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Walega granitic rocks in the Gouli area to examine the tectonic evolution of the eastern section of the

East Kunlun Mountains in the proto-Tethys ocean in the early Devonian. Monzogranite and

granodiorite were the primary granitic rocks in the study area, with zircon U-Pb ages of 414. 2£2. 3 Ma

and 416. 9 £5. 3 Ma, respectively. Both were rich in silicon, alkalis, and aluminum, and were weakly

peraluminous. They were also relatively rich in light rare earth elements and depleted in heavy rare

earth elements. They generally had weakly negative europium anomalies,and were classified as [ -type

granite. The results showed that the monzogranite and granodiorite from Walega were products of the

partial melting of basic rocks in the lower crust. The comprehensive geological background of the

region suggested that they were formed during the subduction of the proto-Tethys ocean, which had

not completely closed in the East Kunlun region in 414 Ma.

Key words: East Kunlun orogenic belt; proto-Tethys ocean; granitic rocks; petrogenesis; tectonic
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Fig.2 Simplified geological map of the Gouli region
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FeO [ 1.09 | 1.15|1.08 | 1.36 | 0.79 | 1.22 | 2.01 | 3.59 | 3.65 | 4.14 | 2.70 | 2.51 | 1.44 | 1.44
MgO | 0.87 | 0.83]0.87 | 1.18 | 0.63 | 0.98 | 1.19 | 1.40 | 1.32 | 2.19 | 1.19 | 1.14 | 1.23 | 1.19
CaO | 2.74 | 3.05 |3.23 | 3.15 | 2.45 | 3.22 | 3.58 | 3.00 | 3.14 | 5.11 | 3.11 | 3.44 | 3.47 | 3.46
Na,O | 5.74 | 5.42 | 5.35 | 4.40 | 5.22 | 5.26 | 4.40 | 3.14 | 3.06 | 3.18 | 3.09 | 3.25 | 3.23 | 3.14
K,O | 0.85| 1.14 [ 0.97 | 1.54 | 1.48 | 1.21 | 1.98 | 3.05 | 3.50 | 1.99 | 2.64 | 2.56 | 2.60 | 2.72
TiO, | 0.22]0.21]0.22]0.27 | 0.18 | 0.37 | 0.56 | 0.75 | 0.71 | 0.89 | 0.50 | 0.49 | 0.55 | 0.53
MnO | 0.01 | 0.02 | 0.02 | 0.03]0.02]0.03| 0.13 | 0.07 | 0.07 | 0.08 | 0.05 | 0.05 | 0.05 | 0.05
P,O; | 0.07 | 0.07|0.08]0.09|0.05|0.08| 0.26 | 0.26 | 0.27 | 0.25 | 0.16 | 0.16 | 0.17 | 0.16
bedeh | 0.98 | 0.57 | 0.87 | 1.17 | 0.77 | 0.76 | 1.31 | 1.12 | 1.11 | 0.76 | 1.36 | 0.76 | 1.33 | 1.30
B [99.66(100. 19/100. 00[100. 01/100. 14|100. 10| 99.47 | 99. 64 | 99.66 | 99.95 | 99.59 | 99.83 | 99. 92 [100. 16
A/CNK | 1.05 | 1.05 | 1.06 | 1.05 | 1.06 | 1.06 | 1.02 | 1.08 | 1.03 | 1.02 | 1.11 | 1.06 | 1.06 | 1.04
AR 2,07 | 2.01 | 1.93 [ 1.94 | 2.19 | 1.96 | 1.95 | 2.05 | 2.14 | 1.61 | 1.92 | 1.90 | 1.89 | 1.93
SI 9.76 | 9.03 | 9.45 |12.46| 7.03 [10.28| 8.78 | 10.97 | 10.34 | 17.46 | 11.21 | 10.33 | 11.14 | 10.79
TFeO | 1.43 | 1.74 | 1.94 | 2.28 | 1.56 | 2.01 | 5.70 | 5.09 | 4.83 | 5.12 | 3.66 | 3.97 | 3.78 | 3.77
o 1.57 | 1.56 | 1.49 | 1.28 | 1.53 | 1.58 | 1.92 | 1.60 | 1.80 | 1.30 | 1.27 | 1.31 | 1.35 | 1.33
AP [27.04(27.10|27.11|30.99(30.24(26.20| 21.52 | 28.63 | 26.77 | 22.51 | 32,66 | 31.42 | 30.78 | 31.44
FER A 112.97[14.37(15.30(14.93|11.57 |15.23| 16.43 | 13.39 | 13.96 | 24.13 | 14.53 | 16.04 | 16.21 | 16. 16
B [50.51(47.31|47.06|38.93|45.53(46.22] 40.12 | 28.43 | 27.56 | 28.84 | 27.83 | 29.00 | 28.99 | 28.06
IERKA | 5.357.11|6.10|9.74 | 9.23 | 7.60 | 12.90 | 19.74 | 22.54 | 12.90 | 16.99 | 16.33 | 16.68 | 17.37
MIE | 0.70|0.64]0.74(0.71| 0.7 | 0.78 | 0.70 | 1.19 | 0.73 | 0.64 | 1.35 | 0.88 | 0.95 | 0.72
LML | 2.78 | 2.61 | 2.67 | 3.52 | 1.94 | 2.77 | 5.35 | 6.02 | 6.15 | 8.65 | 4.98 | 4.26 | 4.27 | 4.18
BRERET | 0.24 ] 0.23 ] 0.24 | 0.30 | 0.19 [ 0.40 | 0.63 | 0.84 | 0.79 | 1.00 | 0.56 | 0.54 | 0.61 | 0.59
WEH | 0.27 [ 0.49 | 0.62 | 0.71 | 0.51 | 0.64 | 1.83 | 1.23 | 0.96 | 0.81 | 0.78 | 1.22 | 1.17 | 1.17
WA | 0.14 ] 0.14 | 0.16 | 0.18 | 0.10 | 0.16 | 0.53 | 0.53 | 0.55 | 0.51 | 0.32 | 0.32 | 0.34 | 0.32
&3 [100.00[100. 00{100. 00[100. 01/100. 01|100. 00[100. 00 |100. 00|100. 01|100. 00 |100. 00 |100. 00|100. 00|100. 01
rSFE %] 82.90(81.52(80.27(79.66|85.00|80.02| 74.54 | 76.80 | 76.87 | 64.25 | 77.48 | 76.75 | 76.45 | 76. 87

3.3 BERXRERHBLEIRTE

JUT AR i Y R T R ARAEAA L 2% 3L FR LT
RFHIEE W% 1,

FEERRL 5 A7 b o AL A £ oo K c 43 1B g b (]
9-A) L KEF BB LREE & 4 . HREE 514
fi 73 4% X 45 fiF . LREE/HREE # 0 R LA R
6.01~22.85,Lax/Yby FLIEH A 6.93~46.51, Ff
i K Z B H 55 71 Eu 5% (JEu=0. 61~1. 87,

SEEME R 0.86), —RKAE K AR TR B
(SREE) BAIK, AL VE il #E (23. 19~68. 89) X 10~°,
AR K A+ e (X REE) % 5 . 248 1k 15 Bl 78
(149, 54~344.65) X 10 °, BIRL S AN L
SRS AT 22 0] AFUE 43 ol 2 A ke A [R] R I
B AL A R R . 7 T b A o b ik R %]
(s 9B, ZEMX & 4 Rb, Th, K, Pb, Sr %70
%, MX 54 Ba,Nb.Ce,Pr,P, Ti %0,
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4 iTFig
4.1 FEREAK

80

S55 HAWEFE AR SO AR B G i IX B0 1ty A

AL B A A B85 A0 U-Ph 4E I 508 o8 17 4211 9%
YEECEL 9> AT LE AR B 3 Ll s A7 78 R L
WAL B o e TG 2, B B B — A I AR
W45 #E 410~420 Ma, Ui B R R 2t A AR R
A L AR B B R IE SR B T, XS AR
EL A 3t Ly A7 AF K o U A 1 %) 5 3R 40 A 2 AH W
G, ERRCE LW ARB. RREMEAS T
Ry A B A R A8 T AR 60 %0 (X
L 2012) 7Y Bt X [m]AE HY BE OR B L Je  tH  4=
A& GIEEAR A ,2006)

AR TAEXT B AR AR 5 FAE B TN
AT T &5 A U-Pb W4, 3843 KL KA1
OPh/# U A AR SR 414, 222, 3 Ma, B K
AR Ph/ ™ U AT 4RI 2 416. 9£5. 3 Ma,
EAR XA I AL 5 TN K (4175 £ 1.5 Ma, 2 1]
AE.2015) 22— BRI R AR P e X K A
(409+£2 Ma, FZ%.2018) VW HIEK N &
(403+2 Ma, Chen ot al. .2020) B85 47 U-Pb 4
4 B — 20, BB B 2% KR XA LR B I
U LA R A R At T AR R LAl E
Qb T A < 5T IR T B ) e A
4.2 FBAKE

FLEN 2% AR A 5 55 FE R NS R 4l
B A BHAA R A RSB/ B DA Bk
WohF A S EH A SRR A A T A
5 W) H A B AE (Chappell and White, 1974,
2001) . SEE A A ST R BT AE 55 0 50 BT A e R
B des U b B K A BT & Ay BOIR KL JF B PO 5
SI0, J57 5t 43502 18] 2 50k G OC 2, 78 1 58 BT 5 1K
P, O; 5 SIO, i 3 Bz ) S IR A K OE &L U
BERT UK N T A8 5 A A1 S BUAE 4 A (Woll and
London. 1994), fE SiO,—P,O; K f# (& 11-A),
FERLSIO, 5 P, O T 43 802 [B) S A 1 s 17 AH G
KR AE SIO,—Y B (& 11D FE i i 7%
A TRIE B 7 X 3k, b oh L BF 53 IX A6 a7 A
i ) CTPW A fE A 4 11 53 v 4 R 43 4 o W1
F BN T 1%, X5 S BUAE 5 A R AE R AF
(Chappell and White, 1974.2001), 5 [F &t
HHIEAK TEE R Rl 2020 M 1 B A1
B EE R 55 0 B T A s R 2R R R . SRS
RS FRATIN Y BLE A AR AR 5 A R R A
KAERET I RMIEKA.



. 234 - RAE T RKFFRCELRFEBO %51 %

K3 BHRENREGRETZTRESH(0 ) REXSH

Table 3 Trace element content of granitic rocks in Walega (10°°) and related parameters

— kA RN
B |SYP02-|SYPO4-[SYP11-|SYP12-|SYP14-|SYP15-|GYP06-| SYP13-| SYP03- | SYP06- | SYPO7- | SYPOS- | GYP0S-| G YP09-
Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl

Ba 92.25 | 91.99 |133.17|148. 83| 87.84 [133.51|662.00 (1259, 18{1074. 12| 693. 00 {1321. 00{1236. 32{1294. 00{1424. 00

Co 2.54 | 2.82 | 3.40 | 4.51 | 2.20 | 3.44 | 5.11 8.07 7.74 9. 86 5.06 5.12 5. 47 5.51

Cr 11.90 | 9.32 | 13.55]22.28 | 8.53 | 13.08 | 2.28 | 19.27 | 17.30 | 19.95 | 12.41 | 16.04 | 17.7 | 13.80

Cs 2.81 | 4.56 | 2.66 | 6.55 | 3.88 | 6.56 | 4.52 4. 49 4.22 9.59 4.65 3.21 4.63 4.74

Cu 0.85 | 0.83 | 0.68 | 1.51 | 0.48 | 1.64 | 2.73 | 13.17 | 6.43 2.96 1.27 2.00 1.21 2.73

Ga 17.45|15.29|16.18 | 15.37 | 16.96 | 16.46 | 21.17 | 24.46 | 23.93 | 23.20 | 19.70 | 21.13 | 21.10 | 21.30

Hf 2.99 | 2.98 | 3.33 | 3.28 | 2.88 | 3.92 6.57 9.94 8.87 5.18 7.25 7.07 7.50 7.55

Nb 3.04 | 1.97 | 2.10 | 5.45 | 5.21 | 2.93 | 14.30 | 24.64 | 23.50 | 13.17 | 13.34 | 13.26 | 14.60 | 14.40

Ni 4.66 | 4.10 | 6.92 | 12.68 | 4.59 | 5.32 | 0.25 7.28 6.06 8.52 2.13 3.00 3.96 2.17

Pb 12.36 | 11.44 | 9.77 |12.30 | 16.30 | 11.96 | 14.42 | 22.00 | 22.20 | 10.70 | 13.70 | 14.90 | 12.70 | 12.70

Rb 37.89|59.40 | 45.56 | 87.52 | 76.41 | 82.98 | 68.00 |134.06 |142.00|136.00|118.00|106.93|120.00 |114.00

Sr 508.73]467.59|525.67|321. 54|343.60(535. 03| 466. 93 |402. 61| 338.00|703.00 | 435.00 | 480.07 | 483.00 | 503. 00

Ta 0.27 | 0.21 | 0.16 | 0.63 | 0.45 | 0.34 0.77 1.03 1.42 0.85 0. 36 0. 36 0.61 0.59

Th 2.41 | 3.73 | 1.50 | 5.96 | 3.17 | 0.46 7.77 | 29.89 | 26.20 | 8.56 | 19.60 | 19.04 | 21.80 | 21.60

18} 0.47 | 0.63 | 0.45 | 1.13 | 0.77 | 0.47 1.70 3.01 3.22 3.06 1.17 1.24 1.45 1.70
\Y% 16.30 | 15.39 | 19.36 | 24.52 | 12.74 | 18.18 | 5.90 | 56.61 | 54.00 | 72.88 | 43.33 | 42.40 | 47.10 | 46.00
Y 6.18 | 5.61 | 4.66 | 8.15 | 6.93 | 5.14 | 26.32 | 27.99 | 33.60 | 26.10 | 12.20 | 12.69 | 17.90 | 18.90

Zr 106.04(109. 28]133.72{126.39| 98.61 [150.41|270.00 | 435. 87 | 382. 00 | 219. 00 | 309. 00 | 299. 62 | 321. 00 | 320. 00

Ti 1208. 221165. 991296. 371577. 341009. 701389. 21|3239. 47|4587. 09]4329. 37|5558. 58|2956. 98|2846. 93|3252. 21{3143. 61

R4 EPRUENREARITERETE(107)REXSH
Table 4 REE content of granitic rocks in Walega (10~ °) and related parameters

KRR RN A
H5  |SYP02-|SYP04-SYP11-{SYP12-[SYP14-[SYP15-|GYP06-| SYP13-| SYP03-| SYP06-| SYPO7- | SYP0S- |GYP08- |G YP09-
Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl Bl

La 8.43 | 11.20 | 6.93 | 13.70| 8.58 | 4.06 | 36.42 | 81.20 | 72.79 | 29.30 | 49.80 | 67.44 | 72.53 | 68.56
Ce 19.13 [ 26.42 | 16.45 | 29.44 | 18.99 | 8.78 | 74.80 |156.34 | 138.87| 59.70 | 89.10 |125.00 | 134.00 | 128. 00
Pr 2.28 | 3.05 | 1.86 | 3.31 | 2.32 | 1.03 | 8.76 | 16.80 | 14.99 | 6.95 | 9.93 | 13.10 | 14.15 | 13.45
Nd 9.24 [12.60 | 7.69 | 13.00| 9.45 | 4.32 | 33.16 | 58.40 | 52.70 | 28.70 | 32.60 | 44.70 | 47.90 | 46.00
Sm 2,01 | 2.62 | 1.61 | 2.69 | 2.19 | 1.06 | 6.33 | 9.40 | 8.82 | 6.04 | 5.16 | 6.73 | 7.29 | 7.20
Eu 0.60 | 0.60 | 0.63 | 0.61 | 0.49 | 0.63 | 1.65 | 1.70 | 1.63 | 1.41 | 1.12 | 1.26 | 1.25 | 1.29
Gd 1.72 | 2.02 | 1.36 | 2.22 | 1.90 | 1.00 | 5.39 | 7.45 | 7.30 | 5.50 | 3.73 | 4.75 | 5.40 | 5.40
Th 0.23 | 0.25 | 0.18 | 0.31 | 0.25 | 0.16 | 0.80 | 1.03 | 1.07 | 0.83 | 0.51 | 0.61 | 0.72 | 0.76
Dy 1,18 | 1.17 | 0.95 | 1.63 | 1.32 | 0.94 | 4.69 | 5.47 | 6.01 | 4.79 | 2.48 | 2.78 | 3.68 | 3.95
Ho 0.20 | 0.19 | 0.16 | 0.29 | 0.23 | 0.18 | 0.93 | 1.03 | 1.17 | 0.92 | 0.45 | 0.49 | 0.67 | 0.73
Er 0.54 | 0.50 | 0.43 [ 0.79 | 0.62 | 0.48 | 2.69 | 2.80 | 3.30 | 2.55 | 1.23 | 1.30 | 1.83 | 1.93
Tm 0.07 | 0.07 | 0.06 | 0.11 | 0.09 | 0.07 | 0.40 | 0.37 | 0.49 | 0.36 | 0.17 | 0.16 | 0.23 | 0.25
Yb 0.46 | 0.43 | 0.37 | 0.69 | 0.55 | 0.42 | 2.64 | 2.31 | 3.18 | 2.18 | 1.05 | 1.04 | 1.46 | 1.51
Lu 0.07 | 0.06 | 0.05 | 0.10 | 0.08 | 0.06 | 0.42 | 0.35 | 0.48 | 0.31 | 0.16 | 0.17 | 0.22 | 0.22
Y 6.18 | 5.61 | 4.66 | 8.15 | 6.93 | 5.14 | 26.32 | 27.99 | 33.60 | 26.10 | 12.20 | 12.69 | 17.90 | 18.90
SREE |46.16 | 61.18(38.73 | 68.89 | 47.06 | 23.19 | 179.08 | 344.65 | 312. 80 | 149.54 [ 197.49 | 269. 53 | 291. 33 | 279. 25

LREE/

HreE | %38 12.04 | 9.88 | 10.22| 8.34 | 6.01 | 8.97 | 15.56 | 12.60 | 7.57 | 19.19 | 22.85 | 19.50 | 17.93

Lay/Yby [ 13.15 | 18.68 [ 13.43 | 14.24 | 11.19 | 6.93 | 9.90 | 25.21 | 16.42 | 9.64 | 34.02 | 46.51 | 35.63 | 32.57
SEu 0.99 | 0.80 | 1.30 | 0.76 | 0.73 | 1.87 | 0.86 | 0.62 | 0.62 | 0.75 | 0.78 | 0.68 | 0.61 | 0.63
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Fig.9 Spider map of rare earth and trace elements

JR 4 W v R R R G AR AL $HE (Sun and McDonough.1989)
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Table 5 Zircon U-Pb ages of Early Paleozoic granitic rocks in East Kunlun Orogenic Belt
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P2 RO R 5 B o B 45 (Beard and

Lofgren. 1991) ;M8 5 A 38 R AR (8 3 52 9 o 35 53 I
Ff (Richards,2011) ;& 5 & ﬁﬁﬁﬁfﬁ'—?ﬁ%ﬁﬁﬁﬁﬁ
WA KA B 45 (BG4 45, 2008) , La-La/Sm

AT AR R R 5T IX AL B 5T A A0 2 I 8 f A
FHHHAZREIRE KA (Yang et al. . 2006),
HATFE &L 1 Ce/Pb i (0. 73~10. 55) \Nb/U fH
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Ce/Pb<C15, Nb/U = 8. 93, Nd/Th == 3; M % .
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mann et al. . 1986; Taylor and Mclennan, 1995;
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