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ADVERTISEMENT.

[Bulletin No. 109.]

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

*“The publications of the Geological Survey shall consist of the annual report of operations, geological
and economic maps illnstrating 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
shallaccompany the annual report of the Secretary of the Interior. All special memoirs and reports
of 8aid Survey shall be issued in uniform guarto series if deemed necessary by the Director, butother-
wisein ordinary octavos. Three thousand copies of each shall be published for scientific exchanges
and for sale at the price of publication; and all literary and cartographic materials received in e‘(change
shall be the property of the United States and form a part of the library of the organization; and the] l
money resulting from the sale of such publications shall be covered into the Treasury of the United
States.” 4

OnJuly 7, 1882, the following joint resolutmn, referring to all Governwent publications, was passed-
by Congress: - v

*That whenever any document or report shall be ordered printod by Congress, there shall be printed,
in addition to the number in each case stated, the ‘usual number' (1,734) of copies for binding and
distribntion among those entitled to receive them.”

Exceptin those cases in which an extra number of any publication has been supplied to the Survey
by special resolution of Congress or has beén ordered by the Secremry of the Interior, thxs office has
no copies for gratuitous distribution. . )

-

ANNUAL REPORTS. . -

1. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 85. 79tp.
1map.—A preliminary report describing plan of organization and publications.

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

TII. Third Annual Report of the United States Geolo"ma,l Survey, 1881-'82, by J. W. Powell. 1883.
80, xviii, 564 pp. 07 pl. and maps.

IV. Fourth Aunual Reportof 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 Annual 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 Geological Survey, 1885-'86, byJ ‘W.Powell. 1888,
80, xx, 656 pp. 71 pl. and maps.

VIII. Eighth Annual Report of the United States Geological Survey, 1886-'87, by J. W. Powell. 1889,
80, 2pt. xix, 474, xii pp.- 53 pl. and maps; 1 p. 1., 475-1063 pp. 54-76 pl. and maps.

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

X. Tenth Aunual Report of the United States Greological Survey, 1888-'89, by J. W. Powell. 1890.
80, 2pt. xv, 774 pp. 98 pl. and maps; viii, 123 pp.

XI. Eleventh Annual Report of the United States Geological Survey, 188990, by J. W. Powell. 1891,
80, 2pt. xv, 757 pp. 66 pl. and maps; ix, 351 pp. 30 plL.

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

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

MONOGRAPHS.

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

1882. 40, xiv, 264 pp. 42 pl. and atlas of 24 sheets folio. Price $10.00.
I



1 ADVERTISEMENT.

1I1. (teology of the Comstock Lode and the Washoe District, with atlas, by George F. Beckor. 1882,
40, xv, 422 pp. 7 pl. and atlas of 21 sheets folio. Price $11.00.

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

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

VI. Contributions to the Knowledge of the Older Mesozoic Flora of Virginia, by William Morris
Fontaine. 1883. 4°. xi,144pp. 541. 54 pl. Price $1.05,

VII. Silver-Lead Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii,200 pp. 16
pl Price $1.20. -

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

IX. Brachiopoda and Lamelhbranchm.ta of the Ramtan Clays and Greensand Marls of New J ersey,
by Robert P. Whitfield. 1885. 4°. xx,338pp. 35pl. 1lmap. Price $1.15,

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

XI. Geological History of Lake Lakontan,a Quaternary Lake of Northwestern Nevada, by Israel
Cook Russell. 1885. 4°. xiv,288 pp. 46 pl.and maps. Price $1.75.

XII. Geology and Mining Industry of Leadville, Colorado, with atlas, by Samuel Franklin Emmons.
1886. 4°. xxix, 770 pp. 45 pl. and atlas of 35 sheets folio. Price $8.40.

XIII. Geology of the Quicksilver Deposits of the Pacific Slope, with atlas, by George F. Becker.
1888. 49, xix, 486 pp. 7 pl.and atlas of 14 sheets folio. Price $2.00.

X1V. Fossil Fishes and Fossil Plants of the Triassic Rocks of New Jersey and the Connecticut Val-
ley, by John S. Newberry, 1888. 4°. xiv,152 pp. 26 pl. Price $1.00.

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

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

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

XVIII. Gasteropoda and Cephalopoda of the Raritan Clays and Greensand Marls of \ew Jersey,

by Robert P. Whitfield. 1891. 4°. 402 pp. 50 pl. Price $1.00. N

XIX. The Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irvmg
and C.R. Van Hiso. 1892, 4°. xix, 534 pp. 37 pl.

XX. Geology of the Eureka District, Nevada, with atlas, by Arnold Hague. 1892. 4°. 419pp. 8pl.

Tn press:
XXI. The Tertiary Rhynchophorous Coleoptera of North America, by Samuel Hubbard Scudder.
XXII. A Manual of Topographic Methods, by Henry Gannett, chief topographer.
XXIII Geology of the Green Mountains in Massachusetts, by Raphael Pumpelly, J. E. Wolff,
T, Nelson Dale, and Bayard T. Putnam. -

In preparation:
— Mollusea 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 O. C. Marsh.
— Report on the Denver Coal Basin, by S. F. Emmons.
— Report on Silver Cliff and Ten-Mile Mining Districts, Colorado, by S. F. Emmons.
— The Glacial Lake ‘Agassiz, by Warren Upham

BULLETINS.

1. On Hypersthene. Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitman Cross, witha
Geological Sketch of Buffalo Peaks, Colorado, by 3. F. Emmons. 1883. 8°, 42pp. 2 pl. Price10 cents.

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

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

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 36 pp. 9pl. Price5 cents.

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

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 geographie and chronologic order, by Jules Marcou and John Belknap Marcou, 1884.
80, 184 pp. Price 10 cents. . '

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

9. A report of work done in the Washington Laboratory during the fiscal year 1883-'84. F.W. Clarke,
chief chemist. T.M. Chatard, assistant chemist. 1884. 8°. 40 pp. Price 5 cents.
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10. On the Cambrian Faunas of North America. Preliminary studies, by Charles Doolittle Walcott.
1884. 80 74pp. 10pl. Prico5 cents. ,

11. On the Quaternary and Recent Mollusca of the Great Basiin; with Descriptions of New Forms,
by R. Ellsworth Call. Introduced by a sketch of the Quaternary Lakes of the Great Basin, by G. K.
Gilbert. 1884. 8°. 66pp. 6pl. Price5 cents.

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

13. Boundaries of the United States and of the séveral States and Territories, with a Historical
Sketch of the Territorial Changes, by Henry Gannett. 1885. 8. 185 pp. Price 10 cents.

14. The Electrical and Magnetic Properties of the Iron-Carburets, by Carl Barus and Vincent
Strouhal. 1885. 8°. 238 pp. Price 15 cents.

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

16. On the Higher Devonian® Faunas of Ontario County, Now York, by John M. Clarke. 1885. 80,
86pp. 3pl. Price 5 cents.

17. On tho Development of Crystallization in the Igncous 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°. 26pp. 3.pl. Price5 cents.

19. Notes on the Stratigraphy of California, by George F. Becker. 1885. 80. 28 pp. Price 5 cents.

20. Contributions to the Mincralogy of the Rocky Mountaing, 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
Morean Rivers, Dakotn, by Bailey Willis. 1885, 8°. 16 pp. 5 pl. TPrice 5 cents.

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

23. Observations on the Junction between the Eastern Sandstone and the Keweenaw Series on Ke-
weenaw Point, Lake Superior, by R. D. Irving and T, C. Chamberlin, 1885. 8°. 124 pp. 17 pl
Price 15 cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and reccnt forms from American
Localities between Cape Hatteras and Cape Roque, including the Bermudas, by William Healy Dall.
1885. 80, 336 pp. Price 25 cents.

25. The Present Technical Condition of the Steel Industry of the United States, by Phineas Barnes.
1885, 8°. 85 pp. Price 10 cents. ,

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

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

98. The Gabbros and Associated Hornblende Rocks occurring in the neighhorhood of Baltimore,
Maryland, by George Huntington Williams. 1886. 8. 78 pp. 4pl. Price 10 cents.

29. On the Fresh-water Invertebrates of the North American Jurassic, by Charles A. White. 1886,
80, dlpp. 4pl. Price5cents. -

30. Second Contribution 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 Fossil Insects, including Myriapods and Arach-
nids, by Samuel Hubbard Scudder. 1886. 8°. 128 pp. Price 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States; a Preliminary Study, by Albert
C.Peale. 1886." 80. 235 pp. Price 20 cents.

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

34. On the relation of the Laramie Molluscan Fauna to that of the succeeding Fresh-water Eocone
and other groups, by Charles A. White. 1836. 8°. 54 pp. 5pl. Price 10 cents.

35. Physical Properties of the Iron-Carburets, by Carl Barus and Vincent Strouhal. 1886. 80, 62
pp. Price 10 cents. -

36. Subsidence of Fine Solid Particles in Liquids, by Carl Barus. 1886, 8°. 58 pp. Price 10 cents.

37. Types of the Laramie Flora, by Lester . Ward. 1887. 8°. 354 pp. 57 pl. Price 25 conts.

38. Peridotite 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. 80. 84
pp. 1pl. Price 10 cents.

40. Changes in River Courses in Washington Territory due to Glm,mtwn, by Bailey Willis. 1887.
80, 10pp. 4pl. Price5 cents.

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

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

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

44. Bibliography of North American Geology for 1880 by Nelson H Darton. 1887. 8°. 35 pp.
Price 5 conts.
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45. The Present Condition of Knowledge of the Geology of Texas, by Robert 1. Hill. 1887. 8°. 94
pp. Price 10 cents.

46. Nature and Origin of Deposits of Phosphatoe of Lime, by R. A. F. Penrose, jr., with an Intro.
duction by N. S. Shaler. 1888. 8°. 143 pp. Pricé 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 Jamnes Edward Whitfield. 1888. 8°. 84 pp. Price
10 cents.

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 80, 88 pp.
Price 10 cents. ,

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

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

51. On Invertebrate Fossils from the Pacific Coast, by Charles Abiathar White. 1889. 8°. 102
pp. l4pl. Price 15 cents.

52. Subaérial Decay of Rocks and Origin of the Red Color of Certain Formations, by Isracl Cook
Russell. 1889. 8. 63pp. 5pl. Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. ' 1889. 80, 55 pp. 10 pl. Price 10
cents.

54. On the Thermo-Electric Measurement of High Temperatures, by Carl Barus. 1889. 82, 313 pp.
inel. 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 Clavke, chief chemist. 1889. 8°. 96 pp. Price 10 cents.

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

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1800. 8. 49pp. 2pl
Price 5 cents.

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

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

60. Report of work done in the Division of Chemistry and Physies, mainly 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. Priced 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 Williams;
with an introduction by Roland Duer Irving. 1890. 8°. 241 pp. 16pl. Price 30 cents.

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

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

65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, and West Virginia, by Israel
C. White. 1891. 8°. 212 pp. 11 pl. Price20 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°. 34pp. Price 5 cents.

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

¢8. Earthquakes in California in 1889, by James Edward Keeler. 1890. 8°. 25 pp. Priee 5 cents.

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

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

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

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

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

74. The Minerals of North Carolina, by Frederick Augustus Genth. 1891. 8°. 119 p- Price 15
cents.

75. Record of North American Geology for 1887 to 1889, mclnsnve, by Nelson Hor‘\ho Darton. 1891.
80, 173 pp. Price 15 cents.

76. A Dictionary of Altitudes in the United States (second edition), complled 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. -



-

ADVERTISEMENT. . v

78. Areport of work done in the Division of Chemistry and Physics. mainly daring the fiscal year
1889-'00. F. WV. Clarke, chicf chemist. 1891. 8°. 131 pp. Price 15 cents.
79, A Lato Volcanic Eruption in Northern California and its Peculiar Lava, by J. 8. Diller. 1891. 80,
33pp. 17pl. Price 10 cents.
80. Correlation papers—Devonian and Carboniferous, by Henry Shaler Williams. 1891. 8. 279 pp.
Price 20 cents. i
81, Correlation papers—Cumbrian, by Charles Doolittle Walcott. 1891, 8°. 447 pp. 3 pl. DPrice
25 cents. .
82. Correlation papers—Cretaceons, by Charles A. White. 1891. 8°. 273pp. 3 pl. Price 20 cents.
83. Correlation papers——Eocene, by William Bullock Clark. 1891. 8°. 173 pp. 2 pl. Price 15 cents.
84. Correlation papers—Neocene, by W. H. Dall and G. D. Harris. 1892. 80. 349pp. 3 pl. Price
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. 80, 549 pp. 12 pl.
Price 25 cents. '
90. A report of work done in the Division of Cheinistry and Physics, mainly during the fiscal year
1890-'91. F.W. Clarke, chief chemist. 1802. 8. 77 pp. Price 10 cents.
91. Reoord 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. 29 pl. Price 10 cents.
93. Some insects of special interest from Florissant, Colorado, and other points in the Tertiaries-of
Colorado and Utah, by Samuel Hubbard Scudder. 1892. 8°. 35 pp. 3 pl. Price 5 cents.
94. Tho Mechanism of Solid Viscosity, by Carl Barus. 1892. 8°. 138 pp. Price 15 cents.
95. Earthquakes in California in 1890 and 1891, by Edward Smgleton Holden. 1892. 89, 31 pp.
Price b cents.
96. The Volume Thermodynamics of Liquids, by Carl Barus. 1892. 8°. 100 pp. Price 10 cents.
97. The Mesozoic Echinodermata of the United States, by William Bullock Jiark. 1893. 8°. 207
pp. 50 pl. Price 20 cents.
98. Flora of the OQutlying Carboniferous B'tSlllS of Southwestern Mmsonn by David White. 1893,
80, 139 pp. 5pl. Price 15 cents.
99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 80. 73 pp. Price
15 cents.
100. Bibliography and Index of the Publications of the U. 8. Geological Survey, 1879-1892, by Philip
Creveling Warman. 1893. 85, 495 pp. Price 25 cents.
101. Insect Fauna of the Rhode Island Coal Fiela, by Samuel Hubbard Scudder. 1893. 80. 27 Pp-
2pl. Price 5 cents. -
103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by
Carl Barus. 1893. 8°. 57 pp. 9pl. Price 10 cents.
104. Glaciation of the Yellowstone Valloy north of the Park, by Walter Harvey Weed. 1893. 8°.
41 pp. 4pl “Price 5 cents.
105. The Laramie and the overlying Livingston Formation in Montana, by Walter Harv ey Weed,
with Report on Flora, by Frank Hall Kuowlton. 1893. 8°. 68pp. 6.pl. Price 10 cents.
106. The Colorado Formation and its Invertebrate Fauna, by T. W. Stanton. 1893. 80. 288 pp.
45pl. Price 20 cents. ’
107. The Trap Dikes of the Lake Champlain Region, by James Furman Kemp and Vernon Free-
man Marsters. 1893. 8°. 62 pp. 4 pl. Price 10 cents.
108. A Geological Reconnoissance in Central Washington, by Israel Cook Russell. 1893. 8°. 108 pp.
12 pl. Prico 15 cents.
109. The Eruptive and Sedimentary Rocks on Pigeon Point, Minnesota, and their contact phenom-
enu, by W. S. Bayley. 1893. 8°. 121 pp. 16 pl. Price 15 cents.
Inpross:
102. A Catalogue and Bibliography of North American Mesozoic Invertebrata, by C. B. Boyle.
110. The Paleozoic Section in the vicinity of Three Forks, Montana, by A. C. Peale.
111. Geology of the Big Stone Gap Coal Field of Virginia and Kentucky, by Marius R. Campbell.
In preparation: )
— Earthquakes in California in 1892, by Charles D. Perrine.
— The Moraines of the Missouri Cotean, and their attendant deposits, by James Edward Todd.
— On the Structure of the Ridge between the Taconic and the Green Mountain Ranges in Ver-
mont; and On the Structure of Monument Mountain in Great Barrington, Mass., by T. Nelson Dale.
— A Bibliography of Paleobotany, by David White.

STATISTICAL PAPERS.

Mineral Resources of the United States, 1882, by Albert Williams, jr. 1883, 80, xvii, 813pp. Price
50 conts, ' '



VI ‘ ADVERTISEMENT.

Mincral 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, byjDavid T, Day. 1887. 8°. wviii,813pp. Price 50cents.

Mineral Rosources of the United States, 1887, by David 1. Day. 1888. 8°. vii, 832.pp. Price 50 cents.

Mineral Resources of the United States, 1888, by David L' Day. 1890. 8°. vii. 952 pp. Price 50 cents.

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

Miuneral Resources of the United States, 1891, by David T. Day. 1893. 8°. vii, 630 pp. Price 50 cents.
In preparation:

Mineral Resources of the United States, 1892.

The money received from the salo of these publications. is deposited in the Treasury, and the Secre-
tary of the Treasury declines to receive bank checks, drafts, or postage stamps; all remittances, there-
fore, must be by POSTAL NOTE or MONEY ORDER, made payable to the Chief Clerk of the U. 8. Geolog-
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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR:
U. S. GEOLOGICAL SURVEY,
LAKE SUPERIOR DIVISION,
Madison, Wis., July 1, 1892.

SIr: I have the honor to transmit herewith the manuseript and illus-

trations of a paper upon ¢“The Eruptive and Sedimentary Rocks on
Pigeon Point, Minnesota, and Their Contact Phenomena,” by Assist-
ant Geologist W. S. Bayley, to be published as a bulletin of the Sur-
vey. _
This work had been planned and in good part executed while the
division was under the charge of the late Prof. Roland D. Irving. His
wide knowledge of the Lake Superior region enabled him to pick out
Pigeon point as a locality in which exceptional relations exist between
eruptive and sedimentary rocks, and which wus therefore worthy of
detailed study. :

I am, sir, very respectfully, yours,
- - C. R. VAN HisE,
: Geologist in Charge.
Prof. G. K. GILBERT,
Chief Geologist, Waskington, D. C.
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OUTLINE OF THIS PAPER.

Pigeon point is the northeastern extremity of Minnesota. It is one of a series of
parallel points extending from Minnesota and Canada eastward into Lake Superior.
Its backbone is a great east and west dike-like mass of a gray, coarse grained rock
that has always been called gabbro. This consists of phenocrysts of plagioclase in
a diabasic groundmass of the same mineral, olivine and diallag:, and, consequently,
it is a diabase porphyrite.

Upon alteration the gabbro gives rise to phases that differ in their general aspect
from the normal rock. The olivine and diallage pass into chlorite, biotite and horn-
blende, of the latter of which three varicties may be recognized. When compact
brown amphibole originates in this manner the resulting rock resembles Irving’s
hornblende gabbros. The plagioclase of the gabbro changes into chlorite, quartz,
and a reddish feldspar; of which the last two mentioned minerals are often in
micropegmatitic intergrowths. The change of the plagioclase into red feldspar is
in all probability a contact phenomenon,

The rocks throngh which the gabbro cuts arve evenly bedded slates and indnrated
sandstones of Animikie age. They dip sonth-southeast at 15° to 20°, except at a
very few places near the contact with other rocks, where they are more or less con-

, torted. :

Small dikes also intersect these sedimentaries. Their width varies from an inch
or two to 60 feet, and their material is a non olivinitic diabase that is often micaceous.

The most interesting features in the geology of the point relate to the series of rocks
usually occurring between the gabbro and the clastic beds. Beginning on the gab-
bro side the series comprises in succession coarse-grained red rocks, a fine-grained
red rock that is sometimes porphyritic and a well-marked belt of altered quartzites.

The fine-grained red rock has all the characteristics of an eruptive. It sends
dikes into the contiguous bedded rocks, and consists essentially of a hypidiomorphic
grannlar aggregate of plagioclase, anorthoclase, and quartz. T'he qmartz and
anorthoclase often form micropegmatite, while the plagioclase is in comparatively
large grains, some of which have badly defined idiomorphic ontlines. At a fow
places this red rock is porphyritic, with bipyramidal quartz crystals imbedded in
a red granophyric gronndmass. The rock is similar to many of the angite-syenites
described by Irving as oceurring in the Keweenawan series, and is in structure and
composition n quartz-keratophyre.

The coarse-grained rocks between the gabbro and the keratophyre are intermedi-
ate in character between these two. The variety nearest the gabbro differs but
slightly from the basic eruptive. In addition to the gabbro components it contains
a little quartz and red feldspar—constituents derived from the keratophyre. As the
latter rock is approached the augite, olivine, and plagioclase disappear, while in-
creased quantities of quartz, red feldspar, and brown hornblende make their appear-
ance, and the rock becomes more and more like the fine-grained red rock. Finally
the hornblende disappears and the keratophyre is reached. Since the intermediate
rocks occur only between the gabbro and the fine-grained red rock, and since all

11
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12 . OUTLINE OF THIS PAPER.®

gradations in composition between the two end members of the series are repre-
sented, the coarse-grained red rocks are regarded as contact products formed by the
intermingling of the gabbro and the keratophyre magmas. In general peculiarities
they are identical with some of Irving’s orthoclase gabbros. ’

In the undoubted contact belt between the keratophyre and the unaltered slates
and quartzites three zones are distinguishéd. In the exterior zone (that nearest the -
unaltered clastics) the rocks differ but little from the corresponding unaltered forms.
The enlargements of the quartz grains, that are so marked a feature in the latter,
have been lost, and with them all traces of the original fragmental character of the
grains. The quartzes now interlock by irregular sutures. Bleached biotite, seri-
cite, and chlorite, are the only new minerals detected. The original regular bedding
has not been disturbed.

In the middle zone of the contact belt the rocks are irregularly mottled in green
and red. Sections made from the red portions of these rocks show rudely outlined
bipyramidal quartz crystals in a matrix of globulitic red feldspar or of granophyre.
The red feldspar, which is principally orthoclase, is much more abundant than it is
in the rocks of the onter zone. The green portions contain but little feldspar. In
composition and structure they are like the members of the exterior zone.

In the inner zone the rocks are of a uniform bright-red color, or they are hright
red, spotted here and there with large green circular spots. In the spots the quartz
grains interlock as in the least altered of the contact rocks. In thered groundmass.
on the contrary, nearly all the quartz particles have the form of crystals, whose con
tours are more frequently than otherwise broken by embayments of the feldspathic
mass in which they lie. Even in this, the zone of most intense action, but few new
miuverals are discovered. Long acicular zircons often occur traversing two or three
quartz grains, thus showing plainly their contact origin, and bundles of sericite are
not infrequently scattered through the red feldspathic matrix.

From the above-mentioned facts it is concluded that the contact belt represents
Animikie slates and quartzites that have been altered near their contact with an in-
trusive rock. The metamorphism of the quartzites has resulted simply in the re-
erystallization of the quartz and feldspar of the fragmental grains, with the addition,
perhaps, of-a little orthoclase.

Since, in several instances, the gabbro is in direct contact with the metamor-
phosed rocks, while the keratophyre is not to be found in the neighborhood, it is in-
ferred that the former rock and not the latter was the cause of the contact action.

Inclusions of fragmentals in the gabbro and the keratophyre have alike suffered
the same alterations as have taken place in the various members of the contact belt,
with this difference, that quartzite inclusionsin the basic rock are often surrounded
by a rim of red rock, identical in all its properties with the keratophyre. This sug-
gests that the keratophyre itself may be of contact origin.

The question that now arises is this: Is the keratophyre a genuine intrusive be-

- tween the gabbro and its contact belt, or is it merely an extreme phase in the altera-
tion of the clastic rocks by the gabbro? '

The cighth chapter of the bulletin is devoted to the discussion of this question.
The conelusion reached is that, in all probability, the keratophyre is of contact
origin—that is, it was produced by the -fusion of the slates and quartzites of the
Animikie through the action upon them of the ¢ gabbro.” The magma thus formed
then acted in all respects like any intrusive magma. It penetrated the surrounding
rocks in the form of dikes, and solidified as a soda-granite under certain circum-
stances, and-under others as a quartz keratophyre.



PREFACE.

The preparation of this paper is due to the fact that the eruptive rocks
occurring on Pigeon point, Minnesota, may be taken as types of similar
eruptives found so widely spread over the Huronian and Keweenawan
areas surrounding Lake Superior, and to the peculiar nature of the
‘alteration these have superinduced in the ﬁagmental rocks through
which they have broken.

The materials for the study were obtained during two field seasons
under the auspices of the U. 8. Geological Survey. The first visit was
made during the summer of 1885 in company with Dr. George H, Will-
iams, of the Johns Hopkins University, to whose carefully prepared
notes the writer owes much for whatever success has attended his study
of the region. The second visit oceupied about three weeks in the sum-
mer of 1888,

The laboratory investigation of the specimens collected was begun
at the Johns Hopkins University in the winter of 1885-86. It was con-
tinued at the University of Wisconsin during the winter of 185788, and
has been completed at Colby University, during such time as could be
spared from other duties.

Thanks are due first of all to Dr. Williams for the suggestions offered
during the earlier part of the study; to the late Prof. R. D. Irving,
United States geologist, for his kindness in patiently explaining the
lines which the investigation should pursue in order to be of general
value; and to Prof. C. R. Van Hise, of Madison, Wisconsin, for his
liberality in affording every opportunity for the comparison of the Pig-
eon point rocks with those from other localities in the Lake Superior
region, and in providing everything that could be of use in advancing
the work.

The writer would also acknowledge his obligations to Dr. Charles
Barrois, of Lille, France, for his examination of thin sections of some
of the sedimentary rocks, and their comparison with those of the altered
quartzites! of Brittany; to Dr. K. de Kroustschoff, of Breslau, Ger-
many, for his opinion in regard to the nature of the quartz of the al-
tered quartzites; and to Mr. W. I. Hillebrand, Dr. R. B. Riggs, Mr.
J. E. Whitfield, and Mr. L. G. Eakins, chemists of the U. S. Geological
Survey, for the careful analyses, which have been of great value in
discussing the nature of the contact rocks.

: W. 8. B.
CoLBY UNIVERSITY, Waterville, Maine.

! Sur les grés métamorphiques du massif granitique du Gué¢méné, Ann. d. 1. Soc. géol. du Nord.,
1884, vol. x1, p. 103,
° 13
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PIGEON FALLS, PIGEON RIVER MINNESOTA.
The stream plunges over a vertical cliff produced by joint cracks in gabbro. The rocks in the toreground are unaltered black slates with a dip toward the observer,




THE ERUPTIVE AND SEDIMENTARY ROCKS ON PIGEON
POINT, MINNESOTA, AND THEIR CONTACT PHENOM-
ENA, |

BY WILLIAM SHIRLEY BAYLEY.

INTRODUCTION.
RELATION OF PIGEON POINT TO THE SURROUNDING REGION.

~ Pigeon point is the name given to the northeastern portion of Min-
nesota, embraced within sections 25, 26, 27, 28, 29, 30, 31, and 32, T.
64 N., R. 7 E. of the fourth principal meridian. It extends from the
main shore N. 770 E., into Lake Superior (Pl 111). Pigeon river and
Pigeon bay separate it from Canada on the north; on the south it is
washed by Lake Superior, and on the west by the waters of Waus-
waugoning bay. Measured from the eastern side of Wauswaugoning
bay to its easternmost extremity it is 54 miles in length. Its width
varies from a few hundred feet to as much as 1 mile in its western
part, its average width being somewhere between a quarter and a half
mile.

It is isolated from the mainland by a stretch of low swampy coun-
try, which runs from Wauswaugoning bay northeasterly to Pigeon river.
The traces of former coast lines in the interior show that the swamp
was at some ecarlier time covered with water, and that the point was
consequently an island, or, rather, a group of islands, since all the low-
lands on the point contain the remains of raised beaches.

One of these areas of lowland, formerly a strait, but now an isthmus,
is situated about a mile and a half from the eastern end of the point.
It is a narrow shingle beach, about 200 feet wide, over which the In-
dians are accustomed to portage in or der to avoid the large stretch of
open water at the month of Pigeon bay, and to which they have given
the name of ¢Little Portage,” This isthmus affords a convenient
means of dividing the point (for purposes of description only) into an
eastern and a western portion. The eastern portion is heavily wooded
In the interior, and is so thickly covered with surface material that it
is only with the greatest difficulty that the relations of the different
rocks to each other can be determined. In the western portion, on the

15



16 ROCKS ON PIGEON POINT, MINNESOTA. [BULL.100

other hand, the rocks are well exposed in some places, in consequence
of the destruction of the forest by fire. In other places they are con-
cealed by thick windfalls, through which it is almost impossible to
penetrate, and in the extreme western part by a second growth of low
scrubby balsams and poplars. In this latter area, west of aline-drawn
north from Fishermans point, the representation of the distribution of
the rocks is only approximately correct.

In the preparation of the geological map accompanying this report
(Pls. x1v, XV, and XVI) sections were made across the point at intervals
of 100 and 200 paces' in its eastern portion, and of 100, 200, and 300
paces in its western part. This means that from 7 to 20 traverses have
been made for each mile. '

A glance at any good map ? of Lake Superior will show that Pigeon
point is one of a series of parallel points extending from the main land
a distance of 1 or 2 miles easterly into the lake. These points consist -
in greater part of large dikes of a heavy, dark, basic rock, which is, as
far as known,’ a fresh olivine-gabbro, very much like that occuiring
on Pigeon point. They are offshoots of an immense mass of the same
gabbro, which, beginning on the north side of Grand Portage bay,
runs northeasterly, crossing Pigeon river at the falls and extending as
a high ridge far into Canada. The junction of the Pigeon point mass
with that of the main ridge ean not be seen, since it is separated from
the latter by Wauswaugoning bay and the lowland extending from the
head of this bay to Pigeon river. I'rom the nature of the prevailing
. rock .in this mass, however, it seems to be beyond dispute that it is
merely a branch of the main ridge, similar to those branches which
give rise to the parallel points which project from the lake shore for 16
miles northeast of the national boundary line.

PREVIOUS WORK ON THE GEOLOGY OF THE POINT.

The first recorded description of the rocks of Pigeon point is that
given by Maj. Richard Owen,* who, on the 17th of July, 1849, under
instructions from Dr. Norwood, made a trip in a canoe from Grand
Portage bay to the mouth of Pigeon river. Maj. Owen reports the
point as consisting principally of a number of parallel trap dikes, with
a trend a little north of east. These cut slates and sandstones, alter-
ing them in places, and are themselves cut by smaller dikes of a
slightly different character. Many of Maj. Owen’s observations are
valueless. His recorded dips for the sedimentary rocks can not be
verified, and he is mistaken in supposing the area covered by these to
be so large.

! A mile contains 2,000 paces.

28ketch map of the Thunder Bay miring region, accompanying report on mines and mining on
Lake Superior, by E. D. Ingall, M. E. Ann. Rep. Geol. and Nat. Hist. Survey of Canada for 1887, part H.

3Monograph, U. S. Geol. Survey, vol. v. The copper-bearing rocks of Lake Superior; R. D, Irving,
pD. 371-372. :

4Report of a geological survey of Wisconsin, Tows, and Minnesota, by David Dale Owen, Phila-
delphia, 1852, p. 396, : ’
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GORGE OF PIGEON RIVER BELOW THE FALLS.
From the top of tie falls, looking southeast. The rock in the immediate foreground is gabbro, as is also that in the heavy shadow on the right in the middle ground. Slates are evenly and almost
horizontally bedded near masses of gabbro.
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In 1851 Messrs. I'oster and Whitney,! on the authovity of Prof. W.
W. Mather, announced the occurrence of a large quantity of granite in
the eastern portion of the peninsula, and consequently declared the
age of the rocks there to be Azoic.

The next mention of the point was made by Prof. N. H. Winchell.?
Prof. Winchell collected specimens along the coast from Wauswaugon-
ing bay to the falls of Pigeon river, and also along the trail leading
from the former place to Parkerville, a small settlement on the Pigeon
river about three-quarters of a mile from its mouth. A second visit?
to the point was made in the succeeding year, but the relation of the
rocks to each other was not definitely determined, although Prof. Win-
chell thought there was evidence of a metamorphic effect produced on
the slates and quartzites by the eruptive masses intruding them. The
rocks collected on these two trips were not studied in detail until some
years later, when, in 1887, Dr. M. E. Wadsworth* investigated the
specimens microscopically, and published his descriptions in a bulletin
of the Minnesota survey. References to these descriptions will be
made in other portions of this paper.

In 1881 Prof. Irving ® examined the rocks under consideration during
a trip along the north shore of Lake Superior, in connection with his
discussion of the copper-bearing series. He describes the point as
made up essentially of quartzites and slates cut by dikes of gabbro and
diabase. The fragmental rocks he regards as belonging to Hunt’s
Animikie® series, which occupies the stratigraphical position of Logan
and Murray’s® original Huronian. The granite described by Foster and
‘Whitney he finds to be intrusive in the fragmentals.

In 1888 Mr. E. D. Ingall® published a report on mines and mining
on Lake Superior, and in it recorded some facts in relation to the geol-
ogy of the region north and east of the point. The report is accompa-
nied by an appendix, in which the writer gives a brief account of the
microscopical characteristics of some of the most interesting of the
rocks occurring on the islands to the east of Pigeon point, a few of
which show some of the peculiarities of the Pigeon point contact rocks.

Finally there have appeared two papers by the writer? treating of
certain phases of the contact phenomena observed on the point.

1 Report on the geology of the Lake Superior land district, Washington, 1851, Pt. 11, pp. 12, 37.
2The geological and natural history survey of Minneseta. Ninth Annual Report. St. Peter, 1881,

’pp. 63-71.

3Ibid, Tenth Annual Report, St. Paul, 1882, pp. 48 and 56-59.

4 Preliminary description of the peridotytes, gabbros, diabases and andesytes of Minnesota. Bul.
letin No. 2, pp. 29, 53, 87, 96, 105, 108, and 120. 3

5Monograph, U. 8. Geol. Survey, vol. v. The copper-bearing rocks of Lake Superior, R. D. Irving,
pp. 368-370. -

6 Trans. Am. Inst. Min. Eng., Vol. 1, p. 339.

? Geol. of Canada. 1863, pp. 50-66.  For a full discussion of the age of the Amlmkm scries, seo R. D.
Trving, Am.Jour. Sci., Vol. 3¢, pp.259-262.

8 Geol. and Nat. Hist. Survey of Canada. Annual Report for 1887, Part H.

“0n some peculiarly spotted rocks from Pigeon point, Minnesota; Am. Jour. Sei., M'\y,1888 . 3883,
and A quartz-keratophyre from Pigeon point and lrviug{’a &1ngito~s¥umtga Lbid., 1889, p. 5.

Bull, 109——2
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LIMITATIONS OF THE PRESENT PAPER..

" In the present paper attention will be confined to that piece of high
land. south and -east of the swamp referred to as separating. Pigeon
point from the main land. This area is isolated, not only in its posi-
tion, but also in its geological features. It exhibits throughout nearly
its entire extent a series of slates and quartzites that have been altered
by eruptive rocks which intrude them. - The alteration which these
fragmental rocks have undergone presents features which have not
been observed in similar rocks elsewhere. Even in the Lake Superior
region it is confined entirely, so far as known, to the rocks occurring
on Pigeon point and on a few small islands lying some 10 miles north-
east of it. No evidence of similar alteration has been discovered oun
the main land, although large masses of eruptives have everywhere cut

‘through clastic rocks of the same geologic age. In addition to the

altered rocks there is also on thepoint a large quantity of ared drusy
granitic rock, which is different from anything in the Animikie area to
thie north and east (with the exception of a rock occurring in a small
quantity on the islands referred to above), but which is very similar to
many of the interbedded flows in the Keweenawan series.

Tor these reasons it has been deemed best to treat only of those
phenomena observed on the point, leaving the geology of the neigh-
boring region for some future.publication.

N
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CHAPTER I.

THE GENERAL DISTRIBUTION OF THE ROCKS ON PIGEON POINT .
AND THEIR RELATIONS TO EACH OTHER.

The rocks on Pigeon point consist of a large mass of dark, heavy,
olivine-gabbro; a light, drusy, red rock; diabase; fragmental rocks;
and those which owe their origin to certain phases of contact action,

THE FRAGMENTAL ROCKS.

The fragmental rocks embrace, in the main, evenly bedded slates
and quartzites, dipping at 15°-20° SSE., and striking nearly parallel to
the axis of the point. They are cut by two systems of nearly vertical
joint cracks at right. angles to each other, along which the parting is
so perfect that in many places the fragmental beds have the appear-
ance of courses of masonry, in which the individual blocks have been
squared and trimmed with the greatest nicety. These rocks are ex-
‘posed on the south side of the point throughout almost its entire length.
On its north side they occur in but'two places (see map, Pl. x1v), and
at both of these they have the normal southerly dip and easterly strike, -
The northern dlp recorded by Owen' as existing here could not be
found.

The displacements caused in these strata by the eruptions through
them appear to have been very slight. No such general disturbances
as those reported by Maj. Owen were seen anywhere. At only three
places was any variation from the normal position of these rocks
observed, and in each of these the variation was found to be due
entirely to local causes. The first place where a deviation from the
usual strike and dip was noted is on the sonth side of the point, just
 east of the little isthmus about a mile and a half from its, extremity.

-Here a large diabase dike, running parallel to the shore, about 100 feet
from the water’s edge, has broken through the slates and quartzites
and crumpled them in & most remarkable manner. The rocks are bent
into many short, sharp folds, which are crowded together in the vicin-
1ty of the dike, but gradually disappear as they recede from it.

About three-quarters of a mile west of the isthmus, on the same side
of the point, is a beautiful exposure of gently bowed quartzites in the
side of a cliff at the water’s edge. Here layers of evenly bedded green
slates and thicker beds of massive, jointed, brown quartzites have been .

. 1Geol. Survey of Wisconsin, Iowa, and Minnesota, p. 397.
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raised and thrown into gentle flexures by the intrusion under them of
a mass of red rock, which has sent out apophyses into the overlying
fragmentals, and has slightly altered them. (Fig. 1.)

The third point at which local disturbance was noticed is in the side
of a cliff in the interior of the point, about 300 feet north and 125 feet
.. east of the barite vein, whose position is indicated on the map (PL x1v).
At this place the fragmental beds and the gabbro have come into con-

— ‘Waler Lin,e;'g_'
% Slatey IEE Quartzite' ‘In&rusivéﬁedﬁocln‘

F16. 1.—Sketch of the side of a cliff, showing crumpling of slates and quartzites by the intrusion of
Co an eruptive beneath them. ) . .

tact, and in such a way that the former have lost their even bedding
for a distance of about 3 feet from the latter. (Fig. 2.)

No other instances of contortion in the bedded rocks or of deviation
from the normal southeasterly dip of 15° to 20° were observed on the
Point, although close search was made for the vertically tilted beds

pictured by Maj. Owen in his report on the region.

mee

F1a. 2.—Contact of olivine gabbro and yuartzite, showing crumpling of latter.

On the top of the high hill on the Canadian side of Pigeon river,
near the falls (see map, P1. 111), there are twisted and contorted slates,
some of which dip at a high angle to the north. But even here the
northerly dip is maintained over only very small areas, for at the base
of the same hill and along its southern side (see Pl 11) the rocks are
again found with a low dip to the southeast. In this case the disturb-
ing cause was the large dike over which the river falls.

-
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The dip of 15° to 20° to the southeast is not confined to the frag-
mental rocks on Pigeon point. It is the prevailing dip for all of the
Animikie beds in this region, as was shown by Irving,' and is in nc
way due to the Pigeon point eruptives, as was supposed by Owen.

Interbedded with the quartzites and slates are certain layersin which
there are numerous light-colored and green spherical bodies, which in
cross section appear as spots on the surfaces of the rocks. <In some
areas these spots consist in large part of calcite; in others they are
composed principally of epidote. The distribution of these spotted
rocks with reference to the eruptives could not be precisely determined,
because the bedsin which they occur are exposed only on the lake shore,
where they are found underlying unspotted beds, which spread over
the former and cover them from view as we proceed from the water’s
edge toward the eruptive masses. These rocks have been designated
“gpotted rocks” to distinguish them from the ‘ mottled rocks,” which
will be described later as characteristic of the contact belt occurring
between the quartzites and the red rock. They are supposed to be due
to the existence of calcite concretions in the beds, which have given
rise to the quartzites upon silicification. Their origin will be explained
in Chapter vI. _

In addition to numerous dikes cutting the slates and quartzites
there is a system of veins® penetrating them in a NN'W. direction across
the prevailing trend of the dikes. These veins are filled with white
barite, crystalized calcite, and amethystine quartz, with occasionally a
little chalcoyrite or other compound of copper, which is never found
in sufficient quantity to repay the expense of working. On Susie
island (Pl 11r), however, there is an extension of one of the Pigeon
point veins, from which a quantity of salable ore has been extracted.
At present (1888) the mine is shut down, no work having been prose-
cuted for the last few years. On the point itself is a large vein exposed
near the water’s edge, on the south shore, about midway between Little
Portage bay and Fisherman’s point (see maps). This was worked for
barite a few years ago, but evidently without success.

The Pigeon point veins form a part of a great system cutting the
Animikie rocks throughout their entire extent. A careful description
of this system has recently been given by Mr. E: D. Ingall’ of the Can-
adian Geological Survey, and by him the relations between the veins
and the joint cracks occurring in the sedimentary beds have been ably
discussed.

' Monograph, U. S. Geol. Survey, vol. v. The Copper-Bearing Rocks of Lake Superior. R. D.
Irving, pp. 367-390.

2Tor a description of the independent veins ocenrring on the point, vide N. H. Winchell: Geol.and
Nat. Hist. Survey of Minnesota, Seventh Ann. Rept. 1878, pp. 15-16; Ninth Aun. Rept., 1880, pp. 64—
67. N . ‘

8 Annual Report for 1887, Part H.
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THE ERUPTIVES AND THEIR CONTACT PHENOMENA. i

The heavy dark gabbro constitutes by far the greater part of
the point. It is included in two principal areas (Pls. x1v, XV and
XxvIi). In one of these it extends as a series of hills from the eastern
side of the swamp between Wauswaugoning bay and Pigeon river,
with few interruptions, to the eastern end of the point. It is Dbest
exposed on the north shore, where it forms perpendicular -cliffs,
some of which are over 100 feet in height. Their perpendicularity
is clearly the result of the existence of vertical joint cracks in the
rocks composing them, TUnder the influence of even the slighest
amount of weathering these cracks begin to open, and before the
rock has undergone any considerable alteration, large square or
oblong blocks break off and tumble from the sides of the cliff to its

_foot, thus exposing successively to the action of the waves new vertical
faces of rock. At the falls of the Pigeon river the joint cracks have a
direction 8. 79° W.and N.11° W, so that the loosening of large masses
of the rock from the barrier of the falls results in the formation of a
perpendicular wall over which the river plunges vertically to a depth
of about 120 feet (see frontispiece), taking a second smaller plunge over
a trap dike, which runs parallel to the larger dike at a distance of about
50 yards east of it. The large dike has already been mentioned as the
one which begins north of Grand Portage and extends in a northeast-
erly direction into Canada. In the interior of the point the gabbro
occupies all the higher portions, and along its southern edge prescuts
a steep face to the south. ' .

The second gabbro area begins at Wauswaungoning bay and runs
parallel to the first area with many interruptions for about a mile and
a half, ending a few hundred yards west of Morrison’s bay. Besides
these are two or three isolated small areas, whose position may be
learned by reference to the map.

The most prominent features of these gabbro masses are those of
dikes. As has already been mentioned, the larger one in many places
presents perpendicular walls both to the north and to the south. It
occupies all the highest portions of the point, and these arein astraight
line. It has'the appearance of an intrusive mass, and is like any one
of those forming the numerous points to the novth of the international
boundary line. It has been regarded as a dike by both Irving?! and N.
H. Winchell.2 Its contact with the sedimentary rocksis only occasion-
ally to be seen. At several of these contacts the eruptive has the
appearance of hiaving escaped from between the dike walls and thrust
itself for a short-distance between the fragmental beds, or of having
piled itselfup around the dike orifice and overlapped the intruded rocks.
The gabbro in the cliff pictured in Iig. 2 is a coarse-grained porphyritic

Monograph, vol. v, T.S. Geol. Survey. The Copper-Bearing Rocks of Lalke Superior, R.D. Irving,
p. 370.
2Ninth Annual Report of the Geol. and Nat. Hist. Survey of Minnesota, p. 69.
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rock in which the porphyritic crystals of feldspar are arranged in rude
layers parallel to the dip surfaces of the quartzite. Their longer axes
are usually in the direction of the dip of the sedimeuntary rocks, and the
general effect is such as would have been produced if the gabbro had
flowed down upon the surface of the quartzite. Again, on the north
side of the point, at the mouth of Pigeon river, are slates and quartzites,
capped by an overflow of a fine-grained variety of the gabbro. These
two facts, coupled with the more general characteristics, seem to show
that the larger mass of Pigeon point gabbro is in the form of a dike, which
has broken through its walls at certain places and intruded itself between
tha strata of the surrounding rocks. That it is not an interbedded or a
surface flow, like those so numerous in the Keweenawan seties and in
the -Animikie beds in the vicinity of Thunder bay, is clearly seen when
a cross section of the point is viewed from the deck of a steamboat lying
some distance off from the extremity. Moreover, if it were an inter-
bedded flow the slates and quartzites, which are so abundant on the
south shore of the point, would make their appearance in the face of the

~ cliffs on its north side at some distance above the water line. This,

however, is not the case. At only two places on the north shore do the
fragmental rocks appear, and at these places they are far below where
they should bewere they interbedded with the gabbro, and in neither
case is the contact like that of interbedded eruptive and sedimentary
rocks. .

The view that the gabbro may be a surface flow on the eroded top of
the Animikie beds, like the great gabbro flow at the base! of the Ke-
weenawan series in the interior of northeastern Minnesota, it is not so
easy to prove incorrect. The sedimentary beds in question are at the
very top of the Animikie series; their contact? with the overlying
Keweenawan beds being observable at Grand Portage island in Grand
Portage bay, a few miles west of the western end of Pigeon point,
nearly in the direct line of the strike of the beds. Here, however, the
overlying rock is a diabase or diabase-porphyrite, very different from
the rock occurring on the point. Moreover, there are no indications of
the great erosion which would have been necessary to produze the rela-
tions now found, should we suppose the gabbro to have been a surface
flow.

The red rock, to which reference has been made, is found in three
distinct though indefinitely outlined areas (Pls. x1v, xv and xvi). The
first isin the eastern portion of the point, where it occupies a position be-
tween the gabbro and the fragmental rocks. The second area Legins
at the Little Portage isthmus and extends about 3 miles westerly. For
the first mile and a half, as in the case of the first occurrence, its position
is between the gabbro and the slates and quartzites. Here it leaves
the shore, near which it is found in the eastern half of the point, and

! Am. Jour. Sci., Vol. 34, R.D.Irving, pp. 260-262.
2 Monograph, U.S. Geol. Survey, vol.v. The Copper-Bearing Ilocks of Lake Superior. R.D. Irv-
ing, p. 207. ’



24 ROCKS ON PIGEON POINT, MINNESOTA. (BULL. 109.

bends inward, passing between the two gabbro areas for the remaining
mile and a half. The third area begins at the eastern side of Waus-
waugoning bay and runs about 2 miles easterly, on the south side of
the second gabbro area, and between this and the fragmental rocks.
Throughout its greatest extent the rock possesses a fine to medium
grained texture, and is non-porphyritic. At two places, however, it
becomes porphyritic, through the development of quartz in two gen-
erations. The first of these. places is on the top of a high bluff near
the south side of the point, about a quarter, of a mile west of the
isthmus referred to above. IHere the porphyry overlaps the gabbro.
At the base of the cliff, on its south side, the contact between these
two rocks can be traced for some distance. The relations of the por-
phyry and the gabbro are not those of interbedded flows, but rather of
two irruptive rocks, of which the younger—the porphyry—has cut

Clade —
Lake AT

¥ G. 3.—Contact of porphyritic red rock with olivine gabbro at the base of a bluff a little to the west
- of Little Portage.

through the other and slightly overlapped its on the edges (sece Fig.
3). The second place where a porphyritic structure is developed in the
red rock is at the eastern end of the western, or third, area. Here
the relations between the gabbro and the red rock could not be clearly
made out. <
The relative ages of the rocks are difficult to determine. No un-
doubted dikes of either were observed in the other. Onthenorth shore
are small veins of a red rock cutting the gabbro, but these can not be
traced directly to either one of the main masses of this rock, and although
very similar in character to the material in the Jarge masses, theidentity
of the two rocks can not be definitely proved, since a vein of this com-
position may easily have leached out of the surrounding gabbro. The
relations of the diabase dikes (which are so prominent a feature in the
. geology of the point) to the gabbro and the red rock afford an indica-
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tion as to the relative ages of the two rocks, but lead to no positive
conclusions. These dikes, as will be seen from the map, are most nu-
merous in the fragmental rocks. A few occur in the gabbro; but none
were found in the red rock. Moreover, several of the dikes which occur
in the gabbro and clastic rocks, ran up to and abut against the red
rock, but do not enter it. By no amount of search could any kind of
diabase dike be found in the latter rock. Other dikes when they ap-
proach the neighborhood of the red rock appear to fray out and to be-
come impregnated with the red material.

The true relations between the gabbro and the red rock are obscured
by the occurrence on their contact of a rock which has some of the char-
acteristics of the gabbro and others of the red rock. Wherever these
are found in close proximity, except at the porphyry bluff described
above, and at one or two other places in the interior of the point, the
intervening space is occupied by a dark-red rock that becomes darker
as it approaches the gabbro, and gradually merges into it; and, on the
other hand, takes on more of the aspect of the red rock until finally it
can not be distinguished from the most typical variety of the latter.

" This rock when analyzed is found to have a composition which is inter-
mediate between that of the gabbro and the red rock, and one which
varies according to the distance from the one or the other of tliese rocks
at which the specimen analyzed is taken. (See Chap.v.) '

The persistent occurrence of this rock only on the contact between
the gabbro and the red rock; its peculiar characteristics, which are
intermediate between those of the two limiting rocks; and its gradual
merging into the gabbro on the one side and the red rock on the other,
mark it as a product of contact action between the two rocks on whose
borders it is found. As a result of this action the line of demarcation
between the gabbro and the red rock has entirely disappeared except
at the two or three points to which reference has been wmade, where the
conditions were such as to prevent the interaction of the two rocks.
At the porphyry biuff (Fig. 3) there is a very sharp contact line, but at
this place the red rock contains porphyritic quartz erystals, and is thus
different from the greater portion of the red rock on the point. If we
may assume that the porphyry cooléed more quickly than the non-
porphyritic red rock, we have a ready explanation for the nonexistence
of a zone of the contact rock at this place. The reason for the absence
of the intermediate rock at the several other localities where a sharp
contact line exists is not so apparent. In the interior of the western
portion of the point is a very high cliff facing the west. At about two-
thirds the way up the side of this cliff there is a very sharp wavy line
which marks the position where the red rock'and the gabbro come to-
gether. On each side of this line the rocks have all the characteristics
of the same rocks at a distance from the contact, and no intermediate

~ phases are present. A second place where the same phenomenon is

noticed is in the eastern half of the peninsula. In every other instance



26 ROCKS ON PIGEON POINT, MINNESOTA. [BULL. 109.

/
more or less of the intermediate rock occurs along the border line of the
gabbro and red rock.

The diabase dikes occurring on the point vary in width from an inch
to more than 60 feet. They are most abundant in the slates and quartz-
ites, where the majority of them have a trend in the direction of the
strike of the sedimentary rocks, and a hade of 150-17° to the south.
In the gabbro they are less numerous, and have no one general trend,
but are found running in all directions. In the red rock none were dis-
coverad although earnest search was made for them. IEven those dikes
which have a trend that would carry them into the area occupied by
the red rock do not enter in, but end abruptly. They fray out on the
edges, break up into many small dikes, are impregnated with red drusy
material, and finally disappear. ‘

The dikes in the quartzite are more numerous on the southern shore
of the point than they are in its interior, and form many of the smaller

Schistose Gabbro. lce»

v oide 4, —dhoteh ol faulted dike in olivine pivoio. 7

capes extending southward into Lake Superior. They can often be
followed for quite a long distance along their trend, but more frequently
they disappear under the slates and quartzites, after exposing on the
surface but a few rods of their length. In the gabbro the dikes are as
a rule much shorter. They can not be traced with certainty for any
great distance because of their irregular courses. 1In most cases it is
impossible to determine whether two apparently independent dikes are
really parts of the same mass, whose junction is hidden by the moss
and other surface covering, or whether they are in truth the fillings of
distinct and disconnected orifices. In one instance, at the extreme end
of the point, the parts of a small dike have been displaced by light
faulting of the gabbro through which the dike cuts (Fig. 4). If the
same faulting has taken place on a larger scale in the interior of the
point, it is easy to see how a single dike may have  the appearance of
several. In the mapping of the dikes no attempt was made to deter-
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mine whether closely occuring dikes in the gabbro are independent of
each other or not. They have been mapped as they were discovered
on the'surface. It is believed that most of the dikes ate independent
geological bodies, since in no case, except in the one mentioned, was
any evidence found that faulting has taken place in the gabbro. A
glance at the map, however, will show that although independent of
‘each other, most of the dikes are connected, in that they are nearly all
dependent for their existence upon some great disturbance! that pro-
duced fissures in the existing rocks, whose prevailing direction was
about ENE, :

The largest of the dikes are quite coarse grained in the center and
fine grained on the edges. They nearly all possess a well-marked cross
columnar structure, which however is by no means as striking as is
represented by Owen in his “Report of a Geological Survey of Wiscon-
sin, Iowa, and Minnesota.” TFrom their great number and their simi-
larity to the diabases of the Keweenawan flows, Irving? is inclined to
regard them as marking the orifices through which the material of the
flows was extruded. )

Although the number of large dikes cutting the slates and quartzites
is great, no contact phenomena of any kind were noticed in the intruded
rocks, unless certain spots in the quartzites may be regarded as such.

THE CONTACT BETWEEN THE FRAGMENTAL AND OTHER ROCKS.

The most striking feature in the geology of the point is the develop-
ment of a series ot mottled rocks as a contact zone between the frag-
mentals and the eraptives. The character of the rocks comprising this
zone, and their peculiar relations to the red rock so prominent on the
point, render them a subject of great interest.

As one approaches the red rock the sedimentary rocks beeome slightly
‘redder in color when quartzose, and lose to some extent their vitreous
luster. A little closer to the eruptive they are mottled with dark
green and light red spots. Af, times the mottlings appear as ill-defined
red spots on a dark green background. At other times the spots are
green, while the ground mass is red. In neither case, however, are the
spots as sharply defined against the ground mass as in the case of
the ¢spotted rocks?” referred to above. They appear merely as areas
in which there are accumulations of some mineral, red feldspar in the
case of the red spots, and green mica in the case of the green ones.
In most cases these areas are sufficiently circular to merit the name of
spots, but occasionally they are drawn out into long lenticillar shapes,
and threads so interwoven with one affother as to produce a structure
resembling the eutaxitic structure of eruptive rocks.

1 Cf. Geikie: The History of Volcanic Action during the Tertiary period in the British Isles.
Edinburgh, 1888, pp. 33 and 71.

2Monograph, U S. Geol. Survey, vol. v. The Copper-Bearing Rocks of Lake Superior, R. D, Irving. p.
144,
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Very close to the red rock appears a belt in which the various rocks
are in the most complicated relations imaginable. In the eastern.por-
tion of the point this belt is well seen on the southern shore, about
one-third of a mile from the end of the point. (See Pl xv1.) Here
the red rock is exposed in Jow cliffs, and in it are small, sharp slate and
quartzite inclusions, into which the red rock penetrates in eyery direc-
tion. The exact line of contact between the red rock and the bedded
fragmentals can not be detected, as they appear to. merge gradually
into one another, the latter becoming redder and redder as they ap-
proach the former, which penefrates them in veins' and dikes, and
finally includes numerous pleCLS in such a way as to yield a good
eruptive breccia.

A little to the north of this exposure the red rock is seen to pass
imperceptibly into a coarse grained, gabbro-like red rock, similar to
the intermediate rock mentioned a few pages back. Like theredrock,
this also contains a large number of slate and quartzite inclusions, sur-
rounded by narrow rims of pink feldspathic material, and occasionally
by a bright red border of exactly the same character as that of the red
rock. Many of the larger inclusions are distinctly mottled with red or
green spots. In some of the quartzite fragments bright green circular
spots, varying in size from a few millimeters to two decimeters in di-
ameter, are scattered over a bright red ground mass, containing small
dark green elongated spots faintly resembling some.of the knots
(Knoten) in the ¢ Knoten Schiefer” of the Germans. The ground mass
of these rocks, although of the same color as the typical red rock, dif-
fers from it a good deal in luster. The groundmass of the altered
quartzite is much more vitreous than is the red rock, and its structure
is less crystalline. (See P1. 1v.)

A little west of the point on the southern shore above referred to
(Pl. xv1) the red rock with its inclusions of slate exhibits to a fine
degree the effect of alteration in the latter. Some of the inclusions
are very sharp and but little altered, while others are partially dis-
solved, and are surrounded by concentric zones, resulting from the
action of the red rock upon the material of the inclusion, and the
reciprocal effect of the partially dissolved inclusion upon that portion
of the red-rock magma immediately contiguous toit. The inner one of
these contact zones consists of a dark-green chloritic slate, dotted with
little erystals of red feldspar. The same dotting of slates by little
crystals of feldspar is observed wherever these rocks are in contact
with dikes or veins of the red rock, and also in the upper and lower
layers of strata interbedded with altered quartzites, as on the cliff side
represented in Fig. 1. Again on the island off the southeastern shore,
about 2,000 feet from the end of the point, the slates are cut by a
vein of quartz and red feldspar, and are dotted along its side by the
same red crystals.

In the western part of the point the contact belt is well developed
along the entire border of the red rock area south.of the northern gab-
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bro belt. Iere the red rock occupies alow valley, to the north of which
are the gabbro hills and to the south a series of less lofty hillocks com-
posed of the material of the contact belt. The character of this contact
belt differs but little from that of the one described above. Mottled
inclusions of quartzite and slate are common in it, and these by solu-
tion in the inclosing rock have given rise to a large amount of a prod-
uct resembling the red ground mass of the mottled rocks. Just north
of the barite vein (for the situation of which see map, Pl X1v) there
extends eastward a remarkable ridge, consisting of a mottled red rock
full of inclusions. The inclusions are
beut and twisted ‘into a great variety of
shapes, while the cementing material has
a well-marked flow structure (see I'ig. 5).
Near the inclusions the surrounding rock
isvery markedly mottled with large green
spots.

A third notable development of a belt
of red rock holding inclusions is found
along the southern side of the eastern
end of the tongue of }quartz-porphyry Fie. 5.—Sketch of a pomon of the con-
comprising the third area of the red tact velt, showinginclnded fragments in
rock. In this belt the phenomena met rock exhibiting apparent flow structure.
with are the same in character as those which distinguish the contact
belt in other exposures.

A study of the contact belt thr oughout the entire extent of the point
leaves no doubt in the mind that it is a constant accompaniment of the
red rock, except in a few cases where this is present in the form of a
porphyry. Thus it would seem to be a fact beyond controversy that
thered rock is the immediate cause of the alteration noticed in the frag-
mental rocks and of the breccia observed along its contact wich them.
If, however, the contact belt is examined very closely it is found that
although the red rock is always accompanied by a zone of this belt,
there are localitiés in which the latter occurs without the presence
of the former. In the description of o contact between the gab-
bro and the quartzites near that pictured in Fig. 2, the field notc'b
state that ‘“as the eruptive is approached * * ,* the regulaily
bedded slates and quartzites become reddened and much bent. They
are succeeded by a band of pinkish rock filled with fine red mottlings
on a green ground, which (band) apparently runs under the gabbro.
The mottlings are often so arranged as to give a distinet flowage struc-
ture. Inclusions of the fragmental rocks are frequent in the eruptive
and the whole is penetrated in every direction by veins of drusy red
granite.” Again, at a point just west of the barite vein, the metamor-
phosing rock seems to be the gabbro. Just as in the case of the con-
tacts with the red rock, the quartzites become mottled as they approach
the eruptive, and inclusions of the former in the latter are so frequent
that there appears to be a gradual transition between the two rocks.
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On the other hand, there are many places where the gabbro and the
quartzites are in contact without the least evidence of any action be-
tween them. On the north shore of the point slates and quartzites are
found separated by a very sharp line, on each side of which the respec-
tive rocks preserve their distinctive characteristics without any trace
of alteration in either.

From a consideration of thefacts above described, it is difficult to
decide whether the red rock is the active agent in producing the phe-
nomena observed in the contact belt, or whether the gabbro is the met-
amorphosing rock and the red rock merely one of the products of
its contact action. The absence of contact rocks *along the north
shore of the point, where the conditions prevailing at the time of the
eruption of the gabbro could not have been very different from those
existing on its south side, would seem to préve that the contact action
did not have its source in the gabbro. Other apparent indications of
the correctness of this view are found in the non-existence of contact
rocks in connection with the large masses of gabbro occurring on the
shore of Lake Superior to the northeast of Pigeon point.! All along
this shore there are immense dikes of gabbro which cut slates and
quartzites like those present on the point, but at no single instance
have they affected the fragmental rocks through. which they broke,
except at one locality—at, the falls of Pigeon river.

At this place the slates are fissile and evenly interbedded with hard
quartzites, the series dipping in the main at an angle of 17° te 20° to
the southeast. On the top of the hill on the north side of the river the
contact between the fragmental beds and the extension of the large
dike forming the barrier of the falls is finely shown. The slates here
dip to the north. They are jointed into small square blocks, and have
become hard and black and apparently coarsely crystalline. They are
mottled with fine dark spots, which are often arranged in lines resem-
bling flowage lines. In them pieces of the harder siliceous beds appear
as if included. It will be noted that the contact phenomena observed

"at this place differ in some respects from those observed on the point.
No strongly marked mottled rocks are to -be found here, nor is there
present any of the vitreous red quartzites like those so prevalent.among
the contact rocks of the point. ~

The view that the red rock is the metamorphosing agent finds con-
firmation in the fact that wherever the contact rocks appear in any
quantity, there also is to be found more or less of the red rock. This
is true not only of the occurrences on Pigeon point, but it is true also
of those on Spar, Jarvis, and Victoria? islands, four $mall islands on
the Canadian side of the international boundary line, about 10 miles
northeast of the extremity of Pigeon point. On these islands are large

1E. D.Ingall: Rep. on Mines and Mining on Lake Superior. Geol. and Nat. Hist. Survey of Canada.
Annual Report, 1887, Part H, p. 48.

2W. S. Bayley: Notes of Microscopic Examination of Rocks from the Thunder Bay Silver District,
Rep. Geol. and Nat. Hist. Survey of Canada for 1887, Part H, p.116. .
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masses of gabbro catting altered slates and quartzites, and between
them there is everywhere present a quantity of the red rock.
The existence of the red rock in dikes and veins, its great similarity
in appearance and composition (as shown in the chapter on the petro-
graphical characteristics of the red rock) to the Keweenawan flow rocks
on the islands south of Pigeon point, the flow structure observable in
it at various places within the contact belt, all point to an original
condition of plasticity, if not liquidity. Its comparative freedom from
. the chemical constituents of the gabbro indicate for it an eruptive
origin. '
If, however, the red rock is eruptive, and is the agent which has pro-
" duced the alteration of the sedimentary rocks, its distribution with
respect to the gabbro and the fragmental rocks is peculiar. As has
been repeatedly stated, the red rock is found almostexclusively between
the gabbro on the one side and th'e fragmental rocks on the other. Its
position is such as it would naturally have were it the end product in

“the alteration of the slates and quartzites by the gabbro. Ifit is orig-
inal, its present position can be explained only on the supposition that
a line of weakness extended the entire length of the point along the
southern juunction of the gabbro and the bedded rocks.

The distribution of the rocks under consideration and their relations
to each other render it impossible to decide by field study alone whether
the contact phenomena are to be ascribed to the action of the gabbro
with the red rock as one of the alteration products, or whether they are
due to the presence of the red rock. In opposition to the former view
is the absence of a contact belt on the north shore of the point
and along the sides of the large gabbro dilkes on the shore of Lake Supe-
rior northeast of Pigeon point, as is also the composition of the red
rock. In favor of the correctness of such w view is the distribution of
the red rock,



CHAPTER II. 4 .

PETROGRAPHICAL DESCRIPTION OF THE FRESH OLIVINE-GAB-
BRO AND ITS ALTERED PHASES.

THE FRESH OLIVINE-GABBRO.

The rock of the large dike-like mass forming the axis of Pigeon point,
and the smaller areas in its western part, is, as has already been stated,
an olivine-gabbro, very similar in structure to the olivine-gabbros!
described as occurring so abundantly in other portions of the Lake
Superior region. Since none of these has been subjected to a thor-
ough petrographical examination, it is thought well to note in some
detail the characteristics of the Pigeon point rock in order that it may
serve as a type to which to refer-the other rocks of hke character in
this region.

The Pigeon point gabbro is a coarse to mediwm- guuned gray rock,
which weathers light where it has not been subjected to much internal
alteration. The greater portion is apparently quite fresh, and has an
oily luster due to the large amount of olivine in its composition. When
examined macroscopically the attention is immediately attracted by
the glassy appearance of its feldspathic constituent. In many instances
this is nearly as pellucid as the sanidine in the rhyolites and trachytes.
It occurs both in large porphyritic crystals, and in smaller ones, which
with olivine and aungite form a groundmass in which the larger crys-
tals lie. So far as was observed, there seems to be no general rule gov-
erning the development of the porphyritic structure in the rock, nor
does there appear to be any sharp line between the truly porphyritic
phases and those in which the feldspars are all large, but are not pres-
ent in two generations. :

The porphyritic crystals are frequently 1 to 3 inches long, and some-
times as much as 6 or 7 inches. Many are Carlsbad twins, in which the
composition plane and the oblique angle formed at the junction of the
cleavage cracks in the two halves are strongly accentuated by superfi-
cial weathering. The specific gravity of one of these crystals, as deter-
mined by the Thoulet method, is 2-717. It is consequently a plagio-
clase whose position in the series is between that of bytownite and lab-
radorite. The specific gravity of typical bytownite? is 2- 7"9 that of
labradorite is 2:700.

' Aug. Streng: Neues Jahrbuch fiir Mineral., etc., 1877, pp. 113-138. Julicn: Geol. of Wiscousin, Vol.
3, pp. 233-238. Irving, R. D.: Geol. of Wisconsin, Vol. 3, pp. 168-183. Irving, R. D.: The copper-
bearing rocks of Lake Superior: Monograph, Vol. 5, U. 8. Geol. Snrvey, pp. 37-50.

2Schuster: Tschermaks mineral. Mittheil., 1880, Vol. 3, pp. 18+ and 7QJ
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On flat, weathered surfaces the rock assumes a lighter color, as has
been already stated. The feldspars become white and opaque. They
project slightly above the general surface, which has a greenish gray
tint and a rough, cellular aspect due to little projecting points of feld-
spar and knobs of chlorite, both of which appear as raised areas
separated by depressions that have resulted from the easy decomposi-
tion of olivine. Pronounced as is this weathering, it extends but a frac-
tion of an inch below the exposed surface. Large plates half an inch
in thickness scale off, and leave the rock immediately beneath them as
fresh as any specimens obtained from much greater depths. Where
there are fewer large feldspar crystals, and where the rock has been
subjected to greater alteration, it first becomes nodular, then separates
into rude spheroids, and finally disintegrates into a brownish yellow
sand. In the nodular phases the interiors of the nodules are quite
fresh, while the internodular substance is slightly altered.

The joint cracks which everywhere cross each other at right angles
have already been referred to. They divide the rock into large rectan-
gular blocks measuring about 6 feet on an edge. Fine specimens of
these are to be seen at the base of the cliffs on the north side of the
point, and at the falls of Pigeon river. The freshest specimens of the
rock come from these blocks. Under the microscope the gabbros are
seen to be composed essentially of feldspar, olivine, and augite.

A triclini¢ feldspar constitutes by far the greater portion of the rock.
It occurs in two forms: (1) in large porphyritic crystals, and (2)in
smaller crystals in the groundmass of the porphyritic varieties, and
in the body of the non-porphyritic varieties of the rock.

The porphyritic crystals are generally columnar in the direction of
the ¢ axis. The planes observed in them are the three pinacoids, anda
serics of macrodomes. Two series of cleavage lines are very well
marked parallel to oo P ¢ and OP. Those parallel to OP make an angle
of 63°-64° with the ¢ axis (angle ). Under the microscope, twinning
Jamelli are found to be quite prevalent, although occasionally absent
when large areasof the feldspar show an undulatory extinction.  Carls-
bad twins composed of two individuals, each of which is polysyntheti-
cally twinned according to the albite law, are quite common.

The material of the ecrystals is usually quite fresh, except where
slight kaolinization has taken place in the neighborhood of cleavage
cracks. They contain but few inclusions, the most prominent ones
being little negative crystals of devitrified glass, plates of augite and
grains of magnetite. The augite and magnetite appear to have sep-
arated from magma included within the feldspar during its growth.
The dust-like inclusions so abundant in the feldspar of the gabbros of
other regions are entirely lacking here. The specific gravity of a piece
of one of the feldspar crystals is mentioned on page34. Other pieces
taken trom different crystals, all of which were fresh and free from in-
clusions, varied in specific gravity between 2:711and 2-717.  These fig-

Bull. 109 3
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ures correspond to those obtained in the case of the lower members
of the labradorites. Labradorite, corresponding to the composition
AD;An;, has a specific gravity of 2-728 according to Tschermak!, while
Schuster? gives 2:703 as corresponding to Ab;An,.

The feldspar in the groundmass of porphyritic varieties of the rock,
and that comprising the larger portion—some 60 per cent-—of ol;ber
varieties, occurs in lath-shaped crystals, varying in length from 1 to
20mm, - Bach of these is composed of a number of smaller individuals,
which by their union produce broad lath-shaped forms like those so
characteristic of the gabbros from Volpersdorf, in Silesia, and from the
Harz® Each of the small crystals is polysynthetically twinned, and
two or more frequently unite in a Carlsbad twin.

Like the porphyritic feldspars, the feldspar of the groundmass is
fresh and often glassy, and is comparatively free from inclusions. In the
freshest varieties only a few dust-like particles and minute flakes of
kaolin can be detected. When examined under high powers some of
the dust-like inclusions appear to be devitrified glass. The extinction
of two contiguous twinned lamell, measured against their composi-
tion plane, is 24° on each side. The angle fo1med by the two series of
cleavage lines on the macropinacoid is 95° to 96°. These results indi-
cate a feldspar which belongs in the lower portion of the labradorite
group.

An analysis of the feldspar which was sepa,mted by the Thoulet
method from the powder of one of the freshest specimens (No. 11203)
yielded the figures in column I, in the table below. The specific gravity
of the powder was 2:699. In column- A is given the composition of a
labradorite® of the formula Ab; Any; and in B that of a plagioclase’ of
the specific gravity 2.700.

Si0g evnennn- 58:73 53-60 54:55
A103.eennnnn. 3039 29-80 2868
Fey0seennnnn-- 126 [l 1:03
Ca0 .oeennnn 1084 11°70 11:28
NayO ooeeennns *3-76 | 4:90 462

Total....| 10000 ' 100 00 100-16
T S 2:699 i 2703 2700

*Difference.

Tt will be noticed that the specific gravity of this feldspar is lower
than that of the porphyritic crystal, and that the latter is therefore

1Lehrhnch der Mincralogie, 24 edition, 11, Anfl. 465.

2Techermaks mineral. Mitthell, 1880, Vol. 3, p. 203.

$Rosenbusch: Mikrosp. Physiographie, 1887, Vol. 2, p. 165. ~

4The figures in parenthescs refer to the numbers of the specimens in the series of rocks belonging
to the Lake Superior Division of the U. S. Geological Survey.

5Schuster: Op. cit., p. 153.

¢ Tschermak: Sitzungsber. K. Akad, Wiss., I, July, 1869,
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more basic than the former. That this difference was not a constant
one was shown by powdering little chips taken from seven of the fresh-
est specimens, and separating by means of the Thoulet solution. The
greater portion of the plagioclase fell at 2:716, a value almost identical
with that obtained for the porphyritic crystals. .

Olivine malkes up about one-tenth of the entire rock. It i§ present
in rounded grains of a light yellowish green color, and is usually free
from inclusions other than the fine, dust-like substances found in the
feldspar. Occasionally lines of larger dark brown inclusions are met
with. These are probably of secondary origin, since the lines pass
uninterruptedly from the olivine over into feldspar or augite. The
numerous black microlitic inclusions characteristic of olivine in most
plutonic rocks (Tiefengesteine) were seen in but one instance (No.
11418). In no case is the olivine entirely unaltered. In even the
freshest varieties a-little chloritization has taken place. Sometimes
there is a development of actinolite needles in the otherwise unaltered
olivine, and in still other instances a few flakes of biotite occur, mixed
with chlorite on the outer edges of a grain. I'rom its relations to the
feldspar and augite the olivine must, in most cases, be regarded as
older than either, although in some instances it includes a few lath-
shaped crystals of the former mineral. Since the feldspar occurs in
two generations it is probable that the crystallization of the olivine
took place in the interval separating these,or that it began to crys-
tallize before the complete separation of the feldspar of the ground-
mass. ‘ *

The aungite is entirely allotriomorphic. It fills in the interstices
between the other constituents, often including both olivine and labra-
dorite. Where several crystals of the feldspars are included within a
single augite the structure of the rock becomes peecilitic.!

The greater part of the angite is perfectly fresh, and, like the feld-
spar and olivine, it contains no inclusions other than a few of the dust-
like particles already mentioned. Its color in the thin section is pur-
plish pink or violet. A faint pleochroism is often apparent in deeply
colored pieces, the & and ¢ rays being a decp purplish pink and the I
ray a yellowish gray. The two series of cleavage lines parallel to P
are very distinct on pieces ent parallel to the basal plane, where they
make the usual angle of 87°. A parting parallel to the orthopinacoid
is observable in only a few sections. That this is present, however, is
proven by the fact that cleavage pieces frequently show an optical axis
in converged light between crossed nicols. The extinction in plates cut
parallel to the clinopinacoid is 44°. No twins were observed, but in
several sections the effect of pressure on this mineral is beautifully
seen in the production of an undulatory extinction and a bending of
the cleavage lines. This is particularly well shown in the section of

1Cf. Williams: Am. Jour. Sci., Vol. Xxx1, p. 30; and also Pampelly: Proc. Am. Acad., Vol. X111, p.
260; and Irving: Copper-Bearing Rocks, p. 42.
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No. 11555, where a large, wedge-shaped piece of augite included be-
tween plagioclase has suffered a bending of its cleavage lines 13° and
a twisting of its extinetion plane an equal amount (PL v, a).

Accompanying the diallagic augite in the section of one specimen
(No. 11206) from near the eastern end of the point, is a highly refrac-
tive yellowish mineral, with many of the properties of pyroxene. Its
extinction, however, never reaches above 7° 30/, in most of the pieces
being parallel to the cleavage; while the plane of its optical axes is also
parallel to the cleavage. It is closely associated with the purple
augite, from which it is easily distinguished by its yellowish tinge and
dull polarization colors between crossed nieols. It isprobably a mono-
clinic augite of a different composition from that of the purple variety,
or a slightly altered form of this.

A partial analysis of the diallage isolated from.the powder of five of
the freshest specimens of the rock was made by Dr. R. B. Riggs in the
laboratory of the Survey. The result obtained was as follows:

~

II.

SiOQ ........................................................ 48‘34:
ALOs . oon i et eeeameccraiccanaeccan e naannn 2:90
Fes 0. e e e 4-68
Fo0 e e 14-15
L0711 15-10
MEO - e e e e e e e e 1134
0 L 1-98

Total . e 9849

The composition of this augite.is that of a very pure diallage. An
interesting feature is the large percentage of titanium in it—a fact
which may explain the purple color. Knop,! who made an exhaustive
study of the angite of the Kaiserstuhl in Baden, found that all the va-
rieties that are rich in titanium have a violet color in thin section,
except when they contain large amounts of iron. Althongh investiga-
tions in other regions do not fully substantiate Knop’s conclusions, it
will at least prove of interest, if all the purple augite and diallage so
very widespread throughout the rocks of the Lake Superior region is
found to contain titanimn. )

In addition to the labradorite, pyroxene, and olivine, the fresh gabbro
contains only apatite and titaniferous magnetite as primary constitu-
ents. The apatite occurs in long, narrow, colorless crystals, with a part-
ing parallel to the basal plane, and is sparingly present. The magnetite
appears both inidiomorphic and allotriomorphic forms, with the latter
predominating. Quite a large number of the grains are surrounded by
rims of reddish-brown mica, and not a few show the beginning of an al-
teration into leucoxene.? A little quartz and a few flakes of brown and

'Zeitschrift fiir Krystallographie, Vol. X, p. 58.
2 At several places in the eastern portion of the Point the amount of titaniferous maguetite in the
gabbro is so great as to cause a deflection of the compass needle 950.



" EXPLANATION OF PLATE V.

V. a. Thin section of olivine gabbro (No. 11555), showing the effect of

pressure upon a piece of augite. The purplish-pink mineral is augite,
in which the cleavage lines have been bent, presumably by pressure.
The green mineral to the left is olivine. - The white, lath-shaped
crystals are bytownite. The latter are represented as seen in polar-
ized light, betWeen crossed nicols, while the augite and olivine are
shown in natural light. Magnified 35 diameters. .
b. Thin section of altered gabbro (No.11222), with green isotropic
mineral surrounding apatite. The yellowish-brown mineral to the left
is biotite. . The others are various decomposition products of olivine
and angite. The specimen was taken from a place where the gabbro
approaches the red rock, and is a variety of the intermediate rocks,
another variety of which is represented in a, Pl. x. Magnified 175
diameters. Natural light. ‘

.
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red biotite are evidently secondary. The formeris found in micro-peg-
matitic intergrowths with feldspar, and the latter as an alteration prod-
uct of olivine, augite, and magnetite.

In order to obtain the average composition of the rock, pieces of
equal size were taken from five of the freshest specimens. These were
crushed, and the powders were thoroughly mixed. A portion of the
mixed powders was analyzed by Mr. W. I. Hillebrand, whose results
are given in column ITI. In column C are the figures obtained by
Streng and Kloos,' upon the analysis of a hornblende-gabbro from Du-
luth, Minnesota.

TI1.* C.
4988 4915
119 ‘18
1855 T 2190
206 660
837 454
L T
. 970 8-22
3 O

o
577 403
! 68 161
259 388
104 . 192
16 -33
‘ Total ... 100-21 10131
Specific grav-

ity..ooeio] 2:°023-2070 Lieal.l.

* During the pulverization of the-rocks a small quantity of metallic iron became mixed with the
powders, and this may have reduced some of tho ferric iron.to the ferrous condition through the
agency of the hydrogen gencrated in the course of solntion. The above figures are corrected for the
metallic iron present, but could not be corrected for the amount of rednction produced, which was in
- any event very small, since the entire amount of metallic iron present did not exceed 0.3 per cent.

In referring this rock to its proper position among massive rocks, its
composition, structure, and geological relations must be alike consid-
ered. Dr. Wadsworth? has recently given a résumé of the opinions of
different investigators on the value of the orthopinacoidal parting as
a characteristic of diallage distinguishing it from augite. The results
are to the effect that there is no real difference between the two min-
erals, and that the presence or absence of the parting should not be
used as a basis for separating the gabbros from the diabases. The
distinction between these two rocks must therefore rest upon their
geological and structural relations. They both contain augite and
plagioclase, with or without olivine, as essential constituents. The
diabases are defined by Rosenbusch? as rocks occurring in dike form
or in intrusive layers and with a structure which varies within wide

I Streng & Kloos: Neues Jabrbuch fiir Min., 1877, p. 81.
2 Bulletin No. 2, Geol. Survey of Minnesota, pp. 55-57.
- 8 Mikroskopsiche Physiographe, 1887, vol. 1L, pp. 134 et 8eq. and 174 et seq.
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limits, The granular varieties have an ophitic structure, which is due
to the development of feldspar in long lath-shaped crystals. The
structure of the gabbros is described as more granitic than that of the
diabases in consequence of development of the feldspar in all directions
equally (it is equidimensional), and its geological position is similar-to
that of granite. ' '

All gradations between the typical gabbro and the typical diabase
are, however, frequently met with, and nowhere are they met with in
more ‘profusion than in the Lake Superior region, The different rocks
of this class are here so intimately related to each other, that seem-
ingly the only structural distinction possible to make is one of coarse-
ness of grain. The coarse-grained rocks of this region, where they
consist of plagioclase and augite (or diallage), have been called gab-
bros; the fine-grained kinds are known as diabases. The classification
is not as artificial as it appears to be at first sight, for Irving! states a
fact when he declares that the gradation of the fine-grained kinds into
the coarser varieties has never been observed in any one bed, and the
differences in the external characteristics of the two are strongly
marked.

According to this practice the Pigeon point rock must of necessity
be classed with the gabbros, and such it has been called in this paper,
because of its similarity to those rocks which have for so long passed
under that name in the writings of those geologists who have done the
most work upon them. If) however, we should adopt the suggestion of
Prof. Judd,? and limit the term gabbro to the granitoid forms, the Pig-
eon point rock would fall among the diabases or the diabase-porphy-
rites. Both its composition and structure accord well with those char-
acteristic of diabase-phorphyrites, and its geological position is not very
different from that of these rocks. It occurs in the form of a boss-like
dike cutting quartzites and slates, and bears a strong resemblance to
rocks of the same composition, which are probably- surface flows.
This resemblance was so apparent to Irving? as to lead to the remark
that the gabbro dikes of Thunder bay (and Pigeon point) ¢are notice-
ably much closer in character to the great gabbro (flow) at the base of

the Keweenaw series than to those gabbros which are interleaved
with the Animikie slates.”

THE ALTERED VARIETIES OF THE GABBRO.

Although the fresh phases of the gabbro are so monotonous in char-
acter, its altered varieties present many peculiarities, some of which are
quite interesting. These altered varicties are very much more abundant
than is the fresh variety, and are found distributed indiscriminately

1 The Copper-Bearing Rocks of Lake Superior, R. D. Irving: Monograph, U.S. Geol. Survey, vol. v,
p. 69.

2Quart. Jour. Geol. Soc., 1885, pp. 344, 418.

3]s there a Huronian group? R.D.Irving; Am,Jour. Sci., vol. XXX1V, p. 261,
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throughout the gabbro area. Olivine and augite are the constituents
of the gabbro most prone to decomposition. As the final product of
their alteration, a rock is produced whose habit is very different from
that of the fresh rock described above. Its color is greenish and its
structure fibrous. The feldspar erystals, so prominent a feature in the
fresh rock, can not be detected in it without the aid of the microscope.

The first mineral to undergo change is the olivine. On its edges and
along its cleavage tracks slight serpentinization takes place, and at the
same time considerable magnetite separates out: Serpentine, however,
is not the usual alteration product. Chlorite seems to have been formed
much more frequently, and in this case also magnetite is an attendant
product. This chlorite is sometimes cloudy and grayish, when it shows
no decided effect in polarized light. Sometimes it forms an amorphous
mass, occupying the place originally held by the olivine; but most fre-
quently it is arranged in radially fibrous groups, when it polarizes with
a deep blue color, and is nearly always associated with biotite and horn-
blende. When biotite and chlorite occur together, the former usunally
occupies an.external position with reference to the chlorite, indicating
a reactionary origin.

The alteration-of olivine to chlorite is well known as being wide-
spread, but its alteration to biotite is much less common. Julien' de-
seribes the alteration of olivine to biotite in an olivine diabase or gab-
bro from the NE. % Sec. 31, T. 45 N, R. 2 W, Wisconsin, and gives a
picture of it. Here the biotite is supposed to be due to the action upon
the olivine fgf alkaline solutions emanating from the plagioclase. The
same origin may be ascribed to the biotite in the Pigeon point rocks.
The secondary origin of biotite from olivine has also been described by
v. Foullon? in the melaphyres of the southern Alps; by Becke®in a
bronzite olivine rock from the Lower Austrian Waldviertel; by Ir-
ving * and Wadsworth ° in the gabbros of the Northwest; by Sjogren ¢
in a gabbro in Western Norway; by Schuster”in an olivine-gabbro
from Birchville, California; by Lenk,® and by Doss? in a minette from
near Dresden. .

Another prominent change of olivine is into hornblende. Little light
green needles of this mineral extend from the edges of the olivine intoits
interior. Theseneedles increase in number as the alteration progresses,
until they finally fill the entire space formerly occupied by the olivine,
with the exception of small areas containing chlorite. Such an altera-

1 Geol. of Wisconsin, Vol. i1, p. 225, and PL xxm, Fig. 1. ;

2'I'schermaky mineral. Mitth., 1880, 11, p. 481. Ref. Rosenbusch: Mikreskopische Physiographic,
1885, 1 Aufl., p.412. '

3 Tgchermaks mineral. Mitth., 1882, 1v, p. 333.

4The Copper-bearing rocks of Lake Superior, R. D. Irving: Mon. V, U. 8. Geol. Survey, pp. 39, 45-50.

6 Bull. Geol. Survey of Minnesota, No. 2, p. 66.

6 Geol. Foren. i Stockholm Firh., 1883, v, p. 447. Ref. Noues Jalrb. fiir Miner., etc., 1884, 1, p. 81.

? Neues Jahrbuch fiir Min., cte., Beilaige Band V., p. 519.

8 Zur geologischen Keuntniss der siidlichen Rbion. Inaug. Diss. Wiirzb., 1887, p. 50. ’

9 Tschermaks mineral, Mitth., 1889, X1, p. 53.
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tion of olivine was first mentioned by Becke! under the name of pilite.
Its origin, like that of the biotite, is also referred to the action of alka-
line solutions derived from the plagioclase. * Specimen No. 11446 shows
this alteration mostbeautifully. Here complete pseudomorphs of pilite
after olivine are frequent. (Pl. vI, a).

A fourth alteration of olivine et with 1 the rigeon Point gabbro
is to a brownish red homogeneous substance which is slightly pleo-
chroic, but exerts no appreciable effect in polarized light between crossed
nicols. 1t is probably a mixture of chlorite and serpentine stained
brown by iron oxide. -

The next mineral to undergo alteration is augite. Its most usual
changeisinto hornblende. Both the bluish green fibrous variety known
as nralite, and dark green and dark brown compact kinds oceur. Chlo-
rite, biotite, and magnetite are also frequent products of its alteration,
the biotite being developed more abundantly near the contact of the
gabbro with the sarrounding feldspathic quartzites and red rock. As
alteration progresses the amount of these secondary products increases
until finally no trace of angite remains. In these most highly altered
phases the secondary hornblende is found in the compact and fibrous
varieties in about equal proportions. -

The more common type of the compact variety is a very strongly pleo-
chroic mineral with a well marked cleavage, and an extinction of 240,
It is occasionally in idiomorphic erystals, but more frequently in fibrous
intergrowths with a second kind which is less strongly pleochroic and
in different tints. - The pleochroism of the first variety is a=light yel-
lowishbrown; trand c=dark brown; that of the second kindis a=light
yellowish green ; fy=yellowish green ; c=dark bluish green. Thetwoare
foundin parallel growths, with the green variety surrounding the brown.
Although the line between the two is quite sharp, there appears to be
no break in the continuity of their substance. They extinguish simul-
taneously and the cleavage lines pass from one into the other without
deformation. The little spots known as pleochroic halos (Hife) are
occasionally seen-in the compact hornblendes. They are almost black
when the prismatic cleavage of the mineral in which they occur is par-
allel to the vibration plane of the nicol, and a greenish brown in other
positions. They sometimes surround little apatite crystals, and at
other times existin round spots without reference to any included min-
eral. These spots are often surrounded by circular rims of the same
character as that of the interior portion, from which they are separated
by narrow zones of ordinary hornblende or chlorite.

The fibrous hornblende is in long acicular crystals, with a dark bluish
green color when their long axes are parallel to the vibration plane of the

“mnicol, and a light yellowish green when perpendicular to this direction.
It occasionally fringes both the compact varieties, but more frequently
forms with chlorite a matted mass in which the compact brown and
green varieties, the biotite, and otheér secondary products are imbedded.

! Miner. n. I’eh\‘ug. Mitth. 1882, TTL, pp. 330, 355, and 450.



EXPLANATION OF PLATE VI.

VI‘.' a. Section of altered olivine gabbro (No. 11446), in which the oli-
vine has been entirely changed to pilite. The light-colored mineral
i feldspar. That with the rectangular cleavage is augite, and most
of the dark material is chlorite. From a photograph in natural light.
Magnified 80 diameters. ’

b. Fibrous green hornblende surrounding brownish-yellow cores of
the same mineral in altered gabbro (No. 11318). The dark acicular
crystals in the lower left-hand corner of the figure are hornblende
needles penetrating chlorite. The colorless mineral is plagioclase,
and the black one pyrite. From aphotograph in naturallight. Mag-
nified 80 diameters.
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This fibrous mineral is probably the youngest of the three hornblendes.
It appears to have been derived both directly from the angite and indi-
rectly through the compact varieties and through biotite.

Rocks from the gabbro areas of the Northwest containing large
amounts of compact hornblende have been described by Kloos, Pum-
pelly, Irving, Wadsworth, and others. Pumpelly' called them ¢ angite-
diorites,” and supposed the hornblende to be original. Kloos® also
appears to have considered it as original, and called the rock containing
it “hornblende-gabbro.” Irving® and Wadsworth regard it as second-
ary, and as merely an extreme ph ase in the alteration of angite.

A second mode of alteration of the angite is into biotite. This min-
eral is present in-large-sized folia and flakes of a reddish brown color
when seen in basal sections, but very strongly pleochroic in. sections
showing the cleavage. The color of the light vibrating parallel to the
cleavage is very dark brown; in a direction perpendicular to this it is
light brownish yellow. It is usually associated with chlorite and horn-
blende. In the latter case the two minerals are frequently so inter-
grown that the cleavages of both are parallel. Since the hornblende is
in many cases fibrous, and is commonly found surrounding the biotite,
it is probably to be regarded as an alteration product of this mineral,
When associated with chlorite the biotite presents the same general
features. as it does when accompanied by hornblende. In this case,
however, the biotite occurs in larger flakes, and in shreds disseminated
thr oughoat the mass of chlorite. Between the folia little lenticular
masses of calcite and a brightly polfm/,m highly refractive, sphene.
like looking substance are quite common, as are also pleochroic halos.
That this biotite is secondary and that much of it has been derived
from the augite is evident from the fact that this mineral, together
with hornblende and chlorite, make up areas which have the charac-
teristic wedge shape of the augite in fresh specimens.

The presence of biotite in the Lake Superior gabbros has béen re-

ported by Irving, Wadsworth, and others. Most of these writers have

apparently looked upon it as primary, Wadsworth® alone stating posi-
tively that it is in many cases secondary after augite. In the rocks of
other localities biotite has often been met with asan alteration product
of angite. It has recently been found by Schuster™ in a gabbro from
near Big Oak Flat, in California.

! Geology of Wisconsin, Vol. IIT, pp.35-36.

2Streng and Kloos: Neues Jahrbuch fitr Min., etc., 1877, pp. 27-31.

3 Geology of Wisconsin, Vol. IIL, p.170, and (,oppor bearing rocks of Lake Supenor, p. 56,

4 0p. cit., pp. 57-58, 66-67, 84.

5 Bullotm No. 2, Geological Survey of Minnesota, . 65.

6 Blum: Pseudomorphosen, Vol.1,p.31; Vol, 111, p. 93. . Tschermak: Porphy rgesteine Oesterrelchs,
1869. p. 264. Richthofen: Sitzb.d. Ak.d. Wiss. zu Wien, 1858, Vol. xxvir, p. 335. Lehmann: Unter-
suchung iiber die entstehung der Altkryst. Schiefergesteine, 1884, pp. 198, 231. Rolrbach: Tscher-
maks mineral. Mitth., 1885, Vol vir, p. 27. Brauns: Neues Jabrb. f. Min,, etc., Beilage-Band V., p.
289. Bergt: Tschermaks mineral. Mitth., 1888, Vol. x, pp. 3820, 326. Doss: Tschermaks mineral.
Mitth., 1889, Vol. x1, p. 41.

7 Neues Jahrb. f. Miner., etc., 1887, Beilage-Band V., p.515.

~
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It is evident that the change of augite into biotite is attended with
loss of calcium and silica and a gain in iron, aluminiam, and the alka-
lies. In the gabbro from Pigeon point, aluminium and the alkalies
could easily have come from the plagioclase, and the iron from the
magnetite. Tt is noticeable that magnetite is nearly always very close
to the biotite in those sections where this mineral is most plentiful.
The calcium has probably passed over into the calcite, mentioned as
present between the biotite folia.

The first stage in the alteration of the plagioclase is the loss of its
glassy luster. Little flakes of a brightly polarizing, colorless minegal,"
probably kaolin, are developed throughout its mass; chlorite accumu-
lates in its cleavage cracks; and between contiguous crystals there
forms a micropegmatitic mtel gr owth of chlorite or a reddened feld-
spathic substance with quartz. This'micropegmatite almost always
radiates from the edge of an altered plagioclase, and in a few instances
its feldspathic component is optically continuous with that of the origi-
nal crystal. As alteration progresses the plagioclase becomes clouded.
it loses its polysynthetic twinning striations and takes on the appear-
ance of the orthoclase(?) in Irving’s orthoclase-gabbrol. The amount
of quartz present becomes very great. The spaces between the other
constituents are filled with radially arranged quartz and feldspar, and
the original structure of the rock entirely disappears. This alteration
of the plagioclase with the production of micropegmatite is especially
noticeable near the contact of the gabbro with the red rock. It pro-
ceeds hand in hand with the alteration of augite into biotite as described
above, and gives rise to a rock which resembles in some respects the
intermediate rocks to be described in Chapter V.

Magnetite, pyrite, and apatite are much more abundant in the al-
tered gabbro than in the fresh rock. The former is highly titanifer-
ous. On its edges lencoxene or biotite is nearly always to be detected.
The apatite penetrates biotite, chlorite, and even magnetite, and occa-
sionally contains fiuid inclusions, in which are little air bubbles.

In addition to the minerals mentioned above there was noticed in
one specimen (No. 11222), taken from a place where the gabbro. ap-
proaches the red granitic rock, a green, transparent, isotropic” mineral
with a hexagonal cross section. This mineral has a high index of
refraction, and appears to form in little plates piled one upon the other
in the manner of tridymite in the eruptive rocks, or of the plates of
corundum so frequently seen in imperfectly developed crystals from
North Carolina. Many of these little plates unite to form a group,
which is always found associated with the alteration products of angite.
Oceasionally, as shownin b, P1. v, they surround apatite. When occur-
ring singly they resemble garnets with a diameter of 0.05™w, Their
quantity is so small that attempts made to isolate them in sufficient
amount for chemical analysis proved futile.

1The Copper-bearing Rocks of Lake Superior, R. D. Irving. Monograph, U. S. Geol. Survey, Vol.v,
p.51. '
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EXPLANATION OF PLATE VII.

VII. a. Section of altered gabbro (No.11446), in which long, slender needles
of hornblende are seen to have attached themselves to compact pieces
of the same mineral, which have undoubtedly been derived from
augite, Chlorite, quartz, kaolinized feldspar, magnetite, and sphene
are the other minerals shown in the figure. From a photograph in
natural light.” Magnified 80 diameters.

b. Pseudamygdule of hornblende in altered gabbro (No. 11247). The
circular area in the center of the figure is the pseufdlamygdule, com-
posed of green and yelowish-brown hornblende. Surrounding it are
the altered remains of the original gabbro, in which the gabbro
structure can still be detected. From a photograph in natural light.
Magnified 80 diameters.
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At several places near the contact of the gabbro with the quartzites
and the granitic rock, and at one point, on the top of a high hill north
of I'isherman’s point (see map, P 111), are peculiar phases of the gab-
bro which merit a little attention. These peculiar varieties are remark-
able for the extensive development of fibrous green hornblende in them.
This hornblende occurs in irregular patches, in long, sinuous, and par-
allel ridges, and in circular areas. On a weathered surface it has dis-
appeared and left in its place little hollows. The result is a rock
presenting very much the appearance of an amygdaloid. Instead of
disappearing entirely the hornblende in some specimens has passed
into chlorite, which stands out in ridges and irregular and circular
patches, just as does the hornblende when present, and is of a bright
red color where it has suffered alteration in consequence of forest fires.
‘When examined under the microscope these rocks are seen to have
retained to a certain extent their original structure. The decomposed
feldspar crystals can still be detected in lath-shaped forms. Epidote .
in green grains is added to the secondary products mentioned above as
characteristic of the feldspar. Augite is found in every stage of alter-
ation in a single thin section. Intermingled with the fresh variety is
another in which o fibrous structure is marked. From this fibrous
variety there is a gradual transition through compact brown and green
hornblende into fibrous hornblende, and finally into long acicular crys-
tals of this mineral. These hornblende areas have at first the gencral
wedge-shaped outline of the augite. As the alteration progresses, the
wedge-shaped outline is lost, and the groups of horublende become cir-
cular in shape, and thus give rise to the psendoamygdaloidal cavities
referred to above. Olivine ean not be recognized in any of the sections
of the rocks of this kind, although the abundance of chlorite, horn-
blende, and other alteration products of this mineral leave no doubt of
its original existence. Biotite, leucoxene, apatite, and lozenge-shaped
crystals of colorless sphene are also presentin all the specimens of these
planes examined.

PL vi, b, shows a portion of a section of one of these rocks in
which there are long needles of fibrous green hornblende, surround-
ing more compact cores of the brown wmineral, and also slender acicular,
crystals penetrating chlorite. Pl. VII, a, represents an area in which
augite has been replaced by quartz and hornblende. Thé quartz is
without inclusions other than the long slender needles of light green
hornblende which pass uninterruptedly from one quartz individual
into another. Many of these hornblende needles, some of which are
0-65m2 in length, have attached themselves to more compact horn-
blende,! and even to slightly altered aungite. In b of the same plate
one of the circular psendo-amygdaloidal areas is seen. This is com-
posed of brown and green compact hornblende, mingled with a little
uralite and chlorite. The dark portion represents the green horn-
blende, and the light portion the brown.

1Cf. Van Hise: Am.J mu:. Sci., 1887, Vol. xxX11I, p. 385.



CHAPTER ITI.

PETROGRAPHICAL DESCRIPTION OF THE DIABASE,

The rock of the numerous small dikes on the point presents but few
features to which attention need be drawn. Macroscopically it is a
- dark gray, heavy diabase, in the coarse varieties of which the diabase
structure can readily be distinguished. It is more frequently altered
than fresh. In the altered forms it possesses a slight greenish tinge,
in consequence of the development of a small quantity of a fibrous
green hornblende.

Under the microscope, the fresh, coarse- gramed varieties are found
to be composed essentially of plagioclase, angite, magnetite, apatite,
pyrite, and chlorite. The plagioclase is in little lath-shaped crystals,
with a maximum extinction of 27° on each side of their twinning bands.
It is consequently a labradorite. The augite is in wedge-shaped areas
between the plagioclase. When fresh it has a pale purplish pink color
like the augite of the gabbro. The magnetite is in little grains and
crystals in the coarser kinds, and in rods in the finer-grained varieties.
Apatite is present in small colorless crystals, and chlorite in fibrous
masses on the edges of the augite.

The altered varieties may be divided into two classes—the micaceous
and the non-micaceous kinds. In the latter the constituents are the
same as those described above, with the addition of uralite. In the
former a brown mica is also present.

THE NON-MICACEOUS DIABASES.

'

In the -Jeast altered of the non-micaceous varieties, the diabasic
structure is preserved. The augite, however, has undergone decompo-
sition, with the development of magnetite or ilmenite in irregular
masses intermingled with chlorite and a little uralite, or in little grains
arranged in straight and curved lines. In some sections examined the
monoclinic augite is found, not in the wedge-shaped forms characteris-
tic of this mineral in diabase, but in long, narrow crystals. These
appeéar in some cases to be older and in others younger than the accom-
panying feldspar. Their mode of alteration is somewhat peculiar. In
the first stage a few green fibers extend from the sides of tlie crystals

44

~



BAYLEY.| NON-MICACEOUS DIABASES, 45

into the interior, and at the same time a cleavage is developed perpen-
dicular to the long axes. Further alteration takes place, not along
these cleavage cracks, but along the axes of the crystals. At this
stage of their change the crystals appear as if perforated in this direc-
tion by cylindrical cavities, into which a quantity of dirty green chlo-
ritic substance has been forced. Pl. X, a. b., represents two of these
idiomorphic augites in this stage of their alteration.

In the final stages of the alteration of the rock all traces of augitic
material have disappeared. Chlorite, uralite, and titaniferous magne-
tite have entirely replaced it. These minerals are not confined to the
areas formerly occupied by augite, but are disseminated throughout the
thin section and fill all the
space between the plagioclase
and its decomposition products
and apatite. The magnetite
(Fig. 6) is present in idiomor-
phic grains, in long rod-like
forms, in little dots arranged
in curved lines, and in fine dust
scattered through all the other
constituents with the exception
of the apatite. The apatite is
much more abundant than in
the fresh varieties, but pos-
sesses mno peculiar features.
The plagioclase in these rocks
has undergone change to such
an extent that its orviginal out-
line has entirely disappeared
and with it the diabasic structure of the rock. Quartz and a red feld-
spathic substance, both of which are probably derived from the plagio-
clase, fill the little corners between the altered labradorite. The amount
of this feldspathic substance present is often so great as to give the hand
specimen a reddish tinge. No olivine was detected in any of the non-
micaceous diabases, although a few round areas composed of pilite and
chlorite render it probable that this mineral was originally present in
some instances. >

Round grains of a highly refractive, colorless, augitic-looking mineral
are met with in a few sections of the least altered diabases. This
mineral is older than the monoclinic augite, and has an extinction par-
allel to its cleavage. It gives rise upon alteration to a dirty green chlo-
rite and a little uralite. Intermingled with these products are masses
of magnetite, whose origin is evidently secondary. This magnetite is
not only scattered through the chlorite and uralite, but it is also
grouped around the exteriors of the highly refractive grains in such a
way as to preserve their outlines even when all traces of their original

Fi@, 6.—Idiomorphic sccondary magnetite in altered
diabase.
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substance has entirely disappeared. TIFrom its optical properties and
the nature of its alteration products the colorless mineral is probably
to be regarded as an orthorhombic pyroxene.

The fine-grained phases of rock occurring on the edges of the dikes
are all highly altered. Between feldspathic and magnetitic microlites
is a dirty green interstitial substance, which polarizes slightly, and
shows under high powers little fibers of chlorite and hornblende. No
glass was observed in any one of these rocks, but the impression left
by a study of their thin sections is that this did occur abundantly, but
has been entirely replaced by secondary substances.

The material of one or two dikes contains large porphyritic erystals
of plagioclase in a groundmass differing but slightly from those types
already described. In one instance (No. 11265, from the center of the
third shingle beach from the end of the point on its south side) the por-
phyritic crystals are surrounded by little rims of pyrite.

In other dikes the rock presents the appearance of an amygdaloid.
In the midst of an altered groundmass it contains circular areas filled
with calcite, chlorite, a little green hornblende, a few flakes of mica and
a small quantity of an almost colorless, highly refractive, isotropic
substance with the appearance of garnet.! Around these areas lie lit-
tle plagioclase crystals with their long axes tangent to the circumfer-
ences of the circles, as if they had been shoved aside by the expansive
forece of some gas formerly contained in a bubble. At the same time
there is a faint indication of a fluidal structure in the arrangement of
the feldspar crystals in the body of the rock. This amygdaloidal
character is not noticeable in the hand specimens of any of theserocks,
except as it is brought out by weathering. On weathered surfaces
only a slight mottling distinguishes them from the nonamygdaloidal
varieties. Pl vII, b, shows the appearance of one of these areas when
magnified 60 diameters. '

A peculiarity characteristic of therock from several of the larger dikes
is noted only when their thin sections are placed on sheets of white
paper. Itis then observed that they have a mottled appearance, which
is due to the development of augite in large pieces in such a way as to
include within itself many of the small plagioclase crystals. This
augite is quite fresh and free from magnetite, while the interstitial sub-
stance is altered and contains magnetite in large quantity. This strue-
ture is quite common among the diabases of the Lake Superior region,
and is known as luster-mottling.? It has also been observed in the
peridotites near Peekskill, New York, where it has been denominated
“poicilitic.”? (See b, PL. vIIL.)

1Cf. A. C. Lawson: Notes on some Diabase Dikes of the Rainy Lake Region. Proc. Can. Inst.,
1887.

2Pumpelly: Proc. Am. Acad. Sci., 1878, Vol. X111, p. 260, and Geology of Wisconsin, Vol, 11, p. 33, Ir-
ving: Copper-Bearing Rocks of Lake Superior. Monograph, U.S. Geol. Survey, Vol. V, pp. 69-72,
and 370.

3G, H. Williams: Am. Jour, Sci., Jan., 1886, Vol. XXXI, p. 30.



EXPLANATION OF PLATE VIIL

VIII. a. Amygdaule in diabase of dike (No. 11406.) Around the edges of the
amygdule, which is filled with chlorite and other secondary minerals,
plagioclase crystals are arranged with their long axes tangent to the
surface of the cavity. From a photograph in natural light. Magni-
fied 60 diameters.

b. Peecilitic structure in diabase of dike. The light-colored crystals
are plagioclase, and the ground mass augite. This polarizes in two
large areas, each of which incloses many feldspars. The black sub-
stance between the plagioclase at the right and left of the figure is
chlorite. A narrow band of this crosses the center of the picture
and separates the two augite individuals. From a photograph in
natural light. Magnified 60 diameters.
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THE MICACEOUS DIABASES.

The micaceous diabases are characterized by the possession of a
strongly pleochroic brownish-red biotite. This is undoubtedly a prod-
uct of the alteration of augite. It can be seen in parallel growths with
this mineral, and also filling wedge-shaped areas from which the augite
has disappeared. Itincludes all the minerals contained in augite, and
in addition contains a large amount of secondary magnetite. The
amount of the biotite present varies greatly. Insome specimens only
a few flakes are discoverable, while in others it constitutes the greater
portion of the iron-bearing minerals present. Apatiteis also abundant
in these rocks. This mineral occurs not only in well developed forms,
but also in skeleton crystals. Tig. 7 represents some of the forms
assumed by the apatite in a rock from the large dike on the south shore,
about three-fourths of a mile from the end of the point (PL X1v).

Upon carefully noting the relations of the micaceous diabases to the
surrounding rocks it is found that in every case in which mica is pres-
ent in any considerable quantity the dike rock is either ent by veins or
dikes of the red rock or is thor-
oughly impregnated with its
sabstance. And, on the other
hand,wherever the red rock ap-
proaches very close to a dike
the rock of this lafter is found
to contain mica. Irom these
facts it would appear that the
biotite is a secondary mineral,
produced in the diabase upon
its contact with the red rock,
just as it is in the case of the
gabbro, where the Dbiotite is
found most abundantly devel-
oped on or mear its contact
with the red rock. . Iie. 7.—Skeleton crystal ot apatite in altered diabase.

The properties of the rock present in the dikes cutting gabbro
are not different from those of the rock occurring in the dikes pene-
trating the sedimentary beds. Both classes comprise dikes composed of
comparatively fresh varieties of the same rock, as well as those consisting
of decomposed material. - As a general rule, the dikes in the gabbro are
less fresh than those in the fragmental rocks, but otherwise no distine. -
tion canbe drawn. Porphyritic diabases are as common in the gabbro
as in the fragmental rocks, and those containing red feldspar are as fre-
quently found in the one as in the other.

A comparison of the freshest of the diabases with the coarse olivine
gabbro of the point reveals scarcely any differences in the structure of

+ the two rocks save that dueto the differences in coarseness of grain.
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In composition they differ at present only in the presence of olivine,
which is a characteristic constituent of the gabbro, but is represented
in the diabases only by its decomposition products. In method of altera-
tion the two rocks are likewise slightly at variance. An abundant prod-
nct of the alteration of olivine and augite in the gabbro is horn-
blende, while in the diabase the most prominent secondary product is
chlorite. The two rocks are thus-found to have most of their
characteristics in common, while those in which they differ are of
secondary importance. Coarseness of grain and freshness of the min-
. eral components mark the gabbro, while fineness of grain and second-
ary products characterize the diabases. These differences, although
of little genetical value, are of importance in separating the two rocks
practically. As has already been mentioned, the coarseness of grain
in the gabbro has been used by Irving as a means of distinguishing.
these from the diabases,and for this reason the coarse-grained rock
has been designated gabbro in the present paper. The diabases are
similar! to many of the diabases in the flows interstratified with the
Keweenawan beds. Since no diabase dikes, so far as the writer is
aware, have been found in the Cambrian rocks of the Lake Superior
region, it is probable that the numerous dikes in the Animikie rocks
mark the orifices? through which the Keweenawan flows above them
were extruded.

Hrving: Copper-Bearing Rocks of Loke Superior, pp. 61-91.
2Cf. Irving: Op. cit., pp. 143, 144. '



CHAPTER IV.

PETROGRAPHICAL DESCRIPTION OF THE RED ROCK.

The red rock which is found so abundantly in the neighborhood of
the gabbro has attracted the attention of all geologists who have visited
Pigeon point.

Prof. W. W. Mather, according to Foster and Whitney,' regarded it
as granite. Dr. Norwood,? assistant United States geologist, in 1851,
described it as a reddish syenitic rock, containing but a small amount
of quartz. About thirty years later Prof. N. H. Winchell® of the Min-
nesota State Survey, saw a red rock associated with gabbro near the
extremity of Pigeon point, and a rock red with orthoclase on its north
sliore,about & mile from its eastern end, the latter* of which he men-
tions as having probably originated by the fusion and recrystallization
of the sedimentary beds through which the gabbro cuts. A microscop-
ical examination of this rock has very recently been made by Dr. M. E,
Wadsworth,® who regards it as an altered phase of some eruptive, the
original nature of which he is unable to determine from the single sec-
tion at his command. In 1881 Prof. R. D. Irving® examined a rock
from Brick island (Little Brick island), one of the smaller group of
the Lucille group of islands, about a mile sounth of Pigeon point. He
describes it as ¢ pink to bright brick-red in color, thinly and very dis-
tinctly stratified, dipping sountheast 830.” He says further:

Its thin section reveals a rock very close to those red rocks of the Keweenaw
geries, which I have described under the names of augite-syenite and granitic por-
phyry; that is to say, it is a mass of feldspar crystals, saturated with secondary
quartz, arranged in the usual graphi¢ form, while other larger quartz arcas seem
also to belong with the secondary quartz. Here and there is an aungite crystal to
complete the resemblance, and there is no trace of fragmental texture.

On Pigeon point Prof. Irving also found a red rock which “resembles
in every particular the rock from Brick island.” Red rocks, similar in
character to the red rock of Pigeon point, have been observed by vari-
ous geologists at different places in the Lake Superior region, but have

1 Reporton the Geology of the Lake Superior Land District, Washington, 1851, Part 2, pp. 12 and 37.

2Report of a Geological Survey of Wisconsin, Iowa, and Minnesota. By D.D.Owen, United States
geologist, Philadelphia, 1852, p. 399. .

3'T'he Geol. and Nat. Hist. Survey of Minnesota for 1882. Ninth Annual Report, p. 70.

4Ibid. for 1881. Tenth Annual Report, p. 57.

5Geol. and Nat. Hist. Survey af Minnesota, Bulletin 2. Preliminary description of the Teridotytes,
Gabbros, Diabases, and Andesytes of Minnesota, 1887, p. 81.

¢ The Copper-Bearing Rocks of Lake Superior; Monograph, U. 8. Geol. Survey, Vol. v, 1883, p. 369.

. . " 49
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received comparatively little attention. MacFarlane! seems to have
looked upon them as eruptive in origin; the other observers regarded -
them as altered sedimentaries. As these writers have mentioned them
only incidentally, references to their statements are unnecessary.

~ .

THE GRANULAR RED ROCK.

This red rock presents two phases differing markedly from one another.
In its most typical aspect it is a fine-grained, brick-red, drusy, granular
rock, speckled with little dark green spots. Its color is due to the
prevalence of a red feldspar, which possesses at times a well-marked
cleavage, but is rarely observed with crystal outlines. Scattered
through this as a background are little particles of white quartz, and the
green spots mentioned above, which microscopical examination proves to
be chlorite. In a few cases a light-colored plagioclase can be.seen inter-
mingled with the red feldspar. The drusy cavities are lined with crys-,
tals of red orthoclase and quartz. The latter contain only the planes
4R and ®R. The former have a specific gravity of 2-49, and are
bounded by OP, P, «P&% and P&. In some cases the interiors of
the druses are partly filled with calcite, in which case the crystals pro-
ject into its mass. \

When fresh the rock possesses a tendency to break most easily in a
horizontal divection. In certain exposures on the sides of cliffs this

tendency is emphasized by weather-
ing to such an extent as to produce
a parting which is as regular as
the parting along bedding planes in
many sedimentary rocks. This part-
- ing is particularly noticeable in a
cliff near the eastern end of the.
" point (Pl xvI), where the parting
planes are nearly parallel to the
bedding planes of the surrounding

Lake

= Water Lins == quartzite (Iig. 8). On Little Brick
Fi16. 8.—Sketch of cliff side, showing regular part- ~isla.nd, as announced by Irving (lo(;,
ing produced in red rock by weathering. cit.), the dip is 8%0 to the southeast.

. Under the microscope the coarser-grained specimens of this variety
of the red rock are seen to be composed essentially of an hypidio-
morphie granular aggregate of at least two feldspars, quartz, and
chlorite, with a few subordinate constituents—muscovite, rutile, leu-
" coxene, hematite, and apatite.

The feldspars embrace a striated plagioclase, twinned according to
the Carlsbad law, and in one instance according to the Mannebacher
law, and & second less well-individualized feldspar, which is younger
than the plagioclase, but slightly older than the accompaning quartz.

V Geol. Survey of Canada. Report of Progress, 1863-'66,p. 142.
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It surrounds the plagioclase and is mter&rown with the quartz in miero-
pegmatitic and granophyric for ms, and is found also in rudely outlined
crystals with a square cross section. Both the plagioclase and the
granophyre feldspar contain little plates of hematite, but the number
of these in the latter is very much greater than in the former, so that
the plagioclase appears lighter in color. It has also undergone less
alteration than the red variety, and is therefore much more transparent
in the thin section. In some instances thé twinning lamellie were dis-
_tinct enough to yield measurement indicating a composition near that
of oligoclase, The specific gravity is 2:61 to 2:65. The ved feldsparis
so much altered that no measurements of extinction angles could be
made, although traces of twinning lamellz can still be detected. These
lamellze are broader than those in the plagioclase and frequently ap-
pear as if produced by Carlsbad twinning, In addition to the hema-
tite plates there are present as inclusions in both varieties of the feld-
spar apatite, leucoxene, chlorite, and little shreds of muscovite or
kaolin. The chlorite occurs prlnmp&ll y in the plagioclase and the
kaolin in the red feldspar. They are both secondary pr oducts, derived
from the alteration of the minerals in which they occur. )
_ The amount of the plagioclastic constituent present in the rocks of
this type varies quite widely. Where it is most abundant the rock is
lighter in color than are the varieties in which the predominant feldspar
is the red variety. The micro-pegmatite is less common in the former
and the quartz more often possesses the club-shaped outlines' indica-
tive of a secondary origin. Where the red feldspar is the predominant
one, it is found in the rudely outlined crystals mentioned above, and
also in micropegmatitic intergrowths with quartz. The crystals often
show traces of Carlsbad twinning, but, as has been stated, they are so
much altered that their extinction could not be measured. Other ap-
parent crystals cousist entirely of intergrowths of quartz and red feld-
spar with the crystal outlines of the latter mineral.! In these the struc-
ture of the rock is determined by the abundance of these skeleton feld- -
spar crystals, and is like that of the typical augite-syenite, as repre-
sented in Pl. x1v, Fig. 1 of Irving’s ¢ Copper-bearing rocks of Lake Su-
perior.” Between these crystals the interstices are usually filled with
club-shaped masses of quartz and feldspathic substance without any
definite shape. Occasionally the place of this irregular growth of
quartz and feldspar is taken by a mosaic of quartz grains. '
In order to determine the nature of the red feldspar, a separation of
the constituents of one of the freshest of the granular rocks ywas made
in the usual way. Most of the feldspar fell at 2:577. When examined
under the microscope the powder was found to be free from quartz,
though’slightly altered, and. filled with hematite inclusions. An analy-
sis yielded Mr. Whitfield the figures in column vIrL. The composition

1Jos. P. Iddings: Obsidian Cllﬁ" Yellowstone National Park. 7th Annual Report, U.S. Geol. Sur-
vey Pl. xv, Fig. 5. .
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of anorthoclase! from the rhyolite of Pantelleria is given in column D.
_ In E. is the calculated composition of an anorthoclase corresponding to
A.bzoro

VIII. D. E.

(53 (0 6500 6606 67-248
ALOseneneo.. 1822 19-24 19165
FegOgeennnnn.. 264 54 ... eeven
Ca0 ....eont 1-06 | 5
MgO..oonnnann *06 B § O
oo N 418 © 545 5865
Na,0......... 840 7:63 7721
1.3 | L

Total .... 100°i2 100°14 10000
Sp.gr........ 2577 | 2:881-2592 |..ciunnen.nn

It will thus be seen that the red feldspar has a composition corres-
pouding to that of anorthoclase. Its optical?and physical properties,
so far as they could be determined, are not in opposition to this view.
They are, however, not to be 1elled upon as distinctive for the mmelal
because of its great alteration.

The quartz is in irregular areas filling the interstices between the
other constituents, and is also intergrown with the red feldspar in wicro-
pegmatitic and granophyric forms. The granophyre is almost always
present in greater or less amount in the little angular areas between
contiguous feldspar crystals, and it often surrounds a plagioclase crys-
tal as a zone. In some instances the plagioclase is a comparatively
fresh, clear mineral, with prominent twinning striations, while thezone
is composed of a fibrous intergrowth of red feldspathic substance and
quartz, in which the fibres of the quartz are developed with their long
axes perpendicular to the surface of the internal plagioclase. The ex-
terior of the zone is bounded by an outline parallel to that of the kernel.
The most common inclusions.of the quartz are fluid cavities with little
dancing bubbles, red feldspar, and tiny, black, dust-like particles of
some substance whose nature could not be determined.

The chlorite is, in all probability, the result of the alteration of a
previously existing biotite. Traces of this mineral can still be detected
in many sections, and in one (No. 11541) the biotite is quite fresh. The
chlorite occurs both in little radiating spherulites crowded close
together, and in plates enclosing quartz and feldspar. Calcite, rutile,
magnetite or ilmenite, and leucoxene are its most common inclusions,
while the little pleochroic halos (Hife),* characteristic of this mineral
when derived from biotite, are not rare.

! Forstner: Zeits, Chr. tiir Kryst. 1883, p. 125.
“For a careful description of the optical propertics of anorthoclase, or soda-microcline, see Dr. J. S.
Hyland: on Soda-Microcline from Kilimandschare. Geol. Magazine, I11, vol. 6, No. 298, p. 160.
3For the discussion concerning the naturoe of these halos, see Neues Jahrb, fiir Min., etc., 1888, I, p
165. R
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Associated with the chlorite is oftentimes a very light-green fibrous
mineral in groups of sheaflike bundles. It is easily distinguished
from the chlorite by its bright polarization colors and its silvery luster
between crossed nicols. It is probably a secondary muscovite or seri-
cite, derived in part from the biotite. In one or two instances bleached
biotites were observed whose edges presented the appearance of frayed
fibers of muscovite. A

Rutile forms quite a prominent accessory constituent in some speci-

-mens. It is found in irregular masses of a dark brown color, and also
in long, rod-like forms. In both instances it is intermingled with
leucoxene, and frequently with chlorite. 'When present in the rod-
like forms it is without doubt an alteration product of titanic iron.
Rutile is also widespread as sagenite in the chlorite. Calcite is pres-
ent as an alteration product of feldspar. It occurs in little nests in
drusy cavities, and also in the interior of plagioclase crystals.

The structure of the rock, as has already been stated, is the hypidio-
morphic-granular, in which the mica, the greater portion of the feld-
spar and quartz have separated in the order mentioned. Pl IX, a,
represents the structure of a specimen (No. 11541) collected in the inte-
-rior of the western portion of the point.

THE PORPHYRITIC RED ROCK.

The second phase of the red rock resembles quartz-porphyry. Rudely
outlined quartz crystals and occasional brick-red and greenish-white
feldspars are scattered through a very fine-grained ground mass of a
dark red or purplish color. ‘Although a few of the light colored feld-
spars appear in the hand specimen to be homogenous throughout, a
much larger number upon close inspection are discovered with a core
of the brick-red mineral. The two feldspars are often united in Carls-
bad twins, composed.of two zones, the inner one red and the outer one
white. On weathered surfaces the latter is dark and the former an
opaque white. The red feldspar is also occasionally found forming the
center of an area consisting principally of a yellowish green chloritic
substance. '

‘When one of these quartz-porphyries is broken, the little quartz crys-
tals are observed projecting above the fractured surface. Examined
casually, they resemble pieces of pebbles whose exteriors have been
worn smooth by the action of running water. All traces of interfacial
angles hiave been lost, and the general shape of the bodies is that of a
cylinder, the ends of which have been rounded. Under the lens their
surfaces are found to be pitted with little depressions that remind one
of the depressions produced in the roughening of glass by the sand-
blast. )

Under the microscope these rocks are characterized by the beauty of
their granophyre structure. All gradations between the granular
structure described in the previous section and the typical porphyritie
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structure have been observed, and in all there is more or less of the
true granophyre. In the porphyries the porphyritic erystals are quartz
and feldspar.

In its less perfectly developed phases the quartz oceurs in round,
elliptical, and crescent shaped areas, and includes portions of the
groundmass. When more completely developed, these areas have a
lenticular cross section resembling in general outline that of a di-hex-
hedral crystal, always extinguishing as they do in the direction of their
longest axis. The quartz is clear and transparent, and contains no.
inclusions other than fluid cavities with movable bubbles.

A very few irregularly outlined feldspar areas represent the porphy-
ritic crystals of this mineral in their earliest stages of development.
Other areas which appear in the hand specimen as crystals are seen
under the microscope to be composed of granophyre substance with the
outlines of erystals. Other apparently homogeneous crystals consist
of a core of plagioclase, with an outer rim of granophyre, while others
are composed of two kinds of feldspar in zonal growths. The red crys.
tals in the midst of a green substance are cores of feldspar, that were
originally surrounded by a zone of a different composition, which
yielded chlorite upon alteration. The most interesting intergrowths
are those in which the nucleus is a comparatively fresh striated plagio-
clase and the external zone a mass of secondary quartz and altered feld-
spathic substance. In these the outlines of the areas are always ellip-
tical in shape. TFigure g of Plate X represents one of these areas as
‘seen between crossed nicols. The ititerior of the area is occupied by
an irregularly-shaped piece of striated plagioclase, around which is a
zone of secondary quartz and red feldspar.

The groundmass in which these porphyritic crystals are imbedded
has the structure of Rosenbusch’s typical granophyres.! It consists
in large part of pseudospherulites (Pl. 1X, b) composed of fibers
of quartz and red feldspar in granophyric intergrowths. Between
these are little areas of micropegmatite and sometimes mosaics of
quartz-grains. In addition to the pseudospherulites there is often a
growth of granophyre substance around the distorted and corroded
porphyritic quartzes and in the undeveloped feldspars mentioned above.
The granophyre surrounding the qmrt/, crystals is composed of fibers
which radiate from the surfaces of the crystals and form a zone, which,
in ordinary light, resembles the ¢ quartz globulaire” of Lévy, but in
which the quartz fibers, between crossed nicols, are seen to be optically
independent of the priehtation of the Substance of the mineral which
they surround.

Chlorite, secondary brown biotite, and various undeterminable green
alteration products of some constituent whose nature can no longer be
recognized, but which in some cases appears to have been augite, are
about as abundant as the corresponding secondary products in the

1 Mikroskopische Physiographie, 1887, 2d ed., pp. 383-388.



EXPLANATION OF PLATE IX.

IX. a. Thin section of granular red rock (No. 11541), showing the structure.
The red substance is feldspar, whose color is due to alteration,
whereby little plates of hematite have been formed.. The white
mineral is quartz. _It is in round granules, except in the upper por-
tion of the figure, where it forms a micropegmatitic growth with the
red feldspar. The green areas are chlorite that has been derived
‘from mica. In the small area at the upper portion of the figure the
cleavage of the mica: can still be seen, and its pleochroism is still

marked. The black spots are magnetite and the white substance
inclosed in the chlorite is lencoxene. Under crossed nicols the ap-
parently single area of red feldspar on the right-hand side of the
figure breaks up into an aggregate of granules, many of which are
striated in the direction of their longer axes, The figure represents
the section as seen in natural light, magnified 40 diameters.
b. Thin section of porphyritic red rock (No. 11373). The large white
body in about the center of the field is a quartz crystal whose ex-
- tinetion is parallel to a line drawn vertically from the apex of the
figure. The irregularly shaped brown substance to the left of the

quartz is some secondary prodtict, perhaps chlorite, which has been
stained by iron hydroxides. The rest of the figure is occupied by
spherulites of red feldspar and quartz in very fine granophyric inter-
growths. A few spicules and little nests of chlorite are scattered
through these spherulites, and between them (as in the extreme
lower right-hand side of the figure) are small areas of granular
feldspar and quartz. Natural light. Magnified 40 diameters.
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granular red rock. Some of these substances are arranged in long nar-
row lines, as if derived from microlites. Others are aggregated into
clusters, or are concentrated around quartz crystals, Tiny grains of ~
hematite and titaniferous magnetite, and little plates of a green chlo-
ritic mineral are scattered everywhere throughout the groundmass, but
never in any large quantity. In the pseudospherulites they are arranged
in a general way parallel to the fibers of quartz and feldspar.

Leucoxene and a highly refractive uniaxial colorless mineral, taken
to be zircom, are occasionally met with. The former is mingled with
biotite in the vicinity of magnetite, and. the latter occurs in crystals
with a rhombic cross section, which remains dark through an entire
revolution between crossed nicols. The zircon forms little crystals
whose cross section is rectangular. They are of a yellowish tinge,
possess a_zonal structure, show brilliant interference colors between
crossed nicols, exhibit a shagreenous surface in natural light, and extin-
guish parallel to the sides of the rectangular cross sections. Calcite is
quite abundant as an alteration product of some of the fibers intergrown
with the quartz, and also in the little cavities contained in the rock.
In Pl 1X, b, one of the pseudospherulites and a rounded quartz crystal
are represented as they appear in one of the most typical quartz-por-
phyries. The rock in which they occur was obtained from the top of
the quartz-porphyry bluft just west of the Little Portage.

‘COMPARISON OF THE GRANULAR AND PORPHYRITIC RED ROCKS
WITH EACH OTHER, AND WITH OTHER ROCKS OF THE SAME
NATURE OCCURRING IN THE LAKE SUPERIOR REGION.

The microscopical characteristics of the porphyritic 2nd the granular
varieties of the red rock indicate the probability of the identity of the
two. Although “the most typical quartz-porphyry is quite different in
structure from the typical granular variety, gradations between these
two types can be recognized. Their mineralogical composition is the
same and, as is shown below, their chemical composition is identical.

In order to obtain an average composition for the two types of the
red rock, pieces of equal size were broken from the freshest specimens
and powdered, and these powders were analyzed by Mr. W. I, Hille-
brand. In column IX is the result of .an analysis of the powder of
seven of the freshest specimens of the granular rock. In X is an
analysis of the powder of three quartz-porphyries. F is an analysis of
the granite from Bejby, Sweden, containing red orthoclase, gray, and
brownish gray quartz, black mica, and a few flakes of golden yellow
mica.! : '

I'Gerhard: Neues Jahrb. fiir. Min., et—c., 1887, 11, p. 271.
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IX.* X F. -

Si0g cevnannt 72-42 74:00 73-32
TiO2.eeeaenns. 40 (7 O DR
ALOg..o...... 13:04 12:04 14:25
Fe,05.ccnnnen. ‘68 T P
TeQ* ......... 2:49 2:61 2-60

) MnO.......... -09 05 09
(0710 2 . 66 -85 ‘83
Sr0 ... Trace.
BaO coono..... ‘15
MgO.eenaennns 58 .
KeO cenennnns 497 433 496
N2, 0 oonnennn. 344 3-47 3-91
Lig0enennano.. Trace? Trace? joeeeeeeon-.
HyO .cconol.n. 1-21 86 1-22
P05 .euennnnn- 20 06 |eeeeinnnnns .
[0} S Trace. Trace. [............

Total ....| . 10037 9993 10048

SpP.gr ennnn.. 2:620 2565 |voomineins

*During the pulverization of the rocks a small quantity of metallic iron became mixed with the
powders, which may have reduced some of the ferric iron to the ferrous condition, through the agency
of the hydrogen generated in the course of solution. The above fignres are corrected for the metallic
iron present, but could not be corrected for the amount of reduction produced, which was in any
event very small, since the entire amount of metallic {ron present was not greater than 0.35 per cent.

An inspection of the figures in columns IX and X shows that there
can be but little doubt that the two rocks analyzed are parts of the
~same mass. The very slight differences noted in the amounts of silica,
alumina and potassa are not greater than are frequently found in dif-
ferent hand specimens of the same rock.

The close agreement in cumposition between the Pigeon point rocks
and the granite from Bejby (I') becomes a matter of interest, when we
remember that the latter has been called a soda-granite because of the
supposition, based on an earlier analysis, that the rock contained a
feldspar rich in sodium. Gerhard, however, claims (loc. cit.) that the
rock can not be regarded as a soda-granite, but makes no attempt to
isolate the feldspars and subject themn to examination. He states that
the feldspars present in the rock are plagioclase, orthoclase, and miero-
cline. ) ’

A separation of the components of one of the freshest of the granular
rocks fromn Pigeon point yielded the minerals in the following percent-
ages:

CFeldspar.......coeeenn... s eeeteittereiarancneeaeeanees. 62.76
QUATEZ -t i it it et aeeneacceeaaaan 34.94
Chlorite, biotite, et ...... . ... i 2.30

The feldspar fell in two stages; first, when the specific gravity of the:
heavy solution used was between 2.61 and 2.65, and, second, when the
specific gravity was 2.577. The first feldspar is a plagioclase with a
composition near that of oligoclase, while the second is probably an-
orthoclase, as indicated by its analysis.
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Upon comparison of the composition of this feldspar with that of the
rock in which it occurs,- it will'be noticed that whereas in the former
the quantity of soda present is much greater proportionately than the
potassa, in the latter the potassa is in excess. A calculation of the
composition of the residue () left after allowing for the quartz and the
small amounts of plagioclase, chlorite, apatite, and biotite present in
the rock, gives a result which agrees very closely with the theoretical
composition of a feldspar of the formula Ab, Or, (D).

a. b. [
Si0y ceevnnn.l 6352 6651
AlOz.cenn.... 22-00 19:05
KyO ovnennnns 856 870
Na,0.oeeeel e 592 574

It appears probable from these figures that there is present in the
red rock a series of potassium-sodium feldspars, of which some mem-
bers contain more potassa than does the one analyzed. Those mem-
bers which are richer in potassa, if Lagorio’s hypothesis! of the order
of crystallization in eruptive rocks is-correct, would probably have
crystallized toward the last stages of the rocks’ solidification, and thus
would be apt to be intergrown with quartz in the micropegmatite, and
would therefore have fallen when the specific gravity of the separat-
ing solution was somewhat above 2:577—in the reighborhood of 2:65
(the specific gravity of quartz).

From the descriptions of the thin sections of the two types of the
red rock, and from the close agreement in their composition, it is evi-
dent that they are parts of the same rock mass, whatever may have
. been its origin. There can be little doubt that the porphyry has solidi-
fied from a molten magma. It presents all the structural features of
Rosenbusch’s Vogesen granophyres.? It is very similar in macroscopic
and microscopic appearance to the Keweenawan quartz-porphyries
described by Irving® as flows in the copper-bearing rocks on both
sides-of Lake Superior, and which are undoubtedly of eruptive origin.
The granular phase occurs in dikes and veins cutting slates and
diabase, and is identical in structure with some of Irving’s augite-sye-
nites,* which were regarded by that geologist® as altered forms of an
eruptive rock. It is identical with the red rock of Little Brick island,
which appears as a flow, and is not very different from the material of
‘one of the numerous ribbon-like dikes which constitute the principal
portion of Brick island, a member of the same group to which Little
Brick island belongs.

1Lagorio: Mineral. und Petrog. Mitth., 1887, v, p. 422,

2Die Steiger Schiefer. Strassburg, 1876.

3Copper-Bearing Rocks, p. 95.

4Loc. cit., p. 112, et seq. and p. 369.

6For a discussion of the naturo of tho angite-syenites and their relations to the Pigeon point rock,
sco Am. Jour, Sci., Vol. 37, Jan., 1889, p. 54.
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An analysis of the Little Brick island rock was made by Mr. L. G.
Eakins for another purpose. It is given in column XI below, and with
it, in column X, is repeated the analysis of the quartz-porphyry of
Pigeon point, as given on page 56.

XI. X.

ST 7370 7400

TiOgeueen..-. 12 34

. ALO;......... 1287 | 1204
i FeyOs.o....n.. 376 8
i FeO ...ooueenn 31| 261
E MnO ......... 07 05
i . Ca0 .......... ‘14 85
' SrO. e Trace.
BETYo S PR 12

MgO.......... 11 42

i K0 .on-nn . 456 433
' NogO wenn-.n. 363 347
h: o SRR 57 86

PyOseceenannn tr. 06

(o) (N A, Trace.

Total....| 9984 99-93

The very close agreement in the chemical composition of these two
rocks accords well with the agreement in their mineralogical composi-
tion and structure, The Little Brick island rock is a bright red por-
phyry in which the porphyritic’ crystals are quartz and feldspar, and
the interstitial substance is principally a_granophyric intergrowth of
quartz and red feldspar. The few secondary products present in it
are the same as those in the Pigeon point rock. Augite is also present
in an occasional light-colored erystal. :

The conditions which in one case gave rise to a granophyre on Pigeon
point, and in another allowed the development of a holocrystalline
rock from the same magma, could not be determined. It appears that
- the normal development was the granular one, but that in certain

localities where the magma cooled in contact with preexisting rocks,
the porphyritic structure was assumed.
The classification of these rocks is a matter of no little difficulty.
_In a former paper! an attempt was made to show reasons for placing
them among the quartz-keratophyres. A quartz-keratophyre, as defined
by Rosenbusch,? is a paleovolcanic rock composed of quartz, a soda:
potash feldspar, and usunally a little angite. ‘The Pigeon point grano-
phyre contains quartz in porphyritic crystals. It contains also a soda-
potash feldspar and decomposition products of a bisilicate which in all
probability was augite. The characteristic structure of the quartz-
keratophyres is porphyritic, like that of all other effusive rocks, while

1 Am. Jour. Sci‘,, Vol. 37, Jan., 1889, p. 54.
2 Mikrogkopische Physiographie, 1887, IL, pp. 434-442.
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that of the predominant variety of the Pigeon point rock is granular. -
This deviation from the normal structure of the quartz-keratophyre
can readily be accounted for on the supposition that the Pigeon point
rock represents only the more deep-seated portions of a mass which
near its upper surface may have been porphyritic. There is no abso-
lute method by which we can determine how much of the material of
the Animikie beds upon the point has been removed by erosion. If we
regard the rock upon Little Brick island as the bottom of a flow which
once overspread theslates and quartzites in the Pigeon point region, the
amount of material which was removed'in reducing the point to its pres-
ent altitude was over 1,100 feet. That this is by no means an exagger-
ated estimate is proven by the fact that the shortest distance between
the red rock on the point and the southern limit of exposures of slates
and quartzites on Susie island (see map, PL I11) is over a mile, measured
in the direction of the dip of the fragmental rocks, which with a dip
of 15° would give a thickness of over 1,370 feet of sedimentaries that
must have been removed before exposing what is now the surface
layer of these rocks on Pigeon point.

The most acceptable name for the porphyritic variety of the red rock
is undoubtedly quartz-keratophyre. It describes both.the composition
and structure of the rock and its general appearance. The granular
variety corresponds most closely to the soda granites. It can not be
regarded as an augite-syenite, since it contains a great deal of quartz
that is not secondary. Rosenbusch! refers to the keratophyres as
paleovolcanic equivalents of the augfte-syenites. Following this view
the quartz-keratophyres must be looked upon as paleovoleanic augite
granites, and as we distinguish as soda granites those varieties of gran-
ite containing a sodium feldspar or anorthoclase, then the quartz
. keratophyre should be denominated augite-soda-granite. The augite
constituent is, however, so small in amount that it would seem best to
neglect it as an essentiai component, and to call the rock a soda gran-
ite. The designation of different portions of the same rock mass by
different names is of doubtful propriety. In the present case it serves
the purpose of calling attention to two of the most prominent types of
_ structure derived by the cooling of a molten magma under different
conditions.

1 Rosenbusch: Mikroscopische Physiograplie, 2d ed., p. 442.



CHAPTER V.

PETROGRAPHICAL DESCRIPTION OF THE ROCKS ON THE CON-
TACT BETWEEN THE RED ROCK AND THE OLIVINE GABBRO.

At the contact between the granular red rock and the gabbro is a
series of rocks which partake partly of the nature of the former and
partly of that of the latter. The most acid varieties differ but slightly
from the typical red rock. They are a little darker in color and con-
tain a little more plagioclase. The darker color is due to the increase
in the number and size of the green spots, which have been described
in the case of the red rock, as consisting of chlorite. In addition
to these there is more or less altered hornblende, which can readily
be detected in the hand specimen. As this rock approaches the gab-
bro it becomeés still darker. The amount of plagioclase in it increases.
It becomes much coarser grained and contains a much greater quan-
tity of iron-bearing constituents. In this phase the structure is gra-
nitic, with a tendency to the ophitic. Still closer to the gabbro a rock
is observed which is very dark in color. It contains a small amount of
red feldspar and quartz, but otherwise is very little different from the
gabbro itself.

These gradations between the gabbro and the granular red rock are
. noticed wherever the two rocks are in contact, except in the two cases
previously referred to. In most instances the gradation is so uniform
that no line of junction can be detected between the fwo rocks. In
other cases quite a sharp line exists between them., But even at these
places the rock on either side of the line of contact is very evidently
modified by the presence of the rock on the other side, and there are
present at least two of the varieties mentioned above. Along the con-
tact between the granophyre and the gabbro, at the base of the quartz-
porphyry bluff, for instance, the intermediate rocks are wanting. There
is here a sha,lp contact between the two rocks. On the gabbro side
no change in the character of the rock seems to have been effected. On
- the granophyre side the rock is a little darker than the granophyre at
some distance from the contact, but this change in color is due to the
presence of inclusions of the gabbro.

The best development of the intermediate rocks is found on the
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south side of th& point near its eastern extremlty At this place the
gradation of the acid red rock into the basic gabbro can be seen very
beautifully. All the rocks are well exposed, so that the change in their
character can be traced without any difficulty. Here the red rock is
the granular variety. As it approaches the gabbro it becomes quite
coarse grained. In the hand specimen large cleavage surfaces of red
feldspar and long acicular crystals of a dark hornblende are very
prominent. The dark crystals have a bronzy luster on their cleavage
surfaces, which are very perfect. A little nearer the gabbro the rock:
is still coarser in grain. The feldspars now include not only the red
variety, but also a light greenish yellow plagioclase. The bisilicate
occurs in large lath-shaped crystals, a number of which are united into
arborescent forms (Fig. 9). Very near the gabbro is a rock in which
but a little red feldspar can be detected. The predominant minerals
are a glassy, greenish white plagioclase with bright cleavage surfaces,
and a dark augite. Its structure is like that of the finer-grained noi-
porphyritic gabbro. No line of contact between the gabbro and the
red rock or between their intermediate varieties can anywhere be dis-
covered.

The lighter colored of these intermediate rocks examined microscop-
ically is found to be composed of broad lath-shaped crystals of red
feldspar; irregular areas of the same min-
eral intergrown with quartz in micro-peg-
matite; the remains of what were originally U
hornblende crystals; large irregular areas uu
of a bright green chlorite; crystals androd-
like masses of a ftitaniferous magnetite; “
apatite, rutile and an occasional zircon(?).

The feldspar crystals are crossed by bands “
running in the direction of their long axes.
These bands are broad, and in most cases
are evidently due to Carlsbad twinning. ﬂ/ /
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