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Abstract

Dihoplus is a rhinoceros distributed across East Asia and Europe from the Late

Miocene to Pliocene. This study describes a new skull from the Qin Basin in

Shanxi Province, China, referred to as Dihoplus ringstroemi, which has long

been debated in taxonomic identity. This skull confirms that D. ringstroemi is

an independent species and reveals the presence of the upper incisor and varia-

tions in the degree of constriction of the two lingual cusps of upper cheek

teeth. In addition, the new skull indicates that the Qin Basin has a late Neo-

gene sediment and fauna comparable to that of the Yushe Basin.
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1 | INTRODUCTION

Dihoplus ringstroemi fossils from Shangyingou of Xinan
Basin, Shanxi, and Jijiagou of the Baode Basin, Shanxi,
China, described by Ringström (1924) include skull,

mandible, postcranial bones, and several juvenile cheek
tooth rows. After this, Jijiagou in Baode, Shanxi, became
a classic locality of the Late Miocene Hipparion fauna in
China. Zdansky (1923) first described strata and fossils,
and Pei et al. (1963) established the Baodean Stage. The
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Baode Formation, with both upper and lower fossilifer-
ous layers, was named by the Shanxi Regional Survey
Team in 1978. Most fossils were produced in the lower
part of this formation, mainly composed of Chilotherium,
Hipparion, Samotherium, and Gazella. Faunal compari-
son and paleomagnetic data suggested an age of 7–
6.5 Ma, corresponding to Turolian (MN12) of Europe
Land Mammalian Neogene Zone (Deng et al., 2004).

In addition to Xinan and Baode basins, two other
localities also produced D. ringstroemi in China. In the
Linxia Basin, Dihoplus is found in localities with ages
similar to that of the Baode basin, but with more ample
materials (Deng, 2006b; Deng et al., 2013). The Yushe
Basin is a famous Pliocene locality in China with a long
research history (Deng, 2006a; Deng et al., 2010; Qiu &
Qiu, 1995; Teilhard de Chardin & Young, 1933). Dihoplus
ringstroemi, belonging to the Gaozhuang fauna, is pro-
duced in the lower layers and is accompanied by another
rhinoceros, Shansirhinus (Deng et al., 2010). Faunal
comparisons have suggested an Early Pliocene age for
Gaozhuang fauna, corresponding to the Ruscinian
(MN14) of the Europe Land Mammalian Neogene Zone
(Deng et al., 2010; Qiu & Qiu, 1995).

Mammal fossils from the Qin Basin were first men-
tioned by Teilhard de Chardin and Young (1933), who
identified a series of freshwater deposits extending in the
Yushe-Wuxiang-Qin basins. During 1934–1935, French
missionary Emile Licent conducted excavations and col-
lections in the Yushe and Wuxiang basins; he once pros-
pected large areas of the Qin Basin. Large-scale and
detailed investigations of these basins have been

conducted since the 1970s. The Geological Bureau of
Shanxi Province (1985) surveyed this area and delineated
the Cenozoic Yushe Group distribution. However, atten-
tion has been paid to the Yushe and Wuxiang basins, and
few studies have mentioned fossils or strata in the Qin
Basin (Cao, 1980; Qiu et al., 1987; Cao & Cui, 1989; Ted-
ford et al., 2013).

In this study, �50 km southwest of the Yushe
Basin, a new locality was identified in the Jing village
of the Qin Basin (Figure 1). The new skull was exca-
vated from the thin yellow-green mudstone of a hill
ridge south of Jing village, which is rich in the remains
of aquatic mollusks; however, it was not clearly strati-
fied. The underlying mudstone is well-stratified yellow
muddy sandstone with granules, and its thickness is
unknown, as the lower part is not exposed. The overly-
ing red-brown muddy sandstone with granules also has
a stratified structure. In this small section, with a
height of less than 7 m, the yellow and red-brown
muddy sandstones are interstratified. The mudstone
that produced the new skull is relatively thin, �0.6 m,
and its color is yellow and green, indicating a relatively
short time and shallow and small water bodies, such as
a pond. In the uppermost part of this section, �4–5 m,
we found thick muddy red-brown sandstone with
gravel. This gravel shows a weak vertical succession of
grain size with two cycles: two units with large cobbles
are thin, whereas units with small granules are thick,
and the matrix is silt and clay. These sediment charac-
teristics indicate the depositional facies of the braided
river or alluvium, but not fine fluvial facies.

FIGURE 1 Map and section of Jing village in Qin Basin, China. (a) Map of Jing village and nearby basins; (b) section of a new locality

at Jing village produced new fossil.
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The Qin, Yushe, and Wuxiang basins have been con-
sidered together as a large Yushe Basin, with the strata in
Yushe County being the most exposed fossiliferous. There
are slight differences in strata and lithology among the
three basins, including the subbasins (Tedford et al.,
2013). The new skull described here was produced from
mudstone of the new locality in the Qin Basin. This study
examines this new skull to investigate the morphology
and taxonomic identity of D. ringstroemi and the strata of
the Jing locality.

2 | MATERIALS AND METHODS

The fossil described in this study is a skull from the
Qin Basin, China. It is partly damaged. The skull roof
is crushed downward to form a flat roof. Consequently,
the orbit position relative to the frontal roof is inaccu-
rate. This is also true for the outline of the nasal notch
in lateral view. The posterior part of the skull is miss-
ing. The cheek teeth are moderately worn and the
crown is also damaged in the right molars and
left P4-M3.

The anatomical terms for the skull and teeth follow
Sisson (1953) and Qiu and Wang (2007). The measure-
ments follow the protocol established by Guérin (1980).
Term abbreviations: M, upper molar; P, upper premolar.
Institution abbreviations: M, Museum of Evolution of
Uppsala University, Sweden; MCZU, Museum of
Changzhi University, Changzhi University, Changzhi,
Shanxi, China.

3 | SYSTEMATIC PALEONTOLOGY

Order Perissodactyla OWEN, 1848
Family Rhinocerotidae GRAY, 1821
Subfamily Rhinocerotinae GRAY, 1821
Genus Dihoplus BRANDT, 1878

Type species: Dihopl schleiermacheri (Kaup, 1832),
Late Miocene (MN9), Eppelsheim, Germany, and near
Slatino, Bulgaria (Geraads & Spassov, 2009; Kaup, 1832).

Other species include Dihoplus pikermiensis
(Toula, 1906), and Dihoplus ringstroemi
(Arambourg, 1959).

Amended diagnosis: Modified from Pandolfi et al.
(2015). Large-sized two-horned rhinoceros. The nasal
septum is not ossified. Tooth row rather caudal, nasal
notch at premolar level. The occipital area elevated sig-
nificantly. Cranial basis short, the postglenoid process
close to the paroccipital process. Upper premolar primi-
tive, submolariform, with reduced tendency of metacone

rib. Upper molars with constriction of lingual cusps.
Lower i2 present.

Dihoplus ringstroemi (Arambourg, 1959).
Revision history
1924 Dicerorhinus orientalis: Ringström p. 5,
figures 1–10, 14–1
1959 Dicerorhinus ringstroemi: Arambourg
p. 73
2003 Dicerorhinus ringstroemi: Giaourtsakis
p. 235
2006 Dihoplus ringstroemi: Deng p. 51, figure 3
2012 Dicerorhinus ringstroemi: Tong p. 556,
figures 1e, 2e, and 3e
2015 Dihoplus megarhinus: Pandolfi
et al. p. 325

Lectotype: M 448 (Museum of Evolution of Uppsala
University, Sweden), skull described by Ringström (text-
fig. 1–2, 1924).

Type locality and horizon: Xinan County in Henan
Province China. Late Miocene.

Amended diagnosis: Modified from Ringström
(1924). Large-sized two-horned rhinoceros. Nasal notch
and infraorbital foramen at the P4 level. The crista is
present on the upper cheek teeth. Upper premolars
with weak metacone rib and lingual cingulum. Upper
molars with short antecrochet and reduced tendency
of lingual cusp constriction. Upper deciduous cheek
teeth with weak metacone rib and crista. The incisor
was reduced with a small one. Dihoplus ringstroemi
differs from Dihoplus schleiermacheri in having a lin-
gual cingulum in the upper premolars, a retracted
nasal notch, and a reduced upper incisor. It differs
from Dihoplus pikermiensis in having a weaker meta-
cone rib of the upper premolars and a well-developed
protoloph of P2.

New referred materials: MCZU 1549, skull, occipi-
tal portion missing, containing upper cheek teeth P2–M3
with partly crushed crowns (Figures 2, 3, and Table 1).

3.1 | Description

Skull: In the dorsal view, the maximum width of the
skull roof is in the postorbital area, indicating a devel-
oped anterior rim of the orbit. In the lateral view, the
nasal bone extends downward at the terminal point,
below the level of the ventral edge. It is wide, thick, and
long, and the nasal horn boss occupies approximately
two-thirds of the length of the nasal bone. The frontal
area between the orbits is slightly swollen and higher
than that of the nasal portion. The rough surface of the
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front horn boss extends to the suture with the nasal bone,
and a small tubercle is present in the anterior portion.

The posterior end of the nasal notch is at the level of P4,
and the infraorbital foramen is below the nasal notch at
the level of P4. The anterior rim of the orbit is at level of
M2. The zygomatic arch is strong below the orbit. The
anterior edge of the orbit forms a narrow bone plate
protruding laterally (Figure 2b). The premaxilla is
slightly larger and stronger and has remained (with a
diameter of �10 mm) of the root of an incisor. The pre-
maxillae on each side are connected and fused with
each other at the anterior end, where the bone is robust
and has a rugosity surface. The anterior end of the pre-
maxilla is slightly posterior to the nasal tip. The pala-
tine fissure is wide at the anterior portion of the
diastema; however, its posterior end remains
unknown. The lingual edge of the cheek tooth row is
slightly arched and converged anteriorly. The anterior
end of the choana is U-shaped and at the level of the
middle portion of M2.

Dentition: An anterior tooth represented by a round
root is present near the anterior tip of the premaxilla. No
other teeth or alveoli are preserved either anterior or pos-
terior to this root. Given the evolution of the incisor and
canine in Rhinocerotidae, the tooth appearing in the late
Neogene specimens should be the first incisor but not at
the anterior end of the premaxilla. Because the root of
this tooth is present with width 6 mm wide and 7 mm
long, it is recognized as a deciduous incisor. The crown is
worn off.

P2–P4 and M1 are moderately worn; however, M2
is less worn. P2 is trapezoidal in outline with a nar-
rower medial edge, and its anterior edge is similar in
width to its posterior edge. It has a triangular medifos-
sette formed through the fusion of the protocone and
hypocone, and the latter two cusps are similar in size.
A narrow and long crista is present at P2 on each side.
Because P2 is heavily worn, it is uncertain whether the
crochet is present. The labial cingulum is absent; how-
ever, the anterior and posterior cingula form the ante-
rior and posterior fossettes. The lingual cingulum is
present, but nearly worn off, leaving remains around
the protocone. The parastyle is short and the paracone
rib is slightly prominent.

P3 is rectangular, with a slightly larger external edge
than the medial edge. The parastyle and paracone rib are
developed, and the metacone rib is present but weak. The
medifossette is narrow and long, parallel to both proto-
loph and metaloph. The labial cingulum is absent. The
lingual cingulum is slender, but continuous. The anterior
fossette has worn off and the posterior fossette is round
and nearly worn off. P4 resembles P3 in nearly all
aspects. Its metacone rib is present but weaker than that
of P3. The lingual cingulum is interrupted at the proto-
cone of P4.

FIGURE 3 Teeth (MCZU 1549) of Dihoplus ringstroemi from

the Qin Basin, Shanxi, China. (a) upper cheek teeth; (b) right view

of skull.

FIGURE 2 Skull (MCZU 1549) of Dihoplus ringstroemi from

the Qin Basin, Shanxi, China. (a) ventral view; (b) dorsal view; (c)

left view; (d) lateral–ventral view of upper incisor.
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In M1, the parastyle and paracone rib are developed.
The anterior cingulum is also present. The lingual and
labial cingula are completely absent. The crochet is short.
The antecrochet is wide. There are constrictions in the
protocone and hypocone. M2 is similar to M1; however,
the protocone constriction is slightly weaker. M3 has a
triangular outline. Because they are largely broken, it is
difficult to describe some morphologies with certainty.

4 | DISCUSSION

4.1 | Taxonomic identity

The new skull has many diagnostic features that correlate
with the Dicerorhini group, including a large terminal
nasal horn boss and a large frontal horn boss, broad and
long nasal bone, slightly reduced lingual cingulum of the
upper premolars, weak metacone rib of P2–P3, con-
stricted protocone of the upper molars, and presence of
the crista in the upper cheek teeth (Heissig, 1989, 1999).
These features distinguish it from most other rhinocero-
tids. The subfamily Aceratheriinae has no large horn on
either the nasal or frontal bones, and their upper cheek
teeth have both anteroposterior constrictions. The sub-
family Elasmotheriinae has ample cement surrounding
its crown.

When compared with Diceros, Ceratotherium, and
Coelodonta, the nasal horn boss of the new skull is rela-
tively smaller and the anterior portion of the nasal bone
is narrower than the posterior region, unlike the wide
nasal bone of the former three groups (Heissig, 1989,
1999). The horn boss of the new skull is a single spherical
rough area rather than two swellings on each side of the
nasal bone in Diceros and Ceratotherium. This indicates a
relatively smaller nasal horn, with a size close to Diho-
plus ringstroemi and Dicerorhinus sumatrensis (Groves &
Kurt, 1972; Ringström, 1924). Gaindatherium from the
Middle-Late Miocene has a much longer horn boss that
nearly occupies the entire nasal bone, and its domed area
is at the middle part of the nasal bone, corresponding to
a probably larger horn (Colbert, 1934). Diaceratherium

and Hoploaceratherium from the Early Miocene and Mid-
dle Miocene have a small horn boss on the nasal bone,
with a much narrower width of the nasal bone itself, less
than one-third of the maximum dorsal proof width
between the orbits (Heissig, 2012; Lu et al., 2021). In
addition, the remaining part of the dorsal proof of the
new skull is similar to Dih. ringstroemi and Dic. suma-
trensis, as well as Gaindatherium (Colbert, 1934;
Groves & Kurt, 1972; Ringström, 1924), suggesting a long
and horned skull, but which is not as robust as Coelo-
donta and extant African rhinoceroses (Borsuk-
Bialynicka, 1973; Groves, 1972; Hillman-Smith &
Groves, 1994). These features of the skull demonstrate a
close relationship between the new material and the
group Dicerorhini, especially the well-known Dihoplus.

Dihoplus is first established for “Rhinoceros” schleierma-
cheri from the Late Miocene (MN9) of Eppelsheim,
Germany (Brandt, 1878; Kaup, 1832). Given its similarities
to Dicerorhinus in the skull horn, Dihoplus has been con-
sidered a junior synonym (Arambourg, 1959; Guérin, 1980;
Heissig, 1989). Revalidation of this genus is accompanied
by revision of D. megarhinus, D. ringstroemi, and
D. pikermiensis (Giaourtsakis, 2003). D. schleiermacheri dif-
fers from the new materials in that it has a shallow nasal
notch at the level of P2, enlarged incisors, and developed
metacone rib of the upper premolars (Giaourtsakis &
Heissig, 2004; Kaup, 1832). D. pikermiensis from the Late
Miocene (MN12) is close to the new skull, with a retracted
nasal notch and a nearly continuous lingual cingulum in
the upper premolars; however, it is also less advanced in
having a stronger metacone rib of the upper premolars
(Geraads & Spassov, 2009; Heissig, 1999). These are two
separate species.

The new specimen is close to D. ringstroemi. Its skull
from the Late Miocene described by Ringström (1924) is
well preserved, albeit lacking the upper teeth: the occipital
part is high, the front part is domed, and the anterior third
of the nasal bone extends downward and its tip is lower
than its ventral edge; the posterior end of the nasal notch
is at the same level as the infraorbital foramen, albeit the
position relative to the cheek teeth is unknown due to
missing teeth; the ventral part of the external

TABLE 1 Measures of skull and

teeth of Dihoplus ringstroemi from the

Qin Basin (mm).

Skull L or W Teeth L/W/H

Plate width between P2 63 P2 left 39/46/23

Plate width between M1 78 P2 right

Plate width between M3 92 P3 43/60/25

Nasal length 232 P4 47/65/20

Distance of orbit-nasal notch 127 M1 55/68/�
M2 56/73/�
M3 58/66/�
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pseudomeatus auditory is closed; the parietal crests are
widely separated; and the nuchal face is wide. The skull
from the Late Miocene Linxia Basin described by Deng
(2006a) is well preserved but lacks premaxillae. In addition
to the above-mentioned features, the skull revealed that
the nasal notch is at the P4 level. Furthermore, it reveals
important unknown features of the upper cheek teeth.
These materials are similar to new skull in nearly all
aspects of the skull and teeth: the arched nasal boss, deep
nasal notch at the level of P4, expanded lingual cusps of
the upper cheek teeth, developed parastyle and paracone
rib of the upper cheek teeth, weak crochet of the upper
cheek teeth, weak lingual cingulum of the upper premo-
lars, and constricted lingual cusps of the upper molars
(Deng, 2006a; Ringström, 1924). The only visible differ-
ence lies in the constriction of the protocone in M2 of the
skull from the Linxia Basin, which is slightly weaker than
that of the new teeth. On the other hand, although in the
deep wear stage, the lingual cingulum remains in P4 from
the Linxia Basin, but is not visible in P2 and P3, probably
has been worn off. This is probably also true for the meta-
cone rib; its presence in the upper premolars from the Lin-
xia Basin is uncertain. Therefore, the new skull can be
assigned to D. ringstroemi. In addition, the new skull first
demonstrates that the well-preserved premaxillae of
D. ringstroemi have a small incisor.

Ringström (1924) attributed ample skulls, mandibles,
and postcranial bones to “Dicerorhinus” orientalis, which
was found in the Late Miocene of Pikermi, Greece by
Schlosser (1921). Lately, Arambourg (1959) noted the
wide gap of size between materials described by Schlosser
(1921) and Ringström (1924), established “Dicerorhinus”
ringstroemi for “Dicerorhinus” orientalis. Geraads (1988)
revised “Dicerorhinus” orientalis from Greece by Schlos-
ser (1921) to “Dicerorhinus” pikermiensis (Toula, 1906).
When discussing rhinoceros from the Neogene (MN 11–
12) of Greece, Giaourtsakis (2003) placed “Dicerorhinus”
ringstroemi from China and “Dicerorhinus” pikermiensis
into Dihoplus. This revision was later followed by
Pandolfi et al. (2015).

Lately, Pandolfi et al. (2015, 2021) revised D. ringstroemi
to “Dihoplus” megarhinus as a junior synonym and estab-
lished a new genus to cover this species, Pliorhinus, P.
megarhinus. There are many skulls of Pliorhinus megarhi-
nus from western Europe (de Christol, 1834; Guerin
et al., 1969; Pandolfi et al., 2015). Based on the preserved
part of these skulls, the difference lies in Pliorhinus or
P. megarhinus is more advanced relative to D. ringstroemi:
the nasal notch and infraorbital foramen are above the
molar, deeper than the latter, which is at the P4 level; the
nuchal part extends posteriorly over the occipital condyle,
which is slightly anteriorly inclined in the latter. It is too
cursory to refer D. ringstroemi to genus Pliorhinus.

In terms of rhinocerotine cheek teeth from the late
Neogene, there are three obvious diagnostic features:
reduction of the metacone rib in the upper premolars,
absence of the lingual cingulum in the upper premolars,
and absence of lingual cusp constriction in the upper
molars (Heissig, 1989). These three features appear with
a type of mosaic evolution coexisting in several genera.
Among the materials referred to P. megarhinus (Pandolfi
et al., 2015, 2021), the metacone rib and lingual cingulum
of the upper premolars, and protocone constriction of M1
and M2 are variable, indicating a transitional situation of
this species. However, it is an open question whether all
these materials should be separated into independent
species, defining a species in a more specific way. In fact,
during the transition process of these structures from the
Late Miocene to the Pliocene, the most helpful way to
make a classification is to combine morphological com-
parison with the record of the biogeographic distribution.

On the other hand, the new skull from the Qin Basin
and the skull from the Linxia Basin demonstrate that
D. ringstroemi maintains the lingual cingulum and meta-
cone rib in the upper premolars, and that protocone con-
striction in M1 and M2 coexist with the relatively
shallower nasal notch (P4 level) and the anteriorly
inclined nuchal part. This is at an early stage of the evo-
lution of these features.

Currently, all materials of D. ringstroemi are from the
Late Miocene and Pliocene of Shanxi, Henan, and Gansu
in China, with skulls, mandibles, postcranial bones, and
juvenile materials (Deng, 2006a; Ringström, 1924). Diho-
plus ringstroemi is a valid and independent species, and is
the only representative of this genus in East Asia. The
above-mentioned evolutionary tendency of teeth,
together with the shape of the skull, indicates Dihoplus is
the ancestor of Pliorhinus.

4.2 | Stratigraphic correlation

Geologically, the Qin, Wuxiang, and Yushe basins are
controlled by large-scale Taihang Mountains orogenesis
and are located upstream of the Zhuozhang drainage sys-
tem (Li et al., 2015; Ye et al., 1987). The Yushe Basin is
the most studied basin, with well-outcropped sections
and numerous fossils (Cao, 1980; Cao et al., 1998; Cao &
Wu, 1985; Qian et al., 2010; Qiu et al., 1987; Tedford
et al., 2013). In the Yushe Basin, Cenozoic sediments
have been divided into four formations through basal
upward: the Late Miocene Mahui Formation, Early Plio-
cene Gaozhuang Formation, Late Pliocene Mazegou For-
mation, and Pleistocene Haiyan Formation.

The Mahui Formation in the Yushe Basin was depos-
ited primarily as fluvial facies and consisted mainly of

6 SHI ET AL.



boulder conglomerates and cross-bedded sands. The
upper part is occupied by interbedded sands, muds, and
marls (Tedford et al., 2013). However, it remains uncer-
tain whether thin claystones and flaggy limestones of
the upper elements of the Mahui Formation represent
basin-wide lacustrine phases or floodplain ponds. In the
eastern part of the Yuncu subbasin, the Gaozhuang For-
mation overlies wiht angular unconformity on the
Mahui Formation. The Gaozhuang Formation is well
outcropped in the Yuncu subbasin, with three distinct
units: lower Taoyang members, middle Nanzhuanggou
members, and upper Culiugou members. The thick marl
sediment of the lacustrine condition that characterizes
the Gaozhuang Formation is present in the Nanzhuang-
gou unit, which is overlaid with cross-bedded sand and
more oxidized violet color mudstone of the Culiugou
member. In the Tancun subbasin, the marl deposit is
thin and scattered. The Mazegou Formation in the
Yuncu subbasin is characterized by thick mudstone and
limestone, but rare coarse or pebbly sands, and the
mudstone is darker in color than that of the Gaozhuang
Formation. This sediment suggests a lateral-accreting
system and is found only in the Yuncu subbasin.

The strata in the Qin Basin remain poorly known,
particularly whether there is wide exposure of the
Mahui Formation. Nevertheless, previous surveys have
suggested that it is always exposed along the eastern
part of the three basins. Two sections between the Qin
and Wuxiang basins and one section southeast of the
Qin Basin were described by Teilhard de Chardin and
Young (1933): thick boulder conglomerates rest on the
Triassic basement; North and westward into the basin
are sandstone deposits with interbedded violet clays and
limestone units. The new strata are consistent with
those of the three sections in the interbedded sandstone
and mudstone; however, the basal conglomerate in the
new section is unknown. The conglomerate bed in the
upper part of the new section was thick and marked a
new deposition series. However, it is difficult to assign
this new section to the Mahui Formation. Furthermore,
in both the Yuncu and Zhangcun subbasins of the
Yushe, elements of conglomerate, sandstone, and mud-
stone are iteratively deposited through the late Neogene
with high frequency. Nevertheless, Tedford et al. (2013)
noted that conglomerates or beds with cobbles and gran-
ules are more frequently present in the Mahui Forma-
tion than in the Gaozhuang Formation; however, the
Mazegou Formation is dominated by mudstones or
claystones. Considering the distribution of Dihoplus
ringstroemi crossing through the Late Miocene to Plio-
cene, a tentative postulation of the new section in the
Qin Basin corresponds to the Mahui Formation or Gaoz-
huang Formation.
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