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Geochemistry, zircon U-Pb chronology and Hf isotopes of the Baidungou
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Abstract: The Silurian-Devonian evolution of the East Kunlun Orogen (EKO) is controversial. A-type granites are
often used to constrain the timing of tectonic transformation during the orogenic process. The Baidungou granite
pluton, located in the Wulonggou goldfield in the eastern part of the EKO, has not been systematically studied in
previous research. Therefore, this paper takes it as the research object to study its petrogeochemistry, zircon U-Pb
geochronology and Hf isotopes. The zircon U-Pb dating shows the crystallization age of the intrusion is 417. 9+
3.5 Ma. Petrogeochemical studies reveal that the intrusion is characterized by high silicon (Si0,=71.2%~77.2%)
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and alkali (K,0+Na,0=8.23%~10.7%), low MgO (0.04% ~0.22%) and CaO (0.09% ~0.95%), enriched
large ion lithophile elements (Rb, K, Th, U), depleted high field strength elements (P, Ti), obvious negative eu-
ropium anomaly, and ‘gull type’ REE patterns. Combined with high Ga/Al and TFeO/MgO values and Zr saturation
temperatures of whole rocks, the intrusion is classified as A-type granite. In addition, the zircon ¢Hf(¢) values vary
from —0.6 to 1.9 and two-stage Hf model ages range from 1 442 to 1 284 Ma, suggesting that this A-type granite
was mainly derived from the partial melting of early felsic magmatic rocks with similar Hf isotopes. This granite ex-
hibits characteristics of the A2-type, indicating that it formed in a post-orogenic extensional environment. The EKO
developed a large number of A2-type granites nearly contemporaneous with this granite, reflecting it had entered the
post-collision extension stage during the Late Silurian.

Key words: A-type granite; petrogeochemistry; post-collisional extension; Wulonggou; East Kunlun Orogen
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Fig. 1

The geological map of the East Kunlun Orogen ( modified after Dong et al. , 2018 and Wang et al. , 2024 )
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Fig. 2 Geological map of Wulonggou area( modified after Wang et al. , 2024)
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the solid line circles are the U-Pb dating positions, the dashed line circles are the Hf isotope analysis positions
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Table 2 Zircon Hf dating results of Baidungou granite ( W03)

M5 AER/Ma oYL/ THE + 20 °Luw/'HE % 20 ot/ TTHE £ 20 eHI(1)  tpy/Ma  typy/Ma  fiu
WO03-1 420 0.036 041 0.000216 0.001 210 0.000 009 0.282548 0.000019 1.0 1002 1344  -0.96
W03-5 422 0.047365 0.000215 0.001516 0.000015 0.282528 0.000028 0.2 1039 1394  -0.95
W03-6 422 0.030855 0.001 104 0.001 053 0.000 018 0.282528 0.000021 0.4 1025 1385  -0.97
W03-10 413 0.038 683 0.001 675 0.001293 0.000029 0.282555 0.000018 1.1 994 133 -0.96
WO03-11 420 0.022793 0.000949 0.000 786 0.000 015 0.282552 0.000016 1.3 984 1327 -0.98
W03-13 415 0.035911 0.000452 0.001 278 0.000 008 0.282577 0.000019 1.9 963 1284  -0.96
W03-15 419 0.050 653 0.001 787 0.001 696 0.000 070 0.282 515 0.000017 0.3 1061 1427 -0.95
W03-26 419 0.050 318 0.000910 0.001 738 0.000 014 0.282509 0.000 019  -0.6 1072 1442 -0.95
W03-27 428  0.031357 0.000238 0.001029 0.000018 0.282536 0.000014 0.8 1014 1364  -0.97
W03-30 421 0.060 149  0.002 287 0.001 912 0.000 039 0.282 535 0.000017 0.4 1039 1385  -0.94

4.2 EERFMEBITERIE 0.95%Z 18], MgO & &4 0. 04% ~0. 22%, ¥ iy

A A AR EMEITR AR LK 3,1 %514 Sio,
FHENT 71.2% ~ 71. 2% 2 [8], Na,0 & &/ #i T
3.37% ~ 5. 46% Z i), K,0 & & £ TE 4. 32% ~
5.26%z ], %t i f K,0/Na,0 {H 4 0. 95~ 1. 55,
K,0+Na,0 H 8. 23% ~ 10. 70% ; [d] i}, 4 ALO, &
HIE11.9% ~ 15. 7% Z 7], CaO & &=/ F 0. 09% ~

A/CNK {HM 0.99 ~ 1. 15, J& T 48 i - 55 1 45 0 7
41, £ Na,0+K,0-Si0, i I, FEfyE ALE XA X
(& 5a) , 7E K,0-Si0, Kfith R pEdh 2 HA 5
PEGTRERAAE (8] 5b) .

A A A AR TR AR T 179%107° ~
526x107°Z [A], (La/Yb) (fHA F0.84~19.202
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3 EHAENELETE(w,/ %) MEMBELITESE (w,/10°) %

Table 3 Main (w,/ %) , trace and rare earth element (w,/10™®) contents of the whole rock of the Baidungou granite

SREEME R SR KAEfrE kel IR
i W02 w03 Wil W12 w13 W14 = w02 w03 Wil W12 w13 W14
Si0, 73.8 73.1 72.1 71.2 75.7  77.2 Ba 16.0  214.0 246.0 37.8  30.6  17.8
TiO, 0.12 0.16 0.28 0.07 0.06 0.07 La 104.0 66.6 8.2 17.8  20.7  24.2
AL O, 13.4 13.5 14.7  15.7 13.5 11.9 Ce 217.0 132.0 165.0 52.3  62.3  61.8
TFe, 0, 1.55 1.44  1.87 0.94  0.37  0.90 Pr 25.80 15.00 18.60 7.55 10.20 7.25
MnO 0.02 0.01  0.02 0.003 0.002 0.0l Nd 95.5 51.1 68.4 34.6 54.5 29.7
MgO 0.04 0.06 0.22 0.05 0.04 0.06 Sm 17.6 8.37 12.1 1229  27.4 8.8
Ca0 0.47 0.95 0.29 0.47 0.33  0.50 Eu 0.06 0.28 0.41 0.04 0.08 0.07
Na, 0 3.79 3.37  3.97 5.46 4.34  3.91 Gd 17.0 7.26  10.2 16.2 51.2  10.9
K,0 5.24 5.23  5.26 520 4.58  4.32 Th 3.30 1.08 .52 3.13  10.20 2.08
P, 05 0.01 0.01 0.03 0.01 0.003 0.01 Dy 18.80  4.99  7.75 19.70 60.90 13.20
ek 1.39 2.08 1.11  0.80 0.95  0.98 Ho 3.63 0.92 1.46  4.10 10.70  2.69
¥ il] 98. 4 97.8 99.9  99.8  99.8  99.9 Er 10.70  2.70  3.90 12.50  23.40 7.71
K,0/Na,0  1.38 1.55 1.33  0.95 1.06 1.10 Tm 1.6 0.43 0.58 2,17  3.06 1.21
Na,0+K,0  9.03 8.61 9.23 10.70 8.92  8.23 Yb 9.53 2,49 3.75  15.20 17.50 7.69
A/CNK 1.05 1.04  1.15 1.01 1.06  0.99 Lu 1.44 0.40  0.59  2.75  2.46 1.28
A/NK 1.13 .20 1.20 1.07 1.11 1.07 Hf 17.30  8.58  9.93 16.20 9.10  17.50
1;,/°C 896 836 826 816 778 827 Ta 1.88 1.48 .22 2.76  2.54  3.15
Li 7.18 3.47  12.1 5.45  5.43  9.70 Pb 34.7 19.0 22,9  36.9 357 17.2
Be 2.47 1.63  2.69 6.29 4.36  3.63 Th 40.4 21.6  29.3  67.9  49.0  41.5
Sc 0.59 1.93  3.62 1.38  0.84 0.6l U 9.39 5.57 4.05 16.50 13.90 14.60
% 1.05 3.57  8.17  3.17 250  1.97 10000 Ga/Al 36.90 27.90 3.39  3.77 3.73  4.71
Cr 0. 66 1.66  14.3 18.6  14.7 13.9 Y+Nb 142.0 38.8 547 163.0 316.0 102.0
Co 0.05 0.50 1.36 0.17  0.15 0.12 Nb/Ta 12.90  7.50 14.80 9.76  8.22  9.66
Ni - 0.17 1.28  0.88 0.80  0.84 Y REE 526 294 376 201 355 179
Cu 8.05 4.73  2.87  2.33 1.75  65.1 LREE 460 274 346 125 175 132
Zn 82.1 3.5 33.4 559  21.1 82.8 HREE 66.0 20.3 29.7 75.8 179.0  46.8
Ga 22.3 159 26.3 31.2  26.5 29.7 |[LREE/HREE 6.97  13.50 11.70 1.65 0.98  2.82
Rb 262 200 234 503 430 476 || (La/Sm)y  3.82 5.14 437 0.89  0.49 1.78
Sr 7.70 28.00 35.50 13.10 9.98  5.56 || (Gd/Yb)y  1.47 2,41 2,24 0.8  2.43 1.17
Y 119.0 27.7  36.7 136.0 295.0 71.1 || (La’Yb)y 7.8  19.20 15.70 0.84  0.85  2.26
Zr 458 234 229 252 140 257 EwEu” 0.01 0.11 0.11 0.0l 0.0l 0.02
Nb 24.2 11.1 18.0 27.0 20.9  30.5 R, 2340 2460 2141 1579 2449 2750
Sn 6.92 6.13  5.43 13.30 16.10 10.20 R, 320 378 334 363 304 294
Cs 3.14 3.06  3.18 7.15 4.94  6.04

T - FRMETHRMME; A/CNK=A1,0,/Ca0+Na,0+K,0 (FEIRH) ; 1, = 12 900/ (2. 95+0. 85M+InD,, ), Hh M= (Na* +K*+2 Ca® )/
(AP*Si*™) | D, MR Ze &5 5450 Ze 5 (496 000x107°) [ HL1E; R, =4 Si—11(Na+K)-2(Fe+Ti), R, =6 Ca+2 Mg+Al,

6], LREE/HREE {E1E 0. 98 ~ 13. 50 2 [a] 28 4k, , Jz
R )5 RS U R M ARIE, (La/Sm)  (HTE
0.49~5.14 Z[i],(Gd/Yb) \ {HFE 0. 88 ~2. 43 Z|i],
A A B RO S o0 R EC B R
HA S B Eu 755 (0.01~0. 11) , BRKB A
PREARRR + e R AL R R e R BN &
£+ o0 E W BT BAY W A R 4 AE
(&l 6a),

T DI b A v b i G 2R I I L o Y
FARE R B4 Rb . Th, U, Ta, Pb Nd %0 K, 7 i
Ba Nb.Sr.P Ti %0 % (& 6b) , 5 Nb/Ta HAF

7.5~14. 8 Z A R T HEFIIME (17, 7) , L Hh5e
SERE (1)

5 1he

51 F5AEXBMHRE

ISMA A6 i i FH I 73 2607, Horp I1SM Y
SRR TR VE PR AR 43, 1 B S A4k A
(ABJ5) KB TR, M ALK H T b (R Ak
5, 2004) , 10 A YU RSB  JC KRR & 1R
AIAE < 7 ( Loiselle and Wones, 1979) . ISMA A953r2&
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Fig. 5 Discrimination diagrams of TAS (a, Middlemost, 1994) and K,0-SiO,(b, Peccerillo and Taylor, 1976; Middlemost,

1985) of Baidungou granite
FeflAE b AR LA (£ 20085, 2018) , =3B (3KSE4F, 2021) , BAVE FT508 URIFAVE (£, 2015; £, 2016) , 30K
VIFIRIK T (Chen et al. |, 2020) , fIRAVAFIK FPEYE ( Ding et al. , 2019) 3K (2%, 2016) , /K W TGV -/K 7 414 ( Zhang et al. , 2021)
other granite data in Wulonggou area are from: Hongqigou (Wang Yilong et al. , 2018) , Sandaoliangnan (Zhang Liang et al. , 2021) , Heishigou,
Dachaigou and Shuizhadonggou ( Wang Tong, 2015; Wang Tao et al. , 2016) , Danshuigou and Shenshuitan ( Chen et al. , 2020) , Shidonggou and
Shuizhaxigou ( Ding et al. , 2019) , Houtougou ( Yan Wei et al. , 2016) , Shuizhaxigou-Shuizhadonggou (Zhang et al. , 2021)
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E * il E
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La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Rb K BaTh U NblLa Ce Sr Nd P Zr Hf SmTi Y Yb Lu

6 fE b A EOR AR T A LT R C K (a) RS AR MM AR T AL IR i TT SR R 15T (b ) (FRifE(E i Sun and McDonough
(1989) , Fieda X A6 14 5 KR IR AT 5)
Fig. 6 Chondrite-normalized REE patterns (a) and primitive mantle-normalized trace element patterns (b) for granite

(normalization value after Sun and McDonough, 1989; others granite data source in Wulonggou area is the same as Fig. 5)

M BRI K0 B — AT 0.6 % (S, 1&S #5 A RUAE A 1 X508 T 4 5 Ga/Al
1992) , RIHCHERR F Vg fE R A 72 MO B, A AE (H(CRMITEE, 2007) , 78 (Na,0+K,0) —10 000 Ga/Al
i s Nb.Ga Fl Y, 3% Al Mg Al Ca Jf HEA“WERG  F5IEE D, AR S TEA A BER A X
R R e E B, B A BUER A PRFIE (B 7a) 35 /R HATHESE A B, TFeO (2 8k) & &R0
JINHESE 2009 Frost and Frost, 2011) A RIAE R A I EEEAR (>1%, Fim%ZE, 2000) , & 0
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WAL F TFeO Z2 KT 1%, [RI B AH LRI B AR A 7Y
A6 5, OB B B TFeO/ MgO , 76 X3 157 4 31 3] (%]
fifeH A 273 MRESLTETE A RUAE RS A 1&S Al
AERA 5 I (B 7 ), BRI ) A6 B 7 1A

fE (RAEICEE, 2017) (HE 5 S WAL A HA &
P ik Na BOHES, B4 5 1 B2 =T 1% H Rb
T 270x 107 (BE/NKESE, 2009) 33X B 5 EH i
R EHAR PO (Z/NTF 0. 01%) 7 TFeO (£ KT

AR TR R 1&S BB R Ga/AL 94 1%) HA IR X,
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% b ® F
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Fig. 7 Discrimination diagrams of genetic type of granite (after Whalen et al. , 1987; the granite data source except

Baidungou is the same as Fig. 5)

TR A BUAE i H ) B B ARG (R ARTTAE,
2007) , RZ 0 14 540 30 R 4648 T
(), TR EE A 7 I L 45 A s S5 T I 3 B ( SR AR T
8, 2007) o it BE A TTRUE R RS A1 1 AR EE T (Wat-
son and Harrison, 1983; Miller et al. , 2003 ; F 55,
2022) , 33 /A3 ( Watson and Harrison, 1983) 115,
A AR i< 5 B A R 45 IR EE R 778 ~ 896°C
(“F¥5 830°C) ., HAERK A ETAHRE (KT 10% ~
50% ) LA AT B A7 B P AN E T REM 5 T K
Y5 DCH IR EE | A 25 B3 2 /b d AR B A I DUAH
(Miller et al. , 2003) , HR4JE Wiy AL H & A D
(< 10% ) dE AR RS A 8%, A A 10 0 RS B SF- 2
(830°C ) I3 BL T 25 R U DX ) Jlh B 2 il B A 42
VT A RIAE B A R (839°C | King et al. , 1997) , H.
WIS T 43 S 46 A T B IR BE (764°C, King
et al. , 1997) , KNy T VA 46 0 5 2 A AL AR
HE=

HEIOCT A BUAE R i B RS =X 3 A 1 R X
B B 43 B 45 A T e A B S H ik b
X )25 S ( Frost and Frost, 2011) . M&RE
APV I A BUAE B 2 P BE R AIASE [ e
A — B ( Turner et al. , 1992) | 1M 1 v 16 b

XA AE LT A — 7 D /0 et R 43 A ) J6 1 — 8 ek
F(EZRAE, 2018) s AHIRAIE M A AL KA
SR K R A ARG H s AR LR By HE
[ 7 ZAHAE ( Yang et al. , 2006) , 3% 5 7 M4 5 4K
PREAE AR 7 & (D 8) o B MiyA 16 bd A HL A R AR )
Nb/U Fl Ce/Pb f, 435 K 1. 50 ~ 4. 45 (F-I{EH N
2.37)F1 1. 42~7. 19 CFHMEN 4. 53) , 5 R IR Hh g
) Nb/U #1 Ce/Pb {H (“F-¥{E 533129 30 F19) FH2E 5
K, 5415869 Nb/U 1 Ce/Ph {8 (SEXI{E 2351
2410 F114) 13T ( Hofmann et al. , 1986) , Jz WL H: 322
S U B BT Ml 58 A R A

B ST HhAT K B TR 2 IS TE K I
IVRRL T 1 e R S 0 A A 37 40945 st 459 ]
DI A BUAE K (Xin et al. , 2018) , bk T 5%
R A4S RS B 7™ A KB 18 A (10, >70% ) 14 15 14
(Rapp and Watson, 1995) ,—## ™= A= 45 it H. K,0/
Na,O0<1 BY4E X % ( Rapp and Watson, 1995) ; JG/KHY
KL A T b 5T &8 43 il 2s 77 2B I Tio,/MgO
(Na,0+K,0) /AL, 0, B4 1K ( Creaser et al. , 1991;
Douce, 1997), ¥ 55 & M {4 1€ 54 4 & & ( Si0, >
71%) &4 (K,0/Na,0>1) & Ti0,/MgO (SE I {H
0.97) FIE (Na,0+K,0) /AL O, (FHI{H 0. 66) A,
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IR X ( Rapp and Watson, 1995) ,iX 5 Qz—Ab-Or 2
ISR R AOE BUE S — 2 (8T 0.5 GPa, &
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Fig. 8 Qz—Ab-Or diagram of the Baidungou granite (isopiestic

(%]

lines after Long et al. | 1986 the granite data source except

Baidungou is the same as Fig. 5)

FTE T KB AE e AT T B 2 4 RO B A
RUTE i HLAT 40 5 — 559 L 47 I 19 4 1 ( Frost and
Frost, 2011) , 5 ML A PER—3, A MiiaE
A A eHE(o) (EHEE T 0 IF H Z BBt Hf B
AEWS 1, AT 1 442~1 284 Ma Z [0, S B H A IR R
XK A G A NESS, A g
AT 52 BA AL HE R 28 R R0 500w e
WK A -RKINEK S (Xin et al., 2018; Chen
et al. , 2020) , A HCTF I 1 1 DX At S0 5] s ) 46
i, B AL R A S A 1Y eHE (o) (EAR 0 /N LA &
(BERT 018,18 9) , B H A H R X T 34— Bl 3z
ZHLFE W) BRI 5 W % /N (Xin et al., 2018; Chen
et al. , 2020; Zhang et al. , 2021) B A7 /L Hibe By
FzY, DagiEY) S5 A BEHERR 1 R R
o U PR TT g 5 b g A G (Whalen et al. , 1987;
Bonin, 2007) , H. 30 4 1 DX 777 0 6 14 2R 18 PR A
FMEARAE I (E 285, 2018) , HLAh, A A AL
S HPHMTIAE LR (Kleb) Al fig 5 11 £ 1y i K
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e LI A b e A HE TR) 0 3 O R IR . 20 (£ 2 e,
2018) , =TE PR (5k5e4E, 2021) IR FNEEIKE (Chen et al. |
2020) , 41 5 K [T P64 ( Ding et al. , 2019) 03k Vi) ( i 4%,
2016)
zircon Hf isotope data of granite in Wulonggou area are derived from:
Honggigou (Wang Yilong et al. , 2018) , Sandaoliangnan ( Zhang
Liang et al. , 2021) , Danshuigou and Shenshuitan ( Chen et al. ,
2020) , Shidonggou and Shuizhaxigou (Ding et al. , 2019),
Houtougou ( Yan Wei et al. , 2016)

AT FIERERA 73 B 4 A G
52 MEEY

UG IR B 1 LUV SRR 0T 1 0 R A P A7 A
AP, E 5 38 DA A 5500 R G B B 1 R R
F|2 430 Ma(Zhang et al. , 2021) . A BIFE 23
S RE PR 1) B AR AR (RAROTAE, 2007) , FLEVA
HLIX R 24 403 Ma W9 4E i N A& T 59 (403 Ma,
Zhang et al. , 2021) , A6 A HA A (& 7) H
& A2 BIRRHIE (18 10) o R HOR i XA 1 A
RUAE < 4 7€ Rb— (Y +Nb) Bl rh 48 78 J5 Rl H8 AL i< 5
KB (E 11a) B P B A A BRHIER K AE K
(439 Ma, E¥H45E, 2016) I A AETE 7 J5 ol 48 04 fif i
W, % KAEKATE R,—R, FI 5 b4k T [ fif 13
WRBE, 5 T 18 b DX A AR 1 e B I 5 A DO (8]
11b) B E B 3 Ll RS e B S BUAE i<
#+(432 Ma, Zheng et al. , 2018 ) FIRI 15 I 1A 725 o
(#7432 Ma, [E5IESE, 2018) S L2y 439 Ma B4}
QTR

Fp VAR K i A BUAE 5 A 4R v AR 427 ~
410 Ma,fH 427 Ma FYAFE8 AL TE /K 7] PG 34 Ak 11 30, 3L
AFESAES B T AE 420~414 Ma(812) , X2 A BIfE
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Fig. 10  Discrimination diagram of tectonic environment of

A-type granite (after Eby, 1992; the granite data source

except Baidungou is the same as Fig. 5)
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FEIE A PR (224K 5255, 1999) . RliEg % (2010)
FERS IRAKIE T L X AR AS AR B 1 Ly S i 1) S
AUTRAERS Jy 423.2+1. 8 Ma, BRAEFAZE (2007 ) 1E4%
IRARUARITE K R 5 3R 2 B 2 128 o Ay
420+20 Ma, L4 M P 55 VD45 #A TN A7 B9 Ar-Ar BPAE IS
(427+5 Ma | BRAEAZS:, 2002)—3%, R ERKE &I

1000 SRRV =
F N o [Tl b
s 0 439M
[ R 4R 9 4 W IESE 000F 42?-'--:]0[\'{3 o
o 403 Ma BEIHE R
_ © 390 Ma
& P
o
o\ §eo:ol 1500
. LA \aN\\ o e 3 EUNIRTS
= Q . BB by
=100 - <’ b5
2 | Pty
L 1000 &y gy N\ .
= iy ,ﬁ?ﬂ ; fe] i
e A
Wity g1 (.,O =
500t Mmoo o
KA FAE R & e [+
-“=JLFI|I[>(TL’.|X]{: A_JIJIHA’WUAM.
10 L i L
10 100 0 5(}0 IUUU 1500 2000 2500 3000
w(Y+Nb)/10 * Ry
K11 AN R A FE T SR 0 a #1 b IRIE 4 5E Pearce (1996) A1 Batchelor and Bowden (1985) , i i) LAZMY)
Bl AR 5 ]
Fig. 11 Discrimination of tectonic background of Baidungou granite (a and b is after Pearce, 1996 and Batchelor and Bowden,

1985, respectively; the granite data source except Baidungou is the same as Fig. 5)
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