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Abstract: The knowledge of the neotectonic structures in Southeastern Mongolia, that is considerably distant from
the active plate boundaries, is important for determining a source of tectonic deformation and regular features of ac-
tivation in the intracontinental setting. Our research was focused on the East Gobi and South Gobi depressions located
in Southeastern Mongolia, which developed since the Mesozoic and were activated to various degrees in the neotec-
tonic stage. The study aimed to assess the paleostress state of the crust in Southeastern Mongolia, identify the stages,
factors and mechanisms of the Cenozoic activation of the regional structures of different strike, and determine the
sources of activation. The analysis of the available literature suggests a similar history of their development in the
Late Jurassic - Early Cretaceous (rifting) and Late Cretaceous - Paleogene (tectonic quiescence). In the Cenozoic stage,
the depressions experienced activation of completely different styles. In the East Gobi depression, left-lateral strike-
slip faults were activated in the Tertiary, and the post-Late Cretaceous thrusting took place along the northeastern
faults on the northern slope of the Totoshan uplift. In the Early Cenozoic, the N-S and N-W compression was dominant
as evidenced by the deformed Late Cretaceous sediments and the reconstructed stress tensors typical of the compres-
sion and transpression regimes. An overview of the published data suggests that the most probable cause of such de-
formation was the impact of the Western Pacific zone of plate interaction. However, a potential influence of compres-
sion at the early stages of the Indo-Asian collision cannot be completely excluded. The East Gobi depression was low
active in the second half of the Cenozoic. In contrast to the East Gobi depression, the South Gobi activation began in
the Late Cenozoic (Late Miocene - Early Pliocene). Young uplifts and forbergs (Gobi Altai eastern termination) deve-
loped actively and ‘cut’ the sediments of the basins originating from the Mesozoic. The W-E and N-W strike-slip and
thrust faults were active in the Pliocene-Quaternary. The stress field reconstructions show compression, transpres-
sion and strike-slip regimes with the NE-trending axis of compression. Deformation in the East Goby Altay (as well as
in Western and Southwestern Mongolia) is driven by the India-Eurasia collision.
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T'EOJMHAMUWYECKUE YCJI0BUA KAHHO30MCKOH AKTUBU3AIIUU
TEKTOHUYECKHX CTPYKTYP IOro-BocT04YHO¥ MOHIOJIMA

A. B. IIapdeesen?, B. A. Canbk0B! 2

L UHcmumym 3emHoll kopwbt CO PAH, Hpkymck, Poccus
2 Upkymckuil 2ocydapcmeeHHblil yHugepcumem, Hpkymck, Poccus

AHHOTanuaA: HeoTekTOHUYeCKHe CTPYKTYpPhI I0T0-BOCTOYHOM 4YaCTU TePPUTOPHUU MOHTOJIMY 3HAYUTEJNbHO yAaJIeH-
HOM OT aKTHUBHBIX IPaHUL], IPeJCTABASIOT 60JbLION UHTEpeC C TOYKH 3pEHHUs ONpe/ie/IeHUs] HCTOYHUKA TeKTOHHUYe-
cKUX JedopMaluil ¥ 3aKOHOMEPHOCTeH UX aKTHBU3allMM BO BHYTPUKOHTHHEHTAJIbHBIX yca0BUAX. Hauum uccieosa-
HUA GBUIM cOCpefoTOYeHbl Ha YacTH 0ro-BocTouHoit MOHro/1My, B KOTOPOH BBIAESAIOTCS B Pa3HOM CTENEeHU aKTH-
BU3MPOBaHHble HA HEOTEKTOHHWYECKOM 3Tale Me3030icKkHe BocTouHo-T'o6uiickas u l0xHo-T'obuiickas genpeccuu.
3asaya HacTosiled paboThl — OLleHKa Na/leOHaNPS>KeHHOT'0 COCTOSIHUS 3eMHOM KOPbI 3TON TeppUTOPUH, BbISIBJIEHHE
3TaNoB U MeXaHW3MOB KaWHO30MCKOM aKTHBU3aLUMU CTPYKTYp Pa3HOTO NPOCTUPAHUA U olipefie/ieHHe ee UCTOYHU-
koB. ComocTaB/ieHUe JIUTePATYPHbIX AAaHHBIX O Fe0JIOTMYeCKONH UCTOPUHU pasBUTUU BocTouHo-T'o6uiickoi u I0xHo-
T'obuiickoit Aenpeccuil CBUeTEbCTBYET O €JUHON UCTOPUU Pa3BUTHUSA TePPUTOPHUH B O3/JHEIOPCKO-PaHHEMEJIOBOE
(pudToO6pazoBaHUe) U O34HEMEIOBOE — TAJIEOTEHOBOE BpeMs (peXUM TEKTOHUYECKOU cTabuau3anuu). Ha kaliHo-
30MCKOM 3Tale 5TH BHAJWHBI UCIBITAJM COBEPLUIEHHO Pa3/JIMYHYI0 MO CTU/I aKTHBU3aLuio. [loMHMMO aKTHBH3aALUU
JIEBOCTOPOHHUMHU CZIBUraMH B BocToyHO-T'06MiicKOH Bra/juHe B TPETHUHOE BPEMsI 3Ta TEPPUTOPHUSA XapaKTepU3yeT-
Cs1 pa3BUTHEM IOCTIIO3/JHEMEJIOBBIX HAa/IBUI'OB Ha Psi/le CEBEPO-BOCTOYHBIX Pa3/ioOMOB B ceBepHOM 6opTy ToToaH-
ckoro nofHATUsA. JedopManuu Mo3HEMeJOBbIX OCaJIKOB U PEKOHCTPYKIMH CTPECC-TEH30POB PEXHMaA CXKATHUS U
TPAHCNPECCHH B 30HAX PA3JIOMOB CBU/IETEJNBCTBYIOT O CyOMepHUJMOHaNbHOM U C3 CxaTHUH B paHHeM KaliHo30e. CyM-
MUPY$ JIUTEPATYPHbIE AaHHbIE, MOXKHO 3aK/JIOYUTb, YTO HauOOJIee BEPOSITHBIM HCTOYHHUKOM 3THX JedopManuii Mor-
J1a 66ITh 3anasiHo-THX0OKeaHCKas 30Ha MEXILJIMTHBIX B3aUMOJeHCTBUH. Heslb3sl Takke MOJHOCTbIO OTPULATH BO3-
MO>KHOCTB BJIMSTHUSA IPOLIECCOB CKATHSA, IPOUCXOAUBLINX Ha PaHHHUX CTaAuAX B 30He MH0-A3naTCcKoOM KOJLIU3UH. Bo
BTOPOU MOJIOBMHE KaWHO3051 3Ta TEPPUTOPHS Oblia MaJloOaKTHBHA. AkTuBM3alus [0kHo-['06UiicKON aenpeccuu B
oTsinune oT BocTouHo-['o6uiickol Havasack C MO3JHEr0 KaHo3051 (KOHIIA MHOIleHA — Hayajia IJMolleHa). B aTom
palloHe NMPOUCXOAUT aKTHBHOe pOpMHUpPOBaHHe pesbeda ¢ 06pa3oBaHHEM MOJOABIX NOJHATHH M $opGepros (Bo-
CTOYHOEe OKOHYaHHe ['06uiCKOro AsTas), «IPOTHIKAIIMX» OCAAKH YK€ CyI[eCTBOBABUIMX C Me3030s1 BHAZWH. JTa
TEPPUTOPHS XapaKTepU3yeTCcsd MPU3HAKaMM IJIMOLeH-4eTBEPTUYHON aKTUBHOCTU CyOIIMPOTHBLIX U C3 CABUIOB U
Ha/IBUTOB. PEKOHCTPYKIMH NOJIel HANPSXKeHUH XapaKTepU3y0T PeXXUMBbI CKaTHs, TPAHCIIPECCHH U CAABUTA C OPUEH-
THPOBKOH OCH CXKaTHsl Ha CEBEPO-BOCTOK. UCTOYHHUKOM 3TUX AepopManui, Tak ke Kak U JedopMaluil CTpyKTyp 3a-
nasHoi v l0ro-3anagHoi MoHro/uy, ABASOTCA NpoLeccsl KoHBepreHuuu Uugocrana u EBpasum.

Kilo4yeBble c/10Ba: KallHO30i1; HEOTEKTOHUYECKAs CTPYKTYPa; NaJle0CTpecc; akTUBHBIN passioM; F0ro-Bocrounas
MoHroJsus

1. INTRODUCTION

Neotectonic structures in Southeastern Mongolia
are an interesting object of studies aimed at establish-
ing the regularities in activation of tectonic defor-
mation in the intracontinental conditions. It is challeng-
ing to determine the source of deformation in this re-
gion located far away from the active borders of the
lithospheric plates. Besides, the change in the strike of
the main elements from W-E to northeastern was re-
vealed in the ancient regional setting [Badarch et al,
2002]. Moreover, the modern terrain varies from
mountains in the west (Gobi Altai) to weakly dissected
flat areas in the east (Gobi plain). In the Late Creta-
ceous - Paleogene, the entire study area developed in
condition of tectonic quiescence and terrain denuda-

tion, and the sediments of that period are overlying in
most of the area [Yanshin, 1975]. Our study was carried
out in Southeastern Mongolia with the focus on the
East Gobi and South Gobi depressions originating from
the Mesozoic and activated to various degrees in the
neotectonic stage (Fig. 1).

The traces of the Cenozoic tectonic activity signifi-
cantly differ in the studied depressions. The South Gobi
depression was replaced by the mountains represented
now by the eastern termination of Gobi Altai, including
the Gurvan-Saikhan and Hurhe-Ula uplifts (Fig. 2, a),
while low-amplitude linear uplifts and NE-trending ba-
sins developed within the limits of the East Gobi de-
pression (Fig. 2, b).

The literature on the neotectonics of Southeastern
Mongolia is still limited. The geology, Mesozoic and
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Fig. 1. Schematic tectonic map of Mongolia, the southern East Siberia and North China. Cenozoic basins: B - Baikal, H - Hub-
sugul, D - Darkhat, Bs - Busiyngol, Ub - Ubsunur, GLB - Great Lakes basins, VI - Valley of Lakes, I-H - Inchuan-Hetao, Sh -
Shanxi. Mesozoic basins: TSB - Transbaikalian system of basins, SG - South Gobi, EG - East Gobi. Faults (numbers in circles):
1 - Main Sayan, 2 - North Hangai, 3 - Gobi-Altai, 4 - Gobi-Tien Shan, 5 - Tanlu, 6 - East Gobi fault zone.

1-3 - basins filled with Cenozoic (1), Mesozoic (2), and Mesozoic-Cenozoic (3) sediments; 4 — uplifts; 5 - faults.

Puc. 1. O60611eHHas TEKTOHUYECKAsl cxeMa TeppuTopuu MoHrosny, 1ora Boctounoit Cubupu u CeBepHoro Kurtas. Kaiino-
30lickue BnaauHbl: B - Baiikanbckas, H - Xy6cyryabckas, D - JlapxaTckas, Bs - BycuitHronbckas, Ub - Y6cyHypckas, GLB -
KoTsnoBuna Boapumux O3ep, VI - JlonuHoo3epckas, I-H - UHbuyanb - XeTao, Sh - lllanbcu. Me3o3oiickue BnaguHbl: TSB -
3abaiikasbCcKas cucteMa BrnaauH, SG - I0xkHoro6uiickas, EG - BocrouHoro6uiickas. Lludpamu o603HavYeHbl pa3ioMbl: 1 —
C'naBHbIM CassHCKUH, 2 - CeBepo-XaHralckui, 3 - ['obu-Antaiickuii, 4 - ['obu-Tanbmadckul, 5 — Tanay, 6 - Boctouno-T'o-

6uiickas pa3/ioMHasl 30Ha.

Cenozoic tectonics and magmatism of Mongolia were
investigated by the Soviet geologists in the mid 1950-
60s [Marinov et al, 1973; Yanshin, 1975]. The studies of
the neotectonics resumed in late 1990s, mainly for oil
prospecting (e.g., [Traynor, Sladen, 1995; Graham et al,
2001; Johnson, 2004; Webb, Johnson, 2006]) and regio-
nal tectonic projects (e.g., [Yue, Liou, 1999; Levi, 2007;
Li et al, 2016]). The neotectonic development history
of Mongolia is still debatable. For instance, no signifi-
cant strain is assumed in the neighboring Inner Mongo-
lia after the Mesozoic stage of extension, according to
the apatite fission-track analysis [Li et al, 2016]. How-
ever, other studies revealed clear indicators of mode-
rate activation in the Cenozoic in East Gobi due to dis-

1-3 - BaAAuHbI ¢ KaltHO30McKuM (1), Me3030ickuM (2) U Me30KaHHO30MCKUM (3) 3an0osiHeHUEM; 4 — TOJHSATUS; 5 — pa3/IOMBbL.

placements along the NE-striking faults [Yanshin, 1975;
Webb, Johnson, 2006]. Starting from [Florensov, Solo-
nenko, 1965], various interpretations have been pro-
posed for the Gobi-Altai structures that became widely
known through the studies of the 1957 Gobi-Altai
earthquake epicenter zone (M=8.1). In many publica-
tions on the Late Cenozoic and contemporary kinemat-
ics of faults, the geology and morphology of the Gobi
Altai, it is viewed as a typical transpression structure
formed in the regional strike-slip fault zone with a sig-
nificant contribution of compression (e.g. [Baljinnyam
et al, 1993; Bayasgalan et al, 1999, Cunnihgham, 2007;
Cunnihgham, 2013]). According to [Leonov, 2012], the
Gobi-Altai structures are intraplate zones of concen-
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Fig. 2. Shaded relief SRTM-90 digital topography (http://www.nasa.gov) and active faults. (a) - South Gobi depression. Num-
bers in circles show basins and uplifts. Basins: 1 - Baindalai, 2 - Sangiyndalai. Uplifts: 3 - Dzurumtai, 4 - Gurvan-Saikhan, 5 -
Buryn-Khar ridge, 6 - Yamata, 7 - Khurkhe-Ula ridge. (b) - East Gobi depression. Numbers in circles show basins and uplifts.
Basins: 1 -Zuunbayan, 2 - Ulegei, 3 - Galbyngobi, 4 - Dalayn-Khanda, 5 - Unegt. Uplifts: 6 - TsaganSubarga, 7 - Mantakh.

1 - areas with platform cover sediments; 2 - strike-slip faults; 3 - thrusts.

Puc. 2. CxeMa aKTUBHBIX pa3joMoB U nudposasi Mozenb peabedpa SRTM-90 (http://www.nasa.gov). (a) - H0xuo-T'o6uii-
ckas genpeccust. ludpamu B KpykKax 0603Ha4Y€eHbl BIAJUHBI U TOAHATHUSA. Bnaguuel: 1 - Bannpanaickas, 2 - CaHruiHa-
naickas. lloguatus: 3 - /Isypymrakickoe, 4 - 'ypaH-CakixaH, 5 - xp. BypbiH-Xap, 6 - fIMaTuHckoe, 7 - xp. Xypx3-Yia.
(b) - Boctouno-T'obuiickas fenpeccus. lludpamu B KpykKax 0603HayeHbl BIaJWHbl U NOAHATUSA. Bnaguuel: 1 - /I3yH6auH-
cKasd, 2 — Yaarelckas, 3 - [an6bpiHro6uiickas, 4 — JlanaitH-XaHauicKas, 5 — YHaraTuHckas. [logHaTus: 6 - LlaraHcy6ypruH-

ckoe, 7 - MaHTaxckoe.

trated strain that, as suggested by mapping, formed in
transtension conditions, i.e. due to a combination of
strike-slip faulting and extension.

The above-mentioned regions differ in the levels of
modern seismic activity (Fig. 3). In the Gobi Altai, many
high-magnitude earthquakes occurred, and their epi-
centers formed clusters along the main W-WS and
E-SE-trending faults. In the Gobi plain, dissipated seis-
micity is dominant, and the recorded earthquake mag-
nitudes do not exceed 5.6. The reconstructions show
focal mechanisms of strike-slip, reverse fault, and re-
verse fault with strike-slip component. The recon-
structed stress tensors for the modern stress field

858

1 - o6Js1acTH pacnpocTpaHeHUs OTJIOXKEHUH T03/JHEMe3030HMCKO-KallHO30MCKOT0 YexJa; 2 — CABUTY; 3 - HaIBUTH.

show that the Gobi Altai is dominated by transpression
with the NE-SW-trending axis of maximum compres-
sion, while the Gobi plain (i.e. the eastern and NE are-
as) is under compression with the ENE-WSW-trending
axis of maximum compression.

The study area is thus divided into the highly active
western and low active eastern parts in the Late Ceno-
zoic and the modern period. Considering the micro-
plate tectonics of Asia mapped in [Zonenshain, Savostin,
1979; Bird, 2002], the eastern area is a part of the Amur
lithospheric microplate, and the western zone belongs
to the orogen. The presence of a larger submeridional
structural boundary along approximately 95-105°E,
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I Fig. 3. Earthquake focal mechanisms (a) and present day stress state of SE Mongolia (b).

I Puc. 3. KapTa MexaHHU3MOB 04aroB 3eMJIeTPsiCEHUH (a) U cOBpeMeHHOe Hamnpsi>keHHoe cocTosiHUe H0ro-BocTtounoit MoHro-

auu (b).

which divides the entire continental Asia into the wes-
tern and eastern parts, was proved by Semen I. Sher-
man in his publications on the modern geodynamics of
Asia (e.g. [Sherman et al, 2015, 2017]). He stated that
the main causes for the existence of this boundary in-
cluded strong meridional compression due to the plate
collision and the high rates of modern deformation in
the western part, and lacking/less active collision pro-
cesses in the eastern part.

Our study aimed to assess the paleostress state of
the crust in Southeastern Mongolia, identify the stages,
factors and mechanisms of the Cenozoic activation of
the regional structures of different strike, and deter-
mine the sources of activation. In the first stage of in-
vestigations, we collected and processed the data on
tectonic fracturing, displacements and morphotectonic
features of active faults in the South Gobi and East Gobi
depressions. In the second stage, local stress tensors
were reconstructed and analyzed. The regional compo-
nent of the stress field was indentified for different
stages of development and compared with the pub-
lished data on the Mesozoic-Cenozoic deformation of
the adjacent territory of China.

2. RESEARCH METHODS

The database on tectonic fracturing and tectonic de-
formation in the study area was consolidated using

conventional geological, geomorphological, and geolo-
gical-structural methods. Special attention was given to
collecting the data on fault zones that were active in the
Late Cenozoic and/or active at the modern stage. Ini-
tially, a map of active faults was compiled on the basis
of satellite images and GTOPO-30, a global raster
Digital Elevation Model (DEM). The map was then vali-
dated by field observations of the identified linear
structures.

Dating of the fractures and deformations was chal-
lenging as most of the fracturing data was collected in
the crystalline basement rocks, while outcrops of the
Cenozoic rocks with easily traceable fractures were
rarely observed. Fractures with calcite, zeolite and iron
hydroxide (secondary mineralization) were considered
indicative of subsurface conditions of their formation
and, correspondingly, of the Late Mesozoic or Cenozoic
age. Therefore, striations on the rocks with secondary
mineralization can provide a basis for reconstructing
the Cenozoic stress field. Besides, of great importance
is dating of multidirectional striations on the same
plane: the age relationships are used to distinguish the
evolution stages of the stress field. In our study, stria-
tions on gouge in the rock crushing zones were consid-
ered as markers of the Cenozoic shear. Secondary min-
eralization, containing chlorite and epidote, was dated
pre-Cenozoic and pre-Mesozoic due to its formation at
depth. Accordingly, the reconstructed stress fields
were dated pre-Cenozoic. The near-surface defor-
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mations recorded in the active fault zones, such as the
shifts of the valleys of temporary streams, defor-
mations of the Cenozoic sediments, and etc. are also
support for determining the Cenozoic stress fields.

Stress tensors were calculated from the tectonic
fracturing data by TENSOR [Delvaux, 1993] and Win-
TENSOR [Delvaux, 2012] software packages. The classi-
fication of stresses was based on values of coefficient R
(R=(02-03)/(01-03)) that predetermines the shapes of
stress ellipsoids and the stress ratios R’ determining
the stress regim [Delvaux et al., 1997].

3. THE LATE MESOZO0IC - CENOZOIC GEOLOGIC HISTORY
OF THE STUDY AREA

The paleogeodynamic reconstructions show that af-
ter the Mongol-Okhotsk (MO) Ocean closure due to the
collision of the Northern Mongolian block and the Sibe-
rian plate at the turn of the Early - Middle Jurassic, a
vast orogen was formed in the territory of the contem-
porary Transbaikalia, Mongolia and Northern China,
and existed till the beginning of the Late Jurassic [Zorin,
1999, Wang et al.,, 2012, Meng, 2003]. In the Late Juras-
sic and Early Cretaceous, a system of depressions oc-
curred from Transbaikalia and Mongolia and North-
eastern China (see Fig. 1): the Transbaikalian system of
basins, East Gobi, South Gobi, Tamtsag, Hailar, Erlian,
Yingen and Songliao depressions. Some of the basins
in Transbaikalia, Northeastern Mongolia and North-
eastern China were accompanied by the formation of
the metamorphic nuclei complexes. They bordered by
gently dipping normal faults and have long and narrow
boundaries (e.g. [Wang et al, 2013; Zorin, 1999;
Daoudene et al, 2009; Davis et al, 1996, 2002; Ritts et
al, 2010; Mazukabzov et al, 2006, 2011; Sklyarov et al,
1997]). Some basins, specifically the East Gobi, Song-
liao, Yangen, Erlian and Hailar, are described as rifts
with thick sediments, which are bordered by steeply-
dipping faults (e.g. [Wang et al, 2012; Meng, 2003; Gra-
ham et al, 2001; Johnson 2004; Feng et al, 2010]). Ac-
cording to [Wang et al, 2012], the Late Jurassic- Early
Cretaceous extension was not took place simultaneous-
ly across the entire Northeastern Asia, but began in
Mongolia and the China-Mongolia border areas and
then spread into other regions in the southeast. To the
west of this region, the territory belonging now to West
China, West Mongolia and the Tien Shan was under
compression due to collision processes at the southern
boundary of Eurasia. From the Triassic to the Early
Cretaceous, the collision between the Qiangtang, Lhasa
blocks and Eurasia took place. In the Late Jurassic -
Early Cretaceous, sedimentation occurred in ramp,
foreland and pull-apart basins [Caroll et al, 2010; Vin-
cent, Allen, 1999; Johnson et al, 2015; Cunningham,
2013]. At the same time, evidence of the Late Jurassic-
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Early Cretaceous rifting is found practically every-
where in the Gobi Altai. The intermountain depressions
are filled with Jurassic-Cretaceous sediments, overlain
by young Neogene-Quaternary sediments, and the Ju-
rassic-Cretaceous deposits are uplifted and eroded in
young ridges [Cunningham et al, 2009; Cunningham,
2010, 2013; Horton et al, 2013]. The passively uplifted
Cretaceous normal faults were discovered in the [h
Bogt ridge of the Gobi Altai [Cunningham, 2013]. Exten-
sion within the modern Gobi Altai is also evidenced by
metamorphic core complexes, such as an MCC ex-
humed by the Cenozoic uplift in the northwestern part
of the Altan Uul ridge [Cunningham et al, 2009; Cun-
ningham, 2013], and the Yagan Onch Hairhan MCC at
the southern border of Mongolia and China [Webb et
al, 1999]. According to the recent publications, the Val-
ley of Lakes, in particular its northeastern part covered
by seismic surveys, was also involved in rifting in the
Late Jurassic - Early Cretaceous, and the accumulated
sediment thickness amounted to 4-5 km. It is sugges-
ted that this Mesozoic depression formed due to
transtension. Starting from the Neogene, transpression,
folding and reverse thrusting on normal faults took
place in this region [Constenius et al, 2013; Johnson et
al, 2015]. Extension and rifting in the Late Jurassic -
Early Cretaceous and the inversion of the regime in the
Late Cenozoic was discovered up to the southern Mon-
golian Altai, including the Dzereg, Dariv and Shargiin
Gobi basins [Howard et al, 2003, 2006; Cunningham,
2013]. However, the NW orientation of these basins
may be questioned, considering rifting at the back-
ground of general NW extension.

In some publications, the final closure of the MO
Ocean is shifted to the Late Jurassic-Early Cretaceous,
and extension is excluded from that period. In the Late
Jurassic, the MO Ocean was not completely closed, as
shown by the paleomagnetic studies of the Upper Ju-
rassic basalts from the volcanic tectonic structures of
Transbaikalia and the calculations of the paleomagnetic
pole of rotation [Metelkin et al,, 2007]. It should be no-
ted that the authors make a reservation that the differ-
ence in the positions of the Middle-Late Jurassic paleo-
magnetic poles of Northern China and Mongolia and
South Siberia may be due to not only of the open MO
Ocean, but also the contraction and deformation of the
continental crust during the collision [Metelkin et al,
2007]. Based on the AFT analysis, Van Der Beek et al.
[1996] relate the phase of rapid cooling in the Early
Cretaceous and, accordingly, uplifting in the Baikal re-
gion and Transbaikalia to the Late Jurassic-Early Cre-
taceous orogeny caused by the final closure of the MO
Ocean. They associate the exhumation of MCC in
Transbaikalia with the same phase. Based on the pa-
leostress reconstructions from the data on tectonic
fracturing of the Early Cretaceous rocks in Trans-
baikalia, the stage of N-S compression was identified



[Delvaux et al, 1995]. This stage was dated to the Late
Jurassic - Early Cretaceous and also associated with the
closure of the MO Ocean and the formation of the oro-
gen. However, later publications on Southeastern Mon-
golia and Northeastern China consider the inversion
stage with the NW-trending compression at the turn of
the Early and Late Cretaceous [Graham et al, 2001;
Johnson, 2004].

The source of the Late Jurassic - Early Cretaceous
extension remains a topic of debate. Some publications
explain it by back-arc spreading due to the Paleo-
Pacific plate subduction westwards underneath the
Asian continent (e.g. [Traynor, Sladen, 1995; Watson et
al, 1987]). Most researchers, however, relate the ex-
tension to the gravitational collapse of the Middle Ju-
rassic orogen (e.g. [Zorin, 1999; Wang et al, 2012;
Meng, 2003]). Q.-R. Meng [2003] proposed a model
combining the gravitational collapse of the orogen and
active rifting and stated that active rifting took place as
a result of the subduction and separation of the Mon-
gol-Okhotsk oceanic plate slab pushed underneath the
Siberian continent. The latter in its turn, caused exten-
sion and weakening of the lithospheric bottom of the
Mongolia-North China block, ascending asthenospheric
flows, melting of the mantle and crust, extensive vol-
canism and magmatism, as well as active formation of
the rift basins bordered by gently dipping listric faults.
In the Late Cretaceous and Paleogene, the study area
was in tectonic quiescence, with gradual post-rifting
subsidence in the basins and planation of the existing
terrain. The next stage of tectonic activation is related
to the collision of the Indian and Eurasian plates and
the development of the modern mountain systems and
depressions [Cunningham, 2007, 2010, 2013].

Our study was focused on the Mesozoic East and
South Gobi depressions located in Southeastern Mon-
golia (see Fig. 1 and 2). As mentioned above, in the Late
Jurassic - Early Cretaceous, rifting took place in the
East and South Gobi depressions; the basins were
formed, and the sediments were accumulated [Graham
et al, 2001; Johnson, 2004].The development of the ba-
sins was accompanied by extensive volcanic activity
that generated the terrigenous sedimentary strata con-
taining a large amount of volcanic material. In total, the
thickness of the Late Jurassic — Early Cretaceous sedi-
ments in the East Gobi depression varies from 1.0 to
3.0 km [Yanshin, 1975]. The NE strike of the structure-
forming rift-related faults in this depression suggests
the NW extension in the Late Jurassic - Early Creta-
ceous. The analysis of seismic profiles across the Dzun-
bai and Uneget basins (East Gobi depression) [Johnson,
2004] shows that the development of the basins was
inverted when sedimentation ceased at the turn of the
Late Jurassic - Early Cretaceous, and resulted in folding
and reverse thrusting of the synrift sediments that
were later overlain by non-deformed Upper Cretaceous
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and Cenozoic sediments. Some of the rift-related faults
experienced reverse overthrusting. Folding defor-
mation of the Late Jurassic - Early Cretaceous sedi-
ments is also observed in the South Gobi depression
[Yanshin, 1975]. At the turn of the Early - Late Creta-
ceous, compression could have occupied a wider area,
as evidenced by the folds in the Late Jurassic-Early
Cretaceous sediments in other Cretaceous basins of
Mongolia and China, e.g. the Songliao basin in North-
eastern China [Graham et al, 2001] and the Baganur
basin in the southern part of the Hentei dome [Dill et
al, 2004].The NW-N-S compression is evidenced by the
trends of the fold axes and activated reverse faults.

The Late Cretaceous sedimentation is associated
with post-rift thermal sinking [Johnson, 2004]. Starting
from the end of Cretaceous and in the Paleogene, the
study area was in tectonic quiescence, the terrain was
denudated, and the accumulation of sediments was
moderate. The Upper Cretaceous and Cenozoic sedi-
ments are positioned sub-horizontally with an angular
unconformity on the eroded surface of the Late Jurassic
- Early Cretaceous sediments. Their thickness, varying
from 150-200 m to 500-700 m, is significantly less
than the thickness of the synrift sediments [Yanshin,
1975]. The Cenozoic sediments are less thick and less
abundant than the Upper Cretaceous ones. In addition
to the Quaternary and recent sediments, the Cenozoic
section is mainly represented by the Paleocene, Eocene
and Lower Oligocene sediments. A distinctive feature of
the Upper Cretaceous sediments is their red colour.
The sediments are of the polyfacial genesis and include
proluvial, lacustrine, alluvial and lacustrine-alluvial de-
posits with thin layers of basalts. The Paleogene sedi-
ments are of the lacustrine, alluvial and lacustrine-
alluvial origin and have variegated and red colors.

The distribution of the sediments of the Upper Cre-
taceous-Paleogene cover reveals the Gobi basin, which
occupies the entire southeastern and southern part of
Mongolia and extends southward to the territory of
China [Yanshin, 1975].The South Gobi depression in-
cludes the Bulgan, Argalintin, Baindalai, Sangindalai,
Gunkhuduk, and Manlai basins and the Gurvansaikhan,
Khurkha, Tsetsei, Dzurumtai, and Yamata uplifts (see
Fig. 2, a).The NW and W-E trends are most typical of
these structures. In the East Gobi depression (see Fig.
2, b), the largest structures are the Saishand, Unegt,
Zuunbayan, Ulegei, and Galbyn-Gobi basins separated
by the Mantakh, Saikhandulan, Tsagan Subarga and
Totoshan uplifts. These structures trend in the NE and
W-E directions.

Most uplifts in Southeastern Mongolia are syndepo-
sitional and represented by the sedimentation source
areas, and the modern relief is plain-hilly. However,
some of these uplifts are either newly formed in the
Late Cenozoic (i.e. the recent stage) or have been acti-
vated and involved in the recent uplifting. The new/ac-
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tivated uplifts are characterized by the high- or low-
mountain, strongly dissected relief and bordered by
faults. In the study area, such structure is the eastern
termination the Gobi Altai, including the Gurvan-
Saikhan, Buryn Har and Hurhe Ula ridges. The Gobi Al-
tai is described in [Cunningham, 2007, 2010, 2013] as
the intracontinental transpression mountain building
zone, and its eastern termination is viewed as a re-
straining bend of horsetail splay termination zone of
the largest and longest Gobi-Tien Shan fault zone.

The Alpine-type relief Gurvan-Saikhan ridge sepa-
rates the Bayandalai and Bulgan basins. According to
[Yanshin, 1975], these basins developed from the single
structure in the Late Cretaceous - Paleogene, as evi-
denced by the similar sedimentation sections of both
basins and the lack of facial changes in the Upper Cre-
taceous - Paleogene sediments in the vicinity of the
ridge. The newly formed structure is the large part of
the Khurkh-Ula range (the Khurkhan uplift), as evi-
denced by the strongly dissected relief, antecedent val-
leys cutting through the ridge and the Lower and Upper
Cretaceous deposits in its southeastern part, raised and
dislocated on the sides of the ridge. Recent activity at
the edges of the Tsetsei, Dzurumtai and Yamata uplifts
is evidenced by clear fault scarps on their sides. In
South Gobi depression, the Late Cenozoic activation is
poorly manifested, and most of its uplifts are syndepo-
sitional. The traces of the Cenozoic activity are revealed
only at the Totoshan [Yanshin, 1975] and Tsagan Sub-
arga [Graham et al, 2001; Johnson, 2004; Webb, Johnson,
2006; Yue, Liou, 1999] uplifts. The Tsagan Subarga up-
lift is dissected in its central part, and the southern side
of its western half and the northern side of its eastern
half are bordered by the East Gobi fault zone (EGFZ)
originating from the Mesozoic, which currently sepa-
rates the Unegta and Zuunbayan basins.

4. ANALYSIS OF FAULT STRUCTURES, AND STRESS FIELD
RECONSTRUCTIONS

4.1. THE EAST GOBI DEPRESSION

Our field observations were focused on the sides of
the small Dalain-Khunda basin located east of EGFZ and
the faults bordering the small ridges of the Totoshan
uplift (Fig. 4, a, and Fig. 5). In this area, the main struc-
tures are NE-trending. Practically all the studied local
fault zones show reverse faulting and thrusting of the
crystalline basement over the Upper Cretaceous red
beds that fill the basin. One of the NE-trending scarps
located north of Erdene Somon (Fig. 5, a, and Fig. 6, a)
is the basin’s northern border. The main fault planes
along the scarp have a north-western and a northern
dip at angles from 25° to 45°. The fragmented cataclas-
tic crystalline rocks (crystalline schists and pegmatites)

thrust onto the Upper Cretaceous red sediments (argil-
lites) (Fig. 6, b). In the contact zones, the red sediments
were thermally hardened as a brick. By reconstructing
the stress tensors for the outcrops located in the con-
tact zones, compression regime with the N-S-trending
axis of the maximum compression is revealed, as well
as strike-slip regime with the WNW-ESE-trending axis
of maximum compression (Fig. 7, a, b, c; Table). For the
rear side of the thrust, the subhorizontal Lower Creta-
ceous sediment layers (interbedded brown, yellowish-
brown sandstones, conglomerates, and gravelites) and
the crystalline basement rocks show the relationships
of two types. The sediments overlay the crystalline
basement rocks at low angles, and, at the same time,
there is a steep tectonic contact (340°«£80°) that may
represent a rift-forming fault on the ground surface.
Based on the analysis of tectonic fracturing, the NW-
trending extension regime is reconstructed for this
zone (Fig. 7, d; see Table).

The scarp bordering the southern side of the basin
strikes NE to ENE (see Fig. 4, a, and Fig. 5, b, ¢, d). Prac-
tically everywhere along this scarp, the crystalline
basement rocks thrust onto the Upper Cretaceous red
sediments (sandstones, gravelites, and conglomerates)
(see Fig. 6, ¢, d, e, and Fig. 8, a, b, c, d, e). The dip direc-
tion of the main fault planes vary from 120°-150° to
180° with the change of the scarp’s strike from western
fault segment to eastern one. Both reverse- (Fig. 8, d, €)
and thrust-type displacements (Fig. 8, a, b) are ob-
served along the fault zone, and the dip angles change
from steep to very low-angle. Cataclasites, tectonic
breccias (kakirites), zones of rock crushing (to tectonic
flour), gouge, and thin weathering gouge layers are
typical for the contract zones (Fig. 6, ¢, and Fig. 8, b, e).
In some places, the sediment layers are turned up un-
derneath the thrust plane, and the layers dip at angles
varying from 1-2° at a distance from the contact to 30-
45° directly at the contact (N and NW dip). No evident
strike-slip displacements were observed in the fault
zones. The stress field reconstructions show mainly
compression and transpression regimes with the NW
and N-S axes of compression (Fig. 7, f, g, Fig. 9, a, b, d, e,
f; see Table). There are a few reconstructions of strike-
slip and compression regimes with the NE axes of com-
pression (Fig. 7, e, Fig. 9, ¢; see Table). Due to the fact
that the Upper Cretaceous red sediments are displaced,
but there is no deformation of the Cenozoic sediments,
the upper age limit for the observed deformation can-
not be specified, while the lower limit may be dated as
the post-Late Cretaceous. The Cenozoic age of the basin
is suggested by the fact that the propagation of the Up-
per Paleogene sediments was controlled by the faults
bordering the basin, and the border scarp are quite
straight and weakly eroded. The indicators of the
Late Cenozoic activity are traceable east of Erdene So-
mon wherein the local erosional network is actively
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Fig. 4. Spot (Google Earth) satellite images of the study area: (a) - Erdene Somon vicinities (East Gobi depression), (b) -
NomgonSomon vicinities (South Gobi depression); (¢) - Dalan-Dzadgad vicinities (South Gobi depression). Fault scarps are
shown by dashed lines and arrows. Locations of (a), (b) and (c) images are shown in Fig. 2. Positions of Fig. 5 (a), (), (¢), (d),
Fig. 10, Fig. 11 (a), (b), (c), (d) and Fig. 16 (a), (b), (c), (d) are shown by boxes.

Puc. 4. 0630pHble KOocMUYeckre CHUMKU «Spot» (Google Earth) palioHOB ucciefoBaHui: (d) - OKPECTHOCTH COMOHA
IpasHa (BocrouHo-T'obuiickas genpeccust); (b) - okpectHoctu comoHa Homron (H0xxHo-T'o6uiickas genpeccus); (c) - ok-
pectHOCTH T. [lanaH-/[3aaray (l0:xHo-T'oGuiickas menpeccusi). YCTynbl aKTUBHBIX Pa3/IOMOB 0603HAY€HbI MyHKTUPHBIMU
JIMHUSIMU U cTpesikaMi. [losoxkeHne pucyHkoB (a), (b), (c), (d) nokasaHo Ha puc. 2. [IpAMOyroJbHUKaMH I0Ka3aHO pacro-
Jaoxenue puc. 5 (a), (b), (¢), (d), puc. 10, puc. 11 (a), (b), (¢c), (d), puc. 16 (a), (b), (c), (d)-
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(a) North

Photo 1

(C) East

Photo 3

Fig. 6. Cenozoic deformation near the northern fault bordering the Dalain-Khunda basin (north of Erdene Somon): (a) -
view of the scarp from south, (b) - thrust contact of the crystalline basement rocks and Upper Cretaceous sediments; (¢), (d),
(e) - Cenozoic deformation near the southern fault bordering the Dalain-Khunda basin (south of Erdene Somon): (c) - view
of the scarp, (d) - thrust contact of the crystalline basement rocks and Upper Cretaceous sediments, (e) - weathering gouge
zone at the contact. See the locations in Fig. 5.

Puc. 6. KaiiHo30¥ckue nedopmanyu B 30He CeBEPHOTo 6opToBOro passoma JanaitH-XyHIuilckod BrauHbI (K CEBEPY OT
coMoHa Jp/i3H3): (a) - BUJ HA YCTYI C 1013, (b) - HAABUTOBBIM KOHTAKT NMOPOJ, KPUCTA/IMYECKOTO OCHOBAHHUS U BepxHeEMe-
JI0BBIX OoTJ0KeHuH; (c), (d), (€) - kaliHOo30¥cKue JedopMany B 30HE I0XKHOTO GOPTOBOTO passioMa JlanaiH-XyHANNCKON
BNaJMHBI (K IOI'Y OT COMOHA JpAA3H3): (¢) - BUA Ha ycTy, (d) - HaiBUTOBBIA KOHTAKT NOPO/J, KPUCTAJINYECKOT0 OCHOBAHHUS
Y BEPXHEMEJIOBBIX OTJIOKEHHH, (e) — Kopa BbIBETPUBAHHUs B 30He KOHTAKTa. MecTonoJioxkeHue $pOTO MOKa3aHO Ha PUC. 5.
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Fig. 7. Paleostress reconstructions for fault zones in the Dalain-Khunda basin. Stereograms - Wulff net, upper hemisphere.
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Puc. 7. PeKOHCTPYKL MU NaJleOHANPSXKeHWU B 30Hax pasyioMoB JlanalH-XyHAMKWCKON BnaZuHbl. CTepeorpaMMbl — ceTKa
Byabda, BepxHss nosycdepa. [McTorpaMMbl NOKa3bIBalOT OTKJIOHEHHUS (P) HAG/II0JaEMOTO CKOBXKEHUS OT TEOPETHUYECKO-
ro AJs KaXKJ0M NJIOCKOCTH pa3pbiBa. Kpy>xkoM 0603HayeHa OCb CXKaTHSA 01, TPEYTOJbHUKOM — INPOMEXYTOYHasl OCb Oy,
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HbIX HOpMaJ/IbHBIX Hanps:xeHU. HoMep cTpecc-TeH30pa COOTBETCTBYET HOMePY TOYKH HaO/II0J,eHHUS Ha puc. 5.
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developing. On the 2.5x3.0 km site at the southeastern
side of the Dalayn-Khunda basin, we observed a new
network of small gullies in the center and dry washes
(locally named ‘sairs’) cutting the perimeter of the low-
amplitude uplift (Fig. 10). On the same site, along layer
detachment was observed in the gently dipping Upper
Cretaceous red sediments (Fig. 8, f).The stress field re-
construction shows transpression regime with the N-S-
trending axis of maximum compression (Fig. 9, h; see
Table).

4.2. THE SOUTH GOBI DEPRESSION

We studied fault zones bordering the Gurvan-
Saikhan and Khurkhe-Ula ridges, some small ranges
and forebergs in the surrounding areas, as well as ac-
tive fault zones traceable in the inner field of the Gunk-
huduk basin (Fig. 4, b, c).

The NE and SW sides of the NW-trending Khurkhe
uplift are bordered by faults (Fig.4, b, and Fig. 11). Be-
sides the NW-striking faults, we observed the W-E
faults, the largest of which goes across the central part
of the Khurkhe-Ula ridge (Fig. 11, a). In this fault zone,
the left-lateral displacements of temporary water
stream valleys amount to 30-35 m (Fig. 12, a). The
fault is steeply dipping, 80 to 90°, and its main plane
dips to S and S-SW. The stress field reconstructions for
the observation points along this fault zone show
strike-slip conditions regime with the NE-trending axis
of compression (Fig. 13, g, b, c; see Table).

Our studies of the NE slope of the Khurkhe-Ula
ridge, that borders the Sangindalai basin (see Fig. 11, g,
b), revealed mainly thrust-type and reverse displace-
ments along the NW-striking faults (Fig. 12, b to g). The
faults are marked by cataclastic and crushed rocks and
weathering gouge (Fig. 12, ¢, g). The bordering fault
planes dip in the SW direction, underneath the ridge, at
the angles from 45° to 85°. In some places, we observed
the crystalline basement thrust onto the Mesozoic (Cre-
taceous) sediments. A thrust of granite onto loose con-
glomerates was discovered near the Mogoin-Khuduk
site (Fig. 12, b, ¢, d). The S-SW dipping thrust plane is
accompanied by a linear weathering gouge zone (to
2 m thick), and its dip angle ranges from 30° to 18°
(Fig. 12, c¢). In the same area, the Mesozoic conglome-
rates overthrust onto the Quaternary terrace, and the
fault plane dips at 225°267°. Along the SW side of the
Sangiyndalai basin, there are dry water stream valleys
with weakly cemented sandstones, conglomerates and
gravelites, which are disturbed by steeply dipping rock
crushing zones and along layer disruptions, with obvi-
ous reverse displacements at some locations (Fig. 12,
h). The fault planes dip to SW (the dip azimuth of 215-
230°) at the angles of 58-75°. As we approach the sides
of the basin, we observe the twisting of sedimentary
layers (the dip azimuth of 185-220° with the angles
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from 28 to 65°). For the fault zones at the NE side of the
Khurkhe-Ula ridge, the stress field reconstructions
show transpression, compression and strike-slip re-
gimes with the dominating NE trend of maximum com-
pression (Fig. 13, d to k; see Table 1). The SW side of
the Khurkhe uplift is clearly bordered by the fault
(Fig. 11, c). Based on the tectonic fracturing in the
Paleozoic rock outcrops along the NW-striking scarp,
the stress field reconstruction shows compression and
strike-slip regimes with the NE-trending axis of com-
pression (Fig. 14, a, b, ¢, f; see Table).

The Gunkhuduk basin is located south of the Khurk-
he-Ula ridge. On the Bordzongiyn Gobi site located at
the northern side of this basin, we observed a series of
W-E and NW-trending scarps that deform the gently
sloping plain (see Fig. 4, b, Fig. 11, ¢, d, and Fig. 15, a to
d). Practically everywhere near the scarps, there are
the outlets of relatively large water springs. The north
wall of the fault is uplifted. The scarp height varies
from 0.5 to 1.3 m along the strike. The left-lateral shear
amplitude of the dry water stream valleys ranges from
to 1.5 to 9.0 m (Fig. 15, b, c). Further eastward, this se-
ries of scarps is conjugated with the faults bordering
the SW side of the Khurkhe-Ula ridge. The stress field
reconstructions for several Paleozoic rock outcrops
along the scarp show compression, transpression and
strike-slip conditions regimes with the NE and N-S axes
of compression (Fig. 14, ¢, d, g, h; see Table).

Our studies of active faults bordering the Gurvan-
Saikhan uplift were carried out in its eastern termina-
tion near the town of Dalan-Dzadgad (see Fig. 4, ¢, and
Fig. 16). At the southern side of the uplift, there is the
W-E fault zone north of the Khurmen Somon, wherein
we observed a well-defined scarp that is generally
trending at 295° (Fig. 16, a). The fault zone along the
scarp is marked by tectonites, mylonites, tectonic brec-
cias (kakirites), and higher density of fractures. Its total
thickness is not less than 500 m. The fault is rather
steeply dipping (70-80°). Along the strike of the scarp,
the local water stream valleys are left-laterally shifted
by 100-150 m. The foreberg located further to the
south and penetrating the northern side of the Bainda-
lai basin, is clearly bordered at the north by the faults,
which main planes dip to the south (Fig. 16, a, and
Fig. 17, a). The stress field reconstructions for these
fault zones shows strike-slip, transpression and com-
pression regimes with the NE-trending axis of com-
pression (Fig. 18, a to e; see Table).

Resent (Holocene) deformations were revealed in
the eastern termination of the Gurvan-Saikhan uplift
(Fig. 16, b; Fig. 17, b, c). In this area, at the southern
slope of the small W-E foreberg, we observed the thrust
of mylonitized basic rocks onto the Quaternary diluvi-
um sediments of the slope (Fig. 17, b). The fault zone is
marked by a linear weathering gouge zone. The main
fault planes dip to N and NE at the angles of 65-44°.
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Paleostress reconstruction results

Pe3y1bTaThl pEKOHCTPYKIUIA a/leOHATIPSKEHU I

Site Long Lat Location Stratigraphy Structure n nt
1 2 3 4 5 6 7 8

10m8-1a 111 06 45.6 4430 04.5 Erdene nothern Dalain-Khunda fault 12 30
10m8-1b 111 06 45.6 443004.5  Erdene nothern Dalain-Khunda fault 6 30
10m8-2 11107 04.6 4430104 Erdene Upper Cretaceous nothern Dalain-Khunda fault 11 20
10m8-4 1111008.1 4423 36.0 Erdene Lower Cretaceous  southern Dalain-Khunda fault 16 29
10m8-5 11109 42.1 4423 26.0 Erdene southern Dalain-Khunda fault 14 21
10m8-6 111 09 19.0 4423249 Erdene southern Dalain-Khunda fault 9 11
10m9-1a 111 04 00.1 442219.3 Erdene southern Dalain-Khunda fault 14 33
10m9-1b 111 04 00.1 442219.3 Erdene southern Dalain-Khunda fault 6 33
10m9-2 11102 25.7 4421599 Erdene southern Dalain-Khunda fault 14 22
10m9-3 11101134 4421384 Erdene southern Dalain-Khunda fault 5 13
10m9-4 11052 40.5 4418 08.6 Erdene Upper Cretaceous southern Dalain-Khunda fault 28 30
10m9-5 11047 50.7 4414528 Erdene Upper Cretaceous southern Dalain-Khunda fault 20 21
10m10-1 11112 06.6 44 25 07.7 Erdene Upper Cretaceous southern Dalain-Khunda fault 6 16
10m10-2 111 08 05.6 44 30 28.4 Erdene Upper Cretaceous southern Dalain-Khunda fault 8 9

11m3-1a 105 30 06.7 423751.2 Nomgon W-E Khurkhe-Ula fault 18 64
11m3-1b 105 30 06.7 423751.2 Nomgon W-E Khurkhe-Ula fault 10 64
11m3-2 105 30 28.7 423747.6  Nomgon W-E Khurkhe-Ula fault 20 28
11m3-4 10533 24.8 423834.3 Nomgon NW Sangindalai thrust 12 19
11m3-5 10533 31.7 4238309 Nomgon NW Sangindalai thrust 10 23
11m4-1 10529 39.2 42 3821.6 Nomgon NW Sangindalai fault 19 31
11m4-2 10524 54.8 42 4010.7 Nomgon NW Sangindalai fault 25 41
11m4-3a 105 23 56.1 42 40 39.7 Nomgon NW Sangindalai fault 11 47
11m4-3b 105 23 56.1 42 40 39.7 Nomgon NW Sangindalai fault 14 47
11m4-4 10522 18.4 4242369  Nomgon Cretaceous NW Sangindalai fault 15 17
11m4-5 10521 02.6 42 44 18.1 Nomgon NW Sangindalai fault 7 8

11m5-1a 10506 04.8 4241564 Nomgon NW Khurkhe-Ula fault 32 58
11m5-1b 10506 04.8 4241564 Nomgon NW Khurkhe-Ula fault 9 58
11m5-2 10501 28.4 42 3820.0 Nomgon Quaternary W-E Bordzongiyn Gobi fault 11 29
11m5-3 1050152.2 4238124 Nomgon W-E Bordzongiyn Gobi fault 9 13
11m5-4a 105 06 05.0 42 42 04.9 Nomgon NW Khurkhe-Ula fault 10 32
11m5-4b 105 06 05.0 42 42 04.9 Nomgon NW Khurkhe-Ula fault 8 32
11mé6-3a 10518 30.1 42 34 54.7 Nomgon W-E Bordzongiyn Gobi fault 18 45
11m6-3b 10518 30.1 4234 54.7 Nomgon W-E Bordzongiyn Gobi fault 7 45
11m7-1a 104 09 03.6 432316.6 Dalan Dzadgad W-E southern Gurvan-Saikhan fault 5 53
11m7-1b 104 09 03.6 4323 16.6 Dalan Dzadgad W-E southern Gurvan-Saikhan fault 15 53
11m7-2a 104 10 14.7 432302.6 Dalan Dzadgad W-E southern Gurvan-Saikhan fault 11 29
11m7-2b 104 10 14.7 432302.6 Dalan Dzadgad W-E southern Gurvan-Saikhan fault 5 29
11m7-3 104 11 27.9 4322 24.1 Dalan Dzadgad W-E Gurvan-Saikhan foreberg 11 17
11m8-1a 104 2013.1 432800.0 Dalan Dzadgad W-E Gurvan-Saikhan fault 18 34
11m8-1b 104 2013.1 432800.0  Dalan Dzadgad W-E Gurvan-Saikhan fault 4 34
11m8-2 104 19 36.7 4327389 Dalan Dzadgad W-E Gurvan-Saikhan fault 13 32
11m8-3 10420 41.3 432751.6 Dalan Dzadgad W-E Gurvan-Saikhan fault 20 22
11m8-4a 104 22 35.1 432742.2 Dalan Dzadgad W-E Gurvan-Saikhan thrust 5 9

11m8-4b 104 22 35.1 432742.2 Dalan Dzadgad W-E Gurvan-Saikhan thrust 4 9

11m8-6 104 42 41.4 4326223 Dalan Dzadgad W-E Tsetsei foreberg 6 10
11m9-1a 104 43 08.5 4326 22.1 Dalan Dzadgad W-E Tsetsei foreberg 14 45
11m9-1b 104 43 08.5 432622.1  Dalan Dzadgad W-E Tsetsei foreberg 16 45
11m9-2a 104 42 25.6 4326228 Dalan Dzadgad W-E Tsetsei foreberg 5 13
11m9-2b 104 42 25.6 4326228 Dalan Dzadgad W-E Tsetsei foreberg 4 13

N o t e. n - number of data used; nt - total number of measured data; o1, 62, 03 - stress axes; pl - plunge, az - azimuth; R - stress ratio; SHmax

- horizontal maximum compressional axes; SHmin - horizontal minimum compressional axes; R': stress regime index; F5 - misfit optimiza-

tion function (http://www.damiendelvaux.be/Tensor/UserGuides/user-guides.html).

[IpuMedyaHH e n - KOJIUIECTBO TPELIUH, UCNIOIb30BAaHHBIX JJIs1 PEKOHCTPYKIMY; nt — 061liee KOJIMYECTBO TPEIIUH B HA6OPe; 01, 02, 03
- IJIaBHbIE OCH HaNpsKeHUH; pl — yros1 morpy>KeHus oCH; az — a3UMyT NorpykeHus ocy; R — koapdunueHT crpecc-TeH30pa; SHmax — Makcu-
MaJIbHOe TOPU30HTa/IbHOE HanpsikeHue; SHmin - MUHUMa/bHOE TOPU30HTalbHOE HamnpshkeHue; R’ - uHaekc pexxuma Hanpspkenuit; F5 -
¢ynkuusa ontumusanuu (http://www.damiendelvaux.be/Tensor/UserGuides/user-guides.html).
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o1pl o1az ozpl 02az o3pl 03az R SHmax  SHmin R’ Stress Regime Fct Fct_Val
9 10 11 12 13 14 15 16 17 18 19 20 21
20 97 68 250 9 4 0.39 95 5 1.61 Pure STRIKE-SLIP F5 4.7
78 42 12 236 3 145 0.68 55 145 0.68 Pure EXTENSIONAL F5 9.2
1 1 2 271 88 125 0.53 1 91 2.53 Pure COMPRESSIONAL F5 1.5
5 27 0 117 85 211 0.75 27 117 2.75 Pure COMPRESSIONAL F5 7.5
2 178 1 268 88 36 0.6 177 87 2.6 Pure COMPRESSIONAL F5 9.2
8 10 0 100 82 190 0.53 10 100 2.53 Pure COMPRESSIONAL F5 2.1
7 185 2 275 82 22 0.45 4 94 2.45 Pure COMPRESSIONAL F5 5
4 30 58 293 32 123 0.67 32 122 1.33 Pure STRIKE-SLIP F5 5.9
2 180 12 270 78 82 0.05 180 90 2.05 Strike-slip COMPRESSIONAL F5 2.2
10 137 6 46 78 285 0.57 138 48 2.57 Pure COMPRESSIONAL F5 44
21 321 40 212 42 72 0.75 154 64 2.75 Oblique COMPRESSIVE F5 8.2
19 227 70 28 6 135 0.5 45 135 1.5 Pure STRIKE-SLIP F5 0.8
5 9 10 278 79 123 0.01 8 98 2.01 Strike-slip COMPRESSIONAL F5 1.2
21 346 3 77 69 175 0.35 165 75 2.35 Pure COMPRESSIONAL F5 2.8
13 240 77 68 2 331 0.75 60 150 1.25 Extensional STRIKE-SLIP F5 4.6
13 189 65 309 21 94 0.59 6 96 1.41 Pure STRIKE-SLIP F5 6.3
5 243 79 359 10 152 0.36 62 152 1.64 Pure STRIKE-SLIP F5 4.6
2 5 8 95 82 263 0.29 4 94 2.29 Pure COMPRESSIONAL F5 1.2
11 40 76 179 9 308 0.5 39 129 1.5 Pure STRIKE-SLIP F5 4.4
6 66 8 335 80 192 0 65 155 2 Strike-slip COMPRESSIONAL F5 6
14 201 62 83 24 297 0.16 21 111 1.84 Compressional STRIKE-SLIP F5 2.8
30 350 26 244 49 120 0.64 11 101 2.64 Oblique COMPRESSIVE F5 10.2
6 181 73 71 16 273 0.41 2 92 1.59 Pure STRIKE-SLIP F5 5.1
1 63 37 154 53 331 0.12 62 152 2.12 Strike-slip COMPRESSIONAL F5 2.5
12 60 36 321 51 166 0.04 60 150 2.04 Strike-slip COMPRESSIONAL F5 5.7
5 203 24 111 65 305 0.15 23 113 2.15 Strike-slip COMPRESSIONAL F5 6.6
17 60 25 322 59 181 0.41 65 155 241 Pure COMPRESSIONAL F5 5.4
7 357 0 87 83 180 0.59 177 87 2.59 Pure COMPRESSIONAL F5 5.9
1 82 63 350 27 173 0.04 82 172 1.96 Compressional STRIKE-SLIP F5 0.6
14 250 2 160 76 61 0.63 71 161 2.63 Pure COMPRESSIONAL F5 7.3
6 58 81 193 6 327 0.6 57 147 1.4 Pure STRIKE-SLIP F5 3.8
30 204 53 345 19 103 0.66 16 106 1.34 Pure STRIKE-SLIP F5 8.9
25 31 41 277 39 143 0.26 34 124 1.74 Oblique COMPRESSIVE F5 49
12 186 3 277 78 19 0.5 5 95 2.5 Pure COMPRESSIONAL F5 5
11 251 74 119 11 343 0.33 71 161 1.67 Pure STRIKE-SLIP F5 52
0 230 11 140 79 322 0.34 49 139 2.34 Pure COMPRESSIONAL F5 9.3
31 84 56 291 13 182 0.33 86 176 1.67 Pure STRIKE-SLIP F5 2.6
18 237 19 333 63 106 0.03 56 146 2.03 Strike-slip COMPRESSIONAL F5 2.4
5 62 76 312 13 153 0.6 62 152 1.4 Pure STRIKE-SLIP F5 6.4
6 20 38 115 51 282 0.38 18 108 2.38 Pure COMPRESSIONAL F5 1.6
1 20 11 110 79 283 0.7 20 110 2.7 Pure COMPRESSIONAL F5 5

1 252 61 343 29 161 0.33 71 161 1.67 Pure STRIKE-SLIP F5 2.4
3 186 3 276 86 47 0.76 5 95 2.76 Radial COMPRESSIONAL F5 6.1
15 273 64 37 20 177 0.49 89 179 1.51 Pure STRIKE-SLIP F5 2.5
1 174 2 84 88 285 0.5 174 84 2.5 Pure COMPRESSIONAL F5 6
13 11 1 281 77 189 0.69 11 101 2.69 Pure COMPRESSIONAL F5 6.8
36 237 52 79 11 335 0.64 62 152 1.36 Pure STRIKE-SLIP F5 5.2
20 248 27 348 55 127 0.48 60 150 2.48 Pure COMPRESSIONAL F5 7.5
25 55 53 184 25 313 0.3 51 141 1.7 Pure STRIKE-SLIP F5 0.9
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Fig. 8. Cenozoic deformation near the southern fault bordering the Dalain-Khunda basin (southwest of Erdene Somon):
(a) - thrust of the crystalline basement rocks onto the Upper Cretaceous sediments, (b) - thrust contact zone, (c) - view of
the scarp in the north, (d) - reverse-type displacement of the crystalline basement rocks onto the Upper Cretaceous sedi-
ments, (e) - reverse fault with the weathering gouge zone, (f) - along the layer detachmentin the Upper Cretaceous red se-
diments with crushed and mixed rocks (east of Erdene Somon). See the locations in Fig. 5 and 10.

Puc. 8. KaitHo3olickue gedopMannu B 30He 10KHOT0 60pTOBOro passoma JanaiiH-XyHANINCKON BlIaAMHBI (K I0T0-3aNa/y OT
coMOHa 3pA3H3): (a) — HAZABUT MOPOJ KPUCTAJIMYECKOT0 OCHOBAHHS HA BepXHEMeJIOBbIe OTJIOXKeHUs, (b) - 30Ha HaZBUTO-
BOI'0 KOHTAKTa, (€) — BUA Ha YCTyT C ceBepa, (d) - B3Gpoc NopoJ, KPUCTALJINYECKOI0 OCHOBAaHHSI HA BepXHEMeJIOBbIE OTJIO-
»KeHHs, (e) - 30Ha B3GPOCOBOro KOHTAKTA C IMHEHHOU KOpo# BbIBeTpUBaHUS, (f) - MOC/I0MHBIE CPBIBBI C pa3po6JIeHHOH U
3aKaTAaHHOH MeX/y C/1I0SIMU Maccoi NOpoJ B BepXHEMEJIOBBIX OT/I0XKEHHUAX (K BOCTOKY OT COMOHa Jp/i9H3). MecTonoJioxe-
Hue $OTO nokaszaHo Ha puc. 5 u 10.
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I Fig. 9. Paleostress reconstructions for fault zones in the Dalain-Khunda basin. Numbers of stress tensors correspond to the

numbers of observation points in Fig. 5 and Fig. 10.

I Puc. 9. PekoHCTpyKLUY NajleOHANPsKEHUH B 30HaX pa3/ioMoB JanalH-XyHulckol BnaguHbl. Homep cTpecc-TeH30pa co-

OTBETCTBYeT HOMepy TOUKHU HabJIt0/ieHHs Ha puc. 5 1 puc. 10.

The stress field reconstructions for the Paleozoic rock
outcrops along the scarp show strike-slip, compression
and transpression regimes with the NE-trending axis
of compression (Fig. 18, f, g, h; Fig. 19, a, b, c; see
Table).

The W-E-trending Tsetsei uplift located east of the
Gurvan-Saikhan uplift is syndepositional in relation to
the Mesozoic basins in this region [Yanshin, 1975] (see
Fig. 4, c). Its southern side was activated in the Cenozo-
ic as evidenced by clear fault scarps bordering some
ranges in the south, as well as the forebergs that ‘cut’
the northern side of the Argalint basin. Near the Khan-

Ula mountain, the southern side of the basic rock block
is overlain by the Cenozoic (50 Ma) basalts and dis-
placed by the two W-E-striking left-lateral strike-slip
faults (Fig. 16, c).The offset is about 60 m along the
northern fault branch and 250 m along the southern
fault branch. The northern block is raised relative to
the southern one, which indicates a reverse component
of displacement along the fault. Left-lateral horizontal
displacement with reverse component where found
along southern boundary of the small W-E-trending
ridge-forberg located at a distance of 6.0 km south
(Fig. 16, d).The scarp is 3.0 to 4.0 m high. The tempo-
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10m10-1

I Fig. 10. Fragments of Spot (Google Earth) satellite images showing the erosional pattern near the southern fault bordering

the Dalain-Khunda basin (east of Erdene Somon).

Puc. 10. ®parmeHTHI KOCMUYeCKUX CHUMKOB «Spot» (Google Earth), moka3biBatonue ¢popMUpoBaHUEe 3PO3UOHHON CETH B
30He I0’KHOTr0 60pTOBOTO pasJioMa JlanaliH-XyHANNRCKON BIaJAVHBI K BOCTOKY OT COMOHA JP/I3H3.

rary water stream valleys are shifted, and the left-
lateral strike-slip component amounts are to 6.0-7.0 m
(Fig. 17, d). The stress field reconstructions for this
fault zone show compression and strike-slip regimes
with the NE-trending and N-S axes of compression (Fig.
19, d to h; see Table).

5. DISCUSSION

Comparing the data on the geological development
of the East and South Gobi depressions suggests a simi-
lar history of the evolution of these two neighbouring
areas in the Late Jurassic - Early Cretaceous (rifting)
and Late Cretaceous - Paleogene (tectonic quiescence).

872

Later on, in the Cenozoic, the depressions were active-
ted in completely different modes.

In the Cenozoic, the East Gobi depression was in tec-
tonic quiescence in the Late Cretaceous - Paleogene
[Yanshin, 1975], on the one side. On the other side,
there is evidence of the active left-lateral strike-slip
displacements along in the East Gobi fault zone (EGFZ)
in the Tertiary period [Graham et al, 2001; Johnson,
2004; Webb, Johnson, 2006; Yue, Liou, 1999]. According
to [Johnson, 2004; Webb, Johnson, 2006], EGFZ displaced
both the synrift Late Jurassic - Early Cretaceous sedi-
ments of the Dzunbai and Unegt basins and the uncon-
formable surface between the Lower and Upper Creta-
ceous sediments. Besides, it displaced and deformed
the overlying Upper Cretaceous — Cenozoic sediments.
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{e)] Photo14  sSE

e - Cretac
“Qallavium - oous €onglomeragag

(f) Photo 16

D E T i ok ™ Photo 18

Fig. 12. Late Cenozoic deformation in active fault zones in the northeastern side of the Khurkhe-Ula uplift. (a) - left-lateral
strike-slip along the W-E fault; (b) - fragments of Spot (Google Earth) satellite images near the Mogoin-Khuduk site; (c) -
weathering gouge zone at the thrust contact; (d) - thrust of the crystalline basement rocks onto the loose Mesozoic con-
glomerates; (e) - view of the NW-trending scarp from the east in the northeastern side of the Khurkhe-Ula uplift; (f), (g) -
crushed rock zone at the base of the NW-trending scarp; (h) - deformation of poorly cemented conglomerates in the south-
western side of the Sangiyndalai basin. See the locations in Fig. 11, (a), (b).

Puc. 12. /lepopmanuu B 30HaX aKTUBHBIX PA3JIOMOB CEBEPO-BOCTOYHOTO GOpTa MOAHATHUS Xypxa-Yia. (a) - JIeBOCTOPOH-
HUM CJIBUT 1O CYyGIIMPOTHOMY passioMy, (b) - dparmeHT kocMudeckoro cHuMKa «Spot» (Google Earth) okpecTHOCTH TOYKM
Ha6srofenuss Moroiu-Xyayk, (c) - iMHellHasg Kopa BbIBETPHUBAHHUS B 30HE HAJBUIOBOI'0 KOHTAaKTa, (d) - HaABUT NMOPOJ,
KPUCTA/JINYECKOTO OCHOBAHHUS Ha PbIXJIble Me3030MCcKHe KOHIJIOMepaThl, (e) — BUJL ¢ BOCTOKA Ha YCTYI CeBepO-3aMajgHoro
MPOCTUPAHUS B CEBEPO-BOCTOYHOM 60pTY nogHATHS Xypxa-Yia, (f), (g) - 30Ha ApobJieHHs U KaTak/a3a B OCHOBAHUH YCTY-
1a ceBepo-3anaZHoro npoctupanus, (h) -gebopmanuu B c1abocLieMeHTUPOBAHHBIX KOHIJIOMepaTax oro-3anaJiHoro 6opra
CaHruiHgananckou BnaauHbl. MectomnoJioxeHue ¢poTo nokasaHo Ha puc. 11, (a), (b).
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Fig. 13. Paleostress reconstructions for active fault zones in the northeastern slope of the Khurkhe-Ula uplift. Numbers of
stress tensors correspond to the numbers of observation points in Fig. 11, (a), (b).

Puc. 13. PeKoHCTpYyKLUHUM Na/l€OHANPS)KEHUH B 30HAX aKTUBHBIX Pa3/IOMOB CEBEPO-BOCTOYHOr'O CKJIOHA MOJHATHS XypXa-
Yna. HoMep cTpecc-TeH30pa COOTBETCTBYET HOMePY TOUKHM Hab/10AeHUs Ha puc. 11, (a), (b).
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| Puc. 13 (oxonuanue)

The strike-slip kinematics of displacements along the
fault zone is evidenced by the contrasting sediment
formations across the fault strike [Johnson, 2004] and
the stress field reconstructions showing strike-slip re-
gime in the Tsagan Subarga uplift (Tsagan-Suburga,
Tavan-Khar, Ulgei-Khid ridges) [Webb, Johnson, 2006].
The axes of compression and extension trend in the
NNW and ENE directions, respectively (see the stress
tensors marked in grey in Fig. 20). In [Webb, Johnson,
2006], the strike-slip amplitude is estimated at 100-
150 km by displacement of Low Cretaceous markers
and dated Cenozoic, similar to [Darby et al, 2005]. Ac-
cording to [Darby et al, 2005; Yue, Liou, 1999], it is as-
sumed a kinematic relation between EGFZ and the
Altyn Tagh fault through the system of left-lateral
strike-slip faults in the Alxa region located north and
northeast of Tibet. According to [Yue, Liou, 1999], the
EGFZ, the Altyn Tagh and Alxa faults had developed as
a single fault system since the Oligocene. The system
ceased its activity 13-16 Ma ago as the left-lateral
strike-slip displacements along the Altyn Tagh fault
were transfered to thrusting, crustal shortening and
uplifting in the Qilian Shan region. The Early Cenozoic
displacement along EGFZ is estimated by [Yue, Liou,
1999] as about 400 km. According to [Darby et al,
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2005], strike-slip faulting developed in the Alxa region
in two stages. In the post Cretaceous - pre-Middle Mio-
cene stage, large amplitude left-lateral strike-slip dis-
placements took place along the Altyn Tagh fault and
the system of the Alxa left-lateral strike-slip faults (i.e.
the NE-trending continuation of Altyn Tagh fault). Fur-
ther to NE, left-lateral strike-slip displacements where
either transferred to EGFZ or transformed into normal
faulting in the Periordos rift system. The Upper
Cretaceous markers show the offset amplitudes of
70-150 km [Darby et al, 2005]. In the post Miocene -
recent stage, there are the left-lateral strike-slip faults
of limited amplitudes (less than 3.0 km) in the Alxa re-
gion and lower rates of strike-slip displacements along
the Altyn Tagh fault as the left-lateral strike-slip in the
Altyn Tagh fault was accommodated by thrusting in the
Qilian Shan region. According to [Webb, Johnson, 2006],
the redistribution of deformation in the NE periphery
of the Indo-Asian collision zone correlates with
changes in the boundary conditions at another inter-
plate boundary, specifically the replacement of trans-
tension with transpression in the NE segment of the
Western Pacific interplate boundary in the Late Mio-
cene [Worrall et al, 1996]. This may also be a cause of
EGFZ inactivity since the Late Miocene.
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Fig. 14. Paleostress reconstructions for active fault zones in the northwestern slope of the Khurkhe-Ula uplift and the
northwestern side of the Gunkhuduk basin (Bordzongiyn Gobi site). The numbers of stress tensors correspond to the num-

bers of observation points in Fig. 11, (¢), (d).

Puc. 14. PeKOHCTpYKLIMY NaJleOHANPSXKEHUN B 30HAaX aKTUBHBIX Pa3/IOMOB I0T0-3alaIHOTO CKJIOHA NOAHATUA XypXxa-Yia u
ceBepo-3anaiHoro 6opta 'yHXyAyKCcKoM BnaauHbl (ypouuine Bopa3zouruitn-I'oo6u). Homep ctpecc-TeH30pa COOTBETCTBYET

HOMepy TOYKM HabJtoAeHus Ha puc. 11, (c), (d).
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h-0.5-0.7m

Photo 21

Fig. 15. Late Cenozoic deformation in active fault zones in the northwestern side of the Gunkhuduk basin (Bordzongiyn Gobi
site). (a) - fragment of theSpot (Google Earth) image of one of the W-E scarps across the low-angle plain (the location is
shown in Fig. 11 (c)), (b) - W-E scarp, (c) - left-lateral strike-slip of the temporary stream valley, (d) - view of one of the
W-E scarps from the south. See the locations in Fig. 11 (c), (d).

Puc. 15. JlepopMauuu B 30HaxX aKTUBHBIX Pa3/iOMOB ceBepo-3anafHoro 6opra 'yHxyaykckod BnaguHbl (ypouuite Bop-
A30HTUMH-T'061): (a) - dparMeHT KocMUYecKOoro cHUMKa «Spot» (Google Earth) ofHOro U3 cy6GUIMPOTHBIX YCTYIIOB, Nepe-
CeKallINX HAKJIOHHYI0 PaBHUHY 63.J1b (OJI0XKEHKWE PUCYHKa MoKa3aHo Ha puc. 11, (c)), (b) - ycTyn cyOGIIMPOTHOTrO MPOCTH-
paHus, (¢) - IeBOCTOPOHHUM CABUT JIOJMHBI BpEMEHHOT0 BOJOTOKa, (d) — BUJ Ha OAUH M3 CYOGIIMPOTHBIX YCTYINOB C IOTa.
MecTomnoJsioxxeHre ¢oTO MokasaHo Ha puc. 11, (c), (d).
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Photo 22

Photo 25

Fig. 17. Late Cenozoic deformation in active fault zones of the Gurvan-Saikhan and Tsetsei uplifts. (a) - view of the southern
fault scarp bordering the Gurvan-Saikhan uplift near Khurmen Somon, (b) - thrust of the mylonitized bedrocks onto the
Quaternary deluvium sediments of the slope, (c) - deformation of deluvium sediments near the W-E fault (eastern termina-
tion of the Gurvan-Saikhan uplift), (d) - left-lateral strike-slip of the temporary stream valley along the W-E fault zone in the
southern side of one of the forbergs (Tsetsei uplift). See the locations in Fig. 16.

Puc. 17. lebopmManiuu B 30HaX aKTUBHBIX pa3/IoMOB noHATUA ['yBaH-CalixaH U l|3naiickoro nogHATHS: (a) — BUJ, Ha YCTYyN
I0KHOT'0 60pTOBOro passioMa noAHATUsA ['ypBaH-CalixaH B6/M3u coMoHa XypMeH, (b) - HaABUT pa3Apo6ieHHbIX MUJIOHU-
TU3UPOBAHHBIX KOPEHHbIX I10PO/] HA CKJIOHOBbIe YeTBepTHYHbIe OTJIOKeHHUS, (¢) - JedopMalli CKJIOHOBBIX OT/I0XKEHUHN B
30He CyGIIMPOTHOTO pa3/ioMa (BOCTOYHOe OKOH4YaHUe noAHsATus ['ypBaH-CaiixaH), (d) - JIeBOCTOPOHHHUH CABUT JIOJHHBI
BpeMEeHHOI'0 BOJ0TOKA 110 30He CYyGIIMPOTHOrO pasJjioMa B I0XKHOM 60pTYy OAHOro ux ¢popbepros llsuakickoro noJgHATHUS.
MecTomnoJioxxeHre $OTO MOKa3aHO Ha puC. 16.

The post-Late Cretaceous thrusts observed in our
study of the NE-trending scarps in the northern side of
the Totoshan uplift (east of the EGFZ), the stress field
reconstructions of compression and transpression re-
gimes (Fig. 20) indicate that the N-S and NW compres-
sion was also active at the beginning of the Cenozoic.
According to [Tomurtogoo, 1999], the faults bordering

880

the SW part of the Dalain-Khunda basin control the
spread of the Cenozoic (Paleogene) sedimentation. The
most probable age of the deformation is thus Paleo-
gene.

In time, a possible upper boundary for the above-
mentioned compression may be the activity of the NE-
trending structures in the Dariganga volcanic plateau
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Fig. 18. Paleostress reconstructions for active fault zones of the Gurvan-Saikhan uplift. Numbers of stress tensors corre-
spond to the numbers of observation points in Fig. 16.

Puc. 18. PekoHCTpyKIMH NaseOHaNpPSXXeHUU B 30HaX aKTUBHBIX pa3/ioMoB noaHAaTUA ['yBan-CalixaH. Homep cTpecc-
TEH30pa COOTBETCTBYET HOMEPY TOYKHU HAbJIIOAeHUs Ha puc. 16.
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Fig. 19. Paleostress reconstructions for active fault zones of the Gurvan-Saikhan and Tsetsei uplifts. Numbers of stress ten-
sors correspond to the numbers of observation points in Fig. 16.

Puic. 19. PeKoHCTPYKIMHU MaJleOHANPSXKEHUH B 30HAX aKTUBHBIX pa3/ioMoB noAHATHsA ['yBaH-CalixaH u L[auasiickoro noans-
Tusi. HoMep cTpecc-TeH30pa COOTBETCTBYET HOMEPY TOYKU HAOJIIOJeHHs Ha puc.16.
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located further to NE, which commenced in the Mio-
cene under NW extension and continued until the Pleis-
tocene. The magma flows were controlled by the NE-
and, more rarely, W-E-striking faults, as evidenced by
the chains of volcanic structures and basalt dikes. The
activity in this region coincided in time with active ex-
tension in the Baikal rift and the formation of the In-
chuan-Hetao rift zone in the Periordos rift system,
which many authors relate to the Indo-Asian collision.
The current tectonic activity in the Dariganga plateau
is weak.

The NW compression source is still unknown, but
possible causes for its occurrence are suggested in the
literature. Firstly, local thrusting in the southeastern
wing of EGFZ may be related to large-amplitude left-
lateral strike-slip displacements along EGFZ in the Oli-
gocene - Miocene. The Indo-Asian collision may be the
source of the left-lateral strike-slip movements in this
region. In this case, an explanation can be provided for
the absence of similar deformation in the South Gobi
depression, but the kinematic relation between the NE-
trending thrusts and EGFZ still remains unclear. Sec-
ondly, there is evidence of the NW compression in
North China in the post-Cretaceous period, which is
driven by the Pacific subduction zone. According to
[Feng et al, 2010], the movements of the Pacific plate
were rearranged about 65 Ma ago and caused an inver-
sion in the development of the Songliao basin, uplifting,
folding and thrusting. According to [Zhang et al, 2018],
the NNE trusting and folding occurred in a more south-
ern region (Hanghua basin) and in an earlier period
(Late Cretaceous). The long-distance action of plate
interactions and the transfer of deformations into the
lithospheric plate interior depend on the type of inter-
action. The most effective in this sense is the collision
mechanism, which is clearly seen in the example of the
Indo-Eurasian interaction. According to the new recon-
structions [Yang, 2013], starting from 100 million years
ago in the East Asia, there was a frontal collision and
oblique interaction between the North China block and
the Okhotsk block of Izanagi plate. With this interac-
tion, the author associates intense intra-continental
compressional deformations within East China, which
occurred right up to the end of the Cretaceous. Thirdly,
the back-arc spreading in the marginal seas of the Pa-
cific subduction zone commenced 65 Ma ago, and later
on, about 15 Ma ago (Middle Miocene), spreading was
replaced by compression [Yin, 2010]. This is evidenced
by the cessation of the back-arc spreading in the Japan
and South China seas, the development of thrust and
fold belts in the sediments of the East China and South
China seas, and the subduction of the South China basin
underneath the Philippine plate. Another evidence is
the replacement of transtension with transpression in
the Okhotsk Sea and the Sakhalin-Hokkaido fault zone
in the Late Miocene [Worrall et al, 1996]. Thus, inter-

884

continental deformation in East Asia might have been
influenced by the change from extension to com-
pression-transpression in the West Pacific interplate
boundary in the Middle Miocene. In particular, this
change could caused the redistribution of deformation
in the NE periphery of the Indo-Asian collision zone
and the cessation of displacements along the Alxa-East
Gobi left-lateral strike-slip fault branch 13-16 Ma ago.
The NE-striking thrusts may have occurred due to
compression. In this case, however, an evidence of
similar deformation needs to be discovered not only in
the East Gobi depression. Besides, such compression in
the Middle Miocene would have acted against the acti-
vity of the NE-trending structures in the Dariganga pla-
teau.

Thus, the East Gobi depression is characterized by
active deformation in the first half or in the middle of
the Cenozoic due to compression. Three potential
sources with slightly different directions of compres-
sion are the Indo-Asian collision (N-S compression in
the Oligocene - Early Miocene), the collision of the
North China block of Eurasia and the Okhotsk Sea block
of Izanagi plate (the beginning of the Paleocene, NW
compression) and the Pacific subduction zone (Middle
Miocene, NW compression). This region was low active
in the Late Cenozoic, although we revealed some indi-
cators of activity, such as the networks of erosional gul-
lies on the low-amplitude uplifts. This is explainable by
the fact that the tectonic deformation caused by the
interplate interactions due to the Indo-Asian collision
was mainly concentrated in the Gobi Altai and the Pe-
riordoss rift system, i.e. resulted in the development of
the large structures. Besides, the seismic records from
this region show low seismic activity [Dugarmaa,
Shlupp, 2000]. The regional earthquake focal mecha-
nisms show strike-slip and thrust displacements in the
earthquake foci with the NE and ENE-trending axes of
maximum compression (see Fig. 3) [San’kov et al,
2011; Radziminovich et al, 2016]. Thus, the modern
state of crustal stresses and the reconstructed paleo-
stress state are characterized by completely different
directions of the axis of maximum compression (see
Fig. 3). The main faults in the East Gobi depression
have the NE strike parallel to the direction of the axis of
maximum horizontal compression in the modern stress
field, which does not presuppose their high activity
under compression.

The South Gobi depression was also in tectonic
quiescence in the Late Cretaceous — Paleogene, but its
activity (in contrast to the East Gobi depression) com-
menced in the Late Cenozoic (Late Miocene - Early Pli-
ocene). From the Late Cenozoic, young uplifts and fore-
bergs, that ‘cut’ the sediments of the Mesozoic basins,
develop in this seismically active region (e.g. [Cunning-
ham, 2007, 2010, 2013; Yanshin, 1975; Bayasgalan et al,
1999]). In the eastern termination of the Gobi Altai, we



revealed clear indicators of the Pliocene-Quaternary
activity of the W-E and NW-striking strike-slip and
thrust faults. The stress field reconstructions show
compression, transpression and strike-slip regimes
with the dominant NE-trending axis of compression
(see Fig. 20). The regional earthquake focal mecha-
nisms in the eastern termination of the Gobi Altai show
strike-slip and reverse displacements with the NE-
trending axis of maximum compression (see Fig. 3)
[San’kov et al, 2011; Radziminovich et al, 2016]. The
modern state of crustal stress correlates with the re-
constructed Late Cenozoic paleostress state in both the
type and direction of the axis of maximum compression
(see Fig. 3). The source of deformation in the Eastern
Gobi Altai, as well as in Western and Southwestern
Mongolia, is the Indo-Eurasia collision.

6. CONCLUSION

Having consolidated and compared the field data
with the earthquake focal mechanisms in Southeastern
Mongolia, we identify two major deformation stages for
the study area in the Cenozoic. In the East Gobi depres-
sion, the Early Cretaceous NE-trending faults were ac-
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tivated in the Early Cenozoic (most probably, Paleo-
gene) due to the N-S and NW-trending compression,
and the thrusts and left-lateral strike-slips were
formed. The most probable source of compression was
the West Pacific zone of plate interaction. The impact of
the Indo-Eurasia collision, however, cannot be exclu-
ded. With time, the activity of the NE-striking faults
was considerably reduced.

In the South Gobi depression, the structures in the
eastern termination of the Gobi Altai were formed in
the Pliocene -Quaternary due to the NE-trending com-
pression caused by to the Indo-Eurasia collision. The
W-E and WNW-striking left-lateral strike-slip faults
and thrusts occurred in this region. These faults remain
active at the present stage of the regional geological
development.
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