GEODYNAMICS & TECTONOPHYSICS

PUBLISHED BY THE INSTITUTE OF THE EARTH’S CRUST
SIBERIAN BRANCH OF RUSSIAN ACADEMY OF SCIENCES

2018 VOLUME 9 ISSUE 3 PAGES 989-1006

https://doi.org/10.5800/GT-2018-9-3-0380

THE 102-103° E GEODIVIDER IN THE MODERN LITHOSPHERE
STRUCTURE OF CENTRAL ASIA

Yu. G. Gatinsky?, T.V. Prokhorova?, D. V. Rundquist?

LV.I. Vernadsky State Geological Museum of RAS, Moscow, Russia
Z Institute of Earthquake Prediction Theory and Mathematical Geophysics RAS, Moscow, Russia

Abstract: A quasi-linear zone of noticeable geological and geophysical changes, which coincides approximately with
102-103° E meridians, is termed by the authors as “geodivider”. Active submeridional faults are observed predomi-
nantly along the zone and coincide with its strike. Seismicity is most intensive in the central part of this zone, from the
Lake Baikal to the Three Rivers Region at the Sino-Myanmar frontier. Transects with deep seismic sections and energy
dissipation graphs show most sharply increasing seismic energy amounts and hypocenter depths in the western part
of the geodivider which delimits (in the first approximation) the Central Asian and East Asian transitional zones be-
tween the North Eurasian, Indian and Pacific lithosphere plates. The transpression tectonic regime dominates west of
the geodivider under the influence of the Hindustan Indentor pressure, and the transtension regime prevails east of it
due to the Pacific subduction slab submergence and continuation. The regime change coincides with an abrupt in-
crease in the crust thickness - from 35-40 km to 45-70 km - west of the geodivider, as reflected in the geophysical
fields and metallogenic characteristics of the crust. The direction of P- and S-waves anisotropy together with the GPS
data show decoupling layers of the crust and mantle in the southern part of the geodivider. According to our investiga-
tions, the 102-103° E geodivider is a regional geological-geophysical border that may be compared with the Tornquist
Line, and, by its scale, with the Uralian and Appalachian fronts and some others large structures.
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TEOAUBAWAEP 102-103° B.Jl. BCOBPEMEHHO#M CTPYKTYPE
JIMTOC®EPBI IEHTPAJILHOM A3UU

10.T.TaTunckmiil, T. B. [IpoxopoBaz, . B. PynakBuct!

1 [ocydapcmeeHnHblil ceonozudeckuli mysetl um. B.H. Bepnadckozo PAH, Mocksa, Poccus
2 HHcmumym meopuu hpo2Ho3a 3emaempsiceHull u Mamemamuyeckoti eeopusuxu PAH, Mockea, Poccus

AnHoTanus: KBasuinHeliHasi 30Ha 3aMeTHBIX I'e0JIOTMYeCKUX U reopU3nNyeCKUX H3MEeHEeHHH COBNaaeT NPUOJIN3U-
TesbHO ¢ MepuauaHamMu 102-103° B.A. AKTUBHbBIe CyOMepUAMOHAIbHbIE PA3/IOMbI PAa3BUTHI B 3TOH 30He, HA3BaHHOH
aBTOpamMu reopuBangiepom 102-103° B.;. HanbGosiee MHTEHCHUBHAs CEHCMUYHOCTb XapaKTepU3yeT LeHTPaJbHYIO
4yacTb reojuBaiiepa ot o3epa baiikas o pervona Tpex pek Ha rpanuue Kurtas u Muanmap. [IpoBesieHue TpaHCcek-
TOB C IJIyOMHHBIMU CEeCMHUYECKMMHM pa3pe3aMH U rpaduKaMH JUCCUIALMU CECMUYECKON 3Hepruu NMOKa3bIBaeT
NPENMYILIeCTBEHHO pe3Koe BO3pacTaHHe 00'beMOB CeHCMUYECKOH 3HEePruyu M IJIyOHHBI THIOLEHTPOB Ha 3amaHOM
Kpblle reoauBaijiepa. ['eonuBaiijiep pa3jesiseT, B mepBoM NpubGaMKeHnH, lleHTpasbHO-A3UaTcKy0 U BocTouHo-
A3uaTcKyo TpaH3UTHBIe 30HbI Mexxy CeBepo-EBpasuiickoi, UHAMICKON U TUX00KeaHCKOH JIMTOCEPHBIMH IJIUTA-
MU. TeKTOHUYECKUN pPeXXUM TPaHCIPecCHU MpeobsIaZiaeT K 3amajly OT reoJidBaniepa noJ, BAUsSHUEM JaBjaeHus1 UH-
JIOCTAaHCKOT'0 MHJIEHTOPA, U PEXKHUM TPAHCTEHCHU PACHpPOCTpPaHEeH K BOCTOKY OT Hero, 6J1arogaps riayo0KoMy MOTpy-
YKEHHUI0 U TMpoAoKeHUI0 ThuxookeaHCKOro cyi36a. CMeHa peXXMMOB COBMAJZlaeT C Pe3KHUM YBeJWYEHHEM MOIIHOCTH
KOPBI K 3amajly oT reoguBaiziepa ot 35-40 no 45-70 kM, OTpaXkaroIUMCS B re0pU3UIECKUX MOJIAX U KOPOBBIX Me-
TaJIJIOTEHUYECKUX XapaKkTepucTrkax. Hanpasyienue P- v S-BOJIH aHU30TPONUM HapAAy ¢ AaHHbIMU GPS nmokaseiBaeT
VX HECOBIaJleHHe B Pa3/IMYHBIX CJ0SIX KOpbl U MAaHTHU B I0°KHOM 4acTH reosuBaigepa. Ilo pesysbTaTaM HallUX HUC-
cnefoBaHui reoguBaiep 102-103° B.A. npeAcTaBsieT CO60il TUI reosioro-reopu3ndecKoid rpaHUIbl, CONOCTaBU-
Mo# c sinHUel TOpHKBHUCTA, MO MacuITaby ¢ YpaJlbCKUM U ANNajadyCKUM PppOHTAMU U C pSJOM JPYTUX KPYIHBIX

CTPYKTYD.

KiioueBble ci0Ba: FeOﬂHBaﬁﬂep; J'lI/ITOC(l)epHaH IJINTAQ; 6]'[0](,' AKTUBHBIN pa3JyioM; TPAaH3HUTHAA 30HA; MOIIHOCTb
KOpbI U J'lI/ITOC(l)epr; CeNCMHUYHOCTb; 3eMJIeTpsACeHUEe;, MarouTy/a,; JaHHbIe GPS; CMelleHue;
FEOCI)HSH‘{ECKOG noJie; I"J'Iy6I/IHHaH dHOMaJIMA B KOpe U MaHTHH; LleHTpaanaH Azus

1. INTRODUCTION

A quasi-linear zone of noticeable geological changes
tracing across Eurasia clearly stands out on the Electron-
ic Geodynamic Globe (http://earth.jscc.ru) created in the
Vernadsky State Geological Museum in Moscow. The
zone coincides approximately with 102-103° E meridi-
ans. Seismicity is intensive especially in the central part
of this zone. Active faults are observed predominantly
along the zone and coincide with its strike. We studied
this zone in detail and, together with S. Cherkasov,
named it “the 102-103° E geodivider” in our report at
IGC 2004 in Florence [Rundquist, 2004; Gatinsky et al,
2005]. Later some geologists called it “the global meridi-
onal border structure” [Sherman, 2015, 2016] and “the
North-South Tectonic Belt (NSTB)” [Chang et al, 2015;
Wang et al, 2015]. The 102-103° E geodivider “neigh-
bours” the VEBIRS Zone identified by geologists from
Irkutsk in the 1970s [Komarov et al,, 1978]. In this paper,
we discuss the tectonic and geodynamic position of the
geodivider, its seismicity, and its role in the modern
structure of the continental lithosphere of Central Asia.

2. PROBLEM STATEMENT

The 102-103° E geodivider is one of the most
important tectonic structures in Central Asia. Through-
out its extent it includes on the surface, especially
in its central part, seismically active submeridional
faults, and, in depth, sharp gradients of the crust and
lithosphere thickness, gravimetric steps, changing
velocities of P-waves in the upper mantle and develop-
ing low-velocity zones within the lower and middle
crust. The geodivider delimits two main transitional
zones, Central Asian (in the west) and East Asian.
The former is located between North-Eurasian and
Indian plates and characterized by the transpression
regime with predomination thrusts and slips. The latter
is located between the North Eurasian and Pacific
plates and dominated by the transtension regime with
extension structures [Gatinsky et al, 2011]. Our detail
study of the geodivider and adjacent parts of transi-
tional zones aimed at providing a fresh approach to
interpreting the current regional geodynamics, the re-
lations between the surface structures, their kinema-


http://earth.jscc.ru/

tics and the deep anomalies, as well as clarifying the
main causes of different regimes at the geodivider
sides.

3. PROBLEM SOLVING METHODS

The following methods were effectively applied to
solve the problem:

- Providing a more precise definition of the geodi-
vider and the boundaries of the adjacent blocks on
the basis of the Electronic Geodynamic Globe data; and
the analysis of active faults and their hierarchy in the
study area [Xu, Deng, 1996, Sherman et al,, 1999; Sher-
man, 2012, 2015; Trifonov et al, 2002; Seminsky, 2008;
San’kov et al.,, 2015];

- Analysis of the space-time distribution of earth-
quake epicenters and seismic tensors based on the data
from the NEIC and CMT 2017 catalogs;

- Calculation of the releasing seismic energy volume
using the formula from [Kanamori, Anderson, 1975],
and computer simulation of its distribution patterns;

- Construction of the deep seismic sections based on
the CMT data and the graphs of energy dissipation
based on the NEIC data along the transects across the
geodivider and the adjacent blocks;

- Analysis of the kinematics of the main lithospheric
plates and blocks (http://itrfign.fr/ITRF_solutions/
2014/), and comparison of these data with the actual
displacement values along the active faults and the
mechanisms recorded in the CMT 2017 catalog;

- Establishing a correlation between seismically ac-
tive zones, geophysical fields and the results of deep
seated lithosphere sounding.

4. ACTUAL DATA

Our study used the data from the NEIC and CMT
2017 catalogs, and the data on active faults, geophysi-
cal anomalies and deep seated structures, which was
partly consolidated in [Gatinsky, Prokhorova, 2014].

5. CONNECTION OF THE GEODIVIDER WITH THE ADJACENT
TECTONIC AND GEODYNAMIC STRUCTURES

In the extreme north, the 102-103° E geodivider
coincides with the shelf margin of the Laptev Sea
(Fig. 1). Further southwards it manifests itself in the
eastern virgation and sharp northern deflection of
Paleozoic folds and thrusts in the Severnaya Zemlya
Archipelago and Taimyr. A buried Early Mesozoic
rift traces the zone in the pre-Taimyr foredeep. Within
the Siberian platform, the geodivider is marked by the
west wing of the Anabar Anteclise and the buried
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Riphean rift below the Tungus Syneclise. Further it
nearly coincides with the southern jutting-out edge of
the platform and squeezed fold structures in the East
Sayan Belt.

In North Mongolia, the 102-103° E geodivider bor-
ders the centroclinal closure of the Hangay-Hentey
Synclinorium [San’kov et al, 2015]. Further southward
it coincides with the abruptly terminating and/or
squeezed Paleozoic ophiolite belts. In Central and
South Mongolia, a number of Cenozoic basalt fields
are observed along the geodivider. The regional active
fault bordering the western margin of the Amurian
Block is located along the geodivider (Fig. 1). In North
China, a virgation of Caledonian folds in Beishan and
Qilian occurs eastward of the geodivider. Southward
a wide virgation of Triassic folds takes place within
the Indosinide field of Northwest Sichuan, where the
folds go round the Songpan Massif - a buried fragment
of the Yangtze Platform basement [Tectonic Map...,
1999].

The 102-103° E geodivider is most evidently detect-
able in South China. It distinctly coincides with the
Kham Dian Axis that includes the metamorphic and
magmatic rocks of the Late Proterozoic basement of the
Yangtze Platform. In this region, active W-E striking
faults, mostly sinistral slips including those accompa-
nied by pull-apart basins, are observed along the geo-
divider. The geodivider is also marked by the sharp
gradients of the upper mantle density, according to [Li
et al, 2011]), as well as by a decrease in the P-wave
velocity in the crust, which is detected by the Chinese
geologists.

Within the Indochina Peninsula, the 102-103° E
geodivider goes along the sharp west margin of the In-
dosinian Massif and coincides with some active east-
ward thrusts and slips of the sub-longitudinal strike
[Gatinsky, 2005]. Further southward, it is marked by
transcurrent faults crossing the rift system of the Thai-
land Gulf, as well as by the Central Fold Belt of the Ma-
lay Peninsula and a flexure-like curve of the Cenozoic
structural strike in South East Sumatra.

6. SEISMICITY OF THE GEODIVIDER AND THE
ADJACENT BLOCKS

The central part of the 102-103° E geodivider from
the southern termination of Lake Baikal to the Three
Rivers Region at the Sino-Myanmar frontier (Fig. 2) is
characterized by intensive seismicity in the Late Holo-
cene and the current time. It coincides mainly with the
block boundaries and interblock zones within the Cen-
tral Asian and East Asian transitional zones discussed
in detail in [Gatinsky et al., 2009, 2011].

Based on the data from the CMT and NEIC 2017
catalogs, we constructed transects with deep seismic
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Fig. 1. The 102-103°E geodivider in the schematic tectonic map of Central Asia. The map is compiled on the basis of the
Electronic Geodynamic Globe data (http://earth.jscc.ru).

1 - Cenozoic troughs; 2 - Cenozoic fold zones; 3 - Cenozoic Foredeep; 4 - Early Cenozoic trapps; 5 - Mesozoic fold zones; 6 - Mesozoic
Foredeep; 7 - Mesozoic troughs; 8 - Early Mesozoic trapps; 9 - Late Paleozoic fold zones; 10 - Early Paleozoic fold zones; 11 - Late Pre-
cambrian fold zones; 12 - Early Precambrian basement; 13 - Mesozoic-Cenozoic platform cover; 14 - Paleozoic platform cover; 15 - cur-
rent shelf; 16 - epicenters of the most intensive earthquakes after the NEIC 2017 data, and their magnitudes (1 - 7-8, 2 - 8-9, 3 - >9);
17 - active faults; 18 - northern and southern parts of the geodivider with not intensive seismicity; 19 - the central part of the geodivider
with intensive seismicity. Note that the geodivider in the west borders the Anabar Anteclise and the Amurian block (the Amurian plate ac-
cording to [Zonenshain, Savostin, 1981]).

Puc. 1. TeoguBanzep 102-103° B.A. HA TEKTOHUYECKOW CXxeMe LieHTpaJbHOM 4acTU A3UH, COCTABJI€HHOU Ha OCHOBE JJIeK-
TPOHHOTI'0 reouHaMuuecKoro ryobyca (http://earth.jscc.ru).

1 - KallHO30MCKHe BNaZiMHbl; 2 — KaHHO30WCKHeE CKJIaJ4yaThle 30HbI; 3 — KAWHO30WCKHe KpaeBble MPOTHObI; 4 — paHHEKaHHO30MCKUe
Tpannel; 5 - Me3030lCKHe CK/JIaA4yaTble 30HbI; 6 — Me3030McKUe KpaeBble MPOTrU6LI; 7 — Me3030MCKHUe BNaJUHbL; 8 — paHHeMe3030HCKHUe
Tpannel; 9 - No3/Henase030MCcKUe CKIaA4YaTble 30Hbl; 10 - paHHeNaneo30McKUe CKIag4aThle 30Hbl; 11 — no3aHeJ0KeMOPUNHCKHe CKAAJ-
yaTble 30HbL; 12 - paHHeJ0KeMOpUHCcKUl PpyHAaMeHT; 13 - Me3030MCKO-KaWHO30MCKUN MIaTGOpPMeHHbIN Yexos; 14 - naneo30lcKUun
m1aTGOpMeHHbIN YexoJ1; 15 - coBpeMeHHbIH 11esibd; 16 — aNULEeHTPbl HAaub0Jiee UHTEHCUBHBIX 3eMJIETPSICEHUH ¢ MarHuTyou: 1 - 7-8, 2
- 8-9, 3 - >9; 17 - aKTUBHbIE pasyioMbl; 18 - ceBepHble U I0KHbIE YAaCTH reoJUBaiiepa ¢ HEMHTEHCUBHOM CEHCMUYHOCTBIO; 19 - LieH-
Tpa/IlbHas 4acTb reojHUBaijiepa C MUHTEHCUBHOM ceMUYHOCTbI0. CleflyeT 06paTUTh BHUMaHUe, YTO TeoJBaliilep orpaHUYMBaeT Ha 3a-

sections and energy dissipation graphs, which allowed
determining the earthquake mechanisms in hypocen-
ters and the seismic energy volume distribution at the
block boundaries. The seven transects cross the geodi-
vider and the adjacent parts of the blocks (Fig. 2). Tran-
sect 1 (Fig. 3) shows that relatively shallow (8-12 km)
left-lateral slips predominate in the east at the bounda-
ry of the Amurian and South Gobi blocks. Hypocenters
with the same solution and several NE-trending thrusts
are located in the west within the geodivider and west
of it, but the releasing energy volume sharply increases
there. Transect 2 (Fig. 4) shows that at the boundary
between the Jartai and Qilian blocks, left-lateral slips
coincide with its east part at the depth of 10 km and
isolated one at 35 km. West within the geodivider, se-
veral NE-trending thrusts are observed with the same
slips, especially at the depth (that increases to 43 km),
and the seismic energy level is sharply increased in this
zone.

Transect 3 crossing the West Qinlin and Qaidam
blocks shows the same tendency with NE-trending
thrusts in the west at the depth of 30-35 km and the
increasing energy level (Fig. 5). However, inside the
geodivider, the seismicity level is lower. One of the
most informative is Transect 4 (Fig. 6) crossing the
southern part of the Bayanhar Block in the region of
the catastrophic Wenchuan earthquake (May 12, 2008,
M 7.9). We discuss the regional kinematics below. Here
it is worth noting that the 102-103° E geodivider
in this region is marked by numerous right-lateral
NW-trending slips and thrusts at the depth of 3-43 km
at the SE border of the Bayanhar Block, wherein the
seismic energy level is considerably increased. Further
westward of the geodivider, numerous steady left-la-

nase AHa6apcKyo aHTeKIU3y U AMypcKui 610K (AMypCKyIo IUIMTY B Ipyrod MHTepnpeTauuu [Zonenshain, Savostin, 1981]).

teral slips at the depth of 2-50 km confirm the dis-
placement direction along the SW block border
[Gatinsky et al., 2008].

Transect 5 (Fig. 7) crosses the South East China,
Kam Dian and North Tibet blocks. East of the geodivi-
der, in South East China, rare NE-trending thrusts are
observed at the depth of 10-33 km. Within the geodi-
vider, the seismic energy level decreases. It sharply in-
creases in the area west of the geodivider, wherein left-
lateral and right-lateral slips dominate at the depth of
8-10 km, and extension hypocenters occur at the depth
of 20-40 km. For the area further westward, the me-
chanism solutions show steady extension at the depth
of 5-15 km, which is related to local submeridional
rifts in Tibet. Within Transects 6 and 7 (Fig. 8 and 9),
the geodivider is marked by a sharp growth of the en-
ergy level with the development of right-lateral and
left-lateral slips as well as numerous extension struc-
tures at the depth of 0-50 km. In the west of the geodi-
vider, the mechanism solutions correspond to the
east-dipping slab of the West Burma subduction zone
sinking to the depth of 140 km.

A sharp increase in the seismic energy quantity in
the west wing of the geodivider is consistent with a
higher mobility of blocks and the presence of anoma-
lies in the lithosphere. Here we examine two regions of
catastrophic seismic events - the SE part of the Bayan-
har Block (its seismicity has been discussed above),
and the NW side of the Amurian Block. The mechanism
solutions show the left-lateral strike-slip displacement
at the NE and SW boundaries of the Bayanhar Block
(see Fig. 2 and 6) and suggest its clockwise rotation. As
a result, the compression arises at the SE boundary of
the block, wherein the disastrous M 7.9 Wenchuan
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Fig. 2. The central part of the geodivider in the schematic geodynamic map of Central Asia.

1 - boundaries: a - between lithospheric plates, b - assumed, c - between the Central Asian and East Asian transitional zones, d - between
blocks; 2 - active faults after [Xu, Deng, 1996; Trifonov et al,, 2002; Sherman et al.,, 1999; Sherman, 2012, 2015; Seminskii, 2008]; 3 - borders
of the geodivider; 4 - transect lines; 5 - computer-simulated ITRF vectors of horizontal displacement (solutions/2014/ITRF2014.php); 6 -
epicenters and magnitudes of earthquakes (NEIC 2017 data); 7 - epicenters of historical earthquakes from the VIII to XIX century [Xu,
Deng, 1996]. The intensity of olive-green colour corresponds to the seismic energy amount: each deeper colour reflects the seismic energy
increase by 1x101 or 1x10-1 J. Some energy values are shown in the scheme in joules. Note the energy amount increasing within the geo-
divider and west of it nearly in all the areas, and the turn of ITRF vectors from the NE direction west of the geodivider to SE-east of it.

Puc. 2. lleHTpasbHas 4yacTb reojuBaiiepa Ha reoJuHaMU4ecKoi cxeme lleHTpanbHOU A3UU.

1 - rpaHUIEL a - IUTOCOEPHBIX IJINT, b - TO Ke mpenosaraeMsle, ¢ - Mexay LleHTpanbpHO-A3naTcKoH U BocTOYHO-A3MAaTCKOM TPaH3UT-
HBIMHU 30HaMy, d - 6JIOKOB; 2 — aKTUBHbBIe pasJyioMel 110 [Xu, Deng, 1996; Trifonov et al, 2002; Sherman et al, 1999; Sherman, 2012, 2015;
Seminskii, 2008]; 3 - rpaHuLbl TeoAuBaiifiepa; 4 - IUHUU TPAHCEKTOB; 5 - 3kcnepuMeHTasbHblel ITRF BEKTOpBI rOpHU30HTAIBHBIX CMe-
weHuit (solutions/2014/ITRF2014.php); 6 - 3NULEHTPBI 3eMJIETPSICEHUH € onpefeseHreM MarHuty/ no AaHHbiM NEIC 2017; 7 - snuueH-
Tpbl UcTopudeckux 3emyueTtpsiceHut ¢ VIII go XIX Beka [Xu, Deng, 1996]. 3esieHO-0/IMBKOBBIE LIBETA OTBEYAKT 06'beMaM CEHCMUYECKOMN
aHepruu. Kaxxzoe yBeslMueHre MHTEHCUBHOCTH 1IBETA COBNAZAET C POCTOM 3Hepruu Ha 1x10! niun 1x10-1 J. OTAebHbIE 06'bEMBI BBICBO-
60oxAarollelics SHeprUM MOKa3aHbl Ha cxeMe B Jkoyasax. OTMedaeTcs Bo3pacTaHUe 3Hepruu B lipeJieiaX reofuBaiiiepa u K 3amnajy oT
Hero MOYTH Ha BCeX MJIOLA/ISIX TaK e Kak U Ha noBopoT BekTopoB ITRF ¢ CB HanpaBJsieHUs K 3anajly oT reoguBaiijepa Ha FOB k BocToky
OT Hero.
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Fig. 3. Top - deep seismic section along Transect 1 across South Gobi and West-Central Mongolia blocks (see Fig. 2) with
earthquake mechanisms in hypocenters, based on the CMT data. Bottom - energy dissipation graph along the same transect,
based on the NEIC data, at the logarithmic vertical scale. The west here and in other graphs (Figures 4-9) is on the left. Note
the sharp energy increase within the geodivider and west of it.

Puc. 3. HaBepxy - riiy6UHHBIA celiCMUYeCKHH pa3pes, NIPOoXOoAsALUIMH BJl0Jb TpaHcekTa 1 yepes 6s10ku H0xHo# 'o6u 1 3a-
najgHo-lleHTpasbHO-MOHTONBCKUH (CM. pUC. 2) C MeXaHU3MaMHM 3eMJIETPSICEHUH B TUIMOLEHTpax 1mo AaHHbIM CMT 2017.
Buu3y - rpaduk JuccunanuM ceiCMUYecKOd 3HEPTUHU BJIOJIb TOro e TpaHcekTa no gaHHbIM NEIC B sorapudmMudeckom
BEpPTHUKAJbHOM MaciuTabe. 3amnaj 3/jecb U Ha OCTaJbHbIX rpadukax (puc. 4-9) HaxoauTcs ciaeBa. OTMevyaeTcsl pe3Koe BO3-
pacTaHue 3HeprUM B IIpe/iesiaxX reoiUBai/iepa U K 3ana/ly OT Hero.

earthquake took place in May 2008 [Gatinsky et al,  men Shan Fault. Thrusting to the SE China Block occurs
2008]. This boundary stretches along the large Long- there, according to geological data [Xu, Deng, 1996].
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Fig. 4. Deep seismic section and energy dissipation graph along Transect 2 across the boundary of the Jartai and Qilian
blocks (see Fig. 2). Note the same tendency of the energy amount increasing within the geodivider and west of it.

Puc. 4. ny6uHHBIN celicMUyecKUit pa3pe3 U rpadUK JUCCUNALUMM CeCMUYECKON dHEPTUH BJIOJIb TpaHCeKTa 2 yepes 6J10-
k1 pxaptail v uisad (cM. Puc. 2). OTMevaeTcsl coxpaHeHHe TOH e TeHJeHIIMH BO3pacTaHusA 06'beMa SHepruu B Npejieax

reo/iMBaiiepa U K 3anajly oT Hero.

Field investigations immediately after the earthquake
showed a strong horizontal shortening along the
NW-dipping rupture with thrusting to SE together with
small dextral slipping [Liu-Zeng et al, 2009]. In the cen-
tral segment and a part of the northern segment of the
102-103° geodivider, an increase in the stress intensity
is noticeable within the upper crust in the west, and
stress decreases to the east [Heidbach et al.,, 2016].

A volume of the total seismic energy releasing at the
eastern boundary of the Bayanhar Block comes only to
1.131-1015 ] beginning from 1976 without the latest
events of 2008. Apparently, this region was in a relative
“seismic gap” after the last strong earthquake (M 7.4)
that occurred in 1973. The seismic energy accumulated
during that period was released by the catastrophic
Wenchuan earthquake in May 2008, and amounted to
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Fig. 5. Deep seismic section and energy dissipation graph along Transect 3 across the West Qinlin and Qaidam blocks (see
Fig. 2). The energy volume increases at some distance west of the geodivider.

Puc. 5. [ylyOUHHBIN celicMUYeCKHUH pa3pe3 U rpaduK JUCCUNALNN CEHCMUYECKOU SHEPTUH BA0JIb TPAHCEKTA 3, epeceKa-
1omero 6si0ku 3anagubid Lunann u Haigam (cM. puc. 2). 06'beM 3HEPTHUH BO3pacTaeT Ha HEKOTOPOM PAacCTOSIHUU K 3anaay

OT reoZiMBaiepa.

9.251-101¢ ] [Gatinsky et al, 2011]. This value is only a
little smaller than the energy of the western Pacific
subduction zones (11.79-15.33)-10%¢ | [Gatinsky, Via-
dova, 2008]. Computer-simulated GPS vectors confirm
the clock-wise rotation of the Bayanhar Block (see
Fig. 2). It is likely that only the upper crust is involved
in the rotation, because low velocity layers are revealed
by seismic tomography data in the eastern half of the

Bayanhar Block at the depth of 20-30 km [Yuan et al,
2000; Sol et al,, 2007]. The SE boundary of the Bayanhar
Block coincides with the sharp step in the crust and in
the lithosphere along the 102-103° E geodivider, and a
significant increase in the lithosphere thickness (up to
130-170 km) is recorded to the east under the Sichuan
Basin (compare to the thickness of 100-120 km under
East Tibet) [Hu et al.,, 2012].
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Fig. 6. Deep seismic section and energy dissipation graph along Transect 4 across the Bayanhar Block and its boundary with
North Tibet. Note the energy amount increasing at the eastern boundary of the geodivider with the prevalence of the right-
lateral slips and thrusts to NW at the depth of 3-43 km at the SE border of the Bayanhar Block near Chengdu where the
catastrophic Wenchuan earthquake took place. In the west, along the Bayanhar-Tibet boundary, numerous steady left-
lateral slips confirm the displacement direction along the SW block border.

Puc. 6. 'nyGuHHBIN ceficMUYecKUi pa3pes3 U rpaduK JUCCUNALNN CEHCMUYECKOH 3HEpTUH BJ0JIb TPAaHCEKTa 4 yepe3 GJIOK
Basituxap u ero rpanuny c CeBepHbIM Tu6etoM. O6'beM 3HEPTUH BO3pacTaeT Ha BOCTOYHOMW rpaHUIle reouBaiepa c mnpe-
06J1alaHMeM MPABOCTOPOHHUX CIBUTOB U HaJBUTOB K C3 Ha riiy6rHe 3-43 KM Ha 10r0-BOCTOYHOU rpaHuIlle 6Ji0ka basgHxap
B6JiM3M T. YeHr 1y, r/ie Mpou30I1JI0 KaTacTpopuyeckoe BeHuyaHckoe 3eMiieTpsiceHue. Ha 3amazie BJjo/ib rpaHulibl BasHxap
- Tu6eT MHOTOYHC/IEHHbIE YCTOUYNUBbIE JIEBOCTOPOHHUE CJIBUTH MOJATBEPXKAAIOT HANpaBJIeHUE CMELIEHUs BJ0Jb I0Tr0-3a-
naJHOM rpaHuIbl 6J10ka basHxap.

The geodivider stretches northward across North  Lake Baikal, wherein the M 6.3 Kultuk earthquake took
China and Central Mongolia to the SW termination of place in 2008 at the boundary between the Amurian
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Fig. 7. Deep seismic section and energy dissipation graph along Transect 5 across the SE China, Kam Dian and North Tibet
blocks (see Fig. 2). Here the seismic energy amount somewhat decreases within the geodivider and sharply increases west
of it, in the region wherein left-lateral and right-lateral slips are dominant. The steady extension at the depth of 5-15 km in
the western part of this section is related to local submeridional rifts in Tibet.

Puc. 7. [iyOUHHBINA celicMUYeCKHUH pa3pe3 U rpaduK JUCCUNALNN CEHCMUYECKOU SHEPTUH BA0JIb TPAHCEKTA 5, epeceka-
tomero 6s10ku l0ro-BoctouHoro Kutast, Kam [juan u CeBepo-Tuberckuit (cM. puc. 2). 31ech YpoBeHb CECMUYECKOU 3Hep-
MY YaCTUYHO YMEHbIIAETCs B IpejiesiaX reoIMBaijiepa U pe3Kko BO3pacTaeT K 3amajly OT Hero ¢ npeo6JafiaHueM JIeBOCTO-
POHHUX U TPABOCTOPOHHUX CABUTOB. YCTOMYHUBOE pacTsKeHUE B 3ala/IHOM YacTU pa3pesa Ha riybuHe 5-15 kM cBsizaHo C
JIOKaJIbHBIMU Cy6MepUAUOHaIbHBIMU pudTamMu B TubeTe.

Block and North Eurasian Plate. Irkutsk scientists
[Miroshnichenko et al, 2007] established the pre-
dominant clockwise rotation in this region as evi-
denced by the data of the local GPS network, showing

the vectors changing gradually from NNE to ENE,
east and ESE. Such changes of the GPS vector direc-
tions are corroborated by the change of tension west
and east of southern termination of Lake Baikal.
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Fig. 8. Deep seismic section and energy dissipation graph along Transect 6 across the southern parts of the same blocks (see
Fig. 2). Note left-lateral slips with an increased energy release, which characterizes the geodivider, and many extension
structures developing in the west in the North Tibet Block at the depth of 10-44 km.

Puc. 8. ['iy6uHHBIN celicMUYecKUH pa3pes3 U rpaduK JUCCUIIALUU CEICMUYECKON 3HEPTUH BZOJIb TPAHCEKTa 6 Yepes 10K-
HYIO 4acTb TeX ke 6J10k0B (cM. puc. 2). CiiefyeT o6paTUTh BHUMaHUe Ha JIeBOCTOPOHHUE CJBUTH C YBeJUYEHHBIM BbICBO-
O0XKJleHHeM 3HepPTUM, KOTOpble XapaKTepU3yloT reoAuBaijep. MHOrounc/ieHHble CTPYKTYPbl PaCTSKEeHHUS pPa3BUTHI 3a-

nagHee B CeBepo-TuberckoM 6Jioke Ha rimyouHax 10-44 kM.

Transpressive tensions predominate in the western
Tunka Trough, wherein left-lateral strike-slips are
developed [Gatinsky et al, 2009; San’kov et al, 2014].
It should be noted that strike-slips are replaced in
the east by later normal faults in the flanks of the
Barguzin depression being a part of the Baikal Rift Sys-

tem east of Lake Baikal. The earlier strike-slips caused
seismic dislocations displacing thalwegs of the right-
lateral tributaries of the Barguzin River. The later nor-
mal faults disturbing these strike-slips go through
all the rocks from the Paleozoic granite to the Quater-
nary alluvium.
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Fig. 9. Deep seismic section and energy dissipation graph along Transect 7 across the Indochina, Shan and West Burma
blocks (see Fig. 2). Submeridional and NE slips at the depth of 0-56 km develop within these blocks. In the west of this sec-
tion, mechanism solutions correspond to the eastern dipping slab of the West Burma subduction zone sinking to the depth
of 140 km.

Puc. 9. ['ny6uHHBIN ceficMuyeckuil pa3pes U rpaduk AUcCMNALMY CeiCMUYEeCKOM SHEPTHUU BJI0JIb TPAHCEKTaA 7, llepeceKaro-
wero 6J10ku UHpoKKTalckul, lllan 1 3anagHo-bupmanckuit (cM. puc. 2). Cy6MepuoHaJbHbIE U CEBEPO-BOCTOYHbIE CIBUTH
pasBUTHI B 3TUX 6JI0Kax Ha Iyy6ruHax 0-56 kM. Ha ceBepo-3amajie 3TOro TpaHCeKTa pellleHHs MeXaHU3MOB 3eMJIeTPsSICEHUH
OTBEYal0T BOCTOYHOMY Ia/leHHIO c/136a 3anajHo-BupMaHCKoH 30HbI CyOAYKIMY, Horpysxatoiemycs 10 140 k.

7. CONNECTION OF THE GEODIVIDER WITH ANOMALIES IN Asian and East Asian transitional zones. Currently, the
THE DEEP CRUST AND MANTLE former is dominated by the transpression tectonic re-
gime with compression due to the Hindustan indenter

The 102-103° E geodivider coincides in the first ap-  pressure. In the East Asian Transitional Zone, the trans-
proximation with the boundary between the Central tension regime has developed with modern tension
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due to deep submergence [Parfeevets, San’kov, 2012]
and, probably, gradual disintegration and disappearan-
ce of the Pacific subduction slab with depth. Mantle
plumes arising under Transbaikalia and East Mongolia
[Gatinsky, Prokhorova, 2014] also have an influence on
the development of the transtension regime.

It is worth noting that an abrupt change in the
crust thickness coincides with the central and southern
parts of the 102-103° E geodivider. The thickness
decreases from 45-70 km in the west to 35-40 km in
the east. The scheme of gravitational anomalies in the
Bouguer reduction [Bonvalot et al, 2012] shows that
the geodivider delimits the areas in Central Asia with
the predominance of anomalies -100 to -50 mGal in
the east and -150 to -200 mGal in the west, corre-
sponding to the increasing crustal thickness values in
the same direction. This change in the crustal thickness
is observed across this entire region along with abun-
dant basic volcanic rocks, including the Cenozoic basalt
in the east.

As concern the whole lithosphere thickness, it does
not exceed 60-80 km at the eastern continental margin
of Asia, as evidenced by the upper mantle xenoliths.
This may result from thinning-out of the lithosphere
due to intensive Mesozoic tension processes [Li et al,
2011; Zhang et al, 2012]. Tomography data and analy-
sis of the hypocenters depth suggest that the Pacific
subduction slab gradates at the depth of about 600 km
along the boundary between the upper and lower man-
tle. It stretches westwards for more than 1500 km ap-
proximately up to the 102-103° E geodivider. This re-
sults in the lithosphere heating, intracontinental vol-
canism and formation of tension basins in the East
Asian Transitional Zone [Huang, Zhao, 2009].

It is of interest to consider also the metallogenic
characteristics of the areas surrounding the 102-103°E
geodivider. This aspect turns out more intricate than it
seems. According to calculations by S. Cherkasov
[Gatinsky et al, 2005], the ore deposits of the litho-
phylic type predominate in the western domain of the
Eurasian lithosphere (wherein the crust is thicker),
whereas the chalcophylic type of mineralization is ob-
served in the eastern domain. In the 102-103° geodi-
vider itself, the concentration of small- to large-size ore
deposits is one and a half times higher than that in the
western and eastern domains, and iron, lead-zinc and
copper deposits are relatively abundant in comparison
with the side parts (ten, five and four times higher con-
centrations, respectively). Another feature of the geo-
divider is a total absence of tin, antimony, tungsten and
mercury deposits.

Therefore, the 102-103° zone indeed divides two
large domains of the Eurasian lithosphere: the western
one having the thick crust and sufficiently lithophylic
type of metallogeny, and the eastern domain having the
thinner crust and mainly chalcophylic type of minerali-

m

zation. It is, of course, only the principal scheme and
some exceptions exist. There are several blocks with
rather old pre-Cambrian crust in the eastern domain,
wherein the lithophylic tendency somewhat increases.
Among them, we can mention the major part of
the Yangtze platform with the well-known tin-bearing
Getzu deposit and Cathaysia in South East China with
numerous tin, tungsten and molybdenum deposits. But,
even in these cases an admixture of chalcophylic ele-
ments is rather high.

Genetically, such differences can be related not only
to the latest plate interaction in the Eastern Eurasia,
which is obvious, but may also be connected with a more
profound heterogeneity of the Earth material. This con-
clusion is supported by the following data. The 102-
103° E geodivider coincides with one of the areas with
the highest temperature in the upper mantle at least at
the depth of 150 km [Artemjev et al., 1994]. According to
the tomography data from [Wu et al, 1997; Kozhevnikov,
Yanovskaya, 2005], this zone is marked by some changes
in the tomographic features at the depth of 220-400 km.
The analysis of anisotropic characteristics under the
geodivider, that is named the North-South Tectonic Belt
(NSTB) in the Chinese geophysical literature, has shown
that lithosphere deformation plays a major role in
the observed anisotropy in the north of it, and the
lithosphere in this zone is currently subjected to verti-
cally coherent deformation [Chang et al, 2015]. In the
southern part of NSTB, the observed anisotropy seems
connected with the asthenosphere mantle flow beneath
the thin lithosphere. The subduction and rollback/re-
treat of the Burma-Sunda slabs generate a SE-trending
flow, which produces a differential flow between the
lithosphere and sub-asthenosphere. The differential
shear is sufficient to generate the observed anisotropy in
the southern part of the zone.

8. DISCUSSION AND CONCLUSION

The direction of the P- and S-waves anisotropy
shows coupling deformations in the lithosphere, upper
mantle and crust within the great part of Central Asia
[San’kov et al, 2011]. At the same time, different vec-
tors of horizontal displacement in the crust and mantle
east of the East Himalayan Syntax and along of the
southern part of the 102-103° geodivider indicate de-
coupling of these layers under the influence of the Hin-
dustan-Asia collision [Hu et al,, 2012]. The thinner lith-
osphere of the eastern Tibet undergoes heating and
delaminating under the influence of the flow from the
underlying hot asthenosphere, which is branching into
the northeastward and southeastward flows due to the
resistance of the cold and rigid Sichuan Basin litho-
sphere. The eastward extrusion of the Tibet lithosphere
was assumed for the first time in [Molnar, Tapponier,



1975]. The Tibet lithosphere delamination causes its
fragmentation during the interaction with the rigid and
cold SE Asia Block. The GPS data shows the intensive
clock-wise turning of the crust within the Bayan Har,
Kam Dian, Shan and SE China blocks. The lithosphere
dynamic model suggests that the Yunnan and Indochi-
na crust is moving in the SE- and southward direction
with respect to the mantle, while the mantle is displa-
cing to NE. At the same time, beneath the more western
part of Tibet, both the crust and the mantle move
northward [Flesch et al.,, 2005; Sol et al., 2007].

The GPS vectors east of the geodivider mainly have
the direction of 106-121° SE [Lukhnev et al, 2010] with
velocities of 26-35 mm/y (see Fig. 2). West of it, pre-
dominant are the vectors to the north and northeast
with velocities from 50 to 23-25 mm/y. Some resear-
chers suppose that changes in the vectors are related to
the crust layering and layers rolling-down from the high
Tibet Plateau [Copley, 2008]. This assumption is indirect-
ly supported by the INDEPTH seismic and magnetotellu-
ric sounding data [Li et al, 2003; Solon et al, 2005]. Ac-
cording to the INDEPTH data, there are layers of in-
creased plasticity and partial melting of rocks in the Ti-
bet crust at the depth of 25-40 km. A sharp increase of
the upper crust thickness east of the 102-103° geodi-
vider in the SE China Block can be due to the fact that the
upper crust is tearing away and moving independently
eastwards along the more plastic middle and low crust
[Shen et al, 2005; Zhang et al, 2009; Li et al, 2011].
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Therefore, the 102-103° E geodivider is as a kind of
a large regional geological-geophysical border. It may
be compared with such structures as the Tornquist
Line, and, by its scale, with the Uralian and Appalachian
fronts and some others large structures. This zone ap-
pears at the trans-Eurasian Global Geoscience Transect
21 as a gigantic step in the crust and the whole litho-
sphere [Yuan et al, 2000].
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