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Late Triassic Collision of Jinshajiang Suture Belt: Geochronological,

Geochemical and Hf Isotope Evidences from Quartz Monzonite in Gonjo Area

Gong Xiaodong, Tang Yuan, Qin Yadong, Wang Baodi, Wang Dongbing, Liu Han, Duan Yaoyao

Chengdu Center of China Geological Survey, Chengdu 610081, China

Abstract: As one of the important suture belts in the Sanjiang Tethyan tectonic domain, the Jinshajiang suture belt has long been
the focus of study on the process of Paleo-Tethys ocean-continent subduction and collision. However, controversies remain about
the exact time for the collision and closure of the Jinshajiang Paleo-Tethys. In this paper, the Gonjo granite body was selected as
the research object, which is located on the west side of the Jinshajiang suture belt in the eastern Tibet. Based on the
chronological, geochemical and Hf isotope analyses of the large-scale exposed quartz monzonite, the geochemical characteristics
and tectonic setting of the Gonjo granite body are revealed. LA-ICP-MS zircon U-Pb dating results yield a weighted mean
“5Ph/**¥U age of 231+1 Ma for the sample, indicating that quartz monzonite was emplaced in Late Triassic. Zircon from the
quartz monzonite exhibits a narrow range of initial Hf isotope ratios (eg{?) = —8.3 to —5.5), with corresponding Tyye of 1 611—
1 788 Ma.Geochemical studies show that the quartz monzonite is typical I-type granite, belonging to shoshonite and high K calc-
alkali series, enriched in Rb, Th, K, and LILEs, but depleted in Nb, Ta, Zr, Hf and HFSEs. In addition, geochemical features
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show that the quartz monzonite was formed in the geological background of continent collision, suggesting that the Gonjo area was

in a transition phase of syn-collision compressional to post-collisional extension stage in the Early Triassic (~231 Ma) and the

quartz monzonite was a product of partial melting of lower crustal intermediate-basic igneous rocks. Combined with previous

studies, it can be proposed that the Paleo-Tethys ocean of Jinshajiang suture was gradually closed from south to north, and the

differences of regional geological background and the complexity of the Paleo-Tethys ocean oblique collision are the main reasons

for the different collision-closure time of different regions of the Jinshajiang suture belt.

Key words: Jinshajiang suture belt; quartz monzonite; zircon U-Pb dating; Hf isotope; Late Triassic; Paleo-Tethys.
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Fig.1 Tectonic unit division of the Sanjiang areas (a) and sketch map of the Jinshajiang suture belt in the Gonjo area (b)
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Fig. 2 Geologic profile of quartz monzonite on the west side of Jinshajiang suture belt
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Fig.3 Field outcrops and microscopic characteristics of quartz monzonite
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et al., 2008).

(a)
70

Mantle AFC

—_ (@)
g o0 >
= Z
o) 3
w1 MN
£ N I I W R N
B AT =L RN
10 . , \ . X

(b)

20 40 60 80

(c)

(Na,0+K,0)/(MgO+Fe0,+Ti0,)

ISR

Ca0/(MgO+Fe0,+Ti0,)

0.0

0.8 1.2
CaO/(MgO+FeO,)

1.6

12
Na,0+K,0+MgO+FeO,+TiO,(%)

10 15 20
CaO+MgO+FeO,+TiO,(%)

P10 BUHE AL B MR 1 0 PR 0 S e e
Fig. 10  Discrimination diagrams of petrogenesis for the Gonjo granites
[ a4l Stern and Kilian(1996) ; &l b~d # Kaygusuz ez al.(2008) Fl Altherr and Siebel(2002)



%8l

PL/NERAE I = B (G VU 45 45 L A 1T

52 BRERX

B HI R 2 4 BUAR 2D 32 B e W0 1 5 35 1R 1
R, R R A R X & M Y & T A (Griffin
et al., 2002). %% 41 U-Pb Il 4F F1 HI [7] 7 & 43 #r %
W, BT A 9 KA P Tk R S IR A A, HE R
ZHAY— AnY e () EH(—8.3 ~ —5.5). TT4kK
A AR B A7 LA B X — A4 T R 37 25 20 B 2% W 4 A 45
A ¥ — JCIRAY a RIR IX HI [ A7 3 A5 R
en (1) <<O WY 5 A1 kil & b 52 3B 43 16 AlE 18 (Ver-
voort et al., 2000). 4 A & K 5 ey (1) <<0, T H.
TE eni( 1) — ¢ B L (I 11 BE i 05038 53 A5 78 77 B b i
2R RO B A AR 2T B8 W O o 2 T
TR HEF B P2, Towe 9 1.61~1.78 Ga i) 4 I X
h TR IX
5.3 MWIERIE

JE AR T L X R B AL KA R AL T AT
TLA56 A PE M, 52 30 SN Ja) iy i bR R S5 R e A, H:
KOG B AE B A A A W) i A2 T A b VT R 4
v 1) PEARE o — RESE 2 AR A T AV T SRR 4%
TR A B A KA R E AN AR
Z B R AR SO L, A/CNK <1, 45 4 filf 18 1 55
I W 1 AE 54 & 4 AiE (Nironen ez al., 2000; & H %
4, 2001; 5KHEAE, 2008; 5K J7F-4%, 2011). 7 Rb—
(Y-+Nb) 1 Ta—Yb 44 3 ¥ 55 30 55 B g b (& 12)
FE 5V A ) Al — (5 Rif AR ) X8, 3 — B E I T A
e T A I BT Rl R PR B S s Ay K il R 7 b K
Bl 1215 5 B A U0 V0 R R 0 R g AR
I/

2913
20
| 5" N
15 5 5 H 18 S
\Jé;%
&
101 N
£
St /
I,
’I
O HOR BT
w: (;/
-/
-t ~
§ ,1/337"“'
“10k // g
‘\.L
52 =
-15F =
=
'
—20 1 1 1 1 1 1 1 =
100 140 180 220 260 300 340 380
t (Ma)
K11 ﬁﬁﬁﬁ:{ﬁﬁ‘em(l)*l?é?:
Fig. 11 ey(z) —¢ plot for zircons from quartz monzonite in

Gonjo

HI WG Ay oo B85 M A8 i 52 A nT i R
T 45 Tl 1 PR B8 v, 10 4 48 7R — ok 33 44 T A0 5 e
T AN 2 05 58 1) R i PR L 3 il 45 9 J %) 5K ol By
Bt (Barbarin, 1999) , 1 J& flf 48 75 5 3% 2h £ DA = 40 45
BT B S HYAE BT R A Ry R AR (A R AR
2001). BT oA 9 KA AR TR AR X S R IX
B, 24 R O A A &R 5 X8R (&l 7a) , A/CNK
<1 M HERR FURRAE B DX T e A e &R 9 Y
AR S AUAE B A (B 7b) SR, BF 3 5 T I R
1604 A AR WA R (R AR I0 %, 2007b) , H B AR 1)
it R A PR % 48 19 5 5 D0 R 1 58 08 A AR B L &
FIE BN (AP AE4F, 20135 4238 (@45, 2013) , BFHh it

10000

100

(a) (b)
1000 Syn-CLOG 101
Syn-CLOG
2 100 =1t
Z z
Post-CLOG
10F VAG ORG 0.1F
1 L 1 L 0.01 - L
1 10 100 1000 10000 0.1 1 10 100
Y+Nb(10 ) Yb(10°)

P12 Ao — RS M i SR S 1 fie

Fig.12

Discrimination diagrams of tectonic setting for the quartz monzonite

¥ Pearce et al. (1984). Syn-CLOG. [F] #lf 5 £ i) #+ ; Post-CLOG. J& B 46 5 %5 5 VAG. K I IRAE B %5 s WPG. B I AE 1 2 ORG. v

FATES



2914 HIERRL2E  http://www.earth-science.net

45 %

JoT 8 A AL B8R DTS A B R R AE R E AN R E R W
K AR A R rh 27 B R AR BN B R AR AT
AEJE B T JR B 5%

G54 0 A L BR AL SRR B A U-Ph il
AERTHI R 40 BT, AR SO e = 38 B4R 7 90 Hi
DX Sy R I il 43 79 1 35K 2y ) o 5, Ak T el A AR Y
5 1] Je il 48 A Joe 1 P 2 46 ) B B . 4 V0 VI R
ST 1) VAR e R 5 N DT R R B — i R
Jei FE AR AR R, AT 75 & T Hb e A8 o v R M KRR
FR AR A IE L R AR R AR TR AR B A
B Tt f LA A T DT HL X G VO VLA A Al 7
I Rl e P = L N
54 XM&MIGEEHMEEANIET

AT Tl A 2 2 R R AR A
Hi R A 2 S5 B 58 %k 4 VDT — R L R R T v AL
AT TR, B2 (BE) A 2 (D) PR ik
(C,—P,) I FE0 oh 3 98 (P, — P,) HIK — Bifi #lf 15 1%
W (T, —Ty?7) PUAS F 2238 Ak B B (£ 57 455, 1999;
PN B FL S, 20045 Jian et al., 2009; B 4H 4
2018) . Horp 5C F 9N — Bifi il 45 25 1Ly 9 495 0 B AR S 1L de
KM KN R BRI T SV ITE5 A m BTk —
TR — 2 VG Ll R AR AR 2 R A 2 45 O T Y
5 . 2 55 (2010) X 2= g AR 4R = S 1l IX A6 5 I3 4
BT TWRSE, 3545 232~230 Ma i & 3 R AL AR IS
WA R 7 T A R BE R B A 2L O B IR GA A
BRRR AR, WTIT 2 1 4 0 VT 45 A A IR — i 98 B B T
AE B S ORI b b = S RIS R E AR
555 (2011b) #3814 A 3255 1l 4 sl =Xk 1l s
£ 808 LA-ICP-MS %5 1 U-Pb 4E #& ol 249~
247 Ma, INA ST A ER —SHOCEHEAT
i Bl A B U0 5 R A (2017) X DU )1 2 3 Ml X
G VD VLSS G N I AE B TR 5 T T 1 F 5 3% B L
T 235~230 Ma, J& J5 filf 5 #4) 1 21 5% 2 1 1) 178
b, TR I B — 2 1 S UL 5 A R AE 2 e 42 b
VLVEAE MR = St 22 0 58 1 1 M A 5 PR S35 (2005) 78
& VDI 45 A b o 19 7 0 W b X 55 B AL
YK AR R RS T 216.4 Ma i IN A7 Ar-Ar 4R,
KR 4 VDT 454 AL BE R b X AR B = B A Ak
FPE ST o B B, Bl AR I R T bR L X SR R R
W H 4 VD VT2 A iy AE R TR) X B B4 Al J A A PR
DL R A AR A B A K 2 5 .

FEAR Bk 3 v, S TUAE B 242 A AR R 2 A8 1
4 3 (granitic batholith) (4 H B, 38 & 2% K7 5% ] Al

ki — i il 48 k7 b 2 o T AT 56 40 42 Rl T B AE )
B EAR R AE Y BN 4 R (Pearce e al., 1984;
3G PSS, 2001) . 78 = VT Hb X, 1Ifi v 4E i< 7 - fa)
6 i) A5 o B 38 0 R O P R i — i il A ) 45 SR
(BLE 2E 5, 1993) . A SCHE S5 A V8 M 38 A5 1) 51 3
8 KA AR 231 Ma, & 4 V0 VT R 4R 0 Al
L R A — AR N L A LR
BT f TR 5 bl R Ak 27 R AR DA R A e B 5 X b
T e IR — ki Bl 45 1 S Al A A R B e 1 B U
e B A KBS S L8 B B Xt 5 W A (2017)
X [ b X g = & 1 (235~230 Ma) € i IN K A B
B 3 S AR — B

¢ lt , Tang et al. (2020)7E 51 58 1 X 4 V) VL IE
LA TR 2 A N BT R RO A E B AR BT A
BR AL 27 R AE R AR J5R ST 9 A BN R AR R A
G VD VT R B P ST ) TR b B e PR 4 e/
o e R AR AR R B, O AR A5 T 488 R 1 1) R M
AH S AR AR (245~240 Ma) |, 4 It A R 4 V0 3T
R B T — B oA E A D =& (T, B & 45
HR G VD VL R AR BTV 1) VAR e B R S il A R S0
FEAN W 7E M — S ~231 Ma, IR T #h5%e h
B AR T K B A 4 il ARE BT R Y BT

Yo TR A BE R 2% X IR A S Bl S R
W, OB = A o (AR ) A
BAEBEETSEATAARARBANEAREIKZ 1
CEEWR XA, 1999) , b5 i 45 8 s 51 98 M IX 42 Y0V ly
R4 S0 A 35 T A 7 2

ORI R O 2 B 5y J1 X8y R e 6k
(Hennig et al., 2009) , 7£ & [ Z& 0% ) 74 % M A7 76
IXRE AR T BE (5K R AF, 20045 VE S A
2017) , WIF 5% 95 B 2 7R 4 VDV 25 Al B A e 1)
Jb &b P A 0 R AR (V0T 2R A, 20025 5 o AR
2002) . 4 KA 55 (2019) 42 oy R 307 3= 1 2 0 1]
A A ERM T TR R G W R LY
e JE A5 (2018) Z2 48 I 45 2 47 1l DX B 0 1 I 425 A4
O ARG B N TR A B T AR
N, A6 DB 76 54 TN K 5 1 42 O 47 % 40 531 oy
246.14+3.5 Ma, 238.1+5.3 Ma, 239.0£5.7 Ma,
227.945.1 Ma #l 213.66.9 Ma, M1 Ik K 4 ¥ 71
R AR T R R R e b P A Y RS A e RR AT
ik 33 Ma, H bR 55 A F a1 b i 28 B 42
b AR 2 4 VD VT R AR S 9 LA AR i A o — Rl R 9
KA B, 856 XU 9R BERE, 48 SCIA Ry X3 b



%8l

L/ 55 < 1 = 8 4 VDV 25 G Bl 9 4 2915

JHT 5t 09 2 S P R AR B S R e Al 4R P SR A AT
AE 2 T 0 VD TL 45 A AN [a] o DXRE 48 P I FR 22
SRR E RN

6 énlb

(1) %547 U-Pb [a] i 2 7E 45 45 8 3% W1 AR i IX
DU AT TR B R ALAR % O 2314 1.0 Ma, A
T VP ILES A A W = Bt B SO SR g

(2) BT 98 A0 9 A O B K — e B B R
) TAIE R, 5 8 K Th U Rb % K& 2K 41 7T
A, 7 Nb. Ta . Zr HI %5 %8 o0 R HI W07 R4
i 3¢ W H Sy 7 V51 BT S im JEE T Ml 5 v B P AR T K
TR 3 4 R 7 )

(3) 78 AR T 98 Hb DX 43 VD VL 45 45 4 78 e — & i
(~231 Ma) &b F H filf 18 57 1 1] 5 A 48 0 R 5% 36 1)
P 3 PR EE .45 G AT BT A SO Dy 4 U Tl R R
Hr 3 2 R ) b T A Y DO BT s 25
P 0y e A B R AR v R Y AR R R 3 B VDL
25l /A [R) b DX RlE 43 A B e RO — 3500 3 B D A

Fff 2 WA F)VE W (http: // www .earth—science.net).

References

Altherr, R., Siebel, W., 2002. I-Type Plutonism in a Conti-
nental Back—Arc Setting: Miocene Granitoids and Mon-
zonites from the Central Aegean Sea, Greece. Contribu-
tions to Mineralogy and Petrology, 143(4): 397—415.
https://doi.org/10.1007/s00410-002-0352-y

Barbarin, B., 1999. A Review of the Relationships between
Granitoid Types, Their Origins and Their Geodynamic
Environments. Lithos, 46(3): 605—626. https://doi.
org/10.1016/s0024-4937(98)00085-1

Blichert-Toft, J., Albarede, F., 1997. The Lu-Hf Isotope
Geochemistry of Chondrites and the Evolution of the
Mantle-Crust System. Earth and Planetary Science Let-
ters, 148(1—2): 243—258. https://doi. org/10.1016/
s0012-821x(97)00040-x

Chappell, B. W., Stephens, W. E., 1988. Origin of Infra-
crustal (I-Type) Granite Magmas. Transactions of the
Royal Society of Edinburgh: Earth Sciences, 79(2—3):
71—86. https://doi.org/10.1017/0263593300014139

Chappell, B. W., 1999. Aluminium Saturation in I- and S-

Type Granites and the Characterization of Fractionated

Haplogranites. Lithos, 46(3): 535—551. https://doi.org/

10.1016/s0024-4937(98)00086-3

Chen, W., Zhang, Y., Chen, K.L., et al., 2005. Tectonic

Discrimination and **Ar/¥Ar Geochronology of Haxiu
Quartz Diorite in Yushu, Qinghai Province. Acta Petro-
logica et Mineralogica, 24(5): 393—396 (in Chinese
with English abstract).

Collins, W. J., Richards, S.W., 2008. Geodynamic Signifi-
cance of S-Type Granites in Circum—Pacific Orogens.
Geology, 36(7): 559—562. https://doi. org/10.1130/
g24658a.1

Deng, J., Ge, L.S., Yang, L.Q., 2013. Tectonic Dynamic
System and Compound Orogeny: Additionally Discuss-
ing the Temporal-Spatial Evolution of Sanjiang Oroge-
ny, Southwest China. Acta Petrologica Sinica, 29(4):
1099—1114 (in Chinese with English abstract).

Deng, J., Wang, Q.F., Li, G.J., 2016. Superimposed Orog-
eny and Composite Metallogenic System: Case Study
from the Sanjiang Tethyan Belt, SW China. Acta Petro-
logica Sinica, 32(8): 2225— 2247 (in Chinese with Eng-
lish abstract).

Deng, J., Wang, Q. F., Li, G.J., etal., 2014. Tethys Tec-
tonic Evolution and Its Bearing on the Distribution of Im-
portant Mineral Deposits in the Sanjiang Region, SW
China. Gondwana Research, 26(2): 419—437. https://
doi.org/10.1016/j.gr.2013.08.002

Fan, W. M., Peng, T.P., Wang, Y.J., 2009. Triassic Mag-
matism in the Southern Lancangjiang Zone, Southwest-
ern China and Its Constraints on the Tectonic Evolution
of Paleo—Tethys. Earth Science Frontiers, 16(6): 291—
302 (in Chinese with English abstract).

Gao, R., Xiao, L., He, Q., et al., 2010. Geochronology,
Geochemistry and Petrogenesis of Granites in Weixi—
Deqin, West Yunnan. Earth Science, 35(2): 186—200
(in Chinese with English abstract).

Ge,M.C.,Jiang, Y.S.,Feng,Q.L. et al.,2002. The Determi-
nation of the Oblique Collision and Strike-Slip Orogen
of Jinshajiang, Northwest Yunnan. Earth Science Fron-
tiers, 9(4): 420 (in Chinese).

Griffin, W. L., Pearson, N. J., Belousova, E., et al., 2000.
The Hf Isotope Composition of Cratonic Mantle: LAM-
MC-ICPMS Analysis of Zircon Megacrysts in Kimber-
lites. Geochimica et Cosmochimica Acta, 64(1): 133—
147. https://doi.org/10.1016/s0016-7037(99)00343-9

Griffin, W. L., Wang, X., Jackson, S. E., et al., 2002. Zir-
con Chemistry and Magma Mixing, SE China: In-situ
Analysis of Hf Isotopes, Tonglu and Pingtan Igneous
Complexes. Lithos, 61(3—4): 237—269. https://doi.
org/10.1016/s0024-4937(02)00082-8

He, J., Wang, Q.Y., Yan, G.C., 2018. Genesis and Geody-

namic Settings of the Eocene Lamprophyres from



2916 HIERRL2E  http://www.earth-science.net

45 %

Jinshajiang-Red River Tectonic Belt, Ludian, Western
Yunnan Province. Earth Science, 43(8): 2586— 2599 (in
Chinese with English abstract).

Hennig, D., Lehmann, B., Frei, D., et al., 2009. Early
Permian Seafloor to Continental Arc Magmatism in the
Eastern Paleo—Tethys: U-Pb Age and Nd-Sr Isotope
Data from the Southern Lancangjiang Zone, Yunnan,
China. Lithos, 113(3—4): 408—422. https://doi. org/
10.1016/}.1ithos.2009.04.031

Hermann, J., Rubatto, D., Korsakov, A., etal., 2001. Mul-
tiple Zircon Growth during Fast Exhumation of Dia-
mondiferous, Deeply Subducted Continental Crust (Kok-
chetav Massif, Kazakhstan). Contributions to Mineralo-
gy and Petrology, 141(1): 66—82. https://doi. org/
10.1007/s004100000218

Hou, Z.Q., Qu, X.M., Zhou, J.R., etal., 2001. Collision-
Orogenic Processes of the Yidun Arc in the Sanjiang Re-
gion: Record of Granites. Acta Geologica Sinica, 75(4):
484 —497 (in Chinese with English abstract).

Hou, Z.Q., Wang, L.Q., Zaw, K., et al., 2003. Post-
Collisional Crustal Extension Setting and VHMS Miner-
alization in the Jinshajiang Orogenic Belt, Southwestern
China. Ore Geology Reviews, 22(3—4): 177—199.
https://doi.org/10.1016/s0169-1368(02)00141-5

Hu, Z. C., Zhang, W., Liu, Y. S., et al., 2015. “Wave”
Signal-Smoothing and Mercury-Removing Device for
Laser Ablation Quadrupole and Multiple Collector
ICPMS Analysis: Application to Lead Isotope Analysis.
Analytical Chemistry, 87(2): 1152—1157. https://doi.
org/10.1021/ac503749k

Jian, P., Liu, D. Y., Kroner, A., et al., 2009. Devonian to
Permian Plate Tectonic Cycle of the Paleo—Tethys Oro-
gen in Southwest China (II): Insights from Zircon Ages
of Ophiolites, Arc/Back-Arc Assemblages and Within-
Plate Igneous Rocks and Generation of the Emeishan
CFB Province. Lithos, 113(3—4): 767—784. https://
doi.org/10.1016/j.1ithos.2009.04.006

Jiang, Y.S., Ge, M.C., Feng, Q.L., 2002. Oblique Strike-
Slip Structures along the Jinshajiang Suture Zone in
Northwestern Yunnan. Sedimentary Geology and Tethy-
an Geology, 22(1): 56—159 (in Chinese with English ab-
stract).

Kaygusuz, A., Siebel, W., Sen, C., et al., 2008. Petro-
chemistry and Petrology of I-Type Granitoids in an Arc
Setting: The Composite Torul Pluton, Eastern Pon-
tides, NE Turkey. International Journal of Earth Sci-
ences, 97(4): 739—764. https://doi. org/10.1007/
s00531-007-0188-9

Kemp, A. 1. S., Hawkesworth, C. J., Foster, G. L., et al.,
2007. Magmatic and Crustal Differentiation History of
Granitic Rocks from Hf-O Isotopes in Zircon. Science,
315(5814):  980—983. https://doi. org/10.1126/sci-
ence.1136154

Li, G.J., Wang, Q.F., Yu, L., etal., 2013. Closure Time
of the Ailaoshan Paleo-Tethys Ocean: Constraints from
the Zircon U-Pb Dating and Geochemistry of the Late
Permian Granitoids. Acta Petrologica Sinica, 29(11):
3883—3900 (in Chinese with English abstract).

Liu, Y. S., Gao, S., Hu, Z. C., et al., 2010. Continental
and Oceanic Crust Recycling=Induced Melt—Peridotite
Interactions in the Trans—North China Orogen: U-Pb
Dating, Hf Isotopes and Trace Elements in Zircons from
Mantle Xenoliths. Journal of Petrology, 51(1—2):
537—571. https://doi.org/10.1093/petrology/egp082

Liu, Y.S., Hu, Z.C., Gao, S., etal., 2008. In Situ Analysis
of Major and Trace Elements of Anhydrous Minerals by
LA-ICP-MS without Applying an Internal Standard.
Chemical Geology, 257(1): 34—43. https://doi. org/
10.1016/j.chemgeo.2008.08.004

Ludwig, K. R., 2003. ISOPLOT 3.00: A Geochronological
Toolkit for Microsoft Excel. Berkeley Geochronology
Center, Berkeley.

Metcalfe, 1., 2013. Gondwana Dispersion and Asian Accre-
tion: Tectonic and Palaeogeographic Evolution of East-
ern Tethys. Journal of Asian Earth Sciences, 66: 1—33.
https://doi.org/10.1016/j.jseaes.2012.12.020

Mo, X.X., Deng, J.F., Dong, F.L., et al., 2001. Volcanic
Petrotectonic Assemblages in Sanjiang Orogenic Belt,
SW China and Implication for Tectonics. Geological
Journal of China Universities, 7(2): 121—138 (in Chi-
nese with English abstract).

Mo, X.X., Lu, F.X., Shen, S.Y., et al., 1993. Tethys Volca-
nism and Mineralization in the Sanjiang Area. Geological
Publishing House, Beijing (in Chinese).

Mo, X.X., Pan, G.T., 2006. From the Tethys to the Forma-
tion of the Qinghai-Tibet Plateau: Constrained by
Tectono-Magmatic Events. Earth Science Frontiers, 13
(6): 43— 51 (in Chinese with English abstract).

Nakada, S., Takahashi, M., 1979. Regional Variations in
Chemistry of the Miocene Intermediate to Felsic Mag-
mas in the Outer Zone and the Setouchi Province of
Southwest Japan. Mining Geology, 85(9):571—582.

Nironen, M., Elliott, B. A., Ramo, O. T., 2000.1.88—
1.87 Ga Post-Kinematic Intrusions of the Central Fin-
land Granitoid Complex: A Shift from C-Type to A-

Type Magmatism during Lithospheric Convergence.



%8l

/N e = 7 4 U T 45 A A 2917

Lithos, 53(1): 37—58. https://doi.org/10.1016/s0024~
4937(00)00007-4

Pan, G.T., Li, X.Z., Wang, L.Q., etal., 2002. Preliminary
Division of Tectonic Units of the Qinghai-Tibet Plateau
and Its Adjacent Regions. Geological Bulletin of China,
21(11): 701—707 (in Chinese with English abstract).

Pearce, J. A., Harris, N. B. W., Tindle, A. G., 1984.
Trace Element Discrimination Diagrams for the Tecton-
ic Interpretation of Granitic Rocks. Jowrnal of Petrolo-
gy, 25(4): 956—983. https://doi. org/10.1093/petrolo-
gy/25.4.956

Peccerillo, A., Taylor, S. R., 1976. Geochemistry of Eo-
cene Calc—Alkaline Volcanic Rocks from the Kastamonu
Area, Northern Turkey. Contributions to Mineralogy
and Petrology, 58(1): 63—81. https://doi.org/10.1007/
bf00384745

Rickwood, P. C., 1989. Boundary Lines within Petrologic Di-
agrams which Use Oxides of Major and Minor Ele-
ments. Lithos, 22(4): 247—263. https://doi. org/
10.1016/0024-4937(89)90028-5

Scherer, E., Munker, C., Mezger, K., 2001. Calibration of

293(5530):
683—687. https://doi.org/10.1126/science.1061372

Stern, C. R., Kilian, R., 1996. Role of the Subducted Slab,

the Lutetium—-Hafnium Clock. Science,

Mantle Wedge and Continental Crust in the Generation
of Adakites from the Andean Austral Volcanic Zone.
Contributions to Mineralogy and Petrology, 123(3):
263—281. https://doi.org/10.1007/s004100050155

Sun, S. S., McDonough, W. F., 1989. Chemical and Isoto-
pic Systematics of Oceanic Basalts: Implications for
Mantle Composition and Processes. Geological Society,
London, Special Publications, 42(1): 313— 345. https://
doi.org/10.1144/gsl.sp.1989.042.01.19

Sun, X.M., Jian, P., 2004. The Wilson Cycle of the
Jinshajiang Paleo—Tethys Ocean, in Western Yunnan
and Western Sichuan Provinces. Geological Review, 50
(4): 343— 350 (in Chinese with English abstract).

Tang, Y., Qin, Y.D., Gong, X.D., et al., 2020. Discovery of
Eclogites in Jinsha River Suture Zone, Gonjo County,
Eastern Tibet and Its Restriction on Paleo—Tethyan Evo-
lution. China Geology, 3(1): 83—103. https://doi. org/
10.31035/¢g2020003

Vervoort, J. D., Patchett, P. J., Albarede, F., et al., 2000.
Hf-Nd Isotopic Evolution of the Lower Crust. Earth
and Planetary Science Letters, 181(1—2): 115—129.
https://doi.org/10.1016/s0012-821x(00)00170-9

Wang, J.C., Li, S., Huang, G.W., et al., 2017. Tectonic

Significance of Lingshan Fault Zone in Guangxi: Evi-

dence from the Oblique Collision of Yangtze Plate and
Cathaysia Plate. Journal of Guilin University of Tech-
nology, 37(4): 738— 739 (in Chinese).

Wang, X. F., Metcalfe, I., Jian, P., et al., 1999. Tectonic-
Stratigraphic Division and Age Determinations of the Jin-
shajiang Suture Zone. Scientia Sinica Terrae, 29(4):
289—297 (in Chinese).

Wang, B. D., Wang, L. Q., Chen, J. L., et al., 2017. Pet-
rogenesis of Late Devonian—-Early Carboniferous Volca-
nic Rocks in Northern Tibet: New Constraints on the Pa-
leozoic Tectonic Evolution of the Tethyan Ocean. Gond-
wana Research, 41: 142—156. https://doi. org/
10.1016/5.gr.2015.09.007

Wang, B.D., Wang, L.Q., Qiangba, Z.X., et al., 2011a.
Early Triassic Collision of Northern Lancangjiang Su-
ture: Geochronological, Geochemical and Hf Isotope Ev-
idences from the Granitic Gneiss in Leiwuqi Area, East
Tibet. Acta Petrologica Sinica, 27(9): 2752— 2762 (in
Chinese with English abstract).

Wang, B.D., Wang, L.Q., Wang, D.B., etal., 2011b. Zir-
cons U-Pb Dating of Volcanic Rocks from Renzhixue-
shan Formation in Shangdie Rift Basin of Sanjiang Area
and Its Geological Implications. Acta Petrologica et Min-
eralogica, 30(1): 25—33 (in Chinese with English ab-
stract).

Wang, B.D., Wang, L.Q., Wang, D.B., et al., 2018. Tec-
tonic Evolution of the Changning-Menglian Proto—Paleo
Tethys Ocean in the Sanjiang Area, Southwestern Chi-
na. Earth Science, 43(8): 2527— 2550 (in Chinese with
English abstract).

Wang, D.B., Wang, L.Q., Yin, F.G., etal., 2012. Timing
and Nature of the Jinshajiang Paleo—Tethys: Constraints
from Zircon U-Pb Age and Hf Isotope of the Dongzhulin
Layered Gabbro from Jinshajiang Ophiolite Belt, North-
western Yunnan. Acta Petrologica Sinica, 28(5): 1542—
1550 (in Chinese with English abstract).

Wang, L.Q., Pan, G.T., Li, D.M., et al., 1999. The
Spatio—Temporal Framework and Geological Evolution
of the Jinshajiang Arc-Basin Systems. Acta Geologica
Sinica, 73(3): 206—218 (in Chinese with English ab-
stract).

Wang, X.Y., Wang, S.F., Wang, C., et al., 2017. LA-
ICP-MS Zircon U-Pb Age, Geochemistry and Tectonic
Significance of Late Triassic Granites in Jinshajiang Belt
of Batang Area, Eastern Tibet. Chinese Journal of Geol-
ogy, 52(4): 1160—1180 (in Chinese with English ab-
stract).

Wolf, M. B., London, D., 1994. Apatite Dissolution into



2918 i BR B 27

http://www.earth-science.net

45 %

Peraluminous Haplogranitic Melts: An Experimental
Study of Solubilities and Mechanisms. Geochimica et
Cosmochimica Acta, 58(19): 4127—4145. https://doi.
org/10.1016/0016-7037(94)90269-0

Wu, F.Y., Li, X.H., Zheng, Y.F., et al., 2007a. Lu-Hf
Isotopic Systematics and Their Applications in Petrolo-
gy. Acta Petrologica Sinica, 23(2): 185—220 (in Chi-
nese with English abstract).

Wu, F.Y., Li, X.H., Yang, J.H., et al., 2007b. Discus-
sions on the Petrogenesis of Granites. Acta Petrologica
Sinica, 23(6): 1217—1238 (in Chinese with English ab-
stract).

Xu, Z.Q., Yang, J.S., Li, W.C., et al., 2013. Paleo-
Tethys System and Accretionary Orogen in the Tibet
Plateau. Acta Petrologica Sinica, 29(6): 1847—1860 (in
Chinese with English abstract).

Yang, T.N., Xue, C.D., Xin, D., et al., 2019. Paleotethy-
an Tectonic Evolution of the Sanjiang Orogenic Belt,
SW China: Temporal and Spatial Distribution Pattern of
Arc-Like Igneous Rocks. Acta Petrologica Sinica, 35
(5): 1324—1340 (in Chinese with English abstract).

Yin, F.G., Pan, G.T., Wan, F., etal., 2006. Tectonic Fa-
cies along the Nujiang-Lancangjiang—Jinshajiang Oro-
genic Belt in Southwestern China. Sedimentary Geology
and Tethyan Geology, 26(4): 33—39 (in Chinese with
English abstract).

Zeng, P.S., Wang, Y.B., Ma, J., et al., 2018. Diachronous
Collision—Closure of the Jinshajiang Paleo—Ocean Basin
in the Yangla Area: Constraints from Ages of the Gran-
ites. Earth Science Frontiers, 25(6): 92— 105 (in Chi-
nese with English abstract).

Zhang, F.X., Du, X.H., Wang, W.T., etal., 2004. Miner-
alization Responsed to Mesozoic Geological Evolution of
the Qinling Orogen and Its Environs. Chinese Journal of
Geology, 39(4): 486—495 (in Chinese with English ab-
stract).

Zhang, L. Y., Ding, L., Pullen, A., et al., 2014. Age and
Geochemistry of Western Hoh-Xil-Songpan-Ganzi
Granitoids, Northern Tibet: Implications for the Meso-
zoic Closure of the Paleo-Tethys Ocean. Lithos, 190—
191:  328—348. https://doi. org/10.1016/j. lith-
0s.2013.12.019

Zhang, Q., Wang, Y.L., Jin, W.J., et al., 2008. Criteria for
the Recognition of Pre—, Syn— and Post-orogenic Granit-
ic Rocks. Geological Bulletin of China, 27(1): 1—18 (in
Chinese with English abstract).

Zhang, W.P., Wang, L.Q., Wang, B.D., et al., 2011.

Chronology, Geochemistry and Petrogenesis of Deqin

Granodiorite Body in the Middle Section of Jiangda—
Weixi Arc. Acta Petrologica Sinica, 27(9): 2577—2590
(in Chinese with English abstract).

Zheng, Y. F., Xiao, W. J., Zhao, G. C., 2013. Introduction
to Tectonics of China. Gondwana Research, 23(4):
1189—1206. https://doi.org/10.1016/j.gr.2012.10.001

Zhu, D.C., Mo, X.X., Wang, L.Q., etal., 2009. Petrogen-
esis of Highly Fractionated I-Type Granites in the Cha-
yu Area of Eastern Gangdese, Tibet: Constraints from
Zircon U-Pb Geochronology, Geochemistry and Sr—Nd-
Hf Isotopes. Scientia Sinica Terrae, 39(7): 833— 848 (in
Chinese with English abstract).

Zhu, J. J., Hu, R. Z., Bi, X. W., etal., 2011. Zircon U-Pb
Ages, Hf-O Isotopes and Whole-Rock Sr—Nd-Pb Isoto-
pic Geochemistry of Granitoids in the Jinshajiang Suture
Zone, SW China: Constraints on Petrogenesis and Tec-
tonic Evolution of the Paleo-Tethys Ocean. Lithos, 126
(3—4): 248—264. https://doi. org/10.1016/j. lith-
0s.2011.07.003

71, J. W., Cawood, P. A., Fan, W. M., et al., 2012. Con-
trasting Rift and Subduction—Related Plagiogranites in
the Jinshajiang Ophiolitic Mélange, Southwest China,
and Implications for the Paleo—Tethys. Tectonics, 31(2):
TC2012. https://doi.org/10.1029/2011tc002937

Zhou, L. M., Wang, R., Hou, Z. Q., et al., 2018. Hot
Paleocene-Eocene Gangdese Arc: Growth of Continen-
tal Crust in Southern Tibet. Gondwana Research, 62:
178—197. https://doi.org/10.1016/j.gr.2017.12.011

Zong, K. Q., Klemd, R., Yuan, Y., et al., 2017. The As-
sembly of Rodinia: The Correlation of Early Neoprotero-
zoic (ca. 900 Ma) High-Grade Metamorphism and Conti-
nental Arc Formation in the Southern Beishan Orogen,
Southern Central Asian Orogenic Belt (CAOB). Precam-
brian Research, 290: 32—48. https://doi.org/10.1016/
j.precamres.2016.12.010

B fp 32 B % STk

BiSc, sk 2, B de, &, 2005. 3 1 5 55 AR A
K OAr/TAr AW B AT e Ak, 24(5):
393—396.

L B Rk, B ar ok, 2013, M 3 A 5 2 A s A
FH: 38 =R A LA e g AL L A A 2R IR, 29(4):
1099—1114.

XA, TR, 23R4l 2016, EAEILME SR RS =
VLA W AT . 5 A 2=, 32(8): 2225—2247.

S E, RV, EEA, 2009, I TG AR 5 N vh — R i
IR I AE IS s . M 2R 2%, 16(6): 291— 302.

A, Mo, fTRE, 4, 2010. JE P 4EPE — AR — 5 46 B A AR



%8l

L/ 45 e = 7 e T 55 45 A 2919

2% M BR b 2% RLA A B L b BR B A% 35(2):
186—200.

o AR, TLocAE, WPk, &, 2002. P AL 4 VD VLAY R Rl
8 — LW LA R . M AE TS, 9(4): 420.

B, FRR, EIEN, 2018, ETH 4 VT — L0000 k¥ 4 e
i) iy 7 tHE A B B PR K gl ) 25 15 B MR BRAE 43(8):
2586—2599.

B, Mmei], B4kSE, 55, 2001, =T H X X 35 8% 9 Al $3%
WA R AR AT . M AR, 75(4): 484—497.

oA, B, WK, 2002. P4 b 4 ¥ i1 45 4 4 10
]G WA R . DR SRR B T, 22(1): 56— 59.

Al FRRK, B, 4, 2013, R L R R BT PR SR A
PR : o & AR b 25 288 41 U-Pb AR AR 5 Bk 1k 27 i
2y AR, 29(11): 3883—13900.

BUE S, AR, TN, & 2001, PR = VT3 A K L
B M A R L SO R R R, T(2):
121—138.

TR A R T M, 21993, = VTR R T O S
W AT M T AL

LT A WSS, 2006, DRESR T B R JRE A A3 —
WA 20 . M 2B R 2, 13(6): 43—51.

WS, MR, Tard, 45, 2002, T 5 e R K AR IX K i F
I R4 HRGE AR, 21(11): 701—707.

INBEAE , AT, 2004, V)1 VG 8 4 v VL 40 32 307 1 /R st
JE . b T, 50(4): 343—350.

TR, 280, E S0, 5, 2017, )14 5 L W 244 (4 K 1 Al
T S B AR S A S AR R e AR A TE AR . AR AR
TR 22548, 37(4): 738—1739.

TEW XL, Metcalfe, 1., A F, %5, 1999. 4x Vb VT 4% 44 1 3 b
20 5 e AR JE s B R AR BR B2, 29(4):
289—297.

FARN, Era, mOEFLIE, %, 2011a. B =& Mg L
S5 Gl il 1A T 28 5 SR AE I T R AR AR R AR
2 N HIR Z AR . 5 A 284, 27(9): 2752—2762.

TR, Eard, TAK, %, 2011b. =T ES WS A
A KA A U-PhEESIFRE S . A0

AR, 30(1): 25— 33.

TR, Fard, TAE, % 2018, =T & F — &% Jf —
AR IR T AL . b Bk, 43(8): 2527 — 2550.
TR, Targ, JHEOG, 55, 2012, VYA 4 vb vl H 4R
T L T A B R B PR T AR T RO RO A U-
Pb 4% S HE R 7 B A0 . 5 A1 243, 28(5): 1542—

1550.

Ford, WS, i, %, 1999, & UV — A RN A 4
A R b e AL . M T 2E R, 73(3): 206 — 218,

EHE, B, E, 4 2017, AR CHE ML IX VT AR A

B4 LA-TCP-MS # 47 U-Ph 4E i i 35k 16 25 - AE &

Mg X R, 52(4): 1160—1180.

JG, 2Rk, Hok K, 4, 2007a. Lu-HI[F{; £k R K

HA AN . A A4, 23(2): 185—220.

RAFOC, WA, IR, S, 2007b. 46 B A R K IE ST RO A
Tl AR, 23(6): 1217—1238.

VEREEE, HA, 25305, 55, 2013, 75 05 5 a0t 3R 00
Ml 54 A IR . A A R, 29(6): 1847—1860.

WREE, AL, 1538, %5, 2019, VO R = VT8 L4 o e 45 iy
WA IR 0 I 4 40 A KR 3 Y Ak BT A R LA A 2
35(5): 1324—1340.

FHEOE, WG, DTy, 4, 2006, PRSI AR K
AR . VOB R iR B, 26(4): 33— 39.

B R, BRTE, 4%, 2018, ETUALERIHL X 4 VTl
TP A 0 2 I A PR : R B AR B A AR IR T 29 . i 2E T
%, 25(6): 92— 105.

SRAH, ALZAE T, %, 2004, Z04 B LA AKX A
& M 5 3 Ak 5 O AE  ma R . M T B 2%, 39(4):
486—495.

sk, Fooe, 4R, &, 2008. & T i i s e
A R L M BT R, 27(1): 1—18.

KT, Eard, FHRH, %, 2011, 713K — 4606 Kl A 3800
B AR A IR AE AR 2 R Ak 2R K R e A
], 27(9): 2577—2590.

RN, FE S, Far A, %, 2009. PG X 0T 4L %
O3S TIAE b A W IN 5 U-Ph4EAC 2 HUER k2 A
Sr=Nd-HI [/ i 3 24 o . v [ B} 2% 2R BL 2, 39(7):
833—848.



