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ABSTRACT

Gomphotheres are age-informative mammals that had widespread distribution during the Neogene. In this
paper, we report new fossil Gomphotherium remains from the Early Miocene of Tongxin County, North China.
The new material is similar to Gomphotherium cooperi in cheek tooth morphology and can be assigned to the
same species. Gomphotherium cooperi, was previously reported only from Dera Bugti, the Early Miocene of
South Asia. According to the research of relevant stratigraphic correlation and biostratigraphy, we estimated
the age of the lower layer of the Zhangenbao Formation, where the new fossil was recovered, is approxi-
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mately between 18 and 19 Ma. The occurrence of a similar Early Miocene proboscidean assemblage in both
China and South Asia is further evidence that mammal dispersal between the two regions may have existed
at that time. It also suggests that the Tibetan plateau was not high enough to block exchange among large
animals like proboscideans. This work reveals the distribution and dispersal of Gomphotherium between
South Asia and China through the Tibetan region during the Early Miocene and provides important

biochronology and palaeobiogeography significance.

Introduction

Studies of Gomphotherium were established by the early work of
Burmeister (1837). Osborn (1936) proposed to name it
‘Bunomastodontidae Osborn, 1921’, which belongs to the superfamily
Mastodontoidea. Whereas, Simpson (1945) amended the old classifi-
cation of proboscideans and revised the name to Gomphotheriidae
Hay, 1922, which is followed by other scholars such as Shoshani and
Tassy (1996, 2005). The stem elephantoid genus Gomphotherium has
been found in Africa, Europe, Indian Subcontinent, the other part of
Asia, North and Central Americas (Osborn 1932; Sanders et al. 2004;
Aguilar and Laurito 2011; Wang et al. 2017).

Gomphotherium possibly originated from the Late Oligocene or
the earliest Miocene of Africa (Kappelman et al. 2003; Sanders et al.
2004; Chen 2021). The evolution rate of Gomphotherium was very
fast, and its diversity peaked during the Early-Middle Miocene, but
after that, its diversity and abundance decreased (Wang et al. 2019).
It was not until the Pliocene that Gomphotherium went extinct
(Lambert and Shoshani 1998).

At ~19 Ma, Gomphotherium reached Eurasia on a large scale
(Tassy 1990). In Europe and West Asia, Gomphotherium is repre-
sented by G. sylvaticum, G. angustidens, G. subtapiroideum, and
G. steinheimense (Gohlich 1999). In South and Southeast Asia,
Osborn (1932) reported two species G. cooperi and G. browni.
Records of Gomphotheirum include G. inopinatum,
G. mongoliense, and G. tassyi (Wang et al. 2017) show this group
has ever existed in East and Central Asia. Research indicates
Gomphotherium did not reach North America until ~16 Ma
(Lambert 1996). Several species have been reported and were
usually attributed to one species, G. productum (Lambert and
Shoshani 1998). Very limited Gomphotherium material has been

recovered and reported from Central America. An exceptional case
is the fossil of G. hondurensis from the late Miocene (Aguilar and
Laurito 2011), which clearly indicate that Gomphotherium had
reached North and Central Americas.

In this paper, we report recently discovered Gomphotherium
remains from Miaoerling sites of the Zhangenbao Formation,
Tongxin County, northwestern China (Figure 1). The new fossil
materials are similar to the holotype of G. cooperi in cheek tooth
morphology and can be readily assigned to the same species. The
new material is of importance in understanding the early evolution
and migration of Gomphotherium in East Asia.

Materials and methods

The material of Gomphotherium cooperi described in this paper is
housed in the IVPP. New materials include a complete left lower
tusk and an incomplete maxillary with P4s, M1s, and M2s. The
comparative materials were from previous publications (Forster-
Cooper 1922; Osborn 1932). The molar measurements and termi-
nology followed Tassy (2014) (Figure 2). Measurements were taken
with digital calipers (in mm).

Abbreviations - IVPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Chinese Academy of Sciences. NHMUK,
Natural History Museum, London. P & M, upper premolar and
molar; p & m, lower premolar and molar.

Geological setting

The Tongxin Basin in the Ningxia Hui Autonomous Region, is one
of the most significant Miocene fossil-rich region in China, due to
its abundant and varied fossil remains. This region has been
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Figure 1. Geographic information of localities bearing Gomphotherium in China. (a) Geomorphology of East Asia. The black star denotes the location of Tongxin county. The
image was generated by GEBCO (https://www.gebco.net/). (b) Fossil localities yielding Gomphotherium cooperi from Tongxin (Google Earth image). Number 1 in the red
circle indicates the Miaoerling sites. Number 2 in the red circle indicates the Dingjiaergou sites .
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Figure 2. Tooth terminology and measurements (after Tassy 2014; Wang et al. 2019). (a) Occlusal terminology of a gomphotheriid tooth (a left M2 of Sinomastodon
praeintermedius). (b) Length and width measurements of a left M2, occlusal view. (c) Height measurements on a molar, distal view.

intensively studied by many palaeontologists and geologists
throughout China. New fossils were excavated from the
Miaoerling sites (37°00'57.84"N, 106°01'17.95"E; Elevation:
1460 m) of the Early Miocene Zhangenbao Formation. This site is
very close to Dingjiaergou, which is a well-known Early to Middle
Miocene mammalian locality in China (Figure 1). Based on our
research, most of fossils were found in the Miocene Zhangenbao
Formation, which was originally named Hongliugou Formation by
the Third Regional Survey Party, Ningxia Bureau of Geology in
1976, and was renamed as Zhangenbao Formation in 1999 (Zheng
et al. 1999; Wang et al. 2016).

We explored several sections of fossil sites and provide
a summary stratigraphic column in Figure 3. Based on the strati-
graphic correlation, the fossiliferous beds of the Zhangenbao
Formation are characterised by greyish-green or greyish-yellow
channel sandstones. It can be divided into five sedimentary cycles,
named A-E from bottom to top. Our new Gomphotherium cooperi
material was situated at A and B sedimentary sandstone layers. We
also found other proboscideans in these two lowermost layers, such

as Protanancus wimani and Afrochoerodon sp. The D and
E sedimentary sandstone layers are characterised by Platybelodon,
representing the Middle Miocene age (Wang et al. 2016).

Systematic palaeontology

Order Proboscidea llliger, 1811

Family Gomphotheriidae Hay, 1922

Genus Gomphotherium Burmeister, 1837

Type Species
Gomphotherium angustidens (Cuvier 1817).
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Figure 3. Stratigraphic column showing five sedimentary cycles of sandstones of the Zhangenbao Formation. The new Gomphotherium cooperi remains were situated at
A and B sedimentary sandstones layers. Different sandstone layers are characterised by different proboscideans .

Type Locality
Simorre, France, Middle Miocene (Tassy and Gohlich 2012)

GOMPHOTHERIUM COOPERI (Osborn 1932)

(Figure 4, Table 1)

Bunolophodon angustidens (Cuvier 1817): Forster-Cooper 1922, see
Figures 1-7, plate I
Trilophodon cooperi Osborn 1932: see Figures 1-2

Holotype
NHMUK M12181, a right hemimandible with dp4-m2, and m3 is
in alveolus (Osborn 1932: see Figure 1).

Type Locality
Quarries near Gandoi or near Kumbhi, Dera Bugti, Pakistan
(Osborn 1932).

Age and Occurrence
Early Miocene, ~19.5-18 Ma, South and East Asia
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Figure 4. Lower tusk and maxillary of Gomphotherium cooperi from Tongxin, China. (a-d) IVPP V25395, an incomplete maxillary with P4s, M1s, and M2s. (a) ventral view; (b)
front view; (c) dorsal view; (d) left lateral view. (e-g) IVPP V25398, a complete left lower tusk. (e) median view; (f) dorsal view; (g) the cross-section in the middle of the tusk.

All the photos were taken from the 3D digital model .

Table 1. Tooth measurements (in mm) of new Gomphotherium cooperi materials from China.

Specimen Locus L W Wi W2 w3 Hpo I=W/L
V25395 P4 34.90 30.20 29.92 30.20 17.12 0.87
, , r. P4 33.86 28.19 28.09 28.19 17.04 0.83
Gomphotherium cooperi 1M1 67.40 47.43 44.05 47.43 44.70 21.26 0.70
r. M1 68.92 47.34 4387 47.34 4530 21.53 0.69
. M2 96.98 60.93 57.03 60.93 57.63 47.32 0.63
r. M2 96.55 60.58 56.77 60.58 57.43 47.08 0.63
V25398 l.i2 641.26 65.50 0.10

Parameters after Tassy (2014). Abbreviations: P, premolar; M, upper molar; i, lower incisor; 1., left; r., right; L, length; W, maximal width; W1, W2, and W3: width at the
first, second, and third loph(id)s; Hpo, maximal height of the posttrite side; I: index.

Emended Diagnosis

Small Gomphotherium with a long and dorsal-bent lower tusk, of
which the cross-section is pyriform; Molar strongly bunodont; in
the upper molars, second posterior pretrite central conule absent
and second posttrite half loph subdivided into three conelets; in
lower molars, posterior pretrite central conules strong and second
anterior pretrite central conule absent.

Material in the present article

IVPP V25395, an incomplete maxillary with P4s, Mls, and M2s;
IVPP V25398, a complete left lower tusk. Both from the horizon A,
Xiaodiaozui Quarry (NXTX201704), Miaoerling sites, Tongxin,
Ningxia Hui Autonomous Region (other specimens were found
from the horizons A and B of the Miaoerling sites (e.g., Dadiaozui
Quarry), but held by local farmers).



Age and Horizon
Lower Zhangenbao Formation, Early Miocene, ~19-18 Ma.

Description

Specimen IVPP 25398 (Figure 4(e-g)) is a complete left lower
tusk. It is about 65 cm long and approximately 6.55 cm in
width. The lower tusk is slightly upcurved, left-hand twisting
when looking from back to front, and the tip tapers anteriorly.
The dorsal wear facet is long and is almost flat. The shape of
the cross-section is pyriform in the middle segment, and
become oblate in the anterior segment. The lower tusk exhibits
the similar curvature to that of G. inopinatum and
G. angustidens (Tassy, 1985), compared to the relatively straight
lower tusk of G. annectens.

Specimen IVPP 25395 (Figure 4(a-d)) is an incomplete max-
illary with P4s, M1s, and M2s. In front view, it only shows two
broken incisive alveoli, which are straight and ventrally
declined. The bony wall of incisive alveoli is thin. In dorsal
view, the turbinate, which was filled with sediments, shows
complicated labyrinthine patterns. We also can see the oblique
oval cross-section of the maxillary channel at the left zygomatic
process. The preserved length of the channel is about 8 cm.
There is a small piece of unerupted M3 that can be seen from
the back view. In lateral view, the lower infraorbital foramen is
relatively large, anterior to the zygomatic process, and approxi-
mately at the level of between M1 and M2. In ventral view, the
anterior palatine foramina are long and backwardly extended.
The palatine between the tooth rows is narrow with an elon-
gated major palatine foramen being located at the posterior end
of M2.

The left P4 is a bit bigger than the right P4. The P4s are small
with only two lophs and low-crowned without wear. The first loph
is larger than the second one. The protocone is smaller than para-
cone in the first loph, but the hypocone is almost the same size as
the metacone in the second loph. There are one or two very small
cones behind the second loph. The cingulum is developed.

The rectangular M1s are composed of three lophs. The ante-
rior pretrite central conule is connected to the mesial cingulum
and the first loph is deeply worn. The wear pattern of the second
pretrite half-loph forms an irregular ellipse. The mesoconelet
slightly inclines mesioadaxially. The posterior pretrite central
conule is absent, but the posterior posttrite central conule in
right M1 does exist. The third loph is moderately worn, and
the anterior pretrite central conules and the mesoconelet can be
recognised.

The M2s are slightly worn, and the crowns are relatively low
and fall the range of G. angustidens M2 (42-51.5 mm, see Tassy
2014). The tooth is rectangular with three lophs and a small
distal cingulum. The interlophs are relatively mesiodistally nar-
row. Limited cementum is deposited around the third posttrite
half-loph and in the distal valleys. Alternatively, this cementum
may be interpreted as dental calculus. In the pretrite half loph,
the anterior pretrite central conule is relatively larger, round,
and isolated, but the posterior pretrite central conule of
the second loph is absent. The pretrite mesoconelet in the first
loph is slightly positioned backward. In the posttrite half lophs,
the typical characters are as follows: subdividing into three
conelets, anterior posttrite central conules missing, posterior
posttrite central conules very small. Some irregular small cusps
rise on the distal cingulum. The cingula are not evident in both
lingual side and buccal side.

HISTORICAL BIOLOGY e 5

Comparisons and discussion

Comparisons of the new material with the species of
Gomphotherium

The new material represents a primitive species of Gomphotherium.
The lower tusk is long-spike-like with a pyriform cross-section.
This morphology is distinct from the Gomphotherium species
with circular cross-sectional mandibular tusks, such as
G. pruductum and G. steinheimense.

The upper molars of the new material show a distinct character,
lacking the second posterior pretrite central conule. In most species
of Gomphotherium, including G. angustidens, G. subtapiroideum,
G. steinheimense, G. browni, G. inopinatum, G. mongoliense,
G. tassyi, and G. productum, both the anterior and posterior pretrite
central conules of the second loph are present, showing a complete
pretrite trefoil. Therefore, the new material does not belong to any
of the above species. We can only compare it with the species of the
primitive ‘Gomphotherium annectens’ group, of which the species
may have an incomplete second pretrite trefoil. Furthermore, a -
complete second pretrite trefoil is also present in molars of con-
temporary Protanancus wimani and Afrochoerodon sp. Therefore,
the new material does not belong to the above taxa.

Tassy (1985) subdivided Gomphotherium into two groups: the
primitive ‘Gomphotherium annectens’ group and the advanced
‘Gomphotherium angustidens’ group. The former comprises
Gomphotherium annectens, Gomphotherium sylvaticum and
Gomphotherium cooperi. Gomphotherium annectens was reported
by Matsumoto (1925) from Banjoburo, Hiramaki Formation, Japan
(MN3) (Tomida et al. 2013). Tassy (1994) re-evaluated the cranium
of G. annectens based on the cast in Muséum national d’Histoire
Naturelle, Paris, and mentioned a distinctively primitive character,
which is the retracted nasal fossae. G. annectens lacks the posterior
pretrite central conule, and both the half lophs do not subdivide
into three conelets, representing the Early Miocene gomphotheres
with simple bunodont teeth. Gomphotherium sylvaticum occurs in
Artenay, France (MN4) (G6hlich 2010). Description of several
upper and lower molars was made by Tassy (1977), who first
named these specimens as ‘Gomphotherium angustidens’. The strik-
ing difference between G. sylvaticum and G. annectens is that the
former has well-developed anterior and posterior pretrite central
conules, which form a trefoil structure, the latter does not.
G. sylvaticum is more derived than G. annectens.

Another member of ‘Gomphotherium annectens’ group -
Gomphotherium cooperi, first appeared in the Early Miocene of
Dera Bugti, Pakistan (Forster-Cooper 1922; Welcomme et al.
2001). Originally referred to ‘Bunolophodon angustidens’ by
Forster-Cooper (1922: see Figure 2), then it was revised to
‘Trilophodon cooperi’ by Osborn (1932). The posterior pretrite
central conule in the lower molars of G. cooperi is large and looks
like a big cusp in the middle of the first two interlophids, and
the second posterior pretrite central conule in the upper molars is
absent. One might argue that this character is variable in the
hypodigm. For example, a left upper M2 (Forster-Cooper 1922:
see pl. I, Figure 2) has a large second posterior pretrite central
conule, but this tooth can also be interpreted as an M2 or M3 of
Afrochoerodon palaeindicus from the same region, because in
Afrochoerodon, the second posterior pretrite central conule of the
upper molars is clearly present (Tobien 1980).

The present material from the lower Zhangenbao Formation,
Miaoerling sites, Tongxin County represents a relatively primitive
type of gomphotheres, of which the lower incisor curves upwardly
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with the shape of a slightly twisted long stick, and has a pyriform
shaped cross-section. These features are close to the lower tusk of
G. inopinatum and G. angustidens. The upper cheek teeth are
typical bunodont gomphotheriid. Also, the absence of posterior
pretrite central conule of the second loph has only been reported
in the primitive ‘Gomphotherium annectens” group. Therefore, there
is no doubt that these new fossil materials can be attributed to
Gomphotherium. In the pretrite half loph, the anterior pretrite
central conule is relatively larger, but the second posterior pretrite
central conule loph is absent. The second posttrite half loph is
subdivided into three conelets, anterior posttrite central conules
are absent, and posterior posttrite central conules are small. Those
upper molar morphology of new materials show strong similarities
with those of Gomphotherium cooperi, and here we attribute the
new Miaoerling material to it. Furthermore, the molar size of the
Miaoerling material is close to the members of the ‘Gomphotherium
annectens’ group. It also falls in the range of G. angustidens, but
considerably smaller than that of the derived Gomphotherium, such
as, G. tassyi, G. steinheimense, and G. browni (Figure 5).

In the various species of the ‘Gomphotherium annectens’ group,
the dental morphology exhibits a pronounced evolutionary trend:
from the absence of posterior pretrite central conule, and undivided
posttrite half loph of G. annectens, to the absence of posterior
pretrite central conule, but subdivided posttrite half loph of

G. cooperi, and to the well-developed anterior and posterior pretrite
central conule of G. sylvaticum. The three species of ‘G. annectens’
group, positioning in the different stages along with this trend, also
show an important bio-chronological significance.

The bio-chronological and paleobiogeographical significance
of new Gomphotherium cooperi materials

Our new discovery indicates that G. cooperi from the Early Miocene
of Miaoerling site is the only known species that can be classified
into the ‘Gomphotherium annectens’ group in China. It was found
in the lowermost layers of the Zhangenbao Formation. From our
bio-stratigraphical investigations and fossil identification in this
region all along, the proboscidean fossil assemblage from the low-
ermost layers is characterised by Choerolophodontidae
(Afrochoerodon sp.), Amebelodontidae (Protanancus wimani).
This proboscidean fossil assemblage occurred earlier than
Platybelodon, which was only recovered from the upper layers of
the Zhangenbao Formation (D and E layers), whereas Platybelodon
is present in the Halamagai Formation, Junggar Basin. Fossil evi-
dence shows that the age of the lowermost layers of the Zhangenbao
Formation is earlier than that of Halamagai Formation (16.9 Ma)
(Ye et al. 2012; Wu et al. 2018; Li et al. 2019), and might be in
a similar age to the Dalanggou and Hujiagou fossil site (Li et al.
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2019), Linxia Basin, which also yields a primitive proboscidean
assemblage including Afrochoerodon guangheensis, Protanancus
brevirostris, and Gomphotherium inopinatum.

Based on the stratigraphic correlation and biostratigraphy that
have been done by other scholars, the estimated age of G. annectens
from Hiramaki Formation, Japan, is 19.5 Ma (MN3), and
G. sylvaticum from Artenay, France, is 17-18 Ma (MN4);
G. cooperi from Dera Bugti is approximately 19-20 Ma. There are
other species like Afrochoerodon palaeindicus and cf. Protanancus
chinjiensis, which were also reported from the Early Miocene Bugti
in South Asia (Tassy 1983; Antoine et al.,, 2013). Combining the
ages of these three species, we estimated the age of the lower layer of
the Zhangenbao Formation, Tongxin, is approximately between 18
and 19 Ma. Therefore, the age of the lower layers of the Zhangenbao
Formation is earlier than previously we believed (Qiu and Qiu
1995). In the previous publications, the Dingjiaergou Fauna, the
representative mammalian assemblage was often correlated to MN6
or Tunggurian age, Middle Miocene. Actually, the age of the lower
Zhangenbao Formation is close to the Shanwang Fauna (17-18 Ma)
in the East Asia. Recently, Plesiaceratherium sp., a characteristic
member of Shanwang Fauna, was recovered from the lower
Zhangenbao Formation (Sun 2021). A very primitive giraffidae
was also occurred in the same layers (Wang et al. 2016: see
Figure 5a-d), which is morphologically more primitive than the
earliest giraffine Cathumeryx sirtensis (Gebel Zelten, 18-16 Ma) in
Africa. These mammals also support the middle Early Miocene age
of the lower Zhangenbao Formation. Our research has important
implications for understanding the Early Miocene fauna and pro-
viding the key biochronological evidence in northern China.
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The proboscidean assemblage from the lowermost layers of the
Zhangenbao Formation, Tongxin, represented by Gomphotherium
cooperi, Afrochoerodon sp. and Protanancus wimani (Figure 3), is
similar to the assemblage of Dera Bugti, including Gomphotherium
cooperi, Afrochoerodon palaeindicus and cf. Protanancus chinjiensis.
On the one hand, the two assemblages are probably contemporary
as we have mentioned, and on the other hand, there may exist
across-regional dispersal between these two assemblages
(Figure 6). Deng et al. (2021) reported Paraceratherium linxiaense
from Linxia Basin, China, which has a tight relationship with
P. bugtiense of Oligocene Bugti by cladistic analysis. During the
Late Oligocene, the evolution and dispersal of Paraceratherium
evidence that the giant rhinoes can exchange between South Asia
and North China and demonstrate that the Tibetan plateau did not
reach enough high elevation at that time and was not yet a barrier to
exchange of land mammals. In addition, Parabrachyodus has also
been found in both north and south side of the Tibetan plateau in
Oligocene (Wang 2021).

The similarity of the Early Miocene proboscidean assemblage in
China and South Asia is further evidence that mammal dispersal
may have existed during the Early Miocene. It also suggests that the
plateau was not high enough to block exchange among large ani-
mals like proboscideans (Figure 6). Zhang and Wang (2021)
reported Eozygodon in China and speculated that proboscidean
was able to migrate through the Tibetan Plateau in the Early
Miocene. Another possibility is that Gomphotherium cooperi
reached northern China via Southeast Asia. However, in the Early
Miocene of Southeast Asia, proboscideans were represented by
Stegolophodon (Tassy et al. 1992) and Gomphotherium has not

Figure 6. Late Early Miocene dispersal of Gomphotherium cooperi between South Asia and China. The white stars denote the fossil locations of Gomphotherium cooperi. The
arrow indicates the dispersal of Gomphotherium between South Asia and China through the Tibetan region. Palaeogeography map of the Early Miocene is modified from
Paleo-digital Elevation Model (Paleo-DEM) (https://www.earthbyte.org/paleodem-resource-scotese-and-wright-2018/) .
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been reported (Chavasseau et al. 2009). Therefore, the directed
dispersal of Gomphotherium cooperi across the Tibetan Plateau is
highly probable. In the Middle Miocene, Platybelodon did not occur
in South Asia, this route possibly was already closed. The Tibetan
plateau is probably higher and hinders the distribution of
proboscideans.

Conclusion

The new fossil materials we described herein from the Early
Miocene of Tongxin, China, present relatively primitive characters
of Gomphotherium, such as the second posterior pretrite central
conule loph is absent; the second posttrite half loph subdivided into
three conelets; the elongated lower incisor curves slight upwardly.
Therefore, the new materials can be attributed to G. cooperi, with
the same characters, suggesting a wide distribution of the
‘Gomphotherium annectens group’ across South and East Asia.
The similarity of the Early Miocene Gomphotherium in China and
South Asia is further evidence that proboscidean may disperse
through the Tibetan region during the Early Miocene.
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