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INTRODUCTION

ALTHOUGH FOSSILIZED teeth of sharks and rays are common
elements in Eocene nearshore marine sediments of the

southeastern United States (Parmley and Cicimurri, 2003 and ref-
erences within), fossil remains of chimaeroid fishes are unknown
from this region. Here we provide the first report of an Eocene
chimaeroid fish from the southeastern United States, consisting of
a partial, well-preserved left mandibular tooth plate recovered
from central Georgia.

The specimen was collected from late Eocene (ca. 36.0–34.2
Ma; Parmley and Holman, 2003) Clinchfield Formation sediments
exposed in an abandoned central Georgia kaolin mine formally
known as the Hardie Mine (Westgate, 2001). The Hardie Mine is
located approximately 3.9 km north-northeast of Gordon, Wilkin-
son County, Georgia. This site has yielded a relatively well-pre-
served and diverse nearshore marine vertebrate fauna consisting
of sharks, rays, bony fishes, reptiles, and whales (Westgate, 2001;
Parmley and Cicimurri, 2003; Parmley and Holman, 2003). Ad-
ditionally, the vertebra of a colubrid snake (Parmley and Holman,
2003) and partial teeth of at least two species of land mammals
(unstudied fossils in the paleontological collections of Georgia
College and State University–GCVP) are known from the Hardie
Mine site. The vast majority of fossils collected from the Hardie
Mine were recovered from a series of spoil pile sediments. It has
been shown, however, that these sediments were derived locally
from nearby in situ fossiliferous Clinchfield Formation sediments
exposed in the north wall of the mine (see Westgate, 2001; Parm-
ley and Cicimurri, 2003; Parmley and Holman, 2003).

SYSTEMATIC PALEONTOLOGY

For the purposes of this report we follow the descriptive ter-
minology utilized by Stahl (1999), and a comprehensive classi-
fication scheme can be found in Stahl and Parris (2004). We uti-
lized the histological terminology of Stahl (1999), but we did not
perform any direct microscopic analyses of tissues. The specimen
is part of the vertebrate paleontology collection of the South Car-
olina State Museum (SC) in Columbia.

Order CHIMAERIFORMES Obruchev, 1953
Family CALLORHYNCHIDAE Garman, 1901
Subfamily EDAPHODONTINAE Stahl, 1999

Genus EDAPHODON Buckland, 1838
EDAPHODON SP.

Figures 1, 2

Description.⎯The specimen is a well-preserved but incomplete
left mandibular tooth plate. The distal one third of the plate is
missing, and the preserved mesodistal length measures 10.3 cm,
with maximum labiolingual width measuring 26 mm. The plate
is laterally compressed, with the mesial end elongated into a rath-
er long beaklike structure. The left and right plates were articu-
lated along a broad, flat symphyseal surface. This surface is 15
mm deep mesially, but tapers as it extends distally just below the
oral surface to a distance of 68 mm. At the point immediately

distal to the symphyseal surface, the plate begins to diverge la-
bially. The labial face is convex and smooth dorsally and ven-
trally, but medially concave and striated parallel to the length of
the plate, and there is no descending lamina. Whereas the ventral
aspect of the lingual face is concave and bears a series of parallel
ridges extending from the symphyseal surface to the distal break,
the dorsal aspect is convex and bears the middle tritor.

There are four tritors: a symphyseal tritor exposed at the mesial
tip extending 22 mm along the labial oral margin and 8 mm near
the lingual margin (mostly covered by dentine), an ovoid anterior
outer tritor, broken posterior outer tritor, and the much larger mid-
dle tritor (Fig. 1.3). The anterior outer tritor is situated on a prom-
inence located labially and near the mesial one third of the middle
tritor. The posterior outer tritor is largely incomplete but is located
on a higher prominence on the labial margin, adjacent to the mid-
dle tritor. In labial view the oral margin of the labial face has a
‘‘stepped’’ appearance due to the prominences. The middle tritor
constitutes the upper half of the lingual face distal to the sym-
physeal surface, and some of the tritoral tissue is covered by
dentine. The outer and middle tritors are punctate due to the in-
tersection of internal vascular canals with the occlusal surface.
The majority of the tooth plate consists of trabecular dentine,
whereas the tritors are associated with much denser, compact den-
tine.

Material examined.⎯SC 2004.34.1, incomplete left mandibular
tooth plate.

Occurrence.⎯Late Eocene (ca. 36.0–34.2 Ma) Clinchfield For-
mation, Hardie Mine, approximately 3.9 km north-northeast of
Gordon (32�54.335�N, 83�21.543�W latitude and longitude), Wil-
kinson County, Georgia.

Discussion.⎯SC 2004.34.1 shows no signs of abrasion, thus
the lack of descending lamina (Stahl, 1999) allows us to exclude
the plate from members of Callorhynchinae, such as Ischyodus
Egerton, 1843 and Callorhinchus Lacépede, 1798. The overall
morphology is consistent with Edaphodon because: 1) it is robust
but tapered mesially into a long beak; 2) the symphyseal surface
is wide mesially but narrows distally; and 3) there are four tritors
(Fig. 1.3)–symphyseal, anterior outer, middle, and posterior outer.
(Agassiz, 1843; Stahl, 1999; Stahl and Parris, 2004).

Remains of Edaphodon are well known from Cretaceous strata,
but comparatively few taxa have been reported from Tertiary sed-
iments (Buckland, 1838; Agassiz, 1843; Cope, 1869, 1875). Stahl
(1999) recognized eight species in the United States, however
only E. eocaenus (Cope, 1875) is known to occur outside of Cre-
taceous strata. Other species known from the Eocene of Europe
include E. bucklandi Agassiz, 1843 and E. leptognathus Agassiz,
1843. A third species, E. minor Ward, 1973, may represent a
juvenile form of E. bucklandi (Kemp et al., 1990).

Unfortunately, making a specific identification from a single
specimen is difficult because of the degree of ontogenetic varia-
tion within the genus. For example, Woodward (1891) and Hus-
sakof (1912) demonstrated that several species of Edaphodon
erected by Cope (1869, 1875) actually represented various growth
stages of E. mirificus Leidy, 1856. At the broken distal end of SC
2004.34.1, the hypermineralized tissue of all four tritors is visible
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FIGURE 1—Edaphodon sp., SC 2004.34.1, left mandibular tooth plate: 1,
labial view, mesial end left; 2, lingual view, mesial end right; 3, oral
view, mesial end right. Abbreviations as follows: aot, anterior outer
tritor; mt, middle tritor; pot, posterior outer tritor; st, symphyseal tritor.
Scale � 5 cm.

FIGURE 2—Distal view of SC 2004.34.1, showing internal positions of
tritoral tissue. Abbreviations as in Figure 1. Scale � 1 cm.

in cross section, and their locations and morphology in this view
indicate that overall plate shape can change drastically over time
as it is worn (Fig. 2). Stahl and Parris (2004) have also shown
that there can be intraspecific variation because the upper and
lower tritors may not perfectly occlude, resulting in differential
wear of the tooth plates of an individual fish.

Although it seems highly unlikely that the temporal range of
Cretaceous forms would span 30 Ma into the late Eocene, we
compared SC 2004.34.1 with E. agassizi (Buckland, 1838), E.
barbieri Applegate, 1970, E. mirificus, and E. sedgwicki (Agassiz,
1843). These comparisons revealed conspicuous differences in
overall size, beak shape, and location/morphology of the tritors

(Buckland, 1838; Agassiz, 1843; Applegate, 1970; Stahl and Par-
ris, 2004). The same applies to E. leptognathus, where SC
2004.34.1 also has a wider symphyseal area, straighter lingual oral
margin, and a less deep mesial sulcus of the middle tritor (Ag-
assiz, 1843; Stahl, 1999). In addition, judging by the location of
the tritoral tissue in distal cross section of SC 2004.34.1, the sym-
physeal tritor would not have extended along the ventral margin
of the lingual face as it does in E. leptognathus (e.g., Kemp et
al., 1990). SC 2004.34.1 is more similar to E. bucklandi in these
respects, although the prominences of the anterior outer and pos-
terior outer tritors are not as high (Agassiz, 1843; Kemp et al.,
1990; Stahl, 1999). The type mandibular plate of E. eocaenus
(AMNH 7205) is poorly preserved, but this specimen differs from
SC 2004.34.1 in having a more uniformly convex labial surface
and a more gradual transition from the beak to the anterior outer
tritor (especially evident in labial view). Pending collection of
additional material to determine the morphology of other elements
such as the vomerine and palatine plates, as well as morphological
variation within these elements, we hesitate to assign a specific
identification to the Hardie Mine specimen.

CONCLUSIONS

Although we hesitate to make a specific identification, SC
2004.34.1 is referable to Edaphodon and appears to be most sim-
ilar in overall morphology to E. bucklandi. The Hardie Mine spec-
imen is significant because it represents the first documented fossil
of a chimaeroid fish from Eocene deposits of the southeastern
United States. The specimen may represent a young individual as
indicated by the relatively unworn nature of the tritors (i.e., sig-
nificant portions of the middle and symphyseal tritors are still
covered by dentine).

The tritors of the tooth plate consist of pads of hypermineral-
ized tissue that formed hard crushing surfaces. With the aid of
the tritors, the Hardie Mine chimaeroid probably took advantage
of a diverse invertebrate assemblage that included gastropods, pe-
lecypods, crustaceans, and large solitary scleractinian corals (un-
reported fossils in the GCVP and Bob Campbell Geology Mu-
seum collections).
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LACÉPEDE, B., G. E. COMTE DE. 1798. Histoire Naturelle des Poissons.
Paris, Plasan, l’An VI–XI.

LEIDY, J. 1856. Notice of the remains of extinct vertebrated animals of
New Jersey, collected by Prof. Cook of the State Geological Survey
under the direction of Dr. W. Kitchell. Proceedings of the Academy of
Natural Sciences of Philadelphia, 8:220–221.

OBRUCHEV, D. V. 1953. Studies on edestids and the works of A.P. Kar-
pinski. Russian Academy of Sciences, Palaeontological Institute Pub-
lication 45, 86 p.

PARMLEY, D., AND D. J. CICIMURRI. 2003. Late Eocene sharks of the
Hardie Mine local fauna of Wilkinson County, Georgia. Georgia Jour-
nal of Science, 61(3):153–179.

PARMLEY, D., AND J. A. HOLMAN. 2003. Nebraskophis Holman from the
Late Eocene of Georgia (USA), the oldest known North American col-
ubrid snake. Acta Zoologica Cracoviensia, 46:1–8.

STAHL, B. J. 1999. Chondrichthyes III. Holocephali. Handbook of Pa-
leoichthyology 4. Verlag Dr. Friedrich Pfeil, Munich, 164 p.

STAHL, B. J., AND D. C. PARRIS. 2004. The complete dentition of Eda-
phodon mirificus (Chondrichthyes: Holocephali) from a single individ-
ual. Journal of Paleontology, 78(2):388–392.

WARD, D. J. 1973. The English Paleogene chimaeroid fishes. Proceedings
of the Geological Association, 84:315–330.

WESTGATE, J. W. 2001. Paleoecology and biostratigraphy of marginal
marine Gulf Coast Eocene vertebrate localities, p. 263–297. In G. F.
Gunnell (ed.), Eocene Biodiversity: Unusual Occurrences and Rarely
Sampled Habitats. Plenum Press, New York.

WOODWARD, A. S. 1891. Catalogue of the Fossil Fishes in the British
Museum (Natural History), Part 2. British Museum of Natural History,
London, 567 p.

ACCEPTED 22 NOVEMBER 2004


