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Clockwise rotation of the Tarim basin driven
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Abstract: In the previous article**, data were given on the clockwise rotation of the Tarim Basin at a speed of 0.461° per
million years around a virtual axis within the structure. Additional fieldwork and new evidence confirm earlier findings about
the asymmetry of the Indo-Asian collision zone. These data are additional arguments in favor of the rotation of the Tarim
Basin and lithospheric interactions along the Tarim boundaries. Conclusions are based on detailed geological and geo-
physical data.
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Pestome: B npegbiayueii ctatbe** Obinv npuBefeHbl AaHHble 0 BpalleHun Tapumckoro 6acceiHa no 4acoBoW CTpenke
co ckopocTbio 0,461° B MUNMNMOH NET BOKPYr BUPTYanbHOW OCY BHYTPW CTPYKTYPbI. [JononHuTenbHble noneBble uccnego-
BaHWs M HOBbIE (haKTUYeCKne faHHble NOATBEPXAAOT CAeNaHHbIe paHee BbiBOAbI 06 acMMMeTpum 30HbI IHA0-A3naTckoro
CTONKHOBEHWS. OTU JaHHbIe SBNAOTCA LOMOMHWUTENBHBIMU apryMeHTaMu B Morb3y BpalleHus Tapumckoro 6acceiiHa
nuToCcEpHbIX B3aMMOAENCTBUI BAOSb rpaHuny Tapuma. BeiBoabl 6asvpytoTcs Ha geTarnbHbIX reonoro-reounsnyeckmx
JaHHbIX.
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Zhao Junmeng. Clockwise rotation of the Tarim basin driven by the Indian plate impact. Part Il |

Four profiles crossing Tarim basin
and its surrounding mountains

The outcome of the paper is based mainly on
four seismic profiles traversing diverse parts of
the boundary zones of the Tarim Basin, that is,
the XB Line in the north, the KJ Line in the north-
east, the BD Line in the east, and the ANTILOPE-
I line in the south. The locations of the profiles are
shown in Fig. S1 and Fig. 1***. Results of the XB,
BD, and ANTILOPE-I lines are published in Zhao

50-
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et al. [1-3]. The KJ line is the most recent profile.
Compared with previous profiles, the new data
from the KJ line revealed a complex lithospheric
configuration of the Tarim Baisin boundaries,
which motivated further examination of the plate
kinematics and the (clockwise) rotation of the ba-
sin. Here we briefly summarize the relevant re-
sults of the four profiles, which are closely related
to the topic of the present paper.
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Fig. S1. Map of profile locations
Black lines denote the profile locations. Red lines indicate faults. Stars along each profile stand for the shot points,
with the red one showing the relation between the Tarim basin and its surounding mountains
by seismic records, traveling time fitting, amplitude fitting and ray tracing
TP - Tibetan Plateau; TB — Tarim Basin; QB — Qaidam Basin; JB — Junggar Basin; AOB — Altai Orogenic Bel;
CTS - Central Tien Shan; ETS — Eastern Tien Shan; AS — Altyn Tagh Shan; KS — Kunlun Shan; KKS — Karakorum Shan
Puc. S1. Kapma pacnonoxeHus npogpuneli
UepHbIMu nuHUSMU 0603Ha4Y€HO pacronoxeHue npogunel. KpacHble MUHUU yKa3bigaom Ha pasiomsl.
lonybkle 38e3d04ku 80071 Kaxdo20o npoghurnsi 0603HaYaom oYyaau celicMUYeCK020 83pbiea, KpacHble 38e3004KU
OemoHcmpupyrom ces3b Mexdy Tapumckum 6acceliHOM U OKpy)arouuMu e20 2opamu ¢ NOMOWbI0 celicMoepamm,
MOCMPOeHUs Kpuebix 8pemMeHu rpobeaa, amnumyObl U mpaccuposku yyel
TP — Tubemckoe nnamo; TB — Tapumckuti 6accelH; QB — 6accelH Kaldam; JB — [xyHeapckuli 6accelH;
AOB — Anmalickuli opozeHHbil nosic; CTS — LlenmpanbHbil TaHb-LaHb, ETS — BocmouyHblil TsHb-LaHb,
AS — AnmbiHmae (AnmbiHwats); KS — KyHbnyHs, KKS — Kapakopym

*** The authors invite to compare the illustrative material in this article with the figures from the previous article "Clockwise
rotation of the Tarim basin driven by the Indian plate impact". The differentiation of the illustrative material of this article
under figure numbering is performed using additional literals.

*** ABTOpPbI MpeAnaralT CPaBHUTL UNTIOCTPATUBHBIA MaTepuan B AaHHO cTaTbe C PUCYHKaMK U3 npeablayLlen ctaTbi
«BpalueHne Tapumckoro 6acceHa no YacoBOWM CTPENKE NoA BNUSHWEM ABWMXKEHUS MHAUACKOM NuTbI». [1s BO3MOXHO-
CTV pasrpaHnyeHns WNnNCTPaTUBHOMO MaTtepuana npu HymepaLum pucyHKOB B 3TOW cTaTbe Gbinu AONOMHUTENBHO UC-
Monb30BaHbl MUTEPHI.
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XB line. From the northern margin of the Ta-
rim Basin (TB) (82°52'28"E, 41°02'34"N) to the
southern foot hills of the Altay Orogenic Belt
(AOB) (86°46'19.2"E, 48°56'00"N), the XB Line is
995 km long and crosses northern part of the Ta-
rim Basin, the Tien Shan Orogenic Belt, the Jung-
gar Basin (JB), and the Altai Orogenic Belt (Fig.
1 and Fig. S1). During the original study, Zhao et
al. [1] obtained a 2D velocity structure by seismic
reflection / refraction profiling, a 2D density struc-
ture from modeling gravity data, the detailed
structure of the crust-mantle transitional zone us-
ing wavelet transforms of the deep seismic
sounding (DSS) data, and a 2D electrical resistiv-
ity structure using magnetotelluric (MT) sound-
ing. They also studied focal mechanisms and tec-
tonic processes. With this comprehensive set of
geological and geophysical data, a geodynamic
model was obtained for this region ([1], also
shown in Fig. S2). The results suggest that the
Tarim Basin subducts northward beneath the
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Tien Shan orogenic belt, while the Junggar Basin
contacts the Tien Shan in a pattern of strike-slip
mode (Fig. 2, a and Fig. S2).

Evidence for the northward subduction of the
Tarim Basin beneath the Tien Shan orogenic belt
can be seen in detail with an example of a shot
gather (shot point SP Byblk, located at 218.217
km along the profile). Two Moho reflection
phases can be clearly observed (Fig. S3, a) and
modeled (Fig. S3, b—d). The upper one is the
Moho of the Tien Shan Orogenic Belt, and the
lower one is the Moho of the Tarim Basin.

KJ Line. Recently, we have conducted a com-
prehensive geophysical profile from Korla to Jim-
sar (KJ line). From the northern margin of the Ta-
rim basin (82°52'28"E, 41°02'34"N) to the south-
ern margin of the Junggar basin (86°46'19.2"E,
48°56'00"N), the profile is 600 km long and
crosses the northern margin of the Tarim basin,
the Tien Shan, and the southern margin of the
Junggar basin (Fig. S1).
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Fig. S2. Structure of the crust and mantle lithosphere along the XB line
The upper panel shows the elevation (solid line) and Bouguer anomaly (dotted line). The lower panel shows
the lithospheric structures. The box and the star mark the location of the seismic section and the shot point shown
in Fig. S3. LVZs represent low velocity zones. The solid lines are interfaces determined by deep seismic sounding,
MT sounding and gravitational inversion. The dashed lines are inferred interfaces. Lines of high angles are faults
determined by seismic sounding, MT sounding and gravitational analyses. The complicated crust-mantle transitional
zone beneath the Tien Shan orogenic belt is determined by using wavelet transform [1]
Puc. S2. CmpoeHue 3eMHOU Kopbl U JumocghepHol MaHmuu rno nuHuu XB
B sepxHeli yacmu pucyHka npedcmasneHo nodHsamue (CrinowHas nuHus) u aHomanus byze (nyHkmupHas fnuHus).
HuxHsas yacmb pucyHka deMoHcmpupyem fumocgepHble cmpykmypbl. Pamkol u 36e3004Kkol OMMeYeHo
MecmornonoxeHue celicMUYeCcKo20 pa3pesa u oyaza celicMUuYecKoe2o 83pbiga, MokasaHHO20 Ha puc. S3.

LVZ — amo 30HbI HU3KUX ckopocmed. CrifowHbIMU TUHUSIMU OMMEYeHbl 2paHuybl pasdesna, Komopbie ornpedesieHbl
21y6UHHBIM celicMUYeCKUM 30HOUPOBaHUEM, MagHUMOMEITypUYECKUM 30HOUPO8aHUEM U epagumalyuoHHOU
uHeepcued. lyHKmupHbIMU NUHUSIMU 0603HaqYeHbI npedronazaemble epaHulbl. KpymoHaKnoHeHHble IUHUU
0b03Haqaom pasnombl, orpedesieHHble celicMopa3eedKoll, MaeHUMOMEsTypu4eCcKUM 30HOUPO8aHUEM
U e2pagumayuoHHbIM aHannu3om. CrioxHasi nepexo0Hasi 30Ha KOpbl 8 MaHMUI0, PacrofioXeHHast
o0 opozeHHbIM nosicom TaHb-LllaHsi, onpedeneHa ¢ noMouwibio selienem-npeobpasosarus [1]
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Fig. S3. Data and modeling example for SP Byblk:

a — Seismic records of SP Byblk: The shot point (at 0 km) is located in the southern part of the Tien Shan orogenic belt
(see Fig. S2 for the SP location) and the receivers are set up in the northern margin of the Tarim basin, the Tien Shan
orogenic belt and the southern margin of the Junggar basin. All recorded seismic signals came from the same shot point
at the same moment. The horizontal axis indicates offset distance from the shot point. The vertical axis indicates travel
time reduced by 6 km/s. A 1-20 Hz bandpass filter and automatic gain control with 2-s window were applied. The thick
solid lines show the identified effective seismic phases. The thin horizontal streight line at time of 0 s is a reference line.
Travel times of all observed phases constitute the input data for ray tracing and synthetic seismogram
b — Calculated theoretical amplitude: The vertical axis indicates travel time reduced by 6 km/s
¢ — Travel time fitting: The vertical axis indicates travel time measured (marked with @)
and calculated (crosses), reduced by 6 km/s
d — Ray tracing: The vertical axis indicates depth in km. The thick lines are interfaces determined by modeling
of the seismic phases. The distance axis is referenced to the shot point in (a) and to the entire XB line in (b—d)

Puc. S3. faHHble u npumep modenuposaHusi o4yaza celicMu4eckoao e3pbiea bbibik:

a — celicMoepaMMbi 0Yaza celicMuyecko20 83pbiea buibrk. Toyka 83pbiga (0 KM) pacnonioxeHa 8 KxXHOU Yacmu
0po2eHHo20 rosica TaHb-LllaHsa (MecmononoxeHue o4yaea celicMUYECKO20 83pbiga CM. Ha puc. S2), celicMOnpUeMHUKU
pacronoXeHbl o cegepHOMy Kparo Tapumckozo bacceliHa, 0po2eHH020 nosica TaHb-LLaHs u tXHOU OKpauHsb!
[xyHeapckoeo bacceliHa. Bce 3apeaucmpuposaHHbie celicMuYecKue cuaHarbl Npuwiiu u3 00H020 U Mo20 Xe o4yaza
celicMu4ecK020 83pbiea 8 00UH U mom xe MomMeHm. [opu3oHmaribHas 0Cb Noka3bieaem paccmosiHUe MexAy o4yazom
celicMU4eCcK020 83pbiea U NpueMHUKOM. BepmukaribHasi 0Cb oKasbi8aem CKOpOCMb PacripoCmMpaHeHUs], YMEHbUWEHHYIO
Ha 6 km/c. bbinu npumeHeHs! nponyckarowul nomnocosol punbmp 1-20 'y U a8mMomamuyeckas peaynuposka ycuneHusi
amnaumya ¢ d8yxceKyHOHbIM OKHOM. KUPHBbIE CriTOWHbIe TUHUU 0603Hayatom ebisierieHHsle delicmaytoujue celicMuYeckue
¢hasbl. ToHKas npsimMasi 20pU30HManbHas nuHUsi 8 MomeHm 0 ¢ sensiemcsi UcXo0HoU nuHuel omcyema. Bpems npobeza
ecex HabmodaeMbix ¢ha3 s18/19emcs UCXOOHbIMU OaHHbIMU 0711 MPaccuposKuU fTyqel U cuHmemuyeckol celicMozpammbi
b — pacuemnas meopemuyeckasi amnnumyda. BepmukarnbHasi 0Cb rokasbigaem epemsi npobeaa, yMeHbWEHHOe Ha 6 Km/c
C — IoCMpPOeHUe KpusbIix 8peMeHuU npobeza. BepmukanbHasi 0Cb Mokasbieaem U3MepPEeHHOE 8pemsi
npobeza (M) u pacyemHoe epems npobeza (OMMeYeHO Kpecmukamu), yMeHbWeHHOe Ha 6 Km/c
d — mpaccuposka nyqeli. BepmukanbHasi ocb noka3bieaem enybuHy 8 kunomempax. XXupHble nuHuu 0603Haqarom
epaHuypl, onpedeneHHbie ModenuposaHuem ceticmudeckux ¢pa3. Ocb paccmosiHUs npusesidaHa
K oyacy 83pblea Ha epacpuke (a) u ko eceli nuHuu XB Ha epacpukax (b—d)
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We obtained a 2D velocity structure from seis-
mic reflection / refraction profiling, a 2D density
structure and 2D geomagnetic intensity structure
from joint inversion of the gravity anomaly with
the geomagnetic anomaly. In contrast with the XB
line, no evidence of crustal underthrusting can be
found along the KJ line beneath the northern mar-
gin of the Tarim basin. In contrast, the results
suggest that the Tarim Basin moves away from
the Tien Shan Orogenic belt, and the Junggar Ba-
sin subducts southward beneath the Tien Shan
orogenic belt, as shown in Fig. 2, b and Fig. S4.

The spatial separation of Tarim Basin and the
Tien Shan orogenic belt can be seen in detail in
Fig. S5. The shot point SP Hoxud is located at
177 km. Modeling seismic records shows that
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there exists a gap and dislocation between the
Tarim Moho and Tien Shan Moho, implying that
the Tarim Basin is moving from the Tien Shan,
leaving a lateral gap between the two Mohos.

BD Line. Here we present the results of a
1420-km-long seismic refraction / wide-angle-re-
flection profile (BD Line) that crosses from NW to
SE the northern margin of the Tarim basin, the
east central Tarim basin, the Altyn Tagh Range,
and the northern Qaidam basin (Fig. 1). The 2D
velocity structure along the BD Line as shown in
Fig. S6 was obtained from the modeling of the
seismic data as mentioned above. The results in-
dicate that the Tarim Basin has subducted be-
neath the Altyn Tagh Range, as shown in Fig. 2,
¢ and Fig. S7 for detail.
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Fig. S4. Crustal structure along KJ line:
a — Elevation (black solid line) and Bouguer anomaly (blue dotted line) along the KJ line
b — Lithospheric structure and geodynamic model. Solid lines are interfaces determined by deep seismic
sounding and joint inversion of gravity and geomagnetism. Vertical triangles at surface denote shots.
Arrows below the Moho indicate Moho movement direction. The thin dotted lines are velocity contours
TB — Tarim Basin; TOB — Tien Shan Orogenic Belt; JB — Junggar Basin
The box and the star mark the location of the seismic section and the shot point, respectively, shown in Fig. S5
Puc. S4. CmpoeHue 3emHol kopbl rno nuHuu Kopna-[xumcap (KJ):
a — ModHAMue (YepHas CriIoWHas NUHUSI) U aHoMasnusi byae (CuHast nyHKkmupHas IuHus) no auHuu KJ
b — cmpoerue numoceghepni u eeoduHamuyeckas Modesns. CrnowHble NUHUU 0603Ha4Yam epaHulbl, orpedesieHHbIe
2nybuHHbIM celicMuYecKUM 30HOUPOBaHUEM U COBMECMHOU UHeepcuel Cusibl MsSXXecmu U 2eoMazHemu3ma.
BepmukarsnbHble mpeyaoribHUKU Ha M08epxHOCmuU 0b603Haqarom o4aau celicMu4ecKux 83pbigos. Cmpenku nod Moxo
(Moho) ykasbieatom HanpasneHue dguxeHuss Moxo. ToHKUMU MyHKMUPHBIMU AUHUSMU 0603Ha4Y€eHbI U30AUHUU cKopocmu
TB — Tapumckuli bacceliH; TOB — opoeeHHbit nosc TaHb-LlaHs; JB — [IxyHaapckuli 6accelH
Pamoyka u 38e3004ka 0603Hayarom coomeememeeHHO MeCmonoioxeHuUe
celicMUYeCcKo20 npoghusnis U 04aza 83pblea, NnokasaHHbIX Ha puc. S5
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Fig. S5. Data and modeling example for SP Hoxud
The shot point (at 0 km) is located in the southern part of the Tien Shan orogenic belt and the receivers are set up
in the northern margin of the Tarim basin, the Tien Shan orogenic belt and the southern margin of the Junggar basin.
Locations of the shot and the seismic section are indicated in Fig. S4. The horizontal axis indicates offset
distance from the shot point. Presentation (panels a—d) is the same as described in Fig. S3
Puc. S5. JaHHble u npumep modenupoeaHusi o4a2a celicMu4ecko20 e3pbiea Xokcyd
Ouae celicmMuyeckozo 83pbiga (0 KM) pacronoxeH 8 IXHOU Yacmu opo2eHHO20 nosica TaHb-LllaHs, npueMHUKU
ycmaHoereHbl o cesepHoMy kpato Tapumckoeo bacceliHa, 8 opo2eHHOM rosice TsHb-LlaHs u Ha 10XXHOU OKpauHe
LxyHeapckoeo bacceliHa. PacrionoxeHue o4yaza 83pbiea U celicMudecko20o npoghusisi nokazaHo Ha puc. S4.
lopu3oHmarnbHas 0Cb NoKa3bligaem paccmosiHue Mexdy 04a2oM CelCMUYECKO20 83Pbl8a U NPUEMHUKOM.
OnucaHue epacghukos (a—d) makoe xe, kak 0151 puc. S3

ANTILOPE-I. The ANTILOPE-I profile is a  of high signal / noise ratio were recorded and
broadband passive-source seismic array travers-  used for receiver function analysis [3]. A total
ing western Tibet and southern Tarim Basin.  number of 3476 S receiver functions (including
It consisted of about 80 stations, operated from  SKS receiver functions from 249 events at epi-
October 2006 to November 2007. During one  central distances of 60—115°).
year operation time, 478 teleseismic earthquakes
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Fig. S6. Crustal and upper-mantle cross-section along the BD line across the east-central
Tarim basin, Altyn Tagh Range and Qaidam basin [2]:
a — Tectonic setting and topography;
b — Crustal structure derived from the seismic velocity structure using laboratory
measurements of seismic velocities for a wide suite of rock types
The box marks the location of the seismic section shown in Fig. S5. The respective shot point is highlighted
Puc. S6. Pa3pe3 3eMHOU Kopbl U 8epxHell Yacmu MaHmuu no nuHuu BD e eocmoyHo-ueHmpanbHol Yacmu
Tapumckozo 6acceliHa, 20pHo20 xpebma AnmsbiH Taz u Kalidamckozo 6acceliHa [2]:
a — meKmoHuyYeckasi obcmaHoska u moroepagus;

b — cmpykmypa 3emHOU KopbI, NOMy4YeHHas U3 cmpykmypbl CelCMUYeCcKoU CKopocmu, onpedeneHHoU 8 pesynbmame
nabopamopHbix uamepeHuli celicMUYeCcKUX CKopocmel WUpPOKO20 CrieKmpa muros 20pHbIX Nopod
Pamoukol ommeyeHOo MECMOMOIOKEHUE CeliCMUYECKO20 nPoghusis, noka3aHHO20 Ha puc. S5.
Coomeemcmeyrowuli o4az celicMu4ecKo20 83pbisa 8bideseH

In the S receiver function image (Fig. S8), the
Moho can be identified along the profile A Moho
step can be observed beneath the border from
the Tibetan plateau to the Tarim Basin. No evi-
dence of crustal underthrusting can be identified.

GPS Data and strategy

The main part (~55 %) of GPS velocities are
from the published solutions of two Chinese na-
tional scientific projects, Crustal Movement Ob-
servation Network of China (CMONOC-I) and
Tectonic and Environmental Observation Net-
work of Mainland China (CMONOC-II) [4]. The
detailed GPS observation methods and data pro-
cessing strategies were introduced by Li et al. [4].
In addition to the GPS velocity data set of 240
stations from CMONOC (around the Tarim Basin
but within the territory of China), we merged an-
other published GPS velocity data set of 202
stations (around the western Tarim Basin) from

Zubovich et al. [5] to enhance the density and
coverage of GPS stations.

Although the CMONOC velocities and those
of another data set are given in Eurasia-fixed ref-
erence frames, their frames may differ slightly
from each other. As these two data sets shared
some stations with the CMONOC data set, we
used stations common to the CMONOC data set
as “links” to transform all the other velocities into
the same reference frame as that for CMONOC
by using rigid-body rotations with appropriate an-
gular velocity (Euler vector). After the reference
frame transformations, the maximum differences
of north and east components of the velocities for
the same stations in different data sets are 2.6
and 2.2 mmlyr, respectively; these values are
within 2 standard deviations of the velocity com-
ponents. The final velocities of the common sta-
tions are the weighted average of the values
from all the data sets in the same Eurasia-fixed
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The shot point (at 0 km) is located south of the Altyn Tagh fault in the Qaidam basin (see Fig. S6 for the SP location).
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Fig. S7. Data and modeling example for shot point 8 (Youshashan)

The receivers were located in the Tarim basin, Altyn Tagh Range, and Qaidam basin.
The horizontal axis indicates offset distance from the shot point
ATR - Altyn Tagh Range; QB — Qaidam Basin [2]
Puc. S7. flaHHble u npumep ModenupoeaHusi moyku 8 celicMu4eckoz20 e3pbiea (lOwawaHb)
Ouae 83pbiga (8 0 KM) pacronoxeH K ey om pasnoma AnmsiH Tae e Katidamckom bacceliHe
(cMm. mecmoronoxeHue o4aza 83pbiga Ha puc. S6). lpueMHUKU pacrnonoxeHb!
8 Tapumckom bacceliHe, 20pHOM xpebme AnmbiH Tae u Katidamckom bacceliHe.
['opu3oHmarnbHasi 0Cb noKa3bleaem paccmosiHue Mex0y 04yazoM CelicMU4eCcK020 83pblea U MPUEMHUKOM
ATR — 20pHbIti xpebem AnmebiH Ta2; QB — Katidamckuli 6accelH [2]

reference frame. The combined velocities of 442
GPS stations in a Eurasia-fixed reference frame
demonstrate the western Tarim regions are dom-
inated by N-S direction while eastern Tarim
moves toward the NE (Fig. 3, a).

In order to highlight the relative motion of Ta-
rim Basin with respect of its surroundings, we
used the following strategy to transform the GPS
velocity field into a special “Tarim surrounding vi-
cinity fixed reference frame”. Firstly, we solved for
the angular velocity of rigid-body rotation on
Earth sphere that minimized the RMS velocity of
all these surrounding stations. Then, by reversely
rotating the whole GPS velocity field of the Tarim
basin with the above angular velocity, we re-
moved the overall rigid rotation of the surrounding
vicinity of the Tarim Basin. This is equivalent to
converting the original GPS velocity field relative

Pe3ynbTaThbl NoneBbIX nccnefoBaHUM

to the Eurasia-fixed reference frame to the “Tarim
surrounding vicinity fixed reference frame”.

The geodynamic source
of the rotation of the Tarim plate

Tibetan plateau is made up of three plates:
the rigid Indian plate in the south, the rigid Asia
plate in the north and a giant crush zone — Tibet
"plate" sandwiched between the two. The giant
crush zone with a horn-like shape facing east is
featured high temperature (temperature is higher
by ~300° K than both the India plate and Eurasian
plate) and low velocity (S wave velocity is lower
by 5 % than the two plates on its both sides), and
high Sn wave attenuation (on top of the upper
mantle the Sn wave almost disappears) and
strong seismic anisotropy, hence it must be softer.
It can be seen from Fig. S9 that the collision
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Fig. S8. Sreceiver functions, sorted by piercing points at the 150 km conversion depth [3]
Positive amplitudes are coded red, indicating an increasing velocity jump with depth; negative amplitudes are coded
blue, indicating a negative velocity jump with depth. The Moho and LAB phases are marked by dashed lines.

The elevation is plotted at the top of each section, along with the position of the major sutures and faults. The Indian
LAB is deepening from about 100 km depth in northern India to about 200 km depth below the JRS at the ANTILOPE-I.
The Asian LAB is only slightly south dipping from about 120 to 140 km at the profile. There are weak indications
at the profile that the Asian LAB might continue some distance in south direction above the Indian LAB
Puc. S8. ®yHKkyuu S-npueMHuUKa, knaccugpuyupoeaHHbie 110 Mo4YKkam MPOHUKHOBEHUS
Ha any6uHe npeobpa3oeaHusi 8 150 km [3]
lNonoxumenbHble amnnumyObi 0603HaYeHb! KpacHbIM UBEMOM, yKa3bigarouuM Ha 803pacmaHue cKopocmu
¢ ysenuyeHueM enybuHbl; ompuyamesibHbie amnaumyOobl 0603HaYeHbl CUHUM UBEMOM, yKa3blealowuM Ha 8o3pacmaHue
ompuyameribHol cKopocmu ¢ ygenudeHuem aniybuHbl. [yHKMUpPHLIMU NUHUSMU omMeyeHbl ¢hasbl Moxo (Moho) u LAB.
Beicoma no0vema omobpaxaemcs 8 8epxHel Yacmu Kaxdol CeKyuu 8Mecme ¢ MosIoKeHUEeM OCHOBHbIX MEKMOHUYECKUX
weoe u pasnomos. NMHdutickuti LAB yenybnsemcs npumepHo Ha 100 km e cegepHol MHAuu u do 200 km 82nybb nod JRS
Ha npogpune ANTILOPE-I. Asuamckuti LAB umeem Hebonbwol yknoH no npogunio K ey om 120 do 140 km.

Ha npocpune ecmb cnabbie npusHaku moao, Ymo asuamckul LAB mMoxem npocmupambcs Ha HEKOmMopoe
paccmosiHuUe 8 I0XHOM HanpaeneHuu Had uHoutickum LAB

between The Indian plate and the Asian plate oc-
curred mainly at the southwest corner of the Ta-
rim Basin, and a torque was generated in the Ta-
rim plate, making the Tarim plate rotate clock-
wise. To the east, the Tibetan “plate”, which is
soft between the Indian plate and the Asian plate,
has strong internal deformation under the stress
background of the south-north compression,
transmitting the stress to the west. Therefore, un-
der the impact of the Indian plate, the Tarim plate
would rotate clockwise on the one hand and
translate from south to north on the other hand.

Eocene and Oligocene mammalian
faunas from the Junggar basin
and the Mongolian plateau

Changes in faunal compositions reveal dis-
tinct differences in biological evolution of the
Junggar basin nearby the Tarim basin, and the
Mongolian plateau, more than 1000 km farther

east, but with the same latitude (Fig. S10).

The above arguments in favor of the charac-
ter of rotation of the Tarim Basin are confirmed by
the analysis of the distribution of the Eocene-Oli-
gocene Mammalian fauna. There are data from
various sources.

Late Eocene, Junggar basin [7] includes the
Keziletuogayi A3 Fauna Insectivora, Fam. et gen.
indet., Lagomorpha, Ochotonidae, Desmatolagus
sp. Rodentia, Cylindrodontidae, Ardynomys vino-
gradovi Ardynomys sp., Dipodidae Allosminthus
sp., Perissodactyla, Brontotheriidae Gen. et sp.
indet., Paraceratheiinae Gen. et sp. indet., Amy-
nodotinae Gen. et sp. indet., Cadurcodon cf. ar-
dynensis, Gigantamynodon giganteus, Rhinoce-
rotidae Gen. et sp. indet.

Early Oligocene, Junggar basin [7] includes
the Keziletuogayi A1-2 Fauna Marsupia, Perade-
ctidae, Junggaroperadectes burginensis, Insecti-
vora, Changlelestidae, Tupaiodon cf. morrisi,
Erinaceidae, Palaeoscaptor cf. acridens, Lagomor-
pha, Ochotonidae, Desmatolagus sp., Rodentia,
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Fig. S9. Plate tectonics of western China

The solid line represents the location of the seismic section. The shaded region highlights the locations of the rigid

Tarim plate, the Indian plate, and the giant crush zone (the Tibetan "plate") (the lithospheric mantle) as determined

by the seismic wide-angle reflection / refraction profile [1, 2], the receiver function [3], and seismic tomography [6].

The thick red line at the edge of the Tarim basin represents the lithosphere outer margin of the Tarim plate
along four sections. Blue and red arrow pairs represent compression or extension stress environments.
The red star indicates the position of the Euler pole, around which the Tarim plate rotates regularly
TB — Tarim Basin; JB — Junggar Basin; CTS — Central Tianshan; ETS — East Tianshan; P — Pamirs;
AS — Altyn Tagh mountain; KS — Kunlun Mountains; KKS — Karakoram mountains;
QB - Qaidam Basin; TP — Tibetan Plateau
Puc. S9. TekmoHuka nium 3anadHozo Kumas
CrinowHol nuHuel 0603Ha4yeHo NOOXeHUe celicMuYecko20 paspesa. 3awmpuxosaHHas obnacme ykasnlieaem
MecmoHaxox0eHue xecmkol Tapumckol nnumel, MHAulickol naumel u 2uzaHmcekol cbpocoeol 30HsI (Tubemckol
"nnumsi") (numocgbepHol MaHmuu), ymo 6bino onpedeneHo celicMUYeCKUM WUPOKOY20MbHbIM Npoghunem ompaxeHus /

npenomnerus [1, 2], oyHkyuel npuemHuka [3] u celicmuyeckoli momozpachuel [6]. XKupHasi KpacHast UHUS MO Kparo
Tapumckozao bacceliHa 0603Ha4Yaem gHeWHUU kpal numocgepbl TapumcKoU naumsl 1o Yemsipem yyacmxam. lNapebi

CUHUX U KpacHbIX cmpesiok 0bo3Havyarom HanpsxeHHble obrnacmu cxamus unnu pacmsxeHusi. KpacHas 3ge3douka

yKa3blgaem rosnoxeHue nonrca dunepa, BOKpy2 KOMOPo2o pe2yrspHo epawjaemcs: Tapumekas niuma
TB — Tapumckul baccelH; JB — [IxyHeapckul b6acceln; CTS — LleHmparbHbil TaHb-LlaHb; ETS — BoCcmoYHbIL
TsaHb-LaHe; P — Mamup; AS — 2opa AnmeiH Tag; KS — 2opbi KyHbnyHb; KKS — 20pbl Kapakopym;
QB - Katidamckuti 6acceliH; TP — Tubemckoe nnamo

Ctenodactylidae, Karakoromys decessus, Tsa- Late Oligocene, Junggar basin [8, 9] includes
ganomyidae, Cyclomylus lohensis, Muridae, Cri-  the Tieersihabahe Fauna Insectivora, Erina-
cetops dormitory, Dipodidae, Parasminthus tang-  ceidae, Amphechinus kansuensis, Amphechinus
ingoli, Parasminthus aff. Asiaecentrali, Tatalsmin-  minimus, Amphechinus cf. rectus, Talpidae, Gen.
thus sp., Sciuridae, Gen. et sp. Indet, Aplodonti- et sp. indet., Soricidae, Heterosoricinae, Gen. et
dae, Prosciurus sp., Cricetidae, Gen. et sp. Indet,  sp. indet., Crocidosoricinae, Gen. et sp. indet.,
Eucricetodon sp., Eucricetodon caducus, Eucri-  Didymoconidae, Didymoconus sp., Chiroptera,
cetodon asiaticus, Ulaancricetodon cf. badamae, Fam. et gen. indet, Lagomorpha, Ochotonidae,
Castoridae, Propalaeocastor irtyshensis, Cre- Desmatolagus gobiensis, Desmatolagus sp. 1,
odonta, Hyaenodontidae, Hyaenodon sp. Desmatolagus sp. 2, Sinolagomys major, Sinolag-

omys kansuensis, Rodentia, Ctenodactylidae,
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Fig. S10. Changes in faunal compositions (in percentages)

Left, a perissodactyl-dominant fauna lived in the Junggar basin during the Late Eocene, but rodents and lagomorphs
had dominated the local ecosystem since the Eocene / Oligocene boundary. Right, ungulates including perissodactyls
and artiodactyls were the main members of the Late Eocene and Early Oligocene mammalian faunas
in the Mongolian plateau, while rodents and lagomorphs expanded their distribution until the Late Oligocene
CLMA - Chinese Land Mammal Age
Puc. S10. U3meHeHus1 8 cocmase ¢hayHbl (8 NnpoyeHmax)

Cneea: bayHa ¢ npeobnadaHuem HernapHOKOMbIMHbIX XUBOMHbIX, Komopbie obumaru 8 [xyHaapckom bacceliHe
8 M030HeM 3oueHe, ¢ 00MUHUPOBaHUEM 2pbI3yHO8 U 3aliyeobpasHbix 8 MECMHOU 3KOCUCMeMe C KOHUa 3oueHa —
Havasna onuzouyeHa. Cripasa: KorbIiMHbIe XUBOMHbIE, BKITH0Yas HENMapPHOKOMbIMHBIX U NapHOKOMbIMHbIX, KOmopbie Obiiu
OCHOBHbIMU rpedcmasumensamu hayHbl MEKONUMaruux no30He20 3oyeHa U paHHezo onueoyeHa Ha MoHeombckom
n1amo; epbi3yHbl U 3aliyeobpasHble npodosmkunu ceoe pacrpocmpaHeHue 0o no30He20 o/lu2oyeHa
CLMA - katiHo3ol Ha meppumopuu Kumas

Yindirtemys cf. deflexus, Yindirtemys ambiguous,
Cricetidae, Tachyoryctoides obrutschewi, Eucri-
cetodon sp., Dipodidae Parasminthus asiaecen-
tralis, Parasminthus tangingoli, Bohlinosminthus
parvulus, Plesiosminthus sp., Litodonomys sp. 1,
Litodonomys sp. 2, Litodonomys sp. 3, Litodono-
mys sp. 4, Litodonomys sp. 5, Aplodontidae, An-
somyinae, Gen. et sp. indet., Sciuridae, Eutamias
sp., Gen. et sp. indet., Eomyidae, Pseudotherido-
mys asiaticus, Gliridae, Gliruloides zhoui, Car-
nivora, Gen. et sp. indet. 1, Gen. et sp. indet. 2,
Gen. et sp. indet. 3, Perissodactyla, Paracera-
theriidae, Aralotherium sui, Artiodactyla, Cer-
voidea, Eumeryx sp. 1, Eumeryx sp. 2, Bovidae,
Gen. et sp. indet.

Late Eocene, Mongolian plateau [9] includes
the Ulan Gochu Fauna Insectivora, Didymoco-
nidae, Gen. et sp. indet., Lagomorpha, Ochoton-
idae, Desmotolagus vetustus, Leporidae, Gobi-
olagus andrewsi, Rodentia, Ischyromyidae, Gen.
et sp. indet., Hulgana ertinia, Cylindrodontidae,
Ardynomys sp., Anagalida, Anagalidae, Anagale

gobiensis, Condylarthra, Mesonychidae, Mongo-
lestes hadrodens, Perissodactyla, Brontothe-
ridae, Metatitan primus, Metatitan progressus,
Embolotherium granger, Embolotherium loucksii,
Embolotherium andrewsi, Amynodontidae, Gen.
et sp. indet., Amynodontopsis sp., Cadurcodon
Sp., Zaisanamynodon? sp.

Early Oligocene, Mongolian plateau [10, 11]
includes the Wulanbulage Fauna Insectivora,
Fam. et gen. indet., Lagomorpha, Ochotonidae,
Desmotolagus gobiensis, Leporidae indet., Gen.
et sp. indet., Rodentia, Ctenodactylidae, Karako-
romys decessus, Tataromys sigmodon, Dipo-
didae, Plesiosminthus tangingoli, Tsaganomyi-
dae, Tsaganomys sp., Cyclomylus lohensis, Mu-
ridae, Cricetops dormitory, Creodonta, Hyaeno-
dontidae, Hyaenodon sp., Carnivora, Miacidae,
Gen. et sp. indet., Fam. et gen. indet., Amphicy-
onidae, Amphicyon sp., Perissodactyla, Tapiroi-
dea, Fam. et gen. indet., Chalicotheriidae, Schiz-
otherium sp., Paraceratheriidae, Paracerather-
ium lepidum, Amynodontidae, Cadurcodon
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ardynensis, Rhinocerotidae, Aprotodon sp., Gen.
et sp. indet., Artiodactyla, Cervoidea, Eumeryx
sp., Lophiomerycidae, Lophiomeryx sp., Lophio-
meryx gobiae, Bovidae, Gen. et sp. indet.

Late Oligocene, Mongolian plateau [9, 10] in-
cludes the Yikebulage Fauna Insectivora, Erina-
ceidae, Amphechinus cf. rectus, Amphechinus
minimus, Amphechinus sp., Lagomorpha, Och-
otonidae, Desmatolagus sp., Sinolagomys
gracilis, Sinolagomys kansuensis, Sinolagomys

2020;43(4):486-498

major, Sinolagomys sp., Rodentia, Ctenodactyli-
dae, Distylomys gianlishanensis, Tataromys par-
vus, Yindirtemys ambiguous, Yindirtemys de-
flexus, Yindirtemys granger, Yindirtemys suni,
Yindirtemys sp., Dipodidae, Plesiosminthus par-
vulus, Plesiosminthus tangingoli, Muridae, Tach-
yoryctoides  kokonorensis,  Tachyoryctoides
obrutschewi, Tsaganomyidae, Tsaganomys sp.,
Castoridae, Gen. et sp. indet.
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