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Abstract. - On the basis of a study of sedimentary features the depositional environment of the Djadokhta Formation
may be defined as perilacustrine. The Djadokhta Formation of Coniacian or Santonian age (KIELAN-JAWORowSKA,
1968/69) crops out in the northern part of the Mongolian Gob i Desert north of the Gurvan Saikhan Mts. It consists of
alternating sandy and calcareous beds. The character of the sandy horizons points to an aeolian origin. The upper
sandy, and calcareous beds are lacustrine in origin. At least part of the arenaceous material of the Djadokhta Formation
was probably deposited in form of coastal dunes situated near lakes. The analysis of heavy minerals has revealed that
the sandy material of the Djadokhta Formation at Bayn Dzak and vicinity does not come from the denudation of the
Oshih Formation as was supposed by BERKEY and MORRIS (1927). Remarks are made concerning some taphonomic
problems relating to the vertebrate skeletons and nests of reptilian eggs. Complete or almost complete skeletons and
complete skulls of reptiles are common, whereas isolated bones are extremely rare in the Djadokhta Formation. Isolated
teeth of Protoceratops andrewsi, Pinacosaurus grangeri, and undetermined small theropods are frequently found in the
sandy beds. Smaller fossils, such as mammal and lizard skulls and also crocodile remains are preserved predominantly in
sandy concretions. All the vertebrate remains found so far in the Djadokhta Formation show no trace of post mortem
transportat ion.

INTRODUCTION

The U p p er Cretaceous Djadokhta F ormation 1 o f Bayn Dzak (formerly named Sha­

barakh U su) was ex p lo red by the P oli sh-Mongol ian P alaeontological Expeditions (of which

the present author was a m ember) durin g the fie ld se asons o f 1964-65 (KIELAN-JA WOROWSKA&
DOVCHl N, 1968/69). Additional geologi cal resea rch w a s carried o u t by the a u t h o r in the yea rs

1967 and 1968. The accou nts o f p revious invest iga tio ns o f the Bayn D zak a rea a re presented

in earlier papers (GRADZINSKI et al., 1968/69, Lt:FELD, 1965).
The geological obser vations carried out b y the present author a t Bayn D zak and in the

surrounding area are concerned primarily with geological documentation , i. e. the geological

sect io ns, their correl ation a n d the se dimen to logy of the Upper Cretaceous d eposits . The results

of these researches, presented here , have \cd to a reconst ruct io n of the depo sitional en viro n men t

of the Djadokhta F ormati on. The geol o gy of the se d imen ta ry basin in w h ich the Djadokhta

Formation is situated is p o orly known , the refore , the geological information a ct u a lly presented

cannot be compared wi t h that o f the a djacen t area s. All the anal ytical data in thi s p aper refer

to the most representati ve sect ion o f the Djado khta Formation ; the " F la ri1in g Cliffs" a t

1 The term Djadokht a Formation was introduced by the members of the Central Asiatic Expedition of the American
Museum of Natural History during the early 1920s for the Upper Cretaceous sediments at Shabarakh Usu (present
name Bayn Dzak). It has been widely used in paleontological literature . According to Dr. BARSBOLD'S information the
term .Djadokhta" is a result of incorrect spelling of a Mongolian name.
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Bayn Dzak. The section is given in the paper by GRADZINSKI et al. (1968/69). The analysed
samples bear the same numbers as the individual beds of the section. The collection of samples
from the Bayn Dzak area and neighboring sites is housed in the Palaeozoological Institute of
the Polish Academy of Sciences in Warsaw.

ACKNOWLEDGEMENTS

The author wishes to express his sincere thanks to Prof. Z. KIELAN-JAwOROWSKA, Director
of the Palaeozoological Institute, Polish Academy of Sciences for valuable discussion. Thanks
are due to Prof. M. MLYNARSKI, Institute of Systematic and Experimental Zoology, Polish
Academy of Sciences, Cracow, for his remarks concerning some problems of reptile ecology.
Cordial thanks are expressed to Dr. R. GRADZINSKI, Jagellonian University, Cracow for the
review of the present paper and many useful remarks. Dr. DALE A. RUSSELL, National Museum
of Canada, Ottawa has kindly reviewed a large part of the work and made many useful
comments. The author is greatly indebted to him. Thanks are also due to Dr. M. C. McKENNA
of the American Museum of Natural History, New York for kind sending of a xerox copy of
F. K. MORRIS'S unpublished Field Note-Books and photographs and for a permission to make
use of them. The author expresses his cordial thanks to Dr. K. HIIEMAE of the Guy's Hospital
Medical School, London, for reading and correcting the English text. Mr. J. STOCHLAK,
Geological Department, Warsaw University has made statistical calculations of the
granulometric analysis of the Bayn Dzak sediments. Dr. A. NOWAKOWSKI, Geological
Department, Warsaw University undertook the heavy mineral analysis.

GEOLOGICAL SETTING

The Bayn Dzak area is situated in the northern part of the Mongolian Gobi Desert in
a vast sedimentary basin, whose boundaries are vague in many places. The southern boundary
of this basin coincides with the northern border line of the Gurvan Saikhan mountain ranges
(Text-fig. I). In the north the basin reaches almost as far as Arvaykher, the center of the
South-Khangay aymak. Its eastern and western boundaries are less easily defined. Many larger
and smaller post-Mesozoic horsts of Paleozoic rocks occur in various places throughout the
basin. To the north, in the immediate vicinity of Bayn Dzak, there is a zone of basaltic rocks.
A prominent peak in these basalts, the Khurul Obo, is illustrated by BERKEY & MORRIS (1927).
In the opinion .of these authors, the Khurul Obo basalts may underlie the Djadokhta
Formation, and can possibly be correlated with the Oshih basalts. This relationship has not
been investigated. Little detailed work has been done in the neighbouring mountain ranges of
the Gurvan Saikhan and the Arts Bogdo; only the paper by LEBEDEVA (1934) gives some
information about the Gurvan Saikhan range. The petrography of the above mentioned
massifs is practically uknown. The area in question is, however, shown on the general
geological map of the Mongolian People's Republic (OBRUCHEV, 1957). Some data concerning
the geological development of the sedimentary basin lying north of the Gurvan Saikhan
mountains were presented by BERKEY & MORRIS (1927). From the geological research done
so far it is known that this basin is filled with Cretaceous, Paleocene, such as the Khashaat
(Gashato) Formation, and younger continental deposits and basalts. The Djadokhta Formation
is known to crop out only at Bayn Dzak, Khashaat (Gashato), Bor Hunto (north of the Bulgan
somon), and Tugruk ; all these sites are north of the Gurvan Saikhan ranges. At Khashaat,
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the Upper Cretaceous sediments are disconformably covered by the Kha shaat Formation of
Paleocene age (GRANGER & SIMPSON, 1923, MATTHEW & GRANGER, 1925, MATTHEW, GRANGER&
SIMPSON, 1929, NOVOZHILOV, 1954).

The age of the Djadokhta Formation has recently been a matter of controversy (LEFELD,
1965). KIELAN-JAWOROWSKA (1968/69, 1970) estimated the age of this formation as Coniacian
or Santonian on the basis of the differentiation of the mamma lian fauna found at Bayn
Dzak. The age estimation as ?Cel1omani an by McK ENNA (1969), seems to be erroneous
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Fig. 1

Tectonic sketch-map of the vicinity of Bayn Dzak (after I v ANo v , 1957 - in: VASILYEV et al., 1959). J - Hercynnian struc­
tures (Middle Paleozoic), 2 - Upper Paleozoic. 3 - Cretaceous and Tertiary, 4 - Mesozoie granitoids, 5 - dislocat ions
in basins, 6 - deep fractures, 7 - deep fractures buried under Mesozoic rocks, 8 - Meso-Cenozoic dislocat ions.

According to LEBEDEVA (1932) clastic sediments containing vertebrate bones similar to th ose
found in the Bayn Dzak area occur in the intramontane depressions south of the Gurvan
Saikhan Mts . In the Gurvan Saikhan, this author (1934) also foun d the so called Bayn Buluk
beds that might, tentatively, corre spond to the Djadokhta Formation. Some isolated teeth
of Protoceratops andrewsi and Oviraptor (?) were reported from Ulan Tsonch (BOHLlN, 1953).
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The latter locality is situated to the north-northwest of the Hoang-Ho river and the Ordos
massif in Inner Mongolia. The se beds were interpreted by BOHLIN ( I. c.) as lacustrine or deltaic
sediments. It is also worthy of note that, even in that distant site, the sediments containing
Protoceratops remains are underlain by basalt s.

The beds of the Djadokhta Formation at Bayn Dzak lie almost horizontally, dipping
at an angle of 1°_1.5° toward south-east, and at an angle of about 30' toward north-west.
Only slight elevation is noted at the Flaming Cliffs. Some vertical cracks filled with reddish-brown
clay occur elsewhere in the Djadokhta Formation, usually bearing in the NNE direction. In
MORRIS'S opinion (MS, 1923) they were related to the warping of the region . Neither the bottom
of this formation nor its contact with the neighboring Khurul Obo basalts are known .

The escarpment at Bayn Dzak, along which the Upper Cretaceous sediments crop out,
comprises a morphological boundary between the desert steppe zone, over the escarpment,
and the desert basin floor , below the cliffs (see Plate VI in GRADZINSKI et al., 1968/69). The
desert steppe over the Bayn Dzak escarpment is an almost flat structural surface covered with
a thin veneer of gravel. The escarpment itself shows a young morphological stage of develop­
ment with steep , picturesque cliffs (such as the Flaming Cliffs) with numerous ravines and sayrs
i. e. dry stream channels. Toward the north, west and east of the Flaming Cliffs the morpho­
logy of the escarpment is less diversified , although some monadnocks occur (such as "The
Ruins"). There are some steep walled ravines at Khashaat.

Principal sections and their correlation

The type section of the Djadokhta Formation at Bayn Dzak is that of the Flaming Cliffs
(GRADZINSKI et al., 1968/69). Practically no lateral change is observed in the lithology of thi s
formation along the Bayn Dzak escarpment. For comparative reasons a section exposed near
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Fig . 2

Section of the Djadokhta Formation near the Caravan Trail at Bayn Dzak, Explanations - see text.

the Caravan Trail at Bayn Dzak (see Text-fig . 29 in GRADZINSKI et al., 1968/69) is presented
here (Text-fig. 2 and Plate XXI-I). It exhibits very well developed and expo sed calcareous bed s.
The section is as follows (from bottom to top):

1) reddish-orange to brick-orange (10 R 6.5/7) 2 arkosic, poorly diagenised , friable sands.

• All colour designations according to the G. S. A. Rock Color Chart.
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2) a bed full of orange-pinkish (l0 R 6/5) calcareous concretions. They vary in size from
0.5 to 2.5 cm and are very sandy.

3) another bed of similar concretions. The concretions in both these horizons weather
white. '

4) reddish-orange to brick-orange (10 R 6.5/7) arkosic, poorly diagenised sends, very
similar to those of horizon I. This bed corresponds to horizon 6 of the Flaming Cliffs.

5) white, sandy marls. This rock looks like a sandy bed partly cemented by calcium car­
bonate. There are portions of brick-orange arenaceous rock that are barely cemented with
carbonates, whereas other parts of the same rock are firmly cemented (Text-fig. 3). The thickness
of this bed is 0.6-0.8 m. This horizon corresponds to bed No. 7 of the Flaming Cliffs.
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Fig. 3

A detail of the calcareous horizon 5 of the section in Fig. 2. dotted - sands, dashed - calcareous bed, horizontally frac,
tured, white - calcareous , slightly arenaceous sediment .

6) reddish-orange to brick-orange (l0 R 6.5/7) arkosic sands. A distinct level of sandy
concretions occurs within the bed (a). Numerous sandy concretions can be traced in some
places in the upper part of these sands. A turtle skeleton (carapace) was found in this bed,
near the Caravan Trail.

This section differs from that of the Flaming Cliffs in the greater thickness of the sandy
bed separating the calcareous horizons (2, 3 and 5).

Section at Khashaat

The Upper Cretaceous sediments of the Djadokhta Formation dip under the Paleocene
Khashaat (Gashato) Formation toward the south-southeast. The section of the Djadokhta
Formation at Khashaat is less than 0.5 km from the nearest outcrop of the Khashaat Formation.
The section from bottom to top is as follows (Text-fig.4) (Plate XIX, Fig. I):

I) reddish-orange to brick-orange (10 R 6.5/7) arkosic poorly diagenised, friable sands
with locally distributed sandy concretions. This bed corresponds to horizon 4 of the Flaming
Cliffs;

2) brick-orange ca1cerous sandstones. This bed disappears in some places, and forms an
intercalation in horizon I;

3) two beds of calcareous conglomerates interbedded with sands like those of horizon I.
The higher bed is the more calcareous as a result of intense cementation of the rands with
carbonates. These beds correspond to horizon 5 of the Flamming Cliffs;
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4) calcareous marl s, somewha t conglomeratic at the bottom. They weather white . This
IS the counterpart of hori zon 7 of the type section of Bayn Dzak ;

5) brick-orange to reddish-orange arkosic poorly cemented sands identical with those of
horizon I ;

6) brick-orange sandstones, bound with calcareous cement. Numerous larger and smaller
holes filled with sand occur everywhere in these sandstones. This bed corresponds to horizon
6 of the type section at Flaming Cliffs.
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Fig. 4

Section of the top beds of the Djadokhta Formation exposed in the eastern cliff-wall of the Khas haat sayr at Khashaat.
Explanation s - sce text.

A nest of large elongated rep tile eggs (about 18 cm in length) with corrugated shells were
found in horizon 5. The Paleocene Khashaat Formation rests on various layers of the Dja­
dokhta Formation but mo st freq uently on horizon 6 of the above section.

Section of a Butte, situated west of " The Ruins",
At a distance of 650 met ers west from a monadnock called the "Ruins" there is a butte

that shows the presence of a clay bed . As the clay beds are absent in the Djad okhta Formation
of Bayn Dzak this section is of interest. The sequence is' as follows (Text-fig. 5):

1) reddish-orange to brick-range (10 R 6.5/7) arkosic sands rich in sandy an d calcareous,
the latter small , concretions. The calcareous concretions form a thin layer at top of
thi s bed (a) ;
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Fig. 5

Section of a butte, situated west of "The Ruins" at Bayn Dzak. Sketch after a photograph. Explanations - see text.
Scale in metres.

2) moderate reddish-brown (10 R 4.5/6) silty clays, slightly carbonaceous, without obvious
stratification ;

3) orange-brick horizontally bedded sandstones. Isolated, small bone pieces (probably
of Protoceratops) occur elsewhere in the bed.

Sections at Bor Hunto

About 17 km west of Bayn Dzak, and 20 km north of the Bulgan somon an escarpment
called Bor Hunto (MORRIS, MS, 1923) faces north along a broad, shallow valley with an ap­
proximately east-west direction. A prominent, but rather small , basaltic mesa occurs several

5 · .

iO m 3

Fig. 6

Section of the Djadokhta Formation at the eastern termination of the Bor Hunto Valley. Explanations - see text.

kilometers north of the Bor Hunto escarpment. Bor Hunto offers much worse exposures than
those at Bayn Dzak. A section of a cliff in the eastern part of the Bor Hunto escarpment is as
follows (Text-fig. 6):

I) reddish-orange to brick-orange (10 R 6.5/7) poorly diagenised sands;
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2) calcareous co nglomerates showing numerous small calca reous nodul es ;
3) reddi sh-orange to brick-orange arkos ic sands exactly as those of horizon I. They cor­

respond probably to hori zon 4 of th e Flamin g Cliffs of Bayn Dzak ;
4) reddish-orange sandstones, which are caverno us to a considerable extent. The caverns

are filled with the typical Djadokhta sand. Bottom contact with the horizon 3 is indistinct ;
5) reddish-orange to brick-orange ar kos ic sands.
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Fig. 7

Section of the Djad okhta Formation at the western part of the Bor Hunt o Valley. Explanations - see text. Scale in metres.

No complete skeletons were found at Bor Hunto although some isolat ed reptil e remains
occur in some places on th e desert floor which stre tches north of the escarpment. The Bor
Hunto valley is a tributary of a larger one which is perpend icular to the former and lead s
northward. A prominent cliff occurs on the western wall of this valley; the section there is
as follows (Text-fig. 7) :

1) reddish-orange to brick-orange (10 R 6.5/7) arkosic, fria ble poorly diageni sed sands
tha t contain a) a level of isolated sandy concretions, and b) level of larger interconnected sandy
concretions. Thi s bed correspoqds to hor izon 4 of th e type section at Bayn Dzak ;

2) brick-orange (colour as above) concretionary sandstones ;
3) reddish-orange to brick-range (10 R 6.5/7) a rkos ic sands, very similar to hori zon I.

They contain a level (c) of isolat ed, calcareou s concretions. It is a probabl e counterpart of
horizon 6 of Bayn Dzak ;

4) white sandy marls , which correspond to horizon 7 of the type section at the Flaming
Cliffs. Thi s marly bed is covered by recent gravels (con glomera tes) pr obably of Pleistocene age.

No vertebrate remains were found near thi s site. The higher horizons of the Djadokhta
Formation crop out further west at Tugruk (NIKOLOFF & HUENE, 1966).

The cor relati on of the above sections was based on the calcareous horizons which as the y
were led down in a subaqueous environment, show good continuity from site to site. As it can
be seen from the Text -fig. 8, some arenaceous beds show sma ll changes in thickness.
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Correlati on of the Dja dokhta Formation, based on the sect ions at Bor Hunto, Bayn Dzak and Khashaat. N umbers refer
to the beds of the type section of the Flaming Cliffs at Bayn D zak.

LITHOLOG Y

The Djad okhta F orm atio n at Bayn Dzak and in th e vicinity represents a sequence of
a lternat ing arenaceous and calcareous sedime nts. T he arenaceous beds of the format ion out­
number, and are usually thicker , than the calcareous ones . The latter occur predominantly
in the upper part of the Dj ad okhta seq uence (see preceding pages) and as a rul e a re much better
lithified than th e former. T he Djad okhta sa nds are fria ble and a re eas ily crus hed by hand .
The arena ceo us bed s conta in numerous sa ndy co ncretions tha t are inco mpara bly harder than
th e surround ing sa nds. T he term " Dja dokh ta sa nds" is used here for the poorl y d iageni sed
arenaceo us beds of th e fo rmation. T hese sa ndy layers a rc of red-bed type .

A RENACEOUS SED IMENTS

The sandy bed s of the Djadokhta Format ion a t Bayn Dzak and in the vicinity appea r
massive and st ructure less (BERKEY& M ORRIS, 1927, p . 157-158). The rocks are weakly cemented
with calcium carbonates and ir on ox ides . The per cent weight content of CO 2 in the a rena ceous
beds ranges from 9.7 %to 46 .9 %(see Tabl e l ). The Djadokhta sands show onl y small quantities
of iron compounds, wh ich ran ge fro m 0.08 weight per cent in the sandy concreti on s to 0.50 %
in the sa nds . 1 he sa ndy fraction co nsists pred ominantly of quartz and, to a lesser degree, of
feldspars which co ns titute only about 1/12th of th e qu antity of qu artz gra ins in the coarsest
grade . In silty and finer grades the quantity of feld spars seems to be slightly greater; th ese are
usually fresh in the coarser gra des but more wea thered in the finer fra ct ions . As show n in the
diffractograms, such clay minerals as illite and mon tmorillonite a re present in a ll the sa ndy
samples exa mi ned (see Table 2), and only traces of kaol in ite exis t in the samples from horizons
2, 4 an d 6 (i.e. bottom beds) .

T ypical loess-like vertica l jointing ca n be o bserved elsewhere on th e stee p cliff wa lls at
Bayn Dzak.
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Table I

Content of CO 2 III samples (in weight per cent)

I
Analysis

I
Horizon

Weight per cent
RemarksNo. of CO.

I I 2 9·7 sandstone concretions
2 2 32-3 conglomeratic concretions
3 2 46'9 calcite concretions
4 4 12·6 cementation of a nest of reptile eggs
5 7 26'4
6 7 27·8
7 7 26'5
8 7 2'3

I 9 9 33-6 sandstone concretions

Table 2

Results of X-ray analyses

I

I
I

Szaba-

~- II
Bayn Dzak horizons Bor Oshih

No Minerals rakh Hunto Tugruk

I 2 I 4 I 6 I 8 I 9 I 10 Usu • 1 I 2 I 3

II I I
I

1 feldspars ++ + + + + + + ++ I ++ + + + + + + + + + + +
2 quartz ++ ++ + + + + + + ++ ++ ++ + + ++ + + +

I3 calcite - tr - + (+)+ + - - - +(+) + + +
4 illite + + + + + + + I + + + + + +

I
5 I montrnorillonite + + + + + + + I + + + + +
6 I chlorite and or

I kaolinite tr tr tr - - - + - + tr tr -~ -

I7 , analcite - - - - - -
I

+ - - - + +
I I

Explanat ions: ++ main component
+ subordinate component

- not stated
tr - trace

• The name Shabarakh Usu refers here to the well, situated in the north-western part of the Bayn Dzak area

Analysis of heavy minerals

Twelve samples taken from the various beds in the profile of the Djadokhta Formation
at Bayn Dzak, and also samples from Bor Hunto, Tugruk and Oshih were analysed. The heavy
minerals were separated in bromoform. The results of the analyses are presented in Table 3.

All the samples from Bayn Dzak, Bor Hunto and Tugruk (i. e. from the Djadokhta For­
mation) show a large content of epidote. This is predominantly pistacite, which is rich in iron.
Epidotes poor in iron and exhibiting a low birefringence are less common. High quantities
of epidote were also noted by GRADZINSKI (1970) in the Nemegt Beds (Maastrichtian) of the
Trans-Altay Gobi Desert. In Western Mongolia, NOWAKOWSKJ (1969) noted large quantities
of epidote in the Baykalian saussurized gabbros, basalts and ryodacites of the Khasagtu moun­
tains. It seems probable, therefore, that the basement rocks of the whole Western and Central
Mongolia are rich in epidote as is reflected by the large quantities of this mineral in clastic
deposits. The opaque minerals include magnetite and rusty iron oxides , mo stly consisting of the
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products of an alteration of an iron rich cpidotc. Strikingly small quantities of epidote, as
compared to the Bayn Dzak samples, occur in the Oshih Formation (see Table 3). This clearly
contradicts the hypothesis of BERKEY and MORRIS (1927) who derivated the Djadokhta clastic
material from the denudation of the Oshih Formation. The quantities of opaque minerals in
the Oshih samples are much higher than those of the Djadokhta Formation . The relatively large
quantities of rounded zircon grains, the pre sence of rutile and tourma line, and large quantities
of iron oxides suggest that the Djadokhta clastic sediments may have derived from a source
area in which reworked clastic deposits were subject to erosion. Metamorphic and igneous
rocks were probably less important sources, although garnet is pre sent in all the samples exa­
mined. The degree of roundness of heavy minerals a lso suggests that reworked deposits were
the source material for the Djadokhta Formation. The epidotes, staurolites and andalusites
are rounded, the zircons are subrounded and the garnets are fractured.

Tabl e 3

Composition of heavy minerals in percentages by volume

Shaba- Bor Oshih I
Bayn Dzak horizons rakh Hunto Tugruk

No. Minerals
Usu * sand - sand -

sand- I silt- I sand-
clay stone I

stone
2 I 4 I 6 I 8 I 9 I 10 stone stone stone

1 Anatase I 2·1 - 1·2 0'6 I 0·8 - - 0·8 I - - I - -
2 Andalusite - 2·3 - - - - - - 2·1 - - -
3 Apatite - - - - - - trace - - 5·4 - 0·8
4 Biotite - - - - - - - - - - 3-9 -
5 Brookite - 0·9 - - - - - - - - - -
6 Chlorite - - - - - - - - - 2·0 - -
7 Zircon 9·2 3-9 19'2 8' 1 6'8 6·3 21'4 12-9 9·5 16'7 1·2 0'9
8 Kyanite - 1·0 I - - trace - - - 0·9 - - -
9 Epidote 43-4 46· 1 21'1 31'9 17·3 51·3 30·3 37·9 33-0 2-4 5·2 0·4

10 Garnet 4·5 z.s 3'7 3'0 2-4 4·8 5·2 1·8 8'1 22·3 0'4 1·1
11 Hornblende - - 1'3 - - - - - - - 7'0 -
12 Rutile 0·8 0'4 0'9 0·8 1' 1 1·1 1·4 -- 0·6 2·3 - -

13 Spinel - - - 0·7 - - - - - - - -
14 Staurolite - 1·7 1·7 0'6 0'4 2·3 - - 2-2 - - -

15 Sillimanite - - 1'8 - - - - - - - - -

16 Tourmaline 1·1 2·1 2'1 - trace - 0·5 0·8 0·6 4·1 - -
17 Opaque miner als 38'9 I 38·8 47·0 I 54·3 71·2 34·2 41·2 45·8 43·0 44·8 82·3 96-8

. __ ._- --~--

* The name "Shabarakh Usu" refers here to the cliff situated near the Shabarakh Usu well at Bayn Dzak,

Granulometric composition

The Djadokhta sands seem to be apparently uniform in grain size (BERK EY & MORRIS,
1927, p. 157-158). Generally speaking the se rocks may be defined as fine and very fine sands,
or very coarse silts, according to Wentworth's scale (see KRUMBEIN & SLOSS, 1963, p. 96).
Sieve analysis ha s been used to examine the granulometric composition of the Djadokhta
arenaceous sediments. Four sand samples were taken from horizons 2, 4, 6 and 10. They were
crushed and mechanically sieved. The first analysis revealed the existence of abundant aggregates
composed of small sand grains fused together with calcium carbonate. In order to disintegrate
the se aggregates, the same samples were then treated with hydrochloric acid , dried and resieved.
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The second analysis showed practi cally no aggrega tes. The results of the sieve analyses are
presented in Text-fig. 9. The samples sieved after treatment with hydrochl oric acid are indicated
by a notation's (e.g. 4'). The results of both sieve ana lyses are presented because it was difficult
to decide whether these aggregates were blown into the environment, or were formed in situ
duri ng the diagenetic processes. The mo ment measures and the statistical ana lysis of the result s
of the sieving were calculated by J. STOCHLAK of the Geological Department of Warsaw
University. The data is presented in Tables 4 and 5. The values of the Inclusive Graphic
Stand ard Deviation (a) show that the sor ting of the Djadokhta sands is moderate (values 0.66

Ta b le 4

Moment measures of fou r Djadokhta sand samples

90tp I 95 tp I84tp75tp50tp25cp16tp10tp5tpSample No.

2 1-47 1'64

I
1'77 1·92 2·40 3'00 3-30 3·55 I 3-84 I

2' 1'48 1'64 1'78 1'93 2·50 3'07 3·32 3'49 3·64
4 1'41 1'56

I
1'68 1·89 2·54 3' 12 3'37 3·57 3-84

4' 1·64 I 1·84 1·96 2·28 2'65 3·13 3'33

I
3'46 3-88

6 1·94 2' 14 2'34 2'55 3·21 3-83 4'1 3 4·40 4·74
6' 1·94 2·14 2'3 6 2'60 3'26 3-91 4·22 I 4·48 4·82

10 1·28 1'6 5 1·83 2·02 2'51 2-98 3'26

I
3'4 6 3·74

10' 1'87 1'99 2' 17 2·37 2-80 3·28 3'50 3'78 4'0 6

Tabl e 5

Results of statistic ana lysis of the Djadokhta sands granulometry
(in phi scale)

I
Numbers o f samples Author(s)

\- of formula
2 I 2' I 4 I 4' I 6 I 6' I 10 I 10'

I
I

M d 2-40 2·50 2'5 4 2-65 3·21 3·26 2' 51 2-80 INMAN, 1952

I M 2·53 2'55 2·52 2'64 3·23 3'29 2·54 2-83 I NMAN, 1952 I
I So 0·54 0'57 0 '61 0'42 0·64 0·65 0'48 0'45 T RASK, 1932 I

cr 0 '76 0·77 0·84 0'68

I
0·89 0·93 0' 71 0·66 KRUMBEIN et al .

Sk 0 ·12 0·0 - 0 '07 0 '11 - 0 ,04 - 0,01 - 0,02 0'0 5 TRASK, 1932
x 0·17 0'06 - 0 '0 1 - 0,07 0·27 0·03 0·07 0'05 I NMAN, 1952

iX, 0·33 0·07 0·10 0'01 0·01 0·12 0·00 0 ·24 I NMAN, 1952
[1 0·54 0·40 0·43 0·63 0·56 0'54 1·07 0·64 INMAN, 1952
crI 0·74 0·71 0·79 0·78 0' 87 0·90 0·72 0'66 FOLK & W ARD, I,

1957I SkI 0·20 0·31 -0'47 0 ·04 0·0 6 0·05 0'02 0· 10 FOLK & W ARD, I
I 1957

K,; 0·89 0·77 0·81 0·95 0·89 0·90 1·05 0·98 FOLK & W ARD,

I I 1957

in sample 10' to 0.90 in sample 6'). The size distributi on curves are either unimodal
(sample 2') , or un imodal with a distinct "ta il" of finest clay frac tions (samples 4' , 6' and 10').

The sample 6' can be regard ed as bimod al du e to the large "ta il" of the finest fraction.
As a rule the curves are positively skewed (SkI values 0.31 and 0.20) and nearl y symmetrical
(SkI values 0.04, 0.05 and 0.102). The positive skewness of the sample 2' may support the aeolian
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o
Fig. 9

113

Cumulative cur ves of the Djadokhta arenaceous sedirnents. Numbers of the curves refer to the ho rizo ns of the type
section at Bayn Dzak .

hypothesis of the origin of the Djadokhta sands. The maj ority of the curves are platykurtic,
except the curves of the samples 4' and 10', which are mesokurtic (see KG values - Tabl e 5).
P a la contol ogi a P o lo n ica No . 25 8
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Roundness and sphericity of grains

The roundness and sphericity of the sand grains has been determined for the grades
0.4-0.8 mm and 0.4 mm , by visual comparison with the standard table (KRUMBEIN & SLOSS,
1963, Fig. 4-10, p. Ill). Three sand samples were analysed, namely those from horizons
2, 4 and 10. The parameters for 100 grains in each of the two grades mentioned above have
been separately determined. The histograms of roundness are presented in Text-fig. 10, and
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Fig. 10

Histograms of roundness of the Djadokhta sands. I - sample 2, grad e 0.4-0.8 mm , 2 - sample 2, grad e < 0.4 mm,
3 - sample 4, grade 0.4-0.8 mm , 4 - sample 4, grade < 0.4 mm, 5 - sample 10, grade 0.4-0.8 mm , 6 - sample 10,

grade < 0.4 mm.

those of sphericity - in Text-fig. 11 . Moderate roundness value s are characteri stic for the grades
0.8-0.4 mm, whereas those of the grade smaller than 0.4 mm are slightly lower (0.35 and
0.33 - see Table 6). Large quantities of broken grains, which must have been rounded or
subrounded originally, were observed (Plate XX, Fig. 3). Such a situation is typical in man y
loess deposits (SMALLEY & VITA-FINZI, 1968).
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The sphericity values for the grades 0.8-0.4 mm are also moderate (see Table 7). Slightly
lower values are noted for the grade smaller than 0.4 mm. The presence of a few well rounded
large grains was observed in all the samples examined. In all the samples the smaller grains
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Fig. 1I

Histograms of sphericity of the Djad okhta sands. J - sam ple 2, grade O.4-o.S mm , 2 - sample 2, grade < 0.4 mm ,
3 - sample 4, gra de 0.4-0.8 mm , 4 - sample 4, grade < 0.4 mm , 5 - sample 10, grad e 0.4-0.8 mm , 6 - sample 10,

grade < 0.4 mm.

were usually less rounded than the larger ones. CAIL LEUX & D EVYATKIN (1969) investigated
the surface morphology of the quartz grains from the Djadokhta Formation of Bayn Dzak.
Their conclusion was that a part of these grains were shaped by aeolian action and by lake waves.

T a b le 6

Roundness of sand grains
T a b l e 7

Sphericity of sand grains

I
I

Sampl e from I G rade
hor izon No.

0·8 mm-o'4 mm ] < 0'4 mm

2 0,48 0·35
4 0'40 0·33

10 0'51 0,35

Samp le fro m Grade

horizon No .
O'S mm - 0'4mml < 0'4 mm

2 0'59 0'52
4 0'61 0'44

10 0'55 0·53

S*
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Exotic pebbles

A few exot ic pebbl es were found in the Djadokhta Formation . They come from the fol­
lowing horizons : top and base of hor izon 4, and horizons 5 and 7. The exotic pebbles from
horizon 4 are, as .a rule subangular and 5- 6 cm to 3-4 cm in diameter, the latter being the
most common. Some sma ller ones are abo ut 1.5-0.5 cm in dia meter. These are usua lly sharp­
-edged fragm ents of igneo us rocks: gra nites, tona lites and eruptive rocks. The composition
of exot ic pebbles found in the Djadokhta Formation is shown in Table 8. The mos t commo nly
occurring exotic s are small pebbles of Paleozoic limestones. Most pebbles from horizon 4 are
fresh rocks although some ar e of igneous rocks and limeston es. Th ose from horizons 5 and 7
are more weathered. Thi s is well illustrated by igneous rocks and graywackes, and greenstones.
The latter are sharp-edged and suggest that fresh material was being ero ded not very far from
the deposition area. Small pebbles, with the exception of the limesto nes, from horizon s 5 and 7
show rather poor rounding. Large pebbles in horizon 4 are usually subangular, smooth and
relatively well rounded. Many pebbles from horizon s 5 and 7 are covered with black varnish,
which does not seem to be of primary origin.

The differing petrographic content of the three pebble groups suggests that some differences
in morphology existed in the source areas during the deposition of the Djadokhta Fo rmation.
The composition of these exotic pebbl es may suggest that this material came from various
sources. Some of it may have der ived from the denud ati on of Jurassic or older conglomerate s.
Thi s applies mainly to the well rounded pebbl es of radiolari te, quartzite and quartz (Plate XXI,
Fig. 4). Nothing precise, however, can be deduced abo ut the derivation of these exotic pebbles
unt il the petrography of the Gurvan Saikhan and Arts Bogdo mountain ranges is investigated
in detail.

T a b le 8

Composition of exotic pebbles

1 . . Rock type Colour
Number of pebb les in horizons

I
4 I 5 I 7 •-

tonalites white (N 9) 2
gra nites 2
other igneous rocks 2 1
vein quartz white (N 9) 1
greywackes olive-gray (5 Y 4/3) 2 1
quar tzites reddish-b rown (10 R 5/6) 3 1
radi olarites dusky-red (5 R 3'5/4) 2

"
dark redd ish-b rown (10 R 3{4) 4

I
other siliceous rocks blackish-red (5 R 2'5/3) 2 2
greensto nes dusk y yellow-green (5 G Y 4/2) 1 7

i siltv limestones moderate brown (5 YR 3/3) 4 2

" "
light-brown (5 YR 6/5) 2

limesto nes da rk yellowish-brown (10 Yr 5{2) 3

"
brownish-black (5 YR 3/1) 2

"
white-pinkish (5 YR 9/1) 1

I
lirnonites moderate-brown (5 YR 3/3) 2

I tota l number of pebbles analysedI I 14 I 14 I 19

• In add ition some small (abou t 1 cm) fragments of eruptive rocks full of plagioclases have been found in horizon 7.
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The majority of thi s material comes from reworked sediments, as was already noted by
MORRIS (MS , 1923, Book VII , p . 108) who wrot e: "these are pebbles in the (n plus 1) genera­
tion , derived from another sediment".

Bedding

The are naceo us beds of the Djadokhta Formation show few traces of stra tification.
Bedd ing exists in a few places only, and in such cases it is cross-stratified in type . In the north­
western part of the Bayn Dzak escarpment there is a monadnock called "The Ruins" (see
GRADZI NSKI et al., 1968/69), Plate 6, F ig. 2). On its northwestern wall a distinct cross-strati­
fication is discern ible (Text-fig. J2). These sets of cross stra ta probably dip to leeward and may

=

Fig. 12

Aeolian type cross-strat ification at "The Ruin s". Azimuth of the wall 53°.

represent leeward side of an ancient coas ta l dune. Their strike and dip direction is 114° 25° N.
They are such as those shown in Plate III-D of M cKEE (1966). Some irregular or contorted
layers between the sets of undisturbed stra ta occur in the lower part of the section resembling
those in M cKEE's ( I. c.) photograph on Plat e IV-B. Acc ording to thi s author such contorted
layers proba bly result from irregular slumping or ava lanching. The section of the cro ss strata
at "The Ruins" seems to be almost parallel to the dip direction and that at Text-fig. 12 sho ws
a well situa ted at an angle of 82° in relation to the former one. Some cemented large scale cross
strata occur at the butte situa ted approxima tely half way between "The Ru ins" and the Flaming
Cliffs. This butte was ilustrated by BERKEY and MORRIS (1927, p. 356, Fig. 152). The bedding
at th is butte was hardened by a seconda ry cementa tion with calc ium carbonate probably due
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to the percolation of ground waters through the Djadokhta Formation in later times. The strike
and dip of these cross strata are 126°/31° N, 139°/36° Nand 140°/28° N. The stratification
occurring at "The Ruins" is most probably of aeolian type.

Fig. 13

Aeolian type cross-stratification at "The Ruins". A wall situated at an angle of 82° to that of the Text-fig. 12.

Red pigmentation

The Djadokhta areanceous sediments are almost invariably reddish-orange (10 R 6.5/7)
in colour. All the sedimentary features of these deposits allow their classification as red bedse
So far there are few indications for the origin of the reddish tint seen in these sediments. Con­
centrations of iron-bearing minerals (limonite?) occur as coatings on the sand grains and fill
the pits on the grain surfaces as well as inbetween the grains. The presence of reddi sh clastic
fragments (brown-reddish clays) within the firmly cemented calcareous conglomerates of ho­
rizon 7 seem to suggest a primary origin at least for a part of the Djadokhta reddish clastics.
Nevertheless, these clastic fragments may well have derived from other older formations. In
the latter case the reddish tint of the Djadokhta sands may be secondary in origin, or diagenetic.

CALCAREOUS SEDIMENTS

In the upper part of the Djadokhta sequence at Bayn Dzak there are two, and in som.
places, three, distinct calcareous layers showing clear stratification and continuity all over the
whole area. These beds are in fact conglomerates, because they contain many calcareous pebbles
identical both in composition and shape with the calcareous concretions in the underlying sandy
bed (horizon 4). The latter result from calcium carbonate precipitation within the arenaceous
sediments which took place under the lacustrine conditions of horizon 5. The same concretions
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were finally deposited in the overlying calcareous conglomerates as a result of the reworking of
the underlying sandy bed. The microscopic examination of thin sections revealed that these
calcareous concretions are full of detrital grains, predominantly quartz, coated with carbonates
(Plate XX, Fig. 4). If the carbonate coatings of the quartz grains are primary, then they may
be analogous to the similar coatings found on the grains in loesses. On the other hand, they
might have been formed in the lacustrine environment in which case, they have nothing in com­
mon with loess-like clastics. Despite the overwhelming numbers of calcareous pebbles, there
are also some of exotic rocks (see Table 8). The cement of these conglomerates is composed
of calcium carbonates with a large admixture of detrital quartz grains, undoubtedly deriving
from the reworking of the Djadokhta sands. Various stages of the cementation of the sands
with carbonates may be observed. In some cases the rock is hard and looks like a limestone
(most common in horizon 7), whereas in other cases, the cement is weak and scanty and the
calcareous pebbles are inadequately bound. In some places horizon 7 shows a layer devoid
of the calcareous pebbles and consisting of limy parts separated by sandy portions (Text-fig. 3).
This bed shows the various stages of the cementation of Djadokhta sands with carbonates. Its
bottom part is only partially cemented, whereas its upper portion is a lithified limestone. The
cementation is primary and has taken place under lacustrine conditions of deposition. The
abundance of carbonates (see Table I) seems to suggest rather warm climatic conditions for
these lakes; this coincides well with the presence of crocodiles. It is not out of the question
that some leaching processes (secondary in relation to the original sediment) might have taken
place in these calcareous beds, as is reflected by the incomplete cementation of the sand by carbo­
nates. The abundance of sand and silt grains m the limestones of horizons 5 and 7 seem to
suggest that the aeolian deposition did not stop during the sedimentation of these calcareous
beds. As may be seen from the sections, shown here, another period of aeolian sedimentation
followed the lacustrine regime of the Djadokhta Formation. These higher sandy layers of the
formation have yielded only small quantities of fossils such as nests of eggs and few muItitu­
berculate skulls as well as a turtle carapace.

CONCRETIONS

The Djadokhta Formation abounds in concretions of various kinds. They vary in shape,
mineral composition and form of occurrence. Some may be classified as primary in origin ,
whereas others are definitely secondary in this respect (diagenetic or epigenetic). The primary
concretions occur in both the sandy and calcareous beds. Near the top of the sandy beds lenses
of calcareous concretions imbedded in sandy material can be seen. These are more or less
spherical or sometimes horizontally oval limy nodules 2-3 mm to 2-4 cm in diameter, and
always contain abundant detrital quartz grains 0.03-0.4 mm in diameter. Feldspar grains , which
is usually microkline, are also present but in smaller quantities. The quartz grains show limy
coatings, similar to those of loess (plate XX, Fig. 4). As a rule, the detrital grains are sharp­
-edged. Calcareous concretions occur in the form of lense-like concentrations in sand in the
upper part of horizon 4 (Plate XX, Fig. I). They are most abundant, however, in the
conglomerates of horizons 5 and 7. In the latter mstance they may have been washed out of
horizon 4 as they are found as pebbles in the conglomerates. Their concentration in the con­
glomerates may therefore be treated as somewhat secondary, and their origin is probably due
to calcium carbonate precipitation from lake water in the Djadokhta sands, which are porous
and highly permeable. The cementation of some of the vertebrate remains (e.g. crocodile
bones and some nests of eggs) is of the same character. It was noticed by MORRIS (MS, ]923,
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Book VII) that the bones might to some exten t have facilitate d the formation of concretion s.
However, in a specific case, it is not always easy to determine whether these concretions are
primary or seconda ry in origin.

Secondary concretions

Sandy concretio ns are the most common type of concretions in th e Djad okh ta Fo rmation.
These are nodular, knob-li ke, ball-l ike, pipe-like or spherical in shape and range from 2 cm up
to several meters in size (Plate XIX , Fig . 3).

Some forms of these sandy concretions have been invest igat ed by MORRIS (MS, 1923)
who referred to them as "sheel-like" weather ing for they form sheel-like tu bes, chim neys etc ., and
protrude from the sandy walls at Bayn Dzak and Kha shaat. Th is is explained by the fact tha t
the concretions are more resistant to denudat ion than the Djadokhta san ds . Th e distribut ion
of these secondary concretions seems at first sight to be haphazard. They are abunda nt in some
places whereas in the others they are extremely ra re or absent. In fact , thei r orienta tion pattern
and distribution appear to reflect the pattern s of the movement of migrating ground waters
through the Djadokhta Format ion. Such phenomena are known from the Arikaree group of
Nebraska (SCHULTZ, 1941) and from the Wasatch and Lance Forma tio ns in Wyoming, Nebraska
and South Dakota (MESCHTER, 1958). According to MESCHTER, well fo rmed calcareous con­
cretions are generally found in relat ively well-sor ted, mass ive, fine- to coa rse-gra ined sandsto nes.
This is also true of the concretions in the Djadokhta Fo rma tion. The boundari es between th e
concretions and the uncemented sands are invariably sharp. In some cases, groups of such sandy
concretions form hori zontal levels which suggest tha t the calcium carbonate cementa tion to ok
place along a ground water table. In other cases, the horizons of these concretions form sheet­
-like dipping sandstone plan es which follow the directions of the cross-beddmg. Some
horizontal concretionary san dsto ne levels also occur , as for examp le in ho rizon 3 of th e
Flaming Cliffs section. A very pecul iar for m of the sandy concretions exists on th e desert floor
about 1400 meters to th e north- west of the Flam ing Cliffs. These forms look like "petr ified
plants or shru bs" (Plate XIX, Fig. 2), and their origin is due to th e phenomena mentioned
above but the surrounding sand has been blown away, and the concreti ons, as more resistant
forms, remain on the desert floor. Some tube-like sandy concre tions may represent secondarily
cemented burrows, but this question is very difficult to decifer.

REMARKS ON THE CONDITIONS OF BURIAL AND PRESERVATION OF TH E
VERTEBRAT E REMAINS

The Djadokhta Format ion at Bayn Dzak has yielded a large num ber of skeletons, skulls
and other skeleta l fragments of reptiles, mamm als and also reptil ian eggs. The list of th e groups
of fauna so far found in thi s locality is present ed in Table 9. It is remarkable that skeletons of
Protoceratops andrewsi far outnumber all other spec imens found , as was no ted by MORRIS
(MS, 1923). The state of preservation of skeletons, skulls and other rema ins is usually very good.
The bones, except th ose found in sandy concretions (predom inantly .skull s of mammals, lizards
and crocodiles), are not mineralized but some broken are filled with th e Dj ad okhta sand.
Skulls of mammals and lizards are preserved chiefly in sandy concretions, or less frequentl y,
in sands. In some cases parts of these skulls are slightly damaged by chemical processes (leachin g),
most probably act ive during diagenesis. The majori ty of th e repti le skeletons and skulls, and the
mammal and lizard skulls were found in hor izon 2. Th is was also the case for the findin gs of
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the Central Asiatic Expedition of the American Museum of Natural History (MORRIS, MS, 1923),
and is probably due to the extensive exposure of this horizon in the desert surface, whereas
other horizons of the Djadokhta Formation are exposed on ly in the steep cliff walls. Almost
all the remains of crocodiles were found in the horizon 2 just above the calcareous concretionary
level.

Table 9

List of groups of vertebrates found at Bayn Dzak

Group

Ornithischia

Saurischia
Crocodilia
Chelonia
Sauria (Lacertilia)
Ophidia (Serpentes)
Multituberculata

Insectivora

Reptile eggs

Horizon

2

2,4, 5
2
8

2,4
2

2,4, 8

2. (4 ?)

2. 4, 6, 8
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The conditions of preservation and burial of vertebrate remains in the Djadokhta For­
mation are very interesting. In theis context the notes of MORRIS (MS, 1923)are worth mention.
In the opinion of the members of the American Expedition (as related by MORRIS, I. c.) the
majority of the skeletons found were lying in normal or side position. In some cases the necks
were bent backwards, and the skulls were lying against the pelvic bones.

In complete or almost complete skeletons, the bones were all in natural articulation.
Some skulls of Protoceratops andrewsi were found alone but some skeletons showed a "frog"
position, with their hind limbs doubled under the body. The same can be said of one Proto­
ceratops skeleton found by the Polish-Mongolian Palaeontological Expedition in 1964, and
of a postcranial mammal skeleton found in 1969. MORRIS wrote (MS, 1923, p. 19) that the ske­
letons "were not deformed by pressure after burial". This was also observed in the majority
of the reptile skeletons found by the Polish-Mongolian Expedition. This may prove that burial
took place under subaerial conditions. A perfect skeleton of the Pinacosaurus grangeri (MA­
RYANSKA, 1971) showed no deformation that might have resulted from pressure. It was found
as lying in a normal position with its ribs distended and partly broken but not displaced. Practi­
cally an of the bones were in their natural positions. MORRIS wrote (MS., 1923, Book VII,
p. 107) that "GRANGER caned attention to the round distended ribs, the thorax is not flattened ...
This is taken as evidence that the carcass dried up on the surface, and was drifted full of sand
and covered by sand - presumably windblown". MORRIS wrote of one Protoceratops skeleton
(/. c., Book VI, p. 106): "the skeleton shows very little dissociation of bones ... the hindlimbs
lie with their ends in the articular positions, doubled under the body. Clearly the creature lay
upon a firm surface ... and must have been buried promptly enough that there still was tissue
holding the bones in their places where the skeleton was covered".
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Among the crocodile remains found by the Polish-Mongolian Expedition at Bayn Dzak
there are several skulls, one disarticulated skeleton and a skeleton encased in dermal armour.
These fossils were found in sandy concretions only slightly above the calcareous bed which is
evidently of lacustrine origin. It is highly probable that the se crocodiles were connected with
that particular bed.

As it can be seen from the above statements, the Dj adokhta reptiles probably were buried
quickly under conditions of rapid sand accumulation (MORRIS, MS, 1923, Book VD) . In MORRIS'S
opinion "the creatures died on land", hence in subaerial conditions. The considerable number
of skeletons and skulls of Protoceratops andrewsi in the Djadokhta Formation by comparison
with numbers of other forms attracted the attention of American palaeontologists in early
twenties (MORRIS, MS 11923, Book VII, BERKEY & MORRIS, 1927). No traces of theropods were
found, except "one tooth of carnivore" (MORRIS, I. c.). MORRIS'S hypothesis explaining these fact s
was that, possibly, the herbivorous creatures sta rved for want of food or were killed by an epi­
demic. Isolated teeth of Protoceratops andrewsi, Pina cosaurus grangeri and undetermined small
theropods are frequently found in the sandy bed s. The teeth of theropods exactly the same as
those found at Bayn Dzak, are known to occur in the Lower Nemegt Beds (GRADzrNsKI, 1970).

Several trace fossils were found near the Flaming Cliffs in the sands and sandstones of
horizons 2 and 3. One well preserved specimen (Plate XXI, Fig. 2) strongly resembles Zoophycos
(HANTZSCHEL, 1960).

Preservation of nests of eggs

Ne sts of eggs and also several isolated specimens were found in ho rizons 2 and 3, at the
top of horizon 4 and in horizon 7 at Bayn Dz ak, and in horizons 7 and 9 at Khashaat. Many
broken eggshell fragments also occur over the vast desert steppe surface at Bayn Dzak. They
come from horizon 7 which forms the structura l plane of the steppe. Egg s 7 cm in length, with
smooth shell surfaces occur in horizons 2, 3 and 4. Another variety of smooth eggs, 12 cm in
length, occurs in the same horizons. Moulds of very small eggs (probably crocodile (BROWN &
SCHLAIKJER, 1940) or lizard or snake eggs) 2.7-3 cm in length, are known to occur in horizon 4.
Large eggs, with corrugated shell surfaces, 15-18 cm in length, occur in horizons 7 and 9.
Two eggs-bearing horizons occur at Bayn Dzak, according to Soviet paleontologists (No­
VOZHILOV, 1954). The lower one coincides with horizons 2, 3 and 4, and the upper one with
horizons 7 and 9.

The complete nests of reptile eggs reveal a perfect state of preservation. The vertical po­
sition of the eggs in a nest is shown in Text-fig. 14. MORRIS (MS, 1923, Book VII) ob served that
both ends of the eggs in nests are slightly telescoped, which is probably due to compaction of
the sediments . It was ob served in one case, that the sand filling a lower part of an egg was partly
cemented by calcium carbonate up to a certain level. This probably resulted from water filling
the cup- or glass-like end of the egg. The fos sil water "level" so marked is slightly tilted, de­
monstrating the post-cementation warping of the Djadokhta Formation.

No agent other than the wind could have buried the nests of reptile eggs, in MORRIS'S
opinion (MS, 1923, Book VU, p. Ill). In this context he wrote: "Wind-blown sand could co ver
delicate objects such as eggs rapidly and without disturbing their arrangement". It should be
added here that neither stratification nor bedding was noted around the nests of eggs. In some
cases the nests are slightly cemented with carbonates, predominantly near their bottom. In other
cases they are preserved in almost uncemented Dj adokhta sand .
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Fig. 14

A vertical section through a part of a nest of reptile eggs, showing the original position of eggs. Fragments of eggshells,
derived from the upper parts of the eggs, are visible inside the preserved egg part s. Horizon 4 (top) , near the Flaming

Cliffs, at Bayn Dzak.

Processes leading to the enrichment in mammal and lizard skulls in some sites at Bayn Dzak

It is worthy of note that the localities in which larger numbers of mammal and lizard
skulls are found , are characterized by a relatively young morphology. Mo st of the mammal
and lizard skulls from Bayn Dzak were found in sandy concretions which are abundant on the
desert floor in some places. Concentration of these concretions was the result of the rapid de­
nudation of the nonresistant Djadokhta sand; the more resistant sandy concretions remain on
the desert floor. In the primary Cretaceous sediments, the mammal and other small vertebrate
remain s were probably more or less evenly distributed . As a result of the epigenetic development
of concretions, some of tho se remains have been incorporated within these concretions. During
the denudation processes those fossils which were preserved in concretions were much more
likely to survive than those in the sand. In sites of young morphology, the majority of the con­
cretions washed out of the Djadokhta Formation have remained undamaged on the present
desert surface. This accounts for the fact that so many mammal and lizard skulls have been
encountered at Bayn Dzak in sandy concretions.

CONCLUSIONS

Reconstruction of the depositional environment

The depositional environment of the Djadokhta Formation may be defined as a peri­
lacustrine one. The conglomeratic, calcareous beds represent a lacustrine depo sition in which
temperature conditions were favourable for carbonate sedimentation. Alternating with these
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calcareous beds, the arenaceous hori zons show man y features of a wind-blown aeolian deposit.
Such an explanation for the origin of the sandy beds was postul ated by B ERK EY & MORRIS

(1927). A few preserved places with aeolian cross-stratificati on seem to suggest that at least
a part of the Djadokhta sands might origin ally have formed coastal perilacustrine dunes. In
most places, however, these sands do not show any trac e of stratification. Contrary to the
opinion of BERKEY & MORRIS ( I. c.) the Djado khta sands contain large quantities of clay
fractions , which might have been deposited from suspension. Traces of typical fluvial regime
were found only in few places in the formation (Text-figs. 15, 16). Few tangential eosets preserved

Fig. 15

Direct ions of cross-bedding in the ca lcareous bed 5 at the Flaming Cliffs.

in the calcareous congl omerates may indicat e some local current s with in the lake ba sins, or
may represent inflows of water to th e' reservoirs. That the calcareou s sedimentation was to a large
degree concretionary in character is proved by the existence of a great number of small calcareou s
concretions within the lacustrine beds.

The arenaceous beds of the Djadokhta Formati on are cha racterized by a high uniformity
of material. In general, it may be classified as fine to very fine sand or coarse silt with large
amount of clay grade. The general features of the Djadokhta sands were well known to BER­
KEY & MORRIS (I927). The author's investigati ons fully confirm the suggestions of these authors
concerning their origin. The most important sedime ntary features of the se sands are : fine clastic
material , abundance of feldspar s, imperfect rounding of gra ins, large quantity of wind corroded
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sand gra ins (CAILLEUX & DEVYATKI N, 1969), carbonat e coatings on grains (Plate XX, Fig. 4),
presence of a clay fracti on (illite , kaolinite, montmorillonite), general lack of stratification,
mas sive, thick beds, typical loess-like jointing clearly ob servable on the steep walls, lack of
cementation except du e to iron oxides on grains. The stra tification that can be seen at "The
Ruin s" , is typically aeolian 111 type.

Fig. 16

Di rections of cross-bedd ing in the calcareous bed 7 at the Flaming Cliffs.

The presence of mamm al and lizard rema ins seems to prove subaerial conditions of de­
position . The undistorted nests of reptil e eggs demonstrate that no current s were in action du­
ring the sedimentation of the Djadokhta sands. Also the state of preservation of the skeletons
of Protoceratops and Pinacosaurus sho ws that the se remain s were not transported po st mortem.
The pre sence of aqua tic forms such as croco diles and turtles favor s a perilacustr ine environment
of deposition for the Djad okhta Formati on as a who le. The Djad okhta Formation outcrops
in only a few localiti es in the nor the rn part of the Mongolian Gobi Desert , so difficulties exist
in the extrapolat ion of these environmen ta l conditions. Nothing is presentl y known of the
derivati on of the a renace ous materia l.

Palacoclimatic indications

Th e climat e of the Djad okhta tim es may be tenta tively con sidered as a warm one, with
possible intermittent semi-arid period s represented by the a renaceous bed s. The warmth of
the climate is demon strated by the presence of crocodil es which, at present cannot survive in
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moderate climatic conditions with colder seasons. The calcareous sedimentation also seems to
support this hypothesis. The alternation of sandy and calcareous beds may reflect climatic
fluctuation of semiarid (sand s), and more humid (calcareous beds) perio ds.

Institute of Geological S ciences
Polish Academy of Sciences

Wars zawa, April 1970
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Fig. 1. A point at the F laming Cliffs at Bayn Dzak, showi ng the upper ca lcareous horizon . Lent icular con cen­
trations of whi te, calc areou s conc ret ion s wit hin the sa ndy beds are visible at the bott om , an d the marly
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Fig. 1. The Bayn Dza k escarpment near the Cara van Trail. Shown are the upper sandy and calcereous beds of
the Djadokhta Formation . A sandy, concretionary bed is seen in the foregrou nd . . . . . . . . . 105
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Fig. 2. A trace fossil resembling Zoophycos ; X 1.5 .
Fig. 3. A small calcite incrustation strongly resembling mam mal skulls found at Bayn Dzak ; X 3.
Fig. 4. Exotic pebbles found in the sandy beds of the Djadokhta Formation. Scale in milimetres .
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