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The Djadokhta Formation in Udyn Sayr in the southwestern
part of the Gobi desert, Mongolia, is described based on
sedimentary facies. The succession is composed of eolian
and fluvial facies, with interfingering stratigraphic intervals.
The fluvial association is indicated by the presence of cali-
che, suggesting seasonally wet and dry conditions. The eo-
lian deposits contain the most fossils of vertebrates such as
Protoceratopsidae, reptiles and Mesozoic mammals, which
form a rich part of the succession in the fossil locality. This
suggests that eolian environments were the main habitat for
vertebrates during the sedimentation period.

INTRODUCTION

The paleoenvironments in the Upper Cretaceous Djadokhta
Formation have been studied by many researchers (Berkey
and Morris, 1927; Lefield, 1971; Jerzykiewicz et al., 1993;
Dashzeveg et al., 1995; Dashzeveg et al., 2005; Dingus et
al., 2008), and a number of models have been proposed.
These models predict the existence of contrasting envi-
ronmental conditions including arid, subaerial or eolian,
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and water-laid, subaqueous or fluvio-lacus-
trine (Ebarth et al., 1993; Fastovsky et al.,
1997; Saneyoshi et al., 2011). The sedimen-
tary succession and characteristics indicate
that environmental changes occurred either
gradually or rapidly (Jerzykiewicz, 2000;
Watabe et al., 2010). This formation has
yielded many vertebrate bone fossils from
dinosaurs, reptiles, and mammals, in addition
to ichnospecimens of dinosaurs, insects, and
mammals (Gradzinski et al., 1977; Norell et
al., 1994; Johnston, et al., 1996; Clark et al.,
1999; Kielan-Jawarowska, 2003; Kirkland

and Barder, 2010; Saneyoshi et al., 2010;
Saneyoshi et al., 2011; Tsuihiji et al., 2014;
Chinzorig et al., 2017). To develop a better
understanding of the relationship between
the vertebrate fossils and the paleoecology,
we undertook a detailed reconstruction of the
paleoenvironments based on the sedimentary
succession in the formation. Udyn Sayr is lo-
cated in the central part of the Gobi desert,
Mongolia, approximately 50 km west of Bu-
lugan Somon (Saneyoshi et al., 2010), and
is characterized by widely distributed Upper
Cretaceous sediments (Figure 1).
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Figure 1. A) Map showing the location of the fossiliferous Cretaceous localities, fossiliferous localities of Dja-
dokhta Formation, and Undy Sayr (modified from Jerzykiewicz, 2000, Watabe and Suzuki, 2000c; Watabe et al.,
2010). B) Geological map of eolian and fluvial deposits in the Udyn Sayr. Routes show the location of columnar

sections in Figure 2.

The sedimentary succession is about
40 m thick, and consists predominantly of
sandstone with minor mudstone beds (Saney-
oshietal., 2010). Watabe et al. (2010) showed
that the sedimentary succession comprises
eolian and fluvial deposits. These sediments
have yielded many fossils of dinosaurs, rep-
tiles, and mammals, including protoceratop-
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sid and Udanoceratops tschizhovi, as well
as dinosaur footprints and eggshells (Kuru-
zanov, 1983; Watabe et al., 2010; Saneyoshi
et al., 2015). Finding protoceratopsid and
Pinacosaurus fossils indicates that the suc-
cession in the locality was deposited in the
Djadokhtian age of the mid-Campanian (Jer-
zykiewicz, 2000; Watabe et al., 2010).
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DESCRIPTION

The size of the study area is 1.5 km
from north to south, and 2 km from east to
west. Many vertebrate fossils have been dis-
covered in the area. The main outcrop shown

in Figure 1 is described in detailed below.
The sedimentary succession was character-
ized by facies analyses and by previous stud-
ies (Brookfield, 1977; Fritz and Moore, 1988;
Walker and James, 1992; James and Dalrym-
ple, 2010) which identified eolian facies and
fluvial association (Figure 2).
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Figure 2. Clumunar cross-sections of the Udyn Sayr. Juvenile Protoceratops sp. have been discovered from 2015
quarry at stratigraphic horizon.

Eolian facies

Description: These beds are com-
posed mainly of well-sorted fine sand with
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lenticular coarse sand (Figure 3A). This fa-
cies is 0.1-2.0 m thick, and exhibits trough
cross-stratification, tabular cross-stratifica-
tion, and current ripple lamination (Figure
3B). These sandstone beds generally have
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Figure 3. Photographic of outcrop of sediments in the Udyn Sayr, central part of Gobi desert. A) Trough
cross-stratifications in eolian deposits of northern part of the locality. B) Cross section of trough cross-stratifi-
cation of A. C) Caliches in the eolian deposits. These caliches shows a rounded and stratified position. D) Fluvial
channel deposits in the top of the main outcrops. Reworked caliches are concentrated (white arrows).

flat bases, exhibit a sheet-like geometry, and
can be traced for up to 150 m laterally in the
northwestern part of the main locality. Some
show ripple lamination at the top of the bed.
This type of sandstone is widely distributed in
the main outcrop, and is overlain by a fluvial
facies (see below). In the 2015 summer joint
expedition by the Institute of Paleontology
and Geology, the Academy of Science and
Okayama University of Science, a juvenile
Protoceratops was discovered in this facies
(Figure 2; Saneyoshi et al., 2015).

Interpretation: These beds are in-
terpreted as being eolian deposits, as the
well-sorted fine and coarse sand and sedimen-
tary structure indicate unidirectional sediment
transportation as bed load. The predominance
of the structures throughout this facies is in-
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dicates the presence of a similar environment
over a wide area. The absence of gravel and
mud beds, which are important indicators of
environmental changes, implies that this fa-
cies is of erg origin.

Fluvial association

This facies association consists of (1)
well-sorted trough or planar cross-stratified
sandstone beds intercalated with gravel beds
(2) trough or planer cross-stratified reworked
caliche beds and (3) massive, reddish mud-
stone beds.

(1) Well-sorted trough or planar
cross-stratified sandstone beds intercalated
with gravel beds

Description: These beds are main-
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ly composed of very coarse to medium sand
with granules scattered near the bottom of
the beds. The granule clasts are commonly
rounded. This facies is 0.1-1.0 m thick, and
the beds have local concave-up erosional
bases. Trough cross-stratification, tabular
cross-stratification, and current ripple lam-
ination have also been observed (Figure 3).
In the southeastern part of the locality, these
strata strike east-west and dip towards the
north by up to 20° (typically 5-10°). Trough
or planer cross-stratified beds with reworked
caliche are rounded, and crop out mainly in
the northern to northeastern part of the locali-
ty. These beds have a sheet-like structure, and
generally overlie eolian facies.

Interpretation: These sandstone beds
with erosional bases are thought to have ac-
cumulated under unidirectional flow, and are
interpreted as being fluvial channel fill depos-
its. The strike and dip of the facies imply that
they consist of meandering channels forming
a lateral accretion pattern.

(2) Reddish massive mudstone beds

Description: These mudstone beds,
which are typically reddish to pale yellow, are
very well sorted. They are generally overlain
by sandstone beds. This facies is 0.5-3.0 m
thick, and contains burrows 0.1 cm in diame-
ter and up to 10 cm in length. These mudstone
beds are observed in the southwestern part of
the locality.

Interpretation: The existence of chan-
nel deposits above and below this facies indi-
cates a floodplain environment. The presence
of massive mudstone also provides strong
support for this interpretation (Saneyoshi et
al., 2000).

Reconstruction of the paleoenviron
ments based on the observed succession

In the area of the Djadokhta Forma-
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tion under study, eolian and fluvial facies are
dominant. Eolian sandstone beds appear in the
northern part of the locality, and are capped
by fluvial facies characterized by channel
fill deposits with reworked caliche (Figure
2). Thick floodplain deposits are observed in
the southeastern and southwestern regions.
These lateral and vertical changes suggest
interfingering of sedimentary successions
in the north-south cross section. Previously,
based on the dip of the sandstone beds, we
identified the bottom layer of the succession
in the southern region as a fluvial channel fill
deposit (Saneyoshi et al., 2010; Watabe et al.,
2010).

However, these beds have flat or bend-
ed structures with a dip towards the north of
up to 20°. Based on our interpretation of the
lithostratigraphy and the sedimentary facies,
these fluvial channel deposits are lateral ac-
cretion structures with meandering channels,
and Eolian and fluvial facies are interfingered.

Previous studies on the Djadokhta
Formation have indicated that it was depos-
ited under semiarid conditions, based on the
presence of eolian dunes, intermittent fluvial
and lacustrine sediments, and caliche hori-
zons (Jerzykiewicz et al., 1993; Fastovsky et
al., 1997; Jerzykiewicz, 2000). The existence
of similar facies at Udyn Sayr in the present
study suggests that semiarid conditions also
prevailed there. However, fluvial deposits are
present, and eolian outcrops are not found
over wide areas. The succession of the facies
implies that regions with fluvial conditions
were located close to those with eolian con-
ditions. This suggests the presence of arid
conditions, and the possibility that the fluvial
conditions originated from another area and
passed through this locality. We therefore be-
lieve that during deposition of the formation,
arid and wet conditions existed in adjacent
regions. This should be carefully considered
in the analysis of paleoenvironments, and in
particular, dinosaur habitats during the Dja-
dokhtian age.
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