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LETTER OF TRANSMITTAL.

DEPARTMENT OF THE INTERIOR,
UNITED STATES GEOLOGICAL SURVEY,
DivisionN .oF MES0Z0IC INVERTEBRATES,
Washington, D. C., October 15, 1891.

Sir: Iherewith transmit the manuseript of a memoir on the Mesozoic
Echinodermata of the United States by Dr. William B. Clark, which
you authorized him to prepare as a part of the work of the division of
the Survey in my charge. I recommend thatitbe published as a bulle-
tin of the Survey. :

‘Very respectfully,
' C. A. WHITE,

Geologist in charge.
Hon. J. W. PowELL,

Director U. 8. Geological Survey.
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PREFACE. .

The present bulletin on the Mesozoic Echinodermata of the United
States is the first of a series of reports oun American fossil radiates.
The material for a review of the Cenozoic 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. C. A. White, wasintended to include only the material
in the possession of the U. 8. National Museum, but the necessity for
wider comparisons and a general treatment of American species became
apparent as the work advanced.. The larger collections in other in-

" stitutions were 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 poor 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 f01 in-
formation in regard to the geological range and localities of many of the
Texan species and for the loan of a large amount of material. TFurther,
the writer desires to extend his thanks to Prof. Angelo Heilprin, of the
Academy of Natural Sciences of Philadelphia, Prof. R. P. Whitfield, of
the American Museum of Natural History, New York, Prof. Alpheus
Hyatt, of Boston, Prof. O. C. Marsh, of New Haven, Mr. G, Wolf Hol-
stein, of Texas, Dr. G. Hambach, of St. Louis, Prof. Samuel Calvin, of
the University of Iowa, Mr. Ii. T. Dumble, State Geologist of Texas,
Mz, E. J. Pond, of Washington, Mr. 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 series of structural draw-
ings, and whose extensive knowledge of the Echinodermata gives to the
other illustrations prepared by him an especial value for determinative -
purposes. The anthor is also indebted to Mr. H. C. Hunterfor the care

he has shown in the preparation of the drawingsintrusted to him.
11
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. THE MESOZOIC ECHINODERMATA OF THE UNITED

STATES.

By WirLiAM BuLLock CLARK.

INTRODUCTION.

The need of arevision of American systematic paleontology is nowhere
more apparent than in the subkingdom of the Echinodermata. 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 Cenozoic.
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 Roemer and
Shumard upon Texan types are among the most important publications
upon North American Mesozoic Echinodermata, but the articles are in
each case difficult of aceess 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 present characters that closely ally them.

In the succeeding pages is presented a complete bibliography 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 rangde of the dif-
ferent American Mesozoic species. In conclusionanindex to the various
terms employed by those who have written on the Mesozoic Echinoder-
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.
UINTACRINID.A.

Calyx unsymmetrical, without column. Basis monocyelic. Basals’
five,inclosing a.centro-dorsalplate. Radials 5x 3. Interradials numer-
ous, the lowest between the second radials. Arms 5x2, very long,
with pinnules. '

UINTACRINUS Grinnell.
UINTACRINUS SOCIALIS Grinnell.

Plate 1, Figs. 1a~c; Plate 11, Figs. 1a-e.

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

1v, Figs. 1-2b. '
Uintacrinug 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
distichal, 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. Higher up other rows diverge both radially

! Thofamily of the Uintacrinide, as characterized by von Zittel in his * Handbuch der Paleontologie,”
includes only two species, Uintacrinus gocialis Grinnell, from the Cretaceous of Utah and Kansas,
and U. westfalicus Schliiter from the Cretaceous of Westfalia. The genera Uintacrinus and Mar-
supites alone among Mesozoic types afford points for comparison with the Paleozoic crinoids.
Neumayr in * Die Stimme des Thierreiches " considers the difficulty of bringing them into a consistent
classification with the other crinoids but suggests several points of relationship between Uintacrinus
and the Ichthyocrinide.

21
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and interradially until true pinnules are deyeloped on 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, eight 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, 2} 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
that time, under the name of Uintacrinus socialis. Prof. F. B. Meek,
who had already in his possession similar material, added, in the Bulle-
tin of the U. 8. 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 (PL 1, Fig. 1b). 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 upon 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 (PL 11, Figs. 1a, 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 junec-
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. These plates are wider than
high, and come in contact with one another only in the lower portion
of each side. The upper parts 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 along a
portion of their lateral margins (PL 1, Fig. 1¢). Succeeding the primary
distichals are four others of large size and varying shape, beyond which
the plates rapidly decrease in size and change to true brachials (Pl 1,
Tig. Le).

In the 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 theé upper portions
of the lateral margins of those plates. Itlikewise 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 portion
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 each row separated from one another by the inter-
radials (PL 1, Tig. 1a). 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 pronounced higher in the series, so
that true alternation results. Beyond the third plate 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 (Pl. 1, Fig. 1¢). TFrom 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 become 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 number and form an ele-.
vated, shield-like area, each plate likewise showing a slightly convex
surface (Pl. 1, Fig. 1e). The arrangement of the plates does not
vary; seven in an oval band inclose the eighth, or eighth and ninth,
according to the number of interradials. The lower interradial occupies
the angle between the upper portions of the lateral margins of the
primary radials and likewise separates the secondary radials. The two
upper interradials occupy the angle formed by the branches from the
second distichals and the distichals themselves. The four other intex-
radials of the outer band lie two on each side between the lower inter-
radial 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. 1In contact with the four plates are the secondary and tertiary
radials and the first and second distichals. Theinner plite is more fre-
gquently replaced by two smaller ones irregular in outline and position.

The brachial plates are the continuation of the distichals and form
ten simple arms. They gradually assume a half-round, horseshoe-

z
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shaped outline, the depression on the inner surface increasing until a
well-marked ambulacral farrow is produced. The plates are likewise
perforated a short distance in front of the same. The plates are united
in two ways, by articulation (P1. 11, I'ig. 1e) and by sizygial suture (P1. 11,
Fig. 1d), the former producing a movable joint, the latter uniting ad-
jacent plates immovably. Rows of pinnules aré 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. 11,
Fig. 1¢).

The arms attain very great 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 in length.

Related forms.—The present species is closely allied to Uintacrinus
westfalicus, described by Schliiter! in 1878 from the Upper Cretaceous
(Senonian) of Recklinghausen, 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 composition of tlie 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. westfalicus. In the number and arrangement of The
interradials the most marked difference is manifested. In U. socialis
seven interradial plates encircle the eighth, or eighth and ninth, as the
case may be, while in U. westfalicus 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, however, there is a marked similarity in the
arrangement and form of the several plates. In general ountline the
two species are very similar. )

Locality and geological horizon.—The first specimmen was found on the
slopes of the Uinta Mountains, in Utah, by Prof. Marsh, associated
with Ostrea congesta Con., a typical Cretaceous form. . Later, others
were found in Kansas, associated with Odontornithes, Pterodactyls,
and mosasauroid reptiles, likewise characteristic of the Cretaceous.
Meek assigns the species to the Niobrara Group, a horizon of the upper
Cretaceous.

Collections.—Peabody Museum, New Haven; U.S. National Museumn.

APIOCRINID /E.

Calyx regular, composed of thick, articulated plates; basals five;
radials 5 x 1-3. Exceptions frequent. Arms strong, numerously
. divided. Column long. N
1 Zeitschr. der Deutsch. geol. Gesells., XXX, 1877, pp. £5-63, PL. 1v.

. JOSia
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BOURGUETICRINUS I’Orbigny. '
BOURGUETICRINUS ALABAMENSIS de Loriol. ,

Plate 111, Figs. la—c.

Bourgueticrinus alabamensis de Loriol, 1882. Cincinnati Soc. Nat. Hist. Jour., vol.
v, p. 118, PL. v, Tig. 1, 1a, 1b. :

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. Miller, is given verbatim: ¢“This species is as yet known only
by the basal cone which supports the calyx, and which is composed of
several enlarging segments of the column surmounted by the basal
plates. The height of the inverted cone is 5™™; the diameter of the
basal plate is 33", and that of the inferior segment of the column is
3mm in its major axis.. Its form is faintly swollen in the middle; the
surface is smooth. The sutures are very indistinet, and it is a difficult
matter to determine what was the height of the basal plate. The su-
perior face of the cone carries 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 constitutes 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.i§ slightly concave and encir-
cled by a feeble rim along the circumference litie; the transverse articu-
lar ridge process is reduced to two elongated tubercles which proceed
from the marginal rim. Central canal comparatively large.”

Related forms.—*“Although this species is still very imperfectly
known one can affirm that it is certainly distinct from Bourgueti-
crinus ellipticus Miller, by the much less swollen form of the basal cone,
which isbut slightly convex in outline, and by the facts that the lower
segment of the cone is already elliptical and already possesses the rudi-
ments of a transverse articular ridge. Furthermore, the radiating
carine 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, Ripley
Group of the Cretaceous, or at the top of the’Rotten limestone.”

Collection.—Cincinnati Society of Natural History.

PENTACRINID . A.

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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The internodes are traversed by five ligamentous bundles, which are
interradially disposed, and give rise to a more or less petaloid figure
on the joint-faces. No root nor radicular cirri.” (P. H. Carpenter.)

PENTACRINUS Miller.
PENTACRINUS ASTERISCUS Meek and Hayden.

Plate 11, Figs. 2 a-d.

Pentacrinus asteriscus Meek and Hayden, 1858. Philadelphia Acad. Nat. Sci. Proe.,
vol. 10, p. 49.

Pentacrinus asteriscus Meek and Hayden, 1860. Philadelphia Acad. Nat. Sci. Proc.,
vol. 12, p. 419.

Pentacrinus asteriscus Meek, 1864. Smith. Mise. Coll. (177), p. 27.

Pentacrinites asteriscus Meek and Hayden, 1865. Pal. Upper Missouri, Smith. Contr.
Knowledge (172), p. 67, P1. 111, Fig. 2.

? Pentacrinites asteriscus Whitfield, 1880. Geol. Black Hills of Dakota, p. 345, P1. 111,
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, & to + inch; length of joint,
& 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 column 1 to 2 inches in
length. The sutures are clearly marked and the nodal can be readily
separated from the internodal joints. Of thelatter, ten are plainly seen
Detween two nodes on one fragment (Pl. 111, TFig. 2 ¢), while in‘other
instances the number seems to be slightly greater. All the joints are
rather thick (PL 111, Fig. 2¢). Tive 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 plate is connected by
crenulated ridges, as are.also the internodal plates themselves. The
arraugement of these ridges is distinctly petaloid (Pl 111, Fig. 20).
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
broad. They are joined, as far as'could be discerned, by simple sutures
(PL. 111, Fig. 2d). .

There is some doubt whether the form referred by Whitfield to P.
asteriscus in the Geology of the Black Hills, and so figured and de-
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scribed, should be considered such. The reentering angles are much
too deep. Unfortunately there is no side view of the plates.

Related forms.—This species is wholly unlike the other American
forms. In the first place, it is much smaller than P. Whitei, and P.
Bryani and has a distinctly different, form from P. Whitei with which
it has been hitherto confounded. In P. Whitei the rcentering angle is
made deeper and of different shape. Likewise the crenulations of the
petaloid area of the joints are differently arranged. The joints them-
selves are also relatively much thicker.

Locality. and geological horizon.—XReported by Meek and Hayden'
“associated with other Jurassic fossils from the southwest base of Black
Hills, and opposite Red Buttes, North Platte river,” the former in Da-
kota, the latter in Nebraska. In the Check List of Invertebrate Iossils
from the Jurassic, Meek also mentions Idaho and Colorado. Pealemen-
tions the occurrence of specimens in Idaho:

Collection.—U. S. National Museam.

PENTACRINUS WHITED Clark.

Plate 111, Figs. 4a—c.

Pentacrinites asteriscus White, 1875. U. S. Geog. Survs. west of 100th Meridian, vol.
4, 1875, p. 162, P1. x11x, Figs. 6a-b.

9 Pentacrinites asteriscus ($) Hall and Whitfield, 1877. U. 8. Geol. Expl. 40th Parallel,
vol. 4, pp. 280, 281, P1. vi, Fig. 16.

¥ Pentacrinites asteriscus Whitfield, 1880, Geology of Black Hills of ])akom, p 345,
Pl. 1, Tigs. 1, 2. .

Determinative characters.—Calyx wanting. Colnmn composed of
large, thin, pentagonal joints that possess deep reentering angles.
The crenulated ridges of the suture have a petaloid arrangement. Col-
mmn perforated by central canal.

Dimensions,—Column: breadth of joint, 4 to § inch; length of joint,
3% inch. '

Description.—In the volume upon paleontology 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 by the writer of the specimens figured by Meek and IHayden
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 distingunished scientist
who has done so much to advance our knowledge of American
Mesozoic geology and paleontology. As wish I’ 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 five
prominent®ridges at the salient angles. The joints are relatively thin,
with rounded edges, so that the column does not appear compactly

1 Paleontology Upper Missouri, p. 67.
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formed from outward aspect (Pl 111, Fig. 4¢). A distinetly petaloid
arrangement of the crenulated ridges is exhibited (PL 111, Figs. 4a, 40).
Hall and Whitfield refer to Pentacrinites asteriscus 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 P. Whitet.

The form figured and described by Whitfield from the Black Hills
under the name P. asteriscusis, 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 angiles, 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. 8. National Museum,

PENTACRINUS BRYANT Gabb.

Plate 111, Figs, 3a-b.

Pentacrinus Bryani Gabb, 1876. Plnladelphm Acad. Nat. Sci. Proc., vol. 28, p. 178,
Pl 5, Figs. 1, 1a, 1b.

Determinative characters.—Calyx Wantmg 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, & inch; length of joint,
% inch. '

Description.—Two small {ragments of the stem of this form are
described by Gabb in the Proceedings of the Academy of Natural
Sciences of Philadelphia for 1876. 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 in diameter and
about one-fifth of that in thickness. The broad rounded ridges at the
salient angles of the pentagonal outline form a nearly unbrokeu line,
while the furrow at the reentering angles is alternately depressed and
elevated in successive joints.” The edge of each jointis slightly rounded.
The crenulated surfaces form five broad petaloid areas distinctly
rounded at the outer extremities (Pl 111, Fig. 3a) and unite near the
inner edge of the reentering angles to form a double flat-topped ridge
that reaches to the central canal, around which there is likewise a
slight elevation. The crenulations are visible on the oute® surface of
the column. The column is perforated by a central canal.

Related forms.—As the only representative of this family in the
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Cretaceous, there is little among the American forms with which it
may be compared, especially as ‘the two Jurassic types previously
described show marked differences in every particular.

Locality and geological horizon.—The specimens described by Gabb
and examined by the writer are from the yellow limestone of Vin-
centown, New Jersey. The yellow limestone belongs to the middle
marl bed and is nupper Cretaceous.

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

-

ASTEROIDEA.
OPHIURID.A.

Body star-shaped, with central disk and elongated arms, which are
distinctly separated from the disk. The ambulacral grooves are gen-
erally covered with plates.

OPHIOGLYPHA Lyman.
OPHIOGLYPHA BRIDGERENSIS (Meek).
Plate 1v, Figs. 2a-b.

Ophioderma ? bridgerensis Meek, 1873. U. S. 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, Pl. 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, 4 inch. Length of arm, % inch.
‘Width of arm near disk, -; 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 Report 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 hasbeen carefully examined by the
writer, presents the upper surface of the disk and fragments of the five
arms. Upon all but one fragment the upper and side arm plates are
shown, while upon that a minute portion 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 Jomed
together over the inner ends of the arms, so as to form five pairs.” A
close examination of the specimen shows that the disk is made up of
numerous small imbricating plates, and that the supposed division into
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ten, as mentioned by Meek, may be explained by the f1 actured conchtlon
of the poorly-preserved specimen.

The arms are small, and are, as stated by Meek, perhaps £ inch in
length, althongh none of them are preserved entire. The upper arm
plates are wider than long, and hexagonal in form (Pl 1v, Fig. 20).
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. Thelower 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..

Related forms.—There is some doubt as to the generic position of this
species. So many of the distinctive characters are wanting that a defi-
nite determination in that particular 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 Bllis, Montana,”
associated with undeterminable species of the genera Gryphwa, Avicula,
Inoceramus, Crassatelle, Pholadomya, Turritella and Gyrodes, that de-
note the Cretaceous age of the strata.

Collection.—U. S. National Museum.

OprPHIOGLYPHA TEXANA Clark.
Plate 1v, 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, % inch; 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 upon 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
iy preserved, though its composition can not be made out. In many in-
stances the arm plates have disappeared, leaving only the skeletal pieces.
‘Where preserved, the under arm plates are wedge-shaped and about as
wide as‘long (Pl. 1v, Fig. 1¢). The upper arm plates, which are shown
only as impressions upon the limestone, are nearly twice as wide as
long, and have their lateral edges rounded (PL. 1v, Fig. 1b).

Related forms.~—Although this form can not with certainty be referred
to Opleiog{yplta, it possesses, however, many points of similarity to
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the previous species, from which, on the other hand, it is separated by
the different shape of the disk and of the under and upper arm plates.

Locality and geological horizon.—The slab containing the specimens
described is from the Denison beds of the Washita division of the Co-
manche series (Lower Cretaceous), 6 miles north of Fort Worth, on the
banks of Tossil creek. It is found nssociated with Ostrea quadriplicata.
Shumard, Stearnsia Robbinsi White, and Leiocidaris hemigranosus (Shu-
mard). .

Oollection.—TU. S. National Museum,

STELLERID.AE.

Body star-shaped or pentagonal, composed of a central disk and five
prolongations of the same, called arms, that are portions of the body
proper. Integument strengthened by calcareous plates irregularly ar-
ranged. Ambulacral furrow uncovered, -

ASTERIAS Linnseus.
ASTERIAS? DUBIUM Whitfield.
Plate v, Fig. 2.

Asterias ¥ dubium Whitfield, 1877. Prelim. Rept. Pal. Black Hills, p. 15.
Asterias? dubium Whitfield, 1880. Geol. Black Hills of Dakota, pp. 344, 345, Pl. 3,
Fig. 3. .

Determinative characters.—Imperfectly preserved forms of small size,
with slender flexuous arms, apparently covered superiorly with longi-
tudinal rows of plates.

Dimensions.—Length of arms, 4 inch to 1} inches.

Description.—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 direction 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
uniform -plates, placed in longitudinal rows. The center of the body
or disk is marked by an obscurely pentangular depression on the 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 grouped on the sandstone, and, although
the specimens are obscure and too imperfect 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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gion and of a limited horizon. The sandstone is marked by the layers
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-
branchiate 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 Whitfield
as occurring ‘“in red sandstones of Jurassic age, 70 feet above the red
beds, on the east side of Spearfish creek, near its. Junctwn with the
Redwater, Black Hills, Dakota.”

Collection.—U. S. National Museum.,

GONIASTER Agassiz.
GONIASTER MAMMILLATA Gabb.
Plate v, Figs. 1a-h.

Goniaster mammillate Gabb, 1876. Philadelphia Acad. Nat. Sci. Proc., vol. 28, pp.
178, 179, Figs. 2, 2a, 25.

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 (PL v, Figs. 1a, 10). The surface of the plates is punctate, the
small depressions being arranged in rows that cross one another at
right angles (P1. v, Fig. 1%).

Related forms.—There are no American forms similar to this species
with which it may be confounded, while the absence of all knowlédge
of the characters outside of a few marginal plates reénders wide com-
parisons impossible.

Locality and geological horizon.—Yellow limestone of the middle
marl bed of the Cretaceous from Vincentown, New J