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Abstract—The Aral Faunal Assemblage is rich in small mammals. Insectivores there include the hedgehogs
Galerix sp., Exallerix efialtes L opatin, Amphechinus akespensis Lopatin, A. microdus Lopatin, and Amphechi-
nus sp.; the moles Desmanella compacta sp. nov., Pseudoparatalpa lavrovi (Bendukidze), Myxomygale
asiaprima sp. nov., and Hugueneya sp.; and the soricids Gobisorex akhmetievi sp. nov., Atasorex edax gen. et
sp. nov., and Aralosorex kalini Lopatin. Lagomorphs are represented by Desmatolagus simplex (Argyropul o),
D. periaralicus Lopatin, D. veletus Lopatin (Desmatolagidae), and Snolagomys pachygnathus Li et Qiu
(Ochotonidae). Rodents are very diverse and include the aplodontids Prosciurus daxnerae Lopatin and
Ansomys crucifer Lopatin; the beavers Seneofiber kumbulakensis (Lytschev), S. schokensis (Bendukidze), and
Asiacastor sp.; the eomyids Eomyodon bolligeri Lopatin and Pseudotheridomys yanshini L opatin; the zapodids
Plesiosminthus tereskentensis L opatin, Parasminthus debruijni Lopatin, and Bohlinosminthus cubitalus L opa-
tin; the cricetids Eucricetodon occasionalis Lopatin, Eumyarion tremulus Lopatin, Eumyarion sp., and Aral-
ocricetodon schokensis Bendukidze; the primitive mole rat Argyromys aralensis (Argyropulo); the tachyoryc-
toidids Tachyoryctoides glikmani (Vorontzov), Tachyoryctoides sp., Aralomys gigas Argyropulo, and Eumys-
odon spurius Argyropulo; and the ctenodactylid Yindirtemys birgeri Bendukidze. Based on taxonomic
composition, the assemblage is dated as the beginning of the Miocene (Early Aquitanian) and compared to the
MNZ1 European Mammal Zone. It is proposed to consider the Aral biochron as the reference level NM U1, that
is, the basal unit of the biochronological scale of the Neogene of inner Asia, which corresponds to the earliest
phase of the Xigjian Asian Land Mammal Age (Earliest Xigjian or Aralian).

Key words: Small mammals, insectivores, lagomorphs, rodents, Early Miocene, biostratigraphy, biochronol ogy,

paleozoogeography, North Aral Region, inner Asia.

INTRODUCTION

Fossil remains of mammals are widely used in bio-
stratigraphic correlation of Paleogene and Neogene
continental deposits. They hold considerable promise
because of the high rate of mammalian evolution and
the wide geographical and stratigraphic ranges of the
majority of mammal groups. The land mammal ages
recognized in Europe, North and South America,
Africa, and central Asia reflect successive alterations,
which are provided by the stepwise nature of mamma-
lian evolution and prochoreses, in regiona faunas.
Small mammals (especially rodents) are used for the
establishment of minute biostratigraphic units, i.e.,
zones (in Europe) and local faunas (in Asia). The Euro-
pean mammal zones are comparable in comprehensive-
ness to the zones established on the basis of marine
microorganisms, such asforaminifers, radiolarians, and
nanoplankton. These zones have been recogni zed based
on minute faunal changes. According to the classifica-
tion of biostratigraphic units, they are concurrent range
zones with boundaries that are established by the com-
bined method, i.e., on the basis of the first appearance
or disappearance of species of a certain evolutionary
lineage; a characteristic faunal association; and, in
some cases, the presence of index speciesand immigra-
tion events (see Daams and Freudenthal, 1981; Mein,
1999; Steininger, 1999). The mammal zones are com-
monly used as biochronological (rather than biostrati-
graphic) units. Thus, each zone is considered a time
interval during which a certain mammal assemblage
occurred. This correspondsto the conception of the typ-
ical local fauna (see Qiu and Qiu, 1995) and the Rus-

sian term faunisticheskii kompleks (faunal assemblage).
The first complete zonation of the Neogene of Europe
(MN1-MN17 zones) was proposed by Mein (1975,
1976, 1990). The presently accepted zonation was
adopted in 1990 by an international congress in
Reisensburg, Germany (Bruijn et al., 1992), and work
inthisfield is till in progress (“Actes...,” 1997; Fejfar
et al., 1998; Agusti, 1999; Mein, 1999; Steininger,
1999). The mammal-based zonation of the Paleogene
(MP1-MP30 zones) was established in 1987 at the
International Symposium on Mammalian Biostratigra-
phy and Paleoecology of the European Paleogene
(Mainz, Germany) (see Schmidt-Kittler, 1987); and the
latest zonation was accepted in 1997 by the Interna
tional Congress on Mammalian Biochronology of the
Cenozoic of Europe and Adjacent Areas (Montpelier,
France) (“Actes...,” 1997). The Neogene mammal bio-
chronological units correlate with a zonation proposed
based on marine microorganisms (Steninger et al.,
1990, 1994; Steininger, 1999) and magnetostrati-
graphic units and is controlled by the geochronological
methods (Schlunegger et al., 1996; Steininger et al.,
1996; Kempf et al., 1997; Legendre and Léveque,
1997; Modden, 1997; Steininger, 1999; Lindsay, 2001).

Local faunas, which are determined as associations
of simultaneously existing species (from the same
stratigraphic level), are operationa biochronological
units that are used by paleotheriologists. Particular
localitiesare arranged in biochronological order (andin
a time scale) mainly based on evolutionary criteria
(using the method of evolutionary lineages). This tech-
nique has often been criticized (Martinez, 1995)
because it seems to rest upon avicious circle in which
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the age of alocality is determined on the basis of the
evolutionary stage of ataxon of acertain lineage, while
the age of this taxon is determined on the basis of the
age of association, that is, on the age of the locality.
Recently, quantitative techniques with a more formal-
ized nature have been proposed that enable one to
determine the exact biochronological position of
assemblages from individual localities in the genera
faunal sequence on the basis of the mammal composi-
tion (and the number of taxa from certain evolutionary
lineages), i.e., the evolutionary method for the bio-
stratigraphic correlation of faunal assemblages
(Lytschev and Kochenov, 1988) and the method of cla-
dochronograms (Martinez, 1995). Additiondly, in a
number of studies, zonation (recognition of the concur-
rent range zones, biozones, zones of assemblages, etc.)
was performed on the basis of selected groups of small
mammals, primarily rodents, e.g., eomyids, theridomy-
ids, cricetids, etc. (see Agudti et al., 1987, 1988; Simen-
gen et al., 1990; Freudenthal, 1994; Unay et al., 2001).

The faunal assemblages of Paleogene and Neogene
mammals from Asia are much more poorly understood
than those from Europe, athough considerable
progress has been achieved in the study of localitiesin
China, Mongolia, Kazakhstan, Turkey, and Pakistan
over the past two decades (Mein, 2001). The first
detailed biochronological study of Asian localities was
undertaken in the 1980s. Li et al. (1984) proposed the
first division of the Neogene of northern China on the
basis of mammals; subsequently, it was supplemented
to a great extent and developed in more detail (Qiu,
1990; Qiu and Qiu, 1995; Qiu et al., 1999). Recently,
the first attempts to elaborate a uniform mammalian
biochronologica scale for the Neogene of inner Asia
based on the Chinese scale have been undertaken
(Lindsay, 2001; Lopatin, 2002a). Specific land mam-
mal ages for the Paleogene of central Asia were estab-
lished in 1987 (Russell and Zhai, 1987). When thisis
done, the typelocal faunas (Qiu and Qiu, 1995) or Neo-
gene mammal faunal units (Qiu, 1990; Steininger et al.,
1990; Qiu et al., 1999), i.e., biochrons (Flynn, 2000),
are hierarchically subordinated to land mammal ages
and correlated with the European Zonal Scale. The cor-
relations for the Oligocene and Early Miocene are of
low precision because of considerable differences in
the taxonomic composition of European and central
Asian mammals and general problems of long-distance
correlation (Dam, 2001; Unay et al., 2001).

From this point of view, the study of Early Miocene
mammals from the North Aral Region is atopical area
in current research, since, in the period in question, this
region wasin contact with the northeastern extremity of
the Eastern Paratethys and displayed faunal relation-
ships to both Europe and central Asia. The Ara (or
Paraceratherium) Mamma Fauna, which includes
abundant mammalian remains, is of special interest in
this respect. It is dated to the Oligocene-Miocene
boundary and seems to has no analogues among the
currently known assemblages from central Asia. Small
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mammals from theAral Fauna, which are considered in
the present study, are chosen as the basic tool for the
interregional correlation. In addition, comparative fau-
nal analysis of other localities in Kazakhstan, Mongo-
lia, and China was performed to supplement and spec-
ify the previously proposed mammal-based biochrono-
logical chart (Neogene Mammal Units, NMU) for the
Early Miocene of inner Asia(Qiu and Qiu, 1995; Lopa
tin, 2002a).

From 1991 to 1993, | investigated the stratigraphy
and taphonomy of a number of localities of Early
Miocene mammals in western Kazakhstan: Akespe,
Kumbulak, Altynshokysu, Sayaken, Kuzhasai, Bish-
tyubya, and Mynsualmas. Extensive material on mam-
mals and other vertebrates was collected and examined
in subsequent studies (Lopatin, 1994a, 1994b, 1994c,
1994d, 1995, 1996, 1997, 1998, 19993, 1999b, 2000a,
2000b, 2002a, 2003).

The main material (about 700 specimens) consists
of small mammalsfrom theAral Fauna. They were col-
lected by the author in 1992 and 1993 during fieldwork
of the Kazakhstan Party of the Paleontological Institute
of the Russian Academy of Sciences (PIN) in localities
of the North Aral Region, i.e., Altynshokysu (collection
PIN, no. 4516) and Akespe (collection PIN, no. 210).
The specimens were washed out of bone-bearing sedi-
ments and collected in the excavation and on the
exposed surface of the strata of the Aral Formation. In
addition, | examined small mammals that had been col-
lected earlier from the Akespe and Zherlepes localities
of the North Aral Region (collected by Yu.A. Orlov in
1938 and N.S. Shevyrevain 1968) and about 700 spec-
imens from the Altynshokysu locality that were col-
lected by foreign colleagues during a field excursion
within the framework of the International Symposium
on the Oligocene-Miocene Transition in the Northern
Hemisphere (Kazakhstan, August 16-28, 1994) and
placed at my disposal (H. de Bruijn, Institute of Earth
Sciences, Utrecht University, Netherlands; G. Daxner-
Hock, Natural History Museum of Vienna, Austria;
T. Bolliger, Paleontological Institute of Zurich Univer-
sity, Switzerland; and D. K&lin, Basel, Switzerland).

A total of about 2.5 tons of rock worth of specimens
were washed with the use of sieves with a 5-10 mm
screen opening. Analysis of the specimens was per-
formed in laboratory conditions. The material was stud-
ied with the aid of a binocular MBS-9 microscope
equipped with a measuring device and a binocular
MFO-90 microscope with a drawing apparatus.

In the chapter devoted to systematics, the morpho-
logical descriptions of fossil remains of members of
various groups are based on a terminology and mea-
surement technique accepted in the majority of modern
studies of the Erinaceidae (Van Vaen, 1966; Rich,
1981; Wang and Li, 1990; Frost et al., 1991; Gould,
1995), Talpidae (Hutchison, 1974; Storch and Qiu,
1983; Hoek Ostende, 1989, 2001a), Soricidae (Hoek
Ostende, 2001b; Lopatin, 2004), Lagomorpha (Tobien,
2004
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1974, 1978, 1986; McKenna, 1982; Erbagjeva, 1988;
Averianov, 1998), Aplodontidae (Rensberger, 1975;
Rensberger and Li, 1986; Wang, 1987; Qiu and Sun,
1988; Lopatin, 1997), Castoridae (Lytschev and
Shevyreva, 1994; Hugueney, 1999a; Korth, 2002),
Eomyidae (Wang and Emry, 1991; Engesser, 1999),
Zapodidae (Martin, 1994), Cricetidae (Freudenthal et al .,
1994), Tachyoryctoididae (Klein Hofmeijer and Bruijn,
1985), and Ctenodactylidae (Wang, 1991, 1994, 1997).

Thefollowing abbreviationsfor institutions are used
in this study: (DK) private collection by D. Kdin,
Basel, Switzerland; (GIN) Geological Ingtitute of the
Russian Academy of Sciences, Moscow; (IAUU) Insti-
tute of Earth Sciences, Utrecht University, the Nether-
lands; (IP) Institute of Paleobiology of the Academy of
Sciences of Georgia, Thilisi; (IVPP) Ingtitute of Verte-
brate Paleontology and Paleoanthropology, Beijing,
China; (1Z) Institute of Zoology of the Academy of Sci-
ences of Kazakhstan, Almaty; (MGU) Moscow State
University; (NMB) Natural History Museum of Basel,
Switzerland; (NMW) Natura History Museum of Vienna,
Audtria; (PIN) Paleontologica Indtitute of the Russan
Academy of Sciences, Moscow; and (PIUZ) Paleontolog-
ical Indtitute of Zurich University, Switzerland.

CHAPTER 1. HISTORY OF THE STRATIGRAPHIC
AND PALEONTOLOGICAL STUDY
OF THE REGION

Thefirst studies of the North Aral Region were per-
formed more than 150 years ago. In the 19th century,
they were mainly restricted to reconnaissance surveys
and examination of general naturalistic characteristics.
The first geological and paleontological observations
were made by mining engineers, zoologists (E.A. Ever-
smann, A.l. Lehman, N.A. Severtsov, M.I. Bogdanov,
andV.D. Alenitsyn), botanists (F.I. Basiner and |.G. Bor-
shchov), statisticians (G.Ya. Meyendorff), ethnogra-
phers (N.V. and V.Ya. Khanykovs), and military topog-
raphers (A.l. Butakov, A.l. Moksheev, L.I. Meyer, and
N.A. lvashintsev). The paleontological material brought
to St. Petersburg and M oscow was examined by the out-
standing experts in paeontology G.P. Helmersen,
E.J. Eichwald, H.W. Abich, and G.A. Trautschold
(Yanshin, 1953; Akhmetiev, 1994b).

From the early 20th century onward, studies of the
area became more thorough. There was considerable
interest in the sources of raw materials and other natural
resources in this area. At that time, the North Aral
Region was explored by the geologists S.N. Nikitin,
V.V. Bogachev, M.M. Prigorovsky, N.G. Kassin, and
A.N. Zamyatin. A.D. Arkhangelsky, M.V. Pavlowa,
G.P. Mikhailovsky, 1.V. Palibin, and A.N. Kryshtofovich
participated in the study of paeontological material.

From 1925 to 1950, a geological survey of the
region was performed. The development of various and
complex approaches, elaboration of new methods, and
extensive work on the part of local geological institu-
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tions were characteristic of this stage of research. Stud-
ies carried out by the geologists V.A. Vakhrameev,
0.S. Vydov, G.S. Klebanov, N.K. Ovechkin, B.A. Petru-
shevsky, L.B. Rukhin, V.A. Sergeev, and L.N. Formo-
zov and the paleontologistsA.K. Alekseev, A.N. Krysh-
tofovich, PA. Mchedlishvili, A.A. Borissiak, A.l. Argy-
ropulo, YU.A. Orlov, A.Ya. Tugarinov, and L.I. Khozatsky
were of special theoretical and practical significance.
A.L.Yanshin carried out a detailed geological study of
the North Aral Region, and his monograph devoted to
the stratigraphy and geological development of this
region (Yanshin, 1953) retains its significance in the
present.

A geological survey onal: 200 000 scale was per-
formed in the 1950s and 1960s by geologists from the
association “Aerogeologiya’ (All-Union Aerogeologi-
cal Trust). In the early 1960s, Ovechkin and his team
studied the biostratigraphy of Paleogene depositsin the
Turgai Depression and the North Aral Region. A section
on the northern coast of Perovsky Bay was taken as the
key section for most of these deposits (Ovechkin, 1962).

Inthe 1960sand 1970s, V.A. Bronevoi, O.N. Zhezhdl’,
S.G. Zhilin, R.G. Garetskii, L.G. Kiryukhin, R.L. Mer-
klin, V.V. Lavrov, RK. Makarov, L.V. Mironova,
A.l. Korobkov, L.S. Glikman, E.D. Zaklinskaya,
T.I. Bondareva, V.G. Pronin, G.S. Rayushkina,
L.A. Panova, and many other researchers studied the
stratigraphy of sedimentsin the North Aral Region and
the Ustyurt Plateau and their correlation with strata in
other areas (Lavrov, 1959; Bronevoi et al., 1963, 1967;
Bronevoi and Kiryukhin, 1966; etc.). Subsequently,
Russian biogratigraphers (M.A. Akhmetiev, A.A. Voro-
nina, L.A. Nevesskagja, S.V. Popov, and others) imple-
mented a number of important studies devoted to
detailed stratigraphic investigation of particular areas
combined with awide regional approach to the study of
historical development of the Eastern Paratethys
(Nevesskaja et al., 1984, 1986; Khondkarian et al.,
1986; Popov et al., 1993a, 1993b). An international
symposium on the questions of the Paleogene-Neo-
gene boundary in Asia (International Program of Geo-
logical Correlation, project no. 326) that was organized
by V.Yu. Reshetov and M.A. Akhmetiev in Aktyubinsk
in August, 1994 was of especially high theoretical sig-
nificance. It was accompanied by excursions to certain
localitiesin the North Aral Region, which gave an addi-
tional impulse to the intensification of biostratigraphic
and paleontological studiesinthisfield (Akhmetiev and
Lopatin, 1994; Lopatin, 1996; Lucas et al., 1998).

The study of fossil vertebrates from the North Aral
Region commenced in the late 1930s after extensive
excavations in the Akespe (Agyspe) locality performed
by M.G. Prokhorov in 1932 and 1933 and by
Yu.A. Orlov in 1936 and 1938 (Orlov, 1939; Borissiak
and Beligieva, 1948). Borissiak (1939, 1944, 1954),
Beligeva (1954), and Gromova (1959) studied large
mammals (Rhinocerotoidea); Tugarinov (1940) exam-
ined birds; and Khozatsky (1945) studied turtles. In the
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1970s-1990s, O.G. Bendukidze, V.M. Chkhikvadze,
and V.V. Lavrov performed an extensive study of the
vertebrate composition in the Aral Formation (Ben-
dukidze, 1977, 1989, 1993, 1994, 1997, etc.; Lavrov
et al., 1985). In subsequent years, mammals from the
Aral Fauna Assemblage were studied by Bayshashov
(19944, 1994b) and Tyutkova (1994), while fish were
studied by Sytchevskaya (Sytchevskaya and Gurov,
1994, 1995).

Orlov (1939) wasthefirst to indicate the presence of
small mammals (an insectivore closely resembling
Palaeoscaptor acridens; lagomorphs; and rodents,
including cricetids and beavers) in the Aral Formation
of the Akespe locality. In 1939 and 1940, A.l. Argyro-
pulo published the first descriptions of hew rodent taxa,
including Eumysodon spurius, E. orlovi, Aralomys
gigas, Schaubeumys aralensis, S. woodi, and Protalac-
taga borissiaki, and the lagomorph Agispelagus sim-
plex. Subsequently, Aralomys glikmani, from the Zher-
lepes locality (Vorontzov, 1963), and Propal aeocastor
kumbulakensis, from Kumbulak (Lytschev, 1970), were
described, and Gureev (1960) reexamined Agispelagus
simplex. In a series of studies, Bendukidze and coau-
thors provided lists of smal mammals from various
localities of the Aral Faunal Assemblage, i.e., Akespe
(Bendukidze, 1989), Sayaken, and Kuzhasai (Lavrov
et al., 1985). In the monograph devoted to small mam-
mals from the Miocene of southwestern Kazakhstan
and Turgai, Bendukidze (1993) paid special attention to
morphological descriptions of the taxa from the Aral
Fauna of the Akespe, Altynshokysu, Akotau, Sayaken,
Kumbulak, Kuzhasai, and Zhilansai localities. The
researcher registered 34 speciesin the Aral Formation;
seven (Mygalea lavrovi, Eucricetodon sajakensis,
Aralocricetodon schokensis, Yindirtemys sajakensis,
Y. birgeri, Capatanka schokensis, and Capacikala
sajakensis) were newly described, four were assigned
to the previously known species (Amphechinus mini-
mus, Gobisorex kingae, Tachyoryctoides spurius, and
Aralomys gigas), and 23 were described in open
nomenclature (Lantanotherium sp., Amphechinus cf.
rectus, Asthenoscapter sp., Proscapanus sp., Gobisorex
aff. kingae, Amphilagus aff. robustus, Desmatolagus
aff. shargaltensis, D. aff. gobiensis, Sinolagomys aff.
gracilis, S aff. kansuensis, Palaeosciurus sp., Para-
sminthus aff. tangingoli, Eucricetodon aff. caducus,
E. aff. youngi, Tachyoryctoides aff. obrutschewi, Aral-
omys sp., “ Tataromys” cf. sigmodon, Seneofiber aff.
kumbulakensis, Palaeocastor sp., Capatanka aff. scho-
kensis, Capacikala aff. sajakensis, C. cf. sciuroides,
and Asiacastor aff. orientalis).

From 1994 to 2004, | examined small mammals col-
lected in 1992 and 1993 in the Ara Formation of
Altynshokysu; as aresult, | revised a number of taxo-
nomic groups and described new taxa (Lopatin,
19944, 1995, 1996, 1997, 1998, 19993, 1999b, 20002,
2000b, 2003, 2004).
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The data on Miocene mammals from Kazakhstan
were first generalized in the 1960s and 1970s; mammal
assembl ages, which were composed of faunas from the
localities assigned to approximately the same age, were
established. In fact, some of these faunas are clearly
diachronous. For example, the so-called paracerathere—
mastodont—muntjac assemblage (Bazhanov and Ero-
feev, 1971) includes the Ara (Aquitanian), Kushuk
(Burdigalian), and Tarkhan-Chokrak (Middle Miocene)
faunas, which undoubtedly differ in age. Biryukov
et al. (1968) recognized seven mammal assemblagesin
the Miocene and Pliocene of Kazakhstan, including the
Paraceratherium (Akespe) and Gomphotherium
(Kushuk) assemblages, which were assigned to the
Early Miocene. Devyatkin (1981) used the uniqueness
of the Paraceratherium Assemblage for the establish-
ment of the Agyspe Regional Stage, which he recog-
nized in the Lower Miocene of central Asia. Gabunia
(1981, 1986) was the first to correlate the Miocene
mammal localitiesin this region with the European and
Asian mammalian biochronological chart. The study in
this field was continued by Agadjanian (1986), Ben-
dukidze (1993, 2000), Lucas et al. (1998), and Lopatin
(1996, 1997, 1998, 1999a, 1999b, 2000a, 20024a).

CHAPTER 2. STRATIGRAPHY OF LOWER
MIOCENE DEPOSITS IN WESTERN
KAZAKHSTAN

The localities containing the Aral Mammal Fauna
were discovered in the steep slopes near the northern
coast of Perovsky Bay (Akespe and Kumbulak), the
residual plateau Altynshokysu (Akotau and Altyn-
shokysu), the northwestern part of the Aral Region
(Sayaken and Zherlepes), and in the northeastern
Ustyurt Plateau (Kuzhasali and Zhilansai). The younger
Early Miocene mammals were found in the Ustyurt
Plateau (Kintykche, Bishtyubya, and Mynsualmaslocal-
ities) (Fig. 1). The locdlities investigated in the present
study arelocated in the steep dopes of the northern coast
of Perovsky Bay (Akespe and Kumbulak) and in the
Altynshokysu Plateau (Altynshokysu locality). The out-
crop of bone beds in this region is associated with phys-
ical weathering, primarily with the erosion caused by
water flows, which are formed during rains.

Mammal remainsfrom the North Aral Region and the
Ustyurt Plateau come from the Lower Miocene beds of
various age and lithologica structure, which are subdi-
vided into a number of formations and layers (Fig. 2).

The Upper Oligocene and Lower Miocene stratain
western Kazakhstan are represented by the Baygubek
(northern Ustyurt Plateau) and Ara (North Ara
Region, Ustyurt Plateau) formations. It is generaly
believed that the Lower Miocene is represented by the
Kintykche Beds of the Baygubek Formation, the Bish-
tyubya Formation (Oncophora Beds), and the lower-
most beds of the Tarkhanian Regional Stage of the
Ustyurt Plateau (Popov et al., 1993b).
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Fig. 1. Schematic geographical position of localities of Early Miocene mammalsin western Kazakhstan. Designations: (triangles)
localities of the Aral Faunal Assemblage, Aquitanian; and (circles) localities of the Kushuk Faunal Assemblage, Burdigalian.
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Fig. 2. Correlation of stratigraphic units in the Lower Miocene of the North Aral Region and the northern Ustyurt Plateau (after

Popov et al., 1993b).

According to the modern concept (Popov et al.,
1993b), the Baygubek Formation is dated as the Late
Oligocene-Early Miocene. It was originaly estab-
lished by R.L. Merklin (Garetskii et al., 1958) on the
western coast of the Aral Sea north of the Baygubek-
Murun Cape and consisted of a sandy “member with
Cardium levinae (= Cerastoderma prigorovskii),”
which contained a rich molluskan assemblage. Subse-
guently, Merklin (1960) extended this name to the
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underlying clayey strata (Lower Baygubek Subforma-
tion), which is currently considered to be the separate
Karatomak Formation assigned to the Oligocene
(Popov et al., 1993b). In the stratotype region, clays of
the Karatomak Formation are overlain by the strata
(25-30 m thick) composed of thin interbedding silt-
stone clays and light sands; the roof and bottom layers
contain interbeds (3—7 cm thick) of hard ferruginous
sandstones. These strata are overlain with conformity
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by a member of greenish gray siltstone clays (6-7 m
thick), which is followed by sands and siltstones
(10-16 m thick) with Cerastoderma prigorovskii,
Nucula comta, Nuculana gracilis, Arctica rotundata,
Glossus subtransversus, Lentidium kuzhasaicum, Cor-
bula helmerseni, and other bivalves (Popov et al.,
1993b). Northwards, sands of this member become
coarser, while the molluskan assemblage decreases in
diversity (Cerastoderma prigorovskii, Corbula helm-
erseni, and Mytilus sp.); southwards, sands are gradu-
ally replaced by clays and are covered by multicolored
sandy—clayey sediments of the Aral Formation.

The Kintykche Beds were initially recognized by
Merklin (Garetskii et al., 1958) in the composition of
the Baygubek Formation on the basis of a unique mol-
luskan assemblage, including not only typica
Baygubek forms (Cerastoderma prigorovskii, Corbula
helmerseni, Angulus nysti, Lentidium kuzhasaicum,
Solen sp., and Cyrtodaria sp.) but aso several more
thermophilic and more stenohaline taxa that were not
registered in the Oligocene, i.e., Callista uretzkii and
Laevicardium sp. In the stratotype region (Kintykche
gully), the Kintykche Beds are composed of siltstones
and sands (7 m thick), which overlie with unconformity
(because of erosion) the strata of the Aral Formation
(Popov et al., 1993b). These beds are correlative with
the upper part of the Baygubek Formation (Pleshcheev
et al., 1978). In the northwestern Aral Region, they
occur from the Kuzhasai gully to the Baygubek-Murun
Cape. The Kintykche Beds contain various vertebrates
(Bendukidze, 1977; Gabunia, 1986) and are overlain by
the transgressively bedding strata of the Bishtyubya
Formation.

TheAra Formation iswidespread in the North Aral
Region and in the Ustyurt Plateau up to the stow of
Mynsualmas. It is composed of multicolored sandy—
clayey and carbonate strata up to 70 m thick, which are
rich in interbeds and contain Corbula helmerseni
(occasionally forming lumachelles); Cerastoderma
prigorovskii, Angulus sp., Mytilus sp., and Balanus
(Popov et al., 1993b) occur aswell. TheAral Formation
(Akespe, Altynshokysu, Sayaken, etc.) yielded abun-
dant vertebrate faunas and provided materia for studies
of mollusks (Yanshin, 1953; Popov et al., 1993b),
ostracodes (Yanshin, 1953), leaf imprints, spores and
pollen (Panova, 1979), and gyrogonites of charophytes
(Nikol’skaya, 1988; Zhamangaraeva, 1994). The Aral
Formation overlies conformably or with erosion the
Baygubek or Chagrai formations and is overlain by the
Kintykche Beds, with erosion, by the Bishtyubya For-
mation, or the Quaternary strata.

The age of the Aral Formation (Late Oligocene or
Early Miocene) remained uncertain for a long time.
Nikitin was the first to recognize this formation as a
separate stratigraphic unit (“beds with Corbula helm-
erseni”) as early as 1907; he assigned it to “the First
Mediterranean Stage” (Burdigdian). In 1909, Mikhai-
lovsky proposed the name Aralian Stage for the Cor-
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bula Bedsin the North Aral Region and their analogues
in Ukraine (Yanshin, 1953). Zhizhchenko (1940)
extended the term Aralian Stage to all brackish water
sediments from the Miocene of the North Aral Region
and proposed to assign them to the Aquitanian—Early
Burdigalian. Vyalov (1945) dated the Corbula Beds as
the Burdigalian, while Vakhrameev (1949) assigned the
Aral Formation to the Aquitanian because it yielded a
vertebrate fauna that was older than the Burdigalian.
Yanshin (1953) believed that the Aral Formation should
be referred to as the Early Miocene (Burdigalian) and,
in complete sections, as the Early—Middle Miocene.
However, he proposed that the Aral Formation includes
not only the Corbula Beds but also certain younger
beds of the so-called formation of salt-bearing claysin
the Aral Region and Turgai. Some other researchers
(Lavrov, 1959; Ovechkin, 1962) proposed that the Aral
Formation additionally includes the Middle-Upper
Miocene gypsiferous clays of the Turgai Lowland and
central Kazakhstan depressions and beds that are pres-
ently designated as the Svetlaya Formation (Trans-Ural
Region), the Kalkaman Formation (Western Siberia),
and the Rubtsovo Formation (Altai Region) (Strati-
graphic Dictionary..., 1982). Merklin (1962) was the
first to divide the Aral Formation into the Upper Oli-
gocene and Lower Miocene parts. Vyaov (1964) nar-
rowed the Aral Formation to theinitial volume, i.e., the
beds with Corbula helmerseni. He showed that the
Baygubek Provincial Stage also contained C. helmers-
eni and dated the Aral Formation as the Aquitanian,
because, in his opinion, the overlying Kintykche For-
mation (presently regarded as the Kintykche Beds of
the Baygubek Formation) should be dated as the Burdi-
galian. Prusova (1964) correlated the Aral Formation
and the Upper Maikopian (Lower Miocene) based on
her study of theforaminiferal assemblage from theAral
Formation of the northern Ustyurt Plateau. V.A. Bro-
nevoi, S.G. Zhilin, L.G. Kiryukhin, and R.L. Merklin
(Bronevoi et al., 1967) studied the age of the Aral For-
mation and concluded the following: (1) the Aral For-
mation is confined to the beds containing Corbula
helmerseni; (2) geographically, the Aral Formation is
confined to the North Aral Region; and (3) theAral For-
mation should be assigned to the same stratigraphic
interval as the upper part of the Baygubek Provincial
Stage (Upper Oligocene). It was shown that the Aral
Formation is in fact a lagoon—continental facies of the
Baygubek Formation and the Kintykche Beds (Khond-
karian et al., 1986; Popov et al., 1993b). Currently, both
the Baygubek (Upper Baygubek Provincial Substage)
and Aral formations are assigned to the uppermost part
of the Upper Oligocene and the Lower Miocene based
on combined paleontological and geological data
(Popov et al., 19933, 1993D).

Thus, the Aral Formation (in the broad sense) corre-
spondsto along period, including theterminal Chattian
(terminal Late Oligocene), Aquitanian, and Burdigaian
(Early Miocene). In the strict sense (Corbula Beds,
strata with Corbula helmerseni), the Aral Formation
Vol. 38
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corresponds to the Baygubek Formation of the Ustyurt
Plateau (including the Kintykche Beds) and is dated as
the terminal Chattian—Aquitanian (Popov et al., 19933).
Thus, within the regiona stratigraphic chart for the
Neogene of the Eastern Paratethys, the Aral Formation
corresponds to the uppermost beds of the Kalmykian
Regional Stage and the Karadzhalgian Regional Stage
(Popov et al., 1993b) or, according to the newest chart
developed by Nevesskaja et al. (2003) and accepted by
the Bureau of the International Stratigraphic Commis-
sion in 2002, to the Caucasian Regional Stage.

CHAPTER 3. CHARACTERISTICS
OF LOCALITIES

Akespe Locality

The locality is named after the nearest village of
Akespe. In some studies, different spellings were used,
i.e.,, Agyspee (Orlov, 1939; Bendukidze, 1979, 1989,
1993), Agyspe (Borissiak, 1943; Borissiak and Belia-
jeva, 1948; Yanshin, 1953; Gabunia, 1986; etc.), Agispe
(Gureev, 1964), and Akespe (Tleuberdina and Rayush-
kina, 1993; Lopatin, 1996; etc.). Preference is given to
the name Akespe, since it corresponds to the name of
the geographical object.

The locality was discovered by A.K. Alekseev in
1931. Initially, excavations were performed by the
Paleontological Institute of the Academy of Sciences of
the USSR in 1932 and 1933 (M.G. Prokhorov) and in
1936 and 1938 (expeditions headed by Yu.A. Orlov). In
the 1970s-1990s, expedition work was performed by
0.G. Bendukidze (1P). From 1991 to 1993, expeditions
were organized by the IZ and PIN (with the participa-
tion of the author).

Location. Kazakhstan, Kyzyl-Orda Region, Aral’ skii
District; northern coast of Perovsky Bay, 50 km from
the Saksaul’ skaya Railroad Station, 4 km east of the vil-
lage of Akespe.

Stratigraphy. In the upper part of a steep slope fac-
ing the Aral Sea, clayey carbonate strata of the Aral
Formation outcrop (Fig. 3):

Layer 1. Hard light gray marls 2 m thick. The lower
part of the layer is grass-covered.

Layer 2. Bright green with bluish tint lumpy clays
1.2 m thick. The layer contains shell molds of small
freshwater mollusks and the main bone-bearing bed.

Thefollowing mammalswereregistered in Layer 2:
the insectivores Amphechinus akespensis and
Amphechinus sp.; the lagomorphs Desmatolagus sim-
plex and Snolagomys pachygnathus; the rodents Ste-
neofiber kumbulakensis, Eumyarion tremulus, Argy-
romys aralensis, and Aralomys gigas; and the artiodac-
tyl Amphitragulus sp.

Layer 3. Dark brownish green clays containing
lenses and injections of greenish gray marls with fer-
ruginous spots. The layer is 0.7-0.8 m thick and con-
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tains a thin interbed of light gray marlacious clays
(5 cm thick).

Layer 4. Light gray and yellowish gray platy lime-
stones 3.3 mthick. The layer contains shells of Corbula
helmerseni and isolated bones of large mammals.

Layers 3 and 4 yielded fragmentary bones and teeth
of rhinocerotoids.

In 1938, researchers from the PIN discovered small
ruminants in Layer 2 that were originally identified as
?Prodremotherium  sp., ?Lophiomeryx sp., and
?Miomeryx sp.; subsequently, Vislobokova (1997)
assigned them to Amphitragulus. In addition, Layer 2
yielded the carnivore Felidae indet.; the rodents Se-
neofiber sp., Aralomys gigas, Eumysodon spurius, and
Argyromys aralensis (= ?Protalactaga borissiaki); the
lagomorph Desmatolagus simplex (= Agispelagus sim+
plex); the bird Anas oligocaena Tug.; and the turtle
Testudo aralensis Khoz. (Orlov, 1939; Argyropulo,
1939a, 1939b, 1939c, 1940; Tugarinov, 1940;
Khozatsky, 1945). In 1991, an expedition of the |Z col-
lected Aprotodon borissiaki Bel. and “ Gigantamyno-
don akespensis’ Baysh. (Bayshashov, 1994a, 1994b).

In the 1930s, layers 3 and 4 yielded large mammals
collected by expeditions of the PIN (Orlov, 1939;
Borissiak, 1939, 1944; Beligeva, 1954; Gromova,
1959): Paraceratherium prohorovi (Boriss.), Acera-
therium aralense Boriss., Aprotodon borissiaki Bel.,
Aprotodon sp., and Protaceratherium sp.

Taphonomy. Orlov (1939) provided a comprehen-
sive taphonomic description of the locality considered.
Heindicated that rhinocerotoid remains—skulls, lower
jaws, vertebrae (including those in natural articulation),
ribs, and limb bones—formed large accumulations in
layers 3 and 4. | solated bones occurred up to the strata
located 2.5 m above the bottom of Layer 4. Orlov pro-
posed that this locality was formed in nearshore marine
conditions; apparently, large bones from layers 3 and 4
were partially buried in the shoreline zone, while small
bones of rodents, ruminants, and others were trans-
ported by water flows and buried away from large
bones at a greater depth on the silty floor. Kostenko
(1972) assumed that fossil remains of mammals and
other vertebrates occurred in the Ar