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NEW ARCHAEOCETES (MAMMALIA, CETACEA) FROM THE MIDDLE EOCENE
DOMANDA FORMATION OF THE SULAIMAN RANGE,
PUNJAB (PAKISTAN)

By

PHILIP D. GINGERICH!, MUHAMMAD ARIF2, AND WILLIAM C. CLYDE!

Abstract—Three new archaeocetes of late early Lutetian are described from the
Domanda Formation of the Sulaiman Range in southwestern Punjab, Pakistan.
Two are protocetids: Takracetus simus is distinctive in having a broad
rostrum with large anterior teeth and relatively small molars; Gaviacetus razai
is distinctive in having a very narrow rostrum. The type specimen of G. razai
includes a Protocetus-like single-centrum sacrum. The third new archaeocete,
Dalanistes ahmedi, is a large remingtonocetid preserving much of the skull,
including distinctive exoccipitals. Dalanistes, like Remingtonocetus, retains
a long neck, robust fused sacrum, and large hind limb. Protocetids differ
from remingtonocetids in many cranial characteristics and in the postcranial
skeleton, where 'caudalization' of the sacrum and reduction of the hind limb
presage tail-powered swimming modifications enhanced in later archaeocetes
and modern whales.

INTRODUCTION

The first mammalian remains from Eocene strata of the Sulaiman Range of Pakistan were
reported by Pilgrim (1940). Pilgrim described a maxilla that he identified as anthracotheroid,
and he described a partial maxilla lacking teeth and a 'bear-like' partial right pelvic bone or
innominate that he identified as mesonychid creodont. These came from "blue-grey shales
weathering olive-green of the lower Khirthar" at Safed Tobah, 3 to 5 miles south of Toba
Kund, which is south of Kaha Nala (Fig. 1). The Khirthar stage of Indo-Pakistan was by then
known to be an eastern-Tethys equivalent of the Lutetian stage of Europe, and the lower
Khirthar was (and is) understood to be early middle Eocene in age. Pilgrim’s (1940) report
of land mammals, - and the lithological descriptions of Eames (1952b,c) indicated that part of

1Department of Geological Sciences and Museum of Paleontology, The University of Michigan, Ann Arbor,
Michigan 49109-1079, U.S.A.

2Geologica\l Survey of Pakistan, 84 H-8/1, Islamabad

291




292 P. D. GINGERICH ET AL.

70° 00'E 70° 30'E
31°N 7

31°N

Jn Ji5

BOZMAR NADI

S
PAKISTAN

Ji2 J/10
w Mahoi /5
o J,,f-f-"'“"s"ﬂ;i/ve/e
__________________ = ’ . \
o
. ::""’;-...ﬁ,,.,— e
J3 Sori Nafg .

JM

HAN

30° N 30°N

Whale-bearing Eocene

K/ Domanda Shale

I Habib Rahi Limestone

22

Mithaway, Nala
25

........ [ ] Fossil Localities

i, Dry Tributaries of River Indus

Paved Road

1 T 1
B ang ), 0 10 20 30km
el

it e
W) %,

70°I 00'E . 70° 30'E
FIG. 1—Map of Sulaiman Range and Zinda Pir anticlinorium showing southern localities of specimens
described here (Takra Daab, Basti Ahmed, Debrha, Bahwani Nala) in relation to northern localities

of Bozmar Nadi specimens described by Gingerich et al. (1993, 1994).
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the lower Chocolate clays, or what is now called Domanda Formation, might have been
deposited in a fluvial system and yield continental mammals. A cooperative Geological Survey
of Pakistan-University of Michigan [GSP-UM] research project was organized to investigate
this possibility, and field work was initiated in 1977. Inthe field it quickly became evident that
the Domanda Formation is predominantly or entirely marine. Fragmentary cranial and
postcranial remains of archaeocete cetaceans were found, and Pilgrim’s edentulous 'meso-
nychid’' maxilla from Safed Tobah was reinterpreted as representing, possibly, an archaeocete
rather than a land mammal (Gingerich et al., 1979). Pilgrim’s Safed Tobah innominate and
'anthracotheroid' maxilla are also archaeocete.

During the 1970s an important new archaeocete fauna was collected and described from the
marine middle Eocene of Kutch in India (Tandon, 1971, 1976; Sahni and Mishra, 1972, 1975;
Satsangi and Mukhopadhyay, 1975; Trivedy and Satsangi, 1984). Archaeocetes were also
found in the marine middle Eocene of Pakistan and in what are now known to be fluvial early
Eocene deposits in northern Punjab and adjacent North-West Frontier Province of Pakistan
(Gingerich, 1977; West, 1980; Gingerich and Russell, 1981; Gingerich et al., 1983). All of
these discoveries served to focus attention on the early and middle Eocene and eastern Tethys
as the time and place of origin and diversification of Cetacea.

Exploration of the Domanda Formation continued in 1981 when a GSP-UM expedition
including Neil Wells, Hassan Shaheed, David Bardack, and William Ryan found the skull
included in Indocetus by Gingerich et al. (1993), the well preserved dentaries described as
Rodhocetus by Gingerich et al. (1994), and a partial skull of Remingtonocetus cf. R. harudi-
ensis described here (localities are described in Wells, 1984, and in Gingerich et al., 1993).
The 1981 expedition proved that well preserved archaeocetes can be found in the Domanda
Formation.

Further expeditions were organized in 1992 and 1994 to follow up on the 1981 discoveries.
Field work in 1992 was concentrated at the northern plunge of the Zinda Pir anticlinorium,
particularly in the Domanda Formation of Bozmar Nadi (Fig. 1). Field work in 1994 was
concentrated at the southern plunge of the Zinda Pir anticlinorium, particularly in the Domanda
Formation of Takra Daab (Figs. 1, 2-3). The 1994 field work yielded some 10 cetacean skulls
or partial skulls, including several with good associated postcranial remains. These show,
when studied together with the 1981 and 1992 collections, that there is considerable
morphological and taxonomic diversity in early middle Eocene archaeocetes—much more than
is seen in late middle and late Eocene archaeocetes found in Egyptian Tethys and elsewhere.
Diversity and its temporal succession are important for understanding the early evolution of
whales, and, while there is certainly more to discover, new associations of skulls and skeletons
permit clear separation of the two principal families of early archaeocetes, Protocetidae and
Remingtonocetidae, based on cranial and postcranial characteristics.

Anatomical description here follows Kellogg (1936).

ABBREVIATIONS
GSP-UM — Geological Survey of Pakistan-University of Michigan collection, Islamabad
(Pakistan)
H-GSP — Howard University-Geological Survey of Pakistan collection, Islamabad
(Pakistan)
LUVP — Lucknow University vertebrate paleontology collection, Lucknow (India)
NHML — Natural History Museum, London (U.K.)
VPL/K — Kumar collection, Vertebrate Paleontology Laboratory, Panjab University,

Chandigarh (India)
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FIG. 2—Takra valley in southern plunge of Zinda Pir anticlinorium. View is to the southeast. Exposures
of soft-weathering lower Domanda Formation shales are shown in foreground, dipping to southwest
and south. Center of valley in middle distance is domed erosion surface on top of Habib Rahi platy
limestone. First row of hills in far distance is middle Domanda Formation dipping to southeast. Dark
trees in depression on Habib Rahi surround Takra pond. Type specimen of Takracetus simus came
from lower Domanda shales near the left edge of the photograph.

STRATIGRAPHY

The lower Khirthar of Pilgrim (1940) or lower chocolate clays of Eames (1952b,c) are now
placed in the Domanda Member of the Khirthar Formation of Hemphill and Kidwai (1973),
raised to formational status by Shah (1991). The Domanda Formation is well exposed along
the eastern flank of the Sulaiman Range in southwestern Punjab, where there are literally
hundreds of kilometers of continuous exposure north and south of the classic Rakhi Nala
section. The Domanda Formation is also well exposed in the Zinda Pir anticlinorium
paralleling the Sulaiman Range, where sediments were deposited in Tethys closer to the Eocene
shoreline of Indo-Pakistan (Fig. 1). We have studied the Domanda Formation intensively in
three areas: (1) Rakhi Nala (see Bhatti et al., 1988); (2) Bozmar Nadi in the northern plunge
of the Rodho anticline at the north end of the Zinda Pir anticlinorium; and (3) Takra Daab in
the southern plunge of the Zinda Pir anticline. The Domanda Formation varies only slightly
in thickness and lithology across the entire Sulaiman province.

The Domanda Formation is a 240 m thick (Takra Daab) to 300 m thick (Rakhi Nala)
sequence of green and red-brown clay shales with minor limestones. There is a clear
progression within the formation from green shales with limestones in the lower part of the
formation; to green, brown, and red shales in the middle part of the formation; to red-brown
shales at the top of the formation (Fig. 4). Siltstone is rare, and there are no courser clastics
in the areas where we have studied the Domanda Formation. Invertebrate fossils are common,
and typical of marine faunas found on shallow continental shelves (Eames, 1951, 1952a; Igbal,
1969).
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FIG. 3—Takra valley in southern plunge of Zinda Pir anticlinorium. View is to the south. All of the
valley floor here is lower Domanda Formation shales. Type specimens of Gaviacetus razai and
Dalanistes ahmedi came from middle Domanda shales in the saddle at the southwest end of the valley,
southeast and south-southeast of the settlement of Basti Ahmed (approximate position of localities
shown by arrows).

Takra Daab or valley (Figs. 2-3) is a tributary of Vidor Nala. The Takra Daab stratigraphic
section of interest here (Fig. 4) was measured west of Takra pond, starting at the top of the
underlying Habib Rahi platy limestone (poorly exposed as a broadly-domed erosion surface).
At Truta, east of Takra Daab, the Domanda Formation is disturbed by faulting, and the
Domanda section on the eastern side of Takra Daab may be affected by this disturbance as
well. The section on the west side of Takra Daab, west of Takra pond, appears undisturbed
in the lower and middle parts as high as the limestone marking the top of the middle Domanda.
Part of the middle Domanda section is repeated west of Takra pond, but there is an undisturbed
upper Domanda section lying above the second occurrence of the marker limestone and the
repetition is easily recognized in the field (the section in Fig. 4 has the repeated part removed).

The principal Takra Daab section, including the lower and middle parts of the Domanda
Formation, was measured from a point at approximately 30°08'42" N latitude and 70°21'46"
E longitude (where beds strike at about 197° and dip 13°NW) to a point at 30°08'51" N and
70°21'28" E (strike 200°, dip 13°NW). After skipping the repeated part of the section, the
upper Domanda Formation was measured from a point at approximately 30°09'04" N and
70°21'22" E (strike 200°, dip 17°NW) to a point at 30°09'07" N and 70°21'15" E (strike
205°, dip 16°).

The total thickness of the Domanda Formation west of Takra pond is about 240 m. The
lower part of the Domanda Formation is 110 m thick, and is predominantly green shale like
that separating the upper bands of platy limestone and marl in the Habib Rahi Formation.
Limestone bands in the lower Domanda, eight of which form ridges and were continuous
enough to trace laterally, are generally thicker (on the order of 50 cm thick) and much more
widely separated vertically than are limestones of the Habib Rahi Formation. Habib Rahi
limestones are off-white to tan in color, while Domanda limestone bands are generally darker
brown and have a higher clastic content. The boundary between the lower and middle
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Domanda is not sharp, but generally marks the transition from green shales to a 70 m thick
sequence of green shales interbedded with orange, brown, and reddish-brown shales. The top
of the middle Domanda is a brown, 50 cm thick limestone marker bed with oysters that
weathers into very hard plates; these are resistant to weathering and tend to lag far down slope.
The upper part of the Domanda Formation is about 60 m thick and it is entirely reddish-brown
and brown shale, with the only variation being several conspicuous black nodular beds with
oysters.

AGE OF THE DOMANDA FORMATION

The Domanda Formation was deposited on a passive continental margin on the northwestern
flank of the Indo-Pakistan subcontinent before final closure of Tethys and uplift of the
Himalayas. The rhythmically-bedded Habib Rahi Formation below the Domanda Formation
contains closely-spaced platy limestones with brown and black cherts, alternating with green
shales that thicken upward, making a smooth transition to Domanda shales as the platy
limestones become thinner and finally disappear. Within the Domanda Formation there is a
clear transition from green shales to green and brown shales to red-brown shales. Taken
together, these lithological changes indicate a shallowing-upward cycle of marine regression
from the Habib Rahi Formation through the Domanda Formation. The top of the Domanda
Formation is marked by a sharp lithological change, and this is overlain by a second regressive
cycle of deeper-water Pir Koh limestone shallowing upward through green and red-brown
Drazinda shales. Taken together, the Habib Rahi-to-Domanda and the Pir Koh-to-Drazinda
regressive cycles are very similar to each other, and their position on a passively subsiding
continental margin invites interpretation in terms of global sea level sequence chronology (Haq
et al., 1987).

Rhythmically-bedded Habib Rahi platy limestones with chert suggest a high-stand systems
tract with deposition in deep water far enough offshore that there was little clastic input: the
presence of shale interbeds may reflect climate cycles of continental weathering enhancing
clastic influx. Decreasing thickness of limestone plates and increasing thickness of shale
interbeds up-section reflects the beginning of relative sea level fall (seaward displacement of
the shoreline). In a "type 2" sequence like that envisioned here, where subsidence is the
dominant control on sediment accumulation, sediments grade progressively from high-stand to
shelf-margin wedge deposits through progradation, with any subsequent cycle being initiated
by flooding and renewed high-stand deposition. Transgression was too slow relative to
subsidence to produce a transgressive systems tract. The Habib Rahi-to-Domanda and Pir Koh-
to-Drazinda regressive cycles were evidently deposited far enough offshore, in deep enough
water, that there are no major erosional hiatuses.

Stratigraphic sequences, as classified and numbered by Haq et al. (1987), are cycles of sea
level transgression, which predominates in "type 1" sequences where eustatic sea level change
is large relative to subsidence. Thus what we call a sea level cycle here, a regressive cycle,
does not correspond to one of Haq et al.’s numbered transgressive sequences. Instead, the
individual high-stand systems tracts and shelf-margin wedge or low-stand wedge tracts have to
be considered individually.

Haq et al. (1987) correlated the sea level high-stand of their Tejas A sequence TA3.2 with
Paleogene planktonic foraminiferal zone P10 (early Lutetian) and nannoplankton zones NP14-
15; this is consistent locally with Kothe et al.’s (1988) identification of nannofossils from the
Habib Rahi platy limestone of Rakhi Nala as belonging to nannoplankton zones NP14-15 (early
Lutetian, ca. 47-48 Ma). Hagq et al. correlated their TA3.2-TA3.3 regression with the top of
P10 (early Lutetian) and NP15; this is consistent with Haq’s (1972) and K&the et al.’s (1988)
identification of nannofossils from the Domanda shale of Rakhi Nala as NP15 (a relatively
unconstrained early to late Lutetian). Haq et al. (1987) correlated their Tejas TA3.3 high-stand
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FIG. 4—Takra Daab stratigraphic section of Domanda Formation measured west of Takra pond. Arrows
show stratigraphic levels yielding the principal specimens referred to in the text. Many others are
known. Archaeocete specimens from Basti Ahmed were correlated with this section by tracing beds
laterally. The Habib Rahi Formation below the Domanda Formation is an alternating sequence of
platy limestone and green shales that thicken upward, making a smooth transition to Domanda shales
as the limestones thin and disappear. The Pir Koh Formation overlying the Domanda Formation is
white limestone and marl, separated from Domanda shales by a sharp lithological break. Taken
together, these lithological changes indicate a shallowing-upward cycle of marine regression from the
Habib Rahi Formation through the Domanda Formation, with a return to deeper-water conditions with
deposition of the Pir Koh Formation. There is a clear tendency for protocetid archaeocetes to be
found in the lower, deeper-water part of the section. Remingtonocetid archaeocetes predominate in
the middle, shallower-water part of the Domanda Formation. The upper part of the Domanda
Formation has not yet been prospected.
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TABLE 1—Selected measurements of upper and lower teeth, alveoli, diastemata, cranium, and dentary of
Rodhocetus kasrani based on GSP-UM 3012 (holotype) unless otherwise noted. Abbreviations: D, diastema
following tooth; H, height; L, length; W, width. Asterisk marks estimated measurement; superscript a
indicates estimate is of the length or width of an alveolus (alveoli in the case of teeth with multiple roots).

Cranium

1 L:W:H:D (single-rooted alveolus; GSP-UM 1853):  20.2% : 12.0*° : — : 11.3 mm
2 L:W:H:D (single-rooted alveolus; GSP-UM 1853): 259 : 153%* : -~ : 93
P L:W:H:D (single-rooted): 155 : 95 : - . 225
C! L:W:H:D (single-rooted alveolus): 305 : 168 : - : 13.0
P! L:W:H:D (single-rooted alveolus): - : - - : 185
P2 L:W:H:D (double-rooted alveolus): 355 - HE 113
P L:W:H:D (triple-rooted alveolus): 375 : 149 : 188" : 33
P* L:W:H:D (triple-rooted alveolus): —  : 18.0" : 245" : -
M! L:W:H:D (triple-rooted alveolus): 235 - N
M2 L:W:H:D (triple-rooted alveolus): 243 - : 178 0 -
M3 L:W:H (triple-rooted?): 182 : 162" : 156 : -
Skull length (condylobasal): 61.5 cm
Diameter of orbit: 4.4
Diameter of infraorbital foramen: 0.64
Breadth of frontal shield at postorbital process (maximum): 19.5
Breadth across nasals on frontal shield (maximum): 7.6
Breadth of rostrum at Cl: 5.8
Breadth of rostrum at P2 7.0
Breadth of palate at M3: 14.3
Height of skull above palate at M23: -
Breadth of skull across zygomatic arches (maximum): 26.0°
Breadth of skull across squamosals:
Breadth of skull across exoccipitals: 22.0
Foramen magnum W:H: 455 : 26. O
Height of nuchal crest above foramen magnum (maximum): 10.5*
Tympanic bulla L:W:H (width measured across sigmoid process): 6.00 : 460 : -

Mandible
I; L:W:H:D (single-rooted alveolus): -, - - - mm
I L:W:H:D (single-rooted): 210 : 130 : - : 17.0
I3 L:W:H:D (single-rooted): 155 : 100 : 15.5: : 153
C, L:W:H:D (single-rooted): 320 : 19.0 : 360 : 223
P; L:W:H:D (incipiently double-rooted): 18.4. : 89 - 125
P, L:W:H:D (double-rooted): 355 : 134 : - : 94
P; L:W:H:D (double-rooted): 423 : 162 : 340 : 45
P4 L:W:H:D (double-rooted): 386 : 146 : - -

M; L:W:H:D (double-rooted): 238 : 119 : - -

M L:W:H:D (double-rooted): 290 : 150 : 316 : -

M3 L:W:H:D (double-rooted): 245 . 138 : 287 : -
Length of -- dentary as preserved: 53.0
Depth of dentary below C;: 50 cm
Depth of dentary below P3 4: 5.8
Depth of dentary below My: 6.9
Depth of dentary below Mj: 7.6
Posterior opening of mandibular canal W:H: 1.60" 6.50

with P11 (middle Lutetian) and NP15; this is consistent with Kothe et al.’s (1988) identification
of nannofossils from the Pir Koh limestone as NP15 (again relatively unconstrained early-to-late
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Lutetian). Finally, Haq et al. (1987) correlated the TA3.3-TA3.4 regression with P12 (late
Lutetian) and NP15-16 (middle-to-late Lutetian); this is consistent with Haq’s (1972)
identification of nannofossils from upper Drazinda shales as NP16 (late Lutetian). It is
consistent with Samanta’s (1972, 1973) identification of planktonic foraminifera from the lower
Drazinda as P12-13 (late Lutetian-early Bartonian; Samanta’s results must be interpreted using
the Rakhi Nala section of Rieb and Bayliss published by Siddiqui, 1971). It is also consistent
with Kothe et al.’s (1988) identification of nannofossils from the lower Drazinda as NP16 (late
Lutetian-early Bartonian).

Taking all of the sea level and microfossil evidence together, the lower and middle Domanda
Formation archaeocetes of Pilgrim, archaeocetes described by Gingerich et al. (1993, 1994),
and archaeocetes described here must all come from the shelf-margin wedge at the base of sea
level sequence TA3.3 at the top of planktonic foraminiferal zone P10 and within nannoplankton
zone NP15. Taking planktonic foraminiferal zone P11 as middle Lutetian, Domanda
archaeocetes are late early Lutetian in age (early middle Eocene) spanning a range of ca. 46
to 46.5 Ma on the Haq et al. (1987) time scale. The overlying Pir Koh high sea stand in
planktonic foraminiferal zone P11 is middle Lutetian in age.

Arrows in Figure 4 show stratigraphic levels yielding the principal archaeocete specimens
referred to in the following text. Archaeocete specimens from Basti Ahmed were correlated
with the Takra Daab section by tracing beds laterally. There appears to be some tendency for
protocetid archaeocetes to be found in the lower, deeper-water part of the Domanda Formation,
while remingtonocetids predominate in the middle, shallower-water part of the Domanda
Formation. No archaeocetes have been found in the upper part of the Domanda Formation,
but it has not yet been thoroughly prospected.

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order CETACEA Brisson, 1762
Suborder ARCHAEOCETI Flower, 1883
Family PROTOCETIDAE Stromer 1908

Rodhocetus kasrani Gingerich et al., 1994
Fig. 6A

Indocetus ramani (in part), Gingerich et al., 1993, p. 396, figs. 2-3
Rodhocetus kasrani Gingerich et al., 1994, p. 844, figs. 1a, 3

Holotype.—GSP-UM 3012, skull with dentaries, axial skeleton from cervical vertebra C2
through caudal Cad4, ribs, left and right innominates, femur.

Type locality.—Bozmar Nadi locality 5 on map in Gingerich et al. (1995). Coordinates of
locality are 30°46'06" N latitude, 70°26'37" E longitude.

Referred specimens.—GSP-UM 1852, left and right dentaries from Rakhi Nala locality
RN-4. GSP-UM 1853, cranium (Fig. 6a) from Debrha.

Age and distribution.—Genus and species are known from several localities in the lower and
possibly middle Domanda Formation of the Sulaiman Range and Zinda Pir anticlinorium,
Pakistan, all of late early Lutetian age (middle Eocene).

Diagnosis.—Rodhocetus resembles later Protocetus and Indocetus cramally but differs from
Protocetus at least in having external nares opening above c! and in retaining a sacrum
composed of four vertebral centra.
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FIG. 5—Type locality of Takracetus simus in the lower part of the Domanda Formation northwest of
Takra Pond. Type specimen, GSP-UM 3041, was found in pieces scattered over the surface where
the collector is kneeling. These were originally part of the limestone mass standing at right. The first
main ridge in background is westward-dipping middle Domanda. Distant high ridges are Miocene
molasse.

Description.—A preliminary description of Rodhocetus kasrani was published in Gingerich
(1994), and a more detailed description is in preparation. Measurements of the cranium and
dentaries are listed in Table 1 for comparison with those of new taxa described here.

Discussion.—Rodhocetus is similar to middle Lutetian Protocetus and late Lutetian
Indocetus, to the extent these can be compared. All three have skulls with a rostrum of modest
width. Rodhocetus and Protocetus differ in having the external nares open above c! and PI,
respectively, and differ in the conformation of the sacrum and pelvis (neither characteristic can
be determined in specimens of Indocetus known to date). Rodhocetus was described by
Gingerich et al. (1994) as having a sacrum and pelvis different from those of Indocetus, but
the specimens called Indocetus in that comparison have since been reidentified from new
material as Remingtonocetus rather than protocetid (see below). Rodhocetus and Protocetus
differ in the degree of caudalization of the sacrum, and it is reasonable to expect that later
Indocetus probably differed even more. However, this remains to be substantiated by discovery
of the sacrum and pelvis of Indocetus.

Takracetus simus, new genus and species
Figs. 6B, 7

Holotype.—GSP-UM 3041, partial cranium.
Type locality.—West of Takra pond, on west side of Takra valley, 30°08'38" N latitude,
70°21'50" E longitude (Fig. 5).
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TABLE 2—Selected measurements of upper alveoli, diastemata, and the cranium of Takracetus simus based
on GSP-UM 3041 (holotype). Abbreviations: D, diastema following tooth; H, height; L, length; W, width.
Asterisk marks estimated measurement; superscript a indicates estimate is of the length or width of an
alveolus (alveoli in the case of teeth with multiple roots).

Cranium
1 L:W:H:D (single-rooted): - 11.0 - 23.6 mm
2 L:W:H:D (single-rooted): 263% : 183% : -~ : 220
B L:W:H:D (single-rooted): 16.4* : 150 : -~ : 483
c! L:W:H:D (single-rooted): 26.7* : 182 . - -
P! L:W:H:D: - : - e
P2 L:W:H:D: - : - : - : 40
P> L:W:H:D (triple-rooted): 25.1* : 18.0* : -~ : 56
P L:W:H:D (triple-rooted): 21.0* : 197 : - : 438
M! L:W:H:D (triple-rooted): 143* : 18.1* : -~ : 3.7
M2 L:W:H:D (triple-rooted): 16.0* : 16.0* : - : -
M3 L:W:H (double-rooted, transverse): 82* . 128 : - -
Skull length (condylobasal): 60.0° cm
Diameter of orbit: 5.0
Diameter of infraorbital foramen W:H: 0.80 : 1.35
Breadth of frontal shield at postorbital process (maximum): 20.6
Breadth across nasals on frontal shield (maximum): 7.3
Breadth of rostrum at Cl: 9.0
Breadth of rostrum at P2: -
Breadth of palate at M3: 14.3
Height of skull above palate at M23; 7.4

Breadth of skull across zygomatic arches (maximum): -
Breadth of skull across squamosals: -
Breadth of skull across exoccipitals: -
Foramen magnum W:H: 520 : 275
Height of nuchal crest above foramen magnum (maximum): -
Tympanic bulla L:W:H (width measured across sigmoid process): - - -

Referred specimens.—GSP-UM 3070, a skull with lower jaws, cervicals, and anterior thorax
from the lower Domanda Formation of Takra Daab is the right size, with large orbits and small
cheek teeth, and may belong to this species (it is not yet fully prepared).

Age and distribution.—Genus and species are known only from the Takra Daab, in the lower
part of the Domanda Formation, late early Lutetian (middle Eocene).

Diagnosis.—Takracetus simus differs from all known protocetids in having a rostrum that
is broader and possibly shorter relative to other measures of cranial size, and it differs in
having relatively larger orbits. Cheek teeth are smaller than those in contemporary Rodhocetus
kasrani.

Etymology.—Takra, Baluch, courageous, strong; name for a tributary stream or valley in the
Vidor Nala drainage, and cetus, L. (masc.), whale. Species name is from simus, L., pug-
nosed, recognizing the broader rostrum of this genus and species compared to rostra of other
protocetids.

Description.—The type specimen of Takracetus simus includes much of the cranium of a
medium-sized protocetid. This is in three pieces: the anterior end of a broad rostrum; the
middle part of skull with the posterior rostrum, frontal shield, orbits, and palate; and the
braincase with occipital condyles but little of the basicranium. All were preserved in a fine,
dense carbonate matrix that protected bone from distortion. When the skull weathered out of
this matrix, pieces were scattered across a broad area of the ground. Many of these have been
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FIG. 6—Type skull of Takracetus simus compared to that of Rodhocetus kasrani. A, referred specimen
of R. kasrani, GSP-UM 1853 (cast), in palatal view. B, type skull of T. simus, GSP-UM 3041, in
palatal view. Note that T. simus is similar in size to R. kasrani, but the rostrum is conspicuously
broader and probably a little shorter. Scale is in cm.
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FIG. 7—Type skull of Takracetus simus, GSP-UM 3041. A, anterior part of rostrum in palatal view,
showing alveoli for 1'3 and C! (arrow). B, middle part of skull in left lateral view; note distinctively
large orbit (arrow). Scale is in cm.

reassembled to make the skull as it is now preserved, but the middle part of the rostrum with
alveoli for P'"2 was never found. Hence the estimated condylobasal skull length of 60 cm is
not well constrained.

The anterior part of the rostrum is well preserved, with roots of relatively small left and
right I', and alveoli for relatively large 12, small I°, and large C! (measurements of alveoli are
listed in Table 2). The rostrum is unusually broad for a protocetid (compare Figs. 6A and 6B),
with the alveoli indicating the presence of strong teeth in life. The posterior part of the
opening of the external nares is well preserved on the dorsal surface of the rostrum above the
left and right alveoli for C'.

The middle part of the cranium has the sphyroid (hammer or mallet-shaped) frontals typical
of protocetids, with an intertemporal constriction between left and right temporal openings
(representing the handle), and flaring supraorbital processes (representing the twin heads of the
mallet). Paired nasals lap broadly over the frontals anteriorly in the middle of the skull,
separating left and right maxillae from each other and separating the posterior parts of the
premaxillae from the frontals. The left orbit is well preserved and this is unusually large for
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TABLE 3—Selected measurements of upper alveoli, diastemata, and the cranium of Gaviacetus razai based on
GSP-UM 3095 (holotype). Abbreviations: D, diastema following tooth; H, height; L, length; W, width.
Asterisk marks estimated measurement; superscript a indicates estimate is of the length or width of an
alveolus (alveoli in the case of teeth with multiple roots).

Cranium
I L:W:H:D: - : - N mm
? L:W:H:D: - : - e
B L:W:H:D: - : - : - -
c! L:W:H:D: - : - e
P! L:W:H:D: - = e -
P2 L:W:H:D (double-rooted): 26.4* : 109* : -~ . 234
P?  L:W:H:D (triple-rooted): 26.6* @ 21.5% : - . 45
P4 L:W:H:D (triple-rooted): 20.0° : 208 : - : -
M! L:W:H:D: - : - R -
M2 L:W:H:D: - : - N
M3 L:W:H: - : - - -
Skull length (condylobasal): - cm
Diameter of orbit: 4.8"
Diameter of infraorbital foramen: 075 : 1.25
Breadth of frontal shield at postorbital process (maximum): 20.5
Breadth across nasals on frontal shield (maximum): 10.6
Breadth of rostrum at Cl: -
Breadth of rostrum at P2 4.9
Breadth of palate at M3: 14.7
Height of skull above palate at M23;
Breadth of skull across zygomatic arches (maximum): 27.0'
Breadth of skull across squamosals: 22.5
Breadth of skull across exoccipitals: 19.5
Foramen magnum W:H: 41 : 23
Height of nuchal crest above foramen magnum (maximum): 10.1
Tympanic bulla L:W:H (width measured across sigmoid process): 635 : 445 : 4.00"

an archaeocete skull of this overall size (Fig. 7B). The palate is broad and shallowly concave
ventrally, with alveoli and roots suggesting that cheek teeth especxally upper molars, were
unusually small in comparison to anterior teeth. P34 and Mf are three-rooted, while M? at
the base of the zygomatic arch appears to have been transversely oriented with two roots only.
There is a shallow embrasure plt in the palate just anterolmgual to the posmon of P3, and deep
pits anterolingual to P* and M2, but, as is typical in protocetids, there is no embrasure pit
anterolingual to Ml

The posterior part of the skull with the braincase is not well preserved. It is essentially a
natural stone endocast of the brain with weathered bone adhering to it. The presphenoid in the
posterior part of the skull contacts the presphenoid in the middle part of the skull and stone
endocasts of narial passages contact also, permitting the two parts of the skull to be joined
(Fig. 6B). The endocast includes a long, well-developed olfactory peduncle extending forward
dorsal to the projecting presphenoid. The olfactory peduncle measures 15.8 X 8.8 mm where
it flares anteriorly beneath the frontal. Parietals are narrow anterior to the braincase and there
is a broad parietal fossa on each side anterior to the braincase for origination of deep temporalis
musculature. There is a large posterior parietal foramen visible on the left side of the top of
the braincase at the base of the nuchal crest. This foramen measures about 11 X 4 mm in
cross-section. The nuchal crest was clearly prominent in life, but this is reduced by breakage
and weathering now. The base of the left occipital condyle is preserved bordering a natural
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cast of the foramen magnum at the back of the braincase. Little is preserved of the
basicranium, but the exposed endocast measures 54 mm from the midline to the left internal
auditory meatus, indicating that the full endocast was about 108 mm in breadth at its maximum.
Natural casts of the internal nares adhere to the ventral surface of the presphenoid and vomer.

Cranial measurements are given in Table 2.

Discussion.—Takracetus is clearly a protocetid archaeocete. This is indicated by the broad
and shallowly concave conformation of the palate, and the sphyroid shape of the frontals. The
broad anterior rostrum with alveoli for large anterior teeth of Takracetus contrasts with a palate
of normal size and alveoli for relatively small posterior premolars and molars, indicating a
distinctive trophic specialization not previously known in protocetids. Large orbits may
indicate that Takracetus was more visually-oriented than other contemporary archaeocetes
(particularly remingtonocetids).

Gaviacetus razai, new genus and species
Figs. 9-11

Holotype.—GSP-UM 3095, good cranium with associated postcranial elements.

Type locality.—Basti Ahmed, in saddle to south of Takra valley, 30°07'33" N latitude,
70°21'55" E longitude (Fig. 8).

Referred specimens.—None

Age and distribution.—Genus and species are known only from the type locality in the
middle part of the Domanda Formation, late early Lutetian (middle Eocene).

Diagnosis.—Gaviacetus razai differs from all other protocetids known in the pronounced
constriction of its palate anteriorly, indicating that the rostrum was unusually narrow for a
protocetid.

Etymology.—Gavia, L., loon, and cetus, L. (masc.), whale; in allusion to the narrow loon-
or gavial-like rostrum of this cetacean, and the active-swimming pursuit predation suggested
by the lack of fusion of sacral vertebrae. The species is named for Dr. S. Mahmood Raza of
Islamabad in appreciation of his long interest in the Eocene faunas of Pakistan and his many
contributions to collaboration in field work.

Description.—The cranium of the type was found weathering from a sulphurous clay shale.
It is slightly compressed dorsoventrally and all of the teeth are missing. There are no roots in
the alveoh and it appears that the teeth fell out of the skull before burial. The rostrum anterior
to P2 was missing when the specimen was found, and it too may have been lost before burial.

The dorsal surface of the middle part of the cranium is dominated by unusually broad nasals
that lap high up onto the frontal shield. The frontals are sphyroid, with a narrow tongue of
bone inserting between left and right nasals, and broad supraorbital processes. The frontals
interdigitate with parietals in the intertemporal constriction. Left and right frontal bones are
knit together with a suture of great complexity.

The intertemporal constriction is broken in a way that shows the course of the olfactory
peduncle, represented by a natural stone cast coming forward from the brain and rising at an
angle of a few degrees relative to the occlusal plane of the maxillary teeth. The olfactory
peduncle measures about 14 mm in diameter at its narrowest, and 21.8 X 11.6 mm where it
begins to flare anteriorly. Casts of the optic nerves lie just ventrolateral to the olfactory
pedicle; these appear to be about 4-5 mm in diameter. Finally, natural casts of the opthalmic
and maxillary branches of the trigeminal nerve form a single mass on the left and right sides,
lateral to the optic nerves. These trigeminal branches are about 12 mm in diameter and run
parallel to the olfactory peduncle before emerging through the orbital fissure and dividing. The
course of the opthalmic nerve is not clear, but its main branch, the maxillary nerve, turns
laterally and must have descended to enter the pterygopalatine fossa, sphenopalatine fissure,
and then maxillary canal, finally emerging from the infraorbital foramen. All three of these
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FIG. 8—Type locality of Gaviacetus razai in middle Domanda Formation shales southeast of Basti Ahmed
in the saddle shown in Figure 3. Type specimen was found between two collectors, where it was
exposed in situ by erosion. Sacral and proximal caudal vertebrae were found with rib fragments
within a meter of the skull. View here is to the northeast.

important nerves, olfactory, optic, and trigeminal, lie in channels on top of the presphenoid.
The orbits themselves face laterally and slightly forward. They are large, but a little smaller
than those of Takracetus.

The palate is markedly concave ventrally, with alveoli for the posterior cheek teeth
projecting well below the middle part of the palate. Alveoli for a double-rooted P2 and triple-
rooted P are well preserved. Alveoli on the right side of the palate show P* to have been
triple-rooted. There is no alveolus for a medial root of P* on the left side, suggesting that the
tooth may have been broken and the alveolus resorbed while the animal was alive. Alveoli for
M! on the right side show this tooth to have had a medial root, although these and all other
upper molar alveoli are missing due either to damage in life or postmortem breakage. The
roots of both zygomatic arches are broken and missing, and these undoubtedly carried alveoli
for M3 (assuming M3 was present as it is in other protocetids).

Palatine bones are wedged between maxillae as far forward as P* in the palate. Posteriorly
the palatines have prominent ridges for muscle attachment that converge in the midline where
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they are sutured to pterygoids. Together they form the ventral surface of the paired narial
passages. These passages, now filled by sedimentary matrix, are separated medially and
dorsally by thin laminae of the vomer, with the dorsal laminae replaced posteriorly by laminae
of the pterygoids (where exactly this happens is not clear). The posterior edges of dorsal
laminae of the pterygoids are visible as a thin transverse edge of bone where these extend
posteriorly onto the basioccipital, covering the basisphenoid and the basisphenoid-basioccipital
suture completely. The posterior surface of the pterygoids is broken ventrally and it is not
clear exactly where the internal narial opening was positioned. Narial passages appear to have
been covered ventrally to within 3-4 cm in front of the auditory bullae.

The tympanic (ectotympanic) auditory bulla is well preserved on the right side of the skull.
It appears to be dense like those of other early archaeocetes. The long axis of the bulla is
directed anteroposteriorly, and the long axis of the bulla is almost parallel to the long axis of
the skull. The lateral surface of the bulla is flat and nearly circular, with the plane of the
surface being very nearly parasagittal. A prominent sigmoid process develops from the anterior
edge of the circular lateral surface. These and their medial involution taken together are part
of the lateral lobe of the bulla. A narrow sulcus separates the flat lateral surface of the lateral
lobe from an ovally-involuted anterior lobe, and a broader shallow sulcus separates both from
an ovally-involuted posterior lobe. Comparison of the right side of the skull, where the bulla
is present, with the left side where it is absent, shows that the tympanic bulla has three
substantial contacts with the rest of the cranium: (1) the anterior lobe has a dorsal synchondro-
sis with a broad, flat, circular surface of the squamosal (clearly seen on the left side of the skull
where the bulla is missing); (2) the posterior process of the lateral lobe has a dorsal synostosis
with the posterior process of the periotic (this contact is broken on the left side of the skull);
and (3) the posterodorsal corner of the posterior lobe contacts a narrow paroccipital process of
the exoccipital in another synchondrosis. There are two additional contacts or near contacts:
(4) the sigmoid process of the lateral lobe fills a space medial to the postglenoid process of the
squamosal; and (5) the medial surface of the posterior lobe of the bulla lies close to the falcate
or lateral process of the basioccipital-exoccipital just anterior to the jugular notch.

The periotic or petrosal is exposed on the left side of the cranium, but surface detail is not
well preserved. The periotic merges indistinguishably with the squamosal anteriorly, and the
posterior process of the periotic is sandwiched between squamosal and exoccipital postero-
laterally. There is no indication of any development of a pterygoid sinus between the pterygoid
and squamosal anterior to the periotic. Falcate processes of the basioccipital-exoccipital are
not divided as they are in later archaeocetes.

Other features of the posterior part of the cranium worthy of note are a relatively low
sagittal crest sweeping upward posteriorly to join a high semicircular nuchal crest. There is
a large posterior parietal foramen on each side of the top of the braincase at the base of the
nuchal crest. Occipital condyles are large, narrow, and obliquely oriented. There is a pair of
weakly developed mamelons on the supraoccipital ju<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>