MORE VERTEBRATES, INCLUDING A NEW MICROSAUR, FROM
THE UPPER PENNSYLVANIAN OF CENTRAL COLORADO

By PETER PAUL VAUGHN?

ABSTRACT: More fossils, mostly vertebrate, have been col-
lected from a black shale low in the Sangre de Cristo Formation
in the Arkansas River valley of central Colorado. Some of the
fossils probably represent “residents” in the pond, but most of
the bones seem to have been washed in from nearby. None of
the recently found specimens conflicts with the estimate of Late
Pennsylvanian, probably Missourian, age based on the previously
reported fossils (Vaughn, 1969); and recognition of the pely-
cosaur Edaphosaurus cf. E. ecordi corroborates this estimate. The
presence of bisaccate gymnosperm pollen is attributed to prox-
imity of the area to elements of the Ancestral Rocky Mountains.
An almost complete, articulated skeleton of a new kind of micro-
saur requires the naming of a new genus and species, Trihecaton
howardinus. This form is clearly a microsaur, as shown by the
structure of the first vertebra and the character of the scales;
but it is remarkable in the infolding of the enamel of the
marginal teeth, and in the possession of large presacral inter-
centra with capitular facets. There are also large intercentral
haemal arches. A new family, Trihecatontidae, is based on the
genus, but the position of this family within the Microsauria
is obscure. T. howardinus seems primitive in a number of
respects, but it occurs too high in the stratigraphic column to
be regarded as an actual “urmicrosaur.” More materials of the
diadectid Desmatodon hesperis are now on hand. A braincase
and connected parts of the dermal roof of an apparently im-
mature specimen show essential similarity to the Early Permian
Diadectes, but the basipterygoid joint was mobile, and, as rarely
seen in Diadectes, there are narrow fenestrae between the post-
parietal and tabular regions. The teeth of a juveniie maxilla con-
trast with those of the holotypic maxilla in several ways: smaller
number, much greater relative length and more incisiform aspect
of the first two, separation by longer spaces, and lack of wear
facets. An analysis of the replacement cycle of the teeth in the
holotypic maxilla of Desmatodon hesperis shows a much longer
replacement wave than in Diadectes, and also reveals the exist-
ence of a “gap” between the second and third teeth. In its longer
replacement wave, Desmatodon hesperis may also differ from the
type species, Desmatodon hollandi, and it may become necessary
to set up a new genus. The problems of the origin and affinities
of the diadectids remain unsolved.
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INTRODUCTION

I have recently published on vertebrate fossils found low in the Sangre
de Cristo Formation of central Colorado (Vaughn, 1969). These fossils,
which seem to be of Late Pennsylvanian, more specifically Missourian, age
represent the only sizable North American tetrapod fauna of that age known
from west of the Garnett quarry of eastern Kansas (see Peabody, 1952),
although tetrapod trackways are known from elsewhere in the Pennsylvanian
of Colorado. They are of special interest in that they occur in the region of
the Ancestral Rocky Mountains of late Paleozoic time. The present paper is a
report on additional materials recently recovered from the same site; these
include remains of new faunal elements, an almost complete skeleton of a
new kind of microsaur, and materials that contribute significantly to our
understanding of the only known Pennsylvanian diadectid, Desmarodon.

The quarry is near the town of Howard in the valley of the Arkansas
River, in NW¥2 NE¥4 SWl4 sec. 22, T 49 N, R 10 E, Fremont County,
Colorado. It is about 1450 feet above the base of the Sangre de Cristo Forma-
tion as defined by Brill (1952) in a two- to three-foot thick black shale that
he designated as part of “Interval 300”; the total thickness of the formation
in this region is about 8800 feet. The steeply dipping attitude of the beds has
made quarrying difficult, and the shale is not yet completely exposed, but it
may be said in general that it is a lens-shaped deposit that probably represents
a pond, perhaps an oxbow within the general system of stream channels
indicated in this part of the formation. The presently exposed face is about
70 feet in length, from where it is cut by a small stream that flows close to a
soil-covered bank, to where it pinches out to the northwest. A study of the
layering of the shale and the pattern of distribution of the fossils within the
shale is in progress and will be reported at a later date.

I have been fortunate to have had access to Mr. Walter Pierce’s manu-
script on the stratigraphy of the Howard area (unpublished master’s thesis,
Colorado School of Mines, 1969), which has assisted greatly in my field work.
The Interval 300 quarry is in the upper part of Pierce’s “Unit V”’; within the
lower part of this unit, which has a maximum thickness of about 3700 feet,
lies the limestone that Brill (1952) correlated with the Whiskey Creek Pass
Limestone to the south and with the Jacque Mountain Limestone to the north.
The Sangre de Cristo Formation as defined by Brill begins directly above this
limestone. Pierce demonstrates an angular unconformity between Unit V and
the overlying Unit VI, but it is not yet known how much time is represented
in this break. Pierce also shows that the dominant sedimentary pattern of
Unit V is the point-bar type, with streams that flowed generally toward the
northwest.

The Sangre de Cristo Formation was deposited in the southern half of
the trough that lay between the Late Pennsylvanian and Early Permian Front
Range to the east and the Uncompahgre Highland to the west. Mallory
(1958, 1960) has presented paleogeographic reconstructions of the trough
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and surrounding highlands. There is some debate as to the proper name of
the formation; Brill (1952) extended the name Sangre de Cristo northward
from New Mexico and southern Colorado, but Chronic (1958) has recom-
mended that this name not be used in central Colorado and that instead the
older term, Maroon, be retained to emphasize the essential continuity of the
beds with the Maroon Formation deposited in the northern half of the trough.
Geologists at the Colorado School of Mines are currently engaged in studies
of the general region around the Intervai 300 quarry, and more detailed
stratigraphic analyses will soon appear, but for the present we may rely on
Brill’s terminology. It must also be noted that the lower parts of the Sangre de
Cristo Formation, in Brill’s usage of the term, are not everywhere of the same
age; in central Colorado the lower part, which includes Interval 300, is
apparently Late Pennsylvanian, but the equivalent strata in northern New
Mexico are marine and are assigned to the Madera Formation whereas the
terrestrial Sangre de Cristo Formation as mapped there is probably entirely
of Early Permian age (see Brill, 1952; Vaughn, 1969).

ADDITIONS TO THE FLORA AND FAUNA

Most plant remains from the Interval 300 quarry are very poorly pre-
served, but there are carbonized bits of wood, and Calamites impressions are
recognizable. Stratigraphically somewhat lower, but still within Pierce’s Unit
V and above the limestone correlated with the Whiskey Creek Pass Limestone
by Brill, better preserved plants are found in SW¥4 SW¥2 NW4 sec. 22.
These include Calamites pith casts, carbonized impressions of Walchia fronds,
and impressions of fernlike plants. Below this, in Pierce’s Unit IV—roughly
equivalent to the upper part of the Minturn Formation of Brill’s usage—are
found more Calamites remains and also bisaccate gymnosperm pollen, which
latter Scott (1967) takes as an indication of Permian rather than Pennsyl-
vanian age. Microscopic examination of the black shale of Interval 300 also
reveals bisaccate gymnosperm pollen. This may seem to conflict with the
evidence presented earlier (Vaughn, 1969) and below for Late Pennsylvanian
age of Interval 300, but not necessarily. Clapham (1970), in a study of Per-
mian pollen from Oklahoma, came to the conclusion that gymnosperms pro-
ducing bisaccate pollen were upland forms. Langenheim (1959:569) has
pointed out that our picture of late Paleozoic plant successions is based largely
on the record from farther east, where extensive uplands did not exist in the
Pennsylvanian, and that, therefore, “lowland plants became known as Penn-
sylvanian indices and upland plants as Permian indices in the mid-western
and eastern United States. . . however, the upland environments of the An-
cestral Rockies were close to the marginal swamp and marine environments
early in the Pennsylvanian. The result is the presence of ‘Permian’ plants in
intimate association with ‘Pennsylvanian’ plants and marine invertebrates.”
Elias (1970:696) accounts in much the same way for recent discoveries of
Walchia, previously not known to occur below the Upper Pennsylvanian, in
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the Middle Pennsylvanian of Oklahoma; he feels that “Walchia undoubtedly
existed . . . in the ancient highlands which rose in conjunction with the very
early Pennslyvanian orogenies in the areas of the Arbuckle and Ouachita up-
lifts.” The principle is similar to that expressed by Axelrod (1952) when he
suggested that angiosperms may have been present in the Permian and Triassic,
but “hidden” in uplands remote from the lowland areas of deposition. It seems
probable that the presence of bisaccate gymnosperm pollen in and even below
Interval 300 is only a matter of ecological difference, that is, a reflection of
the upland conditions of the nearby Ancestral Rocky Mountains and not
really inconsistent with the more compelling evidence of Late Pennsylvanian
age presented by the vertebrates.

Shells of small pelecypods were noted in my earlier paper; the only other
invertebrate remains that have been recognized in Interval 300 are parts of
carapaces of the branchiopod Cyzicus.

The vertebrates known to date from Interval 300 are:
Elasmobranch fishes
A xenacanth
Palaeoniscoid fishes
One or more kinds
Labyrinthodont amphibians
?Anthracosaurs
A large ?embolomere
Temnospondyls
Several small rhachitomes including the dissorophid ?4 mphibamus
Lepospondyl amphibians
Aistopods
Coloraderpeton brilli Vaughn, 1969
Microsaurs
Trihecaton howardinus, new genus and species
?Cotylosaurs
Desmatodon hesperis Vaughn, 1969
Pelycosaurian reptiles
A “medium-sized” ophiacodont
A small sphenacodont
Edaphosaurus aft. E. raymondi (Case, 1908)
Edaphosaurus cf. E. ecordi Peabody, 1957

The additions to my earlier list are: the xenacanth, the dissorophid
labyrinthodont, the new microsaur, and Edaphosaurus cf. E. ecordi; it is also
now clear that I am dealing with more kinds of small rhachitomes than I
previously recognized. The great difficulty is in the disarticulated nature of
almost all the materials, which occur mostly as isolated bones. It is obvious
that more faunal elements are represented than can be identified.

The xenacanth “shark” is represented by only one spine (UCLA VP



1972 NEW VERTEBRATES 5

17361), but this, with its two rows of recurved denticles, is sufficient for iden-
tification. The presence of this freshwater form at this site is no surprise.

The remains of palaeoniscoid fishes are frustrating. Mostly, the scales
are isolated, but they also occur in articulated patches, and sometimes small
parts of skulls and fins are found in association with these patches. The scales
are almost all small, smooth and shiny, with diamond-shaped outlines and
with the peg-and-socket articulation common among palaeoniscoids, but rare
signs of different scales indicate the presence of more than one kind of palaeo-
niscoid. That these thin scales are found in patches as often as they are would
seem to indicate that palaeoniscoids, at least, were “resident” in the pond.
Perhaps also to be counted as a resident is the aistopod, Coloraderpeton
brilli, vertebrae and osteoderms of which are frequently found in articulation
or very close association. It may even be that trails of tiny pellets found in a
number of places in the quarry are the result of burrowing activity of this
aistopod. The presence of coprolites, some containing palaeoniscoid scales,
also points to a resident fauna. The scattered remains of almost all the other
faunal elements seem to indicate that they were washed in from elsewhere, but
parts of what was apparently a single individual of Desmatodon hesperis were
found not far removed from one another on the same plane, and the specimen
of the microsaur described below is almost complete and in nearly perfect
articulation. There are no signs of wear on the bones that would indicate
transportation from a distant source. It is possible, of course, that some of
the scattering of the bones may be due to predatory activity of the xenacanths,
but the lack of any discernible bite marks makes it seem more likely that the
specimens were washed in from the immediately surrounding area, perhaps
during periods of flooding of the adjacent streams.

In my earlier paper, I illustrated premaxillary and palatine bones (UCLA
VP 1700 and 1699) of what I took to be a large rhachitomous labyrinthodont.
More cranial parts of this form (UCLA VP 1737) are now at hand, including
another premaxilla and an associated large part of a dentary bone with small
teeth that are slightly recurved at their tips. The premaxilla has a formidable
tusk of about 25 mm length, with an oval base 10 mm long but only 6 mm
wide. All the teeth show deep infolding of the enamel and dentine in their
basal portions. The general shape of the preserved part of the dentary and
the traces of the meckelian fenestrae cause me to think that, contrary to my
earlier identification, this form may be an anthracosaur, perhaps an embolo-
mere similar to the large Neopteroplax conemaughensis described by Romer
(1963) from the Conemaugh Group of Ohio. Other elements, including a
squamosal bone (UCLA VP 1701), seem to support this. Better materials
must be found before a positive identification can be made, but it is clear
that a labyrinthodont amphibian of crocodilelike proportions was present in
the area.

!The designation UCLA VP refers to the vertebrate paleontological collection of the
University of California, Los Angeles.
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Many parts of small to “medium-sized” rhachitomes are represented in
the collection from Interval 300. Some of these, as a fairly well-preserved
dentary bone with slim, conical teeth (UCLA VP 1738), are of trimerorha-
choid aspect; but most are indeterminate. One small, slender dentary with
numerous, tiny teeth (UCLA VP 1739) seems clearly to be of a dissorophid.
It falls within the size range of dentaries of Amphibamus lyelli from the upper-
most part of the Allegheny Group of Ohio (Carroll, 1964), which it closely
resembles, and it may represent a species of that genus.

Descriptions of remains of a number of pelycosaurian reptiles including
a “medium-sized” ophiacodont and a small sphenacodont were given in my
earlier paper. More materials of these forms continue to appear. These
include: the basi-parasphenoid part of a braincase of the ophiacodont (UCLA
VP 1740), with a distance of 26 mm between the lateralmost points of the
basipterygoid processes; and a vertebra of the small sphenacodont (UCLA
VP 1741), with a centrum about 11 mm long and a neural arch that shows
the characteristic excavations on its lateral surfaces. These finds help to dem-
onstrate the taxonomic diversity of the fauna and also reinforce the develop-
ing picture of a variety of pelycosaurs in the Late Pennsylvanian (see DeMar,
1970).

My earlier paper also recorded the presence of the little edaphosaurian
pelycosaur Edaphosaurus aft. E. raymondi. It is now evident that there was
also another small edaphosaur. UCLA VP 1742 is a partial neural spine that
is strikingly similar in both shape and size to the spine of Edaphosaurus ecordi
Peabody, 1957. As in that species, the spine is laterally flattened but flares
distally within the anteroposterior plane and has only incipiently developed
tubercles along the sides. The holotype of E. ecordi was found near Garnett
in eastern Kansas, in a shale that forms part of a lagoonal deposit within the
Stanton Formation, Missourian Stage, Upper Pennsylvanian (see Peabody,
1952). The general nature and fauna of the Garnett quarry, from which come
the only known specimens of the reptile Petrolacosaurus kansensis, are quite
different from the Interval 300 quarry, but Peabody (1957:949) points out
that the holotype of E. ecordi was found near the bottom of the lagoonal
deposit, “in heavily carbonaceous shale containing a more typical, coalswamp
flora than higher and off-shore deposits in the lagoon.”

The new specimens of Desmatodon hesperis and the holotype of the
new microsaur are described in detailed fashion below. There remain, of
course, many skeletal elements that defy taxonomic identification at this time,
but they do indicate the presence of a diverse fauna and hold out the promise
of further interesting finds.

I have already shown that the vertebrates previously reported indicate
Late Pennsylvanian, probably Missourian, age (Vaughn, 1969). This is based
largely on the essential similarity of Desmatodon hesperis to D. hollandi
known from the middle part of the Conemaugh Group west of Pittsburgh,
Pennsylvania. The association of remains of Edaphosaurus raymondi with
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the holotype of D. hollandi supports this estimate of approximate time-
equivalence. The primitive nature of the aistopod from Interval 300, Colora-
derpeton brilli, may perhaps also be cited as evidence for Pennsylvanian,
rather than Permian, age.

There is nothing among the recently found vertebrate materials from
Interval 300 that would contradict Missourian age; rather, Edaphosaurus cf.
E. ecordi provides corroboration. Sturgeon and Hoare (1968) place the Stan-
ton Formation, from which comes the holotype of E. ecordi, at about the same
level as the Ames Limestone of the Conemaugh Group. The Round Knob
Formation, from which comes the holotype of Desmatodon hollandi, lies
shortly below the Ames. The Stanton Formation is near the top of the Mis-
sourian Stage and thus a closer, but not necessarily more accurate, estimate
of the age of Interval 300 might be late Missourian. Nor does an estimate of
Missourian age conflict with any other data—excepting perhaps the bisaccate
gymnosperm pollen which, as T have said, may merely reflect environmental
difference; according to Brill (1952), the Sangre de Cristo Formation in the
area of Interval 300 rests conformably on rocks of Desmoinesian (Middle
Pennsylvanian) age.

A NEW MICROSAUR

A well-preserved, articulated skeleton of a hitherto unkonown kind of
microsaurian amphibian is remarkable in a number of features that make it
important in consideration of the origin and relationships of the Microsauria.
Its distinctness from all previously known microsaurs requires the naming of
a new family.

Order MICROSAURIA Dawson, 1863
TRIHECATONTIDAE, new family

This family is based on the new genus Trihecaton, described below.
Because this is the only known genus, definition of the family is tentative:
microsaurs with infolded enamel on the marginal teeth, and with large pre-
sacral intercentra with capitular facets for the ribs.

Trihecaton, new genus

Type species: Trihecaton howardinus, new species.

Diagnosis: Marginal teeth simple cones with shallow infolding of enamel.
Prominent coronoid process on lower jaw. Thirty-six presacral vertebrae—as
nearly as can be determined. First vertebra of characteristic microsaurian
structure, with forward-facing articular facet on either side of short “odon-
toid” process on anterior face of centrum, and deep notochordal pit on
posterior face; two costal facets on either side of first centrum; first neural
arch incomplete dorsally. Pleurocentra the dominant central elements, but
large intercentra, with capitular facets, in presacral vertebral column. Inter-
central haemal arches in tail. Almost regular alternation in shape of presacral
neural spines. Presacral ribs articulate with transverse processes low on








































































