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Fig. 1

Schematic map of the global orogenic belts (modified from Cawood et al. , 2009)
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The map highlights two major modern orogenic systems on the Earth: around the Pacific Ocean is the accretionary orogenic system,

and the Tethys-Himalaya orogenic system is a collisional orogen, which underwent a process from

oceanic plate-continental subduction to continent-continental collision
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Babeyko., 2005) , 5 i [A] I 1 38 ¥ Al P £ 3 25 30
Ma 8] LA H 4 2~ 3em [ 34 3 W] 74 32 8)) (Silver
et al., 1998),
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Fig. 2 Geological sketch of the middle Andean Plateau
(after Barnes and Ehlers, 2009)
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Fig. 3 Nazaca plate subducted beneath the South
American plate as flat slab subduction

(modified from Ramos and Folguer, 2009)
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Fig. 4 Geological evolution model for the

Andean subduction-accretion orogenic belt

(after Ramos, 2009)
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X i 38 368 1L PR X 57 5 2 0D A T 5 5
o 3 L AR I R R e R P R R s iR 2
K2 2500 km, P4 [0 3 30 30 46 A9 Kohistan-
Ladakh & 3% 9K 9w mil B © 47 € & 1 W ¢ 55 T
(Tapponnier et al. , 2001; ¥ EE4,2012), K&
T 300 U B A AL 3 25 A A Y TR s 3R B R b AR L
PLEZA ]R8V 48 517 5 96 3 LU AH B me LA ED 2
-G A L EE G S S A A L AR . X
T ol AT Z2 WUy ok BUE AR L iz o A
(0 3 e LA R R 1) o3 A B BE A L Cu-Aa B 46 2
X G 307 25 SR 14 5 o R R I 3 R AE L, 5 U B E
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AL B LR B AR AR X

PR 30 3 LU AF S0 53 1R R SR T R S A B AR
1) U R 2 ST U K i T L % i A 2 R BT A AR
EpRE /I Fti-Fifi i 38 3% 1 19 33 #2 (Chung et al. ,
2005; Ji et al., 2009; Zhu et al., 2011, 2015;
Ding et al. , 2014; Ma et al. , 2018), Kt , X
T LI S — > 28 Dy - i AR e 34 A= 30 i -l 0l 42 32 L
W E G L.
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e R S — 3 Ll R A (B 6) . X
aHA FE RN S JER N A B A DL R
JNTR R K AR 4 B (Ji et al., 2009; Ma et al. ,
2018), MIIEHAE R & A A BAT 4 D FEB B A
FiEsh: ~230~170 Ma, ~110~80 Ma, ~65~41
Ma fil ~33~10 Ma(Wen et al. , 2008; Ji et al.,
2009; Wang et al. , 2018; Wang et al. , 2016), 4f
B T T 2 1) R RS XD I 357 35 A Bl A 9% 65 ~43 Ma
AR F o2 BE kil 5 (Mo et al. , 2005) i1 69~40 Ma
K &3 (Ji et al. , 2009; Ma et al. , 2017a; Mo
et al. , 2005; Wen et al. , 2008), A[ i &4k th B &
KU A K A 2 5 B X — KRR .

= — AL KR T AR 4 a2 i B
Fe P ITTEA 0 BB AR HR A ) JUART oA O . T SRR R
$ 9 AR LU A D s v L BIF ST AR L R R
& Co-Au B & 0 BEA 4= AL 7] 2 167 ~161Ma F
181~175Ma(Tafti et al. » 2009; JFE2§2%4E,2010;
Lang et al. ,2014), Lang et al. (2014) #3485 1" B
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Tectonic framework of the Tibetan plateau and surrounding regions (modified from Xu Zhigin et al. , 2016)
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W s BG-NJS—HEA M-I VLA 5 s TYS— B J3 Ak 5 Al V148 Al 5 ALTF— B JR 4 W7 24 XSHEF— £ /K W7 ¢ s ALS-RREF— 3 2% 11 -1 7 24
LCIF—if B TT W s GLGF— i B Wi 24 s JLF—532 BRI 24 s SGF— 52 Wy W ¢ s MBT— 300 S b W7 28 s MIFT— 2 1 48 306 oo 7 282 s KIKF— e ] 12
CW B CME— A5 2 W3, 1— R Rr SR 30738 LA 5 2— iy R SR 30T 328 L A 5 3 e 2 40 36 1Ly Y 54— R 3R 407 25 R 5 500 1) % 1 b A5 6— 4B X
Bl e s 7— 3 i KT 25 8 W TR 59— HE Al s 10— IR L5 L1— M 1] B 418 77 10) 5 12— Rz 3 75 1)

QL—Qilian terrane; EKL—FEast Kunlun terrane; ALT—Aljin terrane; NSG—North Songpan Gaze terrane; SSG—South Songpan Gaze

Fig. 5

terrane; NQT—North Qiangtang terrane; SQT—South Qiangtan terrane; WKL—West Kunlun terrane; TSH—Tianshuihai terrane; 1L.S—
Lhasa terrane; TC—Tengchong terrane; BS—Baoshan terrane; SM—Simao terrane; IDC—Indochina terrane; HM-—Himalaya terrane;
AFH—Afuhan terrane; GDS—Gangdese terrane; ANMQS—Anyemaqgen suture; JSJS—]Jinshajiang suture; LSS—ILongmutso-Shuanghu
suture; BG-NJS—Bangonghu-Nujiang suture; IYS—Indus-Tsangbo suture; ALTF—Altyn Tagh fault; XSHF—Xianshuihe fault; ALS-
RRF—Ailaoshan-Red River fault; LCJF—Lancangjiang fault; GLGF—Gaoligong fault; JLF—]Jiali fault; SGF—Sagaing fault; MBT—Main
Bounded fault; MFT—Main frontal fault; KKF—Karakunrun fault; CMF—Chaman fault. 1—Proto-Tethys orogen; 2—Paleo-Tethys
orogen; 3—Neo-Tethys orogen; 4—Neo-Tethys magmatic belt; 5—lateral extrusion terrane; 6—adjacent block; 7—thrust; 8—strike-slip

fault; 9—suture zone; 10—{fault; 11—lateral extrusion direction; 12—moving direction of plate

w e NA A A HE 53 B 45 R A 00 A A 57 I8 B
THRIIH R T N B 5L BT A T
KRN (Kesler, 1973; Cooke et al. s 1998),

IR 3T BT A AT T 48 s XD B b 7K HE o TR TR R
A AR AL 2 R AR 5 TR N B IR LA A R
PE A T ) A AL 2R 7R AR 5 77 45000 R AE  HE D
220 Ma J& J5 Y & TN IR B0 a A 76 397 R 42 30T 7 YO o
N FREE (Ma et al. , in press).,

X0 I 38 368 1L A ORF oo A 3 LU VE R B
20 9l i AT SICHI 7 b 170 B M 2 7 52 5 B ) b e 4 e A

TIEE S T8 B LA 8 -7 24 A0 [ b i R 59 ) 3 i 1
JBL” SR REAE B L 5% OIS 45 b A8 % (Ma Yuan et al. ,
2017) s LA S LA b T8 8 - W 284 3R 7 R R AE 1 H g D)
I 7 H 28 T (Wang et al. o 2017) ,7E K 2 90 ~62
Ma 1] [H] , 57 458 42 $07 v ) A6 AR b 51 & 1 Hb 5 45 A
TEE A RS 0T 38 A v 1 22 05 s &5 T Ll 4R e T
ol 0 3 S 1 #1 T B B 9 69 ~40 Ma fE i< 5
R AT 65~43 Ma i K AT K P B AR 55 1 K
WA AN A B 55 T8 XIS B 90 46 1 R (Ma: Yuan
et al. ,2017) , By b 3R W X6 307 O0F -3 2E 35 1L 1) -
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Fig. 6 Simplified geological structure map of the middle-eastern Gangdese belt
T—rp A A I s 2— B AL OIUE Z s 3— 1 L9 s 4— MR 53 KI5 (65~45 Ma) s 5—FE K 4 (65~40 Ma); 6~38 Ma LUK i 7£ i
F T RBUR TR s S MM B R R A s 9 M BB LA 10— F DRI R 11— 48 Al 12— 3o 25 13— B W 5 14— 4F
BIWTZ 15— N A5 16— M 1 BT

1-—Mesozoic magmatic belt; 2—Cretaceous back-arc basin; 3—Cretaceous fore-arc basin; 4—Linzizong volcanic rocks (65~45 Ma); 5—

2271 0 W

granite (65~40 Ma); 6-—granite since 38 Ma; 7—high grade metamorphic complex; 8—Namche Barwa metamorphic complex; 9—Sumdo-

Indochina orogenic belt;

unconformity; 16— tectonic unit

Wi il 455 3 L 2 45 ) B B 1 R DR R A T L e
25X R ) 46 e D A T R 2 X 8T 3 L Y —
A EERHE .

E[Y 8 -7 Y ol iy il 482 310 2 40 Ma DK L3 E-
W J) I [ U AT A0 335 o T 28 AR G T BT AR RO
N-S o) 2445 22 o AR A Bl P B 840K 3R 2 8 A X) G 2
LRl b e oR A 1N o o ¢ N e o [ 7 ) N A R D
BV FH DL B e B AR ot A 4 8 T M R (32~ 21
Ma) H29°F o X i /9 9 5 ) 5 K e AR o & . JF
Pl R AR F3 ™ (Hou et al. » 20155 Lu et
al. , 2015; Yang et al. , 2015), ~18 Ma LIFK X JiE

7 e % R A A K S i T84 (GCT) (L et al. o 2018)

ﬁ T A5 S 0T o b O e b 0 B3 A X 0 3 1L
iz k.

PR it LU 28 0 i T Y R e Ak AR I
7).

(DR AR—E LD FR RS O Bk
F 1R 22 B B0 PRARE i A B2 AR i 72 T A T U K
Bl P % 1L B AR 2 R B B AR ARTE IS 3R s
i AR AT Bl Rt G s SR S AL 9IS FRHT 7
H(Ma et al. , 2017b; Ma et al. , 2018; McDermid
et al. , 2002; Wang J G et al., 2017; Ziabrev et
al. , 2004),

(2)90~65 Ma: H 228 55 MTAT 7 3t DO R
J2 1) R ZN R - W 2 R R Y 9 M 3 i XIS S8 5 1Y)
245 J FUAIJRE o X0 357 R e 1 A 36 o IR s A R ik

10—Himalayan terrane; 11-—suture zone;

12—thrusts; 13—strike-slip fault; 14—detachment fault; 15—

B[ Tt L 3 ol A1 IS (Ding et al. , 2005; Wang et
al. » 2017; Ma Yuan et al. , 2017),

(3)65~40 Ma . H7 45 412 17 7 A0 v 2] S 9 - B0 2
Wi el 0 138 P9 2 5 [ BB, ROMRASE Ll B O bR 5% K 1
SR KV T AN R A A DX IS U T e g A A
T I 22 b T T e I 3 s e, 5 TR e A
F T KIGE A K A % 7 (Ding et al. , 2003; Mo
et al. , 2003; Wen et al. , 2008; Ji et al. , 2009;
Lee et al. , 2009; Wang et al. , 2015; Zhu et al. ,
2015),

(4)40 Ma L) . Fili-fili #f fi 5 29 il N 22 0F fiff
X1 3 o Dt 38 52 9 — 20 B I 1 B 0K, AR P ) i R
B LA K i 58 T U 2R ) 5 1) 2R (BB 7R 1)) Y 0k i
(Yin and Harrison, 2000;
2001; Xu et al. , 2013),

3 Fil: 2 o W A XS 3 s L Al By
Xt EE

3.1 KEFEM A H R i AR

B2 55 ST AR P4 A 3 1 R S A AR g A
T 173991 55 RSP A R B 30 i A P AR R 23 i) 1) AR
U GRU Y R S T S e L I NS E Y O RU
U3 B ] RO AL CHE A A o HL R XS 38 0 v 3
A et 4y 180 Ma(Ao et al. , 2018; Ma et
al. , 2018; Meng et al. , 2018; van Hinsbergen et
al. , 2018; C Wang et al. , 2018), i X 7F #k B

Tapponnier et al. ,
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Fig. 7 A sketch of tectonic evolution of the Gangdese subduction-collisional belt
SHS—K & D ffE ; LHS— K& S i ;s GHC—m 8 SR s THS—Rp4 07 5 Sy b s MBT— L i 22306 o 28 s MCT— 2 vp e it nfr i ¢ 5 STD—
JEC R B 25 72 5 GCT— R i W 2417 s GDS— XIS 07 s SGTS— v X1 I 44 33 i b /2 2 s MHT— 8 S ik £ i 12
SHS—Sub Himalaya; LHS—Lower Himalaya; GHC—Great Himalaya; THS— Tethys Himalaya; MBT—Main Boundary thrust; MCT—Main

Central thrust; STD—southern Tibet detachment; GCT—Great Counter thrust; GDS—Gangdese arc; SGTS—South Gandese thrust system;

MHT—Main Himalaya thrust

[i] AR AFF ofr 36 s #2265 3 ORF o AR 3 L &= A A A
3.2 FREAFESZHMEBEFENRMIE-FEHM

o0 2B AR w4 A 3 e AR O B 5 i
Jok B B R A LUK S8 )5 PRI T Ameime, Mande il
Bauda J¢ LR R0 3 5 344, 2 B ORF- v vh i 2
FFTE PR 2 e — ot 3t i 2 v 9 B oL Ak )5 S R
3R li 11 %% 72 W P W A 22 A 48 (Ramos, 2009) .
USSR XS S o AR AR b 2 AR 56 1l P
PR R 5 S A, 00 G 5 22 55 St — A 0 R A it
22 TR IR o DL 2 J5 2 19 22 -l F O R Al
(Aitchison et al. , 2000; Dai et al. , 2011; Ma et
al. » 2017b; Lang et al. , 2018; Ma et al. , 2018),
SR+ XD G 30 B 300 #) 0F5 avbo 4 2 Py s ) o 9 L LG22 5
Hr 1Lk R MY 22

3.3 REHEREL LK S

T 2 2 S5 T ORT o b A 3 1L 1 B I O e o Ak
JS AL FE AR a0 S« B e I SR FE 4 (1100 Ma) |
2 AR (520 ~500 Ma) | X BL 44 K i i 4% Bk 4
(480~400 Ma) FIi s A=A (300~275 Ma) #35)
Bili 2% Hb & AU BT of B 97 WK Bl 2 F Ce. g s
Garzione et al. , 2016),

PR R 35T 1L Jok 7 35 5 S i % oty e 4 0 1 3k
TS A R AR 0 R R B (270 Ma) | Mg gk
(320 Ma) IR K 1l (C—P) FIIKAE 5 45 3% 4+ (300
Ma) DA B ERSZ 5 1L AR T (240~210 Ma) i 3 4%
(220~ 190Ma) , DL K 14 #3878 5T £ FH (220 ~
200) (Yang et al. , 2009; Guo et al. , 2016; Zhang
et al. , 2018; Wang et al. , 2019), NI, ZC5E M1
X1 307 L Bk 1 5 G EL A AR I X5
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3.4 REFEREMRERSE

B2 3T L K v b 2 B 3 v R TE A
X1 57 L Jik b o 25 75 XD S0 g it o i Sy 07 v 8 oy
J7 o e S AE R AR R ART o T 1 5 O i 7Y 2% b 52
Z b g1k s B4R S T Y v 22 2 2 1L ik . i e
R T R B0 T R R T S AT o 1 B R D
fith = b, I 75 B 20 Y il i A 48 22 )5 o 2 E BRI
Rl R AR L A A T A A B R o
R ZE AL OF B 80T — R AT I ik BT A
B ARV (Barnes and Ehlers, 2009),
3.5 BUFEMEILMFESRREHILMEAFEZEHB

22 o 37 3 LA AR PR R S s L A ) 2 A B
JE U] 220 IR 2 1T 1B S R 1E AR 1] 2R A o
TEFE A Z T 1Y 1 BE AR A AT O J5 3 58 e B2 2
AR ARF 1 R ERE /I 9 G 4 1) T AT 27 A G

225 3T LUK A S JL AR 27 5 Nazea Al (4 0 e
JUA] 2 %5 D) AH O, M ER Py BREE R 4B /R T 13 Ma Z i
Nazca Hg e ] 45 V- AF oh 76 o <22 55 307 & It 22 o i H
TR AL X A B A 13 Ma LR B A o, DA
WA RE T 13 Ma Z i A1 24 55 0 Ll & B8 i -
A & (Ramos and Folguera, 2009; Rodriguez et
al. » 2018) . i H. . Hb <22 27 37 2 1t Dk 9K B 1) 2R o 58
Hh 2 A R 5 ST L DA 3 4 e ) e R AL (AT 3D
WFFE W RPEMR B e 5 B2 TUAT 25 2 95 3 AN 5] 3
BORAS [] i 1 & AR AR A Y

B2 55 30T v ST TR SR R 3 e AR O o £
AL ¢ 2 U1 (Ramos and Folguera, 2009) ;

(DFEZ 25~30Ma Z|ij » i F R oty 1) -
AR o S 30T ORF B S e <22 5 T 0 B R A AR
TEBE T 50N 9 AU A AL 38 45 4 (Tsacks, 1988) , [H 1l
TV 46 Tt 07 11 (24 60~ 40MD) B4 565 307 &5 DR 2 — A
e 18l 1) P T3 8 (McQuarrie et al. » 2005) ;17
£ 25 Ma JFRG 0 vl ff1 B2 BE

(2) Nazca 3t 5 7 36 i H L 3R R TE L) 25~
30Ma JT4& 34 in (Pardo-Casas and Molnar, 1987),
% AL DA i B 4 55 W i JRAE 30~ 25Ma 22 Ji 1 R [
Th R ENZY Them 1 & BT 4646 71 72 10~ 6Ma
309 <22 55 i e B PR LR T T 29 2. 5km (Garzione
et al., 2006), 763X 4~ By BE I oh AR | 19 1 B B P

(3) rpr 22 55 3 vy JEUE B B Y e e SR F 0
A1 B B B4k B o3 Hs Rl %) A L S ) e ERORT 3 A
TN 3t 72 0 T30S AR AR T b 7 RS B R A OO Z

&4 T Hi3h (Royden, 1996; Beaumont et al.,
2001; Vietor and Oncken, 2005), ff w #9172 B
JK S S50 g A %) EE A R 0 B IS AR A AR B AR DT
FET 3, Hi 08 B2 %) #6105 ISEARF o Nazea iz H B9 IS 9L
A I T b g AR T b 5¢ 1Y 4 4 RN SR (MeQuarrie
et al. , 2005), Hi5¢ 148 5T B0 TR B 9
i 4 R B b 5T 1 T2 B (Allmendinger et al. , 1997;
Beck and Zandt, 2002),

CA) 38 A= A 8 2 A Aol 45 v <22 285 30 T LA
M2 B Nazea Mg He AR 5 A B 42 i 35 2 11 5 214
STYIN ) 5 BT I & R R (Lamb and
Davis, 2003),

X0 5 30 L Bk 8 JLART 27 5 Al iz gl i M IR
R B LA 25 A G . 5B T 5L R T Y K
Py BEGEORE 7 RN A W] A0 b JU AR 272 2 5 ¢ B2 Al Bk
ARF I BT G 7E 7 8 = it PG T - T b K 3K BE 2 - AL
Bl (bR JZ T )1 Guo et al. , 2018) FHED BE Al
TR v 25 55 B GE R o mT A 45 iy L B E- I N Al SR
WS B R R A T A% A (MR s S
Gao et al. , 2016), XEEHIBERY)PEAE BB T K4
i~ i Al 12 LA Ok G 1 79 A P b 1 N M 5C 25 4
(45 L o () Bsf b R 0y L ) R 0 8 7 XD RS S b 5 114
PR B H AT IR B AR 3 1) L 5E W) 1 (Gao et
al. » 2016) , #E DU IX] 5 iy i 44 o R M5 U 9 AE TE iR
T X JEG S0 A< v W S5 K e 1) AR kSR AR i . (H2
ToRE . BUARHLBR P B 45 R 3 5 1 P AE AR AR IR TR
T A P AR AN vp LA 22 1 5 B

BT UL B kel g 22 5 0T Ll ko L L XS S
L DK TEART b 18 A B B 1) 3 58 AR R ART e JUART 2 1T LA A
IR A HEN . D200~ 100 Ma i 4 17 RV 5 A 18l
M 1 BE IR o 3 ol b 5% b AR e 2% KR ASE 2 IR &
.l TR T K s B F R T e AR, kil
SR PR Akt 5 @ X i 38 L ok b 38 1 22 20 (100~ 65
Ma) 585 VT 75 b 1) & LA K Ml 52 45 8 1 1 3%
1 LR P ) RE 55 G Ik PR i Al 2 S S b Ay
oK IS A Hh e T AL 3 T RE A PR P R o 3 AR
14 b 5 A% R 5 D65 ~40 Ma 4 B0 5 3 45 & HE T
5 il I 0 42 5 | 6 P AR e W B 1) R T A OG5 @40~ 30
Ma DL X 56 S 1L ik 08 TR 30 245 4 G 1] A | £ 21 1 4t
R BREE R TR
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Abstract

The global orogenic system can be divided into two main types: accretionary type and collisional type.
Nowadays, studies of two giant orogenic systems on the Earth shows that 1) the accretionary orogenic
system are happening around the Pacific Ocean by oceanic plates subducted beneath continental plates, and
2) the Himalayan collisional orogenic system has entered the stage of continent-continent collision after
oceanic plate-continental subduction. Among them, the Andean orogenic belt is a typical “Andean island
arc belt” and “Andean-Cordillera subduction related accretionary orogenic system” which characterized by
“deep (steep)-shallow (flat) alternating subduction of the oceanic plate, oceanic island-continent
accretional collision and subduction induced plateau uplift” that formed by the multi-stage subduction of
the Lazaca oceanic plate in the eastern Pacific Ocean. The Gangdese orogeny belt, located in the interior of
the Asian continent, underwent two mainly orogenic stages. The first stage is represented by northward
oceanic plate subduction, while subduction accompanied closure of the Neo-Tethys oceanic basin. This
stage includes forming the multi-oceanic islands in the Neo-Tethys, which probably initiated in the early
Mesozoic, and multi-stages subduction and convergence between the Lhasa terrane and oceanic islands.
That results in the accretion and collision of the oceanic islands and the Lhasa terrane which lead to form
the Gangdese magmatic arc and is similar to the Andean-type subduction-accretion orogenic system.
Meanwhile, initial Gangdese Plateau may develop during the magma eruption and transformation from
subduction to collision. In the early Cenozoic, the Gangdese orogeny belt entered the second stage of
continent-continental collision between Indian and Asian continents. Then it formed large-scale E-W
trending thrust faults, strike-slip faults and S-N trending rift systems. Therefore, the Andean orogeny
belt is the geological history of the Gangdese orogeny evolution, current Gangdese orogeny belt is the
future geology of the Andean orogenic belt. Aim to study the tectonic evolution of Gangdese orogeny belt,
especially the early tectonic magmatic activity, we must compare the geological evolution of the Andean

subduction and accretion process.
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