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Over the years a diverse assemblage of proboscidean remains has been recovered from the Lower to 
Upper Siwalik Subgroups of Pakistan and India. This article reports newly discovered dental material 
of tri- and tetralophodont proboscideans that includes cf. Paratetralophodon hasnotensis and Choero-
lophodon sp., and a Gomphothere gen. et sp. indet., recently collected from late middle to late Miocene 
localities of the Pakistani Siwalik Group, with a brief history of these species. The partial premolar of cf. 
Pa. hasnotensis is described for the first time from the Siwalik Group, recovered from the Dhok Pathan 
Formation, and the specimens reported herein are the latest to be described after a 38-year gap from 
previously described material for this species. A preliminary survey of the literature and previously de-
scribed material of Siwalik species suggests a revision of Siwalik Group proboscideans is much needed.
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INTRODUCTION
Proboscideans from the Siwalik Group represent a 

poorly studied assemblage of phylogenetically related 
mammals. The last review of this magnificent group was 
conducted 38 years ago by Tassy (1983). Proboscideans 
previously reported from the Siwaliks of Pakistan and 
India include a diverse assemblage of gomphothere, 
choerolophodont, mammutid, amebelodont, and stego-
dont taxa (Falconer and Cautley 1846, Lydekker 1880, 
1884, 1885, Pilgrim 1913, Osborn 1926, 1929, 1936, 
1942, Sarwar 1977, Tassy 1983, Abbas et al. 2018). In 
the Siwaliks of the Indian subcontinent, gomphotheres 
are represented by three monospecific genera, Gomph-
otherium Burmeister (1837) [G. browni (Osborn, 1929)], 
Paratetralophodon Tassy (1983) [Pa. hasnotensis (Os-
born, 1929)] and Anancus Aymard (1855) [A. sivalensis 
(Cautley, 1836)]; choerolophodonts by Choerolophodon 
corrugatus (Pilgrim, 1913); mammutids by the single 
species, Zygolophodon metachinjiensis (Osborn, 1929); 

amebelodonts by two genera with a single species each, 
Protanancus chinjiensis (Pilgrim, 1913) and an undeter-
mined species of Konobelodon Lambert (1990) (originally 
referred to Mastodon grandincisivus Schlesinger (1917), 
and later it was described as Konobelodon sp. in Abbas 
2018); and stegodonts by the single genus Stegolophodon 
Schlesinger (1917) that most likely includes three spe-
cies: St. latidens (Clift, 1828), St. stegodontoides (Pilgrim, 
1913) and possibly, St. cautleyi (Lydekker, 1886). With 
the exception of genus Anancus, all of these taxa have 
been recovered from middle and late Miocene localities 
of the Siwalik Group (Figs. 1, 2). Although diverse, they 
are generally disassociated and fragmentary in nature, 
but the remains of these proboscidean species are rare.

Here we provide additional descriptions of isolated 
and fragmentary proboscidean remains collected from 
five localities of northern Punjab, Pakistan dating from 
the late middle to late Miocene and corresponding to 
the Lower (Chinji Formation) and Middle (Dhok Pathan 
Formation) Siwalik Subgroups. In addition, we review 
the published proboscidean genera and species from this *author for correspondence: ghyour.kazmi@gmail.com
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region highlighting: 1) problems concerning the status of 
these species; and 2) morphological variations present 
in the previously described material.

MATERIALS AND METHODS
The proboscidean fossil remains described here have 

been collected from areas surrounding the following 
Pakistani settlements: Dhok Jand and Chabbar Syedan 
(middle Miocene, Chinji Formation, Lower Siwalik 
Subgroup), and Padhri, Hasnot and Dhok Pathan (late 
Miocene, Dhok Pathan Formation, Middle Siwalik Sub-
group) (Fig. 1). 

Dhok Jand—Dhok Jand is a small village (Lat. 32° 
42ʹ 08.0''N: Long. 72° 26ʹ 05.8''E and altitude 592.76 
m) located about 6.0 km southeast of the Chinji village, 
Chakwal, Punjab, Pakistan. Chinji Formation outcrops 
are well-exposed in the area surrounding Dhok Jand 
show lithology characteristic of this formation: bright 

red clays and subsidiary brown gray sandstones (Dehm 
1963, Badgley et al. 1998). PUPC 17/120, PUPC 17/121 
and PUPC 15/232 have been collected from an unnum-
bered site near locality 641 of Badgley et al. (1998: figs. 
2, 3). We estimate the age of this locality to be ⁓13.7 Ma.

Chabbar Syedan—Chabbar Syedan is a small village 
(Lat. 33° 00' 34.9''N: Long. 73° 13' 33.9''E and altitude 
488.95 m) located about 17 km west-southwest of So-
hawa at the western base of the Bakrala Ridge, Jhelum, 
Punjab, Pakistan. The outcrops are predominantly red 
claystones placed on subordinate hard gray sandstone 
with thin interbeds of siliceous nodules and conglom-
erates. Most fossils are found in hard, coarse-grained, 
siliceous sandstone (grit). The outcrops belong to the 
Chinji Formation (Sarwar 1977, 1990, Aftab et al. 2015, 
Abbas et al. 2016, Abbas 2018, Nawaz et al. 2019) with 
an age range of ⁓14–11.4 Ma based on ungulate faunal 
contents. PUPC 15/07 has been collected from Chinji 

Figure 1. Map showing the geographic position of the Padhri, Hasnot, Chabbar Syedan, and Dhok Jand localities (yellow diamonds) 
yielding the proboscidean remains described in this study from the district of Jhelum and Chakwal, Punjab, Pakistan, with respect 
to other localities known for mammalian remains (red triangles).
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Formation (late middle Miocene) outcrops of this site. 
Dhok Pathan—The area around the Dhok Pathan 

Rest House (Lat. 33° 07' 34.0''N: Long. 72° 21' 14.5''E 
and altitude 327.05 m), near the Dhok Pathan village, 
has been assigned as the type section of the Dhok Pathan 

Formation of the Middle Siwalik Subgroup (Pilgrim 
1913). The Dhok Pathan village is situated near the 
Soan River about 75 km from Rawalpindi on Rawalpindi-
Talagang Road. Here, extensive Neogene freshwater sedi-
mentary rocks are present which are highly fossiliferous. 

Figure 2. Lithology and typical exposure of the Chinji (A) and Dhok Pathan (B) Formations. In A, brick red colored clay and light 
gray sandstone characterize the Chinji Formation, while in B, pale yellow clay and dull, brown colored sandstone characterize the 
Dhok Pathan Formation.
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The average thickness of the sequence around this area 
is about 497 m (Barry et al. 2002). The Dhok Pathan 
type locality is characterized by less compacted gray 
sandstone with alternate pink to orange shales and clays 
and minor layers of interbedded conglomerates. Barry 
et al. (2002) have placed the outcrops in the middle 
C4Ar.2n–4n.3n, which shows that the age range of the 
Dhok Pathan Formation stratotype is ⁓9.5–7.5 Ma. PUPC 
15/232 has been collected from the Kundwali locality of 
the Dhok Pathan Formation stratotype.

Padhri—Padhri is a small village situated about 67 
km in the west-southwest of the city of Jhelum. Outcrops 
of the upper Dhok Pathan Formation are well-known 
and exposed in the vicinity of Padhri? and has yielded a 
diverse mammalian fauna (Khan 2007). The specimens, 
PUPC 14/12 and PUPC 15/219, have been collected from 
the Thandi Kor site (Lat. 32° 84′ 92.5''N: Long. 73° 30′ 
54''E and altitude 374.56 m) falling in the administrative 
boundaries of Padhri situated west of the Barnum Brown 
locality 113 (Colbert 1935: fig. 22). The estimated age of 
the locality is 7.0 Ma based on ungulate faunal elements 
(Khan 2007).

Hasnot—Hasnot village (Lat. 32° 50′ 44.7''N: Long. 
73° 17′ 50.1''E and altitude 363.74 m) is situated about 
70 km west-southwest of the city of Jhelum. Currently, the 
Bhuna kas (a stream), which is located west of Hasnot, 
is surrounded by many highly fossiliferous localities. It 
has well-exposed upper Dhok Pathan Formation of the 
Middle Siwalik Subgroup similar to Padhri. Lithostrati-
graphically, the sediments are characterized by sand-
stones with alternate clays and scattered conglomerates 
in the lower part and conglomerates with sandstones 
and clays in the upper part. The clays are orange brown 
in color and the Dhok Pathan Formation deposits ranges 
from 7.0 to 5.3 Ma in age (Pilbeam et al. 1977, Barry et 
al. 1982, Johnson et al. 1982, Barry 1987). PUPC 15/249 
has been collected from this site.

Dental terminology and measurement protocols follow 
Tassy (2013, 2014) and measurements have been taken 
from occlusal surfaces in millimeters (mm) with the help 
of digital Vernier caliper.

Abbreviations—AMNH, American Museum of Nat-
ural History, New York; BP, Ban Pu exhibition center; 
BSM, Bayerische Staatssammlung für Palaontologie und 
historische Geologie, Munich; GSP, Geological Survey of 
Pakistan; PUPC, Punjab University Palaeontological Col-
lection; TF, Thai–French expedition; UZ, Palaeontological 
collection in the Zoology Department, University of the 
Panjab, Lahore, Pakistan; Y-GSP, Yale Geological Survey 
of Pakistan expedition; B, Barnum Brown locality; dP/p, 

deciduous upper/lower premolar; M/m, upper molar/ 
lower molar; L, length; W1, 2, 3…, width of the first, 
second, third loph/lophid and so on; DVD, dorsoventral 
diameter; DT, transverse diameter.

SYSTEMATIC PALEONTOLOGY
ANIMALIA Linnaeus, 1758
CHORDATA Haeckel, 1874

MAMMALIA Linnaeus, 1758
UNGULATA Linnaeus, 1766

PAENUNGULATA Simpson, 1945
PROBOSCIDEA Illiger, 1811

GOMPHOTHERIIDAE Hay, 1922
cf. Paratetralophodon hasnotensis (Osborn, 1929)

Fig. 3A–C

Lectotype—AMNH 19838, left M1–M2 (Osborn 1929: 
pp. 2, 3, fig. 3).

Lectotype locality—B103 (about 6.5 km to the north 
of Dhok Pathan). 

Diagnosis—Tetralophodont bunodont elephantoid, 
skull with a straightened basicranium; high maxilla in the 
infraorbital process of the maxilla; orbits located directly 
above the anterior edge of the tooth series; premaxillary 
slightly divergent in front; regression of antorbital fora-
men upper; almost straight and slightly ventrally curved 
upper tusks; open angle of tooth eruption; crown of mo-
lars convex; functional development of M3 after wear of 
four lophs of M2; molars large and proportionally high; 
deposition of cement is significant; presence of posttrite 
central conules, more or less developed (Tassy 1983).

Referred specimens—PUPC 14/12, left p4 (Padhri); 
PUPC 15/219, partial left m?1 (Padhri); PUPC 15/249, 
partial right M3 (Hasnot).

Description—PUPC 14/12 is a partially broken semi-
rectangular fourth premolar that is moderately worn, 
cracked and bilophodont but due to the presence of the 
thick posterior cingulid, it tends to be trilophodont. An-
terior cingulid is small. In the first lophid, much of the 
dentine is missing and the pretrite cusp (protoconid) 
shows a small posterior pretrite central conule which 
is in contact with the median tubercle present in the 
first valley (Fig. 3A). The posttrite cusp (metaconid) of 
the first lophid is simple. In the second lophid, dentine 
and some part of the posterior wall of pretrite cusp 
(hypoconid) is broken and shows the trefoil structure. 
A small anterior pretrite central conule is in contact 
with the median tubercle present in the first valley. The 
posterior pretrite central conule is partially broken and 
confluent with the posterior cingulid. The posttrite cusp 
(entoconid) of this lophid is better preserved and has a 
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Figure 3. Siwalik proboscidean remains. A–C. cf. Paratetralophodon hasnotensis. A. Left lower fourth premolar (lp4?), PUPC 14/12, 
in occlusal view. B. Left lower first molar (lm?1), PUPC 15/219, in occlusal view. C. Right upper third molar (rM3), PUPC 15/249, 
in occlusal view. D–I. Gomphothere gen. et sp. indet. D. Fragment of the left tusk, PUPC 17/120, in lateral (D) and cross-sectional 
(E) views. F. Tip fragment of a tusk, PUPC 17/121, in lateral view (F) and cross-sectional (G) views. H. Left upper first molar (lM1), 
PUPC 15/232, in occlusal view. I. Distal fragment of ?left molar, PUPC 15/07, in occlusal view. J. Choerolophodon sp. Deciduous left? 
lower fourth premolar (?ldp4), PUPC 15/232, in occlusal view. Scale bar=3 cm.
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mesoconelet. The posterior cingulid is divided into two 
tubercles. Enamel is thick and heavy. Labial roots are 
partially preserved. 

In PUPC 15/219, the last lophid and posterior cingulid 
are completely preserved, while the pretrite cusp of the 
penultimate lophid and valley are partially preserved 
(Fig. 3B). The penultimate valley has small tubercles at 
its base. The pretrite main cusp of the last lophid shows 
the trefoil structure, with the presence of anterior and 
posterior central conules, whereas the posttrite cusp has 
the mesoconelet only. The posterior cingulid is massive 
and can be distinguished into pretrite and posttrite half. 
The pretrite half has three tubercles arranged in a trefoil 
manner, while the posttrite half has two tubercles. The 
roots are preserved and the tooth enamel is thick.

In PUPC 15/249, the third, fourth and fifth loph and 
posterior cingulum are completely preserved, while 
the posterior wall of the second loph is only partially 
preserved. The pretrite cups of the third loph are better 
preserved and both the pretrite and posttrite half show 
clear trefoil structure. The pretrite trefoil is evident in 
the fourth loph and the posttrite cusp is divided into 
three portions (tubercles), anterior posttrite and central 
conule. The fifth loph has six tubercles and is least worn. 
The posterior cingulid is small but prominent and has six 
small tubercles. Cement deposition is abundant. A thick 
cingulid covers the base of the tooth lingually and the 
enamel is extremely thick (Fig. 3C).

Remarks—Among the specimens studied, the to-
pography or constriction of the p4 (PUPC 14/12) is 
quite similar to the p4s of Stegolophodon sp. described 
by Buffetaut et al. (1988: fig. 1E, J) from Thailand, espe-
cially to BP01a (left P4), which was later included in the 
comprehensive study of the Thailand proboscideans by 
Thasod (2007: fig. 3.29E). However, both p4 specimens, 
PUPC 14/12 and BP01a, differ from each other in the 
construction of pretrite lophids by the presence of 
partially preserved trefoil structure in PUPC 14/12 and 
the breakage of this specimen hinders more detailed 
comparison. PUPC 14/12 also bears some morphologi-
cal resemblance to the two p4s (HTA-41 and HTA-32) 
described by Sankhyan and Chavasseau (2018: fig. 4.3, 
4.4). Sankhyan and Chavasseau (2018) assigned these as 
aff. Stegolophodon but also mentioned that, “The speci-
mens regrouped under the name aff. Stegolophodon do 
not necessarily represent a single taxon.” Hence, they 
were not sure about their assignment. Therefore, PUPC 
14/12 cannot be attributed to Stegolophodon with cer-
tainty on the basis of this resemblance. Furthermore, 
both p4s described by Sankhyan and Chavasseau (2018) 

are distinct from PUPC 14/12 in the construction of 
the posterior cingulid and pretrite trefoil. The known 
p4 of the Siwalik trilophodont gomphotherid species 
Gomphotherium browni (Tassy 1983: plate vi, fig. 2) is 
clearly bilophodont and differs from PUPC 14/12 in its 
topography/construction of the posterior cingulid, which 
is very small in the previously reported specimen (BSM 
3475 in Tassy 1983). However, in the development of the 
posterior cingulid (distal talonid), and judging from its 
recovery from the Dhok Pathan Formation PUPC 14/12, 
could represent Paratetralophodon. Also, PUPC 14/12 
bears more resemblance with the p4 of Paratetraloph-
odon sp. described and figured by Wang et al. (2017: 
fig. 7c) in general morphology and development of the 
posterior cingulid. However, the p4 of Paratetralophodon 
figured in Wang et al. (2017) has small mesoconelets on 
the second lophid unlike PUPC 14/12 is clear indication 
of distinction between the Siwalik and Chinese spe-
cies. The p4 (PUPC 14/12), although partially broken, 
is clearly different from the both p4s (TF 6278 and TF 
6279) described by Chavasseau et al. (2009; fig. 5H, I) in 
the development of pretrite trefoil and posterior cingulid, 
which are well-developed in PUPC 14/12. In both p4s 
attributed to Stegolophodon by Chavasseau et al. (2009), 
the pretrite trefoil is missing and posterior cingulid is 
very weak. On the other hand, the partial molar of PUPC 
15/219 has pretrite trefoil in the last lophid, a character 
that excludes its association with Stegolophodon, which 
does not have this structure after the second or third lo-
phid. Moreover, the pretrite half of the posterior cingulid 
is arranged in the trefoil manner. There is the possibility 
that PUPC 15/219 represents the distal fragment of an 
intermediate molar of Paratetralophodon judging from 
the mediodistal compression of lophids as well as its 
recovery from the Dhok Pathan Formation. The second-
ary trefoil is not developed in PUPC 15/219 but the post-
trite central conule in distal lophid is frequently poorly 
developed in Paratetralophodon, and posterior central 
conule is frequently represented by subtle swelling on 
the distal and mesial flank of the posttrite half lophid, as 
can be seen PUPC 15/219 (Fig. 3B). 

 The large tooth size of PUPC 15/249 indicates that 
the specimen is tetralophodont and similar to the Middle 
Siwalik tetralophodonts (Tassy 1983). There are three 
tetralophodont species in the Middle Siwalik Subgroup 
Pa. hasnotensis, Konobelodon sp. and St. stegodontoides 
(Tassy 1983, Abbas 2018). Characters like the partial con-
vexity of the occlusal surface, continuation of the pretrite 
trefoil to the fourth loph, presence of posttrite central co-
nules that form a posttrite trefoil, lack of anancoidy, thick 
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enamel, abundant cement deposition and lack of extreme 
chevroning associate it with Pa. hasnotensis. However, it 
is slightly different from Pa. hasnotensis in that it does not 
have a complete and clear median sulcus, the fifth loph 
lacks pretrite central conules, but the latter conules are 
present in the lectotype of Pa. hasnotensis (AMNH 19838) 
chosen by Tassy (1983) as well as in the M3 of the skull 
(GSP 15032) described by Tassy (1983). In addition, the 
occlusal surface of the M3 is slightly less convex. It is 
worth noting that PUPC 15/249 is easily differentiated 
from Stegolophodon based on the trefoil structure in the 
fourth loph in both pretrite and posttrite halves, and from 
another Middle Siwalik tetralophodont, Konobelodon sp., 
in lacking extreme chevroning and the presence of trefoil 
structure in the fourth loph in both pretrite and posttrite 
halves (Schlesinger 1917: pl. 15; 1922: pl. 5, figs. 1, 2). 
PUPC 15/249 shows some resemblance to the M1 of 
Tetralophodon longirostris (Kaup, 1832) described and 
figured by Gasparik (2005: plate 1, fig. 5) and the M2 of 
Konobelodon sp. (Mastodon grandincisivus described and 
figured by Schlesinger 1917: plate 15, fig. 1). However, 
PUPC 15/249 clearly differs from both of these in hav-
ing posttrite trefoil and according to Tassy (1983) this 
character has been observed in the M2 of GSP 15032 and 
the M3 of AMNH 19738. Although PUPC 15/249 shows 
a mixture of characters, it most closely resembles Para-
tetralophodon, comparing favorably to Pa. hasnotensis. 

The strong development of the secondary trefoil pres-
ent in PUPC 15/249 is also seen in Paratetralophodon but 
it is far weaker than that of PUPC 15/249. Among Siwalik 
proboscideans, Anancus osborni (Sarwar, 1977) speci-
mens, UZ 67/256 and UZ 69/636, described by Sarwar 
(1977) is comparable to this specimen in showing strong 
development of the secondary trefoil. However, as noted 
by Tassy (1983), the generic placement of A. osborni is 
not appropriate because of the lack of anancoidy in this 
species. Therefore, the affinity of PUPC 15/249 remains 
unclear. There is also the possibility that PUPC 15/249 
represents an unknown amebelodont (Hauro Saegusa 
personal communication, 2020).

GOMPHOTHERE gen. et sp. indet.
Fig. 3D–I

Referred specimens—PUPC 17/120, a fragment of 
the left tusk (Dhok Jand); PUPC 17/121, apical fragment 
of tusk (Dhok Jand); PUPC 15/232, left M1 (Dhok Jand); 
PUPC 15/07, distal fragment of ?left molar (Chabbar 
Syedan).

Description—PUPC 17/120 represents the posterior 
fragment of an extremely weathered tusk cracked by 

calcium carbonate with the outer layers partially missing 
(Fig. 3D, E). The tusk gradually bends downwards i.e., 
towards the ventral side. A small patch of enamel band 
is preserved at its lateral side. The Schreger line and 
angles are acute. Dentine is concentric and a thick layer 
of cement is present between the layers. The cross sec-
tion of the tusk at the base is subcircular and it becomes 
gradually oval towards the tip (Fig. 3E). Its preserved 
length is 173.08 mm, DVD is 49.61 mm and DT is 55.18 
mm. PUPC 17/121 is an apical fragment of a tusk (Fig. 
3F, G). It is also extremely weathered and with calcium 
carbonate. The cross section is regularly oval (Fig. 3G). 
Its preserved length is 62.62 mm.

PUPC 15/232 is a trilophodont, bunodont, partially 
broken, cracked in the center and extremely worn molar 
(Fig. 3H). Due to extreme wear, the valleys are not visible 
in the center, confluent at the lingual side and partially 
preserved at the labial side. The preserved portion of 
anterior cingulum is thick and heavy. The enamel is thick 
and the roots are preserved, the posterior united into one. 

PUPC 15/07 represents a partially preserved premolar 
in which penultimate lophid and posterior cingulid are 
completely and third lophid is partially preserved. The 
preserved portion is completely unworn and has an 
abundant quantity of cement (Fig. 3I).

Remarks—The subcircular to oval cross section, 
the downwards curvature of the tusk, presence of non-
twisted enamel band at lateral side of the tusk, bunodont 
main cusps and the heavy enamel in the molar closely 
associate this specimen with the family Gomphotheri-
idae, thus excluding both the Amebelodontidae and Ste-
godontidae (Fig. 3D–G). PUPC 15/232, an upper molar, 
lacks a tetralophodont grade, therefore excluding these 
from stegodontids, konobelodonts and tetralophodont 
gomphotheres. The presence of the non-twisted lateral 
enamel band on the upper tusks and trilophodonty are 
characters typically found in the gomphotheres (Tassy 
1983, 1985, 2013, 2014). Gomphotherium browni is the 
only trilophodont species of Gomphotherium reported 
from the Siwaliks. The upper tusk of this species is char-
acterized by a ventral concavity, straightness in ventral/
dorsal view, subcircular to oval cross-section and non-
twisted lateral enamel band (Tassy 1983). This species 
differs from the contemporaneous amebelodont species, 
Protanancus chinjiensis (Pilgrim, 1913), in its less mas-
sive build, weak lateral curvature, non-twisted enamel 
band, and piriform cross section of tusks. The upper tusk, 
PUPC 17/120, also shows the following similar pattern of 
characteristics: tusk is rectilinear and regularly concave 
downward, and the non-twisted enamel band is situated 
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on the lateral face but the groove is missing owing to 
breakage (Fig. 3D). The described M1 (PUPC 15/232) is 
trilophodont and within the size range of G. browni (Table 
1), but differs from other trilophodont species, e.g., Pr. 
chinjiensis, in its wear pattern because the loph borders 
in the Protanancus are more slanting due to prominent 
chevroning. Although the above-mentioned characters 
indicate the affinity of the referred specimens to G. 
browni, the fragmentary nature of the material is here 
referred only to Gomphothere gen. et sp. indet.

CHOEROLOPHODONTIDAE Gheerbrant & Tassy, 2009
CHOEROLOPHODON Schlesinger, 1917

Choerolophodon sp.
Fig. 3I

Referred specimen—PUPC 15/252, an isolated par-
tially broken? left dp4 (Dhok Pathan).

Description and remarks—PUPC 15/252 is an ex-
tremely worn dp4 that is partially broken. Much of the 
anterior cingulid and anterior lophid are missing (Fig. 
3J). The dentine is well-exposed and only enamel of the 
lophid borders is preserved. The preserved enamel is 
extremely choerodont and ptychodont. Cement is also 
present. 

Extreme ptychodonty and choerolophodonty suggest 
PUPC 15/252 is assignable to Choerolophodon (Tassy 
1983, 1985, Sanders and Miller 2002, Abbas et al. 2018). 
On the other hand, the extreme wear also makes it 

difficult to attribute the specimen to the dominant Middle 
Siwalik choerolophodont species, Choerolophodon cor-
rugatus with certainty because this species is closely 
related to the European species, C. pentelici (Gaudry 
and Lartet, 1856), not the African species C. kisumuen-
sis (MacInnes, 1942). Both these European and African 
species differ in the choerodonty, ptychodonty, and ce-
ment deposition. Hence, the specimen is here referred 
to Choerolophodon sp.

DISCUSSION
Middle to late Miocene proboscideans from the Siwalik 

Group include Gomphotherium browni, Choerolophodon 
corrugatus, Zygolophodon metachinjiensis, Konobelodon 
sp., Protanancus chinjiensis, Paratetralophodon hasnoten-
sis, Stegolophodon latidens and St. stegodontoides (Osborn 
1926, 1929, 1936, 1942, Tassy 1983, Abbas 2018, Abbas 
et al. 2018). Gomphotherium browni, C. corrugatus, Z. 
metachinjiensis and Pr. chinjiensis share trilophodont 
grade, while Konobelodon sp., Pa. hasnotensis, St. latidens 
and St. stegodontoides share tetralophodont grade (To-
bien 1972, 1976, Tassy 1983, Abbas 2018, Abbas et al. 
2018). Zygolophodon metachinjiensis and G. browni are 
the rarest Siwalik taxa (Tassy 1983), while the others are 
recovered frequently. 

Among the species described here, the remains of 
Gomphothere gen. et sp. indet. closely resembles the Lower 
Siwalik species, G. browni. Tassy (1983) noted that no 

Taxon Reference Specimen
number Element L W1 W2 W3 W4 W5 W6

cf. Paratetralophodon 
hasnotensis

PUPC 14/12* lp4 54.71 36.32 46.82 46.49 - - -

PUPC 15/219* lm?1 54.99** 62.93 50.23 - - - -

PUPC 15/249* rM3 117.87** - - 81.62 73.93 56.12 28.41

Paratetralophodon 
hasnotensis Tassy (1983)

GSP 15032 lM3 210.00 92.80 95.50 86.00 - - -

GSP 15032 rM3 211.50 92.30 95.1 - 80.50 69.60 -

Choerolophodon sp. PUPC 15/252* ?ldp4 67.40 45.50 33.2 25.50** - - -

Choerolophodon corrugatus Tassy (1983)
GSP 1l362 rdp4 71.90 32.00 37.70 40.00 - - -

AM 19638d rdp4 79.20 35.10 40.10 43.00** 54.30** - -

Gomphothere gen. et sp. 
Indet.

PUPC 15/232* lM1 96.06 66.08 69.65 71.92 - - -

PUPC 15/07* lm? 63.84** 61.84 55.44 40.82 - - -

Table 1. Comparative measurements (in mm) of cheek teeth of cf. Paratetralophodon hasnotensis, Choerolophodon sp. and Gom-
phothere gen. et sp. indet. Abbreviations: L=tooth length; W=loph/lophid width; lp=left lower premolar; lm=left lower molar; 
rM=right upper molar; lM=left upper molar; rM=right upper molar; rdp=right lower deciduous premolar; *=studied specimens; 
**=measurements of preserved segment; – =missing data



	 ABBAS ET AL.—PROBOSCIDEAN REMAINS FROM THE SIWALIK GROUP OF PAKISTAN 	 9

new remains of G. browni had been discovered during the 
Y-GSP expeditions from 1973 to 1982 and so his descrip-
tions were of previously collected unpublished speci-
mens in the Yale Peabody Museum, American Museum 
of Natural History, and the Bayerische Staatssammlung 
für Palaontologie und historische Geologie. Gomphoth-
erium browni presents a combination of primitive and 
derived characters. The upper tusk and the construction 
of the lophs reflect primitive characters, whereas the 
brevirostre symphysis of the mandible, the posterior 
cingulum in m2, the pronounced brachydonty and the 
enamel thickening are derived characters. Gomphoth-
erium browni appears to occupy a primitive position 
among the trilophodont bunodont mastodons (Tassy 
1983). The holotype (AMNH 19417) is characterized 
by bunodonty, rounded main cusps, heavy enamel and 
comparatively low crown. Among these, the primitive 
characters include the heavy enamel and low crown 
(Tassy 1983, Shoshani and Tassy 1996, Sanders et al. 
2004) and these characters differentiate G. browni from 
other representatives of this genus. 

Chavasseau et al. (2009) more recently described 
specimens of G. browni from Thailand that included the 
following elements: four upper and two lower tusks, an 
upper premolar, four upper molars, and a mandible frag-
ment with alveoli of m2 and well-preserved m3. Based on 
their morphology, the four upper molars belong to two 
different species: one belongs to a primitive species, the 
others are assignable to a more advanced group like G. 
browni. However, one should notice that these four mo-
lars attributed to G. browni by Chavasseau et al. (2009) 
are smaller than those of known respective specimens 
of G. browni and are more in the size range of G. cooperi 
(Osborn, 1932)/G. annectens (Matsumoto, 1925). 

Paratetralophodon hasnotensis was first described by 
Osborn (1929) as Serridentinus hasnotensis based on den-
tal remains from different sites of the Hasnot and Dhok 
Pathan regions. This specis is based on three cotypes (no 
holotype was designated) AMNH 19948, AMNH 19738 
and AMNH 19838. Later, AMNH 19838 was transfered to 
Tetralophodon falconeri (Lydekker, 1877) by Osborn in 
1936. Tassy (1983) in revisiting the Siwalik proboside-
ans (gomphotherids, choerolophodonts, amebelodonts, 
mammutids, and stegodontids) stated that the other 
dental fragments referred to Se. hasnotensis were recog-
nizable as Pa. hasnotensis and chose the AMNH 19838 
(M1-M2) as the lectotype. However,  he referred a trilo-
phodont very worn m2 (AMNH 19747) to Mammutidae? 
indet., which was previously referred to Se. hasnotensis. 
He also referred a juvenile skull (AMNH 19686) from the 

Dhok Pathan Formation to Pa. hasnotensis, which was 
previously assigned to T. punjabiensis (Lydekker, 1886) by 
Osborn (1936). Tobien (1972) referred AMNH 19448 and 
AMNH 19738, two of the three cotypes of Se. hasnotensis, 
to Tetralophodon without any specific assignment, and by 
doing so he brought these remains closer to T. punjabien-
sis (Lydekker, 1886). Lastly, the subspecies T. punjabiensis 
progressus was erected by Sarwar (1977) based on a 
left m3 (UZ 69/752) from the Tatrot Formation (Upper 
Siwalik Subgroup) and a new species, Anancus osborni 
Sarwar (1977), are now considered by Tassy (1983) to 
belong to Pa. hasnotensis.  However, based on its size, the 
M3 of AMNH 19686 is within the upper limit of the range 
of variation of the M3 of T. longirostris in both length and 
width (Tassy 1983). 

Wang et al. (2017) reported Paratetralophodon sp. 
from the late Miocene Shuijiazui locality, Lantian region, 
and ?Pa. exoletus (Hopwood, 1935) from Sangjialianggou 
of Jijiagou, Baode region, China. According to them, “the 
Lantian specimens are distinguished from Pa. hasnotensis 
in lacking posterior pretrite central conule of the third 
loph of the intermediate cheek teeth.” Our specimen does 
show a rudimentary posterior pretrite central conule in 
the fourth loph. Siwalik Paratetralophodon is the least 
studied and somewhat controversial taxon. Tassy (1983) 
described a skull of Pa. hasnotensis with some isolated 
dental remains, including the lectotype assigned by him 
and the two skulls, AMNH 19686 and GSP 15032. He 
assumed that they were all Pa. hasnotensis since no two 
species have similar tetralophodont M2s. However, he 
did note some differences among these specimens and 
the possibility that the material may represent two spe-
cies. There are two tetralophodont species in the Middle 
Siwaliks, Pa. hasnotensis (Tassy 1983) and Konobelodon 
sp. (Abbas 2018). Both are known mainly from the Dhok 
Pathan Formation (late Miocene) of the Middle Siwalik 
Subgroup. Paratetralophodon hasnotensis is well known 
from the two skulls and isolated molars, while Konobelo-
don sp. is currently based on the lower tusks with the 
dentinal tubules in the dentine (Tassy 1983, Abbas 2018). 
The lower tusks of Pa. hasnotensis are not known. The 
molars of these two taxa as compared here are not that 
different. It is probable that both these species represent 
the same species once the lower tusks of Pa. hasnotensis 
are known.

Choerolophodon corrugatus, family Choerolophodontidae, 
is a dominant Middle Siwalik proboscidean species. 
This species has an extensive list of synonymies (see 
Tassy 1983, Abbas et al. 2018). Originally, the species 
was named Mastodon pandionis by Lydekker (1884), 
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later synonymized with T. corrugatus by Pilgrim (1913), 
then referred to M. (Choerolophodon) corrugatus by 
Schlesinger (1917), and most recently ascribed to C. cor-
rugatus by Tassy (1983). Although this species is close to 
the European species C. pentelici, some dental remains 
present in the Dr. Abu Bakr Fossil Display and Research 
Center, Department of Zoology, University of the Punjab, 
Lahore and described by Tassy (1983), show morphol-
ogy of C. kisumuensis (personal observations), which is 
somewhat more advanced. There is every likelihood that 
more than one species is present and Siwalik choerolo-
phodonts need a revision.  

Study of the published literature, formally described 
specimens and the wealth of proboscidean remains in 
the Dr. Abu Bakr Fossil Display and Research Centre at 
Punjab University, indicate that the Siwalik probosci-
deans were diverse with at least ten species presently 
known that range from middle Miocene to early Pliocene. 
We have noted considerable morphological variations 
in the Siwalik proboscidean dental material belonging 
to gomphotherids, amebelodonts, mammutids, and 
choerolophodonts, described elsewhere and housed 
in the Dr. Abu Bakr Fossil Display and Research Centre, 
Department of Zoology, University of the Punjab, Lahore, 
Pakistan. These variations are beyond those observed in 
the species denoting that previously allocated material 
to a single species belong to more than one species, as 
it has been discussed in the above paragraphs. There is 
every likelihood that the Siwalik gomphotherids, cho-
erolophodonts, amebelodonts, mammutids, and stego-
dontids represent more species that may include some 
of the European, Southeast Asian, African and American 
taxa suggesting the systematic study and revision of the 
Siwalik proboscideans is warranted at this time.

CONCLUSIONS
The diversity of Siwalik proboscideans is great and 

represented by the tri- and tetralophodont grades. 
The trilophodont grade is found in the middle Miocene 
(Lower Siwalik Subgroup), while the tetralophodont 
grade extends into the early Pliocene (Upper Siwalik 
Subgroup). Remains of cf. Paratetralophodon hasnotensis 
are rare and have been described in this article after a gap 
of nearly 40 years. The Gomphothere gen. et sp. indet. 
may represent a new species but the samples found to 
date are fragmentary. More work is needed in revising 
the Siwalik proboscideans.

ACKNOWLEDGEMENTS
We are greatly thankful to Dr. Shi-Qi Wang and Dr. 

Hauro Saegusa for their comments on the material and 
improvements to the manuscript. The authors are also 
grateful to hosts and guides for their help with the field 
work. We are also thankful to the editors of the journal 
for the corrections kindly made by them and the anony-
mous reviewers whose comments greatly improved the 
manuscript.

LITERATURE CITED
Abbas, S.G. 2018. Taxonomic studies based on new remains of the 

Siwalik Proboscideans from northern Pakistan. Ph.D. disserta-
tion, University of the Punjab, Lahore, Pakistan.

Abbas, S.G., M.A. Khan, M.A. Babar, M. Hanif, and M. Akhtar. 2018. 
New materials of Choerolophodon (Proboscidea) from Dhok 
Pathan Formation of Siwaliks, Pakistan. Vertebrata PalAsiat-
ica 56(4):295–305. [https://doi.org/10.19615/j.cnki.1000-
3118.180103].

Abbas, S.G., M.A. Khan, M.A. Babar, R. Shahid, M.K. Nawaz, and 
M. Akhtar. 2016. Some New Fossils of Protanancus chinjiensis 
(Proboscidea, Mammalia) from Middle Miocene of Pakistan. 
Biologia Pakistan 62(2):345–349.

Aftab, K., Z. Ahmad, M. Khan, and M. Akhtar. 2015. Additional Gi-
raffokeryx Remains (Artiodactyla: Ruminantia: Giraffidae) from 
the Chinji Formation of Lower Siwaliks, Northern Pakistan. 
Pakistan Journal of Zoology 47:1393–1403

Aymard, A., 1855. Rapport sur les collections de M. Pichot-Duma-
zel. Congrès scientifique de France 22(1):227–245.

Badgley, C, W. Downs, and L.J. Flynn. 1998. Taphonomy of 
small-mammal fossil assemblages from the middle Miocene 
Chinji Formation, Siwalik Group, Pakistan. National Science 
Museum Monographs 14:145–66. 

Barry, J.C. 1987. The history and chronology of Siwalik cerco-
pithecoids. Journal of Human Evolution 2:47–58. [https://doi.
org/10.1007/BF02436530].

Barry, J.C., E.H. Lindsay, and L.L. Jacobs. 1982. A biostratigraphic 
zonation of the Middle and Upper Siwaliks of the Potwar Plateau 
of northern Pakistan. Palaeogeography Palaeoclimatolology 
Palaeoecology 37:95–130. [https://doi.org/10.1016/0031-
0182(82)90059-1].

Barry, J.C., M.E. Morgan, L.J. Flynn et al. 2002. Faunal and 
environmental change in the Late Miocene of Siwaliks of 
northern Pakistan. Paleobiology 28(2):1–71. [https://doi.
org/10.1666/0094-8373(2002)28[1:FAECIT]2.0.CO;2].

Buffetaut, E., R. Helmcke-Ingavat, J.J. Jaeger, Y. Jongkanjanasoon-
torn, and V. Suteethorn. 1988. Mastodon remains from the Mae 
Teep Basin (northern Thailand) and their biostratigraphic 
significance. Comptes rendus de l'Académie des sciences, Série 
2 306(3):249–54. 

Burmeister, H. 1837. Handbuch der Naturgeschichte. Enslin, 
Berlin, 1–858.

Cautley, P. 1836. Note on the teeth of the Mastodon a dents etroites 
of the Siwalik Hills. Journal of Asiatic Society Bengal 5:294–296.

Chavasseau, O., Y. Chaimanee, C. Yamee, et al. 2009. New probosci-
deans (Mammalia) from the Middle Miocene of Thailand. Zoo-
logical Journal of the Linnean Society 155:703–721. [https://
doi.org/10.1111/j.1096-3642.2008.00456.x].

Clift, W. 1828. On the Fossil Remains of two New Species of Mas-
todon, and of other vertebrated Animals, found on the left 



	 ABBAS ET AL.—PROBOSCIDEAN REMAINS FROM THE SIWALIK GROUP OF PAKISTAN 	 11

Bank of the Irawadi. Transactions of the Geological Society of 
London 2(3):369–376.

Colbert, E.H. 1935. Siwalik mammals in the American Museum 
of Natural History. Transactions of The American Philosophical 
Society 26:1–401.

Dehm, R. 1963. Palaontologische und geologische untersuchun-
gen im Tertiar von Pakistan. 3. Dinotherium in der Chinji-
Stufe de Unteren Siwalik-Schichten. Bayerische Akademie Der 
Wissenschaften Mathematisch-Naturwissenschaftliche Klasse 
114:1–34.

Falconer, H. and P.T. Cautley. 1846. Fauna Antiqua Sivalensis, Be-
ing the Fossil Zoology of the Sivalik Hills in the North of India. 
London: Smith Elder and Co, 1–64.

Gasparik, M. 2005. Proboscidean remains from the Pannonian of 
Rudabanya. Palaeontographia Italica 90:181–192.

Gaudry, A. and E. Lartet. 1856. Resultats des recherches palae-
ontologiques entreprises dans l’Attique sous les auspices de 
l’Acadeemie. Comptes Rendus de l’Academie des Sciences, Paris 
43:271–274.

Gheerbrant, E., and P. Tassy. 2009. L'origine et l'évolution des 
éléphants. Comptes Rendus Palevol 8:281–294.

Haeckel, E. 1874. Anthropogenie oder Entwickelungsgeschichte 
des Menschen. Gemeinverständliche wissenschaftliche Vor-
träge über die Grundzüge der menschlichen Keimes- und 
Stammes-Geschichte. Wilhelm Engelmann, Leipzig.

Hay, O.P. 1922. Further observations on some extinct elephants: 
Proceedings of the Biological Society of Washington 35:97–102.

Hopwood, A.T. 1935. Fossil Proboscidea from China. Palaeontolo-
gia Sinica Series C 9:1–108.

Illiger, C. 1811. Prodromus systematis mammalium et avium addi-
tis terminis zoographicis utriusque classis, eorumque versione 
germanica. Sumptibus C. Salfeld, Berolini (Berlin).

Johnson, N.M., N.D. Opdyke, G.D. Johnson, E.H. Lindsay, and 
R.A.K. Tahirkheli. 1982. Magnetic polarity stratigraphy and 
ages of Siwalik Group rocks of the Potwar Plateau, Pakistan. 
Palaeogeography Palaeoclimatology Palaeoecology 37:17–42. 
[https://doi.org/10.1016/0031-0182(82)90056-6].

Kaup, J.J. 1832. Ueber zwei Fragmente eines Unterkiefers von 
Mastodon angustidens Cuv., nach welchen diese Art in die Gat-
tung Tetracaulodon Godmann gehort. Isis 25:628–631.

Khan, M.A. 2007. Taxonomic studies on fossil remains of ruminants 
from Tertiary Hills of Hasnot, Pakistan. Ph.D. diss. University 
of the Punjab, Lahore, Pakistan

Lambert, W.D. 1990. Rediagnosis of the genus Amebelodon 
(Mammalia, Proboscidea, Gomphotheriidae), with a new sub-
genus and species, Amebelodon (Konobelodon) britti. Journal 
of Paleontology 64:1032–1040. [https://doi.org/10.1017/
S0022336000019855].

Linnæus, C. 1758. Systema naturæ per regna tria naturæ, secun-
dum classes, ordines, genera, species, cum characteribus, dif-
ferentiis, synonymis, locis. Tomus I. Editio decima, reformata. 
pp. Laurentii Salvii, Holmiae. 

Linnaeus, C. 1766. Systema naturae per regna tria naturae, se-
cundum classes, ordinus, genera, species, cum characteribus, 
differentiis, synonymis, locis. Tomus I. Editio duodecima, 
reformata. Laurentii Salvii, Holmiae.

Lydekker, R. 1877. Notices of new and other Vertebrata from 
Indian Tertiary and Secondary rocks. Records of the Geological 
Survey of India 10(1):30–43. 

Lydekker, R. 1884. Additional Siwalik Perissodactyl and Proboscidea. 

Memoirs of Geological Survey of India 10(3):1–34.
Lydekker, R. 1885. Catalogue of the remains of Siwalik vertebrata 

contained in the geological department of the Indian Museum, 
Calcutta, Part I: Mammalia. Calcutta: Superintendent of Govern-
ment Printing, 1–116.

Lydekker, R. 1886. Catalogue of the fossil Mammalia in the Brit-
ish Museum (Natural History), part IV. Containing the order 
Ungulata, suborders Proboscidea. 1–33.

Lydekker. R. 1880. A sketch of the history of the fossil vertebrata 
of India. Journal of Asiatic Society of Bengal 44:8–40.

Matsumoto, H., 1925. Preliminary notes on two new species of 
fossil mastodon from Japan. Journal of Geolological Society of 
Tokyo 31:395–414 

MacInnes, D.G. 1942. Miocene and Post-Miocene Proboscidea 
from east Africa. Transactions of the Zoological Society of Lon-
don 25:33–106. [https://doi.org/10.1111/j.1096-3642.1942.
tb00215.x].

Nawaz, M.K., S.G. Abbas, M.A. Khan, M.A. Babar, M. Asim, R. Shahid, 
and M. Akhtar. 2019. Middle Miocene suids from Chinji Forma-
tion of Chabbar Syedan, Punjab, Pakistan. Pakistan Journal of 
Zoology 51(4):1343–53. [http://dx.doi.org/10.17582/journal.
pjz/2019.51.4.1343.1353].

Osborn, H.F. 1926. Additional New Genera and Species of the Mas-
todontoid Proboscidea. American Museum Novitiates 238:1–16. 
[http://hdl.handle.net/2246/3195].

Osborn, H.F. 1929. New Eurasiatic and American proboscideans. 
American Museum Novitiates 393:1–22. [http://hdl.handle.
net/2246/3138].

Osborn, H.F. 1932. Trilophodon Cooperi, sp. nov. of Dera Bugti, 
Baluchistan. American Museum Novitates 585:1–6.

Osborn, H.F. 1936. Proboscidea: A monograph of the discovery, 
evolution, migration and extinction of the mastodonts and 
elephants of the world. Vol. I. New York: The American Mu-
seum Press.

Osborn, H.F. 1942. Proboscidea: A monograph of the discovery, 
evolution, migration and extinction of the mastodonts and 
elephants of the world. Vol. II. New York (NY): The American 
Museum Press.

Pilbeam, D., J. Barry, G.E. Meyer, S.M.I. Shah, M. Pickford, W.W. 
Bishop, H. Thomas, and L.L. Jacobs. 1977. Geology and palae-
ontology of Neogene strata of Pakistan. Nature 270:684–689. 
[https://doi.org/10.1038/270684a0].

Pilgrim, G.E. 1913. Correlation of the Siwaliks with mammal 
horizons of Europe. Records of Geological Survey of India 
43:264–326.

Sanders, W.J., and E.R. Miller. 2002. New proboscideans 
from the Early Miocene of Wadi Moghara, Egypt. Journal 
of Vertebrate Paleontology 22:388–404. [https://doi.
org/10.1671/0272-4634(2002)022[0388:NPFTEM]2.0.CO;2].

Sanders, W.J., J. Kappelman, and D.T. Rasmussen. 2004. New 
large-bodied mammals from the late Oligocene site of Chilga, 
Ethiopia. Acta Palaeontologica Polinica Warszawa 49(3):365–
392.

Sankhyan, A.R., and O. Chavasseau. 2018. New proboscidean 
fossils from Middle Siwaliks of Haritalyangar area, Himachal 
Pradesh, India. Palaeontologia Electronica 21(1):1–12. [ht-
tps://doi.org/10.26879/844palaeo-electronica.org/conten-
t/2018/2200-haritalyangar-proboscideans]. 

Sarwar, M. 1977. Taxonomy and distribution of the Siwalik Pro-
boscidea. Bulletin of Department of Zoology of University of the 

https://doi.org/10.1017/S0022336000019855
https://doi.org/10.1017/S0022336000019855


12	           PALEOBIOS, VOLUME 38, JULY 2021	

Punjab 10:1–172.
Sarwar, M. 1990. A new species of the genus Giraffokeryx 

from Potwar Plateau, Pakistan. Pakistan Journal of Zoology 
22(4):379–385.

Schlesinger, G. 1917. Die mastodonten des K. K. naturhistorischen 
Hofmuseums. Denkschriften Des K. K. Naturhistorischen Hofmu-
seums Geologisch-Paläontologisc Hereihe I 1:181–222.

Schlesinger, G. 1922. Die Mastodonten der Budapester Sammlun-
gen. Geologica Hungrica 2:1–284.

Shoshani, J. P. Tassy, editors 1996. The Proboscidea: evolution and 
palaeoecology of elephants and their relatives. Oxford: Oxford 
University Press.

Simpson, G.G. 1945. The principles of classification and a classifi-
cation of mammals. Bulletin of the American Museum of Natural 
History 85:1-350.

Tassy, P. 1983. Les Elephantoidea Miocènes du Plateau du Potwar, 
Groupe de Siwalik, Pakistan. Ire Partie: Cadre chronologique 
et géographique, Mammutidés, Amébélodontidés. Annales de 
Paléontologie 69(2):99–136.

Tassy, P. 1985. La place des mastodontes miocènes de l’ancien 
monde dans la phylogénie des Proboscidea (Mammalia): Hy-
pothèses et conjectures. Ph.D. diss. Université Pierre et Marie 
Curie, Paris

Tassy, P. 2013. L’anatomie cranio-mandibulaire de Gomphotherium 

angustidens (Cuvier, 1817) (Proboscidea, Mammalia): don-
nées issues du gisement d’En Péjouan (Miocène moyen du 
Gers, France). Geodiversitas 35(2):377–445. [http://dx.doi.
org/10.5252/g2013n2a6]. 

Tassy, P. 2014. L’odontologie de Gomphotherium angustidens 
(Cuvier, 1817) (Proboscidea, Mammalia): données issues du 
gisement d’En Péjouan (Miocène moyen du Gers, France). 
Geodiversitas 36(1):35–115. [http://dx.doi.org/10.5252/
g2014n1a2]. 

Thasod, Y. 2007. Miocene mastodont in Thailand and paleoenvi-
ronment [dissertation]. Chiang Mai: Graduate School, Chiang 
Mai University, 

Tobien, H. 1972. Status of the genus Serridentinus Osborn 1923 
(Proboscidea, Mammalia) and related forms. Mainzer Geowis-
senschaf Mitt 1:143–191.

Tobien, H. 1976. Zur paläontologischen Geschichte der Mast-
odonten (Proboscidea, Mammalia). Mainzer Geowissenschaf 
Mitt 5:143–225.

Wang, S.Q., H. Saegusa, J. Duangkrayom, W. He, and S.Q. Chen. 
2017. A new species of Tetralophodon from the Linxia Ba-
sin and the biostratigraphic significance of tetralophodont 
gomphotheres from the Upper Miocene of northern China. 
Palaeoworld 26(4):703–17. [https://doi.org/10.1016/j.pal-
wor.2017.03.005].


