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First reported Mio-Pliocene Mammut matthewi from
Louisiana

Connor D. White"? *

Abstract - A partial cranium with M2-M3 and associated tusks of a mammutid were collected from the
Thompson Creek site in West Feliciana Parish, Louisiana. This site is considered to be part of the Pas-
cagoula Formation, and mammalian biochronology supports an age of Hemphillian 4 (latest Miocene
to earliest Pliocene) for the fauna. Dental morphology supports an identification of Mammut matthewi,
and wear of the M2 and M3 indicates that the specimen is a mature individual. Two complete upper
tusks were recovered. These tusks are significant due to their unusually small girth proportional to
their length, compared to Pleistocene Mammut and are mostly straight with a slight curvature in two
planes. The Thompson Creek specimen represents the first pre-Pleistocene mastodon found in Louisi-
ana and the only known record of M. matthewi from the Gulf Coastal Plain west of peninsular Florida.

Introduction

Fossils of Neogene mammutids are rare in North America. In a recent review of North
American Mio-Pliocene mammutids (von Koenigswald et al. 2023), only 23 localities
across North America were considered. Most of these localities contained specimens that
were incomplete and limited to isolated molars, partial mandibles, and upper tusks, with
only three complete maxillae (Cope 1873, 1889; Frick 1933; Hibbard 1944; Matthew 1930;
Osborn 1921, 1926; Osborn 1936; Schultz 1937; Shotwell and Russell 1963; Simpson 1930;
Stock 1936; von Koenigswald et al. 2023). The identification of North American probosci-
dean taxa, especially Miocene and Pliocene material, relies primarily on dental characters
(Cope 1873, 1889; Frick 1933; Hibbard 1944; Hodgson et al. 2008, Dooley et al. 2019;
King and Saunders 1984; Matthew 1930; Osborn 1921, 1926; Osborn 1936; Saunders 1977;
Schultz 1937; Shotwell and Russell 1963; Simpson 1930; Stock 1936; von Koenigswald et
al. 2023). Few studies focus on explicitly outlining differences in postcranial proboscidean
anatomy and morphology, as postcranial proboscidean material is generally considered to
be less diagnostic than dental elements (Hodgson et al. 2008, Olsen 1972). Dooley et al.
(2019), is one of the few studies that included postcranial characters, stating that specimens
of Mammut pacificus could be differentiated from Mammut americanum by having six
sacral vertebrae and femurs with a greater mid-shaft diameter proportional to the length.
Isolated teeth tend to be better preserved and more frequently recovered than postcrania,
but morphologically conservative molars and the fragmentary nature of Miocene and Plio-
cene Mammut specimens makes taxonomic identification and differentiation difficult (von
Koenigswald et al. 2023). Most named North American Miocene and Pliocene mammutid
species are no longer considered to be valid, with many taxa synonymized due to poorly
preserved type specimens and unreliable morphological characters (Lambert and Shoshani
1998, Shoshani and Tassy 1996).
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New research and discoveries are causing researchers to re-evaluate what we know of
the genus Mammut. Until recently, it was accepted that all Pleistocene Mammut fossils were
the American mastodon, Mammut americanum (Dooley et al. 2019, Fisher 2018, Kurtén
and Anderson 1980, Saunders 1996). However, a new species of Pleistocene Mammut, M.
pacificus, was described by Dooley et al. (2019). Mammut pacificus, the Pacific mastodon,
primarily differs from M. americanum by having narrower teeth with greater length to width
ratios, as well as other differences in their skeletal characters (Dooley et al. 2019). Follow
up studies have extended the range of M. pacificus to Montana and Oregon, USA; Alberta,
Canada; and Hidalgo and Jalisco, Mexico (Dooley et al. 2025a, McDonald et al. 2020).
The recovery of 35 complete mitochondrial genomes from specimens of M. americanum
across North America, has revealed six distinct mitochondrial clades of Pleistocene mast-
odons (Karpinski et al. 2020). The recovery of mitochondrial DNA from two mastodons in
American Falls, Idaho, assigns them to Clade Y, and raises important questions to the level
of interaction between M. pacificus and M. americanum (Karpinski et al. 2023). Researchers
have proposed that Clade M, which diverged from the other mitochondrial clades approxi-
mately 3.03 Ma (Karpinski et al. 2020), represents M. pacificus (Dooley et al. 2025a). If
correct, this indicates that M. pacificus diverged from M. americanum within the Pliocene
(Dooley et al. 2025a).

These studies highlight the need for further revision of all North American Mammu-
tidae. Unfortunately, the lack of adequate Miocene and Pliocene specimens continues to
frustrate research on Neogene mammutids (von Koenigswald et al. 2023). Many of these
specimens have been synonymized with existing taxa, chiefly Mammut matthewi, due to a
lack of diagnostic characters (Shoshani and Tassy 1996). There is ongoing debate whether
these taxa may have been excessively lumped together, and if the validity of some should
be reconsidered (Dooley et al. 2019, Inabinett 2020, von Koenigswald et al. 2023). For clar-
ity, this paper will refer to Mio-Pliocene mammutid specimens by their pre-synonymized
species name and commonly used locality name following von Koenigswald et al. (2023).
It should also be noted that von Koenigswald et al. (2023) raised a nomenclature point
about the taxonomic names of various mammutid taxa. Specifically, the authors note that
the scientific names of Mammut nevadanus, M. vexillarius, and M. pacificus do not end in
the correct Latin suffix. Thus, they changed these names to M. nevadanum, M. vexillarium,
and M. pacificum in their publication (von Koenigswald et al. 2023). For the purposes of the
current paper, the earlier names for these species will be used for consistency and continuity
with the broader literature. However, it is realized that future taxonomic work may fully
synonymize these earlier names.

Descriptions of new material of Neogene mammutids are important for gaining insight
into early North American mammutids. There are three cataloged Neogene proboscidean
specimens recovered from Louisiana. These specimens are currently housed in the Louisiana
State University Museum of Natural Science (LSUMNS) Vertebrate Paleontology Collec-
tion in Baton Rouge, Louisiana. LSUMG-V-3635 is a fragment of a cheek tooth assigned to
Gompotherium sp. reported from the Fort Johnson (formerly Fort Polk) fossil site in Vernon
Parish, Louisiana (Schiebout 1997). However, due to its fragmentary nature and the lack of
diagnostic characters, it has recently been referred to as Proboscidea incertae sedis (Dooley
et al. 2025b). LSUMG-V-17901 is cataloged as “Mastodon” and was recovered from a
Hemphillian faunal assemblage from the Pascagoula Formation in West Feliciana Parish,
Louisiana (Schiebout et al. 2006). The specimen consisted of a partial cranium with both
upper left and right M3s in the cranium, an associated and incomplete upper right M2, and
two associated complete upper tusks. The specimen was still being prepared when the fossil
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site and the recovered materials were first reported in Schiebout et al. (2006), thus no formal
description of the material was completed. In a later study, LSUMG-V-17901 was briefly de-
scribed and assigned to Mammut cf. M. matthewi (Yann 2010). LSUMG-V-17937 was cata-
loged as “Mastodon?”” and consists of three vertebrate centrum fragments and a partial neural
spine. It was recovered from the same riverbank at the Thompson Creek site as LSUMG-
V-17901. Although it was not associated in previous studies (Yann 2010), the current paper
considers LSUMG-V-17901 and LSUMG-V-17937 to represent a single individual as both
specimens were found in the same general location and there are no overlapping elements.
This study formally describes LSUMG-V-17901 and LSUMG-V-17937 as the Thompson
Creek mastodon, the first reported Mio-Pliocene mastodon from Louisiana and incorporates
these results into the context of North American Mio-Pliocene mammutids.

Geologic and Biotic Setting

In June 2005 amateur naturalist Kerry Dicharry reported the discovery of a mastodon
palate with teeth protruding out of a creek bed in the Tunica Hills region to Judith Schiebout
of Louisiana State University (LSU; Schiebout et al. 2006). Field surveys conducted by a
team of researchers from LSU revealed two large tusks that were associated with a palate,
as well as numerous other fossil specimens from other taxa (Schiebout et al. 2006). The
fossil specimens were discovered in the Thompson Creek riverbed at the Thompson Creek
site (Fig. 1). Thompson Creek forms the border between West Feliciana Parish and East
Feliciana Parish, with the Thompson Creek site located on the north bank of Thompson
Creek within West Feliciana Parish (McCulloh 2016, Schiebout et al. 2006, Yann 2010). The
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Figure 1. Map of Louisiana with location of Thompson Creek site.
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Thompson Creek site is identified as LSUMG-VL-1057 in the Louisiana State University
Museum of Natural Science (LSUMNS) Vertebrate Paleontology Collection database. The
locality was initially referred to as the “Tunica Hills site” in Schiebout et al. (2006), and as
the “TunicaHills/Kerry site” in Yann (2010). In order to more accurately reflect the location
of the site and differentiate it from other localities in the Tunica Hills region, this paper
refers to LSUMG-VL-1057 as the “Thompson Creek site.”

The LSU team excavated a diverse assemblage of vertebrate specimens from the
Thompson Creek site (Schiebout et al. 2006), and over one hundred specimens are currently
cataloged. During recovery the specimens were initially thought to be Pleistocene in age,
as numerous isolated Pleistocene fossils have been recovered as float in creeks that have
weathered out of loess deposits in the region (Chandler 1998, Domning 1969, Schiebout et
al. 2006, Yann 2010). However, the specimens were later reported to be Miocene in age, since
they were recovered from Miocene-aged clays, and the faunal assemblage was consistent
with a Hemphillian North American Land Mammal Age (NALMA; Schiebout et al. 2006).

The Thompson Creek fauna was excavated from blue-green clay that was referred to
the Pascagoula Formation (Schiebout et al. 2006). The Pascagoula Formation is considered
Miocene in age, based on its stratigraphic position. However, a major concern was whether
the specimens recovered from the Pascagoula Formation were actually in situ, or if the re-
covered materials were Pleistocene fossils that were reworked into the Miocene clays. To
determine if the specimens recovered from the Pascagoula Formation were in context, Yann
(2010) conducted a rare earth element (REE) analysis on specimens and nodules recovered
from the Pascagoula Formation and various Pleistocene sites in the Tunica Hills region. The
REE analysis revealed two distinct signatures for the Pascagoula specimens and Pleistocene
specimens, which indicated that the Thompson Creek site specimens do represent in situ
Pascagoula Formation material (Yann 2010).

The vertebrate fauna excavated from the Thompson Creek site is consistent with the
latest Hemphillian (Hh4) NALMA (Schiebout et al. 2006). Remains from Mammut sp.,
PleiolamalAlforjas sp., Hexameryx simpsoni, an unidentified juvenile cervid, Neohipparion
eurystyle, Nannippus sp., Cormohipparion emsliei, Astrohippus sp., cf. Hipparion, and Te-
leoceras sp. have been reported from the site (Schiebout et al. 2006, Yann 2010). Microfos-
sils include remains from Compemys, Abelmoschomys(?), frog, salamander, snake, turtle,
gar, fish, and a crocodilian tooth (Schiebout et al. 2006). The presence of Pleiolama/Alfor-
jas, Hexameryx simpsoni, Neohipparion eurystyle, Nannippus sp., Cormohipparion sp., Te-
leoceras sp., and an unidentified cervid are characteristic of Hemphillian 4 (Schiebout et al.
2006, Tedford et al. 2004). Most of these genera were extinct by the end of the Hemphillian,
although both Nannippus and Cormohipparion have been found in the later Early Pliocene
Blancan NALMA (Bell et al. 2004, Tedford et al. 2004). The presence of a cervid is also
significant, as cervids did not immigrate into North America until the latest Miocene around
5 Ma (Gilbert et al. 2006, Webb 2000). This identification should be considered tentative,
however, as the cervid specimen has not been studied in detail. The fauna of the Thompson
Creek site supports an age of Hemphillian 4, which dates from 5.9 to 4.6 Ma and places
the Pascagoula Formation at the Thompson Creek site within the latest Miocene to earliest
Pliocene (Tedford et al. 2004).

No pollen, phytoliths, or other plant material was reported from the Thompson Creek
site, so it is unknown exactly what flora would have been present at Thompson Creek during
Hemphillian 4. The presence of both browsers and grazers indicates a forested environment
with open grasslands, likely a savanna. The presence of fish, turtle, and alligator remains
indicates wetlands or other permanent bodies of water, with the depositional environment
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of the Pascagoula Formation’s blue-green, clayey silt interpreted as an estuary (Schiebout
et al. 2006). Therefore, it is likely that the Thompson Creek site was an estuary where the
estuarine rivers created aquatic ecosystems, forested riparian zones, and drier upland grass-
lands. The site likely contained various trees, shrubs, aquatic plants, and grasses.

The Thompson Creek site is significant as it represents the first report of vertebrate fos-
sils from the Pascagoula Formation in Louisiana (Schiebout et al. 2006). The site was first
reported as one of two major Miocene terrestrial fossil sites in the entire state (Schiebout
et al. 2006), although the site is now considered to be latest Miocene to earliest Pliocene.
Unfortunately, most of the specimens recovered from the Thompson Creek site have not
been studied in detail. The original report on the site only listed recovered specimens with-
out formally describing them (Schiebout et al. 2006), while a later study did describe and
identify some of the larger macrofossils (Yann 2010). This study seeks to formally describe
the Mio-Pliocene mammutid recovered from the Thompson Creek site.

Materials and Methods

Measurements and Terminology

Tusks were measured using the schema of Smith (2010). The straight-line distance from
tip to base of the tusk was measured to the nearest millimeter. The full length of the tusk
along the outer curve was measured with a 30-meter fabric tape measure to the nearest
millimeter. This scale was taped to the tusk at every 10 cm using blue painter’s tape; the
diameter of the tusk was measured using a pair of digital calipers at 10 cm intervals to the
nearest millimeter.

Following Gillette and Madsen (1993), the width of the palate from the lingual side of
one M3 to the lingual side of the opposite M3 was measured from the anterior-most and
posterior-most side of the M3s using digital calipers and a tape measure. The angle of con-
vergence for the tooth row was estimated using a photograph of the palate in Imagel.

Dental terminology follows Saunders (1977), with additional terminology from Tassy
(1996) (Fig. 2). Measurements of the total antero-posterior length of the M3 and the width
of each loph follows Dooley et al. (2019). The total length of the M3 was measured to the
nearest centimeter with a 30-meter tape measure, as the available digital calipers were too
small to measure the full length. Digital calipers were used to measure the width of each
loph to the nearest hundredths of a millimeter. On the 1* and 2™ loph of each molar, part of
the enamel was missing, so the thickness of the missing enamel was estimated based on the
thickness of the enamel on the 3™ and 4™ lophs.

A heavily worn right M2 was associated with the palate and fits into the remnants of
the right M2 alveolus on the palate. The M2 was missing the pretrite cusp of the protoloph
when it was recovered, and the missing section was reconstructed with plaster when the
specimen was prepared. Total length and width measurements were still available from the
intact margins of the M2. The total length and width of the M2 was measured with digital
calipers. Length/width ratios were calculated by dividing total length of each tooth with its
maximum width (Dooley et al. 2019, von Koenigswald et al. 2023).

3D Models

Photos of the palate and tusks were captured on an iPhone 6S by the author. The 3D pho-
togrammetric models were rendered in Agisoft Metashape 1.8.4 and are available on Mor-
phoSource. The 3D models of the partial cranium, left tusk, and right tusk can be viewed at
Showcase Biological Specimen // MorphoSource under the species Mammut matthewi.
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To determine the correct orientation and side of the two isolated tusks, the 3D photo-
grammetric models of the tusks were attached to a 3D scan of the Cohoes mastodon skull
in four possible orientations. The Cohoes mastodon is housed in New York State Museum
Vertebrate Paleontology collection with catalog number NYSM VP101. The skull was
scanned by Bernard Means of the Virtual Curation Lab at Virginia Commonwealth Univer-
sity. The 3D model of the skull is available on the Virtual Curation Lab’s Sketchfab (https://
sketchfab.com/3d-models/cohoes-mastodon-skull-vcu-3d-3632-21cfel1d2d26d4ca99639a-
d2a6cebab9) and licensed under a Creative Commons CC BY-NC-ND 4.0. The model of
the Cohoes mastodon skull is used with permission from the New York State Museum.

Institutional Abbreviations

AMNH FM (American Museum of Natural History Fossil Mammal Collection, New
York, New York); AMNH F:AM (Frick Collection at the AMNH); DMNH EPV (Denver
Museum of Nature and Science, Denver, Colorado); ETMNH (East Tennessee State Univer-
sity Museum of Natural History collection, Gray, Tennessee); JODA (John Day Fossil Beds
National Monument, Oregon); KUVP (University of Kansas Vertebrate Paleontology, Law-
rence, Kansas); LACM (CIT) (Los Angeles County Museum of Natural History, Los Ange-
les, California, currently housed in California Institute of Technology, Pasadena, California
collection); LSUMG-V (Louisiana State University Museum of Natural Science Vertebrate
Paleontology Collection, Baton Rouge, Louisiana); LSUMNS (Louisiana State University
Museum of Natural Science, Baton Rouge, Louisiana); NYSM VP (New York State Museum
Vertebrate Paleontology collection, Albany, New York); OMSI (Oregon Museum of Science
and Industry, Portland, Oregon); RAM (Raymond Alf Museum, Claremont, California);
UCMP (University of California Museum of Paleontology, Berkeley, California); UF/VP
(Florida Museum of Natural History, University of Florida, Gainesville, Florida); UF/FGS
(Florida Geological Survey collection, currently housed in University of Florida); UOMNH
F (University of Oregon Museum of Natural History Fossil, Eugene, Oregon).
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Results

Systematic Paleontology

Order PROBOSCIDEA Illiger 1811

Clade ELEPHANTIMORPHA Shoshani et al., 1998
Family MAMMUTIDAE Hay 1922

Genus MAMMUT Blumenbach 1799

Mammut matthewi (Osborn 1921)

Referred Specimen. LSUMG-V-17901 is composed of a partial cranium that contains the
posterior-most section of the palate with both left and right M3, an associated and incom-
plete right M2, and two associated complete upper tusks (Fig. 3). LSUMG-V-17937, is com-
posed of a partial vertebra with a neural spine and three fragments of the vertebra centrum
(Fig. 4). Both specimens are currently housed in the Louisiana State University Museum of
Natural Science (LSUMNS) Vertebrate Paleontology Collection in Baton Rouge, Louisiana.
The prefix, LSUMG-V, refers to the old Louisiana State University Museum of Geology
(LSUMG) whose collection was accessioned in the Louisiana State University Museum of
Natural Science (LSUMNS) in 1992, but the old prefix was retained.

Locality. LSUMG-V-17901 and LSUMG-V-17937 were found in the Thompson Creek
site, locality number LSUMG-VL-1057. The fossils were discovered in situ in what is con-
sidered to be the Pascagoula Formation.

Partial Cranium. The partial cranium of LSUMG-V-17901 only contains the posterior-
most section of the palate. The palate is comprised of portions of the maxillae and palatines.
Both the right and left maxillae are broken anterior to the M3s with just the posterior-most
section of the maxilla preserved. Nearly all of the palatine bones are preserved. The upper
left and right M3 are preserved in sifu in the maxilla (Fig. 3). The cranium is heavily pneu-
matized. Very little of the orbit is preserved, as the cranium is broken below the lacrimal
bone and only the maxilla and infraorbital foramen are preserved. There is a line of plaster
down the midline of the palatines connecting the two halves and the whole palate is held
together on a plaster stand. It is possible that the palate was broken along this midline or that
it was unfused. The plaster does not affect the length measurements of the palate, as the two
halves do connect while the plaster is used to hold the two pieces together and fill in missing
parts. The posterior section of the palatine bones are preserved and form a half circle at the
posterior palate. The M3 in the maxilla are posteriorly convergent at an angle of around 50°,
forming a weak “V shape.” The width of the palate at the anterior-most side of the M3 is 178
mm, and the width of the palate from posterior most side of the M3 is 126.8 mm.

Dentition. LSUMG-V-17901 has the right M2 and both M3s preserved (Fig. 3; Table
1). The occlusal surface of the M2 is heavily worn and almost completely flat. The M2 is
trilophodont based on the preserved labial and lingual margins of the protoloph, metaloph,
and tritoloph. The M2 is missing the pretrite cusp of the protoloph, which has been recon-
structed with plaster. There is an identifiable ectoflexus on the labial side of the interloph
between the margins of the metaloph and the tritoloph. The roots of the M2 are not well-
preserved, with only a small piece of the posterior roots preserved under the posttrite cusp
of the tritoloph. The entire ventral surface of the M2 has postmortem breakage. There does
not appear to be evidence of root resorption on the posterior tritoloph root, as the root is
not pitted and is still thick. The posterior-most section of the alveolus for the M2 was still
preserved on the maxilla, and the M2 fits perfectly in it and against the M3 (Fig. 5). This
tight articulation, lack of root resorption, and the amount of postmortem damage to the M2
indicates that the M2 was separated from the rest of the palate postmortem.
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Both M3s are pentalophodont and included the protoloph, metaloph, tritoloph, tetarto-
loph, and a reduced pentaloph. The post-tetartoloph structure was identified as a true penta-
loph rather than the posterior cingulum due to the presence of distinct pretrite and posttrite
cusps that are separated by a median sulcus and the presence of a cingulum posterior to
the pentaloph. Typically, in mastodon lower teeth that are pentalophodont, the fifth loph
has either the same crown height or half the height of the other lophs (Dooley et al. 2019,
Saunders 1977). However, Saunders (1977) noted that the fifth ridge is less developed on
mastodon upper M3s compared to the lower m3s. Directly posterior to the pentaloph on the
left M3 is a very small ridge identified as the posterior cingulum of the pentaloph. Its pres-
ence provides further evidence that the fifth ridge is a true pentaloph and not the posterior
cingulum. The lophs are perpendicular to the long axis of the tooth, which is characteristic

Figure 3. Mammut matthewi, LSUMG-V-17901, tusks, palate, and isolated upper right M2
of Thompson Creek mastodon from Pascagoula Formation, Thompson Creek site, West
Feliciana Parish, Louisiana. A. left tusk; B. right tusk; C. partial cranium with upper M3s,
ventral view; D. upper right M2, occlusal view (Note: anterior side of the tooth is towards
the bottom of the picture, and the posterior side is towards the top of the picture). All speci-
mens are housed at the Louisiana State University Museum of Natural Science Vertebrate
Paleontology Collection. A-C are orthographic views of photogrammetric models created
by Alton Dooley on Agisoft Metashape 1.8.4.
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Figure 4. Mammut matthewi, LSUMG-V-17937, partial anterior thoracic vertebra of
Thompson Creek mastodon from Pascagoula Formation, Thompson Creek site, West Feli-
ciana Parish, Louisiana. A. anterior view of partial neural spine; B. posterior view of partial
neural spine; C. anterior view of centrum fragments (3); D. posterior view of centrum frag-
ments (3). Photographs taken by Mason Kirkland.

Table 1. Measurements of the length and width of the upper molars of the Thompson Creek mastodon.
All measurements taken in mm. *Lophs were damaged, and the width measurement was calculated by
adding the measured enamel thickness to the widest measured margins of the molar.

Thompson Creek Mastodon Molar Measurements

Molar  Maximum Maximum Measured Istloph 2nd 3rd 4th Sth Length/
Length (mm) Width (mm) Enamel Width loph loph loph loph Width

Thickness (mm) Width  Width Width ~ Width ~ Ratio
(mm) (mm) (mm) (mm) (mm)

Left 166 96.15 5.29 94.41*  96.15*% 88.52 76.85 50.52 1.73

M3

Right 170 93.98 5.26 90.02*  93.98*  88.06 72.71 50.74 1.81

M3

Right  93.86 79.68 - - - - - - 1.18

M2
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of upper molars. There is no choerodonty (bumpy texture) or plication present on either M3.
The overall weakly developed cristae, absent to weakly developed tubercles, and the smooth
texture of the enamel due to the absence of choerodonty and plication, corresponds to the
“smooth variety” cheek tooth morphotype (Saunders 1977). The 1% and 2™ interloph valleys
on both M3 appear more restricted likely due to the extensive wear on the lophs and cristae.

On the right M3 the protoloph is broken postmortem, exposing the dentin with almost
none of the enamel remaining on the pretrite. Approximately half of the anterior side of the
posttrite is broken. The damage to the protoloph makes it impossible to directly observe the
amount of wear. However, due to the way mastodon teeth are worn it can be assumed that
the protoloph would be more worn than the metaloph. The metaloph is more intact with the
anterior and lingual side of the pretrite worn down to the dentin with no enamel present,
while the posttrite is fully intact. The pretrite cusps display moderate to heavy wear with an
obliterated wear pattern, while the posttrite cusps display moderate wear and a trefoil wear
pattern. There is still a band of enamel that separates the two pretrite and posttrite basins of
the loph that has not been worn away. The tritoloph is fully intact with moderate wear on
the pretrite cusps and light wear on the posttrite cusps. The pretrite cusps display a simple
trefoil wear pattern, while the posttrite cusps display a simple oblong wear pattern. There is
a distinct band of enamel that separates the pretrite and posttrite basins of the tritoloph that
has not been worn away. The tetartoloph is fully intact with light wear and a small amount
of dentin exposed on the pretrite cusps and with little to no wear on the posttrite cusps.

Figure 5. Mammut matthewi, LSUMG-V-17901, ventral view of palate with upper right M2
in place on Thompson Creek mastodon from Pascagoula Formation, Thompson Creek site,
West Feliciana Parish, Louisiana.
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The pentaloph is distinct and shows no sign of wear. It is less than half of the height of the
tetartoloph, but the pretrite and posttrite cusps are separated by a median sulcus. There is a
small shelf posterior to the pentaloph identified as the talon. There is a distinct ectoflexus
present on the labial side of the first three interlophs, with a slight ectoflexus present on the
4™ interloph separating the tetartoloph and the pentaloph. The anterior cristae on the pretrite
side of the metaloph and tritoloph are strongly developed and help to form the strong trefoil
wear pattern on the pretrite side of the two lophs. The pretrite anterior cristae are not as
strongly developed on the tetartoloph and the pentaloph, which causes the 3™ and 4" inter-
loph valleys to be more open than on the 1* and 2™ interloph valleys. The posttrite cristae,
also referred to as the zygodont crests (Tobien 1975), are absent to very weakly developed
in all interloph valleys. There is no cingulum on the lingual or labial margins of the molar,
except for a weakly developed cingulum on the labial margin of the protoloph only. There
are no tubercles on the labial side of the molar, but there is a weakly developed tubercle on
the lingual margin of the 2™ interloph and a smaller weakly developed tubercle on the lingual
margin of the 3" interloph. There is a small amount of cementum in the 3™ and 4™ interlophs.

The left M3 shares many of the same characteristics with the right M3, except for the fol-
lowing differences. On the left M3, the protoloph has all its anterior enamel and a small por-
tion of the dentin broken off postmortem. The pretrite has enamel and dentin on the anterior
side broken off and displays heavy wear with an obliterated wear pattern. The posttrite has
the anterior side of its enamel missing and appears to display moderate wear with an oblong
wear pattern, but it is too damaged to accurately determine the level of wear. The metaloph
on the left M3 is much more intact than the right M3, with only a postmortem broken section
on the lingual side of the pretrite. The pretrite cusps display heavy wear with an obliterated
wear pattern, while the posttrite cusps display moderate wear and a trefoil wear pattern.
There is a band of enamel that separates the two pretrite and posttrite basins on the metaloph
that is worn down to the dentin only in the very middle. The tritoloph on the left M3 has
similar levels of wear and wear patterns to the right M3. There is an intact band of enamel
that separates the two pretrite and posttrite basins on the tritoloph, but it is more worn than
on the right M3. The tetartoloph is fully intact with light wear on the pretrite cusps, which
displays a small simple trefoil wear pattern, and little to no wear on the posttrite cusps. The
pretrite cusp of the tetartoloph is more worn on the left M3 than on the right M3, as there is
more dentin exposed on the cusps, creating a simple trefoil wear pattern. The left M3 penta-
loph is similar to the right M3, except for a small cusp in between the pretrite and posttrite
cusps and lingual to the median sulcus. It appears to be the mesoconelet of the pretrite. The
pretrite anterior cristac are moderately developed on the tetartoloph and weakly developed
on the pentaloph. The more developed cristae cause the 3rd and 4" interloph valleys to be
slightly more restricted than on the right M3. However, the 3™ and 4" interloph valleys are
still more open than the 1*' and 2" interloph valleys. There are no tubercles on the labial side
of the molar, but there is a weakly developed tubercle that is worn almost flat on the lingual
margin of the 2" interloph.

Upper Tusks. The associated and complete left and right upper tusks of LSUMG-
V-17901 were both isolated when they were recovered. The premaxillac where the tusks
would have emerged from the skull were not preserved, so it was unknown exactly how
the tusks would be oriented in the skull or the correct siding of the tusks. To determine the
likely siding and orientation of the tusks, the 3D models of the tusks were attached to a scan
of the Cohoes mastodon skull (NYSM VP101) from the New York State Museum in four
possible orientations (Fig. 6). Based on these reconstructions, the mostly likely orientation
of the tusks is the one shown in Figure 6A, which is consistent with the typically straight
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to upward curvature of Pleistocene mastodon tusks. Multiple angles of this interpreted tusk
orientation of Figure 6A are shown in Figure 7. Based on this interpretation, the tusks are
thought to protrude straight out from the alveoli before immediately curving gently upwards
for nearly their entire length to the curve flattens out slightly more horizontally at the tips.
The tusks also flair out laterally to about half the length of the tusks, and then flair back me-
dially until the end. There is a wear facet on the ventral surface of the left tusk that further
supports the orientation of the tusks in Figure 6A and 7. It is consistent with other mastodon
specimens, which typically have a wear facet on the ventral or antero-ventral surface of the
tusk depending on the curvature of the tusk (Smith 2010, Smith and Fisher 2011, Smith and
Fisher 2013). Based on this interpretation, the tusk in Figure 3A is the right tusk and the one
in Figure 3B is the left tusk.

While both upper tusks are mostly complete, there is noticeable asymmetry between
the two and a difference in how well they are preserved. The lengths of both tusks were
recorded in Table 2. By measuring the diameter of the tusk at every 10 cm along the full
length of the tusk, the circumference of each measured point could be calculated assuming a
circular cross area of the tusk (Table 3). By plotting the circumference and the length of the
tusk, a tusk girth profile was created (Fig. 8). The tusks are fractured in several locations and
are held together in their plaster jacket, so it was decided to not remove the tusks from their
jackets for fear of further damaging the specimens. According to pictures taken during the
excavation, the ventral side of the left tusk appears to have been heavily eroded (Schiebout
et al. 2006; see photos taken by Ray Wilhite on file in the Vertebrate Paleontology Collec-
tion). The left tusk is more dorsoventrally compressed, with the right tusk having more of a
flattened anteriorly pointing tip. There is no enamel band on either tusk. There appears to be
a wear facet on the ventral surface of the right tusk, but not on the left tusk, due to breakage.

Partial Vertebra. The partial vertebra of LSUMG-V-17937 contains a neural spine and
three fragments of the vertebral centrum. The base of the neural spine is mostly complete
but displays moderate weathering, and it is unknown how much of the top of the neural spine
is missing. The neural spine is broken where the neural arch attaches to the centrum, with
the postzygapophyses and the dorsal most section of the neural canal preserved. Three frag-
ments of the centrum are heavily worn and very incomplete. The largest centrum fragment
appears to have both the anterior and posterior surfaces preserved. The posterior surface of
the centrum has a rough texture, which indicates that posterior epiphysis of the centrum is
unfused. This is very common in proboscidean vertebrae, as the centrum epiphyses typically
either do not fuse within the animal’s life or fuse very late in life (Haynes 2017). The partial
vertebra compares more favorably to an anterior thoracic vertebra than a posterior thoracic
vertebra, as the neural spine has a sharper anterior surface, and the posterior surface has a
defined concavity (Hodgson et al. 2008).

Discussion

Identification

LSUMG-V-17901 and LSUMG-V-17937 are identified as Mammut. The morphology
and measurements of the molars and tusks fall within Mammut, when compared to other
North American Neogene proboscideans. The tooth morphology of LSUMG-V-17901 is
typical of a mammutid and does not share the features of a gomphotherid. Gomphoth-
ere teeth are typically bunodont compared to the zygodont teeth of mammutids, and the
interloph[id] valleys of gomphothere teeth are blocked due to the presence of the pretrite
central conules (Osborn 1936, Saunders 1996, Shoshani and Tassy 1996, von Koenigswald
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Figure 6. Four possible reconstructions of the orientation of the two isolated tusks of the
Thompson Creek mastodon (LSUMG-V-17901) by paleoartist Nic Bushell. A. an upwards
orientation of the tusks typical of most reconstructions of mastodon tusks. B. an upwards
orientation of the tusks with the left and right tusks switched. C. a downwards orientation
of the tusks. D. a downwards orientation of the tusks with the left and right tusks switched.
Reconstruction A. is interpreted as the most accurate reconstruction of how the tusks would
have appeared when the animal was alive. Due to a lack of preserved material in the Thomp-
son Creek mastodon and the lack of complete Mio-Pliocene Mammut skulls, the 3D models
of the Thompson Creek mastodon tusks were attached to the 3D model of the Mammut
americanum Cohoes mastodon skull (NYSM VP101) which is representative of a typical
Pleistocene Mammut skull. It is possible that the Thompson Creek mastodon’s skull could
have had a different morphology that would impact the reconstruction. The 3D model of the
Cohoes mastodon skull (NYSM VP101) was scanned by the New York State Museum and
was available on the Virtual Curation Lab’s Sketchfab (https://sketchfab.com/3d-models/
cohoes-mastodon-skull-vcu-3d-3632-21cfeld2d26d4ca9963f9ad2a6cebab9) and licensed
under a Creative Commons CC BY-NC-ND 4.0. The 3D model of the Cohoes mastodon
skull was modified from its original form by attaching the 3D models of the tusks of the
Thompson Creek mastodon. The 3D model Cohoes mastodon skull is used with permission
from Robert Feranec of the New York State Museum since the Creative Commons license
for the Cohoes mastodon prevents derivatives.
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Figure 7. Reconstruction of the orientation of the two isolated tusks of the Thompson Creek
mastodon (LSUMG-V-17901) by paleoartist Nic Bushell. A. right lateral view. B. left later-
al view. C. dorsal view. D. ventral view. E. anterior view. F. posterior view. Due to a lack of
preserved material in the Thompson Creek mastodon and the lack of complete Mio-Pliocene
Mammut skulls, the 3D models of the Thompson Creek mastodon tusks were attached to
the 3D model of the Mammut americanum Cohoes mastodon skull (NYSM VP101) which
is representative of a typical Pleistocene Mammut skull. It is possible that the Thompson
Creek mastodon’s skull could have had a different morphology that would impact the re-
construction. The 3D model of the Cohoes mastodon skull (NYSM VP101) was scanned
by the New York State Museum and was available on the Virtual Curation Lab’s Sketchfab
(https://sketchfab.com/3d-models/cohoes-mastodon-skull-vcu-3d-3632-21cfeld2d26d4ca-
996319ad2a6cebab9) and licensed under a Creative Commons CC BY-NC-ND 4.0. The 3D
model of the Cohoes mastodon skull was modified from its original form by attaching the
3D models of the tusks of the Thompson Creek mastodon. The 3D model Cohoes mastodon
skull is used with permission from Robert Feranec of the New York State Museum since the
Creative Commons license for the Cohoes mastodon prevents derivatives.
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et al. 2023). When worn, these central conules give the gomphothere tooth a more complex
trefoil pattern than mammutids (Saunders 1996). Nearly all North American gomphotheres,
except Stegomastodon, have an enamel band present on their tusks, which is not present in
LSUMG-V-17901 (Gohlich 1999, Lucas 2022, Osborn 1936, Shoshani and Tassy 1996,).
LSUMG-V-17901 display zygodont molars that are typical of the two genera of Mio-Plio-
cene mammutids, Zygolophodon and Mammut (Tobien 1975, 1996). However, it is impos-
sible to assign a specimen to one of these genera based on tooth morphology alone, due to
their conservative morphology (von Koenigswald et al. 2023). It is possible to differentiate
between Mammut and Zygolophodon, based on the morphology and measurements of the
molars, mandible, maxilla, and upper tusks, as defined in von Koenigswald et al. (2023).
Zygolophodon tusks are shorter than Mammut tusks, curve downward, and display an
enamel band (von Koenigswald et al. 2023). Mammut tusks are enlarged, typically upwardly
curving, and have no enamel band (von Koenigswald et al. 2023). The tusks of LSUMG-
V-17901 are similar to the length of Pleistocene mastodon tusks. They are mostly straight
with a slight curvature in two planes, and they have no enamel band. The partial vertebra
of LSUMG-V-17937 compares favorably to a Mammut anterior thoracic vertebra, based on
the robustness and posterior groove of the neural spine and the shallow curvature and large
diameter of the largest centrum fragment. This paper considers LSUMG-V-17937 to be as-
sociated with LSUMG-V-17901, as both specimens were found at the same riverbank on the
Thompson Creek site, both belong to Mammut, and there are no repeated elements which
strongly indicate that both specimens are representative of the same individual. Based on
the tooth and tusk morphology, LSUMG-V-17901 and LSU-V-17937, herein referred to as
the “Thompson Creek mastodon,” are assigned to the genus Mammut.

Although it can be determined that the Thompson Creek mastodon belongs to the genus
Mammut, determining its species is more complicated. Previous studies had attempted to
identify the specimen to different levels of specificity. In Schiebout et al. (2006), the au-
thors simply referred to the recovered material as a “mastodon” and stated that they were
waiting until the preparation of the large tusk was complete before it was studied further.
It was considered that the Thompson Creek mastodon could be assigned to Pliomastodon
(Mammut syn.) sellardsi from the Palmetto Fauna in Bone Valley, Florida (Hulbert 2001,
Simpson 1930), since both specimens were from similar geographic arcas and geologic
ages. Unfortunately, the holotype of Mammut sellardsi (UF/FGS 3822) is only a lower
jaw with lower teeth that cannot be directly compared to the upper teeth of the Thompson
Creek mastodon due to differences in morphology (Dooley et al. 2019, Saunders 1977).
Also, Mammut sellardsi is no longer considered a valid taxon and was synonymized with
Mammut matthewi (Hulbert 2015, Shoshani and Tassy 1996, von Koenigswald et al. 2023).
In Yann (2010), LSUMG-V-17091 was identified as Mammut cf. M. matthewi, based on the

Table 2. The total length of both left and right tusks taken from along the outside curve of the tusk and
from the tip to the end of the tusk. All measurements taken in cm.

Thompson Creek Mastodon Tusk Length

Specimen  Total Length of Tusk Along the Outside Curve  Total Length of Tusk from Tip to End

(cm) (cm)
Left Tusk 216.2 190.8
Right Tusk 227 198.8
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dental morphology of the specimen, the age of the site, similar specimens of Mio-Pliocene
Mammut taxa that were synonymized with M. matthewi, and the geographic restriction of
other valid Mio-Pliocene Mammut taxa. In order to determine the taxonomic assignment of
the Thompson Creek mastodon, the maximum length, maximum width, and the L:W ratio
of the upper M2 and upper M3s of the Thompson Creek mastodon are compared to the
molars of other Mio-Pliocene mammutids (Figs. 9, 10, and 11). The data on Mio-Pliocene
mammutids used in this study to compare to the Thompson Creek mastodon is from von
Koenigswald et al. (2023), and can be seen in Tables 4 and 5.

In North American Mammut, comparisons of the lengths, widths, and L:W ratios of the
M3s/m3s are useful morphologic features to separate the two recognized Pleistocene spe-
cies (Dooley et al. 2019). Other teeth, including the deciduous premolars, M1/m1, and M2/
m2, are not as reliable as the M3/m3 (Dooley et al. 2019). This also appears to be true for the
Mio-Pliocene taxa, but the lack of specimens with preserved M2/m?2 further prevents robust
comparisons (Fig. 10). When compared to the Mio-Pliocene mammutid dataset in von Koe-

Table 3. Circumference of the tusk calculated from diameter measurement every 10 cm along the
outside curve of the tusk, assuming a circular cross section. All measurements taken in cm.

Thompson Creek Mastodon Tusk Circumference

Total Distance (cm) Circumference of Left Tusk (cm) Circumference of Right Tusk (cm)
10 15.87 12.59
20 17.41 15.50
30 20.64 17.99
40 24.27 18.31
50 24.92 18.94
60 28.33 20.41
70 29.90 20.13
80 31.31 22.74
90 33.01 27.46
100 34.56 28.38
110 34.56 29.30
120 35.31 29.91
130 37.00 34.13
140 35.39 35.13
150 36.18 36.95
160 36.18 37.34
170 36.47 39.49
180 35.13 38.50
190 33.96 38.81
200 35.80 38.85
210 37.97 39.21
220 - 38.03
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nigswald et al. (2023), the Thompson Creek mastodon’s M3s group more closely compare
in length and width proportions to Hemphillian and Blancan Mammut matthewi specimens
than to other mammutid taxa (Fig. 9). The L:W ratios of the Thompson Creek mastodon’s
M3 compare more favorably to the L:W ratios of Mammut matthewi and Mammut sp. from
the Gray Fossil Site (Fig. 11). The length and width of the Thompson Creek mastodon’s
M3s are nearly identical in measurement to the upper left M3 of the Hermiston mastodon
(UOMNH F 7024) which is identified as Mammut matthewi. The upper left M3s of the
Thompson Creek and Hermiston mastodons have nearly identical measurements with about
1 mm difference in length, the same width, and a 0.01 difference in L:W ratios (Table 4).
The upper right M3s of the Thompson Creek and Hermiston mastodons, while still similar,
have slightly more discrepancies in measurements with about 8§ mm difference in length,
4 mm difference in width, and nearly the same L:W ratios (Table 4). The length and width
proportions and the L:W ratio of the Thompson Creek mastodon’s M3 did not compare
favorably to specimens of Mammut cosoensis, M. nevadanus, M. vexillarius, or M. adamsi.
In addition to the geographic distance between known occurrences of these taxa and the
Thompson Creek mastodon, these western specimens also tend to have higher L:W ratios in
their 3™ molars (von Koenigswald et al. 2023). Due to this, the Thompson Creek mastodon
is identified as Mammut matthewi.

The upper tusks of the Thompson Creek mastodon are compared to recovered upper
tusks of other North American Mio-Pliocene mammutids. The specimen of Mammut neva-
danus from Thousand Creek Beds, Nevada, LACM (CIT) 63/1922, has the complete right
tusk in situ in the cranium (Stock 1936). The tusk points downwards, is very straight, and
has a slight medial curve to the overall shape of the tusk. The tusk is 65 cm in length and
has a transverse diameter of 61.4 mm at the third cross section (Stock 1936: Plate 1). Only
a small portion of the right tusk of Mammut nevadanus from Upper Petrified Canyon, Ne-
vada, UCMP 38645, was preserved in the skull (MacDonald 1959). The tusk is interpreted
to curve downwards similar to the specimen from Thousand Creek Beds, but it is too frag-
mentary to determine anything else about its morphology. The tusk has a diameter of 68 mm
at the alveolar opening. The tusks of the Thompson Creek mastodon are nearly double the
diameter and triple the length of the tusks of Mammut nevadanus. The tusks of the Thomp-
son Creek mastodon are not straight and do not point downward like the tusks of Mammut
nevadanus (LACM [CIT] 63-1922).

The upper tusks of Mammut cosoensis are broken, preventing a detailed comparison.
However, the preserved section of the upper tusks of Mammut cosoensis (LACM [CIT]
284/1720) appear to be relatively straight with a slight upwards curvature, while the compa-
rable sections of the Thompson Creek mastodon’s upper tusks have a more obvious upward
and medial curvature.

The only specimen that the Thompson Creek mastodon’s tusks display any similarities
to is that of UOMNH F 7024, identified as Mammut matthewi from Hermiston, Oregon. A
photo of the Hermiston mastodon excavation was compared to the interpreted orientation
of the Thompson Creek mastodon (Fig. 12). UOMNH F 7024 was first formally described
in von Koenigswald et al. (2023), and is currently housed in the paleontology collection at
the University of Oregon in Eugene, Oregon. The material associated with UOMNH F 7024
includes a maxilla with the M2s and M3s in situ on both sides and the basicranium (von
Koenigswald et al. 2023). It was also reported in field notes by J. A. Shotwell during the
excavation, that two tusks and a femur were found associated with the specimen, but both
the tusks and femur could not be relocated for study, and their current status and locations
are unknown (von Koenigswald et al. 2023). A picture taken of the excavation of the Herm-
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iston specimen that appeared in the newspaper East Oregonian on 7 July 1954 (Fig. 12A)
and the field notes taken by J.A. Shotwell and H. Alvey are the only record of the tusks. In
von Koenigswald et al. (2023), the authors stated that the photo indicates that the tusks were
found in situ, and determined that the size and shape of the right alveolus indicated that the
diameter of the right tusk was 20 cm at the base, and the plaster jacket of the left tusk had a
length of 2.1 m, based on field notes by J. A. Shotwell from East Oregonian 22 July 1954,
which are on file at the University of Oregon.

Since the Hermiston mastodon’s tusk are only known from the press photograph from
the East Oregonian and the field notes, it is unclear whether the tusks were in their original
orientation or if they had shifted in the tusk alveoli from taphonomic processes when they
were recovered and photographed. It is possible that the orientation of the Hermiston mast-
odon’s tusks, as seen in the East Oregonian photo, does not match their original position in
life. If the Hermiston mastodon’s tusk were found in situ, as stated in J. A. Shotwell’s field
notes, then the interpreted orientation of the Thompson Creek mastodon’s tusks (Fig. 7) is
very similar to how the tusks are orientated in the photo of the excavation of the Hermiston
mastodon from the East Oregonian (Fig. 12A). Both the Hermiston and the Thompson creek
mastodons’ tusks project straight out from the cranium while flaring laterally. The tusks then
flare slightly upwards and medially toward the tips, which are not visible in the Hermiston
mastodon photo (Fig. 12A).

As mentioned previously, the Thompson Creek mastodon and Hermiston mastodon have
nearly identical length and width measurements of the upper left M3, and similar length
and width measurements of the upper right M3. The measurements of the Hermiston mast-
odon’s tusks indicate that the Hermiston mastodon had thicker tusks of very similar length
to the Thompson Creek mastodon (von Koenigswald et al. 2023). The similarities in the
measurements of the upper M3s and the overall similarities in the shape and curvature of

10 cm

Figure 12. A side-by-side comparison of the Hermiston mastodon (UOMNH F 7024) and
the Thompson Creek mastodon (LSUMG-V-17901). Note the similarities in the thickness,
curvature, and orientation of the tusks in the skull could indicate that Mammut matthewi
had proportionally thinner and straighter upcurved tusks than later Pleistocene mastodons.
A. photo of the excavation of the Hermiston mastodon published in the newspaper East
Oregonian on July 7", 1954. Both tusks are visible and in situ in the skull, which is heavily
eroded to the point that the dorsal roof is not visible. Image used with permission of East
Oregonian. B. reconstruction of the Thompson Creek mastodon in a similar orientation to
the Hermiston mastodon.
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the tusks indicate that both the Thompson Creek mastodon and the Hermiston mastodon are
likely two individuals of the same taxon. Since the Hermiston mastodon was assigned to
Mammut matthewi (von Koenigswald et al. 2023), this further strengthens the assignment
of the Thompson Creek mastodon to Mammut matthewi. Therefore, the Thompson Creek
mastodon is assigned to Mammut matthewi based on the morphology of its M3s and upper
tusks compared to other contemporary Mammut species.

Dentition of Neogene mammutids. The Thompson Creek mastodon’s upper M3s compare
favorably to referred specimens of Mammut matthewi. Unfortunately, direct comparisons to
the holotype and paratypes of M. matthewi is complicated. Osborn (1921) assigned AMNH
FM 18237 as the holotype for M. matthewi, which he identified as an incomplete upper right
M3 that is missing the anterior and labial margins of the protolophid. For the three paratypes
Osborn assigned to M. matthewi, he identified AMNH FM 17217 as a complete lower right
m2, and he did not identify the incomplete teeth of AMNH FM 18239 or AMNH FM 18238
(Osborn 1921). However, his identification of the teeth does not match the illustration of the
specimens (See Figure 1 in Osborn 1921.) A later study stated that the holotype (AMNH FM
18237) was incorrectly identified and was actually an incomplete lower right m3 (Tobien
1975). AMNH FM 17217 is illustrated as lower left m2, despite being identified by Osborn
as a lower right m2 (See Figure 1 in Osborn 1921.) The illustration of AMNH FM 18239
indicates that it is an incomplete lower right m2 that is missing the anterior margin of the pro-
tolophid, and AMNH FM 18238 is the posterior section of a lower right m3 (See Figure 1 in
Osborn 1921.) This re-identification means that there are no upper M3s in the assigned type
specimens to allow for a direct comparison to the Thompson Creek mastodon M3s. The fact
that the crowns of all of the type specimens are incomplete, except AMNH FM 17217, means
that no measurements for the specimens have been taken which prevents quantitative com-
parisons (von Koenigswald et al. 2023). The lack of measurements for the type specimens
also means that it has not been established that posterior lophs/lophids of Mammut matthewi
narrow at a statistically significant rate than other Mammut taxa. Therefore, the assignment
of the Thompson Creek mastodon to M. matthewi cannot be based solely on a rather poor
diagnostic character and incomplete types, but must be based on other lines of evidence and
comparisons to more complete specimens that have been referred to M. matthewi.

The methods from Dooley et al. (2019), and von Koenigswald et al. (2023), to dif-
ferentiate and identify the far more common Pleistocene mastodons, were used to assign
the Thompson Creek mastodon to a species. This includes a comparison of the lengths,
widths, and L:W ratios of the M3s/m3s. Mammut pacificus corresponds to narrow-toothed
mastodons, while M. americanum corresponds to wide-toothed mastodons (Dooley et
al. 2019). When a scatterplot of the lengths and widths of Mio-Pliocene mammutids up-
per M3s is created, there are similar trends (Fig. 9). Specimens referred to M. matthewi,
including Rattlesnake Creek (JODA 1322), Optima (no catalog number), Hermiston
(UOMNH F 7024), and two specimens of Mammut sp. from the Gray Fossil Site (ET-
MNH 305 and 22000) group towards the top of the chart similar to M. americanum and
correspond to the wide-toothed morphotype. Specimens of Mammut cosoensis from Coso
Mountains (LACM [CIT] 284/1720, LACM [CIT] 284/2015, LACM [CIT] 284/855); M.
nevadanus from Thousand Creek Beds (LACM [CIT] 63/1922) and Upper Petrified Can-
yon (UCMP 38645); and M. vexillarius from Elephant Hill (UCMP 28301) group towards
the bottom of the chart similar to M. pacificus and correspond to the narrow-toothed mor-
photype. Mammut adamsi from Saw Rock (KUVP 6788) falls in between the groupings
of narrow and wide toothed mastodon (Fig. 9). Dental measurements place the Thompson
Creek mastodon towards the top of the graph which corresponds to the wide-toothed
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mastodons, and M. matthewi is currently the only known Mio-Pliocene species that also
corresponds to the wide-toothed mastodons.

The L:W ratio of the M3s/m3s is commonly used to differentiate between the narrow-
toothed Mammut pacificus and the wide-toothed M. americanum (Dooley et al. 2019, Mc-
Donald et al. 2020, von Koeingswald et al. 2023). There is a documented trend that western
specimens of M. pacificus typically have narrower M3s/m3s with a mean L:W ratio of 1.98
+0.14 and a 95% confidence interval of 1.7-2.26 (Dooley et al. 2019). In comparison, mid-
western and eastern specimens of M. americanum have wider M3s/m3s with a mean L:W
ratio of 1.77 £ 0.10 and a 95% confidence interval of 1.57-1.97 (Dooley et al. 2019). There
is extensive overlap between the ranges of L:W ratios for M. pacificus and M. americanum,
which makes it difficult to correctly identify isolated teeth. The Thompson Creek mastodon
has a L:W ratio of 1.73 for the left M3 and 1.81 for the right M3. The Thompson Creek
mastodon’s upper M3s L:W ratios are compared to other Mio-Pliocene mammutid taxa us-
ing a box and whisker plot (Fig. 11). There are two obvious major groupings of the box and
whisker plot of the mammutid taxa, which correspond to the wide and narrow tooth mor-
photypes. The wide-toothed mammutids have L:W ratios that do not exceed 1.9 and include
Zygolophodon proavus, the Thompson Creek mastodon, Mammut matthewi, and Mammut
sp. from the Gray Fossil Site (Fig. 11). The narrow-toothed mammutids have L:W ratios
above 2 and include M. adamsi, M. cosoensis, and M. nevadanus (Fig. 11).

The L:W ratios of the Thompson Creek mastodon’s M3s fall within both quartiles of
known specimens of Mammut matthewi, and are similar to those of specimens of M. matthewi
from Rattlesnake, Oregon and Optima, Oklahoma (Fig. 11). Interestingly, other taxa of mam-
mutids that were synonymized with M. matthewi do not fall within the box and whisker plot
of named specimens of M. matthewi (Fig. 11). The molar of M. vexillarius has a L:W ratio of
1.98 and falls in between the major groupings of wide-toothed and narrow-toothed mastodons.
Mammut vexillarius does not overlap with the plots of M. matthewi, M. cosoensis, nor M.
nevadanus but it is closer to the plots of M. cosoensis and M. nevadanus than the plot of M.
matthewi. Mammut adamsi from Saw Rock, Kansas does not overlap with M. matthewi with
its higher L:W ratio of 2.08, but instead overlaps with M. cosoensis and M. nevadanus. The
teeth of M. nevadanus have a L:W ratio of 2.01 and 2.23, which plot much more closely to
western mammutids like M. cosoensis and does not overlap with M. matthewi.

The fact that the specimens of Mio-Pliocene mammutids distinctly separate into the
wide-toothed and narrow-toothed morphotypes that are seen in Pleistocene mastodons is
potentially important for further defining the evolutionary lineages of mammutids in North
America. This supports the hypothesis that Mammut americanum arose from the wide-
toothed M. matthewi, and M. pacificus arose from one of the narrow-toothed western Mio-
Pliocene Mammut species such as M. cosoensis, M. nevadanus, or M. vexillarius. However,
due to the limited number of Mio-Pliocene mastodon specimens there is still too little data
available at this time to make any definitive conclusions about the validity of taxa and the
evolutionary lineages of the mastodons in North America.

Due to the difference in the L:W ratios of taxa synonymized with Mammut matthewi
(i.e., M. nevadanus, M. vexillarius, and M. adamsi) and referred specimens of M. matthewi
(Rattlesnake Creek, Optima, and Hermiston), it should not be automatically assumed that
the synonymized taxa are the same species as M. matthewi. It must be noted that the data
for M. vexillarius and M. adamsi are based on single specimens which should by no means
be considered conclusive. There are too few specimens and data points of the various Mio-
Pliocene mammutid taxa to make any conclusions about their taxonomic validity based
solely on dental proportions. A more detailed study of the taxonomy of the Mio-Pliocene
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mammutids is required, and the assumption that the taxa synonymized with M. matthewi
are true representatives of the species should be questioned. With the current data, the L:W
ratios of the Thompson Creek mastodon overlap the most with specimens identified as M.
matthewi, which supports the taxonomic assignment of the Thompson Creek mastodon to
Mammut matthewi.

The Thompson Creek mastodon is not considered to be Mammut americanum despite
similar M3 tooth morphology due to temporal separation, as M. americanum has not been
reported from the latest Hemphillian (Shoshani and Tassy 1996, von Koenigswald et al.
2023). Distinguishing M. americanum from M. matthewi is problematic, as there is a lack
of distinct diagnostic characters that separate the two species. Both M. americanum and
M. matthewi correspond to the wide-toothed mastodons with a lower L:W ratio in the M3/
m3. Mammut matthewi was stated to be distinguished by a rapid decrease in the width of
the tritoloph[id] and tetartoloph[id] of the third molars compared to the protoloph[id] and
metaloph[id] (Osborn 1921). As previously stated, there has been no study to determine
if the rapid narrowing of the posterior half of the M3/m3 is statistically significant, com-
pared to other Mammut species, including M. americanum. Therefore, the main diagnostic
character used to separate M. matthewi and M. americanum is temporal separation, with M.
matthewi being reported from Miocene and Pliocene formations (Osborn 1921, Shoshani
and Tassy 1996, von Koenigswald et al. 2023), and M. americanum being reported from late
Pliocene and much more commonly from Pleistocene formations (Shoshani and Tassy 1996,
von Koenigswald et al. 2023). Using geologic age as a diagnostic character is problematic as
it falls into the circular reasoning fallacy and further reinforces the need for more diagnos-
tic morphological characteristics to separate Mammut species. While the Thompson Creek
mastodon is assigned to M. matthewi, based on its overall tooth morphology compared to
all known latest Hemphillian Mammut species, the morphology of the Thompson Creek
mastodon’s upper tusks could potentially be a morphologically significant character that
could be used to differentiate between Mammut matthewi and M. americanum.

Upper tusk morphology of Neogene mammutids. As stated previously, the orientation in
Figure 6A is likely the most accurate reconstruction of the Thompson Creek mastodon tusks,
as the tusks have an upwards curvature which is the typical curvature for Mammut. The orien-
tation in Figure 6C and Figure 6D would be physically impossible for the animal, as the tusks
would be longer than the skull is tall, assuming that the Thompson Creek mastodon has a body
height and build similar to known specimens of Mammut. The orientation in Figure 6B, while
physically possible, is a completely different orientation and shape than any known Mammut
reconstruction and thus is considered less accurate than the orientation of Figure 6A.

Compared to later Pleistocene mastodons, the tusks of the Thompson Creek mastodon
are far straighter and thinner for their length than either Pleistocene species of mastodon.
Both Mammut americanum and M. pacificus have hyper-enlarged tusks that have a strong
upward curvature (Dooley et al. 2019, Fisher 2009, Go6hlich 1999, Osborn 1936). There is
a pronounced sexual dimorphism in Pleistocene mastodon tusks, which makes it easier to
identify male from female mastodons. Typically, adult males have tusks that are much lon-
ger and larger in diameter than adult females, who have tusks which are generally shorter
and more slender (Fisher 2009; Smith 2010; Smith and Fisher 2011, 2013). The Thompson
Creek mastodon’s tusks are similar in length to adult male M. americanum tusks (Fisher
2009). However, the Thompson Creek mastodon’s tusks are smaller than most of the in-
ferred adult male tusk circumferences and larger than most of the adult female tusk circum-
ferences (Fisher 2009). It is also unlikely that the Thompson Creek mastodon is a juvenile
specimen, as the wear on the M3s indicates it is a mature adult (see Age Group below). It
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cannot be determined if the Thompson Creek mastodon is a male or a female based on tusk
morphology when compared to the typical ranges of adult Pleistocene M. americanum, nor
through comparison of femur or pelvic bones, since none were recovered (Fisher 2009).

The difference in girth of the Thompson Creek mastodon’s tusks compared to other
specimens of Mammut americanum found in Louisiana is apparent. For comparison, there is
an uncatalogued mastodon tusk from Little Bayou Sara, Louisiana on display in the Howe-
Russell Geoscience Complex at LSU. The Little Bayou Sara Tusk belonged to an American
Mastodon, which has been inferred to be a male due to its hyper-enlarged size (A. Dooley,
Western Science Center, Hemet, CA, 2021, pers. comm.). Despite being only partially
complete, the largest circumference of the Little Bayou Sara Tusk is 64.2 cm, which is a
significantly larger circumference than either tusk of the Thompson Creek mastodon.

Despite the difference in length and girth proportions, the most unusual aspect of the
Thompson Creek mastodon’s tusks is their shape. The section of the tusks that fit within the
alveoli are relatively straight. Once the tusks protrude from the alveoli, they immediately
begin curving gently upwards for nearly the entire length of the tusks, to where the curve
flattens out slightly more horizontally at the tips. The tusks also flair out laterally to about
half the length of the tusks, and then flair back medially to the end. Among Pleistocene
mastodon tusks, a strong upwards curvature with a slight flair laterally towards the base
of the tusk before flaring medially towards the tips of the tusks is common. The tips of
Pleistocene mastodon tusks usually either continue to flair upwards with nearly no lateral
or medial curve, or the tusks will continue to flair upwards, and the tips have a very strong
medial curve towards each other. The Thompson Creek mastodon’s tusks do have the
typical upwards curvature seen in most Mammut, but the tips of the tusks flatten out and
point anteriorly, which is not very common in Pleistocene mastodon tusks. This gives the
Thompson Creek mastodon more anteriorly straight pointing tusks, as opposed to tusks that
have a strong upwards curvature. This is not a common tusk shape seen in either species of
Pleistocene Mammut.

Unfortunately, differences in Mammut tusk morphology remain relatively poorly under-
stood. Due to the highly individually variable nature of mastodon tusk morphology, studies
focused on documenting the differences in the morphology of mastodon tusks have been
mostly limited to determining the degree of sexual dimorphism between male and female
Pleistocene mastodons (Fisher 2009; Smith 2010; Smith and Fisher 2011, 2013). As a re-
sult, tusk morphology is currently a poor trait to determine the taxonomic assignment of a
Mammut specimen. Individual variation, age, genetic mutation, wear, and sex-linked mor-
phology must be considered when making interpretations of the upper tusks of mastodons. It
is unknown if the Thompson Creek mastodon’s tusks shape and asymmetry represent normal
tusk growth for the taxon, or if an external factor or genetic variation in this individual had
altered the normal tusk growth. While it cannot be discounted, there does not appear to be
any evidence to suggest that the shape of the Thompson Creek mastodon tusks was caused
by pathological processes. Asymmetry between the tusks has been observed in specimens of
mastodons and can be the result of some biological factor such as sex-linked morphology,
individual variation, or simple wear (Smith 2010; Smith and Fisher 2011, 2013).

The long, narrow, and straight tusks of the Thompson Creek mastodon do fit with a pos-
sible pattern that is emerging about Mio-Pliocene mammutids. Mio-Pliocene mammutids’
tusks appear to be proportionally thinner and straighter than Pleistocene mammutids’ tusks,
which are thicker and have a strong upward curvature. This could indicate a distinct dif-
ference in the morphology of the tusks of Mio-Pliocene and Pleistocene mastodons, which
could potentially provide a new diagnostic character between Mammut matthewi and M.
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americanum. M. matthewi having proportionally thinner and straighter tusks compared to
Mammut americanum could be a potential diagnostic character used to separate the two spe-
cies, rather than being based solely on temporal separation. The presence of two specimens
assigned to M. matthewi with similar tusk morphology that is different from specimens of
M. americanum does support this hypothesis. Ultimately, more specimens of Mio-Pliocene
mammutids with upper tusks would have to be found to determine if this was a widespread
and distinct morphological feature for M. matthewi as both the East Oregonian photo of
the Hermiston mastodon’s tusks and the current 3D reconstruction of the Thompson Creek
mastodon’s tusks may not match their original position in life. Therefore, due to the limited
statistical data to support the interpretation that proportionally thinner and straighter tusks
are a potential diagnostic character of Mio-Pliocene mammutids, the pattern should be con-
sidered tentative at best until more data is collected.

Age group

Mastodons are thought to age similarly to modern African elephants (Saunders 1977).
The age of African elephants can be estimated based on the wear states of the molars, and
the age of the elephant is given in African Elephant Years (AEY; Laws 1966). Law’s Afri-
can Elephant Years are commonly used to determine the age of fossil proboscideans, and
an analogous system, used to determine the age of mastodons, is given in Saunders (1977).
The wear stage of the Thompson Creek mastodon’s M3 corresponds to the mature age group
defined by Saunders (1977). The mature age group states that the M2/m2 displays a heavy
to an obliterated wear pattern, and the M3/m3 displays light to heavy wear on either just the
anterior or all of the loph[id]s (Saunders 1977). The severe wear on the M2, the heavy wear
on the protoloph and metaloph of the M3, and the moderate to light wear on the tritoloph
and tetartoloph of the M3 indicate that the Thompson Creek mastodon belongs to the mature
age group (Saunders 1977). Mastodons in the mature age group fall in between 32 to 36
+/—2 AEY (Saunders 1977). Based on this, the Thompson Creek mastodon falls within the
mature age group and is likely 32 to 36 +/— 2 AEY” (Laws 1966, Saunders 1977).

Tooth wear and diet

The state of wear on the Thompson Creek mastodon’s M2 is much more extreme than on
the M3. The upper right M2 is very heavily worn to the point that the tooth is almost com-
pletely flat with no visible lophs or cusps. In comparison, despite the postmortem damage to
the anterior side of both M3, the lophs on both M3 only show moderate wear. Differentiation
in the degree of wear between mastodons of similar age has been documented. When com-
pared to other specimens of similar age, such as specimen WSC 18743 Mammut pacificus
(See Figure 1 in Dooley et al. 2019), the other specimens displayed far more wear on the M3
with similar wear on the M2. When comparing specimens of M. americanum from Trolinger
Spring and Boney Spring, Saunders (1977) notes that an individual of the mature age group
could display extensive to severe wear on the M2, while only displaying light to moderate
wear on the M3. At this time, it is cautioned against drawing any definitive conclusions if
the greater degree of wear on the M2 was related to the Thompson Creek mastodon’s diet,
or if it is simply individual variation in wear.

There was noticeable asymmetrical wear between the two M3s. The left M3 displayed
more heavy wear on the same section of the molar than on the right M3. Asymmetrical wear
between the left and right M3s/m3s has been observed in other mastodon teeth, although it
is rarely reported as it is usually not considered a significant feature that requires discussion
or mention within a description (Dooley et al. 2019, Saunders 1977, von Koenigswald et
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al. 2023, White 2024). No formal explanation for the asymmetrical wear between M3s/m3s
has been proposed, although a possible explanation is that favoring one side of the mouth
through preferential chewing could cause this asymmetrical wear. Laterality, preference for
one side of the body over the other, has been observed in a variety of species and the fossil
record (Babcock 2005, Rogers 1989, Schneider et al. 2012). One aspect of laterality is a
chewing side preference in which mastication is performed predominantly on either the left
or right side of the mouth (Christensen and Radue 1985). A chewing side preference has
been noted to cause differential wear in the teeth with a higher degree of tooth wear on the
preferred side (Ibrova et al. 2017, Nygrén 2000, Parés-Casanova and Morros 2014, Samley
et al. 2011). Therefore, it is likely that the asymmetrical wear on the left and right M3 of the
Thompson Creek mastodon can be attributed to preferential chewing.

All mammutids have zygolophodont dentition in which the lophids of the lower teeth
interlock in the interlophs of the upper teeth, with the lophs/lophids only grinding against
each other when the teeth are in heavy wear (von Koenigswald 2014, von Koenigswald et al.
2023). In the pattern of mastication for mammutids, the power stroke of the chewing cycle
is typically divided into two phases. In phase I, the lower jaw moves in an orthal direction
with central occlusion in which plant material is processed through compression with little
to no shearing (von Koenigswald 2014, von Koenigswald et al. 2023). Phase II involves
the lower jaw occluding in a lingual to antero-lingual direction (von Koenigswald 2014,
von Koenigswald et al. 2023). Once the teeth become heavily worn and the loph/lophids
obliterated, the enamel bands of the teeth function as a grinding surface (von Koenigswald
2014). In Zygolophodon teeth both Phases I and II are distinct, while in Mammut america-
num Phase 1II is less distinct, but still visible in some specimens, indicating that Phase I is
more dominant (von Koenigswald 2014, von Koenigswald et al. 2023). The extensive wear
on the M2 indicates that it was likely being used as a grinding surface, while the lophs on
the M3s were used to compress plant material that was being eaten.

Like all mastodons, the Thompson Creek mastodon would have been a browser, consum-
ing typical browse such as leaves, wood, bark, fruits, and nuts. However, they are known
to also consume grass, herbaceous plants, and aquatic plants (Dreimanis 1968; Gobetz and
Bozarth 2001; Green et al. 2017; Harington 1986; Harington et al. 1993; Haynes 1991; King
and Saunders 1984; Newsom and Mihlbachler 2006; Saunders 1977, 1996; Widga et al.
2017). It has been proposed that if a mastodon tooth is of the smooth or rough morphotype,
it corresponds to a spruce or pine dominated environment respectively (King and Saunders
1984, Saunders 1977). Even though the molars of the Thompson Creek mastodon corre-
spond to the smooth variety morphotype defined by Saunders, there is currently no direct
evidence that the Thomspon Creek mastodon had a spruce dominated diet that Saunders
ascribes to the Missouri smooth variety molars (Saunders 1977). At this time, it is currently
unknown exactly what plants the Thompson Creek mastodon would have been consuming
due to the lack of recovered pollen, phytoliths, or other plant remains.

Conclusions

The Thompson Creek mastodon is identified as Mammut matthewi, making this the first
specimen of the taxon from Louisiana and the only Mio-Pliocene mastodon reported from
the state. This identification is based on the measurements and L:W ratios of the M3s and
the morphology of the upper tusks, compared to all known latest Hemphillian Mammut spe-
cies. More specimens of M. matthewi need to be recovered so that more quantitative and
morphological data can be collected and compared to existing specimens. Mio-Pliocene
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mastodons are not well understood, and more work needs to be done to accurately identify
and describe mammutid taxa. The Thompson Creek mastodon has some of the most com-
plete and well-preserved tusks of a Mio-Pliocene mammutid, and further comparison could
reveal new insights into Mio-Pliocene mammutid tusk morphology.

More research needs to be done on the Pascagoula Formation in Thompson Creek Site.
This paper, along with a paper by Yann (2010), determined that the age of the Pascagoula
Formation in Thompson Creek is latest Hemphillian, corresponding to a geologic age of
latest Miocene to earliest Pliocene. More paleo-environmental reconstructions should be
pursued. Palynology samples should be collected from the sediment and processed to de-
termine if any paleo-environmental reconstructions are possible. A comprehensive study of
all of the paleontological specimens recovered from the site should be completed in order
to better understand the prehistoric community in the Pascagoula Formation.

There are many paleontological specimens in the LSU Vertebrate Paleontology Collec-
tion that have not been published or studied. More work should be done to identify and re-
cord these specimens, as they are important in completing our understanding of prehistoric
life in the Miocene and Pliocene of Louisiana and the Gulf Coast.
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