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PREFACE.

THE present volume on the paleontology of Kansas deals with
the Carboniferous Invertebrates and the Cretaceous Fishes.
The latter part has been made as complete as the present state
of the collections and knowledge will permit; the part on the
Carboniferous Invertebrates leaves yet several classes to be
treated, but which, it is hoped, will find a place in the next or
succeeding volumes of the series. The work on the fishes com-
pletes our present knowledge of the paleozoology of the Kansas
Cretaceous, with the exception of that of the pterodactyls and
plesiosaurs. It was the intention of the writer to make the dis-
cussion of these two groups of reptiles a part of the present vol-
ume, hut the stress of duties in other directions has rendered
this impossible; he can only hope to treat them fully in the
early future.

It has been the aim to so treat the fossils of Kansas in the
preceding and present volumes of this series that the work will
be of immediate use to the people of Kansas. For this reason
full descriptions and figures of every species have been given,
so far as it is possible. Some of the descriptions and figures
might have been omitted, giving merely a catalogue, of use only
to the scientist, but such a plan would defeat the chief object
intended —the preparation of manuals or texts for the use of the
student in Kansas geology.

Messrs. Beede and Stewart, the authors of much the largest
portion of the present volume, have been students and assist-

ants in the paleontological laboratory of the University. While
(vii)
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their work has been done under general directions and advice,
the merits or faults of their papers are their own. The zeal,
intelligence and earnestness which they have devoted to the
work will be sure to have produced valuable results. Doctor
Beede, it is hoped, will be able in future papers to complete the
review of the paleozoic invertebrates.

At the present time, Mr. E. H. Sellards, assistant in the de-
partment of paleontology, has well along a work on the paleo-
zoic plants which, it is expected, will soon be published.

The writer desires to thank Mr. Sydney Prentice, who has
made all the drawings of this volume, for the care and faithful-

ness he has given to the work.
SAMUEL W. WILLISTON.




PART I

CARBONIFEROUS INVERTEBRATES.

By JOSHUA W. BEEDE.

Plates I to XXII.

A thesis presented to the Faculty

of the University of Kansas for the
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June, 1899,







INTRODUCTION.

FORAMINIFERA TO PELECYPODA, INCLUSIVE.

IN this report the terms Lower and Upper Coal Measures are

only used relatively. The lowermost portion of the Coal
Measures is referred to as the Lower Coal Measures, and the
upper part as the Upper Coal Measures. As there is some
-controversy concerning the boundary lines between these two
divisions, and as the material at hand is not of a decisive
nature, no attempt is made to draw any sharp division line, if
indeed one can be drawn otherwise than arbitrarily. The
-collections studied, covering the entire Coal Measures area in
a very general way, show no very distinct faunal division
between the upper and lower rocks of the Coal Measures.
‘There are several species present in the lower portion of the
rocks that are absent in the upper, but for the most part the
species disappear gradually.

Cleiothyris roysii and Chonetes mesoloba are common to the
lowermost strata only, and apparently below what is called the
Erie limestone by the University geologists. Somewhat above
this limestone Lophophyllum westii fades out, and in the Garnett
limestone are found the last of Productus cora americanus and a
wide variety of the same species, and also Pleurotomaria missou-
riensis. However, this is considerably above what is generally
taken to be the limit of the Lower Coal Measures. For con-
venience, until a better and more complete study of the faunas
-can be made, the limestone known in the Kansas reports as the
Erie limestone will be considered as the base of the Upper Coal
Measures.

In almost all cases the labeling of the fossils herein described
‘is not specific enough to tell whether or not they are from below
+this limestone; consequently, their exact position with refer-

(3)
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ence to it can only be guessed at. Nevertheless, it is distinct
enough to show that, in the Kansas area at least, there is no
abrupt change in the faunas of the upper and lower parts of
the Coal Measures, though the statement has been made that
‘“the change in faunal features is striking.”’"

The upper limits of the Coal Measures, as defined by Prosser,
are followed in this report.

The fauna of the Coal Measures of Kansas presents some
very interesting and important features. The vertical range
of species is very great for both brachiopods and pelecypods.
The fauna also seems to be a young one in some respects,
though, as a whole, it is certainly that of the Coal Measures.
There are several species ranging through it which are charac-
teristic of the English Permian, some of them being even
restricted to the lower portion. This would not be so very
remarkable were they all brachiopods, but several of them are
pelecypods.

For the area and thickness of the Coal Measures, the reader
is referred to Volume III of these reports.

The writer wishes to gratefully acknowledge the kind assist-
ance of Dr. S. W. Williston in many ways in the preparation of
this report ; also to thank Prof. Charles S. Prosser, of the Uni-
versity of Ohio, and Mr. Charles Schuchert, of the United States.
National Museum, for the loan of many valuable specimens and
for offering many valuable suggestions and encouragement in
the work. To Mr. Austin F. Rogers, of the University, much
credit is due for assistance. The drawings for the illustrations.
accompanying this article were made by Mr. Sydney Prentice.

1. Keyes, Amer. Geol., xxiii, p. 303, 1899 (May).
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' DESCRIPTION OF FOSSILS.

FORAMINIFERA.

The foraminifera are an order of that class of animals known
as rhizopods, the name meaning root-footed. The rhizopods
are very minute animals, resembling, under the microscope, a
-mass of jelly full of little bubbles. They move about by push-
ing out portions of this jelly-like substance into thread-like pro-
trusions, which may be absorbed back into the animal. This
is how they get the name ¢‘ root-footed.”” Food particles are
taken into the body anywhere, as there is no mouth, and digested
and the waste portions thrown out wherever they happen to
be, as there are no digestive organs. The animal can best be
understood as a minute bit of jelly-like substance, called sar-
code, capable of motion and the assimilation of food. Some
of these rhizopods have shells with minute holes in them
through which the thread-like feet are protruded. These feet
often interlace, forming a network about the animal. These
animals are.called foraminifera on account of the little holes in
the shell. They live in both fresh and salt water, but are much
more numerous in the oceans, where, minute as they are, their
shells make up masses of deposits which become hardened
into limestone and extend over vast areas.

The only foraminifera which have been made known from
the rocks of eastern Kansas are those often called ‘¢ petrified
wheat.”” Their scientific name is Fusulina secalica, the latter
name meaning a rye grain. They are very numerous; often
layers of limestone from two to ten feet thick, made up almost
entirely of these shells, extend across the state from north to
south. For further information, the reader is referred to Mr.
McClung’s article in Volume IV of this Survey, entitled

‘‘ Microscopic Organisms of the Upper Cretaceous,”’ on page
415.
' 2—vi (9)
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FUSULINA.
Fischer, Oryct. Moescou, p. 126, pl. XVIII, ff. 1-8, (1837).

Fusulina secalica. Plate I, figs. 1, 1b.

Miliolites secalicus Say, Long's Exped., p. 151, foot-note, (1823).
Fuaulina cylindrica Fischer, ibid., (1837); Meek, Fin. Rep. U. 8. Geol.
Sun(r.ls%eb., p. 140, pl. 1, £. 2; pl. 11, £. 2; pl. v, £. 8; pl. vi1, fI. 8a, b,
).
For fg;téher synonomy, see Weller, Bull. U. 8. Geol. Surv., 153, p. 280,
(1898).

Meek’s description: ¢‘Shell small, fusiform or subecylin-
drical, more or less ventricose in the middle, somewhat obtusely
pointed at the extremities, which generally have the appear-
ance of being a little twisted. Surface smooth excepting the
septal furrows, which are moderately distinct, more or less
regular, and a little curved as they approach the extremities.
Aperture apparently linear, and not visible as the specimens
are generally found. Volutions 6 to 8, closely coiled, the spaces
(near the middle) being rarely more than twice the thickness
of the shell walls. Septa about 20 to 33 in the last or outer
turn of adult specimens, counting around the middle ; compara-
tively straight near the outer walls, but strongly undulated
laterally within ; foramina passing through the walls, moder-
ately distinct in well-preserved specimens—as seen under a
high magnifying power, in transverse sections near the mid-
dle of the shell, somewhat radiating, and numbering in the
outer turn of a medium-sized specimen, from 12 to 20 between
each two of the septa. Varying considerably in size and form.”’

Range and distribution: Very abundant throughout the
Upper Coal Measures of the state.

There have been two species and three varieties of this little
shell described from the rocks of the United States. These varie-
ties were considered species by their author at one time and were
later reduced to varieties by him. Nearly all the forms that
have been described are found in the rocks of the state. They
are : Fusulina gracilis, robusta, and F. ventricosa Meek, as well
as F. elongata Shumard. In dividing these foraminifera into
species, it is to be remembered the conditions for their growth
were extremely favorable here during Carboniferous time, for
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their skeletons make solid strata of limestone several feet in
thickness, extending over vast areas. Under such conditions
we always find a single species appearing in many forms, and
consequently great care should be taken in separating them into
species and varieties. So far as the external form and appear-
ance of the Kansas Fusulinas are concerned, I think it will be
impossible to divide the species, though a more careful study
‘of the minute structure of the interior of large numbers of in-
dividuals may reveal certain constant variations worthy of va-
rietal or even specific recognition. But even then, when the
fact is taken into account that they are but simple undifferen-
tiated animals, susceptible of such great variations from environ-
ment, great care would have to be taken in not making too
many divisions of them.

Say’s description of Miliolites secalicus is good enough, when
the locality from which his specimens were taken'is brought
into account, so that it is practically impossible for it to be
missapplied, and consequently that specific term, together with
Fischer’s generic designation, will stand.

SPONGIZE.

The sponge is a rather loose collection of single cells variously
grouped into one mass, forming a compound organism. The
connection of the different cells with each other is slight. These
. cells are arranged in a series, so that canals are formed running
through the sponge, the cells facing the canals. The inner ca-
nals are generally larger where they flow together for the water
to flow out, and this enlargement is called a ‘‘ cloaca.”” Water is
kept flowing through the canals by means of rapidly moving
cilia which some of the cells possess. These little whips also
aid in the capture of particles of food, which are taken from the
water as it flows through the canals.

The cells of the sponge are held together by horny, calcareous
or flinty needles called spicules. The sponge of commerce, as
we generally see it, is not the entire animal, but only its skele-
ton, made up of horny fibers so interlaced as to form a network.
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The larger holes in it indicate where the larger canals were lo-
cated. In most of the fossil sponges these fibers of the skeleton
were made of lime or flint, and are known as calcisponges and
silicisponges, respectively. The spicules are often compound
and possess several points. Some are simple, like a needle
pointed at each end ; some have three points, some four, and
some six ; some are anchor-shaped and some are dagger-shaped.

Most sponges are attached to rocks or other objects during
their life, but some are free. They inhabit both fresh and salt
water, but are, for the most part, found in the sea, in moder-
ately shallow water. The only fossil sponges known from the
Kansas rocks are calcisponges in which the spicules are rarely

preserved.
SOMPHOSPONGIA.
Beede, Kans. Univ. Quart., VIII, p. 128, (1809).

A globular to mushroom-shaped calcisponge, attaining a large
size, and generally possessing a more or less spherical-shaped
cloaca near the base; the canals are all very irregular and
crooked, distributed over the entire surface, and moderately
large. A rather thick dermal layer is present. They were
free, apparently resting with the base in the mud in the adult

stage.

Somphobpongia multiformis. Plate I, figs. 6-10; plate II, figs. 1-5.

Somphospongia multiformis Beede, Kans. Univ. Quart., vi, p. 128, pl.
xxxi11, ff. 1-10, (1899).

A small to very large sponge, varying in form from globular
to mushroom-shaped, free, and gregarious. Connecting with
the cloaca there is an irregular, branching canal system, which
communicates with the exterior over the whole surface, though
in large individuals they are smaller and probably nearly use-
less at the base. These canals are very irregular in shape, and,
when viewed on the surface, appear to be labyrinthine; they
become smaller and less numerous as they proceed inward to-
ward the cloaca. When not worn the entire sponge is covered
with a moderately thick dermal layer, the folds in which form
the walls of the canals. There is no sign of attachment in any
of our specimens, and the young ones seem to have rolled about

L]
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until they had gained some considerable size, as the pores are
about equally developed all over them; they are somewhat
globular in form. Where they were abundant, as is generally
. the case wherever they are found, they soon come in contact
with each other and form a solid mass, sometimes appearing to
coalesce, but generally in breaking they part along the line of
contact, and neither specimen seems to be ruptured. As yet
spicules have not been positively made out. There are no sili-
ceous spicules, and several thin sections have failed to show
any calcareous ones. The absence of siliceous spicules and
chert in the specimens, and the absence of chert in the rock,
makes it practically certain that they are calcareous sponges.
There is on weathered specimens, where the dermal layer has
been removed, a peculiar, more or less haphazard arrangement
of pits, surrounded by elevations, which is probably caused by
an internal calcareous skeleton, composed of fused spicules.
The different individuals of this species vary from half an inch
to a foot in diameter, but seldom are more than six inches high.

They are found in abundance in the northwestern part of
Atchison, in western Doniphan and eastern Brown counties. It
is not uncommon to find them making up a stratum of lime-
stone six inches thick. They are confined to a single narrow
horizon in the Burlingame shales.

The cloaca is generally filled with limestone, which, except
at the center, is arranged in concentric layers as it was filtered
in, giving the cloaca and the parts immediately surrounding it
much the appearance of a concretion.

The sponge evidently belongs to the Pharetrones, and appears
most closely related to Corynella and Stellispongia. It differs
from the former in not having the cloaca funnel-shaped, and
the fact that the cloaca does not terminate below in vertical
branching tubes any more than it does above, and possesses no
distinct exhalent aperture. It is much more closely related to
the latter, but is simple, and appears quite different in its spic-
ules, while the cloaca is confined to the base.
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AMBLYSIPHONELLA.

Amblysiphonella prosseri. Plate I, figs. 2-2f; plate II, fig. 6.
Amblyalig;onella prosseri Clarke, Amer. Geol., xx, p. 387, pl. xxin, ff.
l-9v ( )-

Clarke’s description : ‘‘ The bodies from Netawaka and Weep-
ing Water are simple subcylindrical individuals, straight or
gently curved, the largest fragment measuring 70 mm., and in-
dicating an entire length of not exceeding 100 mm. The fossils
are from a calcareous shale and have, for the most part, been
somewhat compressed. Their interior cavities, the cloaca and
interseptal chambers, are filled with compact gray limestone,
distinctly and fine oolitic, and their exteriors are frequently
entangled with encrusting Bryozoa and the remains of other
fossils. The septate or annulate aspect of the exterior is always
shown, and when this external surface is free from other or-
ganic remains and cleansed from the attached matrix, it presents
the aspect of a Fistulipora or of a small-celled Alveolites; that
is, the meshwork of the skeleton is made up of polygonal cells,
all of a small size, not always opening directly outward, but in
places frequently presenting oblique apertures. So fine is this
superficial network, and so uniform the size of the cells, that
one might casually interpret the entire fossil as a macerated
Orthoceras, overgrown with an encrusting bryozoan.

‘“One of the specimens is preserved with its aperture entire,
which shows it to have been a simple, narrow, circular cavity.
On cutting these bodies along their longer axis, we observe, first,
a continuous central cloaca, relatively much wider than would
be the siphon of an orthoceran of the same size, but slightly
constricted at intervals, where its walls meet the septa. This
cloaca is delimited by a well-defined circular wall, and thus has
no communication with the septal chambers or the cavities of
the annuli, except through the perforations in this wall. The
septa are at quite regular intervals and are convex upward. On
the gastral surface they project slightly inward, as observed,
into the cloaca. Each of these septa presents a former apertural
surface, and the sponge affords, thus, an interesting instance of
periodical intensity of growth force. The walls of the sponge
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thus exposed in section are very thin, approximately uniform in
this respect, and are all perforated with straight, simple, rela-
tively large canals. Those traversing the gastral walls (ex-
halent pores) are larger than the rest and appear to be of
uniform size. The canals perforating the septal (that is, aper-
tural) and exterior walls are inhalent pores, and, with this
necessary interpretation, the septal cavities may properly be re-
garded either as chambers for the accumulation and discharge
into the cloaca, or as true ciliary chambers. We find that, for
the most part, these skeletal walls have been, perhaps by sec-
ondary changes, converted into crystalline calcite, and this
change has obliterated the spicular structure, and in some
places the perforate structure of the walls. Elsewhere, espe-
cially on the external walls, there has often been a deposit of ad-
ventitious calcite which, in sections, gives the wall an unusual
thickness. It is to be noted that there is no breach in the con-
tinuity of the external wall of any given annulation. The septal
or enclosed portions of the wall do not meet the outer or exposed
part as they meet the gastral wall, but the entire external wall
is arched from the peripheral base of the chamber beneath to
the apertural margin of the cloaca.” Thin vesicular tissue
often extends from the gastral to the dermal wall and some-
times between each other.

Range and distribution: Upper Coal Measures; Thayer,
Topeka.

I have a single specimen of this species from the Topeka
limestone. It agrees very well in all respects with the speci-
mens figured by Clarke. The smaller end was broken away
before fossilization, making it appear to have the aperture at
the smaller end of the specimen, and the septa sag downward in-
stead of curve upward. There are several specimens probably
of this species from Thayer, which are too poorly preserved in-
teriorly to determine specifically, but the exterior resembles
very much this species, to which it is referred. Associated
with the above, at Thayer, is a smaller variety, very much more
constricted at.the juncture of the septa and the outer wall, giv-
ing it very much the appearance of a row of large beads set
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together. It has a very different external aspect from the
specimens of the form above mentioned from the same place,
and is probably a different species, but until specimens can be
secured showing the internal characters, it is referred provi-
sionally to this species.

ANTHOZOA.

Corals are exclusively marine animals. The reef-building
corals are found in comparatively shallow water, while some
other forms are found as deep as 1500 fathoms. The corals here
treated are all closely related to the reef-building forms, and
consequently indicate that the rocks in which they were formed
were laid down in shallow water. The coral is an animal with a
distinct digestive sac and body cavity. There are three layers of
the body walls—the outer layer or ectoderm, the middle layer
or mesoderm, and the inner layer or endoderm. The hard parts
or skeleton are deposited by the inner layer between the inner
layer and the middle layer. This hard part forms. a complete
layer around the lower part of the animal beneath the skin.
There are thin walls of the hard part projecting inward in the
folds of the mesentery. These walls are called septa. There
are often cross-plates or table- .S
like platforms across the lower
part of the hard parts extend-
ing clear across the body ; these
are called tabulx. Around the
mouth of the polyp, as the ani-
mal is called, there is a row of
tentacles, or feelers, which are
used to create currents of water
and assist in securing food.

Corals very often increase by
budding; that is, by a little
bud-like projection growing out

. . Fio.1 Tra tion of a si 1
of one side of a coral and in a (at KM lbapciet-oh b s
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short time becoming a polyp exactly like the first and connected
with it. In a little while such a coral will form a cluster.
Some kinds bud much more abundantly than others, when the
cluster becomes a solid mass and is called a compound coral.

At Fort Scott there is a large limestone stratum almost en-
tirely made up of a coral called Chetetes milleporaceous. At the
time when the corals were living it was a small coral reef.
The other fossil corals in Kansas are much more rare, though
large masses of two other families are often found.

LOPHOPHYLLUM.
Milne-Edwards and Haime, Brit. Foss. Corals, pl. LXVI, (1850;.

Lophophyllum profundum. Plate II, figs. 7-7b.

(’t/alhn:mma profunda Milne-Edwards and Haime, Mon. des Polyp. Foes.,
323, (1851); ete.

Ct/atha:tonia prohfera McChesney, Descr. New Pal. Foss., p. 75, (1860);
ibid., pl. 11, ff. 1-3, (1865); etc.

Lophaphyllum proliferum Meek, U. 8. Geol. Surv. Neb., p 149, pl. v,
fl. 4a, b, (1872); etc. ‘

Lophophyllum f)rofumla Foerste, Bull. Den. Univ., 111, p. 136, (1888);
Worthen, Geol. Surv. Ill., v, p. 79, pl. x, ff. 14, 14a, (1890).

Meek’s description, in part: ¢ Corallum elongate-conical,
more or less curved, or sometimes nearly straight, tapering to a
pointed base; epitheca very thin, with more or less distinct
encircling wrinkles and striee of growth, crossed by longitudinal
striee ; rarely sending off a few spines near the base. Calice
nearly, or quite circular, moderately deep; columella promi-
nent, compact in texture, compressed above, with its longer
axis coincident with the general curve of the corallum ; septa
from about 30 to 50, every alternate one being generally con-.
siderably shorter than the others, which latter are extended to the
columella, near which they are sometimes a little tortuous.”
Columella formed by the enlarged prolongation of one of the
septa ; tabulee moderately remote, arching from the columella
outward and downward, sometimes a little upwards at first.
Septa striated obliquely upward. Columella striated by some-
what revolving longitudinal strize. Measurements: Length,
30 mm. ; width of calyx, 9 mm.

Range and distribution: Upper and Lower Coal Measures;
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Fort Scott, Marmaton, Bourbon county, Thayer, Olathe, Kan-
sas City, Lawrence, Lecompton, Topeka, McFarland, Grand
Summit. Common throughout the Coal Measures.

In young specimens, the septa, except the cardinal, do not
reach quite to the columella.

Lophophyllum westi. Plate II, figs. 8, 8b; plate III, fig. 12.
Amplexrus westi Beede, Kans. Univ. Quart., vI1, p. 17, (1898).

Corallum simple, subcylindrical to attenuate-conical, straight,
curved or geniculated, epitheca thin, longitudinal striz promi-
nent, and concentric lines and undulations of growth distinct.
The septa extend about half the distance to the center, 18 to 24
or more in number; the counterseptum extends to the center,
where it is somewhat enlarged ; others of about equal length ;
indications of secondary septa visible but very small. The
tabulee are well developed 1 to 3 millimeters distant and
* reaching from wall to wall; on leaving the walls they are di-
rected obliquely upward for a short distance, and then, slightly
arching and undulating, cross the center, occasionally branching
at or near the bend. Length, 60 mm. ; diameter in larger part,
9 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Lecompton, Neosho county.

This species is very variable in size and shape as well as de-
gree of development of the septa. It was at first referred to the
genus Amplexus, as it seemed to have no columella, but more
material showed that many of the specimens had the cardinal
septum prolonged to or beyond the center and slightly enlarged,
which seems to make it agree more closely with Lophophyllum
than Amplexus. That the species is intermediate between the
two genera there can be but little doubt, as different specimens
of the same species seem to possess the characters of each genus
about equally.

It is the fossil usually identified by collectors as Cyatharonia
distorta Worthen, and indeed there is no external difference
visible (judging from Worthen’s figures ) in the smaller, more
distorted forms. But if his species is a true Cyathaxonia it is
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of course specifically distinct from our coral. I have been un-
able to secure specimens of Worthen’s species for comparison,
and in his description he does not mention the generic charac-
ters nor does he figure the interior of the specimen so as to show
whether or not it had any tabule. If it turns out to be a Lo-
phophyllum, his name will, of course, have priority.

CAMPOPHYLLUM.
Milne-Edwards and Haime, Brit. Foss. Corals, pl. LXVIII, (1830).

Oampophyllum torquium. Plate IV, fig. 1; plate V, figs. 14.

Cyathophyllum (vermiculare?) Owen, Geol. Rep. Wis., Iowa, and Minn.,
tab. 1v, ‘ég 3, (1852).

Cyathophyllum torquium Owen, ibid., tab. 1v, {. 2.
Cyathophyllum flexuosum’(#) Owen, ibid., tab. 1v, ff. 3a, b.

C’azzg)ophyllum torquium Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p.
145, pl. 1, ff. 1a—d, (1872); etc.

Meek’s description, in part: ‘¢ Corallum simple, attaining a
rather large size, elongate conical, and often geniculated or bent
when two or three inches in length, but becoming nearly
straight, subcylindrical and considerably elongated in the larger
half of adult individuals. Epitheca thin, with small encircling
wrinkles and strong undulations of growth, showing no traces
of septal costee when unabraded, but, where even slightly worn,
exposing the regularly disposed septa and thin intervening dis-
sepiments distinctly. Calice circular or slightly oval, compara-
tively shallow, with thin margins, from which it slopes rather
steeply inward for some distance and then descends very
abruptly into a deeper, narrow, central depression ; provided
at the outside of the general curve of the corallum with a mod-
erately distinct septal fossula, formed by the shortening of one
of the primary septa, and the bending down of the tabule at
that point. Principal septa from 30 to 48, extending from
about one-half to two-thirds the distance from the exterior
toward the center, stout and usually straight inside of the
outer vesicular zone, but becoming distinctly more attenuated
(as seen in transverse sections) and somewhat curved or a little
flexuous in crossing the vesicular area, where they alternate
with an equal number of very short, thin ones; tabule very
wide, or occupying about two-thirds the entire breadth, as seen
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in longitudinal sections, and passing nearly horizontally across:
with a more or less upward arching; dissepiments thin and
forming numerous obliquely ascending, small vesicles, in trans--
verse sections seen to pass across between the coste with am
upward curve. Entire length unknown.’’

In young specimens the cardinal septum and all the other
septa on that side of the corallum are very greatly developed
laterally after passing inward from the vesicular zone; the in-
ner wall of the vesicular zone is also thickened on that side of
the corallum. As a result of this great thickening of the septa
the interspaces are small, producing a peculiar appearance in
cross-section. The septal development.becomes less and less-
marked as the specimen advances in age, until in old specimens-
it is hardly noticeable, save in the cardinal septum, though a
close comparison generally shows them a little larger on the
outside of the general curve. These peculiarities may be seen
by sectioning the large and small ends of any adult specimen..
The thickness of the dissepimental zone and also the number of
tabular dissepiments are very variable. The young specimens.
are either rather slender or quite turbinate.

Range and distribution: Kansas City, Jefferson, Douglas-
and Chautauqua counties.

Some specimens in the University Museum are about nine
inches long and apparently incomplete at both ends. Such
specimens are usually a little crooked through the entire length..

AXOPHYLLUM.
Milne-Edwards and Haime, Brit. Foss. Corals, pl. XXI, (1850).

Axophyllum rudis. Plate II, figs. 9-9c.

A:m]ghyllum rudis White and St. John, Trans. Chic. Acad. Sci., 1, p..
115, (1867); Meek and Worthen, Geol. Surv. Ill., vI, ({) 525, pl. xxxu1, ff.
6a, b, (1875): White, 13th Ann. Rep. St. Geol. Ind., pt. 2, p. 118, pl.
xitsl&, ff. 8, 9, (1883): Keyes, Geol. Surv. Mo., 1v, p. 107, pl. x11, ff. 5a, b,.
( ).

Corallum simple, occasionally clustered by gemmation at the-
base, turbinate, curved or geniculated, generally attached at-
the base or side. The outer portion of the calyx is shallow and
the central portion is rather deep; pseudocolumella flattened,.
moderately prominent, and approaching subquadrate when seen.




BeEeDE. | Carboniferous Invertebrates. 21

in a section below the calyx. The septa are alternately equal,
the larger nearly or quite joining the pseudocolumella. Sur-
face marked by irregular concentric wrinkles ; spines or rootlets
.are sometimes present ; septal furrows moderately distinct.

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence, Osage, Cowley and Elk counties.

This coral tapers very rapidly from the calyx to the apex,
dbeing about as broad as long.

MICHELINIA.
de Koninck, Descr. Anim. Foss. Belg., p. 29, (1842).

Michelinia eugenes. Plate II, figs. 12-12b.

Michelinia eugence White, 13th Rep. St. Geol. Ind., 1883, pt. 11, p. 119;
pl. xx111, ff. 14-16, (1884).

Original description: ‘‘Corallum usually in the form of a
-small globular or irregularly ovoid mass, higher than broad,
with the corallites usually opening upon all sides, except its
very small base, which is often concave and irregular; corallites
small, but very irregular in size and shape; calyces moderately
deep, their walls rather thin and margins narrow or even sharp.
Height on one of the larger masses in the collection, 26 mm. ;
diameter of the same, 17 mm. Diameter of the larger calyces,
3 mm. ; of the smaller ones, 1 mm.”’

Range and distribution: Upper Coal Measures; Pomeroy,
Wyandotte county, Kansas.

He also remarks that ‘‘usually the calcyces cover the whole
-outer surface of the corallum except the small base, which was
evidently attached to some foreign body; but occasionally a
considerable surface above the base is free from calyces, and is
covered with a wrinkled epitheca.’”” It may be interesting to
note that we have younger masses of but few corallites, one of
which is attached to a crinoid stem..
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TRACHYPORA.
Milne-Edwards and Haime, Pol. Fosa. d. Terr. Pal,, p. 305, (1831).

Trachypora austini. Plate V, fig. 8; plate VI, figs. 7-7b.
ﬂ?lcs%/,)oora austini Worthen, Geol. Surv, Ill., v, p. 81, pl. x1, f. 1-14,

Worthen’s description: ¢¢Corallum dendroid, the branches
generally cylindrical, sometimes irregular, from 15 to 25 mm.
in diameter, and infrequently divided. Corallites conical,
diverging from an imaginary axial line to open on all parts
of the free surface. The calyces all oval or circular, very
variable in size, the larger ones 1.1 mm. in diameter, and
either level with the general surface, or with an elevated mar-
gin. Each orifice is adorned with small tubercles or short
ridges arranged in a radiate manner around the calyx margin.
Openings of the corallites separated by dense calcareous tissue
of variable thickness, but apparently always as wide as, or
wider than, the diameter of the tube orifices. Sections show
that the tubes are prismatic and in contact with each other,
that their walls are greatly thickened by a calcareous deposit
on the inner side of the tubes, and that the amount of thick-
ening increases toward the orifices. Mural pores of large size
are present, but apparently not numerous. Tabulz are best
developed in the axial region, where they cross the tube cavity
at intervals equaling once or twice the diameter of the tubes.
Tangential sections show that the corallite cavities are sur-
rounded by blunt, thick, septal ridges. The walls are now com-
posed of fibro-crystalline calcite, and the change has destroyed
the finer details of structure.”’

Range and distribution: ‘“Coal Measures; Labette county,
Kansas.”’

““In all important respects the species described here re-
semble the Trachypora ornata Rominger sp., from the Hamilton
group, and I do not think any reasonable objection can be urged
against placing them in the same genus. Specifically they are
quite distinct, the corallum of Rominger’s species being much
smaller, the corallites much less variable in size and not so
prominently margined, nor are the interspaces so thick.”
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AULOPORA.
Goldfusy, Petref. Germ., p. 82, (1826).

Aulopora? prosseri. Plate III, fig. 2; plate IV, fig. 2.
Aul nra ¢ prosseri Beede, Kans. Univ. Quart., vi1, p. 18, pl. —, . 2,
( ).

Corallum large, prostrate, bifurcating, the calyces rising ver-
tically or obliquely from 3 to 7 mm. or more; average diameter
2 mm. orless; average diameter of prostrate portion a trifle
-less. Calyces not campanulate, cylindrical, openings nearly
circular ; corallites wrinkled ; weathered specimens show longi-
tudinal striee indicating rudimentary septa; the corallites are
one to three diameters distant. In the lower portion of the
corallite the cavity is nearly or quite closed on account of the
internal thickening of the wall. Tabul® generally wanting,
occasionally present in moderate numbers and pass from wall
to wall, sagging regularly near the center. Size of corallum
unknown. Colonies twenty-two inches across were recently
collected in the southeastern part of Douglas county, and still
appear to be incomplete. The base of this species broadens rap-
idly, and in good specimens appears somewhat like coarse lace.

Range and distribution: Upper Coal Measures; Lyndon,
Osage county, Lecompton and near Twin Mounds, Douglas
county.

In large slabs this species looks not a little like Syringopora,
but differs from it very markedly in the absence or sparsity of
tabulee and the fact that the tubes are always rather short.

Aulopora? anna. Plate 111, fig. 3. .
Aulopora? anna Beede, Kans. Univ. Quart., vir, p. 18, pl. —, {. 3, (1888).

Corallum prostrate, diffusely branched, branches interlacing
and anastomosing at every contact; walls thin, save at the base
of the corallite; tubes very short, slightly subconical, immedi-
ate openings slightly flaring, circular to oval; no tabule dis-
tinguishable ; septa occasionally represented by a faint ridge in
the best-preserved corallites ; diameter of calyx opening, 2mm.,
contiguous to one or two diameters distant. Corallite low, a
little larger at upper extremity than at the base.

Range and distribution: Upper Coal Measures; Morehead.
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This species is profusely branched .baso-laterally and anasto-
moses to such an extent as often to form solid mats of coral.
It differs from Aulopora in having no tabulee, in which respect
it agrees with Cladochonus, but it is prostrate, and does not seem
to reproduce by lateral gemmation as does the latter; hence it
is referred, provisionally, to Aulopora. At first it was thought
to be the base of a colony of Syringopora, as it was attached to
the top of a colony of that species, but, on examining the bases
of Syringopora, they were found all to contain very great num-
bers of tabulee, which clearly separates the genera.

It differs from A.? prosseri in the proximity of the corallites
and the degree to which it anastomoses, and the corallites are
generally shorter and the mouths more flaring.

CLADOCHONTUS.
Oladochonus? bennetti. Plate III, fig. 1; plate V, fig. 7.

Ctﬁl&honu&f bennetti Beede, Kans. Unirv. Quart., v, p. 17, pl. —, 1. 1,
).

Corallum loosely fasciculate ; corallites one or two or more di-
ameters distant ; erect corallites larger than the basal branches,
often five times as high as thick, upper portion budding and
sending off branches as at the base ; epitheca strongly wrinkled,
upper portion of the wall of the calyx thin, opening circular,
deep, funnel-shaped by the thickening of the wall interiorly, in
the lower portion of which, as a rule, there is only a small cap-
illary opening, though sometimes larger. Average diameter of
corallite, 2 mm. ; length, 6 to 18 mm.

Range and distribution: Upper and Lower Coal Measures;
Fort Scott, Howard.

This species resembles Aulopora? prosseri more closely than
any other Kansas species. It differs from this, so far as known,
in having no tabul®, and in the manner of budding profusely
at the upper part of the corallites. It resembles Romingeria
umbellifera Rom., but the absence of tabul® removes it from

“this genus. It agrees with Cladochonus McCoy, save that they
are only funnel-shaped when young, and very slightly so then.
The corallites are long and very stout, resembling Syringopora
in general appearance.
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SYRINGOPORA.
Goldfuss, Petref. Germ., p. 75, (1826).

Syringopora multattenuata. Plate II, figs. 10, 10b; plate V, fig. 6.

Syringopora multattenuata McChesney, Desc. New Pal. Foss., p. 75,
(1860); ibid., pl. 11, fI. 4a, b, (1865); Trans. Chic. Acad. Sci., 1., p. 2,
pl. 11, 1. 4, (1867); Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 144, pl. 1,
ff. 5a-d, (1872); White, U. S. Geogr. Surv. West 100 Mer., 1v, p. 100,
(1877); Keyes, Geol. Surv. Mo., 1v, p. 122, pl. x1v, f. 6b, (1894).

Corallum forming large masses; corallites subcylindrical,
somewhat tortuous, spaced one to two diameters distant; epi-
theca wrinkled, thick ; septa obsolete; tabule very numerous,
somewhat funnel-shaped, often forming a tube down the center
of the corallite, running into each other laterally, forming vesi-
cles. Size of corallum unknown, specimens eighteen inches
in diameter appearing incomplete on all sides. Connecting
tubules numerous and irregularly placed. The diameter of the
corallites varies from 3 by 14 to 2 by 2 mm.

Range and distribution : Upper Coal Measures; Atchison, Le-
compton, Lyndon, Osage county.

CHZETETES.
Troost, manuscript (18497). Milne-Edwards and Haime. Monog. des Polyp. Foss.,
p. 272, (1851 ),

Chaateteﬁ milleporaceus. Plate II, figs. 11-11b.

Cheetetes milleporaccus Milne-Edwards and Haime, Monog. des Polyp.
Foss., p. 272, (1851); Hist. Nat. des Corr.. 111, ]l) 271, (1860); White,
Powell's Geol. Uinta Mts., p. 88, (1876); U. 8. Geol. Surv. West 100 Mer.,
1v, p. 98, pl. vI1, f. 2a, (1877); Keyes, 1. Surv. Mo., 1v, p. 123, pl. x1v,
ff. 12a, b, (1894).

Corallum large, massive, somewhat globose; corallites very
closely arranged, very long, same size throughout the entire
length ; walls thin, roughly five- to seven-sided, one diameter
usually longer than the other; average diameter about a third
of a millimeter. Tabule about a third to a seventh of a milli-
meter distant, horizontal, not always uniform throughout the
group.

Range and distribution : Coal Measures, Girard ; very abun-
dant in the Oswego limestone, in which they form large masses.

Specimens of this species often attain a very large size. Some
from the Oswego limestone are thirty inches in diameter, and
still appear to be incomplete.

3—vi
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CRINOIDEA.

Crinoids are those animals known as sea-lilies or stone-
lilies. They live in the sea at varying depths, from shallow
water to 3000 fathoms. They were very abundant during geo-
logical time, and probably reached their maximum development
during the Carboniferous period. They are not well adapted
for preservation as fossils. Their skeletons are made up of
angular pieces fitted together, but which usually fall apart
when the animals decay, so that the preservation of an entire
individual is a comparatively rare occurrence. It is not uncom-
mon to find masses of stone almost entirely made up of these
pieces, since the animals were gregarious, living in colonies as
they do at present. During the Carboniferous and Triassic
periods they were much more abundant than now.

Most of the crinoids are attached to the mud by stems which
have rootlets at the base to anchor them. However, some of the
forms are free during most, or all, of their lives. These stems
had small canals running through their centers. They were
either round or three- to five-sided. They are often found
weathered out in the forms of little discs, which are generally
called ‘¢ Indian beads.”’ Upon the upper end of this stem rests
the calyx or cup-shaped base of the animal. The calyx is
generally composed of three circlets of plates. First, the in-
frabasals, or the plates which rest on the top of the stem.
There are usually five of them, and they are quite small, and
occasionally are united into one, or they may be entirely want-
ing. Above these are the basals, or second ring of plates, which
are longer and generally six-sided. Upon these rest the third
row, or the radials, which support the arms and the top part
of the animal. There are usually five of the radials, which
are flat on top and five-sided. On the posterior side of the ani-
mal there is often a series of plates supporting the ventral tube,
above which the anal opening is situated. These plates often
take part in the formation of the cup, and are called the anal
plates.
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Resting on the radials are the arm plates. The arms are
five or ten in number. They are composed of short plates laid
one on top of another, and
capable of motion. The ﬂm —

inner side of the arms has @%:

usually a groove, along Q\%
each side of which is a ﬂ %
row of smaller armlets or E7

pinnules. These grooves %

connect at the base of the

arms with what are called mq
the ambulacral areas,
&

which in turn connect

with the mouth, where
food particles which are

carried in the water are
selected out.
The ventral side or top

. . F16. 2. Diagrammatic view of a crinoid with the plates
of the animal is often pro- separated, showing their relative form m:dpl i-

. tions. The black spot in the center is the hole in
duced into a ventral sac, the base of the calyx that communicates with the
.. stem. Ib, infrabasals; b, basals; r, radials; dr,

or anal tube, as it is some- costals; a, anal. The remainder are arm plates.
times called. The anal
opening is either on top or in one side of this sac. The mouth
is almost always centrally located. The crinoids are more closely
related to the starfish and the sea-urchins or sea-cookies than
to any other animals.

In the accompanying figures the various parts of the crinoid

are shown and designated.

SOAPHIOORINUS.
Hall, Geol. 8urv. Iowa, p. 550, (1858).

Scaphiocrinus? washburni. Plate VI, figs. 2, 2a.
chghi{):g)nua’ washburni Beede, Kans. Univ. Quart., 1, p. 21, pl. v, fI. 2,

Calyx broadly obconical, somewhat wider than high, rather
stout, and smooth. Infrabasals rather large, bent upward at
outer end, exterior outline pentagonal, plainly visible in the
side view of the calyx, well defined. Column large, circular,
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composed of alternately thick and thin pieces, the outer half
of the sutures radially milled, the median canal of moderate
size. Basals large, three hexagonal, and the posterior and right
posterior ones heptagonal for the reception of the anals; the
plates are nearly all equal, and the sutures are placed in a
shallow, rounded furrow, which in branching at the angles of
the plates gives them a rounded appearance, so that the plates
appear subsemicircular in outline. The radials are the largest
plates of the calyx, all pentagonal, all about equal, save the
right posterior, which is smaller than the rest; the entire sur-
face truncated above, edge slightly beveled, wider than high,
entire upper surface faceted ; the transverse ridge is milled, the
lateral corners of the plates drawn in, apparently leaving a pore
which connected with the body cavity of the calyx; there is a
dorsal canal piercing the upper surface of the plates; the inner
edges of the plates are drawn in at the center and extend in the
form of a ridge to the canal. Costals 1x5, about half the size
of the radials, pentagonal, line of articulation with the radial
gaping, lateral edges constricted and apparently not in con-
tact, about twice as wide as high. The-.first interradial is large
and situated well down in the cup, supported by the posterior
basal and the one at its right, on the sides by the special anal
and the right posterior radial, and supports another anal above
it on its truncated top. The special anal is moderately large
and hexagonal, bounded on the right by the two interradials,
below by the truncated upper surface of the posterior basal, on
the left by the left posterior radial and the space between it and
the costal ; it is about half within the calyx. Above the first
interradial is a second, somewhat smaller, pentagonal plate
which is about, or a little less than, half within the calyx.
This plate, together with the special anal, supports the pos-
terior portion of the ventral sac (apparently two columns of
plates), which seems to be composed of rather stout five- to
seven-sided plates with no or very small pores at the angles;
they have a botryoidal surface. At one side and on the top of
the sac there seems to be a madreporite plate pierced by large-
sized pores. The sac was apparently about the size of the calyx,
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or perhaps the calyx and costals together. Arm plates rounded
on the exterior, not at all or very slightly wedge-shaped at
the base, and moderately stout. Pinnule present and of mod-

erately large size.
Height. gVidth.

Column........... .......ccevvinnn. mm
Infralbasals ........................... lg mm 1? :‘

- S o ¢
Radials .........ocoovinvnneiinnnn. g « 14 ¢« §RBight posterior
First interradial. ... ....... .ooorors. g 9} 1 maler
Second interradial.................... 5 « 6 ¢
Specialanal.......................... 8 « 8
Costal ........cv vt i 6 « 11 ¢
Calyx. ... 17 ¢ 28 ¢

Range and distribution: Upper Coal Measures; Topeka,
Kan., from the horizon of the Osage coal. Now in the collec-
tion of Washburn College, in honor of which it is named.

This species seems to belong to the Poteriocrinoidea, though
there is some difficulty in locating it generically, as it seems to
combine some of the characters of several genera. It agrees
with Homocrinus in having a round dorsal canal piercing the
first radials, but differs from it in that it has pinnules, a robust
calyx, and the entire top of the radials truncated. According
to the definition of Poteriocrinus, the presence of the round dor-

sal canal in the radials removes it from that genus, as would -

also the fact that the facets of the radials face upward rather
than outward. It differs from Scaphiocrinus in having a circu-
lar column, and the fact that the transverse ridge does not oc-
cupy nearly the whole of the upper surface of the radials and
the brachials are not long. However, it agrees in other respects
with this genus better than any other, and it is provisionally
referred to it. ’

ZEAORINTUS.

Troost, Cat. Foss., (1850).
Hall, Geol. Surv. Towa, p. 541, (1838).

Zeacrinus? robustus. Plate VI, figs. 1, 1a.
Zeacrinus? robustus Beede, Kans. Univ. Quart., 1, p. 21, pl. v, ff. 1, la.

Calyx shallow, saucer-shaped or nearly flat, unsymmetrical,
five or six times as broad as high, deeply concave at the base;
plates tumid, and the sutures are in depression; surface finely
granular. Infrabasals five, equal, half concealed by the col-
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umn, deeply concave and superior to the basals, forming a
large elevation in the interior of the cup, nearly one-fourth its
entire width and fully one-half its height; column round, com-
i)osed of thin plates, which are carinated, and the sutures are
crenulated ; the canal is round and small. Basals five, large,
tumid, three hexagonal and two heptagonal, unequal, situated
below the infrabasals and forming a large part of the real body
cavity of the cup. The three anterior basals are equal, about
as broad as high, very convex, the posterior one compressed
laterally, superior lateral edges longer than the others; trun-
cated side for the support of interradial short, side next the
radianal long; the right posterior basal heptagonal very broad,
left posterior side very long, side adjacent for the reception of
the radianal very short, the latter being situated between the
posterior basal and the right posterior radial. Radials five,
large, very moderately ascending, placed superior to the basals,
five- to seven-sided, quite massive, more than twice as large.as
the basals, convex, twice as wide as high, upper exterior por-
tion much beveled and concave ; plates separated at the corners
and often along the line of union; at the upper union there
seems to be an opening that communicates with the calyx cav-
ity between the arms; right and left posterior radials forced
apart fully one-half the diameter of either by the interradial
and radianal ; the upper surface is faceted the entire width of
the plate, two external ridges present and milled ; the remainder
of the surface is nearly flat or a little concave; the plane of
_these surfaces is not horizontal but the inner side of each is
higher than the outside, so that if each were produced inward
" they would form rather an obtuse cone; the inner notch occu-
pies about a third of the upper surface of the plate. Radianal
long, coffin-shaped, curving upward above, about twice as long
as wide, pentagonal, side adjacent to the right radial much the
longer ; the superior side supports an anal which is hexagonal,
very thick, six-faceted above, touching right radial for a short
distance, one and one-half times as high as wide, widest above,
mostly without the calyx. Anal large, heptagonal, very thick,
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one-third within the calyx, broadest above; height one and
one-half times the width.

A portion of the vault of this specimen remains, somewhat
crushed down into the calyx. It appears to have been in the
form of a pyramid, about as broad as high, composed of rather
heavy plates, which were rather rough. It appears to have
been rather angular, though it may have been conical. Several
rather irregular plates are preserved, three of which seem to be
from around the aperture; they are rather massive, five- or
six-sided, nearly smooth on the exterior; articular surfaces are
deeply faceted and roughened, while the articular surfaces of
the other plates of the sac are milled.

Height. Width.
Columnsegments......................... 1to 1} mm. 4} mm.
Infrabasals.................ccociiiiiiiinnnn. 4 o 3 «
Three anteriorbasals ........................ 8 9
Right posteriorbasal ........................ 9} « 11«
Posteriorbasal .......... ............. ... 9 ¢ Ty ¢
Radial ............c.ooiiiiin it 9 « 19 «
Radianal .......................ccoiviiiinn, 8F « 4i ¢
Interradial ....................... ...l T3« 54
Anal ... i e 8 ¢ 4]
(671 5 /2. 220 S T 38 ¢

Range and distribution : The specimen is labeled,.‘‘ From the
Upper Coal Measures; Kansas City.”” University of Kansas
Museum.

It is impossible to locate the specimen generically with any
degree of certainty without having more of the specimen pre-
served. The ventral sac seems to have been angular and the
stem round. For this reason it is left with Zeacrinus. The up-
per extremities of the radials do not meet, but leave a small
aperture, which seems to communicate in life with the general
body cavity. I know of no Coal Measures crinoid with which
it is likely to be confounded.
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CERIOCRINTUS.
White, U. 8. Geol. and Geogr. S8urv. Wyo. and Idaho for 1878, p. 123, ( 1883).

Ceriocrinus craigi. Plate VI, figs. 9, 8b.

Eupach{crinua craigii Worthen, Geol. Surv. Ill., vi, p. 527, pl. xxxi1,
f. 1, (1875).

Ceriocrinus cratgii Wachemuth and Springer, Proc. Acad. Nat. Sci.
Phil., p. 178, (1886); Rev. Paleocrin., 111, p. 254.

Calyx basin-shaped, smooth, concave at base, about three
times as broad as high, roundly pentagonal in outline when
viewed from below. Infrabasals hidden by the column, situ-
ated within the calyx. DBasals probably pentagonal or hexa-
gonal, if they have two short sides at base, except the dorsal
one, which is truncated for the support of the interradial ; height
about equal to the width, strongly incurved at the base to meet
the infrabasals. Radials pentagonal, nearly equal, convex,
twice as wide as high, upper edge beveled, with a slight depres-
sion in the center, upper side faceted over the entire top of the
plate, ridges prominent, crenulated, the large one not notched
interiorly, furrows distinct, inner portion of the plate depressed.
Interradial small, hexagonal, compressed laterally, about half
within the calyx, upper portion curving strongly inward. Cos-
tals five, short, obtusely spinous, extending half their length
beyond the calyx; lower interior surface faceted to articulate
with the radials, upper surface faceted to the tips of the spines
for the reception of the two distichals, each of which supports
an arm. There is a strong keel on the upper side of the plate
extending to its inner edge; it also gives rise to two lateral
ridges which diverge from the tip of the upper surface to the
corners of the plate; the ridges are crenulated ; between these
ridges are long depressions. The surface of the calyx is smooth.

Height. Width. Length of spiue.
Basals ............ ...l 74 mm. 7} mm.
Radials............................ 63 ¢ 12 ¢« _—
Interradial ........................ 43 3 « —
Costals..............coiiinnninnn [V 10 « 9 mm.
Calyx .....coi i 6 ¢ 21 ¢ (slightly compressed ).

Range and distribution : Upper Coal Measures; Kansas City.
According to Worthen, C. craigi differs from C. fayettensis in
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its ¢“larger size, more robust form, and less convex plates.”” In
these respects, judging from the figures, our specimens agree
more closely with (. eraigi.

Ceriocrinus? monticulatus. Plate VII, fig. 2. |

Cerincrinus? mnnticulatus Beede, Kans. Univ, Quart., vii, p. 123, pl.
xxxir, f. 2, (1899).

Calyx basin-shaped, moderately deep, slightly concave at base ;
arms moderately stout, their number not known ; pinnules mod-
erately long. Infrabasals not known, but probably small and
nearly covered by the stem. Basals large, hexagonal, convex,
curved regularly inward at the base, about as high as wide,
upper lateral edges sometimes a little unequal on account of
the unequal radials, which makes some of the upper and lower
lateral edges unequal also. Radials a little unequal in size,
pentagonal, the upper edges beveled, about twice as wide as
high, upper surface faceted, the line of articulation with the
costal gaping. Costals five, pentagonal in outline, somewhat
produced exteriorly but not spinous, twice as wide as high, with
single facet below to meet the radial and two above for the ar-
ticulation with the distichals. Distichals 2x5, quadrangular
or pentagonal according to the number of arms supported, ap-
parently faceted above and below; those supporting two arms
very similarin shape to the costals. There are often one or two
palmars before the postpalmars are reached, at the base of the
arms. Arms long, rather stout, somewhere from fourteen to
eighteen in number, ten in view above three radials; they are
made up of two series of short, stout, interlocking, cuneiform
plates, each bearing a single, long pinnule. Pinnules com-
posed of at least eight long, slender joints, slightly grooved on
the inner side ; along each side of the groove is a row of closely
set nodes, or little plates. The entire surface of the cup and
arms is covered with monticules and fine granulations.

Height. Width.
Basals 10 mm.
Radials 11«
Costals 10 ¢«
Distichals T
Arms.................... 3tod ¢

[

3
CalyX . e, 24 ¢




34 University Geological Survey of Kansas.

Range and distribution: Upper Coal Measures; Topeka,
horizon of the Osage coal.

On account of the general resemblance of this species to some
of the species of Ceriocrinus, it is left there for the present, un-
til the azygous plates and infrabasals can be determined.

Oeriocrinus hemisphericus. Plate VI, figs. 5, 5b.

Po(tirgggcrimw hemisphericus Shumard, Trans. 8t. L. Acad. Sci., 1, p. 221,
)

Scaphiocrinus? hemisphericus Meek, Fin. Rep. U. 8. Geol. Surv. Neb.,
. 147, pl. v, fI. 1a, b, FL v, ff. 1a—c, (1872); Meek and Worthen, Geol.
urv. Ill,, v, p. 561, pl. xx1v, £. 5, (1873).

Ceriocrinus hemisphericus Keyes, Geol. Surv. Mo., 1v, p. 220, pl. xxvII,
ff. 2, 5, (1894).

Meek’s description : ‘‘ Body below the summit of the radials
subhemispherical, with the under side deeply concave. Base
very small, pushed or inverted entirely within the cavity of the
body, and nearly or quite hidden externally; column facet
round and deeply sunken. Radials of moderate size, very
nearly equal, having a general pentagonal form, excepting on
the anal side which is a little truncated above by the anal
piece so as to give it a general hexagonal outline; each, how-
ever, has an additional very obscure mesial angle at its connec-
tion with the base, and all are strongly incurved below to form
the concavity of the under side. Radials nearly twice as large
as the basals, twice as wide as high, and equally pentagonal,
the upper side being longer than any of the others and all
evenly truncated. Costals (at least the two on the anal side)
comparatively narrow, but still wider at the base than high,
rounded on the outer side, a little constricted in the middle, and
pentagonal in form, the two upper sloping sides supporting the
first divisions of the arms, which are composed (at least for the
first three ranges) each of a single series of wedge-formed pieces.
First anal piece comparatively small, a little concave, resting
upon one of the basals and connecting with the radials on each
side, above which it projects, supporting upon its slightly in.
curved upper edge a second piece, the form of which is unknown.
Surface smooth, or only with traces of minute granules.”’

Range and distribution: Upper Coal Measures; Jefferson
county. Now in the collection of Washburn College.




BEEDE. ] Carboniferous Invertebrates. 86

Ceriocrinus missouriensis. Plate VI, fig. 6.

Delocrinus missouriensis Miller and Gurley, Jour. Cinc. S8oc. Nat. Hist.,
xur, p. 14, pl. 11, ff. 11-13, (1890); 16th Rep. St. Geol. Ind., p. 3386, pl.
11, ff. 11-13, (1890). ’

Delocrinus hemisphericus Miller and Gurley, ibid., p. 335, pl. 11, fI. 8-10,
pl. x, £. 5; Jour. Cinc. Soc. Nat. Hist., x111, p. 12, pl. 11, ff. 8-10. These
species referred to the proper genus by Weller, Bull. U. 8. Geol. Surv.,
163, p. 172, (1898).

Calyx basin-shaped, shallow, pentagonal in outline viewed
from below, nearly four times as broad as high, base quite con-
cave. Infrabasals small, not entirely hidden on the exterior.
Basals five, moderately large, pentagonal (the angle at the base,
if it exists, is so small that it is almost impossible to discover it)
except the posterior one, which is truncated for the reception of
the interradial, giving it a hexagonal outline, about as high as
wide ; supralateral edges about equal, basal edge very short;
plates not very sharply convex in the center. Radials five,
nearly equal, about twice as large as the basals, and about
twice as wide as high, upper edge beveled and upper side
faceted, ridges of facet crenulated. Interradial small, laterally
compressed, the upper portion bent strongly inward. Costals
five, roughly triangular in outline, stoutly spinous, faceted be-
low for the articulation with the radials, entire surface of the
inner portion faceted above for the support of the two arms; the
spines are stout and blunt. The arms are composed of two
series of cuneiform interlocking plates which are rather convex
on the exterior on the base of the arms. The surface is smooth.

Height. Width. Length of spine.
Basals........................cienen. 8 mm. 6 mm.
.6 12 « e
.8 ¢« 11 ¢ 14 mm.
5 13 3 [13 P

N L —

Interradial . . e

Calyx (another individual).

Range and distribution : Upper Coal Measures ; Kansas City,
Argentine. ,

It is impossible to distinguish this species from C. craigi by
the calyx alone (if it is distinct from that species) unless the
base is so preserved as to show whether or not the infrabasals
are concealed, unless the costals be present. The only differ-
ence between the two species is that in C. missouriensis the
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spines are much longer, the infrabasals not hidden by the col-
umn, and that the cup is perhaps.a little shallower, as is also
the concavity of the base.

If Meek’s determination of C. hemisphericus is correct, it does
not have the costals developed into spines at all, and hence it
is distinct from the spined forms. The minute differences be-
tween the two spined forms, as figured by Miller and Gurley, are
of little value.

PHIALOCRINTUS.
Trautschold, Mon. Kalkbrueche von Mjatschkowa, p. 122, (1879).

Phialocrinus magnificus. Plate VI, fig. 10.

.Eriocrinus magnificus Miller and Gurley, Jour. Cinc. Soc. Nat. Hist.,

X111, p. 15, pl. 11, £. 1, (1890).

Phialocrinus magnificus Carpenter, Ann. and Mag. Nat. Hist., p. 96,
(1891); Keyes, Geol. Surv. Mo., 1v, p. 220, pl. xxvr1I, f. 4, (1894).

Calyx bowl-shaped, base truncated, of medium size, surface
finely granulated. Infrabasals five, cuneiform, pentagonal,
half covered by the column, stem facet radiately furrowed.
Basals five, hexagonal, posterior one heptagonal ; the two sides
at the base rather indistinct, edges straight; plates convex,
curving inward at the base to meet the infrabasals, very
slightly wider than high. Radials convex, nearly equal, the
right and left posterior ones occasionally a trifle smaller than
the rest, pentagonal, width about one and one-half times the
height, upper outer edges beveled. Interradial resting on the
truncated upper surface of the posterior basal, large, pentago-
nal, within the calyx, wider above, greatest width equal to
the height, supporting two anals. First brachials large, quad-
rangular, the lower outer edge beveled. The second brachials
pentagonal, highest in the center, superior side faceted for the
support of the two arms, about twice as broad as high
Arms ten, slender, often 100 mm. long, pinnulate, pinnulw
often 10 mm. long. The arms are composed of a single series
of slightly cuneate plates, the inner side of which is fur-
nished with a deep, broad groove. Above the interradial rest
at least two anal plates which curve moderately inward. The
proboscis is long, rather slender, subquadrate in transverse out-
line; in adult specimens, between the lobes of the tube, are
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deep reentrant angles, giving it the appearance of four vertical
tubes closely placed. In young specimens it is more round and
. less rough than in the adult. The plates are so closely united
that it is difficult to make out their exact outline, but they are
very convex on the exterior. The upper plates in young speci-
mens are almost smooth, becoming more highly ornamented as
the base is approached, while on old specimens the plates are
highly tuberculated and the sides are ornamented by raised
ridges which seem to surround apertures in the plates.

Width.
Infrabasals................. : . 3 mm.
Basals............... .. 6 ¢
Radials.............. . 9 «
Interradial ............ 5 ¢«
Firstcostals. ............. ... .ot 8 «
Secondcostals................... e, T«
Distichals. ........ ettt eereaereeateiaeeeaa, : 5
Proboscis ...........coiiii i e 11«

Range and distribution : Upper Coal Measures ; Kansas City
and Argentine. ~

ERISOCRINTUS.
Meek and Worthen, Am. Jour, Sei., LXXX, p. 174, (1865).

Erisocrinus megalobrachius. Plate VII, figs. 1a, 1b.

Erisocrinus megalobrachius Beede, Kans. Univ. Quart., virr, p. 124, pl.
xxxii, ff. 1a, b.

Calyx basin-shaped, quite concave, ornamented by very
coarse granulations, which are sometimes arranged in wavy
rows. Infrabasals unknown, covered, or nearly so, by the
small column. Basals large, convex, the lower portion curved
upward to meet the infrabasals forming a deep cavity in the
base of the cup, the inner (or lower) end of the basals being in
about the same horizontal plane as the upper end, and hence
forming most of the base of the calyx and leaving the infra-
basals entirely within the body cavity; higher than wide, all
about equal, and apparently pentagonal, the lower side (or
sides, if two ) short, superior and inferior lateral edges nearly
equal, the apical angle extending upward between the radials
to fully one-half the height of the latter. Radials five, equal,
pentagonal, twice as wide as high, massive, convex, consider-
ably beveled at the upper edge; upper surface faceted for the
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reception of the costals, the line of articulation with which is
gaping, raised portions of the facet milled. Costals five, mas-
sive, stoutly spine-like, pentagonal in outline, lower inner sur-
face faceted to meet the radials, upper surface faceted, except
the portion protruding in the form of a stout spine to support
the large arms. Distichals either one or two to each arm, more
commonly two in our specimen, the lowermost quadrangular in
outline, massive, a little more than twice as wide as high ; the
second distichals are very variable, from four to six times as
broad as high. There are ten arms which are very broad and
stout, each made up of two series of wedge-shaped, interlock-
ing plates which are twice as long as high in the lower portion
of the arms.and each supporting a single pinnule. The pin-
nule are not well preserved, but are stout, composed of rather
large, square plates near their junction with the arms, while
farther away they assume a cylindrical form. Where not worn
the entire specimen is covered with coarse granulations which
are usually a little prolonged.

Height. Width. Length.
Basals, 11 mm. 10 mm
Radials 8 ¢ 16 ¢ _—
Costals 5 ¢ 15 9 mm.
1. Disti 1-2 « 8 _—
2. Distichals 2 4 ¢ _—
Average lower arm plate 2 « 4 _
0711 5 2 10 ¢ 27 « _

Range and distribution : Upper Coal Measures ; Topeka, from
the horizon of the Osage coal.

This species agrees in many respects with Ceriocrinus craigi
(Worthen) W. and S. and C. hemisphericus (Shumard ) W. and
S., but each of these possesses an anal plate; the specimen in
hand, though preserved in very perfect condition, shows no in-
dication of such a plate. It is also very much like Erisocrinus
typus as figured and described by White (Contributions to In-
vertebrate Palaeontology No. 6, p. 126, p. 33, f. 5), but the
arms of our species are flatter, plates much less convex later-
ally, and granulated on the surface instead of smooth. The
brachials also are more spine-like in our specimen, and the
basals are not nearly so sharply convex as in that species, and
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the cavity in the base is deeper and the calyx is not so high.
It may belong to Stemmatocrinus, as the infrabasals are not
known, but as that genus is not yet known from this country,
it is more probable that it is an Erisocrinus.

Erisocrinus typus. Plate VI, figs. 4-4b.

Erisocrinus typus Meek and Worthen, Amer. Jour. Sci., xxix, p. 174,
(1866); Geol. Surv. Ill., 11, p. 317, {. 33; Meek, Fin. Rep. U. S. Geol
Surv. Neb., p. 146, pl. 1, ff. 3, a, b, (1872), Meek and Worthen, Geol.
Surv. I1l., v, p. 561, pl. xx1v, £. 6. (1873); White, Geol. Uinta Mountains,
; Pg:eli’sss(l)lep .)s P. 89, (1876), Cont. Inver. Pal., No. 6, p. 126, pl. xxx111,
. 5a, ( ).

Eriaolc’;':nulgﬁréebraaccmis Meek and Worthen, Amer. Jour. Seci., Xxx1Xx,
Ph?i%ggz;n(m pllvie Meek and Worthen, Amer. Jour. Sei., xxx1x, p. 350,
Meek’s description: ‘‘ Body below the summit of the first
radials [radials], basin-shaped, rounded below, and obscurely
subpentagonal in outline as seen from above or below; com-
posed of thick, smooth, slightly convex plates. Basal pieces
[infrabasals] small, occupying a shallow convexity of the under
side, about half hidden by the column, all pentagonal in exter-
nal form. Subradial [basal] considerably larger than the basal
[infrabasal], and all equally hexagonal in form. First radial
[radial] pieces four or five times as large as the subradials
[basals], wider than long, equal, and all pentagonal ; support-
ing upon their broadly and evenly truncated superior sides the
second primary radials [costals], which are of nearly the same
size and form as the first, but have their sloping sides above
instead of below, while they each support above two first bra-
chials [distichals], or a series of secondary radials [distichals]
yet unknown. Surface smooth. Breadth of body below the
first primary radials, 0.72 inch ; height of same, 0.35 inch.”’

Range and distribution : The specimen here under discussion
is from the Upper Coal Measures, Jefferson county, and now in
the collection of Washburn College.

The specimen is a beautifully preserved calyx and a single
costal. It differs very materially from the type specimen
figured by Meek and Worthen. The calyx is much higher,
which is due largely to the very much larger basals, which, in-
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stead of being one-fourth or one-fifth the size of the radials, are
nearly as large. The costals show a marked spinous develop-
ment on the upper side, but in one of the figures (Geol. Surv.
I1l., V, pl. xxiv, fig. 6) of the Illinois forms the costal is shown
as being somewhat extended above. It is quite different from
the figure of the species by White above referred to, in being
quite plain and in having the plates less convex. It is also
more sharply pentagonal in outline than most of the members
of the species. However, this is a somewhat variable species,
and our specimen is probably a true E. typus, but presenting
interesting variant features.

EUPACHYCRINUS.
Meek and Worthen, Proc. Acad. Nat, 8ci. Phil,, p. 169, (1865).

) Eupachycrinus magister. Plate VI, figs. 3-3b.

Eupachycrmus magl]w!er Miller and Gurley, Jour. Cinc. Soc. Nat. Hist.,
XIII, p. 4, p 1, ff. 1, 2; 16th Rep. St. Geol. Ind., p. 328, pl. 1, ff. 1, 2,
pl. i:,, g , (1890); Keyes, Geol. Surv. Mo., 1v, p. 218, pl. xxvI1, ff.
la, b, 3.

Original description : ¢ This species is very large; calyx low
and broad, somewhat saucer-shaped, bulged a little on the
azygous side, height about half the width, sutures deep, ex-
cavation extending about half the thickness of the plates, plates
very strongly tuberculated, tubercles conical, elongated, and ir-
regular in form and distribution. The five basals [infrabasals]
are sunk in a cavity on the other side, projecting only half their
length beyond the column; even this projection is tubercular ;
they form in the interior of the calyx a pyramid, which is
pierced at the summit by a five-rayed opening connecting with
the canal in the center of the column; the points of the rays
are rounded. The basal plates are made pentagonal by the
truncation made at the points of the rays for the central canal.
The diagrammatic views which have been made of the basal
plates in this genus are incorrect, in so far as they indicate a
pentagonal opening with the angles directed toward the sutures,
instead of truncating the plates with the concave depression for
the five-rayed opening to the columnar canal. The two basals
on the azygous side of the species before us are larger than the
others, being nearly as large as the other three.
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‘*“The subradials [ basals] are very large, extending into the
basal cavity, and curve gently upward; three hexagonal,
the two longer sides unite with the subradials; the two up-
per sloping sides, uniting with the first radials, are a little
shorter, and the two under sides, uniting with the basals
|infrabasals] are very short; two are heptagonal, the one on
the right of the first azygous plate being much larger, and, ex-
cept the two short sides uniting with the basals, the other sides
are of subequal length; the one upon the left has, in addition
to the two short sides uniting with the basals, a short side unit-
ing with the second azygous plate. Four of the first radials are
pentagonal, twice as wide as high; the upper face is the full ’
width of the plates, and projects over the interior of the calyx so
as to give the appearance of having great thickness when viewed
from above. The other first radial, upon the right of the azygous
plates, is quadrilateral, except a very slight truncation by the
second azygous plate below the depth of the suture. The first
radial is separated from the second or brachial piece, on the
outer face, by a wide suture, but within a crenated ridge ex-
tends from one angle of the plates to another, forming a penta-
gon, except as separated by the second azygous plate ; the ridge
has a furrow upon the outer side in the central part of each
plate, and within this is a wide expansion which supports the
brachial arm pieces. The first azygous plate has four sides,
rests between the upper sloping sides of the two subradials and
along the under side of the first radial on the right, with the
shorter side abutting on the second azygous plate. The second
azygous plate is hexagonal, curves inward, and supports upon
its two short inner faces the third and fourth azygous plates,
side by side. The vault and other parts unknown.”” In our
specimen the right posterior radial seems to be covered by one
of the plates of the ventral sac.

Range and distribution : Upper Coal Measures; Kansas City.

4—vi
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HYDREIONOOCRINUS.
de Koninck, Bull. Acad. Royale Belgique, vIm, pt. 11, p. 18, (1858.)

‘Hydreionocrinus kansasensis. Plate VII, figs. 4-7.

Hydreionocrinus kansascnsis Weller, Trans, N. Y. Acad. 8ci., xvI, p.
372, (1868.)

Weller’s description: ¢ Dorsal cup depressed, nearly saucer-
shaped, more than twice as wide as high, truncated below.
The margins of all the plates, except the lateral margins of the
infrabasals, ornamented by narrow papillose bands parallel to
the sutures. Exclusive of the papillose bands the plates are
. smooth. Infrabasals five, large, extending far beyond the
column, anchylosed into an irregularly hexagonal, nearly flat
disc, the sutures marked by slightly elevated ridges; central
portion of the disc slightly excavated for the attachment of the
column, the excavation surrounded by a low ridge. Basals
five, four of them broader than high, spherical-triangular in
outline, in lateral contact only at the extreme lateral angles.
The posterior basal higher than wide, quadrangular in outline,
truncated distally for the reception of the special anal plate,
the lateral and proximal sides curved as in the four other
plates. Radials large, twice as wide as high, the three anterior
ones heptagonal in outline, the two posterior ones hexagonal.
The proximal sides concavely curved to conform to the curved
sides of the basals, the proximal angles meeting the distal angles
of the infrabasals and the lateral angles of the basals. First
brachials twice as wide as high, pentagonal in outline, bearing
upon the two upper sloping sides of the two main divisions of
the arms. Arms uniserial, the component plates broader than
long, except near the tips, rectangular in outline except the
axials, which are pentagonal. In the right posterior arm, the
only one known, each main division bifurcates several times,
the most posterior one showing ten divisions at the tip. Radi-
anal nearly as large as the basals, pentagonal, higher than
wide, lying upon the truncated right posterior infrabasal and
between the posterior basal and the right posterior radial.
Special anal larger than the radianal, hexagonal, higher than
wide, lying upon the truncated posterior basal and between the
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radianal and the left posterior radial. First tube plate partially
included in the calyx, higher than wide, lying upon one of the
upper sides'of the radianal and between the special anal and
the right posterior radial. Ventral sac very large, expanding
above and surrounded at its summit by a row of large, spatulate,
spinous plates which form a crown of diverging spines around
the summit of the sac.”

Range and distribution: ‘‘From the Upper Coal Measures,
about 700 feet below the horizon of the Cottonwood limestone,
at Neal, Greenwood county, Kansas.”’

‘““Remarks: The form of the plates in the dorsal cup of the
species differs materially from the other species of the genus,
but the ventral sac, which is the most remarkable feature of the
genus, and which is said by Wachsmuth and Springer?® to be
the best character for distinction, in all respects like that in the
remaining species. This organ is much crushed and only
partially preserved in the type specimen, but enough is present
to show its great expansion toward the summit and the crown
of large, spinous plates. Eight of these spatulate spinous
plates are recognizable in the specimen, all of them belonging
to one side, so that there must have been at least fifteen or
more altogether. :

“‘The dorsal cup is remarkable for the large size of the in-
frabasals which extend far beyond the column and do not rest
in a deep cavity, but are consolidated into an irregularly hex-
agonal flat disc. The spherical-triangular form of the basals
is different from any of the other species of the genus, and the
manner of meeting in one point of the distal angles of the in-
frabasals, the proximal angles of the radials and the lateral
angles of the basals is quite remarkable.’’

Hydreionocrinus subsinuatus. Plate VII, fig. 14.

Hydreionocrinus subsinuatus Miller and Gurley, Bull. 3, Ill. State Mu-
seum Nat. Hist., pp. 40, 41, pl. vi, ff. 11-14, (1893).

Original description @ ¢‘Calyx depressed, saucer-shaped,
slightly concave below, longitudinally concave on the ventral
side; sutures distinct; surface smooth. When viewed from

2. Revision of the Paleocrinoidea, I, p. 130,
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above or below, hexagonal, in outline, by reason of the trun-
cated first radials, and the concave, wide azygous area. Column
round. ’

‘“ Basals form a pentagon one-half wider than the column,
with a central, columnar cavity surrounded by an external rim,
for the support of the attaching column. Subradials of moder-
ate size, three of them apparently pentagonal, though as each
one abuts upon two basals, where there is an obscure angle,
they are really hexagonal. The two adjoining the azygous area
are heptagonal. They curve very slightly down to the basals,
and upward, toward the acute angles between the first radials.
They are not uniform in size or shape; the heptagonal plate on
the right of the azygous area is the wider, and the one on the
left the longer one. First radials twice as wide as high, trun-
cated the entire width above, much thickened within, and sep-
arated from the second radials, on the outer face, by a gaping
suture, but immediately within a straight ridge extends from
one outer angle to the other, having a furrow on each side so
as to form a hinge on which the second plates articulate; be-
hind this hinge, in the middle part of each plate, there is a
socket for the reception of a tooth-like projection. Second ra-
dials short and heavy and produced externally in a moderately
strong spine. .

‘“ First azygous plate longer than wide, pentagonal, upper side
short, abutting below on a subradial and resting very slightly
oblique between another subradial and the under sloping side
of the first radial on the right. Second azygous plate longer
than wide, truncates a subradial, abuts upon the superior lat-
eral side of the first radial on the left, and the first and third
azygous plates on the right. Third azygous plate longer than
wide, truncates the first azygous plate, and abuts upon the su-
perior lateral side of the first radial on the right. The second
and third azygous plates are hexagonal, but the plates abutting
the superior side are not preserved in our specimens. A small
part of a proboscis is preserved in one of our specimens, that
shows some heavy, transversely furrowed plates. Other parts
not preserved.
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“This species is so different from any other referred to this
genus, that no comparison will serve further to distinguish it.
There is a possibility that it is a Zeacrinus, but we think it is
not.”

Range and distribution : Upper Coal Measures; Cameron’s
Bluff, near Lawrence.

AGASSIZOCRINTUS.

Troost, Jour. Amer. Aseo. Adv. Sci, Camb. Mecting, p. 60, (1850).
Wachsmuth and Springer, Revis. Paleocrin., 111, p. 262, (1885).

Agassizocrinus carbonarius. Plate VI, fig. 8.

Agassizocrinus carbonarius Worthen, Geol. Surv. 111, v, p. 566, pl. xx1v,
f. 4, (1873).

Infrabasals large, completely fused, semielliptical. The up-
per faces of the infrabasals are quite concave, and consequently
angular at the suture. The cavity is moderately deep. Meas-
urements : Height of the infrabasals, 10 mm. ; diameter at their
summit, 11 mm. The faces of all five plates are equal.

Range and distribution : Upper Coal Measures; Kansas City.

The infrabasals of this species were figured by Worthen, with-
out description, from Illinois. It is the only species of the genus
known in the Coal Measures of the United States. The radials,
basals, arms, etc., of this species are not yet known.
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ECHINOIDEA.

The ¢‘sea-urchins,”” ‘‘sea-eggs,”’ ‘‘sand-dollars,’”’ and “* sea-
cookies,’”’ as they are variously called, are animals varying in
form from spheres to discs. They live in moderately shallow
water, especially near oyster beds, while some bury themselves
in the sand, and one kind is known to make holes for itself in
the solid rock. They always inhabit the sea. The parts that
are generally found fossil are the spines and the plates, which
are here explained.

The body of the animal is encased in a kind of box made up
of calcareous plates, which are united at their edges. A more
or less long spine is attached to each of certain plates. The
spines project out from the body in all directions. They are
attached to the plates by a sort of ball-and-socket joint, and are
movable. There are two kinds of plates—those with, and those
without, spines. The latter are called the ambulacral plates,
or the plates through which the tube-feet project, while those
with spines are called the interambulacral plates. The am-
bulacral plates are arranged in five bands, or areas, between
which the interambulacral plates are arranged. Each band
generally extends from the top to the center of the bottom of
the animal.

The mouth is located at the center of the bottom side. In
some sea-urchins the mouth is provided with five long teeth
and a complicated set of calcareous supports. The whole ar-
rangement is known as ‘‘Aristotle’s lantern.”” On the top
side of the animal near the center there is a sieve-like plate,
which connects with a long membranous tube beneath. This
tube runs downward to the base of the inner cavity and con-
nects with another tube which forms a ring around the esoph-
agus. There are five branches to this latter tube, one extending
along the center of each ambulacral ‘area. In the ambulacral
plates there are series of holes through which the numerous
branches of these tubes extend to the outside of the shell.

These branches, or tube-feet as they are called, extend out-
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ward for quite a distance and end in little disc-like suckers.
This tube system is filled with water, and is known as the
‘‘ water-vascular system.’’ By filling these tubes with water,
and dilating them, the animal is enabled to move along. How-
ever long the spines may be, the tube-feet may be extended
beyond them. The figures illustrate the hard parts which are
generally found fossil. There are at least four kinds known in
the Kansas rocks.

ARCHZEOCIDARIS.
McCoy, Carb. Foss. Ireland, p. 173.v( 1844).

Archzocidaris trudifer. Plate VIII, fig. 10.

Archeocidaris trudifer White, Prelim. Rep. Invert. Foss., p. 17, (1874);
Powell’s Rep. Geol. Uinta Mts., p. 89, (1876); U. S. Geog. Surv. West
100 Mer., 1v, p. 104, pl. vi, {. 8, (1877); Keyes, Proc. Iowa Acad. Sci., 11,
p. 191, (1895).

White’s description: ¢‘Interambulacral plates compara-
tively broad, rather thin, having an elevated border all around,
which is apparently composed of a series of small tubercles;
areolar surface apparently plain; central tubercle small, per-
forated at the center, surrounded at its base by a very slightly
raised ring, and immediately outside of that by another ring,
which is so much elevated as to form a little cup with its rim
somewhat expanded. Diameter of the largest plate in the col-
lection about 20 mm. Spines very long and slender, one of
these in the collection having been, when perfect, about
12 cm. in length, terete; diameter of the basal ring, which
expands from the shaft, greater than that of any portion of the
shaft; diameter of the shaft nearly uniform for more than half
its length above the basal ring, the upper portion gradually
tapering to a point. Greatest diameter of the shaft of the long
spine referred to, scarcely 5 mm.; diameter of the basal ring,
7Tmm. Surface of the spine for a short distance above the basal
ring apparently smooth, but, from that portion to the distal
end, it is ornamented with numerous small points or incipient
spinules, which are often removed by weathering, but in well-
preserved specimens they are seen to be arranged around the
spine in imperfectly spiral lines. The very long, slender, terete
spine, having a basal ring often much greater in diameter than
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any part of the shaft, together with the other characters de-
scribed, distinguish this species from all others.”’

Range and distribution : Upper Coal Measures; Topeka lime-
stone, Topeka.

Our specimen is a single spine with the proximal end buried
in the matrix, the distal three-fourths being exposed. The ex-
posed part agrees more closely with this species than any other
yet described, and it is provisionally referred to it.

Archeocidaris agassizi. Plate VIII, figs. 6-6e.

Archeocidaris agasxizi Hall, Geol. Iowa, 1, pt. 11, p. 698, pl. xxvi. ff.
la-d, (1838): Keyes, Geol. Surv. Mo., 1v, p. 127, pl. xv, f. 5, (18%4);
Jackson, Bull. Geol. Soc. Amer., vir, p. 213, (1896); Keyes, Proc. lowa
Acad. Sci., 11, p. 185, pl. xvui, £. 5, (1895).

Hall’s description : ‘“ Body unknown; plates small, hexago-
nal, except those adjacent to the ambulacral area, which are a
little rounded on that side, becoming pentagonal ; central tu-
bercle slender, elongated, tubuliform, and projecting above the
surrounding annulation, the latter abruptly elevated, and leav-
ing, between its inner face and the central tubercle, a deep
cavity. Surface of the plate, immediately around the annula-
tion, elevated in a distinct low, annular ridge, beyond which it
is depressed and again elevated towards the margin, which is
ornamented by a series of low elongated nodes. Spines -elon-
gated, compressed, contracted below and swelling out aborve,
so that the greatest diameter is about one-third the length
above the base; from this point very gradually tapering to the
summit. Surface of the lower contracted portion smooth, mu-
cronate above, with small spiniform tubercles, which, on the
lower part,. are arranged in somewhat distant curving annulat-
ing rows, becoming more curved above, or in oblique ascending
rows, giving a quincunx order. Point of attachment somewhat
elongate, the thickened annulation strongly striate.’’

Range and distribution: Upper Coal Measures; Topeka.

This species was described from the Burlington by Hall. We
would hardly expect Coal Measures specimens to be conspecific
with the Burlington, but I am unable to detect any differences
that could be called specific in our specimens, which consist of
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spines and plates. Without doubt, if we had entire specimens
from both formations to compare, they would be found to be
different ; but until such differences are found it is best to leave
them in the same species.

Arch=zocidaris megastylus. Plate VIII, fig. 7.

Archeeocidaris megastylux Shumard, Trans. St. L. Acad. Sci., 1, p.
225, (1838); Keyes, Geol. Surv. Mo., 1v, p. 189, %l xv, f. 2a, b, (18984);
Proc. Iowa Acad. Sci. 11, p. 189, pl. xvii, ff. 2a, b, (1895).

Shumard’s description : ¢ The interambulacral plates of this
species in the collection are large, hexagonal, wider than long,
and rather thick. The areolar surface is very broad, nearly
circular, slightly concave at its exterior portion and rising
gently to the base of the central boss. It is encircled by a
single series of small, secondary tubercles. The boss is broad,
smooth, and the central tubercle deeply perforated. The pri-
mary spines ‘are long, robust, cylindrico-fusiform, and the
transverse section circular. The surface is very finely striated
longitudinally, and studded either rather distinct granules or
minute short spines, arranged spirally or promiscuously. The
ring at the base is oblique to the axis, its border neatly crenu-
lated, and the diameter less than the greatest diameter of the
spine. The socket is deep, rather wide, and its margins smooth.
The neck is'marked with a slightly raised ring, which is finely
striated longitudinally.”’

Range and distribution : Upper Coal Measures ; Kansas City.

This species often attains a length of three inches or more.
Our specimens are but spines, and they are worn so that the
minute surface markings are all removed, but, from their size
and shape, there is little doubt of their identity.

OLIGOPORUS.
Meek and Worthen, Proc. Acad. Nat. Sci. Phil., p. 474, (1860).

Oligoporus? minutus. Plate VII, fig. 3.

Oligoporux? minutux Beede, Kans. Univ. Quart., v111; p. 126, pl. xxxi11,
f. 3, (1899).

Small, depressed globular, melinitic ridges not very distinct.
There are four columns of pores, each column consisting of two
rows, in each ambulacral area; each row is generally, though
not always, made up of two pores placed side by side and very
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close together; each of the two series is apparently separated
by a row or two of imperforate plates at the ambitus. Both
series are in contact at the apex and near the mouth. Number
of columns of interambulacral plates unknown, but apparently
about three. The ambulacral area is very wide and the two
series are widely separated at the ambitus. Some of the inter-
ambulacral plates seem to be pierced by a single pore, or, some-
times, two. Indistinct elevations seem to be present in three
columns, one of large and two of small size.

Diameter of specimen............c.coveitiiieieneninnanennn 23 mm,
Maximum diameter of ambulacralarea.................... 6 ¢
Maximum diameter of each series......................... 2 ¢«
Maximum diameter of interambulacral area . .............. T«
Pores distant in vertical rows ................ ............. i
Pores distant in the same series...................... .... 1) ¢
Pores distant in single pair........................cc.ea.... I

Range and distribution: Upper Coal Measures.; collected
from the Deer Creek limestone, near Topeka.

The specimen is badly worn and somewhat compressed ; the
surface markings are almost entirely removed. It agrees to
some extent with Oligoporus, but the ambulacra are divided into
two series with, apparently, two columns of imperforate plates
between them. However, this is not unquestionably shown by
this specimen. It will, in all probability, be found to belong to
an entirely different genus. It is referred to Oligoporus for con-
venience, until better material can be secured. It does not
seem to present the appearance of any other Carboniferous sea-
urchin with which I am acquainted.
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BRACHIOPODA.

Brachiopods are small animals with a two-valved shell, re-
sembling the clams somewhat in external appearance, though
they are very different in internal structure. They are in some
respects much more closely allied to the bryozoans, or sea-mats,
and worms, than to the clams. They are strictly marine
animals, living, as a rule, in rather deep water. Their distri-
bution, in this respect, has been divided into five zones,* which
may be described as follows: Shore zone, or the beach between
high and low tide-marks; the shallow-water zone, or water to
a depth of 90 feet; the moderately deep zone, or water from 90
to 300 feet deep; the deep zone, or water from 300 to 1668 feot
deep; and the very deep zone, or water from 1668 to 17,670 feet,
or three and one-half miles deep. In each of these zones there
are species which do not occur in any of the others, while some
are common to two or more zones. There are, according to
Hall and Clarke, ahout 147 species of living brachiopods known,
which are distributed over the Atlantic, Pacific and Arctic
oceans, ranging from the island of Spitzbergen, north of Nor-
way, to Cape Horn, but being most abundant in tropical and
temperate waters. As a rule, they are distributed along coast-
lines and in the vicinity of islands.

The living brachiopods are but a remnant of what was once
one of the most abundant and varied classes of animals of their
size that ever inhabited the earth. While the known living
forms are only 147 in number, the fossil species known at pres-
ent probably reach the enormous number of 6000, and of these,
upwards of 2000 are represented in the American rocks. They
are among the earliest fossils of which we have any record, and
culminated in the earlier part of geologic time. In the Cam-
brian, or earliest period of which we have any definite knowl-
edge of life, there are about 125 species known; in the

3. This introduction is largely drawn from Eastman’s Translation of Zittel's Handbook of
Paleon , Schuchert’s sfnopcis of American Fossil Brachiopoda (Bulletin of the U. 8.
Geological Survey No. 87), Paleontol of New York, vol. VIII, and Annual Report of the State
Geologist of New York for 1891, to which the reader is referred for more detailed information.
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Devonian they reached their highest point in respect to num-
bers, about 1400 species; while at the close of the Paleozoic era
they appear to have fallen back to less than 100 species, and to
have continued to the present comparatively few in number.

Before entering upon the description of the Kansas species, it
may be well to give an idea of what the animal was and what
the markings found on the shells mean. In the first place, there
are two shells, or valves, generally unequalin size. The hinge,
or the place of union of the two valves, is considered the pos-
terior, or hind end, and the opposite edge the front end, while
the two sides at right angles to the hinge are the lateral mar-
gins or sides. The animals were attached to some foreign object
during all or a part of their life, either by a pedicle, along mus-
cular projection from the shell, or by a portion of the shell being
cemented to the object. Those having a pedicle usually have
an opening in the beak on one of the valves, the pedicle valve,
sometimes called the ventral valve, near the hinge, while the
others simply Mave the pedicle extended between the posterior
ends of the valves.

The front portion of the shell is lined by a membrane which
divides the cavity into two parts, the anterior or brachial carity,
and the posterior or visccral cavity. In the latter are located the
visceral organs and the muscles which open and close the shell
and retract and protude the pedicle. The nervous system con-
sists of a single ring around the esophagus, in which there are
located two ganglia which give off branches to the different
organs of the body. The digestive canal consists of but a single
convolution, and terminates blindly in the living forms, though
it probably communicated with the exterior in certain fossil
forms. The pair of muscles which close the shell, the adductors,
are large muscles which extend directly from the postero-central
part of one valve to the other. By their contraction the shell
is closed. The impression left in the shell by these muscles is
usually quite prominent. The diductors, or muscles which open
the shell, are large muscles attached to the middle of the rear
end of the pedicle valve just outside of the adductors, while the
other end is attached to a prolongation of the other, brachial,
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F1G6.3. A, Lingula murphiana (after Hall and Clarke), showing the pedicle, which is
greatly developed in this genus: B, Magellania flavescens (after Schuchert, in Eastman’s
Trans. of Zittel); C, Seminula argentia: D, Productus giganteus (after Schuchert, in East-
man’s translation of Zittel); E, Derbya robusta; F, Productus semireticulatus; a,adduc-
tors; cc, diductors; d, spiral brachia: bs, same as seen in a fossil; d/, diverging lines; dlt,
deltidium; as, adductor scar; ca, cardinal area; cp,cardinal process; f, foramen: &, fringe
on brachia; /#m. hinge line; lr, ridge diverging from base of cardinal process; ms, mesial
septum ; /it, teeth; z, alimentary canal; v, mouth; vm, brachial markings.
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sometimes called dorsal ralve. This process extends beyond the
hinge backward under the beak of the other valve, and when
the muscle contracts acts as a lever opening the shell.

In the front cavity are situated the drachia or arms, as they
are called. They are often of coiled or spiral form, supported
by horny or calcareous supports which are sometimes preserved
in the fossils. These brachia carry a long fringe, which by its
vibration keeps a current of water flowing through the shell,
from which the animal separates its food. There are no special
organs of respiration, which is performed probably by the
blood flowing through many thin membranes which are con-
stantly in contact with the current of water passing through the
shell. The figures on page 53 serve to illustrate the parts of
the animal and the muscular impressions found in the shells.

The full synonymy is given for the species herein described,
but not a full bibliography. For a full bibliography, the reader
is referred to Mr. Charles Schuchert’s work on the North Ameri-
can Brachiopoda, Bulletin No. 87 of the United States Geologlca.l
Survey of 1897.

LINGULA.

Brugujere, Enc, ¥c Metho.. I, p. 250, (1792).
Meek and Hayden, Pal. Upp. Mo.p 63, (1881) ; etc.

Lingula mytiloides. Plate VIII, fig. 5.

Lingqula ngt:loides Sowerby, Min. Conch., 1, p. 55, pl. x1x, ff. 1, 2, (1813);
Meek and Hayden, Geol. Surv. Ill., v, p. 572, pl. xxv, f. 2, (1873).

? Lingula umbonata Keyes, Geol. Surv. Mo., v, p. 38, pl. xxxv, . 4, (1895).
Shell small, elliptical, posterior extremity slightly narrowed ;
beak extending to the hinge line, not prominent. Anterior
margin broadly rounded, lateral margins subparallel ; the great-
est diameter about the middle of the shell. The surface is
marked by fine concentric lines of growth. Length, 7 mm.;
breadth, 5 mm.; larger specimen, length, 11 mm.; breadth,
7 mm. :
Range and distribution : Upper Coal Measures Kansas City,
Topeka, Burlingame.
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ORBICULOIDEA.

d'Orbigny, Prodrome de Pal. Strat., I, xr. (1850).
Dall, Bul 'Mus. Comp. Zool., III, p. (lﬁ‘ll) etec.

Orbiculoidea missouriensis. Plate VIII, figs. 1-1c.

Discina missouriensis Shumard, Trans. St. L. Acad. Sci., 1, p. 221, (1858)

Discina nitida? Meek and Worthen (non Phillips), Geol. Surv. Ill..
p. 572, pl. xxv, £. 1, (1873); White, 13th Ann. Rep. 8t. Geol. Ind., p. 121,
pl. xxv, £. 10, (1884), ete.

Discina mcekiana Whitfield, Ann. N.Y. Acad. Seci., 11, p. 288, (1882); etc.
Or?lisc;lloidea missouriensis Schuchert, Bull. 87, U. 8. Geol. Surv., p. 281,
).

White’s description (in p'a.rt) : ¢ Shell small, subcircular, de-
pressed conical, the sides sloping nearly straight from the apex
to the margin; apex prominent, situated about one-third the .
diameter of the shell from the posterior border ; lower valve flat
with the usual depression around the foramen ; surface of both
valves marked by concentric lines and fine lamellations. Di-
ameter of an average example about 8 mm.”’

In this shell the height of the apex is about one-third the di-
ameter of the shell. The concentric lines are prominent in
well-preserved specimens and are sharply elevated, separated
by wider, shallow furrows. The sulcus extends two-thirds or
all the distance to the posterior margin. The inner lamine of
the dorsal valve show a radiate structure. .

Range and distribution: Upper and Lower Coal Measures ;
Fort Scott; Rosedale, Wyandotte county; Lansing, Leaven-
worth county ; Topeka.

Orbiculoidea convexa. Plate VIII, figs. 3, 3b.

Discina convera Shumard, Trans. St. L. Acad. Sci., 1, p. 221, (1858);
White, 13th Ann. Rep. St Geol. Ind., p. 121, pl. xxv, £. 9, (1884),etc.

Orbdiculoidea convexra Schuchert, Bull. 87, U, 8. Geol. Surv., p. 278, (1897).
White’s description: ¢ Upper valve broadly but somewhat
prominently convex; subcircular in marginal outline; the
height nearly equal to one-half the diameter; apex somewhat
obtuse, but moderately prominent, situated abotit one-third the
diameter of the shell from its posterior margin ; surface marked
by the usual distinct lines of growth. A small under valve was
found in the same locality as the upper valve above described,
and probably belongs to this species. It shows a similar sur-

A}
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face, which is nearly flat, but it is depressed above the foramen,
which is of the usual character; the foramen is situated just
beneath the beak of the upper valve.”” The posterior portion
of the shell of one individual which has the outer portion of
the shell exfoliated shows distinct, discontinuous, alternating,
radiating ridges, from near the beak to the posterior margin.
‘‘ Diameter of the upper valve just described, 27 mm. ; height,
12 mm.”’ :

Range and distribution : Upper Coal Measures ; Kansas City,
Topeka. !

Orbiculoidea manhattanensis. Plate VIII, figs. 2-2b.

Dis¢ina manhattancnxis Meek and Hayden, Proc. Acad. Nat. Phil,,
(1859), p. 25.

Orbiculoidea manhattanensis Hall and Clarke, Introduction to Study
O{Sgngh" pt. 1, pl. v, £. 12, (1892); Pal. N. Y., vi1, pt. 1, pl. 1v, f. 20,
( ).

Shell of medium size for this genus, nearly circular, dorsal
valve moderately elevated ; umbo situated about one-half of a
diameter from the posterior margin; surface of dorsal valve
marked with concentric lines, which are much heavier near the
margin and finer and more wavy near the apex. The anterior
slope is slightly convex, posterior a little concave, distinctly so
in casts. The ventral valve is flat, shell quite thick ; sulcus in
distinct depression, extending about half way from the center
to the margin; opening linear-elliptical. There is a thick
callosity near the outer margin which is marked by radiating
ridges corresponding to those of the other valve. Diameter of
large specimen, 12 mm. ; height, 24 mm. Outer surface
marked by concentric lines similar to the convex valve.

Range and distribution: Upper Coal Measures; Wabaunsee
formation; black shale in avagon-road cut east side of Blue
Mount, Manhattan, Kan. In collection of E. A. Popenoe.

This species differs from O. missouriensis in being more com-
pressed, thicker shelled, shorter sulcus, and in having more
distinct concentric lines; from (). conrera, in being much less
convex and much smaller.
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CRANIA.

Retzius, Schrift. Ges. Naturf. Freuende, Berlin, II, p 72. (1781)
Hall and Clarke, Pal. N. Y., pt. I, p. 145, (1892) ;

Crania modesta. Plate VIII, fig. 4.

Crania modesta White and 8St. John, Trans. Chic. Acad. Sci., 1, p. 118,
} 18568()1;88‘2’““’ 13th Rep. Ind. St. Geol., p. 121, pl. xxxv, f. 9, pl. xxxvI,
. D, ).

('rania carbonaria Whitfield, Ann. N. Y. Acad. Sci., 11, p. 229, (1882):
Geol. Ohio, vI1, p. 484, pl. x1, f. 11, 12, (1895); etc.

Whitfield’s description : ‘¢ Shell small, none of the specimens
observed exceeding three-eighths of an inch in diameter; subor-
bicular in outline, or varied in form by the outline of the objects
to which they are attached. Free valve depressed convex,
marked by a few concentric lines of growth; attached valve
thin, but with a slightly thickened margin. Posterior muscular
impressions large and submarginal, the others being nearly
central and forming a small elevation just posterior to the
middle of the valve.”” Measurements: Diameter, 9 mm.;
height, 3 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Eudora, Grand Summit.

The specimens are attached to Productus semireticulatus, and
the convex valves reproduce the markings of the host. One
near the front of the shell shows the large radiating cost:x quite
plainly, while on the reticulated area shows both the radiating
and concentric marks, while still another situated partly on the
reticulated area shows the reticulated markings on one side and
only the radiating on the other. Two specimens on worn shells
show none of the markings of the host. The attached valves
are thin, but show the muscular markings quite distinctly.

DERBYA.

Waagen. Pal Indioa, ser. XIII, I, pp. 576, 591, (1884 ).
Hall and Clarke, Pal. N. ¥ pt. I, Ly zsn (i%02) ; 11th Ann. Rep. N. Y. St. Geol.,
D kﬂ ) for 1894

The genus Derbya has been divided by Waagen into groups,

but I see no sufficient reason for such divisions for our American
shells.

A consideable stress has been laid upon the nature of the
hinge area in the different American species of the genus. I
5—vi
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find, upon examination of the Kansas Coal Measures forms,
that the length of the hinge and the height of the area, as well
as the relative convexity and bilobation of the brachial valve,
are quite variable. The diverging lines which pass from the
apex of the deltidium obliquely to the hinge line, nearly bisect-
ing the area, are common to all the well-preserved specimens
from the Coal Measures that I have examined. The same is
true of the vertical striation of the area between these lines.

The area between the diverging lines is composed of two
large dental plates not entirely united to the remainder of the
hinge area. This is clearly shown by specimens with the area
crushed. In such cases it almost always breaks along these
lines with smooth fracture.

They alse present some striking peculiarities in the surface
markings of the shell. Upon a cursory examination there

seem to be two distinct kinds of surface markings — those shells

in which the strize are small, somewhat rugose, separated by
wider channels; and those with more rounded, crowded, rugose
ridges with narrow valleys. Upon examination of several
specimens of different species, the difference in these respects is
found to be due, either to weathering or to wearing previous to
fossilization. The strize are rounded, thicker at the top of the
ridge than at the base, furrows and ridges crossed by numer-
ous fine, concentric lamellee, which are raised into rugz on
the ridges and nearly imperceptible in the furrows. In the
slightly worn specimens a portion of the top and sides of the
ridges are worn away, making them appear keel-shaped, with
wider furrows. The wearing of the shell does not seem to di-
minish the roughness of the striwz very perceptibly, while it
seems to bring out the concentric markings of the furrows more
distinctly.
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Derbya bennetti. Plate VIII, figs. 8-8c.

Derbya bennetti Hall and Clarke, Pal. N, Y., vini, pt. 1, pp. 263, 348, pl.
xi-a, €. 34-39, (1892); Aon. Rep. St. Geol. N. Y. 1884, p. 347, pl. v, 1. 3-8,
( )

Original description: ¢‘Shell subtrihedral in general aspect,
quite irregular in its growth. Hinge line short, its extremities
on both ‘valves being auriculate. Pedicle valve much more
irregular in growth, sometimes retaining the scar of attachment
at its apex. Cardinal area usually high, narrow, erect or
slightly incurved, and frequently distorted ; delthyrium curved.
General surface of the valve depressed, convex in the middle,
sometimes rapidly sloping in all directions, at others concave in
the umbonal region; as a rule very unsymmetrical. The
brachial valve is deep, more regularly convex, and has a full
rounded umbo and a conspicuous median sinus. On the in-
terior the pedicle valve bears an extremely high median septum
which is united with the dental ridges near the apex. The
cardinal process is high, erect and deeply bilobed, each of its
apophyses being strongly grooved on its posterior face. Other
internal characters unknown. The surface of both valves is
covered by fine, elevated, thread-like stris, increasing very
slowly by intercalation. The edges of these strize bear numer-
ous minute asperities which may be due to the crossing of fine
concentric lines. Irregular lines and wrinkles of growth are
abundant near the margins.’’

Range and distribution : Upper Coal Measures; Lecompton.
Mr. Bennett informs me that the type specimen which was sent
Professor Hall, and upon which the description was based, was
from near St. Joseph, Mo., instead of Kansas City.

Hall and Clarke described another species from Kansas City
(D. broadheadi) with very much the same characteristics as the
species given above. Among the specimens before me I am
unable to separate the two satisfactorily, and believe that they
will have to be united under a single species. D. broadheadi, in
some of its forms, approaches D. affinis so closely, being so
slightly bilobate, that the two forms seem to merge completely,
as well as the characters of the beaks, which also approach each
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other closely, so that it would be better to leave D. hennetti for the
species, should the two be found identical. D. broadheadi may,
perhaps, be varietally distinct from D. bennetti, but our mate-
rial would hardly seem to indicate it.

Derbya cymbula. Plate XII, fig. 10.

Derbya cymbula Hall and Clarke, Pal. N. Y., vi, pt. 1, p. 348, pl. x1-B,
ff. 2, 3, (1892); Rep. N. Y. St. Geol. 1894, p. 348, pl. v1, ff. 1, 2, (1895).

Original description (in part): *‘Shell large ; marginal outline
transversely subelliptical. Hinge line straight, its length be-
ing about two-thirds the greatest diameter of the shell. On
the pedicle valve the cardinal area is high, its base being one-
third longer than- its sides, and it may be somewhat unsym-
metrical from distortion. Its surface is finely striated both
longitudinally and transversely, and is divided into an outer
and inner portion by two lines diverging from the apex and
meeting the hinge line half way between its extremities and
the edges of the deltidium. Deltidium broad at the base, rap-
idly narrowing for one-third its length, thence tapering more
gradually to the apex; its surface is marked by a well-defined
median groove for its entire extent. The surface of the valve
is elevated in the umbonal region, and slopes irregularly to a
low depression over the pallial region and about the margins.
The brachial valve is broadly concave at the umbo, but rapidly
becomes regularly convex, the greatest convexity being in.the
middle of the valve, whence it slopes almost equally in all di-
rections. There is no tendency to irregular growth in this
valve. Surface covered with numerous fine, sometimes irregu-
lar striee, increasing by implanation. (Over the umbonal and
pallial regions these strix are of about equal size, but above
the margin the tendency to fasciculate arrangement is more
apparent.”” The mesial septum of the pedicle valve very high,
attach to the teeth, which extend to the top of the deltidium
for about a third of its height, and extending about a third of
the distance to the front of the shell, highest at the anterior
end. Teeth of the brachial valve narrow, extending well into
the opposite valve, where they curve inward, locking around
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a process from the cardinal process of the brachial valve.
Cardinal process of the brachial valve large, elongated, and
expanded laterally, divided by a deep sinus at the summit,
each lateral lobe having a very deep groove on its posterior
side extending nearly its entire length. The cardinal process
is very strongly recurved backwards, fitting closely into the
deltidium of opposite valve, and backing the process on either
side are two high plates extending well back into the visceral
cavity, and attached to the brachial valve. Measurements:
Length (hinge to front), 45 mm.; width, 58 mm.; convexity
(maximum), 39 mm.; length of hinge, 35 mm.; height of
area, 13 mm.

Range and distribution: Upper Coal Measures, and base of
Permian? Kansas City, Cambridge, Cowley county.

This species can be easily recognized and separated from the
preceding by its larger size, relatively lower beak (as a rule),
and its non-bilobate brachial valve. Hall and Clarke have
described another species from Kansas City, D. affinis, which
is, to say the least, exceedingly closely related to D. cymbula,
the principal difference being in the location of the point of
greatest convexity in the pedicle valve and smaller size. So
far as the topography of the pedicle valve is concerned in this
genus, except, perhaps, the relative length and height of the
hinge area, it seems to be governed largely by the immediate
surroundings of the individual. The location of the point of
greatest convexity, and, even as to whether or not there is a
concavity in the valve, vary greatly in those species which
have a convex or raised valve. In the specimens of D. cymbula
in our collection I find no two with the same topography of the
pedicle valve, and they vary from regularly convex from the
apex of the beak to the extreme front margin to irregularly
concave over the same area. Some are regular in their growth,
while others are very irregular. It seems to me that the speci-
mens described as D. affinis are young or stunted forms of D.
cymbula, for it is almost impossible to separate the two forms
at all, if we possess the specimens of the two species, and we
have specimens that answer the descriptions very closely.
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Derbya crassa. Plate VIII, figs. 11, 11b.

Orthis arachnoides Roemer (non Phillips), Kreidebildung Texas, p. 89,
pl. x1, £. 9, (1852); etc.

Orthisina crassa Meek and Hayden, Proc. Acad. Nat. Sci. Phil. 1858, p. 261.

Orthis lasallensis McChesney, Desc. New Pal. Foss., p. 32, (1860); ibid.,
pl. 1, L. 6, (1865).

Orthis richmonda McChesney, ibid., p. 32; also pl. 1, . 5.

Hemipronites crassus Meek and Hayden, Pal. Upp. Mo., Smiths. Cont.
Knowl., x1v, 173, p. 26, Fl. 1, £. 7, (1864); Meek, Fin. Rep. U. 8. Geol.
Surv. Neb., p. 174, pl. v, {. 10, pl. v, f. 1, (1872); etc.

Orthis crenistria Geinitz (non Phillips), Carb. u. Dyas in Neb., p. 46,
pl. 111, ff. 20, 21, (1866).

Hemipronites lasallensis McChesney, Trans. Chic. Acad. Sei., 1, p. 28,
pl. 1, £. 6, (1868).

Hemipronites richmonda McChesney, ibid., p. 28, pl. 1, £. 5.

Hemipronites crcniatria White, Wheeler’s Expl. S8urv. West. 100 Mer.,
©1v, p. 124, pl. x, £. 9, (1875).

Streptorhynchus richmondi Hall, 2d Ann. Rep. N. Y. St. Geol., pl. x¢,
ff. 10, 11, (1883).

Derbya crassa Waagen, Pal. Indica. ser. xi11, 1, p. 592, (1884); etc.

Meek’s description (in part) : ‘‘Shell varying from nearly cir-
cular to truncato-subcircular, or transversely suboblong, generally
wider than long, varying from compressed to distinctly convex ;
hinge margin equaling or shorter than the greatest breadth of
the valves, rectangular, or sometimes more or rather less than
rectangular, at the extremities ; anterior outline forming a more
or less regular semicircular curve. Dorsal valve always convex,
sometimes very distinctly so, the greatest convexity being near
the middle ; beak not distinct from the cardinal margin. Ven-
tral valve varying in convexity at the umbo, sometimes very
prominent, and occasionally distorted there; less convex, flat-
tened, or not unfrequently a little concave, around near the
front; area varying in height in proportion to the elevation to
the beak, and either flat or with the beak a little arched, usually
rather distinctly striated ; its closed fissure varying in the pro-
portions of height and breadth with the greater or less eleva-
tion of the beak; interior always provided with a prominent
mesial septum extending from the beak forward to near the
middle of the valve; surface on both valves marked by numer-
ous strong, raised radiating strize of unequal size, there being
generally one or several smaller ones between each two of the
larger ; crossing the whole are also numerous fine, regular con-




BEEDE. | Carboniferous Invertebrates. 63

centric strie, more or less defined both between and upon the
radiating striee, to which latter they impart a neatly crenate ap-
pearance.”’ The dental lamelle are narrow and thin in younger
specimens, more rounded and heavier in old ones, extending
the entire length of the deltidium and projecting beyond the
hinge margin. Muscular impressious of this valve are usually
indistinct in young specimens, but are well impressed in the old,
thick-shelled individuals, varying from nearly circular to linear-
elliptical in outline, in some cases extending two-thirds the
distance to the front of the shell, though as a rule it only covers
the central portion of the posterior half of the valve. There is
a faint mesial ridge in the posterior portion of the brachial
valve, extending about half way to the front in old specimens.
The muscular scar is nearly circular and marked by longitudinal
ridges extending about half way to the front and sides of the
valve. Cardinal process moderately prominent, bifid atits apex,
and possessing a lateral lobe on each of the supporting plates
near their anterior portions. Measurements: Length, 26 mm. ;
width, 31 mm. ; length of hinge, 20 mm.

Range and distribution: Upper and Lower Coal Measures;
Fort Scott, Kansas City, Lawrence, Topeka.

This little depressed or moderately convex shell is very easily
distinguished from the other species by its smaller size, moder-
ately low hinge area, and thick, or sometimes thin, shell.

Derbya keokuk. Plate VIII, fig. 13; text fig. 3, E

Orthis crenistric Yandalland Shumard, Cont. Geol. Ky., pp. 19, 21, (1847).

Orthis keokuk Hall, Geol. Suryv. Iowa, 1, pt. 11, p. 640, pl. xix, f. 5,
(1858); ete.

.Strigtorgggnchua kcokuk Hall, 2d Ann. Rep. N. Y. St. Geol.,pl. xr1, ff.

Streiptorhynchua erenistria Walcott, Mon. U. 8. Geol. Surv., vi11, p. 279,

xvir, £, 14, (1884).

Derbgva gggkuk Hall and Clarke, Pal. N. Y., vin, pt. 1, p. 262, pl. x1, fI
-3, 11892).

20rthis umbraculum Owen (non Schlotheim), Geol. Surv. Wis., Iowa, and
Minn., pl. v, f. 11, (1852).

?Orthis robusta Hall, Geol. Surv. Iowa, 1, pt. 11, p. 743, pl. xxvir, f. 5,
(1858).

’S{; 7torh&r;chm robusta Hall, 2d Ann. Rep. N. Y. St. Geol., pl. xrL, fI.

?Derbya robusta Waagen, Pal. Indica, ser. x111, 1, p. 592, (1884); Hall and
Clarke, Pal. N. Y., v, pt. 1, p. 262, pl. x, ff. 12-17, pl. x1B, ff. 7, 8, (1892).




64 University Geological Survey of Kansas.

Hall’s description (in part) : ‘“Shell resupinate, somewhat
broadly semielliptical in outline, depressed hemispheric; car-
dinal extremities rounded. Ventral valve flat or slightly con-
cave; area low, extending to the hinge extremities; foramen
forming an equilateral triangle, closed by a pseudo-deltidium.
Dorsal valve broadly convex, the greatest convexity a little
above the middle, and often equal to one-third the width of the
shell. Surface marked by even rounded radiating strize, which
increase by bifurcation and interstitial addition, and are crossed
by fine concentric strize.’”” Interior of pedicle valve marked by
large, deep, semicircular impression, with raised irregular per-
iphery, moderately high mesial septum extending to the front of
the muscular impression, which is marked by irregular radiat-
ing ridges and furrows of variable size. Area of the valve out-
side of the impression finely pitted to the edge, where the
striations of a new layer of shell form a radiate periphery.
Hinge area possessing the usual diverging lines, within which
are vertical strize. Entire hinge area marked by horizontal
lines or lamell:e.

Range and distribution : Upper Coal Measures to Permian;
Kansas City, Carbondale, Topeka, Cambridge, (‘owley county.

. This shell agrees in many respects with the description of D.
keokuk and in others with D. robusta. If the previous remarks
on surface markings of the valves and the hinge area hold good
for the genus, there is little doubt that the two will prove syn-
onymous. The fact that our Coal Measures shells have the out-
line and also the interior of the pedicle valve almost exactly as
D. robusta and, where the shells'are not worn, the markings of
D. keokuk, would seem to indicate that they are the same.
Specimens broken from limestone always leave a portion of

the shell attached to the stone, which makes the specimens .

look like those with the markings ascribed to D. robusta. Some
of our specimens differ from D. keokuk in that the hinge is
hardly as short as ascribed to that species, though some of
them approach it quite closely. However, the length of the
hinge is not a very constant character in any species of the genus
that I have examined. The front and lateral margins expand
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much more rapidly than does the hinge after the shell reaches
middle age.

Professor Clarke writes me concerning these two species that
“There can be no question of the close similarity of these two
species, and D. robuste was founded upon a single specimen
remarkable for the convexity of its brachial valve and its sub-
circular outline, but I recollect distinctly that we had a com-
paratively meager representation of this species from the Coal
Measures. I have little doubt that one represents the continu-
ation of the other specific type, perhaps with some slight varia-
tion, and that the genus attained its culminant variability of
expression in the Coal Measures.”’

The relative conyexity of the brachial valve varies to a con-
siderable degree, though the most of them are very convex. Con-
sidering these points as a whole, the only grounds left, so far as
I can see, for D. robusta to rest upon, are its relatively little
longer hinge and greater convexity of the pedicle valve, both of
which are variable characters, and the two species approach each
other very closely in this respect. However, it may be suffi-
cient to distinguish them, though I think that they will prove
to be the same.

MEEKELLA.

Whita and St. John, Trans. Chic, Acad. Sci. I, p. 120, ff. 4-8, (1888).
Hall and Clarke, Pal. N. Y. VIII, pt. I, p. 264 (1882) ; etc.

- Meekella striatocostata. Plate XII, figs. 9-9c.
Plicatula striatocostata Cox, Geol. Surv. Ky., 111, pt. 1, p. 568, pl. viir,
£. 7, (1857).

l)rt)ltggisna shumardianus Swallow, Trans. St. L. Acad. Sci., 1, p. 183,

( )

Orthigsina mirsourienxis Swallow, ibid., p. 219: etc.

Orthis striatocostata Geinitz, Carb. u. Dyas in Neb., p. 48, pl. 111, ff. 22—
24, (1866).

Meekella striatocostata White and St. John, Trans. Chic. Acad. 8ci., pp.
129, 122, ff. 4-6 (1868); Meek, Fin. Rep. U. S. Geol. Surv. Neb., p. 175,
pl. v, 1. 12, (1872); etc.

S{rppforh_fnchw (Meekella) striatocostata Hall, 2d Ann. Rep. N. Y. 8t.
Geol., pl. xL, ff. 18-23, (1883).

Meek’s description (in part): ‘¢ Shell trigonal-subglobose, be-
coming very convex with age, generally a little longer than
wide ; hinge line very much shorter than the breadth of the
valves. Dorsal valve convex, the greatest prominence near the
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umbo, thence rounding over to the front, being usually some-
what flattened over the central and anterior regions, but with-
out any mesial sinus; beak strongly incurved, and with its
most prominent part sometimes projecting a little beyond the
hinge line, but in others flattened, and. with its immediate
apex nearly always terminating at the margin of the hinge;
posterior lateral margins laterally compressed and converging
toward the umbo at nearly a right angle; surface ornamented
by about ten to thirteen large, radiating, more or less angular,
simple or rarely bifurcating plications, which are themselves
(as well as the furrows between) marked by fine but distinct
radiating strize, which, toward the front, instead of continuing
parallel to the furrows and plications, converge forward on each
side of the latter so as to intersect along the crests of the same
at acute angles. Crossing all of these, there are usually toward
the front and lateral margins a few strong zigzag marks of
growth. Ventral valve more convex than the other, the great-
est convexity being at or near the beak, which is elevated and
usually more or less distorted, being sometimes twisted to one
side, and in other examples straight or somewhat arched back-
ward ; cardinal area narrow transversely, but proportionally
high, being often distinctly higher than wide, but well defined,
and usually finely striated transversely and vertically, either
flat or more or less arched backwards; false deltidium closing
the fissure, narrow, and provided with a slender, rounded,
prominent mesial ridge extending to the apex of the beak ; sur-
face as in tbe other valve.”” The two dental lamellie of the
pedicle valve extend from the apex of the beak to the hinge
and forward about half the distance to the front of the shell,
dividing the beak into three nearly equal compartments. The
cardinal process of the brachial valve is curved forward and
upward, long, and thickened at the extremity. Measurements
of average specimen : Length, 23 mm. ; width, 29 mm. ; convex-
ity, 18 mm. ; length of hinge, 14 mm. ; height of cardinal area,
9 mm. :

Range and distribution: Upper and Lower Coal Measures;
Fort Scott, Olathe, Kansas City, Eudora, Lawrence, Lecomp-
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toh, Topeka, Beaumont, Grand Summit. Widely distributed,
but moderately rare throughout the Coal Measures and base of
the Permian. Abundant near the base of the Permian.

The individual variation of this species is very great. In
most of the larger specimens the width is considerable greater
than the length as indicated by the above measurements. The
distinctness of the plications varies with age, being very faint
in young specimens and very distinct and sharp in old ones.
Young specimens are much less convex and comparatively
longer than the old ones. The comparative height of the car-
dinal area varies greatly, some specimens havmg the beak only
moderately elevated.

CHONETES.
Fisher and Waldheim, Or{,ct du Gouyv. de Moscou, pt. 11, p. 134, pl. XXVI, ﬂ 6
Hall and Clarke, Pal. N. Y .pt.I Brachiopoda, p. 303, pl. XV-a, &. 11-18, pl XVI, . ¢ 1,
1821, 32-36, 89, 43, 44, 48, (1592).

Prior to 1844 species belonging to this genus were described
under the generic terms Pecten, Hysterolythes, Terebratulites,
Lepteena, Orthis, Spirifera, Strophomena, Productus, and Delthyris.
Since that time the genus has been better understood.

After giving the generic description (loc. cit.), Hall and Clarke
say of the genus: ‘‘Chonefes is remarkable for the persistence
of its characters. From its appearance in the middle of the
Silurian to its disappearance in the Permian, this type of struc-
ture has been maintained with few essential modifications. On
account of this stability in its features it is difficult to establish
any satisfactory subdivision of its members, especially since the
genus has been left more compact by the recent elimination of
some of its more aberrant forms.”’

The following is a summary of the sections of the genus, as
compiled by them, now accepted by leading authorities; these
sections are mechanical and arbitrary :

I.—Concentricce, those with concentric folds or undulations, like (. con-
centrica.
II.—Striate, those with more than thirty radiating striz.
1II.—Plicose, those with less than thirty striee.
IV.—Rugosce, those with rugose radiating striwe.
V.—Grandicostate, those with high, strong radiating coste.
VI.—Lcves, those with smooth shells.
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All of our Kansas shells fall within two of these sections, the
second and the sixth. The Striate include: €. mesolobus, ver-
nuilianus, and granulifer. The Lgves include C. glaber Gein.

Chonetes glaber. Plate IX, fig. 2.

Chonctes glaber Geinitz, Carb. u. Dyas in Neb., p. 60, pl. 1v, ff. 15-18,
(1866&; %ak, Fin. Rep. U. 8. Geol. Surv. Neb., p. 171, pl. x1v, {. 10, pl.
vir, ff. .

Chonetes geinitziana Waagen, Pal. Indica, ser. x111, vol. 1, p. 261, (1884).

Chonetes levis Keyes, Proc,. Acad. Nat. Sci. Phil., p. 229, pl. x11, £. 3:
Geol. Surv. Mo., v, p. 55, pl. xxxvii, £. 5, (1895).

Chonetes geinitzianus Miller, N. Amer. Geol. and Pal., p. 339, (1889).

Chonctes glaber Schuchert, Bull. No. 87, U. 8. Geol. Surv., p. 74, (1897).
Meek’s description: ‘“Shell thin; transversely subsemicir-
cular, length being more than half the breadth; hinge line a
little longer than the greatest breadth of the valves, at any
point farther forward ; lateral extremities abruptly pointed and
sometimes slightly recurved ; anterior and anterior lateral mar-
gins, forming a semicircular curve in outline, excepting that
the former is generally faintly sinuous in the middle; lateral
margins curving abruptly outwards just before intersecting the
hinge extremities. Pedicle or larger valve moderately convex,
the most gibbous part being in the form of two broad, rounded,
undefined prominences, which diverge from the beaks to the
anterior lateral regions, leaving a rather broad, rounded, deep
mesial sinus between them, extending nearly to the beak, but
widening and deepening rather rapidly to the front; outside of
these prominences the posterior lateral regions are more or less
compressed ; beak small, compressed, slightly arched, and
scarcely projecting beyond the cardinal margin; area narrow,
inclined obliquely backward; its fissure small, nearly semi-
circular and partially closed by the cardinal process of the other
valve; cardinal margin armed on each side of the beak by four
or five slender, moderately long, oblique spines, with sometimes
remains of one or two much smaller rudimentary additional
ones near the beak; cardinal teeth compressed, their longer
diameter ranging nearly parallel to the hinge line—as seen
under a strong lens, finely striated on the outside, at right
angles to their length. Interior, excepting the regions of the
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muscular impressions, with numerous, rather distinct granules,
arranged in radiating rows —immediately within the fissure,
provided with a short, rather prominent, compressed ridge
ranging at right angles to the hinge; muscular impressions
very obscure.

““ Dorsal or concave valve, following nearly the curve of the
other; area of about the same size as in the dorsal [ventral]
valve, inclined forward from the hinge; cardinal process small,
not very prominent, and, as seen on the outer side, somewhat
trilobate, the middle lobe or ridge being divided by a linear
sulcus; socket ridges very oblique; interior granulated as in
the other valve. A very small, obscure linear ridge occupies
the middle of the valve, without, however, extending up to the
hinge ; muscular impressions unknown.

‘‘ Surface of both valves nearly smooth, but showing obscure,
concentric marks of growth. In some conditions of weathering
there is a faint appearance of radiating markings, but this is
due rather to the structure of the shell and not to proper ex-
ternal lines. When a single one of the thin valves is cleaned,
and examined by the aid of a good magnifier and a strong trans-
mitted light, very scattering punctures or pores are seen arranged
in quincunx, and passing obliquely through the shell. These
appear to have been connected with minute tubular spines,
arranged over the whole surface, during the life of the animal.’’

Range and distribution : Upper Coal Measures; Topeka.

Chonetes granulifer. Plate IX, figs. 1-1c.

Chonetes granulifera Owen, Geol. Rep. Iowa, Wis., and Minn., p. 583,
tab. v, f. 12, (1852); Meek, Fin. Rep. U. S. Geol. Surv. Neb., p. 171, pl.
v, £. 19, pl. vi, £. 8, (1872); ete.

Chonetes amithii Norwood and Pratten, Jour. Acad. Nat. Sci. Phil., 111,
P- 24, pl. 11, £. 2, (1854); etc.

Chonetes mucronata Meek and Hayden, Proc. Acad. Nat. Sci. Phil., p.

© 262, (1858); Pal. Upp. Mo., p. 22, pl. 1, £. 5, (1864); etc.

Chonetes granuliferus Beecher, Am. Jour. Sci., 3d ser., xrI, p. 357, pl.
xvir, f. 15, (1891).

Chonetes granulifer Schuchert, Bull. 87, U. S. Geol. Surv., (1897).
Meek’s description: ‘¢ Shell attaining a rather large size,
semicircular in outline, having its greatest breadth on the
hinge line, which often terminates in extended mucronate ears.
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Larger or ventral valve moderately convex, the greatest con-
vexity being in the central region, or rather on each side of it,
as there is usually a broad, shallow, mesial depression ; ears
and lateral regions compressed ; front somewhat straightened
along the middle; beak small, rather compressed, a little
arched, and scarcely projecting beyond the cardinal margin,
which is provided with from seven to eleven oblique spines on
each side of the beak; area rather narrow, ranging nearly
parallel with the general plane of the valves, its fissure broad,
partly closed by the arching deltidium ; hinge teeth well devel-
oped, compressed, and minutely striated ; interior with impres-
sions of cardinal muscles subovate, diverging, attenuate above ;
adductor muscular scars small, narrow-subelliptical ; mesial
ridge prominent near the beak, much lower, and nearly extend-
ing forward to the central region; most of the interior occupied
by granules, which are largest and most crowded on a narrow
space around and near the front and lateral margins; but
around the immediate margin they are much smaller, and ar-
ranged in distinct radiating rows. Dorsal or smaller valve
following nearly the curve of the other, the beak and central
regions being concave, and the ears flat; area well developed,
but narrower than in the other valve; bifid cardinal process
and mesial prominence, nearly or quite closing the fissure of
the other valve. From the base of this process there are ex-
tending, on the inner side of the valve five radiating ridges,
two of which pass obliquely outward, forming the inner mar-
gins of the dental sockets, while a third mesial one extends at
right angles to the hinge, a little more than half way to the
front; the other two are much shorter, oblique, and occupy in-
termediate positions between the middle and two latter ones;
granules of the interior as in the other valve. Surface of both
valves ornamented with a few subimbricating marks of growth,
crossed by very fine, obscure, regularly and closely arranged
radiating striee, of which about 150 can be counted around the
free border of a large individual, where about eight or nine of
them may be counted in the space of one line.”’
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Measurements : Length, 15 mm. ; width, 28 mm. ; convexity,
5 mm.

Range and distribution : Common throughout the Coal Meas-
ures ; from Kansas City to Topeka and Manhattan, Grand Sum-
mit, etc.

There are two specimens from Grand Summit, Kan., which
show a remarkable variation from the average specimens of this
species. In these the ears are elevated, distinctly and deeply
notched, the lateral margins curving inward, then, making an
acute angle, are directed outward and backward to the hinge
tip. In all other respects, so far as can be determined from the
exterior appearance, they are exactly like the above species.
Two other specimens from eastern Kansas also show this re-
markable characteristic, though in a less pronounced manner.

This species differs from the preceding in possessing radiat-
ing strize on the surface of both valves and a thicker shell; it
is more broad, and the ridges on either side of the mesial sinus
are less prominent.

-

Chonetes mesolobus. Plate IX, figs. 3, 3b.

Chonetes mesolobus Norwood and Pratten, Jour. Acad. Nat. Seci. Phil., 111,
p- 27, pl. 11, 1. 7, (1854); White, Wheeler's Geog. Surv. West 100 Mer.,
v, p. 123, pl. 1x, £. 7, (1875); etc.

Shell small, broader than long, moderately convex, trans-
versely subelliptical or subquadrate in outline; hinge line a
little more than equal to the greatest width of the shell. Mesial
sinus extending from near the beak, broadening and deepening
to the anterior margin, bifurcating near its origin and enclosing
a mesial fold. Anterior margin nearly straight or slightly sinu-
ate ; antero-lateral margin sharply rounded, then passing nearly
in a slightly convex line directly backwards to the hinge line,
making a slight outward turn before joining it. Cardinal area
narrow, foramen broad and shallow, nearly filled by the small,
trifid process of the other valve. Surface ornamented with
fine radiating strize, rather coarsely and sparsely punctate.
Four or five small spines on eather side of the beak point
obliquely backward from the hinge line. The markings on the
interior of the ventral valve are rather similar to the preceding.
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The mesial septum is apparently short and thick. Two small,
sharp elevations mark the location of the double sinus on the
exterior. The adductor scars are located close beneath the
beak, oblique and ovate-elliptical in outline, and rather deeply
impressed. The pustules are arranged as in C. granulifer, ex-
cept that they are not always arranged in radiating rows
around the periphery, though they are in some specimens.
The interior of the dorsal valve is different from the rest of our
species. The sinus dividing the extremity of the deltidial proc-
ess splits into two, making the end of the process appear trifid.
The radiating ridges are nearly as in the preceding species, ex-
cept that the middle pair are recurved, forward and inward,
enclosing a depression resembling a muscular marking. The
mesial septum extends fully half the length of the shell, ending
in a slight enlargement. On either half of the valve, corre-
sponding to the folds of the other valve, are rather crescent-
shaped brachial areas, the outer edges of which are beset with
large, rather long, pustules. Pustules of the remainder of the
surface as in the other valve. In the anterior half of the shell
is a deep double sinus, enclosing a mesial fold, corresponding
to the sinus and fold of thé ventral valve.

Range and distribution: Lower Coal Measures; Fort Scott
and Bronson, Bourbon county.

The features which distinguish this species from the re-
mainder herein described are the mesial fold in the ventral
valve and the short hinge line. Its range is restricted to the
lower part of the Coal Measures.

Chonetes verneuilianus. Plate IX, figs. 4-ic.

Chonetes verneuilianus Norwood and Pratten, Jour. Acad. Nat. Sci. Phil.,
11, p. 26, pl. 11, £. 6, (1854); Newberry, Ives’ Rep. Col. Riv. of West, p.
128, (1861); Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 170, pl. 1, {. 10,
(1872); Hall, 2d Rep. N. Y. St. Geol. pl. xLv11, ff. 20, 21, (1883);: White,
13th Ann. Rep. St. Geol. Ind., p. 128, pl. xxv, ff. 7, 8, (1884); Hall and
Clarke, Pal. N. Y., v, pt. 1, pl. xvi, ff. 29, 21.

Meek’s description (in part) : ‘‘Shell rather small, varying
from subsemicircular to suboblong; hinge line more or less
extended beyond the breadth of the valves at any other point;
sometimes greatly produced. Ventral valve very convex, with
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a deep rounded mesial sinus, starting near the beak and deepen-
ing and widening rapidly to the anterior margin, to which it
imparts a distinctly sinuous outline, thus dividing the gibbous
part of the valve into two prominent rounded lobes or diverg-
ing ridges, separate from each other by a broad rounded de-
pression ; ears more or less angular, sometimes extended and
acutely pointed, slightly arching, and a little reflexed ; beak
rather prominent and recurved; area moderately developed
and common to both valves, but widest in the ventral; fora-
men wide; cardinal margin provided with four oblique spines
on each side of the beak. Dorsal valve following rather nearly
the curve of the other, and provided with a mesial ridge corre-
sponding to the sinus of the other valve.”” The interior of the
ventral valve possesses a short, sharp mesial septum extending
beneath the umbo; each side of the septum, close under the
beak, there is an oval muscular depression, the broader end ex-
tending obliquely forward ; near the posterior end is a small
elliptical scar. Immediately in front of the scars the shell is
smooth. Around the visceral cavity are large pustules, while
exterior to these, on the periphery of the shell, are smaller ones
arranged in radiating order. There is a small, distinct tooth
on each side of the foramen. The deltidial process of the dorsal
valve is reenforced by five radiating ridges on the interior of the
valve, the first pair of which are nearly parallel to the hinge
line, but pointing a little forward and disappearing before reach-
ing the margin. Immediately in front of the process, which is
somewhat elevated and broad, is a small depression or cavity.
The second pair of ridges extend obliquely forward from in
front of this cavity. The mesial septum reaches about half
way to the front of the shell. On either side of it is the semi-
circular brachial area. Pustules on the surface of the valve
arranged as in the other valve. ¢ Surface [exterior] of each
valve ornamented with about 100 fine, bifurcating, radiating
strize, and sometimes near the front, by a few marks of growth.”’
Length, 9 mm.; width, 15 mm.; convexity, 4 mm.

Range and distribution: Lower and Upper Coal Measures;

6—vi
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Bronson, Bourbon county, Kansas City, Buffalo Mound, Wa-
baunsee county.

This species is easily distinguished by its deep mesial sinus
and strong bilobate appearance, together with a long hinge.

PRODUCTUS.

werby, Min. Con., I, p. 1! sy,
de oninek her. Anim. Foss,, I, p. 11, (
h Rep. N. Y. St. Cab. Nat. Hist.. . 245 (187} P i - IV, p. 146, (1867).
Hall .nd c’lme. Pal. N. Y., VIII, pt. I, p. 821, (1892) ; 11th Ann. Bep it 8t. Geol., p. 297, (18%).

This genus has been divided into groups, as follows :

Group I. Lineati Waagen. *‘Surface covered with fine radi-
ating costee which are rarely spinous.and are not crossed by
concentric plications or wrinkles. The shells are greatly pro-
duced and sometimes the anterior margins of the shells are
modified by the development of a fold or sinus. The shells
were Qrery fragile and have usually been subject to much dis-
tortion in fossilization.’’* ‘

Group II. Irrequlares Waagen. ‘' Elongate shells very nar-
row at the beak, mytiliform in outline; mode of growth quite
irregular. Surface as in the Lineati; spines grouped almost
wholly about the cardinal line.’’*

Group III. Semireticulat:i de Verneuil. ‘‘The longitudinal
ribs are sparsely spinous; surface of visceral disc covered with
concentric wrinkles.”’*

" Group IV. Spinosi de Verneuil. **Surface strongly tubercu-
lose or spinous; not reticulated.”’* '

Group V. Fimbriati de Koninck. ¢‘Surface without radiate
strice or ribs; covered with concentric ridges or plications,
bearing rows of small thickly set spines.’’ *

Group VI. Horridi de Verneuil. ¢‘Surface without concen-
tric or radiating plications; pedicle valve with a deep sinus.’’ *

Group VII. Mesolobi de Koninck. ‘¢ Surface without radiat-
ing or concentric plications except a prominent median rib.’” *

« All of our Kansas species come in groups I, III, IV, and V.
I.—Lineati: P. corc and its yarieties.
IIL.—Semireticulati: P. scmireticulatus, costatus, pcricnuis, longispinus.
IV.—S8pinosi: P. nebrascensis.
V.—Fimbriati: P. punctatus, symmetricus.

4. Hall and Clarke, Pal. N. Y., VIII, 1, p. 326,
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Concerning the synonymy of the American species of Productus
there is considerable difference of opinion. As far as our Kan-
sas forms are concerned, they have not heretofore been collected
and preserved in a manner that indicates the exact range of the
different forms, or, indeed, the exact location of the specimens
themselves ; in fact, if we are to judge from the localities given
in paleontological papers, there has been very little if any ac-
curate systematic collecting done in the Coal Measures west of
the Mississippi river, except that of Meek in southeastern Ne-
braska. As a natural result, the range of the different forms
is not known, or even the degrees of variation in the same hori-
zon. Under these circumstances, it seems best to be quite con-
servative in the number of species recognized until further and
better work is done; however, I am of the opinion that some
of the forms here referred to a single species will, on more care-
ful study of range restrictions, be separated. This is especially
true of P. cora, though the data at hand will hardly permit of
it now.

Productus cora. Plate XI, figs. 1-1f.

Productus cora @’Orbigny, Voy. dans I’Amér. Mér. Pal., p. 55, pl. v, ff.
8-10, (1842); Owen, Geol. Rep. Wis., Iowa, and Minn., pp. 103-106, pl.
v, f. 2, (1852); White, 13th Rep. St. Geol. Ind., p. 126, pl. xxvi, ff. 1-3,
(1884); etc.

Productus lyelli de Verneuil, Lyell’s Travels in North America, 11, p. 221,
(1845); Dawson, Acad. Geol., p. 219, f. g, (1855).

Productus semireticulatus Hall, Stanberry’s Expl. and Surv. Valley Gt.
Salt Lake, Utah, p. 411, pl. 111, fI. 3, 5.

Productus prattenianus Norwood, Jour. Acad. Nat. Sci. Phil., i1, p. 17,
f. 10, (1854); Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 163, pl. 11, £. 5,
pl. v, £. 13, pl. vi, f. 10, (1872); etec.

Productus flemmingi Geinitz (non de Verneuil), Carb. u. Dyas in Neb.,
_ p-53, pl. 1v, £. 5, (1866); ete.
Productus calhounianus Geinitz, ibid. (non Swallow).

Meek’s description of Productus prattenianus (in part): ¢ Shell
attaining a medium to large size; breadth generally exceeding
the length, especially when the ears are entire; cardinal mar-
gin usually somewhat longer than the transverse diameter of
the valves at any point farther forward; anterior and antero-
lateral outline regularly rounded. Ventral valve distinctly and
rather evenly convex, with or without a shallow mesial sinus;
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umbonal region gibbous; beak incurved, but scarcely passing
the hinge margin ; ears large, rather compressed, and provided
with a few large, strongly defined concentric folds, which as-
cend a little upon the sloping sides of the umbo -and extend
more or less along the postero-lateral margins, but never cross
the shell; surface ornamented with rather small, regular,
rounded coste or strize, and armed with stout, erect, long
spines, those along the hinge margin are more frequent, larger,
directed backward, with an inward curve. Some specimens
seem to be nearly destitute of spines. Dorsal valve concave,
sometimes a little flattened in the visceral region, and following
the curve of the other valve around the front and anterior
lateral margins ; ears with folds as in the other valve, and each
separated from the concave central region by an oblique ridge
or prominence; surface without spines, but with radiating
strize, as in the ventral valve, and usually crossed by very ob-
scure concentric wrinkles and a few imbricating marks of
growth, particularly near the front and sides; cardinal process
small but strongly prominent and bifid, while from its base a
slender mesial ridge extends forward to, or a little beyond, the

-"-middle.”” The internal markings of this valve are obscure. Pro-

boscis well developed, bifid, and well produced into the beak
of the other valve. Lateral ridges small, straight or curved
backward, soon disappearing ; adductor scars dim, placed well
to the posterior, nearly semicircular in outline ; brachial mark-
ings indistinct, enlarging and bending to the front at the ex-
tremities. A cast of the interior of the pedicle valve shows a
narrow, short beak, with a small depression on either side,
faint mesial ridge extending across the central portion of the
visceral area; adductor scars long and narrow, placed close be-
side the ridge ; exterior to these are the linear markings of the
diductors. Anterior marked by fine pittings. Length of fair-
sized specimen, 50 mm. ; width, 70 mm.

Range and distribution : Upper Coal Measures; Kansas City,
Eudora, Lawrence, Lecompton, Topeka, Geary county, Melvern,
Osage county.

The size of the costee in this species is variable, those with
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the larger ones possessing the larger and more numerous spines,
while those with fine costz seem to be nearly destitute of spines.

The forms of this species with the front margin emarginate
are restricted, or at least seem to be, to the base of the Upper
Coal Measures, and are for this reason worthy of varietal dis-
tinction. There is also a very wide form that is very much less
gibbous than the ordinary form, which is likewise restricted to
the same rocks as the preceding, and will probably prove varie-
tally distinct from the species. - Waagen® suggests that Pro-
ductus cora should be divided into two series of forms, one with,
and the other without a mesial sinus in the visceral area. This
will hardly hold for our western forms, for those of the form
described by Swallow as P. americanus and those without the
fold characteristic of that form both possess the sinus. The
form that is the most common in the Kansas Coal Measures is
that described by Norwood as P. prattcnianus, found abundantly
at the Nebraska City, Neb., locality of Meek, and throughout
the Kansas Coal Measures.

Productus cora americanus. Plate XI, fig. 2.

Productus_americanus Swallow, Trans. St. L. Acad. Sci., 11, p. 91, (1863).
xviI-a, ff. 22, 23, (1893).
Productus equicostatus Hall (non Shumard), Pal. N. Y., v, pt..1, pl.

This shell differs from the preceding species in possessing a
fold in the anterior portion of the shell, which is less developed
anteriorly than the sides, forming a deep sinus in the anterior
margin. In the most distinct forms of the variety the shell
is sometimes less gibbous and more alate than is true of the
species.

Range and distribution: Upper and Lower Coal Measures ;
Kansas City, Eudora, Anderson county. Seems to be confined
to the base of the Upper Coal Measures and to the Lower Coal
Measures.

8. Pal. Indica, Salt Range Foss., 676. .
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Productus semireticulatus. Plate X, figs. 2-2d; text fig. 2, f.

Anomitcs semireticulatus Martin, Petref. Derb., p. 7, pl. xxxi, ff. 1, 2,
pl. xxxu, f. 4, (1809).
Productua tnca d’ Orbigny, Voy. dans I’ Amér. Mérid. Pal., p 51, pl. 1v,
ff. 1-3, (1842); Derby, Bull. Mus. Comp. Zool., 111, p. 280, (1876
Productus semireticulatus Norwood and Pratten, Jour. Acad. Nat Sei.

Phil., 11, p. 11, (1854); White, 13th Ann. Rep. 8t. Geol. Ind., p. 125,
pl. xxn ff. 1-3, (1884); etc.
Productm; setigerus Hall, Geol. Surv. Iows, 1, pt. 11, p. 638, pl. 'ﬂx, f. 3.
Productus setigerus var. keokuk Hall, ibid.
Productus martini A. Winchell, Proc. Acad. Nat. Sci. Phil., p. 4, (1863).
Pr?iistégl)ua magnus Hall and Clarke, Pal. N. Y., v, pt. 1, pl. xvii-a, f. 15,
Shell large, very convex, broader than long ( measured from
the hinge to the front) ; hinge line straight, equal to the great-
est width of the shell ; cardinal area very narrow but distinct;
beak prominent, appressed, barely arching around the hinge
line. Pedicle valve much inflated, greatly prolonged anteriorly
- in old individuals. Beak broadening rapidly from its point at
the hinge toward the anterior; ears nearly flat, well defined,
separated from inflated portion of the shell by a gentle curve;
mesial sinus beginning well toward the beak and continuing
to the anterior margin. Surface marked by radiating costw,
and the visceral area is also marked by more or less regular,
concentric cost:e, giving the shell a semireticulated appearance.
Sometimes both sets of strize extend over the ears, the concen-
tric taking the form of wrinkles, which, together with the bases
of stout tubular spines, make the ears appear quite rough.
Spines sparsely and irregularly distributed over the cost: of
the shell but thickest on the ears; radiating cost:¢ increasing
by bifurcation and insertion. The interior of the valve is
marked on the ears, anterior and lateral border by a pitted sur-
face. Adductor scars are elongate-elliptical, arborescent, hav-
ing their anterior extremities raised, situated centrally in the
shell. Longitudinal linear lines or folds are present on the
outside of these impressions. The dorsal or brachial valve is
strongly concave, visceral region nearly flat, in front of which
it curves abruptly downward. A slight indistinct mesial fold
is present, corresponding to the sinus of the other valve. Ears
and surface markings same as in the other valve, except that
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there are no spines. Beak extending back of the hinge, produc-
ing a concavity below. Proboscis not visible from exterior of
complete specimens, only a minute projection seen fitting into
a small notch in the hinge of the other valve. The entire inner
surface of the valve coarsely punctate, except the portion oc-
cupied by the brachial and adductor markings. Proboscis pro-
jecting, obovate in outline, trifid, at the base of which there
are three radiating ridges; two high lateral ones, which roll
slightly backward, extend nearly to the ears, where they fade
out; the third ridge extends directly forward, smaller and
sharper than the others, to the anterior portion of the flat sur-
face, where it ends abruptly. Situated about one-third, or less,
the distance from the posterior to the front of the flat surface
and close to the mesial ridge are the arborescent adductor
markings, triangular to elliptical in outline. The brachial
markings extend nearly directly outward from the anterior end
of the adductors, then bending forward and expanding, ap-
proaching very close to the antero-lateral extremity of the flat
surface of the valve. The front inner portion of these mark-
ings extends forward to the anterior end of the mesial ridge,
the posterior portion connecting with the front of the adductor
scar. In some specimens the brachial area is finely crinkled,
as are some other parts of the surface back of the muscular
scars. There are sometimes short, sharp pustules on the front
curve of the valve. Length, hinge to front, 40 mm.; width,
58 mm. ; convexity, 40 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence, Lecompton, Topeka, Alma, Marysville, etc. Com-
mon throughout the Coal Measures of the United States and
the world.

Productus costatus. Plate IX, fig. 8; . plate X, figs. 1-1c; plate XI, fig. 4.

Productus costatus Sowerby ? Min. Con., v1, p. 115, pl. bLx, f. 1, (1827).

Productus coatatus de Koninck, Recher. Anim. Foss., pt. 1, p. 92, pl. vi,
f. 3, pl. x, £. 3, pl. vi1, £. 3, (1847); Meek, Fin. Rep. U. 8. Geol. Surv.
Neb., p. 159, pl. vi1, f. 6, (1852); Hall and Clarke, Pal. N. Y., v, pt. 1,
pl. x1x, ff. 8-13, (1892); etc.

Productus portlockianus Norwood and Pratten, Jour. Acad. Nat. Sci.
Phil., i1, p. 15, pl. 1, £. 9, (1854).

Productus viminalis White, Proc. Boston Soc. Nat. Hist., 1x, p. 29, (1862).
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Meek’s description (in part) : ‘‘Shell of medium size, wider
than long, very convex; hinge ‘margins about equaling the
greatest breadth of the valves. Pedicle valve exceedingly gib-
bous, and very strongly incurved, with a deep rounded sinus
extending from near the beak to the front, to which it imparts
a sinuate outline; umbo prominent and strongly incurved, so
as to pass somewhat within the hinge margin; ears well de-
fined, arched and rather distinct from the abrupt swell of the
umbo, from which they are sometimes separated by a small
ridge or fold. Brachial valve flattened in the visceral region,
and more or less abruptly curved or geniculated toward the
front and anterior lateral margins, the former of which usually
shows a small mesial ridge. Surface of both valves ornamented
with distinct, rather unequal, depressed and rounding radiat-
ing costwe, which sometimes bifurcate, or, in other instances,
two or more of them coalesce in front of the visceral portion,
to form a larger one; crossing all of these, on the visceral re-
gion, are numerous, well-defined, concentric wrinkles, produc-
ing a distinct reticulated appearance, while the whole surface
of the ventral valve is sometimes provided with a few scatter-
ing, rather stout, erect spines, somewhat regularly arranged in
quincunx. Sometimes nearly all the spines, excepting those on
the lateral regions, apparently wanting.’”” The internal mark-
ings of the ventral valve consist of long, narrow, arborescent
adductor scars mesially situated along the vaulted part of the
shell, with, exterior to these, the long linear folds, or line-like
diductor scars. The beak, as shown in a cast, is quite pointed,
possessing a depression on either side running obliquely back-
ward, near the posterior end of which there is an elevation, in
front of which the pit is deeper than back of it. Above this de-
pression is a rounded ridge on each side of the mesial sinus.
The proboscis of the dorsal valve extends beyond the hinge
line, and is backed by three radiating ridges, one of which ex-
tends directly forward to the front of the flattened area,
rounded, not prominent; one extends antero-laterally on gach
side of the mesian ridge, running nearly outward until the
edge is approached, when it curves forward, joining the border
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of the flattened area, and fades out. Adductor scars moderately
small, elliptical in outline, placed longitudinally and close to the
median ridge, a little anterior to the lateral ridges. Brachial
markings not prominent and generally indistinct, extending
outward from the anterior end of the adductor scars, curving
forward and ending near the antero-lateral portion of the
flattened area. Other internal markings unknown. Length,
20 mm.; width, 35 mm.: convexity, 33 mm.

Range and distribution: Upper Coal Measures; Kansas
City, Turner, Wyandotte county, Lawrence, Topeka, Wabaun-
see county. Common throughout the Coal Measures and
lower portion of the Permian.

This species differs from the previous in being smaller, hav-
ing a more distinct mesial sinus, ears separated from the body
of the shell by a ridge which generally bears spines and un-
equal coste on the anterior slope.

The markings of this shell vary considerably in different in-
dividuals. They are not so distinct as those of a Russian ex-
ample in the collection, and the shell is smaller; though the
ridge separating the ear from the shell is present and spinous,
it is not nearly so pronounced as in the Russian specimen.

Productus longispinus? Plate IX, figs. 9-9d.
I’roilsti(4 tus longispinus Sowerby? Min. Con., 1, p. 154, pl. Lxvu, f. 1,
( )

Productu» longispinus Salter, Quart. Jour. Geol. Soc. Lond., xv1I, p. 64,
.1v, £, 2, (1861); Meek, Fin. Rep. U. 8. Geol. Surv. Neb , p. 161, pl.
VI, f. 7, pl. v, £. 6, (1872); ete.

Productus flommingi Roemer (non deKoninck), Krendeblldung Texas,
p- 89, pl. x1, f. 8, (1852); ete.

Productus splendens Norwood and Pratten, Jour. Acad. Nat. Sc1 Phil.,
i1, p. 11, pl. 1, £. 5, (1854); etc.

Productus wabashensis Norwood and Pratten, ibid.

Procductus orbign; (m us Geinitz ( ?non de Koninck ), Carb. u. Dyasin Neb.,
p. 56, pl. 1v, ff. 8-11, (1866).

Produvtus Iwrridun Gelmtz, ibid., £. 7.

Meek’s description (in part): ‘¢ Shell small, thin, wider than
long; hinge line generally longer than the transverse diameter
of the valves at any point farther forward, and terminating in
more or less distinct, rather vaulted, and often reflexed ears;
anterior and anterior-lateral outlines approaching a semicircu-
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lar curve, but the middle of the front is generally rather dis-
tinctly sinuous. Ventral valve gibbous, the greatest convexity
being usually behind the middle, and the curve to the beak
more rapid than to the front, provided with rather deep mesial
sinus ; posterior lateral slopes descending nearly vertically to
the ears; umbonal region moderately prominent, and usually
projecting rather distinctly beyond the hinge, as seen in look-
ing down upon the shell when lying with the dorsal valve be-
neath ; beak small, strongly curved, but scarcely passing beyond
the cardinal margin ; surface ornamented with generally rather
obscure, somewhat variable radiating costwz, which are often
obsolete in the umbonal region, or, in some examples, over much
of the valve farther forward, in other specimens quite distinct
to the beak, sometimes bifurcating, and in other instances
coalescing to form larger, faintly defined ribs in front; fine, in-
distinct marks of growth are also sometimes seen, and occa-
sionally very obscure traces of small, concentric wrinkles may
be observed near the beak ; spines stout, erect, long, scattering,
and arranged in quincunx. Ventral valve distinctly concave,
or following nearly the curve of the other, and provided with a
small mesial ridge corresponding with the sinus of the latter;
surface marked as in the other valve, but apparently always
without spines.”” Proboscis short, trilobate ; two ridges extend
laterally from its base nearly parallel to the hinge line, until
the border of the visceral region is reached, where they bend
abruptly forward, and in very old individuals form a ridge
entirely around the visceral and brachial cavity, but in many
adult specimens it fades out before it reaches the front side of
this cavity ; the lateral borders of the shell are often striated
from this ridge to the margin; mesial ridge faint, extending
nearly to the front of the viscero-brachial area. Adductor scars
small, not prominent, ovate, placed close beside the mesial
ridge, well to the back of the shell, directed obliquely for-
ward ; directly in front of these the brachial markings extend
toward the antero-lateral margin of the brachial area, near
which they enlarge; in front of these the surface of the valve
is marked by many or few (according to the age of the shell)
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spinous projections ; the remainder of the surface of the valve
issmooth. Length,11 mm.; width, 16 mm. ; convexity, 10 mm.

Range and distribution : Upper Coal Measures ; Kansas City
and Turner, Wyandotte county, Eudora, Lawrence, Lecomp-
ton, Topeka, Wabaunsee county. Common or abundant
throughout the Coal Measures of the state.

This species is easily distinguished from the preceding by its
smaller size, fainter surface markings, longer hinge, and in the
shell being more transverse in appearance, as well as having no
fold separating the ears from the umbo. There is also great
difference in the internal markings of the two, as can be seen
by referring to the plate.

This species is quite variable in the distinctness of its mark-
ings, spines, distinctness of the mesial sinus, and size. The
internal markings vary greatly with age, the very old speci-
mens presenting the marginal ridge surrounding the visceral
and brachial areas, which forms the generic characters of Mar-
ginifera; but I am inclined to think that characters that are
only developed in aged specimens are not of generib value in
the brachiopods.

Productus pertenuis. Plate IX, figs. 5-5¢.

Productus cancrini Geinitz, Carb. u. Dyas in Neb., p. 54, tab. 1v, ff. 6
a-d, (1866).

Productus pertenuis Meek, Fin.. Rep. U. 8. Geol. Surv. Neb., E 164, pl.
1, ff. l4a-c, pl. vi, ff. 9a-d, (1872); Drake, Proc. Am. Phil. Soc.,
xxxvi, p. 405, pl. 1x, ff. 8-10, (1898).

Meek’s description: ¢¢Shell small, very thin, truncato-hem-
ispherical ; sides and front regularly rounded; hinge line
usually less than the greatest breadth of the valves. Ventral
valve without any traces of a mesial sinus, moderately gibbous,
the greatest convexity being slightly behind the middle, from
which point it rounds off in all directions, but most abruptly
toward the beak and ears, which latter are flattened and sub-
rectangular; beak small, slightly prominent, and but little in-
curved beyond the hinge line; surface with fine, regular,
- radiating striee, crossed by small, rather distinct and regular,

concentric wrinkles, which latter are generally most strongly
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defined on the ears; over the whole there are also regularly
arranged in quincunx, very slender spines, .20-.30 inch in
length, rising from the slight prominences or swellings of the
radiating strize. Dorsal valve distinctively concave, following
nearly the curvature of the other valve, its greatest convexity
being in the ¢entral region, while its ears are nearly flat; sur-
face with concentric wrinkles and radiating striz as in the
other valve, but apparently without spines, though a series of
rather distinct pits are arranged over it in the same order as in
the other valve.”’ Length, 8 mm.; width, 11 mm. ; convexity,
5 mm. .

Range and distribution : Upper Coal Measures; Kansas City,
Eudora, Lawrence, Lecompton, Topeka.

This species differs from the preceding ones of the genus in
the absence of the mesial sinus, thin shell, very small size and
semicircular outline, as well as being much less gibbous. It is

1 ikely to be confounded with no other shell of the Coal Measures
of Kansas.

Productus nebrascensis. Plate IX, figs. 7-7f.

Productus ncbrasccnsis Owen, Geol. Rep. Wis., Iowa, and Minn., p. 584,
pl. v, 1. 4, (1852); Meek, Fin. Rep. U. S. Geol. Surv. Neb., p. 165, pl. 11,
f. 2, pl. 1v, £. 6, pl. v, ff. 11a-c, (1872); etc.

Productus rogersi Norwood and Pratten, Jour. Acad. Nat. Sci. Phil.,
2d ser., 111, p. 9, pl. 1, £. 3, (1854); ete.

Productus asperus McChesney, New Pal. Foss., p. 34, (1860); etc.
Productus wilberanus McChesney, ibid., p. 36; etc.
Strophologicc horrcscens Geinitz (non Murchison, etc.), Carb. u. Dyas in

eb., p. 49, (1866).

Meek’s description (in part) : ‘¢ Shell of about medium size,
approaching subhemispherical ; length most usually a little
less than the breadth ; hinge line nearly or quite equaling the
greatest transverse diameter; anterior outline nearly straight,
or a little sinuous near the middle, rounding into the lateral
margins, which are generally straight posteriorly, and ranging
at an angle of from 90 to about 100 degrees with the hinge;
ears nearly rectangular or a little rounded in outline at the
immediate extremities. Ventral valve rather convex, most

gibbous behind the middle, thence rounding regularly to the
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front and more abruptly to the beak, generally with a moder-
ately distinct mesial sinus; posterior lateral slopes descending
almost vertically to the ears; umbonal region gibbous, and with
strong incurved beak projecting beyond the hinge line. Dorsal
valve somewhat flattened in the visceral region, but most con-
cave near the beak and near the anterior lateral regions, the
concavity widening rapidly forward, so as to leave a kind of a
broad, obscure, oblique ridge between it and the flattened ears,
and another in the middle; anterior and lateral margins fol-
lowing the curvature of the other valve; cardinal process
prominent, bifid, and rather narrow; interior with mesial
ridge, narrow, well defined, extending forward beyond the
middle,’’ bifid, at its connection with the cardinal process en-
closing a moderately deep pit. The two lateral ridges are well
defined and parallel with the hinge, fading out before the ex-
tremity is reached. The adductor scars are either subsemicir-
cular or spatulate in outline, placed well to the posterior, with
the smaller end forward, ending in a small elevated lobe. The
brachial markings of this species are very obscure ; they extend
from the anterior extremity of the adductor scars outward and
a little forward, rounding off near the antero-lateral edge of
the flattened area. The markings of the interior of the other
valve are rather indistinct. The adductor scars are long, slen-
der, ‘subspatulate, with the larger end toward the beak, situated
in the middle of the visceral area; the two are separated in the
extreme posterior portion by a low mesial ridge; exterior to
these are the diductor scars, occupying a rather large space, in-
dicated by longitudinal folds or nearly parallel lines. ¢‘Sur-
face of the ventral valve with more or less defined, rather broad
concentric undulations, and obscure strizz of growth, over the
whole of which are arranged two sets of spines, connected at
their bases with short interrupted ribs or elongated tubercles.
One of these sets consists of small, short, appressed spines, and
the other of stout, more erect, long ones. Surface of dorsal
valve with small concentric ridges and strie, with many little
pits ; spines nearly or quite all small, short, and appressed.’”’
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Measurements : Length, 26 mm.; width, 30 mm.; convex-
ity, 16 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Turner, Eudora, Lawrence, Lecompton, Topeka, Manhattan,
and Grand Summit. Common throughout the Upper Coal
Measures of the state.

This shell, when found with the shell and spines well pre-
served, looks so very different from specimens which are ordi-
narily found with the spines removed that one could hardly
imagine that they were the same. Those without the spines
seem to be complete specimens, with regular, concentric zones
of elongated tubercles, betraying very little indication that they
are the bases of detached spines.

This shell is very readily distinguished from the foregoing
species by its narrow, prominent beak and its peculiar surface
markings. The concentric zones of spines are found on none
of them.

Productus symmetricus. Plate IX, figs. 6-6b.

Productus sn/mmetrwuc McChesney, New Pal. Foss., p. 35. (1860); Trans.
Chic. Acad. Sci., 1, g? 25, pl. 1, £. 9, (1868); Meek, Fin. Rep. U. S.
Geol. Sury. Neb,p 167, pl. v, £. 6, pl. v, f. 1'3,(1872), etec.

Meek’s description (in part) : ‘“ Shell of medium size, sub-
orbicular, or a little wider than long; hinge line somewhat less
than the greatest breadth; sides rounding regularly to the
front, which is rather broadly rounded in outline; ventral
valve somewhat compressed, or only moderately convex, with-
out any traces of a mesial sinus; ears compressed but not
abruptly separated from the swell of the umbo, obtusely an-
gular or a little rounded at the extremities; beak moderately
large, incurved, but not curving much within the hinge margin.
Dorsal valve rather evenly, and only moderately concave, car-
dinal process slender, prominent, curved [not always], trifid,
the middle division being more prominent than the others, aud
emarginate at its extremity, the emargination being caused by
a distinct mesial furrow that extends the entire length of the
process [and sometimes two-thirds the length of the mesial
septum].”’ Lateral ridges elevated, extending outward parallel
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to and a little in front of the hinge nearly to its extremity,
where it turns abruptly forward, forming a margin to the vis-
ceral area, and disappearing about the middle. Mesial ridge
distinct, broad posteriorly, narrowing and rising to the end,
which is two-thirds the distance to the anterior margin. Ad-
ductor scars distinct, the two nearly forming a circle or broad
ellipse, ending in an elevated anterior lobe. Scars placed well
to the posterior. Brachial markings very indistinct, beginning
at anterior end of adductor scars and extending outward, as
nearly as can be made out, similarly to those of the preceding
shell. ‘“The remainder of the interior covered with pustules.
Surface of both valves ornamented by small, rather obscure,
more or less regular concentric wrinkles, and covered by numer-
ous small, short, rather appressed spines, which are larger on
the ventral valve where they are often connected with little,
sometimes elongated tubercles.”” Measurements: Length, 40
mm.; width, 59 mm.; convexity, 26 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence, Topeka.

This species can be distinguished from the preceding by the
less convex pedicle valve, which has no sinus, narrower con-
centric wrinkles, and the fact that it has but a single set of
spines, which are small and appressed. In some respects this
species is intermediate between the one preceding and the fol-
lowing, and is sometimes hard to distinguish from them with-
out good specimens. ’

Productus punctatus. Plate X, figs. 3-3e; plate XI, fig. 3.

Anomites punctatus Martin, Petref. Derb., pl. xxxvi1i, f. 6, (1809).

Productus punctatus? Morton, Amer. Jour. Sci., xx1x, p. 153, pl. xxvI,
f. 38, (1836).

Productus punctatus Shumard, Marcy’s Rep. U. S. Expl. Red Riv.
Louis., p. 201, pl. 1, £. 5, pl 11, . 1, (1853); Meek, Fin. Rep. U. 8. Geol.
Surv. Neb., p. 169, pl. 11, {. 6, pl. 1v, £. 5, (1872); ete.

Productus scmipunctatus Shephard, Amer. Jour. Sci., xxxi1v, f. 9, (1853).
Productus tubulospinus McChesney, New Pal. Foss., p. 37, (1860).
Meek’s description (in part) : ¢ Shell attaining a rather large
size, thin, varying from rotund-subquadrate to longitudinally
subovate, being sometimes wider than long, and in other ex-
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amples longer than wide, with all intermediate forms; hinge
always shorter than the greatest breadth of the valves; anterior
outline regularly rounded, or faintly sinuous in the middle.
Ventral valve more or less gibbous, with a moderately distinct
mesial sinus extending from near the beak to the front; beak
incurved a little beyond the cardinal margin [considerably so} ;
ears rather compressed, but not distinctly defined from the swell
of the umbo. Dorsal valve moderately concave with a small
mesial elevation. Surface of both valves ornamented with
numerous rather regular concentric ridges, increasing in size
from the beaks toward the front, but becoming again smaller
and more crowded in adult shells near the margin; in the
ventral valve these ridges are a little prominent at the margin,
separated from each other by smoother spaces, and support
numerous small appressed spines, those of the upper row of
which are larger and less crowded than the others; on internal
casts, or partly exfoliated specimens, the spines are represented
by small tubercles ; surface of the dorsal valve as in the other,
excepting that the ridges are represented by little furrows.’’
Interior of the pedicle value with a very small, thin, nearly
obsolete mesial septum ; adductor scars long, narrow, larger at
posterior extremity, situated well to the back part of the shell.
Diductors occupying a large space outside of the adductors, in-
dicated by longitudinal folding ridges or parallel lines. In
the brachial valve, the cardinal process is long, arched, bifid,
slightly enlarged at the extremity; mesial ridge prominent,
extending three-fifths the distance to the front margin, and is
slightly thickened at the end. Lateral ridges strong, situated
just in front of the hinge and parallel to it, but disappearing
before the edge of the shell is reached. Adductor scars promi-
nent, situated well to the front, varying in outline from nar-
rowly elliptical to nearly ovate, with heavy, narrow lobe at the
anterior end. Traces of brachial markings very hard to obtain
and nearly obsolete. They extend outward from the ante-
rior end of the adductor scars and make a broad, subelliptical
loop forward to a point which is back of the end of the mesial
ridge. Measurements: Moderately large, perfect specimen :
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Length, 58 mm. ; width, 75 mm. ; convexity, 35 mm. A smaller
specimen : Length, 36 mm.; width, 36 mm.; length, 36 mm.;
convexity, 23 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Turner, Lawrence, Lecompton, Topeka, Moline.

This species can be distinguished from the previous by its
mesial sinus and corresponding fold of the dorsal valve, more
recurving beak, longer, more arched cardinal process, more
slender and elongate adductor markings on dorsal valve, and
also by the lateral ridges, which do not turn forward.

There seem to be two forms of this species in Kansas:
One, a large, rather depressed shell, occurring in the lower part
of the Upper Coal Measures at Kansas City ; and the other, the
more common in the upper part of the stage, more narrow, gib-
bous and smaller. They may possibly prove to be varietally
distinct, occupying different horizons.

AULACORHYNCHUS.

Dittmar, Verhand. Kais. Min. Gesellsch. St. Petersburg, 2d ser., VIII, I&Q' pl. I, ff. 1-18, (1871).
Hall and Clarke, Pal. N. Y., VIII, pt.ll.p.all

Aulacorhynchus millipunctatus. Plate XI, fig. 6; plate XII, figs. 1, 1b.

('honetea" milli g)unclata Meek and Worthen, Proc. Acad. Nat. Sci.
.y P. 35, 1870; Geol. Surv. Ill., v, p. 566, pl. xxv, f. 3, (1873).

Ieogramma millipunctata Meek and Worthen, ibid., p. 568.

Aulacorhynchus m:lllpunctatus Hall and Clarke, Pal. N. Y., vii, pt. 11,
p. 312, pl. Lxxxm, ff. 14, 15, (1883).

Meek and Worthen’s description: ‘‘Shell attaining a large
size, very thin, transversely subsemicircular, or more than
twice as wide as long, with lateral extremities rounded. Dor-
sal valve nearly flat, or but slightly and evenly concave ; hinge
line a little less than the greatest transverse diameter; car-
dinal process rather stout, with an obscure linear ridge (or
sulcus) extending forward from its base nearly to the front;
cardinal edge slightly thickened within so as to form a faintly
defined ridge extending about half way from the cardinal proc-
ess toward each lateral margin, but apparently without any
sockets for the reception of teeth in the other valve ; muscular
and other internal markings unknown; surface ornamented

T—vi
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by numerous slender, exceedingly regular, closely arranged
concentric lines, extending parallel with each other and the
front and lateral margins. Ventral valve unknown. Length
of medium-sized specimen, 1.3 inches; breadth, 2.95 inches.”’

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence.

Two small specimens very similar in form and markings to.
the one above described were collected by the writer at Topeka.
They were only about an inch in width and only the cast of the
shells remain. They are probably specifically different, but
too poorly preserved to admit of description. There is a very
large form in the University collection which is quite convex
and seems to possess an extra number of ¢ platforms’’ from
the one figured by Hall and Clarke, and may belong to a dif-
ferent species. It is figured in plate XII, figure 1b.

Rhipidomella pecosi.

Orthis pccosi Marcou, Geol. N. Amer., p. 48, pl. v1, {. 14, (1858); etc.

Orthis carbonaria Swallow, Trans. S8t. L. Acad. 8ci., 1, p. 215, (1838);
Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 131, pl. 1, £. 8, (1872): ete.

Meek’s description: ¢‘Shell small, suborbicular, slightly
wider than long, moderately convex in adult specimens ; lateral
margins rounded, or, in some examples, faintly straightened
posteriorly ; front more broadly rounded, but usually very
slightly sinuous in the middle; valves nearly equally convex;
hinge line very short, or only equaling about half the breadth
of the valves. Ventral valve usually most convex in the um-
bonal region, sometimes a little flattened anteriorly, so as to
give the shell slightly the form unusually called - resupinate,’
though in gibbous specimens this character is nearly obsolete ;
beak moderately prominent, rather pointed and arched ; area
small, well defined, and arching with the beak ; foramen nar-
row. Dorsal valve usually most convex between the middle
and the beak, which is small, and nearly as prominent and
arched as that of the other walve, generally with a shallow
sinus extending from the middle to the front; area well de-
veloped but smaller than in the other valve, arched, and divided

v



BeEeDE. ] - Carboniferous Invertebrates. 91

by a proportionally shorter foramen. Surface of both valves
ornamented with concentric marks of growth and fine radiat-
ing crowded strize, which increase mainly by intercalation, and,
as in many other species of the genus, show occasional perfora--
tions toward the front, apparently left by the removal of very
small tubular spines.”’ ¢ Length of a well-developed gibbous
specimen, rather above medium size: .38 inch; breadth, .43.
inch; convexity, .27 inch.” 4 »

Range and distribution: Upper and Lower Coal Measures;
Fort Scott, Kansas City, Eudora, Lawrence, Lecompton.

ENTELETES,

de Waldheim, Oryct. Gouv. Moscou, p. 198, tab. XXVI, fF. 6, 7.
Waagen, Pal. Indica, ser. xiii, I, p. 830, (1884) ; etec.

Enteletes hemiplicata. Plate XII, figs. 6, 6b.

'Spirifer hemigh‘cata Hall, Stansbury’s Expl. Gt. Salt Lake, p. 409, pl..
v, f. 3, (1852), .

Rhynchonella angulata Geinitz (non Linné), Carb. u. Dyas in Neb., p. 37,.
pl. ui, ff. 1-4, (1866).

Syntriclasma hemiplicata Meek and Worthen, Geol. Surv. Ill., 11, p. 323,
f. 36, p. 34, £. 37, (1866); Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 177,
pl v1, L. 1, pl. viug, £, 12, (1872); etc.

Meek’s description: ¢‘Shell in young examples only moder-
ately convex, and having all the external appearances of a true:
Orthis; in adult specimens, often globose, or even more con-
vex than long or wide. Hinge line very short, or not more
than one-third the greatest breadth of the valves, and, owing to-
the gibbosity of the shell, imparting little or no angularity to-
the outline of the lateral slopes. Dorsal valve more convex
than the other, and very strongly arched, particularly in ma-
ture shells; umbonal region gibbous, and often, in adult ex-
amples, projecting somewhat beyond the beak of the other
valve; beak strongly incurved, so as to bring its apex under
the beak, and nearly against the area of the other valve; area
rather narrow, and distinctly incurved with the beak. Ventral
valve convex, beak moderately prominent, and arched or more
or less incurved; area triangular, small, about one-third as
high as wide, and moderately well defined ; its triangular fora-
men scarcely as wide as high. Surface of both valves orna-
mented with rather fine, regular, crowded, radiating striee, and
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a few very large, rounded or more or less angular, radiating
plications, which latter are never formed on the umbones, but
occupy the anterior half, and become more prominent toward
the front, where they often terminate in deeply interlocking
angular marginal projections. Of these plications there are two,
rarely three, on each side of the larger and more prominent one
forming the mesial fold on the dorsal valve, while on the ven-
tral valve there are three, rarely four, on each side of the mesial
sinus; a few zigzag marks of growth also traverse the anterior
and lateral margins of the valves, parallel to their deeply
notched edges.”” The measurements of three specimens are
here given — one rather large, one medium, and one young speci-
men : Length, 23 mm., 16 mm., 8 mm.; width, 29 mm., 28
mm., 9 mm.; convexity, 32 mm., 20 mm., 56 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Independence, Iola, Edwardsville, Eudora, Lawrence, Lecomp-
ton, Topeka.

Besides the variation in size and age, this shell often pre-
sents very much the appearance of a Pugnaez, which is caused
by the mesial plication being divided into two, and the presence
of a small fold to correspond in the mesial furrow of the other
valve. This gives the brachial valve quite a large mesial fold,
and a correspondingly large sinus in the pedicle valve. This is
hardly noticable in the majority of specimens, but in some it is

very marked.

PUGNAX.
Hall and Clarks, Pal. N. Y., VIII, pt. II, p. 202, (1893) ; Ann. Rep. N. Y. 8t. Geol., p. 208, for 1893,

Pugnax rockymontana. Plate XII, figs. 8, 8b.
Tc(rfsbsrsa)tula rockymontana Marcou, Geol. N. Amer., p. 59, pl. v, £. 13,
Rhynchonclla eatoniceformis McChesney, New Pal. Foss., p. 49, (1869).
Rhynconella rockymontana White, Wheeler’s Expl. Surv. West 100 Mer.,
v, p. 131, pl. 1x, £. 1, (1875).
Pugnaxr eatoniiformnis Hall and Clarke, Pal. N. Y., vii, pt. 11, p. 204,

(1893)
Pugnax rockymontana Schuchert, Bull. U. S. Geol. Surv. 87, p. 336,

(1897) ,
White’s description: ¢‘Shell rather large, inflated, subtri-
hedral in outline, broadest near the front ; sides somewhat regu-
larly rounded from the antero-lateral portions to the beaks.
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Ventral valve having its greatest convexity toward the beak;
sides sloping away from the middle with a slight convexity and
becoming flattened or sometimes a little concave near the lateral
margins ; beak rather small, prominent, and closely incurved
over that of the other valve; mesial sinus very broad but not
deep, prolonged far upward at the front, becoming obsolete
about the middle of the valve and is entirely wanting upon its
posterior portion; from two to four depressed, angular plica-
tions occupy the mesial sinus and disappear with it, the sides
and posterior portion being free from plications. Dorsal valve
more capacious than the ventral; mesial fold distinct at the
front, and, like the mesial sinus, becoming obsolete about the
middle of the valve; from three to five plications like those of
the other valve mark the fold, but the surface upon each side of
it is plain, like that of the posterior portions of both valves.
The whole surface marked by fine strize of growth, but no radi-
ating strize have been detected.”” Measurements of two speci-
mens: Length, 19 mm., 23 mm.; width, 19 mm., 23 mm.;
convexity, 15 mm., 16 mm.

Range and distribution: Lower Coal Measures; Coffeyville,
Montgomery county, Kansas City. '

Our specimens seem to agree very well with White’s figures
and description, the principal difference being that the lateral
angles at the beak seem to be a little smaller. While there are
no radiating strize in our specimens, the shell is very fibrous
and where exfoliated might appear to be striated. It differs
from P. pugnus missouriensis in having no plications on the
sides of the shell, and also in outline.

Pugnax utah. Plate XII, figs. 7-7c.

Terebratula uta Marcou, Geol. N. Amer., p. 58, pl. v1, f. 12, (Feb. 1858).
Rhynchonella (Camarophoria) osagensis Swallow, Trans, St. L. Acad.
i., I, p. 289, (June, 1858).

Rhynchonella utah Meek and Hayden, Proc. Acad. Nat. Sci. Phil., p. 27,
(1859); ete. .

? Rhynchonella species Salter, Quart. Jour. Geol. Soc., London, xvii,
p. 64, pl. 1v, £. 5, (1861).

Camarophoria globulina Geinitz (non Phillips), Carb. u. Dyas in Neb.,
p. 38, pl. 111, £. 5, (1866).

Rhynchonella osa_gcnsis Moeek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 179,
pl. 1, £. 9, pl. v1, £. 2, (1872); etec.
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Pugu(x:: sgat?h Hall and Clarke, Pal. N. Y., v, pt. i1, p. 204, pl. Lx, ff. 39~
Rhy;achonella_ uta Keyes, Geol. Surv. Mo., v, p. 103, pl. xu1, f. 7, (1885).

Meek’s description: ‘‘Shell small, more or less variable in
form, often subtrigonal, generally wider than long, more or less
gibbous ; front truncated, or sometimes sinuous in outline ; an-
terior lateral margins rounded in outline ; posterior lateral mar-
gins convex, or nearly straight and converging toward the
beaks at an angle of from 90 deg. to 120 deg. Dorsal valve
more convex than the other, greatest convexity near the middle
or between it and the front, which has a broad, rather deep,
marginal sinus, for the reception of the corresponding projec-
tion of the front of the other valve ; mesial fold somewhat flat-
tened, but slightly prominent, and rarely traceable back of the
middle of the valve; generally composed of three, but some-
times four—rarely more —plications; sides rounding down
rapidly on each side of the mesial fold, and each occupied by
about three or four simple plications; beak curving strongly
beneath that of the other valve; interior with a faint linear
mesial ridge, on each side of which is a raised curved line en-
closing an ovate space, occupied by the adductor muscular
impressions. Ventral valve distinctly less convex than the
other, with a broad, shallow, short sinus occupied by about two
or three short plications ; anterior lateral margins on each side
of the sinus, with from two to four plications; beak moderately
vrominent, and more or less arched, rather pointed ; foramen
small.”’ Measurements: Length, 8 mm.; width,9 mm.; con-
vexity, 7 mm.

Range and distribution: Upper Coal Measures; Bronson,
Bourbon county, Kansas City, Iola, Olathe, Lawrence, Lecomp-
ton, Topeka, Beaumont, Grand Summit.

The young of this species are perfectly plain and betray no
indication that they are of the same kind as the folded, plicated
adults. It can be readily distinguished from the previous spe-
cies by its smaller size, shallower and more ill-defined sinus, and
the presence of plications on its sides.
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DIELASMA.

King (non Plulllpshlon Perm, Foss, Eng. Pal. Soc . 46, (1850) ; ete.
ublin Uniy, Zool. Bot. Asso.
Boochor and Schuchert, Biol. Soc. Wash.. Vlh pp. 7[—82. (1&3)
Hall and Clarke, Pal. N. Y., VIII, ps. 11, p. 263, (1893) ;

Dielasma bovidens.

Terebratula bovidens Morton, Amer. Jour. Sci., xxIx, p. 150, pl. 11, . 4,
(1836); Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 187, pl. 1, £. 7, pl. 11,
f. 4, (1872); eto.

Terebratula milli {mm stata Hall, Expl. Surv. R. R. Route Miss. R. to Pac.
Ocean, 111, p. 101, pl. 11, ff. 1, 2, (1856); etc.

Terebratula elongata Shumard (non Schloth.), Trans. St. L. Acad. Sci.,
1, p. 393, (1859).

Terebratula geniculosa McChesney, New Pal. Foss., p. 82, (1861); ibid.,
pl. 1, £. 2, (1865).

Dielasma? bovidens White, Wheeler’'s Expl. Surv. West 100 Mer., Prel.
Rep., p. 21, (1874).

Terebratula (Dielasma) bovidens White, ibid., Fin. Rep., 1v, p. 144, pl.
x1, £. 10, (1875).

Tercbratula hastata Walcott (non Sowerby), Mon. U. 8. Surv., vii, p.
224, (1893); etc.

*Dielasma bovidens Hall and Clarke, Pal. N. Y., v, pt. 11, pp. 295, 296,
f. 213, pl. Lxxxi1, ff. 20-35, (1893).

Meek’s description (in part) : ‘Shell ovate, rounded and
rather compressed at the anterior and anterior lateral margins,
and the most convex a little behind the middle; valves nearly
equally convex ; ventral valve strongly arcuate longitudinally,
and’presenting a regularly increasing curve, from the front to
the beak, which is moderately prominent, and very strongly
and closely curved over and upon that of the other valve;
foramen a little oval and not truncating the immediate apex of
the beak, but situated directly outside of it ;- mesial sinus rather
wide, and rounded at the front, but narrowing and becoming
less deep further back, until it dies out near the curve of the
umbo, which is sometimes slightly flattened. Dorsal valve
often nearly straight, or but slightly convex along the middle,
from the beak to the front, where its margin is usually some-
what raised for the reception of the sinus; sides sloping from
the middle to the lateral margins along nearly the entire length
of the valve, but terminating directly under that of the other
valve, without any distinct curvature. Surface nearly smooth,
or showing moderately distinct marks of growth ; and, by the
aid of the magnifier, exhibiting very distinctly the moderately
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large regularly arranged punctures.’” The dental lamelle do
not extend much beyond the teeth, and are situated close to the
sides of the shell, so that the lateral space enclosed is very small.
There seems to be a rounded, indistinct ridge extending about
two-thirds the distance to the front on the interior of the ventral
.valve. Loop situated a little posterior to the middle of the
shell, and is about one-third the length of the shell, the two
pointing obliquely forward. Measurements of two specimens
illustrating the variation: Length, 21 mm., 256 mm.; width,
14 mm., 19 mm. ; convexity, 10 mm., 16 mm.

Range and distribution : Upper Coal Measures : Kansas City,
Eudora, Lawrence, Lecompton, Topeka, Grand Summit.

SPIRIFERINA.

d'Orbigny, Paris Acad. Sci., Comptes Rendus, XXV, p. 268, (1847).
Haﬁnnnd Clarke, Pal. N. Y., \ﬁll, pt. I1, p. 51, (l&)); etc.

Spiriferina cristata.

Terebratulites cristatus Schlotheim, Beit. zur Naturg. der Verst., Akad.
der Wiss. zu Muenchen, pl. 1, f. 3, (1816). .

Spirifer octoplicata? Hall (non Sowerby), Stansbury’s Expl. Gt. Salt
Lalke, p. 409, pl. 1v, 1. 4, (1852). .

Spirifer kentuckyensis Shumard, Geol. Surv. Mo., 1, p. 293, (1855); etc.

Spiriferina cristata Davidson, Quart. Jour. Geol. Soc. London, p. 170,
pl. 1x, f. 6, (1863); etc.

Spirifer laminosus Geinitz (non McCoy), Carb. u. Dyas in Neb., p. 45,
pl. 111, £, 19, (1866).

Spirifer kentuckyensis var. propatulus Swallow, Trans. St. L. Acad.
Sei., 11, p. 489, (1866).

Spiriferina kentuckyensis Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p.
185, pl. vi, f. 3a-d, pl. vii, £. 11a, b, (1872); etc.

Spirifer (Spiriferina) kentuckyensis Hall, 2d Rep. N. Y. St. Geol., pl.
Lrx1, ff. 14-16, (1883).

Spiriferina cristata Schuchert, Bull. U. 8. Geol. Surv. 87, p. 410, (1897).
Meek’s description : ‘¢ Shell rather small, varying from sub-
globose to semicircular, or even subfusiform, always wider than
long ; breadth sometimes twice or even three times the length ;
hinge line always equaling the greatest breadth of the valves,
occasionally greatly extended, and terminating in slender mu-
cronate ears; anterior and lateral margins generally forming
a nearly semicircular curve. Ventral valve somewhat more
convex than the other, the greatest convexity being between
the beak and the middle; beak moderately prominent and
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rather distinctly arched or incurved; area arched, usually of
moderate height, well defined, and extending nearly or quite
to the lateral extremities, while it increases rapidly in height,
with concave lateral margins toward the beak; foramen gen-
erally higher than wide, with a marginal furrow on each side,
and, so far as known, not closed by a deltidium ; mesial sinus.
narrow, rather deep, sometimes with a small obscure rib along
its middle, but more frequently without it; plications on each
side of the sinus about five to eight or nine, rather narrow,
simple, prominent, and a little rounded ; mesial septum of the
interior moderately prominent. Dorsal valve with greatest con-
vexity near the middle; beak scarcely projecting beyond the
hinge margin, more or less incurved; area very narrow, and
incurved with the beak; mesial fold narrow, not very promi-
nent, nor greatly larger than the first plication on either side,
most generally rounded, but not infrequently with an obscure
sulcus along the middle, near the front; lateral plications as
in the other valve. Entire surface of both valves ornamented
with numerous closely crowded, very regularly arranged, sub-
imbricating lamellz of growth, strongly arched in passing over
the coste ; over the whole may also be seen, by the aid of a
magnifier, numerous granules, apparently connected with the
punctures passing through the shell which are comparatively
large and distinct, though regularly arranged.’” Measure-
ments of an average specimen : Entire length, 9 mm.; width,
15 mm. ; convexity, 7 mm.

Range and distribution: Upper and Lower Coal Measures;
Fort Scott, Bronson, Bourbon county, Thayer, Kansas City,
Lawrence, Lecompton, Topeka.

Not having foreign specimens for comparison, Schuchert is
followed in referring our specimens to S. cristata.
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SPIRIFER.

ﬁ Im Cnn. II, p. 41 (1815).
Hall and Clarke P Lir, ps. 11, pp. 140, (1893) ; eto.
Billings, Can. Jonr VI, p. 283, (1361) ; etc.

This genus is very grealty developed in the Paleozoic rocks of
America, though there are but two forms that have been recog-
nized with certainty in our Coal Measures. Hall ( loc. cit.) di-
vides the genus into six groups, as follows:

I. Radiati. ¢‘Smooth, radially undulated or plicated ; fold
and sinus smooth ; entire surface covered with fine, filiform ra-
diating striee which may be minutely crenulated or granulose.’’

II. Lamellosi. ‘¢ Radially plicated ; surface covered with nu-
merous concentric lamellee. In Silurian species the fold and
sinus are non-plicate ; the later forms usually bear a low median
depression on the fold accompanied by a corresponding median
ridge in the sinus.”” He further divides this group into two
smaller ones —the Septati, those possessing a mesial septum in
the pedicle valve, and the Aseptati, without this septum.

II1. Fimbriati. ** Shells with a few low plications or none;
hinge line not greatly extended, often shorter than the greatest
diameter of the shell; dental lamell:e moderately, sometimes
notably, developed; a low median septum may exist in thd
pedicle valve. Surface covered with concentric rows or fringes
of fine spines.”” He also divides this group into two smaller
groups— the Unicispinet, those species in which the concentric
fimbrise are made up of short, simple, hollow spines (Delthyris
Dolman), and the Duplicispinei, those with larger, compound,
hollow spines (Reticularia McCoy).

IV. Aperturati. Those having plications on the fold and
sinus. These are the typical Spirifers. They are divided into
several smaller sub-groups which are of little interest here.

V. Ostiolati. Median fold and sinus without plications.

VI. Glaberati. Surface smooth ; fold and sinus faintly devel-
oped. These he divides into two smaller groups, the Aseptati
and the Septati, according to the presence or absence of the
dental lamell:e and mesial septa. These are equal to Martinea
of McCoy, Martinopsis Waagen, and Mentzelia Quenstedt.
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Our two species, Reticularia perplexa and Spirifer cameratus,
belong to the Fimbriati and Aperturati respectively. Spiriferina
is, in some respects, more closely related to the Lamellos:.

Spirifer cameratus. Plate XII, figs, 5-5e.

Spirifer cameratus Morton, Amer. Jour. 8ci., xx1x, p. 150, pl. 11, {. 3,
(1836); ete. :
Sp(i{siggr)' meusebachanus Roemer, Kreidebildung Texas, p. 88, pl. xi1, {. 7

Spirifer triplicatus Hall, Stanbury’s Expl. Surv. Gt. 8alt Lake, p. 410,
pl. 1v, £. 5, (1852).

Spirifer fasiger Owen (non Keyserling), Geol. Surv. Iowa, Wis., and
Mipn., pl. v, f. 4, (1852).

Spirifer inequicostatus ? Owen, ibid., p. 586, pl. v, 1. 6, (1852).

Spfiréfe(;i sggiatun var. triplicatus Marcou, Geol. N. Amer., p. 49, pl. vii,

. 3y )e

sz‘z‘fera camerata Newberry, Ives’ Rep. Colo. Riv. West, p. 127, (1861);
ete. :

Spirifera camerata var. kansasensis Swallow, Trans. St. L. Acad. Sci.,
i, p. 409, (1867).

Spirifer (Trigonotreta) camerata Meek, King's U. 8. Expl. 40th Parallel,
Iv, p. 91, pl. x, £. 2, (1877).

Shell medium to large in size, greatest convexity back of the
middle, variable in outline from subsemicircular to trigonal;
anterior margin sharply rounded to truncate-sinuate; lateral
margine slightly curved to nearly straight, pointing outward
and backward to the ears; hinge line equaling the greatest
width of the shell, sometimes prolonged into attenuate ears;
cardinal area broad, extending to the extremity of the hinge
line ; foramen broadly triangular and nearly equilateral, partly
closed in the upper part by a pseudo-deltidium ; beak high,
prominent, somewhat recurved over the cardinal area, which is
sometimes slightly arched ; mesial sinus prominent, beginning
at'the beak and broadening and deepening until the front mar-
gin is reached ; fold of the dorsal valve to correspond, and the
beak of the same moderately rounded beneath that of the other

valve. Interior of pedicle valve marked by a subelliptical

muscular impression in the vicinity of the beak, posterior end
of this impression extending to the hinge line or beyond,
bisected by an indistinct mesial ridge, radiating from which
are small indistinct ridges for the attachment of the muscles.
The cardinal area projects over a portion of the visceral cavity,
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leaving a large space beneath ; the shell here is well pitted; a
small tooth and depression are developed on the inner corners
of the cardinal area. Shell of the brachial valve thin, muscu-
lar marking distinct ; hinge line at beak broadly and shallowly
arched, one prominent socket on each side of the arch, for the
teeth of the other valve ; two small elevations in the center for at-
tachments. The exterior markings of the shell consist of rather
large, bifurcating, radiating striz or cost:e, almost always fascicu-
lated, covering the entire shell to the tips of the ears, where
they are nearly parallel. There are, in unweathered, unworn
specimens, minute pustules arranged in somewhat radiating
order, as well as lines of growth visible on the front border. In
exfoliated specimens the fasciculation is less distinct. Meas-
urements of average specimen: Length, 32 mm.; breadth, 44
mm. ; convexity, 21 mm.

Range and distribution: Upper Coal Measures; Kansas
City, Lawrence, Lecompton, Topeka, Grand Summit. Com-
mon throughout the Upper Coal Measures to the base of the
Permian.

The variation in outline, convexity and length of the hinge
line is great in this species. This species has been considered
by some as identical with S. striatus ( Martin ) Davidson. Schu-
chert has pointed out characters which separate it from that
species.® There is also a marked difference in the spires of the
two, those of S. striatus being long, loose, and acute, while those
of S. cameratus are short, compressed, and obtuse, and they en-
close a slightly smaller angle. The striee of S. cameratus are
nearly always fasciculated, while those of S. striatus are not.

There is also a marked variation in the interior of the pedicle
valve of this shell. In some specimens the muscular scar in
this valve is elliptical and extends well back beneath the del-
thyrium into the beak, the teeth are not supported by heavy
deposits of shell or lamellx, and the cavity formed by the jut-
ting of the cardinal area forms a general posterior cavity ex-
tending across the shell, only slight ridges being present below

6. Bull. U. 8. Geol. Surv. 87, p. 884: “The latter species [ 8. striatus)], however, is closely and
finely reticulated with concentric growth lines, while in S. cameratus the plications are covered
with small pustules, which are arranged in radiating lines.”




BEEDE.] Carboniferous Invertebrates. ) 101

and behind the teeth. In other specimens the posterior of the
shell is much thickened, the muscular impression not extending
beneath the beak or hinge line, that portion of the cavity being
filled with shell, which has encroached upon the muscular area
until it is small and nearly circular. This heavy deposit of
shell also forms strong supports for the teeth, dividing the pos-
terior cavity into a right and a left cavity.

AMBOCELIA.

Hall, 13th Rep. N. Y. St. Cab. Nat. Hist., p. 71, ff. 1-8, f. , ff. 4-8, (1860).
Meek and Hayden. Pal. Upp. Mo., Smiths. Cont. Knowl X1V, 172, p. 20, (1861) ; etc.

Ambocelia planoconvexa.

Spirifer planoconvera Shumard, Geol. Rep. Mo., p. 202, (1855); etc.

Ambacelia gemmula McChesney, New Pal. Foss., p. 41, (1860); ibid.,
pl. 1, f. 3, (1865).

Spirifer (Martinia) planoconvera Meek and Hnydan, Pal U p. Mo.,
Smiths. Cont. Knowl., x1v, 172, p. 20, ff. a-e, (1864); M in. Rep.
U. 8. Geol. Surv. Neb,p 184. pl. n.f 4, pl. virr, £, 2; oto

Marl'tmia galanoconve.ra McChesney, Trans. Chic. Acad. Sci., 1, p. 34,
pl.1,f

Ambocelia plano( onvera Hall and Clarke, Pal. N. Y., vin, pt. 11, p. 56,
pl. xxxix, ff. 10-15, (1893).

Meek’s description : ¢ Shell very small, plano-convex, or very
rarely a little concavo-convex, sometimes wider than long, in
other examples slightly longer than wide ; hinge margin always
shorter than the greatest transverse diameter of the valves, and
rounded at the extremities ; lateral margins and front regularly
rounded ; surface apparently smooth, excepting a few very ob-
scure concentric marks of growth, but, when examined by the
aid of a magnifier, showing the remains of the bases of minute
hair-like spines. Dorsal or smaller valve truncato-suborbicular
in outline, generally nearly flat, with faint longitudinal depres-
sion in front, sometimes slightly convex near the beak, and con-
cave around the anterior and lateral margins; beak scarcely
distinct from the cardinal margin; area narrow, but well de-
veloped, or about half as large as in the other valve; socket
plates projecting like diverging teeth on each side of the small
fissure. Ventral valve very gibbous, particularly in the umbonal
region, sometimes with obscure traces of a narrow longitudinal
depression along the middle, but without a proper mesial sinus ;
beak very prominent and strongly arched back over the hinge;
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area subtriangular, being moderately high under the beak, but
narrowing rapidly, with moderately defined concave margins,
to the extremities of the hinge, and arching with the beak;
fissure rather narrow, or higher than wide, apparently rounded
above under the beak, and spreading at the hinge.”” Measure-
ments : Length, 9 mm.; width, 10 mm. ; convexity, 5 mm.

Range and distribution: Upper and Lower Coal Measures;
Fort Scott, Fredonia, Eudora, Lawrence, Lecompton, Topeka,
Emporia.

RETICULARIA.

McCoy, Carb. Foss, Ireland, P. 142, (1844).
‘Waagen, Pal. Indica, ser. ziii, I, p, 538, (1883 ).

Reticularia perplexa. Plate XII, figs. 4-1c.

Spirifer lineatus Shumard, Geol. Surv. Mo., p. 216, (1855); etc.

Spirifer perplexus McChesney, New Pal. Foss., p. 43, (1860).

Spirifer lineatus var. perplexus Swallow, Trans. 8t. L. Acad. Sci., 11, p.
408, (1866).

Spirifera lineata Meek, Fin. Rep. U. S. Geol. Surv. Neb., pl. 11, {. 3,
(1872); etc.

Spirifer (Martinia) perplera Derby, Bull. Cornell Univ., p. 16, pl. 1,
fI. 27, 39, 40, 45, 50, pl. vi, f. 13, (1874).

Spirifer (Martinia) lineata? White, Wheeler’'s Expl. Surv. West 100
Mer., 111, Appendix, (1881); later without query; etc.

Spirifera perplera Keyes, Geol. Surv. Mo., v, p. 84, (1885).
Reticularia perplexa Schuchert, Bull. U.S. Geol. Surv. 87, p. 342, (1897).
White’s description: ¢‘Shell moderately gibbous, trans-
versely subelliptical in marginal outline, the front and sides
regularly rounded; hinge much shorter than the width of the
shell ; cardinal extremities rounded; cardinal area distinct,
arched, and moderately high; ventral valve convex; umbonal
portion prominent; beak prominent, incurved; area small,
without median sinus, but there is a slight flattening of the
valve in front, which gives the front margin a slight sinuosity ;
dorsal valve regularly convex, both transversely and longitudi-
nally ; umbonal portion prominent, but not so much so as that
of the other valve; beak moderately prominent and projecting
a little beyond the hinge line ; surface marked by very numer-
ous very faint radiating lines and somewhat stronger concentric
lines, the latter being impressed and finely crenulate, the
minute crenulations apparently marking the bases of hair-like
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spines when the surface of the shell is perfect.”” Measure-
ments: Length, 19 mm.; width, 23 mm. ; convexity, 15 mm.

Range and distribution: Upper and Lower Coal Measures ;
Fort Scott, Iola, Lawrence, Topeka, and so on to the base of
the Permian.

The shell varies a great deal in marginal outline, some hav-
ing the beak prolonged and sides somewhat compressed, giving
it a very different appearance from the normal form.

HUSTEDIA.
Hall and Clarke, Pal. N. Y., VIII, pt. II, p. 120, (1863) ; 13th Ann. Rep. N. Y. 8t. Geol.,
p. 197, (1885),

Hustedia mormoni. Plate IX, figs. 10-10d; plate X, fig. 3.

Terebratula mormoni Marcou, Geol. N. Amer,, p. 51, pl. v1, £. 11, (Feb.
1858); etc.
Retzia pum:tuli era_Shumard, Traps. 8t. L. Acad. Sci., 1, p. 220, (June,
858); Meek, Fin. Rep. U. 8. Geol. S8urv. Neb,, p. 181, pl. 1, {. 13, pl. v,
f 7, (1872); etc.
Regia mormont Meek and Hayden, Proc. Acad. Nat. Sci. Phil. 1859, p.
; ete.
Rcftz{a (slggg)toboaa McChesney, New Pal. Foss., p. 45, (1860); ibid., pl. 1,
Retzia compressa Meek, Geol. Surv. Cal., 1, p. 14, pl. 11, f. 7, (1864); ete.
Retzia radialis Walcott (non Phillips), Mon. U. 8. Geol. Surv., vii, p.

220, pl. 7, ff. 5d-h, (1893); etc.
Eumctria Jmnctulifcra Derby, Bull. Cornell Univ., 1, p. 4, pl. v, ff. 4,
5. 7, 8, 10, pl. 1x, f. 3, (1874).
Hustedia mormoni Hall and Clarke, Pal, N. Y., vi, pt. 11, p. 120, £. 196,
pl. u1, 1. 1-9, (1893).

Meek’s description: ‘¢ Shell small, ovate; in mature speci-
mens, gibbous; hinge line short, or scarcely extended enough
to show distinctly the little ears at the extremities. Ventral
valve more convex than the other, the greatest convexity being
between the middle and the umbo, which is prominent, rounded,
more or less strongly arched, and provided with a moderately
large circular foramen ; area well defined, triangular, and arch-
ing with the beak. Dorsal valve most convex near the middle ;
beak extending a littla beyond the hinge margin, and distinctly
incurved. Surface of each valve ornamented by fourteen or fif-
teen (very rarely sixteen to seventeen) simple, rather prominent,
radiating coste, one or two of which are sometimes slightly
more depressed than the others, near the front of the ventral
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valve, so as to cause some appearance of an obscure mesial sinus,
but without producing any corresponding mesial elevation on
the other valve, or visibly inturrupting the general straightness
of the uniting margins of the two valves; lines of growth ob-
scure ; punctures visible under a good pocket lens, and very
regularly disposed.”’” Measurements: Length, 10 mm. ; width,
8 mm. ; convexity, 7 mm.

Range and distribution: Upper Coal Measures; Fort Scott,
Iola, Kansas City, Lawrence, Lecompton, Topeka, Beaumont.

CLEIOTHYRIS.

Kh!'f ‘non Phillips), Mon. Perm. Foss., Pal. Boc., p. 137, (1830).
all and Clarke, Pal. N. Y., VIII, pt. LI, p. 80, (1863); ete.

Oleiothyris roissyi. Plate XII, fig. 2; plate XI, figs. 5-5¢.

Spirifer de roisayi L'Eveille, Mém, S8oc. Geol. de France, 11, p. 39, pl. 11,
ff. 18-29, (1835).

Terbratula roysii Maroou, Geol. N. Amer., p. 51, pl. v1, f. 10, (1858).

Athyris sublamellosa Hall, Geol. Surv. Iowa, 1, pt. 11, p. 702, pl. xxvII,
f. 1, (1858); etc.

Athyris parvirostris Meek and Worthen, Proc. Acad. Nat. Sci. Phil,,
1860, p. 451.

Spirigera americana Swallow, Trans. 8t. L. Acad. Sci., 11, p. 89, (1863).

Spirigera pectenifera Swallow (non Sowerby), ibid., p. 88.

Athyris planosulcata Geinitz (non Phillips), Carb. u. Dyas in Neb., p. 42,
(1866); etc.

Spirigera planosulcata? White, Wheeler’s Rep. Geog. Expl. Surv. West
100 Mer., 1v, p. 257, pl. 1v, ff. 10, 11, (1877).

At{xiug: hirsuta Walcott, Mon. U. 8. Geol. Surv., vi, p. 222, pl. xvi, £. 5,
).

Cleiothyris royssii Hall and Clarke, Pal. N, Y., vi, pt. 11, p. 91, pl. xrvI,
fI. 23, 24, pl. Lxxx1v, f. 32, (1893).

Cleiothyris sublamellosa Hall and Clarke, ibid., p. 91.
Meek and Worthen’s description: ‘‘Shell of medium size,
_quadrato-subcircular, moderately gibbous, length and breadth
nearly equal, sometimes a little wider than long (other ex-
amples a little longer than wide) ; greatest convexity at the
middle ; .valves equally gibbous ; lateral margins usually promi-
nent, and narrowly rounded in outline at the middle, thence
converging with a slightly convex outline to the faintly sub-
truncate front; postero-lateral margins a little inflected, so as
to form slight concavities, converging to the beaks at an angle
of about ninety-seven degrees. Both valves destitute of a mesial
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fold or sinus, but each sometimes slightly flattened in the mid-
dle near the front, where they meet without the slightest sinu-
osity in the margin of either. Beak of ventral valve small,
pointed, closely incurved upon that of the other valve, which is
but little less prominent ; foramen round and very small. Sur-
face with small, obscure, concentric marks of growth. Spiral
appendages each making about twelve turns. Surface ( proba-
bly exfoliated ) showing only small, obscure, concentric ridges.”’
Measurements, two specimens : Length, 10 mm., 10 mm. ; width,
11 mm, 13 mm. ; convexity, 6 mm, 5 mm.

Range and distribution : Lower Coal Measures; Fort Scott,
Marmaton station, Bourbon county, Prescott, Linn county.

This rare little fossil is rather variable in form. Most of our
specimens are rather more straight along the hinge than those
usually figured from this country, approaching, in this respect,
the form figured by C. Nikitin from the Upper Carboniferous
and Lower Permian of Europe, one specimen in particular be-
ing quite straight and wide along the hinge. The shells, in un-
worn specimens, show the surface fimbriee very well.

SEMINULA.

McCoy, Carb. Foss. Ireland, pp. 550, 588, (1844 ).
Hall and Clarke, Pal. N. Y., VIII pt. I, p. 93,( 1803) ; ete.

Seminula argentea. Text fig. 3, C.

Terebratula argentea Shephard, Amer. Jour. 8ci., xxx1v, p. 152, 1. 8, (1838).

Terebratula roisyi d’Orbigny [non L’Eveille], Voy. dans I’Amér. Mér
Pal., p. 46, (1842).

Terebratula antisiengis d'Orbigny, ibid., p. 46, (non 36).
Terebratula peruviana d'Orbigny, ibid., pl. m, ff. 17-19, (non p. 36).

Terebratula aubtilita Hall, Stanbury’s Expl. Gt. Salt Lake, p. 409, pl. 1v,
f. 1, 2, (1852); etc.
Terebratula? subtilita Davidson, Mon. Brit. Carb. Brach., p. 18, pl. 1, ff.
21, 22, (1857); ete.
Spinfcra subtilita Meek and Hayden, Proc. Acad. Nat. Sci. Phil., p. 20,
(1859); ete.
Athyris differentis McChesney, New Pal. Foss., p. 47, (1860).

Athy rin nubtilita Newberry, Ives’s Rep. Colo. Riv. West, p. 126, (1861);
eek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 180, pl. 1, £. 12, pl. v, £. 9, pl.
VIII, f 4, (1872); etc.

Seminula subtilita Hall and Clarke, Pal. N. Y., v, pt. n, p. 95, fI. 66,
67, p. 86, fI. 68, 59, pl. xLvI1, ff. 17-31, (1893).

Athyris argentea Keyes, Geol. Surv, Mo., v, p. 92, pl. xxx1x, f. 11, (1895).
Seminula argentea Schuchert, Bull. U, S. Geol. Surv. 87, p. 377, (1897).

8—vi
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Meek’s description (in part): ‘‘Shell ovoid, being usually
widest a little in advance of the middle, and nearly always
somewhat longer than wide, moderately convex, becoming
rather gibbous with age. Ventral valve usually 4 little more
convex than the other, its greatest convexity being generally
behind the middle; beak prominent, rounded, and distinctly
incurved upon that of the other valve; foramen round, of mod-
erate size, and truncating the immediate apex of the beak;
mesial sinus absent, or very shallow, in young or compressed
individuals, but well defined, and round, flattened or angular
in adult gibbous specimens, in which it rapidly increases in
size, from near the middle to the front, where it produces a
more or less prominent marginal projection, fitting into a cor-
responding sinuosity in the margin of the other opposite valve.
Dorsal valve moderately convex, the greatest convexity in small
or compressed specimens often near the middle or between it
and the umbo, but in large, gibbous individuals, with a well-
defined, prominent mesial fold, sometimes near the front; beak
rather distinctly incurved under that of the opposite valve.
Surface of both valves nearly smooth, or with mere lines of
growth, in young shells, but in large or mature specimens with
well-defined, imbricating marks of growth on the anterior half;
exfoliated surfaces also show, under a magnifier, obscure traces
of radiating strize.”’ The spires are large and generally acutely
pointed.. Measurements of two specimens: Length, 36 mm.,
26 mm.; width, 37 mm., 23 mm. ; convexity, 26 mm., 18 mm.

Range and distribution : Upper and Lower Coal Measures;
Marmaton station, Bourbon county, Iola, Kansas City, Eudora,
Lawrence, Lecompton, Topeka, Manhattan, Grand Summit.
Very abundant throughout the Coal Measures of the state.

Hall has figured this species as having the ascending edges of
the spire straight and forming an obtuse angle at the apex. In
all the specimens at hand the sides of the spires are concave
and the tip of the spire is acute. However, they vary a great
deal in this respect. Swallow has described another form, S.
caputserpentis,” from the Kansas Carboniferous, but I am able

1. Trans, 8t, L. Acad. 8ci., 1I, p. 90, 1863.
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to recognize but the one species, and think there is but little
doubt that his Spirigera caputserpentis is the same as the form
above described. The shells. vary enough to easily include
Swallow’s description. The microscopic indications of strie
mentioned in the various descriptions of this shell are probably
due to the fibrous structure of the shell, which is quite coarse.

PELECYPODA.

Pelecypods (sometimes called lamellibranchs) are a group
of animals known under the names of mussels, clams, and oys-
ters. They live in fresh and salt water, and are covered by a
shell which is made up of two halves, or valves. Brachiopods
have one valve on top and one on the bottom of the -animal, but
the halves of the clam shell are located one on the right side
and one on the left. The body is nearly enclosed in a mantle
or fleshy membrane, which nearly surrounds the soft part of
the body. It is divided into two parts or halves, called lobes,
which secrete the two halves of the shell. Sometimes this
mantle is somewhat grown together for a large part of the way
along the lower sides of the animal near the open edges of the
shell.

In those with the mantle edges fastened together there are
two openings in the rear end; these openings are sometimes
prolonged into tubes called siphons, which are used in breath-
ing. A current of water passes constantly in through one of
these and out through the other. In those which do not have
the mantle united there is generally no siphon.

The edge of the mantle is also attached to the shell, impress-
ing a line nearly parallel with the edge of the shell. When the
siphons are presgnt there is an inward notch or angle in the
line in the back part of the shell, caused by the muscles used in
pulling the siphon into the shell. When the siphons are ab-
sent the notch is not present. The line formed by the edge of
the mantle is called the pallial line.

Near the front of the shell lies an organ called the foot, which
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is generally a muscular organ, hatchet-shaped in most fresh-
water clams ; it aids the animal in moving. Sometimes this
organ secretes a substance which hardens quickly on being ex-
posed, and by this means the animal cements its shell firmly
to some rock or other object. The foot generally becomes
small in such cases on account of disuse. There is an opening
in one of the valves for it, so that the attachment may be more
certain. This opening is called the byssal groove or notch, and
the foot, in this case, is called the byssus.

Theére are other muscles in the clam which are important.
One or two large muscles are used in closing the shells together,
and run nearly directly across from one shell to the other, and
when two are present one is located near the front of the shell
and the other near the rear of it, and are known as the anterior
and posterior adductors, respectively. These muscles are firmly
attached to the shell, causing a depression in it, showing the
size, shape and position of the muscle.

The pelecypods have no true heads. In the front part of
the animal is an opening, or mouth, surrounded by a pair of
membranous flaps. In the oyster these flaps are called the
beard. This opening is the end of the esophagus, or gullet,
which leads to the stomach, which is generally surrounded by
the liver. From the stomach the intestine is somewhat convo-
iuted, generally passing through a part of the heart, and finally
ending near the back part of the shell.

The circulatory system consists of a heart, having two or
three chambers and a few arteries. The heart propels the blood
from the gills through the body of the animal. The respira-
tory organs consist generally of two pairs of gills. The water,
in the siphoned clams, enters through one side of the siphon,
or one tube, flows over the gills, constantly bathing them with
fresh water, and then flows past the mouth, where the food
particles are selected out of it, when it passes out of the other
siphon tube.

The nervous system consists of two knots of nerves near the
mouth and one near the posterior adductor muscle.

Now, since we have a general idea of the anatomy of the
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pelecypod, let us turn our attention to the shell. The hard
parts of animals are the only ones preserved in the rocks. In
the clams the shell only is found, and the impressions on the
inside of it are all we have to judge from as to the exact nature
of the animal which inhabited it; consequently, it is of great
importance to know what these markings are and what they
represent.

The elevated portions of the shell, which project upward near
the hinge, or where the two halves are fastened together, are
called the beaks or umbones. These generally point toward
the front of the shell. If we hold the shell so that the beaks
point away from us, the half on the right side will be the right
valve and the other half the left valve. The edge of the shell
on which the beaks are situated is the dorsal edge or portion of
the shell. The side opposite ( below) this is called the ventral
portion, and its edge is called the ventral or pallial margin.
The line where the two halves are united is called the hinge
line. The hard, gristly material that forms the hinge is called
the ligament. The projections along the hinge line, which fit
into the corresponding sockets in the opposite valve, are called
the teeth. We have previously mentioned the adductor scars,
the pallial line, and the notch in the pallial line caused by the
muscle (retractor) which pulls in the siphon.

The pelecypods described in the following page were inhabi-
tants of salt water.

I wish to acknowledge the kind aid in this work given by Mr.
Austin F. Rogers. He has also found and worked out several
species in the following list since the work closed. For full
bibliography the reader is referred to Weller, Bull. U. 8. Geol.
Surv. No. 153, (1898).



Fia. 4. 1. Anatomy of a bivalve mollusk, Mya arenaria (after Woodward ) ; left valve and
mantle lobe, and half the siphons, are removed : ss, respiratory siphons (the arrows indicate
direction of the currents) ; aa', adductor mascles; b, gills; A, heart; o, mouth, surrounded
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PLACUNOPSIS.
Morris and Lycett, Mon. Foss. Great Oolite, ( 1853).

Placunopsis carbonaria. Plate XX, fig. 18.

Placunopais carbonaria Meek and Worthen, Proc. Chie. Acad. 8ei., 1, p.
13, (1866); Geol. Surv. Ill., v, p. 578, pl. xxvi1, f. 2, (1873).

Meek and Worthen’s description: ‘‘Shell orbicular, com-
pressed subhemispherical, extremely thin. Upper or right
valve irregularly convex, sometimes rather gibbous; hinge
margin straight, generally equaling about one-third to one-
half the diameter of the valves, and usually showing slight
disposition to develop small, obtuse ears at the extremities;
beak very small, sometimes compressed and nearly obsolete,
marginal, but not projecting distinctly beyond the cardinal
border, located at the middle of the hinge, and showing a slight
forward curvature. Under valve flat or conforming to the in-
equalities of the surface to which it was attached ; beak mar-
ginal, and very nearly obsolete. Surface of both valves marked
with irregular, undulating or interrupted radiating lines, with
broad, faint, irregular concentric wrinkles, and a set of obscure
striee of growth. Often there is also an entirely independent
series of parallel ridges, crossing the umbonal region, or some-
times the whole surface obliquely and partly, or sometimes
almost entirely, obliterating the other markings. Diameter of
the largest specimen found, from the hinge to the pallial mar-
gin, 1.30 inches; oblique parallel ridges uniformly numbering
seven to eight in 0.2 inch.”

Range and distribution: Upper Coal Measures; Topeka.

by ( p) labial palpi; /, foot; v, anus; m, cut edge of the mantle (after Nicholson). 2. Left valve
of C*ytheria chione (after Woodward): -, anterior margin; B, posterior margin; C, ventral
margin or base; u, umbo; h, ligament; ¢, cardinal tooth; ¢, lateral teeth; ¢, anterior addue-
tor; a’, posterior adductor; p, pallial line ; s, pallial sinus caused by the retractor muscles of
the siph (after Nichol { 3. Diagrammatic representation of the anatomy of a siphonate
pelecypod ; the left valve and the left mantle lobe are reinoved, and the siphons are cnt short:
u, umbo; ca, cartilage pit; o, the mouth; Ip, labial palpi; a, stomach, surrounded by liver; i,
intestine perforating the heart; r, rectum, terminating in the anus; ad, anterior adductors,
pd, terior adductors; =, supraesophageal or cerebral ganglion (the mouth is a little
disanoo‘ed upwards, so that the fanglion comes to lie below the gullet instead of above it); n?,
parieto-splanchnic or branchial ganglion; f, foot; rr, cut edge of the right mantle lobe; s,
retractor muscles of the siphon; br, branchise of the left side; g, renal organ; s, inhalant si-
phon; s!, exhalant siphon (after N ie)mlson).
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LIMA.

Bruguelm Encycl. Meth., (1791).
Deshayes, Desc. de Coq. Foss. des Inv. de Paris, (1824).

Lima retifera. Plate XIII, fig. 5.

Lima retifera Shumard, Trans. St. L. Acad. Seci,, 1, p. 214, (1858); Meek,
Fin. Rep. U. 8. Geol. Snrv Neb., p. 188, pl ix, f. 5, (1872) SeeWeller,
Bull. 153, U. 8. Geol. Burv., p. 324, (1898).

Meek’s description: ‘¢ Shell obliquely subovate, moderately
convex, apparently not gaping in front; hinge line short, or
between one-half and one-third the antero-posterior diameter
of the valves; base forming a nearly regular semicircular curve ;
anterior side extended obliquely forward, rather narrowly
rounded below, and straight or slightly concave in outline, with
a rather long, oblique slope to the hinge above; posterior side
distinctly shorter than the other, and rounding from near the
ear into the base ; ears subequal, the front margin of the ante-
rior one forming an obtuse angle with the hinge line, rather
distinctly flattened from the swell of the umbo, and somewhat
extended along the anterior margin below ; posterior ear a little
more convex than the other, with its upper margin incurved,
and its lower margin separated from the umbo by a faint ob-
lique furrow, ‘sometimes faintly sinuous behind, and nearly
rectangular at its extremity ; umbones rather convex or mod-
erately compressed, extending very little above the cardinal
margin, and placed near the middle of the same ; surface orna-
mented by about twenty-five slightly irregular, angular, radiat-
ing costee, about equaling the spaces between, and occasionally
bifurcating on the umbones and lateral margins of the body
part of the valves, where they become obsolete ; crossing all of
these, as well as on the ears and lateral margins, are numerous
fine concentric strie. Height, 156 mm. ; length, 18 mm.

Range and distribution: Upper Coal Measures; Lawrence,
Topeka.




BeEDE.] Carboniferous Invertebrates. 113

ENTOLIUM,
Meek, Geol. SBarv, Cal, I1.

Entolium aviculatum. Plate XIX, fig. 1.

Pecten aviculatus Bwallow, Trans. 8t. L. Acad. Sci., 1. p. 213, (1858).
Entolium aviculatum Meek, Fin. Rep. U. S. Geol. S8urv. Neb., p. 189, pl.

1x, ff. 11a-g, (1872).

Meek’s description : ‘‘ Shell compressed lenticular, very thin,
nearly or quite equivalve, suborbicular, or broad subovate in
outline exclusive of the ears, the antero-posterior diameter
being often a little less than that at right angles to the same;
sides and base more or less regularly rounded; lateral margins
above the middle apparently a little gaping, straight, and con-
verging to the beaks at an angle of 115° to 125°; cardinal .
margin very short, or less than one-third the transverse diam-
eter of the valves, and in the left valve generally concave, or
more or less sloping in outline from the extremities of the ears
to the beaks; straight or nearly so in the right valve; ears
small, flat, very nearly equal, obtusely angular at the extremi-
ties, and separated from the body of the valves by an impressed
line, not defined by any proper sinus in either valve, though
the broad obtuse notch separating the anterior one from the
straight, sloping adjacent margin is slightly more defined than
the other; beaks small, rather compressed, equal, and not pro-
jecting beyond the cardinal margin. Each valve with two
shallow undefined impressions diverging from the beak nearly
to the anterior and posterior margins; that on the posterior
side being longer than the other. Surface with very fine close
concentric strize, scarcely visible without the aid of a magnifier;
crossing these are sometimes seen traces of extremely minute
radiating striee, curving gracefully outward toward the lateral
margins.”’ In a foot-note he says: ‘‘In most of these speci-
mens these radiating striee are entirely obsolete, even as seen
under a magnifier; and it is generally only on specimens that
have been slightly weathered that they are most distinctly seen,
while even on these they seem to be more due to some pecul-
iarity of the shell structure than proper surface sculpturing, the
shell showing a disposition to crack along these curved lines.
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Both these and the concentric striee are almost invisible to the
unassisted eye.’’

‘‘Anterio-posterior diameter of a specimen a little under me-
dium size, 0.85 inch; height, 0.89 inch; length of the hinge
line, 0.27 inch. Specimens are sometimes found of nearly
double these dimensions.”’ In some delicately preserved casts
there are traces of zigzag markings on the anterior of the ven-
tral margin of the left valve.

Range and distribution: Upper Coal Measures; Lawrence,
Topeka.

AVICULOPECTEN.
McCoy, Ann. Mag. Nat. Hist., 2d ser., VII, p, 171, (1851).

Aviculopecten occidentalis. Plate XIII, fig. 7.
QLecten ocoidentalis Shumard, Geol. Rep. Mo., p. 207, pl. c, f. 18, (1855);
Newberry, Ives’s Colo. Expl. Exped., p. 128, (1861).
Pecten cleavelandicus Swallow, Trans. St. L. Acad. Sci., 1, p. 184, (1858).

Aviculopecten ? Meek and Hayden, Pal. Upp. Mo. (Smiths. Cont.
Knowl., x1v), p. 50, pl. 11, £. 10, (1864).

Aviculopecten occidentalis Meek and Worthen, Geol. Surv. Ill., 11, p.
331, pl. xxv1, ff. 4-5a, (1866); Meek, U. 8. Geol. Surv. Neb., p. 191, pl.
x, f. 10, (1872); ete.

Pe(c{g& misgouriensis ? Geinitz, Carb. u. Dyas in Neb., p. 35, pl. 11, f. 18,
)

Meek’s description: ¢‘Shell distinctly inequivalve, not ob-
lique ; subovate exclusive of the ears; lateral and basal mar-
gins regularly rounded ; hinge margin nearly or quite equaling
the greatest breadth of the valves; cardinal plate of moderate
breadth. Left valve convex, with ears subequal; anterior
one with distinct radiating costz, more convex, shorter,
and more obtuse than the posterior, as well as more defined
from the swell of the umbonal slope; posterior ear flattened
and more angular at the extremity than the other, some-
times without radiating costee, but in other instances having
them more or less developed, each separated from the mar-
gin below by a rounded, rather broad, more or less deep sinus.
Right valve nearly flat and having the general outline of the
other excepting that its beak is scarcely distinct from the car-
dinal margin, and its anterior ear much narrower and defined
by a deep, sharp angular sinus. Surface of valve ornamented
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with rather depressed or flattened irregular radiating costee, of
which only about twelve or fourteen of the largest reach the
beak, others dying out at various distances between the mar-
- gins and the umbo; in proportion to size, the larger of the
intercalated ones being longer than the smaller. Crossing all
of these are numerous fine concentric strim, some of which on
the ears, particularly the anterior one, often form little vaulted
scales; in well-preserved specimens these vaulted projections
are strongly developed on one of the posterior costx of the body
part of the valve. Surface.of right valve generally with only
very obscure radiating coste and fine crowded lines of growth.”’
Measurements : Length, 24 mm.; height, 26 mm. ; convexity,
about 5 mm. »

Range and distribution: Upper Coal Measures; Turner,
Eudora, Lawrence, Topeka, Wabaunsee county.

Aviculopecten rectilaterarius.

Avicula rectilateraria Cox, Geol. Surv. Ky., 11, p. 578, p. 1x, {. 2, (1857).
Aviculopecten rectilaterarius Meek and Worthen, Geol. Surv. Ill., 11, p.

326, (1866).

Shell variable in outline, about as long as high ; ventral mar-
gin rounded, nearly semicircular; posterior margin nearly
straight, meeting the hinge at nearly a right angle; anterior
margin slightly sinuate at the lower part of the ear, then, round-
ing upward, meets the hinge line ; lower anterior margin more
abruptly rounded than the corresponding posterior one; hinge
line slightly shorter than the shell, the beak not extending
above the hinge; posterior ear not separated from the shell by
a sulcus, anterior ear separated from it by an indistinct furrow.
The anterior ear of the right valve contains a sharp byssal
notch. The shell is marked by fairly prominent, slightly sinu-’
ous, radiating strie, which increase by implanation and bifur-
cation ; on the posterior ear of the left valve these strie are
very dimly visible but are more prominent on the anterior ear.
These strise are crossed by very fine, close, concentric strize and
larger lines of growth. Measurements, two specimens : Length,
18 mm., 18 mm.; height, 19 mm., 15 mm.
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Range and distribution: Upper Coal Measures ; Leaven-
worth, Wyandotte county.

Specimens are abundant in the shales at Topeka which may
belong to this species or to A. whitei. The material in hand is
too poor to assign with certainty to either species. The proba-
bility is, however, that they belong to A. white:.

This species can be easily distinguished from A. occidentalis
by its smaller size, thinner shell, and the fact that the posterior
ear is not so distinct and the shell is less elongate vertically.

Avicitlopecten interlineatus. Plate XIII, fig. 6.

Aviculopecten interlineatus Meek and Worthen, Proc. Acad. Nat. Sei.
Phil., p. 454, (1860); Geol. Surv. Ill 11, p. 329, pl xxvi, ff. 7a, b, text
fig. (1866); Whitfield, Ann. N. Y Acad. Sci., v, p. 684, pl. xvI1, fr. 10,
11, (1891); Keyes, Geol. Surv. Mo., v, P. 112. pl. xvuir, f. 6, (1894);
Whitfield, Geol. Burv. Ohio, v11, p. 489, pl. x11, ff. 10, 11.

Aviculopecten ? interlineatus White, U, 8. Geog. Surv. West 100 Mer.,
1v, p. 149, pl. xx,( 3, (1877); 13th Apn. Rep. Ind. St. Geol., p. 145, pl.
. xxx, £. 9, (1884).

Meek and Worthen’s description : ¢ Shell (left valve) rather
small, compressed, broad ovate or subcircular exclusive of the
ears, not oblique; length and breadth nearly equal; hinge
straight, about equaling the greatest breadth of the valve
below, ranging at right angles to the vertical axis of the shell.
Base regularly rounded; posterior and anterior margins
rounded from below the ears to the base. Anterior ear tri-
angular, flattened so as to be very distinct from the umbonal
slope; posterior ear somewhat larger than the other, com-
pressed, triangular, the hinge side being longer than either of
the others, rather acutely angular at the extremity. Beak com-
pressed, a little nearer the anterior than the posterior extremity
of the hinge; umbonal slopes diverging from the beaks at an
angle of about 78°; anterior one subangular. Surface orna-
mented by about fifteen regular, very prominent, slender, and
obscurely crenulated concentric costze, which are separated by
spaces from four to six times their own breadth, excepting on
and near the ears; spaces between the cost:e occupied by numer-
ous fine, regular, closely arranged concentric striee, which are
crossed by faint indications of radiating ribs. Diameter, from
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the pallial border to the hinge, 156 mm.; breadth, from the
anterior to the posterior margin, 16 mm.; convexity, 3 mm.
Right valve unknown.”’ In the discussion they also add:

¢ This exceedingly beautiful species seems to have varied a
little in the details of its surface markings at different ages.
In young shells the regular concentric coste seem to be nearly
or quite smooth, but as the shell advanced in its growth, they
gradully assumed a regularly crenulated outline, and became
themselves ornamented with extremely fine longitudinal striee,
not visible without the aid of a lens. These strize are very
much finer and less distinct than those occupying the spaces
between the costze. The faint indications of radiating coste,
seen crossing the concentric strize in the depressions between
the concentric ribs, are also wanting in young shells.”’

Range and distribution : Upper Coal Measures; Kansas City.

The absence of radiating strize and coste and the strong con-
centric cost® with the fine concentric strize between them easily
and clearly distinguish this species from all others of the genus

Aviculopecten carboniferus. Plate XIII, fig. 9.

Peciggs carboniferus Stevens, Amer. Jour. Sci. and Arts, xxv, p. 261,

( ).

Pecten broadheadii Swallow, Trans. St. L. Acad. Sei., 11, p. 97, (1862).

Pecten hawni Swallow and Geinitz, Carb. u. Dyas in Neb., p. 36, pl. n,
ff. 19a, b, (1866).

Aviculopecten carboniferus Meek, Fin. Rep. U. S. Geol. Surv. Neb.,
p. 183, pl. 1v, £. 8, and pl. 1x, ff. 4a, b, (1872).

Meek’s description: ‘¢ Shell rather small, slightly oblique,
moderately convex, length and breadth nearly equal; hinge
line nearly or quite straight, and somewhat less than the great-
est breadth of the valves, provided with a marginal ridge in
both valves; basal margin regularly rounded. Left valve more
convex than the other; posterior ear rather well defined from
the swell of the umbo, somewhat extended and terminating in
an acute point, separated from the margin below by a deep,
rounded sinus; anterior ear about two-thirds as long as the
other, and rather more distinct from the umbo and more ob-
tuse, but still rather acutely angular, defined by a moderately
distinct subangular sinus. Right valve nearly flat, or distinctly

4
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less convex than the other; its anterior ear narrow, and de-
fined by a deep, rather sharp sinus; posterior ear of the same
size and form as in the left valve. Surface ornamented in the
left valve with about fifteen or sixteen regular, distinct, angu-
lar, radiating plications separated by furrows of the same size,
each one of which terminates at the free border in little spine-
like projections, with curved-up margins; lines of growth fine
on the body of the valve, but becoming more distinct and irreg-
ular ou the ears, where there are rarely any defined radiating
coste. At a few distantly separated intervals there are promi-
nent imbricating lamellze of growth, showing the same digitate
margins as the free borders of the shell. In the right valve
the surface markings are somewhat like those of the other valve,
but much more obscure, excepting on the anterior wing, where
there are a few more distinct radiating costee.’’

Measurements: Height, 29 mm. ; length, 22 mm.; convex-
ity, about 4 mm.

Range and distribution: Upper Coal Measures ; Kansas City,
Turner, Eudora, Lawrence, Lecompton, Topeka.

The strong radiating costz with the vaulted and spine-like
projections of the free margins and larger lamellee of growth
distinguish this species from all others of the genus. VWhen
broken from limestone, the larger lamelle of growth are gen-
erally broken away.

Aviculopecten maccoyi. Plate XIII, fig. 10.

Aviculopecten Mccott/]i Meek and Hayden, Pal. Upp. Mo., p. 50, pl. 11, f.
g, (1 877): White, U. 8. Geog. Surv, West 100 Mer., 1v, p. 150, pl. x1, f.
a, (1877).

Shell below medium size, moderately convex, subovate in
outline exclusive of the ears; hinge nearly or quite equaling
the greatest length of the shell, slightly falling from the beak,
which extends a trifle above it; posterior ear larger and more
acute than the anterior. The ventral margin is broadly
rounded ; the posterior margin is more abruptly rounded than
the lower anterior margin; anterior ear separated from the
shell by a moderately deep, rounded sinus, and from the body
of the shell by a distinct, moderately deep, rounded depression ;
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anterior extremity of the ear somewhat rounded ; posterior ear
separated from the margin by a larger and rounder sinus, and
from the-shell by a nearly equal depression with that of the
anterior one; the sides of the beak converge at an angle of
about 85°. The surface of the left valve is ornamented with ra-
diating strise, from three to six of which are marked at intervals
with vaulted, scale-like projections, give them a rough appear-
ance ; between each of these are four to eight smaller, slightly
flexuous striee, increasing by implanation ; crossing all of these -
are fine, closely set, concentric strize and occasionally larger
lines of growth ; anterior ear marked by radiating and fine con-
centric striee ; the radiating striee on the posterior ear are less
distinct. Measurements: Height, 21 mm.; length, 29 mm.;
convexity, 4 mm. ; length of the hinge line, 19 mm.

Range and distribution: Upper Coal Measures; Turner,
Lawrence, Lecompton, Topeka, Cowley county.

This species can almost always be distinguished by its larger
ribs, with the vaulted scale-like elevations and smaller strise
between. Care must be taken, however, not to confound it
with Pseudomonotis, which it resembles to a considerable degree,
in an outward way, but it is much more regular and has the
ears better developed than in Pseudomonotis.

Aviculopecten providencesis. Plate XIII, fig. 2.

Pecten providencesis Cox, Geol. Surv. Ky., 111, p. 656, pl. v, £. 1, (1857).

Aviculopecten providencesis Worthen, Geol. Surv. Ill., v, p. 116, pl.
xxi, fI. 4, 4a, (18980).

Aviculopecten fasciculatus Keyes, Geol. Surv. Mo., v, p. 113, pl. xr1, {.
7, (1894).

Shell large, broadly subovate in outline, somewhat oblique ;
margins, except the ears, broadly and regularly rounded, the
beak extending very slightly -beyond the hinge line, which is
shorter than the length of the shell; height about equal the
length. Ears large, well defined, the posterior one much more
acute than the anterior, which is somewhat rounded, and sepa-
rated from the body of the shell by a somewhat shallow, distinct
sinus; posterior ear separated from the swell of the umbo by a
sharp depression and from the margin by a distinct sinus. Sur-
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face of the shell ornamented by about twenty-three radiating
costee, each consisting of three to five striee, which extend nearly
to the beak ; these bundles are separated by rather broad depres-
sions or grooves. There are fine crowded lines of growth visible ;
they are prominent on the margins of large specimens as lam-
ellar strize. The anterior ear is ornamented by ten to fifteen
simple radiating stri® and concentric lines of growth; the
posterior ear is similarly marked, except that the radiating lines
-are fewer and less distinct. Measurements: Height, 69 mm.;
length, 64 mm. ; length of hinge, 40 mm.; convexity, 12 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Turner. )

The truncation of the posterior side, nature of the fascicles,
ears and the general appearance of this shell are so similar to 4.
providencesis of Cox that I do not hesitate to refer it to that
species. Worthen evidently considered it as belonging to that
species, for he borrowed a fine specimen from Mr. W. J. Parrish,
of Kansas City, to figure, in the volume above referred to, for
comparison, with his new species which he named A. chesterensis.
Mr. Parrish, so he informs me, collected the specimens figured
by Worthen from the Kansas City rocks. Some of our speci-
mens are from the same locality. It is therefore probable that
they are the same as Keyes’s A. fasciculatus, which also is from
Kansas City. Keyes, in his diagnosis, gives no characters
which distinguish his species from that of Cox. It differs from
Worthen’s species in the larger fascicles and the truncated
upper posterior extremity of the outline, as well as hayving a
comparatively longer hinge. Our specimens are also much
more convex than those of A. chesterensis.

The species can be easily separated from the remainder of our
Carboniferous species by its large size and the fasciculation
of the strie.
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Aviculopecten hertzeri. Plate XIII, figs. 8, 1, 1b.

Aviculopecten (Streblopleria?) hertzeri Meek, Proc. Acad. Nat. Seci.
Phil., 1871, p. 61; Pal. Ohio, 11, p. 330, pl. x1x, ff. 13a—c, (1875).

Aviculopecten hertzeri Herrick, Bull. Den. Univ., 11, p. 25, pl. 1, ff. 5, 10.
Meek’s description: ‘‘Shell usually under medium size,
higher than wide, rather compressed, the right valve being
nearly flat, and the left only moderately convex ; subovate in
general outline (exclusive of the ears), with a slight backward
obliquity, caused by the greater prominence of the anterior
margin ; basal outline semicircular and rounded regularly into
the rather prominently rounded anterior margin; posterior
margin less prominent than the anterior, and forming a longer
and more or less gentle curve from the posterior ear into the
base; hinge distinctly shorter than the antero-posterior di-
ameter of the valves; posterior ear in both valves very small,
flattened, very obtusely angular, and much shorter than the
margin below from which it is only separated by a slight sinu-
osity, though it is well defined from the umbo; anterior ear of
each valve distinctly larger than the posterior, though not
nearly so prominent as the anterior margin below, rather
strongly compressed or flattened, so as to be abruptly separated
from the umbo, and in both valves defined by a distinct sinus
from the margin below, the sinus being deeper and more angu-
lar in the right valve; beaks compressed, scarcely projecting
above the cardinal margin, and placed a little behind the middle
of the hinge, as well as that of the valves. Surface of both
valves elegantly ornamented by numerous, sometimes sharply
elevated, nearly equal, very regularly arranged radiating and
concentric lines, which are larger and more strongly defined on
the anterior ear of the right valve, particularly the radiating
markings, which there sometimes assume the character of small
costee, while the concentric markings there in some examples
project as little lamellze above the hinge margin, so as to give
it a subtended appearance. Height of one of the largest speci-
mens seen, 1.32 inches ; antero-posterior diameter, 1.20 inches;
convexity, about 0.18 inch.”’

9—vi
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Range and distribution: Upper Coal Measures; Topeka.
From the horizon of the Osage coal. *

The fine, regular, cancellated strizc and the larger strize on
the anterior ear distinguish this species from any of the pre-
ceding. We have a single specimen from Topeka which seems
to agree very well with this species.

Aviculopecten sculptilis. Plate XIII, figs. 3, 3b.

Aviculopecten rculptilis Miller, 17th Ann. Rep. 8t. Geol. Ind., p. 702, pl.
xx, f. 5, (1892).

Shell a little large, somewhat oblique, ovate in outline, taper-
ing to the beak at an angle of 90° or less, very moderately con-
vex; beak extending to or a trifle beyond the hinge line, and
located back of the middle of it. The ears are small, the
anterior flattened, and separated from the swell of the umbo by
a deep depression, and considerably larger than the posterior
ear; the margin of the ear makes a deep sinus at its junction
with the margin of the shell ; however, the anterior border of
the shell generally extends beyond the ear; posterior ear small,
well defined, margin not separated from the margin of the shell
by a very distinct sinus; the posterior is about two-thirds as
long as the anterior. Both ears (in the left valve) are marked
by small, well defined, concentric strizz. Entire border below
the ears regularly rounded and subsemicircular. The shell is
marked by numerous, closely set radiating strie, which are
crossed by about equally prominent closely set concentric strize,
giving the shell a beautifully cancellated appearance ; the radi-
ating strize increase by implanation. At the anterior border
the shell often becomes quite rough in appearance on account
of the enlarging of the strize. The anterior ear seems to be
crossed by a few indistinct radiating strize. According to Mil-
ler, the anterior ( ‘‘posterior’’) ear of the right valve is marked
by more prominent radiating striee which ‘‘ give it a strongly
pitted aspect.”” Measurements: Height, 49 mm.; length, 40
mm. ; length of hinge, 23 mm. ; convexity, about 8 mm.

Range and distribution: Upper Coal Measures ; Kansas City.
Taken from the oolite.
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This species differs from A. hertzeri Meek in being much
larger, in having a much more (20°) acute beak, which makes
it a more slender shell. Aside from the species just mentioned,
it can easily be distinguished from our other Coal Measures
species by its strongly reticulated surface.

The specimen at hand agrees very well with Miller’s descrip-
tion and figure, though there are a few minor differences, but
both are from the same locality, so there can be but little doubt
of their identity.

Aviculopecten germanus. Plate XIII, fig. 4.

Aviculopecten germanus Miller and Faber, Jour. Cion. S8oc. Nat. Hist.,
xv, pp. 81, 82, pl. 1, £. 9, (1892.)

Original description : ‘‘ Shell small, a little higher than long;
inequilateral ; oblique; base regularly rounded; antero-basal
and postero-basal margins rounded. Hinge oblique, nearly
straight, not quite equaling the greatest length of the valves
below. Posterior ear extends to the lateral border, with which
it forms nearly a right angle ; it graduates into the shell below
without the presence of a sinus. Anterior ear rather shorter
than the posterior one, angular at the extremity and rounding
on the margin below into a notch, and arching from the wing
into a deep and distinct sinus that separates it from the poste-
rior margin of the shell. Umbo tumid and umbonal slopes
diverging to the margin. Beak high, pointed and projecting
beyond the cardinal margin a little forward of the middle of
the hinge line. There are two costee on the posterior ear, and
three or more finer ones on the anterior ear. There are about
twelve principal radiating ribs on the body of the shell and
about as many rudimentary and intercalated shorter ribs be-
tween them ; they are separated by wider flattened spaces. It
is difficult to tell from our specimens whether or not there were
any concentric lines, though they are quite well preserved; if
there were such lines they were very fine.

““This species approaches more nearly to A. rectilaterarius than
to any other, but it may be readily distinguished by the scarcity
of the radiating ribs and the wide flattened spaces between



124 University Geological Survey of Kansas.

them ; the beak, too, is higher and more pointed, as well as
having a more tumid umbo.”’ ’
Range and distribution : Upper Coal Measures; Lawrence.

Aviculopecten coxanus. Plate XIX, fig. 2.

Aviculopecten coranus Meek and Worthen, Proc. Acad. Nat. 8ci. Phil.,
p. 453, (1860); Meek, U. S. Geol. Surv. Neb., p. 196, pl. 1x, ff. 6a,b, (1872).

Meek’s description: ‘‘Shell very small; thin, compressed,
slightly oblique ; broad subovate exclusive of the ears; basal
margin rounded ; anterior margin more or less rounded, rather
straight and oblique above ; posterior margin more prominent
than the anterior, often subangular at the point where the pos-
tero-basal margin rounds up to meet the obliquely sloping edge
above. Hinge generally a little less than the greatest breadth
of the valves below. Left valve with anterior ear of moderate
size, flat, triangular, with the extremity generally a little less
than a right angle, sometimes very slightly rounded, separated
from the margin below by an abruptly rounded or subangular
sinus ; posterior ear slightly larger and much more acutely
angular than the other, but shorter than the most prominent
part of the margin below, from which it is separated by a mod-
erately deep rather broadly rounded sinus; beak small, com-
pressed, scarcely projecting beyond the cardinal margin, and
placed a little in advance of the middle of the hinge; surface
ornamented with linear, simple, often more or less flexuous
coste, which alternate in size, the smaller ones dying out at
varying distances between the free margins and the umbo—
crossing all of these are numerous, extremely fine, regular,
closely arranged concentric strize, which, like the costee, are
more or less distinctly defined on the ears, as well as on the
body of the valve. Right valve unknown.”’

Range and distribution : Upper Coal Measures; Lecompton.

A single specimen’of a left valve of this species agreeing very
well indeed with Meek’s description and figure was collected in
the shale underlying the Upper Oread limestone at Lecompton.
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PTERIA.

Pteria longa. Plate XVI, fig. 4.

Gervillia longa Geinitz, Carb. u, Dyas in Neb., p. 32, pl. 1, {, 15, (1866).

Avicula longa Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p 199, pl. 1x, {. 8,
(1872); Meek and Worthen, Geol. Surv. Ill., v, p. 578, pl. xxvi, . 1,
(1873); etc.

Meek’s description : ‘¢ Shell nearly or quite equivalve; body
part obliquely elongated and more or less arcuate; posterior
end narrow and abruptly rounded; base nearly straight and
parallel to the cardinal margin behind, but ascending obliquely
forward from near the middle of the valves; anterior side ob-
lique, and broadly and faintly sinuous under the ear. Hinge
line about three-fourths the length of the valves, and provided
with a marginal ridge, produced behind into a very narrow,
elongated ear, considerably shorter than the oblique portion of
the valves, from which it is separated by a deep sinus which
narrows to an abruptly rounded or subangular extremity close
under the ear; anterior ear shorter and much broader than the
other, in the left valve convex, with its extremity pointed, and
faintly sinuous just below the point—separated from the swell
of the umbo by an oblique sulcus extending from the anterior
side of the same to the back part of the broad, shallow marginal
sinus of the ear. Beaks of both valves convex, very oblique,
placed one-fourth to one-fifth the length of the hinge back of
the anterior extremity ; in the right valve, rising a little above
the hinge, but in the left somewhat more prominent, according
to Professor Geinitz’s figures. Length of medium-sized speci-
men, measuring obliquely from the extremity of the anterior
ear to the posterior end of the body part of the valves, 9.61
inch ; height, measuring at right angles to the hinge, 9.33 inch;
length of hinge, about 9.23 inch.”’

Range and distribution: Upper Coal Measures; Lawrence,
Topeka.
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Pteria sulcata. Plate XVI, fig. 3.

Gervillia sulcata Geinitz, Carb. u. Dyas in Neb., p. 33, pl. 11, 1. 16, (1866).

Avicula 7?2sulcata Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 200, pl. 1x, f.
8, (1872).

All the specimens before me having the ears either broken off
or not visible, Meek’s description of Geinitz’s figure is given,
with remarks on the specimens at hand. ‘‘Rhombic oblique
shell, with short, compressed, triangular anterior ear, defined
by a faint, wide marginal sinus ; and a larger compressed, some-
what elate, posterior ear, with a marginal ridge, showing a
tendency to be produced into a narrow appendage behind, sepa-
rated from the margin below by a rather deep, rounded sinus.
The posterior basal extremity is rather narrowly rounded, but
not much produced; while the outline of the base is broadly
semielliptical, and the umbo convex, and rising somewhat above
the hinge line, which is apparently shorter than the greatest
length of the valve. Surface ornamented by fine lines of growth,
and before by two or three sulci, extending from the anterior
side of the beak to the antero-basal margin, leaving ridges be-
tween which are more-or less crenated by the crossing of the
marks of growth ; just behind the posterior one of these sulci,
the margin of the latter is ornamented with regular, rather
strongly defined wrinkles, or little folds, some of which are pro-
longed backward parallel to the lines of growth.”’

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence.

Most of our specimens are younger than the one figured by
Meek and Geinitz, and, as a result, somewhat less ornamented.
The ornamentation is varied somewhat in different individuals.
In some the ridge between the sulci is very crenate, and less so
in the others. It may easily be distinguished from the other
species by the ornamentation of this part of the shell.
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LIMOPTERIA.
Meoek and Worthen, Proc. Chic. Acad. 8ei., I, p. 29, (1868).
Limopteria longispina. Plate XVI, fig 6.

Gervillia longispina Cox, Geol. Rep. Ky., 111, p. 568, pl. vi, £. 6, (1857).
Monopteria longispina Keyes, Geol. Surv, Mo., v, p. 114, pl. xLur, f. 1,
). .

(1

Shell elliptical-subquadrate in outline ; antero-dorsal margin
nearly straight to the anterior margin, which is nearly circular,
the curve rapidly decreasing again to the extremity of the shell,
where it is sharply curved, almost angular; the posterior mar-
gin is a deep U-shaped sinus between the acute point of the ear
and the extremity of the shell. Beak placed well forward ; shell
very oblique ; umbonal ridge very prominent, extending to the
extremity of the shell, greatest curve about one-third the distance
from the beak, which protrudes slightly beyond the hinge line.
Anterior portion of the shell quite convex. The deflection of
the margin anterior to the beak, forming the lunule, is very
sharp, almost angular, and extends backward some distance.
The internal muscular impressions very faint, as excellently
preserved casts show practically no traces of them. Spine acute,
about three-fourths the length of the shell. The posterior ear
is separated from the shell by a moderately well-defined depres-
sion, which falls directly from the umbonal ridge, which is very
prominent. Surface marked by concentric striee of growth
which are nearly parallel to the outline of the shell.

Range and distribution : Upper Coal Measures ; Kansas City,
Turner, Lawrence.

Some specimens from Lawrence are extremely long when
measured from the tip of the ear to the anterior margin. The
great length of the ear, with the convexity of this portion of
the shell, are its principal features.
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Limopteria marian. Plate XVI, figs. 5-5¢.

Monopteria marian White, Prelim. Rep. Inv. Foss., p. 22, (1874); U. 8 .
Geog. Surv. West 100 Mer., 1v, p. 151, pl. x1, ff. 4a—c, (1877).

White’s description (with additions): ¢‘Shell of moderate
size, slender, nearly or quite equivalve, narrow and much ex-
tended posteriorly, the curvature being much the greater in
the anterior half of the shell, the posterior half being nearly
straight ; body of the shell gradually tapering to near the pos-
terior end, which is abruptly rounded; a more or less promi-
nent ridge, which is sometimes in part raised as a distinct
carina, extends along the middle of the body of each valve
from the beak to the posterior end ; from this carina, or angle,
the sides slope abruptly to both the inferior and upper borders,
so that a cross-section of the shell behind the ear would have a
rhomboidal outline; beaks moderately prominent, separate;
hinge equal in length to about one-half the full length of the
shell, and its direction is nearly parallel with the posterior
half of the body; posterior wing well developed, not sharply
defined from the body by an auricular furrow; its cardinal
portion narrow and moderately extended; anterior ear obso-
lete ; lunule moderately large and deep, the borders of which
are slightly prominent ltfterally, but its margins sharply
rounded inward. Surface smooth in aspect, but it is marked
by very numerous fine lines of growth. Length, from the front
to the posterior extremity, about 4 cm.; height, from the base
to hinge margin, 18 mm.; average width of the body of the
shell, about 1 em.”’

We have a left valve, probably of a large specimen of this
species, showing part of the muscular impressions. The ad-
ductor is located behind the umbonal ridge, just above and in
front of the marginal sinus formed by the ear and the body of
the shell. From the lower side of the impressions a slight line
runs directly forward across the umbonal ridge, then turns
abruptly and runs toward the anterior end of the lunule, but
fades out at about two-thirds of the distance. In front of the
scar, and crossing the front edge of it, is a line at right angles
to the first, beginning a little above the scar and fading out
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about half way to the lower end ; beyond the line appears to
.be a very indistinct furrow near to the ventral margin. In a
cast of what appears to be a right valve of another specimen
the adductor impression is shown, located nearly opposite to
that of the left as described above. It is situated mostly be-
hind the umbonal ridge but extends over it, is deeper and
roundly ovate. The pallial line extends from the lower side
of the impression a little forward and then upward, reaching to
the anterior edge of the beak. The umbonal ridge appears to
be much less sharp in this specimen than in the other.

Range and distribution: Upper Coal Measures; Turner,
Topeka.

This species may be easily distinguished from the foregoing
by its more slender form, more gently curving front, and less
spinous ear.

Limopteria gibbosa. Plate XVI, fig. 9.

Pterinia ( Monopteria) gibbnsn Meek and Worthen, Geol. Surv. Ill., 11,
p. 330, pl. xxvir, ff. 11-11b, (1866).

Monapteria gibhosa White, 13th Ann. Rep. Ind. St. Geol., p. 139, pl. xxx,
ff. 11, 12, (1884).

Monnpteria ( Pterinia) gibbosa Heilprin, 2d Geol. Surv. Penn., Ann. Rep.
1885, p. 455, f. 11a, p. 444, f. 11, (1886).

White’s description: ‘¢ Shell, exclusive of the wing and pos-
terior prominence, irregularly suborbicular in marginal out-
line; the valves moderately convex or a little gibbous; the
anterior and basal margins forming an almost regular semicir-
cular curve; posterior portion of the shell produced, narrow
and narrowly rounded, or subangular, at the extremity; wing
‘slender, compressed and extending backward as far as the nar-
row extremity, between which the posterior margin forms a
deep, broad notch, that is narrowly rounded at the bottom;
umbonal ridge moderately distinct; beaks equal, not so far
forward as the front margin of the shell ; anterior lunule deep ;
cardinal border not so long as the full diameter of the shell;
surface marked only by the ordinary lines of growth. Length,
from posterior extremity to front, 27 mm.; height, from base
to beaks, 23 mm.”’
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Range and distribution : Upper Coal Measures ; Kansas City,
Turner,-Lawrence. .

The short, gibbous shell with a moderately long spine sepa-
rates this species from the rest of the genus.

Limopteria alata. Plate V, fig. 5.

Morllg&tcria gibbosa alata Beede, Kans. Univ. Quart., vi1, p. 189, £. 5,
( ). ’

Shell small, extremely thin, laterally compressed; beak ex-
tending a trifle beyond the hinge line, prominent on account of
the lunule, but not much elevated, and placed well back for a
member of this genus ; umbonal ridge less prominent than in any
other species of the genus and less curved. Posterior ear very
greatly developed, about equaling the entire body of the shell
in area. Antero-dorsal margin sinuate on account of the turn-
ing down of the margin to form the lunule; anterior margin
circular nearly to the postero-ventral extremity of the shell,
which is acute ; the posterior margin consists of a broad, shal-
low sinus, extending from the postero-ventral end to the point
of the ear, which is apparently rounded and obtuse. The ear is
not separated from the shell by a distinct depression, but slopes
gradually from the umbonal swell, save at the extreme lower
edge, where the depression is more abrupt. Very fine con-
centric lines of growth are visible, all of which pass around the
shell with a double curve to the ear, where they again curve
backward, and then forward to the hinge line. Length, 20
mm.; depth, 18 mm.; convexity of single valve, a trifle less
than 4 mm.

Range and distribution: Upper Coal Measures; Turner,
Lawrence.

This shell differs from L. gibbosa M. and W., to which it is
most closely related in some respects, in being much less gib-
bous, the ear much larger and more obtuse, antero dorsal out-
line more sinuous, umbonal ridge more nearly straight and less
prominent, beak placed farther back, and the depression sepa-
rating the ear from the umbonal ridge more shallow.
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Limopteria subalata. Plate XXI, figs. 3a, 3b.

Monopteria ? subalata Beede and Rogers, Kans. Univ. Quart., v, p.’
133, pl. xxx1v, ff. 3a, 3b, (1899).

Shell moderateiy small, subcrescentic in outline, gibbous, a
little longer than high; valves subequal, but beak prominent,
slightly projecting, somewhat inflated, situated about one-fifth
the length of the shell from the anterior margin, which is trun-
cated, on account of the lunule which is formed by the turning
in of the shell. The anterior margin is convex below. Ventral
margin broadly rounded to the postero-ventral extremity, where
it is abruptly rounded to meet the concave posterior. Hinge
short and straight; posterior ear but slightly developed ; um-
bonal ridge prominent, somewhat sickle-shaped, sloping abruptly
posteriorly, forming a cavity broadly convex anteriorly. Sur-
face marked by moderately distinct lines of growth. Length,
16 mm. ; height, 14 mm. ; convexity of single valve, 4 mm.

Range and distribution: Upper Coal Measures; Lawrence,
Topeka.

At two localities in the lower part of the Upper Coal Meas-
ures are found great numbers of Limopteria. Beside the three
large species are found two smaller species, L. alata and L. sub-
alata; one with an exceedingly large wing and compressed shell,
and the other with a gibbous shell and the wing almost want- |
ing. There are many variations of the two species and they
seem to grade into the other species to some extent, but differ
sufficiently, so far as we can observe, from even the young of
those, to be considered as distinct.

The size of the shell and the exceedingly small ear easily
separate L. subalata from any other member of the genus.
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PSEUDOMONOTIS.
Beyrioh, Zeitach, der Deutsch. Geol. Gesellsch., XIV, (1862).

Pseudomonotis hawni. Plate XIII, figs. 11-11c; plate XV, figs. 1-1f, 2, 2a.

Monotis hawni Meek and Hayden, Trans. Alb. Inst! 1v, p. 7€, (1838);
Proc. Acad. Nat. Sci. Phil. 1859, p. 28.

Eumicrotus hawni Meek and Hayden, Pal. Upp. Mo., p. 54, pl. 11, ff.
B5a—c, (1864); White, 13th Aon. Rep. Ind. St. Geol., p. 142, pl. xxx,
f. 10, (1884); etc.

Meek and Hayden’s description: ‘‘Shell subcircular, or
subovate ; hinge straight, equaling about half the length of
the valves; beaks subcentral, short, not oblique; ears nearly
obsolete; base rounded; antero-ventral and postero-ventral
margins rounded, the latter being somewhat more prominently
rounded than the other. Left valve convex; anterior mar-
gin sometimes slightly sinuous near the hinge above; poste-
rior margin intersecting the hinge at an obtuse angle; beak
convex, extending but little beyond the hinge line. Right valve
nearly or quite flat ; beak flat, not projecting beyond the hinge ;
byssal sinus narrow, deep, or extending back parallel to the hinge
to a point nearly under the beak. Surface of both valves, par-
ticularly the left one, ornamented by more or less distinct radi-
ating costee, which are usually separated by spaces three or four
times their own breadth, and armed with regularly disposed
vaulted, spinelike prominences, formed apparently from the pro-
jecting laming of growth. Between each two of the principal
radiating costee from one to three or four much smaller radiat-
ing ribs or lines are usually seen, crossed by obscure concen-
tric markings. Hinge and muscular impressions unknown.
Length, 1.47 inches ; height, 1.42 inches; convexity, about 0.40
inch.” ‘

Range and distribution : Upper Coal Measures ; Turner, Law-
rence, near Topeka.

To the above synonyms should be added, I think, P. radialis
Meek, described in the Nebraska report. From his description
and figures, it seems to agree more closely with P. hawn¢ than
with any other form. '
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Pseudomonotis kansasensis, nom. nov. Plate XIV, figs. 1-1d.

Pseudomonotis tenuistriaia sp.? var.? Beede, Kans. Univ. Quart., virr,
p. 81, pl. xvin, ff. 1-14, (1899).8

Shell large, ovate in outline, rather compressed ; beak moder-
ately prominent, projecting beyond the hinge, which is nearly
straight. Anterior ear small, rounded to meet the hinge, rather
flat, the shell rising rather abruptly to the swell of the umbo.
Anterior margin slightly sinuate ; antero-ventral margin broadly
rounded to the ventral portion of the shell, where it becomes
nearly straight, then rounding more abruptly to the posterior
ear, which is also rounded to the hinge. Greatest convexity a
trifle below the beak, but it is very slight. The surface is
marked by many fine, wavy, radiating strize of uniform size, ex-
tending from the beak to the ventral margin; occasionally one
striation will be a trifle larger than another on the central por-
tion of the shell, but it soon loses itself, and on old individuals
the strize on the ventral border are all about equal. They in-
crease by implantation and are rather sharply defined, sepa-
rated by troughs from one to three times their width, and are
generally crossed by fine concentric lines or lamine. Right
valve unknown. Height, 62 mm.; length, 69 mm. ;® length of
hinge, 23 mm. ; convexity, 10 mm.

Range and distribution : Upper Coal Measures; Turner, To-
peka, Auburn (Shawnee county). This species differs from
P. hawni in ‘always having small, regular striee and shorter
hinge in the large individuals, as well as being a larger species.

Pseudomonotis? robusta. Plate XIV, figs. 2-2c.

Pseudomonotis? robusta sp.? var.? Beede, Kans. Univ. Quart., vim, p.
82, pl. xvi, ff. 2-2¢, (1899).

This shell differs from the preceding in being much more con-
vex and arcuate, in having a longer hinge, higher umbo, beak
very much more compressed and scarcely distinct from the

8. Through the kindness of Mr. Charles S8chuchert, my attention was called to the description
ofa ies of this genus under the name tenuistriata, by Mr. Bittner. The 8&“)" was pub-
lished in the Jahrbuch der K. K. Geolog. Reichsanstalt, xlix, heftsiii and iv, (1899). The species
is from the Triassic of central Asia. As the paper probably appeared before my article, the
n:l:xg of tht; Kansas species will bave to be changed. Aansasensis is proposed as the new name
of the species.

9. The specimen used as the trpe is somewhat crushed on the rior end, making the shell

appear longer than it really is. The length given here is that of the specimen in its erushed
condition.
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umbo, not projecting very sensibly above the hinge. The strize
are more regular and much fainter, and either very indistinct
or absent on at least the upper third of the shell. Both concen-
tric wrinkles and lamelle of growth are distinct. Length, 48
mm. ; convexity, 18 mm.; height, 42 mm.; length of hinge
about 28 mm.

Range and distribution : Upper Coal Measures; Turner.

This species differs from P. hawni in being very arcuate, hav-
ing a plain umbo, and full anterior and posterior marginal
outlines, and fine, even strize on the margins. It differs from
P. kansasensis in its broad, smooth umbo and indistinct beak,
long hinge, and more circular outline.

Pseudomonotis hawni equistriata. Plate XIV, figs. 3-3b.

Pgeudomonontis hawni equistriata Beede, Kans. Univ. Quart., O. 82. pl.
xviii, ff. 3-3b, (1899).

Shell of medium size, ovate in outline, moderately to quite
gibbous, a little oblique with respect to the hinge ; beak moder-
ately prominent, extending to or a little beyond the hinge, which
is about half the length of the shell and somewhat arcuate.
Umbo quite gibbous. Posterior ear very slightly developed,
merging into and forming a slight sinus in the posterior mar-
gin; ventral, antero- and postero-ventral margins regularly
rounded ; anterior margin sinuate in the upper portion on ac-
count of the anterior ear, which is small and round. The sur-
face is marked by fine, somewhat regular, rather wavy striee,
which increase by intercalation, each fourth to tenth being
~ usually a little larger than the remainder, though not very con-
spicuously so. Small lamellee of growth sometimes distinguish-
able. Some of the strize extend nearly to the beak. The right
valve is flat, or a little concave ; otherwise unknown. Measure-
ments, two specimens: Height, 31 mm., 34 mm.; length, 24
mm., 26 mm. ; convexity, 7 mm., 13 mm. ; length of hinge, 12
mm., 16 mm. These two specimens represent the extremes of
convexity.

Range and distribution : Upper Coal Measures; Turner.

This variety differs from P. hawnt in being a shorter shell and
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a little more convex, having regular striee, and in being a little
smaller. P.¢f. hawni, in the article above referred to, should also
be considered as a true member of the species. The species here
separated are, I believe, distinct from P. hawni; and this variety
is worthy of varietal distinction, as often shells of these kinds are
found in localities where the others are absent and some method
of distinguishing the two forms of the species is necessary.

POSIDONOMYA.
Bronn, Leth. Geogn., (1837).

Posidonomya ? recurva. Plate XIX, figs. 6-6c.

Posidonomya ? recurva Beede, Kans. Univ. Quart., viix, p. 126, pl. xxxi,
f. 6, (1899).

Shell of medium size, lenticular, oblique, and thin. The hinge
line is nearly straight, about two-thirds the length of the shell.
The beak is moderately prominent, recurved, projecting very
slightly beyond the hinge. The greatest convexity is on the
upper half of the shell and constitutes the umbonal swell, which
is moderately prominent and curved backward, making the
shell oblique. The surface is marked by concentric undula-
tions of growth, and fine, closely set, concentric strize. Height,
23 mm. ; length, 23 mm. ; convexity of valve, about 4 mm.

Range and distribution : Upper Coal Measures; Lawrence.

A specimen from the dam, at Lawrence, and shown in figs.
6b, 6¢c, Plate XIX, is probably of the same species, though it has
a somewhat different appearance and outline. It shows the
beak projecting beyond the hinge, and the cast of the interior
shows the beak to have been hollow beyond the hinge. The
cast figured is of both valves in place, one of which is slightly
crushed. It may be a distinct species, though as it is from the
same horizon it is probable that the difference is individual
rather than specific.

The character of the hinge and the internal markings are too
poorly shown in our specimens to permit of accurate location
of the species. It resembles very much in appearance species of
the genus Posidonomya, to which it is provisionally referred, and
with which it agrees in its surface markings and in having a
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very thin shell. It also agrees very well in these respects with
Paracyclas, but that genus is not at present known from the
Carboniferous.

Posidonomya? pertenunis. Plate XIX, fig. 5.

Poridonomya? pertenuis Beede, Kans. Univ. Quart., vir, p. 127, pl. xxxir,
f. 5, (1899).

Shell a little larger than in the previous species and less
oblique. Transversely ovate in outline, very thin, quite com-
pressed. Hinge line is nearly straight, about equaling half the
length of the shell. The posterior? margin is somewhat trun-
cate and nearly straight; anterior extension of the hinge longer
than the posterior, rather flat, not separated from the shell by
well-defined depression. The front and ventral margins regu-
larly rounded. The shell is compressed, probably most convex
near the middle; beak obtuse, not very prominent, protruding
above the hinge line. The surface is marked by concentric un-
dulations of growth, and fine, close, concentric strize. Height,
40 mm. ; length, 36 mm. ; convexity of single valve, 4 or 5 mm.

Range and distribution: Upper Coal Measures; Lawrence.

This species belongs to the same genus as the preceding. It
has some resemblance to the figure of Keyes,' which he refers
to Placunopsis carbonaria, though it is very difficult to see why
it should be referred to that genus or species; his species may
be the same as the one here described.

MODIOLA.
Lamarck, Hist. Nat. les Anim. sans Vert., (1801).

Modiola subelliptica.

Clidophorus (Pleurophorus) occidentalis Geinitz, Carb., u. Dyas in
Neb., p. 23, pl. 11, £. 6, (1868).

Modiola? subelliptica Meek, Fin. Rep. U. 8. Geol. Surv Neb., 211, pl.
x, £. 5, (1872). -

Meek’s description : ‘‘ Shell narrow, subelliptical, rather con-
vex, extremely thin, usually a little more than twice as long as
high; basal margin nearly straight, or sometimes very slightly
convex or sinuous near the middle, rounding up at each ex-

10. Geol. Burv. Mo., V, p. 108, pl. xL111, fig. 9.
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tremity ; anterior margin narrowly rounded ; posterior extremity
more compressed, and more broadly rounded, sometimes a little
oblique above ; cardinal margin somewhat straightened along
the middle, but rounding imperceptibly into the anterior and
posterior extremities; beaks much depressed; or scarcely dis-
tinct from the cardinal margin, moderately convex, and placed
very near the anterior margin, but not terminal ; umbonal slopes
forming a very obscure narrow ridge, which extends, with a
slight curve from each umbo, to the posterior basal margin.
Surface marked with moderately distinct lines of growth, which
on the posterior dorsal region above the umbonal ridge are
crossed by very minute or microscopic radiating and rather dis-
tinctly divericating strize. Length of the largest specimen seen,
1.03 inches ; height of the same, 1.43 inches; convexity, about
0.25 inch.”
Range and distribution: Upper Coal Measures; Topeka.

MYALINA.
de Koninck, Desc. Anim. Foss. Carb. Belg., p. 125, (1844 ).

Myalina swallovi. Plate XVI, fig. 7.

Myalina swallovi McChesney, Desc. New Pal. Foss., p. 57, (1860);
eek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 20}, pl. 1x, ff. 7a, b, (1872);
ete.

Aucleélég hausmani Geinitz, Carb. u. Dyas. in Neb., p. 25, pl. 11, f. 8,
( )

Meek’s description: ‘¢ Shell rather small, nearly or quite
equivalve, modioliform or mytiloid, convex, or even subangu-
lar, along the umbonal slopes from the beak to the anterior
basal margin; posterior and postero-dorsal regions, cuneate;
cardinal margin nearly straight, and about half the length of
the shell, passing almost imperceptibly or without any angu-
larity into the posterior margin, which rounds down with a
semicircular curve to the narrowly rounded basal extremity ;
antero-basal margin ascending obliquely forward, more or less
sinuous near the middle or sometimes a little above, usually
swelling out into kind of lobe or protuberance above the middle
in front of the umbonal slope, as in Modiola. This prominence
sometimes extends a little beyond the beaks, and varies more

10—vi
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or less in breadth. Beaks small, very oblique, not projecting
beyond the cardinal margin, and located so near the anterior
extremity as often to appear very nearly terminal. Surface
rather smooth, but showing fine concentric lines, which in well-
preserved specimens are sometimes crossed by very fine, ob-
scure traces or radiating stris that curve upward on the
posterior dorsal region.”’

Range and distribution: Upper Coal Measures ; Kansas City,
Topeka, Turner, Lawrence.

Mpyalina subquadrata. Plate XVI, figs. 10, 10b.

Myalina subquadrate Shumard, Geol. Surv. Mo., p. 207, pl. C, f. 17,
(1855); Meek, Fin. Rep, U. 8. Geol. Surv. Neb., 202, pl. 1v, f. 12, pl.
1x, f. 6 (1872); etc.

Meek’s description : ‘‘ Shell large and thick, oblong or sub-
quadrate, the height being greater than the antero-posterior
diameter ; right valve nearly flat; left convex, both somewhat
compressed and alate above and behind the umbonal promi-
nence. Hinge line nearly straight, about equaling the greatest
breadth of the valve, and ranging at right angles to the vertical
axis; the basal margin regularly rounded; posterior margin
nearly vertical, rounding into the base below, a little sinuous
above the middle, and intersecting the hinge above at very
nearly right angles; anterior margin thickened within, round-
ing into base, thence rising nearly vertically with a broadly
rounded concavity mainly above the middle. Beaks terminal
and directed forward. Cardinal plate or area usually rather
broad, with cartilage furrows distinctly defined. Surface of
the left valve marked with fine concentric strize, and stronger
imbricating lamelle of growth. These markings are much less
distinct on the right valves.’”’

Range and distribution: Kansas City, Melvern (Osage
county), Topeka, Lawrence.

This species can readily be distinguished from the previous
by its much larger size, by the hinge forming about a right angle
with the vertical axis, and by the sinuosity or at least straight
manner in which the margin approaches the posterior end of the
hinge.
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Myalina ampla. Plate XVI, figs. 1, 1b.

Myalina ampla Meek and Hayden, Pal. Upp.|Mo., p. 33, ff. A, B, (1864).
Myalina subquadrata Meek and Hayden, ibid., p. 32.

Meek and Hayden’s description : ‘¢ Shell attaining a large size,
compressed and somewhat alate in the postero-dorsal region, and
convex anteriorly—considerably higher than long; posgerior
margin forming a broad gentle curve, being nearly straight and
ranging almost vertically near the middle, and curving forward
8o as to intersect the hinge at an obtuse, undefined angle above,
while below it arches regularly forward into the rather narrowly
rounded base; anterior margin thickened within above, broadly
arcuate or concave in outline, its curvature being nearly paral-
lel to that of the posterior margin. Beaks terminal, directed
forward ; umbonal ridge most prominent and oblijque above,
and in adult shells curving downwards so as to range nearly
vertically near the middle. Hinge line straight, and ranging
nearly at right angles to the longer or vertical axis of the
valves ; cartilage furrowsdistinct, straight, and in mature shells
numbering about ten or twelve; area broad. Height, about 4
inches ; antero-posterior diameter at the middle, 2.40 inches;
convexity of a left valve, 0.83 inch.”

Range and distribution: Upper Coal Measures; the type
specimen was collected at Leavenworth. :

There is one specimen in the collection from the type locality
which probably belongs to this species, the only difference
being that the lines of growth do not bend quite so sharply
forward as in the ones figured by Meek. The principal differ-
ences between this shell and M. subquadrata are: Very convex
posterior outline instead of a straight or concave outline, greater

.size, and the curving forward of the lines of growth.

Meek was in doubt as to whether it was the same as M. sub-
quadrata of Shumard ornot. He proposes the name at the close
of the description of the shell, and comments upon it, stating
that he is of the opinion that it is a distinct species. Later, in
the final report on Nebraska, he states, in the discussion of M.
subquadrata (page 203) : ‘‘ The large species figured by Doctor
Hayden and the writer on page 33 of the Paleontology of the



140 University Geological Survey of Kansas.

Upper Missouri as M. subquadrata is, as we then suspected, a
distinct species, differing in having the posterior margin round-
ing forward into the hinge above, and not sinuous or meeting
the hinge at right angles, as in M. subquadrata. It will have to
take the name M. ampla, suggested by us for it, in case it should
be found distinct.”’

I have collected a large specimen of this species near Topeka
with both valves present, but separated.

Myalina kansasensis. Plate XVI, fig. 11.

Myalina kansasensis Shumard, Trans. St. L. Acad. Seci., 1, p. 213, (1858);
Keyes, Geol. Surv. Mo., v, p. 117, pl. xr111, £. 5, (1894).

Original description: ‘‘Shell sub-rhomboidal, sub-inequi-
valve, inequilateral, gibbous, the left valve more gibbous than
the right ; height about double the length ; in young specimens
the greatest length is at the cardinal border, but in the adult
toward the pallial margin; cardinal margin oblique, slightly
arched, and forming with the posterior border an angle of
about 120°; posterior margin rather strongly arched in adult
specimens, and very gently rounded in the young; pallial mar-
gin rounded ; buccal margin concave ; umbones very prominent
anteriorly, and declining with a moderate slope to the posterior
margin ; anterior slope very abrupt; beaks terminal, attenu-
ated, directed obliquely forward, incurved ; surface with strong,
imbricating, sub-equidistant, concentric lamellee, whose free
edges are often irregularly crenate; lamellee most prominent
on the left valve. The ligament face is broad, marked with
equidistant, close, deeply impressed lines parallel to the cardi-
nal edge, the number varying with the age of the shell; be-
neath these is a rather broad, smooth space, which is continuous
with a similar space extending from the pallial region. Each
valve exhibits a singular muscular impression, which is large,
ovate, and situated towards the posterior margin. Height, 24
inches ; length, 1.17 inches; thickness, 0.88 inch.

Range and distribution: Upper Coal Measures; Argentine,
Cowley county, Neosho river near Council Grove.

This species may be easily recognized by the arched lamelle




BEEDE. ] Carboniferous Invertebrates. 141

of the shell when these are not worn away, and also by the
convexity of the left valve and the small angle formed by the
hinge line and anterior margin (exclusive of the beaks).

Myalina? exasperata. Plate XIX, fig. 4.

Myalina? exasperata Beede, Kans. Univ. Quart., vii, p. 128, pl. xxxi1,
1. 4, (18990).

Shell cuneate-ovate in outline ; beaks pointed, terminal ; shell
very thin, apparently composed of a single layer, compressed ;
valves nearly or quite equal. The anterior? margin nearly
straight above, and merging into the narrowly rounded ventral
region ; the posterior? region similar to the anterior, but more
oblique. The surface is granular and marked by indistinct,
rather broad, concentric striz. Height, 43 mm.; length, 28
mm. ; convexity, 3 mm. ; length of hinge, about 29 mm.

Range and distribution: Upper Coal Measures; Topeka.

The hinge of this shell is not sufficiently well shown to per-
mit of its proper classification. It is left in Myalina for the
present, for want of better information concerning its beak and
muscular impressions. The extreme thinness of the shell makes
it very probable that it does not belong to that genus.

Myalina perattenuata. Plate XVI, fig. 8.

Myalina perattenuanta Meek and Hayden, Trans. Albany Inst., 1v, p. 77,
(1858); Pal. Upp. Mo., p. 32, pl. 1, ff. 12a, b, (1864). .

Meek and Hayden’s description : ‘¢ Shell very thin and frag-
ile, obliquely elongate, narrow and slightly arcuate; valves
convex anteriorly, and compressed behind. Beaks pointed,
terminal, and attenuate; hinge line equaling rather more than
half the entire length of the shell, and ranging at an angle of
about fifty degrees above the oblique anterior margin. Posterior
border sloping from the end of the hinge, nearly parallel to the
anterior side above, and rounding to the narrow antero-basal
extremity below ; anterior margin of the valves a little arcuate,
and rather abruptly deflected inward from the umbonal ridge
above the middle, and in outline nearly straight below. Um-
bonal slopes prominent from the beaks down the anterior side.
Surface with obscure subimbricating marks of growth. Length,
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from the beaks to the postero-basal extremity, 1.50 inches;
breadth, 0.65 inch ; convexity, about 0.44 inch.”’
Range and distribution: Upper Coal Measures ; Topeka.
This species can be distinguished at once from M. subquadrata
by the small angle at the beaks. It differs markedly from M.
swallovi in its attenuate beak, and the fact that the beak is not
recurved and the umbonal ridge is more nearly straight.

Myalina congeneris. Plate XVI, figs. 2, 2b.

Myalina congeneris Walcott, Pal. Eureka Dist., Mon. U. S. Geol. Surr.
No. 8, p. 237, pl. x1x, . 6, pl. xxi1, £. 10.

Walcott’s description : ‘¢ Shell oblong, the height being twice
the width even in the broad examples; hinge line straight and
ranging at an angle of 60° with the nearly straight anterior
margin ; base narrow, but rather broadly rounded, posterior
very broadly rounded, curving slightly inwards towards the
cardinal line. General ‘'surface of the valves strongly convex
towards the front border, and beaks becoming more depressed
on the posterior portion. Surface of both valves marked by
slightly imbricated lamell® of growth.””

Range and distribution : Upper Coal Measures; Topeka.

Walcott does not mention the nature of the hinge line in his
description. In one of our specimens the beak is exposed,
showing it to be acute, extending a little beyond the hinge.
The hinge line is similar to that of M. swallovi in having a sin-
gle groove, but there is no swell in front of the beak. Our
specimens agree more closely with the narrow form as figured
on Plate XIX.

Our Kansas forms are from nearly the same horizon as M.
perattenuata, to which they are most closely related, but differ
in having their anterior and posterior margins parallel, and, as
a consequence, are not trigonal in outline and the anterior
margin is straight, while that of M. perattenuata is concave.
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AVIOULOPINNA.
Meek. Amer. Jour. 8ci., XLIV, p. 282, (1867).

Aviculopinna americana. Plate XVIII, fig. 2.

Avicula pinneformis Geinitz, Carb. u. Dyas in Neb., p. 31, pl. 11, £. 13,
(not 8. pinnceformis Geinitz, 1848), (1866).

Aviculopinna americana Meek, Amer. Jour. Sci. ser. 11, XLIv, p. 282,
(1867): Fin. Rep. U. 8. Geol. Surv. Neb., p. 197, pl. 1x, ff. 12a-d, (1872);
Pal. Ohio, 11, p. 337, pl. xx, £. 2. (1875); Herrick, Bull. Den. Univ., 11,
p. 38, pl. 1, £. 20, (1887); Keyes, Geol. Surv. Mo., v, p. 115, (1894).

Meek’s description; ‘¢ Shell small, compressed, with the slen-
der elongated form of some of the Carboniferous species of Pinna ;
cardinal and ventral margins generally nearly straight (the
latter being more convex in outline) and converging gradually
from behind to the rather obtusely pointed anterior extremity ;
posterior side truncated, rounding into the base, and inter-
‘secting the posterior extremity of the hinge very nearly at
right angles — a little sinuous just below the extremity of the
hinge. Cardinal margin so slightly convex in outline as to ap-
pear quite straight, very nearly equaling the greatest length of
the valves, and provided with a well-developed marginal ridge,
which narrows to a mere line, or dies out before reaching the
beaks, and widens gradually to the posterior extremity. Beaks
nearly or quite obsolete, extremely oblique, and very slightly

* behind the very narrow, obtusely pointed, anterior extremity.
Surface with two or three broad, nearly obsolete radiating
ridges on the pcsterior dorsal region, and ornamented by nu-
merous slender, very regularly disposed and abruptly elevated
lines or lamelle, much narrower than the spaces between, and
curving gracefully parallel to the. posterior border, while on
the basal half of the valves they are closely approximate and
curved forward.”’

Range and distribution: Upper Coal Measures; Kansas City,
Lansing (Leavenworth county), Topeka.

Aviculopinna illinoiensis. Plate XVII, figs. 1-1c.

Aviculopinna illinoiensis Worthen, Bull. No. 2 Ill. St. Mus. Nat. Hist.,
p. 13, (1884); Geol. Surv. IlL, v, p. 128, pl. xx, ff. 5, 5a, (1890).

Shell of medium size, both valves convex ; dorsal and ventral
margins moderately curved, converging at an angle of about
20°. Beak very small and indistinct but placed about as in
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A. americana. Surface ornamented with concentric lines paral-
lel to the posterior end of the shell. They are directed from
the hinge line obliquely backward until they pass the central
part of the valve, where they curve rapidly forward, finally be-
coming nearly parallel to the ventral margin before reaching
it. These lines are sharp, thread-like elevations or lamellz,
abruptly elevated from the surface of the shell and separated
by broad, shallow spaces of several timeg their width. Length
of specimen (the posterior portion is shortened by compres-
sion), 55 mm.; height, at the posterior end, 19 mm.; con-
vexity, 9 mm.

Range and distribution : Upper Coal Measures; Kansas City,
head of Deer creek ( western portion of Douglas county ).

This specimen agrees with Worthen’s description and figures,
except that the angle formed by the dorsal and ventral margins
is a little smaller. It differs from A. americana in being a little
more convex, larger, in having the lines farther apart and

larger.
PINNA.
Linneeas, Syst. Nat., 10th ed., (1738).

Pinna peracuta. Plate XVII, figs. 3, 3b.

Pinna p IRcracula Shumard, Trans. St. L. Acad. Sci., 1, p. 214, (1858); Meek,
Fm ep. U. S. Geol. Surv. Neb., p. 198, pl. n,tf 11a, b, (1872), Whlte,
S. Geog. Surv. West 100 Mer. ., Iv, p. 151, pl. x1, f. Da, (1877); etc.

See Weller, Bull. 153 U. 8. Geol. Surv., p. 429 (1898).

Pinna adamsi, McChesney, New Pal. Foss., p. 74, (1860).

Meek’s description: ¢‘Shell thin, very narrow, elongated,
and tapering gradually and regularly from the larger to the
smaller extremity; convex or almost subcylindrical, excepting
toward the posterior extremity, which is compressed and ob-
liquely rounded, or subtruncated. Hinge margin very long,
and almost perfectly straight—carinated in consequence of the
sudden erection of the dorsal edges of the valves; ventral mar-
gin equally as straight as the dorsal, and ranging at an angle of
about 12° with the latter. Surface nearly smooth, or showing
very obscure lines of growth.”’

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence, Topeka. )




BeebE. ] Carboniferous Invertebrates. 146

Pinna subspatulata. Plate XVII, fig. 2; plate XVIII, figs. 1, 1d, and 3.
Pizu{g;g;ubspatulata Worthen, Geol. Surv. Ill., vi, p. 524, pl. xxx, {. 4,

Shell very large, triangular in outline, cardinal and ventral
margins diverging at an angle of about twenty degrees; com-
pressed laterally. Dorsal and veuntral margins nearly straight,
the dorsal slightly convex. Surface ornamented by very fine
lines of growth with occasionally larger ones; beginning at the
dorsal margin, which is ridged, the lines pass across the cen-
tral portion of the valve nearly transversely and curve rapidly
forward, finally reaching the ventral edge several centimeters
in front of their origin in the dorsal margin. The hinge fur-
row down the dorsal margin makes a corresponding ridge on
the outside of the shell. Length of specimen, incomplete at
both ends, 23 cm.; from broken posterior edge to the beaks, or
apex of the angle formed by the sides, 27 cm.; height at the
posterior end, 5.5 cm. ; convexity ( both valves), in the central
portion of the shell, about three-sevenths the height at that
place.

Range and distribution: Upper Coal Measures; Topeka.

This species differs from P. peracuta Shumard in being much
more compressed, and the angle of the dorsal and ventral mar-
gins being about twice as large. If the concentric lines of
growth cross the shell and reach the ventral margin nearly as’
directly as the figure indicates, and the angle at the anterior
end of the shell is as small as represented, they will sharply dis-
tinguish our species from P. subspatulata Worthen. He makes
no statement concerning the convexity of the shell, but accord-
ing to the figure it appears nearly flat, even more so than our
specimen.

Some large specimens from near Kansas City, all of which
are either incomplete or crushed, may belong to this species,
or may be exceedingly large specimens of P. peracuta Shumard.
Near the anterior end they are very much more convex than
the Topeka specimens while they are nearly flat at the poste-
rior end. The angle of divergence of the anterior end is about
the same as in P. peracuta.
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MACRODON.
Lyoett, Murch. Geol. Chelt., (1865).

Macrodon sangamonensis? Plate XX, figs. 2-2b.

Macrodon sangamonensis Worthen, Geol. Surv. 1ll., viri, p. 123, pl. xx1,
ff. 3, 3a, (1890).

Worthen’s description : ‘‘ Shell large, transversely elongated,
hinge line equal to about four-fifths of the entire length of the
shell. Posterior margin'compressed and obliquely truncated,
80 as to meet the hinge line at a rather acute angle; posterior
extremity quite narrow and rounding gently downward to the
basal margin. Anterior margin regularly rounded from the
anterior extremity to the basal margin, which is slightly sinu-
ous about the middle. Beak depressed, strongly incurved,
placed about one-fifth the length of the hinge line from the
anterior extremity. A gradually widening depression extends
from the beaks to the posterior extremity on the dorsal margin,
and on this flattened portion six or seven strong striee may be
seen, which extend from the beak to the posterior extremity.
Strong lines of growth extend around the basal margin, and
minute transverse strize are visible under a lens, especially on
the anterior portion of the shell. Length, 24 inches; length of
hinge, 1% inches; height, 1} inch; convexity of the valve,
inch.”’ A

' Range and distribution : Upper Coal Measures ; Turner (Wy-
andotte county).

It is with much hesitation that I refer these specimens to
this species, even provisionally. The specimens from Turner
are very closely related on the one hand to M. sangamonensis
Worthen, and on the other to M. striatus ( Schloth.). They differ
from the former in not possessing minute radiating strie on
the anterior portion of the shell, but strize larger than on any
other part of the shell except on and above the umbonal ridge,
and in possessing a large shallow sinus with obsolete costz in
the central portion of the shell. It differs from M. striatus also
in the obsolete area in the central or sinuate portion of the sbell,
and very markedly in the nature of the teeth in the front of
the hinge; in M. striatus (as represented by King) there are
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three or four teeth on the anterior of the hinge which are but
slightly oblique, having a small angle with the long teeth of
the posterior part of the shell. The first three teeth are much
more oblique, and just back of them are six small, round teeth,
back of which are two or three teeth oblique in the opposite
direction to those on the front of the hinge. It differs from M.
carbonarius (Cox) in the area of obsolete strize, in having the
beak placed farther toward the rear, in having the coarse strise
in front, and the posterior margin curving farther forward to
meet the hinge.

These specimens are from about the same locality as that
figured by Keyes as M. sangamonensis? Keyes’s' figure agrees
exactly with neither M. sangamonensis as figured by Worthen,
nor entirely with our specimens, and, inasmuch as there is no
description given that will distinguish this from several other
species of the genus, I am in doubt as to whether his figure
represents a specimen more like M. sangamonensis or like ours;
but he has the hinge line indicated as longer than the rest of
the shell and the umbonal ridge as nearly destitute of striz,
while our specimens possess large strize at this place. '

It is with some difficulty that the young of these specimens
can be distinguished from M. fenuistriatus Meek, but the strie
are much heavier on the anterior than on the central portions
of the shell, even in the young specimens. The outline and
general appearance aside from this are very similar.

Macrodon obsoletus. Plate XX, fig. 13.

Macrodon obsoletus Meek, List Carb. Foss. W. Va., v, (Ex. Rep. Reg.
Univ. W. Va.), (1871); Geol. Surv. Ohio, 11, Pal., p. 334, pl. xix, £. 9.

Shell oblong, elliptical, of medium size; hinge line about
equaling the length of the shell; anterior margin making a
right angle, or sometimes less, with the hinge line, and round-
ing gradually into the ventral margin, which is a little sinuate
near the center and nearly parallel with the hinge line; pos-
terior margin abruptly but regularly rounded, curving forward
to meet the hinge line. Sinus across the shell from the umbo to

11. Gen. Surv. Mo., V, p. 121, pl. xLvr, f. 2, (1804).
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the ventral margin nearly obsolete ; sinus along the hinge line
widening considerably at the posterior extremity, making the
posterior umbonal convexity narrow.. Valves rather convex.
There are three long teeth on the posterior portion of the hinge,
nearly parallel, but apparently do not reach more than one-third
the distance from the posterior to the anterior end of the shell ;
beneath the umbo there are four or more small, comb-like, trans-
verse teeth. In front of these there is a thickening of the shell ;
anterior to the thickening of the shell, and near the front, are
one or two large, oblique teeth making an angle of about 45°
with the hinge line. Concentric lines of growth visible, dis-
tinct but not prominent. Length, 20 mm.; height, 7 mm.;
convexity, single valve, 5 mm.

Range and distribution : Upper Coal Measures; Olathe, Tur-
ner, Lawrence.

I am able to find no trace of radiating striz, mentioned by
Meek, on these specimens. However, the specimens appear to
have been water-worn before being enclosed in the matrix, and
may have been abraded. The specimens seem to be identical
with some from Carbon Hill, Ohio, except that the latter are a
little larger. The hinge markings are also very similar. The
anterior margin of the shell often meets the hinge line at an
angle of less than 90°; otherwise it seems to correspond very
well to M. obsoletus. 4

NUCULANA.
Likn, Rost. Samml., III, p. 35, (1807).

Nuculana bellistriata.' Plate XX, figs. 14, 14b.

Leda bellistriata Stevens, Amer. Jour. Sci., (2), xxv, p. 261, (1858).
Nmi'sl:l)g (Leda) kazanensis Swallow, Trans. St. L. Acad. Sci., 1, p. 190,
(1858).

Nuculana bellistriata White, 13th Rep. Ind. St. Geol., p. 146, pl. xxx1,
ff. 8, 9, (1884).

White’s description : ‘¢ Shell transversely elongate-subovate,
gibbous anteriorly and attenuate behind ; basal margin broadly
convex, straightened in the middle; anterior margin narrowly
rounded ; posterior margin very narrow; postero-dorsal mar-
gin nearly straight, sloping backward and a little downward
from the beaks; umbonal ridges well defined, situated near to
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the postero-dorsal margin, their outline, as seen from above,
forming an elongate ellipse which has a concave surface on each
side of the median ridge, which is formed by the upflexed
margins of the valves there; umbones prominent; beaks in-
curved, situated about two-fifths the full length of the shell
from its front; surface marked by fine, regular, concentric,
raised strice, which are obsolete upon the umbonal ridges and
the space which they enclose.”’ '

Length of our specimen, 27 mm.; height, 14 mm.; con-
vexity, 10 mm.

Range and distribution: Upper Coal Measures ; Kansas City,
Rosedale, Lawrence, Topeka.

Nuculana bellistriata attenuata.

Nuculana bellistriata var. attenuata Meek, Fin. Rep. U. 8. Geol. Surv.
Neb., p. 206, pl. x, ff. 11a, b, (1872).

Some are inclined to doubt the validity of this variety. There
are forms of N. bellistriata which are more pointed, more finely
striated and considerably smaller than others. The striations
on this small shell are much smaller, and are separated by much
narrower spaces, than the corresponding strise of the umbonal
regions of the larger specimens. I believe they are varietally
distinct.

Range and distribution : Upper Coal Measures ; Kansas City,
Topeka.

NUCULA.
Lamarck, Anim. Sans Vert., p. 87, (1801).

Nucula beyrichi. Plate XXII, fig. 8.

Nucula beyrichi Geinitz, Carb. u. Dyas in Neb., p. 21, pl. 1, fI. 36, 37,
(ig&:;g): Meek, Fin. Rep. U. 8. Geol. S8urv. Neb., p. 203, pl. x, f. 18,
( ): ete.

Meek’s description : ‘¢ Shell very small, longitudinally sub-
ovate, moderately convex, widest posteriorly; anterior end
somewhat narrowly rounded ; base forming a semiovate curve,
the most prominent part being near the shorter end ; posterior
side comparatively wide, and subtruncated; beaks near the
posterior extremity ; hinge line nearly rectangular at the beaks ;
denticles comparatively large, about seven on the longer side,
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and five or six on the shorter ; surface marked with moderately
distinct regular concentric strie. Length, 0.16 inch; height,
0.10 inch.” .

Range and distribution: Upper Coal Measures; Grand Sum-
mit.

A single worn specimen, probably of this species, is in the
University collection, from Grand Summit. The markings are
abraded, and most if not all of the shell is gone. However,
it agrees very well with the figures of the species given by Meek
in the base of the plate in the Nebraska report.

Nucula ventricosa. Plate XXII, figs. 9, 9b.

Nucula ventricosa Hall, Geol. Iowa, 1, pt. 11, p. 716, pl. xx1x, ff. 5a, b,
g}g.:}g; , Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 204, pl. x, ff. 17a—c,

Meek’s desription: ¢‘ Shell small, thick, subovate, very con-
vex ; the greatest convexity slightly in advance of the middle
of the valve; posterior (shorter) end obliquely truncated from
the beaks to its narrowly rounded or subangular connection with
the base, rather deeply excavated just behind the beaks; ante-
rior (longer) end rather narrowly rounded, its most prominent
part being near or slightly-above the middle; dorsal outline de-
clining gently, with moderate convexity from the beak to the
anterior extremity ; basal margin forming a nearly semiovate
curve, being a little more prominent before than behind the
middle ; beaks convex, rather prominent, and placed about half
way between the middle and the most projecting part of the
postero-ventral extremity. Surface with (at least near the base)
fine, regular, concentric strize. Length, .0.42 inch; height,
0.22 inch.”

Description of the cast: The posterior adductors are strongly
developed, ovate in outline, situated at the lower part of the
posterior extremity of the shell, nearly beneath the beaks; pal-
lial line very heavily impressed, forming a somewhat oval curve.
Anterior adductor scars also prominent, considerably larger
and more circular in outline than the posterior, situated on the
upper side of the extremity of the umbonal ridge. Immedi-
ately to the rear of this are a pair of small pyriform impressions.
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There is a depression on some casts on the anterior side of the
umbones extending somewhat below to about the elevation of
the upper part of the posterior scar, in front of which is a cor-
responding nodose ridge. This character varies greatly in dif-
ferent specimens, but the characters are generally sufficiently
developed to be detected. In the cast, the beaks are rather
widely separated and the top of the cast in front of them is
slightly concave, yet nearly flat.

Range and distribution : Upper Coal Measures ; Kansas City,
Rosedale, Turner, Topeka, Grand Summit.

This species may be easily distinguished from the preceding
by its larger size, longer shell, and more robust appearance.

Nucula pulchella. Plate XXI, figs. 5a—c.

Nucula pulchella Beede and Rogers, Kans. Univ. Quart., vi, p. 132, pl.
xxxiv, ff. 5a—c, (1899).

Original description : ‘¢ Shell very small, subtrigonal in out-
line, ventricose ; anterior border straight, rounding abruptly to
the ventral margin, which is rounded ; posterior abruptly trun-
cated nearly at right angles with the ventral margin. Beaks
prominent, incurved, situated nearly at the posterior end of
the shell; lunule not well defined. The greatest convexity is

“at the umbo. The surface is ornamented by fine, elevated,
concentric strize and undulations of growth. Length, 44 mm.;
height, 33 mm. ; convexity, 3 mm.”’

Range and distribution: Upper Coal Measures; Lawrence.

This species differs from N. beyrichi in being more triangu-
lar, shorter, and the beaks more prominent. It differs from
N. ventricosa, also, in the above respects, as well as being very
much smaller and having very much more prominent surface
markings.

.
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YOLDIA.
Moeller, Krouyer's Nat. Tid., IV, p. 91, (1842).

Yoldia subscitula. Plate XX, fig. 8.

Leda subscitula Meek and Hayden, Trans. Alb. Ipst., 1v, p. 79, (1858).
Yoldia subacitula? Meek, Fin. Rep. U. S. Geol. Surv. Neb., p. 205, pl. x,
f. 10, (1872); etc.

Meek’s description : ‘‘Shell longitudinally subovate or sub-
elliptic, compressed, the greatest convexity a little in advance
of the middle, about twice as long as high; anterior extremity
wider than the other but rather narrowly rounded, the most
prominent point being usually slightly above the middle; out-
line of base forming a broad semiovate curve, being more
prominent anteriorly than behind ; posterior side narrowed, its
margin rounding up gradually from the base, so as to meet the
dorsal margin at nearly right angles, sometimes faintly truncate
at the immediate extremity ; posterior dorsal margin compressed
or cuneate, and declining gradually, with a nearly straight, or
slightly concave outline ; anterior dorsal margin not cuneate,
sloping forward gradually, and a little convex in outline ; beaks
rather depressed or subcentral, or very little in advance of the
middle ; umbonal slopes without any defined ridge or angle.
Surface smooth, or only showing traces of very minute con-
centric strice. Length, 0.77 inch ; height, 0.37 inch; convex-
ity, 0.14 inch.

*“It is with considerable doubt that I have concluded to refer
this shell to Y. subscitule M. and H., because the specimens from
Nebraska City are distinctly more compressed than the type
upon which that species was founded, their convexity being
uniformly not more than half as great proportionally. The
five or six individuals in the collection are constant in this
character, and yet show no evidences whatever of accidental
compression. Otherwise the two forms are very similar in their
general outline, but we know nothing of the internal and hinge
characters of the form under consideration. I strongly suspect,
however, that it will be found to be a distinct species, in which
case I would propose to call it Yoldia propinqua, from its near
resemblance to Y. subscitula.”’
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Range and distribution : Upper Coal Measures ; Topeka.

Only a single left valve of this species has been collected by
the writer, at Topeka, Kan. It agrees so well with this descrip-
tion that it is referred to it, though the lines of growth pass
forward on approaching the hinge and become nearly parallel
to it.

Yoldia glabra. Plate XXI, figs. 4a, b.

Yoldia glabra Beede and Rogers, Kans. Univ. Quart., vi, p. 133, pl.
xxxiv, ff. 4a, b, (1899).

Shell of medium size for this genus, truncate-subelliptical in
outline, nearly flat, greatest convexity at the umbo, sloping
gently in all directions from the central portion of the valve;
anterior dorsal outline nearly straight, sloping gently, and
broadly rounded into the anterior ventral margin, which forms
an elliptical curve to the posterior end, where it is somewhat
truncate, meeting the hinge at an obtuse angle. Hinge line
back of the beak nearly straight. Beaks depressed, nearly
central. Surface nearly smooth, with traces of obscure, dis-
tant, concentric stricc parallel to the ventral outline; lines of
growth visible on the postero-dorsal region. Measurements :
Length, 14} mm.; height, 7 mm.; convexity of single valve,
14 mm.

Range and distribution: Upper Coal Measures ; Lawrence.

This shell differs from }. levistriata M. and W., from the St.
Louis group, in having its posterior border truncated, striz
distant rather than closely arranged, and in being much less"
convex. It differs from Y. subscitula? Meek, or }. propinqua
Meek, in being more depressed and the posterior end much
more broadly rounded.

11—vi
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Yoldia knoxensis? Plate XX, fig. 4.

Leda polita McChesney, New Pal. Foss., p. 53, (1860).
Leda knoxensis McChesney, Ill. New Spec. Foss., pl. 11, ff, 9a—c, (1865).

Yoldia knoxensin McChesney, Trans., Chic. Acad. Sei., 1, p. 39, pl. 11, fI.
ga—c, (1868).

Shell rather large for this genus, ovate in outline. The hinge
line in front of the beaks bends' somewhat downward ; the en-
tire anterior and ventral border from near the beaks around to
the antero-dorsal border forming a regular, perfectly ovate
curve, the broad end of which is placed foremost; postero-
dorsal border rounded more sharply but not angulated, turning
considerably forward to meet the hinge, in an almost straight
line. Hinge, back of the beak, nearly straight ; teeth numerous
and very fine; valves moderately convex; umbones not promi-
nent; beaks closely approximated and incurved. Greatest
convexity in front of the middle of the shell; the greatest
vertical diameter near or a little in front of the center; beaks
placed about one-third the distance from the front end of the
hinge. There is a faint depression extending from back of
the umbo, near the hinge line, obliquely backward over the
umbonal ridge but soon vanishing. This is so faint as to be
hardly noticeable, yet it is present in every specimen before me.
Surface ornamented by very fine, regular, concentric lines of
growth. Length, 28 mm.; height, 16 mm.; convexity ( both
valves), 8 mm. Specimen a little larger than the average.

Range and distribution : Upper Coal Measures ; Leavenworth,
Lansing coal-shaft.

This shell agrees very well with McChesney’s description of
Y. knoxensis, Proc. Chic. Acad. Nat. Sci., 1, pl. 11, f. 9, but dif-
fers from the figure of the species in being about as wide just
back of the beaks, near the center of the shell, as at any other
place, in being less attenuate behind, less abruptly rounded on
the posterior extremity, and meeting the hinge line at a very
much greater angle than is shown by his figure, which shows
the posterior extremity of the shell to be subtruncate.
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SOHIZODUS.
King, Ann, Mag. Nat. Hist., XIV, p. 813, (1844).

8chizodus wheeleri. Plate XXII, figs. 1-1c.

Cypricardia? wheelert Swallow, Trans. St. L. Acad. 8ci., 11, p. 96, (1862).
Sc{xliszgsdua obscurus Geinitz, Carb. u. Dyas in Neb., p. 20, pl. 1, ff. 30, 31,
) ‘
Schizodus wheeleri Meek, Fin. Rep. U. S. Geol. Surv. Neb., p. 209, pl. x,
ff. 1a-f, (1872).

Meek’s description: ‘¢ Shell attaining a medium size, longi-
tudinally subovate, moderately convex; anterior side wider
than the other, and regularly rounded; posterior side nar-
rowed,” and obliquely truncated ; basal outline rather promi-
nently rounded anteriorly, and straightened, or slightly sinuous
between the middle, and sharply rounded or subangular pos-
terior basal extremity; dorsal margin straight, and sloping
from the beaks to the truncated posterior edge; beaks rather
depressed (for a species of this genus), incurved, placed about
half way between the middle and the front, or perhaps nearer
the middle; posterior umbonal slope rather prominent, or
usually forming a rather obtuse ridge near the posterior basal
extremity ; surface with merely fine lines and obscure marks of
growth.”

Range and distribution : Upper Coal Measures ; Kansas City.

Schizodus hari. Plate XXII, figs. 2-2d.

Schizodus harit Miller, 17th Ann. Rep. St. Geol. Ind., p. 701, pl. xx, ff.
1-3, (1892); Keyes, Geol. Surv. Mo., v, p. 123, pl. xLvI, f. 4, (1894).

Shell moderately large, quite convex, rather obliquely sub-
ovate in outline, transverse outline ovate. The outline is regu-
larly rounded from near the beaks around the anterior end to
the postero-ventral margin, where it bends rather abruptly up-
ward and forward to meet the hinge line, which is somewhat
arcuate. Beaks placed well forward, moderately prominent,
somewhat incurved, pointing a little forward, and moderately
approximate. Valves very regularly convex for this genus.
Greatest gibbosity a little in front of the middle; umbonal
ridge very indistinct or almost wanting; the depression ex-
tending back from the beaks along the cardinal line very



156 Unaversity Geological Survey of Kansas.

indistinct and ill defined. Posterior portion of the shell some-
what wedge-shaped. The fine concentric strize of growth are
most apparent on the anterior and posterior ends and along the
ventral margin. The interior of the shell is marked by rather
deep adductor scars, the anterior being situated very near the
anterior dorsal margin, rather broadly elliptical in outline,
while the posterior is situated near the posterior end of the liga-
ment and is much larger, rather ovate in outline. The pallial
line is indistinct, but seems to pass rather closely to the ventral
margin around to the anterior end, where it curves rather regu-
larly upward to the anterior adductor. There is a ridge in
the interior of the shell extending from the umbo obliquely
backward about one-half to two-thirds the distance to the pos-
tero-ventral margin. In the right valve the tooth is quite large
and extends obliquely forward and downward, and is largest at
its extremity ; in front of this is a depression or socket for the
smaller anterior tooth of the left valve, while back of it is a
larger cavity for the large central tooth of the left valve; back
of this cavity there is a slight sharp elevation extending ob-
liquely backward. In the left valve there is a small, thin tooth
extending obliquely forward, back of which is a large socket for
the reception of the large tooth of the right valve. Posterior to
this tbere is a thin, deep depression, extending nearly parallel
to the hinge, for the reception of the thin posterior tooth of the
right valve. Length, 52 mm.; height, 40 mm.; convexity of
single valve, 13 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Lansing ( probably from the penitentiary coal-shaft).

One specimen, somewhat below the average size, was worked
from the shale, showing the internal and external features of
both valves, including the hinge.
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S8chizodus subcircularis.

So()ali.szso7dua subcircularis Herrick, Bull. Den. Univ., 11, p. 41, pl. 111, £, 24,

)

Schizodus nubmrmtlarm Girty, U. 8. Geol. Surv X1x, pt. 111, p. 582, pl.
LXxxii, {. 8a, (1899

Herrick’s descrlptxon (m part) : *“. . . The anterior and
lower margins are continuous parts of almost a circle, which
is only a little produced posteriorly ; the posterior margin is in-
clined ; beak submedian, posterior umbonal ridge not sharp.
The shell is moderately convex and is nearly smooth, except for
the distant lines of growth. Length, 0.63 inch; width, 0.59
inch; convexity (single valve), about 0.20 inch.”’

Range and distribution : Upper Coal Measures; Lawrence.

A single right valve from the dam rock at Lawrence agrees
well with Herrick’s figure and description. Itis a little smaller
and, apparently, better preserved than Herrick’s specimen, for
it shows excedingly fine, inconspicuous concentric strise in addi-
tion to the distant lines of growth mentioned in his description.

8chizodus compressus, n. sp. Plate XXII, figs. 6, 6d.
2Schizodus whecleri Herrick, Bull. Den. Univ., 11, p. 42, pl. 111, £. 15, (1887).

Shell medium size for this genus, not very convex, elongate
subovate in outline, cuneate posteriorly. Antero-dorsal mar-
gin non-sinuate ; anterior margin broadly rounded ; ventral mar-
gin quite convex, terminating posteriorly in a rather prominent
acute angle ; posterior margin obliquely truncate ; dorsal mar-
gin nearly straight, curving very slightly upward. Hinge line
straight, a little less than one-half the length of the shell.
Beaks depressed, incurved, inconspicuous, scarcely elevated
above the hinge line, located about one-third the length of the
shell from the anterior end. Umbonal slope subangular,
rather prominent, becoming obsolete towards the posterior
angle of the shell. Greatest convexity of the shell below and
slightly behind the umbo. Posterior to the umbonal slope
the shell is much compressed. Adductor scars small, sub-
elliptical in shape, anterior one situated near and a little above
the middle of the anterior margin; posterior one placed close
to the dorsal margin, a little behind the beak. Pallial line sub-

[y
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parallel to the ventral margin. Surface smooth, showing oc-
casional very faint undulations of growth. Length, 31 mm.;
height at beak, 21 mm. ; convexity of single valve, 5 mm.

Range and distribution: Upper Coal Measures; Lawrence.

There is but little doubt that our shells are specifically iden-
tical with Herrick’s specimen, as far as can be learned from his
figure and brief description. At any rate, our species is not S.
wheeleri! It is much more nearly related to S. chesterensis M.
and W., from the Chester group of Illinois. The beak is less
elevated and placed farther back, the shell is less convex, and
the posterior adductor scar is placed farther forward than in
that species. It bears some resemblance to S. meekanus Girty,"
but the beak is a little less prominent, the shell less elongate,
and the ventral margin curves up more rapidly posteriorly, the
posterior angle being nearer the hinge line than in that species.

A large number of these shells have been collected from the
dam rock at Lawrence, and from its equivalent at Cameron’s
Bluff. They all agree well with the above description and rep-
resent a distinct species.

SOLENOMYA.
Lamarck, Hist. Nat. Anim. sans Vert., V, p. 488, (1818).

Solenomya parallella. Plate XXI, fig. 1.

Solecnomya parallella Beede and Rogers, Kans. Univ. Quart., vi, p. 131,
pl. xxxiv, £, 1, (1899).

Shell large, moderately convex, elongate-subquadrate in out-
line; anterior margin broadly rounded to nearly truncate,
meeting the hinge at a little more than a right angle; dorsal
and ventral margins straight, nearly parallel; postero-dorsal
margin sloping obliquely downward, meeting the rounded pos-
terior margin at an obtuse angle. Beaks depressed, incurved,
situated about one-fourth the distance from the posterior to the
anterior end of the shell. The greatest convexity is at the
umbo, the shell gaping a little wider anteriorly than behind.
Surface marked by flat, radiating plications, which become
obsolete at either end of the shell, the whole surface of which

12, U, 8. Geol. Surv., 19th Ann. Rep., pt. III, p. 583, pl. LXXII, ff. 7a-c, (1899).
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is apparently covered with radiating strisee parallel to the plica-
tions. Neither the plications nor the striz radiate directly
from the beak, but from a point above the beak and a trifle in
front of it. These are crossed by fine obscure lines of growth.
The anterior and posterior adductors are prominent; the pos-
terior one is triangular, located between the beak and the pos-
terior margin, along its anterior side, and extending above it
is a ridge caused by the thickening of the shell, which produces
a slight oblique furrow in the cast. The anterior scar is lo-
cated on the upper side of the shell, near the anterior angle.
The pallial line is indistinct, parallel to the ventral margin,
curving backward to meet the anterior adductor scar. Length,
53 mm.; height, 18 mm.; convexity of single valve, about
5 mm.

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence.

Solenomya trapezoides. Plate XXI, figs. 2a, b.

Solirsz_‘oénya sp. Meek and Worthen, Geol. Surv. Ill., v, p. xxv11, ff. 1a, b,
( )

Solenomya trapezoides Meek, Amer. Jour. Jei., (3), vi1, pp. 582, 583,
(1874); Beede and Rogers, Kans. Univ. Quart., vri1, p. 132, pl. xxxiv, ff.
2a, b, (1899).

Shell large, subelliptical in outline, length from two to two
and a half times the height, convex, open at both ends. Ven-
tral margins slightly convex, curving abruptly upward on the
posterior extremity and more gently on the anterior; posterior
side obliquely truncated above ; hinge straight in front of the
beaks, which are depressed, approximate, located about one-
fourth the length of the shell from the posterior extremity.
Surface marked by rather obscure concentric undulations of
growth, crossed by faint radiating striee, which seem to radiate
from the beak. Posterior adductor scar moderately prominent,
more or less irregularly subcircular; the ridge in front of the
scar is broad and its outline is rather indistinct, nearly perpen-
dicular to the hinge, curving backward below; anterior scar
indistinct, somewhat subcircular; pallial line extending back-
ward and downward from the lower side of the posterior scar,
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then curving abruptly forward parallel to the ventral margin to
the middle of the shell, where it becomes too indistinct to trace
in our specimens. Measurements of a specimen a little below
the average size and a larger specimen: Length, 566 mm., 76
mm. ; height, 24 mm., 33 mm.; convexity, 15> mm., 256 mm.,
respectively.

Range and distribution : Near the junction of the Upper and
Lower Coal Measures, at Porterville, Kan., and Westport, Mo.

Solenomya radiata. Plate XXII, figs. 5-5b.

Solenomya radiata Meek and Worthen, Proc. Acad. Nat. Sci. Phil., p.
457, (1860). ]

Solenom#a radiata Meek and Worthen, Geol. Surv. Ill., 11x, p. 349, pl.
xxvi, ff. 10a, b, (1866).

Meek and Worthen’s description: ¢ Shell thin, narrow ob-
long-oval or subelliptical, moderately convex, nearly closed at
the each end; pallial margin rather straight or very slightly
contracted along the middle, and rounding up more gradually
in front than behind ; anterior (longer) side narrowly rounded,
its most prominent part being above the middle; posterior
(shorter) side narrowly rounded below and obliquely subtrun-
cate above; dorsal outline nearly parallel to the base; beaks
much depressed, located less than one-fourth the entire length
of the shell in advance of the posterior extremity. Surface
with obscure marks of growth, crossed by flat, nearly obsolete
radiating plications, which are sometimes separated, near the
middle of the valves, by spaces greater than their own breadth;
plications very oblique and more closely arranged on the an-
terior side. Length, 1.17 inches; height, 0.47 inch; convex-
ity, about 0.33 inch.”’ .

Range and distribution : Upper Coal Measures; Topeka.
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PLEUROPHORUS.
King, Ann. Mag. Nat. Hist., XIV, p. 318, (1844 ).

Pleurophorus subcostatus. Plate XX, figs. 11-11b.

Pleurophorus subcostatus Meek and Worthen, Proc. Acad. Nat. Sei.
Phil., p. 246, (1865).

Pleurophorus subcostatus Meek and Worthen, Geol. Surr. Ill., 11, pp.
347, 348, pl. xxviI, ff. 2, 2a, (1866).

Meek and Worthen’s description: ‘‘Shell elongate-oblong,
moderately convex; umbonal ridges the most convex part of
the valves, and extending obliquely from the beaks toward the
postero-basal margin ; anterior ventral region somewhat com-
pressed ; basal and cardinal margins very nearly straight and
subparallel, the former being usually somewhat sinuous or ar-
cuate along the middle; extremities rather narrowly rounded,
the posterior being generally a little wider than the other, and
sometimes faintly subtruncate obliquely. Hinge line long and
nearly straight; posterior lateral tooth of each valve elongated
parallel to the hinge margin, very remote from the cardinal
teeth, and extending back a little beyond the posterior muscular
impression. Beaks depressed upon a line with the dorsal mar-
gin, small, somewhat compressed, and placed about one-ninth
the entire length of the shell behind the anterior margin. Scar
of the anterior adductor muscle deep, trigonal-subovate, pointed
above, and strongly defined by the prominent vertical ridge
just behind it; those of the pedal muscles small, nearly mar-
ginal, and located directly over the anterior adductors ; posterior
adductor scars larger and more shallow than the anterior, sub-
quadrate in outline, and placed close up under the posterior
hinge teeth. Pallial impression well defined. Surface of casts
showing traces of a few obscure concentric markings, crossed
on the postero-dorsal region by traces of about three equal ob-
scure radiating costwe. Exterior surface and cardinal teeth un-
known. Length of a medium-sized specimen (internal cast),
0.88 inch ; height of same, 0.37 inch; convexity, 0.26 inch.
Some larger specimens, of same proportions, measure 1.33
inches in length.”’

Range and distribution: Upper Coal Measures; Kansas
City, Mo.
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Pleurophorus tropidophom’ Plate XX, fig. 7.

Pl<urophorus- troprd sll)horus Meek, Geol. Surv. Ohio, 11, Pal., p. 338,
pl. xix, fI. 10a, b

Original descnptlon : ‘¢ Shell transversely oblong, much com-
pressed, with length a little greater than twice the height ;
posterior margin flattened and bifurcated, the lower truncation
being nearly vertical, and the upper sloping obliquely down-
"~ ward and backward from the hinder end of the hinge; cardinal
margin straight, equaling about two-thirds the length of the
valves; anterior rounded below and sloping abruptly forward
from the beaks above; basal margin long, parallel to the hinge,
nearly straight for most of its length, or faintly sinuous near
the middle, rounding up anteriorly, and forming a more or less
defined angle at its connection with the lower part of the pos-
terior margin behind ; posterior umbonal slope distinctly an-
gular from the beaks to the angular posterior basal extremity,
while a second carina passes obliquely backward and downward
along the middle of the dorsal space above the umbonal ridge
of each valve; beaks depressed to the line of the cardinal
margin, very little projecting, and placed one-fifth to one-fourth
the length of the valves from the anterior margin. Surface
marked by distinct concentric lines of growth, that become
strongly defined on the flanks and anterior parts of the valves,
but are less distinct on the space above and behind the umbonal
angles. Length, 1.10 inches; height, 0.52 inch; convexity,
about 0.20 inch.”’ ‘

Range and distribution: Upper Coal Measures; Kansas
City, Mo.

Pleurophorus costatus.

Arclt:;4 ﬁosfam Brown, Trans. Man. Geol. Soc., 1, p. 32, pl. vi, fI. 34, 35,
( )

Pleurophnrus costatus Brown, ng. Cat., p 11 (1848); ng, Mon.
Perm. Foss. Eng., p. 181, pl. xv, ff, 13, 14, (1850

Pleurophorus costatiformis Meek and Worthen, Geol Suarv. Ill., 111, p.
535, pl. x1x, {. 8, and text fig., (1868).

Meek and Worthen’s description: ‘¢ Shell elongate, suboval,
moderately convex, slightly arcuate; the dorsal and ventral
margins rather long, and more or less nearly parallel, the
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former being a little concave in outline, and the latter convex;
extremities narrowly rounded. Beaks small, depressed, or ris-
ing little above the hinge line, very oblique, somewhat com-
pressed, incurved, and placed very near the anterior end;
lunule apparently small and deep. Surface ornamented by
concentric strize of growth, and a few larger, obscure, concen-
tric wrinkles, crossed on the postero-dorsal region by five dis-
tinct, equidistant and radiating ridges, extending obliquely
from the beak to the posterior margin, the lower one being the
largest, and forming the umbonal ridge, while the upper one
runs parallel to the cardinal margin, and forms the edge of the
long corslet, or escutcheon. Length, about 1.10 inches ; height,
0.46 inch ; convexity, near 0.43 inch.”’ ‘

Range and distribution: Upper Coal Measures; Kansas
City, Mo.

1 see no reason for putting this shell in a distinct species.
Our Kansas City' specimens agree well with King’s descrip-
tions and figures, being longer than Meek and Worthen’s fig-
ures. It seems that the principal reason for making a distinct
species of this shell was the fact that it came from a much
lower horizon than the European forms, but this is true of sev-
eral species of fossils which are common to the Coal Measures
of ‘the Missouri valley and the Permian of Europe. The lines
of growth (or strize) on our specimens meet the hinge at a very
obtuse angle, while Meek’s figure represents them meeting
nearly at right angles. In this respect it is like costatus.

ASTARTELLA.
Hall, Geol. Iowa, pt. II, p. 715.

Astartella vera. Plate XXII, fig. 10.

Astartella vera Hall, Geol. Iowa, pt. 11, p. 715, pl. xx1x, ff. la-c, (1858);
Keyes, Geol. Surv. Mo., v, p. 125, pl. xrvy, f. 6, (1895); etc.

Original description : *‘ Shell somewhat rhomboid-ovate, gib-
bous on the umbones; beaks subanterior, elevated, approxi-
mate ; anterior end slightly concave below the beak and rounded
below, posterior end obliquely truncate. An oblique undefined
ridge extends from the beak to the posterior basal margin, hav-
ing the space between it and the ligamental area flattened ;
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lunule cordiform, strongly impressed ; ligamental area deeply
marked, and extending to the posterior extremity. Anterior
and posterior muscular impressions distinct; hinge strong.
Teeth of right valve separated by a deep pit; the anterior tooth
with a longitudinal pit in the summit, and a callosity on the
inner margin at its base. Surface marked by strong concentric
furrows, which are separated by sharp angular ridges; the in-
termediate space finely striated.’’

Range and distribution: Upper Coal Measures; Grand Sum-

mit.

CONOCARDIUM.
Bronn, Leth. Geo., I, p. 982, (1835).

Conocardium parrishi. Plate XX, fig. 9.

Conocardium parrishi Worthen, Geol. Surv. Ill., vir, p. 112, pl. xx, f.
7, (1890); Keyes, Geol. Surv. Mo., v, p. 124, pl. xrLvI, fI. 6a, b, (1894).

Worthen’s description: ‘¢ Shell obliquely triangular, hinge
line straight, beaks depressed, umbonal ridge elevated into a
strong rounded fold, with faint traces of fine striee towards the
lower extremity. Anterior side evenly and rapidly sloping
from the umbonal fold to the extremity, traversed by radiating
costee, only four or five of which extend to the hinge line, but
increasing by division and implantation so that ten or more
may be counted on the margin of the shell, the one nearest the
umbonal ridge being somewhat stronger than the others. Pos-
terior side flattened towards the extremity, and marked by
eight or more flattened strize, nearly all of which extend to the
hinge line. Length, about % inch.”

Range and distribution: Upper Coal Measures; Kansas
City.

CYPRICARDINIA.
Hall, Pal. N, Y., IIL, p. 266, (1860),

Cypricardinia? carbonaria. Plate XX, fig. 16.

Cypricardinia? carbonaria Meek, Proc. Acad. Nat. Sci. Phil., p.163, (1871).

Cypricardinia ? carbonaria Meek, Geol. Surv. Ohia, 11, Pal., p. 342,
pl. xix, ff. 8a, b, (1875).

Meek’s description: ‘‘Shell small, longitudinally oval, less
than twice as long as high, the widest ( highest) part being
under the posterior extremity of the hinge; rather gibbous,
with usually a broad impression extending from the beaks ob-
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liquely backward and downward to the middle of the base of
each valve; anterior side extremely short, of nearly obsolete,
convex, and rounded ; posterior side broader, more compressed
or cuneate, with its upper edge straight and sloping obliquely
backward to the regularly rounded posterior margin; base
broadly and slightly sinuous in the middle, and rounding up-
ward at the extremities; hinge line straight, between one-half
and two-thirds as long as the valves, ranging at an angle of
about twenty-five degrees with the oblique, longer axis of the
shell, so as to meet the sloping upper edge of the posterior
margin at a very obtuse but moderately well-defined angle, thus
imparting to the somewhat compressed posterior dorsal region
a very faintly alate appearance; beaks extremely oblique, de-
pressed nearly to the dorsal margin, very nearly terminal, and
scarcely projecting beyond the rounded outline of the anterior
extremity. Surface ornamented by about fifteen to twenty ex-
ceedingly regular, well-defined, subimbricating, flattened, con-
centric ridges or undulations, that gradually become smaller
and more closely approximating on the umbones.’’

Range and distribution : Upper Coal Measures; in the oolite
at Rosedale and Turner.

CARDIOMORPHA.
de Konineck, Anim. Foss. Carb. Belg., p. 101, (1844).

Cardiomorpha ‘missonriensis. Plate XX, fig. 17.

Cardiomorpha missouriensis Shumard, Trans, St. L. Acad. Sci., 1, p.
207, (1858); Meek and Worthen, Geol. Surv, Ill., v, p. 588, pl. xxvi1, f. 8,
(1873).

Nucula mercerensis McChesney, Trans. Chic. Acad. Sei., 1, p. 40, pl. 11,
ff. 12a-c, (1868).

Nucula cylindrica McChesney, New Pal. Foss., p. 54, (1860).

Original description : ‘¢ Shell inequilateral, elliptico-subquad-
rate, very thin, length double the height; superior and infe-
rior borders subparallel ; cardinal margin long, slightly arcuate,
inferior border slightly arched ; anal and buccal margins strongly
rounded, the latter being very short ; umbonal region moderately
convex in young specimens, and very gibbous in the old, great-
est convexity short distance below the beaks; beaks situated
near the anterior margin, rounded, closely incurved and nearly
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approximate ; surface marked with very fine crowded, concen-
tric striee, which are sometimes more or less flexuous. Length
of full-grown specimen, 1.30 [inches?] ; height, 0.64; thick-
ness, 0.62.”’

Range and distribution; Upper Coal Measures; Topeka.

'EDMONDIA,
de Koninck. Anim. Foss. Carb. Belg., p. 66, (1844).

Edmondia nebrascensis. Plate XX, fig. 5.

Aatclzarslg nebrascensis Geinitz, Carb. u. Dyas in Neb., p. 16, pl. 1, . 25,

( ).

Edmondia nebrascensis Meek, Fin. Rep. U. S. Geol. Surv. Neb., p. 214,
pl. x, f. 8-8b, (1872).

Meek’s description: ¢ Shell subovate, compressed, more or
less rounded at the extremities ; length nearly once and a half the
height ; basal margin broadly semielliptic or semiovate in out-
line ; dorsal margin sloping from the beaks, but more abruptly
in front than behind, rounding into the extremities; beaks
moderately prominent, and located somewhat in advance of the
middle. Surface marked by broad, rounded, rather regular
concentric furrows, separated by sharp, moderately prominent
concentric linear ridges, sometimes show under a magnifier in-
dications of being minutely crenate; impressions or furrows
between the ridges, showing concentric strize, which, by the aid
of a lens, in a cross-light appear to be crossed by fine, nearly
obsolete radiating markings. Length of the largest specimen
seen, 1.35 inches; height, 0.95 inch; convexity, about 0.30
inch.”’

Range and distribution: Upper Coal Measures ; Kansas City,
Turner, Topeka.

Edmondia aspinwallensis. Plate XXII, figs. 3-3b.

Edmondia agfpinwallensis Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p.
216, pl. 1v, fl. 2-2¢, (1872); etc.

Original description : ¢‘ Shell longitudinally subovate, moder-
ately convex, the greatest convexity being a little in advance of
and above the middle ; base nearly semielliptic in outline ; pos-
terior side rather narrowly rounded, or sometimes very faintly
subtruncate obliquely above ; dorsal margin nearly straight just
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behind the beaks, but very gradually declining, with a slightly
convex outline posteriorly ; anterior side quite short, declining
very abruptly from the beaks above, and rounded below ; beaks
rather depressed, incurved, and located nearer the anterior end
than the middle. Surface of cast with moderately distinct, ir-
regular concentric undulations, showing behind the beaks dis-
tinct impressions of the cartilage fulcra. Length, 1.45 inches;
height, 1.03 inches ; convexity, about 0.68 inch.”’

Range and distribution : Upper Coal Measures; Cherryvale,
Kansas City, Turner, Topeka.

This species may be distinguished from the foregoing by its
more undulate and less carinate concentric ridges, which are
never crenate, and the absence of the nearly obsolete radiating
striee.

ALLORISMA.
King, Ann. Mag. Nat. Hist., XIV, p. 315 (1844).

Allorisma geinitzi. Plate XX, fig. 6.

Allorisma elcﬁans Geinitz, Carb. u. Dyas in Neb., p. 13, pl. 1, f. 31,
(1866), (non King).

Allorisma (Sedgwickia) geinitzi Meek, Fin. Rep. U. 8. Geol. Surv. Neb.,
p. 219, pl. x, ff. 16a, b, (1872).

Allorisma geinitzi Meek, Geol. Surv. Ill., v, p. 586, pl. xxv1, £. 23, (1873).
Meek’s description : ‘¢ Shell small, rather compressed, longi-
tudinally subovate, abruptly narrowed from the beaks posteri-
orly ; umbonal slopes distinctly carinate from the beaks to the
posterior basal angle; anterior side subtruncate, with an ab-
rupt slope from, the beaks obliquely forward above, and round-
ing into the base below; basal margin somewhat prominently
rounded anteriorly, and nearly straight or faintly sinuous be-
hind ; posterior end compressed, its margin abruptly truncated
vertically, so as to make its upper and lower parts nearly rec-
tangular ; cardinal margin sloping, with a slightly concave out-
line, from the beaks to the truncated posterior end; beaks
elevated, incurved, and placed about half way between the
middle and the anterior extremity of the valve. Surface or-
namented with numerous minute, closely crowded granules,
which, on the umbones and other parts of the valves in front
of the angular umbonal slope, show a tendency to arrange



168 University Geological Survey of Kansas.

themselves.in radiating lines, which are crossed by more or
less distinct lines of growth ; on the compressed corselet, above
and behind the umbonal carina, there are usually two or more
obscure radiating ridges and furrows, crossed by moderately
distinct, granular lines of growth, parallel to the truncated
posterior margin. Length of the largest example seen, 0.50
inch; height of the umbones in the same, 0.30 inZh ; height of
the truncated posterior end, same, 0.16 inch ; convexity, about
0.13 inch.”’
Range and distribution : Upper Coal Measures; Topeka.

Allorisma granosum. Plate XX, fig. 10.

Leptodomus granosus Shumard, Trans. St. L. Acad. Sci., 1, p. 207.

Allorisma ( Sedgwickia) granosa Meek, Fin. Rep. U. 8. Geol. Surv.
Neb., p. 220, pl. 11, £. 8, (1872).

Allorisma granosum Keyes, Geol. Surv. Mo., v, p. 128, (1695).

Meek’s description : ‘‘Shell very thin, approaching an irregu-
lar, oblong form, the length being less than twice the height,
very convex, most gibbous part being near the middle of the
valves; beaks prominent, incurved, somewhat flattened on the
outer side, and placed about half way between the middle and
the front. Dorsal margin strize straight behind the beaks and
nearly parallel to the general outline of the base, inflected so
as to form a distinct, flattened, lanceolate, lunule-like area,
bounded on each side by a well-defined subangular ridge; pos-
terior side nearly or quite closed, obliquely truncated, with
sometimes a faint sinuosity near the middle; anterior side
rather abruptly sloping forward, and straightened above, and
rounding into the base below, near which it seems to be a little
gaping; base somewhat straightened, or even a little sinuous
in outline, just in front of the middle, at the termination of a
broad, very shallow cavity, extending a little obliquely down-
ward and backward from the umbonal region ; behind this rather
prominent, thence ascending obliquely, with a slightly convex
outline, to the truncated posterior margin. Posterior umbonal
slopes very prominently rounded above, and continued as a low
undefined ridge, obliquely backward and downward ; posterior
dorsal slope, above the umbonal ridge, with an oblique, shal-
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low, rounded sulcus, extending from the back part of the beaks
to the middle of the truncated margin behind. Surface marked
with fine lines of growth and small irregular, concentric wrin-
kles, which latter are not defined on the posterior dorsal region
above the umbonal ridge; crossing these are the usual radiat-
ing rows of minute granules. Length, 2 inches; height, 1.15
inches; convexity, 1 inch.”’

Range and distribution: Upper Coal Measures; Kansas
City, Iola, Lawrence, Lecompton, Topeka. :

This species may be very easily distinguished from the fore-
going by its very much larger size and less angular and more
robust form, and the sinuosity of the ventral margin.

Allorisma subcuneatum. Plate XX, figs. 1-1b.

Allorisma regularis? Owen, Geol. Rep. Wis., Iowa, and Minn., pl. v, f.
13, (1852).

Allorisma subcuneata Meek, Fin. Rep. U. 8. Geol. Surv. Neb., p. 221,
pl. 11, ff. 10a, b, (1872); ete.

Meek’s description: ‘‘Shell attaining a large size, longitudi-
nally elongated, or twice to three times as long as high, pro-
portional length increasing with age ; greatest convexity a little
in advance of the middle and in the umbonal region; cuneate
and a little gaping behind, where the margin is more or less
narrowly rounded in outline. Basal and dorsal margins nearly
parallel, the latter being more or less concave in outline, or
nearly straight, and inflected so as to form a lanceolate kind of
false area, bounded by an obtuse ridge on each side, just out-
side of which there is a shallow undefined sulcus ; basal margin
slightly convex, or somewhat straightened along the middle,
and sometimes very faintly sinuous just under the beaks, round-
ing up more abruptly before than behind; anterior margin
very short, a little gaping and rather prominently rounded be-
low ; beaks convex, incurved, and placed near the anterior end,
rather depressed, but rising moderately above the dorsal margin.
Surface ornamented with fine striz of growth, and well-defined
concentric undulations usually more distinct and regular on the
beaks and umbonal region. Length of the largest specimen

12—vi '
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seen, 4.81 inches; height from the ventral to the dorsal mar-
gins, near middle, 1.76 inches ; convexity, 1.57 inches.’’
Range and distribution: Upper Coal Measures; Westport
(Mo.), Kansas City, Mont Ida (Anderson county), Lawrence,
Lecompton, Topeka, Elmont, Grand Summit.
This species is distinguished, on account of its larger and
more graceful form, from either of the preceding.

Allorisma costatum. Plate XX, fig. 12.

Allorisma costata Meek and Worthen, Proc. Acad. Nat. Sci. Phil. 1869,
p. 171; Geol. Surv. Ill., v, p. 585, pl. xxvi, f. 15, (1873).

Meek and Worthen’s description : ¢ Shell under medium size,
longitudinally oblong, the length being more than twice the
height, very thin, rather convexin the central umbonal regions;
anterior margin rather short, closed and narrowly rounded;
basal margin forming a long, rather semielliptic curve, with a
very slight sinuosity in front of the middle; posterior side com-
pressed, but apparently a little gaping and distinctly truncated
nearly vertically from the base about half way up, and thence
a little obliquely forward and upward to the dorsal margin;
posterior dorsal region compressed above the umbonal ridge;
cardinal margin equaling about two-thirds the entire length
of the shell, very nearly straight, and inflected so as to form a
narrow or lance-linear corselet, extending over its whole length ;
beaks convex, rising a little above the cardinal margin, and

" placed slightly more than one-sixth the length of the valve be-
hind the anterior extremity; lunule well defined and lance-
ovate in form. Surface ornamented by about twenty-five very
regularly arranged, distinctly elevated, concentric coste, which
commence near the lunule and extend backward parallel to the
base, to the well-defined, angular umbonal ridge leading from
the beaks to the posterior basal extremity, at which ridge they
become suddenly obsolete, or very nearly so, being mainly rep-
resented on the more compressed posterior dorsal region by
distinct lines of growth, which are crossed on the middle of
this area by a second oblique linear ridge extending from the
beaks to the middle of the posterior margin. Some indications
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of the usual minute surface granules appear to be vislble in
some of the molds left in the matrix. Length, about 1.20
inch; height, 0.563 inch ; convexity, 0.44 inch.”’

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence, Topeka.

This species may be easily distinguished by its large, even,
sharply elevated ribs and the radiating costee on the upper pos-
terior portion, as well as its long, graceful shape.

SEDGWICKIA.
McCoy, Synop. Carb. Foss, Ireland, p. 61 (1844).

8edgwickia topekaensis. Plate XX, fig. 3.

Leptodomus lopekaensis Shumard, Trans. 8t. L. Acad. Sci., 1, p. 208.

Sedgwickia topekaensis? Meek and Hayden, Pal. Upp. Mo., p. 40,
A, B, (1864).

Allorisma topekaensis Keyes, Geol. Surv. Mo., v, p. 128,

Meek and Hayden’s description : ¢ Shell depressed subovate,
about twice as long as high, extremely thin and fragile, gib-
bous in the region of the beaks and along the oblique umbonal
slopes. Sides flattened above, and becoming a little concave
towards the base in front of the middle. Dorsal border nearly
horizontal, and slightly concave in outline behind the beaks,
where its inflected edge is margined by a rather distinct ridge ;
ventral border presenting a broad semiovate outline, excepting
a very slight sinuosity just in advance of the middle —round-
ing up abruptly in front and more gradually behind ; anterior
side prominent, gibbous, and narrowly rounded below, obliquely
truncated above; posterior side compressed, narrowed, and
apparently subtruncate and somewhat gaping at the extremity.
Lunular impression in front of the beaks (in casts) moderately
distinct, defined by a faintly impressed line. Beaks prominent,
gibbous, a little flattened, incurved, and placed between the
middle and the anterior extremity, but nearer the former. En-
tire surface, in well-preserved specimens, closely covered with
minute granules arranged in radiating rows; and ornamented
with small concentric ridges, which are almost regular and dis-
tinct on the umbones, and end abruptly along an impressed
line extending from the posterior side of each beak obliquely
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towards the postero-basal margin, thus leaving the compressed
postero-dorsal region comparatively smooth. ( Muscular and
pallial impressions unknown.) Length, about 2 inches ; height,
1 inch; convexity, 0.75 inch.”’

Range and distribution : Upper Coal Measures; Topeka.

Our specimens differ somewhat from those figured in having
the sides less depressed near the beaks and ventral margin ; they
having shells a trifle thicker than the description calls for.

CHZENOMYA.
Moek, Pal. Upp. Mo., p. 42, (1884).

Chanomya leavenworthensis. Plate XIX, figs. 3-3b.

_Allorisma? lcavenworthensix Meek and Hayden, Proc. Acad. Nat. Sci.
Phil. 1858, p. 263.
Chenomya leavenworthensis Meek and Hayden, Pal. Upp. Mo., p. 43,
pl. 11, fI. la—c, (1864); etc.

Meek and Hayden’s description: ‘‘Shell subcylindrical ;
anterior side rounded, a little compressed and apparently
entirely closed ; posterior side long, truncated, and very widely
gaping, the margins being even a little reflexed. Base nearly
straight, or slightly convex in outline, rounding up gradually
in front, and very abruptly behind ; dorsal side concave in out-
line from the beaks to its elevated posterior extremity, and
nearly parallel to the base. Beaks rather depressed, somewhat
flattened, incurved, nearly or quite touching, and located about
half way between the middle and the anterior end. Surface
marked by fine lines of growth, and a few irregular, nearly
obsolete concentric undulations, which curve up abruptly be-
hind, parallel to the truncated posterior margin. Crossing these,
the radiating rows of minute granules may be seen by the aid
of a good lens, on well-preserved specimens. Internal casts-of
this species show quite distinctly the scar of the anterior ad-
ductor muscle, which is oval, and located near the buccal
margin, with its longer axis nearly at right angles to that of the
shell. At its upper extremity the small oval pedal scars are also
well defined in both valves. The posterior muscular impres-
sions broad, oval, and rather faintly marked; from near the
middle of the under side the pallial line descends with a gentle




BeEeDE.] Carboniferous Invertebrates. 178

forward curve, so as to form a broad, rounded, very shallow
sinus. Length, 2.85 inches; height, from the ventral margin
to the middle of the dorsal side, 1.36 inches; length, from the
" base to the line drawn from the beaks across to the most ele-
vated part of the posterior extremity, 1.50 inches; greatest
convexity, near the middle, 1.11 inches ; breadth of the posterior
hiatus, 1.07 inches ; height of the posterior hiatus, 1.44 inches.”’

Range and distribution : Upper Coal Measures ; Kansas City,
Lawrence.






EXPLANATION OF PLATES.

Note.—The anco numbers printed in the following matter refer to where the description is
5;01;. Nu bers (l 2, 3, otc.,) refer to figures on the plate. The plates will be found be-
ning page 189,

PLATE 1.
Fusulina secalica, (p. 10.)

1. Illustrates the different forms and sizes of these shells.

1b. Longitudinal section of a specimen, showing the foramina in the inner
walls ().

Amblysiphonella prosseri, (p. 14.)

2. Longitudinal section much enlarged, showing pores in the walls and the
thin gastral tissues. (After Clarke.)

2b. Cross-section enlarged to show the structure. (After Clarke.)

2¢. Longitudinal section about natural size, showing the cloaca in the center
and the apertural walls. (After Clarke.)

2d. Average-sized specimen. About natural size. (After Clarke.)

2¢. Bection of specimen as seen in matrix, from Topeka. Oblique longitu-
dinal section.

2/. Specimen of different form, and possibly different species.

Somphospongia multiformis, (p. 12.)

6. Drawing to illustrate the thickness of the dermal layer. Magnified.

7. Outline of larger specimen, showing mushroom form. One-half natural
size.

8. Tracing of a section through the top of one of the sponges, showing the
arrangement of the canals, which are stippled. The unstippled
portion is the body of the sponge. One-half natural size.

9. Semidiagrammatic section through the cloaca of a small individual, show-
ing canals, which are stippled, and the semiconcretionary nature of
thé outer part of it.

10. Portion of the surface of a weathered specimen, showing what appears
to be the body skeleton of the sponge. Magnified.

PLATE II.

Somphospongia multiformis, (p. 12.)

1 to 5. Photographs showing tho various forms of the smaller specimens, the
last showing the manner in which the tops of the sponges weather,
bringing out the canals. Less than natural size.

Amblysiphonella prosseri, (p. 14.) .
6. Specimen showing aperture. About natural size. ( After Clarke.)
(176)
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Lophophyllum profundum, (p.117.)
7. Side view of specimen, with part of the calyx broken away, showing the
protruding columella. Natural size.
70. Section of a specimen, showing the tabula:. Natural size.
Lophophylium westi, (p. 18.)
8. Side view of moderately large specimen. Incomplete.
8. Cross-section of the same, showing the tendency to form a columella
from the counter septum.
Arophyllum rudis, (p. 20.)
9. Side view of the average-sized specimen. Natural size.
9b. View from above, showing the interior of the calyx and the pseudo-
columella.
9¢. Cross-section of a specimen below the calyx, showing the structure of
the pseudocolumella in the center and the arrangement of the septa
and vesicles around it. Magnified.
Syringopora mullattenuata, (p. 25.)
10. Enlarged cross and oblique sections across the top of a specimen as it
appears when polished, showing the funnel-shaped tabula.
10b. Longitudinal section, showing funnel-shaped tabule. Enlarged.
Cheetetes milleporaceus, (p. 25.)
11. Longitudinal section, showing tabule and arrangement of the corallites.
Magnified.
114, Cross-section of the same, showing shape of the corallites. Enlarged.
Michelinia cugeneee, (p. 21.)
12. Side view of average specimen. Natural size.
125, View of base of another specimen, showing its attachment to a crinoid
stem.

PLATE IIIL

Cladochonus bennetti, (p. 24.)

1. Side view of type. Enlarged two diameters.
Aulopora? prosseri, (p. 23.)

2. View from above. Natural size.
Aulopora anna, (p. 23.)

3. Top view, showing the way in which it anastomoses. Natural size.
Lophophyllum westi, (p. 18.)

12. Side view of type. About natural size.

PLATE 1IV.

Campophyllum torquium, (p. 19.)
1. Typical slab of these corals. Reduced in size.
Aulopora? prosseri, (p. 23.) .
2. View of base, showing how the individual expands, and the absence of
tabule and septa. Reduced in size.
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PLATE V.

Campophyllum torquium, (p. 19.)

1. Cross-section of young individual, showing the thickening of the septa on
one side. Natural size.

2. (ross-section near the calyx of an older individual, showing the septa
nearly equal, except the counter septum, which is thickened.
Natural size.

3. Longitudinal section of a rather young individual, showing the compara-
tively simple tabula: and a narrow vesicular zone.

4. Side view of young individual, showing a rapidly expanding form. Twice
natural size. .

Limopteria alata, (p. 130,

5. View of right valve. Twice natural size.

-

Syringopora multattenucata, (p. 25.)
6. Side of specimen. Nearly natural size.
Lophophyllum westi, (p. 18.)
7. Longitudinal section of specimen, showing nature of the tabule.
Enlarged.
Trachypora austini, (p. 22.)
3. Lateral view of specimen. (After Worthen.)

PLATE VI.

Zeaerinus?? robustus, (p. 29.)
1. Base of calyx of type. Natural size.
la. Side view of same (inverted).
Neaphiocrinug? washbwrni, (p. 27.)
2. Azygous side of calyx, showing base of arms. Natural size.
2a. Opposite side of type. Natural size.
Fupachyerinus magister, (p. 40.)
3. Side view of calyx, showing the anal plates on the right. Natural size.
3h. Base of calyx. Natural size.
Srisocrinus typus, (p. 39.)
4. Base of calyx. Natural size.
4b. Side view of calyx. Natural size.
('eriocrinus hemizphericus, (p. 34.)
5. Base of calyx. Natural size.
5b. Side view of same.
Ceriocrinus missouriensis, (p. 35.)
6. View of the base of the calyx.
Trachypora austini, (p. 22.)
7. Cross-section. (After Worthen.)
7b. Section showing microscopic structure. (After Worthen.)
Agassizocrinus carbonarius, (p. 45)
8. Side view of calyx.
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Ceriocrinusg craigi, (p. 32.)
9. Base of calyx. Natural size.
9b. Bide view of same.
Phialocrinus magnificus, (p. 36.)
10. Side view of specimen, showing calyx, arms, and anal tube. Natural size.

PLATE VII.

Jrigocrinus megalobrachius, (p. 37.)

la. View of base of type. Natural size.
1b. 8ide view of same.

Ceriocrinus? monticulatus, (p. 33.)
2. Side view of type. Natural size.

Oligoporus? minutus, (p. 49.)
3. Apical? view. Natural size. Type.

Hydreionocrinus kansasensis, (p. 42.)
4 to 7. Showing structure and appearance of various parts. (After Weller.)
H. subginuatus. See plate VIII.

PLATE VIIIL

Orbiculoidea missouriensts, (p. 55.)
1 and 10. Upper and lower aspeocts of the flat valve. Enlarged.
1¢. Convex valve as seen from above. Enlarged.
Orbiculoidea manhattanensis. (p. 56.)

2. Internal lap_pearaneo of the flat valve, showing the peripheral ridge. Nat-
ural size.

2b. Convex valve. Enlarged.
Orbiculoidca convexa, (p. 55.)

3. Convex valve. About natural size.

3b. Flat valve, perhaps of this species, internal view. Natural size.
Crania modesta, (p. 57.)

4. Upper view of specimen on a smooth shell. Natural size.
Lingula mytiloidcs, (p. 54.)

5. Specimen. Natural size.
Archeocidaris agassizi, (p. 48.)

6 to 6¢. Illustrations of plates and spines.

B¢ cross-section of 6d. All natural size. (After Hall.)
Archeocidaris megastylus, (p. 49.)

7. Mass of spines and plates. (After Keyes.)
Derbya bennetti, (p. 69.)

8. View of brachial valve.

8b. View of hinge area.

8c. Lateral view of specimen. (All after Hall.)

Archeeocidaris trudifer, (p. 47.)
10. Spine. Natural size. (After White.)
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Derbya crassa, (p. 62.)

11, 1156. External and internal views, respectively. Natural size.
Derbya biloba?

12. Specimen, perhaps of this species, from Lecompton. (Rogers.)
Derbya keokuk, (p. 63.)

13. Brachial valve. Natursal size.
Hydreionocrinus subsinuatus, (p. 43.)

14. Basal view of calyx. Natural size.

PLATE IX.
<'honeles granulifer, (p.69.)
1. External view of pedicle valve. Natural size.
10. Internal view of brachial valve, showing radiating ridges, indications of
the brachial areas, and the granular inner surface.
1c. External view of a peculiar specimen of this species, showing the auricu-
lation. Natural size.
Chonetes glaber, (p. 68.)
2. Exterior of pedicle valve. Natural size.
C'honctes mesolobus, (p. 71.)
3. Pedicle valve. Natural size.
3h. Interior of brachial valve, shoyving the cardinal process, brachial and
other markings. Enlarged.
Chonctes verneuilianus, (p. 72.)
4. Pedicle valve of long-eared variety. (After Meek.)
4b. Same of short-hinged specimen. Natural size.
4c. Interior of brachial valve, showing the markings. Natural size.
4e. Interior of pedicle valve, showing adductor and diductor scars. Natural
size.
Productus pertenuis, (p. 83.)
5. Pedicle valve. Natural size.
5b. Brachial valve, interior view, markings removed. Natural size.
5¢. Longitudinal section, showing the relation of the valves in this species.
Productus symmetricus, (p. 86.)
6. Interior of brachial valve, showing adductor markings, lateral ridges, and
mesial ridge. Natural size.
60. Pedicle valve, partially covered by matrix. Natural size.

Productus nebrascensis, (p. 84.)

7. View showing the curvature of the beak and the relation of the pedicle
to the brachial (or flatter) valve. Natural size.

70 and 7d. Lateral and full view of pedicle valve of the same specimen.

7e. Cast of specimen, showing adductor and diductor scars. Natural size.

7e. Pedicle valve, showing the nature of the spines when not removed.
Natural size.

7/. Interior view of brachial valve, showing the cardinal process, large pit
immediately back of it, mesial septum, adductor markings, and a
dim outline of the brachial marks, Natural size.
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Productus costatus, (p. 79.)

8. View qf ooncave side, showing the relation of the two valves. Natural
size.

Productus longispinus, (p. 81.)

9. Interior of brachial valve of very old specimen. The lateral ridges are
well developed and extend entirely around the valve, forming a very
prominent feature. Natural size.

9h. Brachial valve, showing relation of that valve to the pedicle valve.
Natural size.

9c. Pedicle valve, spines removed. Natural size.

9d. Interior of brachial valve of younger specimen (full grown ), showing the
lateral ridges developed along the hinge only, with slight turn to
the front where they fade out. Natural size.

Hustedia mormoni, (p. 103.)
10. View of brachial valve.
100. Lateral view.
10¢. View of pedicle valve. All natural size.
10d. Surface enlarged to show punctures in shell.

PLATE X

Productus costatus, (p. 79.)
1. Pedicle valve, showing the ridge between the umbo and the ears on which
are spines. Natural size.
15. Side view of same.
le. Interior of brachial valve, showing adductor markings, cardinal process,
mesial ridge, lateral ridges, and brachial markings. The border in
front is matrix between the brachial and pedicle valve. Natural
size.
Productus semireticulatus, (p. 78.)
2. Exterior of brachial valve, showing hinge and beak. Natural size.
2h. Pedicld valve. The umbo of this specimen is narrower than most of
the Coal Measures forms, which are probably varietally distinct
from the one figured, which is from the Permian, but is figured here
on account of its being a much better specimen. Natural size.
2¢. Interior of pedicle valve, showing adductor and diductor markings. The
central ones are the adductors. Natural size.
2d. Interior of brachial valve, showing adductor, brachial and other mark-
ings. Natural size. (Small specimen.)

Productus punctatus, (p. 87.)

3. Pedicle valve. Natural size.

3b. Brachial valve, exterior view, showing the beak and hmge Natural
size.

3c¢. Lateral view of the same specimen.

3d. Pedicle valve of young specimen. Natural size.

3e. Cast of interior of the pedicle valve, showing the adductor and diductor
scars. Natural size.
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PLATE XI.
Productus cora, (p. 75.)
1. Pedicle valve of the common form. Natural size.
15. Cast of pedicle valve. (After Hall.)
lc. Brachial valve, interior view, showing traces of brachial markings.
Natural size.
1d. Pedicle valve of large specimen. Natural size.
le. Spine as seen on a slab of shale, from a large specimen. Natural size.
17. Pedicle valve of broad, large variety. Natural size.
Productus cora amerieanus, (p. 71.)
2. Pedicle valve of typical form. Natural size.
Productus punctatus, (p. 87.)
3. Interior of brachial valve, showing adductor scars. Natural size.
Productus costatus, (p. 79.)
4. Cast of pedicle valve, view of beak. Natural size.
('lriothyris royssiti, (p. 104.)
5. Outline of specimen with nearly straight hinge.
5b. Brachial valve and beak of pedicle valve of specimen.
5¢. Lateral outline of specimen. All natural size.

Aulacorhynchus millepunctatus, (p. 89.)
6. External view of one of the valves. (After Meek and Worthen.)

PLATE XII.

Aulacorhynchus millepunctatus, {p. 89.)
1. Interior of brachial valve. (After Meek and Worthen.)
1). View of a specimen from Kansas City, showing indications of extra plat-
forms, and probably a different species. Natural size. It is quite
convex for the genus.
C'leiothyris royssii, (p. 104.)
2. Side view of more robust specimen. Natural size.
Hustedia mormoni, (p. 103.)
3. Hinge apparatus. (After Hall.)
Reticularia perplcxa, (p. 102.)
4. Pedicle valve. About natural size.
4b. Opposite valve of same.
4c. Side view of same.
4d. Surface enlarged. (After Grity.)
Spirifer cameratus, (p. 99.)
5. Interior of brachial valve, showing sockets for cardinal teeth. Natural
size.
50. Pedicle valve of long-eared form.
5¢. Brachial valve and hinge area of robust form.
5d. Young specimen. All natural size. .
He, Spire of one of this species (broken). Natural size.
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Enteletes hemiplicata, (p. 81.)
6. Side view of specimen. Natural size.
6b. Front view of same.

Pugnaz utah, (p. 83.)

7. Brachial side, showing beak of the opposite valve, with the pedicle open-
ing. Natural size,

7b. Front view of same.
Te. 8ide view of same.

Pugnax rockymontana, (p. 92.)
8. 8Side view of specimen. Natural size.
8b. Front view of same.
Meekella striatocostata, (p. 65.)
9. Lateral view.
9b. Pedicle valve.
9c. Brachial valve and hinge area. All natural size.

Derbya cymbula, (p. 60.)
10. Interior view of hinge apparatus.

PLATE XIII.

Aviculopecten hertzeri, (p. 121.)
1. Left valve.
16. Surface markings enlarged.

Aviculopecten providencensis, (p. 119.)

2. Left valve. Natural size.
Aviculopecten sculptilis, (p. 122.)

3. Lateral view of left valve. Natural size.

3b. End view of same.
Aviculopecten germanus, (p. 123.»

4. Left valve. Natural size. (Rogers.)
Lima retifera, (p. 112.)

6. Left valve of shell. Natural size.
Aviculopecten interlincatus, (p. 116.)

6. Left valve. Natural size.
Aviculopecten occidentalis, (p. 114.)

7. Left valve. Natural size.
Aviculopecten hertzeri, 'p. 121.)

8. Right valve. (After Meek and Worthen.)
Aviculopecten carboniferus, (p. 117.)

9. Left valve. Natural size.
Aviculopecten mccoyi, (p. 118.)

10. Left valve. Natural size.
Pseudomonotis hawni, (p. 132.)

11, Interior view of flat valve, showing byssal notch.

115. End view of convex valve.

lle. Lateral view of convex valve. (All after Meek.)
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PLATE XIV.

Pgseudomonotis kansascnsis, (p. 133.)
1. Left valve of type. Postero-ventral portion crushed, probably giving it

la.

1.

undue prominence. The strise are finer and more crinkly than rep-
resented in drawing. About natural size.

Outline showing convexity of the same.

Outline showing the convexity of the adult long-hinged forms.

lc and 1d. Young specimen of the long-hinged form, showing different de-

grees of development of the hinge and ears. About natural size.

Pseudomonotis robusta, (p. 133.)
2. Left valve of type. The strize are finer and more wavy than represented,

2a.

and the upper third is practically glabrous, only the faintest traces
of strise being present. About natural size.

Anterior view of the same shell, showing gibbosity and arcuity of shell,
as well as concentric lines of growth. About natural size.

2h and 2¢. Anterior and lateral views of the left valve of a young individual

of the above shell. About natural size.

Pscudomonotis hawni equistriata, (p. 134.)
3. Left valve of type. A little less than natural size.
3a and 3b. Anterior views of two left valves, showing variation in convexity

and indistinctness of beak. About natural size.

PLATE XV.

Pscudomonotis hawni. Lobed variety, (p. 132.)
1. Convex valve, showing the bending of the costz and the lobe on the end

la.
1b.

lc.

1d.

le.

V.

of the shell. All natural size.

Interior of left valve, showing retractor scars and adductor scar.

OQutline showing convexity of same,

Hinge view of a specimen, showing the indistinctness of the beak and
the great convexity of the shell.

Specimen showing the stronger lobing of the shell.

End of outline of a specimen, showing the great convexity of the beak
in some individuals.

Hinge view of a specimen, showing the great convexity and the manner
in which the shell flattens out on the end where the lobe is located.

2. Large, old specimen, showing umbonal region with only the finer strie,

2a.

Flat valve of the same specimen, showing the place of attachment to
foreign object. ’

Pseudomonotis kansasensis, (p. 133.)
3. Enlargement of the surface of the type, showing the lines of growth ex-

tending backward up the furrows and down farther toward the
ventral margin on the ridges.
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PLATE XVI.

Myalina ampla, (p. 139.)

1. External view of shell. (After Meek.)

15. Interior of same. Both reduced one-half.
Myalina congeneris, (p. 142.)

2. Exterior of specimen. (After Walcott.)

2h. Another specimen. (After Walcott.)
Pteria sulcata, (p. 126.)

3. Left valve enlarged. (After Meek.)
Pteria longa, (p. 125.)

4. Left valve of specimen. Natural size.
Limopteria marian, (p. 128.)

5. Right valve. Natural size. (After White.)

5b. End view of specimen. (After White.)

5¢. Surface markings enlarged.
Limopteria longispina, (p. 127.)

6. (After Keyes.)
Myalina swallovi, (p. 137.)

7. Left valve. Natural size.
Myalina perattenuata, (p. 141.)

8. Right valve of specimen. Natural size.
Limopteria gibbosa, (p. 129.)

9. Right valve. (After White.)
Myalina subquadrata, (p. 138.)

10. Impression of left valve. (After Meek.)

105. Part of left valve broken away, showing the interior of the right valve

and outline of the specimen. (After Meek.)

Myalina kansaxensis, (p. 140.)

11. Specimen showing left valve. (After Keyes.)

PLATE XVIIL.

Aviculopinna illinoiensis, (p. 143.)

1. Outline of cross-section.

1b. Specimen. Natural size.

le. Surface markings. Enlarged..
Pinna subspatulata, (p. 145.)

2. Drawing of cast. Reduced one-half.

Pinna peracuta, (p. 144.) .
3 and 3. Lateral and dorsal views. (After Keyes.)



BeEDE.] Carboniferous Invertebrates. 186

PLATE XVIII.

Pinna subspatulata, (p. 146.)
1. Semidiagrammatic dorsal aspect. Does not show dorsal ridge.
1b. Aspect of broken right valve,
le. Same of left valve.
1d. Cross-section. All natural size.
dviculopinna americana, (p. 143.)
2. Lateral view of shell. Natural size.
Pinna subspatulata, (p. 145.)
3. View of another cast from different locality.

PLATE XIX.

“ntolivm aviculatum, (p. 113.)
1. Left valve. (After Meek.)
Aviculopeeten coxanus, (p. 124.)
2. View showing left valve. Natural size. (After Rogers.)
(‘henomya learvenworthensis, (p. 172.)
3. Lateral view of specimen. (After Meek.)
3b. Dorsal aspect of same.
Myalina? exasperata, (p. 141.)
4. Left? view of type. Natural size.
Posidonomya? pertenuis, (p. 136.)
5. Left? valve of type.
Posidonomya? recurva, (p. 135.)
6a. Left? valve of type.
6b. Right? valve of another specimen.
6c. Left? valve of the preceding, with a part of the shell adhering on one
gide. The beak is somewhat crushed and twisted, so that it does
not seem to extend above the hinge. All natural size.

PLATE XX.

Allorisma subcuneatum, (p. 169.)
1. Lateral view of specimen. (After Keyes.)
1b. Dorsal aspect of the same.
Macrodon sangamonensis? (p. 146.)
2. Dorsal view of left valve.
2b. Lateral view of same. Natural size.
Sedgewickia topekaensis, (p. 171.)
3. Lett valve of specimen.
Yoldia knoxensis? (p. 164.)
4. Specimen with valves distended. By mistake, this is not the specimen
described in text, and may possibly be a different species.
Edmondia nebrascensis, (p. 166.)
5. Left valve of specimen. Natural size.
13—vi
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Allorisma geinitzi, (p. 161.)

6. Right valve of specimen. Natural size.
Pleurophorus tropidophorus, (p. 162.)

7. View of right valve. Natural size.
Yoldia subscitula, (p. 152.)

8. Right valve. Natural size.
Conocardium parrishi, (p. 164.)

9. Left valve. (After Keyes.)
Allorisma granosa, (p. 168.)

10. Left valve of specimen. Natural size.
Pleurophorus subcostatus, (p. 161.)

11. Cast of left valve. (After Meek and Worthen.)

115. Dorsal aspect of the same.
Allorisma costatum, (p. 170.)

12. Right valve of specimen. Natural size.
Macrodon obsoletus, (p. 147.)

13. Right valve of specimen. (After Meek.)
Nuculana bellirtriata, (p. 148.)

14. Dorsal view of specimen. Natural size.

14b. Left valve of same.
Nucula ventricosa, (p. 150.)

15. Exterior view of specimen. Natural size.
('ypricardinia? carbonaria, (p. 164.)

16. Left valve. Natural size.
Cardiomorpha missouricngis, (p. 165.)

17. Right valve. Natural size.

Placunopsis carbonaria, (p. 111.)
18. Lateral view of specimen. (After Meek and Worthen.)

PLATE XXI.

Solenomya parallela, (p. 158.)
1. Side view of type.

Solenomya trapezoides, (p. 159.)
24. Left valve. Anterior adductor scar and pallial line a little too strong.
3b. Dorsal view of another specimen.

Limopteria subalata, (p. 131.)
31. Side view of left valve.
30. Side view of right valve. Both natural size.

Yoldia glabra, (p. 153.)

4a. Side view of type. Natural size.

4b. Surface markings. Enlarged.
Nucula pulchella, (p. 151.)

5a. Side view of type. Enlarged.

5bh. End view of same.

5c. Surface markings. Greatly enlarged.
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PLATE XXII.

Schizodus wheeleri, (p. 155.)
1. Dorsal view of cast. (After Keyes.)
1b. Side view of specimen with shell on.
1le. Side view of No. 1.
Schizodus hari, (p. 155.)
2. End view of specimen. Natural size.
2h. Left hinge.
2c. External view of right valve,
2d. Internal view of same.
Edmondia aspenwallensis, (p. 166.)
3. Lateral view of right valve. (After Keyes.)
3b. Dorsal aspect of same.
Solenomya radiata, (p. 160.)
5. Lateral view of specimen. (After Meek and Hayden.)
5b. Dorsal view of same.
Schizodus compressus Rogers. N. sp., (p. 157.)
6. Internal apparatus of a worn right valve.
6b. Same of left valve.
6c. Outline showing convexity of shell.
6d. Outer appearance of better specimen. All natural size.
Nuculana bellistriata attcnuata, (p. 149.)
7. Lateral view. Enlarged.
7b. Surface markings. Enlarged.
Nucula beyrichi, (p. 149.)
8. Side view of specimen. (After Meek.)
Nucula ventricosa, (p. 150.)
9. Cast showing adductors and pallial line. Natural size.
9b. External appearance of shell.
Astartella vera, (p. 163.)
10. View of right valve of specimen.

CORRECTIONS.

Page 18: Following Lophophylium westi, after fig. 12, add * plate V, fig. 7.”
Page 24: Following Cladochonus? bennetti, after fig. 1, erase ** plate V, fig. 7.7

Page 43: After Hydreionocrinus subsinuatus, instead of ““Plate VII, fig. 14,”
read ¢ Plate VIII, fig. 14.”

Page 78: Following Productus scmirecticulatus, after figs. 2-2d, instead of
“text fig. 2, f,” read ‘‘ text fig. 3, £.”’

Page 103: Following Hustedia mormoni, for *plate X, fig. 3, read * plate
XII, fig. 3.”

Page 149: After Nuculana lellistriata attenuata, add ** Plate XXII, figs. 7,7b.”
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