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Abstract: Tarim basin is usually regarded as a rigid tectonic block that resists the northward expansion of the
Tibetan plateau that is associated with ongoing northward motion of the Indian plate. The structural complexity of
its tectonic boundaries with adjacent units inferred from seismological studies suggests, however, that this simple
view of a static block under north-south compression needs revision. Here, we demonstrate (from Global Position
System data) that Tarim basin is rotating clockwise (at a rate of 0.461°/Myr) around a (virtual) vertical axis within
the unit. This rotation logi-cally results from the asymmetric nature of the India-Asia collision zone as inferred from
seismological studies and can explain the otherwise puzzling pattern of lithospheric interactions along the Tarim
basin borders as well as the diachro-nous seawater retreat and the closing of the westerly moisture pathway that
results in aridification and desertification of Tarim.
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BpaweHue Tapumckoro 6acceiHa no 4acoBOMW CTpenke
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Pe3stome: Tapumckuin 6acceiiH 06bIYHO paccMaTpUBaETCs Kak TEKTOHUYECKUIA BBICTYN, NPENSTCTBYOLWMIA NPOABY-
xeHunto TubeTckoro nNnaTto Ha CeBep, B COOTBETCTBUMM C NPOLOIIKAOWMMCS ABWMXKEHWEM Ha ceBep WHauickon
nnuTel. OfHAKO CTPYKTYPHas CNOXHOCTb €r0 TEKTOHUYECKUX FPaHNL, YCTaHOBIIEHHAs Ha OCHOBE CEMCMOMNOrnyeckmx
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nccnefoBaHuiA, AaeT OCHOBaHME CYUTaTh, YTO 3TOT YNPOLLEHHbIA B3rNsa, Npeanonararlmnin NnpocToe ABMKEHNE
Tapumckoro 6accenHa B pe3ynbTate MEpPUMAMOHANBHOMO CXaTusl cTaTUyeckoro 6rioka, HyXXaaeTcs B NepecMoTpe.
Hawwu gaHHble No3BONSKT NpoAeMOHCTPMpoBaTh B [MobanbHOM cucteme koopauHat, Yto Tapumckuin 6acceiH
BpaLLaeTcs N0 YacoBOW CTpesike co ckopocTbio 0,461° B MUNIIMOH NET BOKPYT BUPTYanbHOW OCU BHYTPU CTPYKTYPbI.
OT0 BpaLLeHVe NOrNyecky BbITEKAeT U3 aCMMMETPUYHOI Npupoabl 30Hbl IHO0-A3MaTCKOro CTOSIKHOBEHMS, KOTOPas
yCTaHOBMEHa B NpOLLecce CENCMOIIOTMYECKMX NCCNeJ0BaHNIA, NPU3BaHHbIX OO BACHUTL 3arafgoyHyto KapTUHY NUTO-
CPEepPHbIX B3aMMOAENCTBII BAOMb rpaHuL, Tapuma, a TaKkke U3y4yeHus AMaxpOHHOro OTCTYNIEHUS rpaHuLbl MOps
1 NepekpbITUSA 3anagHoro kaHamna JocTyna MOPCKOW BOAb!, YTO MPUBENO K apuansaumm u onycTbiHMBaHuo Tapum-
ckoro baccenHa.

Knroyeenle cnoea: Tapumckuii 6acceli, BpalleHue bnoka, MiHauinckas nnuTa, KOHTUHEHTaNbHas KONnuaus, na-
neoreorpacun4eckme peKOHCTPYKLMM, 3anagHblii MOPCKOMN KaHar

Uughopmayusi o cmamebe: [ata noctynnenus 15 oktabpsa 2019 r.; gata npuHaTus k nevatn 19 Hosops 2019 r.;
[ata oHnanH-pameleHus 30 gekabps 2019 r.

Ansa yumupoeaHusi: Yxao LI3toHbM3aH, YxaH ManuwxaHb, K0aHe Csaoxyn, MaHb BanustoHb, CyHb LisumuHb, [aH Tao
[v op.]. BpaweHnue Tapumckoro 6acceiHa no 4acoBOW CTPerke nof BNUsiHUEM ABwkeHUs MHauiickoi nnuTel. Hayku
0 3emne u Hedpononb3osaHue. 2019. T. 42. Ne 4. C. 425-436. https://doi.org/10.21285/2686-9993-2019-42-4-425-436

The Tarim basin is a cratonic block lo-
cated between the Siberian craton and the
Tibetan / Pamir plateau, bounded on all
sides by major faults and mountain belts
(Fig. 1). Its Precambrian basement is cov-
ered by thick Paleozoic-Mesozoic-Cenozoic
marine  sediments and post-Miocene
Taklimakan Desert eolian dune sands [1, 2].
In the classical view the basin (backstopped
by Siberia) resists the northward motion of
the Tibetan plateau caused by the India-
Asia collision [3], with minor rotations of the
basin around Euler poles outside the unit [4,
5]. Seismological studies of Tarim basin
boundaries suggest, however, that litho-
spheric interactions with surrounding units
are more complicated than expected from
this canonical model. Changes in environ-
ment, such as the Paleogene aridification
and desertification, attributed to a combina-
tion of Tibetan Plateau uplift and seawater
retreat from the area [6], also suggest higher
order complexity. Here we report evidence
from Global Position System (GPS) data for
clockwise rotation of the Tarim block around
a virtual axis within the unit, yielding larger
strain gradients than predicted previously
from paleomagnetic data. This rotation ex-
plains the observed structural complexity
along the boundaries, as well as changes in
paleoenvironment, and is itself a logical con-
sequence of the asymmetry and diachro-
nous nature of the India-Asia collision zone.
Over the past two decades a number of seis-
mic experiments have been conducted

across the borders of Tarim basin (Fig. 1)
with the purpose of studying the lithospheric
structure of the basin with respect to the sur-
rounding mountain belts. Details about the
experiments are given in the Online Supple-
ment; here we summarize the results insofar
they are relevant for the discussion of re-
gional variations in deformation style. In the
north, the observation of a double Moho be-
neath Tien Shan and joint inversion of seis-
mic, gravity, and geomagnetic data suggest
that Tarim basin crust underthrusts central
Tien Shan [7] (Line XB; Fig. 2, a). In the
northeast, the seismic data reveal south-
ward underthrusting of the Junggar basin
lower crust beneath Tien Shan and a gap
between the Moho of Tarim basin and east-
ern Tien Shan (Line KJ; Fig. 2, b). In the
southeast, wide-angle reflection/refraction
and joint inversion with gravity data reveal
southward underthrusting of the Tarim litho-
sphere beneath the Altyn Shan and Tibet [8]
(Line BD; Fig. 2, c). In the southwest, pure
shear deformation is accommodated by
deep faults and receiver function profiles re-
veal a Moho step of ~20 km, from ~80 km
beneath Tibet to ~60 km beneath Tarim [9,
10] (Line ANTILOPE-I; Fig. 2, d).

Starting at the northern part of the Ta-
rim Basin and ending at the northern margin
of the Junggar Basin, the XB Line crosses
northern Tarim Basin, the Tien Shan, and
the Junggar Basin, with a length of 900 km.
Along the profile, wide-angle seismic reflec-
tion/refraction and a joint inversion of gravity
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and geomagnetism have been carried out. double Moho structure beneath the Tien
The results indicate that the Tarim Basin is Shan has been observed (Fig. 2, a).
underthrusting the Tien Shan [7] and a

85° 90°

t ] ] km
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Fig. 1. Map of Tarim Basin and surrounding Tibetan and Tien Shan orogenic belts
Solid lines show locations of the profiles. Dashed lines indicate the front of the Indian mantle lithosphere seen
by seismic tomography and receiver functions (green line denotes [11] and blue line denotes [10].

Thin red lines denote main faults around the Tarim Basin. Black triangle pairs indicate compression or extension.
Blue start denotes the Euler pole, around which the Tarim block is rotating clockwisely
Abbreviations for tectonic units: TB — Tarim Basin; JB — Junggar Basin;

CTS - Central Tien Shan; ETS — Eastern Tien Shan; AS — Altyn Shan;

KS — Kunlun Shan; KKS — Karakoram Shan; QB — Qaidam Basin; TP — Tibetan plateau
Numbered faults: 1 — Talas-Fergana Fault; 2 — West Kunlun Piedmont Fault;

3 — Kangxiwar Fault; 4 — Miya-Tianshendaban Fault; 5 — East Kunlun Fault;

6 — Altyn Fault; 7 — Tarim Northern Margin Fault
Puc. 1. Kapma Tapumckozo 6acceliHa u npusne2arowux K Hemy
meppumoputl Tubema u TAHbWAaHCKUX OPO2eHUYECKUX M0sICOo8
CrnowHbIMU JIUHUSIMU 1OKa3aHo nosioxeHue npoghused. [yHKMUPHbIMU TUHUSMU OmMeYeHa nepedHsis Yacmb
numoceghepHol mMaHmuu no 0aHHbIM celicmuyeckol momoepapuu U hyHKyul celicMonpueMHuUKa
(3eneHas nuHUs — o daHHbIM UcmoyHuUKa [11] u cuHsas — Mo aHHbIM ucmoyHuka [10]. TOHKUMU KpacHbiMU
JIUHUSIMU OMMeEYEHbI 21agHble pasfioMbl 80Kpye Tapumckozo bacceliHa. YepHbie cmperku ykasbigaom
HanpasneHue cxamus unu pacmsixeHus. CuHel 36e3000 ommeyeH nosnc Jinepa,
80Kpy2 komopoz2o Tapumckuli 6110k epalwyaemcsi o Yyacoeol cmperke
CokpauweHus dna mekmoHuveckux eduHuy: TB — Tapumckuli 6acceliH; JB — [JxyHeapckuli 6accelH;

CTS - LieHmpanbHbili TaHb-LLaHb; ETS — BocmouHbil TaHb-LlaHb; AS — AnmeiH WaHb, KS — KyHbnyHb LLlaHs;
KS — KyHnyH laHe, KKS — Kapakopym LliaHb; QB — 6accelH Kalidam; TP — Tubemckoe nnamo
lpoHymeposaHHbie pasnombi: 1 — Tanaco-®epaaHckul; 2 — 3anadHo-KyHbmyHCKul;

3 — Pasnom Kaxkcueap; 4 — Musi-TaHbweH0abaH; 5 — BocmoyHo-KyHbyHCKuUl;

6 — Pasriom AnmaiH; 7 — Pa3nom cegepHol epaHuub! Tapuma
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Fig. 2. Cartoons showing interaction of crust and mantle lithosphere
between Tarim block and the surroundings orogenic belts
Along four profiles shown in Fig. 1
The crust is homogeneously indicated by yellow color, while mantle lithospheres of different units
are denoted by different colors: green — Tarim Basin; cyan — Jungar Basin;
red — Tien Shan; blue — Tibetan Plateau
Abbreviations are the same in Fig. 1
Puc. 2. lijeemHble unnrocmpauyuu, nokasbiearoujue ezaumodelicmeue Kopbl U MaHMuliHOU umocgepsbi
Mex0y TapuMcKuM GITOKOM U OKpY)KaloujuMu e20 Opo2eHHbIMU rosicaMu
Coomeemcmeytom Yyembipem npousIsM, NoKasaHHbIM Ha puc. 1
3emHas kopa 0603Ha4eHa XenmbiM Uygemom, a MaHmulHas numoceghepa 01151 pas3HbiX CmMpykmyp
foKa3aHa pasHbIMU ysemamu: 3es1eHbiM — nod Tapumckum bacceliHom, 201ybbiM — 100 [xyHaapckum,
KpacHbiM — 100 TsHb-LLlaHem, cuHum — mod Tubemckum nnam
CokpauwjeHust me xe, ymo Ha puc. 1.

The recent 600-km long seismic pro-
file (KJ line) crosses the northeastern mar-
gin of the Tarim Basin, the east Tien Shan
and the southern part of the Junggar Basin.
This comprehensive geophysical profile re-
veals a double-Moho structure underneath
the northern margin of the east Tien Shan
with underthrusting of the Junggar Basin
lower crust beneath the Tien Shan (Fig. 2,
b). Beneath the southern Tien Shan margin
a gap exists between the Moho of the Tarim
Basin and that of the east Tien Shan

(Fig. 2, b). Along with previous seismic pro-
files this reveals a complex configuration
along the basin boundaries. The NW-SE
striking, 1400-km long seismic profile (BD
Line) traverses the eastern part of the Tarim
Basin, the Altyn Shan, and the Qaidam Ba-
sin. Wide-angle reflection/refraction and
joint inversion of gravity and geomagnetism
revealed an underthrusting of the Tarim lith-
osphere beneath the Altyn Shan to a depth
of 90 km [8] (Fig. 2, c). The ANTILOPE-I is
a passive-source seismic profile, located in
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western Tibet, extending from Himalaya to
the southern Tarim Basin, with a total length
of ~800 km. The Moho is seen at a depth of
~80 km underneath Tibet and suddenly
shallows to ~60 km underneath the Tarim
Basin with a step of ~20 km [10]. Close to
the profile a Sino-French experiment re-
vealed a similar Moho step beneath the
Altyn Shan [9]. The crustal shortening here
Is accommodated by pure shear in contrast
to simple shear at the southern Tarim mar-
gin (along BD line) (Fig. 2, d).

The lithospheric interactions between
bounding units implied by these observa-
tions are inconsistent with the canonical
framework of predominantly NS compres-
sion but are readily explained if the strain
gradients due to clockwise rotation of the
Tarim Block are larger than previously sug-
gested. Paleomagnetic data suggest negli-
gible post-Cretaceous rotation of Tarim ba-
sin [4], whereas a kinematic model derived
from modeling slip rates along major thrust
and strike-slip faults revealed a Cenozoic
clockwise rotation of the Tarim basin with re-
spect to Siberia at a rate of 0.65£0.3°/Mys
and around a pole at (43.5°N, 95.7°E) [5].
Euler poles outside Tarim produce rotations
that are too small, however, to explain the
different deformation styles inferred from the
seismological studies.

GPS measurements constrain pre-
sent-day surface motions around the Tarim
basin. In a reference frame of stable Eura-
sian plate (Fig. 3, a) GPS vectors in the
western Tarim regions are dominated by N-
S direction while eastern Tarim moves to-
ward the NE. From GPS data [12] we calcu-
lated the relative motion of Tarim basin with
respect of its surrounding areas (Fig. 3, b).
First, we solved for the Euler vector that min-
imized the RMS velocity of all these sur-
rounding stations. Then, through reverse ro-
tation of the GPS velocity field around the
Euler vector thus obtained we removed the
overall rigid rotation of the surrounding units.
The resulting “Tarim fixed reference frame”
highlights the clockwise rotation of the Tarim
basin with respect to its surroundings. The
rotation rate (0.461+0.036°/Myr) is close to
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the inference from kinematic data by Avouac
et al. [5], but a pole within the Tarim basin
(at 39.2°+ 0.27°N, 82.0°t 0.34°E) produces
strain gradients that can explain morpholog-
ical changes along the Tien Shan [3] as well
as the otherwise puzzling styles of defor-
mation in the boundary zones, that is, com-
pression in NW with central Tien Shan,
trans-tension in NE with eastern Tien Shan,
compression with Altyn Tagh Shan in the
SE, and left lateral shear motions in the SW
(Fig. 1).

The clockwise rotation of the Tarim
block can explain variations in the topogra-
phy of the Tien Shan. Geographically, the
central Tien Shan is north-south symmetric
(Fig. 2, a), whereas the eastern Tien Shan is
asymmetric (Fig. 2, b). The geometry of the
crustal interplay may result in an extension
and strike sliding underneath the southern
Tien Shan margin. The elevation of the
southern Tien Shan is reduced by weather-
ing and erosion, causing asymmetric topog-
raphy of the Tien Shan along the KJ line.
The tectonic difference of the southern and
northern Tien Shan, and the deformation of
the basins at its two sides are different. At
the southern margin of the Junggar Basin,
the deformation is strong, causing steep
structures and intense folding. The northern
margin of the Tarim Basin is relatively flat,
because it has experienced less tectonic de-
formation.

Block rotations are not expected in an
overall regime of (pure shear) north-south
convergence, but we propose that the rota-
tion of the Tarim basin is driven by the asym-
metric indentation of the northward moving
Indian plate and facilitated by lateral varia-
tions in geomechanical properties of plate
boundary zone. First, the lithospheric
boundary between the Indian plate and the
Eurasian plate beneath Tibet roughly follows
a line from the western Tarim basin to the
eastern Himalayan syntaxis (Fig. 1) [10, 11].
Second, increased seismic anisotropy [10,
13-15] and high attenuation in the upper-
most mantle [16, 17] suggest that in central
and east Tibet hot and more easily deform-
able mantle material fills the gap between
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Fig. 3. Observed GPS velocity vectors (red arrows) in and around the Tarim block in a reference
frame of Siberia representing the stable Eurasia plate (a); GPS velocity vectors (red arrows)
in and around the Tarim block in the “Tarim surrounding vicinity fixed reference frame” (b)
The blue star indicates the Euler pole location of the clockwise rotation of the Tarim block
with respect to its surroundings. The blue vectors are modeled GPS velocity
(see text for explanation)

Puc. 3. Habnrodaembie eekmopbi ckopocmu GPS (kpacHble cmpesiku) 8Hympu u 8okpyea 610ka
Tapum e cucmeme omcyema Cubupu, npedcmaensirouweli cmabunsHyro Eepasulickyro naumy (a);
eekmopsb! ckopocmu GPS (KpacHble cmpeniku) e Hympu u eokpye 6sioka Tapum
8 “TapuMcKoM OKpyxaroujeM suyuHume ghukcuposaHHol cucmembl omcyema” (b)

CuHsis1 38e30a rnokasbigaem pacronoxeHue rontoca Jinepa ons epawieHus brioka Tapum 1o yacosol cmpernke
OmMHOCUMerbHO e20 oKpyxeHus. CUHUE CMPErKU nokKasbiearom cMooenuposaHHsle ckopocmu GPS
(nosicHeHuUs1 OaHbl 8 Mekcme)
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Indian and Asian plates. In western Tibet, to-
ward Pamir, indentation of the Indian plate
across the entire width of the Plateau exerts
a northward push on the western Tarim ba-
sin and the weak zone further east allows
the Tarim basin to rotate clockwise in re-
sponse to the northward push further west.
The rotation of the Tarim block had
significant consequences for the paleoenvi-
ronment of the Asian interior. Previous stud-
ies have indicated that the Northern Pamir
has been displaced northward 400-300 km
with respect to the rest of Eurasia [18], lead-
ing to collision with the southeastern Tien
Shan. Traditional views attribute all crustal
shortening in this region simply to the north-
ward motion of Pamir in response to the In-
dia-Eurasia collision [18]. Our new geophys-
ical evidence refines this view and suggests
that the collision of the Northern Pamir with
the southern Tien Shan is so localized be-
cause the asymmetric indentation of India
and the concomitant clockwise rotation of

2019;42(4):425-436

the Tarim Block enhanced the northward
displacement of Pamir compared to other
parts of the collision zone. The localized
convergence influenced the retreat of sea
water from the Tarim Basin in the late Eo-
cene [19, 20] and accelerated the final colli-
sion in the latest Miocene [21-24], which
blocked the transport of water-vapor by the
prevailing westerlies from the Atlantic and
the Mediterranean Sea to the downwind Ta-
rim Basin, leading to the extreme arid cli-
mate and the formation of the world second-
largest shifting-sand desert (Taklimakan De-
sert) in the Tarim Basin in the latest Miocene
[1, 25].

Block rotation is common in plate
boundary zones controlled by strike slip or
transpression, but our study indicates that
such rotations can also result from asym-
metry in the structure and mechanical prop-
erties of colliding tectonic units and produce
lateral changes in paleoenvironment in pre-
dominantly pure shear regimes.
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