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Fig. 1 Dynamic model of tectonics under plate and

whole mantle movement ( after Maruyama et al. , 2007)
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Fig.2 Eight east-west vertical cross sections of regional P-wave tomography down to 1300 km depths under
the East Asia (after Huang et al. , 2006)
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Locations of the cross-sections are shown in the insert map. The red triangle denotes the volcano; Red and blue colors represent low and high

velocities respectively. White dots denote earthquakes that occurred within 100 km of the profile. The two dashed lines indicate the 410 km

and 660 km discontinuities
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Fig. 3 Mantle tomographic profiles under the Tibetan Plateau, India and Indian Ocean
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(a)—Mantle tomographic profile across the West India-West Himalayan Syntaxis; (b)—Tomographic profile of the mantle across the

central India-West Himalaya-Tarim basin; (c¢)—Interpretation for the mantle tomographic profile under the West India-West Himalaya
tectonic syntaxis region (after van der Voo, et al., 1999); Red and blue colors denote low and high velocities, respectively. The image
indicates the "rollback structure" of the subducted Indian lithosphere. The three high-velocity anomalies | . [[ and [ are interpreted as the

residues of the subducted New-Tethyan lithosphere; [V represents the detaching Indian continental lithosphere
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Fig. 4 Seismic tomographic profiles across
the central Tibetan Plateau

(a)—#R4% INDEPTH 11 Al TIT %% %} 4K 75 (19 3 5% 2 A7 50 i (3
Tilmann et al. , 2003) ; (b)— R4 INDEPTH II Fit}1 3% PASSCAL
PRI GE AR AT 10328 72 2 A #) 1] ($5 Kosarev et al. , 1999) 5 (o) —F)
FH X S 52 6 B i [ 3 72 £ 90 42 Bk EHB 8 e B BR € 1y -
DB L5H (F Li et al. . 2008), ik 2k 1K 2 B B AR B ARF o iy 2%
TTS— B -k 45 A 4 6 1l s BNS—BE AN -4V 8 5 2
(a)—Teleseismic tomography based on the INDEPTH II and III
data (after Tilmann et al. , 2003); (b)
function image from the INDEPTH II and Sino-American
PASSCAL experiments (after Kosarev et al. , 1999); (c¢)—the

teleseismic receiver

upper mantle structure constrained by regional seismic arrays in
Tibet and its surrounding areas, national and provincial stations
of the Chinese Seismograph Network (CSN) and the global EHB
data base; where the blue line shows the northern foremost edge
of the subducted Indian plate; ITS—the Indus -Yalu Tsangpo

suture zone; BNS—the Bangonghu-Nujiang suture zone
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Fig.5 Seismic tomographic profile across the Indian/Asian collision zone
(Himalaya and Southern Tibet) (after Nabelek et al. , 2009)
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(a)—Receiver function image along the main profile showing the principal contrasts within the lithosphere (red and blue colors represent
interfaces with increasing and decreasing impedance with depth, respectively); (b, c)—the images of the Moho using northward and
southward illumination by the PS phases, respectively; (d)—interpretative cross section of the India-Eurasia collision zone. The lower part
of the Indian lithosphere underplates the Himalayas and Tibetan Plateau up to 31 N. The eclogitized lower crust is shown in green. The
Moho locates between lower crust and mantle. The inferred lower crustal and mantle fabrics are opposite under the Indian and Asian plates,
north-dipping and south-dipping respectively. Focal mechanisms mark earthquakes in the upper mantle. The MHT, which becomes a
broader mid-crustal LVZ (blue wavy pattern), possibly acts as a conduit for the transfer of the Indian upper crust into the Himalayan
orogenic prism (red arrows)
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Fig. 6 Vertical cross-sections of the global P-wave tomographic model through the Hindu Kush

and Pamir regions(after Villasenor et al. , 2003)
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Co)—12 1l DX X Ja) 0 oo f) = 248 JLAe] 4 462 50 (48 Mattauer, 1986)

(a)—Location map of tomographic profiles through the Hindu Kush and Pamir regions of the west tectonic syntaxis; (b)—vertical cross

sections of the global P-wave tomographic model (after Villasenor et al. , 2003) through the Hindu Kush and Pamier regions; (c¢)—3-D

geometry of double subductions in the region(modified from Mattauer, 1986)
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(Powell et al. , 1973; Beghoul et al. , 1993) ;%5 —
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Fig. 7 East-west vertical cross sections of P-wave velocity image through the Burma plate-Sanjiang region
(after Li et al. , 2008; Zhao et al. , 2007)
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(a)—P-wave variations at four cross sections along the Burma arc from north to south, where EHS donotes eastern Himalayan syntaxis, TV

donotes Tenchong volcanoes. The left figure shows a location map of four cross sections (after Li et al. , 2008); (b)—Location map for east-

west vertical cross section of P-wave velocity image through the Burma plate-Sanjiang region (after Zhao et al. , 2006) ; The red triangle

donotes the volcanoes; Red and blue colors denote low and high velocities, respectively. White dots denote earthquakes that occurred within

100 km of the profile. The two dashed lines indicate the 410 km and 660 km discontinuities

Z N PR B S BTE B 3 ik (Coward et al.
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— M. bR b X T S A R L B A [E]ER A AT
Re G AR SR (Oreshin et al. ,2008) , 2T H
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Tapponnier et al. , 2001), = A7 A 557 A9 58T HY
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Fig. 8 Tectonic subdivision of the North China craton (Zhao et al. , 2001a)
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Fig. 9 Dating data for the Pan-African event in the Himalaya(a) , Lhasa terrain(b) and Sanjiang region(c): LA-ICP-MS

and SHRIMP U-Pb concordans of zircons
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Fig. 10 LA-ICP-MS and SHRIMP U/Pb concordans of zircons from the basement of the Namche Barwa and Lhasa terrains
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(a)—Plots of zircon U-Pb age distribution of zircons for the typical gneisses from the Namche Barwa terrain;

(b)—plots of zircon U-Pb age distribution of zircons from the metamorphic rocks of the Lhasa terrain
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Fig. 11 The distribution of HP-UHP metamorphic belts in major orogenic belts of China and its adjacent regions
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1—Block; 2—Proto-Tethys tectonic domain; 3-—Paleo-Tethys tectonic domain; 4—Neo-Tethys tectonic domain; 5—Paleo-Asian tectonic
domain; 6—HP-UHP metamorphic zone; 7—thrust; 8—strike-slip fault; 9—fault; 10— HP metamorphic rocks; 11-—UHP metamorphic
rocks; 12—HP(UHP) metamorphic rocks; NCB—North China Block; SCB—South China Block; TRMB—Tarim Block; QDMB—Qaidam
Block; INDB—Indian Block; CAOB—Central Asian orogenic belt; QL—Qilian terrain; NQL—North Qinling terrain; EKL—FEast Kunlun
terrainy WKL-PMR—West Kunlun-Pamir terrain; SG—Songpan Gangzi terrain; QT-—Qingtang terrain; NLS—North Lasha terrain;
GDS—Gangdis terrain; HM—Himalaya terrain; SQL—South Qinling tarrain; DB—Dabie terrain; SL—Sulu terrain; @ — North Qilian HP
metamorphic belt; @—North Qaidam HP metamorphic belt; @—North Altin HP metamorphic belt; @—South Altin UHP metamorphic
belt; @—North Qinling UHP metamorphic belt; ®—Dabie HP-UHP metamorphic belt; @D—Sulu HP-UHP metamorphic belt; ®—
Central Qiangtang HP metamorphic belt; Songduo HP-UHP metamorphic belt; @—Southwest HP-UHP metamorphic belt; @
Beishan HP metamorphic belt; @—Jibei HP metamorphic belt; @—Namche Barwa HP metamorphic belt, East Himalaya syntaxis; @—
Kaghan HP metamorphic belt, West Himalaya syntaxis; (®—Tso-Morari HP metamorphic belt, West Himalaya syntaxis; and (®—Arun
HP metamorphic belt, Central Himalaya
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Fig. 12 The schematic models for micro-terrains and oceanic subduction in the Proto-Paleotethys domains

Ca)— 75 6 125 JL 0 R 442 1 200 v BBl e CHbu A4 T v e A o 7 78 TR (R 1 AR R 5, 2006) 5 ALS— B iz 38 il e s QL— 4K 3% b 14 ; QDM— 2 3K R b 14 5
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(a)—The schematic models for microterrains and oceanic subduction in the Proto-Tethys ocean(Xu et al. , 2006); ALS—Alasha terrain;
QL—Qilian terrain; QDM-—Qaidam terrain;N. KL South Kunlunterrain; CKL
NQL—Nouth Qilian ocean; NQDM—North ocean; QMTG—Qimantag ocean; (b)—the schematic models for microterrains and oceanic
subduction in the Paleo-Tethys ocean (Yang et al. , 2009) ; QL—Qilian terrain; QDM—Qaidam terrain; N. KL—North Kunlun terrain; S.
KL—South Kunlun terrain; SG—Songpan-Gangzi terrain; N. QT-—North Qiangtang terrain; S. QT-—South Qiangtang terrain; N. LS
North Lasha terrain; GDS—Gangdis terrain; INDB—Indian plate; ANMQ—Animaqin ocean; JSJ—Jinshajiang ocean; CQT—Central
Qiangtang ocean; BN—DBangong-Nujiang ocean; CLS—Central Lasha ocean; YLZB—Yalu Tsangpo ocean; l—terrain; 2-—oceanic crust;
3

North Kunlun terrain; S. KL Central Kunlun ocesn;

-

volcanic arc; 4—HP metamorphic rocks; 5—UHP metamorphic rocks
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SO IR Sedb 2 Aol B A B e —RBEE il ()
SN 71 AR 2 B Il B 9 K BB b Kl i
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318Ma) il {5 1k #5 F  FI AR M5 %5 (220 ~ 221Ma, %=
A .1997,2006) S “HS 22 Mg 4 /v -8 e RS BTl
(261Ma, #2224, 2007) , TS 1 34 P A b 1k 4%
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JE GE 85 D A8 [ty (B 4 4255, 2009) (] 12b)
3.2 HRRMAHRMHIESS

55 LRSS AR vh 1) = R/ e AR A R
A« Bt TR AR w4 R R B e s/ v T8 oy
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AT B EE /S Y Bl Bl 45 79 RG9S BT RE R N R
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EJJ - G A VL4 Gl Z P AR T RE S BE 4 100Ma
Ze A5 R R BT I ST AR i A R B8R s A8 Bl . P
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Fig. 13 Comparison of geodynamic models between HP-UHP metamorphic terrains of the

west Himalayan syntaxis and the Dabie-Sulu
Ca)— V4 4 i 45 78 1o /A8 B 32 52 1) o 36 T 284 o) 29 1y 4 24 508 0 TSR T AR e IR A b B X - PMIR— P K /R 5 QMIF— 1 42 17 4 s KKEF— 1 ol B
i INDB— B[ [ifi e s UHP— 8 3 H A8 BTl s (b)— K- 5 i F 7% Al T8 i iy 5 =X 48 488 55 NCB— b b B A 3t s YZB—4 4

B s DB-SL— 1]~ 8 i e 48 I s UHP— e ey 1 28 o7

(a)—Deep subduction model for tear-style lithospheric wedge-shaped slab constrained by anti-direction strike-slip faults; PMR—Pamir;

QMF—Chaman fault; KKF—Karakorum fault; Indian plate; UHP-—ultra-high pressure metamorphic belt; (b)—Shear-style collision
model for formation of the Dabie-Sulu UHP metamorphic belt; NCB—North China block; YZB— Yangtze block; DB-SL— Dabie-Sulu UHP

metamorphic terrain; UHP-—ultra-high pressure metamorphic belt
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Fig. 14 A model for the tectonic evolution of the
Himalayan orogenic belt(after Chemenda et al. , 1995)
() —REFERT 4 B B MCT Ay 3 8L 5 Ch)—EN AR i Al 189 3t 5
Py BT IR A STD IE s MCT 1 STD # [ B 35 3l s () —
MBT (I8 B MCT #9135 3l 7 1k 5 (D — 88 5 55 T B0k () 3 B 1
AT & 13 Y B e s 2— B BB 5 5 3— B BE 5 A J8 2 )2 54— IR 2
BRUE s S—RBRERTE s 6— 4R TR AR A i @l g T
TR s 8 B A AR R A s 9— AR 0 vh BT 25 10— i 245 11—
EWR 12— B bR MCT— £ h ol ; MBT— 3 b
17 24 ; STD— 7 v B i 24

(a)—TInitial stage of the collision, formation of the Main Central
Thrust (MCT); (b)—rapid exhumation of the crustal material
of the Indian subduction slab and the formation of STD; motion
of the MCT and the STD simultaneously; (c)—initiation of the
MBT resulted in cessation of the motion along the MCT; (d)—
geological profile across the Himalayas. 1—Asian plate; 2—
Indian continental crust; 3—mantle layer of the Indian
lithosphere; 4—low-grade metasediments (Lesser Himalaya) ;
5—high-grade metamorphic rocks; 6—granite, generated during
the uplift of crustal slice; 7—sediments scraped from the
subducting plate; 8—Cenozoic mollase sediments; 9—initiating
major crustal thrust; 10—thrust; 11—mnormal fault; 12—
displacement markers. MCT—main central thrust; MBT—main

boundary thrust; STD—south Tibet detachment
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(Xu et al. , 2009) (JH 16),
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Fig. 15 Seismic reflection tectonic explanation profile of the Sulu HP-UHP metamorphic terrain
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Fig. 17 Lateral extrusion models of rigid terrains constrained by strike-slip faults
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(a)—Lateral extrusion models of rigid terrains constrained by opposite-directional strike-slip faults; (b)—lateral extrusion models

of rigid terrains constrained by homo-directional strike-slip faults
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Lateral extrusion models of crustal ductile
material: The model shows lateral ductile deflecting
extrusion by indenting (subduction) draging process of
east tectonic syntaxis
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On the Continental Tectonics and Dynamics of China

XU Zhiqin, YANG Jingsui, JI Shaocheng, ZHANG Zeming, LI Haibing, LIU Fulai,
ZHANG Jianxin, WU Cailai, LI Zhonghai, LIANG Fenghua
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Ministry of Minerals and Resources, Beijing, 100037

Abstract

The Chinese continent, which is strongly constrained by the Tethyan, Paleo-Asian and Pacific tectonic
systems, is characterized by a complex tectonic framework and a particular lithospheric structure. Based on
the theory of continental tectonics and dynamics, here we provide a comprehensive overview of recent
research results with a particular attention to four important scientific problems on the Chinese (East
Asian) continent. (D) Tectonics of the mantle beneath the Chinese continental lithospheric plate. Seismic
tomographic profiling reveals that the western Pacific slab is subducted westward to depths of 400~600km
beneath the East Asian continent, and the subducted slab becomes subhorizontal and listric-shaped in the
mantle transitional zone. The Indian slab is subducted northward to a depth of ~800km far north under
the Banggonghu-Nujiang sutute zong between the the LLhasa and Qiangtang terrains. Double subductions
are asymmetrical beneath the western syntaxis of the Himalayan belt. In the eastern syntaxis, however,
the Indian slab is subducted eastward to depths of 300 ~500km beneath the Burma-Sanjiang terrain. @
Reactivation of the Chinese continent’s metamorphic basements. Most blocks of the Chinese continent have
not been reactived by significant tectonic, metamorphic or igneous events since the Phanerozoic. The north
Indian and Arabian blocks (northern edge of Gondwana) were shaped by pan-African orogenic belts at 530-
470 Ma. This tectonic field occurred mainly in the higher Himalaya, LLhasa terrain and Sanjiang terrain.
The Cenozoic metamorphic reactivation appeared ubiquitously and uniquely in the Himalaya, Namche
Barwa, Lhasa terrain and Burma-Sanjiang terrain with the youngest metamorphic ages of 2~1 Ma. @) The
tectonic backgrounds and processes for the formation and exhumation of HP-UHP metamorphic belts in
China. The eclogite-bearing HP-UHP metamorphic belts in China formed in either oceanic or continental
deep subduction zones. Most of the oceanic HP-UHP belts in the Tibetan plateau are related to the
collisions of multiple small oceanic basins among multiple micro-continental blocks. Two mechanisms of
the continental deep subduction are plausible: subduction drived by interblock shear collision and
subduction of wedge-shaped, teared lithospheric slabs. @ Three categories of mechanisms for the extrusion
of deep materials within the Chinese continental orogenic belts: constrictional extrusion; lateral extrusion;

and transcompressional extrusion.

Key words: continental tectonics and dynamics; mantle tectonics beneath the continental lithosphere;

reactivation of metamorphic basement; HP-UHP metamorphic belts; mechanisms of continental extrusion



