

































































44 ROTHIA ROBUSTA

CNHM UR 87 and 713, the best preserved specimens of R. multi-
donta. From what little is known, it appears that both upper and
lower tooth plates in the two species were generally comparable in
size and shape. Both are covered with rows of teeth. The teeth of
R. multidonta seem to have been larger than those of R. robusta,
the differences in number being such that the area of the plates
remained about the same. As in other features, however, this judg-
ment is based upon so few specimens that the effect of intraspecific
variation cannot be estimated.

Vertebrae—No complete series of vertebrae is present; con-
sequently the numbers in the various parts of the column have not
been determined. As far as the general morphology is concerned,
the vertebrae of R. multidonta and R. robusta scem 10 he entirely
similar. The difference between them is merely one of size. Even
this is a difficult matter to pinpoint, not only because of the few
specimens but also because of the difficulty of locating individual
vertebrae accurately within the column. The best that can be done
is what is shown in table 1. Upon the basis of the width of the
posterior zygapophyses, the Chickasha specimens are distinctly larger
than the largest known specimen of R. multidonta. Alone this can-
not be considered of any great significance. Now that other features
which show these two to be different have been discovered, the size
difference may take on added meaning.

Rothia robusta has a sacral complex that is somewhat special-
ized. It has one large sacral rib and a second more posterior one
which also provided strong support of the pelvis. The principal sacral
rib has a broadly expanded head, which must have made contact
over much of the inner surface of the ilium. Specimen CHNM UR
130 from the San Angelo, the only representative of R. multidonta

Figure 3. Rothia robusta, new species

(AU drawings, except B, are based upon specimen CNHM UR 967)
Humerus, restored.

Dorsal view of jaw showing tooth pattern, somewhat diagrammatic and based
upon holotype CNHM UR 966 and partial jaw of specimen CNHM UR 961.

Tibia, shaft reconstructed.
Two sacral ribs in proper relationship. ‘
Radius, ulna, and part of front foot (see photograph, pl. VIIB).

Part of hind foot, with elements restored to appropriate positions from displaced
positions in specimen.
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46 FORELIMB OF ROTIIIA ROBUSTA

showing the sacral ribs*, reveals a much lighter complex. This
appears to have come from a mature individual, so that the differ-
ences between it and R. robusta probably reflect more than mere
age differences.

Appendages—It was pointed out in discussions of R. multi-
donta that the limbs and girdles were quite lightly built and that
there seemed to be a tendency toward reduction of massiveness and
length of limbs in captorhinid evolution (Olson and Beerbower,
1952; Olson, 1962). R. robusta seems to offer a case which is quite
the opposite.

The pelvis, now assigned to R. robusta, was discussed in an
carlier paper (Olson and Barghusen, 1962). A partial pelvis is with
the skeleton, CNHM UR 967, but it adds nothing new, merely con-
firming the size and massiveness of this complex. No detail is
available for the shoulder girdle.

1. Forelimb.—CNHM UR 967 includes an excellently pre-
served radius, ulna, and carpus. The metacarpals are present along
with some proximal phalanges, but the rest of the foot is missing.
The details of structure are shown in figure 3 and measurements
are given in table 1. Both the radius and ulna are fully ossified and
sturdy. In fundamental structure they are typically captorhinid.
Fragments of the humeri are preserved in this specimen, showing
a strong radial condyle and a generally heavy construction (fig. 3a).
A partial humerus has been found higher in the section, CNHM
UR 991 from site C-2, but it adds little detail to what is already
known.

Little is known of the forelimb of R. multidonta, but what
information there is, mainly from CNHM UR 263, indicates that
both the girdle and limb were lightly constructed and small in
proportion to other skeletal elements.

The elements of the carpus of R. robusta are well ossified and
arranged as shown in figure 3e. Distal to the radius is a broad bone
that appears to have resulted from fusion of the radiale and centrale
4. The intermedium is narrow and elongate, and the ulnare is a
large element. Centralia 1 and 2 appear to be coossified, although
there is some evidence of the line of junction. The third centrale

* They were identified as lumbar earlier (Olson, 1962); present information shows
them to be sacral.
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is separate and is larger than the others. All of the distals are strong,
well ossified, and well articulated with adjacent bones. The fifth
centrale is notably smaller than the other four. The preserved
metacarpals are short and heavy. From the metacarpals and pha-
langes as preserved it appears that the front foot was little special-
ized, retaining the generalized primitive structure characteristic of
captorhinids.

2. Hind limb.—A well-preserved femur, the proximal and
distal ends of the tibia and fibula, the tarsus, and three metatarsals
are present in CNHM UR 967. All elements indicate that the hind
limh was large in proportion to other parts of the animal, well
ossificd, and strong. Both ends of the femur are present. The shalt
was missing but a mold for the whole bone was present so that the
form and dimensions could be restored. The bone is shown in
plate Vllc, o, and its dimensions are given in table 1. Tt 1s a con-
siderably larger femur than that of CNHM UR 263 from the Texas
Flowerpot. The latter is badly crushed, so that it is difficult to com-
pare the two with respect to robustness. What evidence is present
suggests that the Oklahoma species had a much more massive
femur. The structure of the ends of the tibia and fibula, a restored
tibia, and hind foot are shown in figures 3c, ¥. The tibiale and
fibulare (astragalus and calcaneum) are large and well ossified.
The three elements that enter into the formation of the astragalus,
sometimes separated in captorhinids (Peabody, 19515 Vaughn, 1958;
Olson and Barghusen, 1962), are fully ossified in R. robusta. The
centrale is elongate in typical captorhinid fashion and the distals
similarly conform to the general pattern. Only the proximal ends
of the middle three metatarsals are present so that little can be said
about the structure of the foot proper.

In the same beds in which the skeleton was found were other
elements of the hind limb. OFf particular interest is an astragalus
which is even larger than the one with the skeleton. In the Omega
quarry collections are similarly large foot elements that appear to
belong to R. robusta (e. g., CHNM UR 934). Although fully adule
and considerably larger and more robust than any known specimens
of R. multidonta, the skeleton, CNHM UR 967, does not appear to
represent the maximum size to be found in R. robusta.
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Subclass SYNAPSIDA
Order PeLycosaURrIA
Suborder SpHENAcODONTIA
Family VaraNopSIDAE
Varanodon, new genus

. Dzagno.ris.—Thc largest known genus of the family Varanop-
sxdac,_ with s.kull measuring about 175 mm along the lateral, ventral
margin. Facial region proportionately rather long in comparison to
thaF Qf Varanops. Suspensorium far posterior, lying well back of
occ191tal condyle. Thirty-eight to forty slender recurved teeth on
npaxdla and premaxilla, essentially isodont except for decrease in
size of posterior few. Well-developed antorbital fenestra. Lower
jaw long and extremely slender.

Scapular blade high and narrow and little expanded dorsally.

Fourth toe of forefoot elongate and heavy, dominating structure of
the manus. Measurements as in table 2.

TABLE 2—MEASUREMENTS oF Varanodon agilis (CNTIIM TR 986)
(Measurements in millimeters)

LEFT LIMB BONES

Length to Proximal Distal
Length Notch Widteh WV idth

Humerus 81 35 31
Radius 55 10* 11*
Ulna 67 55 20* 15*

LENGTIHS OF FRONT FOOT BONES
(Composite, based upor measurements of hones of right and left feet)

I 1 4

Metacarpals 5 19 {IS)I 5,7 2V5
Phalanges

1 5 7 9 18 10

2 141 6 13 12 5

3 - 15t 6 9 — 1
4 141 6
5 15¢%

* Measurement somewhat in i

greater than that in life because of ¢ ing; i
0‘[ rothaps 10 peveon. rushing; an increase
t Terminal or ungual element.

VARANODON AdILIS 49

Varanodon agilis, new species
Plate Viila-c; figures 4a-p

Holotype—CNHM UR 986, skull, lower jaws, skeleton includ-
ing vertebra (27 presacral, 2 sacral, 10 caudal) and ribs, shoulder
girdles and forelimbs and feet, lacking pelvis and hind limb.
Abdominal ribs present. .

Horizon and locality—Chickasha Formation, equivalent to
middle Flowerpot, Upper Permian. From lower red shale at locality
BC-8 (sce measured section, p. 9), approximately 3 miles north
of Hitchcock, Blaine County.

Diagnosis—Same as for genus.

Description—The specimen that is the basis for this new genus
and species is one of the finest yet found in the Chickasha Forma-
tion of Oklahoma. It was in three slightly disarticulated parts as
found. A segment of posterior presacral vertebrae was displaced
with reference to the sacrum and more anterior part of the column.
The specimen lay mostly in a red shale, but it passed from this into
a sandy, green shale in places. At the contact of the two types of
sediment there had been considerable differential movement, and
bones, where they passed this zone, were ground to small fragments.
Fortunately only a minor part of the skeleton was so affected. Con-
siderable crushing, mostly lateral, occurred, but it is not sufficiently
severe to obscure many critical characters. The dorsal surface of the
skull in the preorbital region lay in the intersedimentary zone and
was badly damaged. Other parts suffered some similar damage, but
for the most part it has been possible to distinguish individual bones
and related structures and to reconstruct the skull with confidence.

The matrix is soft, but the bone is extremely friable. Complete
preparation will be a long and painstaking process. For this reason
some parts of the skull are not taken up in the present description.
The palate has not been revealed, although this will be possible,
and only a small part of the occiput has been exposed. Eventually,
if it is considered sufficiently important, parts of the interior of the
skull can be cleared as well.

Skull and lower jaws—The general features of the skull and
lower jaws are illustrated in figures 4a, B and plate VIIIa. Lateral
crushing has exaggerated to some extent the posterior position of
the suspensorium and the relative narrowness of the skull. In the
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drawings the width has been increased somewhat over the preserved
condition, but no attempt at restoration of longitudinal proportions
has been attempted. At the most, the relative extension of the sus-
pensorium does not seem to be more than about 5 to 10 percent.

The over-all resemblance of the skull of Varanodon to that of
Varanops is striking. In large part the skull of Varanodon merely
shows a stronger expression of the features that distinguish Varanops
from other related pelycosaurs, such as Ophiacodon. A striking
feature is the presence of a well-developed antorbital fenestra, dis-
played on both sides of the skull, although on neither is the full
outline completely clear. The fenestra occupies much of the lateral
surface of the skull between the orbit and naris. The bone in this
area is thin in most carnivorous pelycosaurs. This feature has not,
as far as [ am aware, been described elsewhere among the pely-
cosaurs. Preliminary. preparation of an undescribed skull of Vara-
nops, recently undertaken, has revealed the probable existence of
an antorbital fenestra in that genus.

Back of the antorbital fenestra is a strong osseous pillar, lying
anteroventral to the orbit. Behind it, mostly under and just in front
of the orbit is an area of thin bone which is somewhat depressed
in the specimen. Whether the depression is “natural” or was
induced by compression after death cannot be determined. The
pillar and depressed area are similar to the structures found in this
area in Varanops.

The orbit in Varanodon is large and incised rather deeply into
the dorsal surface of the skull. The temporal fenestra is long and
low, just as in Varanops.-It is underlain by a thin spur of the jugal
and the quadratojugal. Although the shape and position in the
temporal region are reminiscent of Varanops, the whole region is
far posterior, an accentuation of the odd situation in Varanops. At
least one-half of the temporal fenestra lies back of the occipital
condyle.

Figure 4.

A-D. Varanodon'agilis, new genus, new species, holotype CNHM UR 986. A. Skull
in lateral aspect. B. Skull in dorsal aspect. C. Vertebrae from atlas to anterior
dorsal region. D. Left front foot, somewhat restored.

E. Varanops brevirostris (Williston) (after Williston, 1911).

VARANODON AGILIS, VARANOPS
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The dermal pattern of the skull roof is shown in reconstruction
in figure 48. Most of it is known from readily visible sutures, but
the area in front of the orbit has been restored as the bone is poorly
preserved. Some traces of the sutures are present, but they cannot
be followed in full detail. The skull may well have been somewhat
broader than is shown in this restoration.

The most striking feature in dorsal aspect is the relative short-
ness of the preoccipital area. Back of it, just posterior to the rather
large pineal foramen, the occiput breaks off rather sharply, but
then is continued as a rather gently sloping shelf to the foramen
magnum. The lateral margins of the skull, including the suspensory
apparatus, then continue far posteriorly. Only about two-thirds of
the total skull length is occupied by the dorsal surface of the skull
anterior to the occiput.

In lateral aspect the extremely long maxilla and tooth row are
shown. The tooth row, including the teeth on the premaxilla,
extends for about two-thirds of the total length of the skull, as
measured along the lateral margin. Teeth are sharp, simple, and
strongly recurved. They have a slightly expanded waist, but other-

wise are more or less needlelike. Little differentiation occurs along

the tooth row. The posterior several teeth are slightly shorter, but
outside of this the dentition is essentially isodont.

The lower jaw, like the upper, is long and extremely slender.
It has not been fully exposed and the lower dentition is not visible.
The greatest depth of the jaw is found below the posterior margin
of the temporal fenestra. Even here the jaw measures only about
17 mm from base to upper margin, about 10 percent of the total
length of the jaw. The articular extends well back of the articulation
with the quadrate and there appears to have been an effective de-
pressor system. The articular surface seems to have departed little
from the horizontal.

More details of the lower jaw will become available as pre-
paration is continued. What can be seen at present generally re-
sembles the jaw structures in Varanops and also Ophiacodon.

Vertebrae and ribs—The anterior part of the vertebral column
is fairly well preserved and articulated. The detached presacrals are
severely crushed. The posterior segment, including three presacral,
two sacral, and ten caudal vertebrae, is well preserved. The principal
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features of the vertebrae are as shown in figure 4c. Vertebrae are
similar to those of Varanops, differing principally in size, being
larger, and in proportions. As in Varanops, the lengths of the
centra increase along the column from the anterior dorsal vertebrae
to the axis. In Varanodon, the increase is marked, with the axial
centrum almost twice the length of that of the eighth vertebrae
posterior to it. The change is reflected to a lesser degree in the
increased broadening of the neural spines. Crushing has accentuated
the condition somewhat. The neural spines, which are rather broad
in the middorsal region, become narrow just anterior to the sacrum.
This condition persists into the tail. The spines remain quite high
to at least the sixth caudal. Beyond that their condition is obscure.
Haemal arches, on the sixth and seventh caudals are long, measuring
about 10 cm. The tail was a narrow, deep organ, well adapted for
swimming.

Ribs are present on all vertebrae, including the axis. They are
double-headed, long, and slender. The ribs in the vicinity of the
shoulder girdle are not specialized. Two sacral ribs are present. The
first is enlarged, with a broad platelike shelf. The second is much
smaller and abuts distally against the first. Anterior caudal ribs
are large and strongly reversed posteriorly. Back of the girdle and
ventral to the ribs, in the preserved specimen, are well-ossified,
slender gastralia. ;

Forelimb and girdle—The scapulocoracoid is preserved on both
sides of the specimen, but it s so flattened and damaged that not
much detail can be obtained from it. The scapula was high and
relatively slender, in some contrast to that in Varanops. The
coracoids were ossified, but their form has not been preserved.
Clavicles were strong, and the interclavicle appears to have been
robust. General features are shown in plate VIIIa. As far as can be
determined, the girdle has no particularly distinctive features.

Both the right and left forelimbs are preserved in fairly good
condition. In the course of preparation they were removed from
the specimen. Although neither was in articulation with the girdle,
each had maintained articulation of its constituent elements. Figure
4p shows a restoration based mostly upon the left forelimb with
some details of the foot supplied from the right. Both the left and
right humeri were rather badly crushed, as were the radius and
ulna. The feet, however, particularly the 'left, are well preserved.
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The radius was a slender bone. The ulna was slightly heavier
and had a well-ossified olecranon process. The carpals are as shown
in the drawing. Except for details they compare closely with those
of Varanops, redrawn in outline for comparison (fig. 4e). The long
pisiform element shown by Williston (1911) has not been found
in Varanodon. As shown in the figure, the ulnare appears to be a
somewhat double bone, with the two parts only partially joined.
This partial separation may be a suture or it may be a break. The
lateral element could be the pisiform, smaller and less well formed
than in Varanops.

An apparent difference between Varanodon and Varanops is
the presence of a large, lateral centrale in the former. The absence
of this bone in Varanops quite surely is the result of poor ossifica-
tion, for a space is present in which the cartilage element presumably
lay. This has been restored in outline by Romer and Price (1940,
fig. 40e). If the space is any guide to the dimension of this element,
then the bone was much larger in Varanodon than was its cartil-
aginous counterpart in Varanops. The distal carpal 5 is not present
in Varanodon and presumably, as is supposed to be the case in

Varanops, its absence is due to lack of ossification. The medial -

centrale is small in Varanodon as exposed in dorsal view. This con-
dition may be somewhat misleading, for it looks as if this bone
might flare considerably at a more ventral level, beneath adjacent
elements. Finally, the fourth distal in Varanodon seems to indicate
an accentuation of a characteristic feature of Varanops. An odd
feature of the third toe, seen to some extent in the second as well,
is the relatively massive construction of the more distal bones as
compared to the proximal ones of the same toe.
Discussion—Romer and Price (1940) considered the phylo-
genetic position of the family Varanopsidae in considerable detail.
Since that time the only specimen to be added to what was known
is the one described in this paper. As they noted, Varanops is
known but from a single locality, the Cacops bone bed which lies
near the Arroyo-Vale boundary of the Clear Fork, probably in the
basal Vale (Olson, 1954a, 1954b). Romer and Price tentatively
referred two rather poorly known genera from New Mexico, Aero-
saurus and Scoliomus, to the family. Elliotsmithia and Anningia
" (Broom, 1937) from the Karroo Series, and Mesenosaurus from the
Russian Permian were also suggested as members. The evidence
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t
PrATE VIIT

Varanodon agilis and Xecnacanthus sp.

Partial skeleton with skull and jaws of Varanodon agilis, new genus, new
species, holotype CNHM UR 986. )

Forelimbs and feet of Varanodon agilis, new genus, new species, holotype
CNHM UR 986. B. Right. C. Left. -

Spine of Xenacanthus sp., CNHM UF 978.
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for inclusion of all of these forms is at best slight, as Romer and
Price noted. Mesenosaurus is generally now not referred to the
pelycosaurs at all, but to the eosuchians, following Watson (1942).
Little can be added to what has been said about the other genera.
The only one for which a convincing case can be made, in my
opinion, is Elliotsmithia.

Varanodon lies somewhat intermediate in time between Vara-
nops and Elliotsmithia. If the assignment of the last is proper, then
the varanopsid line is extremely long lived and at the same time
conservative in the exploitation of its basic characteristics. This is
the suggestion that Romer and Price have made and the present find
certainly is in accord with it. Romer and Price stressed the primitive
nature of the family, with considerable justification. They mention
the skull as basically ophiacodont and the postcranium as basically
sphenacodont. Much can be said for this point of view, and the
postcranium of Varanodon fits it as well as does that of Varanops.
The skull, however, as modified to some extent in Varanops and to
a great degree in Varanodon, although retaining a primitive cast,
actually has rather marked specializations. It is certainly nonsphena-
codont, but also it is not particularly ophiacodont. The elongate jaw
and somewhat isodont teeth result in a resemblance to Ophiacodon,
but the facial lengths show marked contrast. Elongation of the
tooth row is attained in a quite different way, by elongation of the
posterior part of the skull in varanopsids and the anterior part in
ophiacodonts. The dentition of Varanops is somewhat like that of
some of the eothyridids, with emphasis of a few teeth in the “canine”
region. No such emphasis is found in Varanodon.

The structure of the temporal region and suspensorium is unique
among pelycosaurs. The long, low temporal fenestra with its flat
base, formed by an extremely slender bar, is not found elsewhere in
the group. Each of the details of the skull, in particular of the
temporal region, the facial area, and the suspensorium, when ex-
amined separately suggests that the varanopsids have departed
rather far from the other main lines of pelycosaur evolution. Oddly,
the appearance, when the skull is looked at as a whole, is that of a
fairly primitive pelycosaur, and ophiacodont, or an eothyridid, as
Romer and Price (1940) indicated. The specializations, which pre-
sumably are adaptations, have not resulted in a striking modification
of appearance. Some of the modifications, even though actually quite
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different from those of the ophiacodonts, increase the apparent
resemblances between the two groups. ,

With the few forms known at present, statements about trend
within the varanopsid group are hardly justifiable. At present we
have only Varanops of the lowest Vale, Varanodon from the Chick-
asha, from a lens interfingering with the middle Flowerpot, and
Elliotsmithia from somewhat later in the Karroo. The last, of course,
is by no means certainly related to the other two. Dcyclopment
certainly did not take place in the areas of the Permian where
evolution of vertebrates is well known.

The geographic locations and associations of .szra.nops and
Varanodon immediately suggest some paleoecological interpreta-
tions. There seems to be emerging a picture of two systems, 'ccolc.)glc-
ally and to a large extent geographically separate, 'cvolvmg in a
somewhat_parallel manner and contributing to a joint assemblage
in at least one instance, in the fauna found in' the San Angelo
Formation.

Suborder CASEASAURIA
Family Caseak
Cotylorhynchus bransoni Olson and Barghusen

This species was named upon the basis of se\{eral specimens
from the Omega quarry (site KF-1) described earlier (O]son' and
Barghusen, 1962). Additional specimens have now F)een obtained,
largely but not exclusively, from the quarry. Additional rporpho—
logical data will be presented in the monograpb on the caselds‘now
being prepared. Here, assigned specimens will merely be listed,
with their localities.

Some parts of the skeletons of C otylorhynchus and Angelosaurus
are difficult to distinguish. This is particularly true for some verte-
brae, but also applies in the case of some of the low.er l.1mb bones,
foot bones, and so forth. Where no reasongblc distinction can be
made, specimens have been assigned to neither. Almost z.all of tl?csc
are either Cotylorhynchus or An gelosaurus, buta few. caseids pOS.SIbIY
may not belong in either genus. Unassignable specimens are listed
following the consideration of An gelosqurus. '

Specimens assigned to C. bransoni are hsted' below; numbers
UR 835 through UR 843 have been previously assigned (Olson and
Barghusen, 1962).
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CNHM

UR 849 dorsal rib KE-1

Number Part Site UR 850 dorsal rib %E‘i
UR 835 pelvis, femur, partial sacral rib, holotype ~KF-1 UR 851 cervical rib K1
UR 836 foot KPF-1 UR 853 4 caudal vertebrae IEF:l
UR 837 part of forelimb . Kr1 UR 854 snout, 3 teeth KP1
UR 838 astragalus KF1 UR 904 part of skeleton ) I}P‘- ]
UR 839 tibia (immature) KF-1 UR 906 part of suapu}ocorﬂcmd ]\’F-i
UR 840 fibula K1 UR 907 scapulocoracoid ]El«‘-l
UR 841 maxilla, 2 teeth KI-1 UR 908 about 20 vertebrae I\’I«‘—l
UR 842 ungual KP-1 UR 909 scapulocoracoid -IEF:l
UR 843 ungual Kr-1 UR 911 tibia KF-1
UR 905 part of foot KF-1 UR 914 toe bones . KF-1
UR 910 cervical ribs KF-1 UR 916 lumbar, sacral vertebrae, ribs IEF—l
UR 912 clavicle KF-1 UR 917 femur . ]’F-l
UR 913 chevron K1 UR 926 maxilla, 2 teeth IX'F-l
UR 915 series of vertebrae K1 UR 927 Dbase of skull, oceiput ]EF: 1
UR 918 scapulocoracoid KF-1 UR 928 dorsal rib KF-1
UR 919 scapulocoracoid, humerus KPF-1 , UR 932 dorsal rib K1
UR 923 sacral vertebra KF-1 UR 933 clavicle K1
UR 937 ecandal vertebra KF-1 UR 940 dorsal rib K1
UR 972 ecaudal vertebra BC-6 UR 941 dorsal rib K1
UR 983 dorsal vertebra BC-2 UR 944 2 dorsal ribs . ]\’F-l
UR 984 part of humerus . BC7 UR 971 series of 20 caudal vertebrae, xibs 1§C-6
UR 988 base of pelvis BC-7 UR 977 femur KF-1
UR 978 pubis Ki1

UR 979 pelves 1 \{F'_ 1

Angelosaurus romeri Olson and Barghusen UR 980 pelves

As in the case of Cotylorhynchus, most of the material has come
from the Omega quarry (site KF-1). Many new specimens, includ-
ing parts of skulls and jaws, have been found. It is now possible to
give a description of most of the skeleton and part of the skull and
jaws. This is to be presented in the work on caseids mentioned above.

Unassigned Caseids

The following materials have not been assigned to a genus. In
large part they pertain either to Cotylorhynchus or Angelosaurus.

One point to be noted here is that the new specimens show a much ZfINHbl:-[ ’ Part Site

greater size range than was apparent in the original material. Uz;;n%z; vical rib KP-1

Specimens now assignf:d are listed below. Numbers UR 827 through UR 930 Zilrvical rib Jl(’}::}

854 were assigned earlier (Olson and Barghusen, 1962). UR 936 large rib -\’lt“'i

Ul 968  cawdal vertebra K lvi‘—l‘

CNHM UR 969 candal vertebra ":El“-]‘

; UR 970 fibula Pl

Number Parz Site UR 985 large humerus }}ﬁl

UR 827 part of skeleton, holotype K11 TR 1000 vertebra e

UR 844 pelvis KF-1 UR 1001 vertebra (eascid) (R-2

UR 845 pubis KPr1 UR 1005 seapulocoracoid, toe bone BG-Y
UR 846 interclavicle KIF-1 :

Ut 845 dorsal 1ib o i 1962) A. romeri, now <considered
: i { * Previously assigned by Olson and Barghusen ( to A. .
Ul 818 dorsal b K1 indeterminate.
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known specimens are:

UNNAMED REPTILE

Family TAPPENOSAURIDAE?

New Genus, Not Named

Figures 5A-c, F-)t

From five places in site BC-7 have come scraps of badly weath-
ered bones of a large, otherwise unknown genus of reptile. The

CNHM UR 973

CNHM UR 974

CNHM UR 975

CNHM UR 976

CNHM UR 987

From about 30 feet to the north of UR 976
(below) in red shale at about the same level,
have come parts of limb bones or girdle
along with scrap.

A centrum and a broad flat rib segment
(fig. 5¢). From the red shale just below the
high, capping sandstone in the section for
BC-7.

A large piece of bone, with associated scrap,
from a nodule in the low green-sandstone
section of BC-7, at the east end of the site
in direct association with the skeleton of
Rothia robusta, new species. The identity of
this bone has not been established. It is part
of a girdle or a limb bone.

Head and distal end of a femur, two vertebral
centra, one dorsal and one sacral, two parts
of vertebral arches and spines, and various
indeterminate pieces of scrap. These speci-
mens came from the lower green sandstone
of the section given under BC-7. They are in
part illustrated in figures 5a-c,G,H.

A partial head of a large femur. Bone surface
poor. From siltstone in BC-7.

Figure 5.

A, B, C. Head of femur of unnaimed tappenosaurid (?), based upon CNHM UR 976.
A. Ventral aspect. B. Dorsal aspect. C. Proximal aspect, not precisely

D.
E.
F.

G, H.

to scale.

Proximal aspect of head of femur of Dimetrodon gigashomogenes Case,
CNHM UR 209, not precisely to scale.

Proximal aspect of head of femur of Cotylorhynchus bransoni Olson and
Barghusen, holotype CNIIM UR 835, not precisely to scale.

Rib of unnamed tappenosaurid (?), based upon CNHM UR 974.

Vertebral centrum of unnamed tappenosaurid (?), based upon CNHM UR
976. G. Ventral aspect. 1. Anterior aspect.
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The only possible diagnostic elements are those of UR 976. The
others are associated with this specimen largely upon the basis of size
and upon the assumption that two or more extremely large genera
are less likely than one in a small area over a restricted time span.

Except for some poorly known large reptiles from the San
Angelo Formation of Texas, Driveria and Mastersonia, the only syn-
apsid reptiles of comparable size from the North American Permian
are Tappenosaurus and the two caseids, Cotylorhynchus and Angelo-
saurus. Even the little that is known shows quite conclusively that
these new materials do not pertain to either Driveria or Mastersonia.
If they can be referred to any known groups, these must be sphen-
acodontids, assuming considerable size increase over any known
heretofore, tappenosaurids, or caseids. Neither the vertebrae nor the
femur, as described below, can be considered as caseid, and hence
the choice lies between the other two.

The proximal end of the femur (figs. 5a,8,c) shows a rather
+ close resemblance to that of Dimetrodon. The size and placement of
the trochanters and adductor ridge, as far as they can be made out, are
unlike those of caseids, and are more sphenacodontlike. The femur
lacks an anterior shelf, such as that in Cotylorhynchus (Olson,
1962). The head, however, is somewhat lighter and thinner than
that of Dimetrodon and in this more like that of Cotylorhynchus.
As far as can be told, however, the greatest similarity is with the
head of the femur of Tappenosaurus (Olson, 1962). The resemblance
1s found in particular in the distribution of weight, or thickness,
of the head. The heaviest portion is anterior, as in Tappenosaurus
but not as in Dimetrodon, Angelosaurus, or Cotylorhynchus (figs.
5¢,p,E).

The distal end of the femur is only partially preserved. The
dorsal intercondylar area is quite broad, not deep and narrow as in
Dimetrodon. The resemblance is to Cotylorhynchus and Tappeno-
saurus, but unlike the former, there is no evidence of the modification
of the distal end for accomodation of an enlarged tibial head. Closest
resemblance is to the condition of Tappenosaurus.

The vertebral centra are deeply amphicoelous and distinctly
keeled. They are rather elongate and without the strongly reflexed
lips of a caseid type. They are clearly sphenacodontid or tappeno-
saurid, and not caseid. The vertebral spine and postzygapophysis that
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it carries are similar to their counterparts in the type of Tappeno-
saurus. This is perhaps not a sound diagnostic feature, however, for
there undoubtedly was much variation along the column. '

‘Unquestionably these materials represent a genus Fhat is not
otherwise known. As the descriptions indicate, however, msufhacr}t
diagnostic material makes it inadvisable to give a name to this
genus. It appears to belong either to the tappenosaurids or sphena-
codontids, with closer association to the former. It shows the pres-
ence of an extremely large reptile in the Chickasha deposits, pre-
sumably a member of the mid-Flowerpot fauna, but it gives little
detail beyond this.

INCERTAE SEDIS

Usually when exploratory studies of hitherto unworked deposits
are made, collections include indeterminate specimens, mostly
fragmentary, that are of some interest in one way or another. ’.I’his
is true of the Chickasha. The specimens listed below, determined
merely to be reptiles, fall in this category.

CNHM UR 920 This specimen consists of a partially pre-
served, very large rib. It could be from a
large caseid, such as Cotylorhynchus, or it
could pertain to the large tappenosaurid(?)
described and figured earlier in this report.
If it is Cotylorhynchus, it must have come
from an individual of the size of C. hancocki
Olson, known at present only from the San
Angelo Formation of Texas. It is, of course,
quite possible that it does not pertain to any
of the genera known otherwise.

The interest, beyond the large size and
possible relationships, lies in fact that this
is the only specimen that has been found
in the purple Chickasha. It was discovered
in a road cut, in a reddish-brown sandstone,
about 4 miles southeast of Alex, Grady
County (fig. 1). It lics well away from the
zone of interfingering of the deltaic and
evaporite facies and hence the age is difficult
to determine.
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CNHM UR 921

CNHM UR 993

CNHM UR 1006

INCERTAE SEDIS

This specimen consists of a fragment of the
front part of a jaw with two sharp teeth. It
measures less than 2 cm long. It appears to
be part of a reptilian jaw, probably from
some small carnivore. Possibly it is an im-
mature specimen of Rothia, although the
sharp, simple cones of the teeth argue to
the contrary. The specimen comes from site
BC-10, from sandstones of the channel de-
posit there. It is one of the few specimens
known from this site.

A fragment of a jaw that appears to be part
of a small, predaceous reptile form from site
BC-1. It measures just under 5 mm in
length and has, it appears, a single row of
teeth, of which only fragments are preserved.
This specimen is in some ways the most
puzzling that has been found. It consists of
part of the ramus of a lower jaw, with two
teeth in place and others represented by
“alveoli.” The teeth have a clear-cut, acro-
dont insertion on the crest of the jaw. The
ramus is about 3 cm long, which probably
represents about half of the total length of
the jaw. The specimen does not fit at all
with any other known Permian genus.

The stratigraphic position of the speci-
men also poses a problem. It came from
about 2 feet above the upper green sand-
stone of site BC9, some 4 feet below the
identifiable Pleistocene that cuts into the
Permian (pl. 111a). Xenacanthus and Rothia,
with obvious Permian affinitics, have come
from the green sandstone. The red shales
above it seem to be Permian. In plate Illa,
the position of the find lies above and to the
right of the figure, below the lower break-
point of the clearly shown Pleistocene. It is
possible that the redbeds, although appearing
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to be Permian, are in fact reworked a.nd
possibly Late Tertiary in age. This situation
obtains elsewhere, at the top of the Cloud
Chief and the Elk City. Generally once thF
situation is recognized, the reworked SCFil-
ments can be differentiated from the orig-
inals. In this instance this has not been
done yet. The visible surface characters have
proven nondefinitive so far: .

In site BC-8, from well down in the Permian, remains qf a
turtle were found. The shell features suggest that it was a Tcrt}ary
chelonian. The fragments were on the surface with only a slight
cover, so it may be assumed that they washed down fror'n above,
although preservation is not different from thgt of Permlafx spec-
imens. The specimen indicates that there have been or are Tertiary
deposits in this area. . ' _

The jaw and teeth are lizardlike, or rhync.h'oceplmlmn. It hZ:lS not
been possible, however, to associate them with any k.now1‘1.llzz‘1rd.
This specimen remains an enigma, both as to age and identification.
If the age is actually Permian, as the stratigraphy suggests, then the
specimen shows the presence of a rhynchocephalianlike creature

early in the Upper Permian.
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ASSESSMENT OF THE FAUNA

Information is far from adequate for anything beyond tentative
interpretations of the nature and meaning of the vertebrate fauna
that has come thus far from the Chickasha Formation. Only one
phase of it, that from Blaine and adjacent Kingfisher Counties,
provides a basis for any sort of meaningful discussion. This phase
of the formation is approximately middle Flowerpot in age. Al-
though no broad synthesis can be made, several points of interest
have arisen and are worth noting. Each is, of course, subject to
modification as the data become more complete.

A first point of some general significance is that the assemblage
from the Chickasha Tongue within the middle Flowerpot does not
appear to be closely related to faunas from the San Angelo and
Flowerpot Formations of Texas. Of these, however, only the upper
San Angelo array is well enough known that comparisons can be
meaningful. The Oklahoma fauna probably is slightly more recent
in time than is the San Angelo assemblage, although this is not
clearly established. The differences do not, in general, appear to be
a function of time, but more of geographic and ecological separation.

As far as specific determinations can be carried, no species is
common between the two. Corylorhynchus, Angelosaurus, and
Rothia are the common genera to which this applies. Although
marked morphological differences occur in each instance, they do
not reveal any sort of antecendent-descendant relationships.

The carnivores of the San Angelo are Dimetrodon and some
phthinosuchidlike and titanosuchidlike creatures. They are advanced
relative to the Early Permian carnivores, especially the last two.
The only reptilian carnivore found thus far in the Chickasha Forma-
tion is Varanodon, which clearly is descended from Varanops of the
Early Permian Cacops bone bed. Perhaps more advanced genera
will be found, but as yet there is no sign of them.

‘Amphibians, although represented mainly by scrappy remains
which are difficult to identify, are much more diversified than are
those known from the San Angelo. Only two specimens representing
one genus, the trimerorhachid Slaugenhopia, have been found in
the San Angelo. In the Chickasha are four known genera, three
rhachitomes and one gymnarthrid lepospondyl. With the possible
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exception of the unnamed genus (CNHM UR 1007), none of these
represents the typical large, Eryops-like amphibians so abundant
in the Early Permian or their descendants well known in the later
Russian Permian,

The large reptile known from a few bones and tentatively
assigned to the tappenosaurids may be an indication of some relation-
ship between the Chickasha and the San Angelo. Three such
creatures, Tappenosanrus, Driveria, and Mastersonia, are known
from the San Angelo. Of these, Chickasha remains most closcly
resemble those of Tappenosaurus. How much weight this should
be given in comparisons of the faunas cannot be judged.

A second point, rclated to the first, arises in the association
of Varanodon, cascids, and the dissorophid Fayella in the Chickasha.
These all occur in the same beds and quite certainly were hiological
associates. In one pocket, and in no other place, in the Texas Permian
has such an assemblage been found. This is the well-known Cacops
bone bed described in several publications by Williston (1911, 1916).
Varanops, Casea, and Cacops were found intimatcly intermingled.
None of these genera has been identified elsewhere in rocks of com-
parable or earlier age. Casea has been found in two isolated occur-
rences in the higher Clear Fork (Olson, 1954a, 1962). Dissorophids
do occur elsewhere, in many places in association with Seymouria
and Trematops in the Arroyo as well as older beds. Cacops was
tentatively identified from the Choza by the writer (Olson, 1956),
but the humeri upon which the record was based could well belong
to another dissorophid.

The only other varanopsid found in North America, except for
some tentatively assigned genera of the Early Permian (Romer and
Price, 1940), is Varanodon of the Chickasha.

It was suggested (Olson, 1962) that the Cacops bone bed may
have tapped representatives of an ecology not otherwise represented
in the Texas Permian. The isolated specimens of Casea from the
Vale and Choza were similarly interpreted. Now, it may be argued,
we come once again upon the Cacops bone bed type of assemblage
in the Chickasha Formation of Oklahoma. Varanodon quite likely
was derived directly from Varanops. Casea itself is not known, but
Cotylorhynchus and Angelosaurus are present. The dissorophid,
Fayella, could have been derived from Cacops; it could also have
been derived equally from Dissorophus.

It may be that what we see in the Chickasha is a sample of a
persistent chronofauna that developed in total or partial isolation
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from the Clear Fork chronofauna of Texas (Olson, 1952, 1958).
Under this interpretation the San Angelo is somewhat puzzling.
Clearly some of its elements, Dimetrodon in particular, could have
been derived from the Clear Fork chronofauna. Others, such as
Caseoides, Caseopsis, Cotylorhynchus, and Angelosaurus, could
have come from some early phase of the suggested Chickasha
chronofauna. In addition, however, are elements that find no ances-
tors in either, the very large animals such as Driveria and Master-
sonia, the phthinosuchids, and the titanosuchids. These “advanced”
types must have had a source elsewhere, among unknown anteced-
ants.

The presence of Cotylorhynchus in the Hennessey Formation
suggests that the fauna preserved in this formation might have led
to the Chickasha fauna. But three species, the only others known,
seem to have Texas counterparts from the contemporary Clear
Fork. These are Labidosaurikos meachami (Seltin, 1959), Captor-
hinikos chozaensis (Vaughn, 1958; Olson and Barghusen, 1962),
and Lysorophus tricarinatus (Olson, 1962). Also, Cotylorhynchus
romeri of the Hennessey appears to be close to Cotylorhynchus han-
cocki of the San Angelo, closer than it is to Cotylorhynchus bransoni
of the Chickasha. : :

Extensive collecting and stratigraphic analysis are necessary to
clarify these matters. In this instance, in contrast to many, it would
appear that the opportunity to do the necessary work is provided by
the exposures over the areas of Texas and Oklahoma.

The third point that emerges is that the fauna found in the
Chickasha is strictly “North American,” that is, it does not contain
any elements that have commonly been associated with European
Permian faunas as represented in the Russian Kazanian. In this it
contrasts sharply with the upper part of the San Angelo and the
early Flowerpot of Texas. As in all points, negative evidence pro-
vides part of the basis for this conclusion, and additional work may
show the contrary to be the case.

This is how it looks at the present. Work is continuing in both
Oklahoma and Texas. It will be exténded to include certain selected
parts of the earlier Permian sections of Texas and the Hennessey of
Oklahoma. Further exploration of the San Angelo deposits in Texas
is anticipated. This work should aid in testing the validity of some
of the tentative conclusions put forth in this report.
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