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7^ r) V E R T I S E M K; N T.

[Bulletin No. 97.]

The piiblication.s of the Uuitoil States Geological Survey are issued iu accorilanco with the statute

approved March :!, 1879, which decluro-s that—
"The publications of the Geological Survey shall consist of the annual nijiort of operations, gcohjglcal

and economic maps illustrating the resources and classification of the lands, and repoits ujnui general

and economic geology and paleontology. The annual report of operations of the Geological Survey
shall accompany the annual report of the Secretai-y of the Interior. All special memoirs and reports

of said Survey shall be issued in uniform quarto series if deemed necessary by the Director, but other-

wise in ordiuai-y octavos. Three thousand copies of each shall be published for scientitic exchanges

and for sale at the price of publication ; and all literary and cartographic materials received in exchange
shall bo the property of the United States and form a part of the library of the organization ; and the

luonej- resulting from the sale of such publications shall be covered into the Treasury of the United

States."

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

by Congress

:

"That whenever any document or report shall be ordered printed by Congress, there shall be printed,

in addition to the number in each case stated, the 'usual number' (7.'U) of cojjies for binding and

distribution aiiiong those entitled to receive them."

Except in those cases in which an extra number of any publication lias been supplied to the Survey

bj' special resolution of Congress or has been ordered by the Secretary of the Interior, this office has

no copies for gratuitous distribution.

ANNUAL REPORTS.

I. First Annual Report of the United States Geological Survey, by Clarence King. 1880. 8=>. 79 pp.

1 map.—A preliminary report describing plan of organization and publications.

II. Second Annual Report of the United States Geological Survey, 1880-' 81, by J. W. Powell. 1882.

8°. Iv, 588 pp. 62 pi. 1 map.

III. Third Annual Report of the United States Geological Survej-, 1881-'82, by .1. W. Powell. 1883.

8°. xviii, 5G4 i>p. 67 pi. and maps.

IV. Fourth Annual Report of the United States Geological Survey, 1882-'8;!, by J. W. Powell. 1884.

8°. xxxii, 473 pp. So pi. and maps.

V. Fifth Annual Report of the United States Geological Survey, ]883-'84, by J. W. Powell. 1885.

8°. xxxvi, 469 pp. 58 pi. and maps.

VI. Sixth Annual Report of the United States Geological Survey, 1884-'85, by J. W. Powell. 1885.

8°. xxix, 570 pji. 65 pi. and maps.

Vn. Seventh Annual Report of the United States Geological Survey, 1885-'86, by .T. W. Powell. 1888.

8°. XX, 656 pp. 71 pi. and maps.

VIII. Eighth Annual Reportofthe United States Geological Survey, 1886-87, by J. W. Powell. 1889.

S'^. 2 pt. xix, 474, xii pp. 5!! pi. and maps; 1 p. 1., 475-10G3 pp. 54-76 pi. and maps.

IX. Ninth Annual Report of the United States Geological Survey, 1887-'38, by J. W. Powell. 1889.

8°. xiii, 717 pp. 88 pi. and maps.

X. Tenth Annual Report of the United States Geological Survey, 1888-'89, by J. W. PowoU. 1890.

8°. 2 pt. XV, 774 pp. 98 pi. anil maps; viii, 123 pp.

XI. Eleventh Annual Report of the United States Geological Survey, 1889-'90, by J. W. Powell. 1891.

8°. 2 pt. XV, 757 pp. 66 pi. and maps; ix, 351 pp. 30 pi.

XII. Twelftli .Vnnual Report ol the United States Geological Survey, 1890-'91. by J. W. Powell. 1891.

8°. 2 pt. xiii, 675 pj). 53 pi. and maps; xviii, 576 pp. 146 pi. and maps.

XIII. Thirteenth Annual Report of the United States Geological Survey, lS91-'92, by J. \V. Powell,

1893. 8^. 3 pt.

MONO(!RAPIIS.

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

IE. Tertiary History of the Grand Canon District, with atla-s, by Clarence E. Dutton, Capt. U. S. A.
18S2. 4°. xiv, 264 pp. 42 pi. and atlas of 24 sheets folio. Price .flO.OO.

I



II ADVERTISEMENT.

III. Geology of tho Oomstock Loiie auil tho Washoe District, with atlas, by George F. Becker. 1882.

4°. XV, 422 pp. 7 pi. and athwof 21 sheetslolio. Price $11.00.

rV. Comst^jck Milling .111(1 Miner,s, by Eliot Lord. 188:5. 4°. xiv, 451 pp. 3 pi. Price $1.50.

V. The Copper-Bearing Bock.s of Lake Superior, by lioland Duor Irving. 1883. 4°. xvi, 464 pp.

151. 29 pi. and maps. Price $1.85.

VI. Contributions to tho Kuowledge of the Older Mosozoic Flora of Virginia, by William Morris

Fontaine. 1883. 4°. xi, 144 pp. 541. 54 pi. Price $1.05.

VII. Silver-Le.ad Deposits of Eureka, Nevada, by Joseph Story Curtis. 1884. 4°. xiii,200pp. 16

pi. Price $1.20.

Vni. P.tleontology of the Eureka District, by Charles Doolittlo Walcott. 1884. 4°. xiii, 298 pp.

24 1. 24 pi. Price $1.10.

IX. Bra«hiopoda and Lamellibranchiata of the Raritan Clays and Greensand Marls of New Jersey,

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

• X. Dinocerata. A Monograph of an Extinct Order of Gigantic Mammals, by Othniel Charles Marsh.

1886. 4°. xviii, 243 pp. 50 1. 5G pi. Price $2.70.

XI. Geological History of Lake Lahontan, a Quatern.ary L.ike of Northwestern Nevada, by Israel

Cook Russell. 1885. 4°. xiv,288pp. 46 pi. and maps. Price $1.75.

XII. Geology and Mining ludu.stry of Leadville, Colorado, with atlas, by Samuel Franklin Emiiioiis.

1886. 4°. xxix, 770 pp. 45 pi. .and atlas of 35 sheets folio. Price $8.40.

XTII. Geology of the Quicksilver Depo.sits of the Pacific Slope, with athas, by George F. Becker.

1888. 4°. xix, 486 pp. 7 pi. and atlas of 14 sheets folio. Price $2.00.

XIV. Fossil Fishes and Fos.sil Plants of the Triassic Rocks of New Jersey .and the Connecticut Val-

ley, by John S.Newberry. 1888. 4°. xiv,152pp. 26 ]d. I'rice $1.00.

XV. The Potimiac or Younger Me.sozoic Flora, by William Morris Fontaine. 1889. 4°. xiv, 377

pp. 180 pi. Text and jilates bound separately. Price $2.50.

XVI. The Paleozoic Fishes of North America, by John Strong Newberry. 1889. 4°. 340 pp. 53 pi.

Price $1.00.

XVII. The Flora of the Dakota Group, a posthumous work, by Leo Lesquereux. Edited by F. U.

Knowlton. 1891. 4°. 400 pp. 60 pi. Price $1.10.

XVIII. Gasteropoda and Ceplialopoila of llie Raritan Cliiys and Greensiind Marls of New Jersey,

by Robert P. Whitfield. 1891. 4". 402 pp. ,50 pi. Price $1.00.

XIX. Tlio Penokee Iron-Bearing Series of Northern Wisconsin and Michigan, by Roland D. Irving

.and C. R. ^'an Uise. 1892. 4^.

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

In press

:

XXI. The Tertifiry Rhynchophorous Coleoptcra of North America, by Samuel Ilubbaid Scudder.

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

XXIII. Geology of the Green Mountains in Massachusetts, by Raphael Punipelly, J. E. AVolft',

T. Nelson Dale, and Bayard T. Putnam.

In preparation

:

— MoUiisca and Crustacea of the Miocene Form.ations of New Jersey, by R. P. Whitfield.

— Saurojioda, by O. C. Marsh.

— Stegosauria, by O. C. Marsh.

— Brontotheridib, by O. C. Marsh.

— Report on the Denver Coal Basin, by S. F. Emmons.
— Report on Silver Cliff and Ten-Mile Mining Districts, Coloi'ado, by S. F. Eiumona.

— The Glacial Lake Agaasiz, by Warren Upham.

BULLETINS.

1. On Hypersthene-Andesite and on Triclinic Pyroxene in Augitic Rocks, by Whitm.an Cross, with a

Geological Sketch of Bufl'alo Peaks, Colorado, by S. F. Emmons. 1883. 8°. 42 pp. 2 pi. Price 10 cents.

2. Gold and Silver Conversion Tables, giving the coining v.alue of troj- ounces of fine metal, etc., com-

puted by Albert Williams, jr. 1883. 8^. 8 pp. Price 5 cents.

3. On the Fossil Faunas of the Upper Devonian, .along tho meridian of76° 30', from Tompkins County,

New York, to Bradford County, Pennsylvania, by Henry S. Williams. 1884. 8°. 36 pp. Price 5 cents.

4. On Mesozoic Fossils, by Charles A. White. 1884. 8°. 30 pp. 9 pi. Price 5 cents.

5. A Diction.ary of Altitudes in the United States, compiled by Heni-y Gannett. 1884. 8°. 325 pp.

Price 20 cents.

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

7. Mapoteca Geologica Americana. A Catalogue of Geological Maps of America (North and South).

1752-1881, in geographic and chronologic order, bj' Jules Marcou and John Belknap Marcou. 1884.

8°. 184 pp. Price 10 cents.

8. On Secondary Enlargements of Mineral Friigments in Certain Rocks, by R. D. Irving and C. R.

Van Hise. 1884. 8°. 56 pp. 6 pi. 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 jtp. I'rice 5 cents.



ADVHKTISKMKXT. Ill

10. On the Canilirian Faunas of Nortli Anu'riia. l'i\limiiiarv stmlics, by Cliarlos Dooliltlo Walcott.

1884. 8°. 74 pp. 10 pl- l'ii<''' '> I'fiits.

11. On the (JiiatiM'uaiy and lloccnl Mdllu.sca of the (iroal llasin; willi Descriptions of New Forms,

by ii. Kllsworth Call. lutnxlnctMl liy a sketch of tlio (ju.iti rnar\ Lakis of tlic (Jrcat Hasin, liy G. K.

Cilbert. 1884. 8". GO pp. C,])\. J 'rice 5 cents.

12. A Crystallo<;rapliic Study of tlic Tliincdite of Lake Lahnntan, by Edward S. iJana. 1H84. 8^.

34 pj). 'J pl. Price 5 cents.

13. Houndiirifs of the United States and of the several States and Territoric^s, with a Historical

Sketch of the Territorial Clianiies. by Henry (iannett. 188.J. 8'. lliu pp. I'rice 10 cc^nts.

14. Tiie Electrical and AIaj;'netic rroi)erties_of the Iron-Carburets, by Carl Harus and Vincent

Stronhal. 1885. 8°. 2:!8 pp. I'rice If) cents.

15. On tlie Mesozoic and Cenozoic Paleontology of California, by Charles A. White. 1885. 8°. 33 pp.

Price 5 cents.

16. On the Higher Devonian Faunas of Ontario County, New Vork. by .Tolin M. Clarke. 1885. 8°.'

8t) p]). 3 pl. Price 5 cents.

17. On the Development of Crystallization in the Igneous Itocks of ^Yashoo, Nevada, with notes on

the Geology of the District, by Arnohl Hague and .lost^jdi 1". hidings. 1885. 8°. 44 p]>. Price 5

cents.

18. On Marine Eocene, Fresh-water Miocene, and ()tlier Fossil Mollusca of Western North America,

by Charles A White. 1885. S''. 2G pp. 3 pl. Price 5 cents.

19. Notes on the Stratigrajthy of California, hy George F. Becker. 1885. 8^. 28 p]). Price 5 cents.

20. Contributions to tlie Mineralogy' of the Kocky Mountains, l)y Wliitman Cross and ^\^ F. Ilille-

brand. 1885. 8'^. 114 pp. 1 pl. Price 10 cents.

21. The Lignites of the Gi-eat Sioux Keservation. A Ueport on the Kegion lietwwjn tlie Grand and

Moreau Piveis, Dakota, hy P>ailey Willis. 1885. 8°. IG pp. 5 pl. Price 5 cents.

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

Price 5 cents.

23. Observations on the Junction lietween the Eastwu Sandstone and the Keweenaw Series on Ke-

weenaw Point, Lake Superior, by It. 1). Irving and T. C. Chamberlin. 1885. 8°. 124 pp. 17 pl.

I'l-ice 15 cents.

24. List of Marine Mollusca, comprising the Quaternary Fossils and recent forms from American

Localities between Capo Hatteras and Cajie Roque, including the iSermudas, by William Uealy Dall.

1885. 8". 336 pp. Price 25 cents. ,
25. The Present Technical Condition of the Steel Indnstiy of the United States, by Phiuoas Barnes.

1885. 8o. 85 pp. Price 10 cents.

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

27. Report of work done in tlie Division of Chemistry and Pliysies, mainly during the fiscal year

1884-'85. 1886. 8°. 80 iip. Price 10 cents.

28. The Gabliros and Associated Hornblende Hocks occurring in tlie neiglihorhood of Baltimore,

Maryland, hy George Huntington Williams. 1880. 8°. 78 pp. 4 pl. Price 10 cents.

29. On the Fresh-water Invertebrates of the North American Jurassic, hy Cliarles A. White. 1886.

8". 41 pp. 4 pl. Price 5 cents.

30. Soecnid Contribution to the Studies on the Cambrian Faunas of North America, by Charles Doo-

little Walcott. 1886. 8°. 369 pp. 33 pl. Price 25 cents.

31. Systematic Review of our Present Knowledge of Fossil Insects, including Myriapods and Arach-

nids, by Samuel Hubbard Scudd.r. 1886. 8°. 128 pp. Price 15 cents.

32. Lists and Analyses of the Mineral Springs of the United States ; a Preliminary Study, by Albert

C. Peale. 1886. 8'^. 235 pj). 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 Molluscaii Fauim to that of the succeeding Freshwater Eocono

and other groups, by Charles A. Wliite. 1886. 8°. 54 pp. 5 pl. Price 10 cents.

35. Physical Properlitss of tlie Irou-Garburets, by Carl Barus and Vincent Stronhal. 1886. 8°. 62

pp. Price 10 cents.

;!G. Subsidence of Fine Solid Particles in Liquids, hy Carl Barns. 1886. 8°. 58 pp. Price 10 cents.

37. Types of f lie Laramie Flora, by Lester F. Ward. 1887. 8'=. 354 pp. 57 pl. Price 25 cents.

38. Peridotite of Elliott County, Kentucky, by J. S. Diller. 1887. 8"^. 31 pp. 1 pl. Price 5 ('ents.

39. The Ujqier Beaches and Deltas of the Glacial Lake Agassiz, by Warren Upham. 1887. 8°. 84

])p. 1 pl. Price 10 cents.

40. Clianges in River Courses in AVashingtou Territory due to Glaciation, by Bailey Willis. 1887.

8°. 10 pp. 4 pl. Price 5 cents.

41. On the Fossil Faunas of the Upper Devonian—the Genesee Section, New York, hy Henry S.

Williams. 1887. 8". 121 pp. 4 jil. Price 15 cents.

42. Report of work done in the Divisifm of Chemistry and Physics, mainly during the tiadbX year

1885-86. F.W.Clarke, chief chemist. 1887. 8-\ 152 pp. 1 pl. Price 15 cents.

43. Tertiary and Cretaceous Strata of the Tuscaloosa. Tombigliee, and Alabama Rivers, by Eugene
A. Smith and Lawrence C.Jolinson. 1887. 8°. 189 pji. 21 pl. I'rice 15 cents.

44. Bibliography of North Aiueiicau Geology for 1886, by Nelson H. Darton. 1887. S'^. 35 pp.
Pi'ice 5 cents.



IV ADVERTISEMENT.

45. The Present Condition of Knowledge of the Geology of Texas, by Robert T. Hill. 1887. 8". 94

pp. Price 10 cents.

46. Niiture and Origin of Deposits of Phosphate of Lime, by It. A. F. Penrose, jr., witli an Intro-

duction by N. S. Shaler. 1888. 8°. 143 pp. Price 15 cents

47. Analyses of Waters of the Yellowstone National Park, with an Account of the Methods of

Analysis employed, by Frank Austin Gooch and James Edward WliitKeUl. 1888. 8°. 84 pp. Price

10 cents.

48. On the Form and Position of the Sea Level, by Robert Simpson Woodward. 1888. 8=. 88 pp.

Price 10 cents.

49. Latitudes and Longitudes of Certain Points in Missouri, Kansas, and New Mexico, by Robert

Sinipsou 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 Abiatbar White. 1889. S°. 102 pp.

14 pi. Price 15 cents.

52. Subaerial Decay of Rocks and Origin of the Red Color of Certain Formations, by Israel Cook
Russell. 1889. 8°. 05 pp. 5 pi. Price 10 cents.

53. The Geology of Nantucket, by Nathaniel Southgate Shaler. 1889. 8°. 55 pp. 10 pi. Price 10

cents.

54. On the Thermo-Electrio Measurement of High Temperatures, by Carl Barns. 1889. 8^. 313 pp.
incl. 1 pi. 11 pi. Price 25 cents.

55. Report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

188G-'87. Frank Wigglesworth Clarke, chief chemist. 1889. 8°. 9C pp. Price 10 cents.

56. Fossil Wood and Lignite of the Potomac Fonuation, by Frank Hall Knowltou. 1889. 8°. 72 pp.

7 pi. Price 10 cents.

57. A Geological Reconnaissance in Southwestern Kansas, by Robert Hay. 1890. 8'^. 49 pp. 2 pi.

Price 5 cents.

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

1 pi. 8 pi. Price 15 cents.

59. The Gabbros and Associated Rocks in Delaware, by Frederick D. Chester. 1890. 8°. 45 pp.

1 pi. Price 10 cents.

60. Reportof work done in the Division of Chemistry and Physics, mainly dui'iug the fiscal year

1887-^88. F. W. Clarke, chief chemist. 1890. 8°. 174 pp. Price 15 cents.

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

62. The Greenstone Schist Areas of the Menominee and Marquette Regions of Michigan; a contri

butiou to the subject of dynamic metamorphi.sm in eruptive rocks, by George Hunliugtou Williams;

with an introduction by Roland Duer Irving. 1890. 8^. 241 pp. 16 pi. Price 30 cents.

63. A Bibliography of Paleozoic Crustacea from 1098 to 1889, including a list of North American
species and a systematic arrangement of genera, by Anthony W. Vogdes. 1890. 8^. 177 pp. Price

15 cents.

64. A report of work done in the Division of Chemistry and Physics, mainly during the fiscal year

1888-'89. F. W. Clarke, chief chemist. 1890. 8°. 60 pp. Price 10 cents.

65. Stratigraphy of the Bituminous Coal Field of Pennsylvania, Ohio, aud West Virginia, by Israel

C.White. 1891. 8°. 212 pp. 11 pi. Price 20 cents.

66. On a Group of Volcanic Rocks from the Towan Mountains, New Mexico, and on the occurrence

of Primary Quartz in certain Basalts, by Josepli Paxson Iddings. 1890. 8°. 34 pp. Price 5 cents.

67. The Relations of the Traps of the Newark Sj'stem in the New Jersey Region, by Nelson Horatio

Darton. 1890. 8°. 82 pp. Price 10 cents.

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

69. A Classed and Annotated Bibliography of Fossil Insects, by Samuel Hubbard Scudder. 1890.

8°. 101 pp. Price 15 cents.

70. Report on Astronomical Work of 1889 and 1890, by Robert Simpson Woodward. 1890. 8'^. 79 pp.

Price 10 cents.

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

72. Altitudes between Lake Superior and the Rooky Mountains, by Warren Upham. 1891. 8°.

229 pp. Price 20 cents.

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

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

cents.

75. Record of North American Geology for 1887 to 1889, inclusive, hy Nelson Horatio Darton. 1891.

8°. 173 pp. Price 15 cents.

76. A Dictionary of Altitudes in the United States (second edition), compiled by Henry Gannett,

chief topographer. 1891. 8°. 393 pp. Price 25 cents.

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



ADVERTISEMENT. V

78. A report, of work done in the Hi vision of Cliomistry and I'liyaira, mainly during the fiscal year

188a-'90. F. W. Clarke, chief cht^niist. 1891. H<^. 131 pp. Tried 15 cents.

79. A Late Volcanic Eruption in Northern California and its Peculiar Lava, by J. S. Diller. 1891. 8°.

33 pp. 17l>l. Price 10 cents.
.^

80. Correlatioupapers—Devonian and Carboniferous, by Henry Shaler Williams. 1891. 8°. 279 pp.

Price 20 cents.

81. Corielation papers—Cambrian, by Charles Doolittle "Walcott. 1891. 8°. 447 pp. 3 pi. Price

25 cents.

82. Correlation papers—Cret.acoous, by Charles A. While. 1891. 8°. 273 pj). 3 pi. Price 20 cents.

83. CoiTelation papers—Eocene, by William UiiUock Clark. 1891. 8^. 173 pp. 2 pi. Price 15 cents.

84. Correlation papers—Neocene, by W.H.Dall .ind G. D.Harris. 1892. 8°. 349pp. 3 pi. Price

25 cents.

85. Correlation papers—The Newark System, by Israel Cook llussell. 1892. 8". 344 pp. 13 pi.

Price 25 cents.

86. Correlation papers-Archean and Algonkian, by C. K. Van Ilise. 1892. 8"^. 549 pp. 12 pi.

Price 25 cents.

. 90. A report of work done in the Division of Chemistry and Physics, m.ainly ilnring the fiscal year

1890-91. F. W. Clarke, chief chemLst. 1892. 8-^. 77 pp. Price 10 cents.

91. Eccord of North American Geologj- for 1890, by Nelson Horatio Darton. 1891. 8°. 88 pp. Price

10 cents.

92. The Compressibility of Liquids, by Carl Barus. 1892. R'^. 90 pp. 29 pi. 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 pi. Price 5 cents.

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

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

Price 5 cents.

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

97. The Mosozoic Echinodermata of the United States, by W. B. Clark. 1893. 8°. 207 pp. 50 pi.

Price 20 cents.

98. Flora of the Outlying Carboniferous Biisins of Southwestern Missouri,by David White. 1893. 8°.

139 pp. 5 pi. Price 15 cents.

99. Record of North American Geology for 1891, by Nelson Horatio Darton. 1892. 8°. 73 pp.

Price 15 cents.

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

2 pi. Price 5 cents.

In press

:

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

Warman.
102. A Catalogue and Bibliography of North American Mesnzoic Tnvertebrata, by C. B. Boyle.

103. High Temperature Work in Igneous Fusion and Ebullition, chiefly in relation to pressure, by

Carl Barns.

104. Glaeiation of the Yellowstone Valley north of the Park, by W. H. Weed.

105. The Laramie and the overlying Livingstone Formation in Montana, by W. H. Weed, with
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PREFACE.

The present bulletin on the Mesozoic Echinodermata of the United

States is the first of a series of reports on American fossil radiates.

The material for a review of the Cenozoie Echinodermata has already

been collected, and the results of that work will be shortly added.

The investigation of the Mesozoic Echinodermata, first undertaken at

the request of Dr. (J. A. White, was intended to include only the material

in "the i)ossession of the U. S. National Museum, but the necessity for

wider comparisons aud a general treatment of American species became
apparent as the work advanced. The larger collections in other in-

stitutions Avere accordingly drawn upon, and as a result the number of

new forms has been greatly increased, while misconceptions that have
hitherto existed as to the limitations of many of the earlier species have

been rectified.

Much i)oor material that indicates other and new species has been

ignored in this review, so that further collections will doubtless largely

increase the number of American forms.

The writer is under great indebtedness to Prof. Robert T. Hill for in-

formation in regard to the geological range and localities of manj- of the

Texan species and for the loan of a large amount of material. Further,

the writer desires to extend his thanks to Prof. Angelo Heilpriu, of the

Academy of Natural Sciences of Philadelphia, Prof. K. P. Whitfield, of

the American Museum of Natural History, New York, Prof. Alpheus
Hyatt, of Boston, Prof. O. C. Marsh, of Ncav Haven, Mr. (I. WolfHol-

stein, of Texas, I)r. G. Hambach, of St. Louis, Prof. Samuel Calvin, of

the University of Iowa, Mr. E. T. Dumble, State Geologist of Texas,

Mr. E. J. Pond, of Washington, ^Ir. F. A. Sampson, of Sedalia, Missouri,

and others, for the opportunity to use the important collections in their

possession.

The writer is under the greatest obligations to Mr. C. R. Keyes, who
has executed the very complete and accurate scries of structural draw-

ings, aud whose extensive knowledge of the Echinodermata gives to the

other illustrations prepared by him an especial value for determinative

purposes. The author is also indebted to Mr. H. C. Huutcrfor the care

he has shown in the preparation of the drawings intrusted to him.
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THE MESOZOIC ECHmODERMATA OF THE UNITED
STATES.

By William Bullock Clark.

INTRODUCTION.

The need of a revision of American systematic paleontology is nowhere

more apparent than in the subkingdom of the Echinoderniata. The val-

uable contributions of Wachsmuth and Springer upon the Paleozoic

Crinoidea have largely covered the field for that division, while as yet

nothing exhaustive has been attempted for the Mesozoic and Oenozoic.

The value of the Echinodermata in the later horizons may not be so great

as in the earlier, yet many important forms of wide geological and geo-

graphical range are found in both the Mesozoic and Cenozoic.

The reports of Morton upon Atlantic Coast species and of Eoemer and

Shumard upon Texan types are among the most important publications

npon North American Mesozoic Echinodermata, but the articles are in

each case difficult of access to the student and the results recorded

wholly inadequate for present systematic or stratigraphical require-

ments.

In previous discussions of North American Echinodermata no at-

tention has been paid to the South American forms, so that much con-

fusion exists as to the true relations of the two faunas. Very little is

known of the geographical range of the various species, but that many
of the North and South American forms described under different names

are identical is beyond doubt. When more exhaustive collections have

been made and comparisons instituted, this similarity of echinoderm

faunas in the two continents will be made apparent. The present poor

descriptions and meager figures afford a very inadequate basis for such

a study.

The identity of American with European species seems doubtful, al-

though a few forms i)resent characters that closely ally them.

In the succeeding pages is presented a complete bibliograi)hy of

works on North American Mesozoic Echinodermata, and of certain

others that deal with closely related forms.

In the systematic review that follows, and that constitutes the major

portion of the report, descriptions of moderate length are accorded the

13
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different species. It has been deemed sufficient to present simply those

characteristics that are necessary for an accurate determination of the

forms, omitting many of the minute though interesting details of

structure. A table is given showing the geological range of the dif-

ferentAmerican Mesozoic species. In conclusion an index to the various

terms employed by those who have written on the Mesozoic Echiuoder-

mata of the United States is presented.

An attempt has been made to very fully illustrate all the species.

Many of the details of structure, not recorded in the descriptive portions

of the report, are shown on the various figures.
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SYSTEMATIC REVIEW.

CRINOIDEA.
UINTACRINIB^.'

Calyx unsymmetrical, without coliimu. Basis monocyclic. Basals

five, inclosing a centro-dorsal plate, Radials 5x3. Interradials numer-

ous, the lowest between the second radials. Arms 5x2, very long,

with pinnules.

UINTACRINUS Grinnell.

UiNTACRiNUS sociALis Grinnell.

Plate I, Figs, la-c; Plate ii, Figs. la-e.

Uintacrinus socialis Grinnell, 1876. Amer. Jour. Sci., 3d ser., vol. 12, pp. 81-83, PI.

IV, Figs. l-2b.

Uintacrinus socialis Meek, 1876. U. S. Geol. and Geog. Survey of the Territories,

Bull. vol. 2, pp. 375-378, Figs. A-B.

Determinative characters.—Calyx subglobose, composed of numerous

thin, slightly convex plates, joined together by channeled sutures and

without distinct surface markings. Column wanting. Basis composed

of a small pentagonal centro-dorsal plate, surrounded by a circle of five

small similar basals. Encircling the pentagonal base and alternating

with the basals are five large radials, hexagonal in outline and wider

than high. Succeeding the primary radials are secondary and tertiary

radials, the latter axillary in form. The primary radials alone are in

contact, the others being separated by interradials. Succeeding the

radials are several distichals, which gradually change to true rounded

brachials, forming ten long arms. Between the distichals are two

large interdistichals, situated one above the other. From the second

distictal, which is axillary in form, a row of plates diverges interra-

dially, alternating with similar plates from the same distichal of the

adjacent area. From the fourth distichal a like row of plates diverges

radially, alternating with similar plates from the same distichal of the

other half of the same area. Iliglier up other rows diverge both radially

' Thofamilyof tbeUintacrinidie, as characterizeil byvon Zittelinhis "HandbuchderPaleontologie,"

iucludes only two species, Uintacrinus gocialis Grinnell, from the Cretaceoua of Utah and Kansas,

and U. westfalicus Schliiter from the Cretaceous of Wcstfalia. The genera Uintacrinus and War-

Bupites alone among Mesozoic types aflord i)oiuts for comparison with the Paleozoic crinoids.

Neumayr in " Die Stamme des Thierrciches '' considers the difficulty of bringing them into a consistent

classification with the other crinoids but suggests several points of relationship between Uiutacriuus

and the Ichthyocrinidie.

21
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and iuterradially until true pinnules are developed (5u the free brachials.

The brachials are united either by articulation or sizygial suture, in

the latter case the line of union often becoming obliterated. The in-

terradial plates, eig'ht or nine in number, form a rounded, slightly

elevated shield-like area, surrounded above by the alternating rows of

plates that diverge from the second distichal.

Dimensions.—Calyx: height, 2 inches; breadth, 2J inches. Arms:
length, 20 inches ( ? ).

Description.—The first specimen of this species was collected by

Prof, O. C. Marsh in 1870 from the Cretaceous of the Uinta Mountains

of Utah and by him compared with Marsupites of the English chalk.'

Subsequently other specimens were obtained from Kansas, and in 1876

were described by Mr. G. B, Grinnell, an assistant to Prof. Marsh at

tliat time, under the name of Uintacrinus sociaJis. Prof. F. B. Meek,

who had already in his possession similar material, added, in the Bulle-

tin of the U. S. Geological and Geographical Survey of the Terrtories,

descriptions of certain points in the structure not mentioned by Grinnell.

All the specimens hitherto collected are much compressed, so that

the original form is with difficulty determined. In general, on any

single specimen only the plates of one side are preserved sufficiently

well for identification.

The calyx is subglobose, with ten long, simple arms extending from

the upper side (PI. i. Fig. 16). The plates are thin, slightly convex,

and joined together by simple, though well marked, sutures, that are

generally slightly channeled. The calyx is without column or stalk,

and belongs to the class of "free" forms.

The basis is composed of a centro-dorsal plate, surrounded by five

basals. The centro-dorsal plate is doubtfully visible ui^on only a

single specimen. Judging from the problematical portion of the plate

exposed, and the shape of the lower edges of the basals, it must be

small and pentagonal in form. Its presence was not noted by either

Grinnell or Meek, upon the specimens examined by them. The five

basals, also undescribed by previous writers, encircle the centro-dorsal

plate (PI, IT, Figs, la, 16). They rest with one side against the latter

and terminate in a sharp angle above. The whole basis forms a nearly

perfect pentagon, which is slightly depressed where the line of junc-

ture of two adjacent basals reaches the edge. Five large primary

radials surround the basals and alternate with them. They are six

or seven sided, the latter occurring when the edge toward the basis

is broken by an angle into two portions. Tbese plates are wider than

high, and come in contact with one another only in the lower i)ortion

of each side. The uj)per j)arts are separated by the interradial area,

as are the secondary and tertiary radials that succeed the primary.

The secondary radials are smaller than the primary, and are separated

by horizontal suture lines from them. The tertiary radials are axil-

• Amer. Jour. Sci., 3d ser., vol. 1, 1871, p. 195.
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lary, bearing two large distichals that come in contact only nlong a
portion of their lateral margins ( I'l. i, Fig. Ic). Sncceeding the primary
distichals are four others of large size and varying shape, bej-ond which
the plates rapidly decrease in size and change to true brachials (PI. i.

Fig. Ic).

In tlie angle between the larger distichals of each radial series are

two large interdistichal plates. The lower of these comes in contact

with the primary distichals in the angle formed by the upi)er i>ortions

of the lateral margins of those i^lates. It likewise touches the sides of

the second and a portion of the third distichal. The upper interdis-

tichal rests with horizontal edge upon the lower, and is embraced be-

tween the upper portion of the third distichals and the lower i^ortion

of the fourth, ending above with angular margin between the modified

plates that branch from the fourth distichals, to be presently referred to.

The second distichals are axillary and support interradially rows of

plates, the first of ea(;h row separated from one another by the inter-

radials (PI. i, Fig. 1«). The first plates are smaller than the second of

the same row, which meet with a vertical suture and slightly overlap,

a character which becomes more x>ronouuced higher in the series, so

that true alternation results. Beyond the third i)late a rapid'reduction

in size of plates takes place. Ten to twelve plates have been recog-

nized in each row.

From the fourth distichals, which are likewise axillary, similar rows

diverge radially (PI. i. Fig. Ic). From the fifth distichals are other

rows interradial in position, while the seventh again bear radial

branches. These rows gradually grow smaller and as the brachials

become movable appear as pinnules. The lower rows beccmie incor-

porated in the calyx, and as they are immovable have become modified

for the position they occupy.

The interradials are eight, nine, or more in iniinber and form an ele-

vated, shield-like area, each plate likewise showing a slightly convex

surface (PI. i. Fig. la). The arrangement of the plates does not

vary; seven in an oval band inclose the eighth, or eighth and ninth,

according to the num])er of interradials. The lower interradial occupies

the angle between the upi)er i)ortions of the lateral margins of the

primary radials and likewise separates the secondary radials. The two

ui)per interradials occupy the angle formed by the branches from the

second distichals and the distichals tliemsehes. The four other inter-

radials of the outer band lie two on each side between the lower inter-

ladial and the upper pair of plates. The lower two of these four are

in contact, while the upper two are separated by the inner plate or

plates. In contact witli tlie four plates are tlie sin-ondary and tertiary

radials and the first and second distichals. The inner plate is more fre-

quently replaced by two smaller ones irregular in outline and jiosition.

The brachial plates are tlie continuation of the distichals and form

ten simple arms. They gradually assume a half-round, horseshoe-
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shaped outline, the depression on the inner surface increasing until a

well-marked ambulacral furrow is produced. The plates are likewise

perforated a short distance in front of the same. The plates are united

in two ways, by articulation (PI. ii. Fig, ]e) and by sizygial suture (PI. ii,

Fig. Id), the former producing a movable joint, the latter nniting ad-

jacent plates immovably. Eows of pinnules are developed on the inner

surface of the arms alternately from opposite sides, each row branch-

ing from the epizygale, where the sizygial suture is observed (PI. ii.

Fig. Ic).

The arms attain very gieat length. Grinnell mentions a specimen

examined by him where the arms measured 8 inches, and one examined

by the writer was very nearly as long. Grinnell thinks the arms may
reach 2 feet iji length.

Related forms.—The present species is closely allied to Uintacrinns

uiestfalicus, described by Schliiter^ in 1878 from the Upper Cretaceous

(Senonian) of Eecklinghausen, in Westphalia. It is the only other spe-

cies of this genus thus far described, so that a statement of the affini-

ties of the two forms is important. In the conqiosition of the basis the

two species are very nearly identical. The radials and distichals show

very slight differences, but the brachials in U. socialis are decidedly

broader than in U. westfalicns. In the number and arrangement of the

iuterradials the most marked difl'erence is manifested. In U. socialis

seven interradial plates encircle the eightli, or eighth and ninth, as the

case may be, wbile in U. n-esifalicns the interradials are five in number,

all of which come in contact with plates of other areas. Several minor

differences appear in the rows of small plates that branch from the

distichals. Otherwise, how^ever, there is a marked similarity in tiie

arrangement and form of the several plates. In general outline- the

two species are very similar.

Locality and geological horizon.—The first specimen was found on the

slopes of the Uinta Mountains, in Utah, by I*rof. Marsh, associated

with Ostrea congesta Con., a typical Cretaceous form. Later, others

were found in Kansas, associated with Odontornithes, Pterodactyls,

and mosasauroid reptiles, likewise ch.aracteristic of the Cretaceous.

Meek assigns the species to the Mobrara Group, a horizon of the upper

Cretaceous.

Collections.—Peabody Museum, New Ilaven; U. S. National Museum.

apiocri:n^ii)^.

Calyx regular, composed of thick, articulated plates; basals five;

radials 5 x 1-3. Exceptions frequent. Arms strong, numerously

divided. Column lonff.

> Zeitschr. der Deutsch. geol. Gesells., xxx, 1877, pp. 55-63, PI. iv.
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BOUEGUETIOHIKUS D'Oibigny.

BOURGUETICRINITS ALABAMENSIS de Loriol.

Plate III, ri{>s. la^e.

BourtnietUr'uuis ahibameiisin dc Loriol, 1882. Cinciuiiati Soo. Nat. Hist. Jour., vol.

V, ]i. 118. PI. V, Fijr. 1, la, n.

As it has been impossible for the writer to obtain possession of the

type of this species the description of de Loriol, as translated by Prof.

S. A. ]\Iiller, is given verbatim: "This species is as yet known only

by the basal ccme which snpi)orts the calyx, and which is composed of

several eularo-ing" segments of the column surmonnted,by the basal

plates. The height of the iiiverted cone is 5"""; the diameter of the

basal idate is 3i""", and that of the inferior segment of the column is

3""" in its major axis. Its form is faintly swollen in the middle; the

surface is smooth. The sutures are very indistinct, and it is a difticult

matter to determine what was the height of the basal plate. The su-

perior face of the cone cairies five slender and comparatively elevated

radiating ridges, which bound five deep depressions in which the basal

pieces of the calyx were lodged; in the center an enlargement of the

central canal constitiites the bottom of the calyx cavity. The articu-

lar face of the lower Joint of the column forming the inferior end of the

cone is elliptical, but the length of its major axis does not, however,

much exceed that of its minor axis. It is slightly concave and eucir-

cle<l by a feeble rim along the circumference line; the transverse articu-

lar ridge process is reduced to two elongated tubercles which proceed

from the marginal rim. Central canal comparatively large."

EeJatcd forms.—"Although this species is still very imperfectly

known one can aftirm that it is certainly distinct from BonrgucH-

cHnus elUjJticusMiWerj by the much less swollen form of the basal cone,

which is but slightly convex in outline, and by the facts that the lower

segment of the cone is already elliptical and already i)ossesses the rudi-

ments of a transverse articular ridge. Furthermore, the radiating

carinas are very much more salient, and consequently the depressions

which they separate very much deeper. Finally, by its central canal

being relatively much larger."

Locality and geological horizon.—" Livingstone, Alabama, liipley

Grouj) of the Cretaceous, or at the top of the Kotten limestone."

Collection.—Cincinnati Society of Natural History.

PENTACRINID^.

Calyx small, "composed of five basals and five radials with under-

basals in one genus. The rays divide from one to eight times. The

stems bear verticils of cirri at intervals. Two joints are united by

syzygy at each node, to the upper one of which the cirri are articulated.
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Tile internodes are traversed by five ligamentous bundles, which are

interradially disposed, aud give rise to a more or less petaloid figure

ou the joint-faces. No root nor radicular cirri." (P. H. Carpenter.)

, PENTACRINUS Miller.

Pentacrinus asteriscus Meek and Hayden.

Plate III, Figs. 2a-d.

Peniacrinus asteriscus Meek and Hayden, 1858. Philadelphia Acad. Nat. Sci. Proc,

vol. 10, p. 49.

Pentacrinus asieriacus Meek and Hayden, 18G0. Philadelphia Acad. Nat. Sci. Proc,

vol. 12, p. 419.

Pentacrinus asteniscus Meek, 1864. Smith. Misc. Coll. (177), p. 27.

Peniacrinites asteriscus INIeek aud Hayden, 18G5. Pal. Upper Missouri, Smith. Coutr.

Knowledge (172), p. 67, PI. in, Fig. 2.

'^Peniacrinites asteriscus "Whitfield, 1880. Geol. Black Hills of Dakota, p. 345, PI. in,

Figs. 1, 2.

Determinative characters.—Calyx branching. Stem or column com-

posed of small, pentagonal joints, rather thick, that bear at intervals

small rounded processes or cirri. The column joints are connected by
crenated ridges arranged in pentapetalous form. The stem is perfo-

rated by a central canal.

Dimensions.—Column: breadth of joint, 2-0 to y inch; length of joint,

3-0 inch.

Description.—This species was first described by Meek and Hayden in

1858, in the Proceedings of the Academy of Natural Sciences of Phila-

delphia, from several fragments of the column. The calyx or arms are

not known, and, as in the succeeding species, the distinguishing charac-

teristics are confined entirely to the column joints. On the large slab

figured by Meek and Hayden in the Paleontology of the Upper Mis-

souri are several detached portions of the coluuni 1 to 2 inches in

length. The sutures are clearly marked and the nodal can be readily

sejiarated from the internodal joints. Of the latter, ten are plainly seen

between two nodes on one fragment (PI. iii, Fig. 2((), while in other

instances the number seems to be slightly greater. All the joints are

rather thick (PI. iii, Fig. 2r'). Five cirrus scars are found on each node

in the reentering angles. Each node is joined to the underlying inter-

node by syzygial suture, while the overlying j)late is connected by
crenulated ridges, as are also the internodal plates themselves. The
arrangement of these ridges is distinctly petaloid (PI. iii, Fig. 2^).

The reentering angles of the outer surface of the stem are not deep, so

that the points of each star-shaped prolongation are short and broad.

The cirri are composed of small round joints that are longer than

bVoad. They are joined, as far as could be discerned, by simple sutures

(PI. Ill, Fig. 2(7).

^

There is some doubt whether the form referred by Whitfield to P.

asteriscus in the (ieology of the Black Hills, and so figured and de-
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scribed, should be coiisidorod sncli. The re(Mitei-in,u' ano-les arc nuich

too deep. Unrortniiately there is no side view of the phites.

Related forms.—This species is wliolly unlike the other American
forms. lu the first phiee, it is mueli sniaHei- than P. Wltitei, and /*.

Brya)ii iunl has ii distinctly ditterent form from P. Whiiei with which
it has been hitherto confounded. In P. W/iitei the reentering angle is

made deeper an<l of difierent shai)e. Likewise tlie crenulations of the

petaloid area of the joints are dirt'erently arranged. The Joints them-

selves are also relatively much thickei-.

Locality and (/eolof/ical horizon.—Keported by Meek and Haydeu'
"associated with other Jurassic fossils from the southwest base of Black
Hills, and opposite Ked Buttes, Nortli Platte river," the former in Da-

kota, the latter in Nebraska. In the Check List of Invertebrate Fossils

from the Jurassic, Meek also mentions Idaho and Colorado. Peale men-
tions the occurrence of specimens in Idaho.

CoUection.—U. S. National Museum.

PENTACRINUS Whitei Clark.

Plate III, Figs. 4«^c.

PentacrinUes asierisciis White, 1875. U. S. Geog. Survs. west of 100th Meridiau, vol.

4, 1875, p. 162, PI. XIII, Figs. Ga-h.

Wentacriniten asteriscus ( ?) Hall and Whitfield, 1877. U. S. Geol. Expl. 40th Parallel,

vol. 4, pp. 280, 281, PL vi, Fig. 16.

'iPentacrinUes asteriscus Whitfield, 1880. Geology of Black Hills of Dakota, p. 345,

PI. Ill, Figs. 1, 2.

Determinative characters.—Calj'x Avautiug. Column composed of

large, thin, pentagonal joints that possess deep reentering angles.

The crenulated ridges of the suture have a petaloid arrangement. Col-

umn perforated by central canal.

Dimensions.—Column: breadth of joint, ^ to ^ inch; length of joint,

7^0 inch.

Description.—In the volume upon i^aleontology of the quarto pub-

lications of the U. S. Geological Surveys West of the One- Hundredth

Meridian, Dr. White figures and refers a form to Pentacrinites asteriscus

Meek and Hayden, that belongs evidently to another species, A com-

parison bj^ the writer of the specimens ligured by Meek and Ilaydeu

and by White .shows that the differences are too great to permit

their reference to the same species. The name P. Whitei is there-

fore suggested for the new form in honor of the distinguished scientist

who has done so much to advance our knowledge of American
Mesozoic geology and paleontology. As with P. asteriscus only por-

tions of the column of P. Whitei have been discovered. The outer side

of the column is furrowed by deep reentering angles producing live

prcmiiuent ridges at the salient angles. The joints are relatively thin,

with rounded edges, so that the column does not appear compactly

• Paleontology Upper Missouri, p. 67.
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formed from outward aspect (PI, lii, Pig. 4(0. A distinctly petaloid

arraDgement of the creimlated ridges is exhibited (PL in, Pigs. 4a, 4fe).

Hall and Whitfield refer to Pentacnnites asterisetis Meek and Hayden
certain specimens collected by Hague in Nevada from " limestone of

supposed Triassic age." There is some doubt as to the identity of this

form, though the description and figures render it probable that it

should be referred to F. Whitei.

The form figured and described ^by Whitiield from the Black Hills

under the name P. aster iscus is, on account of the deep reentering angles,

to be probably associated with P. Whitei. No side view of the joints is

given by which comparison may be made.

Related forms.—Separated from P. asteriscus, with which it has been

hitherto confounded, by its larger size, deeper reentering angles, and
relatively much thinner plates.

Locality and geological horizon.—The type specimens of this form are

from the Jurassic of Salt creek and Diamond valley, Utah.

Collection.—U. S. National Museum.

Pentacrinus Bryani Gabb.

Plate III, Figs. 3a-h.

Pentacrinus Bryani Gabb, 1876. Philadelphia Acad. Nat. Sci. Proc, vol. 28, p. 178,

PI. 5, Figs. 1, Irt, U.

Determinative characters.—Calyx wanting. Column composed of

moderately large, rather thick, pentagonal joints, with sharp reentering

angles. The crenulated ridges are broadly petaloid and each area is

rounded at its outer extremity. Column perforated by canal.

Dimensions.—Column: breadth of joint, ./o.iuch; length of joint,

^ inch.

Description.—Two small fragments of the stem of this form are

described by Gabb iu the Proceedings of the Academy of Natural

Sciences of Pliiladelphia for 1870. As the only representative of this

family reported from the American Cretaceous it possesses considera-

ble interest. The column is composed of moderately large, thick joints,

that in breadth reach quite one-quarter of an inch iu diameter and
about one-fifth of that in thickness. The broad rcmnded ridges at the

salient angles of the i)entagonal outline form a nearly unbroken line,

while the furrow at the reentering angles is alternately depressed and
elevated in successive joints. The edge of each joint is slightly rounded.

The crenulated surfaces form five broad petaloid areas distinctly

rounded at the outer extremities (PI, in. Fig. 3(() and' unite near the

inner edge of the reentering angles to form a double fiat-topped ridge

that reaches to the central canal, around which there is likewise a

slight elevation. The crenulations are visible on the outer surface of

the column. The column is i^erforated by a central canal.

Belated forms.—As the only representative of this family in the
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Cretaceous, there is little ,'uiioii^- the American forms with which it

may be compared, especially as the two Jurassic types previously

described show marked diftereuces in every particular.

Local it 1/ and (frologicai horizon.—The specimens de.scribed by Gabb
and examined by the writer are from the yellow liniestone of Vin-

ceutown, New Jersey. The yellow limestone belongs to the middle

marl bed and is upper Cretaceous.

Collections. Philadelphia Academy of Natural Sciences; Johns
Hopkins University.

ASTEROIDEA.
OPHIURIB^^i:.

Body star-shaped, with central disk and elongated arms, which are

distinctly separated from the disk. The ambulacra! grooves are gen-

erally covered with plates.

OPHIOGLYPHA Lyman.

Ophioglypha bridgerensis (Meek).

Plate IV, Figs. 2a-h.

Ophioderma f bridgerensis Meek, 1873. U. 8. Geol. Surv. Territories for 1872, p. 475.

Ophioderma ? bridgerensis White, 1883. U. S. Geol. and Geog. Surv. of the Terri-

tories for 1878, pp. 8, 9, PI. 12, Fig. 12a.

Determinative characters.—Disk composed of numerous small imbri-

cating plates. Upper arm plates wider than long, the outer angles

sharp and extending between the side arm plates, which are slightly

smaller. Under arm plates long and nearly rectangular in shape.

Dimensions.—Diameter of disk, J inch. Length of arm, f inch.

Width of arm near disk, ./jj inch.

Description.—The single specimen of this species thus far found is

described in a foot-note to a list of specimens appended to the pale-

ontological report of F. B, Meek in the Annual Eeport of the U. S.

Geological Survey of the Territories for 1872, and redescribed and

figured by Dr. C. A. White in the Annual Report for 1878 of the same

organization. This specimen, which has been carefully examined by the

writer, presents the upper surface of the disk and fragments of the five

arms. LTpon all but one fragment the upper and side arm plates are

shown, while upon that a minute i)ortion of the under surface of a single

arm with the under arm plates and ambulacral openings is preserved.

The disk is described by Meek as "depressed, nearly circular, show-

ing on the dorsal side ten ovate-subtrigonal radial plates, that are joined

together o\'er the inner ends of the arms, so as to form five i^airs." A
close examination of the specimen shows that the disk is made up of

numerous small imbricating plates, and that the sui)posed division into
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ten, as mentibued by Meek, may be explained by the fractured condition

of the poorly-preserved specimen.

The arms are small, and are, as stated by Meek, perhaps ^ inch in

length, altliongh none of them are pi'eserved entire. The upper arm
plates are wider than long-, and hexagonal in form (PI. iv, Fig. 2h).

The outer angles are sharp, and are embraced between the upper portions

of the side plates. The latter are slightly swollen, but are not shown
in their entire length. The lower arm plates are poorly preserved, but

so far as exhibited are long and narrow, nearly rectangular in shape

and slightly swollen in their central portions.

Belated forms.—There is some doubt as to the generic position ofIhis

species. So many of the distinctive characters are wanting that a defi-

nite determination in that i)iirticular is quite impossible, but from the

apparent structure of the disk, formed of numerous imbricating plates,

its reference to Ophioglypha seems probable. The only other form,

0. texana, has a somewhat smaller and differently constructed disk

so far as can be discerned, and both the upper and under arm plates

are of different shape.

Locality and geological horizon.—This form is reported by Meek, from

the ''last foot of Bridger Peak, 4 miles north of Fort Elhs, Montana,"

associated with undeterminable species of the genera GrypJuva, Avicula,

Inoceramus, Crassatella, Pholadomya, Turritella and Gyrodes, that de-

note the Cretaceous age of the strata.

Collection.—U. S. I^ational Museum.

Ophioglypha texana Clark.

Plate IV, Figs. la-c.

Determinative characters.—Disk round ; composition indistinct. Arms
long, with wedge-shaped under arm plates about as wide as long; up-

per arm plates about twice as wide as long.

Dimensions.—Diameter of disk, i incli; length of arm, 2 inches;

width of arm at disk, ^^ inch.

Description.—The determination of this species is dependent upon
three fairly well preserved forms that are grouped u^^on a single

slab of limestone, all with the lower side exposed. The surface upon
which they rest is considerably weathered, so that many of the details

of structure have consequently suffered. The general form of the disk

is preserved, though its composition can not be made out. In many in-

stances the arm plates have disappeared, leaving only the skeletal pieces.

Where i)reserved, the under arm plates are wedge-shaped and about as

wide as long (PI. iv. Fig. Ic). The ui)per arm plates, which are shown
only as impressions upon the limestone, are nearly twice as wide as

long, and have their lateral edges rounded (PI. iv. Fig. lb).

Belated forms.—Although this form can not with certainty be referred

to Ophioglypha, it possesses, however, many i^oints of similarity to
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tlie previous vSpocies, from which, on the other huiul, it is .separated by
the different shape of the divsk and of the under and upper arm phites.

Localit;/ and gcolof/ical horizon.—The shib containing the specimens

described is from the Denison beds of the Washita division of tlie Co-

manche series (Lower Cretaceous), 6 miles north of Fort Worth, on the

banks of Fossil creek. Ft is found associated with Ostrca <ina(Jriplivata

Shumard, Stearusia KobhinftiAWiitt', and Lciociduris hemiyranosus {^hxi-

mard).

CoUirtion.—U, S. National Museum.

STET^T^ERIB^.

Body star-shaped or pentagonal, composed of a central disk and five

prolongations of the same, called arms, that are ])ortious of the body

proper. Integument strengthened by calcareous plates irregularly ar-

ranged. Ambulacral furrow uncovered.

ASTEEIAS Linnreus.

AsTERiAS? DUBiUM Whitfleld."

Plate V, Fig. 2.

Aaterxas^. duMiim Whitfield, 1877. Prelim. Kept. Pal. Black Hills, p. 15.

Jsterias^ dnhiitm Whitfield, 1880. Geol. Black Hills of Dakota, pp. 344, 345, PI. 3,

Fig. 3.

Di'termmative characters.—Imperfectly preserved forms of small size,

with slender flexuous arms, apparently covered superiorly with longi-

tudinal rows of i)lates.

Diniensiotis.—Length of arms, f inch to IJ inches.

Beficription.—This interesting but doubtful form is thus characterized

by Whitfield: "The specimens are not in condition to afford a full de-

scription of their specific characters. They are of small size, the rays

being from three-fourths of an inch to one and one-fourth inches long,

measuring from the center of the body. The rays are slender and flex-

uous, most of them being more or less curved in their direetion and

elevated along the middle, as shown on a gutta-percha cast taken in a

natural mold of a group of three individuals. The upper surface is

subangular, and in structure they are apparently composed of small

unitbrm plates, placed in longitudinal rows. The center of the body

or disk is marked by an obscurely pentangular depression on tlie upper

surface. None of the specimens show the under side of the body or

rays, so that the characters of these parts are entirely unknown.

"The species appears to have been somewhat abundant, judging from

the condition in which they are grou])ed on tlie sandstone, and, although

the specimens are obscure and too imi)erfect for positive determination

and description, it has been thought best to designate them by names,

as they will undoubtedly prove a characteristic form over a certain re-
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giou and of a limited horizon. The .sandstone is marked by the hiyers

in which they are found by ripple or wave marks, having a width of

about 3 inches, and indicates a near proximity to a shore line over the

area where they were obtained, and that the individuals are probably

stranded specimens. A single very imperfect impression of a lamelli-

brauchiate shell is present on the same fragments of rock, but too

imperfect for determination."

Related forms.—This very doubtful species scarcely admits of com-

parison with other forms. There is nothing hitherto reported from

American strata that can be closely associated with it.

Locality and geological horizon.—This form is reported by Whitffeld

as occurring "in red sandstones of Jurassic age, 70 feet above the red

beds, on the east side of Spearflsh creek, near its junction with the

Kedwater, Black Hills, Dakota."

Collection.—U. S. National Museum.

GONIASTER Agassiz.

GONIASTER MAMMILLATA Gabb.

Plate V, Figs. la-h.

Goniaster mammiUata Gabb, 1876. Philadelphia Acad. Nat. Sci. Proc, vol. 28, pp.

178, 179, Figs. 2, 2a, 2b.

Determinative characters.—Body pentagonal, provided with a dorsal

and a ventral row of marginal plates that are narrower than high, and

distinctly tumid on their outer surfaces. Only detached marginal

plates preserved.

Description.—Gabb mentions the discovery of about thirty detached

marginal plates of this species. They differ widely in shape by reason

of their position upon the margin, but among those examined the ma-

jority are higher than wide, and swollen on the outer surfaces. Certain

of the plates show marked protuberances upon the general level of the

plate (PI. v, Figs, la, lb). The surface of the plates is punctate, the

small depressions being arranged in rows that cross one another at

right angles (PI. v, Fig. Ih).

Belated forms.—There are no American forms similar to this species

with which it may be confounded, while the absence of all knowledge

of the characters outside of a few marginal plates renders wide com-

parisons impossible.

Locality and geological horizon.—Yellow limestone of. the middle

naarl bed of the Cretaceous from Vincentown, New Jersey.

Collections.—Philadelphia Academy of Natural Sciences ; Johns Hop-

kins University.
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ECHINOIDEA.
EUECIIIIVOIDEA.

EEGULARES.

CIDARID^.

Test spheroidal. Ambulacral areas narrow, more or less flexuous,

and covered only with very small tubercles, luteraiubiilaeral areas

very wide, with two rows of large tubercles that bear the primary

sj)iues. The apical disk is composed of five geuital aud five oculai'

plates.

CIDARIS Kleiu emend. Lamarck.

CiDARIS SPLENDENS MortOU.

Plate VI, Figs. Sa-fj.

Cidaris ( ?) sj). Morton, 1829. Philadelphia Acad. Nat. Sci. Jour., Ist scr., vol. 6, p. 12.S.

Echinus sj). Morton, 1830. Amer. Jour. Sci., Istser., vol. 17, p. 287; vol. 18, I'l. in,

Fi<--8. 12, 13.

Cidarites splcndens^ Morton, 18-11. Philadelphia Acad. Nat. Sci. Proc, vol. 1, p. 132.

Cidarites arm'ujer Morton, 1842. Philadelphia Acad. Nat. Sci. Jour., 1st scr., vol. 8,

p. 215, PI. II, Fig. 1.

Cidaris armi(jer Gabb, 1859. Cat. luvert. Fossils, Cretaceous Formation, p. 18.

Cidaris sjjlendcus Gabb, 1859. Cat. Invert. Fossils, Cretaceous Fonnation, p. 18.

Cidaris armiger Clark, 1891. Johns Hopkins University Circulars, No.87, p. 75.

Deierminntive characters.—Test of moderate size, spheroidal. Ambu-
lacral areas narrow, flexuoUs, with four rows of granules between the

pore pairs, the outer rows larger than the inner; imperfectly defined

granules also appear between the pores of each pair. Interambulacral

areas very wide, with seven or eight plates in each column, each plate

bearing a tubercle of large size, that is characterized by a wide circular

areola, smooth boss, and small perforated mamelon. Miliary area

small and covered with numerous thickly- set granules of small size.

Sutures sharply defined, depressed. Spines elongated, cylindrical,

with longitudinal rows of sharp denticulated processes.

Dimensions.—Height, § inch; width. If inches.

Description.—The first mention of this form is made by Morton in

1829, when he doubtfully referred a few fragments to (Maris without

an attempt at specific determination. Several of the more important

characters were then given, but as the material examined included only

detached plates and a few spines tlie description necessarily lacked

much of completeness. In 1841 Morton proposed the name Cidarites

8l)Undens and then more accurately defined the species. In 1842 he

redescribed and now for the first tim(> figured the same form as (Jidar'

' Mortou doubtless iutcnilecl to use the term s])lcndens iuaUwA of splendcun, which is iiroh;il)ly a typo-

graphical error. In the publication of 1842, where ann'njer is substituted, the form gplendciis is used.

Bull. 97 3
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ites armigery a name which he stated he des^ired substituted for G.

splemlens. Gabb, in his Catalogue of the Invertebrate Fossils of the

Cretaceous Formation of the United States, employs both names, mis-

taking them for independent species, althongli C. S2)Ien(1cns is referred

to as C. fiplendeus. The specimens examined by the writer are chiefly

detached plates, and in no instance is the entire test preserved, as in

the figure given by Morton. Two entire, or nearly entire, interambu-

lacral areas, with part or all of the adjoining ambulacra, are among this

material (PL vi, Fig. Sa). In these specimens the oral side is slightly

more depressed than the aboral, although not to the extent exhibited

in Morton's figure. The ambulaeral areas, which are narrow and flex-

uous, have, between the poriferous avenues, fonr granules. In the

center of each column of plates these granules are approximately of

equal size, the outer rows slightly larger, but toAvard the disk or toward

the mouth opening the inner rows rapidly diminish in size and finally

disappear. The pores are oval in shape, with funnel-like openings ex-

teriorly. Each row of pores is separated from that which accompanies

it in the same avenue by a row of imi)erfectly defined granules that

form an undulating ridge (PI. vi. Fig. '6c).

The interambulacral areas are very wide and bear large tubercles,

each of which covers the greater portion of its respective j)late (PI. vi.

Fig: 3h). Upon the larger plates, in the center of each column, the are-

olas are circular, but become somewhat oval toward both disk and mouth

opening. The outer edge of each areola is surrounded by a circle of

large granules that give it a crenulated appearance. The areola rises

from its depressed margin, gradually at first, then rapidly, to the boss,

which reaches a marked elevation above the general level of the plate.

The boss is of moderate width and smooth. From its center rises the

unimelon, which is small, perforated, and slightly flattened upon the

upper surface (PI. vi. Fig. '3d). The miliary space is covered by small

granules, that are most numerously developed along the median line of

the interambulacra.

None of the specimens afford the apical disk. Strong auriculae show

the presence of powerful jaws.

The s])ines are slender, elongated, cylindrical, with longitudinal, ser^

rated ribs that gradually become obsolete toward the base (PI. vi,

Fig. 3c). The collar is short and finely striated longitudinally (PI. Vi,

Fig. 3/). The acetabulum is bordered by a smooth margin and is per-

forated in the center (PI. vi, Fig. 3^).

Belated /onus.—In many ])articulars Cidaris splendens (Morton) shows

points of comparison with C. serrata Desor of the European Cretaceous,

but the American species differs from it in its smaller miliary areas and

higher areolas, and also in the presence of only four rows of granules

between the poriferous avenues.

Locality and geological horizon.—This si^ecies is reported by IVIorton

from Timber creek, New Jersey, which establishes the horizon as that
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of the yellow limestone of the middle iharl bed (upper Cretaceou.s).

It has also been fonnd by the writer near Vineentown in the same
formation.

CoUcrtions.—PhiladelphiaAcademy of Natural Sciences; Johns Hop-

kins University.

CiDARIS TAYLORENSIS Clark,

Plate VI, Figs. 2((r-b.

Bi'terminative characters.—Test small. Interambnlacral areas wide.

Tubercles large, with circular areolas, much depressed marginally;

boss crenulated ; mamelon perforated. Mihary space narrow. Spines

long, cylindrical, covered with small granules arranged in longitudinal

rows.

Dimensions.—Test undetermined. Spines : length 1^ inches
( 1) ; width

in broadest portion,
i^,.;

inch.

Description.—The fragments of this form, although they admit of

determination of but few of the important characters, warrant specific

description from the fact that they are totally distinct from the only

other rei)resentative of Cidaris from the Jurassic rocks of America.

The small fragments of the interambulacral area and the spine occur

together and doubtless formed i>art of the same individual. The inter-

ambulacral plates, of which only portions are preserved on the specimen

figured, indicate a form of no great size (PI. vi, Fig. 2a). The tubercles

are large, with depressed areolas surrounded by a circle of large gran-

ules. The boss is crenulated and tlie mamelon perforated. The miliary

space is ajjparently narrow, the tubercles of adjacent plates in the same
column being nearly confluent.

The spine is long, gently tapering toward the base in the portion

preserved, and covered with longitudinal rows of small granules (PI.

VI, Fig. 2b).

Related forms.—As the Jurassic strata of North America afford few

fossil Echinodermata as compared with the Clretaceous, there are not

many American types with which the present form may be compared.

C/V/am crt?t/or;>^'Q^, the only other represeutativ^e of this genus thus

far reported, ha^i no portion of the test ])reserved, so that the compjirison

is limited to the spines. In C. taylorensis the spines are long and
cylindrical, while in C. californicus they are short and thick set, and

there is a totally dift'erent surface decoration.

Locality and geological horizon.—Tliis speciiis is known only from the

Jurassic strata of Taylorsville, California, \J
Collection.—U. S. National Museum.
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CiDARis CALiFORNicus Clark.

Plate VI, Figs. la-b.

Determinative characters.—Test iiiiknowu. Spines large, club-shaped,

with rows of large granules that coalesce to form longitudinal ridges

which extend from neck to point of spine.

Dimensions.—Spine: length, § inch; breadth in thickest part, f^j inch.

Description.—Tliis species is based upon detached spines, four or

five specimens of which are afforded in material from Taylorsville,

California. They are distinctive in every way, and can not be mis-

taken, even in fragments. The specimens examined occur as casts, but

so well preserved that impressions in gutta-percha, from Avhich the

drawings were made, show the characters completely. Each spine has

a short narrow neck, beyond which it rapidly increases in size so as to

give a club-shaped outline to the middle and upper portions. Eows of

longitudinal granules cover the surface from the neck to the point of

the spine, presenting the appearance of long serrated ridges (PI. vi,

Figs. la-h).

Related forms.—Separated from C. taylorensis by its club-shaped

form and surface characters.

Locality and geological horizon.—This species is found in Jurassic

strata at Taylorsville, California.

Collection.—U. S. National Museum.

CiDARis TEXANUS Clark.

Plate VII, Figs. la-e.

Cidaris tixanus Clark, 1891. Johns Hopkius University Circulars, No. 87, p. 75.

Determinative characters.—Test large, inflated; Ambulacral areas

narrow, sinuous, with four rows of granules between the poriferous

avenues, which at the ambitus are increased to six and toward the apical

disk and mouth opening are reduced to two rows. Pores oval, sepa-

rated by transverse elevations, which partially envelop the openings.

Interambulacral areas wide, with large circular tubercles. Areola cir-

cular, depressed; boss smooth; manielon small, p ^^'"-rated. Miliary

space wide, covered with numerous small granules. '^^

Dimensions.—Height, 1^ inches; width, 2^ inches.

Description.—A large portion of the test of this beautiful species is

in an excellent state of preservation. All of the characteristic features,

with the exception of those relating to the apical disk and mouth edges,

are clearly shoAvn. The test, however, is somewhat compressed, so

that the original form can not be with certainty made out. The am-

bulacral areas are narrow and slightly flexuous. Between the i)orifer-

ous avenues, which are narrow and depressed, are four rows of granules

of nearly equal size which directly at the ambitus are increased to six,
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Avliilt^ toward l)oth jij)ical disk and niontli oiK'niiii;- Micy aiv rcdiu-ed to

two, Incynlaiiy scattered anumg the rows of granules are others

smaller in size. The pores are oval and separated by transverse ele-

vations that partially eneircle the openings, leaving a depression

between each pair (IM, vii, Fig. Ir).

The iuteranibulaeral ])lates are wide and bear large circular tuber-

cles (Tl. VII, Fig. Id). The areola of each tubercle is radially ridged,

deei)ly depressed, and surrounded by a row of nuiuimilated granules.

The boss is slightly elevated above the level of the i)late, and presents

a smooth and sharp ridge around tlie small perforated mamelon (PI. Vij,

Fig. le). The miliary space is wide and thickly set with small elevated

granules of equal size. The apical disk and mouth edges are lacking.

Related forms.—At first sight this species shows strong- points of

similarity with C. seejHi-i/era Mantell from the White Chalk of England,
although the arrangement of granules in the ambulacral area is differ-

ent. The areola of G. sceplrifera is described as smooth, while that of

C. texanus is clearly ridged radially. The only related form reported

from Texas is Leiocidaris hemigranosus, formerly referred to Cidaris, btit

which, as will be shown, does not l)elong" to that gemis. Cidaris Bran-

neri, from Brazil, described by White, is allied to G. texanitSj although

presenting differences in the character of the areola and arrangement
of granules in both the ambulacral and iuterambulacral areas.

Locality and f/eologieal horizon.—This form is found in the Washita
formation of the Comanche series (lower Cretaceous) of Bexar county,

Texas.

GoUection.—U. S. National Museum.

Cidaris Walcotti Clark.

Plate VI, Figs. 4a-rt

Cidaris Walcotti Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75.

Determinatire characters.—Test small, inflated. Ambulacral areas

narrow, sinuous, with four rows of granules between the depressed

poriferous avenues. Iuterambulacral areas broad; each tubercle with

depressed circular areola, smooth boss and small imperforate mamelon.
Miliary space wide, thickly covered with small granules.

Dimensions.—-JBeight, 1 inch (1). Width, 1^ inches ( ?).

Description.—The fragments of this form examined are sufficiently

<listinctive to separate it from other species. A nearly complete iuter-

ambulacral area, with the adjoining ambulacra, shows that the test of

tlu' species is small and in a marked degree inflated (PI. vi, Fig. 4«).

The ambulacral areas are narrow, slightly sinuous, and provided with

four nearly equal rows of granules between the poriferous avenues (PI.

VI, Fig. -ic). At times additional granules are irregularly inter.spersed.

The poriferous avenues themselves are narrow, deeply depressed, and
slightly sinuous. The pores are round, with funnel-shaped openings,
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produced by the intersecting- ridges. These ridges, which separate the

individual pores and the pore pairs, give a lattice-like appearance to

the poriferous zones.

The interambulacral plates are moderately large. On account of the

indistinctly marked sutures the small tubercles and numerous granules

cause a very even surface over the entire interambulacral area (PI. VI,

Fig. 4:1)). The tubercles are circular and stand nearer the outer margin

of the plates than the inner. The areolas are deeply depressed, the

central portion but slightly exceeding the margin in height. The boss

is.smooth and stands but little above the level of the plate. The mame-
lon is imperforate (PI. vi. Fig. 4:d). The wide miliary space is covered

Avith a large number of irregularly arranged granules of equal size.

The broken specimens afford no information as to the character of the

apical disk or mouth edges.

Related forms.—This species is very readily separated from C. s])len-

dens, tlie only other representative of this genus thus far reported from

the Atlantic Coast Cretaceous, in possessing imperforate mamelons

an'd wide miliary spaces, over which the granules are regularly scat-

tered. The even surface of the test is likewise a distinguishing feature.

Locality and (jeologieal horizon.—The specimens of this form examined

by the Avriter were found associated with C. splendens in the yellow

limestone of the middle marl bed (upper Qpetaceous), of Timber creek.

New Jersey.

Collection.—Philadelphia Academy of Natural Sciences.

LEIOCIDARIS Desor.

Leiocidaris hemigranosus (Shumard).

Plate VII, Figs. 2a-d. Plate viii, Figs. Ici^h. Plate ix, Fig. la-c.

Cidarh hemigranosus Shumard, 1860. St. Lonis. Acad. Sci. Trans., vol. 1, p. 609.

Cldaris hemigranosus Meek, 1864. Smith? Misc. Coll. (vol. 7, 177), p. 2.

Cidaris hemigranosus White, 1883. U. S. Geo), aud Geog. Surv. of the Territories, 12th

Ann. Kept, for 1878, p. 38, PI. 18, Figs. 2a-b.

Leiocidaris hemigranosus Clark, 1891. Johns Hopkins University Circulars, No. 87,

p. 75.

JDeterminative characters.—Test very large, ^subspherical. Ambula-

cral areas narrow, sinuous, with six rows of granules in the middle.

Poriferous avenues wide, deeply depressed. Pores of each pair united

by clearly defined furrow. Interambulacral areas broad. Tubercles

very large; areola circular or slightly polygonal, depressed; boss

smooth ; mamelon large, perforated. Miliar,y space covered with large

scattered oval granules. Sutures clearly marked, depressed.

Dimensions.—Height, 2^ inches; width, 3f inches.

Description.—This form, which was quite fully described by Shumard
in 1860, but not figured, was incorrectly referred to the genus Cidaris,
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from whicli il is sci)iiViito(l by the presence of I'lirrows uiiitiiift- \ho jxnes

oreiich pair. In this respect it is a typical representative of tlie <;enns

Leiocldayis of Besor. A very jjood ilhistratiou is giveu by Dr. White
in the Twelftli Aninfal Report for 1878 of the IT. S. Geological and (leo-

graphical Snrvey of the Territories, althongh necessarily, from the size

oi'the figiire, the furrows connecting the i)ores are not very distinctly

shown. This species is the hxrgest echinoid known from the Texas
Cretaceous, and, with possibly a vsingle exception, the lai-gest from the

American Mesozoic. In one unusually fine specimen obtained from
Prof. R. T. Hill the test is subspherical, although considerably broader
and more flattened on the oral than aboral side.^

The ambulacral areas are narrow and sinucnis, with six rows of gran-

ules between the poriferous avenues (1*1. vii. Fig. 2/>). The regular

aiTangement of the granules is not persistent, the number being in-

creased irregularly near the middle of the column and somewhat reduced
toward the apical disk and the luouth opening. The i)oriferoiis avenues
are wide and deeply depressed, the pores of eacli pair being united

by a shallow furrow.

The interambulacral areas are wide and the plates of massive size

(PI. VII, Fig. 2rt). The tubercles occupy the center of the plates and
are large and prominent. The areolas are deeply depressed, subcircu^

lar or slightly polygonal, and occupy more than half of the greatest diam-

eter of the i)lates. On all the specimens examined the areolas show
perfectly smooth surfaces, although Shumard mentions the occurrence of

radiating ridges. Toward the center each areola rises to form the boss,

which is provided marginally with a sharp smooth ridge. The mam-
elon is large, subspherical, with a dee.]) perforation upon its summit (PI.

^11, Fig. 2c). The miliary space is wide and covered with large, irreg-

ularly-shaped and flattened granules, some round and some oval in form.

Interspersed among these are much smaller grannies, which increase in

number along the margin of the plates. The apical disk and mouth
edges are wanting.

Related forms.—This species is readily separated from any hitherto

described from American or Euro])ean strata. Its characters are well

defined and distinctive.

Locality and geolof/ical liorhon.—Shumard says that it is found '' in the

AVashita limestone fComanche series (lower Cretaceous)], forming the

upper part of the Bluff of Red river, Lamar county, and 10 miles above

the mouth of Kiamesha creek, at both localities associated with Ostrea

(jiiadriplieata.^'' This places it in the Denison beds. It has only been

reported from Texas.

CoUeetions.—U. S. National Museum; Prof. R. T. Hill.

• A much more perfect specimen (PI. IX, Figs, la-c) has been examined by the writer since the above
ilescription was prepared.
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Test spheroidal or depressed. Ambulacral areas narrow, straight

orflexuous; poriferous zones narrow; pores round, uuigeminal, often

increased in number toward the mouth opening. luterambulacral areas

broad, with two rows of primary tubercles. Apical disk large and
prominent. Mouth opening large, with incisions at regular intervals.

Anal opening eccentric.

SALENIA Gray.

Salenia texana Credner.

Plate X, Figs. la-h.

Cidaris diatretum Giebel, 1853. Jaliresber. d. Naturw. Vereins in Halle, 1852, p. 374,

PI. 7, Fig. 2.

Salenia texana Credner, 1875. Zeitsohr. f. d. Ges, Natiirw., xi-vi, pp. 105-116, PI. V,

Figs. 1-6.

Salenia texana Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75.

Determinative characters.—Test subglobose; upper surface convex;

sides inflated ; under surface flat. Ambulacra narrow, flexuous, with

two rows of manimillated granules in each area: poriferous zones flexed;

pores unigeminal. luterambulacral areas wide, with two rows of alter-

nating plates, six in each row. Apical disk large, convex, subcircular;

anal opening prominent. Mouth opening moderately large.

Dimensions.—Height, f inch; transverse diameter, 1 inch.

Description.—Oredner in the Zeitschrift fiir die gesammten Natur-

wissenschaften zu Berlin for 1870 i^resents the first complete diagnosis

of a North American Mesozoic echinoid, in tlie detailed descriptions

accorded the present species. Its reference by Professor Giebel in

1852 to Cidaris diatretum {=Pseudodiadema diatretum) is shown from

the carefully prepared specimens to have been erroneous.

The test is subspherical when complete, but in the specimens exam-
ined is generally somewhat flattened, both actinally and abactinally.

Tlie lower surface is slightly concave in the vicinity of the month open-

ing. The sides are inflated, presenting a rounded surface which is fuller

above than below (PI. x. Fig. Ic).

The ambulacral areas are narrow, increasing gradually in width from

the apical disk to the mouth opening. Two rows of mammillated gran-

ules, twenty-four to twenty-six in each, occupy the middle of each area.

Very minute granules exteiul in a line between the rows and in the

vicinity of the mouth opening surround the larger granules themselves.

The poriferous zones are narrow and flexuous and the pores are regu-

larly arranged in a unigeminal series; near the mouth opening they

are slightly more crowded. The most pronounced flexure is opposite

the second, intcrambulacral plate from the apical disk. Toward the

mouth opening the zones become nearly straight (PI. x, Figs, le, 1/).
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TIk' iutoraiiibulaoral areas arc broad, aiul Ibniicd of two alleriiiiliiifjf

rows of broad plates, six in each row (PI. x, Fig. \d). The tubercles

increase rapidly in size from the moiitli edfjjes, wlierci tlicy are scarc(;ly

larger tliau the iiiamillated granules of the ambulacral areas. The
areohis are large, and surrounded by mamillated granules of various

sizes, that are crowded together along the inner edge of the plates.

Between the larger granules are numerous minute granules. The are-

ola rises to a prominent boss, that is deej^ly creuulated, and bears an
inii>erforate mamclon (PI. x, Fig. 1//).

The apical disk is very large, convex, subcircular, with radiating

ridges that extend from the ovarial openings of each plate and unite

with similar ridges of adjacent plates. Small punctures are found at

the angles of the jdates and intermediate between thcni (PI, x, Fig. 1//).

The subanal plate is situated before the anal opening, and occu])ies the

center of the disk. The anal oi)ening is subelliptical, rounded anteri-

orly, angular posteriorly, and slightly elevated at the border.

The under surface is flat and the mouth opening large, covering

nearly one-half the diameter of the test. The mouth oijeuing is cir-

cular, with ten incisions upon the edge that divide it into nearly equal-

sized lobes (PI. X, Fig. Ih).

Kelated forms.—Oredner, in discussing the affinities of this form, con- ^

siders it to be closely related to Salenia petalifera Defr., and 8. J)esori

Wright. It is somewhat more elevated than S. petalifera, and the

radial ridges on the apical disk are less pronounced on the latter than

on the former. The ocular plates also enter less compactly into the

composition of the disk in the latter species. In 8. Desori, on the other

hand, there is a wider difference, both in the character of the test

plates and the decorations of the apical disk. With *S'. scutigera Gray
it also shows some points in common.

Loealiti/ and geological horizon.—This form is from Cileola, Co-

manche spring, Texas, in the Washita formation of the Comanche
series (lower Cretaceous).

Collections.—U. S. National Museum; Boston Society of Natural

History.

Salenia tumidula Clark.

Plate XI, Figs. la-j.

Salenia tumidula Clark, 1891. Johns Hopkins T^uiversity Circulars, No. 87, p. 75.

Determinative characters.—Test small, subglobose; outline of upper

surface regularly convex. Ambulacral areas narrow, nearly straight,

with two rows of mammillated granules between the pore pairs
;
porifer.

ous zones slight!}^ flexed; pores unigeminal. Interambulacral areas

wide, composed of two alternating rows of live or six plates. Apical

disk large, regularly convex, subcircular; anal opening slightly ele-

vated. Mouth opening small.

Dimensions.—Height, ^ inch; transverse diameter, ^ inch.
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])cscription.—The perfectly preserved specimens of tliis beautiful

species admit of a determination of all the d(?tails of structure.

The general form of the test i.s subglobose. The sides are inflated

and regularly curved, rising into a convex upper surface, from which

the anal opening projects but slightly (PI. xi. Fig-. Ic). The lower sur-

face is quite flat, and toward the mouth opening slightly depressed.

The ambulacral areas are rather broad, increasing in width from the

apical disk to the mouth edges (PL xi. Fig. 1/). Extending along the

center of each area are two rows of mammillated granules, fifteen or

sixteen in each row, between which are other minute granules. The

X)oriferous zones, are narrow and nearly straight; the iiores round,

regularly arranged in a unigeminal series, and largest in the middle of

the column.

The interambulacral areas consist of two rows of alternating plates,

five or six in each row (PI. xi. Fig. Id). The larger tubercles diminish

rai)idly in size toward the mouth edges, and are very indistinct on the

plates bordering the same. Each areola is large and circular, the boss

crenulated, and the mamelon flattened and imperforate (PI. xi. Fig. Ij).

The miliary space is bordered with oval granules of irregular size and

arrangement, although most numerous between the rows of tubercles.

The sutures of the jjlates are very indistinctly marked.

The apical disk is prominent, subcircular, with a regularly ciTrved con-

vex surface, from which the anal aperture projects but slightly. The

granular decorations of the surface often coalesce and appear as broken

ridges extending radiall}' from the five opening.s in the genital plates

(PI. XI, Fig. Ig). The anal opening is oval, slightly pointed below, and

l)rojects but slightly above the level of the apical disk. It is bordered

by a flange-like edge that is formed of the anal and two genital plates.

The mouth opening is small, occupying scarcely two-fifths of the diam-

eter of the test. Ten incisions divide the edge into lobes, the ambu-

lacra! lobes projecting the farther (PI. xi, Fig. 1/).

Related fornifi.—The identity of this species is readily established by

the straight poriferous zones and peculiar decorations of the apical

disk. The number of mammillated granules in the ambulacral areas is

less than in S. te.rana, while the oval granules of the interambulacral

areas are readily distinguishable from the round forms of S. helluJa.

The anal aperture also projects far tess than in *S'. texana, although

in this respect it is not unlike S. hellula.

Locality and fleolof/ical horizon.—This species is from the yellow lime-

stone of the middle marl bed (upper Cretaceous) of Timber creek. New
Jersey.

Collection.—Philadelphia Academy of Natural Sciences; Johns Hop-

kins University
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Salknia belli rLa Chirk.

Plate XI, Fig-.s. LVf-r/.

Sahnia helluJa Clar^, 189L Johus Hopkins ITiiiversity Circiilara, No. 87, p. 75.

Determiiiatlve characters.—Test small, compressed, circular; uj)per

surface convex; sides iutiated; under surface flat. Ambulacral areas

rather broad, nearly straight, with two lows of granules in each row;

poriferous zones broad, very slightly tiexed; pores round, unigem-

inal. luterambulacral areas wide. Apical disk convex and nearly

circular. ^loutL opening small.

J)imeHsions.—Height, .^ inch; transverse diameter,'^,- inch.

Description.—This Salenia is a very rare form, only a few specimens

having" come under the notice of the writer, yet from certain peculiari-

ties of outline ami structure it is not to be confounded with other species

heretofore described.

In general outline the test is somewhat flattened; the ui^per surface

is regularly convex, the sides are inflated, the lower surface is flat or

slightly concave at the mouth opening*.

The ambulacral areas are prominent and change but slightly in width

from the apical disk to the mouth edges. Two rows of maunnillated

granules, fifteen in each, occupy the center of each area.

The luterambulacral areas are wide and consist of two rows of alter-

nating plates, five or six in each. The tubercles are prominent, but

decrease rapidly in size toward the mouth edges. The areola is of mod-

erate size, the boss narrow and indistinctly crenulate<l, and the mam-
elon small, flattened, and imperforate (PI. xi, Fig. 2g). An indistinct

circle of mammillated granules surrounds each tubercle. They unite to

form a sinuous double series between the rows of tubercles. Between

the larger granules are scattered irregularly numerous small granules

that are crowded together along the central line of the interambulacral

area (PI. XI, Fig. 2d).

The apical disk is slightly convex, the anal opening interfering but

little with the regularity of the curved surface. The anal opening is

subcircular, with a flange-like rim. The plates are decorated with

oval grannies that are arranged in radial rows extending from the

opening of each genital plate and unite with corresponding rows of ad-

jacent plates at the suture (PI. xi, Fig. 2/).

The mouth opening is small, being l)nt one-third of tln^ transverse

diameter of the test. Ten weak incisions divide the edges into lobes

that are nearly of equal size (PI. xi, Fig. 2h).

Belatedforms.—This species is quite distinct from Salenia te.rana or

8. tumidula, and at tlie same time does not admit of reference to any of

the European species. It is most closely related to 8. tumidula., but is

more compressed, lias a differently sha]>ed and decorated apical disk,

and has round and mammillated granules in the miliary space, while

those of ;8^. tumidula are characteristically oval.
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Lovalifi/ and f/eologlc((l horizon.—This species, like ^'. fninidula, is

only found in the yellow limestone of the middle marl bed (upper Cre-

taceous) of Timber creek, New Jersey.

Collections.—Phihidelphia Academy of Natural Sciences ; American
Museum of Natural History, New York.

DIABEMATID^.

Test more or less spheroidal. Ambulacral areas broad, at times ap-

proaching the interambulacral in width. The ambulacral i)lates are

generally compound; the pores unigeminal, increasing oftentimes in

the vicinity of the peristome. The mouth opening is large, with deep

incisions, and provided near the margins witli well-developed auriculae.

The spines are frequently large and variable in shape.

HEMICIDARIS Agassiz.

Hemicidaris intumescens Clark.

Plate XII, Figs. ]a-r.

Determinative characters.—Test spheroidal, upper surface inflated,

lower surface flat. Ambulacral areas moderately broad, increasing in

'width from the apical disk to the mouth edges. The tubercles at the

peristome are nearly equal in size to those of the interambulacral areas,

but become greatly reduced in passing from the ambitus to the apical

disk. Interambulacral areas rather wide, with two rows of large tuber-

cles. Miliary space Avide, covered with numerous granules. IMouth

opening moderately wide, with deep incisions.

Dimensions.—Height, ^ inch; transverse diameter, f inch.

Description.—Thevery perfectlypreserved molds of this species permit

the taking in gutta-percha of all the details of form and structure. As
the only representative of this genus in American deposits it possesses

considerable interest. The test is of moderate size, with a convex and
slightly inflated upper surface and nearly flat lower surface. The
slightly flexuous ambulacral areas broaden from the region of the api-

cal disk toward the ambitus and slightly contract again before the

peristome is reached. The tubercles are prominent in the lower part

of the column, where several pairs attain a size nearly equal to those

of the interambulacral areas. Minute perforated granules succeed them
above and continue as a double row to the apical disk. The poriferous

zones are slightly flexuous, and the small jjores are unigeminally ar-

ranged, although somewhat increased in the vicinity of the mouth
edges.

The interambulacral areas are from three to four times the width of

the ambulacral at the ambitus. The two rows of medium sized tuber-

cles occupy the center of the plates; the areola is circular and slightly

elevated; the boss deeply crenulated, and the mamelon distinctly per-
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forated. There are about eight piiiiiary tiiberck's in each row. The
apical disk is rather hirge, although not suiHcicutly well preserved to

admit of a deteriniuatiou of the individual plates.

The mouth opening is small and occupies scarcely one-half of the di-

ameter of the test. It is deeply notched, the lobes being nearly equal

in size.

Relatedforms.—The present species of Hemicidaris is the only repre-

sentative of the genus known from American dei)()sits. A comparison
with European species fiiils to identify it with any described forms.

LoeaUtii and (jeoUxjlcal horizon.—This species is from the Jurassic

strata of Taylorsville, California.

Collection.—U. S. National Museum.

PSEUDODIADEMA Desor.

PSEUDODIADEMA Emersoni Clark.

Plate XII, Figs 2,a-e.

Determinative characters.—Test circular, depressed. Ambulacral
areas straight and prominent; poriferous zones narrow; pores unigemi
nal. luterambulacral areas not quite twice the width of the ambu-
lacral, with two rows of large tubercles, eight or nine in each row.

Mouth opening wide.

Dimensions.—Height, ^ inch; transverse diameter, f inch (?).

Description.—The beautifully preserved molds of this interesting

form were collected by Prof. Hyatt from the Jurassic beds of Taylors-

ville, California. The gutta percha casts from which the drawings
were made represent very perfectly all the details of structure. The
test is nearly circular, the prominent ambulacral areas giving it a

slightly subpentagonal outline. The ambulacral areas are rather more
than one-half the width of the interambulacral, and support two rows
of primary tubercles somewhat smaller than the interambulacral

tubercles. There are nine or ten in each row. Between the tubercles

are numerous granules that are arranged in an undulating line between
the rows and along the margin. They nearly disappear between the

tubercles of the same series. Toward the ai)ical disk the tubercles are

greatly reduced in size. The pores are unigeminal, there being three

or four opposite each ambulacral plate.

Theinterambulacral areas bear two rows of primary tubercles, eight or

nine in each, that are only slightly larger than those of the ambulacral

areas. They increase from the peristome to the ambitus, after which
they rapidly decrease in size. The areolas arc nearly contluent above
and below, broader than long, and rise into prominent bosses that are

not deeply crenulated. The mamelon is distinctly perforatcil. Tlie

miliary space is covered with granules of diftereut sizes. There are no

secondary tubercles developed near the month opening. The lower sur-
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face is flat, the mouth opening large aud deeply notched j the ambu-

lacra! lobes larger than the interambulacral. The apical disk is not

preserved.

Belated forms.—As the only Pseudodiadema in the Jurassic of America

it is unique, while its identity with any European form is very doubtful.

It closely resembles P. Baihj/i, from England, in many particulars,

but it is a less depressed form, with more rounded sides aud more

numerous granules in tlie miliary space.

Locality and geological horizon.—This species is found in the Jurassic

beds of Taylorsville, California, and is named in honor of Prof. B. K.

P_]merson, of Amherst College, from whom the writer received his first

instructions in geology and paleontology.

Collection.—U. S. National Museum.

Pseudodiadema diatretum (Morton).

Plate XIII, Figs. la-f.

Cidaris diatretum Morton, 1833. Am. Jour. Sci., Ist ser., vol. 23, p. 294.

. Cidarites diatretum Morton, 1834. Synop. Organ. Remains, Cretaceons, p. 75, PI. 10,

Fig. 10.

'Cidaris diatretum Bronn, 1848, Index Pal., vol. 1, p. 298.

Pseudodiadema diatretum Desor, 1858. Synopsis des fichinides fossiles, p. 73.

Cidaris diatretum Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18.

I'scudodiadema diatretum Cotteau, 1862-67. Paleont. fraufaise, vol. 7, p. 519.

I'seudodiadema diatretum Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 2.

rseudodiadema diatretum Conrad, 1868. Geol. ofN. J., Appendix, p. 722.

Cidaris clavigera Creduer, 1870. Zeitsclir. d. deutscli. geol. Gesells., vol. 22, p. 21.8.

Cidaris sceptrifera Credner, 1870. Zeitsclir. d. deutscli. geol. Gesells., vol. 22, p. 218.

I'seudodiadema diatretum Clark, 1891. Johns Hopkins University Circulars, No. 87,

p. 75.

Determinative characters.—Test circular, convex above, concave be-

low, sides inflated. Ambulacra wide, sinuous, with two rows of tuber-

cles, that are large at the ambitus and decrease toward the poles;

poriferous zones narrow, siuuous. 'Interambulacra with two rows of

jirimary tubercles and several irregular rows of secondary tubercles.

Mouth opening narrow, about one-third the diameter of the test.

Dimensions.—Height, ^ inch ; transverse diameter, 1^ inches.

Description.—The specimens of this species vary greatly in size, the

full-grown forms being moderately large. The test is circular, depressed,

slightly convex above, concave below. The sides are inflated (PI. xiii,

Fig. Ih).

The ambulacral areas are wide, slightly raised, and furnished with

two rows of tubercles, thirteen to fourteen in each row. They are

large and prominent at the ambitus, but decrease gradually toward

the poles. Tlie broad areolas, that are sharply depressed in their mar-

ginal portions, are striated by faint radial ridges on the outer sides.

At the upper and inner angle of each plate is a small secondary tuber-

cle, while irregularly scattered over the other portions of the plates are
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smaller tubercles, and between th^n minute granules. The poriferous

zones arc slij^litly tlcxcd, the pores of each plate being disposed in

curved form about the margin (I'l. xm, Fig. Id). Although there are

generally three pairs of pores on each plate, four pairs are not infre-

quent near the ambitus (PI. xm, Fig. Ir).

The intoraml)ulacral areas are about one and one-half times the width
of the ambulacral, and have two rows of tubercles somewhat larger than
those of the latter. There are, in addition, several irregular rows of

secondary tubercles, of various sizes, that are most luimcrous between
the rows of primary tubercles and the poriferous zones. Sparsely

scattered over the interambulacral space are flattened granules (PI.

XIII, Fig. Ic).

The primary tubercles of both the ambulacral and interambulacral

areas have wide circular areolas, elevated and dcei)ly crenulated bosses,

and distinctly perforated niamelons (PI. xm, Fig. 1/).

The mouth opening is narrow, reaching scarcely one-third the diame-

ter of the test. The incisions of the margin are weak (PI. xiii, Fig. la).

The discal opening is subpentagona;!.

Related forms.—This species resembles in some particulars Pse»/Zo-

diadema ornntuM Goldfuss, of the (hetaceous of Europe, l)ut the latter

form has a different arrangement of the secondary tubercles and gran-

ules and lacks the radial striatiou upon the areolas.

Locality and geokxjieal horizon.—Pseudodiadema diatrettim is fi'om

the yellow limestone of the middle marl bed (upper Cretacous) of Tim-

ber creek, l^ew Jersej^

Collections.—Philadelphia Academy of Natural Sciences; American
Museum of Natural History, New York.

Pseudodiadema texanum (Roemer).

Plate XIII, Figs 2a-b. Plate xiv. Figs. la-g.

'Diadema texanum Koeiner, 1852. Die Kreidebildungeu von Texas, p. 82, PI. 10, Fig. 5.

Pseudodiadema texanum Deaor, 1858. Synop. des fichinidcs fossiles, p. 72.

.Diadema texanum Gal)b, 1859. Cat. Invert. Fossils, Cretaceous, p. ID.

Pseudodiadema texanum Meek, 1864. Smith Misc. Coll. vol. 7 (177), p. 2.

Pseudodiadema Eoemeri Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 75.

Determinative characters.—Test small, circular, depressed; sides in-

flated; upper and lower surfaces about equally flattened. Ambulacra
narrow, with two rows of i)rimary tubercles, eleven or twelve in each row

;

poriferous zones narrow, pores uuigeminal. luterambulacra wide, with

two lows of primary tubercles of larger size than those of the ambula-

cra. Mouth opening wide, covering nearly one-half the diameter of the

test. Discal opening siibcircular, with deep incision in right anterior

ambulacrum.

Dimensions.—Transverse diameter, § inch; height, ys ineh.

Description.—This form, descriljcd by Roemer,. in 1852, as Diadema
texanum, was assigned a new name (i*. Koemeri) by the writer in his
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preliminary report,' wbeu Cyj)hosom9, texanum of the same author was
referred to Pscudodiadema. The reference of the latter form to Dip-

lo2)0(Iia, in the jireseut report, makes it possible to return to the earlier

name for the jiresent species.

The test is circular, very much depressed ou both the upper and
lower surfaces and inflated at the sides (PI. xiv. Fig. Ic).

The ambulacral areas are narrow and lanceolate. They bear two
rows of tubercles, eleven or twelve in each rov7, that decrease rapidly

in size from the ambitus to the poles (PI. xiv, Fig. le; PI. xiii. Fig. 26).

The areolas are circular, the bosses stout and prominent, the mamelons
distinctly perforated (PI. xiv, Fig. Ig). Small secondary tubercles are

irregularly dispersed between the rows of primary tubercles. A few

scattered granules surround the same. The poriferous zones are uni-

geminal throughout, though the pores sliow a slight tendency to in-

crease at the peristome.

The interambulacral areas are about twice the Avidth of the ambula-

cral. There are two rows of primary tubercles, nine or ten in each

row, that decrease in size from the ambitus to the poles (PI. xiv. Fig.

Id; PI. XIII, Fig. 2((). The areolas are depressed, circular, and dis-

tinctly outlined, the bosses elevated and deeply crenulated, the mame-
lons large and deeply i^erforated. Small secondary tubercles surround

the primary tubercles, between which are interspersed minute granules

(PI. XIV, Fig. 1/).

The mouth opening is wide, covering nearly one-half of the diameter

of the test. Ten incisions produce Avell-deflned lobes at regular inter-

vals (PI. XIV, Fig. lb). The discal opening is large and subcircular, with

a deep incision in the right anterior ambulacrum (PI, xiv. Fig. la).

Related forms.—Both Eoemer and Desor mention the similarity of

this species to P. teiiue, of the Cenomanian of Europe, from which, how-

ever, it is separated by its smaller tubercles and more numerous gran-

ules.

Locality and geological horizon.—This important species is common in

the Fredericksburg formation of the Comanche series (lower Cretaceous)

of Texas, and is found at Fredericksburg and near San Saba valley.

Collection.—U. S. National Museum.

DIPLOPODIA McCoy.

DiPLOPODiA TEXANUM (Eocmer).

Plate XV, Figs, la-f; Plate xvi. Figs. la-d.

Diadema texanum Roemer, 1849. Texas, etc., p. 392.

Cyphosoma texanum Roemer, 1852. Die Kreidebildungen von Texas, p. 82, PI. 10,

Fig. 6.

Cyphonovia texanum Conrad, 1857. U. S. and Mex. Bound. Surv. Rept., vol. 1, pt. 2, p.

145, PI. 1, Fig. 3.

Phymosotaa texanum Dosor, 1858. Synopsis des Ecliinides fossiles, p. 90.

' Johns Hopkins University Circulars, 1891, Ko. 87, pp. 75-77.
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Cyphosoma tcxanum (Jablt, 1S5!>. Cat. Invert. I'os.sils, ("rctaeoons, p. 18.

Cjiphonoma tcxatium (ijibb, 180}>. Calironiia Geol. Siiiv., Palf()iit()lo<;y, vol. 2, p. L'TtJ.

I'seiidodiadcmn texamim Clark, 1S91. Jobu.s Ilopkius I ,'uiv(u-Kity ( 'ircnlars, No. 87, yi. 75.

Detcrminatire characters.—Test larger subcireular; sides inflated;

iipixT surface elevated; lower suitiiec <lepressed, concave. .Vnibulacia

prominent, with two rows of primary tubercles; poriferous zones broad
above, narrow below; pores in siuj^ie pairs from i)cristome to ambitiis,

beyond wliieli to the apical disk they are bigeminal. Interambulacra

wide, witli four rows of primary tubercles at the ambitus, which become
reduced to tw^o at the poles. Mouth opening wide, about two-tifths

the diameter of the test. Discal oi)ening large, subpentagoiial.

Diinennioiia.—Transverse diameter, 1;^ inches; iiiMght, ^ inch. •

Description.—This species was tirst described by Roemer, in 1840, in

Texas, etc., as Diadcma /c.m»nw, but subsequently, in 1S52, referred to

Ci/phosoma. Although the perforated mamelons are not always shown
with di.stinctness at the flrst glance, they are suthcieutly numerous
upon careful inspection to warrant the removal of this form from the

genus Cyphosoma.

The test is large, subcireular and elevated (PI. xv, Fig. Ic). The
sides are inflated, and the upper surface elevated and convex. The
base is depressed and concave.

The aml)u]a('ral areas are broad and lanceolate. They have two rows

of primary tubercles, fourteen or fifteen in each series, that are large at

the ambitus and decrease gradually tOAvard the poles (PI. xv, Fig. Id).

A circle of scattered granules surround the narrow areolas. The porifer-

ous zones are broad upon the upi)er surface, but below the ambitus are

very much narrowed. The pores are in single pairs below the ambitus,

except directly at the mouth edges, where they becpme greatly increased,

as shown in Plate xvi, Fig. Iff. From the ambitus to the apical disk

they are bigeminal (PI. xv. Fig. Ir;), a character which Duncan, in his

recent revision of the Echinoidea, considers of generic importance and
sufficient ground for a separation of Diplopodia from Pseudodiadema.

The interambulacral areas are about one and one-half times the width

of the ambulacral at the ambitus. There are four rows of primary

tubercles at the ambitus (PI. xv. Fig. If), which become reduced to

two in the vicinity of the apical disk and mouth edges (PI. xvi, Fig. l/>,

Ic). In the center of the column the tubercles of the four rows are (jf

about equal size, but those of the outer rows become much more rapidly

reduced in size toward the poles. Small secondary tubercles are found

on the outer margin of the plates, while irregularly scattered granules

cover the space between the tubercles. A broad depression occurs

along the line of the central suture in the vicinity of the discal oi)ening.

The mouth oi)ening is circular, but is broken by distinct incisions.

Its diameter is about two-fifths that of the test (PI. xv, Fig. 1^).

The discal opening is large an<l subpentagonal (PI. xv, Fig. 1«).

Bull. 07-^1
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Belated forms.—This species is closely allied to or perhaps identical

with the form described by D'Orbiguy in 1842 from the United States of

Colombia under the name of Echinus Bollvaril., and later recognized by

Gabb in a collection obtained fi'om Peru. As the original description

and figures leave some doubt as to the determination of the species, the

term texanum is retained here.

Locality and geological horizon.—This form is found in the Fredericks-

burg formation of the Comanche series (lower Cretaceous) of Texas. It

is from the Conmnehe Peak beds, and is reported from Fredericks-

burg and near the head of the San Saba river.

Collections.—U. S. National Museum ; Boston Society of Natural His-

tory; Texas Geological Survey; University of Iowa; Prof. Kobt. T. Hill.

DiPLOPODiA HiLLi Clark.

Plate XVI, Figs. 2a^g.

Pseudodiadema RiUi Clark, 1891. Jolius Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test subpentagonal, depressed ; sides in-

flated; upper and lower surfaces flattened. Ambulacra prominent,

straight, with two rows of xnimary tubercles, twelve or thirteen in each

row
;
poriferous zones narrow, with slight increase in width toward the

apical disk
;
pores in single pairs below but bigeminal on the upper

surface. Interambulacra with two rows of primary tubercles of equal

size with those of the ambulacra. Mouth opening narrow, circular.

Discal opening broad, pentagonal.

Di^nensions.—Transverse diameter, f inch; height, -^^ inch.

Description.—This rare Dii)lopodia has a subpentagonal outline, the

projecting ambulacra .occupying the angles. It is depressed on both

the upper and lower surfaces, the latter becoming somewhat concave

toward the mouth opening. The sides are moderately inflated.

The ambulacra are broad, very prominent, and furnished with two

rows of large tubercles, twelve or thirteen in each row>that decrease

rapidly from tlie ambitus toward tlie apical disk and peristome. The

poriferous zones are narrow and lanceolate. The pores are arranged

in single pairs on the lower surface, but from the ambitus to the apical

disk are increased slightly in number, and near the apical disk become

bigeminal (PI. xvi, Fig. 2(7). The interambulacral areas are narrow

and appear flattened, as compared with the slightly i)rojecting ambu-

lacra. They are provided Avith two rows of primary tubercles of equal

size with those of the ambulacra (PI. xvi, Fig. 2/'). There are ten or

eleven in each row. The areolas are narrow, circular, and elevated, the

bosses prominent and distinctly crenulated, and the mamelons deeply

jjerforated. The tubercles are somewhat widely separated and the inter-

vening space is eovered with small secondary tubercles and sparsely

scattered granules.

The mouth opening is broad, depressed, and circular. It is divided
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by tell incisions into well-defined lobes, those of the aiubnlacra broader

and extending- farther into the opening than the others (PI. xvi, Fig. tib).

Tlie distal opening is pentagonal, the angles occurring at tlie point of

the medial suture of the interanibulacra (PI. xvi, Fig. -}<().

Related forms.—Diplopodia HiUi appears at first glance (;losely allied

to, if not identical with, PseHdodiadema texauion. It is separated from

the same, however, by its larger size, subpentagonal form, and increase

in number of pores from the ambitus to the apical disk. In this latter

particular it is not unlike Z>. te.vanum, from which, however, it is sepa-

rated by its smaller size, subpentagonal form, and two instead of four

rows of primary tubercles. It is similar to i*. Khodani of the European

Cretaceous in some particulars, but that form is without the increase in

number of pores on the upper surface and likewise possesses more plates

in each column.

Locality and geological horizon.—This species is from the ^Vustin chalk

(upper Cretaceous) of Texas.

Collections.—U. S. National Museum; Prof. Kobt. T. Hill.

COPTOSOMA Desor.

COPTOSOMA MoKTONi (de Loriol).

Plate XVII, Figs. la-e.

Cijplwsoma Mortoni de Loriol, 1887. Recueil Zoologique Suisse, Tome iv, No. 3,

pp. 389-391, PI. XVII, Fig. 2a-c.

Determinative characters.—Test circular, depressed. Ambulacra very

wide, with two rows of primary tubercles, thirteen in each row, the

three or four at the ambitus large and nearly continent, but diminish-

ing rapidly in size toward either pole; poriferous zones narrow, sinu<5us;

pores unigeminal, those of each pair separated by a granule. Inter-

ambulacra with two rows of tubercles, nine or ten in each row. Mouth
opening very large.

Dimensions.—Transverse diameter, .i to | inch; height, ^ inch.

Description.—The writer has been unable to obtain a specimen of

this species, but the very full descrii)tion and excellent figures given

by de Loriol admit of its satisfactory identification. The description

that follows is a translation in nearly every particular of that given by

de Loriol. The two specimens in the possession of de Loriol were so

deformed that he could not determine the height accuratel}'. The
test is circular and depressed. The ambulacra! areas are relatively

very wide, almost as large as the interambulacral, and bear two rows

of large tubercles, thirteen in each row. The first four or five tubercles

from the apical disk are far apart and very small. At the ambitus

three or four of the tubercles are very large, with nearly confluent

areolas (PI. xvii. Fig. Ic), but rapidly diminish in size toward t'le

lower surface, the last four or five being very sinall and with diffi-

culty distinguished. The areolas, except at tlili ambitus, are n(jt large.
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The bosses are finely cremilated and the manielons small aud imper-

forate. Upon the lower surface there are large mammillated grannies

which can be with difficulty distinguished from the i)rimary tubercles.

Each areola is also partially surrounded by a circle of small granules

that occur most numerously near the line of the central suture. The
granules are few in number on the upper surface. The poriferous zones

are narrow, slightly sinuous, and corax)Osed of small pores without any
increase toward the apical disk or mouth opening. A small granule is

found between the jjores of each pair (PI. xvii, Fig. Ic).

The interambulacral areas bear two rows of primary tubercles that

are similar to those of the ambulacra, but larger and less numerous

(PI. XVII, Fig. la). The lower surface is covered by large mammillated

granules that can scarcely be distinguished from the tubercles, and

also by numerous small ones. There are few granules on the ui^i^er

surface. The mouth opening is large, with slight incisions.

Related forms.—This species is most closely related to Coptosoma

speciosum, but in form and in several details of strncture is unlike it.

The presence of granules between the pores of the present species is a

marked feature.

Locality and geological horizon.—This form is from the Rotten limestone

(upper Cretaceous) of Nahalak, Kemper county, Mississippi.

Collection.—P. de Loriol, Switzerland.

Coptosoma speciosum Clark.

Plate XVIII, Figs. la,-h.

CypTiosoma speciosum Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test circular, inflated at the sides, flat-

tened on the upper and lower surfaces. Ambulacra wide, with two
rows of primary tubercles, twelve or thirteen in each, that gradually

diminish in size toward the poles; poriferous zones sinuous; jjores uni-

geminal. Interambulacra with two rows of tubercles slightly larger

than those of the ambulacra. IVIouth opening one-third the diameter

of the test.

Dimensions.—Transverse diameter, |^ inch ; height, | inch.

Description.—This delicate species has a circular test with inflated

sides. Both poles are flattened, the lower more than the upper (PL

XVIII, Fig. 16).

The ambulacral areas are wnde and prominent, and bear two rows of

large tubercles, twelve or thirteen in each row. The areolas are nearly

confluent above and below, and are striated by irregular radiating ridges

(PI. XVIII, Fig. 1/). The bosses are deei)ly crenulated, and the small

manielons are imperforate. Minute tubercles and granules irregularly

surround the ])rimary tubercles, occurring in greatest number along

the central suture. The poriferous zones are slightly sinuous, the

three pore pairs having a.curved arrangement on each ambulacral plate.
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The intorambulacral areas arc a))<)ut one aiul one-half times as wide
as tlie anibuhicral. They have two rows of])riniary tubercles that are

somewhat hirger than those oftlic anibulacia (PI. xviii. Fig. Id). The
areolas are very large and are continent above and below. Throughout
the greater part of the column the two rows approach each other, but
toward the apical disk are widely separated from one another. The
smaller tubercles are disi)osed iu rows, with greater or less regularity,

on either side of the primary series.

The mouth oi)ening is narrow, occupying a little more than one-third of

the diameter of the test. It has an irregular pentagonal outline. The
discal opening is large and pentagonal in form. (PI. xviil, Fig. la).

Related forms.—This form is apparently closely related to Coptosoma

Mortoni, but is more elevated and does not exhibit the granules l)etween

the pores.

Locality and geological horizon.—This species is from the yellow

limestone of the middle marl bed (upper Cretaceous) of Timber creek,

New Jersey.

Collection.—Philadelphia Academy of Natural Sciences.

GONIOPYGUS Agassiz.

GONIOPYGUS ZiTTELI Clark,

Plate XVIII, Figs. 2 a^d. Plate xix, Figs. 1 a-e.

Goniopygus ZUteli Clark, 1891. Johns Hokins l^niversity CMrcnlars, No. 87, p. 76.

Determinative characters.—Test subconoidal, circular in circumfer-

ence; upper surface elevated ; base tlattened. Ambulacra broad, with

a double row of alternating tubercles, eighteen to twenty in each series

;

poriferous zones, with a double row t>f i)ores, multiplied at the peri-

stome. Interambulacra broader than the ambulacra, with a double

row of primary tubercles, ten to twelve in each row. Apical disk prom-

inent, compact. Mouth o])ening large, with shallow incisions.

Dimensions.—Transverse diameter, 1^ inches; height, 1 inch.

Description.—All the specimens of this species examined by the

writer have a distinctly subconical form that is highly characteristic.

The npper surface is very much elevated, while the lower is flat and
slightly depressed around the mouth edges (PI. xviir. Fig. 2a).

The ambulacral areas are broad, increasing regularly in width from

the apical disk to the ambitus, beyond which they decrease toward the

mouth opening (PI. xix. Fig. Id). There is a double r(»v of eighteen to

twenty tubercles in each area, that' rapidly increase in size from the

apical disk downward. The pores are arranged in a double row on

ea^ch poriferous zone except in the vicinity of the mouth edges, where

they become suddenly increased in mimber (PI. xvni, Fig. - />).

The interambulacral areas are about one and one-half times the width

of the ambulacral, and each contains a double row of large tubercles.
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ten to twelve in eacb series (PI. xix, Fig", lo). These tubercles are eoii-

siderably larger than those of the ambulaeral area, and have wide

circular areolas, smooth bosses, and imperforate raanieloiis (PI. xviii,

Fig. 2c). On the base the tiil)ercles of all the areas are of nearly equal

size. The miliarj- si)ace is wnde, very nearly smooth in the upper por-

tions of the column, and sparsely covered with granules toward the

mouth edges.

The apical disk is large and compact, the elongated genital plates

giving it a star-shaped appearance (PI. xviii. Fig. 2d). The well-de-

fined ocular plates, wedged into the interspaces, make the entire

outline subpeutagonal. Each genital plate is angular at the outer ex-

tremity and perforated. On the inner edge of the same there is a

semicircular depression, in the center of w^hich is a small niammillated

tubercle.

The mouth opening is large, covering quite one-half the diameter of

the base. It is divided into ten lobes by ten shallow incisions (PI. xix,

Fig. Ih).

Related forms.—This species shows many i)oints of similarity to

JEcMnus patagonensls, described by d'Orbigny in 1842, from the Tertiary

of southern Patagonia. The margin of d'Orbigny's species is sharper

and the apical disk of somewhat different shai)e. Moreover, if prop-

erly referred to the Tertiary, it is undoubtedly a different form. EcM-

nus (indhms, from the desert of Atacama, described by Philii^pi in 18G0,

is likewise closely allied to G. ZltteU, though more conical and present-

ing a different surface decoration of the plates. Ooniopygus major.,

from the Cenomanian of Europe, is similar in many particulars, though

the pores are not increased around the peristome as in G. Zitteli, and

the apical disk is of more compact form.

Locality and, geological horizon.—Goniopygna Zitteli is from the Ca-

prina limestone, a division of the Fredericksburg formation of the

Comanche series (lower Cretaceous), and has been collected at many

points in Texas, among others Spanish Oak branch, Williamson county,

and Round Rock.

Collections.—U. S. National Museum: Texas Geological Survey.

FiCIIINlB^.

Test spheroidal. Ambulacra wide, with two or more rows of i)rimary

tubercles; poriferous zones usually trigeminal or polygeminal. Inter-

ambulacra witlf two or more row.? of primary tubercles, generally of

equal size with those of the ambulacra. Mouth opening large, decag-

onal. Apical disk composed of ten plates.
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PSAiMlMECHINUS Agassiz.

PSAMMEOHTKUS CINGULATITS Clark.

^ Plate XX, Figs. In-i.

rsammechinu!^ c'nHiuIalns Clark, 18!U. Johns Hopkins ITiiivfrsity Circulars, No. 87,

p. 7(i.

Determinative characters.—Test smiill, hemispherical, with circular

circuinfereiice; sides inflated; iqipcr suvfjice eleviited; base flattened

and concave. Ambulacra widi', with two rows (f i>rimary tubercles,

sixteen or seventeen in each series; poriferous zones depressed, tri-

o-eminal. Tuteramlnilacra about one and one-half times the width of

the ambulacra; plates covered with numerous uncrenulated and imper-

forate tubercles. IVfouth opening large, with ten deep incisions.

Dimensions.—Transverse diameter, J inch; heif^lit, ^ inch.

Description.—This delicate form, of which two very perfect specimens

were examined by the writer,»is hemispherical in shape with circular

circumference, inflated sides, elevated upper surface, and flattened base.

In the \icinity of the mouth opening- the low^er surface is depressed,

producing a slight concavity.

The ambulacral areas are wide and composed of eighteen to twenty
plates (PI. XX, Fig, 1/). The lower sixteen or seventeen of each series

bear ]m)minent tubercles that occur in a continuous line to the ])eris-

tome. On either side of the prinuiry tubercles are smaller ones of like

shape. The three pore pairs are arranged in semicircular form, the

two upper separated from the lower by one of the secondary tubercles

(PI. XX, Fig. Ir/).

The interambulacral areas are about one and one-half times as wide

as the ambulacral an<l the plates about flfteen in number. Each ]>late

bears a large tubercle in the center, and irregularly arianged about it

smaller tubercles of various sizes (PI. x;x. Fig. le).

The mouth opening is large, with ten deep incisions (PI. xx, Fig. Ih).

The ai)ical disk is lacking, but the broken opening is large and ])en-

tagonal in form.

IxeJated forms.—This unique species is quite unlike anj- hitherto

described, and is readily characterized by the arrangement of the

tubercles and pore pairs. As the only rei)resentative of this genus

re(M)gnized in American dej^osits it has especial interest.

Locality and f/eolof/ical horizon.—This species is labeled as simply

from New Jersey, but in character of jireservation is not unlike other

specimens from the yellow limestone of the middle marl bed (upper

Cretaceous) of Timber creek.

Collection.—Philadelphia Academy of Natural Sciences.
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STOMECHIXUS Besor.

Stomechinus Hyatti Clark.

Plate XXIII, Figs. la-e.

Determinative characters.—Test high, eircnrofereiice circular. Ambu-
lacra with four rows of small primary tubercles

;
poriferous zones wide,

trigeminal. Intorambulacra Avith eight or ten rows of tubercles that

diminish in number toward apical disk and mouth o]>ening, with a de-

pression along the line of the central suture.

Dimensions.—Height, 1 inch; transverse diameter, 1 inch.

Description.—The single specimen of this interesting Jurassic form has

only the cast of a portion of the exterior preserved. The test is high,

and the circumference circular or slightly subpentagonal. The sides

rise abruptly from the margin (PL xxiii. Fig. la).

The ambulacra! areas are about one-half tlie width of the interam-

bulacral, and preserve a nearly uniform width throughout. There are

four rows of tubercles that increase slightly in size from above down-

ward. A depression appears along the line of the central suture.

The poriferous zones are wide; the iiore pairs are placed in oblique

ranks of three, and each rank is separated from that next to it by two

small tubercles (PI. xxiii, Fig. Ih).

The interambulacral area is about twice the width of the ambulacral,

and the plates of the former are but slightly higher than those of the

latter (PI. xxiii. Fig. Ic). Each plate is covered at the widest part of

the area with an irregulai' row of four or five tubercles that are of about

jpqual size. The tubercdes of the interambulacral areas are of about the

same size as those of the ambulacral. The tubercles are uncrenulated

and imperforate. A wide depression extends along the medial line of

each interambulacral area according with the position of the central

suture.

The regions of the apical disk and mouth opening are largely want-

ing, but a deep incision shown upon the margin of the latter indicates

that it is distinctly lobed throughout.

Belated forms.—The American species shows some points of identity

with ^StomecMnus nuclus Wright of England, though the latter is less

elevated, has a sharper marginal angle, and a less regular arrangement

of the tubercles.

Locality and geological liorizon.—This species is trom the Jurassic

strata of Taylorsville, California.

Collection.—U. S. National Museum.
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PEDTNOPSIS Cottoaii.

Pedinopsis Pondi (^lark.

Plato XXI, Fi,us. la-h. Plate xxri, Fif^s. \a-<'.

Determinative chamctcr.s.—Test large, circular, inllated at the sides,

convex on the upper surface. Anibulacia with six rows of tu])ercles at

the ambitus, the two uiariiinal rows complete and the four inner incom-

plete; poriferous zones broad, bigeminal. Interambulacra with twenty

rows of tubercles at the ambitus, Avhich become reduced to four at the

margin of the mouth opening; tubercles small, eqiuil, crenulated, and
perforated. Mouth opening small, w'itli distinct incisions.

Dimensions.—Transverse diameter, 3^ inches; lieiglit, 2^ inches.

Description.—The single very large specimen of this species exam-

ined by tlie waiter has portions of the test in a very perfect state of

preservation. The test is l?irge, circular, inllated at the sides, and con-

vex on the upper surface. The lower surface is flattened, with a slight

concavity in the region of the mouth opening (PI. xxii, Fig. la). The
ambulacral areas are wide, and have at the ambitus six rows of tuber-

cles (PI. XXII, Fig. Ic), the two marginal rows alone continuing from the

discal oi>ening to the peristome. The four inner row\s are incomplete,

but of equal size with the outer. The tubercles are finely crenulated

and perforated. The poriferous zones are broad and bigeminal (PI.

XXII, Fig. Ic), except on the lower surface, where the rows become
crowded together. Near the mouth opening they again broaden out

and become greatly increased in number at the margin. The pores

are small and round. The interambulacral areas are broad and have

twenty rows of tubercles at the ambitus, which become reduced to fimr

at the mouth edges (PL xxii, Fig. lb). The tubercles are of equal size

with those of the ambulacra. Small mammillated granules are found

scattered over both the ambulacral and interambulacral plates, to-

gether with a fine granulation covering the entire surfoce.

The mouth opening is small and measures about seven-eighths of an

inch in diameter. It has ten distinct incisions in the interambulacra.

The discal opening is partially outlined, but is very indistinct.

This species is named for Mr. Edwin J. Pond, of the U. S. Coast and

Geodetic Survey, by whom the specimen described by the Avriter was
discovered.

Related forms.—The present species is unlike any described from

American or European deposits.

Loealiti/ anil (leohxjk-al horizon.—The specimen was found on the south

bank of Onion creek, Travis county, Texas, about one-fourth mile south-

west of the crossing of the Austin and San Antonio wagon road. It is

probably from the lower portion of the Austin chalk (upper Cretaceous).

Collection.—Johns Hopkins University.
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lEEEGULAKES.

ECHINOCONID^E.

Test circular, elliptical, or pentagonal. Ambnlacra narrow; porifer-

ous zones uniij^eniinal, seldom biiicniinal. Interanibnlacra broad ; surface

covered witli small, perforated, and crenulated tubercles, that are larger

on the base. Mouth opening- central, circular, or decagonal, with jaws

and distinct incisions. Apical disk central, com])osed of ten plates.

Anal opening between apical disk and mouth opening.

HOLECTYPUS Desor.

HoLECTYPtis PLANATUS Eoemer.

Plate XXIII, Fig. 2a-f.

Holectypus planatus Eoemer, 1849. Texas, etc., p. 393.

Holeeli/jms planatus Eoemer, 1852. Die Kreidebiklungeu von Texas, p. 84, pi. 10,

Fig. 2.

Holeciypus 2)l(inafus Sbumard, 1852. Eept. Expl. Bed Eiver of La.,p, 211.

Hplectypus planattis Giebel, 1853. Jabresbcr, d. Naturw. Ver. in Halle, p. .373.

'Holedypus pJitnns Giebel, 1853, ibid,

HoU'ciypus planatus Conrad, 1857. U, S. and Mes. Bonnd. Surv. Eept. vol. 1, pt. 2,

p. 145, pi. 1, Fig. 4.

HolecUjpus planatus Desor, 1858. Synop. des Ecbiuides fossiles, p. 174.

Hohctypns planatus Gabb, 1860. Cat. Invert. Fossils, Cretaceous, ]>. 18.

Holectygus planatus Meek, 1864. Sniitb. Misc. Coll., vol. 7 (177)', p. 2.

Holectypus planatus Clark, 1891. .Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test subcircular, subconical, flattened on

the under surface. Ambulacra narrow, straight, and somewhat lanceo-

late, with six irregular rows of tubercles; poriferous zones straiglit,

narrow, unigeminal. Interanibnlacra wide, plates numerous and nar-

row, each with a nearly horizontal row of small tubercles. Apical

disk small, the madreporite large. Mouth opening small, subcircular.

Anal opening large.

Dimensions.—Height, f inch; transverse diameter, If inches.

DescriiMon.—This very common form, from the Cretaceous of Texas,

was first reported by Eoemer in "Texas," etc., in 1849, and subsequently,

in 1852, more accurately defined and figured. Although wide differences

in outline and in the size and arrangements of the tubercles occur

they appear to be rather individual than specific. The majority of the

specimens are subcircular; in the case of some, however, distinctly cir-

cular, while in that of others clearly pentagonal. The ambitus in some

individuals is sharp, in others, rounded, while the ui)per surface is dis-

tinctly elevated at the center with slightly tumid sides. The under

surface is flat and slightly depressed in the vicinity ofthe mouth opening.

The ambulacral areas are narrow, straight, increasing in width toward

the ambitus and somewhat lanceolate in form. The poriferous zones

are narrow, the pores small and unigeminal. Six rows of small tuber-
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cles are fouii<l in tlio broadiT ])(»rti()ii of tlic iireas, which IxM-oine re-

duced to four toward the apical disk :iud luouth edges (IM. win, Fig. 2e).

The iuterambulaeral areas are about three times tlie widtli of the

ambuhioral at tlie ambitus. The phites are nnriow , each with a liori-

zoutal row of suuill tubercles, five or six in a row at the ambitus, but
fewer above aud below. Each tubereh^ has a small circular areola,

crenulated boss, and perforated manielon. The tubercles cover the

greater i)orti(Ui of the plates, with minute granules interspersed be-

tween them (PI. XXIII, Fig. 2(1). The tubercles are very much larger

on the lower surface, and the ditference in size shown between those of

the ambulacra and interambulacra on the u]»per surfacM' disa])pears.

The apical disk is small. The five ovarial plates are all perforated;

the madreporite is of large size and indistinctly separated from the

other plates (PI. xxiii, Fig. 2/').

The mouth opening is small, with slight incisions that give a decagonal

margin. The large oval anal opening extends from the vicinity of the

mouth edges to the ambitus (PI. xxiii, Fig. 2h).

Belated forms.—Cotteau has recently described, under the name of

H. Castilloi, a new species of Holectypus from Mexico that is not unlike

certain individuals of H. planatns examined by th'e writer. As a sulfi-

cient number of intermediate forms has been found to connect all the

specimens examined with the type form described by Koemer, no at-

tempt has been made to establish new species, H. planus described by
Giebel is considei»ed such a variation.

Locality and geological horizon.—This widely distributed form is from

the Washita formation of the Comanche series (lower Cretaceous) of

Texas. It has been found at Austin, F'redericksburg, and elsewhere.

Collections.—U. S. National Museum; Philadelphia Academy of Natu-

ral Sciences; Boston Society of Natural History; Texas Geological

Survey; Prof. Eobt. T. Hill.

CASSIDUIilD^ Agassiz.

Test circular, oval or subpentagonal. Ambulacra simple or peta-

loid, generally similar. Mouth opening central or subcentral, generally

with a pentapetaloid floscelle. Anal opening excentric.

PYRINA Desmoulins emend, de Loriol.

Pyrina Parryi Hall.

Plate XXIV, Figs. la-J:.

Pyrina Parryi Hall, 1857. U. S. and Mox. Bouinl. Surv. ]{('])1., vol. 1, pt. 2, p. 144, Fi. 1,

Fig. 1-lrf.

Pyrina Parryi Gabb, 1859. Cat. Invert. Fosfsils Cretacoons, j). IJ).
,

Pyrina Parryi Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 2.

Pyrina Parryi Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 7(5.

Determinative characters.—Test subpentagonal, broader anteriorly

than posteriorly, inflated at the sides, flattened above and below.
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Ainbulacral areas narrow, unigeminal; botli areas covered with minute

tubercles.

Moutli opening large, elliptical, oblique. Anal opening oval, sui^ra-

marginal.

Dimensions.—Length, 1^ inches j height, % inch.

Description.—The two specimens originally described by Hall, in the

Mexican Boundary Survey Eeports, are the only representatives of this

interesting species that have been examined by the writer. The test

is regular and symmetrical, slightly pentagonal in outline, enlarged

anteriorally, contracted posteriorly. The upper surface is convex,

though somewhat flattened at the summit. The sides are inflated, the

base flattened and slightly depressed in the vicinity of the mouth open-

ing (PI. XXIV, Figs Ic, Id).

The ambulacra! areas are narrow and lanceolate; the poriferous

zones straight and depressed, the pores small, oval, and unigeminal

(PI. XXIV, Fig. If). The interambulacral areas are broad and less ele-

vated than the ambulacral. Both the ambulacra and interambulacra

support numerous small tubercles, that are larger and more distinct

on the lower than the upper surface. Fine microscopic granules are

disseminated between the tubercles (PI. xxiv. Figs, le., \g).

The mouth opening is large, elliptical, and obliquely situated slightly

in front of the center of the base. The anal opening is oval and placed

nearly in the center of the posterior margin. The apical disk is small,

composed of four ovarial plates, the large right anterolateral modified

to form the madreporite. The five small ocular plates are firmly wedged
between the ovarial plates (PI. xxiv, Fig. Ih).

Related forms.—The species just described is the only representative

of this genus reported from American strata, and both in form and

structural features admits of a ready separation from all European

species. It presents some points of similarity with Pyrina DesmouUnsii

D'Archiac, but is broader posteriorly and less elevated.

Locality and geological horizon.—Pyrina Parryi Hall is from the

Washita formation of the Comanche series (lower Cretaceous), and in

vol. I of the United States and Mexican Boundary Survey Eeports is

reported from Leon Springs, El Paso Eoad, Texas.

Collection.— U. S. National Mu'seum.

BOTEIOPYGUS D'Orbigny.

BOTRIOPYGUS ALABAMENSIS Clark.

Plate XXV, Figs. la-f.

Botriopygus alahamiensis Clark, 1891. Johns Hopkins Uuiversitj' Circulars, No. 87,

p. 76.

Determinative characters.—Test oblong; more or less depressed on

upper surface, highest anteriorly; under surface concave. Ambulacra
broad, lanceolate; poriferous zones subpetaloidal above. Interambu-
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lacral plates covered with numerous, irregularly distributed tubercles.

Apical disk anteriorly situated. IMoutli opening- small, oblicine, for-

ward of the center.

I)imen,sions.—Length, 2^ inches; width, L'^ inches; height, 1 inch.

description.—The singh' im])«Tfectly i)rescrved specimen of this sjte-

cies, although api)arently lacking some of the chanutcristics of liotti-

opygus, is nevertheless referred to that genus. The test is oblong,

considerably depressed on the u])i)er surlace, and concave on the base.

The a])ex of the upper surface is forward of the center, making the an-

terior margin full, the posterior Hatteued (IM. xxv, Fig. Ic).

The ambulacra! areas are broad aud lanceolate. They contract ap-

preciably just above the ambitus, giving' to the poriferous zones a sub-

petaloidal form. The pores of the subpetaloidal jtortions are large and
oval, those of the outer rows more elongated than th(»se of the inner

and acuminated on their inner margins. J'he pores of each pair are

united l)y a furrow. The inner portions of aml>ula('ral plates are cov-

ered with tubercles that in the broadest portion of the subpetaloidal

areas reach five or six in number (PI. xxv, Fig. Ic). Below the sub-

petaloidal areas the pores recede from the outer margin of the plates.

Those of each pair are close together, small, and nearly round. The
plates also become broader (PI. xxv. Fig. Id).

The interambulacral plates are large and covered Avith numerous,

irregularly arranged tubercles. A microscopic granulation covers the

intertubercular space (PI. xxv, Fig. 1/).

The position of the apical disk is forward of the center of the upper

surface, although none of the plates are preserved on the specimen ex-

amined. The mouth opening is small and obliquely placed slightly in

front of the center of the base.

Related forms.—Gabb describes a species of Botriopygns from Peru
under the name of B. elcvafus that is not unlike B. alabarnensis in many
particulars, though the American species is larger, less rounded anteri-

orly, and has a more depressed posterior margin.

Locality and tjeological horizon.—This form is from the Ripley group

(upper Cretaceous) of Alabama. Its exact locality is unknown.
Collection.—Philadelphia Academy of Natural Sciences.

ECHINOBEISSUS Breyn.

EcHiNOBRissu« EXPANSUS Clark.

Plate XXVI, Figs. la-y.

Echhwbrissns expansua CLirk, ISiU. .Tolius Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—T(?st subquadrate, broader posteriorly,

moderately convex on up])er surface, concave on the V>ase. Ambulacra
narrowly lanceolate. Anal o]>ening large, supra nuirginal; anal sulcus

broad, deep, extending from near the apex to the ambitus. Mouth
opening large, situated in front of the middle of the base.
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Dimensions.—Length, 1^ inches; width, 1^ inches; height, J inch.

DcHcription.—This typical EchinobrissiTs is of moderate size, some-

what depressed above, and subquadrate in marginal outline. The pos-

terior portion is broader than the anterior and distinctly lobed. The
base is concave.

The ambulacral areas are narrowly lanceolate, and on the upper sur-

:

face the poriferous zones are subpetaloidal (PI. xxvi, Fig. la). The
inner rows of pores are round, the outer oval, with acuminated inner

margins and obliquely idaced (PI. xxvi, Fig. 1/). The interambulacral

areas are formed of broad plates that bear numerous small perforated

and mammillated tubercles. A microscopic granulation covers the

miliary space (Pf. xxvi, Fig. le).

The apical disk is small and compact and the perforations of the

genital plates distinct (PI. xxvi, Fig. Ig).

The mouth opening is large, excentric, situated at some distance in

front of the center of the base. The anal opening is large, acuminated

on the upper margin, and placed in a broad, deep anal sulcus that ex-

tends from near the apical disk to the posterior margin (PI. xxvi,

Fig. Id).

Related forms.—JEchinohrissus expcmsus has no points that would

closely ally it with any species of this genus hitherto described.

Locality and geological horizon.—This species is from the Eipley

group (upper Cretaceous) of Alabama or Mississippi, but its exact

locality is not recorded.

Collection.—Philadelphia Academy of Natural Sciences.

EcHiNOBRissus TEXANUS Clark.

Plate XXVI, Figs. 2a-f.

Echinoirissus tcxanus Clark, 1891. Jolins Hopkius University Circulars, No. 87, p. 76.

Determinative characters.—Test ovate, rounded anteriorly, subquad-

rate posteriorly; upper surface convex, apex forward of the center;

base concave. Ambulacra lanceolate, subpetaloidal. Apical disk for-

ward of the center. Mouth opening small, excentric. Anal opening

small, oval, in narrow sulcus that begins some distance below the apical

disk.

Dimensions.—Length, f inch; width, | inch; height, -^%- inch.

Description.—The single specimen of this species is somewhat dam-

aged on the sides, so that tlie ambital outline is not complete. It is

ovate in form, broader posteriorly, and subquadrate. The upper sur-

face is convex, but more or less compressed. Tlie lower surface is con-

cave.

The ambulacral areas are narrowly lanceolate. The poriferous zones

for a short distance from the apical disk are subi)etaloid in form. The
Ijosterior ambulacra are much longer than the others, the unpaired

ambulacrum being the shortest. The pores of each plate are oval and
set at an angle to one another (PI. xxvi. Fig. 2e).
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The iuterambulacral platos are largo and covered with irregnhirly

arranged tubercles. Between the tubercles a microscopic granulation

covers the surface {V\. xxvi, Fig. 1/).

The apical disk is small and situated forward of the apex. The indi-

vidual plates can not be fully distinguished on the specimen examined.

The mouth opening is apparently small, though somewhat obscured.

It is situated forAvard of the center of the base.

The anal opening is small, placed in a narrow sulcus that begins scmie

distance posterior to the. apical disk.

Related forms.—Uehinobrusus texanus is readily separated from E.

exjxoisus by its ovate form and the shape and size of the anal sulcus.

It is uulike any European species.

Locality and geological horizon.—This form is from the Austin chalk

(upper Cretaceous) of the south bank of the Colorado river, Austin,

Texas.

Collection.—U. S. National Museum.

TREMATOPYGUS d'Orbigny.

Trematopygus crucifer (Morton).

Plate XXVII, Figs. la-*.

Anancliyies cniciferus Mortou, 1830. Am. Jour. Sci.. let ser., vol. 18, p. 245, PI. 3,

Fig. 8.

Ananchijtes cruciferus Morton, 1830. Philadeliiliia Acad. Nat. Sci.,l8t ser., vol. 6, pp.

201, 202.

'Nudeolites o-Mci/cr Mortou, 1833. Am. Jour. Sci., 1st ser., vol. 23, p. 294.

NiideoViies crucifer Morton, 1834. Synop. Organ. Kemaius, Cretaceous, p. 75, PI. 3,

Fig. 15.

Nticleolites criiciferua Agassiz, 1840. Cat. Syst., p. 4.

NiicleoUtcs cruciferus d'Orbiguy, 1847. Prodrome, vol. 2, p. 271, fitage 22, No. 1197.

NuclcoUtes cruciferus Agassiz and Desor, 1847. Cat. rais., p. 97.

-Xuclcolites crucifer Broun, 1848. Index Pal., vol. 1, p. 818.

Pi/fjorhynchus crucifer Kavenel, 1850. Am. Assoc. Adv. Sci. I'roc, p. 100.

Xrematopiifjus crucifer d'Orbigny, 1853-'60. Palcont. fran^aise, vol. 6, p. 387, PI. 953,

Figs. 10, 11; PI. 963, Figs. 1-5.

Echinobrissus cruciferus d'Orbigny, 1854. Revue zool., p. 25.

.Nudeolites crucifer Desor, 1858. Synop. des l^chinides fossiles, p. 262.

Nudeolites crucifer Gabb, 1859. Cat. Invert. Fossils Cretaceous, p. 19.

Nuct^oUtes crucifer Meek, 1864. Smith Misc. Coll., vol. 7 (177), p. 2.

Nudeolites crucifer Cook, 1868. Geol. of New Jersey, p. 377.

Nudeolites crucifer Conrad, 1868. Geol. of New Jersey, Ai)p., p. 722.

Nucleolites cruciferus Credner, 1870. Zeitscbr. d. deutsch. geol. Gesells., xxii, p.217.

Trcmatopiigus crucifer Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test ovate, inflated at the sides and base

and slightly contracted anteriorly. Aubulacra long, well defined
;
pores

unigeminal, prominent on the upper surface, indistinct on the base.

Apical disk situated anteriorly. JMouth oix'uing large and oblique.

Anal opening large, oval, supramarginal.

Dimensions.—Length, 1 iiu'h; breadtli, I inch; height, j-,;- inch.

Description.—This urchin is not uncommon at Timber creek. New
Jersey, where many yery perfect specimens have been obtained. Its
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outline is ovate and very regular, lackiug- at tlie ambitus or apex any

sharply detiued augularity. The sides are highly inflated, together

with the outer portion of the base.

The anibulacral areas are h)ug, lanceolate, and unequal; the posterior

pair are the longest, the unpaired anterior area is the shortest. The
areas do not produce any irregularity in the outline of the test beyond
inconsiderable depressions in the immediate vicinity of the mouth edges.

The poriferous zones are clearly nuxrked on the upi)er surface, and the

pore pairs are nearly horizontal (PI. xxvii. Fig. 1/), but toward the

ambitus the pores become smaller, those of eacli pair nearer together,

and the pairs obliquely situated at the lower, outer corner of each i>late

(PI. XXVII, Fig. le); near the mouth edges they again become larger and
slightly increased in number.

The interaiubulacral areas are wide and comj)osed of large plates

that are bent in the middle. The surface is covered with irregular

rows of tubercles that are x)erforated and mammillated. The miliary

space in its turn is covered with numerous minute and irregularly dis-

tributed granules.

The apical disk is small and anteriorly situated; the four genital

plates are distinctly perforated, those of the anterior pair situated much
nearer together than tliose of tlie posterior (PI. xxvii, Fig. 1//).

The mouth opening is large, oblique, and placed somewhat forward of

the center of the base. The anal opening is large, oval, and acuminate

at the upper extremity. It is situated in an anal sulcus, tliat makes a

marked indentation in the posterior margin, and is bordered by two

well defined ridges (PI. xxvii, Fig. 1(7).

Related forms.—TremaiopyguH erneifer (JMorton) is a unique species

that affords no closely allied forms in either American or European

deposits. It is the single representative of this genus recorded from

American strata.

LocalUy and geological horizon.—The only specimens of this form

thus far reported are from the yellow limestone of the middle marl

bed (upper Cretaceous) of Timber creek, New Jersey.

Collections.—American Museum of Natural History, New York ; Phila-

delphia Academy of Natural Sciences; Johns Hojikins University.

CATOPYGUS Agassiz.

Catopygus oviformis Conrad.

Plate XXVII, Figs. 2a-/.

Catopygus oviformis Conrad, 1847. Philadelphia Acad. Nat. Sci. Jour., 2d ser., vol.

2, p. 39, PI. 1, Fig. !).

Nudeolites ovifornm (Cato]).vgus) Conrad, 1808. Geol. of New Jersey, App., p. 722.

Catopygus oviformis Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test ovate, broader posteriorly; upper

surface nearly flat; apex posterior to apical disk. Ambulacra narrow,

subpetaloidal. Jnterambulacra wide ; single interambulacrum elevated.
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ApicaUliskexcentric, nearer the anterior border. Mouth opening small,

excentric, nearer the anterior margin. Anal opening oval, situated in a
narrow sulcus, that terniinatos above in a projecting arch.

Dimensions.—Length, J inch; width, -^ mvAi; lieight,
-i"^ inch.

Description.—The test of this very beauti ful little form is ovate, with
rounded, inflated sides and elevated upper surface. The base is nearly

flat, slightly concave in the vicinity of the mouth edges, and lobed pos-

teriorly.

The auibulacral areas are narrowly lanceolate, subi)etaloidaI on the

upper surface, the two posterior areas being much longer than the

others. The plates in the petaloidal portions are narrow, but beyond
increase in breadth (PL xxvii, Fig. 2e).

The large interambulacral plates are covered with minute tubercles,

between which are numerous microscopic granules.

The apical disk is suiall, excentric, and situated far anterior to the

apex (PI. XVII, Figs. 2a, 2c).

The mouth opening is small and situated nearer the anterior margin.

The anal.opening is oval and jilaced at the upper part of a nearly verti-

cal anal sulcus. The upper margin of this sulcus forms a beak-shaped

prominence that overhangs the opening (PI. xxvii. Fig. 2d).

Belated forms.—It is separated from C. pusillus Clark, the other

American species, by its narrower outline, more inflated sides, and the

anterior position of its apical disk. In form it is somewhat like G.

columbarius, which is widely distributed in the Cenomanian of Europe,

but the position of the apical disk at once distinguishes it.

Locality and geological horizon.—This species is from the yellow

limestone of the middle marl bed (upper Cretaceous) of Timber creek,

New Jersey.

Collection.—Philadelphia Academy of Natural Sciences.

CATOPYGUS PUSILLUS Clurk.

Plate XXVII, Figs. 'Sa-d,

Catopygiis pusillus Clark, 1891. Jolina Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test ovate to subquadrate, rounded an-

teriorly, subquadrate posteriorly, broader behind than before; upper

surface elevated; base coucave. Ambulacra narrowly lanceolate, sub-

petaloidal on the ui>per surface. Apical disk small, nearly central.

Mouth opening small, anteriorly placed. Anal opening oval, in vertical

sulcus beneath overhanging arch.

Dimensions.—Length, f inch ; width, 1% inch ; height, | inch.

Description.—All the specimens of this species examined by the writer

are casts, that are, however, sufiiciently well preserved to admit of the

determination of all the more important characters. The test is ovate

to subquadrate, occasioned by the slight angularity of the posterior

margin. The anterior jjortiou is regularly rounded.

Bull. 97 5
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The ambulacral areas are narrow, the posterior pair only slightly

longer than the anterior.

The interanibulacral areas are wide and composed of large plates.

The apical disk is small and situated nearly in the center of the upper

surface. •

The mouth opening is small and placed forward of the center of the

base. The anal opening is situated in a nearly vertical sulcus that

is overhung at its upper extremity by a projecting arch (PI. xxvii,

Fig. 3c).

Related forms.—Gatopygus pusillus is separated from G. oviformis by

its broader and slightly subquadrate form, less rounded sides, and

nearly central iiosition of the apical disk.

Locality and, geological horizon.—Gatopyg us pusillus is from the lower

marl bed (upper Cretaceous) of Wordills, Monmouth county, New Jer-

sey.

Collection.—TJ. S. National Museum.

CASSIDULUS Lamarck.

Cassidulus florealis (Morton).

Plate XXVIII, Fig. 1 Or-l.

"Clypeasier sp. Morton, 1830. Philadelpliia Acad. Nat. Sci. Jour., 1st ser., vol. 6, p. 202.

^Clypeaster florealis Mortou, 1833. Amer. Jour. Sci., 1st ser., vol. 23, p. 294.

"Clypeaster florealis Morton, 1834. Syuop. Organ. Eenjains Cretaceous, p. 76, PI. 3, Fig.

12, and PL 10, Fig. 12.

-P»/^(trM8/orm?is Agassiz and Desor, 1847. Cat rats., p. 141.

^hjpeaster florealis Bronn, 1848. Index Pal., p. 312.

Faujasia florealis d'Orbigny, 1853-'60. Pal6ont. frangaise, vol. 6, p. 319, PI. 920,

Figs. 5, 6.

Faujasia florealis Desor, 1858. Synop. des Echinides fossiles, p. 318.

^ Clypeaster florealis Gabb, 1859. Synop. Invert. Fossils, Cretaceous, p. 18.

Cassidulus florealis Meek, 1864. Smith Misc. Coll., vol. 7 (177), p. 2.

"^Pygurus florealis Conrad, 1868. Geol. of New Jersey, Apji., p. 722.

Cassidulus florealis Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test subcouQidal in outline, subpentag-

onal, sliglitly longer in tlie anteroposterior diameter than the lateral,

rounded anteriorly, angular posteriorly; apex sliglitly forward of the

center. Ambulacra narrow
;
poriferous zones j)etaloidal on the upper

two-thirds of the dorsal surface. Interambulacra wide, covered with

small perforated tubercles. Apical disk small, situated anteriorly.

Mouth opening pentagonal, with well-developed floscelle. Anal opening

supramarginal, in short, narrow sulcus.

Dimensions.—Length, 1| inches; breadth, 1| inches; height, finch.

Description.—This sj)ecies, the earliest of this genus recognized from

American deposits, has a subconoidal test of moderate height, with a

subpentagonal margin. The angularity is more pronounced posteri-

orly than anteriorly, the anterior portion of the margin being dis-

tinctly rounded. The antero-j)osterior diameter is but slightly greater
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tlian the lateral, while the height is a little iiioie tliaii one hall ol' t lio

same. The apex is a short distaiiee in front of the center of the iipju'r

surface, the slope of the anterior face being sharper than the i)Osterior

(PI. XXVIII, Fig. Ic).

The ambulaeral areas are narrow. The ]>oriferous zones consist of a

double row of i)ores that are arranged in petaloidal form on the

upper two-thirds of the dorsal surface, and as phylloidal expansions in

the vicinity of the mouth edges (n. xxviii, Fig. le). In the ])etaloidal

portion the pores of the inner row are oval, those of the outer elon-

gated, and each pair united by a shallow furrow (PI. xxviii, Fig. 1/).

Toward the margin the pores are smaller and placed near together

(PL XXVIII, Fig. !(/), and so continue until near the peristome, when
the poriferous zones suddenly expand. At this point the jxa-es increase

in size and distance from one another. Between the oral lobes the ])o-

riferous zones again suddenly contract.

The interambulacral areas are of unequal ^idth ; the anterior pair are

the narrowest; the three posterior are of about equal width and nearly

one-half wider than the anterior. The surface of the plates is irregu-

larly covered with numerous small perforated tubercles with sunken
areolas, betM een which are numerous microscopic granules (PI. xxviii,

Fig, li).

The apical disk is comi)Osed of four perforated genital and five small

ocular plates. The fifth genital is apparently obsolete, as it could not

be observed on any of the several very perfect specimens examined.

The large right antero-lateral genital plate, the madreporite, extends

across the disk, forming a large portion of the center of that body (PI.

XXVIII, Fig. IJ).

The mouth opening is large, pentagonal, and slightly nearer the

anterior margin. It is surrounded by five prominent lobes, that pro-

ject over the oral opening. Between the lobes the ambulacra are con-

tracted and beyond the same expand to form wide phylloidal areas.

The peculiar, somewhat star-shaped, form thus produced has been

termed floscelle by Desor (PI. xxviii. Fig. 16).

The anal opening is small, Circular, and supra-marginal, and is situated

in a short, narrow sulcus (PI. xxviii, Figs. la-Id).

Related forms.—Cassidulus Jforealis is allied to G. ajquorens, though

the latter is more depressed and more elongated. G. suhconicus pre-

sents some points of similarity, but has a more sharply defined pen-

tagonal outline, a differently situated anal opening, and more elongated

})ores in the outer rows of the x)etaloidal areas.

Locality and geological horizon.—This species is reported from the

lower marl bed (ui)per Cretaceous) of ^ew Jersey and Delaware.

Golkction.—Philadeli^hia Academy of Natural Sciences.
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Cassidulus ^quoreus Morton.

Plate XXIX, Figs. la-i.

Cassidulus crquorcus Morton, 1834. Synop. Organ. Kemains, Cretaceous, p. 76, PI. 3, Fig.

14.

Cassidulus wquoreus Desnioulins, 1837. Etudes sur les Echiuides,
i>. 146.

Cassidulus wquoreus Agassiz and Desor, 1847. Cat. rais., p. 141.

Cassidulus wquorvus d'Orbiguy, 1847. Prodrome, vol. 2, p. 271.

Cassidulus lequoreus Broun, 1848. Index Pal., vol. 1, p. 244.

Cassidulus wquoreus d'Orbigny, 1853-'60. PaMont. franyaise, vol. 6, p. 329, PI. 926, Fig.

6-12.

Cassidulus wquoreus Desor, 1858. Synop. des Echinides fossiles, p. 290.

Cassidulus wquorum Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18.

Cassidulus wquoreus Meek, 1864. Smith Misc. Coll., vol. 7 (177), j>. 2.

Cassidulus wquoreus Conrad, 1868. Geol. of New Jersey, App., p. 722.

Cassidulus wquoreus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test subpentagonal, depressed ; upper sur-

face convex; under surface concave, slightly rostrated posteriorly;

apex forward of tlie center. Ambulacra narrow
;
poriferous zones peta-

loidal on the upper surface; contracted above the margin and expanded

again on the lower surface, much narrowed at the peristome. Inter-

ambulacra wide, covered with small perforated tubercles. Apical disk

small, situated forward of the center. Mouth opening small, Avith flos-

celle. Anal opening supramarginal, in short sulcus.

Bimensions.—Length, 1^ inches; width, 1^ inches; height, | inch.

Description.—This typical Cassidulus, early recognized as such by

Dr. Morton, has a depressed test, subpentagonal in outline. It is

louger in the anteroposterior diameter than the lateral. The upper

surface is convex, with sharp marginal edges, while the lower surface

is flat, with a slight concavity toward the center. The apex is some-

what anterior to the center.

The ambulacral areas are narrow. The poriferous zones are unigem-

inal, the pores of the upper part of the dorsal surface arranged in i^eta-

loidal form. At a point varying in the different areas from one-

quarter to one-third of the distance from the margin to the apical disk,

the zones are contracted and continue as narrow bands over the mar-

gin and to the vicinity of the peristome, where they broaden again i)er-

ceptibly, becoming finally much contracted at the margin of the oral

opening (PI. xxix, Fig. le). The i)ores are distinct in the petaloidal

portion (PI. xxix. Fig. 1/) and in the broadened area near the peri-

stome (PI. xxix, Fig. If/), but in the intermediate contracted portion

are small and indistinct. The interambulacral areas are broad, and

covered by small perforated tubercles with sunken areolas.

The apical disk is composed of four perforated genital and five small

ocular j)lates. As explained under the previous species, the fifth geni-

tal is obsolete (PI. xxix. Fig. lli).

The mouth opening is pentagonal and surrounded by a well-develoijed
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tloscoUe. The oral lobes are very promiueiit and the ambulacral farrows
mucli contracted (PI. xxix, Fi<»-. li).

The anal opening- is situated iu a short sulcus ou the upper surface

(PI. XXIX, Figs. la-Id).

Eclated forms.—This species is separated from the preceding, with
which it has much in common, by its more depressed and elongated
form. From G. micrococcus it is separated by its sliarper a])cx, more
angular margin, the position of the anal opening, and the shorter pore
openings in the outer rows.

Locality and geological horizon.—This species is r<>ported from the
Ripley grouj) (upper Cretaceous) of Alabama. No more definite state-

ment as to the locality is given.

Collection.—Philadeli)hia Academy of Natural Sciences.

CASSIDULUS MICROCOCCUS Gabb.

Plate XXX, Figs. la-i.

Canifidulus vvcrococcuR Gabb, 1860. Philadelphia Acad. Nat. Sci. Prop., p. TAd.

Cassidnlns micrococcus Clur'k, 1891. Johns Hopkins University Circulars, No. S7, p. 7G.

Determinative characters. —Test oval, rounded anteriorly, slightly ros-

trated posteriorly; upper surface convex, flattened at the apex; sides

equally declining. Ambulacra moderately broad; poriferous cones

petaloidal on dorsal surface; outer row of pores slit-like in petaloidal

portion. Mouth opening small, pentagonal, with floscelle. Anal ojjen-

ing oval, situated high on upper surface, iu long, narrow sulcus.

Dimensions.—Length, If inches; width, IJ inches; height, f inch.

Description.—This species has a distinctly oval form, wider posteri-

orly. The upper surface is elevated at the margin, but somewhat flat-

tened at the apex. The sides decline very nearly equally. Tlie base

is flattened, with a slight concavity at the mouth edges. The posterior

margin is truncated and slightly rostrated.

The. ambulacral areas are ratlier broad, contracted about one-quarter

of the distance from the ambitus to the apex, and narrowed nearly to the

peristome, where they are again broadened to form indistinct phylloidal

areas (PL xxx, Figs. If, Ig). The pores are slit-like in the outer rows

of the petaloidal portion (PI. xxx. Fig. 1/).

The interambulacral plates are covered with minute tubercles, with

sunken areolas, that increase in size and number ou the base (PI. xxx.

Fig. K).

The apical disk is situated slightly in front of the center of the

upper surface. The right anterior genital i^late, which is modified to

form the madreporite, is very large. The posterior genital is not de-

veloi^ed, or if present the suture is obscured (PI. xxx, Fig. Ih).

The anal opeMng is oval, situated high ui)on the upper surface, in a

long, narrow, and deep sulcus (PI. xxx. Figs, la, Id).

Belated forms.—A comparison of this species with Gassidulns ceqrio-
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reus, as made also by Gabb in his original description, shows that the

present form is much larger and more oval, and that the anal opening is

situated higher and in a deeper and longer sulcus, and, furthermore,

that the pores of the outer row in the petaloidal portion are elongated

and slit-like.

Locality and geological horizon.—This species is from the Kipley group

(upper Cretaceous) of Eufaula, Alabama.

Collection.—Philadelphia Academy of I^atural Sciences.

Oassidultts subqtjadratus Conrad.

Plate XXXI, Figs. 1 Or-h.

Casaiduhts suhquadrafus Conrad, 1860. Philadelphia Acad. Nat. Sci. Jonr., 2d ser.,

vol. 4, p. 291, PI. 47, Fig. 19.

Cassidulus suhqiiadratus Clark, 1891. Johns Hopkins University Circulars, No. 87,

p. 76.

Determinative cliaracters.—Test subquadrate to subpeutagonal, hemi-

spherical; sides equally declining, upper surface convex; lower surface

concave; posterior margin truncated and rostrated. Poriferous zones

broadly petaloidal on iipj^er two-thirds of the dorsal surface; sharply

contracted at lower margin of j^etaloidal areas. Mouth opening small,

pentagonal, with well-defined tioscelle. Apical disk large, slightly

anterior to the center. Anal opening round, in deBp sulcus.

Dimensions.—Length, 2^ inches; width, 2 inches; height, 1 inch.

Description.—This remarkably symmetrical Cassidulus has a nearly

hemispherical form. In outline it is nearer subpentagonal than sub-

quadrate, due to the rostrated character of the i)osterior luargin, which

is at the same time truncated. The anterior margin is rounded. The
lateral edges are nearly parallel, though somewhat more approximated

anteriorly. The aj^ex is slightly forward of the center.

The ambulacral areas are moderately wide in the petaloidal portion,

narrow beyond. The poriferous zones are comi)osed in 'the petaloidal

portion of an inner row of small, nearly circular pores and of an outer

row of oblique slit like openings. The pores of each pair are united by
a shallow furrow (PI. xxxi. Fig. 1/). Beyond the petaloidal areas the

narrow plates of those portions give place to broad plates, each with a

pair of small, round pores in the lower and outer corner (PI. xxxi. Fig.

Ic). In the vicinity of the peristome the poriferous zones expand and

the pores increase in size, though appareutly reduced in number (PI.

XXXI, Fig. 1^). The last pair of plates are nmch contracted.

The interambulacral areas are wide. The plates are covered with

miuute tubercles with depressed areolas, which become larger and more

prominent on the lower surface.

The apical disk is large, composed of four perforated genital and five

ocular plates. The fifth geuital is appareutly obsolete (PI. xxxi,

Fig. 1/0.
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The mouth opening is small, pentagonal, and surrounded by a well-

developed lloscello. The anal opening is round and situated high
above the margin, in a deep sulcus, that becomes narrower and shal-

lower toward the ambitus.

Related forms.—Tliis species is most closely related to Cassidulus

subco7iicus,hnt the latter is much more elevated, while the anal opening

is situated higher and in a less depressed sulcus than in C. fmbquadratus.

Locality and geological horizon.—This form is IVom the lli|)h\v forma-

tion (upper Cretaceous) of Mississippi. Tlie specimen dcscri I )l'(1 is from

Holly Springs, and was collected by Mr. W. J. McGee.
Collection.—U. S. National Museum.

Cassidulus subconicus Clark.

Plate XXXII, Figs, la-lc,

Cassidulus snhconicus Clark, 1891. Johns Hopkins University Circnlars, No. 87, p. 76.

Determinative characters.—Test subconical; margin subpeutagonal,

truncated and rostrated posteriorly; apex anteriorly jilaced. Ambu-
lacra broad in petaloidal portion, narrow beyond; poriferous zones

unigeminal, pores witli slit-like openings in outer row of x'etaloidal

areas. Axjical disk large, anteriorly situated. Mouth opening subcir-

cular, with very prominent floscelle. Anal opening large, situated high

on upi)er surface in shallow sulcus.

Dimensions.—Length, flinches; width. If inches; height, 1^ inches.

Description.—The outline of this form is so similar to the one preced-

ing that there was some hesitation, at tirst, in establishing it as an inde-

pendent species. More careful examination of numerous specimens of

each species has proved the constant occurrence of the individual differ-

ences. Cassidulus subconicus is, as its name signifies, subconical. In

marginal outline it is .subpentagonal, the posterior border more or less

rostrated and clearly truncated. The apex is slightly forward of the

center, giving a somewhat sharper slope to the anterior portion of the

test than to the posterior.

The ambulacral areas are broad in the petaloidal portion, beyond

which they are narrowed. At the margin they again acquire consid-

erable width, but gradually contract beyond, altliough expanded for a

short distance in the phyUoidal area near the mouth opening (PI. xxxii.

Fig. le). At the i)eristome the final jniir of plates is highly attenuated

(PI. XXXII, Fig. !</). The pores of the outer rows, in both the petaloidal

and phylloidal areas, are in a marked degree elongated. In the inter-

mediate portion of the column they are small and indistinct.

The iuterambulacral areas are more prominent than the ambulacral,

which are slightly depressed. The snrface is covered with minute

tubercles and a microscopic granulation (PI, xxxii. Fig. 11).

The apical disk is large, and composed of fonr perforated genital
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plates and five ocular- plates. The fifth genital is apparently obsolete

(PL XXXII, Fig. IJc).

The mouth opening is large, subcircular, and surrounded by a very

prominent floscelle (PI. xxxii, Fig. Ih). The anal opening is large,

circular, and is situated high above the margin in a shallow sulcus.

Belated forms.—Cassidulus subconicus is closely related to G. suh-

quadratus, but is separated from it by its high subcorneal test, more
elevated anal opening, and shallow anal sulcus.

Locality and geological horizon.—Like the preceding species, Cassidu-

lus suhconicus is from the Kipley group (upper Cretaceous) of Missis-

sippi.

Collection.—U. S. National Museum.

Cassidulus porrectus Clark.

Plate xxxiii. Figs, la-h-, Plate xxxiv. Figs, la-h; Plate xxxv,
Figs, la^d.

Cassidulus porrectus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 76.

Determinative characters.—Test very large, subcircular, oval, de-

pressed; upper surface convex; lower surface concave; broader pos-

teriorly than anteriorly; apex forward of the center. Ambulacra broad.

Interambulacra thickly covered with minute tubercles. Apical disk

small, forward of the center. Mouth opening large, subconical, with

prominent floscelle. Anal opening supra-marginal, in short shallow

sulcus.

Dimensions.—Length, 4 inches; width, 4 inches; height, 2 inches.

Description.—This very large Cassidulus, with one exception the

largest Echinoid in the American Mesozoic, has an irregularly oval,

depressed test, that is subcircular in marginal outline. The breadth is

equal to the length, but is greatest in the posterior portion, so that the

margin appears contracted anteriorly. The apex is some distance for-

ward of the center and slightly flattened. The posterior margin is

feebly truncated.

The ambulacral areas are wide; the contractions below the petaloidal

region and above the phylloidal continue for short distances, while the

lowest pair of plates in the column bordering the mouth opening are

long and greatly attenuated (PI. xxxv. Fig. la). The pores of the

outer rows are slit-like in form and obliquely placed (PI. xxxv, Figs.

16, Ic).

The interambulacral areas are prominent; the plates are covered with

numerous small tubercles, with depressed areolas, which are larger and
more prominent on the under than the upper surface (PI. xxxiii. Fig.

Id!). The apical disk is small and is placed forward of the center.

The mouth opening is large, subcircular, with very prominent flos-

celle. The oral lobes project far beyond the level of the base and are

separated by deep ambulacral furrows (PI. xxxiv. Fig. la).
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The anal opening is large, oval, and is situated at the liead of a
short, narroAV sulcus (PI. xxxiii, Figs. 1«, lb).

Related forms.—Gassidulns porrectm is from its size, form, and de-

tails of structure readily separated from the other species of Cassidulus
described from the American and Enrojican Mesozoic.

Locality and geological horizon.— Cassidvlus porrectns is from the

Ki]»ley group (upper Cretaceous), of lOufauhj, Alabama, in the pre-

liminary report, i)ubhshed in the Johns Hopkins Circulars, the writer

incorrectly cites Mississippi as the locality.

Collection.—U. S. National Museum.

Cassidulus Stantont Clark.

Plate XXXV, Figs. 2a-d.

Cassidulus Sfantoni Clark, 1891. Johns Hopkins University Circnl.ars, No. 87, p. 76.

Determinative characters.—Test small, subovate, elevated; upper
surface convex, lower surface concave; apex forward of the center.

Ambulacra very narrow. Apical disk small, forward of the center.

Mouth opening small, with floscelle. Anal opening high above mar-

gin, in long, narrow, and deep sulcus.

Dimoisions.—Length, § inch; width, ^ inch; height, ^ inch.

Description.—This minute Cassidulus has a subovate test, an elevated,

convex upper surface and a concave lower surface. It is broader pos-

teriorly than anteriorly, and the posterior margin is truncated. The
apex is situated slightly anterior to the center of the upper surface

(PI. XXXV, Fig. 2a).

The ambulacral areas are very narrow. The petaloidal jiortion but

sliglitly exceeds the remainder in width, W'hich is nearly equal through-

out. The jihylloidal region is feebly outlined.

The interambulacral areas are broad, but the poor state of preserva-

tion of the specimens renders it im}>ossible to determine all the details

of structure.

The apical disk is small and forward of the center, but not sufficiently

well preserved to distinguish the individual plates. The mouth open-

ing is small and surrounded by a feeble tloscelle. The anal oi)ening is

round and situated high above the margin, at the head of a narrow,

deep sulcus (PI. xxxv. Figs. 2a, 2d).

Related forms.—Cassidulus Stantoni is quite unlike any other repre-

sentative of this genus from American strata, and can not be readily

associated with any European species.

Locality and geological horizon.—This species is from the Colorado

group (upper Cretaceous) of Muddy creek, Huerfano county, Colo«nlo.

Collection.—U. S. National Museum.
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HOIjASTERID^E.

Test ovate or cordate. Ambulacra narrow
;
poriferous zones narrow,

pores unigeuiiual. Apical disk elongated, at times so mucli that the

three anterior ambulacra are widely separated from the two posterior.

Mouth opening exceutiic, anteriorly situated. Anal opening infra-

marginal or marginal.

ANANCHYTES Mercati.

Ananchytes ovALis Clark.

Plate XXXVI, Fig. 1 a-h.

Determinative characters.—Test subovate cordate; contracted i)os-

teriorly; upper surface convex; lower surface flat. Apical disk elon-

gated, consisting of four perforated genital and five ocular plates

situated slightly forward of the center. Mouth opening near the an-

terior margin. Anal opening oval, situated on a slight protuberance

of the posterior margin.

Dimensions.—Length, If inches; width, li inches; height, flinches.

Description.—The two s])ecimeus of this si)ecies collected by the

writer are remarkably well lireserved and admit of the determination

of all the essential features. The test is in lateral outline subovate,

though somewhat cordate in form when viewed from above or below.

A marked protuberance (PI. xxxvi, Fig. le) is present on the posterior

margin that appears as a slight ridge on the lower surface between

the mouth and anal openings. The upper surface is convex. The sides

are full and rounded at the ambitus. The base is nearly flat, with the

exception of the slight ridge and depressed mouth edges.

The ambulacra! areas are wide aiul straight, attaining their greatest

width just above the ambitus. The pores are oval, and those of each

pair are placed at an angle to one another (PI. xxxvi. Fig. Ig). The
surface of both the anil)ulacral and interambulacral plates is covered

by small tubercles, between which are numerous microscopic granules.

The apical disk is elongated (PI. xxxvi. Fig. 1/). The four genital

plates are large and distinctly perforated. The anterior, right-hand

genital plate, which serves as the madreporite, is nuich larger than any

of the others, being several times the size of the anterior left-hand

genital, with which it is iu contact. The posterior genitals are very

nearly of ecpial size.

The mouth opening is transversely oblong and situated near the an-

terior margin. The anal opening is oval and situated on a marked

protuberance on the posterior margin.

Related forms.—The present species is the only rex)resentative of the

genus recognized from American deposits. It is more ovate and less

elevated than the forms described from European strata.
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Locality and geological horizon.—This species is from the yellow lime-

stone of the middle marl bed (upper Cretaceous) of Viuceiitown, New
Jersey.

Collection.—Johns Hopkins University.

CAIIDIASTEE Forbes.

CARDIASTER CINCTUS MortOD.

Plate XXXVII, Figs. la^h.

' Spatangiis sp. Morton, 1829. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol. 6, p. 122.

^Ananchijfts sp. Morton, 1830. Am. Jour. 8ci., 1st ser., vol. 17, p. 287.

^Ananchytes cinctuts Morton, 1830. Philadelphia Acad. Nat. Sci. .Jour., Istser., vol. 6,

p. 200.

Ananchjites fhnhriatits Morton, 1830. Philadelphia Acad. Nat. Sci. Jour., 1st ser., vol.

G, p. 200. .

.Ananchyivs ciiicliix Morton, 1830. Am. Jour. Sci., Ist ser., vol. 18, p. 246, PI. 3, Fio;. 7.

.-Ananchyti's Jimhriatns Morton, 1830. Am. Jour. Sci., 1st ser., vid. 18, p. 245, PI. 3,

Fijr. 9.

.Ananchyivs cinctiis Morton, 1834. Synop. Organ. Remakis, Cretaceous, p. 78, PI. 3,

Fig. 19.

"Ananchytes fimhriatus Morton, 1834. Synop. Organ. Remains, C'retaceous, pp. 77, 79,

PI. 3, Fig. 20.

' Holaster cinctus Agassiz and Desor, 1840. Cat. Syst., p. 1.

Holaster cinctus Agassiz and Desor, 1847. Cat. rais., p. 133.

^Holaster fimbriatus Agassi/., 1847. Cat. rais., p. 141.

, Holaster cinctus d'Orbigny, 1847. Prodrome, vol. 2, p. 269.

Holaster fimhriatus d'Orhigny, 1847. Prodrome, vol. 2, p. 269.

• Holaster cinctus lironn, 1848. Index Pal., vol. 1, p. 593.

'Ananchytes Jimbriutus Bronn, 1848. Index Pal., vol. 1, j). 70.

^Cardiaster cinctus d'Orbigny, 1853-'60. Palcont. frau^taise, vol. 6, p. 147; PI. 905, Fig. 4.

Cardiaster fimbrialus d'Orbigny, 1853-'60. Pal^out. franyaise, vol. 6, p. 147; PI. 905,

Fig. 3.

Cardiaster cinctus {Cardiaster fimhriatus) Desor, 1858. Synop. des l^chinides fossiles,

p. 346.

"Ananchytes cinctus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18.

*Ananchytes fimbriatus (iabb, 1859. Cat. Invert. Fossils, Cretaceous, \i. 18.

'Holaster cinctus Credner^ 1870. Zeitschr. d. deutsch. geol. Gesells. xxil, p. 218.

'Holaster cinctus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

Determinative cliaracters.—Test cordate, distinctly grooved anteri-

orly; contracted posteriorly; upper surface convex; lower surfiice flat.

Ambulacra wide. Apical disk much elongated, consisting of lour per-

forated genital and five c'ular plates situated slightly forward of the

center. Mouth oi^ening near the anterior margin. Anal opening oval,

situated on the truncated posterior margin.

Bimenmms.—Length, 2 inches; width, li inches; height, IJ inches.

Beticriptlon.—This species, which is among the earliest of the Echinoid

forms recognized from American Cretaceous strata, is distinctly cordi-

form, with a pronounced groove on tlie anterior face that is occupied

by the unpaired ambulacrum. Opposite thereto is a slight ridge at tlie

central suture of the unpaired posterior iuterambulacrum that is sud-
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(lenly terminated by the nearly vertically truncated surface of the

X)Osterior margin. The sides decline equally to the ambitus, giving- an

oval outline to the vertical lateral section. The lower surface is nearly

flat, with the exception of the slight depressions directly at the mouth

edges and the elevated area extending from the center of the base to

the i)osterior margin.

The ambnlacral areas are wide, apetaloid, and separated at the apex.

The anterolateral pair are bent backward in their upper part, beyond

which they extend straight to the margin. The postcro lateral pair

are bent somewhat forward, after which they extend straight over the

margin. The single ambulacrum is situated in the deep anterior sulcus.

The i)ores of the paired ambulacra consist, in the upper portion of the

columns, of oblique oval openings united by furrows (PI. xxxvii. Fig,

If), while lower down they become small and often indistinct (PI.

XXXVII, Fig. 1/). In the unpaired ambulacrum the pores are extremely

sm.all.

The surface of the interambulacral as well as of the ambnlacral plates

is covered with fine granules, among which are irregularly scattered

numerous small perforated tubercles.

The apical disk is narrow, elongated. The four perforated genital

I)lates are disjiosed in jiairs, between which two of the five ocular plates

are situated. Forming the posterior portion of the disk are two more

ocular plates, while the fifth plate comprises the anterior part. The

ambnlacral areas are on this account separated at their apices (PI.

XXXVII, Fig. 1/i).

The mouth opening is transversely oblong and is situated near the

anterior margin ofthe base. The anal opening is oval and situated on

the truncated surface at the posterior margin of the test (PI. xxxvii.

Fig. le).

Related forms.—This species is separated from ITolasfer simplex, the

only other closely related form found in American Mesozoic deposits,

by its deep anterior sulcus and less inflated upi)er surface.

Locality and geological horizon.—(Jardiaster cincius is from the yellow

limestone of the middle marl bed (upijer Cretaceous) of Timber creek,

New Jersey.

Collections.—Philadelphia Academy of Natural Sciences; American

Museum of Natural History, New York.

HOLASTER Agassiz.

HOLASTER SIMPLEX Shumard.

Plates XXXVIII, Figs, la-g; xxxix, Figs. la^d.

Holaster simplex Sbnm.ard, 1853. Kept. Expl. Red River of Louisiana in 1852, p. 210,

PI. 3. Fig. 2.

Holaster comanchesi Marcon, 1858. GeoL of North America, p. 40, PI. 3, Fig. 3.

Holasier simjtJex Desor, 1858. Synop. rtes Echinides fossiles, p. 450.

Holaster comanchesi Dosor, 1858. Synop. des Echinides fossiles, p. 449.
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JManler aijnplex Ga,hh, 185!i. Cat. luvort. Fossils, Cretaceous, ]>. 19.

JJohiHfer coiuanchvii Gabb, 1851). Cat. luvort. Fossils, Crotacooiis, p. 19.

llolastcr simplex Moek, 18G1. Smith. Misc. Coll., vol. 7, (177), p. 3.

Uolaster comanchcsi Mook, 18G4. Smith. Misc. Coll;, vol. 7 (177), p. 3.

Ilolaafer simplex Clark, 1891. Johns Hopkins Uuivorsity Circulars, No. 87, p. 77.

Determinative characters.—Test oblouj^-, cordiform; upper surface

nuich elevated, rounded, and grooved on the anterior face; lower sur-

face Hat; apex nearly central. Ambulacra wide; pores unigeniinal,

with slit-like oi)eniugs in upper ijortion of the column that become in-

distinct toward the margin and upon the base. Apical disk compact
and not greatly elongated. Mouth opening transversely oval, situated

near the anterior margin. Anal oj)euiug large, on truncated posterior

margin.

Dimensions.—Length, 2f inches; width, 2^ inches; height, 2 inches.

Description.—After the most careful examination of a large number
of specimens the writer has been uirable to find any constant characters

that would warrant the separation of the forms described as Uolaster

simplex and Holaster comanchesi. They are accordingly included under

the same species. The test is oblong, cordiform, much elevated,

rounded above and flattened below. A shallow groove occupies the

anterior face of the test, producing a feeble emargination of the an-

terior ambitus. A slight ridge extends along the line of the central

suture of the single interambulacrum, which is suddenly terminated by
the truncated face of the posterior margin.

The ambulacral areas are wide. The poriferous zones of the paired

ambulacra are in the case of the posterior pair bent more or less for-

ward in their upper portions, and in the case of the anterior slightly

backward. The pores of the paired ambulacra have elongated o[»en-

ings in the upper portion (PI. xxxviii. Fig. Id) and become very small

and indistinct below (PI. xxxviii. Fig. le). The pores of the unpaired

ambulacrum are exceedingly small.

The surface of both interambulacral and ambulacral plates are cov-

ered by small tubercles, between which are numerous microscopic

granules (PI. xxxix, Figs. Ic, Id).

The apical disk is compact and rather short. The four genital plates

are large and broad. The two interposed oculars are large; the re-

maining three very small (PI. xxxviii. Fig. 1/).

The mouth opening is large, transversely oblong, and situated near

the anterior margin (PI. xxxviii. Fig. lb). The anal opening is oval,

acuminate above, and situated on the truncated posterior border (PI.

XXXIX, Fig. 1^).

Related forms.—Holaster simplex is separated from Gardiaster ductus

by its more elevated upper surface and shallow anterior sulcus. It is

yavy like Holaster Iwvis, vnr. planus, from the European Cretaceous, but

is more elevated and distinctly broader posteriorly.

Locality and geological horizon.—This species is from the Washita

formation of the Comanche series (lower Cretaceous) of Texas, It is
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found in Bell and Bexar counties, and near Fort Worth ; also at Pres

ton, Grayson county, on the Red river and at Austin. It is also

found near Fort Washita, Indian Territory.

Collection.—U. S. National Museum.

SPATAN^GIDJE.

Test bilaterally symmetrical, generally cordiform. Ambulacra un-

equal and petaloidal. A^iical disk compact. Mouth opening transversely

bilabiate or jientagonal, situated anteriorly. Anal oi)ening posteriorly

situated and sui^ra-matginal. Spines of different" sizes.

ENALLASTER D'Orbigny.

Enallaster texanus (Roemer).

Plate XXXIX, Figs. 2a-g.

Toxaster texanus Roemer, 1849. Texas, etc., p. 393.

Toxaster texanus Roemer, 1852. Die Kreidebildungeu von Texas, p. 85, PI. 10, Fig. 3.

Toxaster ungula Giebel, 1853. Jaliresber. des naturw. Vereiii.s in Halle, p. 373.

Enallaster texasus d'Orbigny, 1853-60. Paldont. frauf-aise, vol. 6, p. 184, PI. 850,

Fig. 1-7.

Toxaster texanus Conrad, 1857. U. S. and Mex. Bound. Siirv. Rept., vol. 1, pt. 2, p. 145,

PI. 1, Fig. 2a-2c.

Enallaster texanus Desor, 1858. Synop. des fichinides fossiles, p. 358.

Toxaster texanun Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19.

Toxaster texanus Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 3.

Enallaster texanus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

Determinative characters.—Test oblong, cordiform, broad in anterior

portion, contracted and truncated posteriorly, with deep anterior

groove; upper surface convex, elevated; base flat, depressed at the

mouth Oldening ; sides rounded ; apex excentric and posterior. Ambu-
lacra narrow and unequal, the posterolateral pair much shorter than the

others. Apical disk small and comj)act. Anal opening situated high

above the margin.

Dimensions.—Length, 1| inches; width, 1^ inches; height, § inch.

Description.—The exact limitations of this species have in most of

the earlier publications been very imperfectly designated. Other

forms, even one of a different genus, have been included. The test

is oblong, cordiform, and elevated. The upper surface is convex, with

a well-defined anterior groove, narrow and slightly depressed at its

head. On the posterior face the surface is truncated to the margin.

The sides are rounded and inflated. The base is flat, except for the

peristomial depression near the anterior margin and the central ele-

vated region extending from the same to the posterior border.

The ambulacral areas are narrow and very unequal. The antero-

lateral pair are large and curved backwards in their upper i)ortions.

The pores are very unequal
; tbose of the anterior zone are small and

near together, those of the posterior elongated, the external nearly^
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twice as large as the internal series (PI. xxxix, Fig. 2e). Tlicre are

about 35 pairs of pores in tbe petaloidal portion of each poriferous

zone.

The posterolateral pairs are short and quite symmetrical in structure.

There are 16 pairs of pores in the petaloidal portions of each i^oriferous

zone.

The anterior unpaired ambulacrum is situated in the anterior grroove,

and is wider than the other areas. An elongated pore appears in the

external rows on alternate plates. On the intervening jdates the

small rows are closely approximated (1*1. xxxix, Fig. 2/). In the lower

portion of each column the plates are large and oblong. A pair of minute
pores occupy the lower outer corner of each.

The surface of the test is covered with' a minute granulation, scat-

tered among which are numerous small tubercles.

The apical disk is small and compact, and the four large genital

plates are distinctly perforated. The right anterolateral plate occupies

the center of the body. The five small oculars are wedged in between
the genitals (PI. xxxix, Fig. 2g).

The mouth opening is transversely oblong and situated in a depres-

sion.

The anal opening is situated high upon the truncated posterior

margin, and is small and oval, acuminate below (PI. xxxix. Fig. 2d).

Belated for7ns.—It seems not improbable that Spatangus columbiamim,

described by Lea in 1840, from the United States of Colombia, may
prove to be identical, or at least very closely related to the Texan
form. The indistinct figure shows a different arrangement of the x)ores

in the anterolateral ambulacra, but it is doubtful whether it can be de-

pended upon for such details of structure. It seems unwise, however,

toreplace the term texanus when any doubt upon this point still remains.

Enallmter peruvianus^ described by Gabb in 1876, from material ob-

tained from Peru, seems to be identical.

Among the European Enallasters none apparently are closely related

to Enallastcr texanus.

Locality and geological horizon.— Enallaster texanus is found widely

in Texas in the Fredericksburg forniation of the Comanche series

(lower Cretaceous). It is characteristic of the Comanche peak horizon.

Collections.—U. S. National Museum; Texas Geological Survey j Bos-

ton Society of Natural History; Prof. ]vobt. T. Hill.

Enaxlaster obliquatus Clark.

Plate XX,, Figs. la-l.

Determinative characters.—Test oval, cordiform; upper surface con-

vex, flattened and depressed anteriorly, elevated posteriorly; lower

surface flat, with j)eristomial depression; apex forward of the center.

Ambulacra narrow, unequal. Surface of the plates covered with small
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tubercles and intervening microscopic granulation. Apical disk com-

pact. Mouth opening transversely subpentagonal. Anal opening situ-

ated on truncated i^osterior margin.

Description.—This species has a broad cordiform test, that is flattened

and slanting on the anterior upper surface, whence the name ohliquatvs.

The anterior groove is deep, wider at its head, and cuts broadly into

the anterior margin. The posterior portion of the test is elevated near

the apex and obliquely truncated toward the margin. The sides are

sloping anteriorly, fuller i^osteriorly. The base is flat with a deep

peristomial dejiression.

The ambulacral areas are narrow and unequal. The anterolateral

pair are slightly depressed and curved backwards in the upper portion.

The pores are unequal, those of the anterior zone small and near

together, those of the posterior elongated, the exterior much more so

than the anterior series (PI. xl, Fig. 1/). There are about forty pairs

of pores in each zone.

The posterolateral pair are short and slightly depressed. The
pores are more nearly equal and about twenty-four pairs are found in

each zone. The single ambulacrum is i^laced in the anterior groove

and is much wider than the paired ambulacra. The pores of the

different i)lates vary in size and position (PI. XL, Fig. le). The plates
;

in the lower portions of the areas are large and oblong in form.

The surface of the test is covered with minute tubercles between

which is a microscopic granulation. The apical disk is small and com-

pact (PI. XL, Fig. li).

The mouth opening is transversely subpentagonal (PI. xl, Fig. l/<).

The anal opening is oval and situated high on.the truncated posterior

margin (PL XL, Fig, Id).

Belated forms.—Enallaster ohliquatus is separated from JE. texanus,

the only other representative of this genus from the Cretaceous deposits

of the United States, by its broader more depressed form, more sunken
anterior sulcus, and the lower position of the anal opening. It is closely

related to U. mexicanus, described by Cotteau, in 1890, from material

obtained from Mexico.

Locality and geological horizon.—This species is from the Fredericks-

burg formation of the Comanche series (lower Cretaceous) of Texas.

It is characteristic of the alternating or Glen Eose beds of Austin and
Glen Rose.

Collections.—U. S. National Museum; Texas Geological Survey.

EPIASTEE D'Orbigny.

Epiaster elegans (Shumard).

Plate XLi, Figs, la-6; Plate xlii, Figs. la-&; Plate xliii, Figs. la-e.

Hemiaster elegana Shumard, 1853. Kept. Expl. Red River of Louisiana in 1852, p. 210,

PL 2, Figs. 4a-4c.

Toxaster elegam Gabb, 1859. Cat. Invert. Fossils Cretaceous, p. 19.
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Toxaster elcgans Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 3.

Macraster texanux Koemor, 1888. Neues Jahibuch fiir Min., Geol., u. Pal., Bd. i' pp.
191-195, PL 6, Figs. 1-4.

Epiaster elcgans Clark, 1891. Jolins Hopkins University Circnlars, No. 87, p. 77.

Determinative characters.—Test large, oblouj;-, cordiforni, flattened

both above and below ; sides rounded, with a shallow anterior groove
and truncated posterior margin. Ambulacra subpetaloidal, depressed

;

poriferous zones straight, pores with elongated, slit-like openings.

Apical disk small, compact. Mouth opening transversely oval, situated

near the anterior margin. Anal opening oval, situated on the truncated
posterior margin.

Dimensions.—Length, i inches; width, 3f inches; height, 2 inches.

Description.—Koemer in 1888 established a new genus and species

(Macraster texanus) for a form that is identical with Hemiaster elegans

described by Shumard in 1853. The species properly belongs to the

genus Epiaster. There does not seem to bo a sufficiently wide differ-

ence between the characters assigned to Macraster and those properly

belonging to Epiaster to Avarrant the acceptance of the former genus
for the present species.

The test is very large and flattened on both the upper and lower sur-

faces. The sides are round. The groove on the anterior face is shallow

and cuts the margin lightly. The posterior face is obliquely but not

broadly truncated.

The ambulacra! areas are nearly equal, depressed, with a distinct

furrow on the upper surface (PI. XLi, Fig. la). The poriferous zones

are long, wide, and straight, and the pores consist of slit like oj)euings

(PI. XLiii, Figs. 16, Id). The zones are subpetaloidal on the upper sur-

face, reaching quite to the upper margin of the rounded sides. The
unpaired ambulacrum is narrower than the others; the pores are smaller

and more closely approximated.

The surface of both areas is covered with minute tubercles, between

which are microscopic granules (PI. XLiii, Fig. Id).

The apical disk is small, compact, and consists of four large perfo-

rated genital plates and five small oculars (PL xliii, Fig. le).

The mouth opening is transversely oval and situated near the anterior

margin (PI. XLii, Fig. la).

The anal opening is large, oval, and situated on the truncated face of

the i)osterior margin (PI. xlii. Fig. lb).

Related forms.—Epiaster elegans is most nearly related to E. Whitei,

the single other American representative of this genus, but is separated

from it by its great size, its excessively long subpetaloidal areas, and

the position of the anal opening, which is on an obliquely truncated sur-

face that opens downward, while on E. Whitei it is situated on a vertical

face that oi)ens ujiwards.

Locality and geological horizon.—Epiaster elegans is from the Washita

formation of the Comanche series (lower Cretaceous) of Texas. It is

Bull. 97 6
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characteristic of the Fort Worth limestone, and is found at numerous
localities between Denison and El Paso.

Collections.—U. S. National Museum; Johns Hopkins University;

Boston Society of Natural History; Texas Geological Survey; Prof.

Eobt. T. Hill.

Epiaster Whitei Clark.

Plate XLiii, Figs. 2a-d; Plate xliv, Figs. la-g.

Toxa/ifer eJegans Gonrsid, 1857. U. S. and Mex. Bound. Surv. Kept., vol. 1, pt. 2, p. 146,

PI. 21, Fig. la-e.i

Epiaster Whitei Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

Determinative characters.—Test small, cordiform; upper surface con-

vex, elevated ; lower surface flat; sides inflated; apex forward of the

center. Ambulacra moderately broad; poriferous zones petaloidal,

pores with elongated openings; antero-lateral i:)air bent slightly back-

ward in upper part. Apical disk oval. Mouth opening transversely

oval. Anal opening small, oval, situated high on posterior border.

Dimensions.—Length, 1^ inches; width, If inches; height, f inch.

Description.—This species has been frequently confounded with

Unallaster texanus and Epiaster elegans. With the former it has little

in common beyond a certain similarity in outward form, while the points

of difference from the latter are less striking and will be shortly stated.

The test is small and cordiform. The upjier surface is distinctly

elevated, the apex occupying a point anterior to the center. The lower

surface is flat with the exception of the peristomial depression. The
sides are inflated with a well marked groovy at the center of the an-

terior face and a prominent truncated surface on the posterior margin.

The ambulacral areas are moderately broad. The poriferous zones

are subi^etaloidal in their upper part, but this feature does'not continue

to the margin (PI. xlhi. Fig. 2(?). The pores in the paired ambulacra

are all of about equal size and equally spaced. In the unpaired ambu-
lacrum they are smaller and nearer together. The anterolateral pair

are bent slightly backward in their upi)er i3art. They are distinctly

larger than the j)ostero-laterals.

The interambulacral areas are prominent and the surface of the plates

covered with minute tubercles and microscopic granules (PI. xliv,

Fig. Ic).

The apical disk is small, com])act, and consists of four large iierforated

genital j)lates and five oculars.

The mouth opening is transversely subpentagonal and situated near

the anterior margin (PI. xliv. Figs. Ift, 1/).

The anal opening is small, oval, and situated high on the truncated

posterior margin (PI. xliii. Fig. 2h).

Related forms.—In many particulars Epiaster Whitei is to be closely

associated with E. elegans. It is, however, more elevated, the ambu-

* Figmed under the name i>t' Tlolaster elegant.
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lacial furrows are shorter, and the anal opening; is diflerently situated

as i>reviously mentioned in the description of the hitter species.

Locality and geological horizon.—Epiaiitcr Whitci is from the Washita
formation of the Comanche series (hnver Cretaceous) of Texas. It is

found in the Duck creek chalk of Denison, associated with Hamites
Frcmontii Marcou.

Collection.—U. S. National Museum.

flEMIASTER PARASTATUS (Morton).

riate XLV, Figs. la-m.

Spatatigus sp. Morton, 1830. Am. Jour. Sci., Ist ser., vol. 17, p. 286.

SjHitanfius cor-marinum (?) Morton, 1830. Am. Jonr. Sci., 1st ser., v'ol. 18, p. 250, PI.

3, Fig. 10.

Spatangus cor-marinum ( ? ) Morton, 1830. Philadelphia Acad. Nat. Sci. Jour., Ist ser.

voi. 6, p. 199.

Sjxitaiigiis paranialHS Morton, 1833. Am. Jonr. Sci.. 1st ser., vol. 23, p. 294.

Spatauffiis parastatus Morton, 1834. Synopsis Organ. Remains, Cretaceous, p. 77, PI.

3, Fig. 21.

Hemiasler parasUiliis Agassiz and Desor, 1847. Cat. rais., p. 141.

Hemiasler parastatus d'Orbigny, 1847. Prodrome, vol. 2, p. 270.

Spatangus parastatus Bronn, 1848. Index Pal. vol. 1, p. 1160.

Hemiaster parastatus d'Orbigny, 1853-'56, Paleont. fran^aise, vol. 6, p. 265, PI. 894

Fig. 4.

Hemiaster parastatus Desor, 1858. Synop. des fichinides fossiles, y>. 373.

Holaster parastatus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19.

Hemiastei- {^) parastatus Meek, 1864. Smith. Misc. Coll., a^oI. 7 (177), p. 3.

Hemiaster parastatus Clark, 1891. Johns Hopkins University Circulars, No. 87. p. 77.

Determinative characters.—Test cordiform, inflated; upper surface

elevated, with deep groove on anterior surface and sharp ridge i)os-

teriorly that is terminated by the fl^t, nearly vertical, truncated face

of the posterior margin. Ambulacral petals depressed, the anterior

pair twice as long as the posterior. Apical disk small, compact.
Mouth opening with distinct, overhanging lip. Anal opening small,

situate<l high on truncated surface.

Dintensions.—Length, 1^ inches; width, 1^ inches; height, 1| inches.

Description.—This interesting and rather common form has a high,

eordiform test, with deep anterior sulcus and high posterior ridge on
the n])per surface, the latter terminated by the high and nearly verti-

cally truncated face of the posterior margin. The sides are rounded
and inflated. The base is flat, with the exception of the peristomial

depression.

The ambulacral areas are very unlike. The poriferous zones are

distinctly petaloidal (PI. xlv. Fig. le). The petals of the postero-

lateral i>air are short and broad. Those of the anterolateral ])air arc

bent backward at their center, depressed, and about twice the length

of the posterolateral pair. The pores are slightly elongated (PI. xlv,
Fig. 1/t). The unpaired ambulacrum is very broad, the poriferous
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zones far ai)art, and the pores small and approximated (PI. XL,v,Fig. 1/).

The surface is covered with small tubercles, between which are nu-

merous microscopic grauules (PI. xlv, Figs. 1/, Ig, li, 11, and Im).

The apical disk is small and situated posteriorly to the center of the

upper surface. The four genital plates are distinctly perforated and

separated by the five small oculars (PI. xlv, Fig. In).

The mouth opening is transversely arched and bilabiate. The lower

lip projects prominently. The anal opening is small ami situated high

on the truncated surface of the posterior margin. The j)eripetalous

fascioleis broad and distinct (PI. xlv. Figs, li, 1^).

Belated forms.—Hemiaster parastatan is most closely related to H.

ungula, from Avhich, however, it is separated by its deei)er and broader

anterior sulcus, more i)osterior position of the apical disk, and more

inflated sides. It is apparently distinct from any of the many species

described from European deposits.

Locality and geological horizon.—H. parastatus is from the yello^Mjlime-

stone of the middle marl bed (upper Cretaceous) of Timber creek,

New Jersey, and also from the Ripley group (upper Cretaceous) of

Alabama.
Collections.—Philadeli)hia Academy of Natural Sciences; American

Museum of Natural History, New York ; Johns Hopkins University.

HEMIASTEli Desor.

Hemiaster stella (Morton).

Plate XLVI, Figs, lor-d.

Spatangns steVa Morton, 1830. Am. Jonr. Sci., Ist ser., vol. 18, p. 24.5, PI. 3, Fig. 11.

Spatanguts steUa Morton, 1830. rhiladelphiii Acad. Nat. Sci. Jour., 1st ser., vol. 6, p.

200.

Spatangus Stella Morton, 1834. Synop. Organ. Remains Cretaceous, j). 78, PI. 3, Fig. 18.

Hemiaster slella Agassiz and Desor, 1847. Cat. rais., i». 141.

Hemiaster stella Desor, 1858. Synop. des Ecliinides ibssiles, p. 373.

Hemiaster stella Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19.

Hemiaster {?) stella Meek, 1864. Smith Misc. Coll., vol. 7 (177), p. 3.

Hemiaster Wetherbyi de Loriol, 1887. Recueil Zoologique Suisse, f. 4, jip. 391^394, PI.

17, Figs. 5-8.

Hemiaster incrasaatus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

Determinative characters.—Test small, oval, cordate, inflated, rounded
before, truncated behind; upjier surface elevated posteriorly, sloping

anteriorly; anterior groove short, not reaching the ambitus. Ambula-
cra straight, depressed above. Apical disk exceutric and jjosterior.

Mouth opening bilabiate and near the anterior border. Anal ojiening

small, high above posterior margin. Fasciole distinct.

Dimensions.—Length, 1 inch; width, 1 inch; height, f inch.

Description.—This form Avas originally described by Morton in 1830,

and later, in 1833, considered by the same writer as the young of

the species for which the name parastatus was then substituted. In

presenting a preliminary notice of the x)resent rex)ort the writer followed



fAnK] HEMIASTI-:R STELLA. 85

Morton in this regard, but the examination of a lariiiM- iinionnt of mate-
rial shows tliat the new species, H. inerassatus^ there described is oiiJy a
large form of //. stvlla, so that it becomes necessary to discard the former
tei-m and employ both Jf. Stella and H. parastatufi of Morton . Rem iastvr

Wethcrhyi de Loriol is a.])parently identical with //. Htdla Morton.
The test is small, oval, aiut cordate, and much elevated on the pos-

terior portion of the ni)per surface. The whole test has a rounded,
full outline, that is much increased by the absence of the usually deep
iintcrior groove, which \\\ Jl. utella docs not reach thenuirgiu (PI. XLVi,

I'Mg. Irt). The posterior border is tiatly and nearly vertically truncated.

The ambnlacral areas are deju-essed in tlic petaloidal ]»ortioTis which,

in the antero-lateriil pair, are twice as long as in the ]»ost(^rol:iteiiil.

The poril'erous zones are narrow; the pores have transverse slit-like

o[>enings. The un[)aired ambulacrum is situated in the anterior groove.

The surface of the test is covered with innumerable small tubercles,

between which is a microscoiuc graiudation. The ]>eripetalous fasciole

is very distinct, oval, and passes with a regular curve about the ends
of the i>etaloidal areas. The surface of the test is covered with minute
tubercles, between which are microscopic grannies. Tlu^ apical disk

is small, and situated posteriorly to the center of the U])per surface ot

the test.

The mouth opening is transversely oval, bilabiate, and placed near
the anterior margin. The anal opening is small, oval, and situated at

the upper part of the truncated i^osterior margin.

Relatedforms.—Hemiaster stella is unique among American Hemias-
ters. The shallow anterior grcmve, that falls short of the margin, and
the full elevated test readily distinguish it from other forms.

Locality and (jeologlcal horizon.—Hemiaster stella is found in the yel-

low limestone of the middle marl bed (upper Cretaceous) of Timber
creek, ISTew Jersey.

Collections.—U. !S. JSTaticmal Museum; Philadelphia Academy of Nat-

ural Sciences; Johns Hopkins University.

Hemiaster itngula (Morton).

Plate XLVI, Figs. 2a-g.

Sjyatangns HV. Morton, 1830. Am. Jonr. Sci., 1st. scr., vol. 17, p. 28G.

Sjyatanyns loujnla Morton, 1833. Aiut .lonr. Sci., l.stser., voL 23, p. 131, PI. 10, Fig. G.

Spalanyns uiufula Morton, 1831. Synop. Organ. Ediiiains, Cretaceous, p. 78, PI. 10,

Fig. 6.

Micraster ungnJa Agassiz and Desor, 1847. Cat. rais., p. 111.

Spatangus ungula Broun, 1818. Inrtex Pal., vol. 1, p. IIGI.

Holaster ungula Grabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19.

Hemiaster angula Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

Determinative characters.—Test oval, cordiforin, elevated; upper sur-

face inflated, elevated posteriorly; lower surface flat; sides sU)ping;

anterior sulcus narrow and deep. Ambulacra narrow
;
poriferous zones

sti'aight, depressed, petaloidal. Peripetalous fasciole deeply bent
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inward between the anterior and posterior paired ambulacra. Apical

disk small, comi)act. Month opening transversely oval near anterior

margin. Anal opening oval, sujiramarginal.

Dimensions.—Length, 1;^ inches; width, 1^ inches; height, |^ inch.

Description.—This species has an oval, ci)rdate test, that is very much
elevated in tbe posterior portion. Anteriorlj'- the upper surface slopes

rapidly, so that the margin is much thinned down, losing the full round

aspect of the i)reviously described foims. The sharp ridge on the pos-

terior portion of tbe test is terminated by a nearly vertical truncation

of the posterior margin. The base is flat, save for the peristomial de-

pression.

The ambulacral areas are narrow. The poriferous zones are petaloi-

dal, straight, and deeply depressed on the upper surface. The unpaired

ambulacrum is placed in the anterior sulcus and but slightly exceeds

the other areas in width. The petals of the autero-lateral pair are twice

the length of the postero lateral. The pores of the paired ambulacra

are elongated and separated (PI. xlvt. Fig. 2e), those of the single am-

bulacrum sunxll, oval, and approximated (PI. xlvi. Fig. 2/).

The surface of the test is covered with sjuall tubercles, between

which are numerous minute granules. The i^eripetalous fasciole is dis-

tinct and bent outwards between the anterior and posterior paired

ambulacra.

The ax)ical disk is small and situated posterior to the center of the

upper surface. The anterolateral genital plate is very large and widely

separates the posterior pair of oculars. The posterolateral genitals

have large perforations (PI. xlyi. Fig. 2(j).

The mouth opening is tiansversely oval, bilabiate, with a prominentlj^

projecting lower lip. The anal opening is large and situated at the

upper part of the truncated face of the posterior margin.

Related forms.—It is separated from Hemiaster parastatus, with which

it is found, by the narrower anterior groove, more central apical disk,

less inflated sides, sharper posterior keel, and straight ambulacral

plates.

Locality and geological horizon.—Hemiaster ungula is from the yellow

limestone of the middle marl bed (upper Cretaceous) of Timber creek,

New Jersey.

Collections.—Philadelphia Academy of Natural Sciences; American

Museum of Natural History, New York.

Hemiaster texanus Roemer.

Plate XLVII, Figs la-i.

Hemiaster texanus Roemer, 1849. Texas, etc., p. 393.

Hemiaster texanus Roemer, 1852. Die Kreidebildungeu von Texas, p. 85. PI. 10, Fig. 4.

Hemiaster americanus Giebel, 1853. Jaliresber. d. Naturw. Ver. in Halle, p. 372, 373.

Hemiaster texanus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 19.

Hemiaster texanus Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 3.

Hemiaster texanus Clark, 1891. Johns Hopkins Uuiversitj' Circulars, No. 87, p. 77.
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Determinitive characters.—Test oval, cordate, declining- anteiioily,

elevated slightly posteriorly; anterior sulcus broad and deej), produc-

ing groove in margin. Ambulacra broadly deiircssed on upper surface;

anterolateral pair bent backward in up[>('r part; unpaired ambula-
crum very broad. Apical disk compact, tUe four genitals distinctly

perforated. Mouth t>pening large, transversely oval, bilabiate. Anal
opening large, oval, at center of truncated surface of posterior margin.

JJimensionti.—Length, 1^ to 2 inches; width, 1^ to If inches; height,

§ to 1 inch.

Description.—This im])ortant si)ecies is broadly cordate and slightly

depressed on the ujiper surface; base Hat. Posterior to the apex there

is a sharp ridge that declines gradually toward the obliquely truncated

margin. Anteriorly the upper surface declines toward the anterior

border.

The ambulacral areas are broad, very unequal, and depressed in the

petaloidal portions. The poriferous iones are broad, the pores of the

paired ambulacra elongated (PI. xlvii. Fig. le), those of the single am-
bulacrum round and approximated (PI. XLvri, Fig. 1/). The petals of

the anterolateral pair are bent backward in their ui)per part and are

nearly twice the width of the i)Ostero -lateral j)air. The single ambu-
lacrum is very broad, the poriferous zones widely separated.

The surface of the test is covered with small tubercles that are per-

forated and for the most part crenulated (PI. xlvii, Fig. lA, It). A
microscoi)ic granulation tills the intertubercular S])ace.

The apical disk is small and compact and situated near the center.

The four genital plates are distinctly perforated ; the anterolateral is

larger than the others and serves as the madreporite. The live oculars

are wedged between the genitals and are deeply cut by the upper por-

tions of the ambulacra (PI. xlvii. Fig. Ig).

The mouth opening is large, transversely oval, and bilabiate. The
anal opening is large, oval, and situated in the center of the truncated

surface of the posterior margin (PI. xlvii, Fig. 1^/).

Relatedforms.—Under the name of Hemiaster americanus, Giebel pub-

lished the description of a new species of Hemiaster, in 1853, that he

states can be with difficulty distinguished froin R. texanus. It is con-

sidered identical in the present report. The differences seem hardly to

warrant the establishment of a new si)ecies. Periasfer anstraUs, dei^-

cribed by Gabb, from Peru, so far as the figures and description show,

must be a Hemiaster, and to all appearances is closely allied if not

identical with H. texanus.

Locality and geological horizon.—Hemiaster texanus is from the upper
division of the Cretaceous of Texas. It is characteristic of the Austin
chalk.

Collections.—\J. S. National Museum; Prof. Kobt. T. Hill.
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Hemiaster Humphreysanus Meek and Haydeu. •»

Plate XLVIII, Figs. la-f.

Hemiastef ( f ) Humphreysanus Meek and Hayden, 1857. Philadelphia Acad. Nat.

Sci. Proc, vol. It, pp. 147, 148.

Hemiaster (?) Humphreysanus Gabb, 1859. Cat. Invert. Fossils Cretaceous, ji. 19.

Hemiaster (?) Humphreysanus Meek, 1864. Smith. Misc. Coll., vol. 7 (177), p. 3.

Hemiaster Humphreysanus Meek. IT. S. Geol. Surv. of the Territories, vol. 9, pp. 5,

6, PI. 10, Figs. la-(j.

Hemiaster Humphreysanus Clark, 1891. Johns Hopkins University Circulars, No.

87, p. 77.

Determinative characters.—Test oval, cordate; upper surface liigii,

flat, with broad, vertical truucatiou ou posterior margin, and loug

anterior groove; base flat; sides rounded. Ambulacra in deep furrows

that reach to the edge of the elevated sides. Apical disk large and

compact, posteriorly situated. Mouth opening small, transversely oval,

and bilabiate. Anal opening oval, situated high on posterior margin.

Dimensions.—Length, 1^ inches; width, 1^ inches; height, finch.

Description.—The absence of distinct fascioles on the type specimens

of this species caused Meek and Hayden to place it doubtfullj?^ in the

genus Hemiaster, to which beyond doubt it belongs. The test is full, tlie

sides rounded, and the high upper surface distinctly flattened. The
base is also flat, with the exception of the peristomial depression. The
situation of the apex so far posterior to the center of the upper surface

produces a long anterior sulcus, that grooves the anterior margin. A
high, vertically truncated surface terminates the posterior margin.

The ambulacral areas are broad, very unequal, and deeply depressed

on the upper surface. The petals of the posterolateral pair are very

short, those of the anterolateral very long, the latter quite three

times the length of the former. The unpaired ambulacrum, occupies

the long anterior sulcus. The anterolateral pair are bent backward
in the upper part and forward in the lower. The i»oriferous zones are

broad, the pores distinct and oval (PI. xlviit, Figs, le, 1/). Since much
of the surface of the test has suffered removal the character of the

tubercles and granules can not be fully determined.

The apical disk, which has been largely destroyed, was large, com-

pact, and situated far posterior to the center of the upper surface.

The mouth opening is small and situated near the anterior margin.

The anal opening is oval and situated on the vertically truncated sur-

face of the posterior margin (PI. xlviii, Fig. Id).

Related forms.—Hemiaster Humpkreysanus is a unique form, that is

not closely related to any species of Hemiaster hitherto described.

Locality and geological horizon.—This species is from the Fort Pierre

formation (upper Cretaceous) of Meek and Hayden and was found 150

miles from the mouth of the Yellowstone river in Montana.
Collection.—U. S. National Museum.
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tp Hemiaster Dalli Clark.

Plate XLViii, Figs. 2a-e.

Hemiasier DalU Clark, 1891. Jolrna Hopkins University Circulars, No. 87, pp. 77.

Determinative characters.—^Test cordate, subhexagoiial, depressed;

upper surface with sharp ridges betweeu the auibulacral furrows; base

Hat; sides rapidly declining; anterior margin deeply grooved. Andm-
lacra unequal, very deeply depressed on petaloidal portions; antero-

lateral i)air much bent in upper part. Mouth opening transversely

oval, near anterior margin. Anal opening oval, situated on vertically

truncated surface of jjosterior margin.

Dimensions.—Length, l^ inches; width, 1§ inches; height, § inch.

Description.—This species is much depressed, with distinct marginal

angles that give it a subhexagonal outline. Prominent ridges cross

the upper surface betweeu the ambulacra! furroAvs. The anterior sulcus

cuts deeply into the test and grooves the anterior margin. The sides

decline rapidly to the flattened base. The low posterior surface has a

nearly vertical truncation of small area.

The ambulacral areas are very deeply dej)ressed on the upper sur-

face, a feature much more pronounced than in any other American

si»ecies. The antero-lateral pair are bent backward in their upper

part, and have long, deep furrows. The postero-lateral pair are about

one-half the length of the anterior pair. The single ambulacrum is

situated in the broad, deep, anterior sulcus. The j^oriferous zones in

the i)aiied ambulacrum are broad, the pores oval, those of each pair

united by a shallow furrow (PI. xlviii, Fig. 2e). In the unpaired am-

bulacrum the poriferous zones are narrow, the pores small and approxi-

mated.

The surface is covered with small tubercles with sunken areolas

that increase in size toward the base, where they are large, with dis-

tinctly perforated mamelons and crenulated bosses. A fine microscopic

granulation fills the interspaces.

The apical disk is sunken, small, and posterior to the center of the

upi)er surface.

The mouth opening is transversely oval and close to the anterior

margin.

The anal opening is oval and situated on the truncated surface of the

posterior border (PI. xlviit, Fig. 2d).

Related forms.—The very deep ambulacral furrows and angular out-

line I'eadily separate i/emjos^er Dalli from any other American species.

It is not closely allied to any European form.

Locality and geological horizon.—This form is from the Washita
formation of the Comanche series (lower Cretaceous) of Bexar county,

Texas.

Collection.— U. S. National Museum.
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Hemiaster californicus Clark. ^
Plate XLix, Figs. la-c.

Hemiaster californicus Clark, 1891. .Johus Hopkins University Circulars, No. 87, p. 77.

Determinative characters.—Test small, subquadrate, depressed; up-

per surface flat, with shallow anterior sulcus, sloi^iug sides, and low

truncated ijosterior margin; lower surface flat. Ambulacra depressed,

in shallow furrows. Apical disk small, posterior to center. Mouth
opening transversely oval near anterior margin. Anal opening situ-

ated on the low truncated surface of the posterior margin.

Dimensions.—Length, 1 inch; width, 1 inch; height, J inch.

Description.—This form, the single representative of the Echinoder-

mata thus far obtained from the Cretaceous deposits of California, has

the details of its structure poorly preserved in the specimens examined,

although it belongs, beyond much doubt, to the genus Hemiaster.

The test is small, much depressed, and subquadrate in ambital outline.

It is broader anteriorly, with a feeble groove in the center of the ante-

rior margin. The posterior portion of the test is but slightly more

elevated than the anterior, and the truncated margin is low and narrow.

The base is flat, wdth the exception of the peristomial depression.

The ambulacral areas are but slightly depressed in the petaloidal

portions. The poriferous zones are broad, and the oval pores are united

by shallow furrows (PI. xlix. Fig. la).

The apical disk is small and situated slightly forw ard of the center.

The mouth opening is transversely oval and situated near the ante-

rior margin (PI. xlix, Fig. Ih). The anal opening is small, oval, and

situated on the low, truncated surface of the po sterior border.

Relatedforms.—On account of its shallow ambulacral furrows, Hemi-

aster californicus may be compared to H. Hamphreysanus , but is readily

separated from it by means of its more central apical disk and its

depressed form. It is a very unique species.

Locality and geological horizon.—H. californicus is from Redding,

Shasta county, California, in deposits that have been referred to the

Chico group (ujjper Cretaceous).

Collection.—U. S. National Museum.

Hemiaster Calvini Clark.

Plate XLIX, Figs. 2a-i.

Determinative characters.—Test oval, cordate, inflated; upper sur-

face elevated ; lower surface flat; [)osterior margin obliquely truncated.

Ambulacra moderately depressed on the upper surface. Mouth open-

ing transversely oval. Anal opening oval, high on truncated iiosterior

border.

Dimensions.—Length, 1^ inches; width, 1^ inches; height, ^ inch.

Description.—This species has an elevated test that is oval, cordate,
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ami br«l\dly triiiieateJ on the imsterior margin. The anterior suh-us is

shallow, and produces but a feeble groove ou the anterior margin. The
base is flat.

The ambulacral areas are narrow. The ]>oriferous zones are broad;

the i»etals moderately depressed and of good length; the pores in the

petaloidal portions of the paired and)ulacra elongated, slit-like (PI.

XLix, Fig. lie), those of the unjiaired ambulacrum small and approxi-

mated (PI. XLIX, Fig. 2(j). Beyond the petals the pores are very small,

and oc(;upy the lower outside corner of each plate (PI. XLiX, Fig. 2/).

The surface of the plates is covered with small perforated tubercles,

rather widely s(;attered, between which a microscopic granulation in-

tervenes. The peripetalous fasciole is indistinct.

The apical disk is small, compact, and nearly central (PI. XLix,

Fig. 2i).

The mouth opening is small, transversely oval, and situated at a dis-

tance from the margin.

The anal opening is oval and situated high on the truncated surface

of the ]>osterior margin.

Related forms.—Hemimter Galvlni is most <dosely related to H. tex-

anus, from which, however, it is separated by its more elevated form

and small, luirrow, anterior sulcus. The apical disk is also more ex-

eeutric.

Locality and geoloffical horizon.—Hem iaster Calvini is from the Shoal

creek limestone at the top of the Comanche series (lower Cretaceous) of

Texas. It is found in Travis county.

Collections.—U. S. National Museum; University of Iowa.

LINTHIA Merian.

LiNTHiA TUMIDULA Clark.

Plate L, Figs. la-i.

Linlhia ttimldula Clark, 1891. Jolius Hopkins Uuiversity Circulars, No. 87, p. 77.

Determinative characters.—Test oval, cordiform, elevated; apex cen-

tral; posterior border obliipiely truncated, anterior portion grooved by
narrow sulcus; sides sloping. Ambulacral furrows long, straight, de-

pressed
;
poriferous zones broad, pores oval. Apical disk small, nearly

central. Anal opening on truncated posterior border. Peripetalous

and lateral fascioles distinct.

Dimensions.—Length, 2^ inches; width, 2 inches; height, 1^ inches.

Descrijjtion. —Thifi large form has an elevated test, with fiattenedi

sloping sides, oval outline, and a narrow, moderately depressed anterior

sulcus that grooves the anterior margin. The base is flat, except for

the peristomial depression.

The ambulacral areas are narrow and furrow for a long distance the

upper surface of the test to a moderate depth. The poriferous zones
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are broad and straight. The pores are large and oval, and those of

each pair connected by a shallow furrow (PI. l, Fig, 1/). The antero-

lateral i^etals reach far down the sloping sides and are about one and

one-half times as long as the posterolateral pair.

The surface of the test is covered with minute, perforated tubercles

that are much larger on the base than on the upper surface. A micro-

scopic granulation fills the space between the tubercles (PI. l, Fig. li).

Both the peripetalous and lateral fascioles can be readily traced.

The apical disk is small, nearly central, and slightly depressed (PI.

L, Fig. Ig).

The mouth opening is transversely oval and situated near the

anterior margin. The anal opening is small, oval, and situated but a

short distance above the posterior margin (PI. l,, Fig. Id).

Belated forms.—L. tumidnla is the only representative of the genus

from American deposits. It is not closelj^ allied to any species de-

scribed elsewhere.

Locality and geological horizon.—Linthia tumidnla is from the yellow

limestone of the middle marl bed (upper Cretaceous), of Timber creek,

New Jersey.

Collections.—American Museum of Natural History, New York; Bos-

tonSociety of Natural History.

DOUBTFUL AND UNRECOGNIZED SPECIES.

With few exceptions the writer has had an opportunity of examining

the type forms of previous writers upon the Mesozoic Echinodermataof

the United States, and as a result Cassidvlns abruptns Conrad, Arhacia

sp. Eoemer, and Diadema sp. Poemer are the only species that can not

be identified. Three other species—two from lack of generic charac-

ters {Pygnrus {?) geometricus (Morton) and Gidaris nahalalcensis de

Loriol), the third {Discoidea occidcntale (labb) because of probable

foreign origin—are not included, although the synonjnny of each is

given for imri)oses of reference. A single specific name {Holectypus

simplex Roemer) has found its way into the literature from its use in

Gabb's Catalogue, although i)robably mentioned by mistake.

Cassidttlus abritptus Conrad.

Cassidtilus abrnpiiin Conrad, 18G0. Pbiladeliihia Acad. Nat. Sci. Jour., new ser., vol. 4,

p. 291.

Cassichilns abriiptns Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

This species, originally described by Conrad in ISGO, but not figured,

is from Tippah county, Mississippi. It has not been recognized in

material examined by the writer, so that its relations to the other forms

described are not known.

Pygubus C?) GEOMETRICUS (Morton).

Clypeaster sp. Morton, 1830. Philadelphia Acad. Sci. Jour., 1st ser., vol. 6, p. 202.

Clypeaster geometricm Morton, 1833. Am. Jour. Sci,, 1st ser., vol. 24, p. 131, PI. 10,

Fig. 9.
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( Ijipeasler ueomelricus Morton, 1834. Synop. Orgau. Remains, Cretacoou.s, p. 70, PI. 10,

"Fi-.IO.

I'llijurus gcomdriciis Agassiz <aud Desor, 1847. Cat. rais., p. 141.

Pygnrus geomctrUnx d'Orbigny, 1847. Procliomo, vol. 2, p. 270.

Clypeaster geometricus Rronu, 1848. Iiulox Pal. vol. 1, p. ,312.

riigitrus qeomdricus d'Orbigiiy, 1853-'()0. Pal<5ont. fraufaise, vol. 6, p. 313, PI. 920,

Fig. 4.

rggurus gcomctricus Dosor, 1858. Synop. des Echinidcs fossiles, p. 313.

Cli/peasicr gcomctrivus Gabb, 1859. Cat. Invert. Fossils, Cretaceous, p. 18.

Fygurus (?) geometncus Clark, 1891. Johns Hopkins University Circulars, No. 87, p. 77.

The type of this si>ocics was examined l)y the writer, but its state of

preservation (that of a poor cast) is such that its generic relations can-

not be with certainty deternuned. Until further material is obtained

it seems best to defer its rei;ognition.

Although originally desciibed by Morton as a Clypeaster, it has been
referred to the genus Pygurus by Agassiz, d'Orbigny, and Desor. The
single specimen was obtained from the lower marl bed (upper Creta-

ceous) of the Delaware and Chesapeake canal.

CiDAKIS NAHALAKENSIS de Loriol.

Cidaris nahalakensis de Loriol, 1887. Kecueil Zoologi(|ue Suisse, tome 4, jjp, 388, 389,

PI. 17, Figs. 3-4.

The present species is based by P. de Loriol upon fragment of spines

obtained from the Rotten limestone of the upper Cretaceous of Nahalak,
Kemper county, Mississii)pi. The acceptance of the species is reserved

until fuller material has been obtained. Similar spines have been
recognized by the writer from other localities, but whether they repre-

sent an independent species or one hitherto described is not yet

clear.

DiSCOIDEA OCCIDENTALE Gabb.

Discoidea occidentale Gabb, 18(50. PLiladelijhia Acad. Nat. Sci. Jour., new ser., vol. 4.

p. 398, PI. 68, Figs. 42-14.

Discoidea occidentale Gabb, 187(5. Pliiladelphia Acad. Nat. Sci. Proc, vol. 28, p. 323.

Discoidea occidentale Clark, 1891. Johns Hopkins University Circulars, No. 87, jj. 77,

When tirst described in 18(30 Gabb referred this form to the Cretace-

ous of Oregon, but later, in 1870, thought he might have been mistaken
in the locality and mentioned Peru as its i)robable origin. In view of

this doubt it is omitted from the list of species.

? HoLECTYPUS SIMPLEX Shumard.

? HolecliipuH simplex Shumard (description unknown).
Bulcclypus simplex Meek, 18(54. Smith Misc. Coll., vol. 7 (177), p. 2.

? Holecljjpus simplex Clark, 1891. Johns Hoi)kins University Circulars, No. 87, p. 77.

Meek includes 7/o?6!c^///>ws Himplex Shumard amotig his Ust ofAmerican
CretaceousEchinodermata and gives Texas as the locality. As a careful

search ofthe literature and extended correspondence with those familiar

with Sliumard's writhigs fail to elicit any information upon this jioint,

the writer is of the opinion that the reference to this species by Meek
is a mistake. No such species was probably ever described.
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GEOLOGICAL DISTRIBUTION.

CRINOIDEA

:

UlNTACRINID^—
Uintacrinus socialis Grinnell ,

Apioceinid^—
Bourgueticrinus alabamennis de Loriol

PeNTACRIN 111,55—

Peutacrinus asterisciLS Meek and Hayden
Pentacrinus Wliitei Clark
Pentacrinus Bryani Gabb

ASTEROIDEA:
Ophiurid^—
Ophioglypha bridgeiensis (Morton)
Opbioglypha texaua Clark

STELLERIDvE—
Asterias ( ? ) diibinm "Whitfield
Goniaster mammiUata Gabb

ECHINOIDEA:
Edechinoidea—
Eegulares—
CiDARIDAE—
Cidaiis taylorensis Clark
Cidaris californkus Clark
Cidaris splendens Morton
Cidaris Walcotti Clark
Cidaris texauus Clark
Leioiidaris hemigranosns (Shiiniard)

Salenidae—
Salenia texana Credner ,

Salenia tumidula Clark
Salenia bellula Clark

DlADEMATin^—
Hemicidaris intnraescens Clark
Psendodiadema Eniersoni Clark ,

Pseudod iadema diatretum ( Morton )

Psendodiadema texanum ( Uoemer)
Diplopodia texanum (Roemer)
Diplopodia Hilli Clark
Coptosoma speciosiini Cl.ark
Coptosoma Mortoni (de Loriol) ,

Goniopygiis Zitteli Clark
ECHINID^—
Psamniechinus cingnlatns Clark
Stomechinus Hyat.ti Clark
Pedinopsis Pondi Clark

Ieregulaees—
echinoconid^—
Holectypns planatus Roemer

Cassidulid^—
Pyrina Parryi Hall
Botriopygus alabainensis Clark ,

Echinobrissus expansus Clark
Echinobrissus texanus Clark
Trematopygus cnicifer (Morton)
Catopygus ovifoiniis Conrad
Catopygus pusilliis Clark
Cassidulus tlorealis (Morton) ,

Cassidulus pequorons Morton
Cassidulus micrococcus Gabb
Cassidulus subqnadratus Conrad
Cassidiilus subconicus Clark
Cassidulus porrectus Clark
(Cassidulus Stantoni Clark

Holasteridae—
Ananchy tea ovalis Clark
Cardiaster cinctus (Morton)
Holaster simplex Shumard

Spatangidae—
EnaUaster texanns (Roemer)
Enallaster obliquatus CJark - . .

.

Epiaster olegans (Shumard)
Epiaster Whitci (Jlark
Hemiaster etella (Morton)
Hemiaster parastatus (Morton)
Hemiaster ungula (Morton)
Hemiaster texauus Roemer
Hemiaster Hnmpbreysauus Meek and Haydeu .

Hemiaster Halli Cl.irk '

Hemiastei' rnlitornious Clark
Hemiaster Calvini Clark
Linthia tumidula Clark

Trias.

(.')

Jura.
Lower
Creta-
ceous.
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CATALOGUE OF SPECIFIC NAMES EMPLOYED BY WRITERS UPON
THE MESOZOIC ECHINODERMATA OF THE UNITED STATES.

Pngft

Ananchytes sp. Morton, 1830=Cardia8ter cinctus (Morton) 75

ductus Morton, 18r)0=0ar(liaster cinctus (Morton 75

ductus Morton, lS34=Oar<liaster cinctus (Morton) 75

cinctus Gabb, 1859=Car<liaster cinctus (Morton) 75

crnciferus Morton, 183()=Trcniatopyj?us crucifcr (Morton) .

.

(I,*}

flmbriatus Morton, 1830=Cardiaster cinctus (Morton) 75

fimbriatus Morton, 1834=Car(liaster cinctus (Morton) 75

ftmbriatus Bronn, 1848=Car(liaster cinctus (Morton) 75

fimbriatus Gabb, 1859=Cardiaster cinctus (Morton) 75

ovalis Clark 74

Arbacia sp. Roerner, 1849=unrecognized 92

Asterias ? dubium Whitfield, 1877 31

? dubium Clark=Asterias dubium Whitfield 31

Botriopygus alabaniensis Clark 60

Bourgueticrinus alabaiuensis de Loriol, 1882 25

alabamensis Clark=:Bourgueticrinus alabamensis de Loriol 25

Cardiaster cinctus (Morton) 75

cinctus d'Orbigny, 1853-'60= Cardiaster cinctus (Morton) .

.

75

cinctus (fimbriatus) Desor, 1858= Cardiaster cinctus (Morton) 75

cinctus Clark= Cardiaster cinctus (Morton) 75

fimbriatus d'Orbigny, 1853-'60= Cardiaster cinctus (Morton) 75

Cassidulus abruptus Conrad, 1860 92

iequoreus Morton, 1834 68
aequoreus Desmoulins, 1837= Cassidulus sequoreus IMorton . 68

aeqnoreus Agassiz, 1847=Cassidulus ?equoreus Morton 68

iTeipioreus d'Orbigny, 1847=Cassidulus jiequoreus JMorton. .

.

68

{cquoreus Bronn, 1848=Cassidulus a^quoreus Morton 68

fequoreus d'Orbigny, 1853-'60=Cassidulus fecpioreus Morton 68

fequoreus Desor, 1858=Cassidulus tequoreus INtorton 68

a^quoreus Gabb, 1859=Cassidulus a^quoreus Morton US

jequoreus Meek, 1864=CassidTdus tiequoreus Morton (iS

jcquoreus Conrad, 1868= Cassidulus ipquoreus Morton 68

lequoreiis Clark=Cassidulus sequoreus Morton i\S

florealis (Morton) 66

fiorealis Meek, 1804=Cassidulus florealis (Morton) 66

florealis Clark =Cassidulus florealis (Morton) , (56

micrococcus Gabb, J 860 69

micrococcus Clark=Cassidulus micrococcus Gabb 69

porrectus Clark, 1891 72

Stantoni Clark, 1891 73

subconicus Clark, 1891 71

Bubquadratus Conrad, 1860 70

subquadratus Clark= Cassidulus subquadratus Conrad 70
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i'a-e.

Oatopygiis oviformis Conrad, 1847 64

oviforrais Clark=Catopygus oviformis Conrad 64

pusilliis Clark 65

Cidaris sp. Morton, 1829=Cidaris splendens Morton 33

armiger Gabb, 1859= Cidaris splendens Morton 33

armiger Clark=Cidaris splendens Morton 33

californicus Clark 36

clavigera Credner, 1870=Pseudodiadema diatretum (Morton) 46

diatretum Morton, 1833=Pseudodiadeina diatretum (Morton) 46

diatretum Broun, 1848=Pseudodiadema diatretum (Morton) 46

diatretum Gabb, 1859=Pseudodiadema diatretum (Morton) 46

diatretum Giebel, 1853= Salenia texana Credner 40

hemigrauosus Shumard, 1860=Leiocidaris hemigranosus

(Sbumard) 38

hemigranosus Meek, 1864=Leiocidaris hemigrauosus (Shum-

ard) 38

hemigranosus White, 1883=Leiocidaris hemigranosus (Shum-

ard) 38

nahalakensis de Loriol, 1887 93

nahalakensis Clark =^ Cidaris nahalakensis de Loriol 93

sceptrifera Credner, 1870=Pseudodiadema diatretum Mor-

ton 46

splendens Morton 33

splendens Clark=Cidaris splendens Mortou 33

splendens Gabb, 1859=Cidaris splendens Morton 33

taylorensis Clark 35

texanus Clark, 1891 36

Waleotti Clark, 1891 37

Cidarites armiger Morton, 1842=Cidaris splendens Morton 33

diatretum Morton, 1834=Pseudodiadema diatretum (Mortou) 46

splendens Morton, 1841=Cidaris sj)lendens Morton 33

Clypeaster sp. Morton, 1829=Cassidulus liorealis (Morton) 66

geometricus Morton, 1833=Pygurus ( ?) geometricus (Morton) 92

geometricus Morton, 1834=Pygurus (
*?) geometricus (Morton) 92

geometricus Broun, 1848=Pygurus ( ?) geometricus (Morton) 92

geometricus Gabb, 1859=Pygurus (?) geometricus (Mortou) 92

florealis Morton, 1833=Cassidulus florealis (Mortou) 66

florealis Morton, 1834=Cassidulus florealis (Morton) 66

florealis Broun, 1848=Cassidulus florealis (Morton) 66

florealis Gabb, 1859=Cassidulus florealis (Morton) 66

Coptosoma Mortoni (de Loriol) 51

speciosum Clark, 1891 52

Cyphosoma Mortoni de Loriol, 1887=Coptosoma Mortoni (de

Loriol) 51

speciosum Clark, 1891=Coptosoma speciosum Clark 62
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Cyphosoma texanum Koemer, 1852=Dii)lopodia texanum (Koe-

luer) 48

texanum Conrad, 1857= l)iplopodia texanum (Roemer) 48

texanum Gabb, 1859=Dipi(>podia texanum (Koemer) 48

texanum (Tabb, 1860=Diplo]H)dia texanum (Koemer) 48

Diadema sp. Koemer, 18r)L»=unrecognized 02

diatretum Agassiz and Besor, 1847=rseudodiadema dia-

tretum (Morton) 46

texanum Koemer, 1849=Diplopodia texanum (Roemer) 48

texanum Koemer, 1852=Fseudodiadema texanum (Koemer). 47

texanum Gabb, 1859=Pseudodiaderaa texanum (Koemer).. 47

Diplopodia texanum (Koemer) 48

texanum CIark=Diplopodia texanum (Roemer) 48

Hilli Clark, 1891 50

?Discoidea occidentale Gabb, 1860 93

oceidentale Gabb, 1876=Discoidea occidentale Gabb 93

occidentale Clark, 1876=Discoidea oceidentale Gabb 93

Echinobrissus cruciferus d'Orbigny, 1854= Trematopygus cruci-

fer (Morton) 63

expansus Clark, 1891 61

texanua Clark, 1891 62

Echinus sp. Morton, 1830=Cidaris splendens Morton 33

Enallaster obliquatus Clark 79

texauus (Roemer) 78

texanus Desor, 1858=Enallaster texanus (Roemer) 78

texanus Clark=Enallaster texanus (Roemer) 78

texasus d'Orbigny, 1853-'60= Enallaster texanus (Roemer). 78

Encrinites sp. Shiel, 1855=Pentacrinus asteriscus Meek and
Hayden 26

Epiaster elegans (Shumard) 80

elegans Clark=Epiaster elegans (Shumard) 80

Whitei Clark, 1891 82

Eaujasia florealis d'Orbigny, 1853-'60=Cassidulu8 Horealis (Mor-

ton) 66

florealis Desor, 1858=Cassidulu8 florealis (Morton) 66

Goniaster mammillata Gabb, 1876 32

mammillata Clark=Goniaster mammillata Gabb 32

Goniopygus Zitteli Clark, 1891 53

Hemiaster americanus Giebel, 1853=Hemiaster texanus Roemer

.

S6

californicus Clark, 1891 90

Calvini Clark 89

Dalli Clark, 1891 80

elegans Shumard, 1853=Epiaster elegans (Shumard) 88

Humphreysanus Meek & Hayden, 1857 88

Hujnphreysanus Gabb, 1859= Hemiaster Humphreysanus
Meek & Hayden 88
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Hemiaster ? Humplireysanus Meek, 1864=Heiiiiaster Huraplirey-

sanus Meek & Ilayden 88

Hiiiuphreysaims Meek, 1876= Hemiaster Humphreysauus

Meek & Ilaydcu 88

Huniplirey.sauiis Clark= Hemiaster Humplireysauus Meek &
Haydeu 88

iiicrassatus Clark, 1891= Hemiaster stella (Morton) 84

XJarastatus (Morton) 83

parastatiis Desor, 18'47=Heniiaster parastatus (Morton) ... 83

parastatus d'Orbigny, 1847= Hemiaster parastatus (Morton) 83

Ijarastatus d'Orbigny, 1853-'60=Hemiaster parastatus (Mor-

ton) 83

parastatus Desor, 1858=Hemiaster parastatus (Morton) 83

parastatus Gabb, 1859= Hemiaster parastatus (Morton) 83

l)arastatus Meek, 1864=Hemiaster parastatus (Morton) 83

parastatus, Clark= Hemiaster parastatus (Morton) 83

Stella (Morton) 84

Stella Agassiz & Desor, 1847= Hemiaster stella (Morton). .

.

84

Stella Desor, 3 858= Hemiaster stella (Morton) 84

Stella Gabb, 1859=Hemiaster stella (Morton) 84

?stella Meek, 1864= Hemiaster stella (Morto«) 84

stella Clark=Hemiaster stella (Morton) 84

texauus Eoemer, 1849 SQ

texanus Eoemer, 1852=Hemiaster texanus Eoemer. . . . 86

texauus Gabb, 1859=Hemiaster texanus Eoemer 86

texanus Meek, 1864= Hemiaster texanus Eoemer 86

texanus Clark=Hemiaster texauus Eoenier 86

Wetherbyi de Loriol, 1887=Hemiaster stella (Morton) 84

ung.nla (Morton) 85

uugula Clark=Hemiaster ungula (Morton) 85

Hemicidaris intumescens Clark 44

Holaster cinctus Agassiz, lS40=Cardiaster cinctus (Morton) ... 75

einctus Agassiz and Desor, 1847=Cardiaster cinctus (Mor-

ton) 75

cinctus d'Orbigny, 1847=Cardiaster cinctus (Morton) 75

cinctus Broun, 1848=Cardiaster cinctus (Morton) 75

cinctus Credner, 1870=Cardiaster cinctus (Morton) 75

cinctus Clark, 1891=Cardiastcr cinctus (Morton). 75

comancliesi Marcou, 1858= Holaster simplex Sliumard 76

comaucbesi Desor, 1858= Holaster simplex Shnmard 76

comancbesi Gabb, 1859=Holaster simpleySliumard 76

comanchesi Meek, 14864= Holaster simplex Shumard 76

elegaus Conrad, 1857 (figure only)=Eiuaster Whitei Clark.

.

82

fimbriatus Agassiz and Desor, 1847=Cardiaster cinctus

(Morton) 75
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Holaster fimbriatiis d'Orbigny, 1847=Cardiaster cinctus (Mor-

ton) 75

parastatiis Gabb, 1859=Hemiaster parastatus (Morton) 83

simplex Shuniard, 1853 7(;

simplex Desor, 1858=nolaster simplex Siiuniard 70

simplex Gabb, 1850= Holaster simplex Sbiimard 70

simplex Meek, 1804=Holaster simplex Slnimard 70

simplex Clark=Holaster simplex Sliumard 70

ungula Gabb, 1859=Hemiaster ungiila (Morton) 85
Holectypus planatus Koemer, 1849 58

planatus Eoemer, 1852= Holectypus planatus Eoemer 58
planatus Shumard, 1852=Holectypus planatus Eo<Mner 58

planatus Giebel, 1853=Holectypus planatus Eoemer 58
planatus Conrad, 1857= Holectypus planatus Eoemer 58

planatus Desor, 1858=Holectypus jjlanatus Eoemer 5.S

planatus Gabb," 1859^Holectypus planatus Eoemer 58
planatus Meek, 1864= Holectypus planatus Eoemer. . ., 58
planatus Clark=Holectypus planatus Eoemer 58

planus Giebel, 1853=Holectypus planatus E!l:)emer 58

simplex Meek, 1804 (probably accredited to Sliumard by
mistake) 93

Leiocidaris hemigranosus (Sliumard) 38

liemigranosus Clark =Leiocidaris liemig-ranosus (Shumard). 38
Linthia tumidula Clark 91

Macraster texanus Eoemer=Epiaster elegans (Shumard) 80

Micraster ungula Agassiz and Desor, 1847=Hemiaster ungula
(Morton) So

Nucleolites crucifer Morton, 1833=Trematopygus crucifer (Mor-

ton) 63

crucifer Morton, 1834=Trematopygus crucifer (Morton) 63

crucifer Bronn, 1848=Trematopygus crucifer (Morton) 03

crucifer d'Orbigny, 1853-'60=Trematoi)ygus crucifer (Mor-

ton) 63

crucifer Desor, 1858=Trematopygus crucifer (Morton) 63

crucifer Gabb, 1859=Trematopygus crucifer (Morton) 63

crucifer Meek, 1864=Trematopygus crucifer (Morton) 63

crucifer Cook, 1868=Trematoiiygus crucifer (Morton) d'S

crucifer Conrad, 1868=Trematopygus crucifer (Morton) 63

cruciferus Agassiz, 1840=Trematopygus crucifer (Morton) .

.

63

cruciferus d'Orbigny, 1847=Treniat()pygus crucifer (Morton)

.

63

cruciferus Agassiz and Desor, 1847=Trematopygus crucifer

(Morton) 63

cruciferus Creduer, 1870=Trematopygus crucifer (Morton). 63

Ophioderma (?) bridgereusis Meek, 1873=Ophioglypha bridger-

ensis (Meek) 29

bridgereusis White, lS83=Ophiogiypha bridgereusis (Meek) -29
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Ophioglypha bridgerensis (Meek) 29

bridgerensis Clark=Ophioglypha bridgerensis (Meek) 29

texana Clark 30

Pedinopsis Pondi Clark 57

Pentacrinus asteriscus Meek & Hayden, 1858 26

asteriscus Meek & Hayden, 1860= Pentacrinus asteriscus

Meek & Hayden 26

asteriscus Meek, 1864=Pentacrinus asteriscus Meek & Hay-
den 26

asteriscus Clark=Pentacrinus asteriscus Meek & Hayden.

.

26

Bryani Gabb, 1876 : 28

Bryani Clark=Pentacrinus Bryani Gabb 28

Whitei Clark 27

Pentacrinites asteriscus Meek & Hayden, 1865=Pentacrinus as-

teriscus Meek & Hayden 26

( ? ) asteriscus Wliitfield,1880=Pentacrinus asteriscus Meek &
Hayden 26

asteriscus White, 1875=Pentacrinus Whitei Clark 27

(?) asteriscus(?) Hall &Whitfleld,1877= Pentacrinus Whitei
Clark 27

(?) asteriscus Whitfield, 1880=Pentacrinus Whitei Clark .

.

27

Phymosoma texanum Desor, 1858=Diploi3odia texanum (Roemer) 48

Psammechinus cingulatus Clark, 1891 55

Pseudodiadema diatretum (Morton) 46

diatretum Desor, 1858=Pseudodiadema diatretum (Morton)

.

46

diatretum Cotteau,1862-'67=Pseudodiadema diatretum(Mor-

ton) 46

diatretum Meek, 1864=Pseudodiadema diatretum (Morton)

.

46

diatretum Conrad, 1868=Pseudodiadema diatretum (Morton) 46

diatretum Clark=Pseudodiadema diatretum Morton 46

Emersoni Clark 45

Hilli Clark, 1891=Diplo.podia Hilli Clark 50

Roemeri Clark, 1891=Pseudodiadema texanum (Roemer) .. 47

texanum (Roemer) 47

texanum Desor, 1858=Pseudodiadema texanum (Roemer).

.

47

texanum Meek, 1864=Pseudodiadema texanum (Roemer) .

.

47

texanum Clark, 1891=Diplopodia texanum (Roemer) 48

Pygorhynchus crucifer Ravenel, 1850=Trematopygus crucifer

(Morton) 63

Pygurus florealis Agassiz, 1847=Ca8sidulus florealis (Morton).

.

66

florealis Conrad, 1868=Cassidulus florealis (Morton) 66

( 1 )
geometricus (Morton) . 92

geometricus Agassiz & Desor, 1847=Pygurus (?) geomet-

ricus (Morton) 92

geometricus d'Orbigny, 1847=Pygurus (?) geometricus

(Morton) -.;• ,.......,,,,,, 92
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Pygurus geometricus d'Orbigny, 1853-'60=Pyguru8 (?) geomet-

litus (Morton) 92

geometricus Desor, 1858=Pygiirus ( ? )
geometricus (Mortou) 92

(t) geometricus Clark=Pygurus (?) geometricus (Morton). 92

Pyriua Parryi Hall, 1857 59

Parry i Gabb, 1859 =Pyrina Parryi Hall 59

Parryi Meek, 1864=Pyrina Parryi Hall 59

Parryi Clark= Pyriua Parryi Hall 59

Salenia bellula Clark, 1891 43

texaua Creduer, 1875 40

texaiia Clark= Salenia texana Creduer 40

tumidula Clark, 1891 41

Spataugus sp. Morton, 1829=Cardiaster cinctus (Morton) 75

sp. Mortou, 1830=Hemiaster parastatus (Mortou) and Hemi-

aster ungula (Mortou) 83, 85

cor-mariuum (?) Morton, 1830=Hemiaster parastatus (Mor-

ton) 83

parastatus Morton, 1833=Hemia«ter parastatus (Morton).. 83

parastatus Morton, 1834=Hemiaster parastatus (Morton).. 83

parastatus Broun, 1848=Hemiaster parastatus (Mortou). .. 83

Stella Morton, 1830=Hemiaster stella (Morton) 84

Stella Morton, 1834=Hemiaster stella (Morton) 84

ungula Morton, 1833=Hemiaster ungula (Morton) 85

ungula Mortou, 1834=Hemiaster ungula (Morton) 85

ungula Broun, 1848=Hemiaster ungula (Morton) 85

Stomecliinus Hyatti Clark 56

Toxaster elegans Conrad, 1857=Epiaster Wliitei Clark 82

elegans Gabb, 1659=Epiaster elegans (Sbumard) 80

elegans Meek, 18G4=Epiast6r elegaus (Slmmard) 80

texanus Koemer, 1849=Enallaster texanus (Roeuier) 78

texanus Roemer, 1852=Euallaster texanus (Roemer) ...... 78

texanus Conrad, 1857=Enalla8ter texanus (Roemer) 78

texanus Gabb, 1859=Enallaster texanus (Roemer) 78

texanus Meek, 1864=Enallaster texanus (Roemer) 78

ungula Giebel, 1853=Enallaster texanus (Roemer) 78

Trematopygus crucifer (Morton) 63

crucifer d'Orbigny, 1853-'60=Trematopygus crucifer (Mor-

tou) 63

crucifer Clark=Trematopygus crucifer (Morton) 63

Uintacrinus socialis Grinnell, 1876 ; 21

socialis Meek, 1876=Uintacrinus socialis Grinnell 21

socialis Clark=Uintacrinus socialis Grinnell 21





PLATES.

In consequence of a mistake in drawing, the forms the upper and lower views of the tests of tht>

Holasteridie and .Spatangida? are inverted on the plates.
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PLATE I.

UiNTACRiNUS sociALis Giiunell (page 21).

Fig. la. Laterial view of the test, witli interradial area central, natural size.

lb. Test with arms.

Ic. A radial area, maguitied two diameters.
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UINTACRINUS.





PLATE II.
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PLATE II.

UiNTACRiNUS sociALis Grinnell (page 21).

Fig. la. Diagram showing the structural arrangement of the plates in the test,

lb. Specimen showing hasals and portions of radial and interradial areas.

Ic. Lateral vie w^ of arm with attached pinnules.

Id. Zizygial surface of hrachial plate,

le. Articular surface of brachial plate.
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UINTACRINUS.





PLATE III.
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PLATE III.

BouuGUETiCEiNUS ALABAMEXSis De Loriol (page 25).

Fig. la.- Side view of the basal cone magnified five diameters.

l/>. Ujiper surface magnified six diameters.

Ic. Lower surface magnified six diameters.

Pextacrinus asteriscus Meek &. Hayden (page 26).

Fig. 2a. Column with attached pinnules.

2b. Upper surface of a detached plate of the column.

2c. Lateral view of a portion of the column.

2d. Enlarged pinnule.

Pentacrinus Bryani Gabb (page 28).

Fig. 3a. Upper surface of a detached plate of the column.

3b, Lateral Adew of a portion of the column.

Pentacrinus Whitei Clark (page 27).

Fig. 4a. Upper surface of a detached plate of the column.

46. Ditto.

4c. Lateral view of a portion of the column.
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BOURGUETICRINUS AND PENTACRINUS.





PLATE IV.
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PLATE IV.

Ophioglypha bridgerknsis (M^ek) (page 29^

Fig. la. Skeleton, natural Bize.

Ih. Enlarged view of a portion of the upper surface.

Ic. Enlarged view of a portion of the lower surface.

Ophioglypha tkxana Clark (page 30).

Fig. 2a. Skeleton.

2b. Enlarged view of a portion of the upper surface.
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OPHIOGLYPHA.





PLATE V.
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PLATE V.

GONIASTER MAMMiLLATA Gal)b (page. 32).

Fig. la-f/. Views from various sides of four different plates ; maguitied two diameters.

l/(. Greatly magnified surface of plate.

A8TERIAS DUBiUM Whitfield (page 31).

Fig. 2. Gutta-perclia cast of three individuals.
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PLATE VI.

C1DARI8 CALiFORNicus Clark (page 36).

Fig. la. Spine, enlarged.

Ife. Ditto.

Ic. Articular surface of lb, much enlarged.

CiDARis TAYLORENSis Clark (page 35).

Fig. 2a. Fragment of two contiguous interambulacral plates of the same series.

2b. Spine.

CiDAKis 8PLBNDEN8 Morton (page 33).

Fig. 3a. Portion of test, natural size.

3b, Interambulacral plate, magnified two diameters.

3c, Ambulacral area, highly magnified.

3d. Tubercle, enlarged.

3e. Spine. ,
^ 3/. Base of same much enlarged.

3g. Articular surface of spine.

CiDARis Walcotti Clark (page 37),

Fig, 4a, Portion of test, natural siz-e.

ib. Interambulacral plates, enlarged.

4c. Ambulacral area, highly magnified,

id. Tubercle, enlarged,
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PLATE VII.
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PLATE VII.

CiDARTS TEXANUS Clark (page 36).

Fig. la. Test restored, natural size.

Ih. View showing the arrangement of the interambnlacral plates in the vicinity

of the apical disk, with adjacent ambulacral plates.

Ic. Portion of ambulacral area, enlarged.

Id. Interambnlacral plate, enlarged.

le. Tubercle, much enlarged.

Leiocidaris hemigranosus (Shumard) (page 38).

Fig. 2a. Interambnlacral plate.

2b. Portion of ambulacral area, enlarged.

2c. Tubercles, magnified two diameters.

2d. Apical disk, enlarged.
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CIDARIS AND LEIOCIDARIS.





PLATE VIII.
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PLATE VIII.

Leiocidaris HfiMiGRANosrs (Shuiuard) (page 38).

Fig. 1«. Upper surface of the test, natural size.

lb. Lateral view of tlie same.
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LEIOCIDARIS.





PLATE IX.
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PLATE IX.

Leiocidaris hemigranosus (Sliumard) (page 38).

Fig. la. Upper surface of the test.

U. Lower surface of the test.

Ic. Lateral view of the same.
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LEIOCIDARIS.





PLATE X.
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PLATE X.

Salenia texana Credner (page 40).

Fig. la. Upper surface of the test, natural size.

Ih. Under surface of the same.

If. Lateral surface of the same.

Id. Interambulacral area, magnified two diameters.

le. Ambulacral area, magnified three diameters.

1/. Portion of the same, highly magnified.

Ig. Apical disk, enlarged.

Ih. Tubercle, enlarged.
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PLATE XI.

Saxenia tumidula Clark (page 41).

Fig. la. Upper surface of test, magnified two diameters.

lb. Under surface of the same.

Ic. Lateral surface of the same.

Id. Interambulacral area, magnified four diameters,

le. Single plate of same, highly magnified.

If. Ambulacral area, highly magnified.

Ig. Apical disk, enlarged.

Ih. Genital plate of same, highly magnified.

It. Mouth opening, enlarged.

1;. Tubercle, enlarged. »

Salenia bellula Clark (page 43).

Fig. 2a. Upper surfiice of test, magnified two diameters.

2b. Under surface of the same.

2c. Lateral surface of the same.

2d. Three interambulacral plates, highly magnified.

2e. Three ambulacral plates, highly magnified.

2/. Apical disk, enlarged.

2g. Tubercle, highly magnified,
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PLATE XII.

Hemicidaris intumescens Clark (page 44).

Fig. la. Upper surface of tlie test.

lb. Lower surface of the test.

Ic. Lateral view of the same.

Id. Two interambulacral plates, highly maguified.

le. Lower portion of interambulacral area, enlarged.

1/. Upper portion of same.

Ig. Portion of ambulacral area, magnitied.

Ih. Tubercle, from above.

li. Lateral view of the same.

PsEUDODiADEMA Emersoni Clark (page 45.

Fig. 2a. Lateral view of the test.

26. Portion of the interambulacral area, enlarged.

2c. Portion of the ambulacral area, enlarged.

2d. Tubercle, from the side.

2e. The same, from above,
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PLATE XIII.
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PLATE XIII.

PsEUDODiADEMA DiATRETUM (Morton) (page 46).

Fig. la. Under surface of t^st.

16. Latifial view of the same.

Ic. Two iuterambnlacral plati's, magnified four diameters.

Id. Ambulacral plates, highly maguitied.

le. Ditto.

1/. Tubercle, much enlarged.

PsKUDODiADEMA TEXANUM (Roemer) (page 47).

Fig. 2a. Upper portion of the interambulacral area, highly magnified.

2b. Portion of ambulacral area, ditto.
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PSEUDODIADEMA.





PLATE XIV
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PLATE XIV.

PsEUDODiADEMA rKXANTiM (Roeuiei) (page 47).

Fig. la. Upper surface of the test.

lb. Lower surface of the same.

Ic. Lateral surface of the same.

Id. Interaml)ulacral arc'a, eiilargeu.

le. Amhulacral area, cnhirgf'd.

1/. Three interamlnilacral plates, highly magnihed.

If/. Tubercle, much eularged.
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PLATE XV.
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PLATE XV.

DiPLOPODiA TEXANUM (Koeiuer) (page 48).

Fig. la. Upper surface of the test.

lb. Lower surface of the same.

Ic. Lateral surface of the same.

Id. Ambulacral area, enlarged.

le. Four plates of the same, highly magnified.

If. Interamhulacral plates, ditto.
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DIPLOPODIA.





PLATE XVI.
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PLATE XVI.

DiPLOPODiA TEXANUM (Roemer) (page 48).

Fig. la. Lower portion of ambiilacral area, highly magnified.

lb. Upper portion of intei-ambulacral area, much enlarged.

Ic. Lower portion of same, ditto.

Id. Tubercle.

DiPLOPODiA HiLLi Clark (page 50).

Fig. 2a. Upper surface of the te.st.

2/). Lower surface of the ,same.

2c. Lateral surface of the same.

2d. Upper portion of an ambulacral area, enlarged.

2e. Three plates of the same, highly magnified.

2/. A portion of an interambulacral area, highly magnified.

2g. Tubercle.
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DIPLOPODIA.





PLATE XVII.
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PLATE XVII.

CoPTOSOMA MoRTO-Ni ((le Loiiol) (page 51).

V'lff. la. Upper surface oftlie test.

lb. Lateral view of the same.

Ic. Three anibnlaeral plates, much enlarged.

1(?. luteraiuhulacral area, enlarged,

l*-. Three iiiterauibulaeral plates, much enlarged.
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COPTOSOMA.





PLATE XVIII.
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PLATE XVIII.

COPTOSOMA spEciosuM Clark (page 52).

Fig. Irt. Upper surface of the test.

lb. Lateral ^ iew of the same.

If. Upper portion of an iuterainbiilacral area, enlarged.

Id. Three plates of the same, highly maguitied.

le. Portion of ambnhicral area, highly magnified.

1/. Ditto.

Ig. Tubercle of ambiilacral area.

1ft. Tubercle of iuterambulacral area.

GoNioPYGUS ZiTTEM (Jlark (page 53).

Fig. 2a. Lateral surface of the test.

2b. Lower portion of ambulacral area, highly magnified.

2c. Portion of iuterambulacral area, highly magnified.

2d. Apical disk, enlarged.
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COPTOSOMA AND GONIOPYGUS-
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PLATE XIX.

GoNiOPYGUS ZiTTELi Chirk (page 53)

Fig. la. Upper surface of the test.

lb. Lower surface of the same.

Ic. Iiiterambuhicral area, enhirged.

!(/. Ambukicral area, enlarged.

le. Tubercle.
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GONIOPYGUS.





PLATE XX.
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PLATE XX.

PSAMMECHiNi'S ciNGULATUS Clark (page 55).

Fig. la. Upper surface of the test.

lb. Lower surface of the test.

Ic. Lateral view of the same.

Id. luterambnlacral area, enlarged.

le. Three plates of tlie same, highly magnified.

If. Amlmlaeral area, enlarged.

Ig. Four plntes of the same, highly magnified.

Ih. Month opening, enlarged.

1). Tubercle.
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PLATE XXI.

PEDiNorsis PoNDi Clark (page 57).

Fig. la. Upper surface of the test.

lb. Lateral view of the same.
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PEDINOPSIS.





PLATE XXII.
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PLATE XXII.

Pedinopsis PoNin Clark (page 57).

Fig. la. Lower surface of the test.

lb. Four iuterambiilacral plates, much enlarged.

Ic. Four ambulacral plates, highly magnified,
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PLATE XXill.

Stomechinus Hyatti Clark (page 56).

Fig. la. Lateral surface view of the test, slightly distorted.

1/*. Portion of the ambulacral area, enlarged.

Ic. Portion of the interarabulacral area, enlarged.

Id. Tubercle from above, highly magnified.

le. The same from the side.

HOLECTYPUS PLANATUS Eoeuier (page .58).

Fig. 2a. Upper surface of the test.

26. Lower surface of the same.

2c. Lateral surface of the same.

2d. Two interambulacral plates, enlarged.

2€. Portion of the ambulacral area, highly magnified.

2/. Apical disk, enlarged.
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PLATE XXIV.

Pyrina Pakuyi Hall (page 59).

Fig. la. Upper surface of the test. •
•

lb. Lower surface of the same.

Ic. Side view of the same.

Id. Posterior view of the siime.

If. Portion of an ambulacral area, enlarged.

1/'. The same further enlarged.

l(f. Two interambulacral plates, magnitied three diameters.

l/(. Portion of single interambulacral plate, highly magnitied.

li. Apical disk, enlarged.

Ifc. Portion of the madreporite, highly magnitied.
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PLATE XXV.

BoTKioPYOus ALABAMENSis Claik (page 60).

Fig. la. Upper surface of test.

1/*. Lower surface of test.

Ic. Side view of tlie same.

Id. Portion of an auibnlacral area at base of petaloidal region, enlarged.

le. Same in center of petaloidal region, highly magnified.

If. An interambulacral plate, highly magnified.
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PLATE XXVI.

EcHiNOBRissus EXPANSUS Clark (page 61).

Fig. la. Upper surface of the test.

\b. Lower surface of the test.

Ic. Side view of the same.

Id. Posterior view, showing anal sulcus,

le. An iuterauibulacral plate, enlarged.

If. Portion of the petaloidal region of the right anterolateral ambulacral area.

l(j. Apical disk, enlarged.

ECHINOBRISSUS TKXANUS Clark (page 62).

Fig. 2a. Upper surface of the test.

26. Lower surface of the test.

2c. Side view of the same.

2d. Posterior view, showing anal sulcus.

2e. Portion of the right antero-lateral ambulacrum.

2/. Four iuterambulacral plates, highly maguilied.
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PLATE XXVII.

Trematopygus crucifer (Morton) (page 63).

Fig. la. Upper surface of the test.

lb. LoAver surface of the test.

Ic. (Side view of the same.

Id. Posterior view of the same.

le. Lower portion of the petaloidal region of the right poatero-lateral ambula-

crum.

If. Much enlarged view of several plates of the same.

Ig. Apical disk, enlarged.

Ih. Tubercle from above.

It. Lateral view of the same.

Catopygus oviformis Conrad (page 64).

Fig. 2a. Upper surface of the test.

2&. Lower surface of the test.

2c. Lateral view of the same.

2d. Posterior view of the same.

2e. Right postero-lateral ambulacrum, enlarged.

2/. Several plates of the same, highly magnified.

Catopygus pusillus Clark (page 65).

Fig. 3a. Upper .lurface of the test.

36. Lower surface of the test.

3c. Lateral view of the same.

3d. Posterior view of the same.
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PLATE XXVIII.

Cassidulus florealis (Morton) (page 66).

Fig. la. Upper surface of the teat.

16. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

le. Right postero-lateral ambulacrum.

If. Several plates in the petaloiclal region of the same, much enlarged.

Ig. Ditto, lower surface,

l/i. Posterior iuterambulacrnm.

li. Single plate, much enlarged.

1;. Apical disk, highly magnified.

IJi. Tubercle from above.

II. Lateral view of the same,
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PLATE XXIX.

Cassidulus .EQiOKEis Mortoii (page 68).

Fig. la. Upper surface of the test.

1ft. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

If. Auterior ambulacrum.

1/. Several plates, petaloidal region of the same, much enlarged.

Ig. Ditto, oral region.

Ih. Apical disk, much enlarged,

li. Diagram showing the arrangement of the plates about the peristomial

opening.
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PLATE XXX.

Cassidulus micrococcus Gabb (page 69).

Fig. la. Upper surface of the test.

lb. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

le. Anterior ambulacrum at the base of the petaloidal region.

If. Several plates in petaloidal region of anterior ambulacrum, much enlarged.

1^. Oral portion of an ambulacral axea.

Ih. Apical disk, enlarged,

li. Surface of an interambulacral plate, highly magnified.
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iPLATE XXXI.

Cassidulus subquadratus Conrad (page 70).

Fig. la. Upper surface of the test.

1ft. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

le. Lower portion of the petaloidal region of the right antero-lateral ambu-

lacrum.

If. Several plates of the same, much enlarged.

1^. Oral portion, much enlarged.

\h. Apical disk, enlarged.
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PLATE XXXII.

Cassidulus suiiCONicus Clark (page 71).

Fig. la. Upper surface of tlie test.

1/*. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

le. An aiiibnlacral area, enlarged.

1/. Several plates of the petaloidal jfortiou, highly luaguitiert.

Ig. Ditto, oral portion.

Ih. Diagram showing the arrangement of the plates around peristomial opening.

1(. luterambulacral jilate, much enlarged.

lA. Apical disk, much enlarged.
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PLATE XXXIII.

Cassidulus I'OKKkctus Clark (page 72).

Fig. la. Upper surface of the test.

16. Posterior view of the same.
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PLATE XXXIT.

Cassidulus porrectus Clark (page 72).

Fig. la. Lower surface of the test.

lb. Lateral view of the same.
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PLATE XXXV.

Cassidull's roRRECTUS Clark (page 72).

Fig. la. An ambulacial area, enlarged.

11). Lower portion of petaloidal region, highly magnified.

Ic. Central portion of same, highly magnified.

Id. Three interambulacral plates, much enlarged.

Cassidulus Sxantoni Clark (page 73).

Fig. 2a. Upper surface of the test.

2?>. Lower surface of the test.

2c. Lateral view of the same.

2d. Posterior view of the same.
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PLATE XXXVI.

Ananchytes ovalis Clark (page 74).

Fig. Ifl. Upper surface of the test.

lb. Lower surface of the same.

Ic. Lateral view of the same.

Id. Anterior view of the same.

le. Posterior view of the same.

If. Apical disk, enlarged.

1^. Ambulacral plates, much enlarged.

Ih. Interambulacral plates, much enlarged.
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PLATE XXXVII.

Cardiaster cinctus (Mortou) (page 75).

Fig. 1«. Upper surface of the test.

16. Lower Burface of the test.

Ic. Lateral view of the same.

Id. Anterior view of the same,

le. Posterior view of the same.

If. Central portion of the petaloidal region of an amhnlacral area, much en-

larged.

Ig. Basal portion, ditto.

17(. Apical disk, enlarged.
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PLATE XXXVIII.

HoLASTKR (SIMPLEX Shumard (page 76).

Fig. la. Upper surface of tlie test.

lb. Lower surface of the same.

Ic. The right antero-lateral ambulacrum, enlarged.

Id. Portion of the petaloidal region of the same.

le. Four basal plates of the same.

If. Apical disk, enlarged.

Ig. Tubercle, highly magnihed.
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PLATE XXXIX.

HoLASTKK SIMPLEX Shuiuard (page 76).

Fig. la. Lateral view of the test.

lb. Posterior view of the same.

Ic. Interambulacral plate, much enlarged.

Id. Tubercle, highly magnified.

ENAI.LASTEK TEXANUS Roemer (page 78).

Fig. 2a. Upper view of the test.

2b. Lower view of the test.

2c. Lateral view of the same.

2d. Posterior view of the same.

2e. Portion of the petaloidal region of the right antero-lateral ambulacrum,
much enlarged.

2/. Ditto, anterior ambulacrum.

2g. Apical disk, enlarged.
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PLATE XL.

Enallasteu obliquatus Clark (page 79).

Fig. la. Upper surface of the test.

lb. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

le. Portion of the petaloidal region of the anterior ambulacrum.

If. Ditto, left anterior ambulacrum.
Ig. Second plate of the same from the mouth opening.

1/i. Diagram sliowing arrangement of plates about the mouth opening.

It. Apical disk, enlarged.

Ik. Tubercle from above, much enlarged.

11. Lateral view of the same.
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PLATE XLI.

Epiastkr elkgans (SLuruard) (page 80).

Fig. la. Upper surface of the test.

Ih. Lateral view of the same.
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PLATE XLII.

Epiaster elegans (Sliumaitl) (page 80).

Fig. la. Lower surface of the test.

lb. Posterior view of the same.
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PLATE XLIII.

Epiastkr klegans (Shumard) (page 80).

Fig. la. Upper portion of the anterior ainbulacriuu, enlarged.

lb. Middle portion of the petaloidal region of the anterior aiubnlacruui, highly

magnified.

Ic. Ditto, left antero-lateral ambulacrum.

Id. Two interambulacral plates, much enlarged.

le. Apical disk, enlarged.

Epiasteu Whitei Clark (page 82).

Fig. 2a. Lateral view of the test.

2i, Posterior view of the same,

2c. Left antero-lateral ambulacrum, enlarged.

2d. Diagram showing the arrangement of the plates in the apical disk and

bordering areas,
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PLATE XLIV.

Epiasteu Whitei Clark (page 82).

Fig. la. Upper surface of the test.

IV. Lower surface of the same.

Ic. Right autero-lateral iuterambulacral area, much enlarged.

Id. Lower portion of the petaloidal region of the right antero-lateral ambnla-

crum, highly magnified,

le. Several plates of the petaloidal region of the left antero-ambulacrum.

If. Peristomial opening, with surrounding ambulacral and iuterambulacral

plates.

Ig. Apical disk, nnich enlarged.
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PLATE XLV.

Hemiaster parastatus (Morton) (page 83).

Fig. la. Upper surface of the test.

lb. Lower surface of the test.

Ic. Lateral view of the same.

Id. Posterior view of the same.

le. Anterior ambulacrum, enlarged.

If. Portion of petaloidal region of the same, highly magnified.

Ig. Portion of basal region, ditto.

Ih. Several plates from the petaloidal region of the right antero-lateral ambu-

lacrum, much enlarged,

li. Three interamlmlacral plates, with fasciole.

Ik. Portion of fasciole, highly magnified.

11. Tubercle from the side.

Iwi. Ditto from above.

In. Apical disk, enlarged.
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PLATE XLVI.

Hemiaster STELLA (Morton) (page 84). •

Fig. la. Upper surface of the test.

lb. Lower surface of the test.

Ic. Lateral A^iew of the same.

Id. Posterior view of the same.

Heml\steh ungula (Morton) (page 85).

Fig. 2a. Upper surface of the test.

2b. Lower surface of the test.

2c. Lateral view of the same.

2d. Posterior view of the same.

2e. Portion of the petaloidal region of the right antero-lateral ambulacrum,

much enlarged.

2/. Ditto, anterior ambulacrum.

2g. Apical disk, enlarged.
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PLATE XLVII.

Hemiaster texanus Roemer (page 86).

Pig. la. Upper surface of the test.

Ifc. Lower surface of the test. ^
Ic. Lateral view of the same.

1(7. Posterior view of the same.

le. Several plates from the petaloidal region of the right postero-lateral ambu-

lacrum, highly magnified.

If. Ditto, anterior ambulacrum.

1^. Apical disk, much enlarged.

Ih. Lateral view of a tubercle, highly maguified.

li. Same from above.
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PLATE XLVIII.

Hemiaster HrMPHRKYHANUS (Meek aud Haydeii) (page 88).

Fig. la. Upper surftice of the test.

lb. Lower surface of the test,

lo. Lateral view of the same.

Id. Posterior view of the same.

le. Several plates from the petaloidal region of the right jjusterior lateral am-

bulacrum, highly magnilied.

If. Ditto, anterior ambuhicnim.

Hkmiastki; Dai.li Clark (i>age 89).

Fig. 2a. Upper surface of the test.

2h. Lower surface of the test.

2c. Lateral view of the same.

2d. Posterior view of the isame.

2e. Several plates from the petaloidal jiortiou of the left antero-lateral ambu-

lacrum.
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PLATE XLIX.

Hemiastkr CALiFORNicus Claik (page 90).

Fig. la. Upper surface of the test.

lb. Lower surface of the test.

Ic. Lateral view of the same.

Hkmiaster Calvini Clark (page 90).
"*

Fig. 2a. Upper surface of the test.

2b. Lower surface of the same.

2c. Lateral view of the same.

2d. Posterior view of the same,

2e. Several plates from the petaloidal region of the right postero-lateral ambu-
lacrum, highly maguitied.

2/. Same, lower portion of petaloidal region.

2g. Several plates from anterior ambulacrum.
2/(. Interambulacral plate, enlarged.

2i. Apical disk, enlarged.

202



U. S. GEOLOGICAL SURVEY BULLETIN NO. 97 PL. XLIX

Jc

^Ha&s^i^^^

2-i.

HEMIASTER.





PLATE L.

203



PLATE L.

LiNTHiA TUMiDULA Claik (page 91).

Fig. la. Upper surface of the test.

Ih. Lower surface of the same.

le. Lateral Tiew of the same.

Id. Posterior view of the same.

le. Tipper jiortiou of the anterior ambulacrum, euhirged.

1/. Several plates from tlie petaloidal region of the left postero-lateral ambu-
lacrum, highly niagniiied.

Ig. Apical disk, enlarged.

l/i. Tubercle from the side, highly magnified,

li. Ditto, from above.

204



U. S. GEOLOGICAL SURVEY BULLETIN NO. 07 PL. L

c^^
„.,....,.. ^' It





INDEX.

A. Page.

Ananchytc3 74-75

cinctus 75
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abruptus 92
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fequorum 68
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Stantoni 73,174

subconicus 67, 71-72, 168
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Cidaridae 33-40

Cidaris 33-38
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Branneri 37
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splcndens 33-35
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sp 66,92

Coptosoma 51-53

Mortoni 51-52, 53, 138

sppciosum 52-53, 140

Criuoidea 21-29

Cypliosoma texanum 48, 49

D.

Diadema sp ^ 92

texanum 47, 48

Diadematidfe 44-54

Diplopodia 48-51

Diplopodia Hilli 50-51, 136

texanum 48-50, 134-136
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E.

Echinidre 54-58

Echinobrissus 61-63

cruciferus 63

expansus 61-62, 63, 156

texanus 62-63, 156

Ecbinoconidaj 58-59

Echinoidea 33-93
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patagonensis 54

sp 33
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'. 78-80

mexicanus, related to E. obliquatus ... 80

obliquatus 79-80,184

peruvianus 79
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Faujasia florealis 66

G.

Goniaster 32

mammillata 32, 118

Goniopygus 53-54

major ? 54

Zitteli , 53-54,140-142

H.

Hamites Fremontii 83
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americanus 86,87

Dalli 89,200

elegans 81

californicus 90, 202

Calvini 90-91,202

Humphreysanua 88, 90, 200
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ungula 84, 85-86, 196
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Leiocidaris 38-39

hemigranosus 37, 38-39, 118-122
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ity 39
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Linthia 91 92

tumidula 91-92,204
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group 24
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N.

Page.

21Keumayr, on classiflcation of crinoids
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Nucleolites crucifer 63
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O.

Ophiodei-ma bridgerensis 29
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texana - 30-31, 112

Opliiuridae 29-31

Ostrea congesta 24
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P.

Pedinopsis 57

Pondi 57, 146-148

Pentacrinidie 25-29

Pentacrinites asteriscus 26, 27

Pentacrinus 26-29

asteriscus 26-27,28,110

Bryani 28-29,110

Whitei 27-28, 110

Periaater australis 87

Phymosoma texanum 48

Psammechinus 55

cingulatus 55, 144

Pseudodiadema - 45-48

Baileyi 46

diatretum, 46-47, 130

Emersoni 45-43, 128

Hilli 50
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Khodani 51

Rcemeri 47

tenue 48

texanum 47-48, 49, 51, 130-132

Pygorhynchus crucifer 63

Pygurus florealis 66

(?) geometricus 92,93

Pyrina 59-60

Desmoulinsii 60

Parryi 59-60,152

S.

Salenia '. 40-44

bdlula 42, 43-44, 126

Desori, comparison of, with S. texana . . 41

petalifera, comparison of, with S. tex-

ana 41
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tumidula 41,42,43,126

Salenidaj 40-44

Shumard, B. F., cited on locality of Leiocid-

aris hemigranosus 39

Spatangid se 78-92

Spatangus columbiauum 79
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