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Indian Neogene Siwalik Mammalian Biostratigraphy:
An Overview

RAJEEV PATNAIK

Almost 6000m thick, Siwalik freshwater deposits ex-
posed all along the Himalayan foothills are famous for
their great wealth of mammalian fossils ranging in age
from ~18 Ma (Johnson et al. 1985) to 0.22 Ma (Ranga
Rao et al.1988). These deposits were formed by rivers
that were precursors to the present-day mighty Indus,
Ganges, and Brahmaputra of the Indian subcontinent.
The excellent fossil and sediment record of the Siwaliks
has attracted the interest of earth scientists and palaeo-
anthropologists for the past 150 years. Medlicott (1879)
followed by Pilgrim (1910, 1913) classified the Siwaliks
as Lower, Middle, and Upper Siwaliks, further divided as
the Kamlial, Chinji, Nagri, Dhok Pathan, Tatrot, Pinjor,
and Boulder Conglomerate formations, based mainly
on their faunal content. Colbert (1935) preferred calling
them zones. Over the years, extensive fieldwork has re-
vealed that the boundaries between most of the Siwalik
formations are time transgressive and that temporal
ranges of mammals are not usually fixed within the time
limits of these formations. Therefore, these formations
are now largely referred as lithounits (figure 17.1). Type
sections of the Lower and Middle Siwalik formations lie
in Pakistan, and those of Upper Siwaliks are mostly in
India (figure 17.2). In recent years, extensive multidisci-
plinary studies, particularly in Pakistan, have resolved
several issues concerning biotic changes in the Late Mio-
cene and how they interplay with fluvial dynamics and
climatic trends (Pilbeam et al. 1977; Keller et al. 1977;
Opdyke et al. 1979; Badgley and Behrensmeyer 1980;
Barry, Lindsay, and Jacobs 1982 Barry et al.1985; Flynn

and Jacobs 1982; Johnson et al. 1982; Johnson et al. 1985;
Quade et al. 1989; Barry and Flynn 1990; Willis 1993;
Behrensmeyer, Willis, and Quade 1995; Flynn et al. 1995;
Quade and Cerling, 1995; Barry et al. 2002; Badgley et al.
2005; Badgley et al. 2008).

India has some of the classic Siwalik fossil mammal
localities (Pilgrim 1910, 1913; Lewis 1934; Colbert 1935;
Prasad 1970), situated along the Himalayan foothills
around Jammu (state of Jammu and Kashmir), Nurpur
and Haritalyangar (Himachal Pradesh), Chandigarh
(Union Territory), Kala Amb-Saketi (Haryanaand Him-
achal Pradesh), and Kalagarh (Utter Pradesh). In India,
several significant contributions have been made to un-
derstand the fauna (Sahni and Khan 1964; Nanda and
Sehgal 1993), geology (Karunakaran and Ranga Rao
1979; Vasishat 1985; Parkash et al. 1980; Kumar and Tan-
don 1985), magnetostratigraphy (Johnson et al. 1983;
Ranga Rao et al. 1988; Tandon et al.1984; Kotlia et al.
1999; Sangode and Kumar 2003) and tephrochronology
(Mehta et al. 1993). Barring a few instances where mag-
netostratigraphy has been tied to fossil occurrences
(Agarwal et al. 1993; Basu 2004; Ranga Rao et al. 1988;
Patnaik and Nanda 2010), the mammalian faunal assem-
blages are largely differentiated only according to forma-
tion (Vasishat et al. 1983; Nanda and Sehgal 1993, 2005).

While Neogene mammal fossils of India occurring in
the Siwaliks can be assigned to lithostratigraphic units,
nomenclature of the units is problematic, and utilization
of classic formation names sometimes leads to errors. As
most of the formation boundaries have been found to be
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Figure 17.1 A generalized stratigraphic framework of the Siwalik
sequence (not applicable everywhere). Modified after Behrensmeyer
and Barry 2005; dates from Johnson et al. 1985, Ranga Rao et al.1988,
and Barry et al. 2002).

time transgressive and faunal ranges often extend beyond
these boundaries, the common practice of assigning fau-
nal assemblages after various formations, as in “Chinji
Fauna” or “Pinjor Fauna,” has hindered developing a
high-resolution biostratigraphic framework. The present
chapter makes an attempt to reevaluate the mammalian
biostratigraphy of the Indian Siwaliks by integrating the
available mammalian locality data to sections with inde-
pendent dating using magnetostratigraphy and teph-
rochronology. A few other important sections that have
not been geochronologically dated are placed here in the
temporal framework using mammal biochronology al-
ready well established in the Pakistan Siwaliks. The pres-
ent exercise of compiling the data and putting the
mammal record in a chronological framework has facili-
tated a revision of the first and last appearances of several

Neogene Siwalik mammals, including those of the Mio-
cene apes, allowing a better intraregional correlation with
localities situated in Pakistan and Nepal. Two major fau-
nal turnovers—one at the Late Miocene (8-9 Ma) and
the other at the Gauss-Matuyama boundary (2.6 Ma)—
coincide with global climate and local tectonic events.
Many gaps still exist in the Indian fossil record, and sev-
eral mammalian lineages are yet to be taxonomically re-
solved; therefore, interpretations made here are tentative.

The present approach is to reassess the various key sec-
tions: (1) Lower Siwalik Ramnagar section in the Jammu
sub-Himalaya, (2) Middle Siwalik Haritalyangar and Nur-
pur sections in the Himachal Himalayas, and (3) Upper
Siwalik Uttarbeni-Parmandal section in the Jammu and
Haripur Khol, Khetpurali, Markanda, Patiali Rao, and
Ghaggar River sections exposed near Chandigarh. Other
important assemblages recorded from various Siwalik sec-
tions exposed in India and Nepal are also reviewed.

BIOSTRATIGRAPHIC APPRAISAL

Lower Siwalik Ramnagar Locality

The Ramnagar locality is situated in the Jammu region
where the Lower, Middle, and Upper Siwaliks are fairly
well exposed (figure 17.3). Ramnagar is famous for its
Miocene apes (Brown et al. 1924; Lewis 1934; Colbert
1935; Dutta et al. 1976; Vasishat et al. 1978), and in re-
cent times many workers have contributed significantly
toward understanding its vertebrate palaeontology and
stratigraphy (Thomas and Verma 1979; Nanda and Seh-
gal 1993; Verma and Gupta 1997; Basu 2004; Parmar
and Prasad 2006; Sehgal and Patnaik 2011).

A diverse fossil assemblage is now known from the up-
per 350m of the Ramnagar section (figure 17.4; table 17.1).
The large mammalian fauna, which includes Miocene apes
such as Sivapithecus sivalensis and Sivapithecus cf. simonsi,
and the lithology of Ramnagar show striking resem-
blance to those of the Chinji type area in the Potwar Pla-
teau (Vasishat et al. 1978; Nanda and Sehgal 1993; Verma
and Gupta 1997; Basu 2004). This strong faunal similarity
(see table 17.1) has been used for tentatively placing the
Ramnagar assemblage between 11 Ma and 13 Ma (Vash-
ishat et al. 1978; Nanda and Sehgal 1993; Basu 2004). Re-
cently, a report of the short-ranging rhizomyid rodent
Kanisamys cf. potwarensis from near Dehari (Parmar and
Prasad 2006) suggests that these deposits could be a little
older than previously estimated, because the range of this
species in Pakistan is about 14.2 Ma to 13.4 Ma on the
time scale of Gradstein et al. (2004) (see figure 17.4).
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Figure 17.2 Distribution of the Siwaliks showing the localities discussed in this chapter as well as the type localities of various formations in

Pakistan.

Sehgal and Patnaik (2011) discuss index fossils that
support this older age estimate, the murid rodent Ante-
mus chinjiensis and the cricetid rodent Megacricetodon cf.
sivalensis from the stratigraphic level of Sivapithecus at
Ramnagar. The Ramnagar assemblage can now be con-
strained between ~13.2 Ma and ~13.8 Ma using the well-
established high-resolution Siwalik rodent biochronol-
ogy. This biochronological framework has the potential
of increasing the first appearance datum (FAD) of Sivap-
ithecus from the presently estimated 12.8 Ma to at least
13.2 Ma (see figure 17.4).

Kalagarh

The so-called Lower Siwalik fauna reported from Kal-
agarh, Uttaranchal (Tiwari 1983) includes Sivapithecus
indicus, Viverra chinjiensis, Sivameryx (=Hyoboops) minor,
Hipparion (Cormohipparion) antilopinum, Dienotherium

sp., Dorcadoxa porrecticornis, Conohyus sp., Giraffokeryx
sp., Dicoryphochoerus sp., Propotamochoerus sp., Dor-
catherium nagrii, and Dorcatherium majus. Nanda and
Sehgal (1993) are of the opinion that this assemblage
contains both Lower and Middle Siwalik elements. The
short-ranging bovid Dorcadoxa porrecticornis (in Paki-
stan) may constrain this locality between 9.3 Ma and
8 Ma. This estimate is well supported by age ranges of
other associated species such as Hipparion spp. (10.7-
5.8 Ma), Dorcatherium nagrii (9.3-6.8 Ma), and Dorcath-
erium majus (10.4-7 Ma; dates unmodified from Barry
et al. 2002). Therefore, Kalagarh appears to be of late
Miocene in age.

Dang Valley, Nepal

Further east, the Dang Valley sections of Nepal have
yielded both Lower and Middle Siwalik mammalian



426 SOUTH AND SOUTHEAST ASIA

R mwﬁwmmm_so

29 G Tarmin

o oA Pegk CE
$26%25 " Amroh ;
0. =

Kalaunta-

_.uo%o Area enlarged
. » Fossil sites(Basu 2004)

O Kanisamys cf. potwarensis locality

Tanhal Thrust

x Sivapithecus sp. locality
O Antemus chinjiensis and

Mpyocricetodon sivalensis locality

[Lfrecamrn
Hzcﬁmm group

[ 3 |Lower Siwaliks

4 ]Middle Siwaliks
Iwm:sm:as_ Sandstone
_M_meaog Formation

Hmoaama Conglomerate

Formation

Figure 17.3 Location and geological map of the Siwaliks of Jammu sub-Himalaya (modified after Gupta and Verma 1988; Basu 2004). The sub-
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1-29 on the inset represent the fossil localities tied to the section as shown in figure 17.4, after Basu (2004).

assemblages (West et al. 1978; West, Hutchison, and
Muthe1991). Both magnetostratigraphic (Munthe et al.
1983) and biostratigraphic zonations (Pre-Hipparion
and Hipparion Zone of Barry, Lindsay, and Jacobs 1982)
have been used to assign these rocks to the Lower and
Middle Siwaliks. Taxa that have been found from Dang
Valley include Sivapithecus punjabicus, Amphicyon pa-
lacindicus, Deinotherium pentapotamiae, Brachypothe-
rium perimense, Conohyus sindiensis, Hemimeryx pusillus,
Giraffokeryx punjabiensis, Protragocerus gluten, Hippar-
ion sp., Dorcabune sp., Dorcatherium sp., and Pachypor-
tax sp. (West et al. 1978; West, Hutchison, and Munthe
1991).

Middle Siwalik Haritalyangar Locality

Haritalyangar is one of the best-studied Siwalik localities
in India (figure 17.5). The reasons for such attention are
obvious. The 1600-m-thick section has yielded some of
the best primate specimens anywhere from the Siwaliks.
These include apes such as Sivapithecus sivalensis, Sivap-
ithecus indicus, and Indopithecus bilaspurensis, the small
primates Pliopithecus (Dendropithecus) krishnaii, Indralo-
ris himalyaensis, and Sivaladapis palaeindicus, and the tu-
paiid Palacotupia sivalicus (Simons and Chopra 1969;
Simons and Ettel 1970; Simons and Pilbeam 1973; Gin-
gerich and Sahni 1979, 1984; Chopra and Kaul 1979;



Age in Ma

12

13}

Kanisamys cf. pohwarensis
Megacricetodon cf. si valensis

14

r——

d

-
: c =
o : =% S
Reference Locality 7 2
Sandstone = =
| 3 = e
[ 5 =@ = =
‘ = 2 |5
: = &
=i Ll Te |=
Bt 2 3* 1] ¢ {
| = = =
1 1 -~ ~ y
C* 13 b F L b
-~ =
D 2 Sl . 5 ] $d 9849 ¢
o = ] [ B
13,5 =0 59 * S 1' Z
E J,f‘ 30.25 . “ o 5 © ® =
i Al b -2 e = | & =
Py a = == = <= Z L ]
1817 S 3 -9 = { = Sl ®
F 28 =z > e ..|= = e Ze¢ @
5 oS =1 Sl't : = = =
2 2| o111 e-|< | &l = =l = g
- 27 Sede » Il 2| x|z 2 El g =] =| |EEE |8
= & .2 = .= =] =|= =19 ol = =l = ] ~
S 5 Y& N I S . == & [ =] & & w £ ==
"o = - N = — -~ e b N < = S —
=5 E7 21E12 = 1™E= sEE2 2 2 8] [3EE Rl
wa o2 G S|l EE 72 |2 HE =1EEI=RI 2 2 2 SR 3l 5
| S s 2 == = <l == ¢ 3 2 S
| 2 = Z Ql =l = =152l == == =| E Zlale =| =
H T " 3 Sl1alz, = 12175 31EE 2l =) 3] =2 B S
= & =l = 1= S § T - BERIE R
= ~] 3 = = S & = =l=
T 89 § ge HEIE RN Y SR R ERESEE &K
= < A4 9 o =713 : S|= P H RN BB
3 2429 3 : ¢ [So=1|3] oF o9l =e MBS EEINEE
= il = = =1 S=| 3 N =| = Pl =l S
sl = I 5 2 SR N S & = NEEE RS S
; ~ = o —_— |~ r ~ . Sl.=l=lzl = Qo
= Z S 3 = E3|a %] o HEEE R E
= = & a 2o 3 =l 25|12 S
= = = = S~ 8 =2 5
- < = B = = = = Q =)
S| = S T 5 Q SIS Q
g S s
“ = S 5
2 = ]
- ey &b =
-~ P = =) -~
% & o LS =
f o
-~ = . - =
= 3 3 3 S
= 3 S
= = S B | 9 600 ¢
30m L4 =@ e = L ] 99 ® o o
SOmJi 10 5 n = = L ¢ >
2 == S e [ X W
19 S =¥ = [ ]
= o - -~
Om 2 23 o
vy X

Figure 17.4 Ramnagar biostratigraphy: (a) stratigraphic ranges of key rodents observed in the Siwaliks of the Potwar Plateau, Pakistan (Flynn et
al. 1995; Jacobs and Flynn 2005); (b) Ramnagar section with biostratigraphic occurrences of mammals in the upper 350 m interval of the Lower
Siwaliks (modified after Basu 2004). Occurrence levels of species are indicated by black dots (data from Nanda and Sehgal 1993, Basu 2004, and
Parmar and Prasad 2006). This figure is adopted from Sehgal and Patnaik (2011:fig. 3).

Table 17.1

Mammalian Species Recorded from the Upper Interval of the Lower Siwaliks, Ramnagar

Primates

Rodentia

Carnivora

Proboscidea

Perissodactyla

Artiodactyla

Sivaladapis palacindicus, Sivapithecus indicus, S. sivalensis, S. cf. S, simonsi

Sivacanthion complicatus, Rhizomyides sivalensis, Rhizomyides punjabiensis, Sayimys sivalensis, Kanisamys cf.
K. potwarensis, Antemus chinjiensis, ct. Myocricetodon sp.

Dissopsalis sp., Dissopsalis carnifex, Amphicyon sp., Viverra chinjiensis, ZEomellivora sp., Eomellivora necrophila,
Vishnufelis sp., Percrocuta carnifex, Vishnuonyx chinjiensis

Prodeinotherium sp., Gomphotherium sp., Tetralophodon sp. Deinotherium pentapotamiae

Aceratherium perimense, Gaindatherium browni, Brachypotherium sp, Brachypotherium perimense, Chilotherium?
intermedium, Chilotherium sp., Chalicotherium sp.

Listriodon pentapotamiae, Dicoryphochoerus haydeni, Conohyus chinjiensis, Conohyus sindiensis, Propotamochoerus
sp., Sus sp., Hippopotantodon haydeni, Anthracotherium punjabiense, Hemimeryx pusilius, Dorcabune
anthracotherioides, Dorcabune nagrii, Dorcatherium majus, D. minus, D. nagrii, D. sp. (small), D. sp. (very small),
Giraffokeryx punjabiensis, Progiraffa priscilla, Progiraffa sp., Protragocerus gluten, Miotragocerus gradiens, Gazella
sp., Helicoportax tragelaphoides, H. praecox, Miotragoceras sp.?, Kubanotragus sokolovi

SOURCES: After Vasishat et al. (1978); Gaur and Chopra (1983); Nanda and Sehgal (1993); Sehgal (1998); Sehgal and Nanda (2002); Basu (2004); and
Parmar and Prasad (2006).
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Chopra and Vasishat 1979; Patnaik and Cameron 1997;
Patnaik et al. 2005; Pillans et al. 2005). Johnson et al.
(1983) carried out a detailed palacomagnetic stratigra-
phy of the Haritalyangar region and found that the Sivap-
ithecus fossils occur between 850 m and 1100 m above the
base of the Haritalyangar section. They placed Indopithe-
cus bilaspurensis (formerly Gigantopithecus, includes
G. giganteus) at the 1200 m level, which they projected as
6.3 Ma. Sankhyan (1985) recorded Sivapithecus from the
1500 m level as well. Therefore, these fossil apes appeared
to show a young age range (~7.5-5.5 Ma) with respect to
the Pakistan record. Recently, Pillans et al. (2005) re-
vised the chronology of Haritalyangar based on a new
correlation of this section to the GPTS. The main homi-
noid interval has now been placed between 9.2 Ma and
8.85 Ma, and the Indopithecus bilaspurensis level at 8.6 Ma

(figure 17.6). With these new dates, the full range of homi-
noids at Haritalyangar falls between 9.2 Ma and 8.1 Ma.

Beside primates, Haritalyangar has yielded a diverse
mammalian assemblage (table 17.2). Pillans et al. (2005)
reported some faunal material from specific horizons,
used here for determining first and last occurrences of
several mammals (see figure 17.6). Some of the mammals
reported by Vashishat (1985) from specific levels have
also been integrated with the well-dated section. Other
mammals are of uncertain age between 9.23 Maand 8.10
Ma, as their exact position in the stratigraphic column is
not known (see table 17.2).

Ladhyani, a site situated east of Haritalyangar, has
yielded several small mammals. These include Sivaliko-
sorex prasadi (Sahni and Khare 1976), Progonomys
debruijni, Parapelomys robertsi, Karnimata darwini,
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Figure 17.5 General location map of the Himachal Pradesh
HEF = Himalayan frontal fault.

reentrant, modified from Brozovic and Burbank (2000). MBF = main boundary fault;
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Palaceotupia sivalicus (Tiwari 1996), and Karnimata cf.
intermedia (tentative identification of a nondiagnostic
M2-3; Flynn et al. 1990). In comparing the murine as-
semblage in Ladhyani to that of Pakistan (Jacobs and
Flynn 2005), the co-occurrence of Progonomys debruijni
and Karnimata darwini suggests an upper age limit of
~8 Ma to 9 Ma for Ladhyani. Parapelomys robertsi has a

younger age range in the Potwar area (Barry et al. 2002)
and should be reevaluated.

Middle Siwalik Nurpur Locality

The lower 270 m of red beds exposed near Nurpur, Him-
achal Pradesh, have yvielded a diverse assemblage (see fig-
ure 17.6; table 17.3). Initially, these beds were considered
Lower Siwalik (Vasishat et al. 1983; Gaur et al. 1985).
Subsequently, based on new findings of Hipparion, Nanda
and Sehgal (1993) placed them in the Middle Siwaliks.
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The magnetostratigraphy developed for Nurpur section
(Ranga Rao 1993), as recently reinterpreted (Sangode
and Kumar 2003), indicates that the assemblage should
fall in the 9.7-10.1 Ma interval (see figure 17.6). This
rough estimate correlates fairly well considering tem-
poral occurrences of Hipparion, Propotamochoerus hy-
sudricus, and Dorcatherium majus established in Pakistan
(Barry et al. 2002; Badgley et al. 2008). As per the sedi-

ment accumulation rate at this interval (Sangode and

Kumar 2003), the lower 270-m-thick fossil-yielding se-

quence should represent ~500,000 yr. However, it may

be noted that Nanda and Sehgal (2005) placed this

assemblage between 8.14 and 7.51 Ma,
Rao (1993).

Asite near Palampur yielding the short-ranging rhizo-
myid Brachyrhizomys micrus (Tiwari 1990) constrains
the site to about 9.2 Ma based on its isolated occurrence
in Pakistan (Flynn et al. 1990) (see figure 17.5). Other
isolated Middle Siwalik mammal occurrences are from

following Ranga
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sOURCES: After Colbert (1935), Pilgrim (1939), Prasad (1970), Vasishat et al. (1978), Vasishat (1985), Nanda and Sehgal (2005), and Pillans et al. (2005).

the Jammu and Poanta regions (Gupta and Verma 1988;
Nanda et al.1991). Gupta and Verma (1988) reported
Gomphotherium (=Trilophodon) sp., Gomphotherium cf.
G. falconeri, Tetralophodon cf. T. iongirostris, Choeroloph-
odon (=Synconolophus) cf. C. dhokpathanensis, Elephas cf.
E. hysudricus, and Hippopotamodon sp. from the Jammu
region. Nanda and Sehgal (2007) opine that of the this
assemblage only C. dhokpathanensis is characteristic of
the Middle Siwaliks. On the other hand, Siwaliks ex-
posed west of Paonta Saab have yielded typical Middle
Siwalik Hippopotamodon titan, as well as Hippohyus cf.
H. grandis and Propotamochoerus cf. P. salinus (Nanda
etal.1991).

Upper Siwalik Localities Around Chandigarh

Several localities have yielded diverse fossil mammal
assemblages around Chandigarh since the report of Col-
bert (1935; figure 17.7). Azzaroli and Napoleone (1982)
were the first to put them in a chronological framework,

followed by Tandon et al. (1984). A decade later, Ranga
Rao et al. (1995) and Sangode, Kumar, and Ghosh (1996)
carried out extensive magnetostratigraphic work in the
Upper Siwaliks. The Haripur section has been well dated
and has yielded large mammals and pollens (Sangode,
Kumar, and Ghosh 1996; Phadtare et al. 1994; figure
17.8). Tuffaceous mudstone discovered from the Ghag-
gar river section (Tandon and Kumar 1984; Mehta et al.
1993) helped in placing the local magnetic reversals in
the GPTS. Recently, Kumaravel et al. (2005) have pro-
vided the most comprehensive magnetostratigraphic data
on sediments exposed around Chandigarh. The Tatrot
Formation and Pinjor Formation boundary of the Indian
Subcontinent is close, temporally, to the Gauss—Matuyama
magnetic reversal dated to 2.58 Ma (Ranga Rao et al.
1995; Cande and Kent 1995). Tatrots are characterized
by the presence of thin grey sandstones, variegated mud-
stones, and siltstones; this lithology gradually changes
upward into brownish sandstones and mudstones char-
acterizing the Pinjors. The Pinjor Formation and Boulder
Conglomerate boundary has been found to be time



INDIAN NEOGENE SIWALIK MAMMALIAN BIOSTRATIGRAPHY a3

Table 17.3
Mammalian Species Recorded from Nurpur

Carnivorans Dissopsalis carnifex, Amphicyon

palaeindicus

Proboscidea Tetralophodon sp., Deinotherium sp.

Perissodactyla Aceratherium perimense, Gaindatheriwm sp.,
Hipparion antelopinum, Cormohipparion
theobaldi

Artiodactyla Listriodon pentapotamiae, Propotamochoerus

hysudricus, Sus sp., Hippopotamodon
vinayaki, Anthracotherium sp.,
Merycopotamus dissimilus, Dorcabune
sp., Dorcatherium majus, D. minus, D.
nagrii, Giraffokeryx punjabiensis,
Hydapsitherium megacephalum,
Bramatherium megacephalum minus,

Protragocerus gluten

SOURCES: After Vasishat et al. (1983); Gaur et al. (1985); Nanda and
Sehgal (1993); and Sehgal and Nanda (2002).

transgressive, ranging in age from 1.77 Ma to .63 Ma
(Ranga Rao et al. 1988; Ranga Rao 1995; Nanda 2002;
Kumaravel et al. 2005). An attempt has been made to in-
tegrate the mammalian faunal material to well-dated sec-
tions (see figure 17.8). The assemblages representing
Tatrot and Pinjor formations are given in table 17.4.

Upper Siwalik Localities Around Jammu Region

Upper Siwalik exposures around Parmandal and Na-
grota are fairly well studied for magnetostratigraphy,
tephrochronology, and vertebrate paleontology (Yo-
koyama et al. 1987; Gupta and Verma 1988; Ranga Rao
et al.1988; Agarwal et al. 1993; Nanda 1997, 2002; Basu
2004; Nanda and Sehgal 2005; see figure 17.9). N
Formation deposits contain two volcanic tuff horizons,
dated to 2.8 £0.56 Maand 2.31 £0.54 Ma (Agarwal et al.
1993; Ranga Rao et al. 1988). Anancus sp., Stegodon bom-
bifrons, Stegodon insignis, Stegolophodon, Elephas plani-
frons, Hipparion antelopinum, Cormohipparion theobaldi,

agrota
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Figure 17.7 Geological map of the Chandigarh region and Haripur Khol area (modified after Sahni and Khan 1964, Nanda 2002, and Kumar

et al. 2002).
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and Propotamochoerus hysudricus are some of the com-
mon taxa found in the lower part (Nanda and Kumar
1999; Basu 2004; Nanda and Sehgal 2005). The upper
assemblage, above the tuffs, is a bit depleted in the num-
ber of proboscidean remains, with only Elephas hysudri-
cus, E. planifrons, and Stegodon insignis (Basu 2004). Other
taxa characterizing the upper zone are Equus sivalensis,
Hemibos acuticornis, Antilope sp., Cervus sp., Rhinoceros
sp., Coelodonta sp., Sivatherium giganteum, Panthera sp.,
Viverra sp., Crocuta feline, and Hexaprotodon (Agarwal et
al.1993; Ranga Rao et al.1988; Basu 2004). Agarwal et al.
(1993) correlated the lower and upper faunal zones of
the Nagrota Formation to the Tatrot faunal zone (Pot-
war Plateau, Pakistan) and the Pinjor faunal zone (In-
dian Siwaliks). Basu (2004) observed that the lower fau-
nal zone of the Nagrota Formation correlates partly with
the Hexaprotodon sivalensis Interval Zone and partly
with the Elephas planifrons Interval Zone proposed by
Barry, Lindsay, and Jacobs (1982). Basu (2004) went on

to propose a new interval zone, the “Antilope-Equus-
Bovine” faunal zone for the upper part of the Nagrota
Formation.

Upper Siwalik mammals have also been recovered
from Nepal sub-Himalayan exposures. These areas are
Rato Khola, Gidhniya-Surai Khola, and the Lokundol
Formation of Kathmandu Valley (West and Munthe
1981; West, Hutchison, and Munthe 1991; Corvinus
and Nanda 1994; West 1996). The Rato Khola area has
yielded pre-Pinjor fauna, including Stegodon bombi-
frons, Elephas planifrons, 2Stegotetrabelodon, Hippohyus
tatroti, H. sivalensis, and Proamphibos cf. P. lachrymans
(Corvinus and Rimal 2001; Corvinus 2006). The upper
part of the Upper Siwalik succession at Rato Khola falls
into the E. planifrons Interval Zone of Barry, Lindsay,
and Jacobs (1982), according to Corvinus and Rimal
(2001) and Corvinus (2006). The lower boundary of
this interval zone is 3.4 Ma (Flynn et al,, chapter 14,
this volume).
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Table 17.4

Mammalian Species Recovered from Upper Siwaliks of Chandigarh and Jammu Region

Hystrix leucurus, Mus linnaeusi, Mus cf. M. flynni, Hadromys sp., Cremnomys cf. C. blanfordi, Tatera pinjoricus,

Rhizomyides saketiensis*, R. sivalensis*, cf. R. sivalensis*, Mus flynni®, cf. M. flynni*, M. jacobsi*, Parapelomys robertsi®,

cf. P. robertsi®, Cremnomys cf. C. cuthicus*, Bandicota sivalensis*, Golunda tatroticus®, G. kelleri*, Dilatomys

Canis pinjorensis. Mellivora sivlensis, Crocuta felina, C. colivini, Panthera cf. P. cristata, Lutra palaeindica, Amblonyx sp.

Pentalophodon khetpuraliensis®, Stegodon bombifrons®, Stegodon insignis®, Stegodon sp., *Stegolophodon sp.*, Elephas

Rhinoceros palaeindicus®, Rhinoceros sp.*, Coelodonta sp.*, Coelodonta platyrhinus®, Chilotherium intermedium®,

Primates Procynocephalus pinjori, Theropithecus delsoni
Insectivora Chandisorex punchkulaensis, Crocidura sp.
Crocidura sp.*
Rodentia
“Rhizomys” pinjoricus, Dilatomys sp., Golunda sp., Bandicota sp.
moginandensis®, D. pilgrimi*, Millardia sp.*, Abudhabia cf. A. kabulense®, Hystrix sp.*
Lagomorpha Caprolagus sp.
Pliosiwalagus whitei*
Carnivora
Proboscidea Pentalophodon sivalensis, Stegolophodon stegodontoides, Elephas hysudricus, Elephas planifrons, Elephas
platycephalus, Stegodon insignis
planifrons®, Elephas hysudricus®, Anancus sp.*
Perissodactyla Equus sivalensis, Coelodonta platyrhinus, Rhinoceros palaeindicus, Rhinoceros sivalensis
Cormohipparion theobaldi*, C. sp.’, Hipparion antelopinum®, Hipparion sp.*
Artiodactyla

Potamochoerus theobaldi, Propotamochoerus hysudricus, Sus falconeri, S. hysudricus, S. choprai, S. giganteus,

Hippohyus sivalensis, Hexaprotodon sivalensis, Rucervus simiplicidens, Cervus punjabiensis. Sivatherium giganteum,

Sivacapra subhimalayaensis, Oryx sivalensis, Damalops palaeindicus, Sivacobus palaeindicus. Hemibos acuticornis,
H. triquetricornis, H. antilopinus, Bubalus palaeindicus, B. platyceros, Leptobos falconeri, Bison sivalensis, Bos

acutifrons, Camelus sivalensis

Merycopotamus dissimilus®, Hippohyus tatroti®, Proamphibos kashmiricus®, Probison dehmi*, Cervus sp.”, Sivatherium
giganteum®, Hemibos triquetricornis®, Bos sp.*, Sivacapra sp.”, Propotamochoerus sp.*, P. hysudricus®, Hemibos
acuticornis®, Gazella sp.*, Hippohyus sp.*, Hexaprotodon sivalensis®, Cervus cf. punjabicus®, Camelus sp.”,

C. sivalensis®, Sivachoerus sp.*, Hydaspitherium megacephalum®

NOTE: *=taxa that occur in sediments older than 2.6 Ma.

SOURCES: After Gaur (1987), Yokoyama et al. (1987), Gupta and Verma (1988), Ranga Rao et al. (1988), Nanda (1997, 2002), Nanda and Kumar (1999),
Gupta and Prasad (2001), Basu (2004), Nanda and Sehgal (2005, 2007), and Patnaik and Nanda (2010).

Other mammal occurrences including Elephas hy-
sudricus, Equus sivalensis, Cervus sp., Potamochoerus pa-
laeindicus, cf. P. theobaldi, and Hemibos cf. H. acuticornis
have been assigned as “Pinjor Fauna” (Nanda 2002).

DISCUSSION

Gaps in the Fossil Record

The present assessment recognizes several gaps in the
Indian Siwalik fossil record. Ramnagar can now be re-

garded as the oldest locality yielding a diverse mamma-
lian assemblage. Based on the rodent biochronology
established in Pakistan, the Ramnagar locality can now
be placed safely in the middle Miocene, in the ~13.2 to
~13.8 Ma range (see figure 17.4). With this age estima-
tion, the first appearance of Sivapithecus in the Siwaliks
may be older than that perceived in Pakistan, about ~13.2
Ma (Sehgal and Patnaik 2011). However, this is still
within the inferred maximum limit (14 Ma) of the Sivap-
ithecus FAD (Barry et al. 2002; Badgley et al. 2008). The
Nurpur assemblage represents a small window, probably
around 9.7 Ma to 10.1 Ma. This estimate accords with age



434 SOUTH AND SOUTHEAST ASIA

o

. "0
[Illfrecambrmn
limestone Km
2 |Murree group

| 3 [Lower Siwaliks

[ Middle Siwaliks

Jammu

Parmandal

Parmanda] Sandstone
6 |Nagrota Formation

o Fossil sites

| 7 |Boulder Conglomerate Formation

Uttarbeni

Figure 17.9 Location and geological map of the Upper Siwaliks of Jammu sub-Himalaya (modified after Gupta and Verma 1988 and Basu 2004).

ranges (established in Pakistan; Barry et al. 2002) of the
characteristic fauna it contains: Hipparion sp. (10.7-5.8
Ma), Propotamochoerus hysudricus (10.2-6.2 Ma), Bra-
matherium megacephalum (10.3-7.1 Ma), Giraffokeryx
punjabiensis (13.6-10.4 Ma), Dorcatherium majus (10.4-
7.0 Ma), Dissopsalis carnifex (16.3-9.1 Ma), and Deinoth-
erium sp. (12.9-8.0 Ma). There exists in India a gap from
~12.5 Ma to ~10.1 Ma, apparently unrepresented by a
mammalian record.

Combining the famous Haritalyangar sequence
with the nearby Ladhyani site, the late Miocene fossil-
producing interval has been constrained to between 10.1
Ma and 8.1 Ma. The age ranges of most mammals in the
Haritalyangar assemblage compare very well with their
age ranges observed in Pakistan (table 17.5), but there are
some differences, mostly explained by incompleteness of
the records in the two regions. In India, there is a late
Neogene gap in the vertebrate record, without well-dated
mammal assemblages between 8 Ma and 4 Ma. In the
Potwar, late Neogene deposits are poorly represented, but
the Upper Siwalik record of India, combining both the

Jammu and Chandigarh regions, is fairly continuous and
well represented from ~4 Ma to .78 Ma. Some remaining
differences in taxon ranges are noted here.

Comparison with the Potwar Record

As better chronology of the fauna has been achieved by
recent magnetostratigraphic data from India, the mam-
malian record of India has started to tally fairly well
with the observed Pakistan Neogene Mammalian Bio-
chronology (see table 17.5). However, several differences
exist between these two regions. For example, the last
appearance of Sivaladapis palaeindicus in India extends
to 9.1 Ma, whereas in Pakistan its range stops at 11.5
Ma (Flynn and Morgan 2005). Sivapithecus parvada has
not been found in India, and Sivapithecus simonsi is yet
to be recorded reliably from Pakistan. There is a good
match in murine rodent content, but there are several
cricetid taxa known from Pakistan yet to be recovered
from India.



Table 17.5
First and Last Occurrences Observed in India for Common Mammalian Taxa, Compared with Ranges Observed in Pakistan

FO
FO LO Pakistan
Species Indian Siwaliks Siwaliks LO
Primates
1 Sivapithecus indicus/sivalensis ~13 8.85 12.5 8.5
2 Sivapithecus cf. simonsi ~13.2 8.85
3 Sivaladapis palaeindicus 13 9.1 15.6 1.5
4 Palaeotupaia sivalicus 9.1 9.1
S Tupaiidae spp. 13 8.1
Rodentia
Ctenodactylidae
6 Sayimys perplexus 9.1 9.1 ~18 9.1
7 Sayimys sivalensis 13 ~9 15.2 12.7
8 Sayimys chinjiensis 12.3 10.0
Rhizomyidae
9 Kanisamys indicus 9.1 9.1 17 10.8
10 Kanisamys nagrii 9.1 9.1 115 9.6
11 Kanisamys sivalensis 9.1 9.1 9.3 7.3
12 Kanisamys cf. potwarensis ~13.2 ~13.2 14.3 13.2
13 Rhizomyides sivalensis 9.1 8.9 71 6.4
14 Miorhizomys nagrii 9.2 9.2 11.5 9.6
15 Rhizomyides punjabiensis ~10.0 ~10.0 10.4 10.2
16 Miorhizomys choristos 9.0 9.0 8.4 8.2
17 Miorhizomys tetracharax 9.0 9.0 9.3 79
18 Miorhizomys micrus 9.2 9.2 9.2 9.2
Muroidea
19 Antemus chinjiensis ~13 ~13 13.8 12.7
20 Progonomys debruijni 89 8.9 9.3 8.9
21 Parapelomys robertsi 89 ~2.5 7.0 6.4
22 Karnimata darwini 8.9 89 9.3 89
23 Mus jacobsi 2.5 2.5
24 Mus flynni 2.5 1.8
25 Golunda kelleri 2.5 2.5 3 2
26 Golunda sp. 2.5 2.5
27 Hadromys sp. 1.8 1.8 3 3
28 Hadromys loujacobsi 2 1.7
29 Cremnomys sp. 2 2
30 Cremnomys cf. C. cutchicus 4 1.8
31 Dakkamys nagrii 9 9
32 Megacricetodon cf. sivalensis ~13 ~13 16.1 13
33 Dakkamys asiaticus 11.5 10.4
Leporidae
34 Pliosiwalagus whitei ~4 2.5
35 Alilepus sp. 74 6.5
Carnivora
36 Dissopsalis carnifex 13 9.8 16.3 9.1
37 Percrocuta carnifex 13 13 12.7 9.0

(continued)



Table 17.5

(continued)
FO
FO LO Pakistan
Species Indian Siwaliks Siwaliks LO
38 Panthera 2 2
39 Panthera uncia 1 1
40 Panthera cf. cristata 2 2
41 Mellivora sivalensis 2 2
42 Crocuta colivini 2 2
43 Crocuta felina 2 2
44 Crocuta crocuta 1 1
45 Canis pinjorensis LS 15
46 Canis cautleyi 1.8 1.8
Proboscidea
47 Prodeinotherium sp. ~12.5 ~12.5
48 Deinotherium pentapotamiae 13 13 18.3 6.9
49 Deinotherium sp. 13 9.8 129 8.0
50 Choerolophodon cf. dhokpathanensis 89 8.6
sl Choerolophodon corrugatus 13.5 6.5
52 Stegodon sp. 34 1.5 1.8 78
53 Stegolophodon stegodontoides 13.5 42
54 Elephas hysudricus 1.7 1
Perissodactyla
Rhinocerotidae
55 Brachypotherium perimense 13.2 13.2 16.0 71
56 Brachypotherium sp. 13 13
57 Chilotherium intermedium 3 3 16.3 7.6
S8 Chilotherium sp, 13.2 13.2
59 Gaindatherium spp. 13 13 16.0 73
60 Gaindatherium browni 12.7 8.85
61 Gaindatherium vidali 11.5 8.1
62 Chalicotherium sp. 13.2 13.2
63 Chalicotherium salinum 12.9 8.0
64 Aceratherium perimense 13 9.8
65 Rhinoceros palaeindicus 3 LS
66 Rhinoceros sivalensis 2 1 1.7 1
Equidae
67 Hipparion antilopinum 9.8 3
68 Cormohipparion theobaldi 9.8 3
69 Hipparion spp. 10.7 5.8
70 Hipparion sp. 3 2.5 2.5 1.6
71 Cormohipparion sp. 3 2.5
72 Equus sivalensis 2.5 78 2.5 .78
Artiodactyla
Suidae
73 Conohyus sindiensis 13.6 12.7 13.1 10.3
74 Hippopotamodon sivalense 10.2 7.2
75 ? Hippopotamodon Y450 sp. indet 11.2 10.2
76 Hippopotamodon haydeni 13 13
77 Hippopotamodon vagus 9.23 8.85
78 Hippopotamodon robustus 9.23 8.85



Table 17.5

(continued)
FO
FO LO Pakistan
Species Indian Siwaliks Siwaliks LO
79 Tetraconodon magnus 10.0 9.3
80 Tetraconodon mirabilis 9.23 8.1
81 Listriodon pentapotamiae 13.6 9.8 13.7 10.3
82 Propotamochoerus sp. 13 3 5.8 S.1
83 Propotamochoerus hysudricus 9.8 1.5 10.2 6.8
84 Sus sp. 13 9.8 6.4 33
Tragulidae
85 Dorcabune nagrii 13.6 12.8 10.4 8.5
86 Dorcabune anthracotheroides 13.2 12.9 12.8 10.5
87 Dorcatherium nagrii 13.6 12.8 9.3 6.8
88 Dorcatherium minus 9.23 8.1 13.9 1.5
89 Dorcatherium majus 13 13 104 7.0
Antrhacotheriidae
90 Anthracotherium punjabiense 9.23 8.85 ~18 8.3
91 Hemimeryx pusillus 13.2 12.8 18 5.5
92 Hemimeryx spp. 13.6 6.2
93 ? Merycopotamus dissimilus 5.8 3.3
94 Merycopotamus dissimilus 13 3 139 3.3
95 Hexaprotodon sivalensis 4 LS 5.9 3.5
Giraffidae
96 Sivatherium giganteum 2.5 75 2.2 1.7
97 Giraffokeryx punjabiensis 13.6 9 13.6 10.3
98 Giraffa punjabiensis 8.9 72
99 Bramatherium megacephalum 9.8 9.8 10.3 71
Bovidae
100 Gazella lydekkeri 9.23 8.1 10.2 6.1
101 Gazella spp. 13 3 1.3 6.2
102 Dorcadoxa porrecticornis 9 9 9.3 8.0
103 Tragoceridus spp. 11.2 6.2
104 Pachyportax nagrii 9.23 8.85
105 Pachyportax sp. 7.3 7.2
106 Protragoceras gluten 13.6 9.8 139 10.8
107 Kubanotragus sokolovi 13 13 13.8 13.8
108 Helicoportax tragelophoides 13.6 12.6 13.1 10.8
109 Selenoportax vexillarius 9.23 8.10 10.2 9.8
110 Selenoportax falconeri 9.5 8.9
1m Selenoportax spp. 10.2 79
112 Selenoportax giganteus 8.8 7.1
113 Hemibos acuticornis 3 LS
114 Hemibos triquetricornis 3 3 2.2 78
115 Damalops (Proamphibos) palacindicus 2 78 2.2 78
116 Proamphibos 3.5 2.5 2.5 1.6
117 Proamphibos kashmiricus 3 3
118 Bubalus (Hemibos) palacindicus 1.5 L5
119 Gazella sp. 13 3 1.9 78
120 Cervus sp. 3 1.5 2.5 1.6

souRcEs: First and last occurrence data from Pakistan arc fram Barry et al. (2002) and Badgley et al. (2008).
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A recent revision of the Upper Siwalik biostratigraphy
of Pakistan by Dennell, Coard, and Turner (2006) re-
vealed some regional differences with India (figures 17.10
and 17.11). For example, Theropithecus and Camelus oc-
cur in India but appear to be absent from Pakistan. Den-
nell, Coard, and Turner (2006) perceived the absence of
Megantereon, Pachycrocuta, Ursus, and anthracotheres
from the Indian part, whereas they have confirmed rec-
ords in Pakistan. In contrast, it may be noted that Megan-
tereon falconeri, Pachycrocuta, Ursus, and the anthracoth-
ere Merycopotamus dissimilis have been reported from
India (Colbert 1935; Gaur 1987; Lihoreau et al. 2007),
but probably some of these records need taxonomic re-
view. The baboon Procynocephalus subhimalayanus from
the Pinjor deposits of India (Verma 1969; Szalay and
Delson 1979) has not been found in Pakistan. Neverthe-
less, the well-dated mammalian localities in India can
now be correlated with those of Pakistan on a nonarbi-
trary footing (see figure 17.10).

Climate Change vs. Major Faunal Turnover

The great mammalian diversity observed in the Ram-
nagar and Haritalyangar localities (see tables 17.1 and
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Figure 17.10 Stratigraphic correlation of important mammal-yielding
dated sections in Pakistan and India (modified after Barry 1995). Empty
boxes denote known dated mammal occurrences, dark solid bands
denote dated sequence but no mammalian assemblages, and dashed
bands represent possible age extension.

17.2) does not extend to sediments younger than 7 Ma.
Relatively few taxa, such as Hipparion, Propotamochoerus,
Stegolophodon, Anancus, Dorcatherium, Gazella, Meryco-
potamus, and Parapelomys, characterize the Late Mio-
cene. This cannot be demonstrated in the Indian region,
as there is a lack of well-dated localities, but a far better
record for this interval available from Pakistan attests
to such a faunal change (Barry et al. 2002; Badgley et al.
2008). The kind of resolution Barry et al. (2002) ob-
served in interpreting three very brief periods of high Si-
walik faunal turnover at 10.3 Ma, 7.8 Ma, and 7.37-7.04
Ma cannot be achieved in the Indian context at the mo-
ment due to gaps among well-dated fossil sites. Paleosol
and paleobotanical data suggest warm and humid cli-
matic conditions and evergreen to deciduous tropical for-
ests covering a large part of the northwestern Indian
Subcontinent in the Middle Miocene (Prasad 1993; Ash-
ton and Gunatilleke 1987; Nanda and Sehgal 1993;
Thomas, Parkash, and Mohindra 2002). The advent of
Late Miocene global cooling and the spread of drier con-
ditions caused the forests to shrink (Scott, Kappelman,
and Kelley 1999; Kennett and Hodell 1986). An intensifi-
cation of the Asian monsoon due to late Miocene Tibetan-
Hiamlayan uplift would also have contributed to this eco-
logical change (Ruddiman and Kutzbach 1989; Raymo
and Ruddiman 1992; Kutzbach, Prell, and Ruddiman
1993; Hay 1996; Ramstein et al. 1997), which eventually
led to the replacement of subtropical to temperate broad-
leafed and tropical forest taxa by grasslands through the
late Late Miocene (~8-6.5 Ma; Hoorn, Ojha, and Quade
2000). The Siwalik palaeosols showed marked seasonal-
ity in rainfall in the Late Miocene (Retallack 1991, 1995),
and their stable isotope content reflected presence ofa C3
dominant vegetation prior to 8 Ma and a C4 grass domi-
nated landscape by 7 Ma (Quade et al. 1989; Cerling et al.
1997).

A distinct faunal as well as floral turnover is observed
at the Gauss-Matuyama boundary, coinciding with the
Tatrot-Pinjor boundary in India (Ranga Rao et al. 1988;
Verma 1988; Phadatre, Kumar, and Ghosh 1994; Nanda
and Sehgal 2005). In the Haripur locality, Phadatre,
Kumar, and Ghosh (1994) noticed dominance of a pied-
mont drainage system and the first appearance of prom-
inent conglomerate facies in the Pinjor lithology. Also,
at around 2.4 Ma, volcanic ash beds (tuffaceous mud-
stones/bentonitic clays) have been found near the Roh-
tas anticline, Chambal, Mangla Samwal, Jehl Kas, and
Bhimbur (Pakistan; Opdyke et al. 1979), Jammu, Chandi-
garh, Kala Amb, and Haripur (India; Tandon and Kumar
1984; Patnaik 1995; Phadatre, Kumar, and Ghosh 1994).
This time coincides with disappearance of Hipparion and
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the appearance of Equus. Several modern carnivore
forms appear in Pinjor beds, and murine rodents, espe-
cially living genera, diversified around this time (see fig-
ure 17.11). At about this time (2.6 Ma), a global change
toward a cooler, drier, and more variable climate associ-
ated with the Northern Hemisphere glaciations has been
observed (Mangerud et al. 1996; Williams et al. 1999),
and in Africa a major turnover in land mammals occurred
after 2.5 Ma (Behrensmeyer et al. 1997). Also, monsoonal
circulation was also greatly strengthened by the Plio-
Pleistocene uplift of the Himalaya (Dewey et al. 1988).

CONCLUSION

Though gaps occur in the Neogene mammal record of
India, notably the ~12.5 Ma to ~10.1 and ~8 Ma to ~4 Ma
intervals, the present reassessment of Indian Siwalik bio-
chronology has allowed a better correlation with the al-
ready well-established Pakistan biochronology. Compar-
ison of these two regions reveals that the observed age
ranges of almost 100 taxa overlap (see table 17.5). The
rodent biochronology of the Lower Siwalik Ramnagar
locality has constrained its age between ~13.2 Ma and
~13.8 Ma, which may indicate an older first appearance
datum for Sivapithecus than previously in evidence. Two
major faunal turnovers have been identified, one in the
Late Miocene, around 8 Ma, and the other one after
2.6 Ma, coinciding fairly well with global tectonic and
climate changes.
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