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ABSTRACT

Recently recovered specimens from the Chadronian Pipestone Springs Main Pocket (PSMP), Whitneyan strata in the
Gravelly Range, and Uintan rocks in the Sage Creek area significantly increase the diversity of squamates known from the
Tertiary depositional basins of southwest Montana. At PSMP, most common are the glyptosaurine lizard Helodermoides
tuberculatus which represents over 60% of dentigerous lizard elements and the boid snake Calamagras which is represented
by forty-four vertebrae. Four varanid elements, a specimen tentatively referred to the glyptosaurine Peltosaurus, and
Calamagras from PSMP are their first documented occurrences in the Tertiary depositional basins of southwest Montana, as
is a miniscule dentary fragment that represents an iguanid smaller than Aciprion formosum. A skull of A. formosum from the
Gravelly Range is the first record of the species from Montana and its first confirmed occurrence from Whitneyan strata.
Fragmentary elements from the Uintan Dell beds in the Sage Creek depositional basin indicate the presence of a glyptosaurine
and an indeterminate iguanid. These new records of Eocene and Oligocene squamates from Montana are important additions
to the temporal and/or paleogeographic ranges of Calamagras, Aciprion formosum, varanids, and perhaps Peltosaurus.

INTRODUCTION

The middle Chadronian Pipestone Springs Main
Pocket locality (PSMP) in the Jefferson depositional
basin of southwest Montana, is one of the richest late
Eocene vertebrate sites in North America and is most
notable for yielding a large number of small-bodied
mammals, including over 20 holotypes, and
mammalian coprolites (Tabrum et al. 1996, 2001;
Lofgren et al. 2017). Hundreds of mammalian fossils
from other Tertiary depositional basins in southwest
Montana have also been described or compiled in
faunal lists (Tabrum et al. 1996, 2001; and references
therein), but non-mammalian vertebrates from these
basins have received less attention. At PSMP, the
glyptosaurine  Helodermodies tuberculatus was
described by Douglass (1903) and the presence of both
lizards and tortoises was noted by Matthew (1903).
Later reports of squamates from PSMP are limited to
Kay et al. (1958) who noted the presence of the
glyptosaurine Peltosaurus and Sullivan (1979) who
described additional specimens of Helodermodies
tuberculatus. Additional squamates reported from
other southwest Montana Tertiary depositional basins
included "Ogmophis" arenarum (Barstovian, Flint
Creek; Douglass 1903), Dryinoides oxyrhynchus
(Barstovian, Madison Valley; Auffenberg 1958),
"Glyptosaurus montanus" (Chadronian, McCartys
Mountain; Douglass 1908), and Calamagras
murivorus, "Ogmophis" arenarum, "Glyptosaurus cf.
montanus,” and Peltosaurus (Chadronian-Arikareean,
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Canyon Ferry; Kay et al. 1958). Here, we describe
specimens collected in the past two decades that
significantly increase the diversity of squamates
known from the Tertiary depositional basins of
southwest Montana, including the first record of
snakes and varanid lizards from PSMP, a skull of the
iguanid Aciprion formosum from the Gravelly Range,
and fragmentary lizard remains from the Sage Creek
depositional basin.

Description of squamates collected since 2003
by RAM crews from PSMP are the main focus of this
paper. Recent efforts to recover Tertiary mammalian
fossils from the Gravelly Range (Lofgren et al. 2020)
and Sage Creek depositional basins (Lofgren et al. in
preparation) vyielded additional lizard specimens
which are included here following the description of
the material from PSMP.

Institutional Abbreviations. AMNH,
American Museum of Natural History, New York,
New York; CIT, California Institute of Technology,
Pasadena, California (collections now housed at the
Natural History Museum of Los Angeles County, Los
Angeles, California); CM, Carnegie Museum of
Natural History, Pittsburgh, Pennsylvania; LACM,
Natural History Museum of Los Angeles County, Los
Angeles, California; PU, Princeton University,
Princeton, New Jersey (collections now housed at the
Yale Peabody Museum, New Haven, Connecticut);
RAM, Raymond M. Alf Museum of Paleontology,
Claremont, California; USNM, United States National
Museum of Natural History, Washington D.C.
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FIGURE 1. Study area location maps. A. Location of study area
within the United States and Montana. B. Digital relief image of
southwest Montana that includes major cities and the three areas
from which taxa were described; Pipestone Springs Main Pocket
(PSMP), Gravelly Range, and Sage Creek depositional basin
(sourced from the Montana State Library, Natural Resources
Information System, 2001 data bank).

PIPESTONE SPRINGS MAIN POCKET

Late Eocene clastic continental strata and
pyroclastic rocks at Pipestone Springs, Montana,
occur on the west flank of the informally named
Whitehall depositional basin. This depositional basin
is present within the northern part of the Jefferson
Valley (Figure 1), where Cenozoic basin-fill is
approximately 760 m thick (Hanneman 1989;
Hanneman and Wideman 1991). Contained within a
55 m section of basin-margin strata is Pipestone
Springs Main Pocket (PSMP), a middle Chadronian
vertebrate locality known for its diverse assemblage of
mammals and mammalian coprolites (Tabrum et al.
1996, 2001; Tabrum and Metais 2007; Lofgren et al.
2017). These strata are part of the informal Sequence
2 of Hanneman and Wideman (1991, 2006) and a
lithostratigraphic proxy, the Renova Formation, of
Kuenzi and Fields (1971). Strata at PSMP represent
air-fall ash, slightly reworked air-fall ash, and loessite
deposition with the uppermost 15 m of strata yielding
the PSMP vertebrate assemblage (Hanneman et al.
2022). Felsic tuffs occur within the basal to upper part
of the Pipestone Springs section and have “°Ar/*Ar
single crystal sanidine ages of 37.50 + 0.02 Ma and
36.00 + 0.20 Ma, with strata containing PSMP directly
overlying the younger felsic tuff. These isotopic age
constraints significantly increase the age range of
Pipestone Springs strata to include latest Duchesnean-
early Chadronian deposits and add additional support
that the PSMP vertebrate assemblage is age-
correlative to the Chadronian part of the Flagstaff Rim
section in central Wyoming (Hanneman et al. 2022).

Post-depositional erosion dissected strata at
PSMP resulting in development of a 100 m wide
gully separating the two main stratal accumulations
which historically have been labeled as distinct
localities, Main Pocket or North Section, and South
Pocket or South Section (Kay et al. 1958; Garcia
1992; Tabrum et al. 1996). In keeping with the stratal
separation, vertebrate fossils from the two sections
were curated separately. Middle Chadronian
assemblages from both sections were referred to as
the Pipestone Spring Main Pocket (PSMP)
assemblage (Lofgren et al. 2017), and the two sites
(RAM localities V2003001 and V2003022) are
demonstrably stratigraphically correlative
(Hanneman et al. 2022). At PSMP, all squamate
specimens were recovered on the outcrop surface as
isolated elements, except for articulated and
associated vertebrae of Calamagras.

Order Squamata Merrem 1820
Family Anguidae Gray 1825
Subfamily Glyptosaurinae McDowell and Bogert
1954
Tribe Glyptosaurini Sullivan 1979
Helodermoides Douglass 1903
Helodermoides tuberculatus Douglass 1903
Figure 2A-F

Glyptosaurus montanus Douglass 1908
Glyptosaurus tuberculatus Gilmore 1928
Glyptosaurus giganteus Gilmore 1928

Holotype—CM 707 nearly complete left frontal
and anterior part of right frontal, anterior part of left
dentary, and skull fragments with osteoderms, PSMP,
Montana (Douglass 1903, fig. 10a-b).

Referred Specimens—Caudal vertebrae: RAM
23905-06, RAM 23908-11, RAM 23921-23, RAM
23925-27, RAM 23932-33, RAM 23939, RAM
23941; Sacral vertebrae: RAM 23928-31; Dorsal
vertebrae: RAM 23913-18, RAM 23920; Maxillae:
RAM 17815 (edentulous), RAM 17813 (right), RAM
17818 (left); Dentaries: RAM 17816 (left), RAM
23900 (right); RAM 26219 (left), RAM 23901 (left),
RAM 23902 (left); Skull Fragment: RAM 17817;
Osteoderms: RAM 25816, RAM 23942-48, RAM
23950-57.v

Description-Discussion —  Helodermoides
tuberculatus is the best known glyptosaurin (Sullivan
2019) and its holotype (CM 707) was recovered from
PSMP (Douglass 1903). Soon thereafter, Douglass
(1908) described "Glyptosaurus? montanus" based on
a partial skull from McCartys Mountain, another
Chadronian site about 70 km south of PSMP. Two
decades later, Gilmore (1928) synonymized
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Helodermoides with Glyptosaurus (CM 707 became
Glyptosaurus tuberculatus) and erected "Glyptosaurus
giganteus" based on a frontal from Chadronian strata
in Nebraska. Later, Sullivan (1979) resurrected
Helodermoides and  included  "Glyptosaurus
giganteus” and "G. montanus™ within Helodermoides
tuberculatus, because additional specimens of H.
tuberculatus included the wvariation in cephalic
osteoderms and body size that was the basis of the
diagnosis of the other two species. Some
characteristics diagnostic for Helodermoides are
cephalic osteoderms bulbous with numerous tubercles,
teeth subconical with posterior ones slightly recurved,
maxilla straight, and dentary moderately slender
(Sullivan 1979), features evident in RAM specimens
recovered since 2003. Since PSMP is the type locality
of H. tuberculatus (Douglass 1903) there is little doubt
that the RAM specimens represent this taxon.
However, Smith (2006) referred a glyptosaurine
parietal fragment from Chadronian strata in North
Dakota to Helodermoides sp. nov.? because of
variation demonstrated in the closure of the
supratemporal fenestra, a feature diagnostic of H.
tuberculatus (Sullivan 1979). Thus, there may be
greater specific diversity within the sample of
Helodermoides in North America.

FIGURE 2. Helodermoides tuberculatus from PSMP. RAM 17818,
left maxilla, A) labial view and B) lingual view (scale bar equals 5
mm). RAM 26219, left dentary C) lingual view (scale bar equals 5
mm). RAM 25816, osteoderm D) dorsal view (scale bar equals 1
mm). RAM 23916, dorsal vertebra E) anterior view, F) posterior
view (scale bar equals 3 mm).

The most complete RAM elements of
Helodermoides tuberculatus from PSMP are a maxilla
with tuberculate osteoderms (Figure 2A-B) and a
nearly complete dentary (Figure 2C). Osteoderms of
H. tuberculatus are the most common vertebrate
elements found at PSMP and are usually well
preserved (Figure 2D). Many dorsal, sacral, and
caudal vertebrae about the expected size of H.
tuberculatus were also recovered (Figure 2E-F) and
caudals were the most numerous. Limb elements of H.
tuberculatus were not confidently identified. Based on
dentigerous elements in the RAM collections, those of
H. tuberculatus comprise about 60% of lizard remains
recovered from PSMP.

Helodermoides tuberculatus is known from other
Chadronian sites in Montana, South Dakota, Colorado,
Nebraska, and Wyoming (Douglass 1908; Gilmore
1928; Sullivan 1979, 2019; Maddox and Wall 1998),
with a few occurrences in Orellan strata in Nebraska
and Wyoming (Gilmore 1938a; Sullivan and Holman
1996), although the Orellan occurrences may actually
be from latest Chadronian strata (Sullivan 2019). If
indeed restricted to the Chadronian, H. tuberculatus
would be an excellent index fossil as it is relatively
widespread and is commonly found at sites that also
yield mammals, like PSMP. If there is an additional
species of Helodermoides in North America (see
Smith 2006), the biostratigraphic utility of H.
tuberculatus would require revaluation.

Tribe Melanosaurini Sullivan 1979
Peltosaurus? Cope 1873b
Figure 3A-B

Referred Specimen—RAM 17844 right maxilla
with nine tooth positions, six of which are occupied.

Description-Discussion—RAM 17844 has four
complete pleurodont teeth and two others with slight
basal damage (Figure 3A-B). Teeth are hollow and
transversely compressed with wedged shaped apices,
and expansions along the base of each tooth do not
exhibit striations. RAM 17844 is questionably referred
to Peltosaurus based on its transversely compressed
teeth with wedge shaped crowns. Based on size, RAM
18744 is within the range of variation expected for
Peltosaurus as six teeth occupy a space of 6.1 mm, and
in the holotype of P. granulosus (AMNH 1610) six
teeth occupy a space of 7.8 mm (Gilmore 1928), a
difference of 22%.

Peltosaurus has a broad temporal and geographic
distribution in North America as occurrences have
been reported from Saskatchewan and the Rocky
Mountain and Great Plains states south to Texas,
Florida and California, in strata that range from
Eocene to the early Miocene (Gilmore 1928, 1942;
White 1942; Holman 1976; Golz and Lillegraven
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1977; Albright 1994; Sullivan and Holman 1996;
Maddox and Wall 1998; Smith 2006). However, Estes
(1983) followed Meszoely (1970) by noting that only
Oligocene specimens from Colorado, Nebraska,
Wyoming, and South Dakota were properly referred to
Peltosaurus. Later, Sullivan and Holman (1996) noted
that putative Miocene and pre-Oligocene occurrences
were misidentified and that Peltosaurus was restricted
with certainty to Orellan-early Arikareean strata in
North America. More recently, Scarpetta (2019)
documented Peltosaurus granulosus from the early
Avrikareean of South Dakota. If confirmed, the PSMP
occurrence would extend the temporal range of
Peltosaurus to Chadronian strata and its
paleogeographic range to southwest Montana.

E - F

FIGURE 3. Various squamate taxa from PSMP. RAM 17844, right
maxilla of Peltosaurus? A) labial view, B) lingual view (scale bar
equals 3 mm). RAM 17845, left dentary fragment of Varanidae
genus indeterminate C) lingual view (scale bar equals 3 mm). RAM
26220, maxilla fragment of Varanidae genus indeterminate D)
lingual view (scale bar equals 3 mm). E) RAM 27764, maxilla
fragment of Varanidae genus indeterminate, lingual view (scale bar
equals 3 mm). RAM 23904, dentary fragment of unidentified
iguanid (scale bar equals 1 mm).

Family Varanidae Gray 1827
Genus indeterminate
Figure 3C-E

Referred Specimens—RAM 17845 left dentary
fragment with a complete tooth, another missing its
crown, and the base of a third, RAM 26220 maxilla
fragment with two complete teeth and a fragment of a

third, RAM 23903 dentary fragment with the bases of
two teeth, RAM 27764 maxilla fragment with a
complete tooth, another lacking the crown apex, and a
third with the basal half of the crown.

Description-Discussion—These four fragmen-
tary dentaries and maxillae were not found in
association. Of the two dentaries RAM 17845 has the
only complete tooth which is 4.6 mm in height and has
a prominent recurved crown (Figure 3C). The base of
this tooth and the broken teeth in both RAM 17845 and
RAM 23903 are expanded and strongly striated and
have a single lingual basal foramen located equal or
slightly distal to the anteroposterior mid-point of each
tooth. Tooth bases in both specimens are 3 mm in
diameter, as are spaces between teeth (Figure 3C). The
striated part of the complete tooth in RAM 17845 is
less than half the height of the crown.

RAM 26220 is a maxilla fragment with two
complete conical teeth that are 3.8 mm in height
(Figure 3D). Both teeth have broad striated bases that
are 2.7 mm in diameter, with the striated part of each
tooth exceeding half of its height. A single lingual
basal foramen is located equal to the anteroposterior
mid-point of both teeth in RAM 26220 and spaces
between teeth are 3 mm (Figure 3D). Features of the
teeth in RAM 27764 are similar to those in RAM
26220 except for size. In RAM 27764, the one
complete conical tooth is 3.4 mm in height, tooth bases
areall 2.2 mm in diameter, and the space between teeth
is 2.3 mm (Figure 3E).

The four varanid specimens from PSMP are
similar in size and morphology and probably represent
a single species, which represents the only known
record of varanids from the Tertiary depositional
basins of southwest Montana. Varanid taxonomy is
often based on vertebrae (Gilmore 1928; Brattstrom
1955; Estes 1983) and a varanid vertebra has not been
identified from the RAM collections. Varanid
specimens referred to Saniwa are known from
Wasatchian to Unitan strata in California, Colorado,
New Mexico, North Dakota, Utah, and Wyoming
(Gilmore 1928; Jepsen 1963; Golz and Lillegraven
1977; Estes 1983; Sullivan and Lucas 1988; Stucky et
al. 1996; Sullivan and Holman 1996), but the only
reported occurrence in Chadronian strata is S. edura
from the Chadron Formation of North Dakota (Smith
2006). Thus, the fragmentary RAM specimens
constitute a second Chadronian occurrence of
varanids. Prior to description of S. edura, Saniwa was
represented by eight species, but only S. ensidens was
adequately known (Sullivan and Holman 1996). A
comparison based on size indicated that S. edura was
larger than S. ensidens as three dentary teeth in the
holotype of S. edura occupy 12 mm (Smith 2006) and
three teeth in the dentary of the holotype of S. ensidens
occupy 11 mm (Gilmore 1928). In RAM 17845, a
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dentary with spaces between teeth, two teeth and the
space between occupy less than 10 mm. Thus, if the
RAM specimens represent Saniwa, they appear to be
more similar in size to S. ensidens. In any case, these
PSMP specimens are important additions to the record
of varanids in North America based on their location
and age.

Family Iguanidae Oppel 1811 sensu Torres-Carvajal
et al. 2020
Genus indeterminate
Figure 3F

Referred Specimen—RAM 23904, dentary
fragment with four complete teeth, two with damaged
crowns, and another with the tooth base.

Description/Discussion—An iguanid affinity of
RAM 23904 is suggested by the relatively low
tricuspid crowns on the four complete teeth where the
lateral denticles are distinctly set apart from a larger
median cusp (Figure 3F). The tallest complete tooth
has a height of 1.2 mm. Antero-posteriorly, the seven
teeth of RAM 23904 occupy a space of 2 mm. If that
tooth to length ratio is scaled to 5 mm, the space would
occupy approximately 17-18 teeth. Thus, RAM 23904
represents an unidentified iguanid smaller than
Aciprion formosum, because the number of teeth
occupied by 5 mm in A. formosum varies from 8-12
(Table 1).

Serpentes Linnaeus 1758
Constrictores incertae sedis sensu Smith and
Georgalis 2022
Calamagras sp. indeterminate
Figure 4A-F

Genotype—AMNH 1603, six articulated trunk
vertebrae, Cedar Creek Locality, White River
Formation, Colorado (Gilmore 1938b, fig. 14).

Referred Specimens—RAM 23786-88, 23791-
92, 23794-98, 23800-01, 23803-07, 23958-63, 23965-
66, 25732-34 middle trunk vertebrae (MTV), RAM
23789 nine associated MTV, RAM 23802 two
associated MTV, RAM 23964 two associated MTV,
RAM 23799 anterior trunk vertebra articulated with
two MTV; identification of vertebral regions follows
Laduke (2019).

Description-Discussion—The sample of snake
vertebrae from PSMP consists of 28 isolated MTV,
and one anterior and 15 additional MTV based on
articulated and associated occurrences (RAM 23802,
RAM 23789, RAM 23964, RAM 23799) that likely
represents a single species based on the similarity in
size and morphology of the MTV. Exemplified by the
two in RAM 23799 (Figure 4A-F), PSMP MTYV share
these features: hemal keel present, centrum short, thick

and short neural spine occupying less than half of
length of vaulted neural arch, neural canal smaller than
cotyle, zygosphene wider than cotyle, zygosphenal
articular facets steeply inclined, prezygapophyseal
articular facets slightly inclined, and
prezygapophyseal accessory process absent. RAM
23799 also preserves the terminal anterior trunk
vertebra which has a narrow and well developed
hypapophysis that occupies half the length of the
hemal keel, with a vertical face on the posterior end of
the hypapophysis that diminishes in height anteriorly
to merge with the hemal keel (Figure 4A, C-D). These
vertebral features align with the diagnosis of
Calamagras and its genotypic species C. murivorus
established by Gilmore (1938b) and modified by
Holman (2000). In comparison to trunk vertebrae
referred to C. murivorus, C. angulatus is relatively
larger, has a shorter hemal keel, and a less vaulted
neural arch, C. floridanus has a sharper hemal keel, C.
platyspondyla has a more depressed vertebral form
and wider hemal keel, and C weigeli apparently has a
relatively wider hemal keel (Sullivan and Holman
1996; Holman 2000).

TABLE 1. Measurements in mm of the dentaries and skull of
RAM 25624 from the Gravelly Range compared to two skulls with
dentaries and a dentary of Aciprion formosum, USNM 16566
(Gilmore 1941), LACM 4893 (CIT uncatalogued in Brattstrom
1958) and PU 10015 (Gilmore 1928) from the Brule Formation of
Colorado and Wyoming.

RAM  USNM PU LACM
25624 16566 10015 4893

Length of dental border 9.6 — 115 —
of dentary

Number of dentary teeth 12.0 10.5 9.0 8.0
in5 mm

Length of dental border 10.0 12.4 — 12.9
of maxillary

Depth of dentary 1.9 2.2 3.0 28
Greatest length of ramus 18.1 — 27.3 27.6
Greatest width of skull 11.4 14.6 — —

across jugals
Length of nasal 3.6 3.6 — —

Length of frontal 7.2 7.0 — —

The sample of Calamagras MTV from PSMP is
large but smaller than the 88 vertebrae of C. weigeli
from Medicine Pole Hills in North Dakota described
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FIGURE 4. RAM 23799 three articulated vertebrae (terminal
anterior trunk and two anterior MTV) of Calamagras sp.
indeterminate from PSMP. A) anterior view, B) posterior view
(scale bar equals 3 mm); C) left lateral view, D) right lateral view,
E) dorsal view, F) ventral view (scale bar equals 5 mm). Location of
hypapophysis noted by arrows.

by Smith (2013) and the three articulated skeletons of
"Ogmophis" and/or Calamagras from Wyoming
described by Breithaupt and Duvall (1986); the
assertion that "Ogmophis" and Calamagras may
represent a single taxon (Rage 1984; Sullivan and
Holman 1996) was documented by Caldwell et al.
(2007; but see Smith 2013, Smith and Georgalis
2022). The sample of MTV of C. weigeli from
Medicine Pole Hills exhibit elongation of the MTV
based on the centrum length (CL)/neural arch width
(NAW) ratio, which if > 1.1 aligns with extant dwarf
boas (Ungaliophiinae) (Smith 2013). This ratio is 1.1
for the holotypes of C. murivorus and C. angulatus and
the sample of C. weigeli from Medicine Pole Hills,
while the same ratio for "C. talpivorus" is .92,
suggesting the latter is not in the same clade (Smith
2013); "C. talpivorus" was synonymized with C.
murivorus by Sullivan and Holman (1996). The
CL/NAW ratio of only 20 MTV from PSMP could be
determined because many specimens had a damaged
neural arch and/or centrum. Ratios varied from .85 to
1.1, with five having a ratio of 1.1. Thus, the
taxonomic affinity of MTVs from PSMP is unclear
because 75% of CL/NAW ratios apparently align with
"C. talpivorus" and 25% with C. murivorus, C.

angulatus, or C. weigeli. This is not surprising because
the utility of using trunk vertebrae to identify a species
of Tertiary snake can be problematic (Smith 2013;
Smith and Georgios 2022) and study of the entire
vertebral column along with cranial elements is most
effective (Smith 2013). Detailed study of the snake
skeletons from Wyoming referred to Calamagras and
"Ogmophis™ (Breithhaupt and, Duvall 1986) should
aid in elucidating the systematic affinity of MTV
previously referred to Calamagras (Smith and
Georgalis 2022). Until those results become available,
we refer the vertebrae from PSMP to Calamagras sp.
indeterminate.

Calamagras weigeli is known from Chadronian
strata in  North Dakota (Smith 2013) and
Saskatchewan (Holman 1972). The presence of
Calamagras sp. indeterminate at PSMP is an
additional Chadronian occurrence and the first
documented record of Calamagras from the Tertiary
depositional basins of southwest Montana.

Considering that 44 vertebrae of Calamagras
were collected at PSMP by RAM crews since 2003, it
is surprising that there were no prior reports of snakes
because the site has been prospected numerous times
since the early 1900s. Thus, it is likely other
collections from PSMP contain unreported snake
vertebrae.

GRAVELLY RANGE

Tertiary strata that yield vertebrate fossils are
exposed at high elevation (approximately 3,000 m) in
the south-central part of the Gravelly Range (Figure
1). These rocks are also part of the informal Sequence
2 of Hanneman and Wideman (1991, 2006). Uintan to
Whitneyan vertebrates were recovered from these
strata (Gutmann et al. 1989; Luikart 1997; Wahlert et
al. 2006; Lofgren et al. 2020). Extrusive volcanics
interbedded with fossil bearing strata provide age
constraints on the Whitneyan vertebrate assemblage at
Lion Mountain (Gutmann et al. 1989; Lofgren et al.
2020). The section exposed at Lion Mountain is
approximately 270 m thick and is comprised of
channel, floodplain, and loessite deposits (Lofgren et
al. 2020, fig. 2). The uppermost 20 m of the Lion
Mountain section yields well preserved Whitneyan
mammals referred to as the Lion Mountain High
assemblage, whose strata are capped by a 25 m thick
basalt that has a K-Ar age of 30.8 + 0.7 Ma (Gutmann
et al. 1989; Lofgren et al. 2020). A tuff exposed on the
east side of Lion Mountain is stratigraphically below
the position of the Lion Mountain High assemblage
and has a sanidine single crystal “°Ar/*Ar age of 31.7
+0.02 Ma (Lofgren et al. 2020, fig. 2). The lizard skull
described here (RAM 25624) was recovered in situ
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from Lion Mountain High (RAM locality V2018039)
in 2018.

Family Iguanidae Oppel 1811 sensu Torres-Carvajal
et al 2020
Aciprion Cope 1873a
Aciprion formosum Cope 1873a
Figure 5A-D, Table 1

Aciprion majus Gilmore 1928

Holotype—AMNH 1609 nearly complete
dentary with seven teeth, Oreodon Beds (Oligocene),
White River Formation, Colorado (Cope 1873a;
Gilmore 1928, pl. 20, fig. 10-10a).

Referred Specimen—RAM 25624, partial skull
with articulated mandibles.

Description—RAM 25624 is a nearly complete
skull and sutures between skull elements are visible
(Figure 5A-C). Because the rear of RAM 25624 was
eroded prior to discovery, the skull lacks the parietal,
squamosals, paroccipitals, and the left postorbital and
quadrate. Also, the left mandible is missing most of
the angular and surangular. About 20 teeth are visible
in both the left and right maxillary, and anterior
maxilla and dentary teeth are small and unicuspid,
while posterior teeth are larger and tricuspid (Figure
5A, D). Several anterior teeth are missing in both the
lower and upper dentition, but nearly all posterior teeth
are present. Dentary teeth are difficult to count and
only 15 are evident on each mandible because
posterior dentary teeth are obscured by maxillary teeth
(Figure 5D). Maxillary teeth are higher crowned than
the dentary teeth that can be seen. Selected
measurements of the skull and dentary of RAM 25624
are given in Table 1.

Discussion—Cope (1873a) briefly described
Aciprion formosum based on a dentary (AMNH 1609)
and Gilmore (1928) described a second dentary of A.
formosum (USNM 10962) and also erected A. majus
based on PU 10015, a dentary whose teeth were larger
than those of A. formosum. The cranial anatomy of A.
formosum was later described and illustrated by
Gilmore (1941, fig. 30-31) based on a nearly complete
skull (USNM 16566). Later, Brattstrom (1958)
referred an uncatalogued CIT skull with mandible
(now LACM 4893) to A. formosum and concluded that
size differences separating A. formosum and A. majus
were insignificant and proposed the synonymy of the
species, an opinion shared by Estes (1983).

RAM 25624 compares closely with USNM
16566. The nasals and frontals of RAM 25624 and
USNM 16566 are nearly equal in length, while the
latter is wider across the jugals (Table 1). The
transition from unicuspid to tricuspid crowns is also
similar in RAM 25624 and USNM 16566 and the teeth

of each are similarly spaced in both the maxillaries and
dentaries. Estes (1983) noted that A. formosum had
approximately 20 maxillary teeth and Gilmore (1941)
listed 20 for USNM 16566. RAM 25624 has about 20.
The dentaries of RAM 25624 are slightly smaller than
most known dentaries of Aciprion formosum (Table
1), but size differences like this were not considered
significant concerning Aciprion (e.g. Brattstrom 1958;
Estes 1983).

——
D C

FIGURE 5. RAM 25624 skull and mandibles of Aciprion formosum
from the Gravelly Range. A) labial view, B) dorsal view, C) ventral
view (scale bar equals 5 mm), and D) labial view of right dentition
(scale bar equals 1 mm).

In RAM 25624, maxillary teeth are higher
crowned than dentary teeth (Figure 5D). In labial
view, dentary teeth appear to be higher crowned than
maxillary teeth in both USNM 16566 and PU 10015
(see Gilmore 1928, plate XX, fig. 11 and Gilmore
1941, fig. 31). Cypressaurus is a Chadronian iguanid
known from Saskatchewan and North Dakota whose
maxillary and dentary teeth are high crowned (Holman
1972; Smith 2006, 2011) which differs from Aciprion
in having higher crowned and much less closely
spaced teeth (Holman 1972). RAM 25624 differs from
Cypressaurus because only its maxillary teeth are high
crowned and dentary/maxillary teeth are closely
spaced. However, the crown height of the maxillary
teeth in RAM 25624 apparently differs from known
specimens of Aciprion formosum and thus could have
considerable taxonomic import.

Aciprion formosum is known from Orellan rocks
in Colorado, Wyoming, and Nebraska (Cope 1873g;
Gilmore 1928, 1941; Brattstrom 1958; Sullivan and
Holman 1996) and has been tentatively identified from
Whitneyan strata in Colorado (Holman 1989) and
Chadronian rocks in North Dakota (Smith 2006).
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Thus, RAM 25624 represents the first record of A.
formosum from Montana and the first confirmed
specimen recovered from Whitneyan strata.

SAGE CREEK DEPOSITIONAL BASIN

Eocene strata that yield vertebrate fossils in the
Sage Creek depositional basin (Figure 1) comprise the
earliest record of sedimentation in southwest Montana
after Sevier-Laramide compression ended (Hanneman
and Wideman 1991). The Sage Creek Formation of
Wood (1934) is Bridgerian and is unconformably
overlain by the Uintan-age Dell beds (Tabrum et al.
1996, 2001; Robinson et al. 2004; Schwartz and
Graham 2017), an informal unit introduced by Fields
et al. (1985). Both stratigraphic units are part of
Sequence 1 of Hanneman and Wideman (1991, 2006).
The unconformity between the Sage Creek Formation
and the Dell beds is estimated at three million years or
less based on geochronology and vertebrate fossils
(Schwartz and Graham 2017). Early studies of
mammalian fossils from the Sage Creek Formation
and Dell beds (Douglass 1903, Wood 1934, Hough
1955, 1958) were supplemented by the efforts of Alan
Tabrum, culminating in recognition of an early
Bridgerian and a middle-late Bridgerian fauna in the
Sage Creek Formation and two late Uintan
assemblages from the Dell beds, the Douglass Draw
and Hough Draw local faunas (Tabrum et al. 1996,
2001). Fragmentary lizard specimens were recovered
from the Dell beds in 2020-21 from RAM localities
V2018034 (screen washing sample) and V2020006
(surface sample) in strata equivalent to those that
yielded the Hough Draw local fauna.

Family Anguidae Gray 1825
Glyptosaurin indeterminate
Figure 6A-E

Referred Specimens—RAM 28101 partial left
frontal, RAM 28559 partial parietal, both from RAM
locality 2020006; RAM 28549, RAM 28552, RAM
28577, RAM 28088, RAM 28550, RAM 28098, RAM
28554 osteoderms, all from RAM locality \V2018034.

Discussion—RAM 28101 appears to be broken
along the median suture, which connects the left and
right frontal and osteoderms present are subequal,
hexagonal, and arranged in a concentric ring pattern
(Figure 6A-B). Parietal osteoderms of RAM 28559 are
more rounded, smaller, and less distinctly hexagonal
and protrude higher above the surface of the skull in
comparison to the osteoderms of RAM 28101 (Figure
6C-D), differences that might be taxonomically
significant. Hexagonal shaped skull osteoderms are a
feature of glyptosaurines, a lizard clade poorly known
from Uintan strata (Sullivan 1979, 2019). RAM 28088

(Figure 6E) and other glyptosaurine osteoderms were
generated by screen washing sediments of the Dell
beds. These osteoderms and the skull fragments
demonstrate that glyptosaurines are present in the late
Uintan Dell beds. Recovery of more complete
specimens would be a significant addition to
glyptosaurine taxonomy.

‘;#a P

FIGURE 6. Lizards from RAM localities V2020006 and V2018034,
Dell beds, Sage Creek depositional basin. RAM 28101 left frontal
of unidentified glyptosaurine A) dorsal view, B) ventral view (scale
bar equals 5 mm). RAM 28559 parietal of unidentified
glyptosaurine C) dorsal view, D) ventral view (scale bar equals 5
mm). RAM 28088 glyptosaurine osteoderm E) dorsal view (scale
bar equals 1 mm). RAM 28087 tooth bearing fragment of
indeterminate iguanid F) lingual view (scale bar equals 1 mm).

Family Iguanidae Oppel 1811 sensu Torres-Carvajal
et al 2020
Iguanid genus indeterminate
Figure 6F

Referred Specimen—RAM 28087 dentary
fragment with three complete teeth from RAM locality
2018034.

Discussion—Tricuspid teeth of RAM 28087
(Figure 6F) suggest an iguanid affinity.

Squamata indeterminate

Referred Specimens—RAM 28551 dentary
fragment with broken tooth, RAM 28666 dentary
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fragment with three partial teeth, RAM 28553 dentary
fragment with two damaged teeth, all from RAM
locality V2018034; RAM 28565 vertebra fragment
from RAM locality VV2020006.

Discussion—These  specimens are  too
fragmentary to be identified to family.

DISCUSSION AND SUMMARY

Specimens recovered from the Gravelly Range,
Sage Creek depositional basin, and PSMP over the
past two decades significantly increase the diversity of
squamates known from the Tertiary depositional
basins of southwest Montana. Including these new
records, squamates listed by ascending North
American Land Mammal Age from these basins are:

Sage Creek Depositional Basin (Uintan)
Glyptosaurin indeterminate

Iguanidae genus indeterminate

Squamata indeterminate

Pipestone Spring Main Pocket, Jefferson
Depositional Basin (Chadronian)

Helodermodies tuberculatus (also known from
Chadronian sites McCarty's Mountain and Little
Pipestone Creek; Douglass 1903, 1908; Sullivan
1979).

Calamagras sp. indeterminate

Peltosaurus?

Varanidae genus indeterminate

Iguanid genus indeterminate

Gravelly Range (Whitneyan)
Aciprion formosum

Barstovian of southwest Montana

"Ogmophis" arenarum (Flint Creek; Douglass 1903).
Dryinoides  oxyrhynchus  (Madison  Valley;
Auffenberg 1958).

Helodermoides tuberculatus is the most common
squamate at PSMP and most elements recovered
represent isolated osteoderms. No other squamates
were described from PSMP even though various
museums made extensive collections throughout the
20" century. The identification of Peltosaurus from
PSMP is based on a questionably referred fragmentary
maxilla which if confirmed, would extend the
temporal and geographic range of Peltosaurus to
Chadronian strata in Montana. Four fragmentary
specimens represent the only known record of
varanids from the Tertiary depositional basins of

southwest Montana and the second known occurrence
of varanids in Chadronian strata. A probable iguanid
dentary fragment from PSMP is too fragmentary for
generic identification but represents a species smaller
than Aciprion formosum. Based on articulated,
associated, and isolated occurrences totaling 44 trunk
vertebrae, the snake Calamagras is relatively common
at PSMP. This large sample represents the third record
of Calamagras from Chadronian strata in North
America and the first report of the genus from the
Tertiary depositional basins of southwest Montana.
The high number of MTV recovered at PSMP suggests
that unreported snake vertebrae may be present in
other museum collections.

The skull with mandibles of Aciprion formosum
from the Gravelly Range is similar to specimens
referred to A. formosum except its maxillary teeth are
higher crowned. The Gravelly Range specimen
represents the first confirmed occurrence of A.
formosum in Whitneyan strata and the first record
from Montana.

Uintan squamates from the Dell beds in the Sage
Creek depositional basin consist of osteoderms and
skull/dentary fragments that indicate the presence of a
glyptosaurine and a probable iguanid.

Besides increasing the diversity of squamates
known from the Tertiary depositional basins of
southwest Montana, these new records of Eocene-
Oligocene squamates are important additions to the
temporal and/or paleogeographic ranges  of
Calamagras, Aciprion formosum, varanid lizards, and
perhaps Peltosaurus.
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