, as
liere the slate-conglomerates are in a nearly vertical attitude, while the
newer members seldom have an inclination greater than 459, In every
instance in which the lower slate-conglomerate has been traced by Logan
or Murray to the proximity of the gneiss these formations seem to be
conformable in position, though the actual juxtaposition was concealed.
At Murray hill the slate-conglomerate has a dip to the southward of
780, while 2 miles south of this the slate-conglomerate has a dip of 40°
toward S.30°W. The first is regarded as the lower slate-conglomerate
and the second as the upper slate-conglomerate. At the junction of the
Sudbury branch of the Canadian Pacific railway with Vermilion river
an arenaceous slaty rock, having a dip of 459, rests on a different schist
having a different dip. At this locality, according to Lawson, the
unconformity is similar to that at Penokee gap, Wisconsin. The lower
rock is a fine micaceous gneiss or mica-schist, and the upper rock is
interbedded quartzite and gray argiilite. At Echo lake is a series, in
descending order, of slate-conglomerate and quartzite, with a dip of
about 20¢; after this is an interval of a third of a mile, and then ap-
pears a quartzose slate-conglomerate comparable with the Ogishki con-
glomerate; this is followed by quartzite, and this by alternations of
quartzite, quartz-schist, and various slates, schists, and argillites, the
series having a dip of 750 to 80° southwesterly, and being as a whole
more crystalline than the upper system. Itisconcluded thatthename
Iuronian must be restricted to the upper or lower system; and if re-
stricted to the upper system it remains attached to the best known and
most characteristic portion of the old complex Huronian. Ior the older
system, not distinctly named until 1886 as Keewatin by Lawson, the term
Kewatian is proposed.

BrLr,*in 1891, describes the geology of the district of Sudbury. The
main outlines of the great Huronian area of this region are given.
_ Within this region are many inliers of gneiss and red quartz-syenite,
which correspond with Laurentian types of rock, and it is uncertain
whether they are protrusions of the older rocks from beneath or whether
some of them may not be portions of the Huronian itself which have
undergone further metamorphism. In the Sudbury district many of
the areas cousist of separate masses, like large and small bowlders, the
interspaces being filled by a breccia with a dioritic paste, and suggest-
ing that these rocks may be underlain at no great depth by diorite
which was in a soft condition after the gneiss and syenite had.been con-
solidated. At some places within the syenite area, as, for example,
about two miles west of Cartier, a massive fine grained rock like some
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varieties of graywacke may be seen passing into thoroughly crystalline
quartz-syenite. The rocks in greatest quantity, and those which con-
stitute the lowest member of the Huronian series between lakes Huron
and Wahnapitae, are quartzose graywackes and quartzites, with occa-
sionally a little felsite. In this member of the series crystalline diorites
occur as intruded masses, varying from a half a mile to ten miles in
length. Also are associated obscurely stratitied varieties of quartz-
diorite and of dioritic and hornblendic schists, and also compact brown-
weathering dolomite. The next member of the series in ascending order
is a black voleanic glass breccia consisting of angular fragments crowded
together. The highest rocks of the series, or those which occupy the
center of the trough, are evenly bedded argillaceous sandstones or gray-
wackes, interstratified with slaty belts and overlain at the summit by
black slates. The stratified Huronian rocks, as well as the gneiss and
quartz-syenite, are traversed by dikes of coarsely crystalline diabase,
which are often large and can be traced for considerable distances.

WincHELL (N. H.),%®in 1891, gives further observations upon the Hu-
ronian. Northwest of Sudbury and eastward from Algoma there are
two formations. In both, the slate and slate conglomerate constitute
the upper formation. In the Sudbury region the underlying rocks are
largely felsitic, but are also occasionally micaceous and hornblendic.
In the section eastward from Algoma the underlying formation seems
to be the Mississagui quartzite, with interbedded green fissile schist,
with mica-schist varying into hornblende-schist. Logan’s Mississagui
quartzite is supposed not to be Logan’s lowest gray quartzite, but
is probably a constituent part of the Keewatin. It is concluded that
the observations confirm, or at least do not contravene, the conclusion
that the Huronian system’of the Canadian reports embraces two or
three formations, one of these the true Huronian, first described and
mapped by Murray; another, the Keewatin of Lawson; and another,
the series of crystalline schists styled the Vermilion series.

PuMPELLY and VAN HISE,* in 1892, describe the relations of the Hu-
ronian and Laurentian and also give evidence for the divisibility of
the Huronian into two series as advocated by Winchell.

In reference to the latter point, at a limestone quarry about 2 miles
northeast of Garden river, the upper slate conglomerate was found in .
actual contact with the limestone member. This conglomerate has a
rough appearance of stratification and bears numerous fragments of
limestone, many of them more than a foot in length and all in precisely
the condition in which is now the original limestone. In this conglom-
erate are also numerous fragments of schist and granite. The line of
contact could be traced only a short distance, and it appears to follow
somewhat closely the lamination of the limestone. These relations
clearly indicate that after the limestone was deposited, before the be-
ginning of the time of the upper slate conglomerate, there was a con-
siderable interval of erosion. The observations thus tend to confirm
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Winchell’s conclusion that the Laurentian is divisible into two dis-
cordant series, the break occurring above the lower limestone. If this
break shall prove to be general at this horizon, it places in the Lower
‘Huronian, using Logan’s thicknesses for the formations, about 5,000
feet, and in the Upper Huronian about 13,000 feet.

Almost immediately below the limestone was found the lower slate
conglomerate, which in lithological character is precisely like the slate
conglomerate in contact with the granite below described.

As bearing upon the relations of the Huronian and Laurentian, one
new locality was found, and the contact described by Irving east of
Thessalon was again examined. About two miles northwest of Garden
river the lower slate conglomerate of Logan was traced downward into
a finely laminated semicrystalline quartzose schist, and this downward
into a basal conglomerate and recomposed granite which rests almost
directly upon the solid granite. The major part of the debris of the
basal bowlder conglomerate is derived from the immediately subjacent
granite. The evidence of erosive unconformability is thus of the clear-
est character. The likeness of the slate conglomerate at this locality
to that below the limestone, the mefamorphosed character of the
quartzose schist and the steepness of the inclination of the rocks all
bear toward the correctness of Logan’s mapping, that this slate con-
glomerate is the lower one, and, if so, the unconformable contact is
between the lower series of the Huronian and the granite.

At the contact between the lower quartzite of Logan and the Lauren-
tian east of Thessalon, described by Irving, it was found that the
relations could be much more clearly seen than at the time the locality
was visited by Irving, because the water was very low, and two islands
upon which the contact occurs were then submerged. The Laurentian
area does not consist of simply granite or gneiss, as might be inferred
* from Logan’s mapping, butis an intricate complex of granite, gneiss,and
schist. The granite has intruded the schist and fine grained gneisses in
the most intricate manner. In many places large roundish fragments
of schist or gneiss are contained in granite, and these have a decidedly
water-worn appearance. However, in any given area the fragments
are always of material identical with that of the immediate adjacent
gneiss or schist. In short, the rocks furnish one of the most beautiful
illustrations of the relations described by Lawson between schists and
gneisses and a later intrusive granite. Resting upon this complex
was found a great bowlder conglomerate which differs radically in
its character from the pseudo-conglomerates of the Laurentian. The
pebbles and bowlders instead of being widely separated are packed
closely together. Within a very small area, a square yard or square
rod, may be found all varieties of the material to be found within the
basement complex: that is, many phases of crystalline schist, gneiss,
granite, and granite-gneiss. On one of the islands in which the contact
was seen, the line of separation is perfectly sharp and irregular, bend-
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ing at one place at an angle of 50°. . Also the foliation of the granite-
gneisses abuts almost at right angles against the line of contact at one
place. The contact here, then, hasall the characteristics of one of erosive
unconformability. Upon the second island, instead of a clear line of
contact between the conglomerate and the basement complex there is
an apparent gradation, the change occurring within 5 or 6 feet. Here
the solid granite-gneiss is first broken; then in passing upward the an-
gular fragments have moved somewhat; in passing still farther upward
they become roundish and are mingled with extraneous material, until
a bowlder conglomerate is reached which is in every respect like that
before described. This relation is not uncommon wlhen an eucrmdlmo
shore-line overrides a rock formation.

It is conecluded that between the lowest members of the Original
IHuronian series and the granite-gneiss-schist baseirent complex which
Logan has called Laurentian, there is the clearest evidence of a very
great unconformity. Also, that the Laurentian series, instead of being
a simple one, consists of rocks of many different kinds and has a most
complex history. .
SUMMARY OF RESULTS.

Bigsby’s Transition formation is that to which the term Huronian was
later applied by Logan and Murray, and his description of this series
is hence the earliest. From the first it is plain that Muiray does not
consider the series as metamorphic, since it is excluded from the rocks
to which that term is applied. It is alse plain that the true nature of
the interbedded greeunstones was appreciated. Logan was distinctly a
stratigraphical geologist, who believed in extreme metamorphism of
sedimentary beds, yet he also clearly saw that the greenstones associ-
ated with the fragmental rocks could not be regarded as other than
of igneous origin.

As to the relations of the Huronian and Laureutian north of lake
Huron, Murray made the distinetion in 1857 to rest upon age and upon
lithological characteristics, the Laurentian being older and more com-
pletely crystalline than the Huronian, While the Huronian and Lau-
rentian by Logan and Murray are.not deseribed at any definite locality
as having unconformable relations, the former states that the Huro-
nian is a stratified series and reposes discordantly upon the Lauren-
tian system, and in 1858 he again clearly indicates the same thing by
the statement that in the slate conglomerates are bowlders and peb-
bles derived from the subjacent gneiss and that the lower formation
was consequently converted into gneiss and probably greatly disturbed
before the upper series was laid down. In 1865, Logan further says
that the Huronian unconformably overlies the lower Laurentian, and
is believed, although not found in contact with it, to be more recent
than the upper Laurentian. These statements are emphasized by his
sections published in 1863, which vepresent the Iluronian as resting
unconformably upon the Laurentian. The first to describe an actual
contact between the underlying gneissic series and the overlying Huro-
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nian was Irving, who in 1887 clearly showed that such an unconformity
-occurs. The observations of Pumpelly and myself reenforce this con-
‘clusion and show that between the lowest member of the Huronian and
Laurentian complex is a very great discordance.

The facts given by Barlow, taken in connection with the foregomg,
show that he lhas neglected to differentiate the clastic rocks of the
Huronian, from the more ancient underlying crystalline gneisses. Also,
he has failed to separate an earlier granite-gneiss from a later intrusive.
That a part of the granite is eruptive, of later age than the Huronian,
was as well known to Logan and Murray as to Barlow. These early
geologists recognized both a later granite and a granite-gneiss basement
complex upon which the Huronian was deposited, while the latter
failed to make this fandamental discrimination. He saw the former
and assumed that this eovered the entire ground.’ : '

As to the position taken by Alexander Winchell, that the Original
Huronian is divisible into two unconformable series, it may be
remarked that the locality in which the strongest evidence for this is
given, Echo lake, is on the outskirts of the area mapped in detail by
Logan and Murray. Before accepting the conclusion that these geolo-
gists, in their careful work extending over several years in the area of

_the Original Huronian, have overlooked a great unconformity and have
misunderstood what part of the area is covered by lower slate con-
glomerate and what by upper slate conglomerate, we ought to have the
most decisive evidence. However, the observations of Pumpelly and
myself tend toward the correctness of Winchell’s first conclusion. At
least between the limestone and the upper slate conglomerate, in places,
there has been a considerable erosion interval. That with the Huronian
in the more general work of later years Logan and Murray placed two
discordant series is certain, The same was done by the geologists on
the south shore of lake Superior, and in view of this very common ref-
erence it is stated in another place that for these two series the terms
Upper Huronian and Lower Huronian are used. [f it is really the case
thatin the Original Huronian of the north channel of lake Huron, in
the area covered by the detailed map of 1863, two discordant series do
exist, this suggestion is eminently amppropuate

Great indisputable results were reached by the early Canadian
geologists, Logan and Murray. This district north of lake Huron was
the first in which it was shown that an unmistakable detrital and
little metamorphosed series of rocks rests unconformably under the
upper Cambrian, Also it was shown that this series is of such a char-
acter that the ordinary stratigraphical methods apply, and Logan and
Murray were able to subdivide it into formations upon a lithological
basis in the same fashion as is done in fossiliferous series. This is so
evident that it would not be emphasized if it had not been denied.
Far more to the credit of Logan and Murray is the recognition of the
character of the amygdaloids and the interbedded greenstones. No
extreme metamorphic theory was applied to them, and they were dis-
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tinctly regarded as an exception to the ordinary stratigraphical law:.
and separated both in descriptions and mapping. This is the more
creditable because for many years afterwards similar rocks were sup-
posed by many other writers to be parts of the stratified successions in
a completely metamorphosed condition had caused them to become
crystalline. Finally it was recognized that this Huronian series rests
unconformably upon an older gneissic and granitic crystalline series,
which has yielded abundant fragments to the overlying rocks.

To the person who hypothecates that all pre-Cambrian rocks are
wholly erystalline and that all truly detrital rocks are Cambrian or
post-Cambrian, these conclusions prove only that inferior to the Pots-
‘dam sandstone, and separated from it by a great unconformity, is a
series of rocks of great thickness, having a number of persistent memn-
bers of varying lithological character, which are lower Cambrian. But
this position does not lessen the value of the work done; for it would
still be true that the Huronian series was the first solow in the geolog-
ical column in which the above facts were shown.

The only rocks in the Original Huronian area which Logan correlated
with those of the Original Laurentian area are the uncon formably under-
lying granitic and gneissic series. These were called lower Laurentian,
the idea being evidently to correlate them with the lower noncalcareous,
division of the Original Laurentian. This correlation was plainly made
on the ground of lithological likeness. That the Huronian is more
recent than the upper Laurentian was stated only as a belief. This
belief appears to have been based upon the “nonmetamorphic” char-
acter of the Huronian as compared with the upper Laurentian. It is
also possible that the fact that there is a structural break on the north
shore of lake Huron, between the Huronian and the gneissic series,
whereas no such break was found between the upper and lower divis-
ions of the Original Laurentian, had an influence in leading to this

conclusion.
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CHAPTER IL
LAKE SUPERIOR REGION.

SECTION I. WORK OF THE OFFICIAL GEOLOGISTS OF THE CANADIAN
SURVEY AND ASSOCIATES.

BiesBy,! in 1825, describes in detail the rocks at many points along
the north shore of lake Superior, between the falls of St. Mary and
Grand Portage, an interval of 445 miles. The varieties of rocks are
few in mumber when compared with a similar extent of country in
Europe. Ofmica-slate, clay-slate, etc.,not a vestige was found, not even
in débris, nor of any secondary deposits above the Mountain limestone.
Sandstone, under various modifications, occupies the greatest space;
in intimate connection with the next prevailing rocks, the amygdaloids,
porphyries, and greenstone trap. The alternating granites and green-
stones of the northeastern and eastern coasts are nearly equal in quan-
tity to these. The granites and syenites are not stratified. The por-
phyry, amygdaloid, and sandstone are considered contemporaneous and
newer than the granites, although not much, as indicated by the transi-
tions and alternations occurring about Gargantua. The age and con-
nections of the greenstone trap the author is not prepared to state.
The sandstone is most probably Old Red, a conclusion reached from the
materials composing it, and its direct superposition on inclinéd rocks in
this and other great lakes of the St. Lawrence and because it supports
a fossiliferous limestone full of productw, turbinolice, ¢aryophyllize,
trilobites, conularie, encrinites, and orthoceratites, etc. The granite
and syenite seem to be of the same age and belong to the transition or
to the youngest of the primitive.

On the old route from lake Superior to the lake of the Woods (for
430 miles) is an alternation of chloritic greenstone and amphibolitic
granite, but at and toward the lake of the Woods the greenstoue
passes 1nto gneiss, and mica-slate, traversed in many ways and in great
quantities by graphie granite.

BAYFIELD,? in 1829, gives an outline of the geology of lake Superior.
The rocks of the lake are divided into four divisions: First, the inferior
order, comprising granites, which almost always contain more or less
hornblende. In this division neither gneiss nor mica-slate was met
with, although the granite by the abundance of its mica or lamellar
structure may for a short distance assume the appearance of either.
Second, the submedial order, which includes greenstones, common

jaspery variety of greenstone slates, flinty chlorite, talcose slate, and in
51
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one place alone transition limestone, with perhaps traces of graywacke.
Third, trap or overlying rock, the most of which is amygdaloid; various
kinds of porphyry are nextin quantity; then trap, greenstone, syenites,
and pitchstone. Fourth, the medial order, the only rock of which is
the Old Red sandstone. Then follows an account of the distribution
of each of these orders. The amygdaloid with little doubt rests upon
the syenite and granite, although the junction was never seen., The
amygdaloid passes into greenstone on the one hand simply by being
divested of its nodules, and into porphyry on the other. The Old Red
sandstone may be traced from one extremity of the lake to the other.
Its existence is noticed on both shores, and it is traced across the lake
by many of the islands, so as to leave no doubt of its being a general
formation throughout the whole of the basin of lake Superior. It is
generally horizontally stratified or nearly so. There are many instances
of the conjunction of the sandstone and granite, which serve.to prove
that the sandstone was deposited after the granite occupied its present
position. The sandstone, when conglomeratic, as is very frequently
the case, contains fragments of the trap as well as of the inferior order,
which are rounded by attrition, and it is.therefore plain that the sand-
stone is later than the trap rocks. Organic remains were sought in
this rock, but never discovered. It is placed as the Old Red because
of its position immediately on the granite, its structure, and component
parts.

BAYFIELD,® in 1845, places with the Primary rocks most of the clas-
tics on the north shore of lake Superior. These are cut by various
greenstones. A red sandstone forms nearly the entire southern bound-
ary of the lake. In places it is shattered by the upheaval of granite
and by trap rocks which enter into the composition of its conglomer-
ates. At Nipigon bay it is overlaid by an immense bed of greenstone.
It is probable, although not certain, that this sandstone underlies the
fossiliferous red sandstone of St. Marys.

LoaAN,* in 1847, in a report on the geology and economic minerals uf
lake Superior, gives an account of a rather detailed examination of the
north shore of lake Superior from Pigeon river to Sault Ste. Marie.
Michipicoten island was also examined. Lake Superior appears to be
set in a geological depression, which presents formations of a similar
character on both the north and south sides, dipping to the center.
The series on the north, in ascending order, consists of the following:
(1) Granite and syenite; (2) gneiss; (3) chloritic and partially talcose
and conglomerate slates; (4) bluish slates or shales, interstratified with
trap; (5) sandstones, limestones, indurated marls, and conglomerates,
interstratified with trap. The gneiss is succeeded by dark green slates,
which at the base appear to be occasionally interstratified with beds of
the subjacent granite and gneiss. These slaty beds at times have the
quality of a greenstone, at times a mica-slate, and a few are quartz
rocks. Higher in the series are conglomerates, the pebbles of which
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are all apparently from hypogene rocks. Formations 4 and 5 rest un-
conformably upon 1, 2, and 3, having sometimes basal conglomerates,
the pebbles being of quartz, red jasper, and slate. The upper part of
3 strongly resembles the upper slates at lake Temiscamang. The suc-
cession of conglomerate and pebbly slates at Gros cap has a total
thickness of 1,700 feet. In group 5 are the succession of rocks at
Michipicoten island, a portion of those at Thunder bay, and at other
localities. At Michipicoten the thickness of the interbedded volcanics
and water-deposited clastics is not less than 10,000 or 12,000 feet.
GroupJ exhibits an unconformity to the granite. The conclusion that
the copper-bearing series is older than the Potsdam sandstone arrived
at by Houghton in 1841, is thought to be probably true.

MURRAY,’ in 1847, in an account of the Kaministiquia and Michipi-
coten rivers, divides the geological formation into three groups: (1)
Granite, syenite, gneiss, micaceous and chloritic schist; (2) blackish
argillaceous slates, with associated trap; (3) drift clays and sands. At
the portage of the Kaministiquia a massive syenite passes into a gneiss-
oid syenite, upon which rest conformably dark colored altered slates,
one rock passing imperceptibly into the other. The junction of 1 and 2
was not observed.

LoGAN,S in 1852, finds the rocks of the north shore of lake Superior
to have the following succession: Granite, syenite, and gneiss, or mi-

caceous and hornblende-gneiss, which are succeeded by chloritic and-

talcose slates, interstratified with obscure conglomerates with a slaty
base. Upon these rest unconformably bluish slates, with belts of chert
and limestone toward the bottom, and thick flows of greenstone trap at
the top. Above these are alternations of sandstones, conglomerates,
amygdaloids and traps, the whole thickness of the upper series above
the unconformity being not less than 12,000 feet. The conclusion is
reached that this upper series is the equivalent of the Potsdam sand-
stone, which rests unconformably upon the tilted beds of the lake
Huron series, and that both are contemporaneous with the Cambrian
series of the British isles. A

B16sBY,” in 1852, finds the crystalline strata of the lake of the Woods
to conform in strike with those several hundred miles southward on
the river Mississippi. Granite occupies the axis in the northeast part
of the lake of the Woods, and is always the lowest rock, the gneiss,
mica-schist and greenstone dipping away from it on both sides. Green-
stone is perhaps the most abundant rock in this part of the lake, and
greenstone conglomerates are found which contain black masses of
greenstone lying with their greater length parallel to the strike. The
granites and mica-slates are intimately associated, and the granite in-
cludes greenstone in a thousand tortuous masses, tongues, and slender
veins. Also the granite is cut by greenstone.

Bresny,®in 1852, divides the rocks about lake Superior into (1) Meta-
" morphic, including greenstone, slates, schists, gneisses, quartzites,
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jaspers, and crystalline limestones; (2) aqueous, including the ealcifer-
ous and Cambrian sandstones and conglomerates; (3) igneous, includ-
ing granite, syenite, and trap. . The lake is a trough or basin of Cam-
brian or Silurian sandstone, surrounded by two irregular ahd imperfect
zones, the inner consisting of traps with conglomerates, the outer, of
metamorphic, flanked by igneous rocks. The metamorphic rocks, with
the exception of quartzite and jasper, the oldest in the lake, support
unconformably the sandstone. These rocks have been upheaved and
altered by the intrusion of igneous rocks. The sandstone is generally
horizontal, except near the intrusive rocks, where it rises af high
angles and passes into jasper, porphyry, gneiss, or quartzite. The con-
glomerate is of the same age as much of the sandstone, and is between
it and the trap; and there is reason to believe that the sandstone is
interleaved with trap. The igneous rock, granite, everywhere forms
the nucleus of the anticlinal axes. The trap rocks are divided into
crystalline mountain masses—sometimes anticlinal and syenitic; into
bedded traps; and into dikes intersecting igneous and metamorphic
rocks; but all are portions of one long series of volcanic operations.

B1asBY,?® in 1854, finds the geology of Rainy lake to be as follows:
Chloritic and greenstone slates, gneiss and mica-slate, in proportional
quantities in the order here set down, seem once to have occupied the
lake basin, with an ENE. strike, and a NNW. dip, at a high angle
usually.  But subsequently a very extensive outburst of granite, with
some syenite, has taken place, to the great disturbanceof the stratified
rocks, and penetrating them both in intercalations and crosswise.
These intrusive rocks occupy a very large portion of the lake, most of
the western shore, nearly all the eastern trough or arm, and much of
the east end of the lake about Stokes and Hale bays. Intercalations
of syenite and hornblende-greenstone are frequent, and so is the occur-
rence of veins of porphyritic granite traversing the gneiss in all direc-
tions. The chlorite-slate greenstone, gneiss, and mica-slate are con-
formable with each other.

DAWSON (SIR WILLIAM),Y in 1857, finds between Sault Ste. Marie
and Mamainse three of the oldest formations in America or the world.
Beginning at the top are: (1) Potsdam sandstone; (2) an enormously
thick formation of conglomerates, sandstones, slate, and trap, consti-
tuting the Huronian series of Logan; (3) a still older Laurentian series,
represented here principally by syenitic rocks which have afforded the
material of the Huronian conglomerates. The sandstones and con-
glomerates of the second series probably unconformably underlie the
Potsdam sandstone, as is indicated by their high inclination and dis-
turbed condition.

LoGAN, " in 1863, finds on the north shore of lake Superior crystal-
line stratified rocks which occur in extensive tracts about Rainy lake
and lac la Croix, as well as adjacent to lake Superior, which are probably
of Laurentian age. There are three areas of Huronian along the
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northeast coast of lake Superior, and a narrow strip of Huronian rocks
are seen along Thunder bay. ‘ '

The Laurentian gneiss is succeeded by green or gray slates, which at
the base appear to be interstratified with feldspathic beds of the red-
dish color belonging to the subjacent gneiss. Rising in the series the
dark green slates become interstratified with layers holding a sufficient
number of pebbles of different kinds to constitute conglomerates. It
often happens, unless the pebbles are of white quartz, that they are
very obscurely distinwuishmblé on fracturing the rock, both the pebbles
and the matrix having a gray color, and showing very little apparent
difference in mineral character.

The Doré section, composed of strata inclined only 10° or 15° from
the vertical, 1,700 feet thick, consists mainly of green slate rock and a
green slate conglomerate; the pebbles being of granite, gneiss, syenite,
etc., and some of the bowlders of which are a foot in diameter. At the
Doré the lower part of the section assumes more the character of a
gneiss and becomes interstratified with feldspathic layers. The Lau-
rentian appears to be conformable with and to grade into the Huronian
on the Kaministiquia river.

The Huronian formation of lake Superior is unconformably overlain
by a second series of copper-bearing rocks, which may convenienfly be
divided into two groups, the lower consisting of bluish slates or shales,
interstratified with chert beds, sandstones and trap, and the upper con-
sisting of a succession of sandstones, limestones, marls, and conglom-
erates, also interstratified with trap which is often amygdaloidal. At
the top of the lower group is a crowning overflow of trap 200 or 300
feet thick and the whole of it has a thickness of 1,500 or 2,000 feet.
The upper group contains a great quantity of trap layers and has an
enormous trappean overflow, the total volume having a thickness of
between 6,000 and 10,000 feet. Dike rocks, consisting of greenstone,
porphyry, and syenlte, are found to be of two ages. The lower group
composes the whole country, both islands and 1m1nhnd between Pigeon
river and fort William. The upper group occupies the comst and islands
from the south side of Thunder cape to the east end of Battle islands
east of Nipigon bay. It also covers a large part of isle Royale and
Michipicoten, at which latter island the total volume of the formation
is at the most moderate estimation 12,000 feet. Upon the east coast of
lake Superior this group is found at cape Choyye, cape Gargantua,
point ayx Mines, Mamainse, where the breadth across the measures is
sufficient to give a thickness not far from 10,000, and at three other
places on the coast between the last point and Sault Ste. Marie.

As to the age of thisseries, the fact that the generally moderate dips ot
the red sandstone at Sault Ste. Marie contrasts with the higher inclina-
tions of the copper-bearing rocks, while none of the many dikes are
known to intersect the Sault Ste. Marie sandstone, leads to the suspicion
that the latter may overlie unconformably the rocks which, associated

©
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with the trap, constitute the copper-bearing series. The affinities of
the Sault Ste. Marie red sandstone appear to bring it into the position
of the Chazy rather than thé Potsdam formation, and, if this were es-
tablished, the coppef-bearing portion of . the lake Superior rocks might
reasonably be considered to belong to the Calciferous and the Potsdam
formations. .

MACFARLANE, 2 in 1866, gives observ(mons on the Laurentmn, Hu-
ronian, and- Upper Copper-bearing rocks of lake Superior. The Lauren-
tian series on lake Superior seems to differ somewhat from other parts
of Canada. The rocks are all highly crystalline, seldom thoroughly
gneissoid, and all are unaccompanied by crystalline limestone, whichis
such a marked feature in some Laurentian districts. The gneiss strata
are much contorted and are intersected with granite in almost equal
quantity with the gneiss itself; and although this latter occurs in irreg-
ular veins, at the point of junction it is as firmly cemented with the
gneiss as any two pieces of one and the same rock could well be. On
the Goulais bay fragments of hornblende rock or schist up to 3 feet in
diameter areinclosed in a coarse grained syenitic granite. Inthis series
the oldest rock is the most basic in constitution, and this is the case
without regard to mineralogical composition or structure of the rocks
associated together. The indistinctness of parallelism in the rocks ren-
ders it a matter of extreme difficulty to form any clear ideas as to their
succession, even if such should exist. Besides the above rocks there
" are considerable areas of granite, syenite, dolerite, diorite, and mela-
phyre found in the Laurentian.

The rocks of the Huronian system consist in large part of diabase,
amygdaloid, diabase-schist, greenstone, breccias, and slaty greenstones.
Interstratified with these are slate, slate conglomerate and quartzite.
The bowlders and pebbles of the conglomerate of Doré river are for the
most part granite; they are elongated and flattened, the pebbles some-
times being scarcely distinguishable from the slate. Granitic veins or
masses, like the Laurentian, are found in the schistose greenstones,
which are regarded as belongmg to the Huronian. As to the succes-
sion of the strata, the author is as much at a loss among the irregular
schistose Huronian greenstones as among the gneissoid granites of the
Laurentian.

The Mamainse section of Upper Copper-bearing rocks consists of
interbedded basic lava flows, often amygdaloidal, sandstones, and con-
glowmerates, the total thickness being more than 16,000 feet. The total
thickness of the series at Mamainse and Michipicoten is believed to be
at least 20,000 feet. As to the relations of the horizontal Sault sand-
stone to the upper copper bearing series, a place was found on the south
of point aux Mines where the Mamainse series adjoins the Laurentian
rocks. The lowest member of the former is unconformably overlain by
thin bedded bluish and yellowish gray sandstone, striking N. 50° E.,
and dipping 18° NW. The lowest layer is a conglomerate with granitic

@]
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and trappean bowlders, and is followed by thin bedded sandqtones, and
these by thin shaly layers.

MACFARLANE,® in 1868, descrlbes the -rocks of the north and east
shore of lake Superlor He here finds four formations—the Laurentian,
Huronian, Upper Copper-bearing rocks, and St. Mary sandstone. The
most prevalent rocks of the Laurentian series are of a massive crystal-
line character, more of a granitic than of a gneissic nature. Almost
equally frequent with the granitic and gneissic rocks are aggregates of
rocks which can be deScribed as brecciated and intrusive, gneissic,
granitic, and syenitic rocks. In these the order of age is always from
basic to acidic. In one case fragments of hornblende-schists are found
inclosed in syenitic granite, which is cut by granite dikes of different
ages. It is believed that these rocks are wholly of igneous origin, rep-
resenting a single period of time—the basic rock first solidified; they
were then rent off, broken up, and the crevices filled with more siliceous
material, which gradually solidified, after which occurred another gen-
eral movement with further intrusion of the most siliceous materials.

In the Huronian series is placed diabase, augite-porphyry, calcareous
diabase, diabase schist, greenstone and greenstone slate, chlorite-schist,
quartzite, hematite, greenstone breccia, and slate-conglomerate. The
slate conglomerates frequently contains granite pebbles which are in
roundish, lenticular, bent, long-drawn out masses, with a diabase-schist
or greenstone-slate matrix. These rocks locally have a sedimentary
appearance, butare believed to be due to the subsequent intrusion of the
Huronian rocks, which have caught granite fragments in them, and, by
movement and heat, have softened and much distorted the contained
fragments. It follows that far the greater number of the Huronian
rocks are regarded as purely igneous. )

In the Upper Copper-bearing series are distinguished melaphyre of
various kinds—melaphyre breccia, porphyrite, porphyriticconglomerate,
- felsite-tuff, polygenous conglomerate, and sandstone. The polygenous
conglomerate contains, at Mamainse, fragments chiefly of granite, gneiss,
quartzite, greenstone and slate, while some of the newer contain abun-
dant bowlders of melaphyre and amygdaloid. The igneous rocks and
sandstones are regularly interstratified witheachother. Inmany places
the trap lies unconformably upon the upturned and contorted edges of
the sandstone.

Along the coast and upon many islands is found an almost horizontal
red sandstone, which is supposed to be a continuation of the Sault Ste.
Marie sandstone. Its relations to the copper-bearing rocks are not
clearly made out, but the lowest members of the Mamainse series, are
unconformably overlain by sandstones which may be the equivalent of
the horizontal red sandstones, but their lithological character is differ-
ent. It is suggested, on lithological grounds, that this red sandstone
may be of Permian age,
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MACFARLANE," in 1869, describes at Thundér cape a series of inter-
stratified argillaceous and white and red dolomitic sandstones, which
had been disturbed and eroded before the flow appeared which forms
the summit rock of the cape. ‘

BEeLL,” in 1870, gives an account of the geology of the northwest
coast of lake Superior and the Nipigon district. The copper-bearing
rocks are divided into a4 lower group and an upper group, and each of
these groups separated into several divisions. In theupper group only
is found interbedded trap. Different portions 6f this series are found
overlying unconformably in certain places the Laurentian and in
others the Huronian; and the great trap overflow which crowns Thun-
der cape rests in various places unconformably upon different mem-
bers of both the upper and lower groups of the Upper Copper-bearing
series. On account of the great thickness of this series, the absence
of fossils, the prevalence of marls and sandstones charged with red
oxide of iron, and of basalts, amygdaloids, and trap rocks,and various
zeolites and native copper, this series is considered as probably of
Permian or Triassic age. Between the margin of the Upper Copper.
bearing rocks on Thunder bay and the Laurentian range, all the country -
not occupied by the syenitic areas appear to be composed of rocks of
the Huronian series, consisting of diorites, dioritic conglomerates, horn-
blendic and fine grained micaceous slates, with some quartzites.

BELL," in 1872, finds in the country north of lake Superior, between
Nipigon and Michipicoten rivers, both Laurentian and Huronian rocks.
The former includes gneisses and granites, and the latter includes
slates, conglomerates, massive and schistose diorites, fine grained
gneisses, mica-schists, micaceous, hornblendic, chloritic, feldspathic
and epidotic schists, slates, granites, and iron ore. The Huronian rocks
dip in various directions. At White river hornblendic schist and light
gray gneiss are interstratified with massive granitic guneiss, and similar
schists appear to rest conformably upon massive gneisses for a long
way north of the river.

BELL," in 1872, finds in the country between lake Superior and the
Albany river areas of Laurentian and Huronian rocks. Between
Mousewake lake and Martins falls bands of gneiss are interstratified
with the schists, and just at Martins falls the latter have become en-
tirely replaced by red and gray gneisses, apparently showing a con-
" formable passage from the Huronian into the Laurentian rocks. A
similar blending of these formations was noticed last year in the neigh-
borhood of White lake.

SELWYN, in 1873, finds, between Mille Lacs and Separation lake and
the lake of the Woods, a series of parallel bands of schistose and slaty
layers where hitherto was supposed to be almost exclusively -the
Laurentian gneiss. The facts observed lead to the conclusion, as
stated by Bell, that the two series are in conformable sequence; yet it
is far from improbable that this apparent conformity is only local and
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that a more extended and detailed investigation of the structure wounld
show that there is in reality a very considerable break between the
Laurentian gneiss and the overlying schistose and slaty strata referred
to the Huronian rocks. The evidence as to the age of these latter is
not satisfactory. They resemble as closely the altered rocks of the
Quebec group as they do the Huronian of lake Huron and Superior.

BELL,” in 1873, finds in the country between lake Superior and lake
‘Winnipeg rocks belonging to the Laurentian, Huronian, and Upper
Copper-bearing series. The southern shores of lake of Mille Lacs are
composed of Huronian strata. The Laurentian gneiss and Huronian
schists at many places alternate with each other. The junction of the
Laurentiau rocks on the north with the Huronian schists on the south
occurs at Rat portage on the lake of the Woods, The two rocks are
seen almost in contact with each other and have the same strike and
dip. The rocks classified as Huronian consist principally of a great
variety of crystalline schists in which a greenish color prevails. In
addition to these are grayish quartzites and schists, sometimes with
iron ore, diorites, imperfect gneisses. The areas of granite and syenite
in the region, which vary from patches to areas many miles in length,
are always more or less intimately connected with the Huronian bands.
The distinction between the Laurentian and Huronian rocks is chiefly
of a lithological character, the Huronian appearing to succeed the
Laurentian conformably. The Upper Copper-bearing series, composed
of slates, marls, sandstones, and traps, lie nearly horizontally on the
edges of the Laurentian and Huronian rocks.

HuUNT,? in 1873, applies the name Animikie group to the lower divis-
ion of Logan’s Upper Copper-bearing series of lake Superior as it occurs
at Thunder bay, where it includes dark colored argillites and sandstones
overlain with a slight discordance by red and white sandstones appar-
ently the same as those of the Keweenaw district. The dark colored
sediments of the Animikie group rest directly upon the edges of the
crystalline Huronian schists and are cut by great dikes of diorite. The
great Keweenaw group, with its cupriferous amygdaloids, is here absent,
although met with a few miles to the eastward. This group, as shown
by Brooks and Pumpelly,occupies a place between the Huronian schists
and the nearly horizontal red and white sandstone of the region, which
is itself below the Trenton limestone.

BELL,” in 1874, in the country between the Red river and the South
Saskatchewan, finds extensively mica-schists and gneisses; but n broad
band of schist, having the character of the Huronian formation, crosses-
the central part of Rainylake. On the islands of the lake of the Woods
the granites, gneisses, and Huronian schists are intricately mingled with
each other.

DAWSON (G. M.)%, in 1875, gives an account of the geology of the lake
of the Woods, where the rocks are wholly Laurentian and Huronian,
The Laurentian formation is represented by a great thickness of granit-
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oid and thick-bedded gneisses, which pass upward into thin-bedded
gneisses and highly crystalline micaceous and hornblendie schists.
The Huronian rocks are more variable in character. The lowest beds
are, for the most part, hard green rocks, with little traces of stratifica-
tion, but hold some well stratified micaceous and chloritic schists and
also imperfect gneiss. On these rest a great thickness of massive beds
characterized by the predominance of conglomerate, but including
quartzites and dioritic rocks. Above these is an extensive series of
schistose and slaty beds generally more or less nacreous and chloritic
or talcose, but often hornblendic and micaceons. They inclose also con-
glomerates, quartzites, and diorite beds. Itis believed two movements
have conspired to form the present features of the region, both being
post-Huronian. The first of these is connected with the post-Huronian
granite eruptions; the second and more important is believed to have
taken place later, and to it is supposed to be due the parallelism in the
folding of the Laurentian and Huronian rocks. At Rat portage the
junction of the Laurentian and Huronian is so sharply defined that the
hand can be laid upon it. This sharp contact is believed to be due to
faulting. Adjacent to the granite the Huronian slate series is meta-
morphosed, and the occasional gneissic aspect of the Huronian is attrib-
uted to the granitic intrusions. Thelarge Y-shaped granite mass in the
northwest angle, in contact with the altered sedimentary rocks, assumes
a more basic character and a darker aspeet, becoming blackish gneissic
diorite and gray syenitic diorite. The conglomerate beds are of immense
thickness and could perhaps be best described as slate conglomerates.
The pebbles generally resemble the matrix, and best appear upon a
weathered surface; for on a freshly broken surface no clear distinction
appears between the fragments and the inclosing materials, and the
rock differs from the more compact altered schists and slates only in its
rougher surface of fracture and a somewhat spotted character. The
greenstone conglomerates of Bigsby resemble roughly fractured pieces
of diorite in a dioritic paste. The quartzites show a tendency to run
into conglomerates, and certain of the conglomerates have an aspect of
avoleanic breccia. There is an entire absence of any granitic or gneissie
beds in the conglomerates and breccias, and in this respect these Huron-
ian rocks differ from the typical area. It is suggested that this fact
may mean that the formation of the whole Huronian series took place
subsequent to that of the typical Huronian, and therefore are perhaps
more nearly equivalent to those of the Quebec group. The granitoid
gneisses and intrusive granites are universally cut by veins of red
orthoclase feldspar associated with quartz; and basic diorite dikes cut
both the granitic and altered Laurentian rocks. '
BEeLL,* in 1875, describes on the north shore of lake Superior th(,
Laurentian, Hmonlan and Upper Copper-bearing rocks. The Huron-
ian occupies a large extent of country, alternating with bands of Lau-
rentian, on both the north and south shoresof the lake. North of lake"
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Superior the Laurentian rocks consist for the most part of gray and red-
dish gneiss, with micaceous belts and mica-schists. ' In the same region
the Huronian rocks are mostly of a schistose character, the most com-
mon of which are greenish schists and imperfect gneisses, which include
micaceous, hornblendic, dioritic, porphyritic, siliceous, cherty, chloritic,
felsitie, and argillaceous schists; more rarely dolomitic schists, and
occasionally bands of magnetic iron ore and hematite. Connected with
the Huronian rocks are various patches of granite and syenite which
show no stratification. In the Nipigon basin the Upper Copper-bear-
ing rocks have their maximum development in Canadian territory. The
basin consists of marls, sandstones, often covered with trappean out-
flows. For this Upper Copper-bearing series the term Nipigon group
is proposed.

Brery,’ in 1876, finds on lake Winnipeg extensive areas of Lauren-
tian gneiss and Huronian schist. The run of the stratification is pretty
uniform, averaging from 50° to 60° south of east, being almost at right
angles to the general strike of the Laurentian and Huronian rocks in
the great region north and northwest of lake Superior.

BrrL,” in 1877, describes the rocks from the head ot Moose river to

~ Michipicoten and lake Superior; also along the Goulais river. Before
reaching lake Superior there are several broad alternating belts of Lau-
rentian gneiss and Huronian schist. The Huronian hornblende and
mica-schists are cut by granite veins of various sizes, one of them 100
feet thick. On the Goulais river there are again alternations of Lau-
rentian and Huronian rocks.

BeLL,* in 1878, gives observations on the geology of the east shore
of lake Superior from Batchawana bay to Michipicoten river. The
Upper Copper-bearing series of Mamainse is calculated to have a thick-
ness of 22,400 feet. It consists of a great variety of amygdaloids, vol-
canic tufas, felsites, cherts, crystalline diorites, sandstones and coarse
conglomerates, the latter forming one of the most striking features in
the series as it passes into a bowlder conglomerate. The bowlders are
sometimes crowded in a sandy matrix, the largest running as high as
3 feet 8 inches in diameter, but the majority are under 1 foot. Far the
greater number consist of granite and crystalline schists like those of
the Huronian series, but there are also found white quartz, amygdaloid
and gneiss. Granites, gneisses and schists, as well as basaltic dikes,
are found at many points. Cape Choyyeis composed of Huronian rocks,
which consist of mica-schists and hornblende-schists, slaty quartzite,
and massive diorite. The rocks of Gros cap are mostly slaty diorite,
interstratified with siliceous rock, in which occur exposures of purplish
red hematite. A dioritic slate west of Gros cap holds layers and len-
ticular patches of felsite and also rounded pebbles of granite, the
largest of which are 9 inches in diameter.

MACFARLANE,” in 1879, in discussing Selwyn’s paper on the Quebec
group, maintains that there is frequently found between the water and
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the Laurentian or Huronian hills narrow strips or patches of rocks of
the Upper Copper-bearing group. Such localities are Gros cap, south
shore of Batchawana bay, and cape Gargantua. The conglomerates
are full of Huronian débris, -and in Batchawana bay bowlders may be
observed of red jasper conglomerate, the characteristic rock of the
typical Huronian. On Michipicotenisland theigneous and sedimentary
strata of the Upper Copper-bearing rocks have a dip of 25° to the
gsoutheast, while the nearest Huronian rocks dip 34° to 55° northward.
Brery,® in 1883, gives a further account of the distribution of the
rocks of the lake of the Woods and adjacent country. They are not
different from those mentioned in his previous report for 1872-73. The
line between the Laurentian and Huronian system crosses the Winni-
peg river at Rat portage, keeps near the railway to a point between
lake Lulu and Keewatin ills, where it crosses it diagonally and con-
tinues in a westerly direction on the south side of the track.
SELWYN,” in 1883, as a result of an examination of the north shore
of lake Superior from Thunder bay to Sault Ste. Marie, and thence
eastward to Echo lake, fails to find evidence of the supposed uncon-
formability of the Huronian and Laurentian. The author can give no
better reason for supposing that certain sets of beds belong to the so-
called Laurentian and others to the Huronian systems than a consider-
able difference in the lithological characters. The Laurentian are es-
sentially granitoid, gneissic and feldspathic, while the Huronian are
quartzose, hornblendic, schistose and slaty. As a whole the latter
have a somewhat altered aspect and contain pebbles of rocks—granite,
gueiss, quartzite, etc.—similar to those which form the Laurentian
strata beneath them, while others, however, are not recognizable as
from any known Laurentian sources. Bands of limestone and dolomite,
more or less crystalline, are found in both Laurentian and Huronian
areas, and, if we except the disputed form Eozoon, no fossil what-
ever. The Huronian follows and does not rest unconformably upon
the Laurentian. The Nipigon or Keweenian is later in age than the
Animikie. No definite opinion can be expressed as to the position of
the crowning overflow of Thunder cape. '
SELWYN,” in 1883, describes the trap and sandstone of lake Supe-
rior as unconformably upon and entirely distinct from the Huronian.
The series is divisible on the Canadian shore into two, and perhaps
three divisions, between which there may be slight unconformities,
which are, however, no greater than might be occasioned by the inter-
‘mingling of sedimentary strata with volcanic material. The groups in
ascending order are (1) the shales, cherts, dolomites and sandstones
interbedded with massive diabase or dolerite of Pie island, McKays
mountain and Thunder cape. (2) Conglomerates, shales, sandstones
and dolomites, interstratified with massive beds of volcanic material,
amygdaloids, melaphyres, tuffs, etc., many thousands of feet thick,
occupying the east shore of Black bay, Nipigon strait, St. Ignace,
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Michipicoten island, Gargantua, Mamainse, etc. (3) The Sault Ste.
Marie sandstone, which may be only the upper part of 2 without any
intermingling of volcanic material. The whole together is Lower Cam-
brian, there being no evidence whatever of their holding any other
place in the geological series. The first of these groups is the Animi-
kie series while the second is the Keweenian.

SELWYN,” in 1885, places the crowning overflow of McKays moun-
tain, Thunder cape and Pie island, etc., as a part of the Animikie.
There was found no evidence of unconformity from the base of the
Animikie to the top of -the Keweenian as developed on Thunder cape
and the surrounding region.

LawsoN,® in 1886, gives a report on the geology of the lake of the
Woods region, with special reference to the Keewatin (Huronian?) belt
of the Archean rocks.

Comprising a large part of the lake of the Woods is a series of crys-
talline and semi-crystalline schists to which the term Xeewatin is
applied. The term Huronian is not used, because it is very doubtful
if the series belongs to this period. The rocks are found to differ fun-
damentally i1 lithological character from Logan’s Original Huronian,

In the Keewatin, quartzites are unimportant; there are no true basal
conglomerates; and the fragmentals of the lake of the Woods are of
volcanic origin, No bedded limestones were observed. Structurally,
also, the two series are fundamentally different. Thelake of the Woods
schists are folded with the associated granite gneisses, which are re-
ferred to the Laurentian, while the Huronian series has not partaken
of the folding to which the adjacent gneisses have been subject. ITFur-
ther, the large areas of granite are found to be intrusive in both the
Laurentian gneiss and Keewatin schists, while in the Huronian of
Logan such intrusions, if present at all, are mentioned at ouly one lo-
cality. The slate conglomerate of Doré river appears to resemble the
lake of the Woods agglomerates, but this area is distant from the typical
Huronian region and appears to differ from it lithologically, as well as
being in a mnearly vertical attitude. These differences between the
Doré and Huron areas, with their geographical separation, may warrant
-the belief that possibly Logan embraced under one designation two
distinet series. As to Prof. Irving’s position that the Animikie series
is probably the equivalent of the Huronian, it is considered exceedingly
probable that the flat-lying unfolded Animikie is much later than the
lake of the Woods schists.

The rocks of the region, including both the Laurentian and Keewatin,
comprise gneiss, granite, felsite, schistose hornblende rocks, diabase,
diorite, serpentine, coarse clastic rocks and agglomerates, mica-schists,
slates, quartzites, clay-slates, felsitic schists, hydromica and chlorite-
schists, carbonaceous schists and limestones. The massive granites
sometimes grade into foliated gneisses. Dikes of granite have some-
times foliated structures parallel to their sides. The agglomerates are
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not ordinary clastics, but are of volcanic origin. Both paste and in-
cluded fragments have evidently had a common origin- and been laid
down together, perhaps not even always under water. The fragments
are usually more or less elongated or lens-shaped, due to pressure.
The greatest planes in the fragments are parallel with the planes of
schistosity, which are usually observably identical with those of bed-
ding; at times the agglomerates merge into mica-schists on the one
hand and into hornblende-schists on the other. The mica-schists,
micaceous slates, clay-slates, and quéartzites constitute a natural group
of rocks intimately associated, both as regards their origin and their
present relations in the field. They are all probably ordinary meta-
morphic clastics. The felsitic, sericitic and hydromicaceous schists
are probably sediments, the material of which was probably volcanic.
The mica-schists quite frequently pass into finely laminated mica-
gneisses. The limestones are found only in small masses and seem to
be vein stones rather than bedded strata.

The Keewatin schists and Laurentian granitoid gneisses are found
oftentimes to be apparently interbedded. At other times the junction
is of the most irregular sort, tongues of schists running into the granite,
or masses of it being contained in the granite and gneiss. The gneiss
acts in many places as though it had been in a fluid state intruding
the schists, and the conclusion is reached that the junction, instead of
being that of interlaminated sediments, is that of a Set of schistose
rocks which have been intruded by _fluid ones, the fluid material often
placing itself along the parting of the schist, at other times cutting
across it or including fragments of it. If this conclusion is true the
supposed conformable junction of the two series at certain localities is
no proof of true conformity, because the foliation of the granitoid
gneisses, if these rocks were once viscid or plastic, is quite independent
of any arrangement due to sedimentation that they may have possessed.
This conclusion does not imply that the gneisses and schists may not
have been originally sedimentary and conformable. However, the
author inclines to the belief that the granitoid gneisses of the Lauren-
tian were never aqueous sediments.

The granitic intrusions of the lake of the Woods are grouped into
ten main centers. The granite cuts both the granitoid gneiss (Lauren-
tian) and the various rocks of the Keewatin series, and is therefore of
later age than either. A granite, the intrusive character of which is
undoubted, sometimes merges in the same rock mass into a granitoid
gneiss. There is a marked association of felsites or microgranites with
the main granite mass, there being an apparent tendency on the part
of the former to an arrangement concentric with the periphery of the
granite. Upon various sections a certain periodic arrangement of the
Keewatin is made out, upon which'as a basis it is found that the maxi-
mum thickness of the series is in the neighborhood of 20,000 feet. ~ As
to the general stratigraphical relations of the Keewatin, the conclusion
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is reached that they have been laid down and folded within a trough
in the Laurentian formation, '

“HErRICOK, Treéur, and Jonus,® in 1886, find on the north shore of
lake Superior three distincet groups of rocks with their rvespective in-
trusives, granitic, schistose, and conglomeratic. The granites ave found
underlying the schists in such a way as to suggest that they have been
intruded beneath them, although similar granites constitute the peb-
bles of the basement conglomerates in the schists. The schists are met.
amorphosed at contacts with the granites; the schists and schist-con-
glomerates especially, in several places, have been altered to porphyry
and felsite-porphyry by contact with the eruptives. The third group
consists of basement conglomerates, consisting of fragments of all the
varieties of rock included in the other two series. Periodic overflows of
igneous matter have left vast sheets of diabase, and there is a strong
interaction betwecen the sedimentary and eruptive rocks,

McKerrar,* in 1888, describes the Animikie on the north shore of
lake Superior as always resting unconformably upon the crystalline
and schistose tocks to which the term Huronian is applied, the con-
tacts being found at many points. In lithological characteristics these
two series are fundamentally different. The original Huronian and
the schists underlying the Animikie are compared, and it is concluded
that they are the equivalent of these rocks rather than of the Ani-
mikie series; therefore the latter is later than the Huronian. The con-
tacts of the Animikie and Keweenawan formations show that there is
an unconformity by erosion between the two.

LAWSON,® in 1888, reports on the geology of the Rainy lake region.
The pre-Cambrian rocks are divided into an upper and lower Archean,
as at the lake of the Woods. The upper is o bedded schistose and
metamorphic series, while the lower is granitic, gneissic or syenitic in
character. In the upper division two groups are recognized, one the
Keewatin of the lauke of the Woods, and the other, inferior in position,
is given the name Coutchiching, In the lower division distinctions of
stratigraphical sequence and relationship, if any such ever existed,
have been obliterated, and for this the term Laurentian is retained.
These rocks can be classified only on a petrographical basis. The con-
tacts of the Keewatin with the Coutchiching and Laurentian arve very
frequent. The relations between the Keewatin and Laurentian are
exactly like those described 4s maintaining upon the lake of the
Woods. The schists are intruded by the granite, fragments of the
former being included in the latter, and they are sometimes fused at
the contact. Very frequently near the point of junction the Keewatin
rocks become more crystalline and are glistening hornblende-schists.

At two localities basal conglomerates are found between the Keewa-
tin and Coutchiching. At the first of these, Rat-root bay, Keewatin
conglomerate rests npon Coutchiching schists, the conglomerates con-
taining water-worn fragments of quartz and bowlders of granite. The

Bull. 86——5 '



66 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BoLL. 86.

second is at Grassy lake, where there is a pebbly conglomerate at the
base of the Keewatin. The contacts of the Keewatin and Coutchi-
ching are usually in apparent conformity, and the mapping of the series
is made to rest upon lithological characters rather than upon structural
discordance, although it is recognized that the conglomerates at the
two localities mentioned are indicative of erosion, at least in some
places, between the two series. The apparent accordance affords little
evidence as to the question of original conformity or unconformity,
because the two formations have been squeezed together; but the
marked contrast in lithological characters indicates an abmpt change
in the conditions of formation.

The thickness of the Keewatin rocks is calculated to be about five
miles. The rocks are found in the main to be of clastic origin, but
probably in the nature of volcanic débris rather than water-deposited
sediments, although a small quantity of the materials is of the latter
character. The volcanic débris of the Keewatin has a basic and an
acid division, the latter being higher in the series than the former.
Microscopical study leads to the conclusion that the series has been
subjected to great pressure, as is evidenced by the fracture of the
grains as well as by the schistose structure. The granite bowlders
found in the conglomerates may either be ordinary detritus or may
have been brought up from beneath by volcanic forces, although the
former is the more probable. All of the granites of the region appear
to be in some degree later than the Keewatin rocks, but this does not
imply that there was not a granite shore for the basin in which the
Keewatin rocks were deposited. The author has no doubt that the
original floor upon which the Keewatin and Coutchiching rocks were
deposited was fused at the time of disturbance and appears now to us
as the foliated granite of the Lauventian. The granite bowlders of the
Keewatin agglomerates may have been derived from a granite basement
now obliterated by subsequent plutonic fusion.

The Coutchiching series consists of mica-schists, or mica-schists in
which feldspar is present. Hornblende has been observed only in one
instance. No limestones or conglomerates have been discovered. The
schistose structure is believed to represent original sedimentation. Cal-
culating the thickness upon this basis, it is found that the formation
has an average thickness of 4 or 5 miles. The relations of the Coutehi-
ching series to the Laurentian are found to be precisely the same as
between the Keewatin and Laurentian. In the Coutchiching series
there are no intercalations of recognizable voleanic rocks such as are
found in the Keewatin, the rocks being acid crystalline schists which
are regarded as ordinary metamorphosed quartzose sediments, witls
perhaps also volcanic material, although in no place has it been possi-
ble conclusively to prove this.

The Laurentian gneiss is intermixed with granite in such a way as to
make it impossible at times to separate them. Its structure, if it has
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any, is so complex that no attempt was made to work it out, and, while
parts of the granite seem to belong to the Laurentian proper, it is cer-
tain that granitic eruptions have occurred in this series after the main
mass of the rock had solidified. The belts of Keewatin rocks which
encircle the Laurentian areas are anastomosing or confluent, forming a
continuous retiform area, the meshes being occupied by the Laurentian
gneiss. At their nodes or points of confluence, these belts have their
greatest width. The Coutchiching schists dip away from the Lau-
rentian bosses in all directions, so that the general anticlinal struc-
ture of the belt is made up of three anticlinal domes. These relations
are taken to mean that the surrounding schistose rocks represent sedi-
“mentary beds which have been thrust aside by the entering granite.
Along the contacts of the Laurentian and Coutchiching are found such
minerals as andalusite, staurolite, and garnet. Besides the granite
masses, which cut all three of the previous series and thus are later than
all, are also numerous diabase and trap dikes, which cut the series
mentioned and the granite besides.

INGALL,* in 1888, in describing the mines and mining of lake Superior,
finds the rocks to consist of Laurentian gneisses and granite, within
which are found considerable areas of plutonic and volcanic rocks and
metamorphic slates, considered to be Huronian, while overlying these,
chiefly about Thunder bay and lake Nipigon, are the sedimentary and
volcanic rocks of the Animikie, Nipigon, and Keweenian groups, which
are in approximately a horizontal position and contrast markedly with
the steeply inclined or almost vertical older rocks. The Animikie for-
mation is divisible into an upper and lowér portion. The chief charac-
ter of the lower division is the preponderance of siliceous rock, such as
chert and jasper, which are often accompanied by ferruginous dolomite
with magnetite; while the upper division is formed for the most part of
black, soft argillaceous argillites, which are occasionally dolomitic and fer-
ruginous, and sometimes contain silica in such proportion as to approach
the character of the lower division. The thickness of the Animikie is
placed at 12,000 feet. The traps of the Animikie are concluded to be
intrusive, frequently breaking as they do across the beds. Inone case a
sheet is seen to divide into three tongues. The dark color of the upper
division of the Animikie is due to the presence of carbon. Patches of
basal conglomerates are ocecasionally found at the base of the Animikie,
lying in hollows in the old Archean sea bottom, the fragments consisting
in general of granitic material.

SELWYN,” in 1890, announces the discovery by Ingall of traces of a
fossil in the Animikie rocks. A part of the impressions are pronounced
by Matthew to be similar to Eophyton, while for others the names
Taonichnites and Ctenichnites are proposed. A part of them are of
similar origin with characteristic tracks of the Cambrian rocks of the

_St. John group of New Brunswick. °
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LAWsON,® in 1890, discusses the internal relations and taxonomy of
the Archean of central Canada. The Keewatin and Coutchiching are
again described and the characteristic contacts which they have with
the Laurentian. To the upper division, the Keewatin and Coutchiching,
since they are sedimentary rocks, the principles of stratigraphical geol-
ogy apply, and to cover these two series is proposed the term Ontarian,
of systemic value. The principles applicable to the lower division, the
Laurentian, are those of eruptive geology, since these rocks are of
igneous origin. In the Laurentian there are at least two generations of
rocks which are distinguishable in the Hunter island district, but both
are the result of the crystallization of a subcrustal magma.

BuLL,® in 1890, gives the following as the chief Huronian arcas
about lake Superior, in Ontario. An important area lies around Michi-
picoten at the northeast angle of lake Superior, running for 60 miles
west and 20 miles south of that point, and extending inland to Dog
lake, a distance of 45 miles. Another large area stretclhies from the
Pic river eastward or inland to Nottamasagami lake, and westward
mingled with granites and greenstones, to Nipigon bay. Two exten-
sive belts run eastward from lake Nipigon, one of which crosses Long
lake. West of Thunder bay, and stretching to the international
boundary line, there is a large area which gives off arms to the north-
east and southwest; and several belts aud compact and straggling
areas oceur between this and the lake of the Woods basin, one of which
follows the course of the Seine river. The lake of the Woods area,
which has been already alluded to, occupies the whole breadth of the
northern division of that -lake. An important belt starts Lelween
Rainy lake and lake of the Woods, and ronning northeastward has a
breadth of 45 miles where it crosses the line of the Canadian Pacific
railway. Minnietakie and Sturgeon lakes lie within this belt.

The Huronian is divided into a lower and upper division, although
no horizon has been agreed upon at which to draw the line between the
two even locally. There is no evidence whatever that the two divisions
are unconformable or that the lower part of the upper division are basal
conglomerates. Conglomerates are found indifferently throughout both
lower and upper divisions.

The lower division includes the Keewatin of Lawson and its equiva-
lents. It consists largely of a variety of crystalline schists, in which
the prevailing color is dark green or gray. Among these may be enu-
merated micaceous, dioritic, chloritic, argillaceous; hornblendice, talevid,
felsitic, epidotic, siliceous, dolomitic¢, and plumbagenous. There are also
crystalline diorites or diabases of various shades of gray and greenish
gray (mostly dark), argillaceous and dioritic slate-conglomerates, gran-
ites and syenites, impure, banded, and schistose iron ores, dolomites and
imperfect gneisses. Among the commoner of the rocks of this division
are fine grained mica-schists and dark green dioritic or hornblendic
schists. Two kinds of conglomerates are also abundant, one having an
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argillaceous matrix with rounded pebbles of syenite and granite of vari-
ous kinds, and some of the other Huronian rocks, but very seldom of
gneiss; the other with a dioritic matrix, and often with rounded pebbles
also. But,in perhapsthemajority of cases, what were formerly considered
as pebbles are really concretions of a lenticular form, and differing but
slightly from the matrix in color and composition. They are best seeu
on wetted surfaces of cross sections of the rock, where they appear as
parallel elongated patches tapering to apoint at each end. Both hema-
tite and magnetic iron ores are common in these rocks. Gneiss is not
common in the Huronian, and it differs from the ordinary Laurentian
gneiss in being imperfect and slightly calcareous.

In the upper division of the Huronian probably the most abundant
rock in Ontario is what may be called a graywacke, but which in the
older reports was often styled a ¢“slate conglomerate;” but it also in-
cludes clay-slates, argillites, felsites, quartzites, ordinary conglomer-
ates, jasper conglomerates, breccias, dolomites, serpentine, ete. In
some localities the nearly vertical bands of quartzite, having withstood
denudation better than the other rocks, remain as conspicuous hills or
ridges, and this ¢ircamstance has caused their relative volume in the
series to be overrated by superficial observers. The materials forming
the graywackes and the stratified quartzose diorites have been derived
from voleanic sources. Theigneous character of the Huronian is further
shown by the large masses and areas of greenstone (diorites or dia-
bases), granites, syenites, and other eruptive rocks which are so largely
mingled with both the lower and upper portions of the Huronian sys-
tem in all parts of their distribution, forming indeed one of its charac-
teristic features. The crystalline greenstones occur either as compact
areas, wide elongated masses, dikes, or thick interstratifying beds in
nearly all the Huronian areas. In many cases the dioritic schists may
have been originally massive, but assumed the cleaved structure by
pressure when incorporated among stratified masses. The commonest
position of the granite and syenite areas is within but toward the bor-
ders of the Huronian tracts; but they sometimes occur in the Launren-

tian country, in their immediate vicinity, or at a distance from them in
" the direction of the longer axis of the Huronian areas.

Unconformably above the Huronian is the Cambrian system, which
comprises, in the ascending order, the Animikie, Nipigon, and Potsdam
formations.

The Animikie formation, in ascending order, consists of arenaceous
conglomerate, with pebbles of quartz, jasper, and slate, seen on the
north shore of Thunder bay; of thinly bedded cherts, mostly of dark
colors, with argillaceous and dolomitic beds; of black and dark argil-
lites, and flaggy black shales, with sandstones and ferruginous dolo-
mitic bands and arenaceous beds, often rich in magnetic iron, together
with layers and intrusive masses of trap (diabase). The Animikie for-
mation occupies a great triangular area north and west of lake Supe.
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rior, the base of which is 60miles in length and the arms 40 and 80 miles,
1eapect1ve]y

‘'The Nipigon formation, resting with apparent unconfor mity upon the
Animikie formation, is characterized by reddish marls, sandstones, and
conglomerates, with a large proportion of variously colored trappean
beds and masses, a considerable part of which is amygdaloidal. The
Nipigon formation occupies a great area about Nipigon lake and con-
siderable areas at the east end of lake Superior and or Michipicoten
island.

On the east side of . Hudson bay and on the islands off the coast vol-
canic and sedimentary rocks are largely developed, comprising con-
glomerates, sandstones, limestones, chert breccias, shales, quartzites,
argillites, porphyries, crystalline traps, amygdaloids, tufas, etec. The
upper part of these may correspond to the Nipigon and the lower to
the Animikie.

The sandstonesof Sault Ste. Marie,of the peninsula between Goulais
and Batchawana bays, isle Parisienne, etc., seem to be of Potsdam
age. These sandstones are mostly red, but, unlike the Nipigon forma-
tion, they appear to be free from local disturbance and. lie almost flat.
Although they resemble some of the sandstones of the Nipigon series
at Mamainse in red color, they are believed to be newer and probably
unconformable to them. ,

LAwsoN,” in 1891, states that the granite of Saganaga lake is found
with abundant and clearly observed evidences of eruption, breaking
through the Keewatin rocks, including the upper Vermilion fragmental
rocks of Ogishki lake with their associated slates and grits. It is con-
cluded that the break between the upper and lower Vermilion, de-
scribed by Van Hise, is within the Keewatin group, dividing it into an
upper and lower series, and that this break is therefore below the
Animikie. It is further said that the conglomerates of the upper
Kaminpistiquia series come out close to the shores of Thunder bay and
form the basement upon which the undisturbed Animikie rocks rest with
strongly marked unconformity. The following succession for the region
northwest of lake Superior is presented: Keweenawapn. or Nipigon
group; unconformity; Animikie group (possibly Huronian); uncon-
formity; upper Keewatin series, unconformity; lower Keewatin
series; unconformity(?); Coutchiching group; eruptive unconformity;
Laurentian system, the granites and gneisses of which eut both Kee-
watin and Coutchiching groups. :

Syt (H. L.),*"t in 1891, describes the structural geology of Steep
Rock lake, Ontario. The lake is roughly in the shape of a letter M, the
top is to the north, and its arms conform to the strike of the rock series.
The rocks are divisible into three principal groups. The lower consists
of granites and gneisses, and is designated as the basement complex.
Resting upon the basement complex is a series of rocks about 5,000 feet
in thickness, composed of nine persistent formations, which together
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constitute the Steep Rock series. ILying across the edges of the Steep
Rock series, at the southeastern part of the lake, is a later series of
granites, porphyries, and hornblende rocks which pass upward into
the schists of the Aticokan river and are designated the Aticokan
series. The granites and gneisses of the basal complex are cut by vari-
ous dikes, which are of three kinds, those which supplied pebbles to
the conglomerate at the base of the Steep Rock series; those which
traverse both the basement complex and the Steep Rock series but
have been subjected to the folding; and, third, a single massive dike
which is subsequent to the latest period of folding.

The formations of the Steep Rock series, in ascending order, are con- -
glomerate, lower limestone, ferruginous horizon, interbedded crystal-
line traps, calcarcous green schists, upper conglomerate, greenstones
and greenstone-schists, agglomerate, and dark gray clay-slate. Itis
then a series of sediments and interbedded eruptives.

Along the whole course of the lake this series dips at very steep an--
gles, ranging from 60° to 80° away from the basement rocks, upon
which they hang as atime-worn fringe having no extension inland. The
basal part of the Steep Rock series is a bed having a maximum thick-
ness of nearly a hundred feet, presenting the varions phases of a con-
glomerate, coarse and fine, and quartzite and quartz-schists with feld-
spar. The lowest member contains rounded and waterworn pebbles of
quartz and greenstone, the largest being a foot in diameter. Near the
junction of the Steep Rock series and basal complex both are some-
times very similar in composition, so that it is impossible to draw the
lines between them by this criterion. There is an apparent transition
from one rock into the other. The transition zone has a highly schist-
ose structure in the regional direction, which crosses the course of con-
tact and the bedding nearly at right angles and is traced from the tran-
sition zone into the undoubted granite into which it gradually dies out.
This transitien is explained as due to probable disintegration of the
basement complex before the Steep Rock series was deposited, combined
with subsequent powerful dynamic movements which have affected both
series.

The Steep Rock series is folded mto an eastern synclinal, a middle
anticlinal, and a western synclinal, the latter being faulted. The axes
of these folds have a high pitch to the southward, varying from 60° to
nearly 90°. Throughout the whole area is a regional cleavage which
has a nearly uniform direction transverse to all the rembers of the
Steep Rock series and also the contact between this series and the
basement complex. This has largely obliterated the original lamina-
tion of the sediments and is now the dominant structure. Itis there-
fore the last force which has left its marks upon the rocks of the lake.
Before this last force acted upon the rocks, the Steep Rock series had
been folded into a southwestward dipping monoclinal which, nnder the

action of the cleavage-producing force in a northeast and southwest .
Q
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direction, caused the present fluted outcrop of the formations of the
Steep Rock series. That the basement complex itself yielded to this
latter fovce is shown by the irregular outerops of the dikes cutting it.
Asaresult of the study the following general conclusions are reached :
The contact of the lowest horizon of the Steep Rock series with the
basement complex is one of erosion. The complex at the time of the
deposition of the Steep Rock series was made up of consolidated crys-
talline rocks,and there is no evidence whatever that it has sinee under-
eone fusion or recurred to the condition of a magma. The rocks of the
Steep Rock series have been subjected at two periods, more or less dis-
tant from one another, to great orotechnic forces, which acted—the first
“in a northeast and southwest direction, and the second in a northwest
and southeast direction. The latter force has imposed upon all the
rocks of the region a northeast structure which has largely, but not
entirely, obliterated preexisting lamination in the sediments and
schists of the Steep Rock series. The two .orotechnic actions have
produced great developments of autoclastic schists, both in the gran-
ites and in the rocks of the Steep Rock series, the present structure
of which was induced and determined in direction by the later force.

SECTION II. WORK OF THE EARLY UNITED STATES GEOLOGISTS AND
ASSOCIATES.

SCHOOLCRAFT,? in 1821, in his Narrative Journal of Travels in the
Northwest, makes various observations on the crystalline rocks. - At
Granite point is found a bluff of granite which is traversed by irregu-
lar veins of greenstone trap. The sandstone laps upou the granite and
tits into its irregular indentations in a manner that shows it to have
assumed that position subsequently to the upheaving of the grauite.
Its borizontality is preserved even to the immediate point of contact.
All the rock along the south shore of Lake Superior is either red or
gray variegated sandstone, which appears to be referable to one forma-
tion. On passing by the Porcupine mountains, the red sandstone is
visible along the shore in a position nearly vertical, dipping under the
lake toward the north. Red sandstone in a vertical position is found
" at the mouth of the Montreal river and for a few miles beyond it
toward Chequamegon bay. On the St. Louis river, after passing red
sandrock in a horizontal position, is found on the banks of the river a
slate (argillite) in a vertical position traversed by greenstone and milky
quartz. At the grand portage of the St. Louis the country is rough,
consisting of slate 1n a vertical position. This continues for a long
way and is succeeded by hornblende, which continues to the head of
Grand rapids. ~ .

CATLIN,® in 1840, finds the red pipestone quarries of the coteau des
Prairies to consist of a perfectly stratified rock in layers of light gray
and rose or flesh colored quartz, the deposit being evidently sedimen-
tary and of secondary age.
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Looxe," iu 18414, describes the rocks of Copper harbor as well as the
whole of Keweenaw peninsula as decidedly metamorphic, showing
every degree of change produced by igneous action, from unchanged
sandstone to compact greenstone. The original stratification is gener-
ally more or less evident; some layers bear evidence of semifusion with

_a corresponding degree of induration, while others seem scarcely to
have been altered.

CUNNINGHAM,* in 1845, SANDERS,* in 1845, CAMPBELL," SANDERS,*

TRAY,® in 1845, GRAY,* in 1846, give various detailed observations as
to the mineral regions of lake Superior, but give little or nothing of
structural interest.

RoGERS, in 1846, describes the red sandstones and conglomerates of
lake Superior as resting unconformably apon highly inclined slate rocks
wudoubtedly Primal, and the Potsdam sandstone of the New York sur-
vey at Chocolate and Carp rivers, and therefore of post-Paleozoic age.

OWEN,” in 1847, finds the horizontal sandstone to overlap the crys-
talline and metamorphic formations at the southern portion of the
Chippewa land district near the falls of the streams flowing into the
Mississippi. The region to the north is based upon crystalline, gra-
nitic, and other intrusive rocks. North of.the summit levels of the
Chippewa land district the peculiar formations of the lake ‘Superior
country commence. These are red sandstones, marls, and conglomer-
ates, occasionally penetrated by intrusive ranges of hornblende, green-
stone, trap, and amygdaloid similar in their general aspect to the con-
temporaneous ranges of igneous vocks which occur in the mining dis-
trict of Michigan. Besides this trap formation, there is an entirely
distinct trap system in immediate juxtaposition with which strata have
been discovered which are as old as if not older than the Lingula beds of
the Potsdam sandstone of New York.

Locoxx,® in 1847, speaks of the relation of the trap rock and sand-
stone at Presque isle, and submits a drawing of it.

WHITNEY,* in 1847, describes the wide band of trappean rocks com-
mencing at the extremity of Keweenaw point as continuing its course
uninterruptedly as far as the Montreal river. Its distance from the
lake between Portage and Ontonagon is generally from 8 to 10 miles.
The highest and most imposing cliffs are found north and east of Ago-
gebic lake. Beyond Agogebic lake the trap range widens and forms
several ridges, between which it is not impossible that there may be
sandstone. The Porcupine mountains embrace a system of trappose
rocks in three tolerably distinct ranges. All the country north of the
northern edge of the trap range from the Ontonagon to the Montreal,
with the exception of the trappose rocks of the Porcupine mountains, is
covered by the red sandstone of lake Superior.

OWEN,* in 1847, gives many details ol the formations of the interior
of the Chippewa land district, and of the formation of lake Superior.
In the first district are séen many varieties of granite, syenite, green-
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stones, hornblende-rock, gneiss, and mica-slate. Magnesian and mag.
netic slates are capped unconformably by pebbly sandstounes for nearly
a mile along Black river. The red sandstone of lake Superior on Ray-
monds creek is estimated by Randall to be 10,000 feet in thickness.

NorwooD,* in 1847, describes various rocks on the St. Louis river
in the district between Fond du Lac and the falls of St. Anthony, and
from the mouth of the Montreal river to the headwaters of the Wis-
consin . river by way of lake Flambeau. On the St. Louis river a con-
glomerate is found to rest unconformably upon the lower slates, the
junction of the slates and conglomerates being exposed.

ROGERS,” in 1848, remarks that the south shore of lake Superior is
outlined by a series of east and west dikes.

‘WHITNEY, in 1848, finds in the townships near the Anse fossiliferous
limestone, which seems to be surrounded by and has been deposited on
the lake Superior sandstone.

FosreRr,” in 1848, in passing from Copper harbor to I’Anse, finds
that the trap, instead of being forced through the layer of sandstone,
as on the northern slope of Keweenaw point, protrudes through a fissure
in it, causing an anticlinal axis, A few miles farther south the sand-
stone is nearly horizontal, being in a series of gentle undulations. At
L’Anse the sandstones overlie the talcose, argillaceous, and hornblendic
slates unconformably, while 15 miles southeast of I’Anse the granites
protrude through these schists.

Upon the Michigamme river were found in order beds of quartzand
feldspar, hornblende, and specular oxide of iron, associated with talcose
and argillaceous schists. On the left bank of the Michigamme (Sec. 1,
T. 46 N., R. 30 W.) is a hill 170 feet-high, which exposes a very large
mass of nearly pure specular oxide of iron. About 40 feet from the
escarpment is a metamorphic rock composed of rounded- particles of
quartz and feldspar with masses of ore intermingled like the pebbles of
a conglomerate.

Iron ore and marble were observed along the Menominee, as well as
various other kinds of rocks, including granite, hornblende-slate, tal-
cose slate, ete. At Sandy portage, on the Menominee, is a class of plu-
tonic rocks older than the traps of Keweenaw point, which were pro-
truded among the slates and then denuded before the deposition of the
sandstone; for the slates are intercalated among the igneous rocks
with a vertical inclination, while the sandstone rests horizontally or
nearly so upon them. This sandstone is regarded as the oldest of the
Paleozoic rocks and is the equivalent of the sandstone on the northern
slope of the upper peninsula. Resting upon this sandstone is a lime-
stone which is sparingly fossiliferous.

JACKSON,® in 1849, describes the sandstone of Keweenaw point re-
mote from the trap as horizontal or but slightly waving, while near the
trap rock it is as high as 30°. The conglomerate is limited to the bor-
ders of the trap and is of the same age as the finer grained sandstone
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with which it alternates. At the line of junction of the trap rocks and
sandstone the two are interfused, producing the metamorphic rock
amygdaloid, which resembles the vesicular lavas of volcanoes, but has
its cavities filled with a great variety of curious and interesting min-
erals. On isle Royale about one quarter of the area is sandstone and
conglomerate and the remainder trap, which formed ridges extending
the whole length of the island. >
WHITNEY,® in 1849, describes the iron ore of the upper peninsula of
Michigan as existing in the form of solid ridges and knobs interstratified
with banded jasper, the whole evidently of igneous origin.
AGASS1Z,2 in 1850, describes the outlines of the shore of lake Supe-
rior ag largely due to six different sets of dikes of different mineral-
ogical character, and each system running parallel to one of the main
shores lines, although it would be a mistake to ascribe the form to any
single geological event. Its position in the main is doubtless deter-
" mined by a dislocation between the primitive range north and the sedi-
mentary deposit south. The rocks of the north shore of lake Superior
are extensively metamorphie. The new red sandstone passes into por-
phyries, into quartzite, granite and gneiss, the metamorphism being
more or less perfect, so that the stratification is still sometimes pre-
served or passes gradually into absolutely massive rocks.
JACKSON,® DICKENSON, MCINTYRE, BARNES, LOCKE, FOSTER and
‘WHITNEY, GIBBS, HiLL, BURT, and HUBBARD, in’ 1850, report upon
the mineral lands south of lake Superior in the state of Michigan.
JACKSON,™ describes the red sandstones and conglomerates of Ke-
weenaw point as existing there anterior to the elevation of the trap
rocks, being derived from the deposition of fine sand and pebbles from
preexisting Primary rocks, such as granite, gneiss, or mica-slate. Por-
phyry furnishes a large portion of the débris, but it is doubtful if this is
not a semi-fused sandstone. There is no reason to believe that igneous
: agencies had anything to do with the origin of the pebbles of the con-
' glomerate, for they are rounded by the action of water. TFrom the
‘ circumstance that the conglomerate borders the trappean rocks it is
P supposed an ancient shore may have existed along that line. TItis cer-
' tain that the finer sandstone is more remote from the trap than the con-

glomerate is, and that it is less uplifted and inclined as it recedes from

the trap band. Near the junction of the two rocks the strata dip 250
! or 300, while remote from it the sandstone is nearly horizontal. The
| mineral composition, association, and contents of the sandstone areiden-
{ . tical with those of Nova Scotia, Connecticut, Massachusetts, and New

Jersey, belonging to the new red sandstone series; and that the lake
. Superior belongs to this age has been confirmed by the discovery by
" C, F. Merion of a tract of limestone in the midst of the sandstone of

Keweenaw point near the Anse. The limestone contains Pentamerus
i oblongus, and according to Whitney has a dip of 309, while the overly-
" ing sandstone is horizontal and has been deposited around it. The



76 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. (BULL. 86.

sedimentary strata have undergone great change by the action of the
trap rocks. Along the line of the junction a chemical combination of
the materials of the sandstones and trap rocks took place, forming the
vesicular trap called amygdaloid, while there has farther resulted from
this action a brecciated or trap tuff, consisting of broken pieces of
amygdaloid and sandstone. At other times the sandstone is indurated
into a flinty red rock resembling jasper. At the Copper falls mine is
a case of what appears to be an Orthocera in the breccia of amygdaloids
and altered limestones. May it not have been torn from a subjacent
bed of Silurian limestone by the agency of the intruded trap rocks?
At the coast off lac la Belle the sandstone in contact with trap has a
dip to the south of 300, while at point Isabelle the sandstone cliffs are
nearly horizontal.

LOCKE® finds near I’Anse that the trappean rocks contain frag-
ments of slate distributed through it and converted into a hornstone
when in small pieces, like the eruptive granite of Pigwacket mountain,
New Iampshire. At point No. 2, west of Presque isle, is a junction of
red sandstone and syenite. - The mass of syenite intersected by dikes
of trap is under the sandstone and seems to have but slightly affected
it. ' :

Fos1ER and WHITNEY * accompany their synopsis of their explora-
tions by geological maps of the region between Portage lake and the
Montreal river, Keweenaw point, isle Royale, and the region between
Keweenaw bay and Chocolate river.

WHITNEY & finds the rocks in the district between Portage lmke and
the Ontonagon river to comprise the following: First, the red sand-
stone of lake Superior, the age of which can not be determined, as itis
destitute of fossils. It lies directly upon the granitic rocks. Second, a
bed of fossiliferous limestone of the Lower Silurian system, which
ocours in an isolated position and has but a limited extent, and the
relations of which to the sandstone have not been determined with cer-
tainty. Third, the trappean rocks. Fourth, granitic and syenitic
rocks, with hornblende and greenstone. The farther the red sand-
stone is removed from the trappean rocks, so much nearer do its strata
approach to the horvizontal and also becowme lighter color and more
fragile. The conglomerate of Keweenaw point occurs mixed and inter-
calated in such & manner with the sandstone as to leave no doubt of
their common origin and identity of age. In general thé beds of con-
glomerate increase in frequency in nearing the trap. The sandstone -
does not repose directly on the trap, but almost invariably a bed of
coarse pebble rock is found interposed between. A trap breccia found
at Cushman’s seems to be a product of the interfusion of trap and
sandstone. Compact quartzrock or jasper oceurs abundantly in moun-
tain masses in the Porcupine mountains.

‘Whitney describes a deposit of limestone which rises to a height of
about 300 feet above the general level of the country near IL’Anse,
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The limestone is indistinctly stratified and dips from zero to 30° at
various points. At certain places it contains numerous fossils, but
the greater part of the rock seems to be destitute of them. Among
the  fossils are enecrinites, orthoceratites, and others. The country
around is low and swampy, but the indications are for nothing but
sandstone horizontally stratified. As the limestone is apparently
inclined at an angle of 309, it seems evident that this is the oldest rock,
though it can not be denied that the stratification of the limestone is
very obscure and in some places it appears to lie nearly horizontal.
On the data collected the author feels unwilling to pronounce which is
the older formation,

FosTeRr ® finds at Copper harbor the junction of the trap and con-
glomerate. At the point of contact the trap is vesicular, but a few feet
distant amygdaloidal. The conglomerate is made up of rounded peb-
bles of greenstone, porphyry, and ravely granite, cemented by a dark
iron sand, with carbonate of lime among the interstices. Near the
Quincy mine the conglomerate, or rather sandstone, containing quartz
pebbles, forms the gorge of the stream below the falls, and differs es-
sentially from that on the northern slope of Keweenaw point. Be-
tween the sandstone and compact trap is a bed of red slaty trap asso-
ciated with amygdaloid. At L’Anse sandstone and conglomerate are
found resting unconformably upon chlorite-slate, novaculite or siliceons
slate. In the Chippewa land district is found granite, gneiss, horn-
blende, chlorite, argillaceous slates, and magnetic iron ore. In Sec. 1,
T. 46 N, R. 30 W.,is a bed of quartz composed of rounded grains, with
small specks of iron disseminated, and large rounded masses of the
same material inclosed, constituting a conglomerate. This bed is 15
feet in thickness and is suceceded again by @ specular ivon exposed in
places to the width of 100 feet.

The author is disposed to place the sandstone of lake Superior at the
base of the fossiliferous series. The unbedded traps of Keweenaw
point and isle Royale have breken through this sandstone, forming con-
tinuous lines of elevation. In receding from the trap of Keweenaw
point the inelination of the sandstone diminishes rapidly, and 5 or 6
miles away is nearly horizontal. Ina fork of Torch river, on the Doug-

" lass Houghton mining company’s land, the sandstone dips southerly,
or away from the trap. On the north side of the stream it is seen rest-
ing on the tvap in large blocks. On the south side of Keweenaw point,
at Béte Grise bay,the sandstone is white and granular, destitute of
pebbles, and dips southerly or away from the trap. In the bottom of
the bay, when the water is calm, the bands of sandstone can be seen
describing immense curves parallel to the direction of the Bohemian
cange of mountains, and atfording conclusive evidence that their bear-
ing and upheaval are due to the protrusion of the igneous rocks, On
the east side of Sec. 14, T. 59 N., R. 290 W., the sandstoune is nearly hori.
zontal, although removed but a few miles from the trap.

N
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Burt ® finds on Keweenaw point and along the south shore of lake
Superior to the mouth of Carp river and in the Porcupine mountains
five principal groups of rocks: Primary, Slates, Trap, Conglomerate,
and Sandstone. With the Primary rocks are placed syenite and gran- |
ite. Flanking the Primary rocks is argillaceous slate; flanking the :
slates and resting upon them are red and variegated sandstones, and
these also flank the Primary rocks. The Trap rocks have amuch higher
angle on the southeast than on the northwest side of the range, which
runs from the northeast end of Keweenaw point and extends in a course
generally to the southwest. The Conglomerate flanks the tlclp range
on the northwest, and is made up of sand, pebbles, and small bowlders
principally derived from the rocks of the trap family. Resting con-
formably upon the conglomerate rock are a series of alternating strata
of sandstone and conglomerate.

HUBBARD ™ finds, in the district south of lake Superior, Primary and
Metamorphic regions, consisting of granite rocks, between which are
metamorphic rocks which graduate into clay-slate.

BurT™ fiuds in the area bounded on the north by the Fifth Correc-
tion line and south by the Fourth Correction line and the Brulé river,
between ranges 23 and 37, granite and syenite, talcose and argillaceous
slates, greenstone and hornblende-slate, mica-slates, coarsé sandstone,
calciferous sand rock, encrinal limestone, red sandstone and red clay,
and magnetic iron ore beds.

FosteEr and WHITNEY,” in 1850, give a systematlo report on the
geology and topography of the copper lands On Keweenaw point these
consist of trappean rocks associated with conglomerates and sandstones.

On this point are two trap ranges, the southern known as the Bohe-
mian range. The conglomerates are volcanic friction rocks rather than
the result of erosion. The pebbles may have rcceived their rounded
shape by being projected from fissures through water. The only in-
stance in the districtin which trap occurs remote from the lines of fissure
isin the northeast corner of T.49 N. R, 36 W., where Silver mountain rises
as an isolated and dome-shaped mass to the height of 1,000 feet. The
summit of the rock consists of labrador and hornblende, while the sur-
rounding plain is covered with clay, resting on sandstone in a nearly
horizontal position. The sandstones and interbedded fraps of Kewee-
naw point and isle Royale dip in opposite directions and form a synclinal
trough. Near I/Aunse is a limited patch of limestone which has a dip
to the eastward from 25° to 300, the limestone being distinctly stratified.
The sandstone about a quarter of a mile to the north is horizontal, and
it seems evident that the limestone overlies the sandstone, although the
position of the inclined beds of the more southerly portion of the lime-
stone is difficult to explain, since the surrounding country is low and
level and underlain by sandstone and horizontal beds. It seems evident
that at this point the country has been disturbed and upheaved by
igneous action beneath, which has raised the strata without any ap-
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pearance of trappean rocks at the surface. This is indicated by the
fact that at no great distance to the south an elevation occurs at which
Le strata of sandstone dip on all sides, although there is no igneous
ock visible. Trom the fossils entombed in this limestone Hall con-
udes that the rocks may be regarded as the equivalent of any of the
_ollowing: The Potsdam and Calciferous sandstones, the Chazy, Bird’s-
" eye, and Black river limestones, perhaps of the Trenton or even Hudson
river groups. In T. 47 N,, R. 25 W., Michigan, is a conglomerate, the
pebbles of which comprise granite, hornblende, slate, greenstone, and
iron ore.
FostER and WHITNEY™, in 1851, report on the iron region of lake
Superior land district, and give and an account of its general geology,
The older rocks are classified as follows:

[ Plutonic gr:i.n.i:e.
rocks. yenive.
Feldspar and guartz rock.

Of various ages.

Igneous.

or amygdaloid, hornblende and serpentine
volcanic rocks, masses of specular and magnetic

Trappean (Greenstone, or dolerite, porphyry,-basalt,
rocks. oxide of iron.

\

(

Gneiss, mica and hornblende slate.
Azoic system... { Chlorite, talcose and argillaceous slate.
Beds of quartz and saccharoidal marble,

Formations.

Silurian system.

.(Aqueous. Metamorphic.

The igneous rocks are found in all these sedimentary systems. The
oldest igneous rocks, consisting of hornblende, feldspar, and serpen-
tine rocks are contemporary with the Azoic system. The granites and
syenites are intermediate in age between the Azoic and Silurian systems.
These are traversed by two systems of greenstone dikes which are
anterior to the purely sedimentary deposits. Contemporaneous with
the lower portion of the Silurian system are the bedded traps and
amygdaloids of Keweenaw point, isle Royale and the Ontonagon region,
which are composed of nearly the same constituents as many of the
older igneous rocks, although there is no difficulty from the diversity
in external characters in drawing the line of demarcation between
them. : , '

Below all the fossiliferous groups of the region is a class of rocks con-
sisting of crystalline schists, beds of quartz, and saccharoidal marble,
which is denominated the Azoic system, a term first applied by Mur-
chison and de Verneuil to designate the crystalline masses which pre-
ceded the Paleozoic strata. This term as here used is limited to rocks
which are detrital in their origin and which have been formed before
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the dawn of organized existence. The general section shows the rocl<_
of Keweenaw point to be the counterpart of those of isle Royale, excer
that the dip of the sedimentary rocks is reversed, thus rendering
highly probable that between these two points is a great curvat:
in the strata caused by the elevation along the line of two volca
fissures. The sandstone on the southern slope of the axis, equival
to the Potsdam, is seen dipping away from the crystalline trap at’-
high angle, but at a short distance from the line of igneous outbr st
it verges toward horizontality; and along the coast at the head of
Keweenaw bay it is seen reposing unconformably on the slates of the
Azoic system. From I’Anse to Chippewa island in the Menomince
river, a direct distance of more than 80 miles, the country is occupied
by rocks of the Azoic system, which include immense deposits of specn-
lar and magnetic oxide of iron, and are invaded at many points by
igneous rocks, both granitic and trappean. At Chippewa island the
Potsdam sandstone reposes upon the upturned edges of the slates.

The Azoic rocks have been so transformed by direct and transmitted
heat as to exhibit few traces of their original character, Sandstone has
been converted into massive quartz, limestone into saccharoidal marble,
and shales into hard crystalline schists. These rocks are destitute of
life, are a system of obscurely stratified rocks interposed between the
Potsdam and the granite, and are unconformable to the former in dip.
The Azoic series of the southern shore have not been capable of divi-
sion into two groups as done by Logan on the north shore. The
rocks are highly inclined and much contorted, and nowhere exhibit the
characters of a purely sedimentary rock; but the evidences of meta-
morphism are more striking in approaching the lines of igneous out-
burst, Gueiss generally flanks the granite, succeeded by dark masses
of hornblende, with numerous joints, but obscure lines of bedding,
which often graduate into hornblende-slate o1 chlorite-slate in receding
from the igneous products. The greenstones often form broad sheets,
bearing the same relation to the slates that the trappean bands of Ke-
weenaw point do to the conglomerates. Many of the slates appear to
be composed of pulverulent greenstone, as though they might origin-
ally have been gjected as an ash and subsequently deposited as a sedi-
ment. They pass by imperceptible gradations from a highly fissile to a
highly compact slate.

In Sec. 19, T. 49 N,, R. 27 W, is found a talcose and chlorite slate,
and quartzose rocks enveloping pebbles and displaying obscure lines of
stratification. In Sec. 32, T. 48 N., R. 26 W, and near Jackson Com-
pany’s forge are found quartzose conglomerates. On the line between
Secs. 29 and 32, T-47 N., R. 27 W, is a conglomerate forming an isolated
rounded elevation, which is made up of coarse- blocks of various sorts
belonging to the neighboring trappean and slaty beds. Among them
are found fragments of the rock associated with iron, and masses of the
iron itself, and of the banded and jaspery varieties. Most of the frag-
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-ments of the breccia are but slightly-rounded and worn ou their edges,
javing in this respect the appearance of a friction conglomerate. The
‘locks are cemented together by a hard ferruginous paste. ’
YMThe granites belong to fwo different epochs: That of the northivest-
: tn coast and the vicinity of Pigeon river was elevated before the Azoic
4»110(1 since the upper portion of the slates repose horizontahy around
L, while that of the northeastern coast, and that which forms-the axis
0° the river systems of the two lakes, was elevated after the{tm]mnatwu
of the Azoic period and before the dawn of the Silurian, since the gran-
ite has. disturbed the upper beds of slate, while the lower ~—~7s of “the
Potsdam rest undisturbed around .. . : ) P
The masses of iron ore and jasper have noue of the ehqmwg,ristics of
vein deposits. They are intercalated among the metamorphosed sedi-
mentaries and have an intimate association with the trappean, porphy-
ritie, and serpentine rocks. If the trappean rocks were an invariable
accompaniment, &ie ores would with little hesitancy all be assigned to
a purely eruptive origin; but when they are found in the form of beds,
in _clearly metamorphic strata, having a common bearing and inclina-
tion, they are regarded as hgving been derived from the destraction of
previously formed igneous masses, and their present association as having
resulted from aqueous deposition. The Azoic period having been one
of long continued and violent mechanical action, there is no reason to
doubt that many of the strata of which it is composed may have been
" derived from the ruins of previously formed rocks of the same age, both
sedimentary and igneous, as is shown by the case of the knop of con-
-glomerate already mentioned. The minute banding of the ore and
jasper can hardly be explained by any other than the action of segre-
gating forces in an igneous rock. The authors are then disposed to
regard the specular and magnetic oxide of iron as a purely igneous
product, in some instances poured out, in others sublimed, from the
interior of the earth. Where the ores are in a state of punty, in the
form of irregular masses in preexisting depressions, or where. the in-
cumbent strata are metamorphosed or traversed by the dikes of ferru-
ginous matter, they are without doubt eruptive. Where impregnating
metamorphic products, such -as jasper, hornstone, or chert, quartz,
chlorite, and talc slate, not only between the laminze but intimately
incorporated with the mass, giving it a banded structure, they are
regarded as the results of sublimation.. The supposition that the ore
may be a secondary product resulting from the decomposition of a’
pyrite, or the metamorphism of bog iron,is inadequate to account for
the accumulation of such mountain masses and to explain the relations
to the associated rocks.
. The bed of lake Superior, embracing an area of about 32,000 square
miles, is occupied almost exclusively by the Potsdam sandstone.: The
sandstone in the vicinity of the trappean rocks attains the enormous
thickness of 5,000 feet, and often consists of conglomerates composed
Bull. 86——=6
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of trappean pebbles, and away from these lines of disturbance, where
it abuts against the Azoic rocks, it is a purely siliceous sand. At
Grauite point masses of granite are overlain by horizontal sandstones.
The granites are cut by dikes of greenstone, which in no case penetrate
the overlying rock. The same phenomena are seen at Presque isle, at
Middle island below Presque isle, and at Carp river. On the Menominee
river, near the foot of Chippewa island, layers of saudstone are found
on the upturned edges of the Azoic slates.

Wlitney-does not find the Pentamerus oblongus referred to by Jack-

son, no~ -, other form characteristic of the Niagara formation;.but, on
the oti- 3p- mid, they are prononnzed as belonging to Lower Silurian
types. - ~.

FOSTER and ‘WHITNEY,™ in 1851, repeat thﬂfgeneral ~conclusions
contained in their report on the iron region, and remask thap the Azoic
system is characterized by such immense deposits of e)pe(,ular and
magnetic oxide of iron that it might with proprieuy be denominated
the Iron Age of geology, while the Silurian epoch with equal propriety
might be designated the Copper Age.

FosTER and WHIITNEY,™ in 1851, farther speak of the age of the
lake bupenor sandstone. The sandbtone of the St. Marys river is
traced to the south shore of Keweenaw point and is found to increase
in' thickness gradually, until in the vicinity of the trappean rocks it
becomes of gredt thickness, accompanied by wide belts of conglomer-
ate. The conglomerates of Keweenaw point are the result of igneous*
rather than agueous forees, being caused by friction and mechanical
voleanie action along the line of fissure. The mural faces of the trap-
pean ranges are almost without exception turned toward the south,
and the sandstone on that side is elevated at a high angle, sometimes
dipping almost vertical at the junction of the two formations, but in
proceeding southward becoming almnost immediately horizontal. The
appearaunce is as if the strata had been broken and elevated just as the
southern edge of the igneous mass. Where the sandstones and traps
are interlaminated it’ is difficult to determine the junction when the
sandstone lies upon the trap, but when below it the line of separation
is sharp, Asfurther showing that the sandstone is Lower Silurian, a
small deposit of Lower Silurian limestone resting upon the sandstone
effectually completes the chain of evidence.

OWEN,™ in 1851, mentions various metamorphic slates, quartzites, and
other crystalline and trappean rocks as occurring on the south shore of
lake Superior. On the north shore, in Minnesota, between Fond du

- Lac and the British possessions there is a repetition in inverse order of
the same formations, forming a synclinal trough with the red sandstone
nearest the lake, while the slates, conglomerates, and associated traps
are ¢rossed in succession in proceeding into the interior, and these are
followed by the metamorphic slates and granitic rocks.
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OwEN,” in 1852, discusses the age of the red sandstones of luke
Superior. The test of lithological chavacter, if alone applied, isin favor
of the view that they ave of the same age as the red sandstones of New
Jorsey and Nova Scotia. On the St.- Croix river, in Wisconsin, the
white and buff quartzose sandstones belonging to the lowest Pmto/mv
formation are succeeded by red sandstones similar to those of lake Su-
perior, and, like them, associated with coarse red conglomerates aud
trap. The same phenomena are seen at othier points south of lake
Superior. It is, however, conceivable, as a result of the upthrust of
igneous rocks, which sometimes break through the fossiliferous
strata, entangling and partially indurating the gragments without alter-
ing or tilting the ad]dccnt beds, that tilted red sandstones dipping
to the south really may never rest confor mab]y under the white and
buff sandstones, but merely abut against them and not in fact overlie
them atall; but the natural-and reasonable inference is that the white
and buff sandstones do actually rest conformably upon the red sand-
stones in question.

Norwoon,”in 1852, gives a great number of details as to the geology
of middle and western Minnesota and the country adjacent to the
southwest shore of lake Superior, illustrating the relations of the shales,
trap rocks, granites, etc., and showing the manner of intrusion of the
eruptives and the complicated folding to which the strata have been
subjected. At the St. Louis and Black rivers the sandstone rests
unconformably upon the underlying argillaceous and siliceous slates.

WHITTLESEY,™ in 1852, gives geological descriptions of part of Wis-
consin south of lake Superior. Dassing from the lake southerly four
great classes of rocks are seen in each section: (1) Sedimentary, inelud-
ing red sandstone, black slate, conglomerate. (2) Trappose rocks, or
those of volcanic ()1‘10‘[]1, inclading amygdaioid, greenstone, augitic,
hornblendic, and feldspathic rocks, cibracing syenites and granites ot
the same age. (3) Metamorphosed rocks, including hornblende slates,
iron slates, black slates, talcose slates, slaty quartz. (4) Granitie, includ-
ing syenite and granite. The granites and syenites of the interior are
the most ancient rocks of the district. After the protrusion of these
granitic masses many changes have occurred. The sandstone deposits
of lake Superior must have been subsequent to the granites of the
Wisconsin, Chippewa, and Montreal rivers; since that period has
bheen one of long and intense igneous action in which the trap, horn-
blendic, and greenstone masses have been ejected, and also with them
protrusions of recent granites and syenite. The metamorphic slates
have been elevated during these convulsions, and the sedimentary
rocks thrust away to the northward and tilted up at high angles. The
old granites and syenites have been rent with fluid matter, such as
quartz and hornblende. The northern part of the Penokee range
shows evidence of four formations of trappose rocks, which fill a geolog-
ical epoch of no great duration between the area of the 1ed sandstone
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deposits and the metamorphic uplifts. There are cases where the trap,
instead of being forced across the stratification, has spread out between
the beds, forming alternate strata of trap and sandstone without any
visible conglomerate. )

SHUMARD,® in 1852, mentions the gquartzite ranges of Sauk county,
near Baraboo. The quartzites are surmounted by sandstone, and all
are included in the great sandstone formation of southern Wiseonsin.

JACKSON,* in 1853, maintains that the red and gray sandstones of
lake Superior are above the rocks of Devonian age. They rest horizon-
tally around Silurian limestone, which has an inclination on Sturgeon
river near Keweenaw point of 30°. In point of fact the sandstones of
lake Superior are the exact equivalents of those of Nova Scotia, where
trap rocks of the same age as those of lake Superior pass through them.
The amygdaloidal trap of Keweenaw point and isle Royale is a vesicu-
lar rock formed by the interfusion of sandstone and trap rock.

MArcou,* in 1853, after having made a complete tour of lake Supe-
rior, places the red sandstone and traps bearing copper as the new red
sandstone, and correlates it with the new red sandstones of Nova
Scotia, New Brunswick, Connecticut, New Jersey, Maryland, and Vir-
ginia. :

WHITNEY,® in 1854, states that the basin of lake Superior is & great
synclinal trough caused by a depression of the sandstone, which appears
to form its bed. The northern and eastern shores for much of their dis-
tances are faced by perpendicular cliffs, while the southern shore is
comparatively low. The reason for this difference is that on the east
and north the sandstone which originally existed there has been worn
away and the more enduring granitic and trappean rocks only are left.
The age and relations of the sandstones of lake Superior to the trap-
pean rocks and Azoic slates are again deseribed as before.

SCHOOLCRAFT,™ in 1855, states that the granitic strata of the Thou-
sand isles reappear on the north shore of lakes Huron and Superior,
underlie the bed of the latter, and are found on the rough coast between
Chocolate river and Keweenaw, and cross the Mississippi near the falls
of St. Anthony. The straits of St. Mary’s appears to be the ancicent
line of junction between the great calcareous and granitic series of
rocks on the continent. The island of St. Joseph is chiefly primitive
rocks and at its south end is largely loaded with granitic, porphyritic and
quartzitic bowlders. The north shore of the river, opposite the island,
is entirely of the granitic series, which continues to Gros cap on lake
Superior. The red sandrock of lake Superior is regarded as the Old
Red sandstone. The formation of red jasper in white quartz exists on
the southern foot of Sugar island. In the granitic conglomerates are
seen red feldspathic granite, black shining hornblende rock, white fatty
quartz, and striped jasper, all held together firmly. Volcanic action
appears to have thrown up the trap rocks of the Pic, of the Porcupine
chain, of isle Royale, and the long peninsula of Keweenaw. The sand-
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stone of the southern coast exhibits undulations of 8 or10° at several
places. Two instances of this are the point des Grands Sables, begin-
ning with the horizontal strata of the Pictured rocks, and the second is
at Grand island. '

WHITNEY,® in 1856, describes the northeastern side of lake Superior,
from Gros cap to Nipigon bay, as consisting of rocks of the Azoic system.
On the south shore of the lake, and along the northwest shore as far as
the northeastern extremity of Nipigon bay, are found the shales, sand-
stones, conglomerates, and trappean rocks of the Potsdam system, ex-
cept at Thunder bay and Carp river, where the Azoic appears. The south
side of the Azoic on the north side of the lake runs from Kakabikka
falls on the Kaministiqnia in an almost straight line southwest, keeping a
few miles from the lake. Thunder cape consists of thinly bedded slates
for 800 feet of its thickness, above which is a sheet of trappean rock
200 or 300 feet thick. '

WHITNEY,® in 1856, maintains that the iron ores of lake Superior,
Scandinavia, Missouri, and northern New York, form a class by them-
selves belonging to the Azoic age, and they have been poured out like
other igneous rocks from the interior in a molten or plastic state.
Besides the purest ores are others interlaminated with bands of quartz
which are distinctly bedded and probably are of sedimentary origin.
The iron ore in these may have been introduced either by sublimation
during the deposition of the siliceous particles, or by precipitation from
a ferriferous solution at the time of formation of the stratified rocks.

WHITNEY, in 1857, again maintains the Potsdam age of the sand-
stones of the Cupriferous series. Underlying this series unconform-
ably on the south shore is the Azoic series, which is identical in char-
acter with the rocks of Thunder and Black bays. The rocks on the
north shore of lake Huron and in the north and east of Canada are
identical in position and lithological character with the Azoic system.

JACKSON,® in 1860, again asserts that the red sandstones of Kewee-
naw point are certainly coeval with the sandstone of Nova Secotia,

Jonnecticut river, and New Jersey, as proved by identity of composi-
tion, mode of disruption, character of associated minerals, and above
all, by the fact that they rest upon Devonian limestones. Orthoceratite
at Copper Falls mine and Pentamerus in the underlying limestone of
Sturgeon river show that the sandstones are not Potsdam. Thisis also
shown by the occurrence of pitchstone porphyry upon isle Royale such
as are found in the isle of Arran of Triassic or Devonian age. The
anthor is not disposed to place the sandstones of the Pictured rocks in
the same formation with Keweenaw point and isle Royale.

RoGERrs,” in 1860, maintains that the argillaccous shales and con-
glomerates of a part of the southern shore of lake Superior are the
equivalent of the Primal series. The Cupriferous series is in direct
association with the Potsdam, and therefore the argnment for Triassic
age on account of texture and color is entirely valueless,
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WiLLIAMS and BLANDY,® in 1862, describe the trap rangés of Port-
age lake as being about 3 miles wide and consisting of amygdaloidal
trap, occasionally intercalated with sandstones and conglomerates.
The dips vary from 60° to 750, becoming nearer horizontal toward the
northwest, until finally the sandstone which succeeds it becomes ab-
solutely so.

KimMBALL,? in 1865, divides the rocks of the Marquette region into
two formations, Laurentian and Huronian; the former including the
granite ridges, while the latter nearly agrees with Foster and Whitney’s
limits for the Azoic. The crystalline rocks south of Keweenaw point
are pre-Paleozoic, while the greenstones of that point are intercalated
conformably with the Paleozoic. The specular iron ore and beds of
specular conglomerate are heavy bedded strata and schists in which
none of the phenomena of aqueous deposits are wanting. They exhibit
not only stratification, but anticlinal and synclinal folds. From a
stratigraphical point of view the Huronian greenstones, schists, and
iron ores of Marquette exhibit characters which render quite untenable
the theory of the exotic character of any portion of them.

AcAsyiz,” in 1867, finds at two ravines mnear Torch lake—one the
Douglass Houghton—that the sandstone rests unconformably upon
the trap. The trap dips N. 420, while the sandstone, 100 feet distant,
lies mearly horizontal, with no trace of an anticlinal axis between.

The sandstone contains water-worn fragments of the trap. The sand-
stone north of the rangeis conformable with the trap, but the sandstone
south is plainly of a different age. ,

WHITTLESEY,"” in 1876, finds nowhere on the American side of the
boundary, éxcept at Vermilion lake, rocks which are like the Laurentian
of Canada. The great masses of granite and syenite around which the
Huronian is formed do not resemble the Laurentian of the Canadian
geologists. Between the Canadian and American Huronian there is a
very close resemblance. The conclusion of Foster and Whitney thatthe
traps of lake Superior are of Potsdam age is adopted. The Bohemian
range resembles more nearly the Huronian than it does the trap series.
In this range are bands of friction conglomerates with the evidences of
metamorphic sandstone passing into jasper, vesicular trap, and brec-
cia. A friction conglomerate also occurs at Aminicon, Douglas county,
‘Wisconsin.

WADSWORTIL™ in 1880, gives notes on the geology of the iron and
copper districts ot lake Superior. The contacts of the jasper and ore,
which arve interlaminated and have a common origin with the asso-
ciated schists, are described, and at numerous points the contacts are
found to be those of eruptive and sedimentary. The schistose struct-
ure is regular, while the jasper and ore is exceedingly contorted, breaks
across the schistose and other rocks, and contains fragments of the
schists. Not the slightest sigh of plasticity or intrusion of the schisfs
relative to the ore and jasper was seen. The present lamination of the
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schists existed prior to the intrusion of the ore. At the School-house,
New York, and Jackson mines the overlying rock contains débris of
the underlying ore and jasper. The diorites, felsites, and diabases are
intrusive rocks. The soft hematites differ only from the hard ore and
Jjasper in that they have been leached by thermal waters and changed
to their soft condition. The granite is found at numerous points to cut
the schists and gneisses. At several places, also, it cuts a quartzite,
one of which resembles the ordinary Huronian quartzite. The crystal-
line rocks of Presque isle are peridotite and serpentine which has re-
sulted from the alteration of the peridotite.

The only evidence that the Huronian unconformably overlies the
Laurentian is the fact that the foliation of the latter does not conform
in its dip to that of the former. However,no point was found in which
it was possible to trace the rock continuously from well marked and
mapped Laurentian into the Huronian. The general structure of the
iron region seems to be as follows: The schists and sandstones were
laid down in the usual way; were then disturbed by the eruption of the
jasper and ore. Much of the original rock still remained horizontal,
and new sedimentary deposits continued to be formed out of the jasper
and other rocks. Next came the eruption of the diorite, which com-
pleted most of the local folding and tilting of the strata. TFinally the
granite eruption took place on both sides of the Huronian, uplifting and
contorting the strata near it, and perhaps laterally compressing the

inclosed iron-bearing rocks.

" The conclusion reached by Foster, Whitney, and Marvine that the
traps and lava flows and were sucecessively laid down one upon the
other, are covered by sandstones and conglomerates, is agreed vvith.
The sandstones and conglomerates when overlain by traps are usually
baked and indurated. At the Douglass Houghton ravine and Hun-
garian river the eastern sandstone, which has been maintained to rest
against the trap and sandstone series unconformably, is found inter-
laminated with the melaphyres, and therefore settles the long-disputed
question of the relative age of the traps and Eastern sandstone of lake
Superior. The last melaphyre sheet which underlies the sandstone has
a dip to the northwest of 20°. As the Douglass Houghton ravine is
followed downward the dip gradually declines in steepness, although
still to the northwest, the last dip measured being 5°. The junction
between the Eastern sandstone and the trap, described by Agassiz and
Pumpelly, is not the junction at all, it being some distance below in-
stead of at the falls. In the Torch lake sandstone quarry the sandstone
layers, instead of being horizontal as they have beén regarded, have a
dip of 159, the former supposed bedding being due to joints. As the
Eastern sandstone conformably underlies the traps, the BEastern and
‘Western sandstones and the traps lying between them are of the same
geological age.



88 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL. 8.

WADSWORTH, * in 1884, as a result of an examination of a supposed
fossil from the copper-bearing rocks of lake Superior, descril;ed by Hall
as being very like the Huronia or siphuncles of Orthoceratites, finds it
to be of inorganic origin, having probably been formed by the flowing
of a pasty lava in such a manner as to raise a series of ridges, giving an
appearance closely like that of some eephalapods. The intericr of the
specimen is in all respects that of an ordinary voleanic rock.

SECTION III. WORK OF THE MICHIGAN GEOLOGISTS AND ASSOCIATES.

Hovuanron,% in 1840, divides the rocks in the south and southeastern
part of the Upper Peninsula into primary and sedimentary. The
primary region stretches continuously in a northwestward direction for
many hundreds of miles, skirting portions of the shores of lake Supe-
rior, and constituting the highlands between that lake and the lake of
the Woods. From these highlands it stretches 2 little east of lake
‘Winnipeg, far to the northwest, finally constituting the immense ¢ bar-
ren grounds” of the British Possessions. The rocks of St. Marys river
and adjacent region comprise greenstone, argillite, and granular quartz
rock, which passes into an almost conglomeratic quartz rock. In this
occur small quantities of hematitic iron ore. The sedimentary rocks
include the lake Superior sandstone and lime rock and shales. The
lake Superior sandstone is nearly continuous on the southern shere of
lake Superior, and in its easterly prolongation rests against and upon
the primary range of St. Marys river, where it passes_conformably
below the limestone above. The lake Superior sandstone, in its east-
erly prolongation, does not attain a very great thickness, but in pro-
ceeding westerly this thickness is vastly increased, attaining on the
south shore of lake Superior to several hundred feet. A careful search
for fossils in this sandstone has failed to reveal a single one.

HoucHTON,” in 1841, divides the older rocks of the upper peninsula
of Michigan into (1) Primary, (2) Trap, (3) Metamorphic, (4) Con-
glomerate, (5) Mixed conglomerate and sandstone, (6) Lower or red
sandstones and shales, (7) Upper or gray sandstone. The Primary
rocks are in a broad sense granite. The granitic rocks are largely
traversed by greenstone dikes. The trap rocks of the distriet in a
chronological order would follow the metamorphic slates and quartz
rocks, but the granitic rocks pass by almost insensible gradation into
the greenstones of the trap formation.

The sedimentary rocks on the south and southeast of the main trap
range are scarcely disturbed, while those on the north and northwest-
erly sides are invariably tilted to a high angle near the range of hills.
The sedimentary rocks on the north ave traversed by frequent dikes,
varying in thickness from 50 to 400 or 500 feet. The rocks on this
northwestern escarpment were in an intense state of ignition while in
contact with the sedimentary rocks, as shown by the great changes
which these rocks have undergone. The author is disposed to regard



VAN HISE.] LAKYE SUPERIOR REGION. 89

the amygdaloid as due to the fusion of the lower portions of the sedi-
mentary rocks.

At Presque isle is a little isolated knob of trap which has been up-
lifted, as is shown by the way in which the stratification of the adjacent
sedimentary rocks has been disturbed. They invariably dip at a high
angle in all directions from the trap. At the immediate line of junction
the character of both rocks is lost, and the sedimentary rocks for a
distance of several hundred feet have been shattered while retaining
their original position, and were again cemented by an injection of cal-
careous matter. '

The area of country occupied by the metamorphic group is less than
by the Primary or Trap. The group is made up of an alternating series
of taleose and mica-slates, graduating into clay-slates, with quartz and
serpentine rocks, the quartz rocks being by far the most abundant.
The metamorphic rocks are occasionally traversed by trap dikes.

The conglomerate rock, the lowest of the sedimentary rocks, is inva-
riably connected with or rests upon the trap rock. It is very variable
in thickness and is withont doubt a trap tuff which has accumulated or
deposited around the conical knobs of trap during their gradual eleva-
tion. The pebbles of the rock consist of rounded masses of greenstone
and amygdaloid. They are usually firmly cemented by calcareous and
argillaceous material. Resting conformably upon the conglomemate is
a mixed conglomerate and sandrock. This wixed rock occurs upon
isle Royale and was seen to be very widespread upon the south shore.
The conglomeratic part of the mixed rock has the same character as the
conglomerate rock. Dikes of greenstone are found in this mixed rock,
but less frequently than in the rock below. The red sandstone is the
chief rock that appears upon the immediate coast of the south shore of
lake Superior. The primary, metamorphic, and trap rocks are almost
invariably surrounded or flanked at their bases by this sandrock. The
material of this sandrock differs widely from the conglomerate rocks,
for these are made up of materials clearly of trappean origin and very
rarely of quartz; while the red sandstone is composed of materials de-
rived from the granitic and metamorphic rocks, in which quartz occurs
abundantly. The red sandrock is less frequently traversed by dikes
than the rocks before described, although they are sometimes noticed
traversing the whole of the several rock formations, including the red
sandstone. The upper or gray sandrock conforms to the limestone
above it, and rests conformably upon the uptilted edges of the red sand-
rock below.

WINCHELL (ALEXANDER),” in 1861, gives a general sketch of the
geology of Michigan. Among the stratified rocks are placed the Azoie,
while the unstratified rocks are divided into Volcanie, includinglava, trap,
cte., and Plutonic, including granite, syenite, ete. The Azoic rocks are
of immense thickness and are interposed between the erystalline, plutonie,
and volcanic rocks and the lake Superior sandstone. The rocks in
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this system in Michigan consist of talcose, chloritic, and siliceous slates,
quartz, and beds of marble. In it are found the specular and magnetic
ores of lake Superior. The Lake Superior sandstone is placed in the
lower Silurian system. The solid quartzose character of the rock of
St. Joseph’s and Sulphur islands suggests the idea of its being Azoic;
but the gradual transition from the unaltered sandstone of the Sault
to the altered sandstone of Neebish rapids and jasper conglomerates of
the western shore of Campement d’Ours, favors the idea of the equiva-
lency of the sandstone and quartzite, as it is also the fact that the fos-
siliferons Chazy limestone is found directly upon the quartzite at Sul-
phur island.

CREDNER,” in 1869, describesin the upper peninsula of Michigan the
Laurentian a»nd Huronian systems. The Laurentian system is the
gneiss-granite formation, which includes many varieties of massive
rocks, as well as hornblende, chlorite, and other schists, and also thm
layers of dolomitic limestones.

The Huronian system is the iron-bearing formation. The geneml
succession, beginning at the base, js quartzite, in its upper parts often
iron stained, 2,500 feet; crystalline dolomitic limestone, containing
argillite, chlorite-schist, and layers of quartz, seldom conglomeratic,
2,500 to 3,500 feet; more or less siliceous hematite, 600 to 1,000 feet;
ferruginous chlorite-schist, 1,200 feet; dark clay-slate, with beds of hard
quartzite, 8,500 feet; chlorites-chist, with beds of diorite, 1,300 feet;
tale-schist, with various impurities, 100 feet; aphanitic to granulaxr di-
orite, 2,300 feet; talc-schist, with various impurities, 1,500 feet.

In the iron group is a granite dike on the Sturgeon river 12 feet wide,
which breaks through the iron ore and jasper at a right ‘angle to the
schist. Over the iron formation, at the Michigamme mine, is found a
conglomerate of jasper and fragments of quartz in an iron and quartz
base. There is a discordance between the Laurentian and Huronian.
The Potsdam sandstone rests upon the Huronian and Laurentian un-
conformably.

Brooks and PUMPELLY,! in 1872, maintain that the copper-bearing
rocks of lake Superior are unconformably below the Lower Silurian
sandstone., This is shown by the fact that the horizontal strata abut
against the steep faces of the cupriferous series on Keweenaw point,
the latter dipping away from the sandstone at an angle of from 60° to
400, Also for a long distance between the Montreal river and lake
Gogebic the cupriferous series conform in strike and dip to the ITuro-
nian schists, dipping steeply to the north at an angle of from 500 to 70°,
while the Silurian sandstone to the north, in a flat-lying condition, cov-
ers an extensive counfry. In Sec. 13, T. 46 N., R. 41 W., the Silurian
sandstone is found in a nearly horizontal position, while 4 miles distant
the cupriferous series dip to the north at an angle of 50°,

It is concluded that the cupriferous series was formed before the tilt-
ing of the Huronian beds upon which it rests conformably, and conse-
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quently before the elevation of the great Azoic area. After the elev: .
tion of these rocks, and after they had assumed their essential litholog-
ical characters, came the deposition of the lake Superior sandstone and
its accompanying shales as a product of the erosion of the older rocks,
and containing fossils which show them to belong to the Lower Silurian.
At several places have been detected alack of conformity between the
Laurentian and Huronian in the upper peninsula of Michigan, but, when
the Huronian and Cupriferous are seen in contact there seems to be a
well marked concordance between them.

BRroOKS," in 1873, divides the rocks of the upper peninsula in de-
scending order into Lower Silurian, Copper-bearing rocks, Iron-bearing
rocks, and Granitic rocks, and gives a systematic account of the last
two, and especially of the economic geology of the iron-bearing series.
The copper-bearing rocks correspond with the Upper Copper-bearing
rocks of the Canadian geologists and oceupy a narrow belt on the north-
western edge of the upper peninsaula. This series includes sandstones,
which are nearly or quite identical with the Silurian in appearance, but
their great mass is made up of different varieties of trap, often amyg-
daloidal, interstratified with beds of peculiar conglomerates. The lay-
ers of these rocks are inclined, dipping northwest and north toward
lake Superior, from vertical to as low as 23° on Keweenaw point. The
iron-bearing rocks are assumed to correspond with the Huronian system
of Canada. They may have a thickness of 5,000 feet and consist of &
series of extensively folded beds of diorite, quartzite, chlorite-schists,
clay-slate, mica-slate, and graphitic shales, among which are interca-
lated extensive beds of several varieties of iron ore. The most abun-
dant rock is greenstone or diorite, in which the bedding is usually ob-
scure, but the intercalated schists and slates usually bear strong marks
of stratification. The dips are usually at a high angle and are more
apt to be north or south than any other direction.., The granitic rocks
are believed to be the equivalents of the Laurentian of Canada. In
these the bedding indications are still more obscure and often entirely
wanting. Also, if possible, there is more irregularity in strike and dip
than in the Huronian.

A full lithological deseription of the different phases of rocks found
in the Huronian system, and the various sections at the many minesin
the upper peninsula are given in detail. .

The formations of the 1Turonian system in the Marquette region com-
prise nineteen members, numbered {rom the base upward. I, II, 11T, and
IV are composed of beds of siliceous ferrnginous schist, alternating with
chloritic schists and diorites, the relations of which have not been fully
made out; V is a quartzite, sometimes containing marble and beds of
argillite and novaculite; VI, VIII, and X are siliceous ferruginous
schists; VIL IX, and XI are dioritic rocks, varying much in character;
XIII is the bed which contains all the rich specular and magnetic ore,
assoctated with mixed ore and magnesian schist; XIV is a quartzite,
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often conglomeratic; XV is argillite or clay slate; XVI is uncertain,
it contains some soft hematite; XVII is anthophyllitic schist, contain-
ing iron and manganese; X VIII is doubtful; XIX is mica-schist, con-
taining staurolite, andalusite, and garnets. The total thickness of the
whole Marquette series may have an aggregate of 5,000 teet.

The beds appear to be metamorphosed sedimentary strata, having
many folds or corrugations, thereby forming in the Marquette region
an irregular trough or basin, which, commencing on the shore of lake
Superior, extends west more than 40 miles. The upsurned édges of
these rocks are quite irregular in their trend and present numerous out-
crops. 'While some of the beds present lithological characters so con-
stant that they can be identified wherever seen, others undergo great
changes. Marble passes into quartzite, which in turn graduates into

" novaculite, .

Near the junction of the Huronian and Laurentian systems, in the
Marquette region, are several varieties of gneissic rocks, composed in
the main of crystalline feldspar, with glassy quartz and much chlorxite.
Intersecting these are beds of hornblendic schist, argillite, and some-
times chloritic schist. These rocks are entirely beneath all of the iron
beds, seem to contain no useful mineral or ores, and are of uncertain
age. No attempt is here made to describe or classify them.

The diorites, dioritic schists and related rocks range in structure from
very fine grained or compact (almost aphanite) to coarsely granular
and crystalline, being sometimes porphyritic in character. The rock
passes on the one hand into a hornblende rock, and on the other into a
rock resembling a diorite. It is eminently schistose in character, split-
ting easily, and appearing more like chloritic schist than any other
rock. At several points dioritic schists, semi-amygdaloidal in char-
acter, were observed, and in one instance the rock had a strong resem-
blance to a conglomerate., The bedding of the rocks is generally obscure
and sometimes entirely wanting. It is only by a full study of the rock
in mass and its relations to the adjacent beds that one becomes con-
vinced, whatever its origin, that it presents in mass precisely the same
phenomenon as regards stratification as do the accompanying schists
and quartzites. Chloritic magnesian schists are associated with the
pure and mixed ores. Oftentimes these magnesian schists several feef
in width cut across the stratification and are called slate dikes. Itis dif-
fieult or impossible to draw the line between these magnesian schists
and the dioritic schists. Itis suggested that on the New England-Sag-
inaw range and at the lake Superior mine, tepid alkaline waters have
penetrated the formation and have dissolved out the greater portion of
the siliceous matter, leaving the iron oxide in a hydrated earthy condition,

At the S. C. Smith mine and along Plumbago brook is found carbon-
aceous matter. These carbonaceous shales burn white before the blow-
pipe and mark paper like a piece of charcoal.

Above the Cascade ore is a bed of coarse conglomerate. The uppér
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quartzite of Republic mountain, near*its base, is a conglomerate con-
taining large and small fragments of flaggy ore. At the New England
mine between the ore and the quartzite is a mass of specular conglom-
erate similar to that at Republic mountain. '

The iron-bearing series is unconformably above the older Laurentian
rocks. The contact is observed in Plumbago brook, where a talcy red
rock, unmistakably belonging to the Huronian, dipping at a low angle
to the northwest, is in contact with the Laurveutian chloritic gneiss,
which dips at an angle of about 35¢ SSW. The same phenomena can
be seen near Republic mountain, where the Huronian schists strike
nearly at right angles to the Laurentian gneiss only 50 feet distant;
both series dipping at high angles, the Laurentian east of north, and
the Huronian about 45 degrees west of north. The non-conformability
is further shown by the fact that the Laurentian generally abounds in
dikes of granite and diorite, which are almost entirely absent from the
Huronian.

Many details are given as to the Menonuneu and Felch Mountain
districts. The rocks of these ranges are parallel with those in the
Marquette district. At many places the Silurian rocks unconformably
cap the iron-bearing rocks.

The lake Gogebic and Montreal river iron range is regarded as an
eastern prolongation of the Penokee range of Wisconsin. The northern
geological boundary is the south copper range, consisting of massive
and amygdaloidal copper-bearing traps, the bedding of which is exceed-
ingly obscure, with occasional beds of sandstone and imperfect con-
glomerates. The strike of these rocks is east and west, with a dip to
the north at a high angle, thus conforming with the Huronian rocks
underneath. On the south of the iron-bearing rocks is a series of
granites, gneisses, and obscure schists, which are unmistakably Lau-
* rentian in their lithological character, and they are unconformably
overlain by the Huronian rocks. The horizontal Lower Silurian sand-
stones occupy a broad belt of country north of the copper range. Their
actual contact with the highly tilted copper rocks was not seen, but
they show not the slightest evidence of disturbance within a few mileg
of these steeply inclined rocks, and are regmrded as unconformably above
them.

PuMrELLY,'® in 1873, gives a systemfmtlc account of the copper-
bearing rocks. These on Keweenaw point consist of animmense devel-
- opment of alternating trappean rocks and conglomerates dipping to the
northwest at an angle running from 60° to 23°. The red sandstone and
shales of lake Superior are everywhere nearly horizontal on the south
shore of Jake Superior between the Sault Ste. Marieand Bcte Grise bay.
At the western edge of this belt its nearly horizontal strata abut against
the steep face of a wall formed by the upturned edges of beds of the
cupriferous series of inelaphyre and conglomerate, which dip away from
the sandstone at angles of from 40° to 60°. This sharp line has been
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explained as due to a fault, the*horizontal sandstone being régarded as
of the same age as the conformable overlying sandstone of the cuprif-
erous series. One objection to this explanation is the enormous amount
of dislocation required, amounting toseveral miles. Again,near Hough-
ton there ave two patches of sandstone Iying on the upturned melaphyre
beds. In the horizontal sandstone near the so-galled fault are abundant
pebbles of melaphyye and conglomerate of the cupriferous series. But
the most decided facts found by Maj. Brooks and the author ave in the
country between the Bad river in Wisconsin and the middle branch of
‘the Ontonagon, east of lake Gogebic. Here the quartzites and schists
of the Huronian formation are bordered on the south by the Laurentian
gneisses, and are overlain conformably by the bedded melaphyres and
interstratified sandstoues of .the cupriferous series. Between these
ridges forming the sonth mineral range and the main range of Kewee-
naw point is the horizontally stratified Silurian sandstone, forming
a gencrally level country. The conformable cupriferous and Huron-
ian schists dip to the northward at angles from 50° to 70°, but in ap-
proaching Gogebic lake from the west the pre-Silurian erosion has made
a deep indentation across the cupriferous series and the Huronian, as
well as into the Laurentian, so that a short distance west of the lake
these rocks end in steep and high declivities, at the base of which
-lies the level country of the Silurian sandstone. On the Ontonagon
river the Silurian sandstone is nearly horizontal, while about 150 steps
from the base of the cliff are outcrops of Laurentian schists having a
dip of 45° to 60° southeast. The nearest outcrop of the cupriferous
series is about 4 miles distant, and it strikes nearly east and west and
dips 500 to the north. The lithology of the copper-bearing rocks of the
Portage lake district is fully given. The rocks are melaphyres and
amygdaloids, interstratitied with conglomerates. The paragenesis of
the minerals associated with the copper is worked out. Several
detailed cross sections are given at Portage lake, and one cross section
at the Central mine describing the thickness and character of the
alternating rocks in great detail.

MARVINE,® in 1873, gives in the greatest detail the structure and
lithology of the alternating trappean and detrital beds of the copper-
bearing rocks on the Eagleriver section. The correlation of the Hough-
ton and Kewcenaw rocks is fully discussed. The Albany, Boston, and
Allouez conglomerates are regarded asthe samebed. Stratigraphically
eleven out of fifteen conglomerates have equivalents in both the Hough-
ton and Keweenaw regions. The conglomerate beds of Keweenaw
point are not mere local deposits, but are unusually persistent, and
while a bed may thin out and lose its character as a conglomerate, it
may still exist as a mere seam. In one instance a band extends for
at least 50 miles, varying in thickness from a few to over 75 fect. 1t
is therefore concluded that the changes which formed the melaphyres
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ceased to act over extended areas during the time of the formation of
the sandstones and conglomerates. The abundance of acid rocks among
the conglomerates was noted, and opposite Calumet the former prgs-
ence of predominant quartz-porphyry was inferred.

ROMINGER,!™ in 1873, places the lake Superior sandstone as Potsdam,
finding it divectly overlapped by the calciferous formation. At Presque
isle and Granite point the horizontal sandstones are found resting
upon the crystalline rocks, there being at the former place a conglom-
crate which rests unconformably upon the dolomite of P’resque isle.
The sandstones on the eastern shore of Keweenaw point retain their
lorizontal position and lithological character to such a degree that the
different strata can be parallelized without difficulty with those of the
more eastern localities. Near the center the horizontal sandstones are
tound abutting against the uplifted edges of a different rock series, the
copper-bearing rocks. The abrupt edges of the strata look to the south-
east, and their dip is in the opposite direction under angles varying
{rom 700 to 40°. The unconformable abutment of the sandstones against,
the trappean series is plainly observed at several places near Houghton,
on the property of the Isle Royale company, near the stamp works of
the Calumet and Hecla mines, on the railroad coming down from the
mines to the stamp works, and on the Sheldon and Columbia property.

ROMINGER,'® in 1876, describes the red lake Superior sandstone as
unconformably abutting against or overlapping the trap rock with hori-
zontally disposed layers. On the western slope of the ridge the trap
rocks are conformably overlain by sandstones, conglomerates, and slates,
the age of which is intermediate between the trap and the horizontal
sandstone, butbetween all threethere aresuch great lithological affinities
that 1t 18 natural to regard them as consecutive products of one and
the same epochs. The absence of trappean rocks distinguishes the
upper division from the lower.

The Huron mountains are a crystalline granitic and dioritic Lauren-
tian rock series. These granitic rocks are surrounded by anarrow belt
of the horizontal red sandstone of lake Superior, which abuts uncon-
formably against theni. The Huronian rock series, with uplifted beds
alternating with slate rocks, quartzites, diorites, and jaspery strata,
with seams of iron ore, lean unconformably against the granitic series.

Brooxs, ' in 187G, places granite as the youngest Huronian rock
south of lake Superior. This granite occurs as the uppermost member of
the Menominee and Penokee series, but in the latter it thins out and dis-
appears before reaching the Gogebic region. The lithological character
of this granite belt bears .a general resemblance to the Laurentian
rocks. This granite, from the fact that it does not give oft dikes cut-
ting the copper-bearing series, is believed to be earlier than the latter.
Although there is approximate conformability in strike and dip, there
is probably an unconformity between the copper-bearing rocks and the
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Penokee-Gogebic Huronian, as showu by the fact that the former series
is in contact in different places with various members of the Huronian,
There is also an unconformity between the Huronian and Laurentian.
As supporting the view that the pre-Silurian systeins are distinet
periods, attention is called to the lithological differences between the
three series, as well as to the inteusity of folding to which they have
been subjected. The detrital members of the copper series consist of
friable sandstone showing no greater metamorphism than the Silurian,
and it is folded only in regular magnificent sweeps, the same strike and
dip continuing in some cases for about 150 miles. The Huronian series
- consists of greenstones, various schists, clay-slates, quartzites, marbles,
with gneisses and granites containing no copper, and having conforma-
ble beds of the various oxides of iron, and is everywhere sharply folded
into narrow troughs and irregular basins trending in every direction.
The Laurentian is still more plicated and metamorphosed, the stratifi-
cation often being entirely obliterated. Whether the Laurentian rocks
can be separated into two or more nonconformable . systems, as in
Canada, no opinion is ventured. - Since Keweenaw peninsula is a strik-
ing geographical feature in lake Superior, and is the locality where the
copper series is best exposed the name Keweenawian is suggested for
this period.

BroOKS!", in 1876, gives a list of the rocks of the Huronian series
in order of their abundance and as they occur in stratigraphical suc-
cession in the Marquette, Menominee, Penokee, and Gogebic series.
Lithologically the rocks are divided -into (1) Fragmental rocks, exclu-
sive of limestone; (2) Metamorphic rocks, not calcareous; (3) Calcareous
rocks; (4) Igneous rocks.

The Fragmental rocks include quartz-conglomerates, which occur in
the middle horizon, both in the Marquette and Menominee and in the
latter at the base of the series where it holds pebbles of granite, gneiss,
and quartz. In the Metamorphic rocks not calcareous are included
many varieties; the mica-bearing series includes granite, syenite,
gneiss, mica-schists, hornblende-schists, mica-slates, clay-slates, diorites,
diabases, quartzites, siliceous schists, chert and jasper rocks, iron ores,
as well as many others. Among the eruptive rocks is a feldspathic
series, including granite dikes; hornblendic and pyroxenic series, in-
cluding diabase and similar rocks, and hydrous magnesian schistose
rocks which are found in dike-like forms crossing the quartzites, iron
ores, and greenstones.

The suceession in the Marquette region from the base upward is («)

“syenite, diorite, diabase, hornblende-schists, slates, conglomeratic
quartzites, and various quartzose iron ores; (b) quartzite graduating
into protogine, and containing interstratified beds of dolomitic marbleé;

~(¢) ferruginous quartzose schist; (d) hormblendic rocks with green-
stones; (e) ferruginous quartzose flags, clay-slates, and quartzites; (f)
hornblendic rock, related to diorite and diabase; (g) siliceous hematitic
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and limonitic schistose ores; (k) diorite, hornblende-schist, and chlor-
ite-schist; (¢) arenaceous quartz-schist, banded with micaceous iron
and quartzose limonitic ore; (j) pure specular hematite and magnetite,
with banded jaspery schists and interstratified beds of ehloritic and
- hydromica-schist; (k) an arenaceous quartzite, often semischistose and
conglomeratic; (I) argillaceous slate;. (m) quartz-schists; (n) antho-
phyllitic sehist; (o) mica-schist. Similar snccessions are given in the
other regions mentioned and correlated with that in the Marquette
region, and all of these successions are compared and correlated with
Logan’s succession in Canada.
The Huronian in the Marquette, Menominee, and Gogebic regions is
‘nonconformable with the Laurentian.

PumreLLy, in 1878, describes lake Superior as divided into two
distinet basins by Keweenaw point, the western basin being a geosyn-
clinal trongh. The southeastern lip of this trough consists of an im-
mense development of voleanic rocks in the form of great beds and
flows associated with conglomerates and sandstones, both of which con-
sist essentially of porphyry detritus. This Keweenaw series is more
nearly conformable with the underlying highly tilted Huronian schists
than with the Potsdam sandstone. The prominent eruptive rocks of
the Kewecnaw series fall under the two heads, diabase and melaphyre.
The changes which have taken place in the interior of the rock masses
since eruption, that is, the metasomatic development of these rocks, is
traced out in great detail.

WRrIGHT,™ in 1879, describes the Laurentian series as consutmn of
coarsely cxystallme massive granites, passing into gneissoid rocks, and
these graduating into mica-schists, and the latter even as imperceptibly
into slates. The Laurentian granite is regarded as a metamorphic
sedimentary rock, because the quartz grains contain cavities filled
with liquid, while igneous granites never contain such cavities, but
rather those filled with glass or stone. The lower Huronian strata have
been chiefly derived from the ruins of the Laurentian rocks. The non-
conformity between the Laurentian and Huronian may be secn at Pen-
okee gzip. Here the dip of the gneissoid granite iseabout 70° to the
south, while the plainly bedded Huronian strata in direct contact have
a dip of 65° to the north. At the Macomber mine, near Negaunee, is
found a bed of manganiferous hematitic shale bearing the impression
of some fossil which Profs. Brush, Verrill, Dana, and Smith pronounce
to belong to the lower forms of lite. The Lower Silurian sandstone
about the city of Marquette is nearly horizontally bedded, and rests
unconformably on and against the Huronian.

ROMINGER,' in 1881, gives a general account of the Mmrqne‘tte and
Menominee iron region, with very volummous details as to particular
loealities.

The Marquette region.—In general remarks on the geology of the Mar-
quette district the succession is (1) Granitic group; (2) Dioritic group;

Bull. 86 1
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(3) Quartzite group; (4) Iron group; (5) Arenaceous Slate group; (6)
Mica-schist group; and (7) Serpentine group; but later it is seen that
the Quartzite group reposes upon the Iron group, so that the order
of 3 and 4 is reversed. The Silurian sandstones rest horizontally on
the other rock formations and frequently contain fragments of the
underlying formations. The crystalline granitic masses are directly
confined to the northern and southern limits of the Marquette district.
The dip of the strata on the south part of the trough is usually to the
north, and on the north side to the south, so that we may consider this
area as a synclinal caused by the upheaval of its northern and southern
marging. The granitic and sedimentary rock masses are traversed by
rock belts of a ecrystalline character, which represent lava streams
intruded at different periods subsequently to the rocks cut.

In the Granitic group the granites are found interstratified with the
Huronian schists of the Dioritic group. The granites are usually mid-
dling coarse grained and in the main are massive, although distinet
gneissoid rocks have a limited occurrence. Besides the dioritic dikes
there are in the granites crystalline non-stratified masses resembling
eruptive dikes. In several instances granite dikes show a laminar
arrangement of the mica scales. Also syenites are associated with the
ordinary granites. The hornblende rocks associated with the granites
are distinguished from those occupying a higher position in the series
by the brighter luster of the hornblende crystals. Dioritic rocks occur
interstratified with the granites, which are probably of the same origin
* as the volcanic eruptives. In the Laurentian rocks no limestones, lay-
ers of quartzite, nor beds of iron ore are found. The granitic rocks in
their present position are actually the younger rocks, as shown by the
intrusion of large masses of granite between the stratified sediments of
the Dioritic group. ‘

The dioritic group is regarded as remelted, completely metamor-
phosed Huronian sediments, their more crystalline character being due
to their closer proximity to the volcanic forces. The rocks of the Dio-
ritic group include a large succession of schistose beds of uniform
character, interstratitied with massive diorite. In the dioritic rock
chlorite frequently replaces the hornblende and often seems to be a
product of its decomposition. The massive diorites are usually con-
formably bedded with the schists and often insensible gradations from
the schistose conditions to the massive diorite can be seen. The expos-
ures of massive diorite generally form a nucleus around which the
intlosing rock masses are arranged concentrically with a more perfect
schistose structure. In the Dioritic group are conglomerates. One
variety is well exposed at Deer. lake farnace, where the pebbles are of
. a feldspathic substance which on fresh fracture contrasts little with
the surrounding schistose mass. Also extensive conglomeratic masses
are found full of granite pebbles of large size in Sec. 2, T. 48 N., R. 26
W., and in Sec. 29, T. 48 N, R. 25 W, 1In opposition to Brooks it is
maintained that there is but one iron-group formation.

)
I
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The Quartzite group is in places interstratified with ferruginous and
siliceous seams, as well as novaculitic strata and siliceous limestones.
Frequently in the quartzite is a conglomerate containing abundant
quartz fragments, and also not infrequently containing granite and
slate fragments. Oftentimes these conglomerates containing the gran-
ite fragments are very close to the massive granite, while it not infre-
quently underlies them. At one place in which the quartzite is in con-
tact with the granite the one rock is seen to graduate by imperceptible
stages into the other, in which case the sedimentary strata are changed .
into the granite-like rock by being exposed to the contact with the
eruptive granite. In another place a granite breccia containing large
fragments of granite is found in connection with such large masses of
granite as to be too great to be fragments of a breccia, and this sug-
gests that the nucleus of the hills ave solid granites, whose shattered
portions are recemented on the spot by sedimentary débris washed
into the interstices. In the next hill to the south the inclosed water-
worn pebbles are in part granite and in part slate. Above the ore-
vearing rock beds is generally a very coarse quartzite conglomerate .
which often has the characters of a coarse grained ferruginous quartz-
ite and grades down into a brecciated ore. The fragments are chiefly
ore, jasper and quartz, and the cement is arenaceous or ferruginous.
_ This occurrence is so general as to suggest that great disturbances not
of a local extent must have occurred at the end of the era of iron sedi-
ments. The number of localities and mines at which this conglomerate
or breccia occurs is very great. Among the latter are the Home, Gib-
bon, Jackson, Cleveland, Cascade, Gribben, Salisbury, Lake Superior,
Champion, Saginaw and Goodrich, Keystone, Republic, and Michi-
gamime. ,

The Iron group occupies a position inferior to the Quartzite group,
and there are not two horizons here, as supposed by Brooks. It is com-
posed of banded jasper, conformable chlorite-schist, and ore. The ore-
deposits are not regular sedimentary layers, but the product of the
decomposition of the impure ledges by percolating waters, leaching out
the siliceous matter and replacing it with iron oxide, and are therefore
very irregular in form. The strata are in a much disturbed condition,
folded and distorted in every possible way, usually without fault.
These disturbed beds lie in every instance directly, but often uncon-
formably, on chloritic or hydromicaceous schists, or on crystalline dio-
ritic masses, which are constant associates of the chlorite schists, or on
dioritic schists. At the Jackson mine are knobs of .diorite associated
with schists surrounded by the banded jasper rocks, which are evi-
dently corrugated by the intrusion of this mass. In places the ore-
bearing formation is not found incumbent on the Dioritic group. At
Teal lake the quartzite is found under the ore and the diorite over the
ore, which leads to the conclusion that these strata are in an over-
.turned position,
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The Arenaceous Slate group of great thickness is so designated
because a large portion of the rocks here included consist of sandy sili-
ceous layers, alternating with slaty argillitic rock beds and occasion-
ally with compact quartzite. The strata in different localities quite
often differ considerably. The rocks of this group are incumbent on
the quartzite formation, but also sometimes rest upon the ore-bearing
rocks, and quite often are found in direct contact with the dioritic
series. The rocks are sometimes conglomeratic or brecciated, the frag-
ments consisting of different kinds of rocks. In the black roofing
slates of Huron bay the cleavage is discordant with the bedding.
Occupying a position above the black slates are the ore deposits of the
Taylor mine, near I’ Anse, and of the Northampton and D’Alaby, north
of Champion; also the 8. C. Smith and other mines. These ores are
contemporaneous and equivalent to that of the Commonwealth in the
Menominee district. .

The Mica-schist group is found exposed for the most part about
Michigamme village. The Serpentine group includes the rocks of
Presque isle and those of similar class. The Silurian sandrock reposes
unconformably upon the Serpentine formation at Presque isle. Besides
the serpentine and other maguesian silicates, litnestone comprises an
important share of this group. =

The seven previous groups, considered to be a succession of sedi-
mentary strata, are intersected by various dikes, among which are a -
dioritic rock and dolerite dikes,the latter of which are laterin age than
the former. No proof has been found of any discordance between the
granites of Marquette and the adjoining Huronian beds. On the con-
trary, outcrops of the two kinds of rocks exhibit a remarkable parallel-
ism in strike and dip, and in many localities the Huronian schists and
belts of granite are interlaminated in perfect conformity. The granite
is, however, regarded as intrusive masses. The granites are therefore,
with reference to the stratitied sedimentary rocks, actually the younger
rock...

The Menominee region.—Many localities and sections in the Menomi-
nee iron region are described in detail. The Silurian sandstone is found
to rest unconformably upon the nearly vertical Huronian strata. Near
Sturgeon river falls, in the river, the quartzite formation reposes un-
conformably on the granite. Thick layers of limestone are found in
the series, and this is sometimes conglomeratic. The fissile phyllite
schists are found in discordance with the dioritic schists at lake Han-
bury. The granitic and gneissic rocks south and north of the Felch
mountain ore formation are found to be absolutely identical. The dio-
ritic rocks are found generally and play the part of an intrusive with
regard to the strictly sedimentary rock beds of the Huronian series.
The dioritic group is held to be older than the iron-bearing group be-
cause it exhibits a greater degree of metamorphism and on the ground
that it is lithologically like the equivalent dioritic group of the Mar-
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quette district. 1t has evidently been transformed under the coopera-
tion of heat and partially brought into a plastic condition.

In the eastern part of the Menowinee region the rocks found com-
prise, in descending order, the lake Hanbury slate group, perhaps 2,000
feet in thickness; the Quinnesec ore formation, which comprises mica-
ceous and argillitic strata, containing ore bodies, not less than 1,000 feet
thick; and the Norway limestone belt, at least 1,000 feet thick. The
Commonwealth mine, in the western part of the Menominee district, rep-
resents a higher horizon than the Quinnesec ore formation.

WriscreLL (N. H.),"! in 1888, describes in the Marquette district the
conglomerate overlying the ore and jasper formation at several mines,
and places the overlying quartzite in the Potsdam. North of Bessemer
is a basal conglomerate of the Cupriferous series which is inferred tolie
unconformably upon the Gogebic iron-bearing rock. This conglomerate
appears to be the equivalent of the overlying Potsdam conglomerate of
the Marquette region, which makes the Gogebic series pre-Potsdam.
The granite underlying the Huronian slates at the Aurora mine was
orviginally a conglomerate, but it has acted the role of an eruptive rock
and has flowed over the adjoining sedimentary strata. This grauitic
conglomerate is parallelized with the Ogishki conglomerate of Minn-
esota, and the overlying sedimentary rocks are the equivalent of the
Animikie, ’

WINCHELL (ALEX.),"?in 1888, finds the Marquette iron-bearing rocks
to have the same geological position with respect to the crystalline
schists and gneisses and to consist of sediments of the same character
as those of the Vermilion range. At Deer lake furnace is a peculiar
conglomeratic rock which appears sedimentary, but is much altered and
has a quasi-eruptive aspect. This conglomerate is like that of Stuntz
island in Vermilion lake. Near Negaunee is an argillite which has a
lower dip than a greenish chloritic quartzose rock across a railroad from
it, and the two are therefore unconformable.

The rocks of Marquette are older than the Huronian because they
differ from them lithologically ; because the Canadian Huronian is imme-
diately succeeded by the Paleozoic system, while the Marquette strata
is not; because some evidences are found that in the Marquette dis-
trict there is an overlying unconformable sub-Paleozoic systém; and
because the Marquette series, being the equivalent of the Vermilion, is
older than the Animikie slates, which are the equivalent of the Huro-
nian.

The rocks of the Gogebic range are regarded as the equivalent of
those of the Marquette region because they resemble them lithologic-
ally, and because they are in an analogous position to the crystalline -
rocks. Between the Penokee series and the underlying schists thereis
a marked unconformity, the Penokee rocks dipping to the north, while
the hornblende-schists dip to the south. The Penokee series strata are
lithologically unlike the ore-bearing strata of Gogebic, Marquette, and
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Vermilion regions, but resemble those of the Animikie series and are
therefore perhaps Huronian, while the Gogebic iron-bearing strata are
not. ’

WADSWORTH, in 1890, gives a general account of the geology of
the Marquette and Keweenaw districts based upon his own and other
works. The Azoic system includes fragmental and eruptive rocks.
Among the former are various argillites and schists of the Marquette
district. Among the eruptive rocks are placed the jaspilites and their
associated ores, with the exception of certain soft iron ores of chemical
origin. The Keweenawan is again placed as a part of the Potsdam,
since the first lava flow found on Keweenaw point flowed over the
Eastern sandstone. Subsequently there has been a fault line or fissure
running near the contact of the sandstones and lavas. This fault is
regarded as normal and it accounts for the fact that sometimes the
lavas and sometimes the associated conglomerates are brought in con-
tact with the Eastern sandstone along the fault line.

WADSWORTH,™ in 1891, modifies somewhat the foregoing account of
the Azoic system. A portion of the jaspilites and associated iron ores
are still held to be eruptive, but it is suggested that even for these
supposed nonfragmental jaspilites of Ishpeming and Negaunee, their
present relations may be due to sedimentary and chemical action and
the squeezing together of the jaspilite and schist. The jaspilite and
ore, with the associated quartzites, occurring at Cascade, Republic,
Humboldt, and a part of those at Ishpeming and Negaunee, as well as
those of the overlying quartzites and schists, are sedimentary. In the
Marquette district there are three distinet geological formations or ages
in ascending order as follows: First, the hornblende-schist and granite
of Cascade or Palmer and the nonfragmental jaspilite and ore of Ish.
peming and Negaunee—the Cascade formation. Second, the frag-
mental jaspilite and ore, with their associated quartzites and schists of
Cascade, Republic, Humboldt, Ishpeming, Negaunee, and elsewhere—
the Republic formation. Third, the overlying conglomerates, quartz-
ites, and schists of Cascade, Republic, Holyoke, and elsewhere—the
Holyoke formation.

Above the detrital Republic formation at the Cascade range is another
detritalformation which contains water-worn débris derived from the
underlying deposits of jaspilite and ore, and is therefore uncomforma-
bly above it. At preseut it is not possible to determine positively
whether there are really three formations as given, or fromn four to six
different ones, or whether the three may be reduced to two.

WADSWORTH, in 1891, finds that the Lower Silurian, containing
Trenton fossils near I’ Anse, overlies the sandstone conformably, both
having a synclinal structure; which tends to confirm the commonly
received view of the Potsdam age of the Eastern sandstone.

WADSWORTH, in 1891, gives observations upon the South Trap
range and adjacent sandstones. Various places are mentioned, includ-
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ing Silver mountain, which are composed of lava flows. These traps
sometimes have a dip not higher than 9° to 20°, In Secs. 11,13 and
14, T. 46 N,, R. 31 W, sandstone is found overlying the lava flows. The
Eastern sandstone on Traverse island, in Keweenaw bay, is said to
have an inclination of from 5° to 149, while in the vicinity of Torch lake
it has a dip of from 5° to 230, It is concluded that the above observa-

tions go to show that the lava flows of the South Trap range east of
lake Gogebic do not dip at a high angle, as has been generally asserted,
and further that the Eastern sandstone is not horizontal, as has been
generally stated, but that the two dip at a low angle, generally 5° to
200, These obselvamons also indicate that the Eastern sandstone and
the lava flows of the South Trap range are one formation, and are as
conformable as eruptions of lava can be with a contemporaneous
sedimentary deposit.

RoMINGER,!? in unpublished manuseript of the Michigan Survey for
1881 to 1884, fmther reports upon the complex described in the former
volume as the Huronian system. The lower granite and gneissoid por-
tion of the rock groups in the Marquette region exhibits the characters
of an eruptive and not of an altered sedimentary rock. Generally a
solid erust of granite probably served as a substratum on which the
Huronian sediments were laid down, but an opportunity is not often
afforded to see the rocks in contiguity well enough exposed to allow a
discrimination as to whether such contact is an original primary one or
resulted from dislocation. The existence of granite asa surfacerock at
the time the Huronian sediments formed is proved by the occurrence of
belts of granite, conglomerate and breccia in different horizons of the
series.

A large belt of conglomerate fotmed of rounded weather-worn granite
pebbles and schistose rock fragments, cemented by a matrix of similar
schistose material, is seen in contact with a granite belt in the south
half of Sec. 2, T.48 N., R.26 W.; inthe SE. } Sec. 22, T. 47N., R.26 W.;
and in the north half of Sec. 29, T. 48 N.,R.25 W. In the first of these
localities the fragments are different from the underlying granite. The
second locality furnishes a better proof of the deposition of Huronian
sediments on a base of granite. Here several knobs centrally com-
posed of massive granite are surrounded by a mantle of coarse granite
breccia, with a well laminated quartzose material as a cement. This
breccia is conformably succeeded by hydromica-slates, interlaminated
with heavy belts of compact quartzite. At the third locality granite
conglomera’e is interlaminated with dioritic schists, but is remote from
granite outcrops. The gradation of the quartzite formation into the
granite, described in the previous report as occurring in the north part
of T. 47 N,, R. 26 W, is now considered as a recemented mixture of
granite fragments mingled with arenaceous material, although it is sin-
gular that the orthoclase crystals copiously found in the mass have all
sharp outlines and are quite fresh.
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The upheaval of the granite and its intrusion into the overlying strata
occurred in all probability near the termination of the Huronian period,
as we find the granite in contaet with all the Huronian strata up to the
youngest, and these always in a dislocated position. Intrusive beltsof
granite are usually never found to intersect beds higher than the iron-
bearing group, except in the country north of the Penokee range in
Wisconsin, and in the vicinity of Duluth, Minnesota, where granite or
granite-like rocks cut across eruptive belts of gabbro which are them-
selvesmore recent than any of the sedimentary strata of the Huronian.
These granites differ from the ordinary granites at the base of the
Huronian,and are most likely younger. The dislocation of the Huronian
beds is not exclusively due to the upheaval and intrusion of the granite,
but has been caused in part by diorite and diabase intrusives which
intersect the granite as well as the incumbent beds. The diorites inter-
secting the granite are identical with similar rocks interstratified with
the schists of the Huronian group conformably or transversely inter-
secting them, and they therefore represent one and the same volcanic
injection. From the massive forms of diorite a gradation exists into a
schistose condition. This led to the conclusion in the former report
that the massive diorites had suffered secondary fusion; but as the
anthor is now convinced that schistose structure is not necessarily the
result of aqueous sedimentation, it is concluded that-the dioritic group
does not belong in the sedimentary succession. Dolerite or diabase
rocks intersect in dike-like-form all the Huronian rocks, as well as the
granites. As they are like those of the copper-bearing series, these
rocks, as well as the contemporaneous flows, areregarded as belonging
to the same geological period. In the Felch mountain region one dike
(15 or 16 feet in thickness) of holocrystalline granite cuts across the iron-
bearing series. In Sec. 33, T.42N., R. 28 W, another granite dike cuts
throngh the iron-bearing rocks. )

ADbove the iron-ore group of the Marquette and Menominee districts
before described is found at many localities important deposits of iron
in both these regions which belong in the Arenaceous Slate group.
There are, therefore, two iron horizons instead of one, as before sup-
posed. The mica-schist formation, supposed to belong above the Are-
naceous Slate group, is found to dip conformably below it in some places,
and therefore is really a part of the Arenaceous Slate group, and is
believed to represent its middle horizon. The slate group about L’Anse
and Huron bay is black and often graphitic. The slate beds at Plum-
bago creek are succeeded by schistose beds richer in red feldspar and
containing little quartz, which might by superficial examination be mis-
taken for granite, but which fs evidently a fragmental rock formed by
the detritus of the granite which near by forms large mountain masses,
and the granite of which is very rich in red feldspar and contains com-
paratively little quartz,
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The Gogehic region is described and the rocks ave divided into gran-
itie, dioritic, ivon ore, and upper slate groups, which are analogous to
the similar groups in the Marquette country. Granite seams were found
here cutting across the dioritic schists, but were not found to cut the
truly sedimentary strata. Locally, in contignity with the granite, are
heavy quartzite strata which are often conglomeratic, and are filled with
rounded granite pebbles. The dioritic rocks above the granite often
have a brecciated or conglomeratic structure, the fragments being vari-
ous kinds of diorite cemented by the same material. The diorite is of
eruptive character, as is shown by the occurrence of belts of it cutting
transversely through the ore-bearing series. Limestones are also found,
which occupy the same position as the limestones below the ore-bearing
strata in the Menominee district.

The succession in the Ielch mountain, from the base upward, is (1)
granitic or dioritic rocks; (2) quartzite beds; (3) fissile quartz schists;
(4) micaceous argillite; (5) crystalline limestone with siliceous seams;
(6) ferruginous quartzites, containing the ore beds. '

SECTION IV. WORK OF TH.E WISCONSIN GEOLOGISTS AND ASSOCIATES.

PERCIVAL,"® in 1856, describes the quartzite ridges of Baraboo and
Portland. The rock is a hard granular quartz, which has more or less .
distinet lines of stratification, and resembles much a Primary granular
quartz. In the Baraboo rock are layers more or lessfilled with rounded
pebbles of quartz, resembling layers of the same kind in the lower
sandstone, and oblique cross lines between the regular lines of stratifi-
cation, which occurrences appear to connect it with the lower sand-
stone. The dip of these ranges is at a moderate angle to the north,
and if the rock is formed from the sandstone by igneous action from
bencath, the metamorphic change has not been- accompanied by much -
disturbance of the strata. The localities in which Primary rocks ave
found are all within the limits of the lower sandstone, and most of them
occur at the falls of the northern rivers. These rocks are mainly horn-
blendic and syenitic, although trap rocks resembling the intrusive traps
of Connecticutareseen, but these arebelieved to berather Primary green-
stones. Descriptions are given of the rocks of Marquette and Wau-
-shara counties, of those of Black, Wisconsin, St. Croix and other rivers.
On Black river the rocks are syenite, greenstone and chlorite slate, the
latter accompanied by iron ores.

DANIEL,'? in 1858, describes the iron ores of Black river falls as as-
sociated with the chloritic and micaceous slates of the Azoic system.
Syenite is also found adjacent. The fossiliferous horizontal sandstone
rests upon the upturned edges of the Azoic slates, and at the base of
it is a brecciated conglomerate consisting of sand, ore and slate. In
the lower part of the Baraboo valley are lofty ranges of hard quartzite
which are the soft crumbling Potsdam sandstone violently disturbed
and changed.
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LAPHAM, in 1860, describes the Penokee iron range. Here is found
a mountain mass of iron ore in an ancient chloritic slate, which rests
upon a light colored quartz rock. Above and north of the ore the slate
is hardened, probably by some volcanic agency. The whole series dip
to the north. '

HALL (JAMES),'” in 1861, describes the quartzite ranges of northern
‘Wisconsin, and particularly those of Spirit lake, as having been original
stratified sandstones which have undergone subsequent metamorphism.
These rocks are folded with their axes lying in an east and west direc-
tion and had become uplifted and metamorphosed before the commence-
ment of the Potsdam era. In the quartzites in two or three localities
are found beds of conglomerates., These metamorphic masses arein all
probability the extension of the Huronian formation of Canada.

HALL (JAMES),” in 1862, describes the central and northern areas of
‘Wisconsin as consisting of the Azoicrocks. These are hard and crystal-
line, are often destitute of lines of bedding, though they are in reality
as regularly stratified as the more modern formations. Notwithstand-
ing their crystalline character, their alternation of beds of different
texture indicates their original different mechanical conditions as clearly
as in any of the unaltered strata. They were deposited precisely as
clay, sand, and limestone strata of more recent geological periods, and
owe their present character to metamorphism. These rocks are gran-
itic, syenitic, gneissoid, or hornblendic. In the southern part of the
area of the crystalline rocks are numerous elevations of them appear-
ing within the limits of the succeeding stratified rocks, so that we know
that these latter are of later date. North of the Azoic rocks is the
.range of trap, conglomerate and sandstone bordering Lake Superior
and known as the copper region. The quartzite ranges of Baraboo and
Necedah hold the same position relative to the Potsdam sandstone as
the Huronian system of the Canadian survey.

WHITTLESEY,'” in 1863, describes the copper-bearing strata of Ke-
weenaw point as extending southward across the boundary of the
state of Michigan into Wisconsin, a distance of 160 miles. The order
of rocks along the line is everywhere the same. Beyond the copper
range, which is nearer to lake Superior, is a second range known as
the iron range, and to this the name Pewabik was applied, although by
a misprint it was transformed to Penokee.

Pagsing from lake Superior to south of the iron range, the structure in
descending order is as follows: Formation No. 1, Potsdam sandstone,
consisting of sandstones, conglomerates, black slates, and alternations
of trap and sandstone; No. 2, Trappose, in two members; No. 3, Horn-
blendic; No. 4, Quartz, with slaty layers, separated into two members
by a bed of magnetic iron and iron slate; No. 5, Granites and syenites
of central Wisconsin. This system is everywhere stratified and con-
formable throughout. On the Bad and Montreal rivers are found no
masses of crystalline limestone.
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IRVING,'” in 1872, maintains that the quartzites of Sauk county are
unconformably below the Potsdam, because they are uptilted at a
high angle, while the Potsdam is horizontal, and the horizontal sand-
stone abuts against the quartzite and holds fragments derived from
it. These quartzites are either Laurentian or Huronian.

MURRISH,™ in 1873, describes the quartzite ranges of erfmboo as a
metamorplnc smndbtone of the Potsdam age. On the Black and Yel-
low rivers are found granitic and hornblendic Azoic and plutonicrocks.
At Black river falls are knobs of magnetic ore in a series of elongated
knobs or mounds, associated with quartz and micaceous slate. At
Grand rapids, on the Wisconsin river, Azoic rocks similar to those on
Black river are found. A quartzite mound at Necedah occupies a
geological position similar to the iron ores at Black river falls.

BaToN,™ in 1873, maps the quartzites of the Baraboo river. - At
Ableman’s the highly tilted quartzites are flanked on both sides by
horizontal sandstone and conglomerate, the latter having angular trag-
ments of the quartzite of varying magnitudes. The overlying sand-
stone is exactly like that described by Irving at Devil’s lake as con-
taining Potsdam fossils. The sandstone is above horizontal limestone
containing Pleurotomaria. The quartzite is then an old Azoic reef of
tilted rocks which has suffered enormous erosid® before washed by the
waves of the Potsdam sea.

IrVING,* in 1873, maintains the pre-Potsdam age of the Portland
quartzite on the same ground as the pre-Potsdam age of the Baraboo
ranges. There is a close similarity between the Baraboo and Portland
quartzites and the rocks in northern Wisconsin and Michigan which
are now regarded as Huronian.

IrRVING,"8 in 1874, describes as occurring in northern Wisconsin four
distinet groups of rocks, the Laurentian, Huronian, Copper-bearing,
and Lower Silurian. The Laurentian consists of granites, gneisses,
and syenites for the most part, although there may be various schist
beds present. The Huronian rocks consist of siliceous schists, quartz
rock, and black slates, magnetic and specular schists and slates,
metamorphic diorite and diorite-schists. Its lowest portion is of
simple siliceous schist with some granular white quartz, gray quartz-
ite, and black slate. The central portion consists of magnetic and
specular slates and schists in which all the ores are found, and the
highest and northernmost portion consists of diorites, d1011te slates,
diorite-schists, and quartz-slates. The Copper-bearing series is next
north of and immediately overlies the Huronian, and is of enormous
thickness, never less than 4 miles. The lower portions of the group
are probably in part of igneous origin, but the upper portions are be-
yond all doubt exclusively the results of sedimentation. The group
consists of shales, sandstones, conglomerates, amygdaloids, and traps.
The sedimentary series do not altogether overlie the trappean beds,
but are near their junction directly and unmistakably interstratified
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with them. The Silurian rocks in Ashland connty are in a horizontal
position in a trough between two lines of highly tilted beds of the
Copper-bearing series. At one place the horizontal sandstone is found
within a few hundred feet of the copper-bearing trap and within 2 miles
of vertical sandstones of the same group.

In Douglas county the horizontal sandstone is traceable to within a
short distance of the trap, and sometimes to actual contact, the trap
dipping, whenever it is observable, always to the southward, aud
having no tilted sandstones and conglomerates associated with them.
As the Huronian and Copper-bearing series are in apparent con-
formity it is concluded that they were once spread out horizontally
one over the other, and owe their present highly tilted position to one
and the same disturbance; and subsequently, after a long period of
erosion, the horizontal Silurian sandstones were laid down over and
against the upturned edges of the Copper-bearing series; and that
hence the Copper-bearing series is more nearly allied to the Archean
than to the Silurian rocks. One fact is, however, difficult of explana-
tion on this hypothesis. In Douglas county at several places the hor-
izontal sandstones, when traced to their junction with the southward
dipping trap, present g remarkable change; the horizontal layers are
suddenly scen to change from their ordinary position to a confused
mass of broken layers, dipping in every conceivable direction and in- -
creasing in confusion as the trap is approached, until finally the whole
changes to a confused breccia of mingled trap and sandstone fragments.
It is suggested that this appearance is due to the movement of the solid
trap northward against the sandstone since the deposition of the latter
rock. The great lake Superior synclinal of Copper-bearing rocks is
found to extend west into northern Wisconsin.

SWEET,'® in 1876, describes the junction of the Laurentian and Hu-
ronian rocks on Bad river. Hereat the base of the Huronian series is
a siliceous marble dipping to the northward at an angle of 66°, while
100 feet to the south is a ledge of gneissoid granite showing a well
defined dip of 77° to the south. There can be no doubt of the uncon-
formability of these formations. The Penokee series is found to be
abou* 5,000 feet thick, to be everywhere conformable, and to dip about
66° to the north.

On the Chippewa is found a quartzite which has a layer the lowest
stratum of which is a reddish metamorphic conglomerate having a
thickness of 300 feet. The pebbles of this conglomerate are either
jasper or amorphous quartz. The conglomerate and quartzite are dis-
tinetly and heavily bedded. South of this quartzite are syenitic gran-
- ites which are assumed to be of Laurentian age, and the quartzites
and conglomerates are assumed to overlie them unconformably. A
short distance north of the mouth of Snake river cupriferous melaphyres
and amygdaloids are overlain by horizontal beds of light colored Pots-
dam sandstone, while a few miles to the north conglomerates and shales



VAN H1sE.] LAKE SUPERIOR REGION. 109

conformably overlie the cupriferous strata. The conglomerate is heav-
ily bedded, but does not cover the melaphyres and amygdaloids at all
points, appearing to fill pockets and depressions in them rather than
being interstratified. At St. Croix falls on the St. Croix river Pots-
dam sandstone containing fossils are found in a horizontal position within
a few feet of the cupriferous rocks. Depressions and pockets in the sur-
face of the cupriferous rocks are filled with horizontal layers of the
sandstone, and detritus from the crystalline rocks are found in its lay-
"ers. The lake Superior synclinal is traced westward across the state
of Wisconsin and enters the state of Minnesota. It is then over 300
miles in length and from 30 to 50 miles in width. °
IRVING,™ in 1877, summarizes the facts proved as to the older rock
series of Wisconsin, There are here four series: The oldest (1) dre

gneflsses and granites with other rocks; these are overlain uncon-
formably by (2) a series of quartzites, schists, diorites, etc., with some
gneiss and granite; these in turn are overlain—probably also uncon-
formably, but this is not certainly proved—Dby (3) the Copper series,
which includes greenstones and melaphyres and also great thicknesses
of interstratified sandstone, melaphyres, amygdaloids, and shales, the
whole having a thickness of several miles; these finally are unconform-
ably covered by (4) a series of unaltered horizontal sandstone including
numerous fossils, many of which are closely allied to those of the Pots-

dam sandstone of New York, and all of which have a marked Primor-

dial aspect. To the Laureutian and Huronian systems of Canada are
referred (1) and (2) because they bear the same relations to one another
and to the Copper series that these systems do.

The exact junction between the Potsdam sandstone and the Huro-
nian quartzite is seen at numerous places. The Potsdam, containing
fossils and numerous fragments from the older rocks, lies upon and
wedged in between the tilted ledges of the Huronian. Ixactly similar
unconformability is to be seen at the Dalles of the St. Croix between
the Potsdam and Copper series. :

WicHT,™! in 1877, describes the horizontal Potsdam Sd]ldthllL as
resting on the uneven and tilted surface of the underlying igneous or
crystalline rocks at St. Croix falls. Almost in contact with the trap
the sandstone contains numerous well preserved fossils. At Pince
island in Kettle river the Superior red sandstone contains abundang
fragments of the adjacent trap, forming a brecciated conglomerate kin-
dred to the conglomerate which-extends from Keweenaw point along
the northern base of the Porcupine and Penokee mountaius. Wvery-
where this conglomerate is composed of fragments of the more elevated
Huronian or trap ridges. The Superior red sandstone, wherever it
borders the trap ridges, shows that it has been tilted, broken up, or
crushed. It appears that the trap, whether erupted or nupheaved con-
vulsively or slowly, encountered this formation in its ascent. On the
contrary, the Potsdam sandstone everywhere rests in a horizontal
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undisturbed position on the bedding of the trap. Either the Superior
red sandstone is older than the Potsdam or the trap rocks in conjunc-
tion with the Superior red sandstone are younger than those in con-
junction with the Potsdam.

CHAMBERLIN,' in 1877, describes the Archean rocks which in the
eastern part of Wisconsin protrude but are not intrusive in the Pale-
ozoic formations. These are the Mukwa granite, the Berlin porphyry,
the Pine bluff quartz-porphry, the Marquette quartz-porphyry and the
quartzites of Portland and Waterloo. . The porphyries are found to
have obscure but distinct bedding. The metamorphosed quartzites
show ripple marks and contain conglomeratic layers. The Potsdam
sandstone-and Lower Magnesian limestone rest in a horizontal position
against and contain fragments from the crystalline rocks. The quartz-
ites are regarded as originally sandstones and conglomerates which
were metamorphosed before the deposit of the neighboring horizontal
rocks, and which have been tilted and eroded before the stratified rocks
were deposited. These quartzites are regarded as a portion of the Bar-
aboo quartzite series. .

IrRvING,™ in 1877, describes the Archean rocks which cover all of
Marathon, most of Wood, and much of Clark, Jackson and Portage
counties, in Wisconsin. The Laurentian is a great mass of crystalline
rocks, granite, gneiss, chloritic, micaceous and hornblendic schists which
. ave folded and eroded so as to offer the greatest obstacles to their de-
tailed study. On thesouth side of the Laurentian core, on Black river,
and in isolated masses, are ferruginous schists, quartzites, and quartz-
porphyries, which are probably Huronian. The presence of these rocks
on the south, the quartzites of Chippewa and Barron counties on the
west, and the Huronian rocks of the Penokee range on the north leads
to the suggestion that the Huronian rocks entirely surround the Lauren-
tian core of northern Wisconsin. The line of junction between the
Archean area and the Potsdam formation to the south is exceedingly
irregular. The latter always rests in a horizontal position upon the
crystalline formations with the most marked unconformability, the ex-
act contacts being found at several places. The most abundant of the
crystalline rocks is gneiss, and the original bedded condition of the
whole series is evident, not only by a prevailing gneissoid and schistose
character, but also by the existence of distinct bedding planes which
can generally, even in the granitoid kinds of rocks, be readily made out.
The processes of metamorphism and disturbance have been carried to
the last extreme, as shown by the highly crystalline character of the
rocks and the fact that the gneiss grades into granite, as well as by
the greatly contorted condition of the gneiss laminz and the close fold-
ing of the whole series. While the series as a whole is bedded, dis-
tinctly intrusive granite occurs, as shown by the way in which it joins
and penetrates the bedded rocks. _The main area of the crystalline
rocks certainly belongs to the Laurentian, and a small area only on the
south of the district is doubtfully Huronian.
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Very numerous details are given as to particular localities, showing
the manner of occurrence and relations of the different varieties of
rocks and the unconformities which exist between them and the Silu-
rian. On Mosinee and Rib hills are found large exposures of quartzite.
At Black river falls the regularly bedded succession of highly tilted
strata of many members consists in large part of regularly laminated
schistose rocks, such as ferruginous quartz-schist and magnesian schist
or slate, having together an approximate thickness of at least 5,000
feet. Gneiss and granite are also here found.

Isolated from the main Archean area are quite numerous exposures
of crystalline rocks which protrude in mound-like forms from beneath
the horizontal strata. The largest of these are the quartzite ranges of
Baraboo. About many of these areas are found horizontal sandstone
lying immediately against the tilted crystalline rocks and carrying peb-
bles and bowlders derived from them, proving that they are all of
greater antiquity than the surrounding sandstone layers. These rela.
tions are particularly well shown in the Baraboo quartzite ranges. Aside
from these ranges, the more important areas are the Marcellon, Observ-
atory hill, Moundville, Seneca (Pine bluff), Marquette and Berlin
quartz-porphyries, the Montello and Marion granites, and the Necedah
quartzite. . '

IrvING,'* in 1878, describes at Potato river the siliceous slate, one
of thelower members of the Huronian, as in contact with the chloritic
gneiss of the Laurentian. The slate inclines at-a high angle to the
north, while the gneiss layers dip to the south and strike in a direction
oblique to that of the slate layers.

CHAMBERLIN,' in 1878, describes on the Gogogashugun, in the
Penokee district, the exact junction between the Laurentian and Hu-
ronian series. The Laurentian member consists of a peculiar gneissoid
rock like that which occupies a similar relation at Penokee gap. The
Huronian lies in absolute contact with this. Its siliceous material at
the time of its deposition so insinuated itself into the irregularities of
the surfaces of the gneiss that the two formations are interlocked, and
a hand specimen was obtained, one portion of which is Laurentian
gneiss and the other Huronian schist, the two being unconformable.
The Huronian siliceous schists are overlain by beds of white and red
quartzite, and these graduate into alternating layers of quartzite and
iron ore. The iron ore horizon is here hematitic and soft, but is the
equivalent of the hard magnetic horizon to the west. In this part of
the belt is presented the greatest probabilities of the existence of work-
able ore.

IRVING,'® in 1880, gives a comprehensive account of the general
structure of northern Wisconsin. Here are found four great systems,
the Laurentian, Huronian, Keweenawan, and Lower Silurian, all of
which are unconformable with each other. The rocks of the crystal-
line nucleus are correlated with the Laurentian of Canada because they
sustain the same structural relations to the Huronian, Keweenawan,
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and Lower Silurian as does the typical Laurentian of Canada, and be-
cause they have the same general lithological peculiarities. There can
be no reasonable doubt that they are directly continuous with the
Canada Laurentian. The prevailing rocks are granite and gneiss.
These rocks are greatly folded and have certainly an enormous thick-
ness. It is evident that these rocks are of true sedimentary origin.

The granites are generally without distinct bedding, but no eluptlve
granite recognizable as such has been observed.

Lying immediately against the Laurentian, and sharply defined from
it, extending from Montreal river to lake Numakagon, is a belt of schis-
tose rocks which are beyond question the westward extension of the
iron-bearing series of the upper peninsula of Michigan. This belt has
an aggregate thickness of strata of 13,000 feet. The subdivisions, be-
ginning below, are (1) crystallinelimestone; (2) quartz-schist and argil-
~ litic mica-schist; (3) tremolitic magnetite-schists, magnetic and specular
quartzites, lean maguetic and specular ores; (4) alternations of black
mica-slate with diorite and schistose quartzites; (5) mica-schists with
coarse intrusive granite. These major divisions are again subdivided
at Penokee gap and vicinity. The system always dips north, usually
at a high angle, the strikes are oblique to the underlying Laurentian
gneiss, proving the unconformability of the two systems, the actual
contact of which can be seen in several places. These rocks are re-
garded as the equivalent of the Huronian of Canada, because they are
the direct continuation of the iron-bearing system of Marquette, because
the grand divisions of the Bad river and Marquette system are simi-
lar, because they show the same relations to the Laurentian and Xe-
weenawan systems as found in the Huronian of Canada, i.e., newer
than the former and older than the latter, and because the Marquette
and Menominee sediments are in unconformable contact with the Lowe1
Silurian sandstone.

The Keweenawan system is a distinetly stratified one, in large meas-
ure made up of eruptive rocks in the form of flows. These constitute
the lower 10,000 feet of the system, and above these are found the de-
trital rocks, increasing in frequency, until they wholly exclude the 1gne-
ous rocks in the upper 15,000 feet. The eruptives of the system are
chiefly diabase, melaphyre, and gabbro. The succession on the Mon-
treal river is (1) chiefly diabase and diabase amygdaloid, with little
satisfactory appearance of bedding and having a width of about 33,000
feet; (2) alternations of (1) with red sandstone and shale, 1,200 feet; (3)
bowlder conglomerate, 1,200 feet; (4) alternations of shale and quartz-
less sandstone, 350 feet; (5) red sandstone and shale, 12,000 feet. It
the series is regarded as a continuous one it is at least 50,000 feet thick.
There are two prominent belts of the Keweenaw rocks in northern Wis-
consin lying parallel to each other and having between them a synclinal
depression which is occupied by Chequamegon bay. The Keweenawan
system is evidently newer than the Penokee system. That the two sys-
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tems are actually nonconformable in these regions is not evident, for
in sections the dip in passing from one to the other is generally nearly
the same. That there is a real unconformity is indicated by the facts
(1) that in passing westward from Penokee gap the uppermost beds of
the Huronian are gradually cut off by the gabbro that forms the base
of the Keweenaw series; (2) that there is not an absolute conformity in
dip between the Huronian and Keweenawan rocks; (3) west of lake
Numakagon the diabases and other eruptive rocks of the Keweenaw
series appear completely to cover the Huronian.

The lake Superior sandstone is always in a horizontal position and is
more highly siliceous than the sandstones of the Keweenawan system.
At the St. Louis river it overlies unconformably the Huronian schists.
In Douglas county are several junctions of the sandstone with the Ke-
weenawan rocks. Here the horizontal sandstones in approaching the
eruptive rocks of the Keweenawan system are found to be brecciated
and tilted, the original lines of deposition being sometimes entirely
obliterated. These peculiar appearances areregarded as duein part to
the naturally confused mode of deposition on the cliffy shore in which
the sandstone was originally deposited; but a slight movement of the ‘
deep-seated crystalline rocks against the more superficial sandstones
would also account for much of the phenomena. That the sandstoune
formation rests unconformably upon th Keweenawan system is further
shown by the fact that in the Dalles of the St. Croix the horizontal
sandstone and shales, with characteristic Primordial fossils, lie upon
the irregular and eroded surface of a Keweenawan melaphyre.

The Penokee series is compared with the Marquette Huronian and
there is found to be a general likenessin the rock succession in the two
regions. Very numerous detailed sections and outcrops at particular
localities are fully deseribed and mapped.

WRIGHT,™ in 1880, describes the Huronian series west of Penokee
gap. The succession here found is limestone, chloro-silicious schists,
quartzites, magnetic schists, Keweenawan; the magnetic sclusts being
occasionally interstratitied with greenstone. At Penokee gap is found
adolomitic limestone overlain with quartzite and chloro-siliceous schists,
which rest unconformably upon the Laurentian rocks. The Huronian
rocks here have a dip of 66° to the north, while the Laurentian rockg
have a southern inclination from 65° to 800, West of Numakagon lake
the magnetic attractions are found to cease and the Copper-bearing
series and granite belonging to the Laurentian are found in direct con-
fact. This appearance is regarded as being due to the covering up of
the Lower Huronian by the Copper-bearing rocks.

. Swegrr,' in 1880, describes the geology of the western lake Superior

district. The geological formationshere found comprise the Laurentian,

Huronian, and Keweenawan systems. The Keweenawan rocksare found

in a great synclinal. In northern Wisconsin, below the Keweenawan,

no southward dipping rocks are fomid referred to the Huronian, but in
Bull. 86—
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Minnesota, along the St. Louis river are strata which occupy a position
inferior to the Keweenawan series, are lithologically like the slates of
Ashland county, and are cut by numerous dikes in lithological char-
acter precisely like the rock at the base ot the Copper-bearing series.
They are hence regarded as Huronian. The Copper-bearing strata con-
sistof a detrital upper portion of sandstones, conglomerates, and breccias,
having a maximum thickness of 9,000 feet, and of eruptive strata, con-
sisting of melaphyre, diabase, porphyry, gabbro, ete., having an appar-
ent maximum thickness of over 36,000 feet. The quartzites, siliceous
schists and chloritic slates along the St. Louis river, referred to the
Huronian, are many thousand feet thick. Upon the St. Louis slates at
one place the lake Superior red sandstone and conglomerate repose
unconformably. The Keweenawan eruptiverocksarebedded. They have
a very persistent and quite uniform dip and strikein any given locality.
The layers are seldom less than a foot or two in thickness and aremore
often many feet thick, so.as to give an exposure an unstratified appear-
ance, On one side of each layer is a precipitous and somewhat jagged
ridge, owing tio the exposure of the edge of the layers, while on the other
side the soil descends with the inclination of the bedding.

As to the age of the Copper-bearing series, it can be only said that
they are older than the lake Superior red sandstone; for when the latter
is conglomeratic the pebbles are almost invariably derived from the °
Keweenaw series. Also the perfectly horizontal sandstones approach
in that condition within 15 or 20 feet of the dipping crystalline rocks;
and from this it is assumed that they unconformably overlie them. At
Black river falls on the lower Black river, at the gorge of Copper creek,
and along the west bank of Middle river, the horizontal sandstones are
found, in approaching the eruptives of the Copper-bearing series, to be-
come uptilted, brecciated, and in some cases conglomeratic, and some-
times wholly lose their structure. The eruptives in all these cases dip
away from the uptilted sedimentary rocks.

CHAMBERLIN and STRONG,' in 1880, describe the geology of the
upper St. Croix district. The Keweenaw series is composed of two
classes of rocks, massive crystalline beds which owe their origin to the
succession of outflows of molten rocks, and conglomerates, sandstones
and shales derived from the wear of these igneous rocks and from the
older formations. They are in part interstratified with the igneous
rocks and in part overlie them. The eruptives are mainly diabase and
diabase amygdaloid, although melaphyre is found. The Keweenawan
beds were deposited in essentially a horizontal condition, were bent into
their present trough-like form, and ercded, and upon their upturned
edges was deposited the Potsdam sandstone. This is shown by the fact
that at St. Croix falls the horizontally stratified sandstone is found with-.
in a few feet of an exposure of highly inclined Keweenawan melaphyre
containing numerous fragments derived from it. This sandstone has
characteristic Potsdam fossils, Atone placenearthe falls the Potsdam is
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found directly superimposed in a small gorge upon the melaphyre. The
melaphyre is cut by vertical planes of division which are quite smooth
and uniform; but there is another persistent set which is much less
smooth, but persistent and constant in direction. These planes are
usually 1n detail slightly uneven and undulatory, and separated by sev-
eral feet. They are believed to represent the dip of the igneous beds.
It is upon the persistence of these inclined beds, taken in connection
with their parallel lithological habit, that the determinations of dip are
made. Outside of the district the northward dipping diabase is found
on one side of the Numakagon river, while upon the other is seen the
Laurentian granite.

BROOKS,'¥ in 1880, gives the geology of the Menominee iron region.
The Lower Silurian sandstone is found capping the older rocks near
lake Eliza. The Laurentian granite, gneiss, and crystalline schist series
is not subdivided. No limestones, dolomitic marbles, conglomerates,
calcareous or arenaceous chloritic schists are considered as belonging
to the Laurentian system. It is not certain whether this series occurs
in Wisconsin within the area surveyed.

The Huronian series is divided into lower, middle, and upper divi-
sions. The lower division comprises the lower quartzite of great thick-
ness, the great marble formation, and the great iron ore horizon con-
taining magnetic, hematitic, and jaspery schists as well as deposits of
iron. The middle Huronian comprises quartzites, clay-slates, and ob-
scure soft schists. The upper Huronian includes mica-schists, gneisses,
and granite, the last of which may possibly be eruptive, but is the
topmost member of the Huronian succession. Interstratified with the
Huronian are diorites, diabases, gabbros and greenstones, and green-
stone schists, which are believed to be conformable beds of metamor-
phosed sedimeuts. They are never found in the form of dikes. The
thickness of the Huronian in the Menominee is not far from 10,000 to
15,000 feet. There is great difficulty in ascertaining exactly the thick-
ness on account of the sharp folds, where thick beds double back upon
themselves. This especially affects the quartzites, clay-slates, and
ereenstones. Therelative proportions of the different kinds of rocks of
the Huronian and a correlation of the successions in various districts of
the Menominee are given, and the twenty members (including the upper
granite) are correlated in detail with successions north of lake Huron,
and in the Marquette, Gogebic, Penokee, and central Wisconsin regions.
The resemblance between the Marquette, Menominee, Sunday Lake,
and Penokee series are so numerous as to point unmistakably to their
having been formed in one basin under essentially like conditions.
Detailed sections and maps of the rock exposures are given at numerous
points. The youngest Huronian member, the granite, has a wide extent.
‘While this is true, granite dikes are rare in the Menominee Huronian
and have never been observed in the Marquette series. No rocks
affording the slightest suggestion of conglomeratic structure have been
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found in the Laurentian, its rocks always being much metamorphosed
and often so much as to destroy all traces of bedding. Underlying the
quartzite at Sturgeon river falls is a schist-conglomerate which has
numerous pebbles of what appear to be granite and gneiss from the
adjacent Laurentian. In the Pine and Poplar river regions is found
conglomeratic quartz-schist containing micaceous iron and magnetite.
In the Commonwealth section are included quartz-schists which are
conglomeratic, containing pebbles of white quartz and jasper. There
are also found in the upper beds of the Huronian, conglomeratic mica-
ceous quartz-schists. At various places granites and gneisses overlie
conformably the younger Huroman schists, into which they send dikes.
As the evidence of bedding is rare, it is possible that toward the end
of the Huronian period there was a great eruptive overflow of these
rocks. Cutting the Laurentian rocks in all directions are dike-like
masses of granite and greenstone. The abundant greenstone dikes of -
the Laurentian are much more common than in the Huronian, and
resemble the Huronian bedded diorites. It is suggested that these
dikes have afforded the material for the greenstones and related schists
of the Huronian. May not also considerable of the magnetite come
from the same source?

WRIGHT,*! in 1880, in describing the westem and southern extension
of the Menommee range, states there can be no doubt that the granite
is younger than the lower Huronian. This latter dips under the former,
and veins of the former penetrate the latter, but whether it belongs to
the lower Huronian is an open question.

STRONG, SWEET, BROTHERTON and CHAMBERLIN,* in 1882 further
describe the quartzites of Barron and Chippewa counties. They are
found in several localities to contain beds of conglomerate, to have not
infrequently distinct bedding, and to contain locally beds of pipestone.

KING,*?*in 1882, describes the rocks of the upper Flambeau valley.
They are found to be mainly granite, gneiss, hornblende-schist and
mica-schist, and are all referred to the Laurentian.

IrviNG and VAN HISg,!* in 1882, describe the crystalline rocks of
the Wisconsin valley. The crystalline rocks here found are a great
series of schistose gneisses. Alternating with these are finer grained
and more highly lamellar schists. Intersecting the gneiss are dikes
of various basic roeks, while structureless masses of granite, presum-
ably intrusive, are also found. In the vicinity of Wausau are argilla-
ceous quartz schists and quartzites, which on lithological ground may
be referred to the Huronian, although of the structural relations of these
rocks with the Laurentian gneisses nothing is known.

CHAMBERLIN,' in 1883, gives a systematic account of the geolowy
of Wisconsin. The rocks of Laurentian age are mainly of the granitic
type, consisting largely of granites, gneisses, syneites, hornblendic,
micaceous, and chloritie schists, with allied rocks. These are associated
with igneous diabase, diorites, and similar rocks. This series is re-
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garded as a sedimentary accumulation, on the grounds (1) of foliation
and stratification ; (2) of thealternating bands of varying chemical consti-
tution; (3) of the verging of one kind of rock into another laterally; and
(4) of the presence of kinds of rocks not known to be produced by
igneous agencies. The thickness of these sediments is enormous. An
estimate ot 30,000 feet is probably not too great.

The calcareous and carbonaceous beds of the Laurentian of Canada,
as well as the Archean limestones and iron ore beds of New York, are
considered to be Huronian rather than Laurentian, and if this is so,
there is present in the Laurentian no positive evidence of life, although
investigations in the future may reveal evidences of organic beings. The
development of life in the Primordial is so abundant as to lead.to the
conclusion that for its evolution to this degree of perfection a vast
prior period of time was required-which probably would carry the life
well down into the Laurentian series. It is further suggested that the
abundance of alkaline rocks inthe Laurentian may be due to the effects
of life in the Laurentian ocean.

Between the Laurentian and Huronian periods the Laurentian beds
were closely folded; the sediments were changed by metamorphism to a
thoroughly crystalline eondition, and the series was profoundly eroded.
About the thus formed Laurentian isles was deposited the Huronian.
This comprises the Penokee series, the Menominee series, the Baraboo
- quartzites, the quartz-porphyries of central Wisconsin, the quartzites
. and catlinite of Barron and Chippewa counties, and the iron-bearing
series of Black river falls. These series consist for the most part of
limestones, slates, sometimes heavily carbonaceous, quartzites, hema-
titic and magnetitic schists, mica-schists and diorites. The presence of
limestones, carbonaceous shales, and iron ore are taken as the evidence
of life. After the deposition of the Huronian it was upheaved, meta-
morphosed and eroded before the beginning of Keewenawan time,
although the unconformity between the two series in Wisconsin is
but slight and the above changes were only partially accomplished
when the Keweenawan eruptions began. The metamorphism was less
in degree than that which has affected the Laurentian strata, but is
more intense than that which the Keweenawan series has suffered. It
was not in general sufficient to obliterate the original grains and peb-
bles, nor to destroy ripple and rill marks. In the Huronian strata are
igneous beds and dikes of gabbros, diabases, and diorites, the age of
which is not certain. They may be, so far as yet known, in part con-
temporaneous and in part subsequent, or wholly the one or the other.

The rocks of the Keweenawan period consist of interstratified igne-
ous and sedimentary beds; the former mainly diabases, with some
gabbros, melaphyres, and porphyries; the latter conglomerates, sand-
stones, and shales, derived mainly from the igneous rocks. The maxi-
mum thickness is about 45,000 feet, of which the upper 15,000 feet is
sedimentary. The bottom of the lake Superior basin was gradually
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subsiding during the time of the formation of these beds. While tilted,
they are not contorted or metamorphosed. There is in this period no
direct evidence of the existence of life. Over the great conglomerate
of the Penokee and Porcupine mountain regions is a black shale that
simulates those of later ages formed in association with life. After
the close of the Keweenawan period, before the Potsdam sedimentation
began, there was a period of erosion. How great this interval was has
not yet been determined; quite possibly the lower Cambrian forma-
tions of Great Britain and Bohemia bridge the entire interval.

IRVING,6 in 1883, gives a systematic account of the lithology of
‘Wisconsin. Among the eruptive rocks are placed diabase, melaphyre, .
gabbro, norite, diorite, peridotite, syenite, porphyry, and granite.
Among the schistose rocks are gneiss, mica-schist, hydromica-schist,
actinolite-schist, tremolite-schist, hornblende-schist, augite-schist, chlor-
ite-schist, tale-schist, magnetite-schist, hematite-schist, quartz-schist,
quartzite in part, chert-schist, and jasper-schist. Among the half frag-
mental rocks are quartzite, clay-slate, and novaculite. The explana-
tion of the origin of gneiss or lamellar granite by metamorphism, the
structure being regarded as residual sedimentation, is regarded as un-
satisfactory. Many rocks which have been called metamorphic are
placed as eruptive, and it seems not improbable that the same origin
is to be attributed to some rocks with a strongly developed schistose
structure. The hornblende-schists are regarded as altered forms of
augite-schists.

‘WOOSTER,' in 1884, deseribes, upon the St. Croix river near Osceola
mills, the Potsdam sandstone carrying fossils, which grades down into
a conglomerate containing pebbles from the Keweenawan, Laurentian,
and Huronian series. The sandstone and conglomerate rest unconform-
ably upon the underlying Keweenawan rocks.

FuLron, in 1888, describes the Huronian rocks of the eastern Me-
nominee region as consisting of three formations. The basal formation
is a crystalline siliceous limestone at least 1,200 feet thick, which out-
crops at many localities along the range, especially north of the Norway,
Quinnesec, and Chapin mines. The next group, estimated at a thou-
sand feet in thickness, is the Quinnesec ore formation. It consists of
siliceous or jasper slates, largely impregnated with iron oxides. These
are succeeded by argillaceous hydromica slates and flesh-colored slates,
This formation embraces the deposits of iron ore. The third formation
is a series of dark gray, slaty, or schistose rocks, with occasional
quartzose bands, having a thickness of 2,000 feet, and is called the lake
Hanbury slate group. Detailed sections at the East Vulcan, Curry,
Norway, Cyclops, and Quinnesec mines are described. In some cases
the oreis associated with the Potsdam sandstone, which rests unconfor-
mably in a horizontal position upon the flexed and denuded Huronian
rocks. The iron ore beds in the Huronian are generally associated
with aluminous slates or soapstones.. :
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SECTION V. WORK OF THE MINNESOTA GEOLOGISTS AND ASSOCIATES.

EAMES,™ in 1866, mentions different crystalline rocks as occurring
& many points in northeastern Minnesota.
EAmps,' in 1866, describes in Minnesota various granitic, igneous,
nd metamorphie rocks, The most prevalent rocks found in the north-
=rn part of the state are granite, porphyry, hornblende slates, siliceous
slates, trap, greenstone, talcose slate, primitive schistose rock, gneiss,
.znd Potsdam sandstone. The rocks of the Upper Mississippi river are
described. At Pokegama falls the rock is a quartzite belonging to the
Potsdam. There is also found along the river jasperoid rock with iron
ore and argillaceous slate. In Stearns county are numerous exposures
of granite. The varieties of rocks in the Vermilion lake district are
found to be very numerous.

HALL (JAMES),"! in 1869, finds in the vicinity of New Ulm, on the Big

" Cottonwood river and on the Little Cottonwood, extensive exposures
of quartzite. At New Ulm the rock is shown to be a metamorphosed
quartz rock or conglomerate. This rock is succeeded below by com-
pact quartz rock, with beds of syenite, which graduate still lower into
purple or reddish quartz rock in distinet layers, alternating with shaly
seams. The quartzite of this region has a thickness of not less than
1,500 feet. At Redwood falls are found gneiss and granitic rocks of
Laurentian age. The quartzites are regarded as of the age of the
Huronian of Canada and equivalent to the quartzites of Wisconsin.

WHITE,"™ in 1870, describes the quartzites of Towa, Minnesota, and
Dakota. They are completely metamorphosed, intensely hard rocks,
although the lines of stratification are distinet and there are frequently
seen distinet ripple marks upon the bedded surfaces. Not infre-
quently the quartzite is conglomeratic. In them no fossils have been
found. They are, however, regarded as belonging to the Azoic age be.
cause of their complete metamorphic character, because of their dis-
turbed condition, and because the Lower Magnesian limestone at New
Ul rests upon the quartzites unconformably, and in this part of North
America no disturbances are known to have oceurred between the com-
mencement and close of Paleozoic time.

WincHELL (N. H),"® in 1873, states that the granitic and meta-
morphic rocks occupy a great portion of the state of Minnesota
These are regarded-as Laurentian and Huronian. Their lithological
and mineralogical characters are complex and variable. The original

‘npucleus was granite and syenite, and around these are arranged the
metamorphosed slates and gneisses in upturned or even vertical beds,
while intercalated with them are numerous injected beds or dikes of
trap. The Sioux quartzite and those of New Ulm are placed as a part
of the Potsdam sandstone. The Potsdam was laid down before the
close of the volcanic disturbance, for the St. Croix beds of later age
rest unconformably upon the Laurentian as well as upon the upturned
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beds of the Potsdam. In htholooncal character the Potsdam beds dlf-g

fer from tliose of the St. Croix, being hard and vitreous and usually. of 8
red color. The Potsdam has a thickness of at least 400 feet. !
WINCHELL (N. TL.),5% in 1874, gives details as to-the geology of th:

Miniiesota valley. Theé quartmtes in the Vlcmlty of New Ulm and R- |
stone, referred to thé--Potsdam, are conglomeratlc in pla,ces In
Valley there are quite numerous outcrops of granite which are soms:
- times”cut by trap dikés, At Gramte falls there are sudden changu.i
" from real granite to hornblende- schlst - ‘ Fgl
© STRENG and KLoos,155 in 1877, describe in the - Uppe1 Mississippi a.
set“of granitic, syenitic, dior 1tlc, ‘and .gabbro-like rocks which are re-
ferred to the Laurentian, while north of these is a zone of metamorphic
schist—mica-slate,  tale-slate, and clay-slate—with . gneiss-like rocks, -

. which may be Huronian. South of Vermilion lake-is a region of gran- .
ite, gneiss, and crystalline slate which belong to the Laurentian forma-

* tion; while occupying a wide extent -of country about - the St. Louis -
-river are roofing slates and quartzites which are probably.the repre-

entamve of the Huronian. The igneous rfocks at- the west end of lake

. Superior are withount doubt of Potsdam age ~On the St. Croix river is'
.a melaphyre which lies unconformably below a sandstone and conglom-
erate bearing fossils of Lower Silurian age, which relation pomts
the Huronian age of the: melaphyre .

WINCHELL (N. H.),”* in 1878, describes the crystalline rocks along
the Northern Pacific rallroad Syenites and_ granites oceur at Little
falls on the M1ss1ss1pp1, and at. Thompson on the St. Louis river are -
slates, the former varying into a mlca-schlst In Pipestone and Rock - .
counties are large exposures of quartmte which are lithologically hke
thosé of New Ulm, and like:them are placed in the Potsdam.

WiNcHELL (N. H.),"" in 1879, gives the geological results of ah -
examination of the northeastern part of the state of Minnesota. The’
formations that compose the coast line of Take Superior include, in de:
scending order, (1) metamorphic sh&les, sandstones, and quartzites cut
by dikes and 1nterbedded with igneous- rocks, perhaps Sir William
Logan’s Quebec group. .(2) Sandstones, metamorphosed into basalti-
form red rock,interstratified with-igneous rock along the Palisades and

~ at Black pomt (3) A quartzose conglomerate at the Great-Palisades
and at Portage bay island. (4) The guartzites and ‘slatés of Grand
Portage bay. .(5) The jasper, flint, and iron- -bearing Dbelt of Gunflint
- lake, Vermilion lake and Mesabi. (6) The slates and schists which the.
Canadian geologists designate Huronian. (7) Syemtes, granites and
“other rocks which have .been classed as Laurentian.” (8) The igneous
rocks known as the Cupriferous séries. " The Ouprlferous series seems
. to overlie several formations unconformably, and is interstratified w1th ~
some of the later, and especially with Nos. 1 and 2.
WinomELL (N. H)," in 1830, descrlbes the Cupriferous series of -
. Duluth. At Duluth the nost ‘1mp01tant rock is' the gabbro. This is

7
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intimately associated with a syenitic granite which is a metamorphic
"rock, all stages being seen, from the perfectly crystalline granite to the
-anchanged sedimentary layers. The Cupriferous series is regarded as
sPotsdam.

- UPHAM, in 1880, descrlbes granites and gneisses at numerous locali-
glesin the anesota. valley. In the conglomerate opposite New Ulm
o-ad in the quartzite at Red stone are found numerous pebbles of quartz

- «.nd jasper, but no granite-pebbles are seen, although it outcrops close
+0 the west.

HALL (C. W.),'™ in 1880, describes the rocks between the mouths of
Poplar and Devil’s track rivers on lake Superior to be dark colored
basie rocks of igneous origin belonging to the Cupriferous series, with
the exception of a few beds of sandstone and conglomerate interbedded
with the igneous rocks. The Sawteeth mountains are formed as a re-
sult of combined i igneous action and the folding of sedimentary strata
and erosion.

WINCHELL (N. H.),’™ in 1881, gives many details as to the rocks of
northeastern Minnesota. At Pigeon pointis amassive bedded or jointed
formation liké that at Duluth, with which it may be parallelized. The
latter bélongs to the Cupriferous series and the former to the Animikie,
80 that the Animikie appears to be a downward extension of the Cu-
priferous. At Mountain lake the hills are short monoclinals of gray
quartzite, with beds of argillaceous and black slate, dipping to the
southward usually at an angle of 8° or 109, and covered with a greater
or less thickness of trap rocks. In beds generally less than 50 feet,
but sometimes 150 feet thick, the trap and slate dip together, so that
the hills have gradual slopes toward the south, and steep or perpen-
dicular slopes toward the north. The quartzite must be an immense
formation, as it is seen at Grand portage and all over Pigeon point,
and on the islands of the point. The quartzite formation of Gunflint
lake seems to graduate downward into the irony and carbonaceous
Gunflint beds. A greenish, schistose, porphyritic rock cut by veins of
milky quartz is found in nearly a vertical attitude on Gunflint lake.
This is supposed to be the Canadian Huronian, and underlies the
quartzite and Gunflint beds apparently unconformably; at least, it is a”
distinct formation from the Grand portage slates. Thequartziteislocally
a quartzite conglomerate. The Knife lake serpentinous quartzite is
,regarded as Huronian. On the south side of Vermilion lake are beds of
jasper and iron which are regarded as the equivalent of the Gunflint
beds. These are conformable with the magnesian schists and slates,
which are in a vertical attitude. They pass down into the schists, and
in places the schists and schistose strueture penetrate the jasper and
iron. It is suggested that the apparent confprmlty between the ferru-
ginous beds and underlying slates and schists is only a superinduced
one, the original bedding, which may have beén nearly horizontal, hav-
ing been obliterated by the change.
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WiNcHELL (N. H.),'® in 1881, describes the Cupriferous series of
Minnesota as hav1ng a wide extent In passing from the shore of lake
Superior it gradually becomes more changed and crystalline. The
tilted red shales, conglomerates, and sandstones at Fond du Lac are
the same as those associated with the igneous rocks all along the shore.
At Fond du Lac they lie on a white quartz pebbly conglomerate a few
feet in thickness, which rests unconformably on the roofing slates of the
Huronian, the same formation that succeeds to the red rock formation
at Ogishki Manissi and Knife lakes, northwest of Grand Marais. The
Cupriferous series differs from the Upper Laurentian or Norian only in
the absence of beds of limestones, but, as the lake Superior Cupriferous
is Cambrian or Lower Silurian, it is inferred that the so-called Upper
Laurentian, containing Hozoon canadense, is really Cambrian or Lower
Silurian.

WinoHELL (N. H.)," in 1882, continues his description of localities.
At Fond du Lac the detailed succession of sandstones and shales is
given. The flint and jasper formations of Gunflint lake appear to be
in apparent unconformity with the underlying slates and syenites. On
Ogishki Manissi lake is found a great conglomerate. This conglomerate
carries large rounded pietes of the Saganaga granite, which proves
the greater age of that granite and the unconformability to it of the
conglomerate. The congloineraie also containg red jasper.

The descending succession in northeastern Minnesota is (1) the horizon-

tal quartzites and slates running from Grand portage to Gunflint lalke;
(2) the conglomerate; (3) jaspery and calcareous Gunflint beds; (4)
gray marble; (5) the tilted slaty Ogishki Manissi conglomerate; (6)
amphibolitic and chloritic slates;. (7) mica-schists alternating with syen-
ite; (8) syenites and granites of Saganaga and Gull lakes. As to
whether the Gunflint beds belong with the schistose and tilted slates
and eonglomerates of Ogishki Manissilake is an open question, although
there are several things which indicate that they belong to the same
series. Thé gabbro is found to have a widespread extent. It is sug-
gested that it this gabbro and the associated red gneisses belong to the
Cupriferous, the Minnesota and Wisconsin quartzites, as well as the
red, gneisses of the Upper Mississippi valley, may also belong to this
_series. The red syenite of Beaver bay is a metamorphosed conglome-
rate which was brecciated and mingled with the trap. This red rock
was fluidized so as to intrude itself in the form of belts and veins. A
conglomerate at Taylors falls, on the St. Croix, contains water-worn
bowlders and traps of the region, but the superposition of the conglom-
erate on the trap can not actually be seen. This sandstone is fossil-
iferous, * It is concluded that the Potsdam is represented by the copper-
bearing series, while the underlying Animikie is equivalent to the
Taeconic of Emmons.

UPHAM,™ in 1884 descrlbes the crystalline rock outerops in central
anesota.
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CHESTER,'® in 1884, describes the rocks of the Mesabi and Vermilion
iron ranges. The slates and schists on the south side of the Mesabi
range are nearly horizontal. The rocks here found are precisely like
those of the Penokee region of Wisconsin, and the two series bear the -
same relation to the Huronian series, The iron ore at Vermilion lake
is found in connection with jasper and quartzite and is intimately
bedded with the country rock, chietly sericite-schist, standing in nearly
a perpendicular position. These rocks are the representative of the
Michigan and Wisconsin iron deposits, and there is no doubt that they
belong to the Huronian. The Vermilion deposits bear the same rela-
tions to the granite as do those of Mesabi, and they are regarded as the
same formation.

WincHELL (N. H.),'® in 1884, gives the general succession of rocks
in northeastern Minnesota, in descending order, as follows: (1) Pots-
dam, including the Keweenawan sandstones, shales, and conglomerates,
changed by igneous gabbros and dolerites locally to red quartzites, fel-
sites, quartz-porphyriés, and red granites. (2) Taconic group, includ-
ing the Animikie series, the Gunflint beds, the Mesabi iron rocks, the
Ogishki Manissi conglomerate (%), the Thompson slates and quartzites,
and the Vermilion iron rocks. (3) Huronian group (%), including mag-
nesian soft schists, becoming syenitic and porphyritic, found on the
north side of Gunflint lake, along the national boundary, and at Ver-
milion lake. (4) Montalban (%), including mica-schists and micaceous
granites about Vermilion lake and on the Mississippiriver. (5) Lauren-
tian, including massive hornblende-gneiss and probably the Watab and
St. Cloud granites. 'This succession is parallelized with those of other
writers given for the northwestern States.

‘WincHELL (N. H.) and UrpHAM,'™ in 1884 and 1888, give detailed
geological maps and descriptions of many of the counties of Minnesota,
which include the Laurentian gneisses and granites of the Mississippi
and Minnesota rivers, the slates of the Upper Mississippi, the quartz.
ites and conglomerates of Cottonwood, Pipestone, Rock, Brown, and
Nicollet counties, which are regarded as Potsdam sandstone. The cop-
per-bearing traps and conglomerates of Chisago and Pine counties are
placed as Lower Cambrian. These reports contain nothing as to struc-
tural relations not found in the annual reports. '

WINCHELL (N, H),'® in 1885, finds between Two harbors and Ver-
milion lake two rock ranges, the first being Mesabi proper and the
second the Giant’s range. Resting unconformably upon the syenites of
Giant’s range are the Huronian conglomerates and greenstones of Ver-
milion lake; while south of this range are the slates and quartzites of
the Animikie, overlain by the gabbro and red granite of the Mesabi
range, which is in turn overlain by the trap rocks of the Cupriferous
series. The Huronian is represented as resting conformably below the
Animikie, although not appearing at the surface. There are three iron-
ore horizouns, the titanic iron of the gabbro belt, the iron ore of the
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* Mesabi range belonging in the Animikie, and the hematite of the Ver-
milion mines, which seems to be the equivalent of the Marquette and
Menominee iron ores.

WINCHELL (N. H.),'® in 1885, finds in the red quartzite at Pipestone
two fossils, Lingula calumet and Paradoxides barberi, which are taken
as indicative that this formation, as well as the Sioux quartzite of Towa
and Dakota, the Baraboo quartzites of Wisconsin, the quartzites of
southwestern Minnesota, as well as the associated red gneisses, felsites,
and felsite-porphyries, are all Primordial.

“UpHAM,'™ in 1885, gives descriptions of the quartzites of Minnehaha
county, Dakota. These are not infrequently ripple-marked and con-
glomeratic; they are like the quartzites of Pipestone county in ane
sota, and, like them, are placed in the Potsdam.

WINCHELL (N. H),”" in 1885, divides the crystalline rocks of the
northwest into six groups, in descending order: (1) A granitic and
gabbro group, which is a part of Irving’s Cupriferous, and is by Hunt
parallelized with the Montalban. It includes rocks which have passed
for typical Laurentian; while the gabbros are eruptive and are like the
Upper Laurentian or Norian of Canada. The granites and gneisses
show evidence of metamorphic origin. Below the granite and gabbro
is (2) a mica-schist group. This is penetrated by biotite-granite. (3)
Is the black mica-slate group, which often contains graphitic schists,
in which are such ore deposits as the Commonwealth mine of Wiscon-
sin. (4) Is a series of obscure hydromicaceous and greenish magnesian
schists, along with quartzites and clay slates, with which are the more
important bodies of hematitic iron ores, including those at Marquette-
and the magnetic belt at Penokee. (5) Is the great quartzite and marble
group. It includes the marble of Menominee and marble and lower
quartzite of Marquette, the great conglomerate of Ogishki Manissi lake
and the lower slate-conglomerates of Canada. In (6) are the granites
and syenites with hornblende-schists. This is the lowest recognized
horizon of the Laurentian. = Nos. 3, 4, and 5 together are the equivalent
of the Taconic system, 3 belng the equlvalent of the Animikie, while 5
is the equivalent of the Huronian of Canada. This succession is com-
pared with the successions of Brooks and IIVIDO‘ in Michigan and Wis-
consin.

WINCHELL (ALEX.)," in 1887, gives detailed observations made on
an extensive trip in northeastern Minnesota. The region presents a
series of schists flanked on the north and south by massive crystalline
rocks. In the western part of the district these rocks are gneissic on
both sides, but to the east the gneissic rocks on the south are replaced
by gabbro and greenstone. The schists and bedded crystallines stand
in a nearly vertical attitude, having a persistent and uniform strike
and dip, the latter oscillating from 80° to the north to 80° to the south.
The rocks are sericitic, chloritic, micaceous, and hornblendic schists, and
argillites and graywackes. The schists grade into the gneissic rocks,
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there being nowhere an abrupt passage from one class to the other. In
the passage from the schists to the gneisses there is first an increase in
frequency of ramifying veins, then lumps of gneiss or granite in the
schists, and next interstratification of the schists and gneisses. The
conglomerate at Ogishki Manissi lake, which attains an enormous de-
velopment and contains varieties of granitic and quartzose bowiders, as
well as flint, jasper, and other substances, is regarded as a local phase
of the schists, as the bowlders are interbedded with the flinty argillites
and sericite-schists. The entire system of gneisses and schists is re-
garded as belonging to one structural system, as they all possess a
common dip and pass by gradations into each other. Theiron-bearing
rocks are interlaminated with the country schists, and while they ex-
hibit much persistence, they do not persist without interruption. In
structure the region is a simple synclinal fold, the strata of which have
a thickness of 106,204 feet. The succession from the bottom upward is
granite, guneiss, micaceous and hornblendic schists, graywacke, argillite-
schist bearing conglomerates, and sericitic and chloritic schists bearing
iron ores. As the plainly fragmental rocks grade by imperceptible
stages into the gneiss and granite, the whole is regarded as a sedimen-
tary series. While granite pebbles are found in the conglomerates,
* this is not the underlying granite, as many of the fragments differ in
character from the inferior granite.

WincEELL (N. H.),'" in 1887, gives very numerous details as to the
geology of northeastern Minnesota. At several places there are transi-
tions between the granite gneiss and a fine grained mica-schist. In
the syenite are sometimes found angular fragments of micaschist. The
Vermilion group is defined as including the lower portion of the com-
plex series of schists designated as Keewatin by Lawson. It embraces
the mica-schists and hornblende-schists of Vermilion lake and their
equivalents, and lies between the graywackes on the one side and the
basal syenites and granites on the other.

The iron ores of Minnesota are at three horizons. At the top are the
titaniferous ores, which are associated with the gabbro and constitute
what is locally known as Mayhew Iron range, and is found from this
range at many points all the way to Duluth. The nontitaniferous mag-
netic ores occur at several localities associated with hematite ores and
included in a quartz-schist. These ores are comparable to those of the
Penokee-Gogebic Iron range on the south side of lake Superior, and
those of Black river falls in Wisconsin. Adjacent to Vermilion lake are
hematite ores associated with jasper, which are inclosed in a schist, the
bedding of which stands vertical. This schistose rock is probably of
igneous origin, and in its relations to the jasperoid rocks it fills all their
cavities, overlying them unconformably, and holding fragments of the
jasper; all indicating its later origin. This igneous rock passes into
achlorite-schist, and this into the sericite-schists and graywackes, which
show unmistakable evidence of an aqueous arrangement. The jasper-
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oid hematite is a sedimentary rock and not an eruptive as has been sup- .
posed by Wadsworth. The rock was not, however, deposited in its
present condition. The beds have been upturned, folded, crushed, and
affected by intense chemical action. The ore is regarded as a result of
chemical or metasomatic change. The general succession from above
downward is as follows: (1) gabbro; (2) diabase dolerite. These rest
unconformably upon the lower members. (3) Reddish gneiss and
syenite, which includes the Misquah hills, White Iron lake, and the
Giant’s range (Mesabi heights). This is a case of a fusion of sedimen-
tary beds in situ, although it is not generally complete. (4) Graywacke,
sericite-schist, argillite, quartzite, and jaspilite, which occur about Ver-
milion lake.  (5) Mica-schist, hornblende-schist, and diorite. The Ver-
milion group. (6) Mica-schist and granite veined .with syenite and
granulite. (7) Lower syenites and gneisses, generally regarded as Lau-
rentian. Nos. 3 to 7 are conformable, and Nos. 4 to 7 graduate into
" each other. ‘

There is reason for believing that the Animikie rocks overlie the
greenstone No. 2 and underlie the gabbro, No. 1, of the above succes-
sion. '

WiNcHELL (N. H.),’in 1888, finds the Upper Huronian quartzites
to be so similar to those of Pipestone, Cottonwood, and other counties
in Minnesota that the former are regarded, with the latter, as FHuronian.
The Animikie on Gunflint lake, while not found in exact superposition
on the Keewatin, bears such relations as to render it probable that the
two formations are discordant. A short distance north of the Animikie
the Keewatin rocks are found with a dip of 809, and these a little far-
ther to the north grade conformably into the crystalline schists of the
. Vermilion group, and these still farther to the north by transition pass
into the'gneisses and syenites of the Laurentian. The Animikie rocks
are found resting unconformably on the gneiss west of Gunflint. lake.
The gabbro is observed overlying the Animikie at many places, the
Pewabic quartzite, the Keewatin rocks north of Gunflint lake, and the
syenite-gneiss north of Ilying Cloud lake.

In passing from Gunflint lake the Animikie is found to have a dip as
high as 30°. Near Gobbemichigomog lake there is a gradation from the
flat-lying Animikie to rocks in a broken and tilted condition, and from
these into the Ogishki Manissi conglomerate, with which they are inter-
stratified. There is also extending from Stuntz island in Vermilion lake
past Ely to near Ogishki Manissi lake an older schistose eruptive-loolﬂng
conglomerate associated with the Keewatin schists, and therefore older
- than the Ogishki conglomerate. The beds on the north side of Gun-
flint lake resemble those on the south side of the Giant’s range and be-
long in the same stratigraphical position near the beds of the Animikie.
The gneiss is regarded as a metamorphosed sediment; because of the
gradation of the Keewatin beds into it, and becanse it cuts through
and is interstratified with the Keewatin. The Keewatin schists
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are interstratified eruptives and sedimentaries, as is the Cuprifer-
ous series. On Kékékabik lake there is an extension of the Ogishki
Manissi conglomerate westward. The green schist conglomerates here
found are apparently of about the same date as the Ogishki conglom-
erate or else its immediate conformable successor. The Animikie
“slates associated with this green schist conglomerate are also in con-
formable succession to the green schists, but it is likely that this con-
formity would not be found in the vicinity of the old voleanic vents.

WINCHELL (ALEX.),' in 1888, finds upon Wonder island in Saganaga
lake a conglomerate which contains abundant rounded pebbles in a
groundmass of syenite. The lower limit of the conglomerate is quite
abrupt, and whether it overlies the syenite or grades into it is uncer-
tain, but it is figured as overlying the syenite. The syenite isregarded
as erupted after the conglomerate existed and the conglomerate was
not laid down on the solidified syenite. The Animikie slates are found
resting unconformably upon vertical schists, gneisses, and syenites at
several points on Gunflint lake, 2 miles west of Gunflint lake, and on
the north side of Epsilon lake. On the west side of Sea Gull lake the
conglomerate and syenite are interbedded. This conglomerate is
thought to be comparable with that of Wonder island. On the north
side of the same lake the syenite contains sharply limited rounded peb-
bles and irregular masses of hornblendic and diabasic material. On
Epsilon lake the argillite has schistic planes standing vertical, while
the bedded structure has a dip of only 23°.

Summing up the succession: At the base are the granitoid and
¢aeissoid rocks in three areas, the Basswood, White Iron, and Saganaga
lakes. These granitic masses everywhere have a bedded structure
more or less distinet. They are traversed by quartzose and granu-
litic veins, as well as dikes of diabase. The gneisses and granites
are flanked by vertical erystalline schists of the Vermilion group. The
transition fromthe gneissesto the crystalline schists is never abrupt, but
is a structural gradation, near the line of junction the beds of gneisses
and schists occurring in many alternations. Above the Vermilion group
are the Kecwatin semicrystalline schists, the two series being every-
where conformable; but there is a somewhat abrupt change from oné
group to the other, and there is a possibility that the original uncon-
formity has been destroyed by lateral pressure, although such an un-
conformity is thought improbable. There has been no actual connection
traced between the Keewatin schists north of Gunflint lake and those
of Kuife lake. The Keewatin schists are almost everywhere vertically
bedded. When the bedding is obscure this is sometimes due to the
action of erupted masses, but more often the cause of the metamor-
phosed condition of the strata is not ascribable to any visible cause.
The Keewatin schists include graywacke, argillite, sericite-schist, chlo-
rite schist, porphyrellyte schist and hematite. '

The Ogishki conglomerate is placed as apart of the Keewatin system
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as it is traced by actual gradations into the adjoining argillites. These
argillites and associated schists are in continuity with the argillites and
schists of Vermilion lake, while in the conglomerate itself are local de-
velopmentsof sericite-schist. The bedding of the conglomerateis nearly
vertical; its pebbles are metamorphosed; they include numerous vari-
eties, among which are syenite resembling the Saganaga syenite, green-
stone, porphyry, red jasper, flint, quartz, petrosilex, ordinary syenite,
diorite, porphyroid, siliceous schist, and carbonaceous siliceous argillite.
On structural as well as lithological grounds the Ogishki conglomerate
seems to be a part of the Keewatin, although there are some reasons
~for suspecting it to grade into the Animikie, That the Keewatin schists
are eruptive is regarded as improbable.
The Animikie series, resting unconformably upon the Keewatin,
stretches from Thunder bay as far as Duluth and still beyond to the
. Mississippi river, and perhapsincludes the slates as far west and north
as Knife lake. The Animikie formation is generally in a nearly hori-
zontal position, the dip not being more than from 5° to 150, The forma-
tion is essentially an argillite, which embraces jaspery, magnetitic,
hematitic, and sideritic beds. At Gobbemichigomog lake the Animikie,
represented by the ‘‘muscovado,” is in its characteristic horizontal
position, while the vertically bedded terrane underlies it.

For the system of semicrystalline schists subjacent to the Ammlkle,
to which the term Keewatin has been applied, Marquettian is proposed.
The succession of terranes in northeastern Minnesota is, in descending
order, then as follows: (1) Huronian system, over 4,082 feet thick, in-
cluding the magnetic group, siliceous group, and argillite group; (2)
Marquettian system, 27,500 feet thick, including the Ogishki group,
10,000 feet thick, the Tower group (earthy schists), 15,000 feet thick,
and the graywacke group, 2,500 feet thick; (3) Laurentian system,
89,500 feet thick, including the Vermilion group, over 1,500 feet thick,
and the gneissic group, over 88,000 feet thick. Total, more than
121,082 feet.

WincHELL (H. V.),'" in 1888, gives detailed observations about
many localities in northeastern Minnesota. The mica-schist and inter-
bedded gneiss are cut by granite veins at numerous places.

WiNcHELL (N. H.)," in 1888, maintains that there is a great Pri-
mordial quartzite extending from New England through Canada, Wis-
- eonsin, and Minnesota to the Black hills of Dakota. It includes the
Taconic quartzite of Emmons, that of Sauk and Barron counties in
‘Wisconsin, the Sioux quartzite of Dakota, the quartzites of Minnesota,
and those of the Black hills of Dakota. At the exhibition in New
Orleans in 1884 was seen a block of the Potsdam sandstone of the state
of New York: exactly similar to the Pipestone quartzite of Minnesota,
and as the latter bears Primordial fossils there is no lack of evidence to
parallelize these outerops. An examination of the quartzites of the
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Original Huronian convinced the author of the parallelism of the great
quartzite there displayed with those of Wisconsin and Minnesota. But
things that are equal to the same thing are equal to each other, hence
the Huronian quartzite is no other than the Potsdam sandstone of New
York, the Red sandrock of Vermont, and the granular quartz of the
Taconic.

WincHELL (N. H.),'™ in 1889, gives a summary of the results of work
on the erystalline rocks of northeastern Minnesota. Inmany points the
conclusions and facts are the same as in the previous reports. The
Laurentian age is made to include the gneiss, granite, and syenite, but
excludes the crystalline schists. It is the fundamental gneiss of Min-
nesota. Associated with this fundamental gneiss are areas of massive
eruptive syenite which are regarded as due to the hydrothermal fusion
of the gneissic belts. The gneisses grade into the Vermilion schists,
which are the equivalent of Lawson’s Coutchiching. Along their con-
tact the Laurentian plays the part of intrusive rocks, which is indica-
tive that the opening of Vermilion age was one of violent volcanic
action. The beds have subsequently been affected by hydrothermal
fusion, which has tended to unify the Laurentian and Vermilion sys-
tems. 4

The Vermilion group passes by conformable transition into the
Keewatin. The character of the Keewatin rocks indicates that there
was active volcanic action during the whole period and that the ejecti-
menta were received and distributed by the waters of the surrounding
sea. This is indicated by the alternation of breccias and volcanic ma-
terial with truly sedimentary strata. The Keewatin is the iron-bearing
formation. The iron ore is associated with the jaspilite, which is+of a
sedimentary origin. Parallel with the Keewatin of Minnesota is. the
serpentine and dioritic group of Rominger in the Marquette region,
Above this group in both regions is a profound unconformity.

The Animikie series of Minnesota, bearing iron at one horizon, is the
equivalent of the Marquette series bearing the iron group of Rominger,
of the ’enokee-Gogebic series of Michigan and Wisconsin, of the Mesabi
range in Minnesota, of the Black river iron-bearing schists in Wiscon-
sin, and of the quartzites of the Black hills. All are of Taconic age, for
the Lower Cambrian is equal to the Taconic, the Huronian is equal to
the Taconic; therefore the Lower Cambrian is equal to the Huronian.

In the Potsdam sandstone, which is unconformably on the Taconic,
is included the upper quartzites of the Original Huronian, certain of the
quartzites of Marquette, the Sioux quartzites of Dakota, and the
quartzites of Minnesota and Wisconsin. This is also the age of the
Copper-bearing rocks, which are an alternation of basic and aeid erup-
tions with interbedded sandstones and conglomerates. The great gab-
bro eruption is later than the beginning of the Potsdam age. Uncon-
formably above the Potsdam is the St. Croix sandstone.

Bull. 86——9
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The general succession in descending order is then as follows:

Calciferous ...... Magnesian limestones and sandstones ..
St. Croix.........Sandstones and shales .................

} Dikelocephalus horizon.
Overlap unconformity.
Potsdam......... Quartzite, gabbro, red granite, and Kewee-
TLAWAIL ¢ neeee e emccan iemce ceecce man Paradoxides horizon,
Overlap unconformity.
Taconic .... ..... Black and gray slates and quartzites, iron
ore (Huronian, Animikie) ........ SR Olenellus horizon.
Overlap unconformity.

Keewatin. .......(Including the Kawishiwin or greenstone
helt,withits jaspilite), sericitic schists
and graywackes .. -

Vermilion ....... (Coutchiching) crystalhne sclusts +--- pArchean.

Eruptive unconfor mity Y.
Laurentian ...... (65 117 Y

WincHELL (H.'V.)," in 1889, gives further observations on the iron
regions of Minnesota. On the Giant’s range the Animikie is found to
rest upon the syenite. Here is a semicrystalline rock between the
two, which grades into the syenite. The character of the transition is
not metamorphie, but rather fragmental, there appearing to be a cer-
tain amount of loose crystalline material which has resulted from the
decay and erosion of the syenite lying on top of this rock in the bed
of the sea upon and around which the Animikie sediments were de-
posited. The coarse detritus grades up into the fine detritus of the
Animikie. The Animikie beds ave found also to rest unconformably
upon, the upturned edges of the Keewatin schists. The same relations
are found to prevail in the Birch lake region. The gabbro containing
ores in the vicinity of Kawishiwi river are found to contain fragments
of the Animikie slates and quartzites, and is, therefore, of later origin.
At Gunflint lake the Animikie rests uncomformably upon the Keewatin,
and is found upon greenstone. The Keewatin schists are largely of
eruptive origin. The contacts of the jaspilite with the basic schists
are abrupt and angular, and numerous fragments are found contained in
the schists, - The jaspilite is regarded as a sedimentary formation which
was broken up and involved in the eruptions of Keewatin age. The
Huronian quartzite associated with the magnetite, Iying unconformably
upon the syenite, is believed to lie conformably upon the Animikie slates.

GRANT,™ in 1889, gives geological observations made in northeast-
ern Minnesota. North of Gunflint lake the vertical Keewatin and erys-
talline schists, with an east and west strike, strike directly across a
range of immediately adjacent gneisses, the schists showing no evi-
dence of being twisted or bent within 200 feet of the gneiss. In the
syenites of Gunflint lake are found fragments of schist, which indicate
that the syenite is eruptive later than the schists. At Winchell lake
the syenite upon the top grades down by an apparent transition into
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gabbro. The gabbro is sometimes cut by veins or dikes of syenite,
which indicates that the latter is of later age, although the syenite is
generally below the gabbro.

WINCHELL (ALEX.),! in 1889, maintains that the Saganaga and
‘West Sea Gull granite conglomerate before described is produced
from a fragmental rock by selective metamorphism, the completely
crystalline gneissoid rocks retaining rounded fragments which are
residual clastic material. The conglomerate of Wonder island is not:
one consisting originally of a mass of pebbles over which a fluid
magma has been poured, for the pebbles are not in contact; they conld
not have lain where they are before the gneissic magma existed. The
gneissic magma was present, and it was this which supported the peb-
bles and prevented their contact. It is, then,contemporaneous with the
pebbles. The magma must have been plastic, but it was low tempera-
ture igneo-aqueous plasticity.

WINCHELL (N. H.),’® in 1889, in a general discussion of the origin of
the eruptive rocks, maintains that there are four epochs of basic erup-
tion in Minnesota: first, the Vermilion group; second, those succeeding
the graywackes; third, those succeeding the Animikie; and fourth,
those of the Cupriferous formation. .

MEADS,™ in 1889, describes the Stillwater, Minnesota, deep well.
The well, after passing through about 700 feet of St. Croix and Potsdam
sandstone, passes into rocks which are in every respect identical with
those of Keweenaw point; hence the Keweenaw rocks are below the
light colored sandstones of the northwest. Ior the first 1,500 feet these
are brown shales and brown feldspathic sandstones, and these gradu-
ally assume the characters of a volcanic detrital tuff—amygdaloid—
and finally at a depth of 3,300 feet unmistakable beds of trap were en-
countered alternating with sandstone beds. At this depth grains of
native copper were seen in the drillings.

‘WiNCHELL (N. H. and H. V.),'* in 1889, maintain that the iron ores
of the Keewatin of Minnesota are not derived from a carbonate, but are
probably a direct chemical precipitate; for there is no evidence of the
existence of carbonate of iron at any time, and the nature of the coun-
try rock is such as to imply that no carbonates in amounts required
could have been deposited at the time the rocks were formed.

WINCHELL (ALEX.),'® in 1890, repeats his general conclusions as to
the stratigraphy in northeastern Minnesota and gives in descending
order a succession, as follows:

V. The Uncrystalline schists (Animikie, Huronian),
IV. The Semi-crystalline schists (Keewatin). v
III. The Crystalline schists (Vermilion).

II. The Gneissoid rocks.

I. The Granitoid rocks (Laurentian).

WINCHELL (N. H. and H. V.),’ in 1890, state that the iron ores of
Minnesota are at five different geological horizons, in descending order,
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as follows: (1) The hematites and limonites of the Mesabi range, thie
equivalents of the hematites of the Penokee-Gogebic range in Wiscon-
sin; (2) the gabbro titaniferous magnetites near the bottom of the rocks
of the Mesabi range; (3) Olivinitic magnetites, just below the gabbro
in the basal portion of the Mesabi rocks; (4) the hematites and mag-
netites of the Vermilion range in the Keewatin formation; (5) the mag-
netites of the crystalline schists of the Vermilion formation. It is main-
tained that the upper iron deposits of the Mesabi and those of the
Penokee-Gogebic are the equivalents of the Taconic ores of western New
England. ’

WincHELL (N. H.)', in 1891, gives numerous additional field obser-
vations. The relations of the jaspilite, argillite, and green schist are
considered, and the argillite at least is regarded as a sedimentary
rock. The position of the Pewabic quartzite is left uncertain. It is
considersd, however, to overlie the Animikie black slate, unless there
are two great quartzites. This quartzite has heretofore been made the
parallel of the great quartzite that overlies the Animikie unconform-
ably, but it is possible that it runs below it conformably. In the Stuntz
conglomerate is found a large bowlder which contains pebbles of chal-
cedonic quartz and quartzose felsite and the porphyrel at Kekekabik
lake. A study of the ore formation leads to the conclusion that al
three of the known agencies for rock-forming were intermittently at
work and concerned in the formation of the iron ove, viz: Eruption, to
afford the basic eruptive material; sedimentation, to arrange it (in the
main), and chemical precipitation in the same water, to give the pure
hematite and the chalcedonic silica. The great gabbro of the Cuprifer-
ous formation is regarded as lying below the Animikie, among other
reasons, because it lies next to and immediately south of the gneiss of
the Giant Range without the appearance of any black slate between
them; and because bowlders of characteristic gabbro, red syenite, and
quartz-porphyry occur abundantlyin the later traps of the Cupriferous.

WincEEBLL (N, H and H. V),’® in 1891, give an extended treatment
of the iron ores of northeastern Minnesota and the rocks in which they
are contained. Excluding the Cretaceous, the rocks here found are
divided in descending order, as follows: Keweenawan—trap rocks, tuifs,
red sandstones, and conglomerates (Potsdam %) ; Animikie—black slates,

. gray, feldspathic sandstones and limestones; Norian—gabbro of the

Mesabi hills, red granite, quartz-porphyry, red felsite; Pewabic quartz-
ite (Granular quartz, Potsdam?); Keewatin—sericitic schists, gray-
wackes, greenstones, agglomerates, jaspilite; Vermilion—inica-schists
and hornblende-schists (Coutehiching?), Laurentian—sedimentary,
gneissic and eruptive, massive or porphyritic. The Keweenawan to the
Pewabic inclusive are placed in the Taconie, and the Keewatin to the
Laurentian inclusive in the Archean or Azoic. '

The jaspilite and schist of the Keewatin are found to occur some-
times minutely interlaminated; atother times the jasper is in irregular
layers, which never have any great extent and always finally pinch
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out; at other times itis in oval forms, the greater lengths being par-
allel with the schistose structure. Again, the jaspilite is in great frag-
ments within the green or massive diabasic schists, the masses having
sometimes such relations with each other as to show that they arve a
broken continuous layer. The branches from the large bodies of jas-
pilite are supposed to be caused by the crumpling, breaking, and squeez-
ing of the entire rock structure by which the thinner sheets have been
buckled out and thrust laterally among the inclosing schists. The ore
always occurs associated with the jaspilite, the forms of the deposits
being exceedingly irregular. The ore and jasper are regarded as a di-
rect chemical deep-sea precipitate, accompanied and interrupted by re-
pemed ejections of basic volcanic rocks from which the iron for the ore
is extracted. : o

The rocks of the Animikie equivalent to the Huronian and included
in the Taconic consist chiefly of carbonaceous and argillaceous slates
with siliceous slates, fine-grained quartzites, and gray limestones. At
the bottom of the series is a fragmental quartz sandstone 300 fect in
- thickness, which is nawed the Pewabic quartzite. The slates, conglom-
erates, and quartzites arve profoundly affected and intermingled with
eruptive material which is similar to that found so abundantly in the
Keewatin. These beds have the appearance of consolidated beds of
basic lava or of porous tuff, but where this prevails there is a sensible
gradation from the dark trap-looking beds to thin beds of slate. At
Ogishki lake there is a slate conglomerate similar to that on the north
shore of lake Huron. This conglomerate is not the same as the ag-
glomerates of the Keewatin such as that on Stuntz island, at Vermilion
lake and Ely, The Keewatin is always nearly vertical while the dip
of the Taconic rarely exceeds 15°. The iron-ore beds of the Taconic
are the quartzose, hornblendic, magnetitic group of the Pewabic quartz-
ite; an impure jaspilite, hematite, and limnonite group; a carbonated
iron group; and a gabbro titanic iron group. The jaspilitic hematite
group has the same lithological peculiarities as the jaspilite beds of
the Vermilion range. The gabbro in which the titanic iron oceurs con-
stitutes the Mesabi range. This has been before regarded as the base
of the Keweenawan, into which it fades upwardly, but it has been
found that this great. gabbro flow was outpoured at an earlier date,
and it is placed at or near the bottom of the Animikie,

WincHELL (H. V.)!%, in 1891, states that the syenite of Saganaga
lake is conglomeratic in places and contains pebbles which ave similar
to each other, being mostly composed of lamellar augite, with or with-
out grains of feldspar, but there are no pebbles of syenite or jasper such
as occur in the Keewatin conglomerates. In the Saganaga granite, at
the end of the portage on Granite river, is a band of silica 13 inches in
diameter and -3 feet in length. North of Saganaga lake the syenite
grades into chloritic syenite-gneiss, and this into thick bedded to mas-
sive Keewatin rocks. From these facts it is concluded that the syenite
is simply a result of locally intense metamorphisi.
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SECTION VI. WORK OF THE LATER UNITED STATES GEOLOGISTS
AND ASSOCIATES,

HAYDEN,'™ in 1867, in his sketch of the geology of northeastern
Dakota, describes quartzites along the James river, Vermilion river,
and at Sioux falls. These quartzites are sometimes conglomeratic. On
the James river the lines of stratification are nearly obliterated, but the
rock appears to be metamorphic. The pipestone bed on Pipestone creek
is associated with the quartzites already mentioned and this rock is
undoubtedly of the same age. At Sioux falls, while no well defined
fossiis were discovered, upon the outer surfaces of the rocks are rounded
outlines of what appear to be organic remains, but the peculiar charac-
ter of the quartzite points toward the Azoic series. The formation is
tentatively referred to the Super-Carboniferous, Triassic, or downward
extension of the Cretaceous; but Hall’s opinion that this rock is Hu-
ronian is entitled to great weight.

IrRVING,!! in 1883, gives a systematic account of the Copper-bearing
rocks of lake Superior. From this group is excluded the so-called lower
group of Logan, the Animikie group of Hunt, and also the horizontal
sandstonés known as the Eastern and Western sandstones; although it
includes the dolomitic sandstones, with accompanying crystalline rocks
between Black and Thunder bays, and occupies the valley of the Black
Sturgeon and Nipigon rivers, as well as lake Nipigon. The Keweenaw
or Copper-bearing series then includes the succession of interbedded
traps, amygdaloids, felsitic porphyries, porphyry-conglomerates, and
sandstones, and the conformable overlying sandstone typically devel-
oped in the region of Keweenaw point and Portage lake. These rocks
have their most widespread extent about the west half of lake Superior,
but also occur in the eastern part of the lake. The entire geographical
extent in the immediate basin of lake Superior is about 41,000 square
miles.

The eruptive rocks include basic, intermediate, and acid kinds, but

- there is no such chronological relations between these three kinds asis
- found to be the rule in Tertiary and post-Tertiary times. In the Pali-
. sades of the Minnesota coast quartz-porphyries are found both over-
lain and underlain by basic rocks with abundant evidence that the
- porphyry is a surface flow. The same phenomena are seen at other
places. Acid flows are superimposed upon basic flows, flows of inter-
-mediate acidity immediately overlie acid flows, flows of intermediate
cacidity overlie porphyritic conglomerates, flows of intermediate acidity
.are superimposed upon basic flows, basic rocks are intersected by
-acid rocks, basic flows overlie acid rocks, basic flows overlie those
.of intermediate acidity, acid rocks are intersected by basic rocks.
‘There is a complete absence from the series of anything like volcanic
:ash. Thedetrital rocks of the series are composed of fragments broken
~for the most part from the acid rocks of the series—that is, such mate-
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rial as porphyry, both non-quartziferous and quartziferous, felsite,
angite-syenite, granitell and granite, but there are also often tound
pebbles of the basic rocks, and in some cases particles of gneiss and
granite from the underlying series. This is thought to be due to the
fact that such viscous material would solidify into more or less bulky
erect masses of relatively small area, and thus be most favorably situ-
ated for degradation. Between the several kinds of original rocks there
are no sharp lines, but a continuous series of kinds from the most basic
to the most acid. » )

The lithology of the different members of the series is given in detail,
The basic original rocks include granular, porphyritic, and glassy kinds,
the most abundant of which are gabbro, diabase, melaphyre, and por-
phyrite. The acid original rocks include quartzless porphyry, quartz-
iferous porphyry, and felsite, augite-syenite, granite-porphyry, and
granite. Here is included the so-called “jaspers,” which have been re-
garded by many as metamorphosed sedimentary rocks. The basie crys-
talline rocks make up the greater part of the thickness of the series,
the beds varying from a few feet to several hundred feet in thickness.
Each of these beds often has a twofold division, an upper amygdaloidal
portion, and a lower compact portion, which, however, grade into each
other. The amygdaloids not infrequently resemble beds of sedimentary
origin, but they never show any trace of fragmental character, and
the stratiform condition is seen to be due to a succession of thin flows
and two fluidal structures. Laterally the beds are not of indefinite ex.
tent, and are far less extensive than sedimentary beds of the same
thickness. It is generally, however, difficult to prove the continuity
or noncontinuity of a single flow over a great distance, but on the Min-
nesota shore individual layers were traced with certainty for 10 or 15
miles, while other beds almost certainly have an extent of nearly 30
miles, while groups of layers of allied characters are recognizable over
much longer stretches. 'The more massive, thicker beds generally occur
in the lower part of the series. Numerous dikes cut the basic rocks.
These are generally small, commonly not more than 10 feet in width,
but in the immediately underlying series on the north shore, the Lower
Copper-bearing or Animikie group, are dikes of great magnitude. Of
the original acid rocks true granite has been observed only in the Bad
river region of Wisconsin intersecting the coarse gabbro at the base of
the series. Quartz.porphyry and allied acid rocks have a widespread
occurrence, two of the largest masses being the palisades of Minnesota
and the core of the Porcupine mountains of Michigan. The detrital
members have often a great extent. The outer conglomerate of Kewee-
naw point, for instance, is traced from the eastern extremity of the
point to the Bad river in Wisconsin, a distance of at least 170 miles,
although its thickness in this distance varies from less thah 100 to as
much as 4,000 feet. Thinner conglomerates have been traced for as
great a distance as 50 miles.
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The Keweenaw serics is stratigraphically separated into two grand
divisions, an upper member, made wholly of detrital material, for the
most part red sandstones and shale; and a lower division, made chiefly
of asuccession of flows of basie rocks, but including layers of conglom-
erate and sandstone nearly to the base, and also original acid rocks.
The line of separation between the two divisions is somewhat arbitrary,
for the sandstone gradually increases in quantity upward, but above
the highest known ernptive member is a maximum thickness of 15,000
feet of detrital material. The chief characteristics of the lower division
are, first, that coarse grained basic rocks in very heavy beds are much
more common at lower horizons; second, amygdaloidal texture is more
frequent and highly developed at high horizons, this being more charac-
teristic of the thinner beds; third, the gabbros are more often found at
lower horizons while the ordinary diabases and melaphyres affect higher
horizons; fourth, the acid rocks are found especially in low horizons,
rarely reaching above the middle of the lower division; and, fifth, the
detrital beds, although seen all the way to the base, are rare in the
lower third of the series and increase in thickness and frequency toward
the top. The thickness of the lower division is placed in round num-
bers at 25,000 to 30,000 feet, while at the Montreal river its apparent
thickness is 33,000 to 35,000 feet, but a part of this may be due to the
westward continuation of the Keweenaw fault.

Detailed descriptions are given of the rocks of Keweenaw point, of
the region between Portage lake and the Ontonagon river, of the South
range, of the region between the Ontonagon river and N umakagon lake.
including the Porcupine mountains, of northwestern Wisconsin and the
adjoining part of Minnesota, of the Minnesota coast, of isle Royale and
Nipigon bay, of Michipicoten island and the east coast of lake Superior.
Silver mountain, belonging to the South range, is composed of diabase,
dipping at an angle of 309, and appears to be surrounded by horizontal
sandstone. On the west branch of the Ontonagon are found clifts of
horizontal sandstone almost in proximity with ferruginous slate supposed
to belong to the Huronian, and but a short distance from diabases re-
garded as Keweenawan. The isolated position of the South range is -
regarded as due to a fault, as there is no evidence whatever of a fold,
and to regard this part of the series as a continuous conformable
succession with the Xeweenawan rocks to the morth would give the
series an incredible thickness. The Porcupine mountains are found
to be due to a subordinate fold in the series, the core being a quartz-
porphyry. .

All the known facts with reference to the relations of the horizontal
sandstone to the Copper-bearing rocks of northwestern Wisconsin and
the adjoining part of Minnesota are recapitulated. The unconformity
between the fossiliferons Cambrian of the St. Croix valley and the
bedded melaphyre and amygdaloids described by Sweet, Strong, and
Chamberlin is indisputable, and the latter rocks are identical in nature
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and in structure with the similar rocks of Keweenaw poivt and have
been shown to be in actual continuity with them. At Snake and Ket:
tle rivers the diabase and diabase-amygdaloids with interbedded por-
phyry conglomerates are in all respects like those of Keweenaw point,
and here, as shown by Chamberlin and McKinlay, the horizontal Cam-
brian sandstone overlies these beds unconformably. Sweet’s examina-
tion of the Kettle and St. Croix rivers shows that here are cupriferous
rocks which are identical with those of Keweenaw point, upon which
the red sandstone of lake Superior west of the Montreal reposes uncon-
formably, at Black river, Copper creek, Aminicon river, and Middle
river. The disturbances of the overlying sandstone described by Sweet
are due in part to the irregularities of an unconformable contact and to
the pressure of the deep-seated Keweenaw rocks against the more
shallow sandstone, but also in Jarge measure to a faulting that has
taken place along the contact line. The phenomena if not explained as
above may be regarded as due to the intrusion of disturbing masses or
dikes, as suggested by Whittlesey and Norwood, or the sandstone may
be supposed to belong to the upper division of the Keweenaw series let
dowu by a great fault. The first of these suppositions is forbidden by
the bedded structure of the rocks, and the second is shown by the gen-
eral structural features of lake Superior to be a physical impossibility.

The amygdaloidal and porphyritic rocks, and the granite, granitic
porphyry, and felsite of the Duluth gabbros and the Minnesota coast
are found in every case to be original eruptive rocks having all the
evidences in their structure of this origin and none whatever of being
metamorphosed shales and sandstones resulting from the red sand-
stones of Fond du Lac, as supposed by Prof. N. H. Winchell.

It is concluded that the Eastern sandstone along the south face of
Keweenaw range is both a fault cliff and a shore cliff against which the
newer sandstone was laid down, but not until after alarge erosion, and
that faulting again took place during or after the deposition of the
sandstone; that this original faulting is demanded along this line Ly
the relations of the Keweenaw and South ranges, without which the
Keweenaw rocks would have an enormous thickness.

The relations of the Eastern sandstone and Keweenawan traps are
described at Béte Grise bay, along the Hungarian river and Douglass
Houghton ravine, and sections given showing the sandstone to rest
unconformably upon the eruptives. At the Torch lake quarry the
Bastern sandstone is found horizontally disposed in heavy layers, con-
taining no fragments of porphyry such as are distinctive of the Kewee-
nawan sandstones. No evidence of a northwesterly dip described by
‘Wadsworth was here found. The sandstone adjacent to the trap is of
the ordinary quartzose character. Itis remarked that Wadsworth’s
statement that the feldspathic constituents have been leached from it,
thus accounting for its ditferences from the Keweenawan sandstone, is
a pure supposition. Farther west on and near the Ontonagon river, as
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at Béte Grise bay, the sandstone dips away from the north-dipping
Keweenawan diabases at quite a high angle near the contact, which
rapidly flattens as it is receded from. Finally along the north face of
the South range eastward from lake Agogebic the sandstone is not
infrequently met in a flat-lying position, and at one place lies directly
across the course of the Keweenawan belt.

As to the age of the Eastern sandstone, it is regarded as demon-

strated that it is older than the Trenton; hence its Triassic age is not’

discussed. The Westerh sandstone is regarded as the equivalent of the
Eastern sandstone, although they are not found connected, nor is the
‘Western sandstone at any point connected with the Mississippi valley
Cambrian sandstone. It has, however, already been shown that the
Keweenawan rocks rest unconformably under the Cambrian sandstone
of the Mississippi valley in western Wisconsin.

The Animikie series in the Thunder bay district is of great thickness,
probably upward of 10,000 feet, comprising quartzites, quartz-slates,
clay-slates, magnetitic quartzites, sandstones, thin limestone beds, and
beds of cherty and jaspery material. With these are associated in
great volume both in interbedded and intersecting massés coarse gab-
bro and fine grained diabase, like those well known in the Kewecnaw
series. A broad examination of the region shows that there is little

“ground for the belief in one crowning overflow. The Animikie series is
lithologically like the Penokee range in Wisconsin; both series bear the
same relations to the newer Keweenawan rocks and the older gneisses,
and the two groups are regarded as the same.

The Animikie rocks are also the equivalent of if not actually continu-

ous with the Mesabi iron range running to Pokegama Falls and the -

slates of the St. Louis river, although these latter are affected by slaty
cleavage.

The Original Huronian of Logan is compared with the Amnimikie
slates of Thunder bay and the two are regarded as equivalent. The
Marquette and the Menominee Huronian, with minor exceptions due
perhaps to metasomatic changes, are lithologically like the Animikie
and Penokee series, and are also regarded as belonging to the same
horizon. The Original Huronian, the Animikie slates, the Penokee
iron rocks, and iron-bearing rocks of Marquette and Menominee appear
then to belong together and may hence properly be called Huronian.
The Huronian schists in each of these areas are limited by granite and
gneiss. There are, however, considerable areas of crystalline schists
the relations of which are doubtful, and it is suspected that in several
of the iron regions there are two distinct kinds of schists, those belong-
ing to the Huronian and a schistose greenish phase belonging with an
older series. Itis also possible that a portion of the granites are erup-
- tive and relatively new, while others, and especially those connected
with the gneisses, may be of some sort of metamorphic origin not un-
derstood. The iron-bearing schists of Vermilion lake are, however, so

T



VAN HISL) B LAKE SUPERIOR REGION, 139

like the Huronian that they are regarded as afolded continuation of the
Animikie beds.

That the Animikie Huronian is beneath the Keweenawan rocks is
shown by the fact that the Keweenawan beds along the Minnesota
coastarepassed in descendingorder until the Animikie slates are reached
at Grand portage bay, but there is not a direct downward continuation
of the Keweenawan into the Animikie, for between the two there has
been an intervening period of erosion. This is shown by the fact that
at Grand portage bay where the two formations come together the un-
derlying slates suddenly rise entirely across the horizon of 600 or 700
feet of the Keweenawan sandstone.. Also in northeastern Minnesota
and in the Penokee district the overlying Keweenawan now is in con-
tact with one member of the underlying series and now. with another.
Further, in the Keweenawan sandstones of Thunder bay are found chert
and jasper pebbles from the Animikie, while in the Wisconsin Kewee-
nawan are quartzite pebbles apparently from the underlying Huronian.
More abundant than these, in the Keweenawan conglomerates are peb-
bles of older gneiss and granite. Lithologically the Keweenawan rocks
are also unlike the Huronian. The bedded and sedimentary series of
the two groups are in strong contrast. The shales and sandstones of
the Keweenawan have nothing in common with the quartz-slates and
quartz-schists of the Huronian. Also in the Huronian there isnothing
like the acid eruptives of the Keweenawan. They have the common
feature only of basie eruptive rocks, and of these in the Huronian there
are no amygdaloidal or vesicular layers. A further difference between
the Huronian and Keweenawan is in the degree of metamorphism.
‘The Keweenawan sediments are unaltered, while the Huronian sedi-
ments are metamorphic. ‘Whether this metamorphism took pldce before
- or during the period of Keweenawan eruptions and deposition is uncer-
tain.

That the closely plicated Huronian rocks were folded before Kewee-
nawan time is indicated by the fact that the troughs of Huronian schists
adjacent to lake Nipigon lie directly athwart the flat-lying Keweenawan
beds. * If these schists are truly Huronian and equivalent to the un-
folded rocks, as supposed by Bell, there can be no doubt of the exist-
ence of a genuine unconformity between the two systems. The Ke-
weenawan synelinal forming the bed of lake Superior is found to com-
prise the whole basin, as well as a considerable area in northern Wis-
consin and Minnesota. Not only the form of the lake as a whole, but
its chief bays are due to subordinate folding or faulting of the Kewee-
nawan series. In the great synclinal movement the underlying Huro-
nian has partaken. :

CHAMBERLIN,'® in 1883, gives a summary of the arguments for re-
garding the copper-bearing series of lake Superior as pre-Potsdam:
(1) The weakest argument of all, the general stratigraphical relations,
indicate this. The Potsdam sandstone throughout the entire basin of



140 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [BULL. 86.

lake Superior is always horiozonta,], or nearly so, while the Keweenawan
series at many points immediately adjacent have suffered extensive dis-
turbance. (2) The difference in thickness is enormous; the Potsdam
rarely reaches 1,000 feet thick, while the Keweenawan series has, in
addition to a vast thickness of interstratified eruptives and detrital
rocks, an upper portion free from igneous matter 15,000 feet in thick-
ness. (3) The sandstones of the Keweenawan series are largely com-
posed of silicates, while the Potsdam sandstone is mainly quartzose.
(4) At numerous points the Potsdam is found to rest against or upon
the upturned edges of the Keweenawan series unconformably. Strong
has found fifty-five places on the St. Croix where the unconformable
contact occurs. In Douglas county are four sections in which the Pots-
dam sandstones become conglomeratic, bearing material from the Cop-
per-bearing series, but here the contacts are complicated by subsequent
disturbances. There are several other districts, such as the upper St.
Croix river, the Snake and Kettle rivers in Minnesota, and the vicinity
of lake Agogebic in Michigan, where the quartzose Potsdam sandstone
isin a horizontal position and lying near the upturned igneous and
detrital rocks of the Keweenaw series. (5) The foregoing facts are all
consistent with each other. (6) The view is dynamically simple, whereas
any other explanation implies an extraordinary amount of local faulting
and disturbance. (7) In the Grand canyon of the Colorado is a series
of rocks remarkably similar to the Keweenawan, which lie dlrectly and
unconformably below the Cambrian,

IRVING and VAN HISE,™ in 1884, describe quartzites of many local-
ities belonging to the rock series referred to the Huronian in the North-
west, and find that their supposed metamorphism is due to the deposi-
tion of interstitial silica, which has for the most part coordinated itself
with the original grains, the forms of the latter being as perfect as at
the time of deposition. The list of rocks given include those from the
Original Huronian, from the various iron-bearing regions of Michigan
and Wisconsin, from the Baraboo and Chippewa quartzites, from the
Minuesota, Iowa, and Dakota quartzites, and from other localities.

IRvING and CHAMBERLIN, in 1885, give a systematic account of
the junction between the Bastern sandstone and Keweenaw series on
Keweenaw point. Detailed descriptions are given of the relations of
the two series at Béte Grise bay, at the Wall ravine, at the St. Louis
ravine, at the Douglass Houghton ravine, at Torch lake quarry, at Hun-
garian ravine, and at other points. The conclusions, and the grounds
upon which they are based, of Jackson, Foster and Whitney, Agassiz
Rominger, Credner, and those who have followed them, are discussed
in detail. .

At Béte Grise bay the horizontal sandstone is found upon approach-
ing the melaphyre to become tilted upward, and along the junction is
found the evidence of fanlting, both in the fluccan of the sandstone and
in the broken character of the melaphyre at the contact. At the
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‘Wall ravine the sandstone and conglomerate bearing fragments of the
porphyry-conglomerate, with which rock the comtact here occurs, are
found to dip at a considerable angle away from the eruptive rock and
to rest directly upon it. At the St. Louis ravine the sandstone is found
upon approaching the Keweenaw series to become rapidly tilted up-
ward, and before reaching the Keweenawan rocks to become vertical,
while the interstratified eruptives and detrital rocks of the Kewecnaw
series dip away from the sandstone. At the Douglass Houghton ra-
vine the horizontal sandstone is found upon approaching the Keweenaw
series to become bent into a series of folds and to dip downward under
the traps and porphyries, which dip at a steeper angle in the same di-
rection. Along the contact the trap is shattered. At Torch lake
quarry the sandstone is found to be in a horizontal position, there being
no evidence whatever found that this structure is jointing or that the
real dip has an inclination, as described by Wadsworth. The crystal
outlined gratns of sand here contained are found to be produced by
secondary growth rather than crystals derived from quartz-porphyry.
At the Hungarian ravine the relations are much the same as those at
the Douglass Houghton ravine, éxcept that the Keweenawan diabase is
interstratified with conglomerate instead of quartz-porphyry. Along
the contact the sandstone is broken.

In getting at an explanation of the facts there must be taken into
© account the bedded nature of the Keweenaw series; the uniformity and
steadiness of dip; the enormous thickness of the Keneenaw series; the
general horizontality of the Eastern sandstone; the quartzose character
of the Potsdam sands in distinetion to the silicate nature of the Kewee-
nawan sands; ‘the matual relations and distribution of the two series;
the relations to topography; the relations of the two series to drain-
age; the comparative straightness but gentle iindulations of the junc-
tion line throughout its course of nearly 100 miles; the coincidence
of the line of escarpment with the line of junction of the two series;
the disturbance along the line of contact; the special character of the
distortions; the character of the junction; the junction debris; the irreg-
ular and broken contact faces of the two series; the fact that the con-
tact occurs between the Eastern sandstone and different members of
the Keweenaw series; the discordance of strike; the derivation of the
pebbles of the Hastern sandstone from the Keweenaw series; the dis-
tribution of the pebbles, those of the Keweenaw series being found
only near the immediate junction; the imperfect assortment of the
pebbles and matrix near the junction; the angularity of the pebbles at
this place; the absence of large fallen masses of trap in the Eastern
sandstone; and the proximity and relations of the Trenton limestone,
resting as it does upon the FEastern sandstone within a short distance,
These specifications are taken to point with distinctness to the conclu-
sion that the Keweenaw series is much older than the Eastern Potsdam
sandstone, that it was upturned, faulted along the escarpment and
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much eroded before the deposition of the Eastern sandstone, that the
latter was laid down unconformably against and upon the former, and
that subsequent minor faulting along the old line ensued, disturbing
the contact edge of the sandstone.

IRVING,'% in 1885, discusses the divisibility of the Archean in the
Northwest. - The relations of the Penokee-Gogebic series to the over-
lying Keweenawan and to the underlying complex are first discussed.
The area south of the Penokee-Gogebic series is found to consist of crys-
talline hornblendie, chloritic and micaceous schists which locally show
_ unmistakable evidence of fragmental origin, but which as a whole are
intensely metamorphosed. The granites, however, are considered as of
eruptive origin as they intersect intricately the associated schists at
their contacts with them, but the granite is never found to cut the
overlying slates. Above this granite-gneiss-schist area is, first, a belt
of slate 500 feet thick, over this a belt of iron-bearing rocks of various
kinds, and above this quartzites and slates, all having a dip to the
north-and extending for many miles east and west. None of these rocks
are metamorphic.

North of this succession of layers, the Penokee series, is the Kewee-
nawan series, which appears at first to be conformable, but a closer in-
spection shows that it is now in contact with one member of the under-
lying series and now with another, even lying against the lowest
member of the Penokee series. These relations are taken to imply that
between the Keweenawan and Penokee series there was a long period of !
erosion. Thereis alsoan unconformity between the granite-gneiss-schist
" complex and the Penokee-Gogebic series. This is shown in the man-
~ ner in which the regularly succeeding belts of the iron series traverse
the courses of the lower; in the strong contrast between the two series
in degree of crystallization, the lower series being nearly completely
crystalline while the higher is little altered; in the highly folded and
contorted condition of the lower series as contrasted with the unfolded
condition of the higher; in the contrast between the contacts of the
granite with the lower schists and with the higher slates, the former
being invaded by it in an intricate manuer, the latter never; in the
discordant lamination of the two sets of rocks when in contact or close
proximity; in the occurrence in the upper series, not only at horizons
above the base, but also at points on the contact line, of abundant
detrital material from the lower series.

In the Marquette district is found a slaty iron-bearing series which
by common consent is regarded as the equivalent of the Penokee-
Gogebic series; but the two have one point of contrast, the Marquette
is highly folded. Here intervenes between the iron-bearing slates and
the granites and gneisses a set of greenish hornblendic rocks, called
by Romiuger a dioritic group, which at their contact with the bounding
granite are penetrated by them in the most intricate manner, so that one.
can notresist the conclusion that the granite is the more recently formed
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rock. These green schists are regarded as the equivalent of those cut
by granite in the Penokee-Gogebie district. On this view the slate
series of the Marquette district, consisting in the main of little altered
rocks, was built up on a basement c¢omposed of granite and gneiss
and greenish schist, and subsequently pushed into trough-like forms.
In support of this view is cited the failure of the granite to penetrate
the slates and quartzites associated with the iron, and the occurrence
in the higher series of fragments from the lower, recomposed rocks
oceurring at points where the quartzites come in contact with the
basement rocks.

The Archean in these regionsis then divisible unless the upper series
are called Cambrian, for which there is no ground until in them fossils
have been discovered. These upper series are compared with the Hu-
ronian of lake Huron, and are found to be lithologically like them, and
to bear the same relations to the underlying rocks, and to them the
term Huronian is"applied, while the underlying complex is regarded as
Laurentian.

IrvING 1%, in 1885, glves a preliminary account of an investigation of
the Ar chean formamons of the Northwestern States. The problems to
be solved are discussed. An examination of the Original Huronian area
of Murray and Logan shows that it is a series of rocks which is bent
into gentle folds and which is composed for the.most part, excluding
eruptive material, of quartzites and graywackes, with a subordinate

_proportion of limestone and chert. The rocks asawhole are very little
altered and resemble more the fossiliferous formations than the crystal-
line schists. ’ .

The Marquette and Menominee iron-bearing series are highly folded
and the metasomatic changes which the crystalline members of the
series have undergone are often extreme. KExcluding the greenish
schists of the lower part of the series, which may belong to an older
formation, the rocks are mainly fragméntal slates and quartzites, in-
cluding a large proportion of basic eruptives, and also iron ores, lime-
stones, etec., the whole having a distinctly Huronian aspect. The vari-
ous greenstone layers of Brooks’ scheme are regarded as eruptive, either
contemporaneous or subsequent, as are also many of the greenish schists
which'by gradation pass into the massive gfeenstones. The iron ore
and jasper are regarded as of sedimentary origin, being remarkably
like similar material in the Penokee-Gogebic and Vermilion formations
where there can be no doubt of their water-deposited character. In the
Marquette district, as well as in the Vermilion lake district in Minne-
sota, are conglomerates overlying the iron belt which sometimes con-
tain fragments of the underlying formation several feet in length,
These fragments prove the existence of the the jaspery and chalcedonic
material in its present condltlon before the formation of the overlying
quartzite. '

The Penokee-Gogebic iron belt is regarded as continuous with the
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Huronian of the Marquette district. The slate belt of the St. Louis and
Mississippi fivers is undoubtedly the equivalent of the Animikie seri¢ 2
. and of the Huronian. Hquivaleut with those are also the quartzitesict,
Chippewa and Barron couuties, the ferruginous schists of the Bl:bly
River, the Baraboo qua:izites, and the quartzite series of southamce
Minnesota and southear +n Dakota. heir

At New Ulm and Re.luwne in Minnesota the quartzites and confridpd
erates plainly uncomformably overlie the gneiss. The thickness of this .
formation here exposed is probably about 5,000 or 6,000 feet, a contin-
uous section being found by Merriam at Sioux Falls, South -Dakota,
having a thickness of not less than 3,000 to 4,000 feet. The tilted posi-
tion of these quartzites, their great thickness, their lithological contrast
with the Potsdam sandstone, make it evident that between these series
and the overlying Potsdam sandstone is a great nnconformity.

In the Animikie series is a’strongly marked continuous horizon of
cherty and jaspery magnetitic schists and -quartzites. The series as-a
whole is quite flat-lying, although having subordinate irregularities.
The series having ferruginous schists north and west of lake Superior
are regarded in part as having been once continuous with the Animikie
series and are now ‘separated merely because of erosion on the crowns
of the folds, the close folding of the Vermilion schists being produced
concomitantly with the broad simple trough of lake Superior. In sup-
port of this position is the fact that the great conglomerate of Ogishki
Manissi, with the alternating quartzites and slates of Knife lake, is
strikingly like the Huronian rocks. It is also the case that in the
vicinity of Agamok lake the Animikie quartzites appear gradually to
take on a folded condition.

In these various Huronian areas quartzites, graywackes, and clay
slates, with intermediate phases,make up the most of the clastic series-
As has been seen, these are rocks which have been indurated by meta-
somatic changes, and it follows ‘that the bulk of the rocks which form
the Huronian do not properly fall under the head of metamorphic rocks.
The various augitic and hornblendic greenstones, peridotites, and fels-
itic porphyries are regarded as eruptives, while many of the schists are
modified rocks of the same character. The cherty and jaspery rocks
are supposed to be some sort of original chemical sediment, certainly
not the result of metamorplism of sedimentary material. The lime-
stones are in no essential respect different from many met with in the
formations of later date.

IRVING,!®" in 1886, discusses the origin of the ferruginous schists and
iron ores of the lake Superior region. An examination of the Animi-
kie, Penokee, Marquette, Menominee, and Vermilion districts reveals the
fact that in all of them is found abundant carbonate of iron, which often-
times grades into the other forms of the iron-bearing formation. - The
silica of the jasper, actinolite, magnetite schists, and other forms of
the iron belt never shows any evidence of fragmental texture, so easily
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*iscovered in the case of the ordinary quartzites and graywackes, and
»therefore of chemical origin. Associated with the iron-bearing beds
ften a considerable quantity of carbonaceous or graphitic schists.
: concluded, (1) That the original form. of the iron-bearing beds of
take Superior region was that of a series wi- thinly bedded carbon-
linterstratified with carbonaceous shaly =zyers in places, which

-is'more or less highly ferriferous. (2). Thd,uruay a process of silicifi-
-*ation these carbonate-bearing layers were transformed into the various
kinds of ferrnginous rocks now met with.- (3) The iron thuys removed
from the rock at the time of silicification, passed into solution in the
percolating waters, was redeposited in various places, and thus formed
the ore bodies and bands of pure oxide of iron. (4) That in other
places, instead of leaching out, the iron has united with the silicifying
waters to form the silicates now found, such as actinolite. (5) That
some of the silicifying process went on before the folding, but some
afterwards, and to the la,tten period belong probably the larger bodies
" of crystalline ore. |

WILLIS,"® in 1886, descubeb the rock occurrences at severaliron dis-
tricts in northeastern Minnesota. AtPokegama falls on the Mississippi
are found outerops of red quartzite, coarse grained sandstone, some-
times metamorphosed to a quartzite and irregularly interstratified with
hard specular ore. On Prairie river is found gr anlte, southeast of
which are quartzites, sandstone, and ore.

‘At Vermilion lake the iron-bearing series has a dip of between 850
and 909, the structure being regarded as an anticline, upon the north
side of Wlnch is the Vermilion range and on the south side that of Two
rivers. The succession from the base upward is as follows: (1) Light
green, thinly laminated, chloritic schist. (2) Jasper of white, gray,
brown, and, bright red colors, interstratified with layers of hard blue
specular ore, which also occurs in ore-bodies of considerable extent run-
ning across the bedding; thickness 200 to 600 feet or more. -(3) Chlor-
itic schist, similar to 1; original thickness probably about 150 feet. (4)
Quartzite, dark gray, white, or black, of saccharoidal texture, contain-
ing grains of magnetite which make it a readily recognized magnetic
formation; probable thickness 200 feet. (5) Conglomerate, consisting
of sandstone pebbles and traces of black slate inclosed in siliceous
chloritic schist. (6) Compact homogeneous rock, composed of quartz
grains, chlorite, hornblende, plagioclase feldspar, and calcite This
- rock may be an eruptive quartz- diorite, but is considered a metamor-
phosed sedimentary transition bed between 5 and 7 (7) Black clay
slate, fissile and sonorous. It occupies a broad area north of Vermilion
range. In section 28 huge masses of jasper form the crown of the arch
and are imbedded in green schist, with which they agree in strike and
dip. The jasper blocks are rectangular and several hundred feet long;
the ends of the bands come out squarely to the contact with'the schist
as to a fault.

Bull, 86—10
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IRVING,' in 1887, discusses the separability of a Huronian group
from an underlying series. The character of the Original Huronia
area is again fully discussed. When two series of rocks are in conts
one of which is erystallinein character and the other unquestiona
of sedimentary origin, there is. presumptive evidence of a discorda
between them, as, whatever the origin of the crystalline sechists, t)
present condition indicates the action of long-continued and deep-seai.
“processes of alteration and profound erosion before the deposition upon
them of the overlying detritals. In the Original Huronian avea therc
is not only this distinetion in its most marked form, but also the actual
contact between this sevies and the Archean complex is found near the
mouth of Thessalon river, the upper series having at its base a basal
conglomerate, the fragments of which are plainly derived from the
foliated crystalline underlying *series. Allied phenomena are also
seen on the Canadian Pacific railway between Algoma mills and Sud-
bury. Itis concluded that the Huronian has a group value because it
is essentially noncrystalline, because it is.truly clastic and sediment-
ary, and because it has an immense volume. There is reason to believe
that the area which stretches from the north shore of lake Huron to
the Mississippi river, including the basin of lake Superior, is one geo-
logical basin.

In the Marquette district the contradictory conclusions reached by
older writers are regarded as due to the fact that the stratiform rocks
themselves are made up of two entirely distinet sets; an older series
of intensely altered and crumpled crystalline schists, in the main of
greenish color, which are intricately invaded by the granite, and anewer,
little altered, mainly fragmental series whose contacts with the granites
and the schists of the older basement are such as to render an interven-
ing structural break evident. The peculiar granitoid quartzites which
Rominger regards as having been produced by the metamorphosed
action of granite are plainly detrital derivatives from the granite, and
often run into coarse bowlder conglomerates, particular occurrences of
which aredescribed. Here, as north of lake Huron, as proof of distinct-
ness of the newer series, is a general htholoorlcal contrast between the
two; visible discordances; the penetration of the lower strata of the
lower series by granite veins which fail to penetrate the higher defrital
rocks, but yield fragments to them; the development of true basal con- .
glowmerates at the contacts of the two series; and the fact that the
higher detrital vocks are in contact with different members of the lower
series. The most abundant of the upper series detrital rocks are
quartzites, but there are also present clay-slates, shales, mica-schists,
and various calcareous and dolomitic rocks, with jasper and ferruginous
schists and iron ores which are regarded as chemical sediments.

In passing southward from Marquette great areas underlain by the
granites; gneisses aud schists of the older formation are passed, but
before the Menominee river is reached at least four distinet belts are
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crossed occupied by the newer iron-bearing series. These belts of
newer rocks are more closely folded than the Marquette district, but
the relations between the newer and older series are identical with that
district.

Passing now to the Penokee district of northern Wisconsin and
Michigan, the iron-bearing series is highly tilted but unfolded, and the
relations are therefore particularly plain. Here the lower -of the two
unconformities is established (1) by the fact that the iron-bearing series
traverses lithologically distinet areas of the older or basement forma-
tion; (2) the intersection of the older schistose vocks by granite which
never cut the higher series; (3) the occurrence in the higher series of
basal conglomerates, fragments of which are from the underlying gneiss,
granite, and schist; (4) the lithological contrast of the two sets of
rocks, the lower being completely crystalline, folded and foliated, while
the upper is but little altered and regularly bedded. The upper uncon-
formity is shown by the manner in which the flows of the Keweepaw
series are found in contact with all members of the iron series at dif-
ferent places along the contact line.

The Animikie series is gently tilted, and rests in palpable unconform-
ity upon a folded series of schists, granites, and gneisses. Above it is
the Keweenaw series, which bears the same relations to the underlying
rocks as they do to the Penokee series. .

North of the Animikie beds are schistose iron-bearing rocks, which
extend from Vermilion lake to the vicinity of Knife and Saganaga
lakes. These are flanked by gneisses and granites, and .on account of
their lithological similarity to the Animikie rocks are taken to be their
folded equivalent., While there is not here the same palpable uncon-
formities as in the other regions discussed, it is believed that there are
two groups of rocks, the apparent conformity being due to the intense
folding. ' o

There is then a graded series in the structural relations of the older
and newer rocks from the Animikie, which lie upon the older forma-
tions with a slight inclination through the Penokee, which is unfolded,
although deeply inclined; the typical Huronian, which is gently folded
without schistose structure; the Marquette, which is erumpled between
walls of older schists; the Menominee district, where the folding is so
close that the discordances are no longer distinct; to the Vermilion
lake district, where extreme pressure has produced a general commu-
nity of inclination between the two groups of rocks. There is then
in all these regions a great basement complex of crystalline schists,
gneisses, and granites, above which, separated by a great structural
hiatus, is the Huronian group, mainly of detrital rocks, which is fol-
lowed in turn, after a severe structural break, by the Keweenaw group,
upon the eroded edges of which rest the Potsdam or Upper Cambrian
sandstone. For the combination of clastic series above the basement
complex and below the Potsdam sandstone the system name Agnoto-
zoic is proposed.
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IRVING,*® in 1888, discusses the classification of the early Cambrian
and pre-Cambrian formations, and particularly those of the north-
western states. The relations of the Baraboo quartzites to the Pots-
dam sandstone, the relations of the Potsdam to the Keweenaw series,
the relations of the Animikie, Penokee, Marquette, Menominee, and
Vermilion lake iron-bearing series to the underlying and overlying
series are again fully discussed. The Keweenawan is held to overlie
the Huronian everywhere by a very considerable unconformity. Evi-
dence before given is repeated, and important additional evidence of
the break is found in northeastern Minnesota. At the base of the Ke-
weenawan is a great mass of gabbro, which extends from Duluth north-
east to the national boundary, more than 100 miles, and at its maxi-
mum is more than 20 miles wide. This basal gabbro is now in contact
with one member of the Animikie, and now with another, while in
other places it is in contact with the lower crystalline schists or gran-
ite. In the Huronian are placed the Original Huronian, the iron-bear-
ing series of Michigan and Wisconsin, the Black river falls iron-bearing
series, theAnimikie series, the St. Louis and Mississippi slate series, the
Vermilion lake iron-bearing series, the Baraboo quartzite series, and
the Sioux quartzite series. Under the Huronian is the Laurentian,
separated from it by a great unconformity. This is a series of granites,
gneisses, hornblende-schists, mica-schists, and other green schists.

These correlations are held to be warranted both by the lithological
ikenesses of the rocks in the different districts referred to the same
grand division, and the lithological contrasts between the divisions, as
well as by the fact that such unconformities as exist between the series
must necessarily have a very wide extent. That one or two organic
forms have been found in the rocks referred to the Huronian is not suf-
ficient evidence for extending the term Cambrian down to cover this
and the Keweenawan groups. In the Huronian are shales and slates
which have abundant organic matter and important beds of ferruginous
strata which were probably accumulated because of the existence of
organic matter. The fossils discovered are of types which have a great
vertical range above the Cambrian and may have as great a vertical
range below it. That a pre-Cambrian fauna existed is evident, while it is
probable that this fauna had affinities with the Cambrian itself. Such
weak paleontological evidence is not sufficient reason to disregard the
enormous thickness of the formations to be included in the Cambrian in
case the Keweenawan and Huronian are here placed, as well as the two
great unconformities below the Potsdam which must also be covered by
this term. Archean is restricted to the pre-Huronian rocks. The vol-
ume of the clastic series between the Cambrian and the Archean is such
as to demand a term of value equivalent with Paleozoic, and Agnoto-
zoic or Eparchean is proposed as this term.

VAN Hisg,® in 1889, finds the iron ores of the Penokee-Gogebic
series to be of sedimentary origin and to have been derived from an
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original cherty carbonate of iron which is yet abuundantly present in
the upper horizons of the ore-bearing formation.

Barnr2 (C.'W.), in 1889, describes the distribution of the granites of
the Northwestern states, and particularly those of Minnesota. Thsy
are found to be either intrusive or granitic veinstones, the latter being
insignificant in quantity. The granites of Minnesota as to age are
probably later than the Laurentian floor of the continent but earlier
than the close of the Agnotozoic era. There are three or four grand
periods of eruptive activity.

WILL1AMS,? in 1890, as a result of an extended examination of the
field relations and microscopical characters of the widespread green-
stones, greenstone schists, and agglomerates of the Marquette and Me-
nominee districts, concludes that they are all of eruptive origin. This
conclusion is reached from a consideration of the field evidence, the
schistose phases being frequently traced by continuous gradations into
massive forms; and from the microscopical evidence, these unaltered
forms having all the characteristics of eruptive rocks. The original
rock types were rather numerous, including gabbro, diabase, diabase-
porphyry, melaphyre, diorite, diorite-porphyry, and tuffs. These rocks
have been compressed, faulted, and crushed, as a result of which, com-
bined with metasomatic changes, their present condition is produced.

IrvING,? in 1890, discusses the fieid relations of the greenstones and
greenstone schists of the Marquette and Menominee districts. A field
study of these rocks, heretofore gencrally considered sedimentary, led
to the conclusion that they are largely of eruptive origin, and the de-
tailed stady of Williams has shown this conclusively. In the Marquette
district the line of demarcation between the schists and granites is not
a sharp one, the granites intricately intruding the schists, often in such
a manner as to render it certain that the granite is the later rock. Also
the basic dikes which cut the greenstone schists are of wholly subse-
quent date to the schists themselves, and are equivalent in age to those
which have intruded the overlying detritaliron bearing series. On the
other hand, it is concluded that the greenstone schists themselves do not
belong within the same geological period as that which holds the remain-
der of the stratiform rocks of the region; that is, the greenstone schists
are placed along with the granites and gneisses to form the basement
upon which the overlying detrital iron-bearing series was horizontally
and unconformably spread. This is shown by the fact that at a number
of points the detrital beds which form the basement member of the iron-
bearing series proper bear numerous waterworn fragments of the gran-
ite when in contact with that rock, and, when in contact with the green-
stone schists, fragments of those rocks. Insome cases thebasal quartz-
ite appears to grade into the granite, but a study of this quartzite in
the thin section shows its completely fragmental character. These con-
tacts or basal conglomerates are described in Secs. 1,2, 3,4, 5, T. 47N,
R. 25 W, Mich.; in Secs. 21 and 22, T. 47 N,, R. 26 W, Mich.; in Sec.
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29, T. 48 N, R. 25 W., Mich.; in Sec. 20, T. 48 N, R. 27 W, Mich.; in
Sec. 17, T. 48 N., R. 26 W, Mich.; in Sec. 21, T. 48 N,, R. 27 W, Mich.;
and at various points in T. 49 N, R. 28 W., Mich.

From these occurrences it does not appear possible to escape the
conclusion that the greenstone schists, together with the granite, are
greatly older than the detrital rocks, and before the latter were formed
had already suffered disturbance and deep denudation. This is cer-
tainly true if the underlying rocks are fragmental, and the conclusion can
not be escaped if they are eruptive, for both the greenstone schists and
the gneissoid granite must have received their schistosity before yielding
the fragments; and, moreover, their character is such that it is gener-
ally believed that they must have crystallized in depth, and must
therefore have had removed from them great masses of material before
yielding the discovered fragments to wave action. There are evi-
dently granitic rocks of two different agesin the Marquette district,
because dikes of a fine grained reddish granite frequently cut the
other granite. This later granite, of relatively small extent compared
with the main masses, may have perhaps been later in time of forma-
tion than the detrital rocks themselves, as indicated by the presence of
rare quartz-porphyry dikes and rare granitic dikes in the Felch moun-
tain district intersecting a ferruginous schist of the iron-bearing series,

The above conclusions are further confirmed by the fact that the
later greenstones interstratified with sedimentary layers, as shown by
Prof. Williams, are precisely like the corresponding dikes in the green-
stone-schist area, which were evidently intruded subsequent to the
production of a schistosity. Also the schistosity of the greenstone
schists corresponds at times with the bedded structure of theiron series,
while at other times there is no such correspondence. A similar ex-
amination of the facts in the Menominee district leads to identical
conclusions; that is, that the granite both south and north of the iron-
bearing series and the associated green schists and gneisses consti-
tute a complex upon which the newer series was deposited.

IrviNG and VAN HISE,™ in 1890 and 1892, give a detailed descrip-
tion of the Penokee series of Michigan and Wisconsin, of the complex
of rocks south of this series, and discuss the relations which the Pen-
okee rocks bear to the underlying and overlying series, as well as to
the Eastern sandstone.

South of the Penokee series is the Southern Complex, an area of fine
grained green hornblende-schists and mica-schists, gneisses, and gran-
ites. There is often no proper contact between the granite, gneiss, and
schist, but an apparent gradation through a considerable distance
from one to the other, while the granite often also cuts the schist,
playing the part of a later intrusive. Distant from the lines of contact
the schists occupy considerable areas. In none of these rocks is dis-
covered any evidence of clastic origin. If the massive granites and
syenites are regarded as eruptive, it must be concluded that many of
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the schists also have a like origin, because of the gradations between
them.

The Penokee series proper is made up of three members, Quartz-Slate,
Iron-Bearing, and Upper Slate, and these rest unconformably upon a
Cherty Limestone member.

The Cherty Limestone below the base of the Peuokcee series proper
varies in thickness from nothing to 300 feet and is not continuous.
This member shows no evidence as a whole of mechanical origin,
although occasionally & small amount of detrital material is found in it.
It is regarded either as a chemical or orgamic sediment, and is called
the Lower Penokee formation.

The Quartz-Slate member, resting upon the Cherty lebstone or upon
the Southern Complex, is a continuous persistent layer of very constant
thickness for many miles. It is for the most part in the neighborhood
of 450 feet thick, although at one locality it reached 800 feet in thick-
ness. The rocks of which it is composed comprise feldspathie quartz-
slates, biotitic and chloritic quartz-slates, and vitreous quartzite, the
latter being a persistent phase at the uppermost horizon. All these
rocks are plainly fragmental and for the most part little altered, although
occasionally by metasomatic changes they have become semicrystalline.
The lowest horizon of the Quartz-Slate in the Penokee series proper
was found at times to be a vitreous-quartzite and other times to bea con-
- glomerate. The débris of this conglomerate is usually derived chiefly
from the Southern Complex, but at several localities contains a large
quantity of chert from the Cherty Limestone member, and also includes
a considerable amount of red jasper pebbles, and occasionally contains
pebbles of white vitreous quartzite.

The next overlying formation is the Iron-Bearing member which is
longitudinally coextensive with the uuderlying Quartz- Sla.te The
thickness of this formation is surprisingly uniform, varying for the
most part between 800 and 1,000 feet, although at its eastern extremity
it apparently becomes thicker. The main phases of rocks here in-
cluded are slaty and cherty iron carbonates, ferruginous slates and
cherts, and actinolitic and magnetitic slates, none of which show any
evidence of being of mechanical origin. The original form of the entire
formation is taken to be an impure cherty iron carbonate, also bearing
mwagnesinm and calcium carbonate. From this condition the many
phases and varijeties of rocks now found are traced by minute stages.
These transformations are mainly produced by secondary chemical
changes. A comparison with the iron-bearing formation of the Animi-
kie shows that it consists of the same kind of rocks, which have been
derived from an iron carbonate in the same manner as those of the iron
formation of the Penokee series. The iron ores are found to rest for
the most part upon the underlying quartzite and upon a series of dikes
which have cut the stratified layers. The ores in this position are sec-
ondary concentrations regarded as produced at the same time as the
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modifications of the Tron-Bearing member and due to downward perco-
lating water, which has removed silica and has substituted iron oxide.

The Upper Slate member follows above the Iron-Bearing member. It
is of great and variable thickness, the maximum being over 12,000 feet,
and it varies from this to entire disappearance, the overlying series
coming in contact with the Iron-Bearing or lower members. The rocks
here comprised are mica-schists and mica-slates, graywackes and gray-
wacke-slates, clay-slates or phyllites, and quartzites and conglomerates,
all of which are of original mechanical detrital origin. The mica-
schists and mica-slates are traced by imperceptible stages back to their
original little altered or unaltered condition.

These . three members constitute the Penokee series proper. The
Eastern area of the series is found to differ in many respects from the
main area already described. This was the center of great contempo-
raneous volcanic activity, and consequently the succession includes
large thicknesses of lava flows and volcanic tuffs, which are not paral-
leled by the rocks found in the western area, and as a result of this
disturbing force the detrital succession is not so simple and regular.

‘With the Penokee series are found eruptives of two classes, dikes
cutting the formation and interbedded sheets, which are probably in-
trusions of the same age as the dikes. These ernptives are usually
diabases, which are like the dikes found in the complex below the
Penokee series, and which chemically are like the overlying Keweenaw -
series.

The Penokee series has approximately an east and west strike, is
unfolded, and dips to the north at an angle varying usually from 60°
to 80°. There are sharp. flexures at a few points and small faults at
only two localities.

‘While the strikes and dips of the Penokee series are persistent, those of
the underlying schists are variable and often are at marked discordance
with the Penokee succession. The granites which cut the fine grained
schists of the underlying complex are never seen to intersect the lime-
stone or quartz-slate. At quite a number of places the limestone or
quartz-slate is found immediately adjacent to or in actual contact with
the underlying complex, when it is always found to bear numerous
water-worn fragments from the Southern Complex, the condition of which
is that of the rock from which it is derived. When the contact is with
the green schists the schistose structure of the underlying rocks abuts
against the strike of the quartz-slate, while the fragments, with their
greater length parallel to the schistose structure, are found with their
longer diameters in the direction of the bedding of the slate, showing
that their schistosity was produced before they were broken from their
original position. It is then concluded that the Southern Complex is
separated from the Penokee series by a great unconformity, and that as
the quartz-slate is persistent for a distance of many miles, that the
underlying complex had nearly reached a base level before the overly-
ing series was deposited.
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Abovethe Penokee series ave the Keweenawan rocks, which are found
at Tyler’s fork above a thickness of at least 13,000 feet of sediments
belonging to the Penokee series. In passing east or west from this
point the Keweenawan rocks come in contact with lower and lower
horizons of the Penokee series. At one place the entire succession
appears to be cut off by it. This is taken to imply that between the
deposition of the Penokee series and the outflows of Keweenawan time
there lapsed a sufficient time for erosion to remove at least this thick-
ness of sediments, and consequently that between the Keweenawan
and Penokee series is a very considerable unconformity.

This unconformity is not, however, evident in single cross-sec-
tions. The bedded Keweenawan traps have a high inclination which
is not markedly different from that of the P’enokee succession. The
inclination of this bedding is ascertained by the contacts of the differ-
ent flows, by the inclination of their amygdaloidal horizons, and, north
of Bessemer, by the contact between the traps and an interleaved sand-
stone.

At lake Gogebic the Iastern sandstone is found in a horizontal posi-
tion to rest against the upturned edges of the Southern Complex and
Penokee series alike, and to contain numerous characteristic fragments
which can have been derived only from these series. Also very numer-
ous fragments are found equally characteristic of the Keweenaw series,
and it is therefore concluded that after the deposition of the Penokee
and Keweenawan series, before the Eastern sandstone was laid down,
that the two former were upturned and suffered great denudation.

A comparison of the Penokee series proper and the Animikie series
shows that they are made up of like sucecession of rocks, occupying the
same relative positions with reference to overlying and underlying rocks,
one dipping northward under the basin of lake Superior and the other
dipping southward under the same body of water. They are therefore
regarded as equivalent. As probably equivalent with the Penokee
series are also placed the various areas of rocks in the lake Superior
basin referred to the Upper Huronian.

A comparison of the Penokee with the Marquette succession shows
that there is a very close correspondence. Unconformably below the
Marquette and Penokee clastics is a crystalline basement complex.
‘Within the pre-Keweenawan clastics in each district is a second phys-
ical break. Below this break, in the Penokee district, the formations
of the lower Marquette are now represented only by the Cherty Lime-
stone. That other members once existed is indicated by the presence of
fragments of jasper and quartzite in the lowest horizon of the Quartz-
Slate. Formations composed of these rocks and a cherty limestone
are the characteristic members of the lower Marquette.

The correspondence of the members of the Penokee series proper
with those of the upper Marquette is complete. The upper Marquette
and Penokee series, looked at broadly, are great slate formations, both
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of which contain, near the base, an iron-bearing horizon: In the Penokee
series that portion of the slate overlying the ore formation has been
called the Upper Slate member, and that below it the quartz-slate
member. The lower part of the quartz-slate is a quartzite and con-
glomerate, which corresponds to the quartzite and conglomerate form-
ing the base of the upper Marquette series. The uppermost horizon of
the Penokee quartz-slate is a narrow layer of persistent quartzite,
which does not appear to be represented in the Marquette district.
The character of the ore-bearing member is identical in both districts,
being unquestionably derived from a lean, cherty carbonate of iron.
The characteristic rocks of both are now the iron carbonates, ores, and
cherts containing bands and shots of ore. The chief difference between
the two is that in the Penokee district the actinolite-magnetite-schists
are more prevalent, and that the iron-bearing formation is more persist-
ent. Connected with this fact is perhaps the presence of the upper hori-
zon of quartzite, which shows that a clearing up of the waters occurred
before the beginning of deposition of the iron-bearing sediments. A
still further analogy between the Penokee and Upper Marquette series
is the presence in both of abundant surface volcanics. We have then
in the two districts the following parallel descending pre-Keweenawan
succession. '

PENOKEE. MARQUETTE.

Upper slate, rather extensively mica-
schist.
Iron-bearing formation.

- Upper slate, locally mica-schist.

Iron-bearing formation.

Quartz-slate; upper horizon persistent
quartzite; central mass a slate; lower
part often conglomeratic, bearing frag-

ments of lower series, and locally a

Lower slate; lower part quartzite or
quartzite-conglomerate, bearing frag-
ments of lower series, either lower Mar-
quette or Archean.

quartzite.

Unconformity. Unconformity.

Eroded away. Iron-bearing formation.
Limestone. Limestone and lower quartzite.
Unconformity. Unconformity.

Basemeut complex. Basement complex.

VAN HiSE,” in 1391, describes the physical break between a Lower
and an Upper Huronian series. In the Marquette district the Lower
series includes the lower quartzite and novaculite of Brooks, the lime-
stone formation as well as the chief iron-bearing formation containing
the hard ores, which is composed chiefly of jasper and actinolitic and
magnetitic slates. The Upper series has at its base a vitreous quart-
zite, but is chiefly composed of black slates sometimes carbonaceous,
graywackes, and mica-schists, together of great thickness, and locally
contains belts of ferruginous cherts and slates, including ore-bodies,
which are, however, of a different character from the ores of the Lower
series. The area occupied by the Upper series is equal to or greater
than that of the Lower series. That the two series are separated by



VAN HISE.] LAKE SUPERIOR REGION. 155

a great unconformity is shown by nwmerous contacts. At these con-
tacts the lower quartzite of the Upper series contains abundant
fragments of the Lower series which had reached their present con-
dition before being deposited in the former. That the Lower series
has been greatly folded and deeply truncated before the Upper series
was deposited, is further shown by the much banded and contorted
jasper abutting at all angles against the beds of the uptilted but sim-
ply folded Upper series, and also by its more crystalline character.
Since great belts of conglomerates containing abundant fragments of
ore and jasper are found in the Upper Vermilion, at Ogishki lake, and
in the Upper Kaministiquia series, it is argued th~i the source of this
material is the great belts of iron ore and jasper contained in the Lower
Vermilion, Hunters island, and Lower Kaministiquia series. That the
Vermilion lake conglomerate is unconformably above the schists in
vertical attitude, bearing ore and jasper, is further indicated by the
fact discovered by Merriam that on the islands of Vermilion lake
the conglomerate is found to be in a series of gentle folds although
having a vertical cleavage developed. Merriam regards the conglom-
erate as a comparatively thin formation overlying and overlapping
the Lower series. The presence of red jasper conglomerate in the
Original Huronian suggests that in this district. will be found in the
foture a Lower series similar to the Lower Vermilion bearing jasper
and ore. , ,
It is concluded that the confusion in correlation of the formations
about lake Superior is due to the failure to recognize this general uncon-
formity. Once recognized, the structural conclusions to which the vari-
ous writers have most steadfastly held are found to be in general
harmony. Above the physical break, and constituting the Upper
Huronian (equivalent to the Original Huronian) are the Animikie and
Upper Kamninistiquia, Upper Vermilion, Upper Marquette, Western
Menominee, Penokee-Gogebic proper, the Dakota, Iowa, Minnesota, and
Wisconsin quartzites surrounded by the fossiliferous series. In the
Lower Huronian is the Keewatin (in part at least), the Lower Kaminis-
tiquia, Lower Vermilion, Lower Marquttte, Felch mountain iron-bearing
series, Menominee proper, and the Cherty limestone at the base of the
Penokee series, and the Black river falls iron-bearing schists.
BAYLrY, %7 in 1892, concludes, after a microscopical examination of
the specimens obtained in the neighborhood of Alkeley lake, from the
formation designated Pewabic quartzite by the Minnesota geologists,
that they are granulitic and quartzose phases of the gabbro, and that
none of them are sedimentary rocks. These granulitic and quartzose
gabbros are traced into ordinary gabbros; consequently the Pewabic
.quartzite is & part of the gabbro. The ore beds of the Akeley lake
series, interstratified with these granulitic gabbros, also belong with the
overlying gabbro and not with the Animikie. This conclusion agrees
with that of Chauvenet reached in 1883 and 1884. This iron-bearing
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silicitied gabbro has been traced by this geologist southwest through
secs. 25, 35, 34, T. 65 N., R. 5 W, to Mitchigamme lake. The same
silicified gabbro belt has been found by Merriam at lake Gobbemichig-
omog. '

MERRIAM,* in 1888 and 1889, in a detailed systematic study of parts
of the Marquette district, ascertained that about many of the masses
of basic eruptives the clastic rocks bow in a quaquaversal manner, in-
dicating that many of the diabases, gabbros and diorites are intrusive
subsequent to the formation of the Marquette series, and that the local
strikes and dips are often due to this cause.

VAN Hisg,® in 1890, examined the rock succession at Iron moun-
tain, Michigan. Overlying the ore formation of the Ludington and
Chapinmines is aconglomeratewhich bears fragments of ore and jasper.
It therefore appears that after this material reached its present condi-
tion in the ore-bearing series it was eroded and furnished débris for a
newer series.

PumMpELLY and VAN Hisk,?in 1891 and 1892, find that in places
the ore formation of the Menominee and Felch mountain districts passes
down into the limestone. This gradation may be well seen in the Me-
nominee district at a quarry east of the Chapin mine. Also in the
deeper workings of the Chapin, the ores resting almost directly upon
the limestone are found to bear a considerable percentage of carbonates,
including iron, calcium, and magnesium. The Metropolitan ore deposits
in the Felech mountain district are found associated with or within the
limestone. At one pit the ore and jasper may be seen interlaminated
with and grading down into a limestone. It is therefore probable that
the ore formation of these districts, in part at least, is but an upward
continuation of the limestone formation, perhaps differing from it origi-
nally only in that the upper part contained a greater quantity of origi-
nal carbonate of iron. .

Above the ore formation at Quinnesec, test pits show the presence
of a typical chert and jasper conglomerate, in every respect like the
basement conglomerates of the Upper Marquette.

SECTION VII. SUMMARY OF RESULITS.

The lake Superior region is the one in America about which most
has been written and which has furnished the most definite knowledge
of the structural relations of the pre-Cambrian rocks. Containedin the
foregoing summary of literature is potentially much that follows, but
it seems desirable to put together the conclusions which may be con-
sidered as determined and see how far the various positions taken
by the different writers are really in harmony. Unless otherwise stated,
the cited positions of the various authors are their later expressions;
oftentimes earlier and different views have been held. For the sources
from which the conclusions are drawn it will be necessary to turn to
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theliterature, from which, by means of the footnotes, the material may
be traced to the originals.

The four series to be arranged are those known as the lake Superior
sandstone, the Keweenawan, the Huronian, and the Laurentian. The
last two have by certain later writers been again subdivided.

LAKE SUPERIOR SANDSTONE.

The horizontal red sandstone of lake Superior was recognized as the
most extensive formation of the lake by the earliest geological voy-
ageurs, and in what follows this formation will be called the lake
Superior sandstone. The early travelers, Schoolcraft, Bigsby, and
Bayfield, regarded it as the Old Red sandstone, although Bayfield later
considered it to probably underlie the fossiliferous red sandstone of St.
Marys river. It was placed by Jackson, Marcou, and for a long time
by Bell, as the New Red sandstone. Very early others, including Daw-
son (Sir William), Foster, Houghton, Logan, Owen, Whitncy, and
Rogers, regarded the sandstone as Lower Silurian or Potsdam. In
1873 Rominger finally demonstrated what Houghton had long before
stated, that the horizontal saudstone is directly overlapped by the Cal-
citerous formation. The sandstone was therefore placed as Potsdam,
which position it has held since that time without dispute by anyone
acquainted with the region.

It was very early seen that the horizontal sandstone is newer than
the granites and slates of lake Superior, which occupy a lower position
than the Keweenawan. Schooleraft saw, as early as 1821, the uncon-
formity between the granite and sandstone at Granite point, and that
between the latter and the slates on the St. Louis river at the head of
lake Superior. Bayfield recognized this unconformity in 1829, saying
that the many instances of the conjunetion of the sandstone and granite
proved that the sandstone was deposited after the granite occupied its
present position. Rogers saw the samerelations between the sandstone
and the slates of Chocolate and Carp rivers, although at first he regarded
the latter as Primal. Owen, in 1847, described in northern Wisconsin
like unconformable relations between the horizontal sandstone referred
to the Potsdam and the crystallinerocks. Norwood, in 1847, again saw
the unconformity between the lake Superior sandstone and St. Louis
slates at Fond du Lac, described by Schooleraft many years betore.
Foster, in 1848, saw the same unconformable relations between the
sandstones and slates at I’Anse. Since these early discoveries of the
relations between the sandstone and the crystalline rocks were an-
nounced they have been confirmed at these original localities and at
numerous other localities by many observers. '

As to the relations of the lake Superior sandstone with the sand-
stones interstratified with the trappean rocks, i.e., the Keweenawan,
there has been the greatest diversity of opinion, and the question is one
in which there is not yet entire unanimity, although the weight of the
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evidence is so strongly in favor of the inferior position of the Kewee-
naw series that this conclusion is doubted by but few geologists.

Bayfield, Bigsby, Burt, Rogers, Schoolcraft, and Whittlesey mnade
no distinction between the lake Superior and Keweenawan sandstones,
apparently not recognizing that there was any question of their not
being equivalent. Jackson, followed by Bell, for many years appar-
ently regarded the Keweenawan sandstones as later than the lake Su-
perior sandstone. Jackson places the former as New Red, and states
that the sandstone of the Pictured rocks may not be of the same age.
Bell at first thought the Keweenawan Permian or Triassie, while cog-
nizaut of the fact that the lake Superior sandstone is older than the
Triassic, but recently this writer places the sandstone as probably un-
conformably above the Keweenawan. Ioster, Wadsworth, Whitney,
and Winchell (N. H.), after comparisons and studies of the problem, have
maintained that the lake Superior and Keweenawan sandstones belong
to the same series. Agassiz, Brooks, Chamberlin, Dawson, Houghton,
Irving, Logan, Macfarlane, Bell, Owen, Pumpelly, Rominger, Selwyn,
Strong, Sweet, and Wooster have hekl as their latest view that the
Keweenaw series is older than the lake Superior sandstone. Agassiz
at first regarded all the sandstones of the same age, but came to the
conclusion afterwards that the sandstone was deposited against the up-
turned Keweenaw series. Agassiz, Brooks, Chamberlin, Dawson, Ir-
ving, Owen, Pumpelly, Rominger, Strong, Sweet, and Wooster maintain
a great unconformity between the two. Macfarlane held that there was
a doubtful unconformity between the Keweenaw series and the lake
Superior sandstone, the former occupying an inferior position. Hough-
~ ton’s, Logan’s, and Selwyn’s position is that the Keweenaw series is a
downward extension of the lake Superior red sandstone. The latter is
regarded by Logan as probably Chazy, and the Keweenawan therefore
Calciferous or Potsdam. Selwyn and Bell now place the Keweenawan
as Cambrian.

The relations of the horizontal sandstone in northern Wisconsin to
the melaphyres and traps regarded as Keweenawan have been de-
scribed by all observers to be those of unconformity, the horizontal
sandstone resting upon the upturned edges of the Keweenaw series.
The only point of difference has been whether this sandstone is Potsdam
or not. Itis so regarded by the Wisconsin geologists and by Owen,
but is by N. H. Winchell called St. Croix and is placed above the Pots-
dam. The true position of this sandstone another will discuss, but no
one doubts that it belongs near the base of the Northwestern Paleozoics,
The extensive area of horizontal sandstone about Agogebic lake be-
tween the two highly tilted trap ranges was long ago cited by Brooks
and Pumpelly as evidence that the lake Superior sandstone is far later
in age, it being found not distant from the highly tilted Keweenawan
eruptives. :

The controversy has been most extended as to the relatious of the
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two series on Keweenaw point. .\ part of what has been regarded as
thelake Superior sandstone, adjacent to the trap range, has been shown
by Wadsworth to belong with the Keweenaw series, and it is even yet
a debatable question as to just where at certain places the lake Superior
sandstone begins and the Keweenaw series ends; because by all it is
now agreed that near this contact is an ancient fault of great magni-
tude, along which post-Potsdam slipping has taken place.

In considering the question whether the lake Superior sandstone is a
part of the Keweenawan, the general field relations are more significant
than all else. Wherever the Keweenaw series appears in its character-
istic development about lake Superior, from Michipicoten on the east
to Duluth on the west, from Thunder bay on the north to Keweenaw
point on the south, it is a titled series, the inclinations rarely being less
than 309, never less on the south shore, while more commonly they are
much higher, running often to 80°. The lake Superior sandstone, on
the other hand, wherever found, is horizontal, except along lines of con-
tact with Keweenawan or other rocks, and here the tilting has been
explained to be due to faulting. The only locality remote from a con-
tact at which the sandstone is said not to be horizontal is Traverse
island, aud at this place the facts upon which the statement is based
have not been published. The lake Superior sandstone runs as a long
tongue for a distance of more than 50 miles, always in horizontal atti-
tude, gradually narrowing to the west; between the north and south
highly inclined Keweenawan trap ranges to near the Montreal river.
Nowhere is it interlaminated with or cut by a single eruptive rock of
any kind. The finding of detrital rocks between the lava flows of the
South range of the Keweenawan has no bearing against this, assertion
any more than does the existence of such rocks in the main trap range.
Before it can be concluded that such tilted interlaminated detritals are
a part of the horizontal Eastern sandstone the two must be traced
together in continuous exposure.

« These broad field relations and the absence of trap point with irre-
sistible force to the conclusion that the lake Superior sandstone is a far
later formation, laid down since the Keweenawan was deposited, uptilted,
and eroded. If this is not the case, that it in broad areas should have
wholly escaped the dynamic movements which upturned the Keweenaw
series everywhere about lake Superior is absolutely inexplicable.
Equally strange is the fact that it has everywhere escaped intrusive
material. It is not a commeon thing for eruptive activity which extends
over distances of 300 miles east and west and 100 miles north and south
to continue in full force up to and stop along a ruled line 100 miles
~long. That this occurred must be believed if the lake Superior sand-
stone is regarded as belonging to that part of the Keweenaw series, -
interbedded with the traps, as advocated by Wadsworth. The abseuce
of eruptive material in the horizontal sandstone on the theory that it is
a part of the Keweenawan can be explained only by regarding it as the
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equivalent of the upper members of the Keweenawan, and even this
hypothesis would leave wholly unexplained the strange field relations.
The amount of positive evidence, based upon contact relations, neces-
sary to establish the conclusion that the lake Superior sandstone is
interstratified with the Keweenaw series, considering these general
relations (mentioned by Logan as early as 1863), would need to be very
great indeed.

However, the great mass of the evidence of contacts bears toward
the later age of the sandstone. At the ‘very numerous localities in
Wisconsin in which the contacts are not obscured by faulting, all who
have examined the district are agreed that the sandstone there found
does rest unconformably upon melaphyres and traps in every respect
identical with those of the Keweenawan. Also the order of superposi-
tion of the Potsdam sandstone and the Keweenawan are shown by the
deep well at Stillwater, Minnesota, described by Meads. This well
passed through 700 feet of St. Croix and Potsdam sandstone and then
went into the characteristic interbedded sandstones and eruptives of
the Keweenaw series. This occurrence alone would seem to demon-
strate the inferior position of the Keweenawan, although from the
nature of the case it can not determine whether there is an unconform-
ity between the. two. The only district in which anyone has main-
tained that the lake Superior sandstone does pass in continuous ex-
posure between the traps is along the southern border of the Kewee-
nawan of Keweenaw point, and, as already said, it is now not denied
that there has been faulting here both before and since the depo-
sition of the Eastern sandstone. Moreover, the fault is probably an
overthrust. It is, then, a district in which the contacts and relations
are particularly liable to be confusing and misleading. Even here,
however, examinations by Agassiz, Chamberlin, Irving, Rominger and
Pumpelly, have led them all to the conclusion that the Eastern sand-
stone is newer than and overlies the trap, while only Foster and Whitney
and Wadsworth maintain the contrary. o

Nearly all of the positive evidence as to the relations of what is
known to be the lake Superior sandstone to the Keweenaw series is
that the former is far later than and was deposited upon and against the
upturned edges of the Keweenawan; that between them is a great un-
conformity; and, as has been seen, this conclusion is the one reached
by the greater number who have studied the question critically. As
the lake Superior Sandstone is Potsdam, it follows that the Kewee-
nawan is pre-Potsdam; and since the unconformity separating the two
is so great, the latter is probably pre-Cambrian.

" THE CIHARACTER OF THE KEWEENAW SERIES.

Of the forms of the word proposed for this series, Keweenawian,
Keweenian, and Keweenawan, the last is apparently preferable as being
most directly derived from the geographical term Keweenaw.
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Bayfield, in 1829, recognized the detrital character and source of the
débris of the Keweenawan conglomerates, and concluded that they
must be later than the traps.

The existence of a succession of interbedded clastics and volecanies
12,000 teet thick about lake Superior was recognized by Logan as early
as 1847, while in 1852 the same author accurately characterized the series
as an alternation of sandstones and conglomerates, amygdaloids and
traps.  The work ot Foster and Whitney on the south shore established
about the same time the existence of a similar greal succession on
Keweenaw point, although the conglomerates were by these authors
regarded as friction conglomerates caused mainly by volcanic action
upon the earlier sandstones. Jackson recognized that the conglom-
orates are of true detrital origin. The first clear appreciation of the
contemporaneous interstratitied relations between the volcanics and
detrital rocks on the south shore wasreached by Pumpelly and Marvine.
Theii work was much fuller on this series of rocks than any that had
gone before, and as a consequence of this the rocks were recognized as
a distinet system to whici the term Keweenaw graup was applied.
Logan, on the north shore, included in his Upper Copper-bearing rocks
what is here calied Keweenawan and the -uncomformably underlying
Animikie. He however recognized that the two have a very different
lithological character. The felsites, quartz-porphyries, and other acid
rocks—in the earlier reports frequently called jaspers—and amygdaloids
were by many of the earlier authors supposed to be metamorphosed
sandstones. This position is, 1 believe, for the acid rocks, held by no
writer at the present time, with perhaps one exception, and for the
amygdaloids by none. The work of Wadsworth, Pumpelly and Irving
has demonstrated beyond all doubt that these rocks are original erup-
tives. The Keweenawan is now generally recognized as a series many
thousands of feet thick, consisting of interbedded lava flows and water-
deposited detrital material, derived chiefly from the contemporaneous
igneous rocks. The volcanics are predominant in the lower part of the
series, the interstratifications of the two are most frequent in the middle
portion, and the upper part of the series is free from volcanics.

RELATIONS OF KEWEENAW AND UNDERLYING SERIES.

Coming now to the relations of the Keweenaw and next underlying
series, opinion is nearly unanimous. As these two series were folded
together to form the basin of lake Superior, the earlier writers regarded
them as conformable. ' That they are really discordant was first recog-
nized by Brooks and Pumpelly, who found that the base of the Kewce-
nawan is now in contact with one formation of the underlying series
and now with another, and from this general relation they argued an
erosion interval. Brooks also brought forward as evidence of this con-
¢lusion the whollyunaltered character of the Keweenawan detritals and

.the simplicity of its tolding as compared with the Huronian, The Wis-
Bull. 86—-11
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consin geologists corroborated Brooks’s and Pumypelly’s results.  When
the relations of the series on the north shore were closcly examined
actual evidence of the erosion interval was found by Irving at Thunder
bay. The same was seen by McKellar, and upon mapping the two
series in northeastern Minuesota, Irving and Merriam found that the
same discordance which was found on the south shore appeared, that is
to say, the base of the Keweenawan is now in contact with one member
of the underlying series and now with another. Selwyn finds atThun-
der bay no evidence of this erosion interval, but this testimony is neg-
ative and stands alone. The great mass of evidence from many locali-
ties agrees that there is a physical break at the base of the Kewee-
nawan.

The last point to consider in this connection is the reality of the ex-
istence and the position of the so-called crowning overflow of the north-
west shore. This was described by Logan, Bell, Selwyn and others,
and some were inclined to place it with the Animikie and others with
the Keweenawan. Irving, in his general treatise on the copper-bearing
rocks, does not recognize this overflow as a general formation, but places
the more important flows to which this term has been applied at the base
of the Keweenawan. Later work innortheastern Minnesota shows that
at the base of the Keweenawan is a great area ot gablro, the thickness
and magnitude of which is incomparably greater than the so-called crown-
ing overflow of Thuunder bay. This great mass of gabbto extends from
Duluth northeast to the Nutional boundary, a distance of 100 miles or
more, and is at its maximwmn outcrop more than 20 miles in width.
There is no question, unless it be considered a subisequent intrusion,
that this great gabbro is.the base of the Keweeunawau, for it now comes
in contact with one member of the Animikie and now with another.
At other times it is in contact with the crystalline schists of the Lower
Huronian, and again with the granite and gneiss of thie Laurentian, so
that it is evident, if it is a part of the regular succession, that all of
these rocks have been deeply eroded before its appearance. This gab-
bro has been, however, too little studied to venture an opinion as to
whether it is a great surface flow or succession of flows, or, as sug-
gested by Bayley, an immense reservoir in the nature of an early lac-
colite or batholite which furnished material for the subsequent diabase
dikes and sheets of the Animikie and for basic surface flows of the
Keweenawan. Recently N. H. Winchell, contrary to all previous work,
places this gabbro as older than the Animikie. Little evidence is given
to support this change of view. No section is given illustrating the sup-
posed structure. To the writer there appears to be great if not insuper-
able difficulties in the way of the correctness of this conclusion.

GENERAL SUCCESSION ACCORDING TO DIFFERENT WRITERS.

Iu taking thenext step downward, we come to the complex about which
there has been great diversity of opinion and about which it is difficult
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even yet to see clearly all the results which legitimately follow from the
work done. Thecrudenotion thatthesandstones, traps, jaspers, gueisses,
granites, and all other rocks of lake Superior represent one great form-
ation, the crystalline phases being more metamorphosed materials, as
maintained by some of the earlier geologists, would now hardly be held
by any one. Also it is doubtful if any would deny that the rocks below
the Keweenaw series are divisible on a structural basis, if the Animikie
series is here included. The successions deduced by the geologists wlho
have made the most extended study of the lake Superior region are as
follows: .

Logan makes the Keweenawan a downward extension of the lake
Superior sandstone. Below the Keweenaw series, as before defined,
is a set of slates (the Animikie) of very considerable thickness, which
are, however, a part of the Upper Copper-bearing group, and therefore
superior to the Original Huronian or Lower Copper-bearing group. The
-Animikie rests unconformably upon the Huronian. As to the relations
of the Huronian and Lanrentian about lake Superior little is said, ex-
cept that at one place they appear to be conformable and grade into
eath other. We thus have Logan’s sliccession, lake Superior sand-
stone; Keweenawan; Animikie; unconformity; Huronian; Laurentian.
The Animikie, as well as the Keweenawan, is regarded as a part of the
Cambrian series.

Selwyn’s succession ditfers from Logan’s only in that he maintains
that all of the rocks underlying the Animikie in Canada constitute one
general conformable succession, but divisible into two systems upon
lithological grounds and the superior position of the second. These
are the Laurentian and Huronian. This order is also that, of Bell.
With these authors the Laurentian is granitoid and gneissic, while
the Huronian is quartzose, hornblendic, schistose and slaty.

Foster and Whitney’s succession is Keweenawan, which includes the
lake Superior sandstone; unconformity; Azoic—the latter said to be
- indivisible except on the north shore, and the granites are intrusive
rocks later than the Azoic slates. On the north shore the Animikie
reposes upon the granite. Until recently Wadsworth has beld to the
same succession as Foster and Whitney. In his last paper, however,
he states it is probable that in the Marquette Azoic there are three dis-
tinet geological formations or ages to which he applies, beginning at
the base, the terms Cascade, Republic, and Holyoke formations. The
last two are unconformable with each other.

Macfarlane recognizes a Huronian and a Laurentian, but regards
both series as wholly of igneous origin and the distinction between the
two a lithological one, the basic green schists referred to the Huronian
being newer than the granite and gneiss, and the pscudo-conglomerates
found in the Huronian a consequence of the intrusion of the latter, in
which process fragments of granite and gneiss were caught. The
Keweenawan is full of débris from the Huvonian,
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Brooks, Pumpelly, Irving, Chamberlin, Sweet, and Wright recognize
about the same general succession; lake Superior sandstone; uncon-
formity; Keweenawan; unconformity; then a great system of rocks
included in the Huronian; another unconformity; and then a complex
of granites, gneisses and schists.. Irving in his later work separates
from the Huronian and puts in the Laurentian the formation of dioritic
schists, obscure green conglomerates, chloritic schists, efe., cut by
granite veins in the Marquette district, which Brooks placed as the
lowest part of the Huronian, but the relations of which are said not to
have been fully made out. There is the further resultant. difference
between Brooks and Irving that Brooks regards very comsiderable
masses of granite in the Menominee district as the highest member of
the Huronian. As this granite is said to overlie conformably the Hu-
ronian schists and to send dikes into them, it is suggested that toward
the end of the Huronian period there was a great eruptive outflow of
granite. As has been seen, these facts are explained by Irving by
excluding from the Huroniém the granite and the schists cut, although
it is recognized that lesser granitic mtrusmns have occurred since Hu-
ronian time. <

Rominger, in his earlier work on the south shore, seeing that his dlo
ritic group of Huronian rocks is cut by granite, and considering the
former as a sedimentary rock, and finding also, as he believed, actual
transitions between the fragmental quartzites and granites, placed the
whole complex as Huronian and regarded the granite as the youngest
member. These positions are, however, very largely abandoned in his
later unpublished work. The existence of granite and gneiss prior to
the deposition of, and which have yielded débris to, the lowest members
of the Huronian, is recognized, although contacts are said to be not
often sufficiently frequent to enable a discrimination to be made be-
tween the original primary granites and gneisses and those of later
eruptive origin. The recomposed character of the detrital rocks which
repose upon and have derived débris from the granites and gneisses,
instead of grading into them, is now seen. It is, however, still main-
tained that the great mass of the graunite and gneiss is an eruptive of
later age than the detrital rocks. The dioritic group, which is so fre-
quently cut by granite veins, before considered as the bottom of the
Huronian, is recognized as an igneous rock which must be excluded
from the sedimentary series. Rominger’s succession is, then, lake Su-
perior sandstone; unconformity; Keweenawan; unconformity; Hu-
ronian sedimentary series, which has, however, been disturbed by great
intrusions of granite and gneiss, with also basic rocks; unconformity;
granite-gneiss-schist complex.

It is therefore to be noted that Brooks, Irving, and Rominger, who
have done the most work in the detailed mapping of the rocks of the
south shore, reach an identical conclusion asto the succession, the only
difference being one of emphasis. Rominger insists on the great impor-
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tance of the later granite-gneisses, but does not emphasize the presence
of the granite-gneiss-schist complex; Irving, on the other hand, reverses
the emphasis; while Brooks occupies an intermediate position. 1t is
most significant that these three meu, starting with different views,
have finally reached like conclusions. - For a long time Rominger denied
" the existence of the basement granite-gneiss-schist complex. Irving
was slow to recognize the presence of later intrusive granite. In
Brooks’s earlier work in the Marquette district he did not find the
evidence of intrusive granite-gneiss which he found laterin the Menomi-
nee district.

Lawson recognizes a physical break at the base of the Keweenawan
and a great break at the base of the Animikie, and divides the under-
lying complex about the lake of the Woods and Rainy lake, Ontario,
into Keewatin, Coutchiching, and Laurentian, this being the order of
occurrence downward, but in age the granitic and gneissic rocks are
later than and intrusive in the schistose rocks. In this matter Lawson
agrees with the earlier work of Bigsby upon Rainy lake and that of
Dawson upon the lake of the Woods, except that Dawson did not re-

“gard all of the granite-gneiss of the lake of the Wovods as later igne-
ous material. These relations are the same as those described by
Foster and Whitney, and by Wadsworth between the granite-gneisses
and the Azoic slates on the south shore. With Dawson, Lawson agrees
that the Laurentian gneiss and granite and the overlying schists are
conformable. By both of these writers the schistose rocks of the lake
of the Woods are regarded as sedimentary and largely of voleanic ori-
gin. There is the further agreement between Lawson and Dawson on
the north shore and Toster and Whitney, Wadsworth, Irving, and
‘Williams on the south shore that they regard the greenstone slates
as largely in. the nature of voleanic ash. Lawson gives the schistose
rocks about Rainy lake a twofold division, both series being regarded
as sedimentary and in apparent conformity, but there are great differ-
ences in the materials of which the-series are composed as well as in
degree of crystallization, and basal conglomerates are found at the
bottom of the upper series. Betiween the two there is believed to be
a considerable geological break. The upper is the equivalent of the
schistose series of the lake of the Woods. To cover the two series is
proposed the system name Ontarian. Lawson’s succession is therefore
Keweenawan, unconformity, Animikie, unconformity, Keewatin, uncon-
formity, Coutchiching, irruptive unconformity, Laurentian cuitting both
Keewatin and Coutchiching,.

It is of interest to note that Rominger’s early conclusions as to the
general relations of the rock series on the south shore were almost iden-
tical with those reached by Lawson as to the relations of the different
series on the north shore; that is, the dioritic group, the lowest Huron-
ian, is regarded as remelted metamorphosed Huronian sediments, the
more crystalline character of the rocks being due to their closer prox-

-
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imity to the volcanic forces, and while the great masses of granite-gneiss
are below the dioritic group, these rocks are also interstratified with
and cut the dioritic rocks, the whole granitic group being regarded as
of igneous origin, and later in age than the sedimentaries. The likeness
of the dioritic group and Lawson’s Keewatin at once suggests itself,
As has been seen, Rominger’s later studies led him materially to modify
his opinions and to bring them more nearly in harmony with the con-
clusions of Brooks and Irving.

N. H. Winchell’s succession is: Keweenawan, Animikie, Norian,
Pewabic quartzite (all of which are included in the Taconic), Keewatin,
Vermilion, Laurentian (which are included in the Archean or Azoic).
The Keweenawan is doubtfully called Potsdam, and is, with the Ani-
mikie, placed as the Georgia formation; and the Pewabic quartzite is
provisionally placed with the Potsdam granular quartz. Included inthe
Taconic are the quartzites of Minnesota, Iowa, Dakota and Wisconsin.
The part of the succession placed in the Taconic differs from Irving’s sne-
cession for this part of the column in that the formations which Winchell
includes in the Norian and Pewabic are regarded as the.great basal gab-
bro mass of the Keweenawan, between the upper Keweenawan and the
Animikie instead of below the Animikie. Itis not necessary to say
that Irving regarded all of these members as pre-Cambrian. The suc-
cession within the Archean is the same as that of Lawson, the difference
being only that Vermilion is substituted for Coutchiching. Also the
Keewatinclastics, Vermilion schists, and Laurentian gneiss are regarded
as in complete conformity, all detrital, and the lower members but more
metamorphosed than the upper.

Alexander Winchells succession below the Keweenawan is Huronian,
Keewatin, Vermilion and Laurentian. Atthe baseof the Huronian is
a great structural break. The three lower series arein conformity and
grade into each other. This is much the same as this part of the sue-
cession given by N. H. Winchell, except that one great series, the
Ogishki conglomerate, is placed by the latter as a part of the Animikie
(Huronian) while by Alexander Winchellitis placed with the Keewatin.

Doubtless to the minds of many the great thickness of the combined
Keewatin and Coutchiching of Profs. Winchells and ‘Lawson will be
presumptive evidence against the structure which they have worked
out. This thickness as given by Alexander Winchell is more than
30,000 feet, while Lawson gives the Keewatin a thickness of 5 miles and
the Coutchiching a thickness of 4 or 5 miles, orin the neighborhood of
50,000 feet. The manner in which the structure of the Keewatin and
Coutchiching schists always strike parallel to and encircle the adjacent
granite masses suggests that these intrusives have developed slaty
cleavage or schistose structure which has been mistaken for bedding.
Lawson supposes the intruding granite has apthrust the beds until
they now stand on end. That both schistose structure and bedding,
with marked discordance to each other, exist east of Rainy lake is posi-
tively maintained by Pumpelly and Smyth,
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If the objection of great thickness for the Kecwatin and Coutchi-
ching has weight, the enormous thickness of over 120,000 feet given
for the conformable system innortheastern Minnesota, on the theory
that the Keewatin and Coutchiching are conformable and grade into
the gneissic series, and that all are of sedimentary origin, now folded
into a simple synclinal structure, will be still more weighty evidence
against the correctness of the conclusion reached. It is notable that
Willig’s explanation of the structure at the center of this supposed
syncline, Vermilion lake, reverses this and makes it an anticline.
Lawson does not have to meet this difficulty because he regards the
granite and gneiss as irruptive and consequently a series to which the
principles of ordinary strzi:t-igrzmphical geology do not apply.

From the foregoing statements it might be concluded that lake
Superior stratigraphy below the Keweenawan is in a greater state of
confusion than is really the case, for a closer examination of the vari-
ous successions shows that many apparent discrepancies are not real,
if coneclusions are not extended beyond the field studied in each case.
Confusion has resulted because the conclusions built ap from a study
of a small part of the region have been assumed to apply to the whole,
and because different names are used for the same thing. The lake
Superior region is so large that no one has had or can have a detailed
personal knowledge of more than a small part of it.

LITHOLOGICAL CHARACTERS OF AZOIC, LAURENTIAN, TTURONTAN, ETC,

Before going farther it will be well to summarize the lithological
characters of the pre-Keweenawan rocks included by the various writers
under the terms applied to the different series in different districts,
although to a certain extent this will repeat the preceding paragraphs.
It is here much less easy to make definite statements than in the case of
the lake Superior sandstone and Keweenawan.

Azoice, as used by Foster and Whitney and those who followed these
authors, was made to include everything below the Keweenawan, with
the exception of the rocks which ave plainly igneous. 1t covered con-
glomerates, quartzites, slates and marble, as well as the gneisses,
mica-schists, hornblende-xchists, ete.; that is, rocks which vary in
their character trom those which are plainly clastic, as conglomerates,
to those which are completely crystalline. The granites, syenites,
greenstones, greenstone slates, iron ore, jasper, cte,, were regarded as
igneous rocks, in part contemporancous with and in part newer thau
the rocks of the Azoic system, all of which were supposed to be of
detiital origin, but in age earlier than the Keweenawan,

Laurentian, as used by most of the earlier Canadian geologists, covers
the most of the light colored granites-and coarse grained gneisses. It
was recognized that these rocks arve cut by basic eruptives. This usage
was followed by many of the American geologists up to the time of
Brooks, who excluded a large part of the granite and guneiss trom the
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Laurentian, believing this part to be of later age and intrusive. Daw-
son about the lake of the Woods made the same discrimination.
Irving, in his lafer work, ditfered from those who preceded him in that
he included in the Laurentian all the thoroughly crystalline schists,
with some of the obscure green schist-conglomerates; that is, he placed
as a part of the Lanventian a large group of finely schistose rocks cut
by granite veins which had heretofore been taken to be greatly meta-
morphosed detrital material and had been placed in the Huronian. He
also regarded as belonging here many of the fine grained crystalline
schists of a similar character on the north shore, placed by the earlier
" Canadian geologists with the Huronian. Tor this Laurentian increased
in magnitude he used the term Archean.. Lawson and the Profs.
Winchell use the term Laurentian to cover practically the same class
of rocks as the earlier Canadian geologists, although Lawson differs
from them in regard to their origin and age. It was early remarked
by Macfarlane and later by Whittlesey, Brooks and Rominger that the
Laurentian of lake Superior differs from that system in eastern Canada
in containing no limestones, quartzites, iron ores, or other rocks of the
plainly detrital class. Brooks and Chamberlin remark that it is
doubtful whether the lake Superior Laurentian is the equivalent of the
eastern Laurentian of Canada.

The lake Superior Huronian of the larger number of the Gcmadlan
geologists includes the quartzites, slates, fine grained green schists,
all of which are sometimes conglomeratic, and the pebbles often dis-
torted and metamorphosed. It also includes the mica-schists, horn.
blende-schists and fine grained gneisses bearing calcite, with certain
ferruginous schists and basic and acid voleanic produets. The attitude
of the Huronian schists is either vertical or steeply inclined. The Ani-
mikie is not included in the Huronian. On the south shore Brooks and
Pumpelly in their earlier work included in the Huronian all the rocks
in character like those placed in this system on the north shore, with
also large areas of rocks the clastic character of which is evident, such
as limestones, ferruginous beds, slates, graywackes, etc., which while
always tilted or gently folded have not the schistose structure of the
Huronian of the north shore, but rather resemble the Animikie. Later,
Brooks placed as the upper member of the Huronian large areas of °
gneiss and granite which had earlier been regarded as Laurentian.
Rominger went a step farther and recognized in his published report
on the south shore the Huronian only, seeing as he did that a part of
the granite-gneiss certainly cuts a portion of the schistose rocks which
had been regarded as Huronian. He thus included in the Huronian
- the granite-gneisses which are equivalent to Lawsow’s Laurentian, and
reverted to the position of Fostet and Whitney, making his Huronian
the equivalent of their Azoic, one indivisible system. In Rominger’s
later unpublished manuscript he, however, distinctly recognizes besides
a later intrusive granite an earlier granite-gneiss upon which the lowest
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detrital beds were deposited, although he nowhere states whether this
is considered Laurentian or not. Irving excludes fromn the Huronian
on the south shore large areas of green crystalline hornblende schists,
chlorite-schists and green schist-conglomerates cut by granite veins
heretofore called Huronian; that is, he included in the Huronian only
those detrital rocks the clastic character of which is apparent or which
can be traced into the clastic rocks, such as the quartzites, limestones,
ferruginous beds, argillaceous slates, the metamorphic mica-schists,
ete. In his Huronian he included the Animikie on the north shore,
placed above the Huronian by the Canadian geolgists.

Lawson abandons the term Huronian and divides the schistose rocks
included under this term by the earlier Canadian geologists into two se-
ries the Coutchiching and Keewatin. The Coutchiching includes the
lowest rocks in contact with the Laurentian gneisses and granites and
comprises mica-schists and fine grained, evenly laminated gneisses; that
is, thoroughly crystalline finelylaminated rocks. TheXKeewatinincludes
fine grained green schists, both basic and acidic, with voleanic tuffs, ag-
glomerates, peculiar altered conglomerates with intersecting eruptives,
and jaspery iron ore beds. It does not include the unaltered slates,
graywackes and ferruginons beds of the Animikie. The position of the
Profs, Winchell is practically the same as that of Lawson, except that
instead of using Coutchiching, Vermilion is used, and both the Kee-
watin and Coutchiching are held to beinferior to all of the Huronian.

The Animikie includes the unaltered, or little altered, gently inclined
or folded slates, graywackes, and ferruginous beds on the north shore
and in northeastern Minnesota. : -

Belonging to the series designated by the foregoing terms are recog-
nized by all writers interbedded and cutting basic and acid eruptives
_ of various sorts, only in the Animikie and in the Huronian of Irving the
acid eruptives are insignificant in amount. Many of the fine grained
green schists, with some exceptions, in early days regarded as mpch
metamorphosed sedimentary Huronian rocks, are now considered by all to
be much altered eruptives, either of surface or deep-seated origin, their
present structure being due to secondary causes. That acid eruptive
material should be found plentifully cutting the clastics series is not at
all surprising. Acid eruptions were abundant and widespread in the
lIake Superior region as late us Keweenawan time, as is attested by the
original acid rocks of the copper-bearing series, and still more emphat-
ically by the vast amountof débrisfrom felsites, quartz-porphyries, ete.,
_found in the interlaminated detrital beds. That so few acid dikes are
found in the upper Huronian of the south shore can be explained only
by the fact that the acid eruptives of the Keweenawan are mostly re-
mote from the Marquette, Menominee, and Penokee series. A closer
study in the future will probably show in these districts a greater
abundance of acid eruptives than has been supposed.” The decp-seated
pipes and bosses formed by the eruptions of the Keweenawan felsites
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and porphyries perhaps crystallized in the form of granite. It may
well be that large masses of intrusive granite may be of Keneewanan
or Animikie age. Lven if this were the case and there are two epochs
of granitic eruptives later than the upper Huronian clasties, this would
be no evidence of the absence of an ancient floor composed mainly of
granite-gneiss upon which the oldest Huronian has been deposited.

ORIGIN OF THE IRON ORES.

Before taking up the correlation of the pre-Keweenawan lake Supe-
rior series, one further point remains to be considered, whether the iron
ores and associated rocks are eruptive or are sedimentary, for npon
this point depends the correctness of many structural determinations.
If, as believed by Wadsworth and Foster and Whitney, the iron ove is
partlyigneous, and by the first named that a part of the jasper has the
same genesis, they may occur at any horizon up to that of their eruption
and can not be used as guides in working out the structure. Those who
believe theiron-bearing formations are sedimentary have regarded themn
as persistent members, and the striking and peculiar lithological charac-
ters of these belts have furnished key horizons to which to refer the
associated clastics.

Foster and Whitney saw that the masses of iron ore and jasper have
none of the characteristics of vein deposits, and believed that the sup-
position that they resulted from the decomposition of pyrites or the
metamorphism of bog ore iz wholly inadequate to account for the
accumulation of such vast masses as occur, or to explain the relations
to the associated rocks. If nat of this origin, they could ouly conceive
that they are igneous. The frequent association of the ore with erup-
tives and the fine banding led to the conclusion that these facts can
hardly be explained except by igneous action. These writers saw,
however, that when the ore is found in beds in clearly metamorphic
strata having a common bearing and inclination they must be sedimen-
tary, and such deposits are regarded as having been derived from the
destruction of previously formed igneous masses and their present
association to have resulted from aqueons deposition, so that even in
this case the iron has an igneous source. ‘At the present time few
would assert that the iron ores are vein deposits, or the result of
decomposition of pyrites, or the metamorphism of bog ores; but there
are other explanations overlooked by Foster and Whitney which may
apply before being driven to the igneous hypothesis.

The reasons given by Foster and Whitney for an igneous origin of
the orve-bearing formations are of a negative character, and- the only
case in which positive evidence is given the rocks are recognized as
detrital. But Wadsworth brings forward positive evidence as to the
origin of the ores. Many instances are cited showing the way in which
the jasper and ore have eruptive contacts with the associated schists.
The facts, however, indicate the eruptive character of the ore and jas-
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per only if the schists arc of sedimentary ovigin. The investigations

of Irving, Williams, and the Profs, Winchell, as well as our own later

work, have shown that the lower Vermilion and lower Marquette iron-

bearing members contain many schistose dikes, and also that in many

cases the massive greenstone knobs found in these districts vary by

imperceptible stages into the finely laminated schists associated with

the iron ore and jasper. The schists are, then, in part at least, of erup-

tive origin. Brooks noted the dike-like character of certain magnesian

schists associated with the ore formation, between which and the dio-

ritic schists, believed to be of sedimentary origin, it was said to be

impossible to draw the line. That these well Jaminated schists should

not at first be regarded as eruptive is natural, but the variation of
massive igneous rocks into those which are well laminated as a result
of dynamic action and metakomatic changes is now so well known that

new cases of it excite no surprise. I would by no means assert that
all of the schistose rocks associated with the iron ores and jaspers in.
the Marquette and Vermilion districts are of eruptive origin, but this

is certainly the case at many localities. This view reverses Wads-

wortl’s and makes his sedimentary rocks eruptive and his eruptives

sedimentary. It will, however, be seen that this position harmonizes

Irving’s conclusion as to the sedimentary origin of the ores and jaspers

and the point upon which Wadsworth places most emphasis, that theve

are etuptive contacts between these rocks and the associated schists.

It is to be noted that the eruptive theory has been applied only.to the
Marquette and Vermilion j jasper and ore. No one has asserted such an
origin for the iron-bearing horizon of the Penokee and Animikie series.
This is an independent question, as will be seen by what follows; for
these formations probably occupy a higher position than the lower Mar-
quette and lower Vermilion ores. We have, then, to answer two ques-
tions: “What is the origin of the iron-ore formations of the Penokee,
Animikie, and equivalent iron-bearing formations#” and, second, “What
is the origin of the great masses ot ore and jasper of somewhat irregu-
lar shape, apparently not continuous formations, although probably at
rather persistent horizons, in the Lower Vermilion, Lower ’\/anm tte,
Kaministiquia, and similar areas?”

Upon the first of these questlons there is practically no dispute. The
iron-ore formation in the Penokee district has been found to extend for
many miles as a simple belt of very uniform thickness between two read-
ily recognized detrital formations, all with a common strike and dip
varying within very narrow limits. A precisely similar condition of
aftairs is found in the Animikie district. These formations have been
shown by later work to have been originally altogether what they still
are largely, thinly laminated impure cherty carbonates of iron, in every
way analogous to similar earthy carbounates of later geological periods.
The other forms of material now associated with them, such as jasper,
actinolitic and maguetitic schists, ore bodies, ete., are the consequence
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of subsequent changes. The ore bodies, for instance, are secondary
concentrations, generally in troughs, due to the action of percolating
water. The same facts are apparent as to the Upper Marquette and
Upper Menominee ores and jaspers.

In the case of theirom formations of the Lower Marquette, Lower
Vermilion, and similar districts the question can not be so decisively
answered. The Lower Marquette iron-bearing formation is generally,
if not always, the uppermost member found in the lower series, when ero-
sion has not carried it away, and therefore apparéntly occupies a definite
horizon, although as the structure of this district has not been worked
out in detail this can not be positively asserted. In the Vermilion lake
district the great masses of ore and jasper of immense thickness seem
to extend only for a short distance along the strike of the rocks, then
disappear and reappear at intervals to the noitheastward at Long lake,
at Hunter’s island, and other points, probably also north of Port Arthur
in the Kaministiquia district. This lack of persistence may be due to
the fact that the fold or foldsare nothorizontal, but have a varying pitch.
Theoreformation attheswellsofthepitching foldsmayhavebeen removed
by erosion. Wlhile it is not proved, it is probable that the ore forma-
tion is at a definite horizon, since the different outerops appear to be in
the same part of the series and along the same general line of strike
for considerable distances. These ore and jasper formations contain
abundant iron carbonate, are interlaminated with graphitic schists con-
taining iron carbonate, the graphite of which is so abundant and widely
disseminated in minute particles that it can hardly be believed to be
other thap of organic origin, and from these forms there are gradations
to the other forms of rock found in theiron-bearing formation. In the
deeper workings of some of the larger mines of the Marquette and Me-
nominee districts, the ore bears much residual carbonate of iron and
also carbonates of calcium and magnesium. At Iron Mountain and
Metropolitan the iron formation grades downward by insensible de-
grees into the limestone. All of these points, and the remarkable lith-
ological likkenesses between the phases of rocks found at these horizons
and those occurring in the iron formations of the Penokee and Animikie,
demonstrably of detrital origin, are. cited as evidence that these ores
are derived from an originally impure cherty carbonate of iron. A
study of the Vermilion iron formation by N. H. and H. V., Winchell
has led them to the conclusion that it is of direct chemical detrital
origin rather than derived from an impure cherty carbonate. Which
of these views is the correct one does not concern the present question,
for if the ore-bearing formation is detrital it may be used for the pur-
poses of stratigraphy. We thus have in favor of an origin for these
lower ore formations similar to those of the Penokee and Animikie a
large amount of positive evidence, while the only adverse positive facts
are those cited by Wadsworth, and these, as has already been said, may
be brought into accordance with the sedimentary theory by consider-
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ing the schistose rocks having eruptive contacts with the ores and jas-
pers as the intrusives, which in mavy cases they demonstrably are. In
his most recent paper Wadsworth himself suggests that the supposed
eruptive jasper and ore may be ¢ truly fragmental, their present rela-
tions being due to sedimentary and chemical action and the squeezing
together of the jaspilite and schist.”

It was suggested by Brooks that the ore deposits of the New Eng-
land-Saginaw range and of the lake Superior mine in the Marquefte
district are secondary concentrations due to the removal of silica and
the deposition of iron oxide. The same position was taken by Rominger
for the eutire Marquette district. Laterlhave shown thatitis a general
truth for the lake Superior region that the iron ore deposits are second-
ary concentrations, produced by downward percolating waters along
the paths of great water channels, and particnlarly at places where the
waters are converged by tilted impervious basement formations.

THE BASIC ERUPTIVES AND STRATIGRAPHY.

At one other point the problem of lake Superior stratigraphy has
been made-more difficult by certain of the geologists than was neces-
sary. The diabases, diorites, and gabbros were by several writers in
early days regarded as metamorphic sedimentary rocks. Logan, Mur-
ray, and Foster and Whitney are notable exceptions. Partly as a con-
sequence of this fact came the minute subdivision of the Marquette,
Menominee, Penokee, and other series. All now regarding theserocks
as intrusives, the facts that they areoften in boss-like masses, and when
interleaved do not necessarily continue for any considerable distance,
present no difficulty; whlle a great formation like the Upper Slate of
the Penokee and Ma1quoﬁtt, districts is left as a whole rather than di-
vided into a number of members separated by layers of greenstone.
Also it is now known that the ¢ dioritic schists ” are ancient eruptives,
in part contemporaneous and interbedded with the sedimentary rvcks.
The volcanic character of these rocks was suggested by Foster and
‘Whitney, and their igneous origin was appreciated by Rominger. Later
investigations by Wadsworth and Williams, with the microscope, lead
to the same conclusion.

The intrusions of the diabases, gabbros, and diorites, as suggested by
Rominger, Wadsworth, and Merriam, have oftentimes had an important
influence upon the structure of the sedimentary beds, although Rom-
inger holds that the folding is primarily due to tle intrusive granite.
Strong and Rominger also suggested, in the St. Louis river district,
that the eruptives were the pipes which furnished the outflows of Ke-
weenawan time. This idea is not only plausible for this district, but
is probably true for the entire lake Superior region. A closer study will
probably demonstrate that the fresher eruptives in both the upper and
lower Huronian, including the great intrusive beds of the Animikie, are
really Keweenawan in age. Also the numerous dikes of like character
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cutting the fundamental complex doubtless represent in other series
the same manifestation of igneous activity.

UNCONFORMITY AT BASE OF CLASTIC SERIES.

In attempting to determine how far the different views held as to lake
Superior stratigraphy are really in harmony, it is desirable to have, if
possible, as starting planes upper and lower horizons. From the pre-
ceding pages it is evident that for the first of these we have the base
of the Keweenawan. Nearly all are agreed that below this series is a
break more or less considerable, and all are agreed that it is a recog-
nizable plane. It appears to the writer that the evidence shows the
existence of another general plane for the lake Superior region at
the horizon elsewhere defined as separating the Archean from the
Algonkian—that is, the plane between the basement granite-gneiss-
schist complex and the overlying clastic series with their equivalent
crystallines. The failure generally to recognize this plane is due to the
fact that the banded and contorted gneiss, which is the most prominent
rock of the basal complex, does not differ greatly in Jithological char-
acter from areas of later granite-gneiss which have intruded the clas-
tics. This later granite-gneiss is, however, usnally somewhat nearer
the normal form of an eruptive rock, not having suffered so many vicis-
situdes in its briefer history. Those whose attention has been mainly
directed to the contact phenomena of the intrusive granite-gneisses
have generally refused to believe in an earlier granite-gneiss, although
recognizing, at least in some cases, that the lowest detrital rocks bear
numerous fragments of a granite-gneiss. On the other hand, those
whose attention has been directed to the unconformities, as indicated
by basal contacts and other phenomena between the basal complex and
the clastic series, have sometimes been disinclined to believe in the
existence of important areas of granite-gneiss which are intrusives later
than the clastic series. Generally, in the districts which have been
studied by individual writers the phenomena of the one class are con-
spicuous while those of the other class are unimportant or perhaps
lacking altogether. Naturally this has engendered an inclination in
each observer to conclude that the relations which have strongly im-
pressed himn arve true of the entire lake Superior region.

Bell and Selwyn find no evidence of discordance between their Lau-
rentian and Huronian. Bell, in 1873, says the distinction betwgen the
Laurentian and Huronian is chiefly of a lithological character, while
Selwyn, in 1883, states that he can give no better reason for supposing
that certain sets of beds belong to the Laurentian and others to the
Huronian than a considerable difference in lithological character, the
former being essentially granitoid, gneissic, and feldspathic, while the
latter is quartzose, hornblendic, schistose, and slaty.

There is, however, much evuleme that the plane between the A]gon
kian and Archean is definitely fixed over much of the lake Superior
region by a great unconformity.
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That below the Cherty Limgstone of the Penokee series there is «
great physical break would, in the face of the evidence at present
known, be hardly doubted by anyone. The cherty limestone, forming
a single line of outerops, although not continuous, now rests upon
granite, now upon gneiss, now upoun the green crystalline schists.
The granite is definitely known to be later than the schists because it
intricately intrudes them, but it never intersects the cherty limestone.
This basement is clearly a complex upon which the limestone has
been deposited.

Tuarning now to the Marquette district: Unconformable contacts
have been found at many localities, but here the clastic series are
folded, and certain of the contacts between the clastics and crystalline
complex, by overlapping, are below upper members of the clastic series
rather than traly basal contacts.  Of the two localities cited by Brooks
for the unconformity between the Huronian and Laurentian, that at
Republic mountain is clearly between the lower part of the Marquette
series and the granite-gneiss-schist complex, while that at Plumbago
creek, in the T7Anse district, is certainly below a high horizon. Of the
many localities cited by Rominger and Irving in which there are con-
tacts between the granite-gneiss-schist complex and the overlying clas-
tics, if Brooks’s succession be accepted, several belong well down
in, it not actually at, the base of the Marquette servies. At these
contacts the clastics are generally conglomerates, built up chiefly
of the débris of the underlying rocks, and oftentimes so thoroughly
cémented as closely to resemble them and to lead to the conclusion, if
not carefully examined, that there is a veal transition between the
clastic and crystalline rocks. As already indicated, this was at first
Rominger’s opinion, and the apparent transition was taken to indicate
a gradual metamworphisn from the conglomerates to the granite or
schists as the case might be. But Rowminger’s later studies led him to
see, as did also Irving, that these basal conglomerates are recomposed
rocks resting upon an earlier formed crystalline and often granitic base.
In the Menominee district Brooks, Rominger, and Irving all hold that
contacts are found between very low, or the lowest members of the
clastic series and the granite-gneiss complex, the relations being those
of profound uncouformity. The actual contact described by Smyth
(too late to summarize in the literature) between the lowest formation
of the lower Marquette and the granite-gneiss at Republic mountain
is the clearest case on the south shore. Here is a basal conglomerate
containing numerous water-worn bowlders and pebbles of granite, rest-
ing directly upon the granite from which the fragments are derived.

As shown by Irving, the magunitude of the break in the Penokee,
Marquette, and Menomince districts is not lessened whether the under-
lying schist, gneiss, and granite are jgneous or sedimentary, for they
had reached their present crystalline condition before the overlying
rocks were deposited upon them, a condition which a part or all
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could not have had as surface rocks; and ‘which shows, whether 1gne-
ous or aqueous, profound induced structures and deep erosion, and
therefore a system of rocks which had an intricate history before the
clastics were deposited. In this connection the physical break at the
base of the Animikie and its equivalents is not cited, because this
series oceupies a higher position than the series overlying the break
jnst considered, '

As further evidence for a great physical break between the buse-
ment complex andthe lowest overlying clastics are cited by Brooks and
Irving (1) the strong contrast in the lithological characters of the two,
the fundamental complex being thoroughly crystalline, while the over-
lying vocks are mainly plainly detrital, or such as may have been
derived from detritals; (2) the fact that the complex is cut by very
numerous granite dikes, which’are but rarely found in the clastics;
and (3) their general field relations, the complex having most ob-
scure structures and very great variability in strike and tip, while
the clastics are less intricately fulded, showing that the older series
has been subjected to orographic movements prior to the newer.

As before stated, Brooks, Rominger, and Irving—the three who have
done the most detailed and continuous work on the south shore—bad
at the outset different opinions as to the relations of the clastics to a
basement granite-gneiss, but they all came to the same final couclu-
sion, that between the two is a great structural break. Pumpelly and
Chamberlin, who have also done much general work in this region,
agree with this conclusion. While this is tiue, all of these writers do
not agree in every district as to the position at which this plane is
found.

‘Whether the physical break which exists below the clastic series
on the south shore is paralleled by a widespread unconformity on the -
north shore is less certain, although such an unconformity is found
locally. Lawson, who has done the most work in this region, maintains
that between the Keewatin and Coutchiching a profound physical
change took place in the conditions of deposition, consequent upon
which are great differences in lithological characters and a prevalent
more crystalline condition in the inferior series. He also describes
conglomerates in two places at the base of the Keewatin which bear
both granitic fragments and fragments from the Coutchiching. From
these facts Lawson believes that there is a real unconformity be-
tween the two series, although at the present time they have been so
squeezed together and secondary structures formed as to be usually
in apparent conformity, and the separation in mapping is based for
the most part upon lithological grounds. Lawson, however, believes
that the Coutchiching is a bedded sedimentary series, rather than a
part of the basal complex, as here defined.  1f this be true,this uncon-
formity does not bear on the (uestion under discussion.

Pumpelly and Smyth, who have recently made a rather extended trip
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in western Ontario, acquiesee in Lawsow’s conclusion in so far as the
anconfoxmity is concerned, but difter from Lawson in that they find a
great structural discordance between the basal clastic series east of
Rainy lake and a fundamental complex consisting of granite, gneiss,
and schist, while finding the superinduced foliation of both series
parallel.

In Minnesota the I'rofs. Winchell, althongh recognizing the plane
between the clastics and crystallines as a boundary between two groups
of rocks, maintain conformity and gradations, although Alexander
Winchell suggests that it is a possibility that the apparent conformity
is superinduced by subsequent dynamic action. .

The probability of an unconformity here follows from the same line
of reasoning as that applied to the lake of the Woods and Rainy lake
districts, and is further indicated by the descriptions of conglomerates
at Suganaga and Kpsilon lakes in northeastern Minnesota by Alex.
Winchell. In -the published mnote-books these conglomerates are
described and figured as sharply separated from the underlying syenite
and containing rounded pebbles of it, although it is said the conglom-
erates were not laid down on the solidified syenite. Later these occur-
rences are interpreted to mean that the syenite and gneiss are of sedi-
mentary origin, being completely metamorphosed. However, T am not
sure that I understand the descriptions well enough to be certain that
these so called conglomerates are not really due to the intrusion of the
later irruptive syenite, as was suggested by Winchell himself. In the
earlier work on the north shore of lake Superior done by Bell, no dis-
tinction was made between the fine grained clastics and the crystalline
schistose rocks, although it is not improbable that closer work will make
it possible to extend the structural subdivisions of Pumpelly and Smyth.
Mactarlane noted that the squeezed Huronian slate-conglomerates fre-
quently contain granite fragments, although he did not consider them
to be of sedimentary origin. Herrick found in his schistose group on
Michipicoten bay basemment conglomerates, the pebbles of which are like
the granite below, although the relations between the granite and
schists are such as to suggest to him that the granite had been intruded
beneath the schist. Dawson (Sir William), Logan, and Bell all mentiou
granite and gneiss fragments in the Original Huronian east of lake
Superior, and Logan clearly believed the two to be unconformable.
Irving found additional evidence in favor of this unconformity. Recent
work of Pumpelly and myself has shown that the lowest member of
the Original Huronian, as mapped by Logan, rests with a great uncon-
formity upon the basement complex, the Laurentian of Logan. Selwyn,
although thinking the Hurounian and Laurentian conformable, states
that Laurentian pebbles occur in the Huronian.

As shown in another place, the gradation described by the Profs.
Winchell in northeastern Minnesota, and which appears to occur in
other places, is wholly consistent with a real structural break between

Bull..86—13 '
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the basal complex and the clastics. 'When a clastic series grades down
into a crystalline one, this may be caused by progressive metamorphism,
by contact action of a subsequent intrusive, or by later folding, which
destroys the original bedding of both series and produces a common
secondary structure, at the same time causing the newer series to assume
a crystalline character.  Such indueed conformity and transition are the
more likely to occur when the materials of the newer sevies are chiefly
derived from the older, and, as shown by Pumpelly, will be particularly
likely to be perfect when the earlier series has sutfered atmospheric dis-
integration before the deposition of the later. Tuture study may show
still other causes of gradations between unconformable series.

Evidently north and east of lake Superior we are not without posi-
tive evidence that a great physical break occurs at certain points
between an ancient granite-gneiss-schist complex and the clastic series,
which, however, arc often cut byrecent intrusive granite-gneisses. Also
at many localities in which an unconformity has not been positively
shown the evidence at hand points in this direction. YWhen the condi-
tions ave considered which are necessary to produce an unconformity
it is difficult to see liow one can really be of a local nature, Thus while
it can not be asserted that a universal structural break north and east
of lake Superior exists between the Algonkian and Archean, there is
a probability that such is the case.

The foregoing evidence combined gives a strong case of probability
for a general structural break in the lake Superior regiou between the
lowest clastic series and a basement crystalline complex, However, it
can not be denied that certain of the contacts, cited as showing this un-
conformity, although unquestionably beneath the lowest clastic series
for particular districts, may be at higher stratigraphical positions than
the base of the lowest clastic series of the whole lake Snperior region.
Before the question of a break at this position can be considered as set-
tled beyond all question for the entire lake Superior region much
more detailed mapping must be done. However, the existence of this
break for many districts is so strongly supported, that it gives for the
present the best available guidance as to one tixed horizon for compar-
ixons of therock series of the different districts. Therecoguition of this
preak does not imply that the lowest clastic series at certain localities
are not penetrated by, and now rest upon, intrusive granite-gneiss, but
in such cases the evidence of this break, if it once existed, has becn de-
stroyed.

‘We have, then, for structural work two starting planes, the base of the
Keweenawan and the base of the clastics, included between which are
the larger part of the series of rocks placed in the Huronian by the
earlier Canadian geologists, the Animikie, Lawson’s Keewatin the Profs,
Winchell’s Keewatin and Animikie, Irving’s Huronian, and perhaps in
part the Profs. Winchells” Vermilion and Lawson’s Coutchiching,
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UNCONFORMITY WITHIN CLASTIC SERIES.

It is believed that many of the further difficulties as to correlation in
the districts about lake Superior have arisen from the failure to recog-
nize a third physical break which has a very wide, if not universal,
extent in this region. The early Canadian geologists found a break at
the base of the Animikie, and while this series was first placed with
the Huronian, the fact that unconformably below it was another series
which also resembled the Huronian led the later Canadian geologists
to exclude the entire Animikie from the Huronian, and they have thus
restricted the term in this district to the pre-Animikie Huronian rocks.
The Michigan and Wisconsin geologists include in the Huronian the
equivalents of both the Animikie and pre-Animikiec Huronian, and while
facts were clearly contained in their reports pointing to a discordance
within the rocks referred to the Huronian no attempt was made to
carry these facts to their conclusion and to subdivide the series. Butas
early as 1883 Irving saw that there is a series of green schists and
schist-conglomerates which must rest discordantly below other rocks
recognized as Huronian, as shown by their attitude and degree of crys-
tallization, as well as by the fact that they had yielded fragments to
the newer formations. As a consequence of this he was led to exclude
from the Huronian these lower schists, which had before been every-
where accepted as Huronian. Lawson, in 1886, saw that his Keewatin
series is fundamentally different from parts of the original Huronian,
and especially from the Animikie series, and was led to refer it to the
Huronian series only doubtfully; at the same time he saw that the
Keewatin is like the Doré river series at the east end of lake Superior,
and suggested that possibly Logan and Murray had placed in the
Huronian two discordant series. Alexander Winchell, in his last
paper, which appeared almost simultaneously with his death, announced
definitely that two series had been confounded in the Huronian.

‘We will now consider the evidence for a physical break within the
rocks which have generally been referred to the Huronian.

Evidence of this break in the.Marquette district was first noticed by
Foster and by Foster and Whitney, who found over the ore horizon at
what has since become the Republic mine, and one or two other locali-
ties, a conglomerate bearing fragments of the ore, jasper, and other rocks
associated with the iron ore. It was next noted by Kimball, who
mentions beds of specular conglomerate. Credner describes, over the
iron .formation at Michigamme mine, a conglomerate, the fragments
of jasper aud quartz being in an iron and quartz base. Brooks
describes the upper quartzite of Republic mountain and that at the
New England mine as a conglomerate containing fragments of ore.
By Rominger the break was noticed at so many places that he re-
marked that above the iron-bearing rock is generally a very coarse
quartzite-conglomerate which often has the charaeter of a coarsc-
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grained ferruginous quartzite, the fragments of which are chietly ore,
Jasperand quartz, This oceurrence is so geuneral as to suggest to this
author that great disturbances not of a local extent must have oceurred
at the end of the era of iron sediments. Wadsworth says that these
conglomerates mark old water-worn beaches after the jasper and ore
were in situin nearly their present condition. Believingin the eruptive
origin of these rocks, Wadsworth did not regard the couglomerates as
evidence of the existence of more than a single series. Recently this
author has changed his opinion in this particular. Irving recognized
the break, and the fragments included in the conglomerate overlying
the iron belt are said to prove the existence of the jaspery and chalce-
donie material in its present condition before the formation of the upper
_quartzite. Lately the break was noticed by the Profs. Winchell, and
N. H. Winchell regarded it as so great that the rocks above the break
were provisionally referred to the Potsdam. The writer has described
the break as of universal extent and as representative of a great uncon-
formity, for the banded and contorted jasper and ore are found to abut
perpendicularly against a quartzite bearing abundant fragments of the
underlying formation, which are in exactly the condition there found.
The lower series is a semicrystalline, much folded one, while the upper
series has usually not become crystalline nor closely folded. Before the
upper series was deposited the lower series was folded and truncated.
It is, then, plain that in the Marquette district, within the rocks which
have heretofore been referred to the Huronian, are two series. Below
the break which separates them are the lower quartzite of Brooks, the
associated novaculite and limestone, and the lower ore-bearing forma-
" tion, including the hematitic, magnetitic, and activolitic schists and jas-
pers, which contain the larger number of great mines. Above the phys-
ical break are Brooks’s upper quartzite, the base of which is generally
the conglomerate already described. Over the upper quartzite follow
the black slates, sometimes carbonaceous, graywackes, and mica-schists,
together of great thickness, and occupying an area as large as or larger
than the Lower Marquette series. In these upper slates, apparently at
rather persistent horizous, are locally belts of chertand iron carbonate
associated with ore bodies of considerable size. These ores are, how-
ever, of a very different character from those which occur in the lower ore
formation.

Iu the Menominee district as evidence in favor of a physical break
within the clastic series are the conglomerates described by Brooks at
the Pine and Poplar rivers district, and in the Commonwealth section,
At the first is found conglomeratic quartz-schists, containing micaceous
iron and magnetite; in the second are included conglomeratic quartz-
schists, containing pebbles of white quartz (chert) and jasper. Simi-
lar jasper conglomerates have been found by Pumpelly and the writer
over the ore at certain of the mines. The relations here are, then, ex-
actly like those in the Marquette district. Also, the structural break
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indicated by these conglomerates is supported by Brooks’s major di-
visions of the Menominee rocks. His inferior Huronian comprises the
lower quartzite of great thickness, a great marble formation, and the
great iron-ore horizon, consisting of magnetitic, hematitic, and jaspery
schists, with deposits of iron ore. In this formation are the Norway,
Quinnesec, Ludington, Chapin mines, etc. Brooks’s middle Huronian,
presumably above the uunconformity, includes quartzites, clay-slates,
and obscure soft schists. Within these soft slates is the upper iron-
bearing horizon, inclnding such mines as the Commonwealth, those at
Crystal falls, ete.

In the Penokee district this unconformity is represented by the basal
conglomerates of the Quartz-Slate member, containing numerous frag-
ments of chert and a few of jasper, which were in their present condition
when derived from the Cherty Limestone and Iron-bearing membens.
The lower series is now represented by the Cherty Limestone member
alone, while the upper series includes the Quarts Slate, Iron- -bearing,

and Upper-Slate members.

That there is.a similar unconformity within the clastic series between
the Lower Vermilion, Hunters island, and Lower Kaministiquia series
and the conglomerates at these places bearing abundant material
derived both from the ore-bearing formation and from the green schists,
is inferred because the water-worn fragments of schist, jasper, and ore
are in precisely the same condition in the conglomerates that they are
in their original position. 1In none of these places have actual contacts
been described. The unconformity is further indicated in the Vermilion
lake district by a strongly developed schistose structure in a nearly
vertical positionin the Lower Vermilion series, while the overlying con-
glomerates at places on the islands of Vermilion lake are found to be
gently folded.

The work of the Profs. Winchell also gives evidence of this uncon-
formity. N.H. Winchell, in tracing the flat-lying Animikie series to
the westward from G unﬂlnt lake, finds that it becomes more steeply in-
clined and takes on, at times, a slaty cleavage. It is traced as far as
Agamok lake, near the great Ogishki conglomerate, and the latter is
consequently placed with the Animikie. To these statements Alexander
‘Winchell agrees so far as to Agamok lake, but places the Ogishki con-
glomerate as a part of the Lower Vermilion series, for he traces this con-
glomerate all the way to Vermilion lake and he recognizes no break be-
tween the Vermilion lake conglomerate and the Lower Vermilion. Tak-
ing the positive evidence given by Profs. Winchell and disregarding
their partial conclusions, it would seem to indicate that there is a gra-
dation and actual continuity between the flat-lying Animikie and the
conglomerates with a vertical superinduced structure at Ogishki and
Vermilion lakes. That between the Animikie and the Lower Vermilion
there is a great physical break is now denied by no one, and if the fore-
going reasoning is true, it shows that this break is a continuation of
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the one between the Lower Vermilion and the Upper Vermilion which
bears fragments 6f the lower series. The only published detailed suc-
cession of the Vermilion series is that by Willis. His chloritic schists
and jasper (I, 11, and 111) belong in the lower series, while his con-
glomerate and black clay-slate (v and vi1) belong in the upper series,
The position of the magnetitic quartzite (1v) is uncertain, while the
quartz-diorite (vI) is probably an eruptive rock.

It has been long well known that near Port Arthur, Ontario, the
Animikie and underlying Kaministiquia series are unconformable.
McKellar, who for many years has been familiar with this district, has.
proved this conclusively. Therock series here unconformably underlying:
the Animikie are identical with the Vermilion lake iron-bearing series..
Considering the foregoing evidence and the complete likeness of this.
lower series with that bearing iron at Vermilion lake, it can nolonger
be doubted that there is a great physical break between the Animikie:
and Lower Vermilion series in northeastern Minnesota, although the:
equivalenceof the Animikieand Upper Vermilionmay yet be maintained..

In the last few years the difference of .opinion has been sharp as to
the equivalence or nonequivalence of the Animikie with the Vermilion
lake and equivalent iron-bearing series. Irving has maintained that
the Animikie series in itslithological characterislike the Penokee and
Marquette, these like the Vermilion, and therefore the Animikie in all
probability the equivalent of Penokee, Marquette, and Vermilion..
Alex. Winchell, having visited the Lower Marquette seriesand seeing-
but little of the ground in which the Upper Marquette is found, and
consequently not appreciating that in area and in volume this series.
probably surpasses the Lower Marquette, has maintained that the Maxr-
quette rocks are the equivalent of the Vermilion lake iron-bearing se-
ries, but that the Animikie series is separated from that at Vermilion-
lake by a great unconformity. He, however, appreciated that in the:
Marquette district ave certain slates which in lithological character are:
like, and might be equivalent to, the Animikie. Both Irving’s and
‘Winchell’s positions probably have an element of truth and an element
of error. The Upper Marquette, Upper Vermilion, Upper Hunter’s
island (Ogishki), in their lithological characters and gentle folding, are
closely analogons to the Animikie, and, as maintained by Irving, are
its probable equivalent; while the Lower Marquette and Lower Ver-
milion lake, as maintained by Alex. Winchell, unconformably underlie
the Animikie. The physical break within the clastic series in the
Marquette, Vermilion, Hunters island, and Kaministiquia districts is,
then, provisionally identified with the great physical break recognized
by everyone at the base of the Animikie.

Tt is only fair to say that Lawson considers the unconformity at the
base of the Animikie at a higher horizon than the physical break de-
scribed in these various districts. He regards the Animikie series as
geparated by another great unconformity from the Upper Marquette,
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Upper Vermilion, Upper Kaministiquia, ete. To the writer there seem
grave difficulties, based on general relations, in the way of accepting
this conclusion. Onthe other hand, the Upper Kaministiquia conglom-
erates, not far distant from the ordinary phases of the Animikie rocks,
have a decidedly different appearance. 'This may, however, be due to
the fact that certain of these conglomerates are of volcanic origin, the
chert and jasper of which appear to have been broken from their beds
by voleanic action and mingled with lava and voleanic ash.  This sudden
change in the character of the beds of the same age is parallelized in the
Penokee district, where thestrata, within a distance of a few miles, rapidly
change in character, become immensely thick, and are largely in the
nature of agglomerates, greenstone conglomerates, ete. Butitmust be
said that such detailed mapping has not been done adjacent to the

National boundary of northeastern Minnesota and Ontario and in the
Thunder bay district as will warrant any positive statement as to
whether within the clastic series, between the base of the Keweenawan
and the Basement Complex, theve is another higher physical break,
making two unconformities which separate the rocks into three series.
The ore, chert and jasper couglomerates used as evidence of physical
breaks within the clastic series are not to be confounded with the
purely volcanic conglomerates which may occur at any horizon.  Also
the occurrence of these conglomerates will have no suchmeaning as here
assigned by those who believe that the ore, chert and jasper in their
present condition are igneousrocks. To such they will be no more evi-
dence of two series than that the Keweenawan conglomerates, the frag-
ments of which are derived from contemporancous traps, are evidence
of many series. But to those who think the evidence is sufficient for
the belief that the ore, chert and jasper are not only sedimentary rocks,
but sedimentary rocks which have gone through a long and complex
history, the evidence of a physical break furnished by these conglomer-
ates will be satistactory. )

CORRELATION § GENERAT CONSIDERATIONS.

We pass now to the general correlation of the Jake Superior forma-
tion lying between the two planes already defined, the base of the
Keweenawan and the top of the Archean schist-gneiss-granite complex.

Before it can be decided whether series so far distant from each
other as the Dakota quartzites and the Original Huronian (separated
by 800 miles) can be parallelized, it ought to be more definitely settled
to what extent correlation can be made by unconformities and lithologi-
cal likenesses. Irving inclined to the belief that such structural breaks
as that described in the Marquette district are of great extent, and this
accords with the general trend of modern structural work. From what
has gone Dbefore it appears exceedingly probable that the strunetural
break Detween the Upper and Lower Marquette is identical with that
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which separates, even in a more pronounced manner, the Animikie and
Kaministiquia series and the upper and lower Vermilion lake series
on the other side of the lake Superior basin. The break, being thus so
strongly marked at points so far separated, would argue that it extends
over a very considerable area of the lake Superior region, not improb-
ably from the most distant rock series before mentioned, the Dakota
quartzites and the Original Huronian of the north shore of lake
Huron. It would not be expectéd that a like succession is now recog-
nizable in each of the areas parallelized, even if they all belong to the
same geological series. In the first place, the rocks in some districts
are not sufficiently tilted to make it certain that all of the layers are
exposed. Further, nine-tenths or more of the surface of the country
over large areas is heavily covered by the drift, so that it is all but
certain that some of the formations which exist at the rock surface have
not been discovered. Still further, no satisfactory explanation has yet
been made of the subordinate succession of formations in the Mar-
quette, Felch mountain, Menominee and Vermilion lake districts; so
it is not yet known how far the order found in one of the districts is
equivalent with that of another. Irom recent work it is probable that
future investigations will show that this likeness is greater in the
series below correlated than has been suspected. But even supposing
the disagreements are as great as the present known facts might lead
one to suppose, it would not be any very strong evidenve against the
correlations; for it is not to be expected that the same conditions of
sedimentation have prevailed at all times in a geological basin 800
miles in diameter. While in one part of the basin fragmental sedi-
ments were accumulating, it would not be very strange if chemical
sediments or organic sediments were accumulating elsewhere. Below,

it is seen that the Penokee and Animikie series are the equivalents of
each other in the broadest sense of the term. It is not necessarily true
that sedimentation began or ended simultaneously in both districts, but
only that in the main they stand as time equivalents. How far a corre-
spondence can be made out among the subordinate members of the vari-
ous districts can be determined only by a detailed investigation of each
of the areas.

EQUIVALENTS OF THE ORIGINAL HURONIAN SERIES.

Passing now to the Original Huronian, shall this series be corre-
lated with the Upper or Lower Marquette, or is it the equivalent of
both? :

Alex. Winchell lately announced that the Lower Slate conglomer-
ate and the underlying formations of the Original Huronian are sepa-
rated froin the Upper Slate conglomerate and the overlying formations
by an unconformity., No contacts are described, the conclusion being
based upon general relations. No characteristic debris of the Lower
Huronian is said to occur in the Upper Huronian, The locality at which



Neme

VAN WISE.] LAKE SUPERIOR REGION. ' 185

the strongest evidence is brought forward is on the outskirts of the
Original Huronian, and a part of the formation which Logan and Mur-
ray have mapped as Lower Slate conglomerate is placed by Winchell as
Upper Slate conglomerate. The observations of Pumpelly and myself
at a contact between the limestone tormation and the Upper Slate con-
glomerate tend to confirm Winchell’s conclusion, but since limestone
fragments are plentiful in the Upper Slate conglomerate, we place the
physical break just above this lower limestone, i. e., 300 feet higher
than indicated by Winchell.

The term Original Huronian as here used is strictly confined to the
areas first desceribed by Logan and Muarray on the north shore ot lake
Huron, and in 1863 mapped in detail. The Original Huronian only is
here compared with the series about lake Superior because it is the
area to which the term was first applied, and also because it has been
more thoroughly described and mapped than any other area in Canada
designated by the term Huronian, A careful field and laboratory study
of the rocks of the Original Huronian has shown its npper series to con-
sist in great part (1) of fragmental quartzites, the induration of which
has been caused by deposition of interstitial silica; (2) of graywackes
and graywacke slates (often conglomeratic—Logan’s Upper Slate con-
glomerate), the induration of which is due to the deposition of intersti-
tial silica and metasomatic changes in the feldspar; (3) of cherty lime-
stones, and (4) of eruptives. The Lower Huronian series is more meta-
morphosed than the Upper.

In its readily recognized fragmental character and in its gentle fold-
ing the upper Original Huronian series, i. e., the upper 13,000 feet, is
closely analogous to the Penokee, Upper Marquette, and Animikie, while
the Lower Huronian may be compared with the Lower Marquette and
Lower Vermilion iron-bearing series. In the order of succession of
formations it can not be said that either series corresponds very
closely with the series about lake Superior, to which they are com-
pared.

It seems to us that in correlation the unmetamorphosed character of
the Upper Huronian is a guide of someimportance. As pointed out by
McKellar, the intense folding to which the Vermilion lake and Kami-
nistiquia series have been subjected must have preceded the mmuch
more gentle synelinal movement which formed the basin of lake Supe-
rior. That no violent dynamic movement has occurred since the begin-
ning of Animikie time is known to be true of the lake Superior basin,
and it seems exceedingly probable that the gently folded upper mem-
bers of lake Huron belong with those of like character about lake
Superior. If this is not the case, the intense dynamic movements
which produced the closely folded rocks of northeastern Minnesota and
Ontario lost their force before reaching the area about lake Huron, and
this region must have escaped any serious folding for alonger time than
any other closely studied part of the earth’s crust.
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Besides the reason alveady mentioned for placing the upper Original
Huronian as the equivalent of the Animikie and Upper Marquette rather
than below these series, as advocated by certain geologists, we have one
characteristic feature already cited which is of some weight. One of the
most peculiar rocks of the Upper Original Huronian is & conglomerate
which carries numerous fragments of blood-red jasper. At present the
sowrce of these fragments is unknown unless they come from the iron-
bearing formation of the Lower Huronian. TFrom what has gone before
it is apparent that a jasper conglomerate is the basal member of the
Upper Marquette series, and also that similar conglomerates occur in a
like position in Ontario and northeastern Minnesota. Considering the
widespread character of this jaspery, cherty, and iron-ore conglomer-
ate, its occurrence in the Upper Huronian of lake Huron suggests that
this jasper may there be found in the future in the Lower Huronian in
large quantity. This series would therefore, in position and in litholog-
ical character, be like the Lower Vermilion and Lower Marquette iron-
bearing series. 'The existence of such a jasper-bearing series was
inferred by Logan himself. Taking the Original Huvonian north of
lake Huron as a whole, if Winchell’s general conclusion that it con-
sists of two unconformable series be correet, the analogy between this
district and the lake Superior region is complete. Above the funda-
mental complex and below the Keweenawan, as about lake Superior,
are two discordant series.

EQUIVALENTS OF THE STOUX QUARTZITES, ST. LOUIS SLATES, ETC.

Much of what has been said to show that the Upper Huronian series
is the equivalent of the Animikie, Upper Vermilion, and Upper Mar-
quette applies with equal force to such rock series as the Chippewa
quartzites, the Baraboo quartzites, the Sioux quartzites and the St.
Louis slates. None of these series are closely folded, although often
dynamic movements have developed slaty cleavages. Also their orig-
inal fragmental character is always seen nnder the microscope at a
glance. Between these series and the Potsdam is a great unconform-
ity. They present thick beds of fragmental rocks, the induration of
which has been caused by the same process which vitrified the quartz-
ites of the upper Original Huronian. The supposed absence of ferrugi-
nous rocks in these districts has been used in the past as an argument
against the correlation of them with the Penokee and Animikie series
below considered, but this absence has no particular weight because
such beds, as compared with the mechanical sediments, are insignificant
in amount; and further, it is quite possible that these formations may
in the future be found in several or all of these districts. This proba-
ability is rendered greater by recently developed ferruginous beds
between the two quartzite ranges of Baraboo and in the northward
extension of the St. Louis slates, The rocks here found are the exact
parallel of the iron-bearing heds of the Penokee and other iron-bearing

°



VAN mist.| LAKE SUPERIOR REGION. 187

districts. The percentage of iron is so great in certain localities that
the material is being mined for an ore. For placing these rock series
with the Keweenawan, as has sometimes been done, there is neither
lithological nor structural grounds. In the character of the material of
which they are composed, in the presence of iron formations in certain
localities and in their induration, they differ profoundly from any of
the rocks known to belong with the Keweenawan.

No one has placed these series lower in the geological column than
Upper Huronian, so perhaps it is not necessary to give evidence that
they are not Lower Huronian. The occurrence of chert and jasper
fragments in the Chippewa quartzites, mentioned by Sweet, and the
presence of abundant identical material in the quartzites of southern
Minnesota and southeastern Dakota, at least show that before the for-
mation of these series there was a prior series bearing chert and jasper.
Such a series is the Lower Huronian. These series then in degree of
induration, amount of folding and in lithologieal character are like the
Upper Huronian.

SUCCERSION AND EQUIVALENTS OF THE PENOKEE AND ANTMIKIE DISTRICTS SERIES.

In the Penokee district of Michigan and Wisconsin is the following
succession: At the base isa granite-gneiss-schist complex. The schists
are always completely crystalline, although often finely laminated or
foliated. Thegranites, with granite-gneisses, and the fine grained gireen
hornblende-schists, mica-schists, and chlorite-schists oceupy large sep-
arate areas, with a debatable ground along their borders. The contacts
of the granites and granite-gneisses with the crystalline schists are
eruptive ones, the former being clearly the intrusives. Above this com-
plex, and separated from it by a greatunconformity, is a Cherty Lime-
stone member which in places is 300 feet thick. While it extends east
and west many miles, it is not longitudinally continuous. Above this
Cherty Limestone, separated by an unconformity, is the Penokee series
proper, which consists of a Quartz-Slate member, the upper horizon of
which is a vitreous quartzite, an Iron-bearing member, and an Upper
Slate member. Above the Penokee series, separated by another very
considerable unconformity, is the Keweenawan. The parallelisin be-
tween this district and the Marquette already described is at once man-
ifest. The Penokee series proper is the equivalent of the Upper Origi-
nal Huronian, Upper Marquette and their equivalents; the Cherty
Limestone member stands as the only known equivalent of the Lower
Marquette; for in the Penokee district the upper members of the equiv-
alent of the Lower Marquette have not been found or have been removed
byerosion. That thelatter is not improbableis indicated by the very con-
siderable thickness in some places of the cherty limestone and its ab-
sence in others, while numerous fragments of it are found in the basal
member of the Penokee series proper. These fragments are so abun-
-dant in places as to constitute a true basal conglomerate. They are well



188 PRE-CAMBRIAN ROCKS OF NORTH AMERICA. [EULL. 86.

rolled and are mostly of cliert, but are sometimes jasper. Thischertand
Jjasper, whatever their origin, were in their present condition before
the deposition of the Penokee series proper.

Fuarther, the relative geographical positions of the Penokee, the
Upper Marquette, and the Chippewa quartzite districts are such as to
strongly snggest that they were once connected. The Penokee series
at the east is cut off by the unconformably overlying lake Superior
sandstone; but east of the south end of Gogebie lake there are here
and there outcrops of slate which are like the Upper Slate member of
the Penokee district, and a short distance to the east the narrow belt
spreads out into the broad area of upper fragmental rocks, of which
the Marquette and Menominee districts are arms., At the west the
Penokee series has been entirely swept away by erosion, the copper-
bearing rocks coming in contact with the underlying gneisses and
granites; but to the southwestward appear the fragmental quartzites
of the Chippewa valley, which are believed to be its continuation.

The equivalency of the Penokee series with the Animikie is as plain
as the equivalency of any two areas of detached rocks in a single geo- -
logical basin can possibly be in which is Jacking clear paleontological
evidence. It has been seen that abovethe cherty limestone of the Pen-
okee series is an erosion interval. In the Animikie series proper we
know of no equivalent to this member, and in what follows it is excluded
from the discussion. The Penokee and the Animikierocks have a par-
allelism in lithological characters which is most remarkable. Not only
is there a general likeness between the specimens from the two regions,
but alimost every phase of rock from the Animikie series can be matched
by specimens from the Penokee series. In the Animikie district the
formations underlying the iron-bearing belt are not extensively exposed,
and consequently little is known of the Animikie equivalent of the
Quartz-Slate of the Penokee series. But along the Lower Current
river, near port Arthur, Ontario, quartz-slates underlying the iron-
" bearing member are found which resemble certain phases of the Peno-
kee quartz-slate. Beginning with the iron formations, the parallelism
between the two series is almost exact. The irony beds upon Gunflint
lake, where are found the best known exposures of the formation, are
in their lower parts jasper, magnetite-actinolite-schist, and cherty ferru-
ginous rocks coutaining more or less iron carbonate. -Higher up are
thick layers of thinly bedded cherty iron carbonate: All these varie-
ties of rock are found in the iron formation of the Penokee series, and
at many places the order of succession is the same. Above the iron-
bearing belt in both districts is a great thickness of fragmental clay-
slates and graywacke-slates which are again practically identical in
character in both distriets. It is true that in the western part of the
Penokee district mica-schists have developed from these slates, but the
original condition of these rocks was essentially like that of the unal-
tered phases.
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Underlying both the Animikie and Penokee series is a complex of
granites and schists, the unconformity between which and these series
is of the most pronounced character. That the Animikie series is thus
separated from the underlying rocks has been seen by all who have
studied it. Above both series follows the Keweenawan. In both dis-
tricts, in passing at any place from the underlying rocks to the Kewee-
naw series in section, the two are in apparent conformity; but, when
the lines of contacts between the iron-bearing and the Keweenaw
series are followed for some distance, both with the Animikie and
Penokee series, this apparent conformity is found to be illusory. That
is, the Keweenaw series is found to come in contact with one member of
the nnderlying series at one place and with another member at another
place, untilin both districts at one or more places the entireiron-bearing
series is cut off, the basal Keweenaw rocks coming directly in contact
with the fundamental complex. These relations mean that between
the deposition of the Penokee and Animikie series and the outflows of
Keweenaw time there intervened a perviod of erosion which was suffi-
cient in places to remove the whole of the inferior series and to cut
in some places quite deeply into the fundameuntal complex. There is
then an immense time gap between these series and the Keweenawan,
although this unconformity does not approach in the length of time in-
volved to that separating the Animikie and Penokee series from the
underlying schists and granites,

The Animikie series in its most typical development extends from
Gunflint lake on the national boundary, between Minnesota and Ontario,
to Thunder bay, lake Superior. The Penokee series lies upon the oppo-
site side of lake Superior. The latter is a simple unfolded succession
dipping to the northward under the lake; the Animikie is another such
succession dipping to the southward under the same body of water.
There is then little doubt, considering all the facts, that the two series
represent a single period in the history of the synclinal trough which
forms the basin of lake Superior. The relations and likeness of the
Penokee and the Animikie series have been repeated at length as show-
ing the breadth of the'geological basin in which the deposition of like
rocks was taking place simultaneously. The equivalency here shown
is a long step in understanding the equivalency of other rocks in the
lake Superior basin.

SUCCESSION AND EQUIVALENTS OF THE MARQUEITE DISTRICT SERIES.

In the Marquette district, as the suecession has already been dis-
cussed, it need here be only briefly repeated. It is as follows: At the
base is the Archean gneiss-granite-schist complex. In ascending order
tollow the Lower and Upper Marquette, having the lithological charac-
ters and relations above described.

Much work remains to be done in this district which has been stud-
ied so closely. From present knowledge it is not even definitely known
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whether certain of the iron ranges, as for instance that of Teal lake, are
Upper or Lower Marquette, although it is very probable that the one
mentioned belongs to the Upper. Also it is a serious question what
part of the green schists and schist-conglomerates, some of which are cut
by granite, belong in the Lower Marquette series. Recent work ap-
pears to indicate that much if not all of this surface volcanic material
belongs here, although it can not be asserted {hat surface volcanic ma-
terial does not occur with the green schists of the Archean.

SUCCESSIONS AND LEQUIVALENTS OF THE MENOMINEE AND FELCH MOUNTAIN DIS-
: TRICTS SERIES. .

Passing now to the Menominee and Felch mountain districts, infor-
mation is less exact. It is, however, clear that in both of these areas
the fundamental complex is found; that is, the granites and gneisses
"associated with crystalline schists having the usual eruptive contacts,
Above this complex, Pumpelly, with whom this whole subject has been
discussed and who has great familiarity with the entire lake Superior
region, suggests as exceedingly probable that in the Felch mountain
iron-bearing series only the equivalent of the Lower Marquette occurs,
the upper series, if it once existed, having been removed by erosion;
while in the Menominee district both representatives of the Lower and
Upper Marquette are present. The Menominee proper—that is, that
part of the area which includes the Chapin, Ludington, and Norway
mines, those in which a cherty limestone is found—are Lower Mar-
quette, while the western district, including such mines as the Com-
monwealth, Florence, and many others occurring in the upper black
slate, are Upper Marquette. That between these two is a probable
unconformity has aircady been shown,

EQUIVALENTS OF THE BLACK RIVER FALLS SERIES,

The Black river falls iron-bearing schists of Wisconsin have not such
observable structural relations as to enable one certainly to determine
their position. They are, however, thoroughly crystalline schists, and
are in vertical attitude. ©On these grounds they are provisionally
placed as the equivalent of the Lower Marquette.

SUCCESSION AND EQUIVALENTS OF WESTERN ONTARIO AND NORTHEASTERN MINNESOTA
SERIES.

Combining the work of Dawson and Lawson about Rainy lake and the
lake of the Woods, Smyth about Steep Rock lake, the Winchells and
Irving in northeastern Minnesota, the succession appears to be granite-
gueiss-sehist (Coutehiching ?) complex, unconformity, Keewatin, uncon-
formity, Animikie, unconformity, Keweenawan. There are also in
this district great masses of granite-gneiss at least as late as the
Keewatin, Included in the granite gneiss-schist basal complex are
only such granite-gneisses as are more ancient than the oldest sedi-
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mentavies. This vast area has been too little studied to say definitely
what part of the areas referred to Irving’s mica-schist group, Winchell’s
Vermilion series, and Lawson’s Coutchiching belongs with the Basement
Complex. It is equally difficult to say whether the Keewatin of Law-
son and Winchell does not comprise more than one series. It is
Lawson’s opinion that it-does and that the phiysical break described
as occurring in the clastic series on the south shore exists between
the Upper and Lower Keewatin. Our knowledge of this part of the
lake Superior region is not sufficiently advanced to outline with
any accuracy the areas which are to be referred to these main
divisions. It is, however, tolerably clear that in this part of the region
there are the same great subdivisions of the pre-Cambrian rocks as
elsewhere; that a part of what has ordinarily been called Laurentian
will be included in the Basement Complex; that a part of Irving’s mica-
schist group, Lawson’s Coutchiching, and the Profs. Winchell’s Vermil-
ion also falls within this complex. 1t is further probable that a part
of the Keewatin is the equivalent of the Lower Marquette, Lower Me-
nominee, and equivalent series. It is possible that other parts of the
series which have been designated Keewatin belong rather with the
Animikie. If, however, the break at the base of the Animikie is higher
than that above the Vermilion, Hunter’s island, and Kaministiquia iron-
bearing series, and the latter break belongs within the Keewatin, as
now known, this group will need to be subdivided into two series, and
the succession will thus be expanded at this point. into Lower Keewatin,
unconformity, and Upper Keewatin.

NOMENCLATURE.

There still remains the question of nomenclature. In Chapter VvIII,
the major taxonomy of the pre-Cambrian is discussed and reasons
are given for including under the term Algonkian all the pre-
Cambrian clastics, for confining the term-Archean to the inferior crys-
talline complex, for restricting the term Laurentian to the coarser
grained light colored granite-gneiss part of this complex, and for pro-
posing for the dark colored fine grained schistose part of this complex
the term Mareniscan. These reasons will not be repeated here, but the
terms with these definitions will be applied to the rock successions of
ditferent districts of the lake Superior region. This will serve to illus-
trate the usage of these terms and at the same time will be a test of
the propriety of the usages proposed, since the lake Superior region is
the oue in America about which most has been written and which fur- -
nishes the fullest pre-Cambrian column.

Belonging to the Archean on thesouth shore are the Southern Complex
of the Penokee districts, the fundamental complex of the Marquette and
Menomineedistricts, and a great expanse of rocks in northern Wisconsin.
This complex is more largely of the Laurentian gneiss than of the
Mareniscan schists, Befwecen the two are often the peculiar gradations
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described which are.taken to indicate the intrusive character of the
granite-gneiss. DBetween the Archean and the Algonkian, as indicated
by evidence fully given in another place, there is a great unconformity.

On the north shore Smyth finds decisive evidence of a thoroughly
crystalline fundamental complex below the lowest clastics at Steep Rock
lake. As has been seen, evidence pointing in this same direction is to
be found in the reports of Logan, Dawson (Sir William), Selwyn, Bell,
Macfarlane, Herrick, and Lawson, although several of these authors do
not reach this conclusion. The difficult and uncertain point in this
connection is in reference to the Coutchiching of Lawson or the Ver-
milion of Profs, Winchell. If, as believed by Lawson, there is a great
time break between the Keewatin and Coutchiching and if the
Coutchiching is found to be older than any of the clasties, it belongs
to the fundamental complex and the term Coutchiching has priority
over Mareniscan, proposed for the dark colored, fine grained schistose
part of the Archean. This is the outcome which-seems to the writer,
according to present published evidence, to be most likely; but it must
be stated that this impression does not accord with Lawson’s opin’ion,
who regards the Coutehiching as a sedimentary series more nearly con-
nected with the Keewatin than with the Archean, nor with the Profs.
© Winchell, who regard the equivalent Vermilion as but a more meta-
morphosed downward extension of the Keewatin.

In restricting the word Laurentian to the granite-gneiss of the
Archean, much of what has heretofore been denominated Laurentian
will be excluded.” This usage will throw out all of the granite-gneisses
of an age later than the clastics, and therefore much of the granite-
gneiss which Lawson has called Laurentian. It must be recognized
that about the lake Superior region there are granite-gneisses of vari-
ous ages. This is more evident in the main granite-gneiss areas than
clsewhere, for not infrequently intruding them are other large bosses
of granite or gneiss, which, with the earlier granite-gneiss, may have
again been cut by still later material of the same kind. It is believed
by sdme that there are in the lake Superior region granite-gneisses of at
at least four different ages. It will not do to conclude that any certain
granite-gneiss is Archean unless its structural relations to the Algon-
kian clasties are determined. However, the granite-gneisses which
belong to the Archean on the south shore are pegmatized through and
through and  banded and contorted in the most intricate manner.
Their constituent minerals show that they have undergone repeated
dynamic movements. They are cut by eruptives of many. kinds and of
different ages, Many of the basic eruptives are so ancient that they
themselves have become schistose and have passed over into horn-
blende-gueisses and similar rocks, which now are seen as dark colored
intersecting or parallel layers in the pink granite-gneiss. This intri-
cate complex of granite, gneiss, and schist, which has been subjected
to repeated dynamic movements in various directions, is very different
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from the somewhat regular, little altered granite-gneiss which acts as
a subsequent intrusive.

The early Canadian geologists used the term Huronian to cover all the
fine grained schistose and clastic rocks between the Keweenawan or Up-
per Copper-bearing rocks and the Laurentian. The same is true of many
of the American geologists. Itis clear that the fine grained crystalline
schists which constitute a part of the Archean can not here be included.
Huronian can include only that part of the Algonkian between the Ke-
weenawan and Archean, and, as has been seen, this Huronian is sep-
arable into two uncomformable series. On the part of the Canadian
geologists of late there has been a tendency to restrict this term to the
lower series, as shown by the exclusion of the Animikie from the Hu-
ronian, but if this is done the greater part of the Original Huronian
must itself be excluded from the Huronian. Upon the other hand, Irv-
ing and the Profs. Winchell have advocated restricting Huronian to the
upper series alone. The recognition of a g\reneral stratigraphical break
in the rocks heretofore included by most authorities in the Huronian
leads to the natural suggestion that for the superior division Upper
Huronian shall be used, and for the inferior Lower Huronian. The fact
that it has been recently maintained that in the Original Huronian area
itself both of these series exist but renders this suggestion more ap-
propriate. Further in favor of this position is its conservative char-
acter, although it is recognized that the rules of good nomenclature
point rather to the restriction of Huronian to the upper or lower
series. * If restricted to one it should clearly be the upper, for it is cer-
tain that the greater part of sediments of the Original Huronian mapped
in detail here belongs. Hence, as advocated by Alex. Winchell, is
placed as an alternative to Lower Huronian in the following tabulation
Lawson’s term Keewatin, This term was first defined to cover a series
of clastics with some crystalline schists about the lake of the Woods. It
was later more clearly defined and restricted to the unmistakable clas-
ties and altered volcanics about Rainy lake. By the Profs. Winchell it
was applied to the Velmlhon lake iron-bearing series, which was be-
lieved by them to be the equivalént of the Rainy lake Keewatin. In
many respects the greater part of these series is like the Lower Mar-
quette, Felch mountain, Lower Menominee, Hunters island, and Lower
Kaministiquia series. If this supposed equivalence were demonstrated
it would be preferable to adopt this term to cover all the series included
under the Lower Huronian. It is, however, by no means clear that the
Keewatin will not prove to be a complex series, just as have the Mar-
quette and Vermilion lake rocks, consequently it is only tentatively
placed in the general column. One other term has been proposed for:
this place, Marquettian; but this term is objectionable because as used
it included both Upper and Lower Marquette.

Lawson has proposed the term Ontarian to cover the Keewatin and
Coutchiching. It appears to us that the purposes of geology are bet

Bull. 86—13
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ter subserved by using the term Algonkian to cover all the clastic
series between the Fundamental Complex and Cambrian, and to retain
Archean as a term of coordinate value with this to cover the basal com-
plex. Ifit shall turn out that the writer is correct as to the position
of the Coutchiching, the base of the Lower Huronian, not the base of
the Coutchiching, is the important horizon to mark. More evidence is
desirable for the application of stratigraphical methods to the promi-
nent structure of the Coutchiching, since, in many respects this struc-
ture has the characters of an induced one. ILawson recognizes a true
physical break at the base of the Keewatin, not at the base of the
Coutchiching. The break between the Coutchiching and the granite-
gneiss is one which is also found between the granite-gneiss and Kee-
watin. It is not a structural horizon, but an eruptive contact. Upon
the other hand, a great mass of evidence goes to show that there is at
the base of the Keewatin a persistent structural plane which is recog-
nizable throughout the lake Superior region.

Selwyn and N. H. Winchell maintain that the Keweenawan and
Animikie are properly Cambrian. Whether the term Cambrian shall
be so extended downward as to cover two great unconformities and
two additional rock series of very great thickness is, purely a matter of
policy and of nomenclature, which is more fully discussed in another
place. While it is of primary importance that an agleement shall be
reached as to the actual rock successions in the lake Superior region,
it is but a secondary matter as to the names which shall be applied to
them. That fossils are found in the Huronian is not sufficient reason
for extending the Cambrian downward indefinitely. That the evi-
dences of abundant life are here found has been long known. Many
of the thick beds of slates heretofore called Huronian, on the south
shore of lake Superior, not only contain graphitic material, but a con-
siderablepercentage of hydrocarbons, not infrequently becoming graph-
itic or carbonaceous schists. In the ‘Animikie, on the north shore of
lake Superior, Ingall finds abundant carbon, and it is said that in
certain mines and openingsrock gas forms in -considerable amount.
Also small quantities of rock may even be obtained which will burn.
These substances must result from the ordinary processes which pro-
duced rock gas and coal in the rocks of far later age. Also the great
beds of iron carbonate are, to many, evidence of abundant life.- In the
Sioux quartzites one generally accepted fossil has been discovered by
N. H. Winchell. A discovery of a fossil has been announced by Selwyn
as occurring in the Animikie. It is a hope that in the future numerous
other fossils will be found in this series, so that we may have the assist-
ance of paleontology in lake Superior stratigraphy. Until, however,
a fauna is known in these regions which is distinctly Cambrian, the
discovery of life or of certain fossils in the Keweenawan and Huronian
rocks is wholly insufficient evidence for placing them with the Cambrian.

‘We then have in the lake Superior region the followmg successions
and correlations for the pre-Cambrian rocks:
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LAKE SUPERIOR BASIN.

The synclinal structure of the formations about lake Superior was
noted as early as 1847 by Logan in his remarkably accurate general
account of the lake Superior region. His five general formations were
found to recur in reverse order on both sides of the lake, dipping to the

"center. Rogers and Agassiz, in 1848 and 1850, maintained that the
shores of the lake are due to dikes. Owen,in 1851, in his studies north
aud south of the west part of the lake, saw that the formations occur
in reverse order, and reached independently the same conclusion as did
Logan. Bigsby and Whitney followed Logan and Owen in deseribing
the lake Superior basin as synclinal. The next exact contributions to
the structure of the lake Superior synclinal were by Sweet and Irving,
who found it to continue to the southwestward in Wisconsin and Min-
nesota, the rocks adjacent to the shore on the south side of the west
end of the lake being on the north side of the synclinal basin. Sweet,
in 1876, spoke of the lake Superior synclinal as over 300 miles in length
and 30 to 50 miles in width. That the lake Superior formations are
not only a synclinal in an east and west direction, the rocks dipping
respectively from the north shore south and the south shore north, but
that it is a basin in the exact sense of the term, the rocks on the east
shore dipping to the west, while the western termination of the synclinal
in Minnesota plunges to the east.or northeast, was shown by Irving.
This author went further and also showed that the major bays of the
lake are due either to faults or subordinate flexures within the Kewee-
nawan. Thebasin is clearly a product of Keweenawan time. Chamber-
lin suggests that it began early in the Keweenawan. The Upper
Huronian series partakes in several districts in large measure of the
basin structure. This is apparent from the fact that the Huronian of
the Penokee and Animikie series was so long regarded as conformable
with the Keweenawan. It has been seen that there is between these
series a great unconformity, although not one so vast as the other
physical breaks about the lake. As a consequence of this the Upper
Huronian series corresponds only locally with the synclinal structure,
and chiefly about the west half of thelake. The structures of the Lower
Huronian and Archean have no reference to that of the lake Superior
basin. ‘

CONCLUSION.

It appears that in the lake Superior region is a general succession
which may be recognized, and that there is really a much greater
degree of harmony than has been thought in the conclusions which the
various writers have held most steadfastly as to the lake Superior
stratigraphy. From the base upward it is as follows: Archean, includ-
ing Laurentian granite and gneiss, the origin of which is largely un-
known, but which were certainly in their present condition earlier than
the formation of the Lower Huronian; unconformity; Lower Huronian
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(a closely folded semicrystalline series); unconformity; Upper Huro-
nian (a gently folded and plainly clastic series, although indurated
by cementation and metasomatic changes); unconformity; completely
unaltered Keweenawan; unconformity; lake Superior sandstone. In
addition to the above are great masses of eruptive rocks in all the series,
both basic and acidic, including granite-gneiss, gabbro, porphyry, dia-
base, ete.

I can not close without comparing this succession of lake Superior
formations with that given by Loganin his remarkable paper published
in 1847. Itis as follows: ¢ (1) Granite and syenite; (2) gneiss; (3)
chloritic and partially talcose and conglomeratic slates; (4) bluish
slates or shales interstratified with trap; (5) sandstones, limestones,
indurated marls, and conglomerates, interstratified with trap.” Be-
tween 1,2, 3, and 4, 5 there was said to be an unconformity. The
granite, syenite, and gneiss are Archean; the chloritic and partly tal-
cose and conglomeratic slates, Lower Huronian; the bluish slates or
shales interstratified with trap, Upper Huronian; and the sandstones,
limestones, indurated marls, and conglomerates interstratified with
trap, Keweenawan. Of course, Logan at that time did not appreciate
all the structural relations which obtain between these various series,
although the greatest of the unconformities was discovered, nor did he
suppose that they are all pre-Cambrian, and in his mapping in 1863, 1
and 2 are placed together as Lower Laurentian, and 4 and 5 together as
a part of the Quebec group above the Potsdam; yet that he appreciated
that in this region there are five fundamentally different kinds of rock,
that he gave an accurate characterization of the Keweenaw series, com-
prehending that it is onme of great thickness, not less than 10,000 or
12,000 feet, and that this series rests unconformably upon the granite
and gneiss, can not be too highly spoken of. Not only was this paper
the first announcement of-all of the above great conclusions, but it gave
the first mention, as has been seen, of the synclinal structure of lake
Superior.

Looking toward the future as to the possible modifications of this
arrangement by turther work, the point of greatest doubt lies as to
whether the unconformities here recognized as universal in the lake
Superior region are really so. Is it not possible that the unconformity
at the base of the Animikie is at a different position from that between
the Penokee proper and the Cherty Limestone, and may not these be
different horizons from that between the Upper and Lower Marquette?
May not the break above the Lower Marquette be at a different posi-
tion from that above the Lower Vermilion. These questions can not
be positively answered in the negative, although all the evidence at
hand bears strongly in this direction. It may be found in the lake
Superior basin, so extensive in area, that while the folding and erosion
producing an unconformity in one part was occurring, at some
other distant part deposition was going on. In all probability this is
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to some extent true. That the rocks in the different districts referred
to these periods have the same absolute duration would hardly be ex-
pected. Sedimentation in the series correlated probably continued
longer in certain parts of the region than in others. A break even if
as widespread as believed probably did not begin nor end everywhere
at the same time; and certainly it would be true, after a certain move-
ment and erosion had ended, as the sea began to encroach, that sedi-
mentation would begin in one district before it reached another. So
that if these correlations are correct and the breaks really general, as
is believed, it does not follow that the periods opened or closed simul-

taneously, but that they stand in a general way as equivalent. The
equivalency advocated may be much more strongly asserted of the dis-
tricts immediately adjacent to lake Superior than of the more remote
districts.

The further question arises, whether as work continues new breaks of
considerable magnitude, not now recognized, will be found. Thisisnot
improbable. In fact, there is already some indication of such a break,
although not now capable of being proved at any point. Does the series
of great conglomerates which are placed at the base of the Upper Hu-
ronian, the debris being derived mostly from the Lower Huronian, grade
conformably upward into the Animikie, or is there here a considerable
additional break? Itis by no means certain that the truth is not with
the latter alternative, for the conglomerates certainly seem to have suf-
fered more intense dynamic action than the adjacent Animikie. Their
thickness is great, and it may well be that in the Thunder bay district
will be found a considerable break which in a part at least of the lake
Superior region will subdivide the Upper Huronian.

Also as a problem for the future is the real nature of the Archean
schists. Are they clastic or igneous in origin? Are they, as has been
supposed, a real fundamental complex, or will this be subdivided upon
astructural basis? A few years'ago all below the pre-Cambrian was a
fundamental complex. Will not the future find our present funda.
mental complex further divisible and the real fundamental complex ab
a still lower horizon?

Accepting the general stratigraphy as given above, how far will it be
possible to correlate the individual formations of the series? How far
are the Quartz-Slate member, the Iron-bearing member, and the Up-
per Slate member of the Penokee series equivalent to those of the Ani-
mikie? When, as in this case, three like formations of great thickness
are found in the same order, and the two series as wholes bear identical
relations to underlying and overlying series, the correlation may per-
haps be made with a considerable degree of probability, and later closer
work rather leads to the conclusion that much will be accomplished in
the direction of correlating formations; that is, several of the series may
be divided into two or three or more members, which may with a con-
siderable degree of probability be correlated with equivalent members
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in other districts, but that it will be.possible to subdivide these various
series into fifteen or twenty or more members, as was done by the early
authors, and to correlate these small divisions with each other through-
out the lake Superior region, there is not the least probability.

While perhaps more has been done in pre-Cambrian stratigraphy in
the lake Superior region than in any other region in America, this very
fact opens before us numerous and difficult problems.
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CHAPTER III.
THE GREAT NORTHERN AREA.
SECTION I. THE REGION ABOUT HUDSON BAY.
LITERATURE.

BELL,! in 1877, reports on explorations between James bay and lakes
Superior and Huron. The rocks are described as Huronian on the
course followed until the north side of Shatagami lake is reached, with
the reservation that the gneiss just below Paul’s lake may be Lauren-
tian. In this distance the rocks are limestones, quartzite, diorite, chert-
slate-conglomerate, hornblende-schist, pegmatite, syenite, clay-slates,
and, at Paul’s lake, gneiss. The diorites have a widespread occurrence,
and an area of massive syenite continues for several miles in one local,
ity. It is often mixed with crystalline diorite. Beyond Shatagami
lake are several alternations of rocks which are referred to the Huro-
nian and Laurentian before the fossiliferous series is reached. The con-
spicuous feature of the last Laurentian belts are large diorite dikes.
The junction of the Laurentian and Huronian occurs at Davis’s rapid,
51 miles north of the outlet of lake Kenohamissee.

On the return trip the course followed is by the west branch of
Moose river, along toward its headwaters, thence to Michipicoten and
lake Superior. The rocks are chiefly granite and syenite, gneiss, horn-
blende-schists and mica-schists and greenish schists. These are in part
referred to the Huronian and in part to the Laurentian, several belts
of the Huronian being found. At one place the Huronian is spoken of
as passing into the Laurentian. As a result of the work it is shown
that an immense area of Huronian rocks runs northward from lake
Huron through the greater part of the distance lying between it and
the area of unaltered rocks of the southwest side of James bay.

BELL,? in 1879, reports on explorations of the east coast of Hudson ,
bay. In this region are large areas of gneisses which are referred to
the Laurentian, and belts of schists referred to the Huronian. With
the Huronian are schist-conglomerates and quartzites. At the contact
of the Laurentian and Huronian, the former consists of a coarse quartz
and mica rock, while the first rock which is considered Huronian is a
dark green, highly crystalline hornblende-schist. The two formations
appear as usual to be conformable. Along Manitounuck sound is an
unaltered stratified series in which no fossils were found and which
resemble the Nipigon rocks, These are called the Manitounuck group,

209
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They consist mostly of siliceous and argillaceous limestones, sandstones,
quartzites, shales, ironstones, amygdaloids, and basalts. At Little
‘Whale river is a quartz-conglomerate of great thickness below these
rocks. The limestones are found at many localities at the base of the
series. They have a cherty concretionary and concentric structure.
The quartzites and sandstones come in ascending order. Associated
with the quartzites, and overlying them, is a series of cherts and shales.
These are surmounted by a great thickness of amygdaloids of various
kinds and of diorites of a basaltic character. At Richmond gulf the
base of the section consists of sandstone and conglomerate, above which
is limestone in a slightly unconformable position and all is capped by
trap. In one place the trap rests with a slight nnconformity upon fer-
ruginous beds. Spathic iron ore, sometimes of considerable thickness,
is sometimes interstratified with the sandstone.

BELL,? in 1879, reports on the country between lake Winnipeg zmnd
Hndson bay. The rocks along the route, with the exception of one Hu-
ronian trough, are described as Laurentian gneiss. The Huronian rocks
belong in one basin or trough, conforming with the general trend of
the Laurentian gneiss and mica-schist. Its breadth is about 14 miles
and its length 143 miles, giving an area of about 2,000 square miles. A
mica-schist at Pipestone lake contains different kinds of pebbles. At
Seven-mile point the rock is a micaceous slate-conglomerate, the pebbles
of which are chiefly of gray syenite. At the junction of the Laurentian
and Huronian the two formations appear as usual to be conformable
with each other. The last of the Laurentian series consists of gray
coarse, rough-surfaced quartz and mica rock. The first rock on what is
considered to be the Huronian side of the boundary consists of highly
crystalline dark green hornblende-schist, ribboned with fine lines of
white quartz grains. This schist is interstratified with bands of finely
ribboued, slightly calcareous gray gneiss.

BELL,* in 1880, reports on explorations of the Churchill and Nelson
river and around God’s and Island lakes. The Laurentian gneiss is the
~ prevailing rock throughout the whole district between Knee and Island
lakes. The stratification, while moderately distinct, is often banded and
contorted. Itsaverage textureisof amedium variety, or rather tending
to fine grain, but coarse forms are occasionally seen. There is no pre-
vailing or general direction in the strike of the gneiss. The Huronian
rocks occupy a series of troughs in several localities. The rocks are
schist-conglomerate, sometimes garnetiferous, steatite-schists, green
schists and felsite schists, most of them being more or less calcareous,
The Laurentian gneiss occupies the area between the Huronian troughs.
The strike of the Laurentian gneiss in the neighborhood of the Huro-
nian rocks appears in most cases to correspond with that of the latter.

BELL,’ in 1881, reports on Hudson bay and some of the lakes and
rivers lying to the west of it. Various gneisses and schists are found
at different points which are referred respectively to the Laurentian and
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Huronian. Hudson bay as a whole lies in the great Laurentian area
of the Dominion. The long chain of islands which fringe the east coast
are composed of bedded volcanic and almost unaltered sedimentary
rocks, resembling the Nipigon series of lake Superior, which may be of
Lower Cambrian age. Onthe western side of the bay, from the Churchill
river northward, quartzites and other rocks are found which may also
belong to the Cambrian system. Cambro-Silurian rocks rest almost
horizontally upon the Laurentian along the southwestern side of the bay.

BELL,’ in 1883, reports upon the geology of the basin of Moose river
and adjacent country. The boundaries of the Laurentian and Huro-
nian formations appear to be conformable to each other. Massive
granites occur abundantly with the Laurentian gneisses and Huronian
schists. The granites generally lie close to the junction of the Huro-
nian and Laurentian, this being the usual position of these granite
areas in the great region northward of lakes Huron and Superior.

BELL,” in 1885, describes granite and gneiss at North head, Button
islands, Ungava bay, Nunaungok, Ashe’s inlet, Nottingham and Digges
islands, Stuparts bay, Eskimo inlet, port DeBoucherville, and port
Laperriere. A portion of the west coast of Hudson bay is occupied
with diorites, hornblende-schists and mica-schists, which may be re-
ferred to the Huronian series. Deadman’s island consists of white
and light-gray quartzites, and glossy mica-schists, striking north 750
west. The whole of the western part of Marble island consists of white
and light colored quartzite bearing a strong resemblance to white and
vein marble. The beds of quartzite are very massive, although their
surfaces are often ripple-marked, being sometimes as fine and regular
as the fluting on a washboard.

BELL,’ in 1885, gives a general-characterization of the. geology of
Hudson bay. The distribution of the Huronian series is intimately con-
nected with that of the Laurentian, being found mostly within the
limits of the latter. The rocks of the Huronian system appear to rest
conformably upon the Laurentian in all cases observed. About the
mouth of Churchill river, on the west side of the bay, and for some
miles along the coast, are found massive and thinly bedded quartzites
with conglomerate beds, the pebbles being mostly of white quartz, in-
terstratified with occasional thin shaly layers. These strata may form
a part of the Huronian series, but they also resemble the gold-bearing
rocks of Nova Scotia. On the Little Whale river and in Richmond
gulf on the east side of the bay another set of rocks is found following
_ the Huronian and underlying unconformably the Nipigon series. This
intermediate formation consists of beds of hard red siliceous conglom-
erate and red and gray sandstones, with some red shales, and appears
to have a considerable volume. The Nipigon formation is largely de-
veloped along the east main coast of Hudson bay, between cape Jones
and cape Dufferin, and consists of compact, nonfossiliferous, bluish
gray limestones, coarse cherty limestone breccias, quartzites, shales,
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diorites, amygdaloids, and manganiferous clay ironstones. The lime-
stones of lake Misstassini, in the interior of the Labrador peninsula,
bear a strong resemblance to those of the east main coast.

BELL,? in 1886, gives additional observations on the geology of Hud-
son bay. From Eskimo point to the entrance of Chesterfield inlet, a
distance of 180 miles, the rock specimens embrace hornblende-schists,
greenstones, sandstone altered to quartzite and holding fragments of
indurated shale, white quartz rock, quartzite like that of Marble island
felsite, crystalline hornblende rock, diorite, chert, mica-schist, porphyry.,
granulite, red jasper, chloritic schists, etc. The majority of the litho-
logical specimens correspond with the rocks of the Huronian series,
Laurentian types are absent, and the probabilities are that Huronian
rocks prevail all along the northwest coast of Hudson bay, from Eskimo
point to Chesterfield inlet, and again at Repulse bay. The widely ex-
tended areas of massive granitoid character about Hudson bay are
regarded as primitive gneiss, and there is little doubt are more ancient
than the regularly stratified gneisses which prevail on the Ottawa val-
ley. The Huronian rocks of the region are unlike those on the north
shore of lake Huron, consisting of massive diorites, argillaceous and
dioritic slate-conglomerates, granite-syenites, schistose and jaspery
iron ores, limestones, dolomites, and imperfect gneisses, with a great
variety of schists. The Manitounuck seriesis largely made up of rocks
of volcanic origin.

BeLL, in 1887, reports on explorations of portions of the Attawa-
pishkat and Albany rivers. Various granites, gneisses, and schists
are found upon Pelican lake, lake St. Joseph, and the upper sections
of Albany and Boulder rivers, and lake Lansdowne. Upon lake St.
Joseph a conglomerate is found. The granites and gneisses are placed
with the Laurentian and the schists and conglomerates with the Hu-
ronian,

SUMMARY OF RESULTS.

In all of the above works by Bell the rocks are classified as Lauren-
tian or Huronian almost wholly upon lithological grounds, the coarse
granites and granitoid gneisses being regarded as Laurentian and
the clearly sedimentary rocks and fine grained calcareous gneisses
and various green schists with associated rocks being placed as Hu-
ronian. Whenever the relations of the two series are spoken of they
are said to be in conformity. The Huronian is, however, frequently
spoken of as occurring in troughs, which probably implies that this
series is taken to be the newer of the two; but in general this is an
inference from its lithological character rather than a determination
from an ascending succession. The dips are usually high and no
structure is worked out, so that from the facts given it would be im-
possible to determine which is higher and which lower, except by the
implication in the words Huronian and Laurentian. While certain of
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the rocks placed with the Huronian are lithologically like those of the
Original Huronian, Bell distinctly states that in the main they are quite
different. The likeness apparently goes no further than the fact that
occasionally there are found unmistakable clastic rocks, and some of
these clastics resemble more closely the fragmentals of the Ottawa
series than they do those of the Original Huronian.

The Manitounuck group on Hudson bay, which is described as re-
sembling very closely the Nipigon series, is, from the illustrations, a
comparatively flat-lying one and is probably newer than either of the
series referred to the Laurentian or Huronian. At least two uncon-
formities are mentioned in it, one between two sedimentary rocks and
another between a sedimentary rock and a trap. These unconformities
are spoken of as slight, but the cuts illustrative of them represent the
first of these unconformities as very considerable.

SECTION II. NORTHERN CANADA.®
LITERATURE,

STEINHAUER,Y in 1814, gives localities for labradorite on the coast of
Labrador. '

McCurrocH,? in 1819, describes as coming from Baffin bay, 700 37/,
granite, gneiss, and graywacke-schist.

RICHARDSON," in 1823, describes clay-slate as occurring in the north-
ern arm of Great Slave lake. North of Great Slave lake the granite
formation continues for a considerable distance toward Fort Enterprise,
but contains imore foreign beds in advancing to the northward. In this
region in places mica-slate prevails and in other places the granite con-
tains beds of mica-slate. Gneiss appears to exist throughout the great
district to the eastward of Coppermine river. About Fort Enterprise
are numerous hills capped by red granite, around which, on the acclivi-
ties, gneiss is wrapped in a mantle form. The rocks of this district in-
clude granite, micaceous and hornblendic gneiss, greenstone, mica-slate,
and clay-slate. At Point lake are found graywacke-slate, clay-slate,
and transition greenstone slate, as well as transition conglomerate, the
fragments of which appear to consist of the same material with the
bases. In the first part of the region of Coppermine river, between
Point lake and the sea, are found granmite, syenite, gneiss, clay-slates,
and hills of trap. North of latitude 66° 45’ 11/ are found red and gray
sandstones, compact feldspar rock, granular foliated limestone, trap
rock, and greenstone which constitutes the Copper mountains. In
these mountains are amygdaloids which contain amygdules of pistacite
and cale-spar, scales of copper being generally disseminated through the

*This section is largely compiled from Geo. M. Dawson’s account of this region accompanying his
geological map of it. With a number of exceptions the original reports have not been seen. This
unusual plan is here adopted because Dawson's summary of the geological material, widely scattered
through the many volumes of Arctic travel, is so complete as to render unnecessary the labor of
going through them a second time.
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rock. In.this region were also found masses of native copper and preh-
nite. The shores of Bathurst inlet are partly of granite and gneiss and
partly of later rocks. On the road from Bathurst inlet to Point lake
and Fort Enterprise, beyond Hood’s river, the rocks are entirely gneissic
or granitie.

PARRY," in 1824, found granitic and gneissic rocks to occupy the
whole southern part of the east shore of Melville peninsula and to
continue northward behind a tract of limestone country, forming a
range of mountains in the center of the peninsula to Hecla-and-I'ury
strait. They also form the south shore of this strait, most of the islands
adjacent to it, and apparently the whole eastem shore of the adjacent
south part of Cockburn “island.”

KoNING,* in 1824, describes the most characteristic rock collected by
Capt. Parry on the West coast of Baffin bay as gueiss and micaceous
quartz rock, with some ambiguous granitic compound in which horn-
blende seems to enter as a subordinate ingredient.

Liyon,' in 1825, describes cape Fullerton on the main shore west of
Southampton island to be composed of rugged red and gray granitic
rocks with the strata running in a northwest direction.

JAMESON,! in 1826, states that the material collected by Capt Parry
shows that the west coast of Davis strait and Baffin bay, south of
Lancaster sound, consists of primitive rocks, among which are gneiss,
mica-slate, hornblende-slate, granite limestone, hornblende-rock, and
greenstone. All these rocks are more or less distinctly stratified and
numberless transitions from one into the other were observed.

RICHARDSON,!® in 1828, describes the rocks of the Coppermine river
series as extending westward to the Height of Land and consisting
chiefly of sandstone and conglomerates with granite and porphyry.
The southeast extremity of McTavish bay consists of red granites and
gneisses. At the mouth of Dease river and the northeast extremity of
the lake the prevailing formation is granitic and gneissic. On mount
Fitton, along the Arctic coast west of the Mackenzie river, the moun-
tain range consists of graywacke slates which are considered transition
rocks.

LEsLIE, JAMESON, and MURRAY (HUGH),” in 1830, mention in the
region of Southampton island, Melville peninsula, and Hecla-and-Fury
strait, as prominent varieties of rock, granite, gneiss, mica-slate, clay-
slate, chlorite-slate, primitive trap, serpentine, limestone, and porphyry.
The Primitive range bordering the east coast of Baffin land is a contin-
nation of the Labrador coast; and on the west coast of Davis strait and
Baffin bay, south of Lancaster strait, primitive rocks preponderate,
including gneiss, mica-slate, and granite.

Ross,? in 1835, finds granitoid and gneissic rocks to occupy eXclu-
sively the coast line and adjacent islands of the Boothian and Melville
peninsula south of 70° 35,

F1rTON,” in 1836, describes the north side of Great Slave like from
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the entrance of the north arm westward as consisting mainly of gneiss,
porphyry, and granite. The large islands and promontory of the east-
ern part of the lake are of the trap formation. These are compared to
the Coppermine series. Pebbles of jasper conglomerate were collected
near the west end of the lake, but the rock was not seenin place. The
rocks on the route from Great Slave lake mnortheastward by Clinton-
Golden and Aylmer lakes and the Great Fish river to the Arctic coasts
are different varieties of granite and gneiss.

BACK,? in 1838, describes granite as occurring in two places along
the southeastern coast of Sonthampton island.

Simpson,? in 1843, applies the name Trap Point to the Kent penin-
sula. After an interval of low ground to the eastward granite forms
the coast line.

RAE,* in 1850, finds north of latitude 61° on the west coast of Hud-
son bay, beyond Nevil’s bay, the shore steep and rugged, being
lined with bare primitive rocks. On the southern shores of the gulf of
~ Boothia granite occurs in several places, and among the specimens
found are gueiss, mica-slate, quartz-rock, hornblende-slate. Precipitous

cliffs of trap were found on Simpson bay, in latitude 68° 27’,

RIcHARDSON,” in 1851, states that the eastern side of the north arm
of Great Slave lake is occupied by primitive rocks, which run across
the outlet of Athabasca lake to the deep, northern arm of Great Slave
lake, and onward by Marten lake, across the two eastern arms of

Great Bear lake, to the Copper mountains. On Rae river, which flows
into Coronation gulf near the mouth of the Coppermine, are limestone,
quartz-rock, and high cliffs of basalt. I'rom the similarity of the
various rocks associated in this quarter to those occurring at Pigeon
river and other parts of the north shore of lake Superior the author is
inclined to consider that the two deposits belong to the sawne geolog-
ical era, both being more ancient than the Silurian. At Rae river and
Richardson river, to the northwest of the mouth of the Coppermine and
on the west side of the Coppermine river, are series of basaltic cliffs.

SUTHERLAND,” in 1853, describes the rocks at cape York and cape
Atholl, latitude 76°, as consisting of sandstones, interstratified with
volcanic material. On the east coast of Baffin land, from Lancaster
sound to Cumberland sound, are crystalline rocks which occupy the
whole coast southward to Cumberland strait.

MURCHISON,? in 1857, states that cape Granite in the Arctic Archi-
‘pelago is composed of quartz, feldspar, and chlorite, and is accompa-
nied with gneiss of the same composition.

KANE,* in 1857, states that the rocks of the coast between Rensse-
laer harbor and the great Humboldt glacier (in Peabody bay), are strat-
ified limestones, sandstones, feldspathic and porplyritic granite pass-
ing into gneiss, and in some places trap.

HavueHTON,” in 1857, describes granitic rocks as composinga consid-
erable part of North Greenland, on the north side of Baffin bay, and
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constituting the rock of the country at the east side of the island of
North Devon. Bettween capes Osborne and Warrender the rocks are
graphic granite, which passes into a laminated gneiss, and with the
gneiss are interstratified beds of garnetiferous mica-slate. The whole
series is overlain by red sandstones of banded structure. The grani-
toid rocks are again found on the north side of theisland of North Som-
erset, where they form the eastern boundary of Peel sound. Cape
Granite is the northern boundary of the granite. On Peel sound and
Prince of Wales island is a dark syenite composed of feldspar and
hornblende. This rock is massive and eruptive at cape M’Clure, and
occasionally gneissic. The Silurian of the Arctic archipelago rests
everywhere directly on the granite, with a sandstone, passing into a
coarse grit, at its base,

HauceHTON,” in 1859, states that granitoid rocks everywhere under-
lie the Arctic archipelago. At Montreal island is a gneiss which exhib-
its the phenomena of foliation in a marked degree. At Bellot’s straits,
in latitude 72° north, are found gneissoid granite, graphic granite, and
syenite. At Pond’s bay, at the northern extremity of Baffin land,
quartziferous mica-schist underlies the Silurian limestone and is inter-
stratified with gneiss and garnetiferous quartz rock inclining 38°
WSW. Cape York, on the Grecenland coast, is composed of fine
grained granite. At Wolstenholme sound the granitoid rocks are con-
verted into mica-slate and actinolite-slate, the two rocks passing into
each other by almost insensible gradations. Carey’s islands, west of
‘Wolstenholme sound, are composed of a gneissose mica-schist, formed of
successive layers of quartz granules, and layers of jet-black mica. The
mica-schist passes into white gneiss. Yellow and white sandstones are
also found in small quantity upon the islands, reposing upon the gran-
itoid rocks.

LieBER,® in 1860, deseribes on the coast of Labrador, gneisses, gran-
ites, labradorites, ete., at various localities.

DERANCE and FIELDEN,® in 1878, state that the Laurentian system
is the fundamental one for the region visited by Sir George Nares. At
cape Rawson is an important overlying series which occupies the
coast of Grinnell land from Scoresby bay to cape Cresswell, in latitude
820 40’ north. The rocks are in a series of sharp folds with a general
west-southwest strike, the beds being. often vertical and frequently
cleaved. They consist of jet-black slates, of impure limestones, trav-
ersed by veins of quartz and cherts, and of a vast series of quartzites
and grits. They are compared to the gold-bearing series of Nova Scotia
and doubtfully referred to the Huronian system.

HiND,* in 1878, describes at Mullens cove, in the Laurentian series
of Labrador, a succession of interbedded gneisses, micaceous schists,
crystalline limestones, and a bed of calcareous conglomerate. The
thickest layer of white crystalline limestone is 35 feet.

EMERSON,® in 1879, describes the rocks of Frobisher bay, collected
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by C. F. Hall, as consisting of granite, gneiss, magnetite-gneiss, horn-
blendic gneiss, mica-schist, ete.

BEeLL,’ in 1885, describes on the Labrador coast gneiss and gran-
ite at Ford’s harbor and Mission station, Nain, at Nachvak inlet, at
Skynners cove, and other points. The granite sometimes becomes
syenitic and the gneiss is sometimes well laminated.

Boas,* in 1885, describes the nucleus of Baffin land as everywhere
of gneiss and granite.

GREELY,” in 1886, finds toward the head of Chandler fiord high
cliffs of schists and slate, and in Ruggles river, at the outlet of lake -
Hazen, large slabs of slate.

PACKARD,® in 1888, describes syenitic and gneissic rocks of the
Laurentian formation at various points, among which are Sleupe har-
bor in Gore island near Shallop, the bay east of Anse-au-Loup, Caribou
island, cape St. Francis, and Square island.

McCONNELL,” in 1890, mentions granite-gneisses east of the Rocky
mountains at the rapids of Slave river and fort Rae. These evidently
belong to the Laurentian or the oldest division of the Archean. West of
the Rocky mountains, crystalline schists are largely developed along the
valley of the Pelly-Yukon, occurring in numerous exposures from the
- International boundary to fort Selkirk, and they continue up the Lewis

about 30 miles. This belt of crystalline rocks has a width of somewhat
over a hundred miles. The eastern edge of the area consists largely of
quartzose schists, chlorite-schists, mjca-schists, diabases, and serpen-
tines, which are occasionally interbedded with bands of slate, limestone,
and are broken in many places by igneous intrusions. The green
schists, in ascending the river, are nnderlain by foliated mica-gneisses,
alternating with hornblende-gneisses, which are distinetly Archean in
- appearance and lithological character.

SUMMARY OF RESULTS FROM DAWSON.

DAawsoN,® in 1887, as a result of an exhaustivereview of the literature
of northern Canada, states that Archean or Fozoic rocks are dominant
in the northern part of the continent. They also form the greater part
of Greenland, and doubtless underlie at no great depth the entire Arctic
archipelago. 'While the information available is sufficient to indicate
the existence of the different subdivisions of the Archean which are
met with in the southern portion of Canada, including the lowest Lauren-
tian or granitoid gneiss series, the Middle -Laurentian, possibly the
peculiar rocks classed as the ¢ Upper Laurentian” and certain of the
more schistose and generally darker colored and more basic rocks clagsed
as Huronian, it is far too imperfect to admit of the separation of these
subdivisions on the map. It is evident that the Huronian is represented
in parts of the west coast of Greenland, and it is probably also recog-
nizable on the Labrador coast, and on the west coast of Hudson bay.
The occurrence of well stratified gneisses with mica-schists and crystal-
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line limestones, with associated graphite and magnetite, appears to in-
dicate the presence of Middle Laurentian. These rocks occur on the
southern part of Baffin land, Frobisher bay, Cumberland sound, and
Melville peninsula. The term Cambrian is made to include all rocks
above the Huronian to the base of the Cambro-Silurian. Extensive
areas placed in the Cambrian on the Arctic coast and in the viecinity of
Coppermine river are analogous in character to those of the Keweenaw
or Animikie of the lake Superior region, and probably represent both
groups of that great copper-bearing series. Throughout the northern
part of the continent the characteristic Cambrian formation, composed
largely of volcanic rocks, apparently occupies an unconformable position
with regard to the underlying Laurentian and Huronian systems. The
present remnants show that these rocks have undergone comparatively
little subsequent disturbance. The cape Rawson beds of Grinnell land
are provisionally referred to the Cambrian, on account of their litholog-
ical resemblance to the rocks of the Animikie, and also on account of
their similarity to the Nova Scotia gold-bearing series.

In the above summary, as the terms are used in this volume, the Mid-
dle Laurentian, much of the Huronian, and the Coppermine and equiva- -
lent series, which are placed in the Cambrian, are to be included in the
Algonkian; while the Lower Laurentian is largely or wholly Archean.

SECTION III. THE LOWER ST. LAWRENCE RIVER AND WESTWARD TO
LAKES ST. JOHN AND MISSTASSINI.

LITERATURE.

BAYFIELD,® in 13840, describes graniterocks as occupying the follow-
ing districts: Along the St. Lawrence from the Saguenay to pointe de
Monts, a distance -of 130 miles; from pointe de Monts to the Seven
islands, adistance of 60 miles; the mainland to the eastward of Mingan
islands and opposite Ste. Genevieve island, where the country for many
miles inland is composed of low granite mounds; the coast from Ste.
Genevieve east to cape Whittle, longitude 60° W., latitude 50° 10/ N.
The granites are in part hornblendic and in part nonhornblendic. At
Ste. Geneviéve was observed hypersthene and Labrador feldspar. The
granitic rocks are regarded as unstratified. They are traversed by
trap veins, insignificant in size as compared with the immense size of
the lake Superior granite masses. Reposing horizontally on the granites
on the east side of Pillage bay and mount Ste. Geneviéve are limestones,
The islands of the south shore of the St. Lawrence and the south coast
from Saguenay to cape Rozier are composed of alternating strata of
graywacke and slate dipping to the southward at angles varying from
300 to 90°.

LoGAN,* in 1850, describes a metamorphic group of rocks in the
vicinity of bay St. Paul, Murray bay, and White cape on the St. Law-
rence river. The predominant rocks are mica-gneisses and hornblende-
gneisses. No erystalline limestones were noted.
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LoGAN,* in 1854, describes the district north of the St. Lawrence
river, between Montreal and cape Tourment, below Quebec. To the
metamorphic sediments the word Laurentian is applied. It is used to
cover all of the prefossiliferous rocks. The name is founded on that
given by Mr. Garneau to the chain of hills which the Laurentian
series conpose. At St. Maurice the Potsdam sandstone rests upon the
gneiss.

Dawson,* in 1861, describes the Laurentian rocks exposed on the .
coast cliffs of Murray bay. At one place the succession includes
gneiss, white quartz rock, impure limestone, and hornblende slate, but
the beds are so inverted that little reliance can be placed on apparent
superposition. The crystalline limestone, dolomite, and serpentine are
together 14 feet thick. The Silurian rocks rest unconformably upon
the Laurentian beds.

RicHARDSON,® in 1870, describes the Laurentian and Labradorite
rocks on the north shore of the lower St. Lawrence. The Laurentian
gneiss has sometimes little appearance of stratification. The dips are
high, approaching the vertical. The Labradorite, with moderate dips,
rests unconformably upon the Laurentian. At one place there occurs
in the gneiss a bed 12 feet thick of coarsely crystalline limestone. The
Labradorite rocks have a wide extent. Both the Laurentian gneiss and
labradorites are cut by granitic veins. 7

RICHARDSON,* in 1872, reports on the prefossiliferous rocks in the
country north of lake St. John. They are classified under two heads:
First, Laurentian gneiss, including a little crystalline limestone; see-
ond, crystalline schists, consisting of chloritic and epidotic rocks, with’
dolomites, serpentines, and conglomerates. The Laurentian occupies
much the Jargest area of country and includes gneissic rocks cut by
granite veins, limestones, quartzites, and hornblende rocks. The lime-
stones and quartzites are comparatively unimportant, but the former is
said to be in thickness not less than 500 or 600 feet. The rocks of the
second class immediately succeed the Laurentian near the north end of
lake Abatagomaw. Large expanses of the conglomerate of this series
are composed entirely of rounded fragments of Laurentian gneiss of
gray and red colors. In some places, without close examination, the
conglomerate might be mistaken for the Laurentian gneiss. Sandstones
and shales are met with which show lines of deposition. It is remarked
that whatever the geological horizon of this series of rocks, it will be
prudent for the present to withhold an opinion until further investiga-
- tions are made. The only indication as to the geological age of this
series is given by an obscure fossil occurring in a limestone which
Billings thinks is a coral.

LATFLAMME,® in 1885, gives geological observations on the Saguenay
region. The pre-Cambrian rocks are divided into two series, a gneissic
and a labradorite series, which are together included in the Laurentian,
although nothing is said as to their structural relations.
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Low,%*in 1886, reports on the Mistassini expedition. The Laurentian
gneisses and associated rocks occupy the whole country from the gulf
of St. Lawrence to James bay, along the route traversed, with the excep-
tion of some areas of Huronian and Cambrian in the vicinity of lake
. Mistasgini. The Laurentian rocks include gneiss, hornblende-schists,

mica-schists, crystalline limestones, and areas of triclinic feldspar rocks.
The rocks described by Richardson, north of lake Abatagomaw, are sim-
ilar to the epidotic and chloritic slates of the Shickshock mountains and
the eastern townships and are referred to the Huronian.

SUMMARY OF RESULTS.

In the very brief and general studies of the area north of the lower
St. Lawrence no attempt is made to map the region in detail nor to
work out the structure of the rocks. The Labradorite rocks are sepa-
rated by Richardson from the gneissoid rocks, to which he applies the
term Laurentian. The reason for doing this is not given, so that we
have no indication as to whether this is an eruptive or a sedimentary
series, and if sedimentary, whether it underlies or overlies the gneisses.
As in the Ottawa region, the great mass of gneiss is free from lime.
stones. The limestones are local and are associated with other rocks
which are presumably of clastic origin, such as quartzites.

The remarks which are made with reference to two series in the
Ottawa area would apply equally well to this region. We have no in-
dication as to the relations of the clastic series, described by Richard-
son, to the Laurentian gneiss which is referred by Low to the Huronian.
Richardson, who did the work upon this series, was not able to give an
opinion as to its position, and its reference to the Huronian by Low is
made wholly upon lithological grounds. It is, however, probable that
the great conglomerates in the neighborhood of Lake Abatagomaw, com-
posed almost entirely of rounded fragments of Laurentian gneiss and
which in some places closely resemble the gneiss, mark the structural
boundary between the two series of rocks. The description of this con-
glomerate is that of a recomposed rock, the material being derived from
the immediately underlying formation.
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CHAPTER IV.
EASTERN CANADA AND NEWFOUNDLAND.
SECTION I. THE EASTERN TOWNSHIPS.
LITERATURE,

MURRAY,! in 1847, describes the metamorphic rocks of the Notre
Dame mountains. The more important varieties are slate and trap.
It is not certain that these rocks do not belong to the fossiliferous for-
mation.

LoGAN,? in 1863, describes the Quebec group at length. Metamor-
phic rocks of various kinds are mentioned, but these are all regarded
as belonging to the fossiliferous series. In the fossiliferous formations
east of the Notre Dame mountains are veins and masses of intrusive
granite.

SELWYN,? in 1879, gives observations on the stratigraphy of the
Quebec group. This group is divided into three distinct groups of
strata. First, the lower Silurian group; second, the volcanic group,
probably lower Cambrian; and third, the Crystalline schist group
(Huronian?). The rocks composing group three are chiefly slaty and
schistose, embracing various schists, imperfect gneisses, micaceous

- dolomites, and magnesian limestones. The upper part of this series
emerges from beneath the upper Silurian.

SELWYN,*in 1883, finds in the Stoke mountains an igneous belt un-
conformably overlapped and covered by the fossiliferous beds of the
Levis formation and by the Siluro-Devonian rocks; but between these
volcanics and the more schistose rocks of the central axis, by which
they are underlain, no unconformity has been detected. These volcan-
ics are provisionally classed with the lower series, that is, pre-Cam-
brian and probably Upper Huronian. Inthe Quebec series are found
important masses of granite which are intrusive in the fossiliferous
series. The stratified rocks in contact with them are disturbed and
altered, the limestones converted into graphitic schists or crystalline
marble, and the argillites into mica-slates, chiastolite and staurolite
schists, which are traversed by streaks and veins (dikes?) of granite.
These granites are regarded as of Silurian or Devonian age. The alter-
ation of the fossiliferous beds has gone so far as to suggest a resem-
blance to the crystalline rocks which have been referred to the Lauren-
“tian or Huronian,

223
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SELWYN,® in 1883, in further speaking of the Quebec group, asserts
of the upper metamorphic or volecanic group that neither a schistose nor
a bedded structure can be accepted as a proof of nonigneous origin, and
that a massive lava flow is as likely, through pressure and metamor-
phism, to assume a schistose structure as are ordinary sedimentary
strata. Much of the material of the upper part of the lower groups is
of contemporaneous irruptive and eruptive origin, though for the most
part, through cleavage and alteration, so changed in external and
physical character as to cause these rocks to be classed as metamor-
phie, notwithstanding that they still closely correspond in chemical
composition with recognized igneous and volcanie rocks, and differ es-
sentially from any known ordinary unmixed sedimentary deposits. Itis
suggested that the upper volcanic group may represent the Keeweenian.

Evrwrs,f in 1887, reports on the geology of a portion of the Eastern
Townships. Placed in the Cambrian are a set of slates of various colors,
sandstones passing into quartzites, quartziferous schists and conglom-
erates in which are found no calcareous beds or fossils. The conglom-
erates are of two kinds; one is composed of pebbles of the ordinary kind,
granitoid rocks, quartzites, slates, ete.; the other is composed largely
of dioritic pebbles in a diorite paste with intercalated beds of sandstones
and grits, and may be regarded as an agglomerate. This series in
places is certainly unconformable to the Cambro-Silurian system on the
one hand, and in a like manner is unconformable to the underlying
ridges of crystalline rocks from the débris of which they are largely
formed. These strata for the most part flank the ridges of crystalline
schists and gneisses, but at other times are in intricately folded basins
in them. These rocks resemble the gold-bearing series of Nova Scotia.
‘When near to or cut by masses of granite the strata have developed in .
them crystals of chiastolite and staurolite.

The areas of crystalline schists, gneisses, and limestones, with serpen-
tines and associated strata are referred to the pre-Cambrian. The age
of these rocks is inferred from their lithological character, from their
position of apparent unconformity below the overlying series referred
to the Cambrian, and from the fact that their débris is found in the
lJatter series. The areas of pre-Cambrian rocks are four in number. In
position, and in the fact that they contain copper, they closely resemble
the copper-bearing rocks of New Brunswick and the Huronian of Bruce
mines. There is a similarity to the series in England and Scotland
described by Hicks under the names of Dimetian, Arvonian, and Pebid-
ian. . Summing up it is said: Whatever may be the exact age of these
altered rocks, their present aspect entitles them to be classed as very
ancient sediments, although, in view of the great alterations which
may result from intense regional metamorphism, there is no reason why
many of the ordinary sedimentary rocks of Cambrian, Cambro-Silurian,
or even Silurian age, should not assume much of the character of these
just described. It is now tolerably clear that the series now considered
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constitutes the lowest of all the geological formations encountered in
this portion of the province.

Both plutonic and voleanic rocks occur in the Eastern Townships, in-
cluding granites and diorites, some of which are at least as late in age
as the Lower Silurian, although others are earlier, as is shown by the
fact that fragments of them are included in the strata referred to the
Cambrian. The sedimentary strata are altered at the contacts with
these intrusives. These granites are, however, held by Selwyn to be
metamorphic, .

SELWYN, in 1887, states that at the Bras stream, about 3 miles from
the Chaudiere river, is well exposed a contact of the crystalline series
with the black slates, showing the same unconformable relations
between the Cambrian and pre-Cambrian as on the Quebee Central
railway. The granites considered by Ells as intrusive are regarded as
more probably formed in situ by the same metamorphic agencies that
have altered the adjacent strata, and the so-called dikes ave probably
due to segregation; in fact, the latter are rather veins than dikes.

. The granites arc then regarded as an cffect of the metamorphosing
agencies rather than the cause of the metamorphism.

BLLs,s in 1889, gives a second report on the geology of the Quebec
group. Throughout the area of the rocks referred to the Lower Cam-
brian no fossils have yet been found, but they resemble the lower por-
tion of the Cambrian of New Brunswick. The most that can be said of
them stratigraphically is that they are intermediate between the chlo-
ritic and micaceous schists of the central anticlinal and the overlying
rocks of the Sillery. These Cambrian rocks have certain beds which
closely resemble those of the Potsdam age of the Sillery; on the other
hand, it is not easy to separate them from the underlying pre-Cambrian
schists, although at certain points there is a manifest unconformity
between the two series, as is well shown between Broughton station
and Harvey hill on the Quebec Central railway; the regular strike of
the nunderlying chloritic rocks being nearly east and west, while the
overlying black slate, with which are associated beds of grayish lime-
stone, at times strike nearly north and south. The difference in the
character of the Cambrian and pre-Cambrian strata, together with the
fact of the occurrence of a line of fault between the crystalline schists
of the Sutton mountain anticlinal and the slates and serpentines to the
cast, are the chief reasons for the separation of these two series into pre-
Cambrian and Cambrian. The pre-Cambrian aveas found are com-
posed mostly of alternations of chloritic and micaceous schists.  In
certain localities, as at Les Saints Anges, are found micaceous black
and gray slates, and quartzites 'with crystalline limestone, which nay
be Cambrian or pre-Cambrian. The areas of granite, diorite, and ser-
pentine are described. :

Apays,®in 1889, finds that the massive and stratified varvieties of
the anorthosite underlying the northwest part of the Ilastern Townships

Bull, 86—15
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are really only different portions of one and the same mass. Jt is con-
cluded that most, if not all, of the areas are of eruptive origin, since
they are frequently found cutting the gneisses. Bands of crystalline
limestone are found in the region.

ELLs," in 1890, states that the lowest beds of the Lower Cambrian
frequently contain a very considerable thickness of conglomerates, the
pebbles of which are without doubt derived from the underlying crys-
talline ridges which have been called pre-Cambrian. They are distinct
in character from the pre-Cambrian of the anticlinals, the latter being
in all cases highly crystalline, while there is a sharply defined line,
either of unconformable overlap or of fault, betiveen the crystalline
series and the slates and quartzites of what has been styled Lower
Cambrian. This line of fault is to be seen at certain points, and is
heavy; at others the slates occupy basin-like areas infolded in the
schists, where the rocks pass at once from the black, gray, and purple
slates to the highly altered schists. There are certain areas of mica-
schists and black slates which are apparently in the center of the
anticlinal of Sutton or the Chaudiere. These probably represent a
portion of the pre-Cambrian, but they are quite distinet from the or-
dinary black, purple, and gray slates and quartzites of the Chaudiere
gold series.

SUMMARY OF RESULTS.

A large number of articles have been written in reference to the
Quebec group which are not touched in the above, ag their point of
view is paleontological, and if the crystallines are referred to at all they
are simply placed as the metamorphosed equivalents of the fossiliferous
rocks, .

While Ells places the middle series found in this region as Cambrian,
he is very cautious to say that he has no paleontological evidence for
this; so that it is yet to be considered an open question whether it is
Algonkian or not. By Selwyn it is compared with the Keweenawan,
and by Ells with the Nova Scotia gold-bearing slates. It is certain that -
the series is uncomformably below the Potsdam, and equally certain that
it overlies crystalline schists. While the so-called Cambrian and pre-
Cambrian are said tobe unconformable, and several localities are cited in
which these relations obtain, one wishes that they bad been described in
more detail. The only one mentioned in which the facts are given upon
which the statement of uncomformity is based is the one on the Quebec
railway, where itis said that the strike of the Cambrian slates is almost
at right angles to that of the pre-Cambrian schists. When it is remem-
bered that there probably ave in this region great masses of intrusive
granites which have metamorphosed the adjacent strata, and that as a
result of such action a schistose structure oftentimes develops inde-
pendent of the original bedding, the evidence cited at this particular
locality is by no meaus sufficient to establish the conclusion. However,
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the basal couglomerates of the series referred to the Cambrian, the crys-
talline character of the pre-Cambrian as contrasted with the clastic
character of the Cambrian, and the sharply defined line, either of un-
comformable overlap or of fault, between the crystalline series and the
slates and quartzites which are styled Lower Cambrian, indicates the
probability that a structural break of great magnitude does occur be-
tween the two series. Thesupposed lower series of crystalline chloritic
and micaceous schists and gneisses, with their associated quartzites
and limestones, seems clearly to be of clastic origin. 1t is compared
with the Huronian by Ells. From present imperfect knowledge it can
only be safely placed as Algonkian. If it shall turn out that the non-
fossiliferous rocks referred to the Cambrian by Ells are also Algonkian,
this system is represented in the Bastern townships by two series which
are probably uncomformable,

Selwyn’s later position as to the nature of the granite is the opposite
of that earlier held. In his reports published in 1879 and 1883 the
granites are not only believed to be intrusive, but many of the crystal-
line schists are believed to be metamorphosed irruaptives. In the foot-
notes accompanying Ells’s reports these same granites are said to be
metamorphic.

SECTION II. GASPE PENINSULA,
LITERATURE,

Errs,! in 1885, describes the pre-Cambrian rocks of the Gaspé
peninsula. These are confined to the Shickshock mountains. They
are garnetiferous gneiss, hornblendic, chloritic and micaceous schists,
epidosite, etc. These rocks are so like the pre-Cambrian as seen in
New Brunswick and other parts of Canada that they are removed from
the Quebec group and assigned to an older horizon. Serpentines, dio-
rites, and granites are intrusives, a part of them later in age than
Devonian. °

Low, in 1885, also describes the pre-Cambrian rocks of the Gaspé
peninsula. They are represented by the metamorphic schists and
slates of the Shickshock mountains, among which are serpentine, and
several beds of limestone, one of them being 90 feet thick. Great
masses of granite and dikes of trap are found in these series. The
granites are.evidently of later date than the Silurian and Devoniau
rocks, as fragments of these are inclosed in them, and the adjacent
stratified rocks show alteration.

SECTION III. CENTRAL NEW BRUNSWICK.
LITERATURE,

Rogs, ¥ in 1870, gives a report on the geology of central New Bruns-
wick. The crystalline rocks include (1) a band of metamorphic focks
immediately underlying the Carboniferous series and extending to the
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southeastern boundary of the great granite area, (2) the central
granite area, (3) a band of noncalcareous metamorphic slate and
quartzite lying immediately northwest of the granite area. The south-
ern slate band extends from Magaguadavic lake to the southwest Mira-
michi, its breadth varying from 9% miles on the St. John river to 17
miles on the Miramichi. The rocks consist of argillaceous and mica-
ceous clay-slates, with interposed bands of crystalline, quartzose, mica-
ceous and feldspathic rocks resembling sandstone. They are doubtless
altered sediments. In one place apparently in this series are fossils,
probably of Upper Silurian or Devonian age. The central granite occu-
pies a considerable area to the northwest of the slates. The line
between the slates and granite is somewhat arbitrary, for the slate and
quartzite band includes three very considerable, with some smaller,
bands of granite. The various feldspathic rocks of the region seem to
werge into each other. This is true, not only of the granite and gneiss,
but even of the foliated semicrystalline slates and quartzites. Ocea-
sionally fragments of gneiss of all shapes and sizes are found imbedded
or incorporated in the granite, and vice versa; but no appearance of
granite veins cutting the laminated rocks are noted. The slates, mici-
schists, and quartzites of the northern slate belt locally assume a crys-
talline aspect. Bands of crystalline rocks resembling granite, syenite,
and diorite are intercalated in the manner of conformable or interbed-
ded masses. At one place is found a slate-conglomerate whichis believed
to occupy a depression in the older rocks.

RoBB,' in 1872, gives some additional facts in continuation of his
studies. The central granite area is divided into two granitic bands.
Much of the granite area is of a gneissoid character. Where the change
from granite to slate occurs, the granite near the line of contact is
often of a red variety and rather fine grained, gradually passing into
the ordinary color and texture in receding from the line. All attempts
to elucidate the structural relations of the granite have proved futile.
In the slate band northwest of the granite are conformable dikes of
diorite, syenite, and other feldspathic rocks. Immediately at the june:
tion of the granite with this series is a band of pure crystalline lime-
stone.

ELLg,” in 1881, reparts on the geology of northern New Brunswick.
The pre-Cambrian rocks are believed to underlie unconformably the
Cawmbro-Silurian. The typical rock is a grayish feldspathic gueiss,
frequently containing hornblende. The rocks referred to the pre-Cam-
brian include granites, felsites, gneisses, and schists. Granites, diorites,
dolerites, and felsites are found. A portion of these aresmingled with
the pre-Cambrian, but others, and especially the basic eruptives, are
found in the slates and other rocks belonging to the fossiliferous series.
At the contact of the granites with the slates in places the latter
become crystalline and contain crystals of staurolite.

ELLs, in 1883, finds crystalline mica-schists, quartzites, etc., which
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are provisionally referred to the pre-Cambrian system. They are found
at two places conformably to underlie the Cambro-Silurian series.

BAILEY,'?in 1885, in a report on York and Carleton counties in cen-
tral New Brunswick, finds no rocks which are regarded as pre-Cam-
brian; but granites, syenites, basalts, and diabases occur which are
regarded as intrusive. Interstratified with the Lower Carboniferouns
are beds of volcanic or semi-volcanic origin. The granite is filled with
imbedded fragments of other rocks, so that in places it has the appear-
ance of a conglomerate. Beyond question they come from the schistose
and micaceous rocks which border the granite, as is shown by their
identity.in character with these rocks. Also the lines of contact show
the intrusive character of the granite.

BAILEY,™ in 1886, in continuing his work in central New Brunswiclk,
finds highly crystalline strata, including gneisses, syenites, and fel-
sites, which are referred to the pre-Cambrian. They are thought to be
a continuation of those described by Ells. In this pre-Cambrian are
included without doubt very considerable masses of igneous rocks.

BALEY and MoINNES,? in 1877, in continuing work on central New
Branswick find felsites, quartzites, and mica-schists, which are referred
to the pre-Cambrian. Only the boundaries of the rocks are mapped, no
attempt being made to work out the structure. These rocks are cut by
granites which are found in two areas. These granites are the same
character as those which have been previously described as of probable
Devaonian age.

SUMMARY OF RESULTS.

As a result of the above work in central New Brunswick it is clear
that below the Cambro-Silurian rocks is a set of semierystalline and
crystalline schists containing among ‘the former such rocks as slate,
quartzite, and limestone. The character of these is such as to show
that they arein part of clastic origin. Largemasses of intrusiverocks,
both basic and acid, cut both these rocks and the fossiliferous sedi-
mentaries. The masses are sometimes so large as to cause important
contact metamorphism,.

There is little difficulty in separating the intrusives from the fossilif-
erous rocks, but upon account of the more crystalline character of the
older series and its likeness in mineralogical composition to certain of
the subsequent intrusives, and further, upon account of the intimate
mingling which oceurs between these two classes of rocks, it is difficult
to make the separations with the same degree of sharpness. This diffi-
culty is not improbably further increased by the presence of intrusives
earlier than those which cut the Cambro-Silurian rocks. )

The maps presented of the pre-Cambrian are purely aveal, no attempt
whatever being made to subdivide them or to work out their structare.
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SECTION IV, SOUTHERN NEW BRUNSWICK.
LITERATURE.

GESNER,” in 1839, gives many details as to particular localities in
southern New Brunswick. The succession of rocks below the Old Red
sandstone is argillaceous slate and granite. The volcanic rocks of the
bay of Fundy are of different ages.

GFSNER,* in 1840, gives a continuation of his study of the previous
year. _

GESNER,” in 1841, deseribes the geology of the county of St. John
more fully than in previous reports., The syenites occupy a large area,
and against these lean the slates, graywackes, and limestones parallel
to the coast of the bay of Fundy, but there is a group of more schistose
rocks containing no organic remains which dip toward this ridge.
These latter arve evidently primary, while the graywackes and gray-
wacke-slates are Cambrian or Silurian. It is certain that a part of the
granitic and syenitic rocks which have been regarded as primary really
Dbelong to a later age.

GESNER,” in 1842, finds that the graywackes and slates provisionally
correlated with the Cambrian were deposited prior to the elevation of
the granitic, syenitic, and trappean masses upon which they rest, as
they are fractured in all directions by dikes and extensive elevations
of those rocks.

GESNER,* 1843, places the granite, syenite, trap, and serpentine in
the unstratified rocks. To the Cambrian system are referred a series
of graywackes and clay-slates which are sometimes conglomeratic.
These rocks extend from the American boundary to near Bathurst,
and in them organic remains oceur.

JOHNSTON,? in 1850, in a report on the province of New Brunswick,
gives a map by Robb in which the erystalline rocks are outlined as
granite, gneiss and mica-slate, and trap rocks.

BATLEY, MATTHEW and HARTT,? in 1865, in observations on the geo-
logy of southern New Brunswick, give a résumé of the work previously
done. Of the 15 different groups of rocks, the lowest consists princi-
pally of granite, gneiss, mica-schist, and thick beds of crystalline lime-
stone, This is the Launrentian or Portland group. Resting upon the
Portland group is the Coldbrook group, belonging to the Huronian
division of the Azoic system, and thick deposits of altered slate of a
volcanic character, surmounted by conglomerates. The Coldbrook
group is succeeded by the St. John group, which contains no coarse
material and is regarded as equivalent to the Potsdam or Primordial
of New York. Above the St. John group is the Bloomsbury group of
volcanic character, such as basalt, amygdaloid, and trap rock, which
are associated with conglomerates and slates destitute of fossils. Geo-

. graphically separated from the above groups are the rocks of Kingston,
which are regarded as Upper Silurian, and the mica-schists of Queens
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county, which may be Cambrian. Scattered through all the above are
igneous rocks such as granite, syenite, porphyry and trap, which may
oceur associated with rocks of any age. The Portland group is in al-
most entire conformity with the Coldbrook group. The lithological re-
semblance of the Coldbrook group (7,000 feet thick) with the Huronian
is very close. The presence of graphite in the Portland and St. John
groups is regarded as evidence of life.

The extreme metamorphism of the Portland group is evidence of its
great antiquity. This age would never have been doubted were it not
for the intimate association and conformability with the beds of the
overlying groups, which are unquestionably Upper Devonian, and the
Portland was supposed torepresent either a portion of the Lower Devo-
nian or possibly the upper part of the Silurian. During the deposition
of the Azoic and Silurian ages a long period of repose prevailed, broken
only by the voleanic activity of the Coldbrook group. The Bloomsbury
rocks associated with rocks unquestionably of Upper Devonian age
are referred to the same horizon. At one place the Coldbrook group
overlies the St. John, its position being due to a reverse folding caused
by a ridge of eruptive syenite. The Kingston group on its general
lithological character and stratigraphical relations is provisionally re-
ferred to the Upper Silurian, although Lower Silurian and Lower
Devonian beds may occur.

‘MATTHEW,” in 1865, correlates the Portland series, which includes
limestone, syenite, gneiss, conglomerate, slate, and graphitic shale, with
the Laurentian, first, because of its lithological characteristics, and
second, because it is unconformably overlain by great thicknesses of
deposits similar to the Huronian series of Canada. The Coldbrook
Huronian group is conformable with the Lower Silurian St. John beds,
although there is a marked contrast between the formations, the former
containing conglomerates and volcanic prgducts, but the latter none.

Hinp,” in 1865, in a geological sketch of the province of New Bruns-
wick, finds no rocks older than the Lower Silurian. The belts of gran-
ite are regarded as of Devonian age, being apparently thrust up through
the Lower Silurian and Devonian strata before the beginning of the
Carboniferous epoch. The Quebec group includes gneiss, anorthosite,
mica-sehist, hornblende rocks, diorite, various schists, and other crys-
talline rocks. .

MATTHEW and BAILEY,” in 1870, divide the metamorphic rocks of
New Brunswick and Maine into, first, a Laurentian series, which con-
sists of gneiss, often granitoid in aspect, including (1) erystalline lime-
stone and interstratified beds of quartzite and diorite, (2) a Labrado-
rian or Upper Laurentian series, which consists of feldspar rock
agsociated with hypersthene and magnetite; and,second,a Cambrian ox
Huronian series. The granites of St. Johns river are of Devonian age.

‘BAILEY and MATTHEW,® in 1872, find the Laurentian system to have
a rather widespread distribution. The rocks arve placed in the Lau-
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rentian because older than the Siluvian rocks, which contain & Primor-
dial zone, as well as on account of their general lithological resemblance
to_the ancient rocks of the Laurentian system. The Laurentian is
separated from the Primordial beds by an accumulation of trappean
and tufaceous strata which is supposed to be of Huronian age. The
lower division of the Laurentian consists of diorites, syenite, grani-
toid gneiss, ete., while its upper division consists of crystalline lime-
stone with diorite at intervals, greenish gray gneiss, quartzite, argillite,
and slate conglomerate. The contact of the granite with the schistose
rocks is peculiar. Contained in the granite are long irregular blocks
of the schistose rock. Their occurrence suggests either a softening of
the older series through metamorphismn subsequent to the deposition of
the upper series. or else the intrusive character of the granites. One
section of gmeiss and granite in the Lower Laurentian has a thick-
ness of 12,600 feet. The maximum thickness ot limestone and quartzite
of the Upper Laurentian is not more than a thousand feet.

In the Huronian series are placed the Coldbrook, Coastal, and Kings-
ton groups, which together occupy a wide area. The Coldbrook group
at several points was observed to rest upon the gueissic and granitic
rocks referred to the Laurentian system, and in turn to be conformably
overlain by the Slates of the St. John group containing Primordial
fossils. The Coldbrook group consists of diorite, chlorite-schists, black
slates, micaceous shales, argillites, gneissoid rocks, and other varieties.
The rocks of the Coastal group consist of felsites and conglomerates,
gray limestones, and gray clay slates, gray chloritic grits and schists,
micaceous slate and gray dolomite, green and red clay slate, and diorite.
The Kingston group consists of shales, felsites, diorites, and argillites.
In Grand Manan are various erystalline rocks which are not definitely
referred to any period, but are compared to the Huronian. The Devon-
ian and Huronian rocks ave .fo]ded together, but no evidence is seen of
unconformity between the two series. I'he Mascarene series in general
aspect resembles the Huronian series of St. John and King counties.
Intrusive granites are found at many points. In general the contacts
of these granites with the surrounding rocks are not found, and their
age is thus unknown.

The diorites and schists of Bloomsbury mountain, formerly supposed
on stratigraphical grounds to be more recent than the Huronian, resting
upon the St. John group and overlain conformably by the Devonian
sandstones, are now regarded as Huronian on lithological grounds,
being probably brought up by a fault. At Musquash harbor and at

ateliffe’s mill stream green subcerystalline schists rest conformably
upon the P'rimordial strata, but these are believed to be overturns and
the former Huronian,

The rocks of the Coastal group at several points overlie -Upper
Silurian or Devonian strata. They were formerly described as Devo-
nian; but as Hunt finds them -similar to the Huronian in lithological
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character, they are here referved, and the apparent inferior position of
the Devonian is supposed to be due to a dislocation. Accidental inter-
calations of Upper Silurian and Kingston strata are found.

BAILEY,” in 1872, describes the rocks of the greater part of Grand
Manan as consisting of Triassic trap. Upon its east side are, however,
found metamorphie rocks, which may belong to different series; but
none are believed to be more recent than the eqrhest Prlmordul
Silurian, while some of them may be Huronian.

MA'].‘THEW and BAILEY,” in 1876, place the Mascarene and Kingston
series, the latter of which was previously considered Upper Huronian,
in the Upper Silurian upon account of fossils discovered in them.

BarLey and MArTHEW,” assisted by Ells, in 1877, in observatious
on southern New Brunswick, provisionally refer the Coldbrook group,
formerly considered as Laurentian, to the Huronian. The granites are
separated from the stratified formations of the Coldbrook group.

MAaTTHEW,™ in 1878, refers as doubtfully belonging to the Latrentian
the slate formation of Charlotte county, formerly described as Coastal
rocks and placed in the Hurornian. In the Kingston series, more recent
than the Coastal, are rather erystalline rocks which are believed in part
to belong to the Upper Silurian, but, like the Coastal rocks, are of un-
certain age. The crystalline mica-schists, hornblende-schists, gneisses,
diorites, ete., of Grand Manan combine in characters the two belts of
Kingston rocks and those of certain Upper Silurian strata.

BArLEY and ELLs,* in 1878, find in the Caledonia mountains of Albert
and Westmoreland counties chloritic and talcose slates associated with
beds of grit and conglomerate, which are regarded as probably of Hu-
ronian age.

BELLg," in 1879, finds in Albert, eastern Kings, and St. Johns connties
pre-Silarian 1ocks, which are placed in the Huronian and Laurentian.
Theolder series is said to consist of syenite, felsites, feldspathic qnartzites,
and limestones. Inmany places are transitions from the slates through
schists, felsites, and gneisses, to syenites, The newer series consists
of felsitic, siliceous, brecciated, and ash rocks at the base, with talcose,
chloritic, and older schists, ash rocks and purple grits, and conglom-
crates. The second group hes 111100nf0rmably upon the rocks of the first.

BAILEY,” in 1879, divides the pre-Silurian rocks of southern New
Brunswick into four divisions on lithological grounds. The first are

-syenitie, feldspathic, and gueissic rocks; the second, limestones and
dolomites, with others. These two divisions are regarded as belonging
to the Laurentian. The third is a felsite-petrosilex group which com-
prises sandstones and conglomerates, as well as amygdaloidal ash rocks
and ash conglomerates. This is the( ‘oldbrook group of the earlier re-
ports and is regarded as a lower member of the Huronian system. The
fourth division is a schistose, chloritic, and micaceous group, comprising
among other rocks conglomnerates, clay slz'ltes, quartzites, ash rocks,
amygdaloids, etes, and is regarded as the upper member of the Huvo-
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nian system. The passage from division 2 to division 3, that is, from the,
Laurentian to the Huronian, is a gradual one, as the two groups are
intimately associated.

Placing the Upper Coldbrook group as pre-Silurian, the unconform-
ability of this group with the Silurian is marked in general. The Pri-
mordial beds sometimes rest upon division 3 and sometimes upon division
4, they contain in places coarse basal conglomerates, and appear to have
been originally deposited among the hollows of the Huronian series,
South of Bloomsbury mountain, and on the main stream of Black river .
and the adjacent region, the Huronian rocks are associated with the .
Devonian, and the two formations accord almost exactly both in strike
and dip, the Devonian being included among the Huronian rocks. DBut
in addition to the fact that the conglomerates of the former are largely
made up of the débris of the latter, there are points in which this ac-
cordance is clearly wanting. The discordance is pretty well seen at the
east branch of Black river.

MATTHEW,® in 1879, finds the Kingston series to exhibit a strong
resemblance to the Huronian formation of St. John county, but it is re-
garded as Silurian on paleontological grounds.

BAILEY, MATTHEW, and ELLS,* in 1880, give a general review of
their work done upon southern New Brunswick, which covers an area
of about 6,000 square miles. The rocks comprised under the pre-Cam-
brian include the Laurentian of 1871 and the three former divisions of
the Huronian-Coastal, Coldbrook, and Kingston. Of the relations of
the upper members of the Laurentian mica-schist, limestone, and fine
gneiss, to the main body of coarse syenite and syenitic gneiss constitut-
ing the Lower Laurentian, nothing further is known than contained iu
the report of 187071, The greatly broken and disturbed character of
the supposed upper series, the obscure stratification of much of the
underlying group, and the frequent occurrence of intrusive masses,
combine to make the determination difficult. There can, however, be
no question that the bulk of the calcareous and siliceous strata are more
recent than the coarse granitoid rocks with which they are associated.
With one possible exception,no instances of direct superposition of the
Coldbrook rocks on the Laurentian have been observed; but the
Coastal rocks are found upon the Coldbrook rocks as well as upon the
Upper Laurentian, so there is no reasonable doubt as to the true suc-
cession. Contacts of the Coastal group with the Coldbrook group are
found in the county of St. Johnu, and especially along theline of the St.
Martins and Upham railway, between Upham and Quaco, and ou the
lower Quaco road on either side of Bloomsbury mountain. In passing
from one to the other there is often an abrupt change of dip, the beds
of the higher series dipping at a lower angle than those upon which
they rest, while along the same line of contact it is not uncommon to
find masses of coarse breccia conglomerate, in which the fragments are
largely the petrosilex derived from the inferior group. It is, however,
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questioned whether the unconformability is sufficient to prove the fact
of any considerable lapse of time. The age and equivalency of the
Kingston group, as well as that of the Mascarene peninsula, is some-
what uncertain, owing to the difficulty of obtaining stratigraphical evi-
dence and from the close resemblance which many of them bear on the
one hand to the rocks of the Huronian, and on the ether to those of the
Silurian. .

BAILEY,® in 1881, in summarizing the work of the survey in New
Brunswick, concludes that there is a Laurentian and Huronian, as in
other parts of Canada. These are below the Primordial by a marked
unconformity, These rocks east of St. John occupy irregular troughs
in the pre-Silurian rocks, resting sometimes upon one and sometimes
upon another of the subdivisions of the latter, crossing their strike
obliquely and having coarse basal conglomerates. Thereisalmost per-
fect lithological likeness between the great mass of rocks referred to
the Laurentian, including coarse and fine grained gneisses, quartzites,
graphitic, and serpentinous greenstones and dolomites, with the Lauren-
tian of other parts of Canada, and particularly the Hastings series of
Vennor. This series is capped by the great volcanic series of the Hu-
ronian, These pre-Silurian rocks are econfined wholly to the region of
the sonthern metamorphic hills, nothing of equivalent age having yet
been identified in the central and northern portions of the province.
_ In the rocks referred to the Huronian are two well marked divisions,
the lower or Coldbrook group and the upper or Coastal group, between
which there is not infrequently evidence of at least a partial uncon-
formity. The pre-Silurian rocks are of vast thickness; their divisions
were deposited under markedly different conditions; there are uncon-
formities between these divisions. These facts show that these rocks
are at least as old as the Huronian and portions of the Laurentian sys-
tem. Above the Upper Silurian rocks are found felsite-porphyries and
peculiar orthophyres at Passamaquoddy bay, and at Eastport and
Pembroke, Maine. On the.St. John river, associated with the fossilif-
erous rocks are amygdaloidal and ash rocks which are indistinguish-
able lithologically from the Huronian formation, and to which all of
these rocks have previously been referred.

BAmLEY,* in 18835, finds the granites of southern and ceuntral New
Brunswick to be of intrusive character and to cut rocks as late in age
as the Carboniferous. As evidence of this are cited the abrupt transi-
tions from the massive granite to the associated schists; the widely
different characters of the invaded beds; the fact that foliation and
crystallization are most marked in the vicinity of the granite and de-
crease in receding from it; the outlines of the granite are irregular and
sometimes parallel, at other times are oblique to, and at other times
at right angles to the rocks cut; detached masses or bosses of granite
border main granitic areas; granite veins like those of the main mass
of granite penetrate the schists in all directions adjacent to the granite
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masses; large detached blocks of schists and gneiss, usually angular,
ave frequently contained in the granite, sometimes being so abundant
as to produce the appearance of a coarse breccia. As to the age of
these granites, no veins are found penetrating later strata than the
Upper Silurian, but all conglomerates older than the Lower Carbonifer-
ous are destitute of granite pebbles, while the later formations abound
in them, which appears to indicate that the granites are Devonian.

ErLs,"” in 1886, finds in Albert county pre-Cambrian rocks which in-
clude quartzite, felsite, gneiss, syenite, and granite. The crystalline
limestone rests generally upon the flanks of the schistose series. These
rocks are an eastern extension of the pre-Cambrian of western New
Brunswick.

BAILEY,” in 1890, says the evidences of unconformity between the
Primordial and Archean are clear, varied, and widely distributed. It
is equallyevident that the Archean consists of two groups of sediments,
which in many features resemble the Laurentian and Huronian sys-
tems of Canada; butthere are equally striking differences between the
supposed Laurentian rocks of St. John and those of Canada. This is
especially marked by the greater proportional amount in the former of
distinctly stratified rocks, such as slates and quartzites, dand the absence
of coarsely crystalline deposits. As regards the Huronian rocks, the
greater part were referred to as felstones, clay-stones, porphyries, and
petrosilex before the introduction of the present methods of petrograph-
ical research and their names in some instances are probably misapplied.
The relations of the Laurentian and Huronian systems are not well
understood. While the author does not doubt that the clastic and
schistose rocks referred to the Huronian are more recent than the grani-
toid gneissic and crystalline limestones regarded as Laurentian, a con-
trary view has been taken by others.

MaTTHEW,* in 1890, states that in the upper Laurentian of New
Brunswick fossils oceur at three horizons, The oldest of these is in a
¢uartzite in the lower half of the system. This eontains Hexactinellid
sponges, allied to the genus Cyathospongia. The second horizon is in the
upper limestone. It contains calcareous coral-like structures which
bear a resemblance to Stromatopora rugosa. The third horizon is that
of the graphite beds, in which occurs great numbers of sponge spicules,
arranged in parallel sets, one set crossing the other at an acute an gle.
The type of sponge is apparently Monactinellid. Eozoon also occurs in
the Laurentian. Between the upper Laurentian system and the basal
Cambrian occurs a third system of rocks, the Coldbrook and Coastal,
which has given conglomerates to the Cambrian and has a great thick-

ness,
SUMMARY OF RESULTS.

‘While the mapping of the province of New Brunswick has been com-
pleted by the official survey, the statements of the later papers of those
who bhave taken the most active part in this mapping wmake it certain
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that many of the supposed conclusions reached in the early reports are
open to doubt. The most noticeable feature is the failure to subdivide
the Huronian into two or three series on these maps when the divisions
Coldbrook, Coastal, and Kingston have been found in the reports for
many years. Thereason assigned on the maps for this is that the three
series are so intimately intermixed that their separation with any ap-
proach to accuracy is impossible. ’

The difficulty of the geology of this region is shown by the manner
in which these groupshavebeen shifted from one place to another. In
the- days of the earlier work none of them were regarded as pre-Cam-
brian, and a portion was given as high a place as the Devonian. Thes
Kingston group in 1865 was called upper Silurian-and was regarded as
overlying the St. John; in 1872 was called upper Huronian; in 1876
was again placed as Silurian; and was not until 1879 finally placed
with the upper Huronian. The Coastal group, first placed in the fos-
siliferous series, in 1872 was placed in the middle Huronian; in 1878
was doubtfully referred to the Laurentian, and in 1879 was again re-
twrned to its place as middle Huronian. The Coldbrook group has
been reckoned as Huronian since 13865.

At the outset, in discussing the results attained as to the succession
of crystalline rocks, the intrusive character of a very large part of the
granite at a period later than pre-Cambrian time may be considered as
demonstrated. To this conclusion all the official geologists have agreed
with the exception of Hind, whose work was done at a time in which
the metamorphic theory had extreme power. Anneunced by Gesner in
1841, the evidence cited by him for the intrusive character of the gran-
ite is in a measure the same as that so convincingly given by Bailey
over forty years later, in 1884.

The plainly eruptive character of a part of the granite suggests the
question as to whether the great mass of syenite, granite, and gneiss
making up the lower Laurentian is not also of an igneous character.
Even if this be so, it does not follow that itis not the most ancient rock
in southern New Brunswick; but the possibility is suggested that it
may be an intrusive of a much earlier age than those which cut the
Silurian strata, and yet not be earlier than a portion of the crystalline
rocks of clastic origin and pre-Cambrian age.

It is evident that among the rocks referred to the Laurentian of
southern New Brunswick is a great series of completely crystalline
rocks, and an apparently unimportant series composed of slates, quartz-
ites, and limestones. This is shown by the estimated thicknesses given
in- the report published in 1872. The lower Laurentian is given a
thickness of over 13,000 feet, while the upper Laurcntian (clasties) have
a thickness not to exceed 1,000 feet. '

The suggested intrusive character of the lower Laurentian is made
more probable by the fact that there is said to be transitions between
these plaiunly clastic rocks and the thoroug'hfy crystalline ones, Upon
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the other hand, it is also a possibility that there is a physical break
between the clastics and érystallines of the Laurentian, but no frag-
ments of the underlying series are found in the clasties nor is any strue-
tural unconformity mentioned. One is at once struck with the parallel-
ism between the two parts of the Laurentian of southern New Brunswick
and those of the Hastings series. In this latter case Vennor, in his later
work, came to the conclusion that the clastic series is a newer uncon-
formable one resting upon an older crystalline series.

The Laurentian and Huronian are in general said to be in conformity.
‘While this is true, Matthew in 1865 states that the Portland series is
ynconforinably overlain by the Huronian, and Ells repeats thjs state-
ment in 1879, In 1880, however, this position is apparently abandoned;
at least it is not alluded to in the general summary of conclusions. As
the Huronian and Laurentian are regarded as conformable, the basis
for separating the clastic series at the base of the Coldbrooks must be
considered wholly lithological. Itis somewhat difficult to determine
the lithological criteria used in the distinction, but it secms that the
appearance of abundant volcanic material is the most important of
these. Also connected with this fact is a prevailingly darker color.
When it is remembered that volcanic outbreaks are often of a local
character, and that it is wholly possible that quartzites and slates are
being deposited at the same time volcanic accumulations are occurring,
it must be concluded that the criterion of volcanic activity is an uncer-
tain one. It would seem that it would be more reasonable, without
reference to other localities, to make the major break above the crys-
tallines of the Lower Laurentian.

The only physical break.finally maintained in the whole pre-Cam-
brian series is between the two divisions of the Huronian, the Cold-
brook and Coastal. From the descriptions it seems that this break
is a very considerable one; for detritus of the lower series is contained
in the upper, and more important than this, the lower series has a
steeper inclination. Such a break as this certainly implies not only an
erosion interval, but an orographic movement, and this must mean a
rather important time break.

Throwing aside all correlations with ‘other regions and considering
the pre-Cambrian succession in southern New Brunswick alone, it is as
follows: (1) Wholly crystalline granites, gneisses, ete. (2) Quartzites,
slates, slate conglomerates, gneisses, and crystalline limestones. (3)
Voleanics and clastics of the Coldbrook. Unconformity. (4) Coastal
and Kingston groups. While in the reports it is positively stated that
the Coldbrook is lower than the Coastal and Kingston, even this con-
clusion apparently can not be taken without question, since the dis-
tinction is abandoned in the mapping. The dropping of the term
Huronian for the post-Laurentian groups indicates that this correlation
with Huronian, taken for granted for many years, is also considered an
open question,
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SECTION V. NOVA SCOTIA AND CAPE BRETON.

LITERATURE,

JACKSON and ALGER,* in 1832, in remarks on the mineralogy and
geology of Nova Scotia, find the granites to protrude through the clay-
slates. They are, however, regarded as older than the slates, the latter
having been deposited on them in a horizontal position. <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>