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Li J Q, Wang B Z, Wang T, Wang M, Li Q, Ma Y C. Genesis of Late Ordovician granite porphyry at Heicigou gold deposit,
East Kunlun: constraints from zircon U-Pb age, geochemistry and Sr—Nd-Pb—HTf isotopic systematics. Geological Bulletin of
China, 2022, 41(12) : 2173-2185

Abstract: The Heicigou gold deposit is located in the southern segment of the East Kunlun Orogen. The graniteporphyry in the area
which is parallel to the gold metallogenic belt along the NW trending structure, is a newly delineated felsic dike related to the gold
mineralization in recent years. Based on LA —ICP —MS zircon U —Pb dating, St —Nd —Pb —Hf isotopic systematics, and whole —rock
geochemistry, the formation age, petrogenesis, tectonic setting, and magma source of the granite porphyry are discussed in detail. The
results show that the zircon U —Pb age of the granite porphyry is 445.8+2.4 Ma( MSWD =0.36), indicating an age of the Late
Ordovician. The granite porphyry contains 75.17% ~78.94% SiO,, 10.22% ~12.8% Al,O;, 5.49% ~7.07% K,O+Na, O, K,O/Na,O
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ranging from 0.01 to 0.03, 0.05% ~0.07% MnO, 0.08% ~0.25% MgO, 0.07% ~0.08% P,O., and 0.15% ~0.18% TiO,, suggesting
that the rock belongs to the low—K calc—alkaline rock series. The A/CNK and A/NK values are 0.92~0.99 and 1.1~1.14, respectively,
indicating that the rock is metaluminuous. The ZREE concentration ranges from 132.4%10° to 183.95%10°°, with the LREE/HREE

ratios varying between 8.04 and 8.78.The primitive mantle —normalized trace element spidergrams are characterized by enrichment in

Ba, Th, and Pb and depletion in Nb, Ta, and Ti, similar to I—type granites in volcanic arc settings. The granite porphyry exhibits high I
(0.7133~0.7158) , (*”Pb/*™Pb) , but low &,,(#) (—4.45~—5.15) and &,,(f) (—11.12~+0.13), similar to magmas derived from the

lower crust.It is believed that the granite porphyry was formed in a continental margin arc setting due to the northward subduction of

the Proto—Tethys Ocean in the Late Ordovician, and that the magma was originated from the partial melting of the lower crust.

Key words: Heicigou granite porphyry; petrogensis; LA —ICP —MS zircon U —Pb age; Sr —Nd —Pb —Hf isotopes; whole —rock

geochemistry; Late Ordovician
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Fig. 1 Simplified tectonics map(a)and geological map of the Heicigou gold deposit(b)
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Fig. 2 Hand specimen(a)and microphotograph (b, cross—polarized light) of the granite porphyry
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Table 1 Whole-rock geochemical data of the granite porphyry in the Heicigou gold deposit

S HCG-1 HCG—2 HCG-3 HCG—4 S HCG-1 HCG—2 HCG-3 HCG—4
Si0, 76.83 76.66 78.94 75.17 F 138.60 126.70 126.30 150.30
TiO, 0.17 0.18 0.15 0.17 Au 256.00 458.00 424.00 285.00

Al O, 12.02 11.92 10.22 12.80 Cu 204.50 662.00 198.70 20.33

Fe, O, 1.64 1.87 1.15 1.45 Pb 318.30 1199.00 878.90 1328.00
FeO 0.42 0.27 0.58 0.40 Zn 59.02 21.84 57.84 2502.00
MnO 0.05 0.06 0.06 0.07 Ag 2.58 8.58 11.35 4.04
MgO 0.12 0.08 0.22 0.25 La 38.74 33.88 26.97 41.15
CaO 0.74 0.87 1.01 0.82 Ce 71.07 63.67 54.04 75.91
Na, O 6.55 6.53 5.42 6.89 Pr 8.30 7.33 6.63 8.72
K,O 0.08 0.06 0.07 0.19 Nd 30.25 26.67 24.50 31.65
P,0;4 0.08 0.08 0.07 0.07 Sm 6.32 5.87 5.32 6.69

hedk & 0.90 1.03 1.51 1.27 Eu 0.67 0.63 0.66 0.53
it 99.61 99.63 99.40 99.56 Gd 5.52 551 458 6.07

Rb 2.99 1.34 3.33 2.30 Tb 0.94 0.89 0.76 1.01
Ba 1567.00 2152.65 6144.29 795.32 Dy 5.02 4.85 4.02 5.48
Th 19.22 24.41 23.42 22.35 Ho 0.89 0.85 0.72 1.00
U 2.89 4.11 4.39 2.31 Er 2.37 2.27 1.84 258
Nb 12.28 15.48 12.02 14.46 Tm 0.36 0.34 0.29 0.39
Ta 1.57 2.37 1.97 2.27 Yb 2.24 2.15 1.81 2.41
Sr 83.85 97.40 125.77 86.67 Lu 0.35 0.32 0.28 0.36
Zr 96.03 99.20 80.98 104.25 Y 26.20 25.23 20.22 29.30
Hf 2.99 3.65 2.99 3.49 SREE 173.06 155.22 132.40 183.95
Sc 5.78 5.17 4.98 4.77 LREE 155.36 138.04 118.11 164.64
W 14.74 13.41 9.78 20.47 HREE 17.70 17.18 14.29 19.30
Sn 6.65 7.54 6.07 11.68 LREE/HREE 8.78 8.04 8.26 8.53
Bi 1.67 9.56 3.46 0.31 Lay/ Yby 12.41 11.32 10.68 12.26
Mo 0.18 0.26 0.15 0.42 3Eu 0.35 0.34 0.41 0.25
\% 19.88 19.29 16.45 18.99 3Ce 0.97 0.99 0.99 0.98
Li 3.45 3.52 411 1.92 A/CNK 0.99 0.96 0.92 0.99
Be 0.81 0.88 0.63 1.08 o 1.30 1.28 0.84 1.55

H:A/CNK =( AL, O, )/ ( CaO+K,O+Na, O) BE/REHE ; BUF 2 I8 M 0 =(K,0+Na,0) 2/ (Si0,—43) , ERICE T RN A% , e
JCE T Au FHRIANH 107 HATRE MM Lo R SRl 107
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Fig. 3 SiO,—(Na,O+K,O) (a)and AFM(b) diagrams of the granite porphyry in the Heicigou gold deposit
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Fig. 4 A/CNK—-A/NK(a)and An—Or—Ab(b) diagrams of the granite porphyry in the Heicigou gold deposit
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Fig. 5 Chondrite—Normalized REE distribution diagram(a)and primitive mantle—normalized

trace element spidergram(b) of the granite porphyry in the Heicigou gold deposit
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Fig. 6 Zircon CL images of the granite porphyry in the Heicigou gold deposit
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x2 ERAEH XENBIAE LA-ICP-MS $#A U-Th-Pb B EHHTER
Table 2 LA-ICP-MS zircon U-Th-Pb isotopic dating results of the Heicigou granite porphyry
JLEEHE/107 [ % LB [F) 37 28 4F-#/ Ma
Mg — Th/U
Th U 207 py, /206 p 207 pp, /23515 206 p, /2381 7 207 py, /206 p, 207 py, 235 206 p, /2381
1 260 976 0.27 0.0691+0.001 0.681910.0098 0.0716%0.0008 900.5+29.8 527.9+5.9 44614.6
2 190 704 0.27  0.0565%0.0007  0.557240.0074  0.0717+£0.001 4724271 449.7+4.8 446.2%6
3 313 1057 0.30 0.05610.0005 0.5555+0.0073 0.0717£0.0007 453.7+19.6 448.61+4.8 446.41+4.2
4 357 649 0.55 0.0662+0.0009 0.6606+0.0094 0.0723+0.0006 813.2+27.6 515+5.7 45013.5
5 216 913 0.24 0.0563+0.0005 0.5581+0.0054 0.0718+0.0006 463.6121 450.3+3.5 446.8+3.3
6 184 856 0.21  0.0649%0.0007  0.6449%0.0083  0.072240.0008 771.1423.5 505.4%5.1 449.145
7 373 1609 0.23 0.0564+0.0012 0.5526+0.0133 0.071£0.0012 468.71+46.2 446.718.7 442.217.2
8 320 1593 0.20 0.0568+0.0007 0.5593+0.0063 0.0714£0.0006 484126.6 451.1+4.1 444.3+3.7
9 120 582 0.21  0.0551£0.0006  0.5486%0.0058  0.072140.0006 417.1425.1 444.143.8 448.843.6
10 93 650 0.14 0.0576+0.0011 0.5694+0.01 0.0715%0.001 514.4+43 457.616.5 445.4+5.7
11 226 1111 0.20 0.0565+0.0007 0.55710.0094 0.0713£0.0007 472.1+27.3 449.616.1 444.1+41
12 153 876 0.17  0.0559%0.0007  0.5548%0.0063  0.071940.0005 448.2426.3 448.1+4.1 447.742.8
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Fig. 7 Zircon U—Pb concordia (a)and weighted average age (b) diagrams of the granite porphyry in the Heicigou gold deposit
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Table 3 Sr and Nd isotopic compositions of the granite porphyry in the Heicigou gold deposit
RS YRbASr Yspfose  (YS/MSr); Wem/™Nd WN/MND (PNHN) eg(D) funa fom/ Ma
HCG—1 0.103 0.7143 0.7136 0.1264 0.5122 0.5118 -5.13 -0.36 1711
HCG—2 0.040 0.7142 0.7140 0.1330 0.5122 0.5118 —4.45 —0.32 1747
HCG-3 0.077 0.7138 0.7133 0.1312 0.5122 0.5118 —5.15 —0.33 1787
HCG—4 0.077 0.7162 0.7158 0.1278 0.5122 0.5118 —4.74 —0.35 1696

H:(YS/%Sr) cuur. =0.7045, (7 Rb/% Sr) cyur. =0.0827, Ny, =0.0142Ga™!, (" Nd/™ Nd ) oy =0.5126, (¥ Sm/ ™ Nd ) ¢y =0.1967,
("N N by =0.5132, (7Sm/ Nd) 1y, =0.2137 A, =0.0065Ga ™! ,1=445.8 Ma,fy, ng =S/ NA) o/ (S M NA) o 1,5 (FCFERES)
®4 BRRFETRIERBIE Pb B RAN
Table 4 Pb isotopic compositions of the granite porphyry in the Heicigou gold deposit

206 ppy 207 pp, 208,
B 1o 1o 1o /' Ma (2"“Pb/2(’4pb)l (2”7Pb/2'HPb)‘ (2"pr/3"4pb)‘
/204 ppy /204 ppy /204 ppy
HCG—-1 18.416 0.0002 15.741 0.0002 38.633 0.0008 445.8 18.375 15.738 38.544
HCG—2 18.371 0.0003 15.723 0.0004 38.551 0.0012 445.8 18.355 15.722 38.522
HCG-3 18.294 0.0021 15.632 0.0026 38.259 0.0085 445.8 18.272 15.630 38.220
HCG—4 18.226 0.0002 15.662 0.0002 38.567 0.0008 445.8 18.218 15.662 38.543

(I +( 206 Pb/mme) = ( 206 pt,/204 p, ) - 7}-‘«( eM—1 ) , (207 Pb/ 24 Pb) = ( 207 ppy, /204 p, ) - -w/137.88 ( eM—1 ) , (2118 Pb/ 2™ Pb )i -
(P%Pb/2"Pb) g —w (M =1)  F ¢ ROLAERY 445.8 Ma NP U=1.55125%107""/a AU =9.8485%107""/a, N\*? Th =4.9475X107" /a

#x5 BRRALTXENEEAREM Hf B EHE
Table 5 Zircon in situ Hf isotopic data of the granite porphyry in the Heicigou gold deposit

M5 oyb/ T HE 20 76 Lo/ Hf 20 76 1g/ 177 | 20 /Ma epe()  Tpm/Ma Tpyp/Ma fi e
1 0.020843  0.000248  0.000708  0.000012  0.282450  0.000020 -1.8 1124 1538 —0.98
2 0.010521  0.000460  0.000371  0.000017  0.282429  0.000021 2.4 1142 1577 —0.99
3 0.011578  0.000106  0.000360  0.000004  0.282395  0.000019 3.6 1189 1654  —0.99
4 0.033064  0.000839  0.001149  0.000025  0.282462  0.000021 1.4 1121 1521 —0.97
5 0.007096  0.000114  0.000227  0.000004  0.282466  0.000020 -1.0 1088 1493 —0.99
6 0.016727  0.000233  0.000558  0.000007  0.282461  0.000023 -1.3 1103 1509  —0.98
7 0.015343  0.000573  0.000513  0.000022  0.282503  0.000021 e 0.1 1045 1416 —0.98
8 0.021738  0.000395  0.000655  0.000010  0.282503  0.000017 0.1 1048 1417 —0.98
9 0.022948  0.000830  0.000793  0.000031  0.282420  0.000020 -2.8 1168 1606 —0.98
10 0.015647  0.000335  0.000519  0.000011  0.282490  0.000019 -0.3 1063 1445 —0.98
11 0.044412  0.000721  0.001445  0.000017  0.282462  0.000021 -1.6 1129 1525 —0.96
12 0.013922  0.000546  0.000447  0.000017  0.282183  0.000037 -11.1 1483 2128 —0.99

e 7OLu AR RN 1.865%107" a7 BROBLB A AR E(E : (7O Lu/'7 HE) oo =0.033220.0002, (7 HE T HE) oy =0.282772%
_( 176 Hf7177 Hf‘) M J/[ ( 176 LU/

0.000029, ( " Lu/ "7 HF) = 0.0384, (7O HET HF) 1y =0.283255 15, = 1/AXIn { 1 +[ ("7 HE/'77 Hf)
7( I76Lu/177Hf> DM]

177 Hf)

sample

sample

I HE [ R AR A BEA 7 HY 7 HEH R
0.282183~0.282503 , “F-14 0.282435; 8, (1) = —11.1~
+0.1 , BERAE R Ty, =1416~1654 Ma, it K T H 45
FHAENY 445.842.4 Ma,

5 3 8
5.1 HAERK

AREE RN BB X AL b BE 2 4R K ]

R r= s B e 1 A 1k, B iR A WAERGE, A
AT R AL BEA B A1 U—Pb 4R 445.8+
2.4 Ma, RWIHZE S U AR D B B T, X8 1
IR B R T e L B A < T AR /N HLRT AR
SO AR A B, A0 A i 250 045 95 A JEAE
N A LA-ICP-MS £ 1 U—Pb 4E#% H445.941.3
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