Mongolia
continental sediments
Cenozoic
rodents
. ; . . basalfs
Oligocene-Miocene sediments, fossils and basalis age dating
from the Valley of Lakes (Central Mongolia) —
An integrated study.
HOCK, V.Y, DAXNER-HOCK, G.2, SCHMID, H. P°, BADAMGARAVY, D.5, FRANK, W.*, FURTMULLER, G."®, MONTAG, O.",
BARSBOLD, R.%, KHAND, Y3, Sobov, J5.
with 22 Figures, 4 Tables and 4 Supplements
Content
ZUSAMMENTASSUNG oo e e e 84
ATt 84
F I O O o 85
2 MBENOOS .o 85
2.1 Geological and Paleontological MethOds .. ... 85
2.2 Petrological and GeoChemiCal MethOOS ... 86
2.3 GeochronOlogical MethOds .. 87
3. GEolOGICAl FramMEWOIK ... e 88
4. Lithological Units: Lithostratigraphy and SedimentOIOgY ... ..ot e e 90
A NS gAY o 90
41,1 Tsagaan Ovoo Fommation ... .. 90
4.1.2 Hsanda Gol Formation ... . 90
4.1.3 LON FOMMAtioN ..o 91
4.2 Sedimentology of Mesozoic and CenozoiC fOrMatioNSs ... ..o e e 91
4.2.7:0Ndai Sair FOrMALION ... e 92
4.2.2 Tsagaan Ovoo FOrMation ... .. e e 92
4.2.3 Hsanda Gol FOrmation ... . 95
424 LON FOMMAtON .. ..o 97
4.2.5 TUYN GOl FOrMALION ... e e e e 100
D BaSAIS o 100
5.1 0ccurrence and Petrograpiy . ..o 100
B2 B0 N M Y Lo 104
6. Age Dating Of Basalts ... .. .o 108
7 B ONICS o 113
8. Paleontology and Biostratigramhy ... ..o . 113
8.1 General Remarks and Localisation of Vertebrale FAUNAS ... 113
8.2 BIOS Al I APy o 115
. BIOC N OO g oo 120
10, OB A 0N 121
T PalEOBNVIFONIMENT . e 122
12, ACKNOWIBAGEMENTS .. e e 123
R O B IS e 123

Address of the authors

f
1a

2

3
F)
5

Inst. Geol. Pal., Univ. Salzburg, Hellbrunnerstr. 34, A-5020 Salzburg, Austria

Present address: Inst. Eng. Geology, Univ. Technol., Vienna, Karlsplatz 13, A-1040, Vienna, Austria
Dept. Geol. Pal., Museum of Natural History, Vienna; Burgring 7, A-1014, Vienna, Austria

Inst. Petrology, Univ. Vienna, Geozentrum, Althanstr. 14, A-1090 Vienna, Austria

Inst. Geology, Univ. Vienna, Geozentrum, Althanstr. 14, A-1090 Vienna, Austria

Paleontological Center, Mongolian Academy Sci., Ulaan Baatar, Mongolia



Oligozane bis miozédne Sedimente, Fossilien und Basalte
aus dem Tal der Seen (Zentrale Mongolei) -
Eine integrative Studie.

Zusammenfassung

In der zentralen Mongolei wurde im ,Tal der Seen” eine interdisziplinare geowissenschaftliche Studie durchgefihrt, die paléontologische
Untersuchungen in kontinentalen Sedimenten, Sedimentologie, geologische Kartierung, das Studium der Petrologie und Geochemie der
Basalte, die mit diesen Sedimenten wechsellagern, sowie deren Altersdatierung zum Inhalt hatte. Ziel der Studie war es, auf der Basis von
Lithostratigraphie, Biostratigraphie und Geochronologie ein gesamtstratigraphisches Konzept zu entwerfen. Das Arbeitsgebiet liegt in einem
ungefahr NW-SE bzw. NNW-SSE quer durch die Mongolei streichenden Korridor, in dem unter anderem paldogene und neogene Basalte, die
als chronostratigraphische Marker fungieren, mit kontinentalen Sedimenten wechsellagemn.

Diese Arbeit flihrte zu einer Neudefinition bisher benutzter lithostratigraphischer Begriffe, die formal eingefihrt und verwendet werden. Die
tiefste Einheit wird Tsagaan Ovoo-Formation genannt. Die darUberliegende Hsanda Gol-Formation wird auf ziegelrote Tone und Silte be-
schrankt. In dieser Formation liegt Basalt I. Hingegen wird die Loh-Formation (iber ihren bisherigen Geltungsbereich ausgeweitet und enthalt
alle klastischen Sedimente im Hangenden der Hsanda Gol-Formation. Die Basalte If und Il liegen in der Loh-Formation. Auch wenn Basailt Il
haufig die hochste Lage der Loh-Formation bildet, reicht ihre stratigraphische Reichweite an manchen Stellen darUber hinaus.

Die Tsagaan Ovoo-Formation und die Loh-Formation beinhalten im wesentlichen fluviale Sedimente, die Hsanda Gol-Formation &olische.
Die tiefere Tsagaan Ovoo-Formation zeigt Ubergénge zwischen einem ,debris flow dominated fan“ und einem ,braided fluvial fan®, die héhere
Tsagaan Ovoo-Formation hat nur Anzeichen des letzteren. Die Hsanda Gol-Formation besteht aus dolischen Ablagerungen mit gelegentlichen
Linsen fluvialer und lakustriner Sedimente. Seichte Playas dUrften bei der Bildung der Hsanda Gol Sedimente existiert haben. Die Loh-
Formation hingegen kann als Ubergang zwischen einem ,braided fluvial fan" und einem ,low sinuosity/meandering fluvial fan® betrachtet
werden und beinhaltet Linsen und Lagen aolischer Silte. Das Klima dUrfte wahrend der Ablagerung der Loh-Formation etwas feuchter gewesen
sein.

Alle drei Basaltlagen zeigen in ihrer Geochemie einen Kiaren Intraplattencharakter und stimmen recht gut mit Ozean Insel Basalten Gberein.
Trotzdem sind signifikante geochemische und mineralogische Unterschiede zwischen Basalt | und Il auf der einen Seite und Basalt Il auf der
anderen erkennbar. Das Vorkommen der Basalte gibt wichtige Hinweise auf das Alter der lithostratigraphischen Einheiten. *°Ar/®Ar Alter zeigen,
daB die Basalte | um 31.5 Mio. Jahren, d. i. im Frithen Oligozan eruptierten. Basalt Il stammt mit einem Alter von 27-28 Mio. Jahren aus dem
Spéaten Oligozan und die Platznahme von Basalt Il erfolgte im Mittleren Miozan zwischen 12.5 und 13 Mio. Jahren.

In der Mongolei wurden innerhalb der Hsanda Gol- und der Loh Formation sieben Biozonen (A, B, C, C1, D, D1, E) unterschieden. Sie sind
durch bestimmte Nagetier-Arten charakterisiert und bilden von A bis E eine chronologische Abfolge. Ihr Alter wird durch ihre Lage zu den
Basalten | bis Ill eingegrenzt. Nagetiere der Biozonen A und B finden sich in Hsanda Gol-Sedimenten im Liegenden und Hangenden von
Basalt |. Das Alter ist Unter-Oligozén. Charakteristische Nagetiere der Biozonen C und C1 kommen in hSheren Sedimenten der Hsanda Gol
Formation und in Sedimenten der Loh Formation im unmittelbaren Liegenden und Hangenden von Basalt Il vor. Das Alter ist Ober-Oligozan.
Nagetiere der Biozonen D, D1 und E wurden ausschlieBlich innerhalb der Loh Formation vorgefunden. Fossilien der Biozone D1 kommen nur
im Liegenden von Basalt Il vor. Das Alter ist damit auf das Unter-Mittel-Miozan eingegrenzt. Die mongolischen Biozonen A und B kénnen mit
dem chinesischen Sdugetier-Alter Ulantatalium und der Buran Svita in Kasachstan korreliert werden. Die Biozonen C und C1 werden mit dem
Tabenbulukium in China korreliert. Fossilien der Biozonen C und C1 lassen eine vorlaufige Korrelation mit der Altyn Chokysu Fauna von
Kasachstan zu. Die Biozone D korreliert mit Teilen des chinesischen Xiejium, D1 mit Teilen des Shanwangium and Tunggurium, und E mit dem
mittleren Baodium.

Abstract

An interdisciplinary study was carried out in the Valley of Lakes in Central Mongolia including paleontological investigations in continental
sediments, sedimentology, geological mapping, petrological-geochemical studies of basalts interlayered with the sediments, and the accom-
panying age dating. The aim was to establish a stratigraphic concept by means of lithostratigraphy, biostratigraphy and geochronologic data.
The study area was chosen in an approximately NW-SE to NNW-SSE striking corridor in which Paleogene and Neogene basalts, serving as
chronostratigraphic markers, are interlayered with continental sediments.

This study led to the redefinition of hitherto used lithostratigraphic terms which were now formally established. The deepest unit was termed
the Tsagaan Ovoo Formation. The overlying Hsanda Gol Formation is restricted to coherent red clays and silts. It contains basalt layer |. The Loh
Formation in turn is extended to sometimes varied coarse-grained sediments above the Hsanda Gol silts and clays. It is interlayered in its lower
part by basalt Il and topped in some areas by basalt Ill. Nevertheless, the sedimentation of the Loh Formation reaches beyond basalt Ill.

The Tsagaan Ovoo and the Loh Formation reflect essentially fluvial deposits, whereas the Hsanda Gol Formation is primarily of aeolian origin.
The lower Tsagaan Ovoo Fm. is transitional in its features between a debris-flow dominated fan and a braided fluvial fan, the upper part having
characteristics of the latter only. The Hsanda Gol Fm. contains aeolian deposits with locally fluvial and lacustrine sediments as well as shallow
playas. The Loh Fm. in turn is best described as a fan that is transitional between a braided fluvial fan and a low sinuosity/meandering fluvial fan
interfingering with aeclian sediments. The climate was apparently more humid during the deposition of the Loh Formation.

All three basalt layers are typical intraplate basalts and show in their geochemical compasition a fair agreement with Ocean-Island basalts.
Nevertheless, there are significant geochemical differences between basalt | and Il on one hand and basalt Ill on the other. The occurrence of
basalt layers poses important time constraints on the lithostratigraphic formations. *Ar/®*Ar whole rock data showed that basalt | erupted
around 31.5 Ma, i. e. Early Oligocene. Basalt Il erupted in the Late Oligocene between 27 and 28 Ma. Basalt Ill, finally, was emplaced in the
Middle Miocene between 12.5 and 13 Ma.

in Mongolia seven informal biozones (A, B, C, C1, D, D1, E) were established throughout the Hsanda Gol and Loh Formations. They are
characterized by certain rodent species and represent from A to E a chronological sequence. The ages are controlled by the basalts | to 1Il.
Rodents of biozones A and B were recovered within the Hsanda Gol sediments below and above basalt | and are therefore of Early Oligocene
age. Rodents which characterize the biozones C and C1 were found in Hsanda Gol sediments and in Loh sediments immediately below and
above basalt Il. The age is Late Oligocene. Rodents of biozone D, D1 and E are situated exclusively in Loh sediments. There is no age control
by basalts for biozone D. Fossils indicating biozone D1 were recovered below basalt Hl; the age is Early to Middle Miocene. Based on
characteristic rodents the biozones A and B are correlative with the Chinese mammal age Ulantatalian and the Buran Svita in Kasachstan. The
biozones C and C1 can be correlated with parts of the Chinese Tabenbulukian. A tentative correlation with the Altyn Chokysu fauna from
Kasachstan and fossils indicating the biozones C and C1 is possible. Biozone D correlates with parts of the Chinese Xigjian, D1 with parts of
the Chinese Shanwangian and Tunggurian, and E with the middle part of the Chinese Baodean.



1. Introduction

Mongolia is not only a mountainous country, but also partly
a highland with smooth topography. The elevation of most of
the country is above 1000 m. In Western and Central Mongolia
the prominent physiographic features are the Aftai Mins. in the
W, SW and S (separated into the Mongolian Altai and the Gobi
Altai) and the Khangai Mtns. in the north. Both mountain
ranges are separated by a series of large depressions, the
northwestern “Valley of Great Lakes” and the southeastern
“Valley of Lakes” (BALJNNYAM et al. 1993). Their elevation
ranges from 1000 to 1500 m.

The first comprehensive geological description of these de-
pressions were already published in 1901 by E. SUESS (cum
lit. cit.). His outline was mainly based on the reports by Obrut-
schew and Klemenz (see cit. in SUESS 1901). Among the first
geoscientists doing systematic geological research such as
mapping, describing, grouping and classifying the rocks with-
in the Valley of Lakes were the geologists and paleontologists
of the “Third Asiatic Expedition” of the American Museum of
Natural History led by R. Ch. Andrews. Among many other
places this group worked in the Tatal Gol and the Taatsiin-
Tsagaan Noor area and called the same region “Mt. Uskuk-
Tsagan Noor” area. They developed the first, later somewhat
modified but still partly valid stratigraphic scheme for this
region and recognized the basalts interlayered in the sedi-
ments (BERKEY and GRANGER 1923, BERKEY and MORRIS 1927,
BERKEY et. al. 1929). On top of the crystalline basement which
they assigned to the Late Proterozoic, a possibly Jurassic(?)
sequence was found. The oldest fossil-bearing sediments are
of Early Cretaceous age (Ondai Sair formation by BERKEY and
MORRIS 1927) overlain by Cenozoic successions.

After World War 1l the geological research in the Valley of
Lakes was dominated by the Joint Soviet — Mongolian Geo-
logical Expeditions and the Joint Soviet — Mongolian Paleon-
tological Expeditions. The scientific results were published in
special series (e.g.: BADAMGARAV et al. 1975, DEVYATKIN 1981,
DEVYATKIN et al. 1973, LISKUN and BADAMGARAV 1977). In addi-
tion, during the 1960s a Polish-Mongolian Paleontological Ex-
pedition carried out field studies in the Valley of Lakes
(GRADZINSKI et al. 1968, KIELAN-JAWOROWSKA and DOVCHIN
1968). The achievements of these expeditions led to a first
systematic lithological and stratigraphic classification of the
Cenozoic sediments of the Valley of Lakes, a petrographical
and geochemical description of the basalts, the first radiomet-
ric age datings, fossil lists and a biostratigraphic scheme.

in 1993 a field conference took place in Mongolia in the
course of the IGCP Project 326 entitled: “Oligocene-Miocene
Transition in the Northern Hemisphere”. Based on the hitherto
available results (DEVYATKIN, 1993a, b and ¢, DEVYATKIN and
BADAMGARAV, 1993) the Cenozoic continental sediments in
Central Mongolia were studied for the purpose of correlation
with similar sediments from Asia, Europe and North America.
The findings and problems arising from this IGCP conference
were the starting point of a joint Austrian-Mongolian project
aiming at a detailed field study of the Cenozoic sequence in
the Taatsiin Gol and the Taatsiin-Tsagaan Noor area, scientifi-
cally the most important part of the Valley of Lakes in Central
Mongolia. The field work of this joint project was carried out
during three field seasons from 1995 to 1997.

The goals are to establish a biochronology based on rodent
assemblages and to develop an integrated stratigraphy using
lithostratigraphic, biostratigraphic and geochronologic data.
This will be the basis for correlations with Asian mammal ages
and faunas. To achieve these goals an interdisciplinary pro-
gram has been set up in an area outlined in Fig 1. Therefore,

the field work included extensive geological mapping, minera-
logical, petrological and geochemical studies of basalts inter-
layered with the sediments, and the respective age dating.
Further investigations were carried out in sedimentology as
well as paleontology. The mammal fossils were collected from
carefully selected sections across the Cenozoic sequences.
In this paper we will present resuits of three field seasons and
the corresponding analytical investigations.

Abbreviations for the localities and profiles used throughout
this paper, their Mongolian full transcriptions as well as some
important Mongolian terms are given in Tab. 1. The exact
location (GPS data) and the altitude can be taken from Tab. 2.

2. Methods
2.1 Geological and Paleontological Methods

During two field seasons (1996 & 1997), we mapped almost
1700 km?2 A topographic map in the scale 1:100000 and
aerial photographs with a scale of approximately 1:45000
were used as the mapping basis. We obtained these items
from the Mongolian Academy of Sciences. Although the com-
bined usage of a topographic map and aerial photographs
allows a reasonably exact location of the outcrops, we used a
GPS. The GPS data give on the one hand accurate GPS
positions of the sedimentological and paleontological profiles
and sample locations (Tab. 2) and on the other hand they
enable the reliability of the topographic map to be checked.
The precision of the GPS measurements is in the range of
50 to 100 m horizontally. The geological map in suppl. 1 was
generated in AutoCAD by digitising topographical features
and geological boundaries.

The most important sedimentological investigations con-
centrated on the analysis of about thirty sections. The profiles
were carefully selected, according to the occurrence of fossil-
bearing horizons, basalt flows and a highly variable lithology.
MIALL'S (1996) terminology was applied to establish lithostrati-
graphic units. A primary aim was to describe the lithological
content, bed thicknesses, sedimentary structures, the nature
of bed boundaries and the develcpment of lateral variations of
beds in detail. Furthermore, paleocurrent indicators (trough
cross-bedding, imbrications) were measured and gravel
lithologies determined.

Grain size analyses were carried out in order to interpret
transport mechanisms. This involved wet sieving with ASTM
sieves (the following sieve set was used: 4.0, 2.8, 2.0, 1.4,
1.0, 0.710, 0.500, 0.355, 0.250, 0.180, 0.125, 0.090, 0.063,
0.032 mm) and analysing <32 um grain fractions with a sedi-
graph (Micromeritics Sedigraph 5100). These data were inter-
preted using cumulative frequency curves according to SIN-
DOWSKI (1957) and VISHER (1969). The bulk mineralogy of the
samples was determined with X-ray powder diffraction (Philips
PW 3710 generator and PW 1820 goniometer with CuKa radi-
ation at 45 KV and 35 mA) and step scan (step size 0.02°, 1s
per step). The procedure after SCHULTZ (1964) for the semi-
quantitative determination of mineralogical contents was ap-
plied. The rock colour was defined with the “Rock color chart”
(GoDDARD et al. 1951). Heavy mineral spectra of grain frac-
tions between 63u and 125u were analysed by microscope
and are presented without opaque phases. Paleocurrent data,
gravel lithologies and MPS (maximum particle size) were inter-
preted in context with mapping results.

Along the sections paleontological samples were taken
from different positions. These are:

¥* fossil horizons with visible fossil content,
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Fig. 1

Geographical outline of Mongolia including Lake Baikal with the distribution of Mesozoic and Cenozoic volcanics in Mongolia and surround-

ings.

* fine-grained sediment layers (silt and clay) without visible
fossil content, but situated between coarse-grained sedi-
ment sequences,

* any fine- and middle-grained sediments contacting the
basalts.

The test samples were of 20 - 50 kg each. Fifty percent of
the test samples were rich in fossils. From these fossil hori-
zons large sediment samples of five hundred to several thou-
sand kg were taken. In total more than 50 tons of sediments
were wet screened, yielding more than 80 vertebrate faunas.
Fossils collected from the surface were studied separately
because of their unclear stratigraphic paosition.

Wet screening was carried out in the field camp at the
Taatsiin Gol. Sieves with mesh sizes of 0.5, 2.5 and 5.0 mm
were used. A generator (Lombardini IM 359) operated the
waterpumps (Asira 304) and the microscope-illumination.
REM-photos were taken by a scanning electron microscope
(Philips XL 20) at the Biozentrum/University of Vienna.

2.2 Petrological and Geochemical Methods

The basalts are partly heavily weathered even in the interior
parts of the lava flows. Sampling was therefore difficult and
required special care. Normal-sized hand specimens seemed

large enough since the basalts are mainly aphyric or contain
only microphenocrysts.

Mineral analyses were carried out on polished thinsections
with an electron microprobe JEOL 8600 including a LINK
control system. Measuring conditions were 15 KV accelera-
tion voltage and 15 nA beam current. For quantitative analy-
ses oxid and synthetic/natural minerals were used as stand-
ards. The correction procedure included background, dead
time and ZAF calculation built into the LINK system. Major
elements were also measured with the microprobe on fused
glass tablets with a sample/flux (Lanthaniumtetraborate) ratio
of 2:3. To achieve better homogenisation of the glass tablets
the melting and quenching processes were repeated. USGS
standards such as AGV or BHVO were used. The glass pellets
were measured at 15 kV and 50 nA. The correction procedure
is the same as with the minerals. Loss on ignition was deter-
mined gravimetrically.

Trace elements were measured by Philips PW 1410 XRF
and REE by neutron-activation analysis. Trace elements were
determined on powder pellets at 60 kV and 45 mA and
corrected according to the program TRACES v.11/93 written
by PETRAKAKIS and NAGL at the Institute of Petrology, Univer-
sity of Vienna. For INAA the samples were irradiated for (8 h
at a neutron flux density of 10'?n cm™®s at the research reac-



Table 1 Table 2
Abbreviations — Full Mongolian Transcription General Profile Data
R ol
TGW Taatsiin Gol west ABO-A N 45°40°16" " E 101°02°20" 1640
SHG Hsanda Gol BUK-A N 45°23°03° " E 101°30°44" 1522
DEL Del BUK-B N 45°24°09° " E 101°31°34"" 1590
TAT Tatal Gol BUK-C N 45°24°09° " E 101°31°34"" 1590
IKH Ikh Argalatyn Nuruu BUK-D N 45°24°37° E 101°30°35" " 1620
ABO Abzag Ovoo / Khutagt Khairkhan DEL-B N 45°27°08 " E 101°22°24"° 1520
RHN Tavan Ovoony Deng HL-A N 45°27°37° " E 101°09° 14" 1530
LOH Loh LOG-A N 45°32°18° " E 101°00°48" " 1583
LOG Luugar Khudag LOG-B N 45°30°48° " E 101°58722"" 1530
UNCH Unkheltseg LOH-A N 45°17°22" " E 101°47°04"" 1481
OoDO Olon Ovoony Khurem LOH-B N 45°17°20° " E101°47°39"’ 1481
BUK Builstyn Khudag LOH-C N 45°15744°" E 101°43703""’ 1490
uTo Ulaan Tolgoi ODO-A N 45°32°24° " E101°08°17 "’ 1670
MKT Menkhen Teeg ODO-B N 45°32°58" " E 101°08°16"’ 1685
KOOL Kholbooldschi RHN-A N 45°29°37° " E 101°12°17" 1490
BOR Bor Ovoo SHG-A N 45°16°01"" E 101°45745"" 1445
ELE Elgen SHG-B N 45°16°14° " E 101°45°50"° 1470
KUN Khunug SHG-AB N 45°16°00" " E 101°46°37"° 1460
TAR Tarimalyn Khurem SHG-C N 45°15°47"" E 101°43°03"" 1410
USK Mt.Ushgoeg TAR-A N 45°31°06° " E 101°18°23"" 1650
HL Khongil TAT-C N 45°18°21"" E 101°38°01"° 1389
TAT-D N 45°17°37" " E101°37'32" ' 1390
Glossary of Mongolian words used in this paper TGLA N 45°26°57" " E 101°16°18" ' 1460
Baga small TGR-A N 45°25°08" " E 101°15°44"" 1372
Baruun west, right TGR-B N 45°24°53" " E 101°15744"" 1440
Bayan rich TGR-AB/21 N 45°24°42° " E 101"15:22:: 1570
Bogd elevation, great TGR-AB/22 N 45°24°47°" E 101°15°21" 1570
Bor brown TGR-C N 45°23,09” E 101"14,36, ' 1435
Del horse mane TGR-ZO N 45°24/03” E 101"16,00, ' 1430
Dzun cast, left TGR-1564 N 45°2730" E 101°12°44" 1540
Gol river TGW-A N 45°22/19” E 101"06,01 - 1410
Hsir goat foot UNCH-A N 4527°41°" E 101°12705"" 1550
Ikh great UTO-A N 45°20°49° " E 101°50°16 1519
Khudag well
Khurem basaltic plateau The samples were enclosed in high purity quartz vials and
Loh dragon irradiated at the 9MW ASTRA reactor at the Austrian Research
Noor lake o Center Seibersdorf. Ten samples including one monitor were
Nu'ruu mountain ndgel stored in a single level of a rotating sample holder; up to
Sair dry stream/wadli 5 levels were irradiated simultaneously. The usual radiation
Tsagaan white duration for these samples was 2 h. After a cooling period of
Ulaan red . at least four weeks the samples were filled in small, annealed
Uul mountain range

tor of the “Atorminstitut der Osterreichischen Universitaten” in
Vienna. Gammaspectrometric measurements were carried
out with a HPGe-detector at the Institute of Biophysics
(University of Salzburg). The spectra were calibrated for ener-
gy and efficiency with the program GammaVision v.2.00
(EG&G Ortec). The required correction procedures on the
calculated peak areas were carried out using a program
by LETTNER (1988). The USGS geostandards MAG-1 and
AGV-1 were used to calculate the concentrations of the ele-
ments.

2.3 Geochronological Methods

The freshest basalt chips were crushed, ground in a disk
mill, sieved to separate the grain size between 0.2 and
0.4 mm, and subsequently cleaned in an ultrasonic cleaner.

(low blank) cylindrical tantalum capsules where the whole
rock grains are stored safely, but the released gas can escape
through the small slit approximately 1mm?2 between bottom
and cover.

For Ar extraction the radiofrequency (RF) heating method
was used. The extraction furnace is made from quartz glass-
ware in a pyrex envelope glass. The hot portion of the extrac-
tion furnace is double walled and this volume is continuously
pumped to avoid diffusion from ambient air during the high-
temperature steps. After finishing the experiment, the sample
can be dropped out, so only one sample is in the heating
position. The geometry of the cylindrical tantalum capsules,
which always have a horizontal position within the RF-induc-
tion spiral, guarantees a uniform temperature distribution in
the sample. Temperatures were monitored by a calibrated
pyrometer. The heating period was 10 min for the low-temper-
ature steps and was continuously lowered to 3 min at the
high-temperature steps. Between the heating procedures the
RF was switched off and no gas is released.



Cleaning of the released gas was done by a combination of
liguid nitrogen cold trap and SAE-getters. Two-thirds of the
gas were introduced into the mass spectrometer, a VG-5400
model from MICROMASS ISOTOPES (Winsford, GB); the rest
of the gas was pumped out from the extraction line.

Isotopic ratios were determined from a 10 min measuring
period, regressed 10 the time of sample inlet. Age calculation
was done after corrections for mass discrimination and radio-
active decay, especially of the ¥Ar, using the formulas given in
DALRYMPLE et al. 1981. The specific production ratios of the
interfering Ar isotopes at the ASTRA reactor of Seibersdorf
are: *Ar/Ar(Ca)=0.00034, ®Ar/*Ar(Ca)=0.0004, “Ar/?Ar(K)
=0.0254. The K/Ca ratio was determined from the %Ar/7Ar
ratio (calculated for the end of irradiation) using a conversion
factor of 0.247. This factor was determined from a plagioclase
with uniform and well-known composition.

The “Ar line-blank at 1000°C was approx. 1x10® moles; the
“Ar/*Ar ratio of the line blank was similar to air composition.
The long-term (2 h) leakage rate of the line was 2x10-"*mbar I/s.
Interference of %Ar, ¥7Ar, and partly **Ar with a low background
of hydrocarbon radicals in the masspectrometer can be a
limiting factor for reliable measurements of very low intensi-
ties. Carefully checked peak positions, background determi-
nations and corrections are routinely performed to overcome
such difficulties. J-values are determined with internal labora-
tory standards, calibrated by international standards including
muscovite Bern 4M (BURGHELE 1987), amphibole Mm1Hb
(SAMSON and ALEXANDER 1987), and Fish Canyon sanidine.
The errors given on the calculated age of an individual step
include only the 1o error of the analytical data. The error of the
plateau ages or total gas ages includes an additional error of
+0.4% on the J-value. Within these latter errors the age re-
sults are reproducible with the same analytical equipment.
Interlaboratory reproducibility can be expected to be within
1-1.5%.

3. Geological Framework

Large parts of Mongolia formed in the time intervall from the
Late Proterozoic to the Late Permian (ZORIN et al. 1993).
Reactivated Proterozoic metamorphics, Paleozoic sediments
of various provenances, magmatites and metamorphics are
sandwiched between the Angara Craton in the north and the
North China Craton in the south. Several models were devel-
oped in the last few years to explain the Late Proterozoic to
Paleozoic succession of orogenic events (e.g. SENGOR et al.
1993, SENGOR and NATAL'IN 1996, TOMURTOGOO 1997). It is
beyond the scope of this paper to discuss the merits of these
models in detail. We shall discuss here only shortly the geo-
logical frame of the “Valley of Lakes”, i.e. the Khangai and
Gobi Altai mountains, respectively.

Neither the Angara Craton nor the North China Craton are
present in Mongolia. Nevertheless, the Tuva-Mongolian micro-
continent, derived from the Angara Craton, is composed of
Proterozoic rocks as old as 2.65 Ga (TOMURTOGOO 1997). It
forms a tight arc structure ranging from the N (NE) of Mongo-
lia over the W to the central part of Mongolia. On both sides it
is bordered by various accretionary complexes, ophiolites,
island arc volcanics and turbidites, all'intruded by granitoid
rocks from Late Proterozoic (Riphean?) to Late Paleozoic (Per-
mian).

The northern boundary of Mesozoic to Cenozoic sediments
in the Valley of Lakes is built up by a sequence of fault-
bounded zones ranging from the Proterozoic to the Carbonif-
erous and even Permian (Fig. 2). The southernmost Baidrag

zone is the direct equivalent of the Proterozoic rocks from the
Tuva-Mongolian microcontinent and contains, among others,
high grade gneisses, charnockites and amphibolites (ZORIN et
al. 1993, TERAOKA et al.1996). The rocks of the Baidrag zone
are the direct, mainly fault-and thrust-bounded, basement of
the Cenozoic sediments in the Taatsiin Gol area and are
represented in the geological map (suppl. 1} by the signature:
“Crystalline Basement”.

The Burdgo! zone (TERAOKA et al. 1996) is not separated in
Fig. 2 from the Baidrag zone. It is simply the northern part and
consists predominantly of metapelites and metapsammites
including metacherts with olistoliths composed of basic
rocks, all in greenschist to lowgrade amphibolite facies meta-
morphism. Muscovite K-Ar dating from metapelites gave an
age of 699+35 Ma (TERAOKA et al. 1996).

The next zone towards the north, the Bayan Khongor zone
(Fig. 2), is made up mainly of metamorphosed basic rocks
and contains an ophiolite sequence. Subordinate pelitic
schists occur. K-Ar ages yielded approximately 450 Ma (Late
Ordovician) for the metamorphism (KURIMOTO et al. 1998). The
metamorphism varies from the very low-grade (pumpellyite) to
medium-grade (epidote-amphibolite) facies.

The Dzag zone (Fig. 2) in turn is again built up of me-
tapelites and metapsammites in greenschist facies. K-Ar ages
of micas (395+20 and 440+22) indicate a Silurian to Early
Devonian age of metamorphism (TERAOKA et al. 1996). The
Khangai zone consists of unmetamorphosed, but folded
sandstones, mudstones and intercalated olistoliths. Fossil
findings such as brachiopods, corals and plants indicate a
Devonian to Carboniferous age.

All zones are intruded by granitoids ranging from the
Riphean to the Late Paleozoic and even to the Early Creta-
ceous in the Khangai zone. In Fig. 2 the granite is shown only
for the Baidrag (including the Burdgol) zone and the Bayan
Khongor zone. The Late Proterozoic granitoids are dominated
by ilmenite series, the Late Paleozoic by magnetite series. The
early Paleozoic granitoids show both series. There is no sys-
tematic distribution of the granitoids with age (TAKAHASHI et al.
1998), except that the Riphean granites are restricted to the
Baidrag and Burdgol zone and that the Khangai granites are
exclusively of Late Paleozoic age and younger.

At the southeastern end of the Ushgoeg Mountains a small
zone of Permian rocks occurs (geological map in suppl. 1
and 2). They consist of silts and sandstones with some con-
glomerates composed of quartz pebbles and basic, interme-
diate to acidic volcanics. The Permian tuffs contain fragments
of the Late Paleozoic granites and are in turn intruded by the
youngest Late Paleozoic granitoids (TAKAHASHI et al. 1998).
The Permian rocks are only slightly metamorphosed and con-
tain at their eastern boundary fossil leaves and woods of Late
Paleozoic age.

Towards the south of the Valley of Lakes the geological
knowledge is even poorer. The Baga Bogd and Ikh Bogd are

Fig. 2 -
Te%tonic sketch map of the Valley of Lakes in the vicinity of the Taatsiin
Gol area. Legend: oblique hachures to the right: Khangai Zone;
horizontal hachures: Dzag Zone; oblique hachures to the left: Bayan
Khongor Zone, vertical hachures: Baidrag and Burdgol Zone; +:
granites (undifferentiated); x: basement rocks (undifferentiated);
black lines: faults, small lines: indication of dip; black line with teeth:
thrusts. Abbreviations: BB: Baga Bogd, BBU: Barun Bayan Ulaan
som , BKH-F: Bayan Khongor Fault, BO: Bor Ovoo, BS: Bogd som,
IB: Ikh Bogd, ON: Orog Noor; TAG: Taatsiin Gol; TUG: Tuyn Gol, TTN:
Taatsiin Tsagaan Noor, UG: Mt. Ushgoeg.
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similar to the Bayan Khongor zone in that they are made up of
lower Paleozoic (Cambrian?) metasediments and metavol-
canics intruded by granites of variable compaosition and age
(ZORIN et al. 1993). At least near Bogd som (Fig. 2) along the
Tuyn Gol, quartzite-bearing conglomerates are distributed,
identical with the probably Permian conglomerates S of Mt.
Ushgoeg. The Bor Ovoo east of Bogd som (Fig. 2) consists
beneath the Cenozoic sediments and basalts of aphyric and/
or plagioclase phyric, slightly metamorphosed volcanics
which strongly resemble the Late Proterozoic to Early Cambri-
an (island arc) volcanics in the Han Tashiri Range S of the
town of Altai.

4. Lithological Units: Lithostratigraphy and
Sedimentology

4.1 Lithostratigraphy

The first lithostratigraphic nomenclature in the working area
was developed by BERKEY and GRANGER (1923), BERKEY and
MORRIs (1927) and BERKEY et al. (1929). Apart from the Early
Cretaceous Ondai Sair formation they established among oth-
ers the Cenozoic Hsanda Gol and the Loh formations. Later
on these formations, also discussed in this paper, have been
modified. According to the Russian transcription the Hsanda
Gol Formation was termed Shand Gol formation (DEVYATKIN et
al. 1973). DEVYATKIN 1981 also introduced the Ergilin Dzo
formation (YANOVSKAYA et al. 1977) for clastic sediments below
the Shand Gol formation and the Tuyn Gol formation (DEVYAT-
KIN et al. 1973) for the clastic sediments on top of the Loh
formation.

Our field evidence showed clearly that the definition of the
hitherto used formation names had serious shortcomings
such as:

* inappropriate definition of formations and their boundaries
* usage of lithostratigraphic terms for chronostratigraphy
* insufficient interpretation of depositional processes

As a consequence we formally redefined these formations
and established one new formal formation name according to
the International Stratigraphic Guide (SALVADOR, 1994; STEININ-
GER & PILLER, 1999) in order to have a basis for adeguate
geological mapping. The following five formations will be
used: Ondai Sair formation, Tsagaan Ovoo Formation, Hsan-
da Gol Formation, Loh Formation and Tuyn Gol formation. Two
of them, the Ondai Sair (BERKEY and MORRIS, 1927) and the
Tuyn Gol (DEVYATKIN et al. 1973, LISKUN and BADAMGARAV 1997)
fms. are used in the original informal sense, because they
were not the direct subject of our research. The remaining
three formations are newly formalized and classified.

4.1.1 Tsagaan Ovoo Formation

Name: The sediments of the Tsagaan Ovoo Fm. were origi-
nally assigned to the Hsanda Gol fm. by BERKEY and MORRIS
(1927) and later on by MELLET (1968). Subsequently, DEVYAT-
KIN 1981, DEVYATKIN and BADAMGARAV (1993) and DEVYATKIN
(1993b and c) correlated these sediments with Yanovskaya’s
Ergilin Dzo formation, defined approximately 450 km SSE of
Ulaan Baatar. Because of the lack of important outcrops be-
tween the type area of Ergilin Dzo formation and the Taatsiin
Gol area over a distance of at least 700 km and a gquestiona-
ble lithological similarity (YANOVSKAYA et al. 1977, LiSkuN and
BADAMGARAV 1977, DEVYATKIN 1981), we decided to introduce
this new formation name.

Derivatio nominis: The name is taken from Tsagaan Ovoo,
a small but significant hill inmidst the Taatsiin valley approxi-
mately 35 km NNW of Taatsiin Tsagaan Noor.

Type area (see suppl. 1 & 2): The type area is situated in
the central part of the Valley of Lakes. It includes the region
from west of the Taatsiin Gol to the east of the Hsanda Gol and
south of Mt. Ushgoeg. In terms of geographic coordinates this
area ranges from 100° 00” to 102° 00" E and from 45° 10" to
45° 40°N.

Type and reference profiles (see suppl. 1-4 and table 2):
The type profile of the Tsagaan Ovoo Fm. is TGR-B (Taatsiin
Gol right). For the exact location, geographical coordinates
and attitude of the basis of the profile see table 2. The profiles
BUK-D, BUK-C and BUK-B (Builstyn Khudag) serve as refer-
ence profiles, where BUK-D represents the lowermost part
and BUK-B the uppermost part of the reference profiles. Their
coordinates and their respective altitude are also given in
table 2. Unfortunately the stratigraphic footwall of the Tsagaan
Ovoo Fm. is not exposed anywhere in the area. The footwall
boundary in the BUK-profiles is tectonic. The hangingwall
boundary against the overlying Hsanda Gol Fm. is exposed in
the type profile TGR-B at an elevation of 1460 m. The upper
boundary towards the Hsanda Gol Fm. in TGR-B is marked by
a significant decrease in grain size from gravel and sand to
clay and silt together with a change in colour from white to
brick-red.

Short description and geochronological position (see
also Fig. 22): Further outcrops of the Tsagaan Ovoo Fm. are
shown in the geological map and were studied in columnar
sections RHN-A, TGR-A and BUK-B, C, D (supp!. 1-3 and
table 2). The maximum outcropping thickness of the Tsagaan
Ovoo Fm. is about 150 m found in Builstyn Khudag (com-
bined thickness of the reference profiles BUK-D, BUK-C,
BUK-B). No fossil horizons and no basalt flows appear in the
Tsagaan Ovoo Fm. The detailed lithological content and sedi-
mentological interpretation is found in chapter 4.2.2. Present-
ly, only indirect evidence for the geochronological position
exists, as the Tsagaan Ovoo Fm. underlies the Hsanda Gol
Fm., which can be dated by basalt | (see chapter 5 & 6) at
least as Lower Oligocene. For further discussions see chap-
ter 9.

4.1.2 Hsanda Gol Formation

Name: The formation name was first introduced by BERKEY
and MORRIS (1927 p. 234 ff). Apart from the brick-red clays
and silts they included coarser-grained clastics, well-rounded,
fine-grained gravels and sands, but also a series of clays to
the Hsanda Gol fm., sediments which now must be added to
Mesozoic successions. Later, DEVYATKIN (1981), DEVYATKIN
and BADAMGARAY (1993) and DEVYATKIN (1993b and c) restrict-
ed the Hsanda Gol fm. to fossiliferous red beds, and partially
to the coarse clastics above basalt I, and termed this succes-
sion Shand Gol fm. (Russian transcription). We will, not follow-
ing the Russian transcription, use the original name but re-
strict the lithology as described below and in more detail in
chapter 4.2.3.

Derivatio nominis: BERKEY and MORRIS (1927) derived the
name from the Hsanda Gol, a stream bed in the easternmost
part of the geologic map area (see suppl. 1 & 2).

Type area (see suppl. 1 & 2): The type area is situated in
the central part of the Valley of Lakes. It includes the region
from west of the Taatsiin Gol to the east of the Hsanda Gol and
south of Mt. Ushgoeg. In terms of geographic coordinates this
area ranges from 100° 00" to 102° 00" E and from 45° 10" to
45° 40°N.



Type and reference profiles (see suppl. 1-4 and table 2):
The type profile of the Hsanda Gol Fm. is TGR-B (Taatsiin Gol
right). For the exact location, geographical coordinates and
altitude of the basis of the profile see table 2. The reference
profiles are SHG-C, SHG-A and SHG-B (Hsanda Gol) from
footwall to hangingwall. Their coordinates and their respective
altitude are also given in table 2. The lower boundary towards
the Tsagaan Ovoo Fm. in TGR-B in 1460 m is marked by a
significant decrease in grain size from gravel and sand to clay
and silt together with a change in colour from white to brick-
red. The upper boundary to the Loh Fm. (altitude of 1500 m) is
in turn characterized by an increase in grain size and a pre-
dominance of lighter colours.

Short description: Sediments of the Hsanda Gol Fm. were
additionally studied in the following sections: DEL-B, LOH-B,
LOH-C, TAT-C, TGL-A, TGR-A, TGR-C, UNCH-A (see suppl. 1-3
and table 2). The Hsanda Go! Fm. consists of fine clastic red
beds just below and above basalt | (see chapter 5), which
becomes part of this formation. The total thickness of the
Hsanda Gol Fm. varies from zero (e.g. Tavan Ovoony Deng
area) to about 70 m (see reference sections SHG-A, SHG-B,
SHG-C in suppl. 3). Generally the thickness increases to-
wards the center of the Valley of Lakes. The detailed lithologi-
cal content and sedimentological interpretation is found in
chapter 4.2.3.

Geochronologic position and biostratigraphy (see also
Fig. 22): The geochronologic situation is determined by the
position of the brick-red clays and silts immediately above
and below basalt |, which has been dated as 31.5 Ma (com-
pare chapter 6). The total geochronologic range includes the
Late Oligocene as thoroughly discussed in chapter 9. The
biostratigraphy is characterized by rodent assemblages as
discussed in chapter 8.2. The biozones A and B are typical for
the lower parts, C and C1 for the highest parts of the Hsanda
Gol Fm. (see Fig. 22).

Remarks: BRYANT and McKENNA (1995) suggested to divide
the Hsanda Gol Fm. in the vicinity of the Tatal Gol into two
members, the Tatal and the Shand Member. According to our
regional mapping and sedimentological studies we assign
their Tatal Member and Mellet Lava (= basalt | in the Tatal Gol
area) as well as the lower part of their Shand Member to the
Hsanda Gol Fm., their upper part of the Shand Member to our
Loh Fm. As shown in the geological map in suppl. 1 basalt | is
not continuously present within the Hsanda Gol Fm. Thus, it
can be used only locally, but never regionally as a marker to
separate potential members.

4.1.3 Loh Formation

Name: The term Loh formation was also first described by
BERKEY and MORRIs (1927) and is left unchanged but the
lithological content is broadened. BERKEY and MORRIS (1927)
restricted the Loh fm. to Miocene olive green clays. DEVYATKIN
(1981) and DEVYATKIN and BADAMGARAV (1993) used this for-
mation name for Miocene light-grey sands interbedded with
green clays plus pebble material. LISKUN and BADAMGARAV
(1977) added to this description white sands and brownish
clays in a profile whose position is almost identical to profiles
LOH-A and LOH-B (see below).

Derivatio nominis: The name of this formation refers to a
locality near Hsanda Gol which BERKEY and MORRIS (1927,
p. 365) describes as follows: “The name of this place is Loh,
which, the Mongols told us, means dragon, and refers to the
presence of the “dragon bones” in the clays. Accordingly, the
clays were called the Loh formation.”

Type area (see suppl. 1 & 2): The type area is situated in
the central part of the Valley of Lakes. It includes the region
from west of the Taatsiin Gol to the east of the Hsanda Gol and
south of Mt. Ushgoeg. In terms of geographic coordinates this
area ranges from 100° 00" to 102° 00" E and from 45° 10" to
45° 40°N.

Type and reference profiles (see suppl. 1-4 and table 2):
The type profile for the Loh Fm. is TGR-B (Taatsiin Gol right).
For the exact location, geographic coordinates and altitude of
the basis of the profile see table 2. The reference profiles are
TAR-A (Tarimalyn Khurem), LOH-A, LOH-B (Loh) and BUK-A
(Builstyn Khudag). Their coordinates and their respective alti-
tude are also given in table 2. Profile TAR-A was selected as
an important reference profile because it exposes the thickest
sequence in the area with a great lithological variability and
contains the stratigraphically important basalts Il and il (see
chapter 5). The reason for including BUK-A into the reference
profiles is the exposure of the occasionally fine-grained facies
within the Loh Fm. The tower boundary is exposed in the type
profile TGR-B at 1500 m and is marked by a change in grain
size from silt and clay to sand and gravel together with a
change in colour from brick-red to a variety of lighter colours
(yellow, green, white, pink, orange, brown). The upper bound-
ary is only exposed in the type profile TGR-B at an altitude of
1520 m, where the Loh Fm. is overlain by the Tuyn Gol fm.
(suppl. 3). The lowermost sediments of the Tuyn Gol fm. are
characterized by cobbles stained with Fe:Os.

Short description: Loh sediments were additionally stud-
ied in the following sections: ABO-A, LOG-A, LOG-B, LOH-B,
LOH-C, ODO-A, ODO-B, RHN-A, SHG-B, TGL-A, TGR-C,
TGW-A, UNCH-A, UTO-A (see suppl. 3). The maximum out-
cropping thickness of the Loh Fm. is up to 150 m in the north
of the mapping area, more precisely in the north of the Tarima-
lyn Khurem region (see suppl. 1 & 2). DAXNER-HOCK et al.
{(1997) already proposed to extend the lithological variety of
the Loh Fm. considerably to create a mappable lithological
unit. The separation between Hsanda Gol Fm. and Loh Fm. is
often difficult to achieve. As a rule, we assigned in the field all
sediments above the clayey — silty Hsanda Gol Formation to
the Loh Formation, as the sandy character of the sediments
becames visible. The detailed lithological description is given
in chapter 4.2.4.

Geochronologic position and biostratigraphy (see also
Fig. 22): The geochronologic situation is determined by the
position of basalts Il and Ill in the reference profile TAR-A.
They have been dated as 27 - 28 Ma and 13 Ma, respectively
(compare chapter 6). This indicates an age from Late Oli-
gocene to Late Miocene, as thoroughly discussed in chap-
ter 9. The biostratigraphy is characterized by rodent assem-
blages C to E as discussed in chapter 8.2.

4.2 Sedimentology of Mesozoic and Cenozoic
formations

In this chapter the formations are presented from bottom to
top as Ondai Sair fm., Tsagaan Ovoo Fm., Hsanda Gol Fm.,
Loh Fm. and Tuyn Gol fm. All described lithostratigraphic
units, except the Ondai Sair formation, can be found in the
columnar sections presented in suppl. 3. In this figure, sedi-
mentary structures are omitted because of presentation rea-
sons. MIALL'S (1996) terminology for fluvial environments is
used for facies classification. In the geological map (suppl. 1)
the Ondai Sair fm. is not presented separately from the Meso-
zoic successions. The Ondai Sair and the Tuyn Gol formation
were not within the scope of our primary investigations, but



are briefly described because they represent the footwall and
hanging wall successions of the investigated formations. The
working area with the best outcrops is located at the northern
margin of the Valley of Lakes, as are the described sections.
This means that the measured and given maximum thickness
for each formation is not necessarily representative of the
central, covered part of the basin.

4.2.1 Ondai Sair formation

The Ondai Sair formation was defined by BERKEY and MOR-
RIS (1927) on the east side of “Mount Uskuk block” and
classified as Cretaceous. The “Mount Uskuk block” is equiva-
lent to the mountain range named “Mt. Ushgoeg” north of the
“Valley of Lakes” in suppl. 2. According to their description it
includes gray sandstones and dark paper shales, with a few
beds of red sandy clay, which are disturbed by faulting and
tilting. Our geological mapping focused on the Cenozoic sed-
iments of the Valley of Lakes and did not differentiate Jurassic
and/or Cretaceous formations. Nevertheless, we mapped
Ondai Sair sediments in the vicinity of Dzun Hsir in the east-
ernmaost part of the working area, and in the Builstyn Khudag
area and Del area, where they are overlain by the Tsagaan
Ovoo Formation.

The Ondai Sair fm. contains loose yellowish brown, poorly
sorted, matrix-supported gravels. These layers are interbed-
ded with dark brownish clay layers, which bear rare root
traces. Distinct cobble horizons with MPS (maximum particle
size) up to 10 cm also occur. Sedimentary structures like
trough cross-bedding and imbrications are sometimes ob-
servable. Sandy gravel layers contain fine-grained rip up
clasts with diameters up to 80 cm. The lithological spectrum
of well-rounded gravel components is as follows: granite,
gneis, quartz, sandstone, siltstone, pegmatite, radiolarite.

In fine sand layers of the Ondai Sair formation in the Builstyn
Khudag area we found plant fossils (Conifera) and bones of
an ornithopod (Psittacosaurus).

4.2.2 Tsagaan Ovoo Formation

Important occurrences of the Tsagaan Ovoo Fm. (see
suppl. 1 & 2) include the Builstyn Khudag, Del, Tavan Ovoony
Deng region and the foot of the plateau west of Taatsiin Gol. In
addition the sediments appear in some localities in the west of
the working area and in the east near Barun Hsir and Dzun
Hsir. In the field this formation is noticeable by its gravelly and
sandy, rarely silty and clayey facies interfingering with each
other. Generally bright, white-coloured, massive, but also
cross-bedded layers crop out. As for example displayed in
Fig. 6a showing a part of the plateau west of Taatsiin Gol, the
Tsagaan Ovoo Fm. is represented by the white sediments just
below the brick red Hsanda Gol Fm. According to the “Rock
Color Chart” (GODDARD et al. 1951) the colours of the coarse
clastic Tsagaan Ovoo Fm. also include further grayish yellow
green (5 GY 7/2) and light brown (5 YR 6/4); the fine clastics
have colours like dark reddish brown (10 R 3/4).

Sediments of the Tsagaan Ovoo Fm. consist predominante-
ly of quartz with variable amounts of sheet silicates. If present,
smectite is the most important constituent followed by micas.
Kaolinite, vermiculite and chlorite are only present in very
small amounts. Additional constituents are plagioclase (up to
10%), very little K-feldspar and some carbonate minerals such
as ankerite and calcite.

In Table 3 all lithofacies types, their facies code, sedimenta-
ry structures, interpretation and their frequency of occurrence
are listed according to MiaLL (1996, p.79, Table 4.1). The

facies codes used throughout the following section and given
mostly in brackets refer to those by MIALL (1996) in Tab. 3.

The stratigraphically lower parts of the Tsagaan Ovoo For-
mation crop out in the Builstyn Khudag region. There they are
deposited on the Mesozoic Ondai Sair fm and tilted by the Del
fault. They are dominated by massive gravel beds (MPS:
2.2 cm - 12.8 cm), mostly without any visible structures
(Gmm, Gmg). The sediments are poorly sorted and polymict.
Bed thicknesses up to 5 m can be observed. A confinement of
channels is not observable. The use of bounding surfaces
between depositional units as proposed by MiALL (1996,
p. 82, table 4.2) could not be applied because of the outcrop
situation in the working area. In Fig. 5a the cumulative-fre-
quency curve (VISHER 1969) of a poorly sorted, clay-rich
(about 15%) sand (BUK-C1) is presented (Sm). It was taken
from the hanging part of a massive graded bed within the
stratigraphically lower layers of the Tsagaan Ovoo Fm. This
diagram does not concern particles larger than 1 mm = 0®
(defined according to KRUMBEIN 1934, as @ = -log.S; where
S is the grain size in mm). The curve shows four segments,
which represent two transport mechanisms. The truncation
point at 1.75@® separates grain fractions transported by salta-
tion from grains transported by suspension. To the left of this
truncation point, lower ®-values indicate the saltation popula-
tion, to the right, higher ®-values the suspension population.
The saltation and the suspension population consist of two
weakly developed subpopulations. The sediment was trans-
ported exclusively in saltation and suspension. In sample
BUK-C1 less than 5% of the grains are larger than 0@ and
more than 25% are smaller than 7® (0.0078 mm), a composi-
tion which is consistent with high viscosity debris flow
(MAIZELS 1989). Sometimes beds with a similarly composed
matrix, bearing clasts of MPS up to 12.8 cm, occur in these
stratigraphically lower layers of the Tsagaan Ovoo Fm. Ac-
cording to WALKER (1980) and MiaLL (1996) the beds reflect
debris flow deposits.

The hanging parts of the Tsagaan Ovoo Fm. are generally
finer clastic and show trough and planar cross-bedding (Gt,
Gp, St, Sp) with set thicknesses up to Tm maximum, lamina-
tion (Sm) and ripples (Sr). Minor channel fills (Gt), transverse
bedforms (Gp, Sp), 3-D dunes (St), sediment-gravity flow
deposits (Sm) and ripples (Sr), in descending importance,
characterize these sediments. Furthermore sediments from
overbanks, fillings of abandoned channels or deposits of wan-
ing floods (FI, Fm) occur in minor quantities. In general, bed
thicknesses are smaller than in the footwall parts of the Tsa-
gaan Ovoo Fm. Normal graded, but also inverse graded beds
with rip up clasts in dm size occur. Normal graded sandy beds
pass up into fine-grained ones, which show laminations and
root-traces indicating possible paleosols (Fr).

Frequency-cumulative curves of two poorly sorted sands
(TRG-B1 and BUK-B8) are presented in Fig. 5a. The curve
shape of sample TGR-B1 is comparable with sample BUK-C1,
showing the same position of the truncation point at 1.75@
separating the saltation from the suspension population, ex-
cept that this sand is coarser-grained and the saltation popu-
lation is not subdivided. It represents facies Sm. Sample BUK-
B8, reflecting facies St, was deposited by three mechanisms.
The traction population is represented by the segment to the
left of the truncation point at 1®. Two subpopulations between
the truncation point at 1® and truncation point at 4.25® repre-
sent the saltation population. Finally the segment to the right
of the truncation point at 4.25® reflects the grains transported
by suspension.

In general, the Tsagaan Ovoo sediments are loose. Some
beds are cemented with calcite, a feature interpreted fo in-



