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Confirmation of a Middle Jurassic age for the Eedemt
Formation in Dundgobi Province, southeast Mongolia:
constraints from the discovery of new spinicaudatans (clam
shrimps)
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Two spinicaudatan species, Triglypta eedemtensis Li sp. nov. and Dundgobiestheria mandalgobiensis Li gen. et sp. nov., are described on the basis
of scanning electron microscopy (SEM) imaging of newly collected specimens from paper-thin laminated black shale of the Eedemt Formation
exposed at the Eedemt locality in the Khootiin Khotgor coal mine region of Dundgobi Province in southeast Mongolia. Triglypta eedemtensis is
ornamented mainly with puncta and a punctate fine reticulum; radial lirac occur only on two or three growth bands near the venter. The small spin-
icaudatan Triglypta is a common component of the Middle Jurassic Euestheria ziliujingensis fauna and Sinokontikia fauna, and is a typical taxon in
the Middle Jurassic lacustrine sequences of northern Hebei and the Junggar and Turpan basins of the Xinjiang Autonomous District of China; how-
ever, it does not occur in stratigraphically higher units elsewhere. Therefore, the age of the Eedemt Formation should be considered Middle Jurassic
rather than Early Cretaceous. The Eedemt Formation is much older than the Early Cretaceous Shinekhudag Formation in the Shine Khudag area of
southeast Mongolia.
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SPINICAUDATANS (clam shrimps, ‘conchostracans’)
are small, bivalved branchiopod crustaceans with a chi-
tinous carapace and have a long geological history
extending back to the Devonian. Although there are only
16 extant genera in three families (Zhang et al. 1976,
Brtek 1997), they were much more prosperous during
the Mesozoic. They are commonly abundant and widely
distributed in freshwater lacustrine deposits of that age.
Consequently, they are useful for biostratigraphic subdi-
vision and correlation of Mesozoic non-marine succes-
sions (Rohn et al. 2005, Stigall & Hartman 2008,
Gallego 2010). Their life cycles are short, for example,
in the recent species Eulimnadia stoningtoensis Berry,
1926, death occurs about 23 days after an individual
hatches from the egg (Chen & Shen 1985). Extant spe-
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cies normally inhabit quiet alkaline, freshwater pools,
but they are also found in temporary water bodies in
which physical and chemical conditions are favourable.
Usually, only one species inhabits a particular pool; in
rare cases one or two other species may also be present
(Chen et al. 2007, Li et al. 2009). These ecological char-
acteristics have some potential to provide palacoenviron-
mental information of the fossil-bearing deposits.
Taxonomical and biostratigraphical investigations on
the late Mesozoic clam shrimps of Mongolia have a
relatively short history. The pioneering systematic
research on Mongolian fossil clam shrimp faunas was
carried out on Jurassic to Cretaceous coal and oil-shale
deposits by Novojilov (1954). Recently, Yuan & Chen
(2005) examined ostracod and spinicaudatan assem-
blages of the Shinekhudag Formation in the Shine
Khudag area (one classical locality for the Lower Creta-
ceous oil-shale deposits), and came to the conclusion
that the Shinekhudag Formation could be correlated
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with the well-known Early Cretaceous Jehol-Biota-bear-
ing Jiufotang Formation of western Liaoning Province,
northeastern China (Chen & Jin 1999, Chang et al.
2003, Zhou et al. 2003, Li et al. 2007).

Extensive exploration for fossil fuel resources and
research on terrestrial palacoenvironments (of intra-con-
tinental regions of eastern Eurasia) have been under-
taken on the oil-shale-bearing deposits in Mongolia
over the last two decades (Johnson et al. 2003, Johnson
& Graham 2004, Ichinnorov et al. 2008). The Eedemt
Formation (Ando ef al. 2011) at the Eedemt locality,
Dundgobi Province (Fig. 1), contains organic-rich oil-
shale deposits, and has been traditionally correlated
with the Lower Cretaceous Shinekhudag or Dorogot
Formation based on lithological similarities (Khosbayar
1977, Bat-Erdene & Enkhtugs 1987, Bat-Erdene 1992).
It is necessary to obtain precise age constraints on the
Eedemt Formation via detailed biostratigraphical analy-
sis and correlation before the fossil biota can be used in
the reconstruction of the regional palaeoclimate and the
conditions contributing to oil-shale accumulation (Ya-
mamoto et al. 1993, 1998). We carried out a systematic
and biostratigraphic study of newly discovered and
well-preserved spinicaudatans from the Eedemt Forma-
tion at the Eedemt locality, southeast Mongolia, to
resolve the age of this unit.

Geological and stratigraphical setting

of the Eedemt locality

The Eedemt locality (Khosbayar 1977) is located in the
Khootiin Khotgor Valley of Dundgobi Province
(Fig. 1). Here, the two studied sections of the Eedemt
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Formation are about 80 m (ED-A) and 20 m (ED-B)
thick (Fig. 2), respectively, and are composed mainly of
paper-shale, oil-shale, silty mudstone and siltstone,
which host abundant fossil remains (e.g., molluscs, os-
tracods, spinicaudatans, insects and plants). The oil-
shale-bearing Eedemt Formation overlies the coal-bear-
ing deposits of the Lower—Middle Jurassic Khootiin
Khotgor Formation (Ichinnorov et al. 2008). The Khoo-
tiin Khotgor coal mine is located about 2 km west of
the Eedemt section, in the central part of the Khootiin
Khotgor Valley.

Biostratigraphical and palacontological studies have
been conducted to determine the age of the Eedemt For-
mation at the Eedemt locality since the last quarter of
the twentieth century. Based on lithological similarities,
Khosbayar (1977) initially correlated the Eedemt For-
mation with the Lower Cretaceous Dorogot Formation
of northeastern Mongolia, the age of which was con-
firmed by evidence from fossil mollusc, ostracod and
clam shrimp faunas (Khosbayar 1977). The Dorogot
Formation is considered to be coeval with the Lower
Cretaceous Shinekhudag Formation in southeastern
Mongolia (Khand et al. 2000). Sodov (1980) reported
some plant fossils from the Eedemt locality, and
described two new species of Heilungia and Pityosper-
mum. He determined an Early Cretaceous age for the
Eedemt Formation, although similar floral assemblages
dominated by Heilungia mongoliensis were already
described by Vakhrameev & Lebedev (1972) from the
Middle Jurassic sediments in the Tsagan-Shibetu local-
ity in northwestern Mongolia. Sodov (1985) further
reported Cladophlebis sokolovii and Raphaelia diamen-
sis from the Eedemt Formation. Based on the common
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Fig. 1. Schematic map showing the Jurassic—Cretaceous basins in Mongolia and China, and the fossil localities hosting 7riglypta in China and

Mongolia.
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Fig. 2. Lithological logs of the Eedemt Formation in the Eedemt
sections A and B, showing the levels yielding fossil spinicaudatans.

occurrence of Heilungia in the Upper Jurassic to Lower
Cretaceous sequences in Russia, Sodov (1990)
concluded that the oil-shale-bearing Eedemt Formation
may include Upper Jurassic deposits.

Based on floral evidence, Khosbayar & Popov
(1986) subdivided the coal-bearing deposits and
overlying oil-shale-bearing deposits in the Khootiin
Khotgor Valley into four formations, viz., in ascending
order: the Lower and Middle Jurassic Kholboo Khongor
Formation (lower part of the coal-bearing deposits), the
Upper Jurassic Ulaan Ereg Formation (upper part of the
coal-bearing deposits) and the Lower Cretaceous
Dorogot and Kerulen formations (lower and upper parts
of the oil-shale deposits, respectively). Oil-shale
deposits around Eedemt were assigned to the Lower
Cretaceous Dorogot Formation, which was interpreted
to be coeval with the Shinekhudag Formation (Khosba-
yar 1977, Bat-Erdene & Enkhtugs 1987, Bat-Erdene
1992). Although Khosbayar & Popov (1986) mentioned
some clam shrimp species, such as Pseudoestheria sp.
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and Bairdestheria sp., they did not provide detailed
descriptions.

Recently, Ichinnorov et al. (2008) conducted a
palynostratigraphic study of the coal-bearing deposits of
the Khootiin Khotgor Formation in the Khootiin Khot-
gor coal mine, and inferred an Early-Middle Jurassic
age for the studied sequence, which is consistent with
the macrofloral evidence. During a field survey in
August 2009, we had an opportunity to investigate bore
cores taken from the vicinities of the Eedemt locality
and the Khootiin Khotgor coal mine. Our study of the
core revealed a gradual lithological transition from the
coal-bearing deposits of the Khootiin Khotgor Forma-
tion to the overlying oil-shale deposits of the Eedemt
Formation without evidence of an obvious unconfor-
mity. Therefore, there should be no significant time gap
between the oil-shale deposits of the Eedemt Formation
and the underlying coal-bearing Khootiin Khotgor
Formation.

Material and method

The spinicaudatan specimens were collected from the
Eedemt Formation during the field survey at the Eedemt
locality in the Khootiin Khotgor Valley of Dundgobi
Province, southeast Mongolia, in August 2009. The
strata are nearly horizontal and are composed of
paper-shale, oil-shale and silty mudstone, with abundant
ostracods and spinicaudatans. Two sections were
investigated, viz., the Eedemt A (ED-A: 45°41'10"N,
107°43'20"E) and Eedemt B (ED-B: 45°40"27"N,
107°43'00"E) sections (Fig. 2). The ED-A section is
stratigraphically higher than the ED-B section.

In most previous studies, light microscopy has been
used to investigate the taxonomy of fossil clam shrimps.
This means that some microstructures of potential taxo-
nomical value were difficult to discern. We use SEM
for detailed observation of the carapace surface micro-
structure and light microscopy for elucidating general
morphology. We also used the invert function of the
graphic software to reverse the digital photo images
taken from the external moulds of the specimens to
generate images simulating the positive morphology of
the carapace’s outer surface.

Systematic palaeontology

We follow the recent classification of spinicaudatans by
Martin & Davis (2001). Use of Conchostraca Sars,
1867 as a taxonomic unit has been abandoned because
Cyclestheria Sars, 1887, having a unique direct devel-
opment of the brood, has been removed from the subor-
der Spinicaudata Linder, 1945 and placed in the
suborder Cyclestherida Sars, 1899, which is of equal
taxonomic rank as the remaining Spinicaudata and
Cladocera Latreille, 1829.
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The figured specimens are deposited in the collec-
tions of the Ibaraki University, Mito, Japan.

Order DIPLOSTRACA Gerstaecker, 1866

Suborder SPINICAUDATA Linder, 1945

Superfamily EOSESTHERIOIDEA Zhang & Chen in
Zhang et al., 1976

Family POLYGRAPTIDAE Novojilov, 1954 (Wang &
Liu 1980)

Discussion. The subfamily Polygraptinac Novojilov,
1954 was raised to family status by Wang & Liu
(1980), assigned to the superfamily Lioestherioidea
Raymond, 1946, and includes taxa with small-diameter
reticulation on the upper part of the carapace and radial
lirae on the ventral part (Shen et al. 1982). Since Holub
& Kozur (1981) revised the superfamily Lioestheroidea
Raymond, 1946 to include taxa with nodules and/or
spikes on a large umbo, Polygrapta Novojilov, 1946
was moved to Euestheriidae Defretin-Lefranc, 1965 of
the superfamily Eosestherioidea Zhang & Chen in
Zhang et al., 1976 (Chen & Shen 1985). Considering
the difference between the punctate reticulation of Po-
lygrapta and the reticulation style in Euestheria Depéret
& Mazeran, 1912, Polygraptidae is retained here and
assigned to Eosestherioidea.

Triglypta Wang, 1984

Type species. Triglypta pingquanensis Wang, 1984;
Middle Jurassic Jiulongshan Formation, Pingquan,
Hebei Province, northern China.

Emended diagnosis. Carapace small-medium; umbo
small; growth bands on the dorsal part of the carapace
omamented with evenly distributed puncta; growth
bands in the middle part of the carapace ornamented
with small, punctate reticulations (lumina about 0.02—
0.03 mm in diameter); growth bands in the ventral part
of the carapace ornamented with radial lirae, interca-
lated with puncta (after Wang 1984).

Distribution. Jiulongshan Formation, Northern Hebei
Province, Toutunhe and Qiketai formations, Xinjiang
Autonomous District of China, and Eedemt Formation,
Eedemt area, Dundgobi Province, southeast Mongolia;
Middle Jurassic.

Triglypta eedemtensis Li sp. nov. (Figs 3, 4)

Diagnosis. Carapace ovate in outline; fine radial lirae
occurring only on 2-3 growth bands near the ventral
margin.

Figured specimens. ED-B-05-1, holotype, external
mould of a left valve; ED-B-05-2, external mould of a
right valve; ED-B-05-3, ED-B-05-4, ED-B-05-5 and
ED-B-05-6: four sets of displaced valves.

ALCHERINGA
Etymology. Eedemt is the name of the fossil locality.

Dimensions. Figured specimens (ED-B-5-1, holotype,
ED-B-5-2, ED-B-5-3, ED-B-5-4, ED-B-5-5 and ED-B-
5-6) are measured as follows, respectively: number of
growth lines, >11, 16, 20, 15, >13 and >16; length
(mm), 4.6, 5.3, 4.4, 3.1, 4.8 and 4.2; height (mm), 2.9,
3.8,2.9,2.0,3.1 and 2.9.

Description. Carapace small-medium, 2.8-5.3 mm long,
1.9-3.8 mm high, with an ovate outline; anterior margin
widely rounded, posterior margin narrowly rounded;
umbo narrow and small, located on the anterior part of
the dorsal margin; growth lines 11-20 in number;
growth bands wide in the upper and middle parts of the
carapace, becoming narrower near the ventral margin;
growth bands in the dorsal part of the carapace orna-
mented with evenly distributed puncta (about 2-3 pm in
diameter), expressed as small tubercles on the external
mould (Fig. 3B, 4H); growth bands between flat growth
lines in the ventral part of the carapace ornamented with
small punctate reticulations (lumina 0.02-0.03 mm in
diameter, with about 4-10 puncta within one mesh;
Fig. 3D, F), expressed as grouped tubercles on the exter-
nal mould (Fig. 3C, E, G); narrow growth bands near
the ventral margin ornamented with radial lirae, between
which puncta are radially aligned (Fig. 4C, D).

Comparison. The new species is similar to Triglypta
pingquanensis Wang, 1984 (from the Middle Jurassic
Jiulongshan Formation of Northern Hebei Province)
and T tianshanensis Wang, 1985 (from the Middle
Jurassic Toutunhe Formation of the Xinjiang Autono-
mous District) in carapace outline. However, the new
species differs from 7. pingquanensis in having more
growth bands in the dorsal part of the carapace orna-
mented with evenly distributed puncta, and having
radial lirae only on two or three narrow growth bands
near the ventral margin. In 7. pingquanensis, the evenly
distributed puncta are limited to a few growth bands
near the umbo, and radial liraec are well developed in
the ventral part of the carapace. The new species differs
from 7. tianshanensis in that the latter has few growth
bands ornamented with punctate reticulations and radial
lirae. Considering the representation of the three kinds
of ornamentation occupying the shell surface areas, T.
tianshanensis may be more primitive because most of
its carapace growth bands are ornamented with evenly
distributed puncta; whereas 7. pingquanensis may be
more derived because its radial lirac are well developed
in the ventral part of the carapace. The new species
may be a transitional taxon because the puntate reticu-
lation is well developed in the middle part of the cara-
pace. This transitional character favours a Middle
Jurassic age for the new species.

Occurrence. Middle Jurassic Eedemt Formation at
Eedemt, the Khootiin Khotgor Valley area, Dundgobi
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Fig. 3. Triglypta eedemtensis Li sp. nov. A, External mould of a left valve, holotype, ED-B-05-1, light microscopy image. B, Evenly distributed
minute tubercles on the external mould of growth bands near the umbo, SEM image. C, Regularly grouped minute tubercles on the external mould
of growth bands in the anterior ventral part of the carapace, SEM image. D, An inverted contrast image of Fig. 3C, showing the punctate reticula-
tions on growth bands in the anterior ventral part of the carapace. E, Circularly grouped delicate tubercles on the upper part of the growth band,
and the radially aligned minute tubercles on the lower part of the growth band in the posterior ventral part of the external mould, SEM image. F,
An inverted contrast image of Fig. 3E, showing the punctate reticulations on the upper part of the growth band, and radially aligned puncta on the
lower part of the growth band of the carapace. G, Clustered minute tubercles on growth bands in the anterior ventral part of the external mould,
SEM image. H, An inverted contrast image of Fig. 3G, showing punctate reticulations on growth bands in the anterior ventral part of the carapace.

-
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Fig. 4. Triglypta eedemtensis Li sp. nov. A, External mould of a right valve, ED-B-05-2, light microscopy image. B, Displaced carapaces, ED-B-
05-3, light microscopy image. C, External mould of ornamentation on growth bands in the anterior ventral part of the carapace of the specimen in
Fig. 4A, showing the radially aligned grouped delicate tubercles, SEM image. D, Inverted contrast image of Fig. 4C, showing fine and crowded
radial lirae intercalated with radially aligned puncta. E, Displaced carapaces, ED-B-05—4, light microscopy image. F, Displaced carapaces, ED-B-
05-5, light microscope image. G, Displaced carapaces, ED-B-05-6, light microscopy image. H, External mould of ornamentation on growth bands
in the posterior dorsal part of the carapace of the specimen in Fig. 3A, showing evenly distributed small tubercles, SEM image.
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Province, Southeast Mongolia.

Family LOXOMEGAGLYPTIDAE Novojilov, 1958

Dundgobiestheria Li gen. nov.

TBype species. Dundgobiestheria mandalgobiensis Li
gen. et sp. nov.; Eedemt Formation at Eedemt, the
Khootiin Khotgor Valley area, Dundgobi Province,
southeast Mongolia.

Diagnosis. Carapace of medium size; growth bands in
the dorsal part of carapace ornamented with thick-
walled, large-diameter reticulations (lumina 30-100 um
in diameter), consisting of irregular small tubercles on
the original shell; growth bands in the ventral part of
the carapace ornamented with radially aligned small
tubercles and relict reticulation on the original shell;
growth lines narrow, ornamented with rounded or radi-
ally elongated minute tubercles.

Discussion. Growth band ornamentation of mixed
large-diameter reticulations in the dorsal part and fine-
walled and crowded radial lirae in the ventral part of
the carapace occur in several fossil spinicaudatan taxa
of the Nestoriidae Shen & Chen, 1984, such as Pseu-
dograpta Novojilov, 1954, Nestoria Krasinetz, 1963
and Monilestheria Shen & Chen, 1984. All three taxa
have wide and prominent growth lines, but only Mo-
nilestheria has nodules on the growth lines. The new
genus can be readily differentiated by its minute nod-
ules on narrow growth lines that are not as prominent
as in Monilestheria. The new genus is also similar to
Paleoleptestheria Novojilov, 1954 (Family Loxome-
gaglyptidae Novojilov, 1958) because both have large
diameter reticulation, but Dundgobiestheria differs
from the latter by having radially aligned minute
tubercles and faint relict reticulation on narrow growth
bands near the ventral margin of the carapace. Further-
more, the new genus also has small tubercles in the
large-diameter reticulations on growth bands in the
dorsal part of the carapace. Considering the large-sized
reticulate ornamentation and the weakly defined
growth lines, the new genus is similar to Paleoleptes-
theria, which is a key taxon in the Middle Jurassic
Sinokontikia fauna of northern China.

Dundgobiestheria mandalgobiensis Li sp. nov.
(Figs 5, 6)

Diagnosis. Carapace of medium size, elliptical or quad-
rate in outline.

Figured specimens. ED-A-14-1, holotype, a right valve;
ED-A-14-2, external mould of a left valve; ED-A-14-3,
external mould of a left valve; ED-A-14-4, displaced
carapaces.

MIDDLE JURASSIC SPINICAUDATANS FROM MONGOLIA

Etymology. Dundgobi is a province of southeast
Mongolia, and Mandalgobi is the capital of Dundgobi
Province where the studied fossils were collected.

Dimensions. Figured specimens (ED-A-14-1, ED-A-14-2,
ED-A-14-3 and ED-A-14-4) are measured as follows,
respectively: number of growth lines, 26, 26, >23 and
>20; length (mm), 7.2, 7.3, 8.6 and 6.8; height (mm), 4.9,
5.0, 5.3 and 5.0.

Description. Carapace medium in size, elliptical or
quadrate in outline; umbo narrow and small, located in
the anterior part of the dorsal margin; growth lines nar-
row, ornamented with rounded (Fig. 5G) or radially
elongate minute tubercles (Fig. 6H); wide growth bands
on the dorsal part of the carapace ornamented with
large-sized reticulations, within which irregular small
tubercles also occur, mesh diameter about 30-50 pm on
the growth bands near the umbo (Fig. 5B), but the
meshes become larger on growth bands ventrally
(Fig. 5D), lumina diameter about 50-100 pm (Fig. 6D),
and meshes become radially elongated on growth bands
in the anterior ventral part of the carapace (Fig. 5F),
mesh wall thick and strong; growth bands near the ven-
tral margin ornamented with radially aligned minute
tubercles (Fig. 5E, G, H), with large-sized (diameter)
relict reticulations.

Occurrence. Middle Jurassic Eedemt Formation at
Eedemt, the Khootiin Khotgor Valley area, Dundgobi
Province, southeast Mongolia.

Biostratigraphy and correlation

In northern China, the non-marine Middle and Upper
Jurassic sequences yield rich fossil assemblages
assigned to the Yanliao Biota (Zhou & Wang 2010).
These assemblages include excellently preserved
insects, clam shrimps, salamanders, pterosaurs, feath-
ered dinosaurs, mammals and plants (Shen et al. 2003,
Ji et al. 2006, Hu et al. 2009, Ren et al. 2009, Luo
et al. 2011, Yuan et al. 2013), and have been studied in
great detail from the following three regions: western
Liaoning and northern Hebei provinces (Chen 2003)
and northern Xinjiang Autonomous District (Fig. 7).
The Middle Jurassic sequences have been subdivided
into two formations in both western Liaoning and
northern Hebei provinces. The upper unit is a volcanic
succession (e.g., the Lanqi Formation in western Liaon-
ing and the Tiaojishan Formation in northern Hebei;
288-2900 m thick), consisting of greyish purple andes-
ite, andesitic agglomerate, greyish black basalt, tuffa-
ceous sandstone and mudstone. Radiometric dates from
this unit range from 165 Ma to 153 Ma (Zhang et al.
2008). The lower unit is a lacustrine sequence (e.g., the
Haifanggou Formation in western Liaoning and the Jiu-
longshan  Formation in northern Hebei). The
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Fzg 5. Dundgobzestherm mandalgobzenszs Li gen. & sp. nov. All are SEM images, except where indicated. A, nght valve, ED-A-14-1, light
microscopy image. B, Reticulations on growth bands in the anterior dorsal part of the carapace. C, Faint irregular tubercles in reticulations on
growth bands in the dorsal part of the carapace. D, Reticulations on growth bands in the middle part of the carapace. E, Radially aligned small
tubercles in relict large-sized reticulation on growth bands in the posterior ventral part of the carapace. F, Reticulations in the anterior part of the
carapace. G, Tubercles on a growth line in the posterior ventral part of the carapace. H, Large-sized reticulation on growth bands and small tuber-
cles on growth lines in the anterior ventral part of the carapace.
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Fig. 6. Dundgobiestheria mandalgobiensis Li gen. et sp. nov. All are SEM images, except for Fig. 6A-C, which are light microscopy images. A,
External mould of a left valve, ED-A-14-2. B, External mould of a left valve, ED-A-14-3. C, Displaced carapaces, ED-A-14-4. D, Large-sized
reticulations on a growth band in the anterior part of the carapace of the specimen in Fig. 6A. E, External mould of large-sized reticulations on
growth bands in the anterior ventral part of the carapace of the specimen in Fig. 6A. F, External mould of large-sized reticulations on growth bands
in the ventral part of the carapace of the specimen in Fig. 6A, showing faint radial lirae on large tubercles. G, Radially aligned small tubercles on
growth bands in the ventral part of the carapace of the specimen in Fig. 6C. H, Showing radially elongated tubercles on growth lines of the speci-
men in Fig. 6C.
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Fig. 7. Stratigraphic correlation chart of the Middle Jurassic sequences of northern China and the Eedemt locality of Mongolia. E. Fauna: Euesthe-
ria ziliujingensis Fauna; S. Fauna: Sinokontikia Fauna (after Li & Matsuoka 2012).

Haifanggou Formation (269 m thick), unconformably
overlying the Lower Jurassic coal-bearing Beipiao For-
mation, consists of yellowish green sandstones and
shales with ignimbrites, yielding a Euestheria ziliujing-
ensis clam shrimp fauna (Chen 2003). The Jiulongshan
Formation (560—830 m thick), unconformably overlying
either Lower Triassic strata or Archaean metamorphic
rocks, consists mainly of brown conglomerate, dark
brown coarse-grained sandstone, fine-grained sandstone,
muddy siltstone, yellowish green mudstone intercalated
with pale and greenish ignimbrite, yielding Triglypta
pingquanensis Wang 1984 and Euestheria sp.

The Middle Jurassic Toutunhe Formation (654 m
thick) in the Junggar Basin of the Xinjiang Autonomous
District consists of greyish green, purplish red and yel-
lowish green, thin-bedded, fine-grained sandstone, silt-
stone and mudstone, with black shale and coal laminae,
and yields a Triglypta clam shrimp assemblage, including
T. manasica, T. ovata and T tianshanensis. Its upper part
contains no fossil clam shrimps, but a Callovian Sino-
kontikia fauna has been recovered in correlative
sequences in northwestern China, such as the upper Qike-
tai Formation of the Turpan Basin, the uppermost Wan-
gjiashan Formation of Jingyuan, and the Honggou
Formation of Tianzhu in Gansu Province (Shen 2003;
Fig. 7). The Sinokontikia fauna comprises about 20 spe-
cies in seven genera (Li & Matsuoka, 2012), and contains
Triglypta ovata Wang, 1985, T. sp. cf. T pingquanensis
Wang, 1984, T. tianshanensis Wang, 1985 and 7. yingzu-
ishigouensis Wang, 1985, which are described from the
Qiketai Formation of the Turpan Basin (Wang 1985).

Two Middle Jurassic clam shrimp biogeographical
provinces have been identified on the Eurasian conti-
nent. One is the Skyestheria fauna from the Great Estu-
arine Group of Skye in northern Scotland, whose
Middle Jurassic (Bajocian—Bathonian) age is con-
strained by marine fossil evidence (Chen & Hudson
1991). The other biogeographic province is typified by
the Middle Jurassic (Bajocian—Bathonian) FEuestheria
ziliujingensis fauna in East Asia (Chen et al. 2007).
The Skyestheria fauna comprises eight species in six
genera (Chen & Hudson 1991), but only FEuestheria
trotternishensis Chen & Hudson, 1991 can be used to

correlate with the Euestheria ziliujingensis fauna,
because the simple puncta ornamentation of E. trotter-
ishensis is very similar to that of Qaidamestheria Wang,
1983 of the Euestheria ziliujingensis fauna, which com-
prises about 20 species in three genera, and the com-
mon associates are Euestheria ziliujingensis Chen in
Zhang et al., 1976, E. haifanggouensis Chen in Zhang
et al., 1976, E. complanata Chen in Zhang et al., 1976,
Qaidamestheria dameigouensis Wang, 1983 and Trig-
lypta pingquanensis Wang, 1984, among others. The
Euestheria ziliujingensis fauna is biostratigraphically
significant because of its consistent stratigraphic occur-
rence and extremely wide geographical distribution in
the Middle Jurassic lacustrine deposits of northern
China (Zhang et al. 1976, Chen & Shen 1983, Shen
2003, Shen ef al. 2003, Li & Matsuoka 2012; Fig. 7).
The newly discovered spinicaudatans from the
Eedemt Formation provide good age constraints for the
oil-shale deposits in the Eedemt locality. The ED-B sec-
tion sequence, i.e., the lower part of the Eedemt Forma-
tion in the southern part of the Eedemt locality,
contains a monospecific Triglypta assemblage (Fig. 2),
and can be correlated with the Euestheria ziliujingensis
fauna bearing sequences in northern China. The ED-A
section sequence (in the northern part of the Eedemt
locality; stratigraphically above the ED-B section)
yields a new spinicaudatan genus, Dundgobiestheria Li,
which is similar to Paleoleptestheria Novojilov, 1954
because both taxa have thick-walled and large-sized
reticulate ornamentation. Because the later taxon is an
important associate of the Sinokontikia fauna in north-
emn China, we correlate the Dundgobiestheria assem-
blage of the ED-A section sequence with the
Sinokontikia fauna of the Qiketai Formation in the Tur-
pan Basin of the Xinjiang Autonomous District of
China (Fig. 7). Recently, a SHRIMP zircon U-Pb radio-
metric age of 164.6 £ 1.4 Ma for a tuff layer in the
lower Qigu Formation in the Junggar Basin (Wang &
Gao 2012) further confirmed the Middle Jurassic age
for the underlying Toutunhe and Qiketai formations of
the Xinjiang Autonomous District. Therefore, the oil-
shale-bearing Eedemt Formation can not be correlated
with the Lower Cretaceous Dorogot or Shinekhudag
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formations of Mongolia but can be correlated with the
Middle Jurassic sequences in northern China (Fig. 7).

Conclusions

The newly recovered spinicaudatans provide useful age
constraints for the Mongolian Jurassic sedimentary suc-
cession and biostratigraphic schemes. Systematic evalu-
ation of the spinicaudatan species from the Eedemt
Formation of southeast Mongolia and biostratigraphical
correlations with the widely distributed Mesozoic
sequences in northern China reveal that the oil-shale-
bearing Eedemt Formation is of late Middle Jurassic
age. This central East Eurasian succession was depos-
ited under a warm and seasonal humid climate.
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