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ABSTRACT-A shallow-marine fossil biota was recovered from the Blue Bluff unit (formerly part of the McBean Formation) in the 
Upper Coastal Plain of eastern Georgia. Biochronologically significant mollusks (e.g., Turritella nasuta, Cubitostrea sellaeformis, 
Pteropsella lapidosa) and calcareous nannoplankton (e.g., Chiasmolithus solitus, Reticulofenestra umbilica, Cribocentrum reticulatum) 
indicate a latest Lutetian-earliest Bartonian age, or about 40 to 41 Ma. Georgiacetus vogtlensis new genus and species is described 
from a well-preserved, partial skeleton. Georgiacetus is the oldest known whale with a true pterygoid sinus fossa in its basicranium 
and a pelvis that did not articulate directly with the sacral vertebrae, two features whose acquisitions were important steps toward 
adaptation to a fully marine existence. The posterior four cheek teeth of G. vogtlensis form a series of carnassial-like shearing blades. 
These teeth also bear small, blunt accessory cusps, which are regarded as being homologous with the larger, sharper accessory cusps 
of basilosaurid cheek teeth. 

INTRODUCTION 

IN THE early 1980s, a nuclear-powered electricity generating 
facility (Plant Vogtle) was built along the Savannah River in 

Burke County, Georgia, about 40 km southeast of Augusta (Fig. 
1). In late May of 1983 a construction crew digging a waterway 
between the reactor and the river exposed fossil bones of a whale 
embedded in limestone about 10 m below the ground surface. 
Fortunately, further excavations were quickly halted, and an ex- 
pert opinion was sought from E. A. Shapiro of the Georgia Geo- 
logical Survey, who recognized their scientific importance. Of- 
ficials of the Georgia Power Company delayed activities around 
the specimen and provided equipment and manpower to aid its 
recovery. The skeleton was collected by a field crew led by 
Georgia Southern University paleontologists Petkewich and 
Bishop. They also studied the local stratigraphy and collected 
matrix from the fossil-bearing stratum. Two additional fossil ce- 
taceans were recovered during the construction of Plant Vogtle, 
although neither was as complete as the first specimen, nor were 
they collected in situ. 

The importance of a middle Eocene whale skeleton from 
North America was quickly realized (late Eocene cetaceans are 
well known from the southeastern U.S., but at the time the only 
report of a North American middle Eocene whale was a single 
vertebra from Texas; Kellogg, 1936), and so reported at scien- 
tific meetings in 1984 and 1986 (Petkewich and Lancaster, 
1984). In the ensuing decade, the specimen was completely pre- 
pared, and its morphology was compared with those of related 
early cetaceans such as Protocetus from Egypt (Fraas, 1904a). 

During the last 15 years, the state of knowledge concerning 
middle Eocene archaeocete whales has improved greatly. Nu- 
merous new genera have been described from India and Paki- 
stan, including Ambulocetus, Babiacetus, Dalanistes, and Rod- 
hocetus (Trivedy and Satsangi, 1984; Thewissen et al., 1994; 
Gingerich et al., 1994; 1995a). Other specimens have been re- 
ported from elsewhere in North America (McLeod and Barnes, 
1990, 1996; Albright, 1996; Geisler et al., 1996; Uhen, 1996, 
1998, in press). In terms of overall completeness, the Georgia 
specimen is exceeded among protocetids only by the holotype 
of Rodhocetus kasrani (Gingerich et al., 1994). The Georgia 
protocetid is more closely related to later cetaceans (basilosaur- 
ids, odontocetes, and mysticetes) than any other member of the 

Protocetidae known from associated cranial, dental, and post- 
cranial elements (Hulbert, 1994; Uhen, in press). Therefore, it 
has the potential for playing a major role in understanding the 
phylogenetic relationships of late Eocene and younger whales. 

The purposes of this study are: 1) to describe the general 
morphology of the Georgia cetacean, and formally name it as a 
new genus and species; 2) to compare and contrast its mor- 
phology with those of other protocetids; and 3) to discuss the 
stratigraphic, chronologic, and paleoecologic context of the 
specimen. A detailed description of the new whale's postcranial 
anatomy appeared elsewhere (Hulbert, 1998), along with an as- 
sessment of its phylogenetic relationships with other archaeoce- 
tes. The responsibilities of the co-authors were as follows: Pet- 
kewich and Bishop directed the collection of the specimens, 
gathered basic geologic data, conducted preliminary analyses 
(some in collaboration with W. C. Lancaster), and provided in- 
formation about the whale's discovery and collection; Bukry 
was responsible for the identification of the calcareous nanno- 
plankton; Aleshire studied the whale's postcranial anatomy and 
functional morphology; and Hulbert was responsible for the 
morphologic descriptions, comparisons with other archaeocetes, 
and stratigraphic interpretation. Abbreviations used in the study 
are listed in Table 1. 

STRATIGRAPHIC SETTING 

Paleogene depositional sequences in eastern Georgia are ba- 
sically wedge-shaped, thickening to the southeast, and separated 
by widespread disconformities. Each sequence contains a silici- 
clastic facies that grades downdip into a calcareous facies. Car- 
bonate deposition moved northwest during the Bartonian and 
early Priabonian because of decreasing input of terrigenous clas- 
tics from the Piedmont (Huddlestun and Hetrick, 1978; Gohn, 
1988). In the SRS/VEGP region of the Coastal Plain this meant 
a change in the late middle Eocene from primarily clastic sedi- 
mentation (which had dominated in the area since the late Cre- 
taceous) to primarily carbonate or mixed carbonate-clastic sed- 
imentation. 

Lithology of the Blue Bluff unit.-All strata in the SRS/VEGP 
region biostratigraphically equivalent to the upper Lisbon For- 
mation of the Gulf Coastal Plain were traditionally referred to 
the McBean Formation (e.g., Veatch and Stephenson, 1911; 
Cooke, 1943; Nystrom et al., 1991). Huddlestun and Hetrick 
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GULF VEGP/SRS REGION, COASTAL 
COAST GEORGIA & SC GA & SC 

Figure 1-County map of Georgia showing general location of the Vogtle 
Electric Generating Plant, the type locality of Georgiacetus vogtlensis 
new genus and species, in Burke County. Shaded counties approximate 
the Georgia Coastal Plain. 

(1986) greatly restricted the McBean geographically and consid- 
ered it a member of the Lisbon Formation. They also recognized 
a second stratigraphic unit in the region, informally named the 
Blue Bluff unit, that was a lateral equivalent of their restricted 
McBean. Fallow and Price (1995) subdivided the traditional 
McBean into three formations, the Blue Bluff, Tinker, and San- 
tee (Fig. 2). The Blue Bluff unit is present in the vicinity of the 
VEGP and produced the fossils described in this study. 

TABLE 1-Abbreviations used in this study. 

AMNH 
ANSP 
ChM 
GSM 
GSP-UM 

LUVP 
MCZ 

NHML 
SMNS 
UM 
USNM 

Institutions 
American Museum of Natural History, New York 
Academy of Natural Sciences, Philadelphia 
Charleston Museum, Charleston, South Carolina 
Georgia Southern Museum, Statesboro 
Geological Survey of Pakistan-University of Michigan, Islam- 
abad 
Lucknow University, Vertebrate Paleontology, Lucknow, India 
Museum of Comparative Zoology, Harvard University, Cam- 
bridge, Massachusetts 
Natural History Museum, London 
Staatliches Museum fur Naturkunde, Stuttgart, Germany 
University of Michigan Museum of Paleontology, Ann Arbor 
U.S. National Museum of Natural History, Washington, D.C. 

Geographic 
SRS Savannah River Site nuclear facility, Aiken and Barnwell coun- 

ties, South Carolina 
VEGP Vogtle Electric Generating Plant, Burke County, Georgia 

Morphologic 
I upper incisor (e.g., 13 = upper third incisor) 
i lower incisor (e.g., il = lower first incisor) 
C upper canine 
c lower canine 
P upper premolar 
p lower premolar 
M upper molar 
m lower molar 

I I 1 I 

FIGURE 2-Generalized stratigraphic column of middle and late Eocene 
strata in the Upper Coastal Plain of Georgia and South Carolina in the 
vicinity of the Vogtle Electric Generating Plant and Savannah River 
Site (primarily after Fallaw and Price, 1995; additional sources are 
Huddlestun and Hetrick, 1986; Gohn, 1988; and Nystrom et al., 1991). 
Also shown are correlations of stratigraphic units from this region with 
those from the central Gulf Coast (Siesser et al., 1985; Galloway et al., 
1991) and down-dip regions in coastal Georgia and South Carolina 
(Powell, 1984; Gohn, 1988; Fallaw and Price, 1995), and with the 
standard stages of the interval. The Tinker Formation, Blue Bluff unit, 
and Santee Limestone as used by Fallaw and Price (1995) in the VEGP/ 
SRS region are equivalent to the McBean Formation of Nystrom et al. 
(1991) and many other authors. The fossils reported in this study (Table 
2) derive from the Blue Bluff unit. No vertical scale. 

The Blue Bluff is a light gray, blue, or green, laminated, fos- 
siliferous unit that varies from argillaceous calcilutite to calcar- 
enite or calcareous clay (Huddlestun and Hetrick, 1986; Fallow 
and Price, 1995). Indurated nodules and lenses of purer lime- 
stone and thin laminae of quartz sand are distributed through its 
beds. Its carbonate content varies between 25 and 70 percent 
(Brantly, 1916; Thayer and Harris, 1992). Common accessory 
components include fine sand- to silt-sized grains of quartz, 
glauconite, muscovite, feldspar, pyrite, heavy minerals, woody 
organic debris, and collophane. In the vicinity of the VEGP, the 
Blue Bluff ranges from 12 to 23 m thick and comprises beds up 
to 8 m thick that vary slightly in color, lithology, degree of 
induration, and abundance of fossils. The unit can be traced 
laterally from the VEGP through the subsurface using core data 
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TABLE 2-Fossil assemblage recovered from the late middle Eocene Blue Bluff unit of Huddlestun and Hetrick (1986) at the type locality of Georgiacetus 
vogtlensis new genus and species, VEGP, eastern Burke County, Georgia (Fig. 1). Identification of foraminiferans by P. F. Huddlestun; mollusks by R. W. 
Portell; and chondrichthyans by R. W. Purdy. 

Braarudosphaera bigelowii (Gran and Braarud) 
Chiasmolithus modestus Perch-Nielsen 
Chiasmolithus solitus (Bramlette and Sullivan) 
Chiasmolithus titus Gartner 
Coccolithus formosus (Kamptner) 
Coccolithus pelagicus (Wallich) 
Cribocentrum reticulatum (Gartner and Smith) 
Cyclicargolithus pseudogammation (Bouche) 
Dictyococcites bisectus (Hay, Mohler, and Wade) 
Dictyococcites scrippsae Bukry and Percival 
Discoaster barbadiensis Tan 
Discoaster sp. (six-rayed) 

Protoctista 
Prymnesiophyta 

Helicosphaera seminulum Bramlette and Sullivan 
Helicosphaera sp. 
Pontosphaera sp. 
Reticulofenestra samodurovii (Hay, Mohler, and Wade) 
Reticulofenestra umbilica (Levin) 
Rhabdosphaera spp. (narrow and wide tubes) 
Sphenolithus moriformis (Bronnimann and Stradner) 
Sphenolithus spiniger Bukry 
Transversopontis sp. (small) 
Zygolithus dubius (Deflandre) 
Zygrhablithus bijugatus (Deflandre) 

Dinomastigota 
cysts of at least two unidentified dinoflagellates (Darrell, 1985) 

Truncorotaloides rohri 
Rhizopoda, Foraminiferida 

Truncorotaloides sp., cf. T. topiensis 

Animalia 
Mollusca 

Pelecypoda 
Cubitostrea sellaeformis (Conrad) 
Pteropsella lapidosa (Conrad) 

Gastropoda 
Turritella carinata Lea 

Pinnidae, genus and species indet. 

Turritella nasuta Gabb 

Carcharias macrota 
Carcharhinus sp., cf. C. macloti 

Cylindracanthus rectus (Leidy) 

Chordata, Vertebrata 
Chondrichthyes 

Triaenodon sp. 
Myliobatidae, genus and species indet. 

Osteichthyes 

Mammalia 
Georgiacetus vogtlensis new genus and species 

and in outcrop to the glauconitic marl with limestone nodules 
exposed at the base of Blue Bluff on the Savannah River. This 
is the proposed type section of the unit (Huddlestun and Hetrick, 
1986). 

Local stratigraphy.-The primary whale skeleton (cataloged 
as GSM 350) and associated biota were collected in situ from 
the Blue Bluff unit at an elevation of 30 m, about 10 m below 
the original ground surface. This was approximately 6 m below 
the disconformable contact between the Blue Bluff and the over- 
lying Dry Branch Formation, and 9 m above the base of the 
Blue Bluff unit. The fossil assemblage listed in Table 2 was 
collected in the upper part of a gray, 8 m thick bed of argilla- 
ceous calcilutite. This bed was composed of about 55 percent 
CaCO3 by weight, with clay minerals making up most of the 
remainder. Much of the bed was soft and poorly indurated, al- 
though small concretions were abundant in the sediments sur- 
rounding and not infrequently in direct contact with the bones 
of the whale. The two referred whale specimens (GSM 351 and 
352) were not recovered in situ, but the color and lithology of 
surrounding matrix suggest that they also originated from the 
Blue Bluff unit. 

BIOCHRONOLOGY 

The McBean Formation sensu lato (including the Blue Bluff 
unit as currently recognized) has long been correlated with the 
Cook Mountain Formation of Mississippi, Louisiana, and Texas, 
the upper Lisbon Formation of Alabama and western Georgia, 
the upper Santee Limestone of South Carolina, and parts of the 

Castle Hayne Formation of North Carolina (Veatch and Ste- 
phenson, 1911; Cooke, 1943; Palmer and Brann, 1965; Toulmin, 
1977; Powell, 1984; Fallaw and Price, 1995). These correlations 
were originally based on mollusks, such as the bivalves Cubi- 
tostrea sellaeformis and Pteropsella lapidosa. Studies using fo- 
raminiferans and/or calcareous nannoplankton have confirmed 
these regional correlations along the Atlantic and Gulf coastal 
plains and permitted accurate correlation with the global time 
scale (e.g., Loeblich and Tappan, 1957; Siesser et al., 1985; 
Gohn, 1988; Galloway et al., 1991). The age of these units is 
now regarded as middle Eocene, from an interval including the 
late Lutetian and early Bartonian and falling within nannoplank- 
ton zone NP16 and planktonic foraminiferan zone P12 (Fig. 2; 
Berggren et al., 1995). 

To confirm the age of the Blue Bluff unit at the VEGP and 
to study its depositional environment, sediments surrounding 
and adjacent to GSM 350 were sampled for macro-invertebrates 
and microfossils (Table 2). They substantiate a middle Eocene 
age for these beds at the VEGP. Among the mollusks, the com- 
bined presence of Cubitostrea sellaeformis, Pteropsella lapido- 
sa, Turritella carinata, and Turritella nasuta indicates a corre- 
lation with the upper Santee, upper Lisbon, and Cook Mountain 
formations (Toulmin, 1977; Powell, 1984; Fallaw and Price, 
1995). The coccolith flora (Table 2) places the Blue Bluff unit 
in nannoplankton zone NP16 (or its near equivalent CP14a), 
based on the joint occurrence of Chiasmolithus solitus, Cribo- 
centrum reticulatum and Reticulofenestra umbilica (Berggren et 
al., 1995, table 15). The most recent numeric estimates for the 
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FIGURE 3-Sketch showing in plan view the relative positions of the skeletal elements of GSM 350, holotype of Georgiacetus vogtlensis new genus 
and species, as they were preserved. Unlabeled elements are ribs or rib fragments. R = right, L = left, SK = skull, D = dentary, PR = premaxilla, 
ZYG = zygomatic arch (jugal), IN = innominate, HA = hemal arch, ST = stemebra, i = lower incisor, C = upper canine, P = upper premolar, 
M = upper molar. Vertebrae are identified as to their most likely position along the column: C = cervical, T = thoracic; L = lumber; S = sacral, 
and Ca = caudal. Arabic numerals denote position (e.g., T6 is the sixth thoracic vertebra). Construction work destroyed any bones to the north or 
east of those shown here. 

boundaries of NP16 are 43.4 to 40.4 Ma, and this zone is cor- 
related with the late Lutetian and earliest Bartonian ages (Berg- 
gren et al., 1995). The co-occurrence of Dictyococcites bisectus 
and C. solitus suggests a very early Bartonian rather than late 
Lutetian age (Wei and Wise, 1989). This is further supported by 
radioisotopic dating of glauconitic beds of the upper Santee 
Limestone from South Carolina that are correlative with the Blue 
Bluff unit (Fig. 2). Harris and Fullager (1991) reported mean K- 
Ar radioisotopic ages of 39.7 ?+ 1.6 and Rb-Sr isochron dates 
of 40.4 ? 0.8 Ma for the upper Santee. 

TAPHONOMY AND PRESERVATION 

The VEGP whale site in the Blue Bluff unit produced a va- 
riety of fossils (Table 2). Aragonitic mollusks and anthozoans 
are preserved either as external or internal molds, but calcitic 
shells appear to be unaltered. Vertebrate bone is not heavily 
permineralized and remains relatively light, porous, and brittle. 
During burial and compaction, many of the bones were cracked, 
some were crushed; damage was greatest where one element lay 
on top of another. 

The skeleton (GSM 350) was recovered over an area of about 
3.3 m2 and comprises about 60 separate bones and teeth be- 
longing to an adult whale (Fig. 3). The lack of duplicating ele- 
ments, their overall similarity in relative size and preservation, 
and their close proximity suggest that only a single individual 

is represented. Ontogenetic age of the whale is based on its fully 
erupted third molars and completely fused epiphyses on the ver- 
tebral centra. After the animal's death, for which there is no 
apparent cause, it came to rest on the sea floor in relatively 
shallow but open water. A shelf environment is inferred by the 
fossil invertebrates, dinoflagellates, and coccoliths recovered 
from the surrounding sediments (Table 2). Although the actu- 
alistic taphonomic studies of Schafer (1972) and Allison et al. 
(1991) suggested that preservation of associated skeletons of 
large marine mammals in open shelf environments is unlikely, 
numerous such cases are known in the fossil record, for example 
the fossil cetaceans from the Gehannam Formation, Egypt (Gin- 
gerich, 1992, p. 63), Yazoo Formation, Alabama (Kellogg, 
1936), and Chesapeake Group, Maryland (Gottfried et al., 1994). 

Judging by the state of disassociation, loss of most of the 
appendicular and caudal elements, destruction and corrosion of 
bone (especially on thin, projecting surfaces), and moderate 
growth of epibionts such as bryozoans and barnacles on the 
bones of GSM 350, burial of the carcass was not rapid. Although 
it was no doubt scavenged, with one exception (a portion of a 
rib shaft) the bones do not display the scratches and grooves 
characteristically produced by shark teeth (e.g., Demere and Cer- 
utti, 1982). Although large sharks may have torn off the now- 
missing limbs or other sections, their loss could also be the result 
of natural decomposition (Schafer, 1972). Indeed, the relative 
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TABLE 3-Geographic, stratigraphic, and chronologic distribution of described members of the archaeocete family Protocetidae (sensu Thewissen et al., 1996a). 
Given age includes NP zone, if known. Abbreviations used in Known Material column: SK, skull; MN, mandible; UT, upper teeth; LT, lower teeth; CV, 
cervical vertebrae; TV, thoracic vertebrae; LV, lumbar vertebrae; SV, sacrum or sacral vertebrae; CaV, caudal vertebrae; RB, ribs; IN, innominate; FEM, 
femur. An asterisk (*) indicates taxon only known from partial material. 

Taxon Stratum/location Age Known material Key references Notes 

Takracetus simus Domanda Formation, late early Lutetian SK* Gingerich et al. (1995a) A second, more com- 
Punjab, Pakistan (NP15) plete specimen under 

preparation. 
Rodhocetus kasrani Domanda Formation, late early Lutetian SK, MN, UT, LT, CV, Gingerich et al. (1994), Most completely 

Punjab, Pakistan (NP15) TV, LV, SV, CaV, Gingerich et al. known protocetid. 
RB, IN, FEM (1995a) 

Gaviacetus razai Domanda Formation, late early Lutetian SK, SV, CaV, RB Gingerich et al. (1995a) 
Punjab, Pakistan (NP15) 

Protocetus atavus Mokattum Formation, middle Lutetian SK, UT, CV, TV, LV, Fraas (1904a), Kellogg 
Gebel Mokattum, SV, RB (1936), Gingerich 
Egypt (1992) 

Pappocetus lugardi Ameki Formation, Om- late Lutetian MN, LT* Andrews (1920), Kel- Vertebrae referred to 
bialla, Nigeria logg (1936) this taxon described 

by Halstead and 
Middleton (1974). 

Indocetus ramani Babia Stage, Kutch, In- late Lutetian SK*, UT*, endocranial Sahni and Mishra Referred specimens de- 
dia casts (1975), Bajpai et al. scribed by Gingerich 

(1996) et al. (1993) allocat- 
ed to other taxa by 
Gingerich et al. 
(1995a). 

Babiacetus indicus Babia Stage, Kutch, In- late Lutetian (NP16) SK, MN, UT, LT Gingerich et al. (1995b) 
dia and Drazinda 
Formation, Punjab, 
Pakistan 

Georgiacetus vogtlensis Blue Bluff unit, Burke latest Lutetian or earli- SK, MN, UT, LT, CV, this report; Hulbert 
County, Georgia, est Bartonian (NP16) TV, LV, SV, RB, IN (1998) 
U.S. 

Natchitochia jonesi Cook Mountain Forma- early Bartonian TV, LV, SV, CaV, RB Uhen (1996, 1998) 
tion, Louisiana, U.S. (NP16/17) 

Eocetus schweinfurthi Giushi Formation, Ge- early Bartonian SK*, UT* Fraas (1904a), Kellogg 
bel Mokattum, Egypt (1936), Gingerich 

(1992) 

integrity of the assemblage, as well as the lack of scratch marks, 
argues against a high degree of scavenging by sharks. In such 
cases, large numbers of shark teeth are usually recovered adja- 
cent to the corpse, but fewer than 10 teeth were recovered 
around GSM 350. Hence, scavenging of the carcass was prob- 
ably done mostly by a combination of bacteria, invertebrates, 
and small fish (Allison et al., 1991). The sediment immediately 
surrounding the bones was more fossiliferous with regard to 
mollusks (gastropods and bivalves) than regions more than 10 
cm away from the skeleton. They may have been using the car- 
cass as a food source (either directly or grazing on microbes) or 
as a hard substrate in a muddy environment. 

Although the environments of deposition differ considerably, 
the pattern of damage done to bone surfaces is similar on GSM 
350 and that found on a modem baleen whale skeleton studied 
by Allison et al. (1991). In both, surfaces exposed above the 
sediment are subjected to corrosion and eventual loss of compact 
bone, while buried surfaces are protected. Damage is particularly 
great on vertebrae, with their long projecting spines and pro- 
cesses. Allison et al. (1991) were unable to determine if this 
damage had a biotic or abiotic cause, although in either case the 
decomposing action of bacteria was considered significant. 

The in situ skeletal elements of GSM 350 lay predominately 
dorsal-side up (Fig. 3), with the anterior end of the body pointing 
slightly east of north. During disassociation, the skull moved to 
the south and rotated about 180 degrees relative to the mandible, 
remained dorsal-side up, and came to lie above several ribs and 
vertebrae, pointing southwest. Judging by their relative final lo- 
cations, the right jugal, premaxillae, and most of the teeth sep- 
arated from the skull at this time. The dentaries, in contrast, 

retained most of their teeth and remained in near-life position. 
Other bones also moved relative to each other, for example the 
seven consecutive posterior lumbar, sacral, and caudal vertebrae 
found at the southern end of the specimen near the left innom- 
inate (Fig. 3). They were not only found out of alignment, but 
in three the anterior surface faced up, while in the other four the 
posterior end faced up. Any bones lying to the north or east of 
those shown in Figure 3 would have been destroyed by construc- 
tion activities. How complete the specimen originally was is 
therefore impossible to determine. 

SYSTEMATIC PALEONTOLOGY 

Suborder CETACEA Brisson, 1762 
Infraorder ARCHAEOCETI Flower, 1883 
Family PROTOCETIDAE Stromer, 1908 

Type genus.-Protocetus Fraas, 1904. 
Included genera.-Eocetus Fraas, 1904; Pappocetus An- 

drews, 1920; Indocetus Sahni and Mishra, 1975; Babiacetus Tri- 
vedy and Satsangi, 1984; Rodhocetus Gingerich et al., 1994; 
Takracetus Gingerich et al., 1995; Gaviacetus Gingerich et al., 
1995; Natchitochia Uhen, 1998; Georgiacetus new genus. 

Distribution.-Middle Eocene, early Lutetian to early Barton- 
ian. Trans-Tethyan distribution with known specimens recovered 
from marine deposits in Pakistan, India, Egypt, Nigeria, and the 
Gulf and southern Atlantic coastal plains of North America (Ta- 
ble 3). 

Emended diagnosis.-Archaeocetes with reduced but func- 
tional hind limbs characterized by relatively short femur, long 
ilium, and unfused sacral vertebrae; cervical vertebral centra 
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moderately shortened (mid-cervical centrum length 65-75 per- 
cent that of anterior thoracic); dentary with greatly enlarged 
mandibular foramen that opens into a deep posterolingual fossa, 
long symphysis that terminates ventral to p2 or p3, and a series 
of mental foramina along labial side of ramus; preorbital rostrum 
length less than 60 percent of total skull length; frontals form 
broad supraorbital processes; P3 large, widened posteriorly, tri- 
ple-rooted; P3 and P4 with two labial cusps, a prominent, cen- 
trally located paracone and a small metacone; upper molars 
broad, triple-rooted, with low or vestigial protocones. 

Remark.-Taxonomic ranks for Cetacea and Archaeoceti giv- 
en above follow McKenna and Bell (1997). 

Discussion.-For about eighty years, paleontologists used 
only one family-group name, Protocetidae, for all archaeocete 
whales that were not members of the Basilosauridae. With the 
proliferation in the last two decades of new early archaeocete 
genera (Table 3), there has also come an inevitable increase in 
family-group names (Gingerich and Russell, 1990; Gingerich et 
al., 1993). Most recently, Thewissen et al. (1996a) recognized 
four "protocetoid" families, Pakicetidae, Ambulocetidae, Rem- 
ingtonocetidae, and Protocetidae, with the latter subdivided into 
the Indocetinae and Protocetinae. This increase has unfortunate- 
ly not resulted from thorough phylogenetic analysis, and the 
monophyly of only the Remingtonocetidae is reasonably well 
established. The other families likely represent paraphyletic 
grades. The distinction between the Indocetinae and Protoceti- 
nae, originally based exclusively on postcranial character states 
(Gingerich et al., 1993), has broken down now that all the post- 
cranial remains first assigned to Indocetus have been reallocated 
to Remingtonocetus (Gingerich et al., 1995a). The Egyptian ar- 
chaeocete Eocetus has been omitted from some recent lists of 
protocetids (e.g., Gingerich and Russell, 1990; Thewissen et al., 
1996a). While Eocetus is certainly poorly known, and has sev- 
eral derived character states relative to most other protocetids, 
it readily falls within the established scope of the Protocetidae 
in a classification scheme using paraphyletic grades (Uhen, in 
press). 

Protocetids form an important transitional group between the 
amphibious, fluvial to littoral pakicetids and ambulocetids 
(Thewissen et al., 1996a; 1996b) and the fully marine basilo- 
saurids (Barnes and Mitchell, 1978; Fordyce and Barnes, 1994). 
They also have a wider geographical distribution than the former 
two groups which are only known from Pakistan and north- 
western India. From their origins in the Indo-Pakistani region, 
protocetids dispersed westward through the Tethys seaway, 
reaching Africa by the middle Lutetian and North America by 
the late Lutetian or earliest Bartonian (Gingerich et al., 1994; 
Hulbert, 1995). They also form a chronomorphocline of adap- 
tation for an exclusively marine way of life in almost all known 
regions of the skeleton. Examples are found in the skull (pos- 
terior migration of the narial fossa; increasing extent of scarf 
joints between some dorsal cranial elements; increased devel- 
opment of peritympanic sinuses), vertebrae (elongation and 
gradual loss of morphologic distinction between posterior lum- 
bar, sacral, and anterior caudal vertebrae), and hind limb (re- 
duction and loss of iliosacral synarthrosis; reduction of ischium; 
shortening of femur and loss of its third trochanter). Most of the 
postcranial adaptations relate to the transition from hind-limb- 
dominated swimming to caudally propelled locomotion. 

Genus GEORGIACETUS new genus 

Type species.-Georgiacetus vogtlensis new species. 
Diagnosis.-Protocetid significantly larger than Protocetus, 

Rodhocetus, Takracetus, Gaviacetus, or Indocetus; smaller than 
Eocetus, Natchitochia, or Pappocetus; size of cranium similar 

to that of Babiacetus. Narial fossa located at level of P1; naso- 
pharyngeal duct posteriorly much taller than wide; deep groove 
for orbital tract; horizontal parietal ridge on lateral wall of cra- 
nium in intertemporal region; pair of nuchal tubercles dorsal to 
foramen magnum; small, shallow fossa for pterygoid sinus lo- 
cated medial to falciform process. Mandibular symphysis open, 
not fused, terminating just in front of anterior margin of p3; 
ventral border of ramus straight, not with notch below molars. 
Very highly ornamented enamel on P2-P4 and p2-p4, also pres- 
ent but to a lesser degree on other teeth; P1 and pl double- 
rooted; M3 relatively small and lacks metacone; small, blunt 
accessory cusps present on some cheek teeth, most numerous 
on P4; protoconid and hypoconid on p4-m3 separated by well- 
formed, narrow camassial notch; smooth cristid obliqua on ml-m3. 
Eleventh thoracic vertebra both anticlinal and diaphragmatic; 
centra of posterior lumbar, sacral, and anterior caudal vertebrae 
elongated, more than in any other protocetid except Eocetus; 
sacral vertebrae with large, dorsolaterally projecting metapo- 
physes and long, slightly arched, distally thickened transverse 
processes. Innominate with reduced ischium and widened pubis; 
no distinct auricular surface on medial surface of ilium (indi- 
cating absence of iliosacral synarthrosis); large acetabulum with 
well-formed lunate surface and cotyloid notch; large obturator 
foramen. 

Etymology.-Georgia, for both its state of origin and the 
Georgia Power Company (owner of the VEGP), plus cetus (Lat- 
in, masculine), for whale. 

Discussion.-Georgiacetus and Natchitochia are the only for- 
mally named protocetids from the Western Hemisphere. Several 
other taxa are in the process of being described (McLeod and 
Barnes, 1990, 1996; Geisler et al., 1996; Uhen, in press). 

GEORGIACETUS VOGTLENSIS new species 
Figures 4-9, 11 

Diagnosis.-Same as for the genus. 
Description.-The cranium is relatively complete and well- 

preserved (Figs. 4 and 5; Table 4), with only minor dorsoventral 
crushing that resulted in slight buckling and partial overlapping 
of some elements. Loss of bone due to corrosion or scavenging 
is limited and most notable in the dorsal-most portion of the 
nuchal crest. The premaxillae, parts of the left zygomatic arch, 
and most of the teeth separated from the remainder of the cra- 
nium after death. Many of these were recovered within a short 
distance of the skull (Fig. 3), but the right premaxilla and a 
number of teeth were never found. 

The premaxillae articulated with each other dorsally in front 
of the narial fossa for about 150 mm. The narial fossa is about 
90 mm long and 50 mm wide at its broadest point, and termi- 
nates anteriorly at a point dorsal to the 13 and posteriorly above 
the middle of the P1. The nasals are long and gradually widen 
posteriorly, reaching their point of maximum width at a point 
level with the anterior border of the orbits. Laterally, the nasal 
articulates sequentially with the facial processes of the premax- 
illa and maxilla that overlap the nasal along straight scarf joints. 
The nasal-frontal suture is very complex and a narrow, 18-mm- 
deep process of the frontals inserts between the nasals. The fron- 
tals form posteriorly thick supraorbital processes that project lat- 
erally beyond the jugals (Fig. 4.1). The frontal-parietal suture is 
also highly complex. The sagittal crest begins immediately pos- 
terior to this suture and rises continuously to its junction with 
the nuchal crest, reaching a maximum height of 30 mm. The 
arcuate nuchal crest projects posteriorly beyond the occipital 
condyles (Fig. 4.5). 

Each lateral wall of the narrow intertemporal region is nearly 
vertical and subdivided into two slightly concave regions by a 
prominent, nearly horizontal parietal ridge (Fig. 4.5). The left 
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parietal ridge is more pronounced than the right, with a distinctly 
concave ventral margin. Ventral to the ridge, the parietal artic- 
ulates anteroventrally with the alisphenoid and posteroventrally 
with the squamosal. A small postparietal foramen is located on 
the squamosal-parietal suture. The anterior portion of the inter- 
temporal region is dominated by a deep optic tract which runs 
anterodorsally from the orbital fissure along the ventral portion 
of the frontal, and then curves laterally along the ventral margin 
of the supraorbital process to reach the orbit (Fig. 4.3). As pre- 
served, orbital dimensions are about 66 mm long by 38 mm tall, 
but the latter is reduced by crushing. 

The palatal surface of the premaxilla is flat and lacks an an- 
terior palatine foramen or fissure. A thin posterior projection of 
the premaxilla, located medial to the maxilla, forms the midline 
of the palate to the level of the P1-P2 diastema. The only em- 
brasure pit on the premaxilla is located posterior to the 13 al- 
veolus and is more on its lateral side than its ventral surface. 
The large, oval 12 alveolus is separated from the II and 13 al- 
veoli by short diastemata (Table 4; Fig. 4.3). The canine alveolus 
is located entirely on the maxilla, posterior to its contact with 
the premaxilla, and separated from the 13 by a long diastema. 
The canine, P1, and P2 alveoli are aligned with those of the 
incisors in two straight, nearly parallel rows, but the tooth rows 
abruptly diverge posterior to the P2 (Fig. 4.3). The P3 to M3 
form a closed series about 150 mm long that is separated from 
the P2 by a moderately long diastema. The maxillary portion of 
the palate lingual to this series is concave and bears embrasure 
pits medial to the P4, M1, M2, and M3, but not the P3. The 
maxilla also forms much of the lateral side of the rostrum (Fig. 
4.5), with the infraorbital foramen located just anterior to the 
P3. The portion of the maxilla bearing the M3 is thin and located 
ventral to the orbit, extending back onto the zygomatic arch, 
medial to the jugal. The palatines form a flat, triangular wedge 
between the maxillae, reaching anteriorly to the middle of 
the P4. The palatines widen posteriorly and extend along the 
base of the intertemporal region, forming the sides and base of 
the nasopharyngeal duct (Fig. 4.3-4.5). The ventral surface of 
this duct is initially continuous with the hard palate, but posterior 
to the orbit it begins to curve ventrally. At this point its cross- 
sectional shape changes from a flat-bottom "U" to a deep "V" 
with slightly concave walls. The palatines terminate posteriorly 
between the alisphenoid and pterygoid, and these two elements 
form the posterior portion of the nasopharyngeal duct. The in- 
ternal naris at the terminus of the duct is triangular in shape 
(Fig. 4.4), about 55 mm wide at its base and at least 90 mm tall 
below the level of the basisphenoid, and located about 130 mm 
anterior to the foramen magnum. 

The medial pterygoid laminae form wall-like ridges that ex- 
tend posterolaterally from the sides of the internal naris toward 
the tympanic bullae (Fig. 5). These laminae are formed ventrally 
by the pterygoid and dorsally by the alisphenoid, and terminate 
at about the level of the external auditory meatus, prior to con- 
tacting the relatively small lateral (= falcate) processes of the 
basioccipital. A large, elliptical falciform process of the squa- 
mosal is located lateral to the medial pterygoid lamina. Between 
these two structures is a shallow but distinct fossa located pri- 
marily on the alisphenoid that is a rudimentary pterygoid sinus 
(Fig. 5). A foramen "pseudo-ovale" is partially formed by an 
anterior projection of the falciform process towards the short 
lateral pterygoid lamina, but there is a slight gap between them. 
A narrow but deep cranial hiatus separates the periotic medially 
from the basioccipital (Fig. 5). The hypoglossal foramen is 4.5 
mm in diameter and located much closer to the jugular notch 
than to the foramen magnum. 

A large postglenoid process is located at the lateral edge of 
the squamosal and bears most of the articular surface for the 
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TABLE 5-Mandibular measurements of middle and late Eocene archaeocete cetaceans. Abbreviations and format as in Table 4. Key to specimens: GSM 350, 
holotype of Georgiacetus vogtlensis n. gen. and sp.; GSP-UM 3012 and 1852, holotype and referred specimen of Rodhocetus kasrani (data after Gingerich 
et al., 1994, 1995a); NHML 11086, Pappocetus lugardi (data after Kellogg, 1936); GSP-UM 3005, referred specimen of Babiacetus indicus (data after 
Gingerich et al., 1995b); and USNM 11962, referred specimen of Zygorhiza kochii (data after Kellogg, 1936). All measurements in millimeters. 

Georgiacetus Rodhocetus Rodhocetus Pappocetus Babiacetus Zygorhiza 
vogtlensis kasrani kasrani lugardi indicus kochii 
GSM 350 GSP-UM 3012 GSP-UM 1852 NHML 11086 GSP-UM 3005 USNM 11962 

Dentary L (as preserved) 690+ 530+- 630+ 695+ 718+ 
Symphysis L 305+ -- 310 282+ 322+ 
Depth at coronoid 190* -139 - - 207 
L from p2 to m3 (alveolar) 267* -- - 338 287* 
L, condyle to mandibular foramen 141 - 140 
L from condyle to m3 190 - - - 189 
Depth of dentary below canine 42* 50 56* - 84 
Depth of dentary below pl 47.5* -51* 67.5 
Depth of dentary below p4 58 58 57* - 116 65 
Depth of dentary below ml 75 69 68* 89 
Depth of dentary below m3 94 76 88* - 122 138 
i2-i3 DL 35* 17 33.5 23 - 31 
i3-c DL 30* 15.3 26.6 30 29 37 
c-pl DL 48* 22.3 30.4 45 58 43.5 
pl-p2 DL 24* 12.5 16.9 19 35 32.5 
p2-p3 DL 31 9.4 18.8 27* 24.5 24 
p3-p4 DL 4 4.5 8.9 4* 14.5 0 

dentary. The broad, deep external auditory meatus opens be- nearly vertically and bears a pair of large nuchal tubercles. A 
tween the postglenoid and posterior tympanic processes of the deep, rugose pit lies lateral to each tubercle. The supraoccipital 
squamosal and approaches the middle ear at almost a right angle flares posteriorly and dorsally above the tubercles, forming the 
to the sagittal plane (Fig. 5). There is a fossa at the end of the concave inner surface of the nuchal crest. The foramen magnum 
meatus to house the sigmoid process of the tympanic. The squa- is transversely wider than tall (Table 4, Fig. 4.2) and bounded 
mosal forms a broad horizontal shelf at the back of the temporal by vertically oriented occipital condyles. The posterior surface 
fossa, and its short zygomatic process articulates with the strap- of the exoccipital lateral to the condyle is slightly irregular but 
like jugal at an oblique angle. The dorsal crest of the zygomatic basically flat with a slight anterior tilt, rectangular in shape, and 
process thins posteriorly and rotates downward to form the lat- robustly articulated with the basioccipital and squamosal. The 
eral margin of the nuchal crest. This edge of the squamosal is exoccipital bears a prominent paroccipital process that articulat- 
not confluent with the upper margin of the exoccipital along the ed with the tympanic bulla (Fig. 4.3). 
back of the skull. Instead, the suture between the two lies within The blocky, almost cubic promontorium of the periotic has a 
a deep, rugose groove (Fig. 4.4). The supraoccipital shield is flat ventral surface (Fig. 5). The circular fenestra vestibuli is 
slightly higher than wide and constricted medially (Fig. 4.2). centrally located on its lateral side and not visible in ventral 
Dorsal to the foramen magnum, the supraoccipital is oriented view. The promontorium is separated from the anterior process 

TABLE 6-Measurements of upper teeth of middle Eocene protocetid cetaceans. Abbreviations: AL, alveolar length; BL, basal crown length; BW, basal crown 
width. Specimens and format as in Table 3. All measurements in millimeters. 

Rodhocetus Rodhocetus Takracetus Gaviacetus Protocetus Babiacetus Eocetus Indocetus 
Georgiacetus kasrani kasrani Simus razai atavus indicus schweinfurthi ramani 

vogtlensis GSP-UM GSP-UM GSP-UM GSP-UM SMNS GSP-UM SMNS LUVP 
GSM 350 3012 1853 3041 3095 11084 3005 10986 11034 

12 AL 43.4 25.9 27.7 26.3- - 44.9 - 

13 AL 29.3 - 20.0 16.4 31.5 30.3 
C AL 40* - 26.7 29.3 37.0 - - 
P1 AL 32.6 - - - 20.9 - 42* 
P2 AL 41.6 - 37.2 -26.4 35.2 - - 
P3 AL 40.2 - - 25.1 26.6 32.5* - 30.0 
P4 AL 36.9 - - 21.0 20.0 24.3 - 41.1 28.5 
M1 AL 20.1 14.3 - 20* 17.0 
M2 AL 22.9 16.0 16.1 - - 17.0 
M3 AL 16* 8.2 12.3 - 
C BL 29.2 30.5 - 26.5 - 38* 
P1 BL 27.7 - -20.9 36.7 - 
P2 BL 47.3 35.5 - -- 34.2 41.7 54+ 
P3 BL 44.0 37.5 36.4 43.8 - 
P4 BL 39.7 - - 25.0 36.8 42+ - 
M1 BL 25.5 23.5 - 20* 21.7 
M3 BL 20.8 18.2 - 14.2 20.5 28* - 
C BW 17.6 16.8 - -- 12.3 - 22.8 
P1 BW 12.9 - - - 9.8 17.0 
P2 BW 18.0 - - 12.1 15.9* 
P3 BW 25.5 14.9 -- 16.8 23.0 
P4 BW 24.0 18* - -- 20.3 25.6 26+ 
M1 BW 22.9 - . - 20* 
M3 BW 18.5 16.2* - -- 13.4 15.5* 15* 
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TABLE 7-Measurements of lower teeth of middle and late Eocene archaeocete cetaceans. Abbreviations as in Table 6. Specimens as in Table 4, with the 
addition of NHML 11414, holotype of Pappocetus lugardi (data after Kellogg, 1936). Values reported for both specimens of P. lugardi are of deciduous 
premolars. All measurements in millimeters. 

Georgiacetus Rodhocetus Rodhocetus Pappocetus Pappocetus Babiacetus Zygorhiza 
vogtlensis kasrani kasrani lugardi lugardi indicus kochii 
GSM 350 GSP-UM 3012 GSP-UM 1852 NHML 11086 NHML 11414 GSP-UM 3005 USNM 11962 

pl AL 25* 15.5 -30.8 - 
p2 AL 37* - 26.8 45.4-- 
p3 AL 48.7 -33.8--- 
p4 AL 47* 32.3 66.5- -- 
ml AL 28.9 -21.7--- 
m2 AL 32.3 20.7 -- 
m3 AL 34.3 -24*--- 
il BL 15.5*---- 
pl BL 24.0 18.4 13.7 --35.7 22.4 
p2 BL -35.5* 30.3 - 37.3 40.1 46.8 
p3 BL - 42.3 38.1 54.2 44.0 55* 
p4 BL 50+ 38.6 36* - 60.0 49.5 56.7 
ml BL 30* 23.6 21* 46.8 45.0 25.2 37.5 
m2 BL 31.8 29.0 25* 45.8 31.5 37.3 
m3 BL 35.4 24.5 42+ -35.4 36.3 
il BW 10* ----- 
pl BW 11.8 8.9 - 15.0 12.5 
p2 BW -13.4 11.8 - 17.5 13.3 
p3 BW -16.2 13.5 - 19.3 14.7 
p4 BW 17+ 14.6 - 18.2 16.6 
ml BW 16.0 11.9 - 20.9 - 13.2 16+ 
m2 BW 19.6 15.0 -19.4 - 15.5* 15.5 
m3 BW 18* 13.8 - -16.7 14.7 

of the periotic by a deep channel for the tensor tympani muscle. 
The large anterior process is firmly attached laterally to the squa- 
mosal and partially concealed ventrally by the alisphenoid. The 
elongate posterior process of the periotic extends about 60 mm 
posterolaterally beyond the epitympanic recess, and is visible in 
posterior and lateral views wedged between the exoccipital and 
squamosal. 

The tympanic bulla is approximately rectangular in dorsal 
view (Fig. 6.2). A thin outer lip arches over the relatively broad 
tympanic cavity and bears a long and slender anterior pedicle. 
The latter underlies but does not directly contact the falciform 
process of the squamosal. The anterior pedicle is separated from 
the sigmoid process by a distinct groove that runs anteroven- 
trally across the lateral surface of the bulla (Fig. 6.4). A low 
conical process is located just posterior to the sigmoid process. 
The dorsal surface of the involucrum bears numerous transverse 
grooves and wrinkles. The posterior surface of the involucrum 
is flat but finely rugose (Fig. 6.3). The dorsal portion of this 
region syndesmotically articulates with the paroccipital process. 
At the posterolateral edge of the involucrum, the rugose bone 
thins greatly to form the internal pedicle of the posterior process. 
It is deflected laterally, and completely covers the vertical cleft 
posteriorly. The vertical cleft is very narrow (Fig. 6.3), notably 
arcuate (medially concave), and very deep, terminating only 
about 5 mm from the ventral surface of the bulla. A broad, 
shallow groove completely separates the ventral bullar surface 
into a smaller, posteromedial lobe and a larger, convex outer 
portion (Fig. 6.1). The ventral surface of the bulla is not smooth, 
but instead bears faint depressions and bumps. The much greater 
depth of the posterior half of the bulla is evident in either lateral 
or medial view (Fig. 6.4). 

The left dentary of GSM 350 (Fig. 7; Table 5) is much more 
complete than the right, but its coronoid process was dorsoven- 
trally crushed, the lateral portion of the condyle was eroded 
away, and the portion of the ramus anterior to the p1 was broken 
off and not recovered. However, a natural mold of this lost sec- 
tion was preserved and used to make a cast of some of the 
missing portion. Anteriorly, the mandible consists of slender, 
straight rami joined along an extensive, unfused symphysis that 

terminates at the level of the p3. The labial surface of the den- 
tary is convex, increasingly so posteriorly, while the lingual side 
is anteriorly flat but slightly concave from ventral to the ml back 
to the mandibular foramen. The ventral margin is relatively 
straight (Fig. 7) with no step or notch beneath the molars. The 
ventral margin turns lingually to form a sharply inflected angle 
below the mandibular fossa. The anterior teeth are separated by 
long diastemata (Table 5), while there is a very short diastema 
between the p3 and p4, and the p4-m3 form a closed series. Jaw 
depth gradually increases posteriorly. Eight mental foramina are 
preserved on the left dentary; the posterior-most of these is lo- 
cated high on the ramus ventral to the front of the ml (Fig. 7.1). 
The coronoid process begins lateral to the posterior root of the 
m3, gradually rising about 90 mm above its alveolar margin. 
The labial surface of the coronoid is flat with a small, shallow 
depression that probably represents the masseteric fossa. In me- 
dial view (Fig. 7.2), a large (135 mm long by 85 mm tall) man- 
dibular fossa is located between the greatly enlarged mandibular 
foramen and the condyle. The mandibular foramen is about 80 
mm tall and 33 mm deep at its maximum. 

The following teeth are present in GSM 350 (Tables 6-7; 
Figs. 8-9; asterisks indicate those represented by right and left 
sides): upper canine, P1*, P2*, P3, P4*, Ml*, M3, il, pl, ml, 
m2, and m3. Portions of the p2-p4 are also found on the left 
ramus. The incisors and canines are single-rooted, the P1, P2, 
and the lower cheek teeth are double-rooted, and the P3-M3 
have three roots, two labial and one posterolingual (Fig. 8.4, 
8.10, 8.15). The anterior teeth are single-cusped, bluntly conical, 
with finely ornamented, relatively thin enamel; the intermediate 
teeth (second, third, and, in part, fourth premolars) are elongate, 
tall, and robust with thick, very highly ornamented enamel and 
tall, continuous cingulae; and the posterior teeth are secodont, 
shearing against each other in a series of carnassials. The degree 
of enamel ornamentation, thickness, and cingulum development 
of the latter are somewhat between that observed in the anterior 
and intermediate teeth. The point of demarcation between the 
intermediate and posterior series falls within the fourth premo- 
lars, which posteriorly function with the molars and anteriorly 
with the P3/p3 and P2/p2. The anterior and posterior carinae of 
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the P3 and P4 bear small but distinct, blunt, accessory cusps 
(Fig. 8.3-8.7); these are also present on the molars but are soon 
lost with wear. The lingual sides of the P3 and P4 bear pro- 
nounced posterior protuberances (Fig. 8.4, 8.7), but not distinct 
protocones. There are similar structures on the molars, but they 
bore a very small, low cusp, i.e., a remnant of the protocone 
(Fig. 8.13). All of the upper molars and the P4 have large lingual 
wear facets, while the more anterior teeth are only worn on the 
apices of their cusps. The M3 is notably smaller than the Ml or 
M2 (Table 6), and lacks a metacone (Fig. 8.14). While it bears 
three distinct roots, they are partially coalesced. 

The ml-m3 are similar, differing slightly in proportions (Table 
7; Fig. 9). Each has two laterally compressed cusps, a taller, 
larger protoconid and a shorter, blade-like hypoconid, that are 
separated by a vertical carnassial notch. Their crowns are com- 
pletely encircled by a 2 to 3 mm high cingulum. Carinae run 
along the anterior face of each molar from the apex of the pro- 
toconid to the anterolabial and anterolingual comers, respective- 
ly. Both carinae bear accessory cusps, including a large stylar 
cusp at the anterolingual comer. They form the concave reentrant 
groove into which fits the posterior margin of the preceding 
tooth. The labial surfaces of the ml-m3 wear rapidly, forming 
two large, oblique wear facets (Fig. 9.2), except on the m3, 
which is only worn on the protoconid (as the small M3 does not 
occlude with its hypoconid). Striations in these wear facets run 
dorsoventrally. The edge of enamel that forms the unworn crest 
of the talonid (cristid obliqua) is sharp but not serrated, fluted, 
or compressed. 

The postcranial anatomy of Georgiacetus vogtlensis is de- 
scribed in detail by Hulbert (1998) and only the most salient 
features are noted here. The vertebral formula is most likely 
seven cervicals, 13 thoracics, eight lumbars, four sacrals, and an 
indeterminate number of caudals. The vertebrae bear large, flat 
zygapophyses. The centra of the cervical vertebrae are relatively 
short (Fig. 10) and lack hypapophyses. The first ten thoracics 
bear very tall (> 100 mm) neural spines that project postero- 
dorsally. Those on the last three thoracics are shorter in height 
but longer anteroposteriorly and project dorsally. Although cen- 
trum length increases progressively through the thoracic and 
lumbar series (Fig. 10), the rate of increase rises in the posterior 
lumbars and continues through the sacrals. The lumbar vertebrae 
bear relatively tall neural spines and dorsoventrally flattened 
transverse processes that project anterolaterally and slightly ven- 
trally. The sacral vertebrae are longer than the lumbars and are 
not fused to form a sacrum. 

Other than the stout first rib, the ribs are long and slender, 
with relatively straight shafts and only slightly expanded distal 
ends. They are partially osteosclerotic, with greatly thickened 
compact bone and a small core of cancellous bone on the neck, 
angle, and shaft. However, only a thin layer of compact bone is 
present at the distal end of the shaft and around the articular 
surfaces of the capitulum and tuberculum. 

The innominate is elongate (Fig. 11), with a greatest length 
of more than 360 mm. The ilium is long, about 50 percent of 
total innominate length, with slight anterior flare. The iliac blade 
faces dorsolaterally and its gluteal surface is slightly concave; 

the internal surface of the iliac blade faces ventromedially and 
is slightly convex. The dorsal and ventral borders of the ilium 
are rounded and thick. The medial surface of the iliac blade is 
relatively smooth, lacking an auricular surface for articulation 
with the sacral vertebrae (Fig. 11.2). However, there is a slightly 
rugose region in the middle of the blade that probably attached 
indirectly to one or more transverse processes of the sacrals via 
connective tissue. There is a raised, rugose region on the lateral 
surface just anterior to the acetabulum for the origin of the rectus 
femoris muscle. The acetabulum is large (Fig. 11.3), about 46 
mm in diameter, with a circular lunate surface that opens widely 
posteroventrally and surrounds a relatively deep but narrow ac- 
etabular fossa. The deep cotyloid notch is directed posteriorly, 
and roofed by the dorsal lunate surface and a short ridge on the 
ischium posterior to the acetabulum. A large, rugose iliopubic 
eminence is located on the ventral margin below and slightly 
anterior to the acetabulum (Fig. 11.3). The ischium is transverse- 
ly thin and lacks any trace of a lesser sciatic notch. The ischial 
tuberosity is small and the ischial spine is also reduced, forming 
a thin ridge. The obturator foramen is oval, about 81.5 mm long 
and 69 mm tall. The pubic ramus is greatly widened with the 
minimum distance between the pubic symphysis and the obtu- 
rator foramen about 63 mm. The relatively short pubic symphy- 
sis is about 77 mm long. 

Etymology.-The new species is named after the Vogtle Elec- 
tric Generating Plant, whose construction produced the holotype 
and referred specimens of this taxon. 

Holotype specimen.-GSM 350, an associated partial skeleton 
consisting of the cranium, upper teeth, left dentary with teeth, 
partial edentulous right dentary, 23 vertebrae, 12 ribs, a sterne- 
bra, a hemal arch, and left and right innominates. Collected June 
1-10, 1983 by R. M. Petkewich, G. A. Bishop, and others. 

Referred specimens.-GSM 351, three associated thoracic 
vertebrae along with portions of at least four ribs and the partial 
crown of a tooth (P1?); GSM 352, isolated anterior lumbar ver- 
tebra. 

Type locality.-South of water intake station, Vogtle Electric 
Generating Plant, eastern Burke County, Georgia (Fig. 1); 33? 
08'55'N, 81045'21VW. 

Horizon and age.-From the informally designated Blue 
Bluff unit of Huddlestun and Hetrick (1986); middle Eocene, 
either very late Lutetian or (more likely) very early Bartonian, 
within nannoplankton zone NP16. 

Discussion.-A semantic argument can be made that the ver- 
tebrae referred to above as "sacrals" do not fit the technical 
definition of sacral vertebrae because they do not directly contact 
the innominate. We prefer to use this term for these vertebrae 
because: 1) they are homologous with the four sacral vertebrae 
observed in older archaeocetes; 2) they retain some morphologic 
distinctions from the preceding lumbars and succeeding caudals; 
and 3) in life they probably retained some of the functions of 
typical mammalian sacrals. 

Albright (1996) described three isolated protocetid teeth 
(ChM PV 5037-5039) from the upper Santee Limestone of 
South Carolina and suggested that they were conspecific with 

FIGURE 4-Georgiacetus vogtlensis new genus and species. Holotype GSM 350, skull with right P1 and left P1-P2. 1, dorsal view; 2, posterior view; 3, 
ventral view; 4, ventroposterior view; 5, left lateral view (with portions of zygomatic arch removed). bo = basioccipital, earn = external auditory meatus, 
ep = embrasure pit, ex = exoccipital, fm = foramen magnum (filled with matrix), fpp = facial process of premaxilla, fr = frontal, gse = groove 
separating squamosal from exoccipital, in = internal naris (choane) at terminus of nasopharyngeal duct, jug = jugal, nc = nucal crest, nd = nasopharyngeal 
duct, nf = narial fossa, or = orbit (filled with matrix), ot = optic tract, pal = palatine, par = parietal, pgp = postglenoid process of squamosal, ppe = 
paroccipital process of exoccipital, pr = parietal ridge on wall of intemporal region, sc = sagittal crest, sq = squamosal, sus = supraoccipital shield, sup 
= supraorbital process of frontal, tf = temporal fossa, tb = tympanic bulla. Scale bar = 20 cm. 
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FIG. 5-Georgiacetus vogtlensis new genus and species. Holotype GSM 350, ventral view of right basicranium. Tympanic bulla (Fig. 6) was removed to 
reveal inner ear region. fp = falcate process of squamosal, fpo = foramen "pseudo-ovale", hyf = hypoglossal foramen, mpl = medial pterygoid lamina, 
oc = occipital condyle, pes = penbullar sinus in cranial hiatus, pgp = postglenoid process of squamosal, pp = posterior process of periotic, pr = 
promontorium of periotic, psf = pterygoid sinus fossa (developed on alisphenoid). Scale bar = 30 mm. 

Georgiacetus vogtlensis. These teeth resemble those of G. vog- 
tlensis in their size, proportions, and wear patterns (there are 
some differences but these fall within the range of intraspecific 
variation), and in having complex enamel ornamentation, well- 
developed cingulae on the p2 and lower molar, a well-developed 
camassial notch on the molar, and small accessory cusps on the 
anterior carinae of the molar (Albright, 1996). The p2 (ChM PV 
5038) differs from the holotype of G. vogtlensis in lacking a 
posterior cusp (although it does bear a small heel) and it is 
single-rooted although bilobed. There are no known fossil "pop- 
ulations" of protocetids to critically judge the significance of 
these differences and determine if they are best considered intra- 
or interspecific variation. As there are other middle Eocene pro- 
tocetids in addition to G. vogtlensis on the Atlantic Coastal 
Plain, the South Carolina specimens could belong to some other 
taxon. At present, they are conservatively allocated to Georgi- 
acetus sp., cf. G. vogtlensis. 

Pontobasileus tuberculatus Leidy, 1873, is an obscure taxon 
based on a fragmentary tooth (ANSP 11216) without any local- 
ity data (neither stratigraphic nor geographic) that was regarded 
by its describer as an archaeocete. Kellogg (1936) suggested that 

it was not an archaeocete, but instead a squalodont odontocete. 
McKenna and Bell (1997) listed it as Archaeoceti insertae sedis, 
but also noted that even its assignment to the Archaeoceti was 
questionable. Some aspects of the morphology of ANSP 11216 
are very similar to the posterior regions of the P2 and p2 of 
protocetids such as G. vogtlensis, notably the highly ornamented 
enamel and development of the cingulum. However, the very 
limited, morphologic information contained by ANSP 11216, 
combined with its lack of locality data, render it specifically 
nondiagnostic. 

COMPARISONS WITH OTHER PROTOCETID WHALES 

Georgiacetus is a member of the Protocetidae as the family 
was diagnosed by Thewissen et al. (1996a) and Uhen (in press). 
A total of ten monotypic genera, including Georgiacetus, pres- 
ently comprise this family (Table 3). No comprehensive phylo- 
genetic analysis of the group has been attempted, so the follow- 
ing comparisons between Georgiacetus and other protocetids 
will be done chronologically, with the understanding that older 
does not necessarily mean more primitive. 
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FIGURE 6-Georgiacetus vogtlensis new genus and species. Holotype GSM 350, right tympanic bulla. 1, ventral view (anterior to top); 2, dorsal 
view (anterior to top); 3, posterior view (ventral surface to top); 4, lateral view (anterior to left, ventral surface to top). In 3, the internal pedicle 
of the posterior process has been removed to show the vertical cleft. Scale bar = 20 mm. 

The three oldest protocetids are the late early Lutetian Rod- 
hocetus, Takracetus, and Gaviacetus (Table 3). Rodhocetus is 
the most completely known of the three (Gingerich et al., 1994; 
1995a). It differs from Georgiacetus in having a more anteriorly 
located narial fossa, a smaller, single-rooted P1, a mandibular 
symphysis that ends just posterior to the p2, and in lacking car- 
nassial notches on the posterior lower cheek teeth. Rodhocetus 
has six lumbar vertebrae that are not as elongate as the eight of 
Georgiacetus (Fig. 10). The first sacral of Rodhocetus has a 
robust auricular process for synarthrotic articulation with the il- 
ium, and its laminae articulate with those of the second sacral 
(Gingerich et al., 1994, 1995a), both lacking in Georgiacetus. 
The innominate of Georgiacetus differs from that of Rodhocetus 
in having a longer ilium without an auricular surface, a more 
reduced ischial tuberosity, and a shorter, much wider pubic ra- 
mus. 

Only a partial, edentulous cranium has been described for 
Takracetus (Gingerich et al., 1995a). It differs from all other 
protocetids in its broader rostrum (Table 4) and relatively large 
orbits. The alveolar lengths of the teeth of Takracetus are shorter 
than those of Georgiacetus, relative to skull length (Table 6), 
and its M3 is double-rooted and very small. Gaviacetus, also 
described by Gingerich et al. (1995a), differs from Georgiacetus 
in having a narrower rostrum, a relatively slender nuchal crest, 
and in lacking a pterygoid sinus. The maximum width across 
the nasals is greater in Gaviacetus than in Georgiacetus, yet the 
latter is about 20 percent larger in other cranial dimensions (Ta- 
ble 4). The first sacral of Gaviacetus (Gingerich et al., 1995a, 
figure 1 lB) has a shorter, more robust transverse process than 

that of Georgiacetus and likely bore an extensive, angled artic- 
ulation with the ilium. 

The type genus of the family, Protocetus, is known principally 
from a partial skeleton from the middle Lutetian of Egypt (Ta- 
bles 4, 6; Fig. 10; Fraas, 1904a; Gingerich, 1992). The crania 
of Protocetus and Georgiacetus are similar in proportions, al- 
though the latter is about 30 percent larger, and in the devel- 
opment of the sagittal crest, temporal fossa, supraoccipital 
shield, narial fossa, tympanic bulla, and periotic. The two differ 
in that Protocetus has a shallower postcanine embrasure pit, a 
smaller, more medially located postglenoid process, a much shal- 
lower optic tract, and an internal naris that is wider than it is 
tall. Protocetus differs from Georgiacetus in the absence of nu- 
chal tubercles, the groove along the exoccipital-squamosal su- 
ture, a pterygoid sinus fossa, and a parietal ridge. The upper 
dentitions of both have strongly developed cingulae, ornamented 
and crenulated enamel (strongest on P2 and P3), and the same 
relative size of the M3. The dentition of Protocetus differs from 
that of Georgiacetus in having a relatively longer P2-P3 diaste- 
ma (Table 4), more centrally located lingual bulges on the P3 
and P4, shorter crown heights, and in lacking accessory cusps 
and large lingual wear facets on the P4-M3. The cervical, tho- 
racic, and anterior lumbar vertebrae are generally similar, except 
that those of Georgiacetus are more robust. Prominent metapo- 
physes on the sacrals is another point of similarity. The centra 
of the posterior lumbars and sacrals are relatively shorter in Pro- 
tocetus (Fig. 10). They are about 15 percent longer than that of 
the first lumbar, whereas in Georgiacetus the same dimensions 
are 45 to 50 percent longer (Hulbert, 1998). Most researchers 
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FIGURE 7-Georgiacetus vogtlensis new genus and species. Holotype GSM 350, left dentary with pl-m3. 1, lateral view; 2, medial view. The portion 
of the dentary anterior to the pl was destroyed in the field by construction equipment. This also damaged the crowns of the p2-p4 and m3. Figure 
9 shows the posterior cheek teeth in more detail. mf = mandibular fossa, s = termination point of mandibular symphysis ventral to anterior root 
of p3. Scale bar = 10 cm. 

contend that Protocetus retained an iliosacral synarthrosis 
(Fraas, 1904a; Kellogg, 1936; Gingerich et al., 1995a), although 
this cannot be determined unequivocally without more complete 
specimens. 

Pappocetus lugardi, from the late Lutetian of Nigeria (An- 
drews, 1920; Barnes and Mitchell, 1978; McLeod and Barnes, 
1996), is best known from two subadult mandibles with decid- 
uous premolars and erupting molars (Tables 5, 7). Halstead and 
Middleton (1974) described a small number of cetacean verte- 
brae found near the type locality of P. lugardi and referred them 
to that species. There is no direct association between these ver- 
tebrae and the mandibles, so they can only tentatively be as- 
signed to Pappocetus. The lower molars of Pappocetus are about 
50 percent longer than those of Georgiacetus (Table 7), so the 
former was evidently a much larger form. The dentaries of the 
two resemble each other in location and orientation of mental 
foramina, point of termination of the symphysis, angle of diver- 
gence between the rami posterior to the symphysis, relative man- 
dibular height, and location of the coronoid relative to the mo- 
lars. The ramus of Pappocetus has a distinctive steplike notch 
on its ventral margin below the m2 and m3 lacking in Georgi- 
acetus (and in all other protocetids with known mandibles). The 
adult lower premolars of Georgiacetus and the deciduous pre- 
molars of Pappocetus cannot be compared directly, but small 
accessory cusps and strong cingulae are present in both taxa. 

The lower molars of Georgiacetus are more similar to those of 
Pappocetus than to any other known Old World protocetid, al- 
though lower teeth are not known for many taxa in this family 
(Table 3). The molars of Pappocetus are more slender relative 
to their length than are those of Georgiacetus (Table 7). Other 
differences are the carina from the protoconid to the anterolin- 
gual comer of the molar in Pappocetus is weaker but has a 
greater number of accessory cusps than in Georgiacetus, and the 
cristid obliqua is distinctly serrated or fluted in Pappocetus. The 
vertebrae referred to Pappocetus (Halstead and Middleton, 
1974) are very different from those of Georgiacetus, having 
short, broad, ventrally keeled centra and large, rounded trans- 
verse processes. 

Indocetus ramani is known primarily from its holotype, a 
poorly preserved, nearly edentulous partial skull from India 
(Sahni and Mishra, 1975; Gingerich et al., 1995a). Endocranial 
casts described by Bajai et al. (1996) were referred to Indocetus. 
Isotopic analysis of Indocetus tooth enamel demonstrates that it 
was fully marine (Thewissen et al., 1996b). In lateral view, the 
dorsal profile of the supraorbital region in Indocetus is concave, 
but fairly straight in Georgiacetus. Also, the Ml of Indocetus 
has a larger, prominent protocone, and is the same length as the 
M2, not smaller as in Georgiacetus. The surface of the maxilla 
lingual to the cheek teeth is flat in Indocetus, concave in Geor- 
giacetus, and the facial process of the premaxilla does not extend 
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FIGURE 8-Georgiacetus vogtlensis new genus and speies. Holotype GSM 350, upper teeth. 1, lingua , and , labial views of the right canine. 3, 
lingual, and 4, posterior views of the right P3. 5, lingual, 6, labial, and 7, occlusal views of the left P4. 8, lingual view of right P4. 9, lingual, and 
10, labial views of the right M1. 11, lingual view of right P1. 12, lingual, and 13, posterior views of the left M1. 14, lingual, and 15, labial views 
of the left M3. The roots of the left P4 and Ml are broken. Note unequal wear on lingual surfaces of the crowns of the left and right Mis, partially 
fused posterior roots on P3-M3, accessory cusps on P3 and P4, strong cingulae, and highly omamented enamel. Scale bars = 20 mm; upper scale 
bar for 1-8, 11; lower scale bar for 9, 10, 12-15. 
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FIGURE 9-Georgiacetus vogtlensis new genus and species. Holotype GSM 350, posterior left lower cheek teeth (p4-m3) in situ in dentary. 1, labial 
view; 2, lingual view. Enamel on the lingual side and apex of m3 protoconid is missing, as is most of the protoconid of the p4. Crowns of ml 
and m2 lack significant post-mortem damage (a small portion of posterior lingual cingulum of the ml is missing), but they display considerable 
attritional wear incurred during the life of the animal. The lingual surfaces of the p4 hypoconid and m3 protoconid also bear wear facets. Note 
deep carnassial notches separating the protoconids and hypoconids. Scale bar = 30 mm. 

as far posteriorly in the former. The width-length ratio of the 
tympanic bulla is lower in Indocetus than it is in Georgiacetus 
(Table 4). Only the recovery of better preserved fossils of In- 
docetus will allow a full comparison with Georgiacetus. 

The late Lutetian Babiacetus indicus is known from both India 
and Pakistan (Trivedy and Satsangi, 1984; Gingerich et al., 
1995b). It belongs to the same general size class as Georgiace- 
tus, at least in terms of skull length (Table 4). Other features of 
similarity are the locations of the narial fossa and infraorbital 
foramen on the rostrum, and the large, double-rooted pl and P1. 
Babiacetus differs from Georgiacetus in having a solidly fused 
mandibular symphysis that terminates at the p2, a much deeper 
dentary (Table 5), overall much smoother enamel with fainter 
ornamentation, more poorly developed cingulae, a larger M3 
(relative to M2) with a metacone, relatively broader supraorbital 
processes, and a shorter, relatively narrower tympanic bulla. It 
lacks the posterior cusps on the p2 and p4, accessory cusps on 
cheek teeth, carnassial notches on the lower molars and p4, and 
pterygoid sinus fossa found in Georgiacetus (Gingerich et al., 
1995b). 

Natchitochia jonesi from Louisiana is known only by a frag- 
mentary skeleton consisting of 13 vertebrae and three ribs 

(Uhen, 1998). It differs from Georgiacetus in having an iliosa- 
cral articulation, centrum of sacral vertebra much wider than 
long, and, in the lumbars, centra with more concave articular 
surfaces. The ribs are not osteosclerotic. Uhen (1998) further 
compared the two North American protocetids. 

The morphology of the Egyptian Eocetus schweinfurthi is 
taken solely from the holotype, a poorly preserved cranium 
(SMNS 10986). The very elongate vertebrae referred to it by 
Fraas (1904a, 1904b) and Kellogg (1936) were not collected in 
direct association with SMNS 10986, nor is there definitive ev- 
idence they were collected from the same stratigraphic level. 
With no evidence to link them to the skull, they are ignored in 
the present analysis (but see Uhen, in press). Eocetus is larger 
than Georgiacetus by 25 to 30 percent in most comparable cra- 
nial dimensions (Tables 4, 6). Points of similarity include a high 
sagittal crest, a posteriorly projecting nuchal crest, robust zy- 
gomatic arches, a laterally positioned postglenoid process, lo- 
cation of the narial fossa (dorsal to P1), large P1, small posterior 
cusp on P2, highly ornamented tooth crowns, triple-rooted M3 
lacking a metacone and having a strong lingual wear facet, and 
small accessory cusps on some of the posterior cheek teeth. 
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FIGURE 1O-Length-of-vertebrae profile of three middle Eocene protocetid whales, Protocetus atavus (SMNS 11084; profile begins with third 
cervical), Rodhocetus kasrani (GSP-UM 1853, after Gingerich et al., 1994; profile begins with axis), and Georgiacetus vogtlensis new genus and 
species (GSM 350; profile begins with fourth cervical), and the early Eocene terrestrial mesonychid Pachyaena ossifraga (after Zhou et al., 1992; 
profile begins with axis). All three protocetids share short cervical vertebrae compared to the mesonychid. Their profiles parallel each other through 
the thorax, but beginning in the middle of the lumbar series (about vertebral number 23), the vertebrae of G. vogtlensis are much longer both 
absolutely and relatively compared to Protocetus and Rodhocetus. 

Eocetus differs significantly from Georgiacetus in having rela- 
tively longer diastemata between the canine and incisors and 
shorter diastemata between the anterior premolars (Table 4), 
larger embrasure pits, more posterior termination of the facial 
processes of the premaxilla and maxilla, and in lacking the pa- 
rietal ridge. 

FUNCTIONAL ANATOMY AND PALEOBIOLOGY 

The morphology of the relatively complete skeleton of Geor- 
giacetus vogtlensis reveals new insights into the paleobiology of 
protocetid cetaceans, and the evolutionary transition between 
protocetid and basilosaurid cetaceans that took place in the mid- 
dle Eocene. 

Cranial morphology, prey capture, and food processing.- 
The greatly elongated rostrum would have allowed rapid lateral 
movement to capture fast moving prey. Another specialized fea- 
ture of the rostrum are the scarf joints that strengthen the artic- 
ulations between the premaxilla and nasal, maxilla and nasal, 
and zygomatic process of the jugal and molar-bearing portion of 
the maxilla. These foreshadow the even more extensive scarf 
joints or telescoping of the cranial elements in more derived 
cetacean skulls. The other dominant feature of the cranium is 
the enormous temporal fossae. Coupled with the tall, extensive 
sagittal crest and the distinctive parietal ridges, they indicate that 
the temporalis muscle was by far the largest and most powerful 
of the jaw adductors. A small masseter is implied by the vestigial 
masseteric fossa on the coronoid. A somewhat stronger ptery- 
goid muscle is indicated by the thick, inflected mandibular angle. 

This evidence, along with the orientation of the dental wear 
facets, implies that jaw movement was principally in a dorso- 
ventral direction. 

The teeth are robust, with large roots, sharp cutting edges, 
and ornamented enamel (Figs. 8-9). The blunt apical wear on 
the major cusps suggests capture of relatively large, active prey 
containing mineralized skeletons (Massare, 1987). The carnas- 
sial-like morphology of the four posterior teeth, with their large 
wear facets, implies that prey items were often too large to be 
swallowed whole and had to be processed into smaller pieces. 
Potential prey consisted of vertebrates such as fish, chelonians, 
marine birds, and sirenians (Thewissen et al., 1996a), and in- 
vertebrates such as nautiloids. With the modification of the fore 
limbs into flippers, it is unlikely that they were of much use in 
food manipulation. Large prey items may have been dragged on 
land, or been torn into smaller, more manageable portions by 
grasping a part of the prey with the strong jaws and then rolling 
and twisting the entire body. The latter is a common behavior 
in some modem crocodilians and sharks. 

Dental morphology changes significantly in Georgiacetus 
along the tooth row. There are three major functional groups 
with some integration. The five anteriormost teeth (the incisors, 
canine, and P1) are simple and conical. Their use was to grasp 
and hold the prey until it could be processed by the more pos- 
terior teeth. They were located too far from the main jaw mus- 
cles to exert a great deal of force (Greaves, 1995). The large 
main cusps of the second through fourth premolars would crush 
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FIGURE 11-Georgiacetus vogtlensis new genus and species. Holotype GSM 350, innominate. 1, lateral, and 2, medial views of left innominate. 3, 
close-up lateral view of acetabulum of right innominate. Scale bar = 10 cm for 1, 2; 34 mm for 3. 

bone and kill more resistant prey. The P2-P4 and p2-p4 feature 
the highest degree of enamel ornamentation, the strongest cin- 
gulae, and the thickest enamel of the entire dentition. These 
likely functioned to strengthen the enamel against breakage. 

Carnassial notches are present between the paracone and me- 
tacone of the P4, M1, and M2, and the protoconid and hypo- 
conid of the p4-m3. The latter are especially well developed and 
are less prone to loss by attritional wear than those on the upper 
teeth. Carnassial notches function to hold meat secure and in 
place between the occluding teeth (Bryant and Russell, 1995) 
and cut tendons and other durable connective tissue structures 
(Abler, 1992). The Ml and ml of GSM 350 are extremely worn 
(Figs. 8-9), yet the M3 and m3 are only slightly worn. Well- 
developed carnassial notches and heavy attritional wear on the 
lingual side of the upper carnassials and labial side of the lowers 
are also found in some creodonts, nimravids, and machairodon- 
tine felids (Toohey, 1959; Mellett, 1977; Bryant and Russell, 
1995), all hypercarnivorous terrestrial mammals. Wear patterns 
like those observed on the posterior cheekteeth of Georgiacetus 
are present in basilosaurid archaeocetes (e.g., AMNH 39376; 
UM 97507), although the P3 replaced the lost M3 in the car- 
nassial series in these later whales. In Protocetus and all older 
cetaceans, the molars show primarily apical wear, suggesting 
that their main function was crushing and not shearing (Thew- 
issen et al., 1996a). Molars and posterior premolars specialized 
for shearing first appeared in advanced protocetids like Pappo- 
cetus and Georgiacetus and would have been the primitive state 
inherited by basilosaurids. 

Postcranial morphology and locomotion.-The vertebral col- 
umn of Georgiacetus is highly modified compared to terrestrial 
mesonychids, for example, those of Pachyaena (Zhou et al., 
1992). As in other protocetids and basilosaurids, the centra of 
the cervical vertebrae are short, reflecting a reduced neck. In 
this regard, the cervicals of Georgiacetus are at the same evo- 
lutionary grade as those of Protocetus and Rodhocetus, and not 
as long as those of remingtonocetids, but longer than those of 
basilosaurids (Gingerich et al., 1995a). The anterior thoracic ver- 
tebrae of Georgiacetus retain the very high neural spines, large, 
flat zygapophyses, and robust processes found in mesonychids, 
but differ in their larger neural canals, less posteriorly inclined 
neural spines, and relatively shorter and taller centra. Georgi- 
acetus, Rodhocetus (Gingerich et al., 1994), the Habib Rahi 
whale (Gingerich, 1991), and probably Protocetus all have 13 
thoracics. Georgiacetus differs from Rodhocetus and the Habib 
Rahi whale in that the diaphragmatic vertebra is the eleventh 
thoracic, and not the thirteenth. This means that the last two 
thoracics effectively functioned as part of the lumbocaudal series 
in Georgiacetus, increasing the length of that series. The length 
of the lumbocaudal series is also increased beyond that observed 
in older protocetids by the addition of one or more lumbar ver- 
tebrae (to at least eight) and by increasing the lengths of their 
centra (Fig. 10). These trends are continued, to an even greater 
degree, in Eocetus (Uhen, in press) and in various basilosaurid 
archaeocetes (Kellogg, 1936; Gingerich et al., 1990; Gingerich, 
1992). 

Analysis of locomotion in Georgiacetus is hindered by the 
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absence of most of the caudal vertebrae and all limb elements 
other than the pelvis. Nevertheless, aspects of the preserved ver- 
tebrae and pelvis provide indications as to its locomotor capa- 
bilities. All cetaceans older than Georgiacetus for which the pel- 
vic region is preserved are either known to have had an iliosacral 
synarthrosis (Rodhocetus, remingtonocetids), or probably had 
one (Gaviacetus, Protocetus, Ambulocetus). The absence of this 
synarthrosis in Georgiacetus indicates a loss of any significant 
locomotor function of the hind limb in terrestrial locomotion. 
The reduced ischium and weak muscle scars for most limb ex- 
tensors, flexors, and rotators also suggest this. In older whales, 
e.g., Ambulocetus and Remingtonocetus, the hind limb played a 
significant role in both terrestrial and aquatic locomotion (Thew- 
issen et al., 1994, 1996a; Gingerich et al., 1995a). The decou- 
pling of the pelvis and sacral vertebrae in Georgiacetus occurred 
without dramatic modifications to the innominate, as compared 
with the highly derived morphology observed in basilosaurids 
(Gingerich et al., 1990). The retention of some, presumably 
aquatic, locomotor function for the hind limb is indicated by the 
well-formed lunate surface and cotyloid notch in the acetabulum 
and the strong muscle scars for the rectus femoris and iliopsoas. 
Aquatic locomotion in Georgiacetus was primarily caudally pro- 
pelled and powered by the epaxial and hypaxial musculature of 
the lumbocaudal vertebrae, with only a secondary, but signifi- 
cant, contribution from the hind limb. 

CONCLUSIONS 

A by-product of the construction of a nuclear power facility 
in the Upper Coastal Plain of Georgia was the recovery of a 
moderately diverse, shallow marine, middle Eocene fossil bi- 
ota. Biochronologic analysis of the mollusks and calcareous 
nannoplankton not only supports this general age determina- 
tion, but suggests that the biota is either latest Lutetian or 
earliest Bartonian. The most significant member of this biota 
is a new genus and species of protocetid whale, Georgiacetus 
vogtlensis. It is represented by three specimens, including one 
associated skeleton that has a well-preserved cranium, den- 
tary, dentition, vertebrae, ribs, and pelvis. G. vogtlensis forms 
a good evolutionary intermediary between older protocetids 
(e.g., Protocetus, Rodhocetus) and basilosaurid archeocetes. 
It plesiomorphically retains the M3 and an innominate with a 
long ilium, well-formed acetabulum, and large obturator fo- 
ramen. Its periotic more resembles that of Protocetus than 
those of Zygorhiza and other basilosaurids. The posterior 
cheek teeth of G. vogtlensis and basilosaurids are similarly 
specialized for shearing, although the large accessory cusps 
of the latter are only present in rudimentary form in G. vog- 
tlensis. The small pterygoid fossa of G. vogtlensis is located 
in the identical region of the basicranium as the larger, pre- 
sumably homologous structure in basilosaurids. Elongation of 
vertebral centra in the lumbocaudal region, loss of a direct 
iliosacral articulation, and osteosclerotic ribs in G. vogtlensis 
are other synapomorphies with basilosaurids. 
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ABSTRACT-Storeacolumnella hudsonensis is described as a new genus and species of encrusting, colonial organism that lived in an 
intertidal, rocky-shore environment. The fossil was discovered in the basal beds of the Upper Ordovician Port Nelson Formation at a 
coastal outcrop on Hudson Bay near Churchill, Manitoba. Showing some possible characteristics of sponges and other possible char- 
acteristics of calcaerous green algae, this matlike organism is considered nonetheless to have uncertain taxonomic affinities. It consists 
of cylinder-shaped columns, each with an internal system of star-shaped filaments or spicules as viewed in transverse section. The 
cylinders stand vertical in longitudinal section and are densely packed together to form a mat. The hard substrate to which the mat is 
attached consists of a boulder eroded from the Precambrian Churchill Quartzite. Maximum colony size observed in a single example 
exhibits a diameter of not less than 80 mm and maximum thickness of 5.85 mm. 
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INTRODUCTION 

ROCKY-SHORE ENVIRONMENTS and their associated biotas are 
not widely recognized in the stratigraphic record. In a sur- 

vey of the geological and paleontological literature (Johnson, 
1992), only 148 research papers covering the entire Phanerozoic 
were identified relevant to this topic. About 60 percent of those 
reports include information on fossils preserved in a rocky-shore 
setting. A more recent bibliographic survey by Johnson and Lib- 
bey (1997) is restricted to rocky shores of Late Pleistocene (iso- 
tope substage 5e) age, dating from between 120,000 and 135,000 
years ago. Most of the 60 reports summarized in that survey 
include paleontological information. Two contrary impressions 
may be drawn from such reviews. One conclusion is that rocky- 
shore environments are rarely preserved in the first place, or that 
rocky-shore organisms were far less abundant in the remote past 
than today. It might also be argued that unless comparatively 
recent rocky-shore environments find their way into the strati- 
graphic record with some regularity, it would be useless to 
search for older deposits and fossils. Another conclusion is that 
the record of Late Pliestocene rocky shores and biotas holds 
some promise for the success of more diligent searches through 
older strata. We suspect that examples of rocky-shore biotas are 
more common throughout the Phanerozoic than is generally ap- 
preciated. All ancient rocky shores are configured as one form 
of geological unconformity or another. A more careful exami- 
nation of unconformities from a paleontological viewpoint will 
result in a better understanding of the long-term evolution of 
rocky-shore communities. 

The purpose of this paper is to report the discovery of a new 
genus and species of encrusting, rocky-shore organism dating 
from the Late Ordovician. The material we describe herein clear- 
ly was organic in origin, but its affinities are uncertain. If the 
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The purpose of this paper is to report the discovery of a new 
genus and species of encrusting, rocky-shore organism dating 
from the Late Ordovician. The material we describe herein clear- 
ly was organic in origin, but its affinities are uncertain. If the 

authors had not searched specifically for in situ fossils associated 
with an unconformity, this discovery easily would be over- 
looked. The mystery of biological affinities provoked by this 
example, further accentuates the impression that some elements 
of Early Paleozoic rocky-shore communities were quite different 
from their younger counterparts. 

MATERIAL AND GEOLOGIC SETTING 

The material collected for this study comes from the upper 
part of the dolomitic Port Nelson Formation (middle Ashgill, 
Upper Ordovician), which is exposed in coastal outcrops along 
the shores of Hudson Bay near Churchill in northeastern Man- 
itoba, Canada (Fig. 1). Details regarding biostratigraphic corre- 
lation based on conodonts from this interval are given by John- 
son et al. (1988). At the study locality, the Port Nelson Forma- 
tion is at least 4.5 m in exposed thickness. It sits unconformably 
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boulders commonly range between 2-10 m in diameter. The sed- 
imentological relationship between basal beds and overlying 
beds regarding diminution in size and quantity of eroded quatz- 
itic clasts is treated elsewhere (Johnson et al., 1988). The local 
tidal range of 4.5-5 m makes it possible to visit the section only 
during low tide. Material for this study consists of a single, 
dolomitized, thinly layered encrustation originally attached di- 
rectly to a quartzite boulder (GSC locality 0-108157). Exposed 
in longitudinal profile, the suspected encrustation was at least 
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