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ABSTRACT

The fi rst fossil crocodylian egg from the Upper Miocene the Chinji Formation of the Si-
walik Group of Pakistan is reported here. It represents a new locality, and the fi rst record 
of the order in the area. The specimen was uncovered in a fl uvial environment, and can-
not be defi ned more accurately, because of the poor preservation of its structural levels, 
and lack of direct association to osseous remains.

Introduction 

The fi rst fossil crocodile egg from the Upper 
Miocene of Pakistan is reported here. It was 
recently discovered in the collections at the 
Museum of the Department of Earth Sciences 
at the University of Bristol, England (EC). The 
specimen was likely acquired by Prof. B. Sav-
age when he was carrying out fi eld work in that 
area in the 1980s. 

Crocodile eggshells have already been 
found in the area: in the Upper Siwalik of Sa-
keti and Moginand along the Markanda River 
in Himachal Pradesh (India) (Patnaik & Schle-
ich (1993), and the Malabar Hill and the Worli 
Hill beds (intertrappean) near Bombay (India) 
(Singh et al., 1998). Intertrappean beds are 
freshwater as well as marine fi ne grained sedi-
ments deposited in the peninsular part of India 
between Deccan basalt trapps of Late Creta-
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early Miocene time onward (Gill, 1952; Johnson 
et al., 1982, 1985; Opdyke et al., 1979). Sedi-
mentary units comprising the Siwalik Group, 
in ascending order, include the Kamlial, Chinji, 
Nagri, Dhok Pathan and Upper Siwalik Forma-
tions (Hussain et al., 1979; Johnson et al., 1982, 
1985).  

Early studies relied heavily on faunal cor-
relation for dating the Siwalik Group (Pilgrim, 
1913; Colbert, 1935). However, magnetic polar-

ceous age (Bajpai & Prasad, 2000).  Our speci-
men apparently came from the Siwalik molasse 
of Himalayan foothills, which were deposited 
between the Middle Miocene (~18 Ma) to Mid-
dle Pleistocene (~.2 Ma) time. This is based on 
the fact that the rocks exposed around Uchhri 
(the locality mentioned on the specimen) be-
long to the Siwalik group and no other rock 
formation such as Intertrappeans are known 
from this region. Furthermore, the fi ne clayey 
silt attached to the egg also indicates that the 
egg came from the Siwalik deposits. However, 
we are not absolutely certain about its original 
provenance, as we do not have any other sup-
porting evidence.

This paper aims to appraise the parataxo-
nomic position of the egg, and its palaeobio-
graphical and palaeoenvironmental implica-
tions.

Institutional abbreviations 

BRSUG, The University of Bristol’s Geology 
Museum, Bristol, England (EC).

Geographical and Geological setting

The egg has written on its eggshell layer “Dhok 
Yakoob (Uchhri)” (fi gure 1). This is probably a 
hamlet too small to be depicted on a map (John 
C. Barry, Ashok Sahni, Michael A. Cremo, Bursz, 
personal communications). Uchhri is located in 
the Salt Range on the Potwar Plateau of north-
ern Pakistan (Latitude 33° 22’ 0N, Longitude, 
71° 55’ 0N) close to the Indus River, and is the 
southern-most part of a triangle with Islamabab 
and Peshawar (fi gure 2).  

Available museum information states that 
the egg was recovered from the Upper Miocene 
of the Chinji Formation of the Siwalik Group, 
which is exposed near Uchhri in the Potwar Pla-
teau of northern Pakistan (fi gure 2, see Badg-
ley et al., 1998). Siwalik molasse deposits were 
formed in a sinking foreland basin all along the 
southern margin of the rising Himalayas from 
Pakistan in the west to Myanmar in the east 
(Willis & Behrensmeyer, 1995). Shah (1977) 
and Willis (1993) documented the lateral and 
vertical variation in sedimentary facies of the 
Siwalik sediments of the Potwar Plateau. These 
sedimentary rocks, deposited in a variety of 
fl uvial regimes, provide a continuous record of 
detritus, shed from the Himalaya uplift from 

Figure 1. Lateral view of the fossil crocodilian egg BRSUG 
26834, from the Upper Miocene of the Chinji Formation of 
the Siwalik group of Dhok Yakoob (Uchhri, Pakistan). Note 
the heavy compaction producing lateral compression, and 
name of the locality where the egg was uncovered written 
on the eggshell’s surface. Scale bar in mm. Photograph by 
X. Panadès I Blas.

Figure 2. Map of Pakistan showing Uchhri, the locality of 
the Upper Miocene, Chinji Beds on the Pot war Plateau 
(NW Pot war, Punjab, Pakistan) where the egg was 
uncovered. Figure by R. Patnaik.
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ity stratigraphy analyses (Keller et al., 1977; Op-
dyke et al., 1979) and radiometric dates (Johnson 
et al., 1982) have substantially improved these 
age estimates.  Cheema et al. (1977) established 
the age of the Chinji Formation based on lith-
ostratigraphy, as from the Miocene age, ranging 
from 14.2 to 11.2 Ma, although,  Johnson et al. 
(1982, 1985), dated the formation as middle to 
lower Upper Miocene, from 14.5 to 10.5 Ma.

The Chinji Formation represents multi-sto-
reyed grey sandstones interpreted as the major 
trunk channel of a braided fl uvial system simi-
lar to that of the present day Indus River (Wil-
lis, 1993b). These sandstones are separated by 
thick maroon and red-brown mudstones, often 
showing signs of pedogenesis, such as presence 
of bright red paleosols with scattered calcare-
ous nodules and root traces (Retallack, 1991; 
Behrensmeyer et al., 1995). 

Methods

Two eggshell fragments were studied and sec-
tioned, one from the egg’s equator and one 
from one of the poles, and were used to test 
the variation of eggshell thickness among the 
egg. Standard palaeooölogical methods sug-
gested by Carpenter (1999) to analyse the ma-
terial parataxonomically, and digital measuring 
from transverse/tangential or horizontal and 
radial or vertical pictures of petrographic thin 
sections were applied (Panadès I Blas, 2005).  
No chemical cleansing was applied, to avoid 
damaging the meagre eggshell material. Unfor-
tunately, neither CAT-scan nor x-ray sessions 
to visualise any possible embryonic remains 
inside the egg could be arranged, nor could a 
sample from its sediment to extract further pa-
laeobiostratigraphic information be taken.

SYSTEMATIC PALAEONTOLOGY

Order Archosauria Cope, 1869
Eusuchia Huxley, 1875

Crocodylia  Laurenti, 1768

Family indeterminate

Locality – Dhok Yakoob near Uchhri, the Salt 
Range on the Potwar Plateau (NW Potwar, Pun-
jab, Pakistan) (fi gure 2). 

Stratigraphic Range – Chinji Beds, Upper 
Miocene. 

Material – BRSUG 26834 is a partial large, 
black, elliptical egg (~45-55% complete), which 
preserves both poles. It is embedded in very fi ne 
clayey silt (which easily crumbles), and exhibits 
lateral compaction producing long pronounced 
cracks. This compaction resulted in deforma-
tion, and therefore two different lateral widths, 
84 x 64 x 54 mm (fi gure 1 and 3).

Figure 3. Enlarged view of the surface of BRSUG 26834 
displaying cracks, smooth and patchy surfaces, and craters 
containing pores (arrows). Scale bar in mm. Photograph 
by X. Panadès I Blas.

Inner and outer surfaces - Both surfaces are 
heavily eroded, displaying small patches that 
are irregular and smooth in places, as well as 
twisted deep interstices, undulations without 
apparent bulging, and crater-like dimples. The-
se crater-like dimples are very similar to those 
produced by extrinsic degradation observed by 
Ferguson in alligator eggs (1981). In fact, the 
three basal plate groups and radiating wedges 
of the three basal knobs in the inner surface are 
absent, apparently dissolved (fi gure 4 and 5).

Radial View – The eggshell thickness ranges 
0.18-0.76 mm. It is built by a single spheru-
litic crystal layer of chunky units with irregu-
lar rounded bulky ends, which are appressed 
against each other. These units are constructed 
by large irregular wedge-like crystals growing 
to the sides towards the top of the eggshell from 
a basal plate group (fi gure 6). Prominent accre-
tion lines (tabular structure) extend from the 
top of the basal knob up to the outer eggshell. 
This differs in the basal portion of the eggshell, 
where they exhibit a wavy or fl uted appear-
ance and become increasingly horizontal in the 
upper 2/3 of the eggshell, unlike Krokolithus 
wilsoni and Krokolithus helleri (Hirsch, 1985).  
Polarised light micrographs of thin sections in 
radial view, captures abrupt rather than sweep-
ing extinction pattern (fi gure 6).
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Figure 4.  Scanning electron micrograph in inner surface 
view of BRSUG 26834, illustrating three bared basal knobs 
(arrows) for which their basal plate groups and radiating 
wedges of have completely been eroded. Photograph by X. 
Panadès I Blas.

Figure 5.  Scanning electron micrograph in outer surface 
view of BRSUG 26834, showing small patches, twisted 
deep interstices, and undulations. Photograph by X. 
Panadès I Blas.

Transverse view – Even though pore canals 
were not observed in the radial view, ellipsoid 
openings appearing in the transverse sections, 
indicate that pore canals were likely to be ver-
tically sub-rounded and straight. Otherwise, 
longer and narrower openings would have in-
dicated horizontal, oblique, or branching canal 
shapes (fi gure 7).

Diagnoses – BRSUG 26834 was laid by a cro-
codylian because it shares the same structural 
levels of palaeooölogical and modern croco-
dylian oospecies. The egg conclusively exhibits 
the crocodiloid morphotype: discrete, large, ad-
pressed units, built up by rough crystal wedges, 
with rounded ends, forming a single spherulitic 
crystal layer. However, lack of direct osseous as-
sociation with the specimen prevents to affi li-
ate it to a specifi c crocodylian species.

BRSUG 26834’s elliptical shape corresponds 
with that of modern and fossil palaeooölogical 
crocodylian oospecies. Its dimensions, 84 x 64 x 

Figure 6. Polarised and light micrographs of a thin section 
in radial view of BRSUG 26834. Note the chunky units 
built of large irregular wedge-like crystals, appressing 
against each other and the accretion lines scattered from 
the top of the basal knobs to the outer shell (arrows). A 
and B. Polarised and light micrographs of thin sections 
in radial view of eggshells from the egg’s equator A and 
a pole B. Units in the equator are much wider units and 
higher than in the pole. U, unit. Photograph by X. Panadès 
I Blas.

Figure 7. Polarised and light micrographs of a thin section 
in transverse-view of BRSUG 26834, displaying the circular 
piercing (arrows) suggesting vertical and surrounded pore 
canals. Photograph by X. Panadès I Blas.
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54 mm, are closer to the eggs of G. gangeticus 
(Singh, 1978: 60, fi g. 22) which measure 82.2 x 
56.5 mm (Ferguson, 1985), and 86.6 x 56.7 mm 
(Singh, 1978). It is slightly bigger than eggs from 
other extant oospecies. Its dimensions are also 
greater than the Eocene fossil eggs Krokolithus 
wilsoni from the DeBeque Formation (USA) (68 
x 40 mm) (Hirsch, 1985), and Krokolithus helleri 
(63 x 35 mm) from the Geiseltal Quarry (Ger-
many) (table 1) (Kohring & Hirsch, 1996).

The eggshell thickness range (0.10-0.75 mm) 
is similar to modern and fossil palaeooöspecies 
(0.3-0.59 mm), G. cf. gangeticus (0.19-0.66mm), 
and the Krokodiliae oofamily (0.25-0.76 mm) 
and extant oospecies (0.40-0.65 mm) (Hirsch 
& Khoring, 1992; Patnaik & Schleich, 1993; 
Schleich et al., 1994). It also exhibits the same 

Table 1. Egg dimensions and eggshell thickness of fossil and modern eggs.

morphometric variability of G. gangeticus, 
thicker in the equator (0.67-0.76 mm) than in 
the poles (0.18-0.31 mm) (fi gures 6A and B) 
(Schleich et al., 1994) (see table 1). 

Consequently, units in the equators are also 
wider, nearly exceeding the height (0.60-0.75 
mm). In the poles the units are more tapered 
(fi gures 6A and B).  It is unclear if these morpho-
metric similarities can be used as a character in 
phylogenetic analysis. It would be necessary to 
run further biostatistical comparative analyses 
among eggs from clutches of fossil and modern 
crocodylian oospecies to test whether the rest 
of crocodylian oospecies share the same mor-
phometric variability of G. gangeticus.

 

 

Egg source 
 

 

Size  
(mm) 

 

Thickness 
(mm) 

 

References 

Modern Crocodiles: 

 
Crocodylus porosus 
Crocodylus novaeguinae 

Crocodylus  palustris 
Alligator sinensis 
Caiman crocodylus crocodylus 

Caiman crocodylus yacare 
Paleosuchus palpebrosus 
Osteolemus tratraspis tretaspis 

Caiman latirostris 
Crocodylus niloticus 
Crocodylus johnstoni 

Alligator mississippiensis 
Crocodylus acutus 

Gavialis gangeticus 
 
Fossil Crocodylian: 

 
Upper Jurasic-Pai Pai Mogo 
U. Cret.-France 

U. Cret. of Argentina 
U. Cret. Montana (USA) 
L. Cret. of Morocco 

L. Cret. of Brazil-Araçatuba Fm 
L. Cret. Purbeck Limestone Group-England 
L. Cret.-Iberian Peni. 

L. Cret.-Malabar Hill section-India 
L. Cret. Glen Rose Formation-USA 
L. Miocene of Ulm-Germany 

Eocene Soft Cold beds Geiseltal-Germany 
Eocene-DeBeque Fm-USA 
Eocene-DeBeque Fm.-USA 

Eocene-Bridger Fm.-USA 
Eocene DeBeque Formation colorado-USA 

Eocene-Murgon Fm.-Australia 
Miocene- Chinji Beds-Pakistan 
Pliocene Silwalik Sequs.-India 

 

 
77  52 
76  43 

75  46 
68  34 
65  40 

68  42 
66  42 
63  37 

66  46 
74  43 
66  42 

74  43 
77  48 

82  56 
 
 

 
eggs 
fragments 

? 
fragments 
30  45 

fragments 
fragments 
fragments 

fragments 
49  28 
fragments 

eggshells 
eggshells 
50  30 

fragments 
68  44 

fragments 
fragments 
64 x 54 x 84 

 

 
0.53 
? 

? 
? 
? 

? 
? 
? 

? 
0.58 
0.40 

0.51-0.53 
0.45-0.52 

0.3-0.59 
 
 

 
0.3 
0.64 

? 
? 
0.45 

0.15-0.4 
? 
0.5-0.7 

0.35 
0.6-0.7 
? 

? 
? 
0.25-0.45 

0.76 
? 

? 
0.15-0.75 
1.9-6.6 

 

 
(Deeming and Ferguson,1990) 
(Deeming and Ferguson,1990) 

(Deeming and Ferguson,1990) 
(Deeming and Ferguson,1990) 
(Deeming and Ferguson,1990) 

(Deeming and Ferguson,1990) 
(Deeming and Ferguson,1990) 
(Deeming and Ferguson,1990) 

Deeming and Ferguson, 1990)  
Deeming and Ferguson, 1990)  
Deeming and Ferguson, 1990)  

Deeming and Ferguson, 1990) 
Hirsch &Kohring (1992) 

Ferguson, (1985) and Schleich et 
al. (1994) 
 

 
Antunes et al., (1998) 
Kerourio (1987) 

Frenguelli (1951) 
Hirsch and Quinn (1990) 
Garcia et al. (2003) 

Magalhães et al.,(2003) 
Ensom, (1997 and 2002) 
Kohring (1990) 

Singh et al. (1998) 
Rogers, (2000) 
Khoring (1992) 

Khoring and Hirsch (1996) 
Leggitt  et al.,  (2000) 
Hirsch (1985) 

Hirsch &Kohring (1992) 
Hirsch (1985) 

Panadès and Godthelp (in prep.) 
Panadès (in press) 
Patnaik & Schleich (1993) 

 



Panadès I Blas & Patnaik, Crocodylian egg from Pakistan PalArch’s Journal of Vertebrate Palaeontology, 6(1) (2009)

© PalArch Foundation 6

Palaeobiographical Conclusions 

The very fi ne clayey silt suggests that the egg 
was deposited on a sandy overbank on a fl uvial 
environment like a river or lake. Such a pala-
eoenvironment has already been described in 
other localities of the same area, and belongs 
to the Upper Miocene of the Chinji Formati-
on of the Siwalik Group (Badgley et al., 1998). 
Dhok Yakoob represents a new Upper Miocene 
locality of the Chinji formation of the Siwalik 
group, and though a crocodilian body fossil has 
not been found, this egg adds a new faunistic 
element to the palaeoecosytem of the region at 
this time.
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