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Abstract

The Indian plate has collided with the Eurasia since the early Cenozoic, which reactivated the Pa-
leozoic and Mesozoic tectonic belts in the Central Asia. The low-temperature thermochronology
and detrital sediments from the bedrocks and sedimentary basins can be used to constrain the up-
lifting time of mountains at different periods around the northern margin of Tibetan Plateau. In
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this study, based on the conception of basin-range coupling, we have summarized the results of
thermochronology and sedimentology, coupled with the active timing of the basin subsidence and
large-scale reversed and strike-slip faults to show that the fast tectonic uplift can be found at ear-
ly-middle Miocene. The deformations had been accommodated by the intro-continental crustal
shortening, basin subduction, large-scale thrusting and strike-slip faults movement in the north-
west margin of Tibetan Plateau. In contrast, the Altyn Tagh strike-slip fault had migrated nor-
theastwards that actuated the intro-continental subduction and crustal shortening paying the im-
portant role to accommodate the tectonic stress in the northeastern part of Tibetan Plateau. The
geological framework has been built in the northern edge of Tibetan Plateau at early Neogene.
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1. 5|8

WAREIA,  EIBEAR S RROW KRS A B R, (RIS 52 BUBHRF SR v 52 10 R UTHER, BN AR B ) RR
KR b 512 T F R R BT 1] [2], S8 T W KRG 7 AR A AR AR o 2 438 A 1 B S AR 3]
(4]0 576k e SR AL T AR AR DR A& A 2T B i Sk ok, H AR b T4 2 H[5] [6] [7] [8]. FELAH B
PG VAR R B2 tH - (1) 598K s Jo AL 2 (V0 -5 0 B SR AT XA ST A o 7 43 F B ] [ 26, RIA AR AE B AR AR
FI6]; (2) Hmlm R AFARLSRE D T s [ bz i AR, G TE B AR AR R A B T[S

EH T B B AR R AN S BLR AR R IR R112 30, 7R s v dbil gk, 3 BLARANES 35 o 8 Hb B8 s v 2 - i
KIR = MeEEA L K — 2R F R AR, SRR A WKIR S DHR A Hh BT 37 A AR Pk e T
ZORFU AR Rk, X LERE S DU IS R BUR RIS e i p, PEAE SR T R PR AR B T A
S B AT BAE R [9] [10] [11] (B 1) RIS E R R AR b Sk, Wy 5 R /R 4 20 A7 28 T8 I R R AZ 1 L ik
RIRE T —RAIELE G, b i 8 ORI % T 78 TS Wi L o LAk B T (135 sh i TR0 {5
B BT T R RIS B THE L[ 12] [13] [14] [15]. 0 A SCR 2000 R 1 FEARL, M2 AR 2
RIR AL SE T TH I T 45 RN T, Xl 20 5 135 R s S5 T b 0 P g 3 e O A O W 0 RO E AT B
NI Ay — 20 [ i v JER AL 30 RO A 6 =) (Vs A B e S M 5 R

2. MRER
2.1. BT

VE A AR (K 700 kme 58 200 km) A7 T35 5 =1 R PG A0 2, A2 RIS 5 0 N I IR
A, ARV LA, Jb0 538 BRI A B, RIS PR & AT A Wi R B, a0 LAl
EC AT ER WM RS WK R R EAE 6] [17]. 78 R A 5 KRB R - AR R, &
TREATRAE R AR, WS AERRB R AR, HIbRC. RO RS = A EE A
B iAo

B JR 4 LA T35 LR 2 B AR B 2 (K 600 k55 150 km)o Bl R 4 Ly R 000498 o] 7R 4 22 AT 26 i e 54y
FTEEIBR AR Bl LR 7R 4 20 47 B TR W A BT o o Bl 7R 4 Ly 32 B0 5 i FE ) 1 B LR 25 DA B A=
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AR A AR ST I SEAE 5 [ 18] o 35 AR Pl 7 5 B 7R < Ly -2 ) A A 98 R )3 » 5 BELACAR B ) 2R B 77 [l ARt
FECT BRI ETH19]

T e i AR A A0S T L R FEAE 5~4 ke, FERE BT TOK, AEPY - BRI G, KEAET - Lo,
F I3 R AREE L AR AR A L, XL LK PG R 1) 2R G P AT 0 A0, RIS L T8 st o 2 R [20] [21]

60° 90° 120°

Figure 1. Map of the Tibetan Plateau and surrounding area in Asia

1. FREREBGEEMERTERE

2.2. R M

22.1. BEARZ M

BRAGH, ALTIoKR & AP B LRk Ab 0, BRI B AR, o RS AR R & Ll T T8
VU A R B R, AT T RGBS 10 km) FREEUTRRZ, 32 21 L AT i W 22 1) 52 10 3 28 3l 244
FEEE BRI . R BRI % [22].

i Y B b R ) T WA 1R 4 SRR, B LR 2 b R SIS A v 22 7 B Ly K P2 A BB, T T R
ARty , PREEIRE] T 300~80 km, HuZMITE R 1w ALaT# il ik 817 [22] [23] [24] [25] AR ARHE A
HIRTE PG B 1L k) s e A AR T 3K i 5 B BRI 2 G 3025« 3 B R 738 b 2 IS AR T A
MERRRE LK N, TR T WA EE - B AR RIS, IREEIAF] T 140 km [26]. Jbaldfid AR RS
VG AN 438 2~23~20 Ma [27] [28] A1 22~18 Ma [11] [29] LKk B =g (14 2).

222 BEEAM

T8 o g b T D R P T8 4 00 49 7 R R LR 16 2R L BT BBl AR T A R T A K R v SR AN S A L
FT € 3010 H ERFE - WO R REHAE AR ALl DUk, 7R 38 75 70 2 32 BEm i 2 B s (9 ) P S 1 . 00
e ds Ko Ly w8 b RE A 5 S SR 4R AR RIS (317 [32]. B S THI AR R R R, BT e B ) L iR 1)
i IR 2R 77 16 53 ) 1) % 0 R A LRI K 2R 2 R A, R BEIE 3 17 250~70 km [30], 7EF- Aottt i A
Tl 2 M AL B B [8] [30] (1] 2)
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Figure 2. Subsidence analysis for the (A) Southwest Tarim basin [33], (B) Tajik basin [8], and (C) Southeast Tarim basin
[34], respectively
& 2. ZMRBESTERTEE: (A) EBRMAM33]; B) BERAM(S]; (C) BRmEAM[34]

2.2.3. EEARE M

SER AR BB KT RIS R, PR B Lk, ZR A6l 3 Tl e L R e S T L o i e
FIT I BR, VG4 BT 2R 4 LU A BBI (350 oty i TR g 3 R RT AH DR SR B IR 2 T 800 m,  H A= EEAp A TE 2
FIPEAL B A A IE S . Wigr it — gt 32 B ~3000 m, 325 gl A AO v AR A 2 R . AT BT I T 4G
WA BT IR & e AT BT W R M AL AR J7 Rl A By, S AR 2 b gE N R 5% T 14D L ] 2 e A R B, WG A 1
(28~24 Ma) ik R m i MR A FE IR 2 R B LIk R, IREEIEEI T 150~50 km [36] [37]. BEFEFI/K
Sk T, TR PR R S A I A, FETE R R R T BRI Gy, BE R R
B R M EN[6] [21] [38]. Seik AR5 15 70 2 RS BOR A LU 5, A £ AL T 7 TR A
0, BRAZBT IR G 7E 1 W AL S
2.3. ERERT

W) A AT AT AE W T T O IR 2R e i P X3 5 L ik A B R KR, A T KR R AR
MR T 39]. HENBILAH (40 Ma), W R AAEM WAV TGS, FHTE 25~23 Ma HEAPUs &
MrE, JERCT 480~250 km FINLFL[40] [41] [42].

WAt - i ik R A AT RN IR, B BRI S WOKR AR AL B, B LA ATH R i
WrZ R, EPRARRIKA: FURE . HHRIE AR LT H A T2 [27] [43]. W AT - i ik &2
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43 BIFE 37 Ma Fl 25~18 Ma KAEGBN[6] [43], H~20 Ma JFEG HBLERE R, 51K R AR 6L ph i
R EBPGERETH27]: M~12 Ma &1 THFERERTHELRE, 1E~5 Ma LU Z B RiE [44] [45] [46].

8 8B W WAL AL TR B BEARCER TGO, R e 1 F e S AR B, AR R T 2R
i, FAdEE~1000 km, ZRPGTE 30~20 km [47] [48]. 1A ZWIZM 45 Ma FFaREN,  FIMH0HT H LUK AL
BT 2/0 200 km MBS, mumolE T 2w 2 AR R E, Jbu AT sh ik R R EIFE 3[49] .

(WY R =1 eI = B | TR AL [ o R T 0 2 - SN T I o 1R N & 7 R S K=
H, ~1600 km [50]. MW S EMIEAKRE, RERIVRKE S B, S WA 5 5 B8R IE
WizghhE, BUEE — R B R[S 1] F/R & 18 W 24 vh /e B F ~49 Ma JFUaT5 8. MGG
B (37 Ma) B T, B R <0 TR DR ZRAE T VG i | P R A T S e RV LA AT A T R R AT B A )
T KU i BT SRR UL [52] o RIS, AR bty AR, T 3 368 3 3 VT g Ly RIS L 38 B SR PR AL o T G
BB e, BUREERE W RLT BRI, ) TR R L Bl A AR L AR AR L 1
RIS PP BT 2447191 [20] [21].

3. R EMBEENRIE
3.1. fAIRAE

AR A B AR g 3k Ly 00 e 2 A FH = A R i A B T Rk At R B R SR R ER R, I T
T i 2t A A YT B P TR 256 [ R 77 A ] 28 2 ) 25 90 B 20 PR S A 53] o de Ll s AR b 2 /S B i AR (1 K
W R4 I BTG, A HLSEIE B P Rl 3 AN RE SO AN AT ) RIS SR LA AR 7 R E R B 4
JBT, T 2 DO Sk A Y A0 B 5 ] BRI PR B A LA FH 45 B R B AR A o AEHT AR AR, & 3h R0
BONBEUIHIX, XEE LA 1A PRIR RS 0T, (R 45 G SE A Ly 1 b o R S AR P
DURRAR 4 R AR AR IR AR AR 22 AT 78, o] AR g Ly A B ) ROBE R A
3.2. BUEEIR

ALK, EPEEARE AL ST BT A B SRR, R mRE S, St Wi T S Rk
Fod S T R . X T BB AR B WY K ety e A Al P 326 R 280 A% 326 1) e v TR A — B A
SN TR BT R T 0, BIAR R T K E A RMRIRAVER S TIR AT Rt 2 .
AL 5557 R A R(E 3, K1),

Table 1. Record of tectonic activities from the northern Tibetan Plateau from east to west

F 1. MLLRRERS RSB RIAMEENCR

WS b 2 i 18] (Ma) WAk BRI
(1) dbapiE 13.0 VIR [54]
(2) bl 20~10 T IR 3 A7 308 [55]
(3) dbfpiE 13.0 VIRR%E. A U-Pb [56]
4) JetBiE 10.0 17K 41 (U-Th)/He [57]
(5) dbFpiE 13.0 YIRR%E. A U-Pb [15]
(6) FHRE 12.0 %X 41 (U-Th)/He [58]
(7) TArE 16.9 IR AR AL T [59]
(8) HtkiE 154 A AR AR T [60]
9) FEtlE 16.7. 158 B A 242 [61]
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Continued
(10) AR 14.7 AN TR [35]
(11) AR 12.0 o MR R 2 [62]
(12) SEEAR 17.9 W44 (U-Th)/ He [63]
13) REE 16.3 B AR A SR [64]
(14) KBt 17.0~ 12.9 il < 47 (U-Th)/He [65]
15) REE 14.9 YU [66]
(16) REL 17.0 HAEY [67]
17 REL 173 WA AR AT [59]
(18) BiI/R 4= 172, 157 T I A R AR [68]
(19) BI/R4: 19.5 T AR AT [69]
(20) FI/R4: 17.6 IR AT B AR T [59]
(1) BI/RG: 13.8 K A A% [70]
(22) B/R4: 16.9. 152 TR A0 A A8 [71]
(23) FI/R%: 152 KA B AR T [72]
(24) FI/R 4 16.0 o RGBS [73]
(25) Bl R4 17.0, 14.0 T Ik 247 47308 [34]
(26) R 22.0. 17.0 B A K A B [74]
(27) iRE 20.0 =B A Ar [75]
(28) MRt 20.5. 18.0 Y PR il [11]
(29) TERE 14.0 I 54T [76]
(30) HEL 15.0 DR R R A 1 [77]
@31 RS 20.0 bR UR (78]
(32) WREG 17.0 DU R ER (L 2 [79]
(33) HEL 15.0 B AR [9]
(34) MIKIR 20.0. 13.0 Tl I 0 A AR08 [27]
(35) MKIK 15.7 #:47 U-Pb [80]
(36) MHAKIR 20.0. 15.0 Tl KA R AR 8 [81]
(37) MaKIR 16.0 W 7K £ (U-Th)/He [82]
(38) MK/ 14.8 #5471 (U-Th)/He [46]
(39) MK/R 13.0. 124 #547 (U-Th)/He [45]
(40) MaKIR 18.5. 16.6 T IR 247008 [83]
(41) MK/ ~13.0 WA AR A [84]
(42) KoK 15.0 T KA A 47308 [85]

4. L FHAAMERETT

FEFT el JRAG TS, VAR AT L - MoK R s RS - PE RSl - B/R Gl - JBABE L — LA 12 /1
AR AR AR 2 AU 27 FE FE 45 SR ARGE
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4.1. RERFRFER

FU A T 1Ly R 0 %) 5 2 Tl A A AR A7 30 5 SR 3 B 30 v B R ) 9 B 51 ) PR A 0 (4 N TR BT
20~10 Ma [55] [57]. 7RG A8 L ATk 480 AC R B oLy A (0 306 oo by 2 1) b 28 o 0 B K 34748 4% 8
(U-Th)/He F#& 1055 1 LLAA PR B T (1 B[R] i A AE A et 61 [63]0 A AR 2K A R AR 42 28 HI(U-Th)/He
SRR T AR AL KAE 17~16.3 Ma H I — HATRGE B THE FE[64] [65]0 BT R VT A% S 5% 4k 0 I 1) 2K
7 45 4% 05 N (U-Th)/He S35/ 1 DR BE TH HBLAE 17~15 Ma [68] [72] [73] . it 350 351 18 1 2K A 440 1%
5 4 T3 WAL I8 B AR 1L K AE~17 Ma R AR U FE FH(86]

P E& A 1 ik 7O P P S B AR 0 e, A A IR KR AR R A B VAP Ar SRR SRR AR
22~12.3 Ma [11] [74] [75]. T8 )8 05 A REARARIE R R 5 IR, ZEMASK IR 1 JEUZR AL Sk 1 AR B4 b IX 114 S 1
KIRIGE MR  HE TE B 2 B[R] ~20 Ma, -3 ETAR I T TR E R AR 3 s FEAE LA 1) LL T HEAR
RAE27] [87]. WH/RIERIAS HFELT 8 3 8 Wy W R 25 K85 41 (U-Th)/He 040 14.8 Ma, AR T 5 AP
TR TF IR [R][46] 0 0 e R L 548 4 DX PR Hh AR A J2 PR REE T8 3 AR AR AR T8 R A 52 4R KR TP BN IE
18.5 Ma 1 16.6 Ma, AR3E 7 LL i i it e 5 171 5 Vg 230 1t pAY S8 30 % PRI VB BN 1B)[83 ] K R SR W o iy S T
P4 s 2 R 2 R B T R DA AR K B A BRI S AL R E~13 Ma [84]. PHRE K 1ILIf
P St 10 75 15 2K L ik o 08 R s A 1) 5 AR K IR IR A 24842 I8 RI(U-Th)/He F#44EHTE~12 Ma; 1E
P v 2 R ) Kurgan 51T, HH308 PoRs 45 51 S b 25 i A B 100 403 KRB TR] 7E 17.2 Ma [32]

70° 90° 100°

Figure 3. Map of studying location about the low temperature thermochronology from the northern Tibetan Plateau, and the
blue numbers are corresponding to Table 1

E 3. EEaRILGEHRMBEERERFMRERVER, HPEEHFESE | dPHFEWNR
4.2. TRFRRF

ACAISIZE Ly A E 3 A A e a0 51 T ARG PG 2 b= 2 Tk T 0 CR A R FEE R A L AN TR R S R PR A8 4k
HIAE~13 Ma, F87n T A6ABIE L BB T 54] [56] (4 4) . Sek AR AR LG PR S AR AN 20 V8 3 T )
DURRARASHL . USRI  IE~14.7~12.0 Ma, iEFH T REARE ILAE A iRt & A T s KR TH35] [62].
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SR Za 1 76 0 TG R e 22 o Pt R 5 T PR AR 1R 2 R I, AR A U BRAE LB 2 ) 1 R e
- AERFF SRS, BRI RE[88] . Bl ARG VT A O, A A b2 6y B R AR RS AU
22 (R 45 B AR IR L 2 2 DU B T A 1R] E~16 Ma [73]. BbAh, £ e ebsgrith, ARSI b B R A AR
E MRS AT LAYE K 2230 [ 72] ZRREE LA HR[89 ] B sw FE 2 Hh [ 891 R R AL b [ 10] [901F .

AT 78 B L BKAG 3 AT 5 3 TR, MBS0 T 21 o e gt (~ 15 M) HHIR TR A iR . TR A Ed
ARG, 56 DX SN ARG 3 i 20 e I 1 8k ot L o 30 o BT 2R R0 5 3 5 2 1 O Bk PR B i, Rt
T R PG ARG N SR R B R A E IR (9], 78 A Ll K ALY B FF AR I T RS R B 4 R R
B 17 Ma JF4s, BT R Lo Yo ET, Sl TS, FECT S RGERN TR, IR
RAAAN[79]. WK R & R AL T SER HTE~16.4 Ma FFUG IS 4040, JE— EEEFIIA, (EHE
Massaget ZURLRLIR 7 2 19 H L9110 P RE R LU 1L AT 2546 b DX 08k 4 o 5% 150350 T P40 oy b o 0 1 R0 R A 40 A
ZERRM, 1E 22.1~12 Ma H LR 2 DT R IR OB B R I I 5, ARER T 85 LR 7 R K il
P AR R I 1] [92]

Bl VI K 2Z EN

X

B2 CEE Bhs [DkRE B Ka

Figure 4. Lithostratigraphic correlations between six sedimentary sections along the northern Tibetan Plateau, including the
north Pamir [83], Miran River locality [72], Xorkol Basin [89], Tiejianggou [10], Dahonggou [62], and Shiyougou [56], re-
spectively

E 4. FESRISHERRREIE, NGB AR E M SRR ALIBRIR[83] RZ([72]  RREER[89] SR EA[10].
KELFA[62]FA A [56]

5. ML RAERES RIS TERREE R

WA 7 T 21 B o 1 (25~18 Ma),  MASK IR EFILE ZR PE RN i A1 — I et 22 L el RO G 8
AW W RSN T M A, IXE) T R WOK RIS RS S, SR TR (22 Ma) RS 7 R At
(~23~20 Ma) K AEPRIE TR [8] [29] [43]. TERS B A J7 1) b, 55 BLK S b ik K i) 7 B2 0 — 75 B R ATl
IXE) 7 LA e W 2 (5 5 (22~18 Ma), 35 7 R 40 Be J0E N PRSI I 1, (RIS P R AR AR 4 Ll kAR
BUEBETF[19] [22] [26] [34] [68].
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AT T T 1) w2 B R G o W RS B I B, e SRR B T AL AR DT M RS Bl ]
I 52 2] 3 FEOR b B I 2R R S B ART B 1, DRI 5 BB R 4 Ll R PR P T, SEIA R Za b B 56 4 A
75 6] [38] [93]. BAI/RK 43 18 W40 4118 B4R VUi I A 1 Ze A7 A W e AR, VN3 L Jik s 00 % B
—RIVIE R - RGBT R X IR, BONARIE 3R 1L R AR R TG 32 B R 3h F3[37] [68]. St A 2 Hh L i [
I 52 R U 2R B LU B AN AL AR DU R B A0 3% L ) e, Rl R P B R Rl ik e R (21 [37]. TUklRIm,
A T My e 2 BB R 2 - R 22 0 BE 1) 100 7 5 7 18] FROARE 94, B T — R AN AL TG - B AR T R P AT
SAREILK, B AR B LB AEARE L AE 20~10 Ma KA T — R T A it i R [55] [57].

WAL R 1L 5 AR ARE L 22 1A 5E 46 4 T8 B T ~150~66 km S& IERERIE[21] [95], HRERIMIK IR
Tl T b A% 3h 3 A b L SE 4 RE A BE B O 300 km [96]; PHAMIES 75 50 — 12 B A 725 1 28 B 10 K 2R R ARF b R 5
FEE 1 TSI b R IO ) R AR R IR P o R A T 9 o i P A b 5 32 B e ol A Aol o 32 AR, SRR
TR i T 4 (0 RS Bl R MR MR 5 T AR T, T 2R A, 32 R S ] R 4 T8 T 4 A0S A% O 2B i T 7%
By, (A BRBh ) B Y AR E SRR e 8 S 4 et R R sE (L 5).

3 MR K IR 135 B 3R
W AR HR A% R
B /R & 3E 7B M 3

Figure 5. Diagrams showing major structures within the northern Tibetan Plateau [52]
E 5. SHEsRIGHERLREE(S2]

6. &it

I AL G G AR DU IR UG RO, 455 XIS Byt . R o
AGE T W R T B 18], AT DR DL 5 AL AR B - ottt e I 7 U i BT R AR BT e
B Y e AR . B O - B ORI R A R RN . EMROKOR - R R - AT A e
RIS SR AR AR, 2 BREERT R e W R AR R A M R s, SRR
Bli P9 R AR st se i R REoR SE B 7 el i B AL 8 K 3t BAE ZRAE i 40 - T AR s T

T A, 3 A R 5 IV Ko e A B P B, AN LR 2 0 L 2 D W L ik )z R %
JSEAE i AL G RO R DU A R0, B i T X — U AR AT S A 2%, DRI 4 Ja BT U AE 2 T3 —
TR MSERL I, NOFRZRE I, RGBT, X L i i — D e .
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