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2004,2005,2007,2009; Zhang Jianxin et al. ,2005;
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2015,2020a,2020b,2021),
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Jianxin et al. , 2005; Liu Liang et al. , 2009; Wang
Chao et al. , 2011; Li Yunshuai et al. , 2015, 2020a,
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Fig. 1 Simplified geological map of the Altyn Tagh (a) and sketch map in the Bashiwake area,
South Altyn Tagh (b) (after Li Yunshuai et al. , 2020b)
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Fig. 2 Field characteristics of various types of rocks in the Bashiwake area, South Altyn Tagh
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(a)—Mafic-ultramafic rocks occurred as lenses in felsic granulite; (b)—felsic granulite;

(c)—garnet peridotite alternating with garnet pyroxenite; (d)—eclogite occurred as lenses in felsic granulite
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Table 1 Representative mineral compositions (%) of eclogite A19-4 in the Bashiwake unit, South Altyn Tagh
LR AT A A RO AT K N
(AL I3 2] il 3 il R | WK A5 Faplk | ERIA
SiO; 39.59 39.71 39.72 51. 87 51.26 50.73 49.70 49. 38 63. 14 51.53 42. 81
TiO, 0.12 0.13 0.09 0. 53 0. 60 0. 66 0. 77 0. 82 - — 0. 69
Al Oy 23. 37 23.23 22.45 11. 90 10. 58 10. 85 8. 94 10. 48 23.03 30. 99 13. 85
Cr; O3 0. 24 0.28 0. 26 0.09 0.11 0. 14 0.07 0.08 - — -
FeO 15.17 15.19 15. 50 4. 34 4.55 4.61 6.61 5.28 0.08 0. 30 9. 44
MnO 0.27 0.23 0.29 0. 05 0. 05 0. 00 0. 08 0. 08 - - 0. 07
MgO 14.35 14. 34 14. 26 10.73 11. 37 11. 21 11. 47 11. 99 0. 00 - 15.98
CaO 6.68 6. 47 5.72 15. 82 17. 36 17. 67 19. 41 18. 40 3.62 13. 48 11. 43
Na, O 0.02 0.03 0.02 3.75 3. 60 3.62 2.37 2.84 8.93 4. 24 2.38
K;0O - - - - — - — 0. 36 0.01 0. 30
o854 99. 81 99.61 98. 31 99. 08 99. 48 99. 49 99. 42 99. 35 99. 20 100. 55 96. 95
Si 2.908 2.923 2.967 1. 876 1. 862 1. 847 1. 809 1. 813 2. 808 2.333 6. 087
Ti 0. 007 0. 007 0. 005 0.014 0.016 0.018 0.021 0.023 — — 0.074
Al 2.024 2.016 1.977 0. 507 0. 453 0. 466 0. 384 0.453 1. 207 1. 654 2.321
Cr 0.014 0.016 0.015 0.003 0.003 0. 004 0. 002 0.002 - — -
Fe 0.136 0.111 0. 066 0. 000 0. 060 0.084 0. 154 0.113 - - 1. 164
Fe?t 0.795 0. 824 0.903 0.131 0. 078 0. 056 0. 048 0. 049 0.003 0.011 1.123
Mn 0.017 0.014 0.018 0. 002 0.002 0. 000 0. 002 0.002 - - 0. 008
Mg 1.571 1. 573 1. 588 0.578 0.616 0. 608 0.622 0. 656 0. 000 — 3. 387
Ca 0.526 0.510 0.458 0.613 0.676 0. 689 0. 757 0.724 0.172 0. 654 1. 741
Na 0.003 0. 004 0. 003 0.263 0. 254 0. 256 0. 200 0.202 0.770 0.373 0. 656
K 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 020 0.001 0. 054

+Fe) A5 b F 0. 73~0. 78 Z [a] . Hrp TiO, & & 48
F 0.61%~1.01% 2],

RH A EEAAAE T A8 A 3R A e bR A
SR MEAT AR AR S R v (R AR AR 43 A B 300 s AR
AR Angg 0 Abgs— 10 Org—o FIT Anyg— o0 Abys 1 Org— 1 o
4.2 TYMETERHIKLE

A B R 4 T AT BO SO RN i A0 M A S A
AARRMERR T ANl ST R A o A a R Lk 2.

T A R ERRL B A7 A5 4R b #8 (McDonough
et al. ,1995) 45 i AL I fif 45 2R WK 6a.b, B KR
B OO S ER LW R X T R
E o 5 I b 0 s 7 A ek O [T A SO A R A R R
Bl WA Th.U IE5 % M1 Ba.Sr.Ti B2 .

SR AT 1) BROREL B A R i 46 3 1 (McDonough et
al. J1995) bRufEAL B R 45 SR DLIK 6. d. S A i +
JCE B B R B i AR FR A T i
FRVRFAE o 506 1 & s o 1 Wk I S A 7S S 0
MR Y IE 5% Al Ba.Pb.Sr (1 5% .
4.3 #RU-PbEHE

PR 4 AT B S ARV A (AL9-D) W [ ik 1 £
EVEIFR R AR 2 Ry 60~ 100 pm, B &6 BB
(CL) SR B A N FR 250 TC W 0 1) 43 7 — Se i 1
Hon] DA F A L SRR AL A 4 RN A Y A

(F 7)., #4 LA-ICP-MS U-Pb & 4F 45 5 1L % 3,
15 AN A ™ Ph/# U 3% T 4F i 3 A £E 501
~485 Ma Z[i] , A1) Th/U Lo HAZ R AE 0. 01~
0.13 Z ], Hm AL F ¥ 48 ¢ 492.8 £ 2.8 Ma
(MSWD=0.77) (4 8).,

5 ARl s A5 1 B R E

R A A [/ A2 J5 B B 1 ) 2 20 5 06 R R T
J ] 25 R REAE 3 A SR FH 3 B A Ml 5 R T A R
TR A T R I T R BT OR 4 ELAT R
SOV S [ B B 3 R A5 AR R AT AG . M By
B iz AR - R A TR EE T (Ravna, 2000) £E
P=3 GPa %/ F (ZF Mt R K S 45 ) 1%
M1 B B i3 B 25 48 949~1026'C, FI A1+
AR A W 4 98 2 IR 31 (Sun Chenguang et
al. ,2015) FRFF M WA ML B B ) Tt s 25 4RO 946 ~
974 C i1 2. 9~3. 2 GPa([&l 9) , Bb 45 B 5% Ge i it
M TH A2 AR 2 N — B, M2 B Bl i 4%
T 1 ) AR A 23 R HE DB 2 B BB ) I R A A % AE %
JER (B F + 1 =K AD Bt i, M3 BBt is
ARG -MINAIRE T (Holland et al. ,1994) 7E P
=0.8 GPa 4 445 M3 By B i) il B 45 14 789
~841C,
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Fig. 3 Photomicrographs and back-scattered electron images showing mineral assemblages and typical

textures of the representative eclogite in the Bashiwake area, South Altyn Tagh
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Ca)— RO 1) B2 WAL A B VM B A A 98 (ZE 3 IE B0 . A 3 R B D) » I — LS A7 300 3 T L £F 4
R A5 BB 41 22 2E IR (Gintergrowth) 5 (b) L (o) — 2 W A7 A IR 72 Sy 4415 1R AA) 49110 AR 8- 20 0HE 47+ (b 9 22 3 g B0 D'
AR RS (o) RO AR s (D —40 887 40 30 30 89 SeD R AR 45 4 o 2 22y A D A RDRHIS A 4 CFF 180 PRS0 s Gro— i iR 1

A5 Omp— 20 AT s Re— B 4047 3 Qz— A1 38 s Amp—F N A1 PL—RH K £7 5 Cpx—FLRHIE£1

(a)—The eclogite consists of garnet, omphacite, rutile and quartz (the left figure is cross-polarized light image, while the right

one is plane-polarized light image) ; (b), (¢)—omphacite is transformed into Na-poor clinopyroxene and Na-rich plagioclase; the

left figure of (b) is plane-polarized light image, while the right one is cross-polarized light image; (c¢) is back-scattered electron

image; (d)—a garnet grain is surrounded by kelyphitic rims of amphibole and plagioclase (back-scattered electron image) ; Grt—

garnet; Omp—omphacite; Rt—rutile; Qtz—quartz; Amp—amphibole; Pl-—plagioclase; Cpx—clinopyrpxene

(D)1 >]
MW
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Fig. 4 Compositional profile of garnet from eclogite in the Bashiwake area. South Altyn Tagh
() — (M F A0 5 BRET IR Sk 20 4 i /s W0 T 6L 25 5 () — 7 1R 1 JlL 50 Al R AE

(a)—A back-scattered electron image of garnet, and the line with arrow showing the location of compositional profile of garnet;

(b)—the features of compositional profile of garnet
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Fig. 5 Diagram of WEF-Jd-Ae (a) of omphacite and clinopyroxene and mapping photos (b, c)

of omphacite from the eclogite in the Bashiwake area, South Altyn Tagh
Omp— & A7 5 Cpx— HLBHE A s WEF— ik JK A (Wo) Uit K HE A7 (En) R #E A (Fs) 3 ]d—BF K s Ae— 5 A1
Omp—Omphacite; Cpx—clinopyroxene; WEF—wollastonite(Wo) , enstatite(En) and ferrosilite(Fs) ; Jd—jadeite; Ae—aegirine

*2 FEAREEMERERES (AI-4)REEARFENERBEGHNRETERS (X107°)
Table 2 Representative trace-element compositions ( X 107°) of garnet and omphacite from eclogite (A19-4)

in the Bashiwake unit, South Altyn Tagh

LK) AT a LRMEAT
Rb 0. 05 0. 05 0.11 0.11 0.16 1. 19 0.94 5.99
Ba 0. 38 0. 50 0.29 0.19 0. 50 8.76 6.57 1.52
Th 0.01 0. 01 0.03 0. 04 1. 35 1. 34 1. 54 1. 14
U 0.01 0.01 0.01 0.01 0.09 0. 16 0. 14 0.12
Nb 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0. 01
Ta 0.03 0. 03 0. 04 0.03 0.02 0.02 0.02 0.01
La 0. 04 0.01 0.01 0.02 4.78 3.56 4. 17 4. 34
Ce 0.16 0. 17 0.11 0. 14 17.99 13.11 15.55 16. 38
Pb 0.02 0. 03 0. 04 0. 04 0. 30 0. 27 0.22 0.17
Pr 0. 08 0.09 0.07 0. 08 2. 65 1. 85 2.25 2.39
Sr 1. 07 1.33 1. 26 0.99 18. 32 33. 85 15.58 13. 69
Nd 1. 03 1. 49 1. 04 1.19 12. 36 8.91 10. 64 11.18
Zr 35. 26 44. 95 48.15 40. 28 160. 26 167. 47 153.12 121. 2
Hf 0.33 0.43 0. 47 0. 39 4.30 4.55 3.65 3.04
Sm 0.91 0. 87 0.72 0. 84 3.12 2.04 2.58 2.77
Eu 0. 49 0. 43 0.41 0. 45 0. 82 0. 61 0.72 0.77
Gd 2.72 1. 68 1. 67 2.01 2. 14 1. 55 1. 85 2.06
Tb 0.59 0. 36 0. 36 0.43 0. 29 0.19 0. 24 0. 25
Dy 4. 63 2.76 2.61 3.27 1.19 0. 83 1.01 1. 07
Ho 1. 11 0. 62 0.59 0.75 0.17 0.13 0.15 0. 15
Y 70. 40 21. 36 23.74 35. 83 10. 56 7.42 8.99 9.27
Er 3.30 1. 95 1.78 2.28 0.33 0. 23 0.28 0. 28
Yb 3.61 1. 98 1. 85 2. 40 0.22 0. 15 0.19 0.19
Lu 0.53 0. 31 0.28 0. 36 0.03 0.02 0.03 0.02
6 ilib 2004) . R BT 7R 4 B AT BL vw st XAR R S TR i B 1 U-

6.1 BEHERTREHWIER

T BT 7% 4 A B o 3t DXARS R S v 70 5 A 8 922 TR
AR IEEA AR EAZ AR B S5 48 . B 4 Th/U
FEAE AR CRFBATC T 0. 1), 3% SERFAE 5 BH % 40 #E
A S A N Rk AR T ES 41 (Wu Yuanbao et al.

Pb R IEAF I A T 501 ~485 Ma Z [a], i#§ Fl4F %
492. 842. 8 Ma, iX — 4 ¥ 4 T3% X A i M A
A A KA ) T 21 5 A AR % (~500 Ma il ~486
Ma, F3 591 i J6 4y A58 HE S AR R RRORE 5 A 79 72 5T B 4K
Dong Jie et al. ,2020) Z [}, H. 55 B A B @ L X & 2K
o R/ A A A B B 1 U-Pb 4R % (508
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x3 ENREEMHREEEIES(A19-4) A LA-ICP-MS U-Pb EELER
Table 3  Zircon U-Pb isotopic data of eclogite(A19-4) in the Bashiwake region, South Altyn Tagh

(X107 [F {7 % LU (H A (Ma)

i 206 207 207 206 207

i Pb U Th o 2355/ lo zsspg/ lo 2061;bb/ lo 2381;>bb/ lo 23?5/ lo
1 7 89 3.56 0. 04 0.0791 0. 0009 0.6491 0.0302 0. 0595 0.0027 491 5 508 24
2 11 143 1.43 0.01 0. 0808 0. 0009 0. 6394 0.0366 0.0574 0.0033 501 6 502 29
3 18 244 7.32 0.03 0.0802 0. 0009 0.6216 0.0164 0.0562 0.0013 497 6 491 13
4 10 132 3. 96 0.03 0.0791 0.0008 0.6331 0.0231 0. 0581 0.0021 491 5 498 18
5 12 164 1. 64 0.01 0.0803 0. 0009 0. 6347 0.0173 0.0573 0.0015 498 5 499 14
6 10 129 5. 16 0. 04 0.0799 0. 0008 0. 6019 0.0252 0. 0547 0.0022 495 5 478 20
7 9 118 7.08 0. 06 0.0785 0. 0008 0.6283 0.0233 0. 0581 0. 0021 487 5 495 18
8 22 294 38.22 | 0.13 0.0789 0.0008 0.6373 0.0147 0. 0586 0.0013 490 5 501 12
9 7 96 10.56 | 0.11 0.0791 0. 0009 0. 6295 0.0285 0. 0577 0.0025 491 5 496 22
10 8 101 8.08 0. 08 0. 0802 0. 0009 0. 6462 0.0258 0. 0584 0.0022 497 6 506 20
11 5 63 3.15 0. 05 0.0795 0. 0009 0. 6357 0. 0387 0. 0580 0.0036 493 6 500 30
12 12 169 3. 38 0.02 0. 0802 0. 0009 0.6275 0.0177 0.0568 0.0015 497 5 495 14
13 16 223 4. 46 0.02 0.0782 0. 0008 0.6106 0.0195 0. 0566 0.0016 485 5 484 15
14 13 177 17.7 0.1 0.0794 0. 0008 0. 5997 0.0169 0. 0548 0.0015 492 5 477 13
15 9 128 6. 4 0. 05 0.0782 0. 0008 0. 5827 0.0253 0. 0540 0. 0023 486 5 466 20

100 g
é(a) HRTH

=
%

TR AR BB A
AR AR b 18 A AL

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

2 2
2, E
o =
= 2
iy S
Moy s
B &
0.1 i i i i i g i i R, i

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

6 e B /R 4 A BC Se AR M 2 A0 1 A () R M A (o) BB I o A i AR A T 40 I, DL A AR - (b Al
SO (D B J5U i Hu e AR oE AL 0 T K 18 (R McDonough et al. ,1995)
Fig. 6 Chondrite-normalized REE patterns of garnet (a) and omphacite (¢) ,and primitive-mantle-normalized spider
diagrams of garnet (b) and omphacite (d) (after McDonough et al. , 1995) from eclogite in the Bashiwake area,
South Altyn Tagh

~475 Ma) Joi% K F P BB A v 85 A AR (491, 0 3.5 Ma)io s T W85 i - s i A R sk,
3.5 Ma; Guo Jing et al. ,2020) fEIRZVEB N —3.  BEHTAYIE , J0I8 2 5 P RRORE o 38 J2 AR SCAR I8 B0 4
Guo Jing et al. Q02004 A M FA M AWME A HEEEE-ESENRIERTREAT Y,
JEEFRAE NN IR PR BB o O B A AR IS (491, 0 {HJRAE G B /R 4 B A U o L XM 0 2 4 4 P o AT
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Fig. 7 Cathode luminescence images of zircons from
eclogite (A19-4) in the Bashiwake area, South Altyn Tagh
LLEA LRy U-Ph s Gre (AR F A1) . Omp (R IE A L Quz Cf

YO A ReCE 2077 SR 4 A0 v i A0 2 4
The red and solid circles showing the analysis location of U-Pb
dating; inclusions of Grt (garnet), Omp (omphacite), Qtz

(quartz) and Rt (rutile) in zircon grains

RIUARHE A1 B AL R TR I AT 4 D0 322 85 A1 3% B
¥ e - g A T S ROV 1 M2 B+ A 0
=R AL .. G AT AT A 8EAa,
G 210 R S A AR, FRATTOA S e BT UK 4 24T RO
o, 1 DX S ) A o s A AR IS (492, 8428 Ma)
FRERT W A AR 5 R 1 8 o il i
6.2 ERUEN P-T-t #ik

BT 5 M 2 L R 2% PR A B ) 45 21, FeAi
N B IR 4 AT B e A B & DT = AR R
HALBY Bt © 0 10 AR BT B B (MDD - 4 i - At
M R G 28 I R T T i S 114 0 0 A I A B 1 3
ZAb ol 946 ~974°C Fl 2. 9~3. 2 GPa, (L5 1 i B
THE P=3 GPa 2 F 4R 153 3Z B Bt (M1) 11 I ¥ 4%
F24:949~1026 C, ZFAE R 220 BN — 8 940 T
HAME 25 A I A X385 @ 0 )5 AR A8 T By BE (MI2) .
WA A TE WY TR BR e R A R R
T 3ok 230 1 ) AR AR 5 R IR L A B B IR R AR 1
AR e =K RN R B ROk
AH-F11 TN S AR A8 R By BE (M3) . P=0. 8 GPa JE
AN RS M3 B B I BE S5 E Sl 789 ~841°C,
WAk A U-Ph AR 45 R R BT % X 5 i id
SIS TR 492, 842, 8 Ma gk A th A IR A .
LA A B R R W XA M 2 P I 5 A e it TR

B AZ By B BT DL B A R RATIKE T
B 7R 4 AT PO SE AR MR 2 19 P-T - Ak ik (& 10)
S5EH N BB IE TR A AR ST BIE T 45 2R AT
h A BT 2R 4 T AT B o8 0T & 28 R T/l i TR A 3t
) 22 7 1 Aty 2 AXORR R 2 A 1% 728 J5 R T e 5 R 2
J5T v B AR e s JRRORE S AH 2 BT A A &
6.3 HIRENX

L Ge Pyl vt 1T 3 25 B WL g BT JR 4 A
BL e B TC I 0 BT JRRORE S B RRORL S DA R A R A
Wi 2 14 0 309 A8 5 4% 46 ol 870 ~1050 C Al 1. 9~ 2.7
GPa(Zhang Jianxin et al. , 2005; i Yunshuai et
al. ,2013,2020b) . R ENTZ 1 148 #E A A A9 228 ot
ER . W2 dg i 2, — 282 5l 0 W) VA 45
FRAIE A R 1% X i e A LG 8 D0 T 8 e 8 A
F(Liu Liang et al. ,2002,2004,2005,2007; Wang
Chao et al. ,2011; Dong Jie et al. ,2018,2019), #%
i, Guo Jing et al. (2020) 3@ 3 # ¥ EIC R IR EIT
(A5 R AT U v Y S PR RRRL o AT RE 2T T
B iR B ) 25T i 78 JSOPE TS O A O X g2 il TR
JC R B A T R ORI 42 = 1 00 T i 8y
— Ak 33 fff 3 (Bloch et al. , 2015; Baxter et al. ,
2017) o A SCH ARG o i DCORE MR S A B A B I
972 R 46 1 (946 ~ 1026 C 1 2. 9~3. 2 GPa),
HE—BUESE T AT e A A H G T RES T T B s
FE 03 2640 178 BT VE T (T A sk 26 DA B o DA O i
TR AP U2 A 1 [ 8 B ) 7R 4 2 75 A7 1 g TR 28 Jo
FERP AL T — M 2 s A e  H AR
R R SRR P A B AR LA ) 5 4 AR £ 5%
G WA SO 15— 2 I AE SR .

H AT B B IR 4 — 26 b X5 2855 A 9 28 0T
RN IAFAE B Z B 22 5 90 b X TR/
e LR 7 S TP A [ A 2 B i A A o o AR v AR
PR TSR] AR EE L AL SR 1 AN [R) 9 2 B i s A% A
It B AT IR B M 7E TR 2 O 3 TR A e — R 5 IR 2
oA PR 2R A S0 T AR BV A e P
Xof ) 8 B0 B A W S AR e P R T 3
TR A K AT 2 B0 T 1 AN 0 . I T
SR AR P B A AL T 1R 22 B AP AE N R 1 T4 %
S H o O A5 R 25 S . A /R R
AT I IC 3 I 4% 1R 22 St T LAdz Y B R e B
18 #55 3CK fi# BE (Zheng Yongfei et al. ,2012,2013),
RIABART b A R T R 9 /N AN [) B 3 € 0 3 g
S A v % T8 v A A ) R B 1Y) A8 S5 72 T 9 0 4
Rl P o DA 7 A 8 A W 255 ) 0 U O s 2 A
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Fig. 8 U-Pb concordia diagrams (a) and error bar (b) of zircons for eclogite (A19-4) in the Bashiwake area. South Altyn Tagh

Prep =2.9+0.4 GPa

Topr = 946 £34°C

B/1000

B/1000

|
—
[ 8]

In(D)-4

&l 9

Prgz = 3.2%0.4 GPa

Trer =974+32°C

-4

-6

-10

LN B N S N I S B B N B B B B B B |

-12

I
[
N

-7
In(D)-A4

e BT /R < B A B0 S M o 0 A8 A - AR A i 0 3R R AT T3 45 R (M Sun Chenguang et al. ,2015),

Hp 28 D REM LU KB ARKLA M B AR Y £ ITR MR

Fig. 9

TREE inversion diagrams for eclogite in the Bashiwake area, South Altyn Tagh, using the REE-in-garnet-

clinopyroxene thermobarometer (after Sun Chenguang et al. , 2015). The parameter of D is the partition coefficient

of REE, while the parameters of A and B are coefficients that depend on mineral major element compositions
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4414 U-Pb 4Ei#% (~485 Ma; Zhang Jianxin et
al. . 2014) 75 1% 22 30 Fl e — 2, AR B 2 A B ve 80T



512

S0 A5 < T PR 4 L A B TR M A 9 78 SO 3 A < X T T R B e T S T R R

4.01 3~7GPa

: Zhang Jianxin et al.,2005; Li Yunshuai et al., 2013, 2020b

35 mm o o -

| LiuLiang etal.,2002, 2004, 2005, 2007;
: Wang Chao et al., 204'1; Li Yunshuai et al., 2020a

3.0

2.5

-
-
-
————
-
-
-

-
-
-
-
-

1.0 . /
B M3

i £ 17 4 A
0.5F

i R R 5

i 1 | 1 | 1

400 600 800 1000
7(C)
K10 ma BT JR 4 O A B s WM P- T Bk

Fig. 10 P-T-t path of eclogite in the Bashiwake area, South Altyn Tagh
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The gray dotted line and gray broken line represent the P-T paths of other HP rocks in the Bashiwake, and the green solid line represents

the P-T path of eclogite in this study; Coe—coesite; Qtz—quartz; Ab—albite; Jd+ Qtz—jadeite+ quartz; M1—metamorphism stage M1 ;

M2-—metamorphism stage M2; M3—metamorphism stage M3

R/ B A A A AR R & TR S A Y
AFAER .. BEAh. 85 U-Pb 4R AR 2% FS A 22 1k
WEFE LS B 7 e B JK 46 P4 R &R 0% VL A% 8 B K L X
(1) 1Y i Hs WK & 1 U BB 748 o i 4R 28 O 500
Ma 247 (Liu Liang et al. ,2012) , 3% B B Bl /R 42 V1L
AR AR b DX RN LA B e bl DX 45 2 i TR R
AR 2 P TRl AR AR (508 ~ 475 Ma) fifi 7E
TR A

7 4Eie

(DRI /R G EAF e st XA R = A2 T
3 AW B il A2 S 38 A 5k AR 0 I A B B (ML) L A
AR A RN VR LA A T RS AE BT A 5 1 T
JE 4 H9 946~1026 C il 2. 9~3. 2 GPa; I J5 B 48

[l BE (M2) o LSRR A7 1B 728 O PR RHRE 1 FIEA A1
REAE Gl T 2% 16 32 0 T B+ A 35 = B
72 B 3T 5 U)K L s AR AR TN S A IR AR T B B
(M3 DL AR T A 32008t B e R A Ry R AE . 7 P =
0.8 GPa & J1 25 #F T B ic 51 B i B2 2% #F 249 2y 789
~841°C,

()41 U-Pb AR AQ 2 45 1 32 W HLAZ it AR
492.842.8 Ma (MSWD=0.77), 45 & & A 3
PR B SIE 408 T BT AR A B 45 A 2 B0 A %8 o
AR SR Tl A AU o A A A Tl F

8 R AR AR PNCE TR S RN g
KL B e RS SRR A B AN AR P 25 7 1A I L 58
R BT A LR AT AR 4 T T 4R A
T By AR — I 7



wooB

=
3702 http://www. geojournals. cn/dzxb/ch/index. aspx

2021 4

References

Baxter E F, Caddick M J, Dragovic B. 2017. Garnet:a rock-forming
mineral petrochronometer.
Geochemistry, 83;: 469~533.

Bloch E, Ganguly J, Hervig R, Cheng W. 2015. YSLu-'""SHf
geochronology of garnet 1. experimental determination of the

Reviews in Mineralogy and

diffusion kinetics of Lu®*" and Hf'" in garnet, closure
temperatures and geochronological implications. Contributions
to Mineralogy and Petrology, 169 12.

Cao Yuting, Liu Liang, Wang Chao, Chen Danling, Zhang Anda.
2009. P-T path of Early Paleozoic pelitic high-pressure granulite
from Danshuiquan area in Altyn Tagh. Acta Petrologica Sinica,
25(9): 2260~2270 (in Chinese with English abstract).

Cao Yuting, Liu Liang, Wang Chao, Kang Lei, Li Di, Yang
Wengiang, Zhu Xiaohui. 2019. Timing and nature of the partial
melting processes during the exhumation of the garnet-bearing
biotite gneiss in the southern Altyn Tagh HP/UHP belt,
Western China. Journal of Asian Earth Sciences, 170 274
~293.

Dong Jie, Wei Chunjing, Clarke G L, Zhang Jianxin. 2018.
Metamorphic evolution during deep subduction and exhumation
of continental crust: insights {rom felsic granulites in South
Altyn Tagh, West China. Journal of Petrology, 59(10): 1965
~1990.

Dong Jie, Wei Chunjing, Zhang Jianxin, 2019. Ultra-high
temperature (UHT) metamorphism of mafic granulites from
South Altyn Orogen, West China: a result from the rapid
exhumation of deeply subducted continental crust. Journal of
Metamorphic Geology. 37: 315~338.

Dong Jie, Wei Chunjing, Chen Jing, Zhang Jianxin., 2020. P-T-¢
path of garnetites in South Altyn Tagh, West China: a
complete record of the ultradeep subduction and exhumation of
continental crust. Journal of Geophysical Research-Solid Earth,
125: 1~17.

Gai Yongsheng, Liu Liang, Wang Chao, Yang Wengiang, Kang
Lei, Cao Yuting, Liao Xiaoying. 2017. Discovery of coesite in
eclogite from kegike jianggalesayi: new evidence for ultrahigh-
pressure metamorphism in South Altyn Tagh, northwestern
China. Science Bulletin, 62(15): 1048~1051.

Guo Jing, Li Yunshuai, Zhang Jianxin. 2020. Metamorphic P-T-¢
path of the mafic granulite in the Bashiwake area, South Altyn
Tagh. Acta Geologica Sinica, 94(9): 2698~ 2711 (in Chinese
with English abstract).

Guo Jing, Li Yunshuai, Zhang Jianxin. 2021. Eclogite-facies melt
activity in continental collisional orogen: evidence from the
felsic vein in mafic granulite, South Altyn Tagh. Acta
Geologica Sinica, 95(3): 723 ~ 736 (in Chinese with English
abstract).

Holland T J B, Blundy J D. 1994. Non-ideal interactions in calcic
amphiboles and their bearing on amphibole-plagioclase
thermometry. Contributions to Mineralogy and Petrology, 116
433~447.

Hou Kejun, Li Yanhe, Tian Yourong. 2009. In situ U-Pb zircon
dating using laser ablation-multi ion counting-ICP-MS. Mineral
Deposit, 28(4); 481~492 (in Chinese with English abstract).

Liu Yongsheng, Gao Shan, Hu Zhaochu, Gao Changgui, Zong
Keqing, Wang D. 2010. Continental and oceanic crust
recycling-induced melt-peridotite interactions in the Trans-
North China Orogen: U-Pb datings, Hf isotopes and trace
elements in zircons of mantle xenoliths. Journal of Petrology,
51.: 537~571.

Li Yunshuai, Zhang Jianxin, Li Shengrong. Yu Shengyao, Gong
Jianghua, Lin Yihui. 2013. Metamorphic evolution of the
Bashiwake garnet peridotite from the South Altyn Tagh. Acta
Petrologica Sinica, 29 (6): 2073 ~ 2092 (in Chinese with
English abstract).

Li Yunshuai, Zhang Jianxin, Yu Shengyao, Li Shengrong, Gong

Jianghua. 2015. Origin of Early Paleozoic garnet peridotite and
associated garnet pyroxenite in the South Altyn Tagh, NW
China: constraints from geochemistry, SHRIMP U-Pb zircon
dating and Hf isotopes. Journal of Asian Earth Science, 100: 60
~77.

Li Yunshuai, Zhang Jianxin, Li Yanguang, Mostofa K M, Yu
Shengyao, Guo Jing, Dong Juan, Peng Yinbiao, Jin Mengqi,
Zhou Guisheng, 2020a. Petrogenesis of mafic granulite in South
Altyn Tagh, NW China: constraints {rom petrology, zircon U-
Pb chronology. and geochemistry. Geological Journal, 55(2):
1431~1449.

Li Yunshuai, Zhang Jianxin, Yu Shengyao, Li Yanguang, Guo Hu,
Zhang Jian, Fu Changlei, Cao Hui, Jin Mengqi, Cai Zhihui.
2020b. Petrological, geochronological and geochemical potential
accounting for continental subduction and exhumation: a case
study on felsic granulites from South Altyn Tagh, northwestern
China. Geological Society of America Bulletin, 132 (11-12):
2611~2630.

Li Yunshuai, Santosh M, Zhang Jianxin, Yu Shengyao, Peng
Yinbiao. 2021. Tracking a continental deep subduction and
exhumation from granulitized kyanite eclogites in the South
Altyn Tagh, northern Qinghai-Tibet Plateau, China. Lithos,
382-383:105954.

Liu Liang, Che Zicheng, Luo Jinhai, Wang Yan, Gao Zhangjian.
1996. Recognition and implication of eclogite in the western
Altun Mountains, Xinjiang. Chinese Science Bulletin 41 1485
~1488 (in Chinese).

Liu Liang, Sun Yong, Xiao Peixi, Che Zicheng, Luo Jinhai, Chen
Danling, Wang Yan, Zhang Anda, Chen Liang, Wang Yonghe.
2002. Discovery of ultrahigh-pressure magnesite-bearing garnet
lherzolite (N>>3.5 GPa) in the Altyn Tagh, Northwest China.
Chinese Science Bulletin, 47. 881~886.

Liu Liang, Sun Yong, Luo Jinhai, Wang Yan, Chen Danling, Zhang
Anda. 2004. Ultra-high pressure metamorphism of granitic
gneiss in the Yinggelisayi area, Altun Mountains, NW China.
Science in China Series D: Earth Sciences, 47(4): 338~346.

Liu Liang, Chen Danling, Zhang Anda, Sun Yong, Wang Yan,
Yang Jiaxi, Luo Jinhai. 2005. Ultrahigh pressure (=>7 GPa)
gneissicK-feldspar (-bearing ) garnet clinopyroxenite in the
Altyn Tagh, NW china: evidence from clinopyroxene exsolution
in garnet. Science in China Series D: Earth Sciences, 48(7):
154~164.,

Liu Liang, Zhang Junfeng, Green I W G, Jin Zhenmin, Bozhilov K
N. 2007. Evidence of former stishovite in metamorphosed
sediments, implying subduction to > 350 km. Earth and
Planetary Science Letters, 263(3): 180~191.

Liu Liang, Wang Chao, Chen Danling, Zhang Anda. Liou J G.
2009. Petrology and geochronologyof HP-UHP rocks from the
South Altyn Tagh, northwestern China. Journal of Asian Earth
Sciences, 35: 232~244.

Liu Liang, Wang Chao, Cao Yuting, Chen Danling, Kang Lei,
Yang Wengiang, Zhu Xiaohui. 2012. Geochronology of multi-
stage metamorphic events: constraints on episodic zircon growth
from the UHP eclogite in the South Altyn, NW China. Lithos,
136-139: 10~26.

Liu Liang, Zhang Junfeng, Cao Yuting, Green II W G, Yang
Wengiang, Xu Haijun, Liao Xiaoying, Kang Lei. 2018.
Evidence of former stishovite in UHP eclogite from the South
Altyn Tagh, western China. Earth and Planetary Science
Letters, 484, 353~362.

Ludwig K R. 2003. Isoplot 3. 00: a geochronological toolkit for
Microsoft Excel: Berkeley, California, Berkeley Geochronology
Center, Special Publication, 4 74.

McDonough W F, Sun S S. 1995. The composition of the Earth.
Chemical Geology, 120(3-4): 223~253.

Ravna E K. 2000. The garnet-clinopyroxene geothermometer - an
updated calibration. Journal of Metamorphic Geology, 18: 211
~219.

Sun Chenguang, Liang Yan. 2015. A REE-in-garnet-clinopyroxene



512

S0 A5 < T PR 4 L A B TR M A 9 78 SO 3 A < X T T R B e T S T R R 3703

thermobarometer for eclogites, granulites and garnet
peridotites. Chemical Geology, 393-394: 79~92.

Wang Chao, Liu Liang, Chen Danling, Cao Yuting. 2011.
Petrology, geochemistry, geochronology and metamorphic
evolution of garnet peridotites from South Altyn Tagh UHP
terrane, NW China: records related to crustal slab subduction
and exhumation history. Ultrahigh-Pressure Metamorphism,
541~576.

Wang Chao, Liu, Liang, Yang Wengiang, Zhu Xiaohui, Cao
Yuting, Kang Lei, Chen Shefa, Li Rongshe, He Shipping.
2013. Provenance and ages of the Altyn complex in Altyn
Tagh: implications for the early Neoproterozoic evolution of
northwestern China. Precambrian Research, 230: 193~208.

Wu Yuanbao, Zheng Yongfei. 2004. Genesis of zircon and its
constraints on interpretation of U-Pb age. Chinese Science
Bulletin, 49(16): 1554~1569.

Yang Jingsui, Shi Rendeng, Wu Cailai, Su Dechen, Chen Songyong,
Wang Xibin, Wooden J. 2008. Petrology and SHRIMP age of
the Hongliugou ophiolite at Milan, north Altun, at the
northern margin of the Tibetan Plateau. Acta Petrologica
Sinica, 24(7): 1567~1584 (in Chinese).

Zhang Jianxin, Zhang Zeming, Xu Zhiqin, Yang Jingsui, Cui
Junwen. 2001. Petrology and geochronology of eclogites from
the western segment of the Altyn Tagh. northwestern China.
Lithos, 56: 187~206.

Zhang Jianxin, Mattinson C G, Meng Fancong, Wan Yusheng,
2005. An Early Palaeozoic HP/HT granulite-garnet peridotite
association in the south Altyn Tagh, NW China: P-T history
and U-Pb geochronology. Journal of Metamorphic Geology, 23:
491~510.

Zhang Jianxin, Li Huaikun, Meng Fancong, Xiang Zhenquan, Yu
Shengyao, Li Jinping. 2011. Polyphase tectonothermal events
recorded in “metamorphic basement” from the Altyn Tagh, the
southern margin of the Tarim basin, western China: constraint
from U-Pb zircon gochronology. Acta Petrologica Sinica, 27
(1): 23~46 (in Chinese with English abstract).

Zhang Jianxin, Mattinson C G, Yu Shengyao, Li Yunshuai. 2014.
Combined rutile-zircon thermometry and U-Pb geochronology:
new constraints on Early Paleozoic HP/UHT granulite in the

south Altyn Tagh, north Tibet, China. Lithos, 200-201. 241
~257.

Zheng Yongfei. 2012. Metamorphic chemical geodynamics in
continental subduction zones. Chemical Geology, 328(7420): 5
~48.

Zheng Yongfei, Zhao Zifu, Chen Yixiang. 2013. Continental
subduction channel processes: plate interface interaction during
continental collision. Chinese Science Bulletin, 58(33): 2233~
2239.

2 % x W

WOE S X R ML RS Tk 2k, 2009, B IR 4 kK R AR AR A
VB T i R OB A Je H P-T Ak 3 il & A 4. 25(9) £ 2260
~2270.

S, AR AR . 2020 BB /R 4 B A B v L OB A B AR R
WAL P-T- 83k, 5% 4, 94(9) 12698 ~2711.

PR, A AR AR, 2021, SR BlE 4R 15 1L ROV A A R AR
Bl -2k R B 2R 4 e RO 5 o R D T R AR B E Al b T 2 4
95(3) :723~736.

fRATZE ZRGEN], A €. 2009. LA-MC-ICP-MS 5 A #% X Ji fi U-
Pb @ AEHAR. B IRHTT, 28(4) : 481~492.

XU [ 2 4. EM . mE %, 1996, BT R 4 1L 74 BEAR HE 45 10
B B i . B R .16 (41) :1485~1488.

227, SR T, 2 S, T ESE B YL AR, 2013, BT UR 4 ELAT B v
R RO A 28 B Ak, A 1 FH,29(6) :2073~2092.

RICHE K KL 2004, B AR E T 2EBESE KO U-Pb 45 I i B
2y, Bl#.49(16) :1589~1604.

M8, AT RAK IR IR  BRAA Ak . E Ak, 2008, JLRTR 4
HL DX K 22 20 VA e 4 1Y 25 A1 24 FRAE AT SHRIMP € 4E. A 1
247 ,24(7) 11567 ~1584.

Sk W, L MR, TS 4. 2011, BEARA
AR G (BT R &1l A 7D R S M s v . 85
U-Pb AR 2. 5 A%, 27(1) 23 ~46.

FBK KL BT AR R, 2013, B R e % R A R < R G R 9 5 AR
eP R BR B ST AR AR . BL Al AR . 58(23) 1 2233~2239.



SR O I )
3704 http://www. geojournals. cn/dzxb/ch/index. aspx 2021 4

Metamorphic evolution of the eclogite in the Bashiwake area: implications
for the ultrahigh pressure metamorphism in South Altyn Tagh

GUO Jing” , LI Yunshuai**?, YU Shengyao” , ZHANG Jianxin®
1) College of Architectural and Surveying Engineering , Shanxi Datong University, Datong, Shanxi 037001, China;
2) School of Earth System Science, Institute of Surface — Earth System Science . Tianjin University, Tianjin 300072, China;
3) Key Laboratory of Deep-Earth Dynamics of Ministry of Natural Resources, Institute of Geology »
Chinese Academy of Geological Sciences, Beijing 100037, China;
4) Ocean University of China, Qingdao, Shandong 266100, China

* Corresponding author ; liyunshuai@tju. edu. cn
Abstract

Eclogite, a volumetrically minor component within orogenic belts, witnessed the geodynamic
evolution of subduction, collision, and exhumation. Petrographic observations suggested that the eclogite
in the Bashiwake area, South Altyn Tagh, experienced at least three metamorphic stages, including the
eclogite-facies metamorphism (M1) (946 ~1026C, 2.9~ 3.2 GPa), the early retrograde stage (M2)
characterized by an intergrowth of clinopyroxene with albite after omphacite, and the later retrograde stage
(M3) represented by the occurrence of kelyphitic rims of amphibole and plagioclase around garnet (~0.8
GPa, 789~841C). Zircon U-Pb dating yielded the metamorphic age at 492. 84+-2. 8 Ma, representing the
eclogite-facies stage based on geochronological data and the inclusions of garnet, omphacite, rutile, and
quartz in zircon grains. These results suggest a clockwise P-T-t path for the eclogite in the Bashiwake
area, South Altyn Tagh. The P-T conditions of eclogite provide the mineralogical and petrological
evidences for the issue of the South Altyn experienced the ultrahigh pressure metamorphism and the

dynamic evolution process of South Altyn Tagh.

Key words: zircon U-Pb dating; P-T-¢ path; eclogite; ultrahigh pressure metamorphism; South Altyn
Tagh



