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Abstract

For the first time a very rich and diverse fossil assemblage was described from the Shine Us 
locality in south western Mongolia. The sample represents floodplain deposits of the Beger Fm., 
including aquatic and terrestrial fossils such as freshwater ostracods, fishes, gastropods, reptiles, 
birds, as well as thirty mammal species. The concentrations of disarticulated, mostly fragmen-
tary bones and teeth are interpreted to be accumulations of small floodplain channels. The fossil 
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composition of the Shine Us assemblage SHU-A/1 is broadly in agreement with well-dated mam-
mal faunas of the “Amphechinus taatsiingolensis Abundance Zone” (= letter zone C) of the Valley 
of Lakes. There, radiometric and magnetostratigraphic datings suggest an early late Oligocene 
age for this Biozone. The estimated age of the Shine Us assemblage (SHU-A/1) is between 26 
and 28 million years.

Key words: Oligocene, vertebrates, taxonomy, stratigraphy, Mongolia.

Kurzfassung

Aus der Fundstelle Shine Us im Südwesten der Mongolei wurde erstmals eine reiche und viel-
fältige fossile Fauna beschrieben. Die Probe repräsentiert Auablagerungen der Beger Formation. 
Sie umfasst aquatische und terrestrische Fossilien, Süßwasserostracoden und Fische, Schnecken, 
Reptilien, Vögel, sowie 30 Säugetierarten. Wir interpretieren die Konzentrationen von disartiku-
lierten, meist zerbrochenen Knochen und Zähnen so, dass sie von kleinen Aukanälen zusammen-
geschwemmt wurden. Die Zusammensetzung der Fossilien aus der Shine Us Fauna SHU-A/1 
stimmt weitgehend mit gut datierten Säugetierfaunen der „Amphechinus taatsiingolensis Abun-
dance Zone“ (informelle Zone C) aus dem Tal der Gobiseen überein. Dort ergaben radiometrische 
und magnetostratigraphische Datierungen ein frühes Oberoligozän als Alter der Biozone. Für 
die Schine Us Fauna (SHU-A/1) nehmen wir ein Alter zwischen 26 und 28 Millionen Jahren an.

Schlüsselwörter: Oligozän, Vertebrata, Taxonomie, Stratigraphie, Mongolei.

Introduction

The Khaliun Basin is a rift basin in south western Mongolia which extends for 70 to 
80 km in west-east direction and is flanked by the offshoot of the Khantaishir and Altai 
mountain ranges towards north and south, respectively. It is connected with the Sharga 
Basin in the west and the Beger Basin in the east, and is filled by Cenozoic sediments of 
more than 200 m thickness above a Paleozoic basement (Pauzer et al. 1987). The first 
geologic research of the entire region was carried out during Joint Soviet-Mongolian 
Geological Expeditions (Liskun & Badamgarav 1977; Devyatkin 1981). The Cenozoic 
sequence was subdivided into three stratigraphic units, the Khantaishir, Beger, and Uush 
formations. The Khantaishir Fm. was correlated with the Ergelin Dzo Fm. from eastern 
Mongolia, the Beger Fm. with the Hsanda Gol Fm. from central Mongolia, and the Uush 
Fm. with the Loh Fm. also from central Mongolia (Liskun & Badamgarav 1977; Devy-
atkin 1981). So far, only scattered fossils were collected from different stratigraphic 
horizons of the Shine Us strata in the Khaliun Basin. These fossils are stored in the PIN 
collection in Moscow. The ruminant Palaeohypsodontus asiaticus was mentioned from 
the Oligocene part of the sequence at fossil point Shine-Us 1 of the Beger Fm. (Vislo-
bokova 1997: fig. 5), and from the Uush Fm. (Miocene part) the ruminant Amphitragu-
lus cf. gracilis was mentioned from fossil point Shine-Us 2 (Vislobokova 1997: fig. 5).

Later (1997 and 2001), the locality Shine Us in the the Khaliun Basin (Fig. 1). was vis-
ited by our team for short excursions, in order to compare sediment deposition, fossil 
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content and palaeoenvironmental conditions with the Taatsiin Gol and Taatsiin Tsagaan 
Nuur region (part of the Valley of Lakes). The latter is located approximately 500 km 
east of the Khaliun Basin, and that time it was our main study area. The Oligocene and 
Miocene terrestrial deposits of the Taatsiin Gol and Taatsiin Tsagaan Nuur region are 
outstanding regarding the rich fossil content and intercalated basalt flows. During eight 
field-campaignes from 1995 to 2012 we investigated 26 natural outcrops and sections 
in the course of joint Mongolian-Austrian research projects granted by the Austrian Sci-
ence Fund (FWF-Projects: P-10505-GEO and P-23061-N19).

The goal of the present paper is to introduce the vertebrate assemblage SHU-A/1 from 
the Oligocene of Shine Us in the Khaliun Basin. The composition of the small mammal 
assemblage is very diverse and allows biostratigraphic correlation with some key faunas 
of the Valley of Lakes. Moreover, although no magnetostratigrapic and radiometric data 
are available from the Shine Us locality, the integrated studies of the Valley of Lakes 
region are fundamentals for chronostratigraphic correlation. They also support interpre-
tation of palaeoenvironment and palaeoclimate of the Shine Us locality.

Material and methods

In the course of the above mentioned excursions to Shine Us in the years 1997 and 2001 
we collected fossils from the lower part of the Beger Fm., where mammal bones and 
teeth were imbedded in light brown, locally laminated clayey silt. From one outcrop with 
visible fossil content we took test samples for wet screening. The total sample size was 

Fig. 1. Topographic map of Mongolia. The position of locality Shine Us in south western Mon-
golia is indicated by the black square, and the gray rectangle marks the Taatsiin Gol and Taatsiin 
Tsagaan Nuur localities in the Valley of Lakes. Modified from Harzhauser (2016: fig. 1).
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no more than 300 kg. Additionally, we collected fossils from the naturally eroded surface 
of this place within a few square meters. The sample was collected at N 46°05′38.2″  
E 96°04′23.4″ (Fig. 2), north east of the geological section, with its base at N 46o05′35″ 
E 96o04′12.9″. The fossil bed yielding assemblage SHU-A/1 can be correlated with the 
middle to upper part of unit 17 (Beger Fm.) of the logged section (Fig. 3).

The sample was wet-screened in the Valley of Lakes field-camp at Taatsiin Gol. The 
subsequent process of selecting fossils from the residuals, first identifications, number-
ing and arranging of fossils was carried out in Austria. Later, the different taxonomic 
groups were distributed to the co-authors for description. SEM-images were taken by D. 
Gruber (Biocenter, University of Vienna), P. Valverde and S. Fraile (Museo Nacional 
de Ciencias Naturales-CSIC, Madrid), and K. Wolf-Schwenninger (Staatliches 
Museum für Naturkunde, Stuttgart). The fossils (assemblage SHU-A/1) collected by D. 
Badamgarav† and G. Daxner-Höck (1997 and 2001) are described in the present paper 
and stored in the collection of the Natural History Museum in Vienna, Austria. Sediment 

Fig. 2. Shine Us locality in the Khaliun Basin, south western Mongolia. The light brown clayey 
silt correlates with the middle to upper part of layer 17 of the Shine Us section. The white arrow 
in front marks the sample place of assemblage SHU-A/1. Scattered bones and a palynological 
sample were also collected from this place (N 46°05′38.2″ E 96°04′23.4″; 1683 m elevation) 
during excursions from 1997, 2001, and 2015. Photo: G. Daxner-Höck, 2015.
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samples collected for palynological research and some additional small mammal fossils 
found in the course of later excursions (2009 and 2015), are not included in this study. 
They are under care of the Mongolian researchers N. Ichinnorov and B. Bayarmaa 
from the Palaeontological-Geological Institute of the Mongolian Academy of Sciences, 
Ulaanbaatar. The composite geological section SHUS1 was studied by D. Badamgarav† 
and T. Narantsetseg in 2009, and is herein presented by T. Narantsetseg.

Underlines of figure numbers indicate that figured specimens were mirrored (e. g., Fig. 10 
A8 shows a right M1, but the M1 is figured as if it were from the left side).

F o s s i l  r e c o r d :  Along with freshwater ostracods, gastropods, fishes, lizards, snakes, 
and birds, the Shine Us assemblage SHU-A/1 comprises more than 900 mammal remains, 
which derive from 30 mammal taxa. The fossil collection consists of well-represented tax-
onomic groups, and also of very rare ones. In the present paper we describe the well-repre-
sented fossils in detail (authors in brackets): Lagomorpha (M. Erbajeva), Erinaceomorpha, 
Soricomorpha, and Chiroptera (R. Ziegler), Cricetidae (P. López-Guerrero), Ctenodactyl-
idae (A. Oliver), Dipodidae (G. Daxner-Höck) and Ruminantia (B. Mennecart). Moreo-
ver, the rare remains of Aves (U.B. Göhlich), Lacertidae and Serpentes (D. Vasilyan) are 
presented and figured in this article. Not described are tooth fragments and some strongly 
worn teeth of the rodent families Sciuridae, Aplodontidae, Eomyidae, and Tsaganomyidae 
and of the lagomorphs Desmatolagus, Sinolagomys, and Archeaolagus. We also omit the 
freshwater Ostracoda (Cyprididae and Candonidae), egg shells, the few remains of Gas-
tropoda (Pupilloidea / mostly internal casts), and Pisces (Cyprinidae / pharyngeal teeth and 
vertebrae).

Abbreviations

NHMW collection of the Natural History Museum Vienna, Department of Geology and 
Palaeontology

AMNH	collection of the Natural History Museum, New York
PIN	 collection of the Paleontological Institute of the Russian Academy of Sciences, 

Moscow
P – M	 premolars and molars of the upper dentition
p – m	 premolars and molars of the lower dentition
I – i	 upper and lower incisivi
C – c	 upper and lower canini
D	 upper deciduous premolar
d	 lower deciduous premolar
n	 number of specimens
s 	 standard deviation
V 	 variability coefficient
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Geological section (T. Narantsetseg)

The composite section (SHUS1) of the Shine 
Us locality was studied by Badamgarav and 
Narantsetseg in summer 2009 (Fig. 3). It is 
placed in the central part of the Khaliun Basin 
near Shine Us Khudag. The logged section 
covers parts of the Khantaishir, Beger, and 
Uush formations and represents a total thick-
ness of 140 m.

The stratigraphic base of the K h a n t a i s h i r 
F m .  well crops out at N 46o05′35″; E 
96o04′12.9″ on top of Paleozoic basement 
rocks. It consist mainly of light grey gravel, 
green to yellowish-grey sand, and yellowish 
brown fine to coarse sand facies intercalat-
ing with minor greenish to reddish brown silt 
and clay layers (Fig. 3; units 1–16). Gravels 
are mainly subangular to subrounded, up to 
25 cm in diameter, poorly sorted, polymict, 
and without visible textures. Bed thicknesses 
vary from 1.2 m to 6.4 m. The sand is fine to 
coarse grained, polymict, and shows horizon-
tal, planar and trough cross-bedding with set 
thicknesses up to 3.2 m. The sand is gener-
ally poorly sorted, but well sorted within the 
cross beds. Furthermore, the sand contains 
numerous gravel and cobble-lenses as well 
as thin layers (up to 40 cm thick). Additional 
elements include reddish brown clay nodules, 

well-rounded carbonate concretions up to 20 cm in diameter, and rare manganese oxide 
concretions. Silt and clays are slightly carbonaceous and mainly show a massive texture, 

Fig. 3. Detailed stratigraphic column of the Shine 
Us section (SHUS1) from Shine Us, Khaliun Basin, 
south western Mongolia, studied by Badamgarav† 
and Narantsetseg 2009. The base of the section is 
at: N 46o 05′35″; E 96o 04′12.9″. Legend: 1 planar 
cross bedding, 2 trough cross-bedding, 3 ripple 
marks, 4 carbonate lenses and concretions, 5 man-
ganese oxide concretions, 6 fossils.
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although rare laminated and spotted textures are present. They also contain rare car-
bonate concretions and manganese oxide concretions. The total thickness of the Khan-
taishir Fm. is 56.6 m at the SHUS1 section.

The B e g e r  F m .  (Fig. 3; units 17–20), with a total thickness of 36.1 m, crops out at 
the weathered surface of the Khantaishir Fm. It consists mainly of bedded reddish brown 
silt and clay – predominantly in its lowermost part – alternating with beds of yellowish 
grey fine to coarse sand. The silt- and clay-layers of the middle and upper part are usually 
thin or ripple laminated and contain abundant carbonate concretions up to 15 cm in size. 
Numerous fossil remains are included in silt-lenses or clayey silt-layers. The light-brown 
clayey silt (middle to upper part of unit 17) is partly horizontally laminated, and is distin-
guished by its fossil richness. The SHU-A/1 assemblage stems from an outcrop of unit 
17 (Fig. 2). The sample place is located north east of the logged section, at N 46°05′38.2″ 
E 96°04′23.4″.

The U u s h  F m .  consists of light grey moderately compacted fine-grained sandstone 
in the lower part (Fig. 3; unit 21), and thick beds of reddish brown silty clay containing 
numerous layers of yellowish fine sand in the upper part (Fig. 3; unit 22). The basal 
sandstone shows well-preserved planar and trough cross-bedding textures, and contains 
a pinkish grey thin carbonate layer about 3–4 cm in thickness. Fossil remains occur in 
the sandstone. The sandstone suggests the change from Oligocene to Miocene deposits. 
The total thickness of the Uush Formation is 27.7 m.

Systematic Palaeontology

Squamata and Serpentes (D. Vasilyan)

Class Reptilia Laurenti, 1768

Order Squamata Oppel, 1811

Family Lacertidae Oppel, 1811

Lacertidae indet.
(Fig. 4 A)

M a t e r i a l :  three incomplete dentaries (NHMW 2018/0040/0001–0003) from sample 
SHU-A/1.

D e s c r i p t i o n  a n d  c o m m e n t s :  The dentary fragments exhibit sharp small-sized 
bicuspid teeth, with a large central cusp and a smaller lateral one. The lingual surface of 
teeth is smooth. The preserved lamina horizontalis is rather low and has a flat lingual sur-
face. Based on the presence of bicuspid teeth, all available specimens can be attributed 
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to small-sized lizards of the family Lacertidae (Kosma 2004). The presence of lizards in 
the material suggests the availability of open (rocky) habitats where the sunlight reaches 
the ground.

Suborder Serpentes (Linnaeus, 1758)

Serpentes indet.
(Fig. 4 B–C)

M a t e r i a l :  one fragmentary neural arch (NHMW 2018/0041/0001).

D e s c r i p t i o n  a n d  r e m a r k s :  The roof of the neural arch is preserved. It shows a 
low and short neural crest which does not reach the anterior margin of the neural arch. 
The zygosphene is rather well-developed. The morphology of the neural arch resembles 
that of the snakes (Hoffstetter & Gasc 1969) but no precise identification is possible.

Aves (U.B. Göhlich)

Class Aves Linnaeus, 1758

Aves indet.

A very few and extremely fragmentary bird bones (NHMW 2018/0135/0000) were pres-
ent in the screen washing residue of the Shine Us sediments, but they allow no precise 
systematic assignment.

Order Accipitriformes Vieillot, 1816

Family Accipitridae, Vieillot, 1816

Fig. 4. Squamates from the Shine Us locality (assemblage SHU-A/1), Khaliun Basin, sout west-
ern Mongolia, Beger Fm., late Oligocene. A. Lacertidae indet., dentary NHMW 2018/0040/0001) 
in lingual view, and B–C. Serpentes indet., neural arch (NHMW 2018/0041/0001) in dorsal and 
anterior views.
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Accipitridae indet.
(Fig. 5 A–D)

M a t e r i a l  a n d  m e a s u r e m e n t s :  Best preserved is an almost complete claw 
(NHMW 2018/0135/0001), which represents a diurnal bird of prey. It is 16 mm in 
length; the estimated complete length was about 18 mm. Height and width of the cotyla 
articularis are 6.6 × 5 mm.

D e s c r i p t i o n :  The claw is almost complete and lacking only the outermost tip (apex). 
It can be identified as an accipitriform claw due to the very strong tuberculum flexo-
rium (apophysis flexoris) and the flattened plantar side of the corpus phalangis. The 
concave proximal cotyla articularis is pyriform in outline and relatively symmetrically 
subdivided in two halves. The tuberculum flexorium is strongly developed, projecting 
plantoapically and terminating in a bulky knob; a foramen, topped by a thin crest running 
plantoapically, is located laterally on both sides of the basis of the tuberculum flexorium.

D i s c u s s i o n :  Not many fossils of diurnal birds (Accipitriformes) are known from 
the Oligocene or lower Miocene of Mongolia or Central Asia. Kurochkin (1968a) 
described three accipitrid species from the Oligocene of Mongolia: “Buteo” circoides 
Kurochkin, 1968a (distal ulna), Venerator (Tutor) dementjevi (Kurochkin, 1968a) 
(distal humerus), and Gobihierax edax Kurochkin, 1968a (distal humerus) (for more 
information see Kurochkin et al. 2015; Mayr 2009). Kurochkin (1968b, 1976) further 
mentioned several femora resembling the recent Aegypiinae (Old World vultures) from 
the lower Oligocene of Mongolia, and an accipitrid (“Aquilavus”) from the upper Oli-
gocene of Kazakhstan. Furthermore, Olson (1985) pointed to undescribed Cathartidae 
(New World vultures) from the lower Oligocene of Mongolia. Lower Miocene bird fos-
sils are very poorly investigated throughout Asia. No diurnal bird material is described 
so far from the lower Miocene of Central Asia. The lower and middle Miocene of eastern 
Asia (Zelenkov 2016), however, have yielded the vultures Qiluornis taishanensis Hou 
et al., 2000 (partial hindlimb) and Mioaegypius gui Hou, 1984 (tarsometatarsus).

Almost none of the above-mentioned taxa are represented by claw(s), preventing com-
parisons with the present claw from Shine Us. Only claws of Qiluornis taishanensis are 
described, but clearly differ from the Shine Us claw by reduced tubercula flexorii and 
extensorii (Manegold et al. 2014).

Own comparisons with claws of extant accipitriforms and falconiforms, namely Falco 
cherrug cyanopus, Coragyps atratus brasiliensis, Pandion haliaetus, Pernis apivorus, 
Gypaetus barbatus, Buteo buteo, Nisaetus cirrhatus, Aquila chrysaetos, Milvus mil-
vus, Accipiter gentilis, and Haliaeetus albicilla (all comparative material housed in the 
ornithological collection of the NHMW), show that the Shine Us claw clearly differs 
morphologically from Falconiformes, Cathartidae, and Pandionidae. Within the com-
pared Accipitridae, the claw most closely resembles those of Buteo buteo, especially in 
the size and shape of the tuberculum flexorium. In its dimension the claw corresponds to 
those of digit I and II of a female Buteo buteo (e. g., NHMW-Zoo1 11.019); accordingly, 
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the accipitrid taxon to which the claw belongs had an estimated body mass of about 
1 kg. However, the presence of only one claw does not allow a more precise systematic 
determination.

Based on the described vertebrate fauna from Shine Us, this bird of prey had a diverse 
choice of prey animals including small mammals and reptiles.

Lagomorpha (M.A. Erbajeva)

Dental terminology after Lopez Martinez (1989).

Class Mammalia Linnaeus, 1758

Order Lagomorpha Brandt, 1855

Family Ochotonidae Thomas, 1897

Subfamily Sinolagomyinae Gureev, 1960

Genus Bohlinotona de Muizon, 1977

Bohlinotona cf. pusilla (Teilhard de Chardin, 1926)
(Fig. 6 A–G, Tab. 1)

	 1926 Desmatolagus pusillus n. sp., pro parte – Teilhard de Chardin: 23, figs 11 A, B, 12 B.
	 1977 Bohlinotona pusilla (Teilhard de Chardin, 1926), pro parte – de Muizon: 272, fig. 3 b, c, d.
	 1998 Bohlinotona pusilla (Teilhard de Chardin, 1926) – Erbajeva & Sen: 98, figs 2–3, tab. 1.

M a t e r i a l  ( i n v.  n u m b e r s ) :  1 p3 (NHMW 2013/0113/0001), 1 m2 (NHMW 
2013/0113/0002), 1 P2 (NHMW 2013/0113/0003), 1 P3 (NHMW 2013/0113/0004), 1 P4 
(NHMW 2013/0113/0005), 3M1 (NHMW 2013/0113/0006–0008, 2013/0113/0010), 
1 M2 (NHMW 2013/0113/0009), 1 p4–m1 (NHMW 2013/0113/0016), 1 p3–m2 
(NHMW 2013/0113/0017), 1 p4–m2 (NHMW 2013/0113/0018), 1 P3–P4 (NHMW 
2013/0113/0020), 1 P3–M1 (NHMW 2013/0113/0021), 3 D4 (NHMW 2013/0113/0011–
0013), 1 d3 (NHMW 2013/0113/0014), 1 incisor (NHMW 2013/0113/0015), 1 fragment 

Fig. 5. Pedal claw (probably of digit I or 
II) (NHMW 2018/0135/0001) of an accip-
itrid bird in A. lateral, B. proximal, C. plan-
tar, and D. dorsal view. Shine Us locality 
(assemblage SHU-A/1), Khaliun Basin, 
south western Mongolia, Beger Fm., upper 
Oligocene.
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of m1 trigonid (NHMW 2013/0113/0019). Additionally, 200 molars, premolars, and 
deciduous teeth (NHMW 2013/0113/0020–0220), and many tooth fragments and incisors 
(NHMW 2013/0113/0000) were recently selected from the remaining part of residuals. 
These additional fossils will be published in another context.
M e a s u r e m e n t s :  see Tab. 1.
D e s c r i p t i o n :  Small-sized hypsodont teeth. Except for P2 the upper teeth are trans-
versely curved and have three roots, i. e., two short small lateral roots and a large perma-
nently growing internal root. The internal root of old individuals can even form a circle. 
Accordingly, the occlusal surface of strongly worn teeth is very wide.
P2: The tooth is column shaped, slightly curved and has one root. The occlusal surface is 
oval. Two shallow anterior reentrants (paraflexus) extend to the root and are filled with a 
small amount of cement (Figs 6 B1, 6 B2).
P3 of young individuals have an oval occlusal outline, with three cones separated by 
anterior reentrants. The deep internal reentrant is filled with cement, the shallow exter-
nal lacks cement (Figs 6 D1, 6 D2). The internal cone (protocone) has an anteroloph, 
the large middle one (paracone) is bulbous in outline, the external one (metacone) is 
smallest and very short. The lingual margin of P3 shows no trace of the hypostria. Worn 
teeth gradually become wider. The anteroloph and the lingual part of the paracone are 
separated by the internal reentrant but stay in place (Fig. 6 A).

Table 1. Descriptive statistics of tooth measurements of Bohlinotona cf. pusilla from assemblage 
SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) width (mm)
range mean n range mean

P3–M1 3.50 1
P3–P4 2.25–2.35 2.30 2
P2 0.65 1
P3 1.00–1.25 1.08 3 1.90–3.70 2.60
P4 1.10–1.20 1.13 3 2.15–4.70 3.15
M1 1.10–1.25 1.15 3 2.60–4.25 3.40
M2 1.00 1
p3–m2 4.85 1
p3–m1 3.50 1
p3–p4 2.15 1
p4–m1 2.65–2.90 2.76 2
p3 0.95 2 1.10–1.20 1.15
p4 1.35–1.45 1.40 3 1.50–1.60 1.53
m1 1.35–1.50 1.42 3 1.50–1.70 1.60
m2 1.40–1.50 1.43 3 1.40–1.60 1.50
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P4: The tooth is rectangular in occlusal outline (Fig. 6 D1), relatively long externally, and 
shorter internally. The enamel band is well developed at the anterior and lingual margins, 
it is absent at the external and posterior ones. Teeth of young individuals have a crescentic 
valley filled with cement. The cement disappears in advanced wear stages. The internal 
border gradually becomes sharp, the lateral margin remains relatively straight (Fig. 6 A).
Worn M1 and M2 show a similar trend, although M2 has slightly sharper internal and 
external edges. Moreover, the anterior margin of M2 is wider than the posterior one 
(Figs 6 C1, 6 C2).
The mandible is relatively robust below p4. The lower incisor extends posteriorly as 
far as the end of m1, developing a visible tubercle on the lingual and labial sides of the 
mandibular ramus. The foramen mentale is located below p3.
The p3 is triangular in occlusal outline, has smooth rounded edges, and the antero-exter-
nal fold is filled with a small amount of cement (Figs 6 E, 6 F1–F4). The posterior border 
of p3 is straight. The entire tooth crown is covered by enamel.
The p4–m2 have sharp external and rounded internal edges. The enamel band is well 
developed on the external and posterior margins of the trigonid and talonid. The trigonid 
and talonid are connected by cement, with the former being wider than the latter. Exter-
nally the trigonid is longer because of its convex anterior and posterior borders. The 
talonid is oval with a sharp external edge (Figs 6 E, 6 G), (Tab. 1).
The m3 was not found yet, but the mandible displays a round alveola for m3.
D i s c u s s i o n :  The Ochotonidae species B. pusilla was first evidenced from the locality 
Saint-Jacques in China. Originally, the fossils were described as Desmatolagus pusillus 
by Teilhard de Chardin (1926). Later, de Muizon (1977) referred the species to a new 
genus, Bohlinotona de Muizon, 1977. The re-examinations of the Saint-Jacques mate-
rial by Erbajeva & Sen (1998) revealed that the type material of B. pusilla included two 
genera and two species, the type species Bohlinotona pusilla (Teilhard de Chardin, 
1926) and Desmatolagus chinensis Erbajeva & Sen, 1998.
Bohlinotona cf. pusilla is also known from the upper Oligocene of Mongolia (letter zones 
C and C1), from the localities Toglorhoi (TGW- A/2), Taatsiin Gol (TGR-C/1+2), Unzing 
Churum (TAR-A/2), Del (DEL-B/12), and Huch Teeg (RHN-A/9) (Erbajeva 2007; Erba-
jeva & Daxner-Höck 2014). The SHU-A/1 assemblage comprises four Lagomorpha taxa, 
the Ochotonidae B. cf. pusilla and Sinolagomys sp., and the Leporidae Archaeolagus sp. 
and Desmatolagus sp. While B. cf. pusilla is well represented by upper and lower jaw-frag-
ments, isolated premolars, molars, deciduous teeth, incisors and numerous tooth-fragments, 
the other three taxa are poorly evidenced by only 1–2 specimens each: 1 P3 and I sup. of 
Sinolagomys sp. (NHMW 2013/0382/0001 and 0002), 1 M1 of Archaeolagus sp. (NHMW 
2013/0171/0001) and m1–m2 of Desmatolagus sp. (NHMW 2013/0172/0001). The latter 
three taxa and the deciduous teeth of Bohlinotona are not described in detail here.
Bohlinotona cf. pusilla from Shine Us resembles the nominative species from the local-
ity Saint-Jacques in China, but it differs slightly from the type material by its smaller size 
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and a wider and shorter talonid. These minor differences may reflect individual varia-
bility or regional differences of B. pusilla. All four genera – Bohlinotona, Sinolagomys, 
Archaeolagus, and Desmatolagus – are also characteristic elements of the Saint-Jacques 
fauna, dated as upper Oligocene.

Erinaceomorpha, Sciuromorpha and Chiroptera (R. Ziegler)

Dental terminology after Engesser (1980) for erinaceids, Reumer (1984) for soricids, 
Hutchison (1974) for talpids, and Sigé (1968) for chiropterans.

Order Erinaceomorpha Gregory, 1910

Family Erinaceidae Fischer von Waldheim, 1817

Subfamily Brachyericinae Butler, 1948

Fig. 6. Bohlinotona cf. pusilla (Teilhard de Chardin, 1926) from the Shine Us locality (assem-
blage SHU-A/1) in the Khaliun Basin, south western Mongolia, Beger Fm., upper Oligocene. A: 
right P3-M1 (NHMW 2013/0113/0021); B1: left P2 (NHMW 2013/0113/0003), occlusal view, 
B2: left P2 frontal view; C1: left M2 (NHMW 2013/0113/0009), occlusal view; C2: left M2, 
posterior view; D1: left P3–P4 (NHMW 2013/0113/0020), occlusal view, D2: left P3-P4, frontal 
view; E: left p3–m2 (NHMW 2013/0113/0017); F1: right p3 (NHMW 2013/0113/0001), occlu-
sal view, F2: right p3, view from bottom of tooth, F3: right p3, frontal view, F4: right p3, lateral 
view; G: right m2 (NHMW 2013/0113/0002).
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Brachyericinae gen. et sp. indet.
(Fig. 7 A)

M a t e r i a l  (state of preservation allows no measurements): Left edentulous dentary 
fragment (NHMW 2018/0021/0001).
D e s c r i p t i o n  a n d  r e m a r k s :  The mental foramen is situated below the alveolus, 
anterior to the p4 alveolus. The strong masseteric ridge extends to below p4. That ridge 
is a distinctive character of Brachyerincinae. The species of this subfamily differ in size, 
the number of premolars, the position of the mental foramen, and in the degree of sculp-
turing of the buccal sides of p4–m2. The specimen is quite similar to Exallerix pustulatus 
Ziegler et al., 2007 from the Hsanda Gol Fm. at the Taatsiin Gol locality, but differs 
from it in the more anterior location of the mental foramen. A more precise identification 
of the specimen is not possible.

Subfamily Erinaceinae Fischer von Waldheim, 1817

Genus Palaeoscaptor Matthew & Granger, 1924

Palaeoscaptor cf. rectus Matthew & Granger, 1924
(Fig. 7 B)

	 1924 Palaeoscaptor rectus new species. – Matthew & Granger: 3.
	 1970 Amphechinus (Palaeoscaptor) cf. rectus (Matthew & Granger, 1924) – Sulimski: 63, 

pl. XIX, fig. 4, text-fig. 1A, C.
	 1984 Amphechinus rectus Matthew & Granger, 1924 – Huang: 306–308, pl. l, figs 4–11.
	 1984 Amphechinus cf. rectus Matthew & Granger, 1924 – Huang: 308, pl. 1, fig. 1.
	 2007 Palaeoscaptor cf. rectus Matthew & Granger, 1924 – Ziegler, Dahlmann & Storch: 

83 f., fig. 8.

M a t e r i a l  a n d  m e a s u r e m e n t s :  three specimens; right m1 (NHMW 
2018/0022/0001), length 3.85 mm, anterior width 1.97 mm, posterior width 2.05 mm; 
right m2-trigonid (NHMW 2018/0022/0002) anterior width 1.91 mm; left m1-talonid 
(NHMW 2018/0022/0003) posterior width 2.00 mm.

R e m a r k s :  The only nearly complete tooth, a left m1, shows the elongated trigo-
nid, which is the apomorphic feature of the genus Palaeoscaptor. The protoconid is 
partly broken off. The tooth is distinctly larger than the m1 of P. acridens Matthew & 
Granger, 1924. Nonetheless, it is also much smaller than in P. gigas (Lopatin, 2002). 
The specimen best fits with P. rectus from several Oligocene localities in the Valley of 
Lakes (see measurements in Ziegler et al. (2007: tabs 5, 7, p. 90)).

cf. Palaeoscaptor gigas (Lopatin, 2002)
(Fig. 7 C)

	 2002 Amphechinus gigas sp. nov. – Lopatin: 303, fig. 1.
	 2007 Palaeoscaptor gigas (Lopatin, 2002) – Ziegler, Dahlmann & Storch: 88 f., fig. 9.
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M a t e r i a l  a n d  m e a s u r e m e n t s :  three specimens; left m1 paracristid (NHMW 
2018/0023/0001), length 3.71 mm; right m1 paracristid (NHMW 2018/0023/0002), 
length 3.64 mm; left P3-fragment (NHMW 2018/0023/0003), width 1.46 mm.

D e s c r i p t i o n :  The long paracristid shows that the trigonid of the m1 was elongated, 
which is chararctistic of Brachyerincinae and Palaeoscaptor. The fragment sizes corre-
spond well with P. gigas. Due to the absence of tubercules they cannot belong to Exal-
lerix Mc Kenna & Holton, 1967. The postparacrista of P3 is broken off. There is no 
distinct parastyle.

Table 2. Amphechinus taatsiingolenis, sample statistics of the teeth. (measurements in mm, n = 
number of specimens, s = standard deviation, V = coefficient of variation).

n range mean s V
d4 width 2 0.69– 0.97 0.83
p4 length 6 1.30–1.40 1.34 0.041 3.09
p4 width 10 0.77–0.88 0.84 0.041 4.92
m1 length 10 1.83–2.14 1.96 0.094 4.81
m1 width anterior 16 1.00–1.18 1.10 0.050 4.60
m1 width posterior 17 0.97–1.70 1.15 0.077 6.71
m2 length 8 1.45–1.62 1.55 0,060 3.91
m2 width anterior 11 0.93–1.10 1.02 0.052 5.13
m2 width posterior 8 0.87–1.04 0.96 0.053 5.46
m3 length 9 0.74–0.94 0.83 0.078 9.43
m3 width anterior 10 0.50–0.60 0.56 0.035 6.36
D3 length 2 1.03–1.07 1.05
D3 width 2 0.77–0.84 0.81
P3 length 2 1.17–1.19 1.18
P3 width 1 0.95
P4 length 1 1.73
P4 width 2 1.54–1.57 1.56
M1 length buccal 6 1.59–1.79 1.67 0.077 4.62
M1 length lingual 12 1.35–1.62 1.50 0.084 5.61
M1 width anterior 8 1.74–2.20 1.98 0.139 7.05
M1 width posterior 5 1.83–2.19 2.04 0.144 7.04
M2 length buccal 7 1.11–1.46 1.29 0.110 8.52
M2 length lingual 11 0.92–1.18 1.09 0.076 7.00
M2 width anterior 10 1.54–1.93 1.69 0.124 7.39
M2 width posterior 9 1.31–1.52 1.43 0.078 5.48
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Genus Amphechinus Aymard, 1850

Amphechinus taatsiingolensis Ziegler, Dahlmann & Storch, 2007
(Fig. 7 D1–D10, Tab. 2)

	 2007 Amphechinus taatsiingolensis nov. spec. – Ziegler, Dahlmann & Storch: 96 f, fig. 11.

M a t e r i a l :  92 isolated teeth, partly fragments (NHMW 2018/0024/0001–0092).

M e a s u r e m e n t s : see Tab. 2 (p. 209).

D e s c r i p t i o n  a n d  r e m a r k s :  Several single-rooted, unicuspid Erinaceidae teeth 
may be the i3 and lower canines (c) of Amphechinus.

The p4 have a paraconid as high as the protoconid, a metaconid attached to the lingual 
face of the protoconid, a marked postcristid and a faint ectocingulid. The m1 shows the 
relatively compressed trigonid, characteristic of Amphechinus. All m3 are single-rooted 
and have no talonid, which is an autapomorphy of Amphechinus. Five specimens show 
a weak postcingulid, four m3 none.

The D3, P3 and P4 have a faint protocone and parastyle. In the M1 and M2 a metaconule 
is, if present at all, a thickening of the end of the postmetaconule crest.

All tooth sizes fit best with A. taatsiingolenis. The wide range of some measurements sug-
gests that the sample is inhomogeneous. Some specimens may belong to Palaeoscaptor.

The larger specimens overlap in size with the smaller teeth of A. major (Ziegler et al. 
2007: tabs 5, 9,11), but the vast majority of the teeth belongs to A. taatsiingolensis.

The species is very abundant in assemblages of letter zone C in the Valley of Lakes, but 
also sporadically occurs up to the Miocene letter zone D.

Order Soricomorpha Gregory, 1910

Family Soricidae Fischer, 1814

Subfamily Crocidosoricinae Reumer, 1987

Crocidosoricinae gen. et sp. indet.
(Fig. 7 E)

M a t e r i a l  a n d  m e a s u r e m e n t s :  four specimens: right m1(NHMW 2018/0025/ 
0001), length 1.11 mm, anterior width 0.66 mm, posterior width 0.69 mm; left I sup. 
(NHMW 2018/0025/0002), length 0.97 mm, talon length 0.43 mm, height 0.77 mm; 
right I sup. (NHMW 2018/0025/0003), length 0.98 mm, talon length 0.48 mm, height 
0.74 mm; right M1 (NHMW 2018/0025/0004), labially damaged, no measurements.

D e s c r i p t i o n  a n d  r e m a r k s :  No vestige of pigmentation is preserved on the teeth.
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The m1 has a wide postentoconid valley and a marked pre- and postcingulid. The latter 
extends labially below the hypoconid and continues to below the protoconid. The upper 
incisors are not fissident and are generalized crocidosoricine upper incisors. In the M1 the 
parastyle is broken off, and the mesostyle is confluent at moderate wear. The heel is short.

The teeth lumped together here do not necessarily belong to one species. They show the 
overall crocidosoricine morphology but do not fit with any species recorded by Ziegler 
et al. (2007) from the Taatsiin Gol region (Valley of Lakes, Mongolia). They cannot be 
identified more precisely.

Family Talpidae Fischer von Waldheim, 1817

Talpidae gen. et. sp. indet.
(Fig. 7 F)

M a t e r i a l  a n d  m e a s u r e m e n t s :  two specimens; left dentary fragment with m3 
(NHMW 2018/0026/0001), length 1.00 mm, width 0.57 mm; right m3-trigonid (NHMW 
2018/0026/0002), width anterior 0.55 mm.

D e s c r i p t i o n  a n d  r e m a r k s :  The m3 has a marked precingulid, no further cin-
gulids and no entostylid. The oblique cristid ends at the rear basis of the tigonid, roughly 
in the middle.

The m3 is distinctly smaller than in Mongolopala tathue Ziegler, Dahlmann & Storch, 
2007 and also differs from this species in the oblique cristid terminating more labially. 
The m3 does not fit with any Talpidae gen. et sp. indet. 1–9, which have been recorded 
from the Valley of Lakes (see Ziegler et al. 2007).

As a rule most talpids cannot be identified to species level based solely on the m3.

Order Chiroptera Blumenbach, 1779

Family Vespertilionidae Gray, 1821

Genus Myotis Kaup, 1829

cf. Myotis horaceki Ziegler, 2000
(Fig. 7 G)

	 2000 Myotis intermedius n. sp. – Ziegler: 662 f., pl. 6, figs 55–67.
	 2003 Myotis horaceki. – Ziegler: 2.

M a t e r i a l  a n d  m e a s u r e m e n t s :  one specimen: right M2 (NHMW 2018/0027/0001), 
length 1.50 mm, width 1.96 mm.

D e s c r i p t i o n  a n d  r e m a r k s :  In the right M2, the parastyle is broken off. The tooth 
has neither hypocone, nor para- and metaconule. No para- and metaloph is developed. 
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Preprotocrista joins parastyle, postprotocrista ends at the basis of metacone. At moderate 
wear mesostyle is confluent. Precingulum is faint and restricted to below the mesial basis 
of protocone. Postcingulum is stronger and broken off near metastyle.

So far no bats are known from the Valley of Lakes sites. Due to the absence of para- and 
metaloph and the confluent mesostyle, the M2 cannot belong to Stehlinia (cf. fig. 16, and 
diverse species of Stehlinia figured in Maitre 2014). Morphologically the M2 best fits 
with Myotis horaceki (Ziegler, 2000) from the upper Oligocene of southern Germany. 
It is in the uppermost size range of this species.

Ctenodactylidae (A. Oliver)

For dental terminology see Oliver & Daxner-Höck (2017: fig. 2).

Order Rodentia Bowdich, 1821

Family Ctenodactylidae Zittel, 1893

Genus Tataromys Matthew & Granger, 1923

Tataromys sigmodon Matthew & Granger, 1923
(Fig. 8 A1–A7, Tab. 3)

	 1923 Tataromys sigmodon – Matthew & Granger: 6.
	 1997 Tataromys sigmodon Matthew & Granger, 1923 – Wang: 18–20, figs 12–14, 41, tabs 4–5.
	 2006 Tataromys sigmodon Matthew & Granger, 1923 – Vianey-Liaud et al.: 124–132, figs 6–8, 

tabs 4–11, pls 1–3.
	 2017 Tataromys sigmodon Matthew & Granger, 1923 – Oliver et al.: 56, fig. 3.

M a t e r i a l :  133 specimens; 8 D4 left (NHMW 2017/0018/0001–0008), 9 D4 right 
(NHMW 2017/0018/0009–0017), 10 P4 left (NHMW 2017/0018/0018–0027), 4 P4 right 
(NHMW 2017/0018/0028–0031), 8 M1 left (NHMW 2017/0018/0032–0039), 7 M1 right 

Fig. 7. Erinaceomorpha, Soricomorpha, and Chiroptera from the Shine Us locality (assemblage 
SHU-A/1), Khaliun Basin, south western Mongolia, Beger Fm., upper Oligocene. A: Brachyer-
incinae gen. et sp. indet., left dentary fragment (NHMW 2018/0021/0001); B: Palaeoscpator cf. 
rectus, right m1 (NHMW 2018/0022/0001); C: cf. Palaeoscptor gigas, left m1 paracristid (NHMW 
2018/0023/0001); D1: Amphechinus taatsiingolensis, left d4 (NHMW 2018/0024/0011); D2: 
Amphechinus taatsiingolensis, left p4 (NHMW 2018/0024/0001); D3: Amphechinus taatsiingo-
lensis, left m1 (NHMW 2018/0024/0013); D4: Amphechinus taatsiingolensis, right m2 (NHMW 
2018/0024/0040); D5: Amphechinus taatsiingolensis, left m3 (NHMW 2018/0024/0047); D6: 
Amphechinus taatsiingolensis, left D3 (NHMW 2018/0024/0061); D7: Amphechinus taatsiingo-
lensis, right P3 (NHMW 2018/0024/0058); D8: Amphechinus taatsiingolensis, right P4 (NHMW 
2018/0024/0054); D9: Amphechinus taatsiingolensis, left M1 (NHMW 2018/0024/0063); D10: 
Amphechinus taatsiingolensis, right M2 (NHMW 2018/0024/0082); E: Crocidosoricinae gen. 
et sp. indet., right m1 (NHMW 2018/0025/0001); F: Talpidae gen. et. sp. indet., left dentary 
fragment with m3 (NHMW 2018/0026/0001); G: cf. Myotis horaceki Ziegler, 2000, right M2 
(NHMW 2018/0027/0001).


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(NHMW 2017/0018/0040–0046), 7 M2 left (NHMW 2017/0018/0049–0055), 3 M2 right 
(NHMW 2017/0018/0057–0059), 8 M3 left (NHMW 2017/0018/0060–0067), 3 M3 
right (NHMW 2017/0018/0068–0070),1 fragmentary maxilla with M1–2 right (NHMW 
2017/0018/0047), 1 fragmentary maxilla with M1–3 right (NHMW 2017/0018/0048), 
1 fragmentary maxilla with M2–3 left (NHMW 2017/0018/0056), 9 d4 left (NHMW 
2017/0018/0071–0079), 11 d4 right (NHMW 2017/0018/0080–0090), 5 p4 left (NHMW 
2017/0018/0091–0095), 5 p4 right (NHMW 2017/0018/0096–0100), 3 m1 left (NHMW 
2017/0018/0101–0102, 2017/0018/0131), 11 m1 right (NHMW 2017/0018/0103–0111, 
2017/0018/0132–0133), 3 m2 left (NHMW 2017/0018/0112–0113, 2017/0018/0125), 
7 m2 right (NHMW 2017/0018/0114–0120), 4 m3 left (NHMW 2017/0018/0121–0124), 
5 m3 right (NHMW 2017/0018/0126–0130).

M e a s u r e m e n t s :  see Tab. 3.

D e s c r i p t i o n :  D4: The labial anteroloph is always present and the ingual anteroloph 
is absent. Commonly the anterior protoloph is present, but in one specimen it is trans-
verse and in another it is posterior. The direction of metaloph varies between backwards, 
transverse and anterior.

P4: The labial anteroloph is very diverse, it is long, medium, short, incipient or absent. 
The lingual anteroloph is absent. The labial posteroloph is always present and it is long, 
medium or short. The lingual posteroloph is long and connected to the protocone, it is 
short, incipient or absent.

M1: The labial anteroloph is always present and usually of medium length. The lin-
gual anteroloph is absent except in two specimens. An anterior protoloph is present, 
except in one tooth where it is transverse. The metaloph points backwards, transversely 
or forwards.

Table 3. Descriptive statistics of Tataromys sigmodon from Shine Us. Abbreviations: n = number 
of teeth measured.

length (mm) width (mm)
range mean n range mean

D4 1.74–2.01 1.87 8/9 1.61–2.31 1.92
P4 1.44–1.84 1.67 12/11 1.78–2.35 2.14
M1 2.14–2.51 2.34 14/16 1.68–2.36 2.18
M2 2.63–2.88 2.74 9/10 2.32–2.74 2.52
M3 2.46–2.98 2.80 8/9 2.28–2.59 2.46
d4 1.93–2.33 2.09 9/11 1.32–1.57 1.40
p4 1.72–2.03 1.95 8/8 1.32–1.67 1.56
m1 2.49–2.79 2.66 6/9 1.67–2.10 1.89
m2 3.00–3.28 3.14 8/9 2.21–2.40 2.31
m3 3.17–3.41 3.29 2/4 2.35–2.50 2.42



Daxner-Höck et al.: Oligocene vertebrates from south western Mongolia	 215

M2: The labial anteroloph is long or medium. A lingual anteroloph is absent. Protoloph 
is anterior or transverse, and it is transversely directed. Metaloph is transverse, anterior 
or points backwards.
M3: The labial anteroloph is connected to the paracone or it is of medium length. The 
lingual anteroloph is always absent. The protoloph is anterior or transverse, and it is 
transversely directed except in one tooth where it is anterior. The metaloph is transverse, 
anterior or points backwards. The morphology of the teeth is straight as in the M2.
d4: Normally, protoconid and metaconid are large. When the metalophid I is present, it is 
connected to the protoconid. The mesolophid is always long and connected to the metac-
onid, except in one specimen in which it is short. The hypoconulid is always present. 
The hypolophid is connected to the anterior arm of the hypoconid, and in one tooth it is 
double (connected to the anterior arm of the hypoconid and to the hypoconulid).
p4: The anterior sinusoid is always triangular. The hypoconid is present or absent. The 
hypolophid is always present. One tooth bears a hypoconulid.
m1: In all specimens the metalophid I is well connected to the protoconid, and the mesol-
ophid is connected to the metaconid. The hypoconulid is always present. The hypolophid 
is normally connected to the anterior arm of the hypoconid, but in two specimens it is 
double, and in the remaining two specimens it is disconnected.
m2: The metalophid I is well connected to the protoconid in all specimens. The mesolo-
phid is always connected to the metaconid, and the hypoconulid is always present. The 
hypolophid is always connected to the anterior arm of the hypoconid.
m3: The metalophid I is well connected to the protoconid. In all the specimens the mes-
olophid is long and connected to the metaconid. The hypoconulid is always present. In 
all specimens the hypolophid is connected to the anterior arm of the hypoconid.
R e m a r k s :  The dental characters agree with the diagnosis of Tataromys sigmodon 
Matthew & Granger, 1923 from the type material of Mongolia (Hsanda Gol Fm., 
Loh in Mongolia; AMNH 19079, 87570) and with T. sigmodon from Ulantatal (China) 
(Wang 1997: pp.18–22, figs 12–14; Vianey-Liaud et al. 2006). The tooth size of the 
Shine Us species is within the upper size range of T. sigmodon given by Vianey-Liaud 
et al. (2006). However, the specimens from the Valley of Lakes assemblages (Schmidt-
Kittler et al. 2006: pp. 182–183, fig. 17; Daxner-Höck et al. 2017: p. 174, fig. 44/k–s) 
are considerably smaller than the specimens from SHU-A/1.
Comparisons of the presently studied Tataromys sigmodon from Shine Us and the large-
sized Tataromy plicidens Mathew & Granger, 1923 show that T. sigmodon differs from 
T. plicidens not only by smaller tooth sizes, but also by the more crescentic lophs of 
the upper and lower teeth. For these comparisons we consider descriptions, figures and 
measurements of the type material of T. plicidens from the Hsanda Gol Fm., in Mongolia 
coll. AMNH 19082, 28622 a.s.o. (Wang 1997: pp. 10–18, figs 4–11), further materials 
of T. plicidens from Ulan Tatal in China (Vianey-Liaud et al. 2006), and a few speci-
mens of T. plicidens from the Tatal Gol and Hsanda Gol localities in Mongolia figured 
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by Daxner-Höck et al. (2017: p. 174, fig. 44/t–zz). Tataromys sigmodon ranges from 
the lower to the upper Oligocene (letter zone B to C1) in the Valley of Lakes, and is most 
abundant in letter zone C.

Tataromys minor (Huang, 1985)
(Fig. 8 B1–B8, Tab. 4)

	 1985 Leptotataromys minor sp. nov. – Huang: 36–38, fig. 4.
	 1997 Tataromys minor (Huang, 1958) – Wang: 22–26, figs 15–17, tabs 6–7.
	 2006 Tataromys minor (Huang, 1958) – Vianey-Liaud et al.: 132–136, figs 6, 9–10,  

tabs 12–13, pl. 4.
	 2017 Tataromys minor (Huang, 1958) – Oliver et al.: 56.

M a t e r i a l :  141 specimens; 5 D4 left (NHMW 2017/0019/0001–0005), 7 D4 right 
(NHMW 2017/0019/0006–0012), 2 P4 left (NHMW 2017/0019/0013–0014), 4 P4 right 
(NHMW 2017/0019/0015–0018), 13 M1 left (NHMW 2017/0019/0019–0031), 8 M1 
right (NHMW 2017/0019/0032–0039), 10 M2 left (NHMW 2017/0019/0041–0050), 
5 M2 right (NHMW 2017/0019/0051–0055), 10 M3 left (NHMW 2017/0019/0056–
0065), 1 M3 right (NHMW 2017/0019/0066), 1 fragmentary maxilla with M1–2 right 
(NHMW 2017/0019/0040), 5 d4 left (NHMW 2017/0019/0067–0070, 2017/0019/0092), 
5 d4 right (NHMW 2017/0019/0071–0074, 2017/0019/0141), 6 p4 left (NHMW 
2017/0019/0075–0080), 4 p4 left (NHMW 2017/0019/0081–0084), 7 m1 left (NHMW 
2017/0019/0085–0091), 13 m1 right (NHMW 2017/0019/0093–0105), 10 m2 left 
(NHMW 2017/0019/0107–0116), 10 m2 right (NHMW 2017/0019/0117–0126), 9 m3 
left (NHMW 2017/0019/0127–0135), 5 m3 right (NHMW 2017/0019/0136–0140), 
1 fragmentary mandible with m1–2 right (NHMW 2017/0019/0106).

Table 4. Descriptive statistics of Tataromys minor from Shine Us. n = number of teeth measured.

length (mm) width (mm)
range mean n range mean

D4 1.08–1.25 1.16 5/7 0.59–1.21 1.01
P4 0.85–0.98 0.93 4/4 1.09–1.26 1.17
M1 1.14–1.45 1.34 16/20 1.11–1.42 1.26
M2 1.43–1.60 1.51 10/10 1.37–1.50 1.44
M3 1.38–1.66 1.48 9/8 1.33–1.47 1.41
d4 1.16–1.28 1.23 3/7 0.80–0.84 0.81
p4 1.00–1.20 1.07 8/10 0.69–0.94 0.81
m1 1.14–1.59 1.45 10/14 0.99–1.18 1.09
m2 1.47–1.80 1.59 17/19 1.08–1.33 1.17
m3 1.61–1.82 1.69 10/10 1.09–1.40 1.23
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M e a s u r e m e n t s :  see Tab. 4.

D e s c r i p t i o n :  D4: The labial anteroloph is always present. The lingual anteroloph is 
absent. Half of the specimens have a hypoconid and hypolophid.

P4: The labial anteroloph is incipient or absent. The lingual anteroloph is absent. The 
labial posteroloph is medium-sized or absent. The lingual posteroloph is absent except 
in one specimen in which it is incipient.

M1: The labial anteroloph is present in all specimens. The lingual anteroloph is absent. 
The protoloph is always anterior, and it is transversely directed or it is slightly retroverse. 
The metaloph points backwards: it is transverse, anterior or disconnected. The metaloph 
is retroversely directed or transverse.

M2: The labial anteroloph is long or medium, and in one tooth short. The lingual anter-
oloph is absent. The protoloph is anterior except in one specimen it is transverse. The 
metaloph points backwards, it is transverse, anterior or disconnected. The orientation of 
the metaloph is very variable; it is retroverse, transverse or even proverse.

M3: The labial anteroloph is medium or short. The lingual anteroloph is absent. The pro-
toloph is anterior, transverse or double. The metaloph is retroversely directed, transverse 
or proverse. The morphology of the teeth is swollen and bulky, or straight as in M2.

d4: The metalophid I is absent or it is present and connected to the protoconid. The mes-
olophid is absent or it is long and connected to the metaconid. The hypoconulid is always 
present. The hypolophid is disconnected; it is directly connected to the hypconid or it is 
connected to the anterior arm of the hypoconid. In three specimens the protoconid and 
metaconid are very well developed.

m1: The metalophid I is well connected to the protoconid in all specimens. The mesolo-
phid is always connected to the metaconid, except in one tooth in which it is of medium 
length. The hypoconulid is short. The hypolophid is always connected to the anterior 
arm of the hypoconid.

m2: The metalophid I is well connected to the protoconid, except in one specimen in 
which it is absent. The mesolophid is connected to the metaconid, except in two teeth in 
which it is absent. The hypoconulid is always present. In all specimens the hypolophid 
is connected to the anterior arm of hypoconid.

m3: The metalophid I is always present. The mesolophid is long and connected to the 
metaconid except in one tooth. In all specimens the hypoconulid is present and the 
hypolophid is connected to the anterior arm of the hypoconid.

R e m a r k s :  This species is the smallest of all Ctenodactylidae from the Shine Us 
assemblage. The teeth are brachyodont and of buno-lophodont pattern. Both, the den-
tal characters and size agree with Tataromys minor from Ulantatal (Vianey-Liaud et 
al. 2006). The Shine Us specimens differ from Tataromys minor longidens from the 
Valley of Lakes (Mongolia) by the less elongated upper molars. For comparisons see 
Schmidt-Kittler et al. (2006: pp. 183–187, fig. 21, pl. 1, figs A–F). The stratigraphic 
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range of T. minor longidens from the Valley of Lakes localities is lower to upper Oligo-
cene (letter zone C to C1), with the highest abundances in letter zone C.

Genus Yindirtemys Bohlin, 1946

Yindirtemys cf. ulantatalensis (Huang, 1985)
(Fig. 8 C1–C2)

	 1985 Tataromys ulantatalensis sp. nov. – Huang: 28–29, fig. 1, pl. 1, figs 1–3.
	 1997 Buonomys ulantatalensis (Huang, 1985) – Wang: 45–48, fig. 29, tabs 18–19.
	 2006 Yindirtemys ulantatalensis (Huang, 1985) – Vianey-Liaud et al.: 146–153,  

figs 14–16, tabs 20–21, pls 8–10.

M a t e r i a l  a n d  m e a s u r e m e n t s :  ten specimens; fragmentary right m1–2 (NHMW 
2017/0020/0001), width = 1.81 mm; right m2 (NHMW 2017/0020/0002), length = 2.35 
mm, width = 1.87 mm; fragmentary left m1–2 (NHMW 2017/0020/0003); fragmentary 
left m1–2 (NHMW 2017/0020/0004), width = 1.92 mm; fragmentary left m3 (NHMW 
2017/0020/0005), length = 2.67 mm, width = 1.97 mm; fragmentary left m3 (NHMW 
2017/0020/0006), width = 2.23 mm; fragmentary right m3 (NHMW 2017/0020/0007), 
width = 1.81 mm; fragmentary left M3 (NHMW 2017/0020/0008), width = 2.64 mm; 
fragmentary left M2–3 (NHMW 2017/0020/0009); fragmentary left M1–2 (NHMW 
2017/0020/0010), width = 2.59 mm.

D e s c r i p t i o n :  M1–2: In the only specimen, the labial and the posterior part of the tooth 
are broken. The labial anteroloph is of medium length. The lingual anteroloph is absent.

M2–3: The tooth has a broken anterior and lingual part. The protoloph is transverse and 
transversely directed. The metaloph is transverse and retroversely directed.

M3: The anterior part of the specimen is broken. The metaloph is transverse and retro-
versely directed.

m1–2: The mesolophid is connected to the metaconid. The hypoconulid is always pres-
ent. The hypolophid is connected to the anterior arm of the hypoconid.

m2: Only one tooth is available. The metalophid I is connected to the protoconid. The 
mesolophid is connected to the metaconid. The hypoconulid is always present. The 
hypolophid is connected to the anterior arm of the hypoconid.

m3: The mesolophid is long and connected to the metaconid. The hypoconulid is present. 
The hypolophid is double (connected to the anterior arm of the hypoconid and connected 
to the mesolophid) or it is connected to the anterior arm of the hypoconid.

R e m a r k s :  This Yindirtemys form is medium sized, brachyodont and buno-lophodont.

The material is very scarce and most of the teeth are fragmentary. The dental characters 
of the Shine Us specimens agree with the original diagnosis of Yindirtemys ulantatalen-
sis (Huang 1985). The size ranges, however, are in the lower size variation of the type 
material from Ulantatal.
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Fig. 8. Ctenodactylidae from the Shine Us locality (assemmblage SHU-A/1), Khaliun Basin, 
south western Mongolia, Beger Fm., upper Oligocene. Tataromys sigmodon: A1: D4 right 
(NHMW 2017/0018/0017), A2: P4 left (NHMW 2017/0018/0025), A3: M1–M3 right (NHMW 
2017/0018/0048), A4: d4 left (NHMW 2017/0018/0071), A5: m1 right (NHMW 2017/0018/0105), 
A6: m2 right (NHMW 2017/0018/0116), A7: m3 right (NHMW 2017/0018/0121). Tataromys 
minor: B1: D4 right (NHMW 2017/0019/0006, B2: P4 right (NHMW 2017/0019/0015), B3: 
M1–M2 right (NHMW 2017/0019/0040), B4: M3 left (NHMW 2017/0019/0062), B5: d4 left 
(NHMW 2017/0019/0068), B6: p4 left (NHMW 2017/0019/0078), B7: m1-m2 right (NHMW 
2017/0019/0106), B8: m3 left (NHMW 2017/0019/0131). Yindirtemys cf. ulantatalensis: C1: m2 
right (NHMW 2017/0020/0002), C2: m2-3 left (NHMW 2017/0020/0005). Scale bar 1 mm. All 
left side specimens are inverted and the numbers are underlined.
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Cricetidae (P. López-Guerrero)

For dental terminology see Maridet et al. (2009: fig.1).

Family Cricetidae Fischer von Waldheim, 1817

Genus Witenia de Bruijn, Ünay, Saraç & Yilmaz, 2003

Witenia sp.
(Fig. 9 A)

	 2003 Witenia n. gen. – de Bruijn, Ünay, Saraç& Yilmaz: 69–71.
	 2017b Witenia sp. – López-Guerrero, Maridet & Daxner-Höck: 106, fig. 4j.

M a t e r i a l :  1 specimen; 1 right m3 (NHMW 2018/0136/0001). length = 2.23 mm; 
width = 1.79 mm.

D e s c r i p t i o n :  Large-sized bunodont molar with both lingual and labial anterolophids 
well developed. The metalophulid I is present and connected to the anterolophulid. The 
metalophulid II is absent. The ectolophid bears a large mesolophid that reaches the lin-
gual edge of the molar. The ectomesolophid is very weak. The entoconid is well devel-
oped and the hypoconid hind arm is present but short. The anteriorly directed hypolo-
phulid is connected to the entolophid.

R e m a r k s :  The large size of the specimen precludes assignement to the genus Eucri-
cetodon, which occurs frequently in Valley of Lakes localities (López-Guerrero et 
al. 2017a). Its size is similar to the genera Edirnella and Witenia. Edirnella possess a 
well-developed mesolophulid that connects to the entoconid (de Bruijn et al. 2003), 
which is not present in the Shine Us specimen. Our molar shares a number of traits 
with Witenia such as: the equal development of the anterolophids, the anteriorly directed 
hypolophulid and the long mesolophid. The tooth size of the presently studied specimen 
is similar to that of Witenia fusca from the Eo/Oligocene locality of Shüngülü (de Bruijn 
et al. 2003) and Witenia yolua from the upper Oligocene of Ulantatal in China (Gomes 
Rodrigues et al. 2012a). With regard to the scarcity of the material we name the Shine 
Us specimen Witenia sp.

Genus Eucricetodon Thaler, 1966

Eucricetodon asiaticus (Matthew & Granger, 1923)
(Fig. 9 B1–B2)

	 1923 Eumys asiaticus new species – Matthew & Granger: 7, fig. 9.
	 1978 Eucricetodon asiaticus – Lindsay: 590–595.
	 2017a Eucricetodon asiaticus – López-Guerrero, Maridet & Daxner-Höck: 68, fig. 3.
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Material: 4 specimens; 1 right fragmented M1 (NHMW 2018/0139/0001), width = 
1.74 mm; 1 lingual fragment of an M1 (NHMW 2018/0139/0002); 1 right m1 (NHMW 
2018/0139/0003), length = 2.15 mm, width = 1.28 mm; 1 fragmentary lower molar 
(NHMW 2018/0139/0004).

M a i n  c h a r a c t e r i s t i c s  o f  t h e  g e n u s :  The studied material shows several char-
acters that lead us to assign it to Eucricetodon: the presence of a simple anterocone, the 
anterior arm of the protocone is free and the anteroloph is connected to the protocone of 
M1. Also, the anteroconid of m1 is placed on the longitudinal axis of the teeth and the 
posterior arm of the protoconid ends freely on m2 (López-Guerrero et al. 2017a).

D e s c r i p t i o n :  M1: One of the specimens is a fragment of the lingual part, so we 
describe in detail the other specimen which is also incomplete anterolabially. Its crown 
is high: the cusps are stout and rounded. The anterior part is missing. An anterocone spur 
is absent. The paracone is rounded and has a very short spur. The mesosinus is open. The 
mesostyle is absent. The mesoloph is short. The metalophule is connected transversally 
to the hypocone. The sinus is directed forward. The posteroloph is long and reaches the 
metacone. There is no lingual cingulum.

m1: This molar has an elongated shape. The anteroconid is situated on the longitudinal 
axis of the tooth. It is transversally elongated. The labial anterolophid is a well-devel-
oped ridge that connects anteroconid with a weak protoconid. The lingual anterolophid 
is present but weak and a small cusp can be observed. The anterolophulid is not present. 
The metalophulid I is missing and the metalophulid II is connected to the posterior arm 
of the protoconid. The ectolophid bears a very weak mesolophid. The ectomesolophid 
is incipient. The entoconid spur is present but weak. The hypoconid hind arm is absent. 
The hypolophulid is short and connected to the ectolophid. The sinusid is short and wide, 
transversally directed.

R e m a r k s :  The size of the studied material is similar to Aralocricetodon schokensis 
from the Valley of Lakes (López-Guerrero et al. 2017b). The M1, however, has a trans-
versal metalophule whereas A. schokensis displays it posteriorly. Also, A. schokensis has 
no posterior spur of the paracone and the m1 possess a strong metalophulid I connected 
to the anteroconid, which is labially displaced. On the other hand, in addition to the size, 
the material from Shine Us presents a number of features that fit the emended diagnosis 
of Eucricetodon asiaticus proposed by Gomes Rodrigues et al. (2012a) such as: buno-
dont teeth; the M1 with a simple anterocone and an anterior arm of the protocone usually 
free; a metalophule joining the mesial or middle part of the hypocone. The m1 have a 
simple anteroconid linked to the protoconid.

Eucricetodon jilantaiensis Gomes Rodrigues, Marivaux & Vianey-Liaud, 2012a
(Fig. 9 C1–C7, Tab. 5)

	 2012a Eucricetodon jilantaiensis nov. sp. – Gomes Rodrigues, Marivaux &  
Vianey-Liaud: 166, fig. 4.

	 2017a Eucricetodon jilantaiensis – López-Guerrero, Maridet & Daxner-Höck: 83, fig. 6.
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M a t e r i a l :  47 specimens; 8 M1 (NHMW 2018/0137/0001–0008); 7 M2 (NHMW 
2018/0137/0009–0015); 6 M3 (NHMW 2018/0137/0016–0021); 4 m1 (NHMW 
2018/0137/0022–0023, 2018/0137/0025–0026); 1 m1–m2 (NHMW 2018/0137/0024); 
10 m2 (NHMW 2018/0137/0026–0035); 12 m3 (NHMW 2018/0137/0036–0047).

M e a s u r e m e n t s :  see Tab. 5.

D e s c r i p t i o n :  M1: A prelobe is not present. An anterocingulum is absent. The antero-
cone is large, is labially displaced and not split. The labial anteroloph is always present. 
The anterocone spur is always present and starts from the labial part of anterocone; it 
is long and ends freely on the anterosinus or it is labially curved. In one specimen it is 
connected to the paracone. The anterolophule is present and connects the anterior arm of 
the protocone with the lingual part of the anterocone. There is no platform on the proto-
sinus. The paracone has a weak spur. The protolophule II is present and connected to the 
entoloph. The mesoloph is always present and short. The metalophule is connected to 
the posteroloph. The posteroloph is long and reaches the metacone. The sinus is directed 
forward.

M2: Both lingual and labial anterolophs are well developed. The anterolophule is thick 
and bears a small ridge in one molar. The protolophule II is present and connected to 
the entoloph. The protolophule spur is absent. The protocone lacks a posterior arm; it 
is connected to the entoloph only through the anterior arm. The entoloph bears a long 
mesoloph that never reaches the labial border. The second mesoloph is absent. The par-
acone spur is always present and long in some cases. The entomesoloph is present in a 
few specimens. The metalophule is connected to the middle part of the hypocone or it is 
joined to the posterior arm of the hypocone. The sinus is directed forward.

M3: The labial anteroloph is present and long, and the lingual anteroloph is absent. 
The protolophule I is present and connected to the anterolophule. The protolophule II 
is absent. A paracone spur is absent. The entoloph is incomplete in some cases and it is 
connected neither to the protolophule nor to the metalophule. The mesoloph is short. The 

Table 5. Descriptive statistics of tooth measurements of Eucricetodon jilantaiensis from assem-
blage SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) width (mm)
range mean n range mean

M1 1.99–2.24 2.08 5/5 1.29–1.43 1.34
M2 1.70–1.81 1.76 5/3 1.40–1.54 1.48
M3 1.15–1.36 1.22 5/4 1.10–1.21 1.15
m1 1.98–2.07 2.02 2/2 1.21–1.33 1.27
m2 1.78–1.98 1.92 4/7 1.21–1.49 1.41
m3 1.58–1.80 1.66 7/7 1.22–1.36 1.29
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neoentoloph is present and joins the protocone with thehypocone. The sinus is narrow 
and short. The hypocone is very much reduced. The posteroloph is always present and 
long. The mesosinus is closed by a cingulum.

m1: The anteroconid is large and situated on the longitudinal axis of the occlusal sur-
face; it is rounded. The labial anterolophid is present but thin and short. The lingual 
anterolophid is absent in some specimens (Fig. 9 C4) or very weak (Fig. 9 C7). The 
anterolophulid is absent. The metalophulid I is present and joined to lingual part of the 
anterocone. The metalophulid II is present and connected to the posterior arm of the pro-
toconid. The mesolophid is incipient, short or absent. The ectolophid is enlarged in its 
middle section as a mesoconid. The ectomesolophid is usually present, frequently short 
or incipient. The hypoconid hind arm is absent. The hypolophulid is short and connected 
to the ectolophid.

m2: Both labial and lingual anterolophids are present and well developed. The metalo-
phulid I is present and connected to the anterolophulid. The metalophulid II is absent. 
The posterior arm of the protoconid is well-developed and ends freely in the the mesosi-
nusid. The mesolophid is absent or very weak. In most teeth the ectomesolophid is pres-
ent, but it is short or incipient. The ectolophid is oblique. The hypolophulid is connected 
where the ectolophid and the anterior arm of the hypoconid are joined. The hypoconid 
hind arm is absent.

m3: The labial anterolophid is short but reaches the protoconid. The lingual anterolophid 
is also short and connected to the metaconid. The metalophulid I is present and con-
nected to the lingual anterolophid. The metalophulid II and the metalophulid spur are 
absent. The ectolophid is long and thin. The mesolophid is long and reaches the labial 
border. The ectomesolophid is always absent. The entoconid is reduced and small. The 
hypolophulid is attached to the anterior part of the hypoconid. The hypoconid hind arm 
is absent.

R e m a r k s :  The studied fossils present features that agree with the diagnosis of 
Eucricetodon such as the simple anteroconid, the anteroconespur and the lingual anter-
oloph connected to the protocone on M1. It also lacks the anterolophulid on m1, and 
the posterior arm of the protoconid ends freely on m2. The material is similar in size to 
Eucricetodon caducus and Eucricetodon jilantaiensis. However, E. caducus presents 
an elongated anterocone without anterocone spur and transversal metalophule on M1; 
antelophulid and wider sinusids on m1; and short mesolophid on m3 (López-Guer-
rero et al. 2017a). Contrarily, the specimens share several characteristics with E. jilan-
taiensis from the nearby localities in the Valley of Lakes. M1 presents an anterocone 
spur that ends freely in the anterosinus, a short paracone spur, a small anterolophe 
that is linked to the protocone and a posterior metalophule. M2 has also a posteriorly 
directed metalophule and a paracone spur that can be connected to the mesoloph. The 
anterolophulid of m1 is missing and the sinusid is narrow; it also has both metalophu-
lids I and II.
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Eucricetodon bagus Gomes Rodrigues, Marivaux & Vianey-Liaud, 2012a
(Fig. 9 D1–D9, Tab. 6)

	 2012a Eucricetodon bagus nov. sp. – Gomes Rodrigues, Marivaux & Vianey-Liaud: 167, fig. 5.
	 2017a Eucricetodon bagus – López-Guerrero, Maridet & Daxner-Höck: 80, fig. 5.

M a t e r i a l :  54 specimens; 5 M1 (NHMW 2018/0138/0001–0005), 9 M2 (NHMW 
2018/0138/0006–0014), 7 M3 (NHMW 2018/0138/0015–0021), 9 m1 (NHMW 
2018/0138/0023–0031), 1 mand m1–m2 (NHMW 2018/0138/0032), 20 m2 (NHMW 
2018/0138/0022, 2018/0138/0033–0048, 2018/0138/0055–0057); 3 m3 (NHMW 
2018/0138/0049–0051).

M e a s u r e m e n t s :  see Tab. 6.

D e s c r i p t i o n :  M1: The anterocone is elongated and usually simple, but can be 
slightly split. A labial anteroloph is present; it covers the anterosinus and it is fused with 
the paracone. The lingual anteroloph is well developed and originates from the apex of 
the anterocone and joins the protocone. The anterocone spur is always present; it is long 
and connected to the protocone spur or ends freely in the anterosinus. The anterolophule 
is present and connected to the lingual part of the anterocone. The protolophule I is miss-
ing. The posterior spur of the paracone is always present, but is very weak and short. All 
teeth have a short mesoloph. The metalophule is posteriorly directed and is connected to 
the posterior arm of the hypocone or to the posteroloph.

M2: Both lingual and labial anterolophs are well developed. The protolophule I is pres-
ent and connected to the point where the anterolophule is joined to the anterior arm of 
the protocone or it ends freely in the anterosinus. The protolophule II is present. The 
entoloph is straight and long; it bears a well developed mesoloph that never reaches the 
labial border. The paracone spur is always present. The entomesoloph is absent. The 
metalophule is connected to the entoloph, clearly anterior to the hypocone in some cases.

M3: The labial anteroloph is present and long, and the lingual anteroloph is absent. The 
protolophule I is present and connected to the short anterolophule. The protolophule II 

Table 6. Descriptive statistics of tooth measurements of Eucricetodon bagus from assemblage 
SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) width (mm)
range mean n range mean

M1 1.74–1.81 1.79 4/3 1.24–1.29 1.26
M2 1.32–1.60 1.48 8/8 1.12–1.38 1.27
M3 0.99–1.08 1.03 3/3 1.02–1.11 1.07
m1 1.44–1.71 1.55 5/8 0.96–1.13 1.03
m2 1.48–1.65 1.54 14/14 1.09–1.27 1.19
m3 1.22–1.39 1.33 3/3 1.09–1.16 1.14
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is absent. Some molars have a small paracone spur. The anterior part of the entoloph is 
incomplete. The posterior arm of the protocone is connected to the mesoloph, which is 
long but never reaches the labial border. The posterior part of the entoloph is present and 
joined to the metalophule. The neoentoloph can be present or absent. The metalophule 
is connected to the point where the anterior arm of the hypocone and the entoloph are 
connected. The posteroloph is always present and long.

m1: This molar is elongated. The anteroconid is situated on the longitudinal axis of the 
occlusal surface; it is transversally elongated and simple. The labial anterolophid is a 
well-developed ridge that connects the anteroconid with the labial part of the protoconid. 
The lingual anterolophid is missing or very short. The anterolophulid is present in some 
molars and connected to the labial part of the anteroconid; it can be absent or join the 
metaconid instead of the protoconid. The metalophulid I is present in some specimens. 
The metalophulid II is present and connected to the posterior arm of the protoconid. 
The ectolophid is joined to the posterior arm of the protoconid. The mesolophid is weak 
or absent. The ectomesolophid is always present and is weak but distinguishable. The 
hypoconid hind arm is always absent.

m2: Both labial and lingual anterolophids are present. The metalophulid I is present 
and it is connected to the point where the labial anterolophid and the anterolophulid 
are joined. The metalophulid II is always absent. The posterior arm of the protoconid is 
connected to the ectolophid. It ends freely in one specimen. The mesolophid is always 
present, long, but does not reach the lingual border. The ectomesolophid is absent. The 
ectolophid is straight. The hypolophulid is transverse and connected to the posterior 
part of the ectolophid. The hypoconid hind arm is absent. The posterolophid is long and 
displays a constriction.

m3: The labial anterolophid is long and reaches the protoconid. The lingual anterolophid 
is shorter and does not reach the metaconid. The metalophulid I is present and connected 
to the lingual anterolophid. The metalophulid II is always absent. The metalophulid spur 
is present in one specimen and it starts from the metalophulid I. The ectolophid bears 
a long mesolophid that can reach the lingual border or it is curved and attached to the 
entoconid. The small entoconid is reduced, the hypoconid hind arm is absent, and the 
transverse hypolophulid is connected to the entolophid.

R e m a r k s :  The studied material shows several characters that lead us to assign it to 
Eucricetodon such as: the presence of a simple anterocone, the anterior arm of the pro-
tocone free and the anteroloph connected to the protocone on M1. Also, the anteroconid 
on m1 is placed on the longitudinal axis of the teeth and the posterior arm of the proto-
conid ends freely on m2 (López-Guerrero et al. 2017a). The morphology and size of 
the Shine Us material fit with the diagnosis of Eucricetodon bagus described from Ulan-
tatal by Gomes Rodrigues et al. (2012a). M1 has a simple anterocone and frequently 
a double connection between the anterocone and a protocone via the anterolophule and 
the anterior arm of the protocone. In comparison with the specimens of E. bagus from 
the Valley of Lakes (López-Guerrero et al. 2017a) the material from Shine Us presents 
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slight differences in the lengths of M2, m1 and m2. However, it shares a number of mor-
phological traits including the metalophule connected to the posterior part of the hypo-
cone or to the posteroloph on M1. The protolophule I and II are present on M2, which 
bears a weak paracone spur. The anterior part of the entoloph on M3 is missing and some 
m1 exhibits a mesoconid and both metalophulids I and II.

Dipodidae (G. Daxner-Höck)

For dental terminology see Daxner-Höck et al. (2014: fig. 3).

Family Dipodidae Fischer von Waldheim, 1817

Genus Heosminthus Wang, 1985

Heosminthus chimidae Daxner-Höck, Badamgarav & Maridet, 2014
(Fig. 10 A1–A8, Tab. 7)

	 2014 Heosminthus chimidae nov. spec. – Daxner-Höck, Badamgarav & Maridet: 147–151, 
fig. 7/1–18, tab. 5.

M a t e r i a l :  127 specimens; 1 P4–M2 left (NHMW 2018/0029/0011), 16 M1 left  
(NHMW 2018/0029/0001–0010, 2018/0029/0012–0016, 2018/0029/0024), 7 M1 right 
(NHMW 2018/0029/0017–0023), 1 P4–M1 right (NHMW 2018/0029/0025), 10 M2 left 
(NHMW 2018/0029/0026–0035), 7 M2 right (NHMW 2018/0029/0036–0042), 5 M3 left 
(NHMW 2018/0029/0043–0047), 5 M3 right (NHMW 2018/0029/0048–0052), 18 m1 
left (NHMW 2018/0029/0053–0070), 1 m1–3 left (NHMW 2018/0029/0071), 22 m1 
right (NHMW 2018/0029/0072–0083), 15 m2 left (NHMW 2018/0029/0084–0098), 
8 m2 right (NHMW 2018/0029/0099–0106), 4 m3 left (NHMW 2018/0029/0107–0110), 
7 m3 right (NHMW 2018/0029/0110–0116), 11 P4 (NHMW 2018/0029/0121–0130, 
2018/0029/0117).

Fig. 9. Cricetidae from the Shine Us locality (assemblage SHU-A/1), Khaliun Basin, 
south western Mongolia, Beger Fm., upper Oligocene. Witenia sp.: A: right m3 (NHMW 
2018/0136/0001). Eucricetodon asiaticus: B1: right M1 (NHMW 2018/0139/0001), B2: right 
m1 (NHMW 2018/0139/0003). Eucricetodon jilantaiensis: C1: left M1 (2018/0137/0004), 
C2: right M2 (NHMW 2018/0137/0009), C3: left M3 (NHMW 2018/0137/0019), C4: right 
m1 (NHMW 2018/0137/0025), C5: right m2 (NHMW 2018/0137/0034), C6: left m3 (NHMW 
2018/0137/0039), C7: right m1-m2 (NHMW 2018/0137/0024). Eucricetodon bagus: D1: right 
M1 (NHMW 2018/0138/0003), D2: left M2 (NHMW 2018/0138/0009), D3: right M2 (NHMW 
2018/0138/0011), D4: left M3 (NHMW 2018/0138/0019), D5: right m1 (NHMW 2018/0138/0023), 
D6: right m1 (NHMW 2018/0138/0030), D7: left m1-m2 (NHMW 2018/0138/0032), D8: left m2 
(NHMW 2018/0138/0033), D9: left m3 (NHMW 2018/0138/0049). All right side specimens are 
inverted and the numbers underlined.


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M e a s u r e m e n t s :  see Tab. 7.

M a i n  c h a r a c t e r i s t i c s  o f  t h e  g e n u s  (Daxner-Höck et al. 2014: p. 142): Upper 
and lower molars are of small to medium size, bunodont and low crowned. The upper 
molars M1–2 are almost square in occlusal outline, have a concave occlusal surface, 
two pairs of cusps in opposite position, and three roots (one wide lingual, two rounded 
labial). Contrarily to Plesiosminthus which has grooved upper incisors (Schaub 1930: p. 
618), the upper incisor of Heosminthus has a smooth anterior surface.

D e s c r i p t i o n :  P4: One cusp is surrounded by a posterior cingulum.

M1–2: The M1–2’s are rapezoidal to almost square in occlusal outline and have rounded 
corners. Labially the teeth are wider than lingually. They have four rounded cones in 
opposite position. The cones are higher than the lophs. The mesoloph and the poster-
oloph are long, reaching the labial margin of the tooth. The protoloph, metaloph and 
entoloph are short. The metaloph is connected with the hypocone. No posterior sulcus 
is present. The sinus is wide and shallow, symmetrical or directed forward. The M1–2’s 
have three roots. The lingual root is flat, antero-posteriorly enlarged, in a few specimens 
the tip is split. The labial roots are rounded.

M1: It has a long anterior arm of the protocone and a protoloph II. Additionally, two M1 
show an anterior labial cingulum, and one M1 has protoloph I+II.

M2: It has a long labial cingulum; the lingual one is weak or absent. The protoloph is 
single or double. The protoloph I is always present, the protoloph II is either continuous 
(50 %), constricted or weak, or absent.

M3: It is the smallest upper molar. The sinus is closed, the lophs vary in length and num-
ber. The M3 has three roots.

The lower molars are longer than wide, have four main conids, and four distinct lophids. 
The conids are higher than the lophids. The lower molars have two roots.

Table 7. Descriptive statistics of tooth measurements of Heosminthus chimidae from assemblage 
SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) width (mm)
range mean n range mean

P4 0.56–0.64 0.59 9 0.56–0.64 0.59
M1 0.96–1.22 1.09 22 0.87–1.06 0.99
M2 0.92–1.13 1.01 15/14 0.89–1.06 0.96
M3 0.71–0.87 0.79 9/10 0.78–0.94 0.86
m1 0.96–1.22 1.10 29/28 0.73–0.87 0.81
m2 0.94–1.18 1.06 21 0.75–0.94 0.86
m3 0.82–0.94 0.87 9/11 0.68–0.82 0.74
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m1: It is rectangular in occlusal outline, narrowed in the anterior part and widest in the 
posterior part. 80 % of the m1 have an isolated anteroconid, 20 % a lingual anterior cin-
gulid attached to the anteroconid. The metalophid exceeds all other lophids in elevation. 
The low mesolophid is long (100 %), ending labially in a mesoconid (90 %) and lin-
gually in a mesostylid (45 %). The short hypolophid is connected with the anterior arm 
of the hypoconid or the ectolophid, respectively. The longitudinal or oblique ectolophid 
attaches to the protoconid or its basal part. The pronounced posterolophid continues to 
the base of the entoconid, rarely to its top. 90 % of m1 have a hypoconulid, and 50 % a 
posterior sinusid. The sinusid is shallow.
m2: It is nearly rectangular in occlusal outline. The lingual and labial anterolophids are 
more or less equally long and are connected by the anteroconid. Almost 50 % of m2 
show only the posterior arm of the protoconid, and 50 % have both a long mesolophid 
and a short posterior arm of the protoconid. The mesoconid is usually present, the meso-
stylid not. The metalophid is connected to the the anterior arm of the protoconid, the 
hypolophid to the anterior arm of the hypoconid. The pronounced posterolophid shows 
a hypoconulid in 25 % of the m2, and a posterior sinusid is also present in 25 % of these 
teeth.
m3: It is similar to m2, but narrowed posteriorly. The main differences from the m2 are: 
the entoconid is very weak, and the posterior arm of the protoconid dominates over the 
the mesolophid.
R e m a r k s :  No grooved upper incisor was found in the fossil collection of SHU-
A/1, thus Plesiosminthus can be excluded. The dental characteristics of the Shine Us 
specimens are within the morphological variation of H. chimidae from the Valley of 
Lakes assemblages, and the tooth measurements agree with the lower to medium size 
range of this species. So far, H. chimidae has been documented by > 2,400 fossils from 
thirty-four fossil beds of the Taatsiin Gol and Taatsiin Tsaagan Nuur region (Valley of 
Lakes), stratigraphically ranging from the lower Oligocene to the Oligocene–Miocene 
transition. In the course of these nine million years, H. chimidae developed a wide var-
iability of dental morphology and size (Daxner-Höck et al. 2014: pp. 147–151, tab. 5, 
fig. 7). The genus Heosminthus includes three more species: H. primiveris Wang, 1985, 
H. nomogenesis Li, Gong & Wang, 2017, and H. borrae Daxner-Höck, Badamgarav 
& Maridet, 2014. H. primiveris and H. nomogenesis are known from the upper Eocene 
of Caijachong (Yunnan, China) and Erden Obo (Nei Mongol, China), respectively. H. 
borrae, ranging from the lower Oligocene to lower Miocene, was documented from the 
Taatsiin Gol and Taatsiin Tsaagan Nuur regions (Valley of Lakes, Mongolia). The two 
Eocene species, H. primiveris and H. neimogenesis, show more primitive dental char-
acters than the Oligocene species, e. g., the narrow anterior part of M1, the short ante-
rior arm of the protoloph, a distinct anterior cingulum of M1, and the weak lophids of 
lower molars (Wang 1985: figs 10–11; Li et al. 2017). H. borrae, however, has the most 
derived dental characteristics. It differs from H. chimidae by smaller size and the follow-
ing features: the cones/conids tend to become lophodont, the lophs/lophids are almost as 
high as cones/conids, the valleys are narrow and deep, the protoloph II of M2 is weak or 
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absent, the lingual anterolophid of m2–3 is pronounced, the labial one absent or weak, 
and the posterior arm of the protoconid (m2–3) is short or absent (Daxner-Höck et al. 
2014: p. 143, fig. 6, tab. 4; Daxner-Höck et al. 2017: fig. 49/h–n).

Genus Allosminthus Wang, 1985

Allosminthus cf. minutus (Daxner-Höck, 2001)
(Fig. 10 B1–B2)

	 2001 Heosminthus minutus n. sp. – Daxner-Höck: 363–365, pl. 2, figs 1–11, tabs 4–5.
	 2014 Allosminthus minutus (Daxner-Höck, 2001) – Daxner-Höck, Badamgarav & Maridet: 

140–142, fig. 5, tab. 3.

M a t e r i a l  a n d  m e a s u r e m e n t s :  3 specimens; fragmentary left m1 (NHMW 
2018/0034/0001), length 0.78 mm; left m2 (NHMW 2018/0034/0002), length 0.80 mm, 
width 0.66 mm; fragmentary right m2 (NHMW 2018/0034/0003), width 0.59 mm.

M a i n  c h a r a c t e r i s t i c s  o f t  t h e  g e n u s :  The very small size of the teeth. The 
upper incisors have no longitudinal groove. The molar morphology resembles Heos-
minthus, except for some primitive characters of Allosminthus: e. g., the crests and cusps 
are low and weak, the mesoloph(id) is frequently absent, and the anteroconid is weak or 
absent. Allosminthus is the smallest of all Dipodidae genera of the Oligocene of Asia.

D e s c r i p t i o n :  The teeth are smallest of all Dipodidae from the Shine Us assemblage. 
The m1 and m2 have two roots.

Fig. 10. Dipodidae from the Shine Us locality (assemblage SHU-A/1), Khaliun Basin, south 
western Mongolia, Beger Fm., upper Oligocene. Heosminthus chimidae: A1: m1 left (NHMW 
2018/0029/0058), A2: m2 left (NHMW 2018/0029/0088), A3: m3 left (NHMW 2018/0029/0108), 
A4: P4 (NHMW 2018/0029/0122), A5: M1 right (NHMW 2018/0029/0021), A6: M2 right 
(NHMW 2018/0029/0040), A7: M3 left (NHMW 2018/0029/0043), A8: M1 right, lingual 
(NHMW 2018/0029/0019). Allosminthus cf. minutus: B1: m1 left (NHMW 2018/0034/0001), 
B2: m2 left (NHMW 2018/0034/0002). Bohlinosminthus parvulus: C1: m1 left (NHMW 
2018/0033/0025), C2: m2 left (NHMW 2018/0033/0049), C3: m3 right (NHMW 2018/0033/0041), 
C4: M1 left, lingual (NHMW 2018/0033/0004), C5: P4 (NHMW 2018/0033/0046), C6: M1 
left (NHMW 2018/0033/0001), C7: M2 left (NHMW 2018/0033/0011), C8. M3 left (NHMW 
2018/0033/0019). Litodonomys sp.: D1: M2 left frag. (NHMW 2018/0030/0001), D2: M3 right 
(NHMW 2018/0030/0002). Parasminthus tangingoli: E1: m1 right (NHMW 2018/0031/0029), 
E2: m2 right (NHMW 2018/0031/0036), E3: m3 left (NHMW 2018/0031/0043), E4: M1 
right, lingual (NHMW 2018/0031/0005), E5: P4 right (NHMW 2018/0031/0048), E6: M1 left 
(NHMW 2018/0031/0002), E7: M2 right (NHMW 2018/0031/0016), E8: M3 right (NHMW 
2018/0031/0022). Parasminthus cf. asiaecentralis: F1: P4 (NHMW 2018/0032/0016), F2: M1 
left (NHMW 2018/0032/0002), F3: m2 left (NHMW 2018/0032/0007). All right side specimens 
are inverted and the numbers underlined.


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m1: It has a weak anteroconid. The protoconid and metaconid are in opposite position 
and are connected by a short metalophid. The hypolophid is transverse and extends to the 
anterior arm of the hypoconid. There is no mesolophid, but a weak mesoconid is present 
at the short ectolophid.

m2: It is rectangular in occlusal outline. Anterior and posterior conids are in alternating 
position. The short metalophid and hypolophid connect with the anterior arms of the 
protoconid and hypoconid, respectively. There is no mesolophid. The posterolophid is 
the most prominent lophid. The posterior sinusid is located between the hypoconid and 
the hypoconulid at the posterior wall of m2.

R e m a r k s :  The very small size and the molar pattern agrees with the genus Allosminthus 
from Shine Us. The scarce material does not allow sure species identification, however, 
the three available lower teeth correspond with A. minutus from the lower Oligocene of 
the type locality Hsanda Gol (level: SHG-A/20) (Daxner-Höck 2001) and neighbouring 
regions of the Valley of Lakes. The stratigraphic range is letter zone B to C in Mongolia.

Genus Bohlinosminthus Lopatin, 1999

Bohlinosminthus parvulus (Bohlin, 1946)
(Fig. 10 C1–C8, Tab. 8)

	 1946 Parasminthus parvulus n. sp. – Bohlin: 30–41, figs 2/11–23, 30, 33, 36; 3/7–28; 4/1–4; 5C, 
6C; pl. I, figs 4, 5, 10, 12, 15, 16, 20, 21.

	 2014 Bohlinosminthus parvulus (Bohlin, 1946) – Daxner-Höck, Badamgarav & Maridet: 
178–181, figs 18/1–23, tab. 14.

M a t e r i a l :  49 isolated teeth; 4 P4 (NHMW 2018/0033/0044–0047), 5 M1 left 
(NHMW 2018/0033/0001–0005), 5 M1 right (NHMW 2018/0033/0006–0010), 4 M2 
left (NHMW 2018/0033/0011–0014), 4 M2r right (NHMW 2018/0033/0015–0018), 
4  M3 left (NHMW 2018/0033/0019–0022), 1 M3 right (NHMW 2018/0033/0023), 

Table 8. Descriptive statistics of tooth measurements of Bohlinosminthus parvulus from assem-
blage SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) width (mm)
range mean n range mean

P4 0.47–0.54 0.50 4 0.47–0.54 0.50
M1 0.87–0.94 0.90 9 0.71–0.82 0.79
M2 0.75–0.92 0.84 8/7 0.71–0.85 0.80
M3 0.60–0.68 0.64 4 0.59–0.75 0.70
m1 0.87–0.96 0.92 9 0.64–0.71 0.68
m2 0.85–0.96 0.91 5 0.68–0.78 0.73
m3 0.73–0.82 0.76 7 0.56–0.66 0.62
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4 m1 left (NHMW 2018/0033/0024–0027), 5 m1 right (NHMW 2018/0033/0028–0032), 
4 m2 left (NHMW 2018/0033/0033–0034, 2018/0033/0048–0049), 1 m2 right (NHMW 
2018/0033/0035), 3 m3 left (NHMW 2018/0033/0036–0038), 5 m3 right (NHMW 
2018/0033/0039–0043).
M e a s u r e m e n t s :  see Tab. 8.
M a i n  c h a r a c t e r i s t i c s  o f  t h e  g e n u s :  The size of the molars is small. The upper 
incisors have no longitudinal groove. The upper M1–2 have square, the lower m1–2 rectan-
gular occlusal outline (similar with Heosminthus). The buno-lophodont molars have pro-
nounced crests and cusps. The main differences from Heosminthus are: the small size, the 
reduction of protoloph II of M2, and the posterior arm of the protoconid of m2 dominates 
over the mesolophid. M1 and M2 have predominantly four rounded roots, whereas M1 and 
M2 of Heosminthus have three roots (one wide lingual and two rounded labial roots).
D e s c r i p t i o n :  P4: one cusp is surrounded by a posterior cingulum.
M1–2: They are trapezoidal to almost square in occlusal outline. Labially the teeth are 
wider than lingually. They have four main cusps in opposite position. Mesoloph is long, 
protoloph and metaloph are single. Only one M2 has a short mesoloph and a double pro-
toloph. There is no posterior sulcus of M1. Metaloph of M1 joins hypocone. Metaloph 
of M2 joins entoloph anterior to hypocone. M1–2 have four or three roots. In the case of 
three roots the lingual root is flat, antero-posteriorly enlarged and its tips are split.
M3: It is the smallest upper molar. Sinus is closed, lophs are of varying length and num-
ber. M3 has three roots.
m1–2: They are rectangular in outline and have two roots. Anteroconid of m1 is weak, 
mesolophid long, ectolophid slightly oblique. Most m2 have a long posterior arm of pro-
toconid, one a long mesolophid, and only one m2 shows both mesolophid and posterior 
arm of protoconid.
R e m a r k s :  The dental morphology and size of B. parvulus from Shine Us widely 
agrees with the type specimens from Tabenbuluk in China (Bohlin 1946), and also with 
the rich material from the Taatsiin Gol and Taatsiin Tsagaan Nuur region in Mongolia 
(Daxner-Höck et al. 2014: pp. 178–181, fig. 18, tab. 14), where the species is most 
abundant in the upper Oligocene (letter zones C and C1).

Genus Litodonomys Wang & Qiu, 2000

Litodonomys sp.
(Fig. 10 D1–D2)

	 2000 Litodonomys gen. nov. – Wang & Qiu: 1, 25.
	 2014 Litodonomys Wang & Qiu, 2000. – Daxner-Höck et al.: 181–190, figs 19–21, tabs 15–16.

M a t e r i a l  a n d  m e a s u r e m e n t s :  2 specimens; fragmentary left M2 (NHMW 
2018/0030/0001), length 1.08 mm, width 1.13 mm; right M3 (NHMW 2018/0030/0002), 
length 0.56 mm, width 0.71 mm.
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M a i n  c h a r a c t e r i s t i c s  o f  t h e  g e n u s :  The molars have medium size, a plane 
occlusal surface, a very low crown, bulbous main lophs(ids) and cones(ids), and a very 
thick enamel. The M1–2’s are almost sqare in occlusal outline and have four roots. The 
M3 is very short, but wide. The upper incisors have no longitudinal groove.

D e s c r i p t i o n :  M2: The occlusal outline is anteriorly wider than posteriorly. The 
labial cusps are transversely elongate, the protocone is postero-lingually elongate, and 
the hypocone is in postero-lingual position. The lingual anteroloph is absent, the labial 
one long and extends to the labial margin. The protoloph and the metaloph are trans-
verse, the entoloph is short, no mesoloph is present. The tooth is fragmentary in its pos-
tero-labial part. The sinus is narrow and oblique. No roots are preserved.

M3: It is very short, almost triangular in outline and with rounded corners. The pro-
toloph and the metaloph enclose the fossette II+III. The entoloph, the mesoloph, the 
posteroloph and the lingual anteroloph are absent. The labial anteroloph is narrow and 
transversally aligned.

R e m a r k s :  The molar morphology of the material from Shine Us is in agreement with 
the genus Litodonomys from several Valley of Lakes localities (Daxner-Höck et al. 
2014: pp.181–182, figs 19–21, tabs 15–16), but it is too poor for species identification. 
The type material described by Wang & Qiu (2000) from GL 9601B (Gansu, China) 
provides upper molars only. However, the rich material from the Valley of Lakes in 
Mongolia includes skulls, the upper and lower dentition, and therefore and emended 
diagnosis was possible (Daxner-Höck et al. 2014: p.181). In Mongolia the stratigraphic 
range of Litodonomys is upper Oligocene to lowermost Miocene (letter zones C to D).

Genus Parasminthus Bohlin, 1946

Parasminthus tangingoli Bohlin, 1946
(Fig. 10 E1–E8, Tab. 9)

	 1946 Parasminthus tangingoli n. sp. – Bohlin: 23–30, figs 2/7–10, 3/1–6, 28, 31–45, 5B, 6B; pl. I, 
figs 3, 7–9, 11.

	 2000 Parasminthus tangingoli Bohlin, 1946 – Wang & Qiu: 15–17, fig. 1, tab. 1.

M a t e r i a l :  52 isolated teeth / partly fragmentary; 5 P4 (NHMW 2018/0031/0048–0052), 
4 M1 left (NHMW 2018/0031/0001–0004), 4 M1 right (NHMW 2018/0031/0005–0008), 
7 M2 left (NHMW 2018/0031/0009–0015), 5 M2 right (NHMW 2018/0031/0016–0020), 
1 M3 left (NHMW 2018/0031/0021), 5 M3 right (NHMW 2018/0031/0021–0025), 3 m1 
left (NHMW 2018/0031/0026–0028), 4 m1 right (NHMW 2018/0031/0029–0032), 2 m2 
left (NHMW 2018/0031/0033–0034), 6 m2 right (NHMW 2018/0031/0035–0040), 6 m3 
left (NHMW 2018/0031/0041–0046), 1 m3 right (NHMW 2018/0031/0047).
M e a s u r e m e n t s :  see Tab. 9.
T h e  m a i n  c h a r a c t e r i s t i c s  o f  t h e  g e n u s :  The upper incisors have no longi-
tudinal groove. The size of the molars is medium to large. Upper M1–2 and lower m1–2 
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are rectangular in occlusal outline. M1–2 have four, M3 three, and m1–3 two roots. The 
M1 has a protoloph II and a metaloph II, the M2 have double protolophs. The metal-
oph II is directed backwards and joins the hypocone or its posterior arm. The posterior 
sulcus between the hypocone and the posteroloph of M1 is a main characteristic of the 
genus.

D e s c r i p t i o n :  P4: It consists of an anterior cone and a posterior cingulum partly sur-
rounding the cone.

M1–2: They are rectangular in occlusal outline. They have a long mesoloph, a shallow 
forward-directed sinus and four roots.

M1: In most cases M1 has a long anterior arm of the protocone. It has a single protoloph, 
and the metaloph joins the hypocone or its posterior arm. The posterior sulcus between 
the hypocone and the posteroloph is pronounced or weak.

M2: It has a strong labial and a weak lingual anteroloph. The protoloph is double (five 
specimens), in all other specimens the posterior protoloph is weak, constricted or absent. 
The metaloph joins the hypocone or its anterior arm. A posterior sulcus is absent or weak.

M3: It is the smallest upper molar, with rounded outline, a closed sinus and three roots.

The lower molars are rectangular in outline and have two roots.

m1: The anteroconid of m1 is weak. The mesolophid is long, sometimes of medium 
length, or absent. The ectolophid is oblique. Some specimens display a small hypoconu-
lid and a weak posterior sinusid.

m2: The metalophid and the hypolophid of m2 are directed forward. The posterior arm 
of the protoconid is frequently present, the mesolophid is weak or absent.

m3: It resembles m2, but is posteriorly narrowed.

R e m a r k s :  Apart from minor morphological variations, the molar pattern and size 
of the Shine Us specimens are in agreement with the type material from the upper 

Table 9. Descriptive statistics of tooth measurements of Parasminthus tangingoli from assem-
blage SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) width (mm)
range mean n range mean

P4 0.71–0.80 0.76 5 0.71–0.80 0.76
M1 1.29–1.44 1.35 6/8 0.99–1.18 1.10
M2 1.20–1.34 1.28 9/10 1.01–1.15 1.09
M3 0.92–1.01 0.96 5 0.96–1.04 1.01
m1 1.22–1.39 1.32 3/6 0.94–1.15 1.00
m2 1.18–1.34 1.26 8 0.94–1.06 0.98
m3 1.06–1.27 1.17 5 0.89–1.04 0.97
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Oligocene of Tabenbuluk in China (Bohlin 1946). They also resemble the specimens 
from the upper Oligocene of Yindirte (Wang 2003), from GL 9601B Shangxigou in 
Gansu (China) (Wang & Qiu 2000: tab. 1, fig. 1A+B), and a part of P. tangingoli 
from Ulantatal (China) (Huang 1992: 277–279, pl. 3; revision by Wang & Qiu 2000: 
15–19). Moreover, they are quite similar to specimens described as P. cf. tangingoli 
from five upper Oligocene deposits (letter zones C and C1) of the Taatsiin Gol and Tatal 
Gol regions in Mongolia (Daxner-Höck et al. 2014: tab. 12, fig. 16). All Cenozoic 
Mongolian assemblages provide associations of P. tangingoli / P. cf. tangingoli, P. cf. 
asiaecentralis and B. parvulus.

Parasminthus cf. asiaecentralis Bohlin, 1946
(Fig. 10 F1–F3, Tab. 10)

	 1946 Parasminthus asiae-centralis n. sp. – Bohlin: 18–22, figs 2/1–6, 3/28–30, 5A, 6A; pl. I, 
figs 2, 6, 13, 14.

	 2000 Parasminthus asiae-centralis Bohlin, 1946 – Wang & Qiu: 14–15, fig. 1.

M a t e r i a l :  19 isolated teeth / partly fragmentary; 6 P4 (NHMW 2018/0032/0014–
0019), 3 M1 left (NHMW 2018/0032/0001–0003), 1 M2 left (NHMW 2018/0032/0004), 
2 M3 left (NHMW 2018/0032/0005–0006), 5 m2 left (NHMW 2018/0032/0007–0011), 
1 m2 right (NHMW 2018/0032/0012), 1 m3 left (NHMW 2018/0032/0013).

M e a s u r e m e n t s :  see Tab. 10.

R e m a r k s :  Most teeth are strongly damaged and do not allow reliable description of 
dental characters. However, tooth size and the overall dental morphology are in agree-
ment with the type material of P. asiaecentralis from Tabenbuluk (Bohlin 1946), known 
to be the largest Parasminthus species. As shown above, co-occurrences of the smaller 
species P. tanginogli and the larger P. asiaecentralis are known from upper Oligocene 
assemblages of Mongolia and China. P. tangingoli and P. cf asiaecentralis differ from 
other Dipodidae from Shine Us by larger size and the rectangular shape of upper and 
lower molars.

Table 10. Descriptive statistics of tooth measurements of Parasminthus cf. asiaecentralis from 
assemblage SHU-A/1, locality Shine Us, Khaliun Basin, south western Mongolia.

length (mm) n=14 width (mm)
range mean n range mean

P4 0.89–1.04 0.97 6 0.89–1.04 0.94
M1 1.53–1.93 1.67 3 1.36–1.58 1.44
M3 1.29–1.36  2 1.18
m2 1.69–1.81  3 1.27–1.46 1.44
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Ruminantia (B. Mennecart)

Nomenclature, measurements and dental terminology of Ruminantia: Postcranial bones 
after Barone (1999), metapodials and phalanges after Köhler (1993), astragalus after 
Martinez & Sudre (1995) and dental terminology after Bärmann & Rössner (2011). 
The bodymass estimation is based on the astragalus after Martinez & Sudre (1995), on 
the radius after Scott (1990) and on the upper molars after Janis (1990). Environmental 
characters of the postcranial bones are based on Köhler (1993). Tragulina is here con-
sidered to be a “non-pecoran ruminant.”

Cetartiodactyla Montgelard, Catzeflis & Douzery, 1997

Ruminantia Scopoli, 1777

Tragulina Flower, 1883

Tragulina indet.
(Fig. 11 A–M, Tab. 11)

M a t e r i a l :  Astragalus right (NHMW 2018/0028/0001–0005), astragalus left 
(NHMW 2018/0028/0006), fibula left (NHMW 2018/0028/0007), cubonavicular right 
(NHMW 2018/0028/0008), metapod distal part, fragments (NHMW 2018/0028/0009–
0010), proximal phalanx (NHMW 2018/0028/0011–0012), middle phalanx (NHMW 
2018/0028/0013), distal phalanx (NHMW 2018/0028/0014–0016), central phalanx 
(NHMW 2018/0028/0017), lateral phalanx (NHMW 2018/0028/0018), radius prox-
imal part right (NHMW 2018/0028/0019), upper fourth premolar right (NHMW 
2018/0028/0020), fragmented upper molar right (NHMW 2018/0028/0021).

M e a s u r e m e n t s :  see Tab. 11.

Equation bodymass based on the astragalus (Martinez & Sudre 1995: L length and W 
width of the astragalus; size in mm and result in gram):

Bodymass= 3.16 × (L×W)1.482; (R2=0.95)

Table 11. Astragalus measurements of Tragulina indet. from Shine Us (assemblage SHU-A/1) 
and bodymass estimation based on astragalus.

Inv. No. L W Body mass (kg)
NHMW 2018/0028/0003 18.00 10.60 7.60
NHMW 2018/0028/0004 17.30 9.70 6.30
NHMW 2018/0028/0002 19.30 10.70 8.50
NHMW 2018/0028/0005 17.50 10.00 6.70
NHMW 2018/0028/0001 18.60 10.60 7.90
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Equation bodymass based on the radius (Scott 1990: R2, distal radius length; R3, distal 
radius width; size in cm and result in kg): see Tab. 12.

Ungulates

Log Body= Log (R2) × 2.4304 + 0.4856; (R2=0.9494)

Log Body= Log (R3) × 2.5360 + 1.0605; (R2=0.9381)

Artiodactyls

Log Body= Log (R2) × 2.4768 + 0.9478; (R2=0.9478); Log Body= Log (R3) × 2.5374 
+ 1.0603; (R2=0.9321)

Ruminants

Log Body= Log (R2) × 2.5149 + 0.4297; (R2=0.9638); Log Body= Log (R3) × 2.5443 
+ 1.0519; (R2=0.9339)

Equation bodymass based on the upper molar length (Janis 1990: size in cm and result 
in kg):

Ungulates: Log Body= Log (SUML) × 3.184 + 1.091; (R2=0.932)

Ruminants: Log Body= Log (SUML) × 3.337 + 1.118; (R2=00.939)

D e s c r i p t i o n :  Astragalus: The astragalus is relatively slender. The trochleas are una-
ligned. Moreover, the lateral condyles of the trochleas are more developed (larger and 
higher) than the medial ones. The surface of the proximal trochlea is more concave than 
the distal one. The bone shows a general asymmetry. The astragalo-calcaneal contact 
is widely laterally projected. The posterior calcaneal lateral facet, laterally projected, 
stops almost at the mid-height of the bone. No crest separates the articular surface of 
the cuboid and the navicular surface on the distal trochlea and in the medial ridge of the 
sustentacular facet because these two bones are fused. The contact with the cubonavicu-
lar also stops at mid-height of the sustentacular facet and forms an incipient crest on the 
medial view. The sustentacular facet is not centered with the astragalus. The contact with 
the internal malleolus is shallow, rounded, and open on its plantar section. The medial 
part of the proximal trochlea bears a crest, which is absent on the lateral one.

Fibula: The fibula is reduced to its distal extremity only. This bone is quadrangular in 
shape (length: 8.5mm, height: 6.3mm) and very-flattened (width: from 2.4 to 4.2 mm). 
The proximal part that articulates with the tibia bears a developed bony-spine. The distal 
surface, articulating with the calcaneum, is slightly concave. The internal surface shows 

Table 12. Tragulina indet. from Shine Us (assemblage SHU-A/1); bodymass estimates based on 
the radius (Scott 1990).

Bodymass (kg) Ungulates Artiodactyls Ruminants
R2 7.17 7.00 7.51
R3 6.32 6.32 6.19
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a shallow curved surface of contact with the astragalus, whereas the outer surface is 
relatively flattened.

Cubonavicular: The cubonavicular is massive (height: 12.6, length: 12.7, width: 12.7 
mm). The cuneiform surface contact shows that this bone was relatively high. The artic-
ular surface with the astragulus is high, and asymmetrical due to the shape of the astra-
galus. The articular surface with the calcaneum is oblique, elongated and deeply marked. 
The plantar surface is not flattened.

Metapodial bones: The distal part of the metapods, somewhat enlarged compared with 
the diaphysis, is not fully fused, thus forming an open gulley on its distal part. The spec-
imens lack crests on both side of the sulcus. The distal part of the articular surface is 
flattened and the keel does not reach the dorsal part of the metapod. In lateral view, the 
dorsal part is slightly convex.

Proximal phalanx: The proximal phalanx is relatively robust. No central sulcus is visible 
on the broad proximal articular surface. This facet is very rounded. The dorsal surface 
outline is slightly convex. The area for the insertion of the interdigital ligament is broad 
(half of total phalanx length). The plantar side shows a double concave volar curvature. 
The central ligament insertion area is well marked, forming the second curvature. The 
distal articular facet is visible from dorsal view and is rounded from the side view.

Middle phalanx: The middle phalanx is strong. The proximal and distal articular surfaces 
are of similar size. In lateral view, the proximal facet is very flattened. The postarticular 
plateau is proximally elongated with a strongly marked origin of the interdigital liga-
ments on the proximal volar end. In plantar view, two crests are visible on the proximal 
part due to the insertion of the collateral ligaments. The dorsal extensor process is very 
reduced. The distal articular surface extends somewhat dorsally. In lateral view, the dis-
tal end of the phalanx is ovoid.

Distal phalanx: The distal phalanx exhibits two different sizes. We attribute the smallest 
one to a lateral digit, while the largest ones are central digits. They are triangular. The 
central ones are massive, whereas the lateral ones are more acute angled. The dorsal 
ridge is straight, elongated, oriented toward the interdigital side, without any special 
process for the insertion of the extensor on its dorso-proximal part. The surface of the 
proximal articular is slightly concave. The wedge with a plantar process for the insertion 
of the deep flexor tendon is well developed on the central phalanges. The interdigital 
surface is flattened.

Radius: The narrow radius (R2: 1.42, R3: 0.79 cm) shows its proximal suture with the 
ulna. The tuberosity of the extensor muscle of the lateral digit is very well developed. 
The proximal area may be rectangular. The coronoid process is weakly developed, e. g., 
the synovial depression of the radius, which only forms a fissure on the plantar side.

Upper fourth premolar: The very simplified upper fourth premolar is weakly asymmet-
rical. The tooth is as long as large (6.0 × 6.2 mm). The posterolingual and anterolin-
gual cristae are straight and short. The labial cone and the lingual cone are positioned 
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medially. The fossa lacks an additional fold. The labial cone rib is weak, whereas the 
anterior style and the posterior style are well developed (the anterior style being bigger). 
The labial cristae are slightly curved, giving a slightly concave aspect to the labial wall 
of the tooth.

Upper molar: The fragmented molar is very small (length 8.4 mm). The lingual and ante-
rior parts of the solitary molar are broken. The premetaconulecrista is elongated and ends 
almost at the level of the mesostyle, between the paracone and metacone. The postproto-
crista is short, stopping along the premetaconulecrista at its mid-length. The anterior and 
posterior fossae are small. The paracone and metacone are aligned. The paracone rib is 
very big, whereas the labial part of the metacone is flat. The labial cristae are short and 
straight. The metastyle is well developed, forming a labial crest. The mesostyle, even 
broken, is very big.

Ta x o n o m i c  a t t r i b u t i o n :  All studied specimens have a similar preservation status, 
size and morphological characteristics. We strongly suggest that these remains belong 
to only one ruminant species. Ruminants are already documented from the Shine Us 
locality (Vislobokova 1997: fig. 4), i. e., Palaeohypsodontus asiaticus has been listed 
from fossil point Shine-Us 1, Amphitragulus cf. gracilis from Shine-Us 2. Nonetheless, 
the general morphology of the presently studied bones and teeth from sample SHU-A/1 
recall the morphological characteristics of Tragulina. Contrarily to Pecora, the trochleas 
of the astragalus are unaligned and slender (Martinez & Sudre 1995; Mennecart et al. 
2011).

Only few Oligocene ruminant astragali are currently described (Martinez & Sudre 1995; 
Métais et al. 2009, 2017; Mennecart 2015). The Shine Us (SHU-A/1) ruminant astra-
galus is very similar to those of the traguline Bachitherium in being slender, with una-
ligned trochleas and strong asymmetry between the trochleas (Martinez & Sudre 1995; 

Fig. 11. Ruminant postcranial and dental remains from the Shine Us locality (assemblage 
SHU-A/1), Khaliun Basin, south western Mongolia, Beger Fm., upper Oligocene. A: astraga-
lus (NHMW 2018/0028/0001), lateral (A1), plantar (A2), medial (A3), and dorsal (A4) views; 
B: cubonavicular (NHMW 2018/0028/0008) in proximal (B1), distal (B2), lateral (B3), plantar 
(B4), medial (B5), and dorsal (B6) views; C: fibula (NHMW 2018/0028/0007) in lateral (C1), 
medial (C2), proximal (C3), and distal (C4) views; D: metapodial (NHMW 2018/0028/0009) in 
lateral (D1), dorsal (D2), and plantar (D3) views; E: proximal phalanx (NHMW 2018/0028/0011) 
in dorsal (E1), lateral (E2), plantar (E3), and medial (E4) views; F: middle phalanx (NHMW 
2018/0028/0013) in dorsal (F1), lateral (F2), plantar (F3), and medial (F4) views; G: distal central 
phalanx (NHMW 2018/0028/0014) in dorsal (G1), proximal (G2), lateral (G3), and medial (G4) 
views; H: distal lateral phalanx (NHMW 2018/0028/0018) in dorsal (H1) and lateral (H2) views; 
I: radius (NHMW 2018/0028/0019) in dorsal (I1), plantar (I2), lateral (I3), medial (I4), and prox-
imal (I5) views; J: upper fourth premolar (NHMW 2018/0028/0020) in labial (J1) and occlusal 
(J2) views; K: upper molar (NHMW 2018/0028/0021) in labial (K1) and occlusal (K2) views; L: 
proximal phalanx (NHMW 2018/0028/0012) in dorsal view; M: distal central phalanx (NHMW 
2018/0028/0015) in dorsal view. Scale bar: 1 cm.


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Mennecart 2015). The contact with the cubonavicular also stops at mid-height of the 
sustentacular facet and forms an incipient crest in medial view, and the sustentacular 
facet is not centered with the astragalus (Martinez & Sudre 1995; Mennecart 2015). 
The metapodial bones and phalanges also recall the condition observed in the traguline 
Bachitherium and Dorcatherium, the articular surfaces being smooth without acute keels 
or convex surfaces (Blondel 1997; Mennecart et al. 2018b). They could, however, 
also be ecomorphologic characteristics (Köhler 1993). The symmetry of the upper 
fourth premolar, the shortened cristae and the aligned labial cusps are also known in 
Tragulina. Based on these characters, we the ruminant from the Shine Us (SHU-A/1) to 
the Tragulina. Further determination is currently impossible because of the scarcity of 
the material.

The early diversification of ruminants (Tragulina only) occurred during the middle and 
upper Eocene in Asia, northern America, and eastern Europe (Métais & Vislobokova 
2007; Mennecart et al. 2018a). The Tragulina dominated the ruminant fauna in Asia 
and Europe during the lower Oligocene, and persisted to the uppermost Oligocene south 
of the Himalaya and in Europe (Vislobokova 1997; Vislobokova & Daxner-Höck 
2002; Mennecart 2012; Scherler et al. 2013; Mennecart 2015; Métais et al. 2017). 
So far only Pecora were known from the upper Oligocene and lower Miocene of the Val-
ley of Lakes and the Khaliun Basin in Mongolia (Vislobokova 1997; Vislobokova & 
Daxner-Höck 2002). Nonetheless, the new findings from Shine Us (sample SHU-A/1) 
demonstrate that the environmental conditions of the Khaliun Basin allowed Tragulina 
to survive from the lower Oligocene to the basal upper Oligocene.

P a l a e o e c o l o g i c a l  a n d  p a l a e o e n v i r o n m e n t a l  i n d i c a t i o n s :  Very little is 
known about the palaeoecology of Paleogene ruminants, specifically in Asia.

Bodymass: From living “ungulates”, strong correlations between body size and diet are 
known, e. g., most of the living small ruminants (less than 20 kg) are selective browsers 
(Demment & Soest 1985; Bodmer 1990; Mennecart et al. 2012a). Due to the short 
retention time of the food in the digestive system and a proportionally higher metabolic 
rate, small-size ruminants are mostly selective browsers feeding on “high-quality” ener-
getic food such as fruits and living in closed environments such as forests (Bodmer 
1990). The estimated bodymass of Oligocene European ruminants is mostly less than 
20 kg (Martinez & Sudre 1995; Blondel 1998), except for the slightly larger Lophi-
omeryx and Prodremotherium (respectively 29 kg and 21 kg). Based on mandibular 
morphology (Mennecart et al. 2011, 2012a, Mennecart 2012), microwear analyses 
(Blondel 1996, Novello et al. 2010) and isotopic data (Blondel 1996; Zanazzi & 
Kohn 2008), the diet of some species from the Oligocene of Europe and Eocene-Oligo-
cene of northern America has been defined. Except for Pecora from the latest Oligocene 
of La Milloque (ca. 23.5 Ma, France), ruminants were not pure grazers or mixed-feeders 
during the Oligocene (Novello et al. 2010).

The bodymass of the Shine Us (SHU-A/1) Tragulina, estimated from the astragali (6.3 
kg to 8.5 kg, mean 7.4 kg), from the radius (6.2 kg to 7.5 kg, mean 6.8 kg) and from the 
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upper molar (7.1 kg to 7.3 kg, mean 7.2 kg), indicates a bodymass of about 7 kg. Accord-
ingly, we consider it to have been mainly a selective browser, similarly to its European 
contemporaneous relatives and to living Tragulidae (Sudre 1984; Nowak 1999; Men-
necart et al. 2011, 2012a). Its bodymass indicates a forested environment in Shine Us 
Postcranial elements of Ruminantia provide valuable information about palaeoenviron-
mental conditions, such as: wooded and moderately humid; wooded and very humid to 
semi-aquatic; open, flat and dry; mountainous (Köhler 1993). Using these morphoeco-
logical characteristics, habitat preferences have been elaborated for European Oligo-Mi-
ocene ruminants (Blondel 1997; Becker et al. 2010; Mennecart et al. 2012b).

Postcranials: Considering the postcranial elements of specimens from SHU-A/1, the 
tuberosity of the extensor muscle of the lateral digit is very well developed on the radius. 
The lateral distal phalanx size indicates that the lateral digit was well developed. It pro-
vides a high mobility of the lateral digits and a high lateral stability necessary on unsta-
ble soil (swamp). It is in agreement with the morphology of phalanges and metapodial 
bones, which are also typical for a wet and wooded environment. Indeed, the robust-
ness of the phalanges along with concave outline, the absence of very marked keels or 
grooves on the articulation surfaces, and the presence of strong insertions for interdigital 
ligaments are typical for the animals living in wooded environments (Köhler 1993). 
The absence of crests on both sides of the sulcus of the metapods is known only in ani-
mals living in very humid environments (Köhler 1993). The postcranial elements of the 
ruminant from Shine Us (SHU-A/1) are typical for animals living in a very humid forest. 
These data confirm the palaeoenvironmental conditions deduced from the bodymass.

Discussion

Biostratigraphy

For a better understanding of the biostratigraphy of the Shine Us assemblage, we refer 
to previous investigations in the Taatsiin Gol and Taatsiin Tsagaan Nuur regions (Val-
ley of Lakes). There, >70 palaeontological samples were collected from 30 sections 
and natural outcrops of Oligocene and Miocene deposits of the Hsanda Gol and Loh 
formations. The huge dataset of mammal fossils enabled establishing informal letter 
zones for the Oligocene and Miocene (letter zones A to E) (Daxner-Höck et al. 1997; 
Höck et al. 1999). Later, the refined letter zones A, B, C, C1, C1–D of the Oligocene, 
and letter zone D of the lowermost Miocene (Daxner-Höck et al. 2017) were defined 
as “Taxon Range Zones” and “Abundance Zones” (Harzhauser et al. 2017). “Taxon 
Range Zones” are based on the lowest and highest occurrences of taxa (= LO-HO) and 
“Abundance Zones”are based on the most abundant/frequent occurrences of taxa (= AO) 
according to the International Stratigraphic Guide (Harzhauser et al. 2017).

The fossil composition of the Shine Us sample SHU-A/1 from the Beger Fm. is broadly in 
agreement with the “Amphechinus taatsiingolensis Abundance Zone” (= letter zone C) 
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of the Valley of Lakes. This zone was defined by Harzhauser et al. (2017) by the “low-
est occurrence” (LO) and the very frequent occurrence (AO) of Amphechinus taatsiingo-
lensis. Other “lowest occurrences” from the Valley of Lakes localities are: Bohlinotona 
cf. pusilla, Palaeoscaptor gigas, Tataromys minor, Parasminthus cf. tangingoli, Paras-
minthus cf. asiaecentralis, Yindirtemys aff. ulantatalensis and the genus Litodonomys. 
In addition, Eucricetodon bagus, Eucricetodon jilantaiensis, Tataromys sigmodon, and 
Tataromys minor are very abundant, and E. jilantaiensis, Palaeoscaptor gigas, Yindirte-
mys aff. ulantatalensis, and Allosminthus minutus have “highest occurrences” (HO) in this 
Biozone (Harzhauser et al. 2017; López- Guerrero et al. 2017a; Oliver et al. 2017; 
Daxner-Höck et al. 2014, 2017; Erbajeva & Daxner-Höck 2014; Ziegler et al. 2007).

Correlation

The composite age chronology of the Valley of Lakes (Daxner-Höck et al. 2017) is 
based on biostratigraphy (Harzhauser et al. 2017), 40Ar/39Ar ages of basalts (Höck et 
al. 1999), and on magnetostratigraphic record of the Taatsiin Gol sections TGR-A and 
TGR-C (Sun & Windley 2015). All these data enabled correlation of sections and fossil 
horizons with the Geomagnetic Polarity Time Scale (GPTS) (Gradstein et al. 2012), 
and suggest an early Chattian age (early late Oligocene; ~ 28.0–25.6 Ma) of the “Amph-
echinus taatsiingolensis Abundance Zone”.

The mammal composition, specifically the most frequent species of the Shine Us assem-
blage SHU-A/1 (Tab. 13) agree biostratigraphically with three Valley of Lakes assem-
blages of the “Amphechinus taatsiingolensis Abundance Zone”, i. e., TAR-A/2 from the 
locality Unzing Churum, ABO-A/3 from Abzag Ovo, and TGR-C/1+2 from Taatsiin 
Gol. The radiometric and magnetostratigraphic data, respectively, date the assemblages 
at: TAR-A/2: <27.4 ± 0.4 Ma; ABO-A/3: >27.0 ± 0.9 Ma; TGR-C/1+2: Chron C9n = 
~ 26.4 – 27.4 Ma (Daxner-Höck et al. 2017: fig. 30). Consequently, correlation with 
these three well dated assemblages from the Taatsiin Gol region suggests an age between 
26 and 28 million years of the Shine Us assemblage SHU-A/1. We exclude any consid-
erably older or younger age because neither the index fossils of the older “Huangomys 
frequens Abundance Subzone” (> 28 Ma; early Oligocene), nor of the younger “Yindirt-
emys deflexus Abundance Subzone” (< 25.6 Ma, late late Oligocene) are documented 
from sample SHU-A/1 (Fig. 12).

Fig. 12. The correlation chart includes the Geologic Time Scale and the Geomagnetic Polar-
ity Time Scale (GPTS) (Gradstein et al. 2012; Ogg et al. 2014); the Chinese Mammal Ages 
Hsandagolian, Tabenbulukian, and Xiejian; 40Ar/39Ar Basalt ages (Höck et al. 1999); well-dated 
assemblages TAR-A/2, ABO-A/3, and TGR-C/1+2 of the Valley of Lakes that are correlative 
with the assemblage SHU-A/1 of the Khaliun Basin; the Mongolian letter zones and Biozones 
(Daxner-Höck et al. 2017; Harzhauser et al. 2017). The stratigraphic ranges of 14 mammal 
taxa of the assemblage SHU-A/1 indicate the Amphechinus taatsiingolensis Abundance Zone and 
an early late Oligocene age.


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Palaeoenvironment

In reconstructing the palaeoenvironment, we focus on lithologies and sediment struc-
tures of the Shine Us section and on the composition of the SHU-A/1 assemblage as 
described above.

The SHU-A/1 assemblage stems from the lower part of the Beger Fm. (unit 17), where 
fossils were imbedded in light brown, locally laminated clayey silt. The concentrations 
of disarticulated, mostly fragmentary bones and teeth are interpreted to be accumula-
tions of small floodplain channels from different nearby habitats. The environment was a 
floodpain, where small rivers may have drained into low areas creating temporary ponds 
and swamps. More distantly, we assume wooded meadows, forests and also open areas.

The recovered fossil assemblage turned out to be very diverse (Tab. 13), representing 
different habitats of the floodplain ecosystem. Thus, temporary rivulets and ponds were 
inhabited by ostracods and fishes. Adjacent wet forests provided a suitable habitat for 
carnivorous birds, bats, and for the small ruminants, the Tragulina. The latter provide 
morphoecological characteristics on upper molars and postcranials, indicating that the 
body size of Tragulina from Shine Us was small (~ 7kg). Like extant Tragulina they were 
mainly selective browsers, and the foot was adapted to swampy environments (Men-
necart, this paper). The rodent groups Eomyidae, Sciuridae, and Aplodontidae may 
have lived in trees and bushes. More open and dry areas – where the sunlight reaches 
the ground – were inhabited by lizards, snakes, and snails. Also ground dwelling lago-
morphs, insectivores, and rodent groups, such as Dipodidae and Cricetidae lived in more 
or less open habitats. According to microwear analyses on the cricetid Eucricetodon 
(from the locality Ulantatal in China) the diet of E. bagus consisted of herbaceous and 
shrub plants, that of of E. jilantaiensis was more fibrous plants (Gomes Rodrigues et al. 
2012 b). However, Tachyoryctoididae and Tsaganomyidae, two prominent and locally 
dominating rodents of the Oligocene Valley of Lakes faunas, are practically absent from 
sample SHU-A/1. Their partial subterranean lifestyle would require more dry conditions 
and a lower groundwater table (Wessels et al. 2014; Daxner-Höck et al. 2015), than 
was evidenced by the fossil content of the sample (sediment unit 17; Beger Fm.) of the 
Shine Us locality.

Palaeoclimate

In the foregoing chapters we showed, that the mammal composition of the Shine Us 
assemblage (SHU-A/1) is in agreement with the Amphechinus taatsiingolensis Abun-
dance Zone of the basal late Oligocene. During this time interval a diversity drop in 
mammal communities coincided with a major turnover, termed the “Mid Oligocene 
Reorganisation”, as evidenced on the basis of the excellent mammal record from the 
Valley of Lakes localities (Harzhauser et al. 2016: fig. 3). These extinctions affected 
mainly rodents, ruminants and carnivores of the early Oligocene. Simultaneously, new 
small mammal genera and species originated. This Mid-Oligocene Reorganisation event 
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Table 13. Fossils from assemblage SHU-A/1, locality Shine Us, Khaliun Basin in south western 
Mongolia collected 1997 and 2001.
Fossil taxa from  
assemblage SHU-A/1 specimens (n) Inventory numbers

(coll. NHMW)
Ostracoda
    Cyprididae and Candonidae > 100 NHMW 2018/0035/0000
Gastropoda
    Pupilloidea indet. Internal casts, shells (<10) NHMW 2018/0196/0000
Pisces
    Cyprinidae indet. vertebrae, pharyngeal teeth (few) NHMW 2018/0197/0000
Reptilia
    Lacertidae indet. incomplete dentaries (3) NHMW 2018/0040/0001–0003
    Serpentes indet. neural arch (1) NHMW 2018/0041/0001
Aves
    Accipitridae indet. claw (1) NHMW 2018/0135/0001
    Aves indet. bones (5), egg shells (>50) NHMW 2018/0135/0000
Mammalia
  Lagomorpha
    Bohlinotona cf. pusilla premolars, molars and deciduous 

teeth (220);
incisors, tooth fragments (pl.)

NHMW 2013/0113/0001–0220
NHMW 2013/0113/0000

    Desmatolagus sp. m1–2 (1) NHMW 2013/0172/0001
    Sinolagomys sp. P3, Inc. sup. (2) NHMW 2013/0382/0001–0002
    Archaeolagus sp. M1 (1) NHMW 2013/0171/0001
  Erinaceomorpha and Soricomorpha
    Brachyericinae indet. dentary incomplete (1) NHMW 2018/0021/0001
    Palaeoscaptor cf. rectus fragmentary teeth (3) NHMW 2018/0022/0001–0003
    cf. Palaeoscaptor gigas teeth (3) NHMW 2018/0023/0001–0003
    Amphechinus taatsiingolensis teeth (92) NHMW 2018/0024/0001–0092
    Crocidosoricinae gen. et sp. indet. teeth (4) NHMW 2018/0025/0001–0004
    Talpidae gen. et sp. indet. incomplete dentary, tooth (2) NHMW 2018/0026/0001–0002
  Chiroptera
    cf. Myotis horaceki tooth (1) NHMW 2018/0027/0001
  Rodentia
    Aplodontidae indet. teeth; strongly worn, fragments (3) NHMW 2018/0198/0000
    Sciuridae indet. fragmentary teeth (2) NHMW 2018/0199/0000
    Eomyidae indet. tooth; strongly worn (1) NHMW 2018/0200/0000
    Tsaganomyidae indet. teeth (2) NHMW 2018/0201/0000
    Mammalia indet. tooth fragments (5) NHMW 2018/0202/0000
  Ctenodactylidae
    Tataromys sigmodon premolars and molars (133) NHMW 2017/0018/0001–0133
    Tataromys minor premolars and molars (141) NHMW 2017/0019/0001–0141
    Yintirtemys cf. ulantatalensis dentary fragments and molars (10) NHMW 2017/0020/0001–0010
  Cricetidae
    Witenia sp. molar (1) NHMW 2018/0136/0001
    Eucricetodon asiaticus molars (4) NHMW 2018/0139/0001–0004
    Eucricetodon jilantaiensis molars (47) NHMW 2018/0137/0001–0047
    Eucricetodon bagus molars (54) NHMW 2018/0138/0001–0054
  Dipodidae
    Heosminthus chimidae dentary fragments, molars and 

premolars (127)
NHMW 2018/0029/0001–0117
NHMW 2018/0029/0121–0127

    Allosminthus cf. minutus molars (3) NHMW 2018/0034/0001–0003
    Bohlinosminthus parvulus premolars and molars (49) NHMW 2018/0033/0001–0049
    Litodonomys sp. molars (2) NHMW 2018/0030/0001–0002
    Parasminthus tangingoli premolars and molars (52) NHMW 2018/0031/0001–0052
    Parasminthus cf. asiaecentralis premolars and molars (19) NHMW 2018/0032/0001–0019
  Ruminantia
    Tragulina indet. postcranial bones, and teeth (21) NHMW 2018/0028/0001–0021
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coincids with the Oligocene Glacial Maximum of the global climate (Harzhauser et al. 
2016: fig. 3). Although it is not reflected by the available geochemical and geophysical 
record from the Valley of Lakes, a change in climate may have caused the mammal turn-
over during the early late Oligocene, rather than tectonic processes, such as the uplift 
of the Tibetan Plateau (Harzhauser et al. 2016). The similar mammal community of 
assemblage SHU-A/1 suggests comparable climate conditions of the Khaliun Basin and 
the Valley of Lakes during the Mid Oligocene cooling periode.

Conclusions

Sporadic fossil finds from the Beger and Uush formations in the Khaliun Basin are 
already known from earlier geologic and stratigraphic investigations (for details see: 
Liskun & Badamgarav 1977; Devyatkin 1981; Vislobokova 1997). Nonetheless, 
detailed investigations of specific fossil layers and faunal sequences are still lacking.

Here we provide information about a test sample from the Shine Us locality. The screen-
washed sample of the Beger Fm. gives a good impression of the faunal composition, of 
the palaeoenvironment, and enables age estimation based on biostratigraphic correla-
tion of the SHU-A/1 assemblage with well-dated mammal assemblages of the Valley of 
Lakes (Daxner-Höck et al. 2017).

The assemblage includes ~ 40 vertebrate and several invertebrate taxa (Tab. 13) which 
inhabited different parts of a floodplain environment: Ostracods and fishes lived in riv-
ulets and temporary ponds. Tragulina lived in floodplain meadows and swampy forests, 
and drier sunny areas were inhabited by most lagomorphs, ground-dwelling rodents, and 
insectivores, by snakes, lizards, birds and snails.

The assemblage is here correlated with the “Amphechinus taatsiingolensis Abundance 
Zone” (early late Oligocene, early Chattian). The estimated age is between 26 and 28 
million years.

During this time interval a major faunal turnover took place in the Valley of Lakes. It 
was caused by a major extinction event of rodents, ruminants and carnivores towards 
the end of the early Oligocene (Huangomys frequens Abundance Subzone), followed 
by a recovery of new small mammal taxa at the beginning of the late Oligocene (Amph-
echinus taatsiingolensis Abundance Zone). This turnover is termed the “Mid-Oligocene 
Reorganisation” and coincides with the “Oligocene Glacial Maximum” of the global 
climate (Harzhauser et al. 2016).

The main faunistic difference between the SHU-A/1 fauna and time equivalent faunas 
of the Valley of Lakes (~ 500 km towards east) is the presence of freshwater Ostracoda, 
Pisces, and Tragulina, and the absence of Tsaganomyidae and Tachyoryctoidae. This 
suggests locally wetter environmental conditions in the Khaliun Basin than observed in 
time-equivalent locations of the Taatsiin Gol and Taatsiin Tsagaan Nuur region (Valley 
of Lakes).
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