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Early Carboniferous quartz diorite in the Baxi copper deposit, East Junggar:
Insight into potential for porphyry copper deposits

ZHANG Ming-hong, YAO Yong, CHENG Zhi-guo and ZHANG Zhao-chong
(State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China)

Abstract: The Qiongheba area in the East Junggar terrain is located in the middle section of the Central Asian met-
allogenic domain. Although many Paleozoic porphyry copper (molybdenum) deposits have been discovered in this
area in recent years, these deposits are all small in scale and the metallogenic potential requires further evaluation.
The Baxi copper deposit is one of the typical and representative porphyry copper deposits. The quartz diorite and
quartz monzodiorite are closely related to porphyry copper mineralization. The zircon mean U-Pb weighted average
age of quartz diorite is 345. 7+3.0 Ma, indicating that it was formed in the Early Carboniferous. The plagioclase in
quartz diorite and quartz monzonite is not andesine that is common in intermediate rocks, but calcium-richer labra-
dorite. The bulk-rock geochemical characteristics show that they have meta-aluminum-weak peraluminum calc-alka-

line I-type geochemical signatures. The primitive mantle normalized incompatible element patterns show the enrich-
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ment of large ion lithophile elements relative to high field strength elements as well as significantly negative Nb, Ta
and Ti anomalies, suggesting a typical island arc-like geochemical feature. The mafic microgranular enclaves
(MMEs), positive eHf(t) values (+13.66~+15.56) and the calcium-rich plagioclase in the rocks suggest that the
magma originated from the mantle-derived basic magma mixed with felsic magma derived from juvenile crust. Based
on the amphibole compositions, the authors calculated the pressure (28. 6 ~ 166. 9 MPa, equivalent to 0. 6 ~
3.1 km), temperature (673~908°C), water content (3. 18% ~4. 64%), and oxygen fugacity (ANNO-0. 22 ~
ANNO+3. 27). Combined with the tectonic setting and geophysical anomaly of the mining area, the high water
content and oxygen fugacily of magmas indicate that the area has good prospecting potential for porphyry copper
deposits.

Key words: quartz diorite; magma source area; physical and chemical conditions; metallogenic potential; Baxi

copper deposit
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Fig. 1 Distribution of porphyry copper-molybdenum-gold deposits in the central and western parts of the Central Asian
metallogenic domain ( modified after Gao Jun et al. , 2019)
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Fig. 2 Regional geological sketch map of the Qiongheba island arc (a, modified after Qu Xun ez al. , 2009) and geological map
of the Baxi copper deposit in East Junggar (b, modified after Wang Silin et al. , 2017)



LIRE]

SRER W AL ¢ T AR RS ZK PG R Ay i T A S D B O S BT A4 7R T X 157

A IRl T il E B AR . AT
Perti O T AR AT o, BT A A AR A R
RN B MR AR T, B R
BIR , b AR I T BN IR By s ik s I A ARl o0 &
AR b i A LA S H b 2 Sl
AR AARER L E , R R 3 2R FR AL
JEUE O A1 BT s e B e Al 2 2 AR B 4 A
W A1 EReAT AN A1 55, I3 A TR SA A SN, A
R R G P RN
A AT T M, e B AR G B RSk (0, T2
gL A A AL, IR 2 1L 5 o T e
WK R R BB AT A AR AT AL AR A
DX ) 2H A i B, LA B 7 8 Bk
08 3 WANEAT DB RERRE ARE A B2
Sy AR EATERCIR , F 3 LA Bk GRS
EVRGCR KB ARIRZ . s eI, #l i
UL G AR e 2k B QR A, o0 A1 T S B R

BA A
3 Rt E AR R R R

ARSI A0, ok IR RLR 54, B
ARAE S RIEEZY 0.2 ~5 mm, BHC A & 60% ~70%,
AR 15%~20% , FHK A < 10% , B A5 YL
MANRE, FEA 10%, fAINA S EEA, ST Y
VARG F o RHR A i 8 52 1l A8 | DL2E = BE 4L
TAR Ry R R A ke A Ak (K] 3a.3b)

A BE N T DR BR R B P BRI e A
KN 2 emx2 em~6 cmXx10 em, 2 HE S ERHAH
BRI 45k RIEEZ) 0.1~0. 4 mm, LA BIEFE AIE
REA AR BA M RANA T AT Y&
65% ~75% , W O 4 T 8 20% ~30% , W ANA AT 24
1% RGBT S5 R, AR 5 35 A 98N
KA IRl (B 3¢ 3d) o

K3 frae N LU P R A T A R e T
Fig. 3 Hand specimens and microphotographs of quartz diorite and enclaves
a— A BENKE FARAR BT 5 b—rfohiaf FUB A SEINRE BB T IR (+) 5 c—AZENEE PR E IR d—mS @ IRk B
T A R, S RAESH (+) s PRI Qu—1i3E; Bi— R =B Hbl—E i M
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Fig. 4 Cathodoluminescence (CL) images of zircon separated from quartz diorite
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Fig. 5 Zircon LA-MC-ICP-MS U-Pb concordia diagram (a) and weighted average age (b) from quartz diorite

*2 ARRKEHA Lu-Hf {AESFER

Table 2 Lu-Hf isotopic data of zircons separated from quartz diorite

S FR/Ma TYh/THE 20 7 Lu/ T HE 20 ToHE/ T HE 20 eHf(0) eHf(z) tpy/Ma ry/Ma  fs
BX3-03 349  0.066 001 0.000 657 0.001 659 0.000024 0.282972 0.000019 7.06 14.36 404 436  -0.95
BX3-08 353 0.061329 0.001472 0.001 818 0.000 075 0.283006 0.000 024 8.29 15.64 355 357 -0.95
BX3-09 341  0.093871 0.001950 0.002345 0.000052 0.282980 0.000025 7.36  14.34 399 431 -0.93
BX3-10 342 0.069 897 0.000 543 0.001 173 0.000 014 0.282976 0.000 020 ~ 7.20  14.33 400 433  -0.95
BX3-11 343 0.050938 0.002098 0.001330 0.000059 0.282997 0.000018 7.97 1522 364 376 —0.96
BX3-12 345  0.069 815 0.000 741 0.001 746  0.000 012 0.282867 0.000 020 6.90  14.10 412 499  -0.95
BX3-13 340  0.090 783 0.001 127 0.002268 0.000 025 0.282961 0.000022 6.69 13.66 427 474 -0.93
BX3-16 340 0.036 940 0.000 496 0.000 980 0.000 013 0.283 001 0.000019  8.10  15.37 355 364 —0.97
BX3-17 351 0.089 104 0.002023 0.002228 0.000055 0.282975 0.000023 7.19  14.40 405 435 -0.93
BX3-21 353 0.046 994 0.000 161 0.001 195 0.000 006 0.282954 0.000 020  6.45  13.94 424 466  -0.96
BX3-22 347 0.065432 0.001 580 0.001 648 0.000 044 0.283 007 0.000020 8.30 15.56 353 357  -0.95
BX3-23 344 0.057 892 0.000 777 0.001 494 0.000 028 0.282981 0.000023  7.39  14.63 389 415  -0.95
BX3-24 343 0.090 040 0.000 584 0.002 197 0.000 022 0.283 012 0.000 026 8.50  15.55 351 355 -0.93
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Table 3 Electron microprobe analyses of plagioclase
, _ RHC AT 57
‘I‘I—}‘% SIOZ T102 A12 03 FeO MnO MgO CaO NaZO KZO ,é\i
An Ab Or
83-1 54.68 0.17 26. 85 0.50 0.07 - 11.51 5.29 0.19 99.26 70 29 1
83-2 56.13 0.03 26.57 0.32 0.03 0.04 10. 69 5.82 0.16 99.79 66 33 1
83-3 59.18 0.01 24.71 0.30 - 0. 06 7.94 7.01 0.20 99. 41 55 44 1

T KRR

H S REE 4 69.17x10°~81.82x10°, LREE
57.42x107° ~69. 60x10°°, HREE }y 11. 75%x107° ~
14.10x10°°;8Eu {4 0. 73 ~ 1. 08, Bk F 3 8055
) Eu 5 5 9 80 5 8 H (LasYb)  E O 3. 58 ~
4.76 , FEBRRLIR A7 b AL H £ 70 K B 43 il 28 B A
BEAMA (K 6), MEITRTRE FERATE
Rb .Ba Sr X &%, %8 ICEK Th Nb Ta Ti P
X7, Sr MM A B A IE S5 5, Nb Ta Ti KA
R FE (E6),

6 11ie

6.1 WHRERRMEEX

AR TR 3% Hb DX A vy A A ) S 40 3 i B i A
BRI H B AR B R B A AE A [R) b 5 D77 58 B 1A T
BT — RANI LA B 5 IUA 3K A (Xiao et al.
2004) , RUEVE/R B UEI A L B AR T —F
B Ry AR AR BRE S AR AT R, 2 ~ 380 Ma I i 270 B
Wil TR (IRAR 24 2006) | ~390 Ma fiY - Hi S Hs
IRBESHR R (AHMESE, 2009) | ~410 Ma () FIHE IR
BEF TR (FEHER %, 2010) | ~410 Ma RISV
BEASAAR TR (BT, 2009) . ~337 Ma 1935
FEATR (Xu et al. , 2017)  ~410 Ma FyHi e v
BEAHERET TR (25 3 645 2018) Fll 354 Ma &A1
THREESAT GRS, 2017) 45, 3002 M X B 2
BV B TRl e e 2t DA AR Ak ok =, i
HP R 8 7t D) 72 O Bt A (<) Ak, AR RN B
B PR AR P T R PR R AR, R A AR
B AL M INK A T R A B, a0 Ak R B ke
A BN A AR A T B ik, 5 4
WALBVIMG, AENKAS AR _KRNKART
BEOCR AT R B, s A e bl 5 B VR N
HBL, AR ST 78 A DEIN A 14 A0 U-Ph S 24F

#5h 345.7+3.0 Ma(MSWD = 0. 40) , PR st Hf ) i 45
IR B it a3 AR PN LA A P A 2L I TR
T R SR O R S8 — 2 KT AR XA R, a0
225 e T I 1 Almalyk 574 X N 53 i A Kalmakyr |
Dalneye ,Sarcheku F Kyzata 55 4 -~ # J< R BKE A 4 47
PR, S N e 225t — 2 i 7 ot (B R 4D
4 2014; Cheng el al. , 2018) ., FH5< 7 1 Oyu Tol-
goi BEA A 4 0 PR W U foe R MBS AR IR, B A
BEATAEIRSY R 374 ~334 Ma(BRIESS, 2016; Wainwright
et al. , 2017) , XEEHSULER , WPUBEA 400 T 76 19 7R
HEIE 258 iy A2 AR 5 9t B AR A 1) B 5 T A

EICH=R
HA3lo

6.2 EAKEA

W IR R A S N R 9 R N Y
AAHEA AR Si0, i (58.97% ~64. 89%) L K
AEEAAINA R HE T 1 AR SIS, WMo
Zh Sr &l 418.00x10°° ~556. 00x10°°, Y 7 &
g 17.40x10 °~21.00x10°°,St/Y {2846 T 22. 72 ~
28. 22, 5 X3 b HAT 3k v i M Bk A 2= R AE AR A
FARAT B X (AR A, 20105 F 4R AR,
2013) , FeH R HLA G 5 A BE B R RRAE (81 7)

B Lu-Hf [F 2 43 Brdh 28, L eHf (0) 1H R
+13.66~ +15. 56, 1 [y BoB AR I8 (6 72 b T 499 ~
353 Ma Z[8], B 75 S VR T 7 458 b 8 phy 02 JR 4
JE3 57 A BT AR HBFE (Peter et al. , 2003) . A,
W XA BN A T 2 A R R) A S AR 5 6 TN K
AR (MME ) |, i B 21 A1 30K, G 4iks 45 44, 3 il
MME 3# 5 BA R RS I8 A mA . 5540, A 3N
KgAK A — o2 bR
A YN E TR AR A, I B K A
JEFEVE A ST, T LA 1 I T AR 0 U
ERWIMA . B, 276 75 X SERRE, A1 SN K
7T BB M R L A 2R RR A A s IR BB
BRI
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K5 AHRAKEITETE (wy/ %) IHETE (w,/10°) HITER
Table 5 Major (w,/ %) and trace element (w,/10"®) analyses of quartz diorite
FE 7K3702-2 7K1701-8 7X2902-60 7K2902-68 7K2901-46 7K2902-46
Si0, 63.23 63. 18 63.75 64. 89 61. 86 58.97
TiO, 0.40 0.46 0.46 0.45 0. 46 0. 69
Al,O4 19.48 17.82 16. 50 17.73 17.53 18. 15
Fe, 04 2. 66 1.34 3.81 1.15 2.89 4.05
MnO 0.16 0.14 0.07 0.05 0.09 0.30
MgO 2.10 1.38 1.55 1.38 0.89 2.57
CaO 5.16 4.29 2.21 3.73 6.72 5.25
Na, O 4.28 4.73 4.78 4.76 5.22 5.04
K,0 0.67 1.97 1.82 1.44 0. 64 0.98
P,04 0.14 0.17 0.16 0.17 0.16 0.16
LOI 1.20 1.43 2.48 1.18 2.34 0.80
Total 101. 87 99.51 98.22 99. 57 99. 69 99. 96
FeO 2.39 2.60 0.63 2. 64 0.95 3.00
TFeO 4.78 3.81 4.06 3.67 3.52 6. 64
A/CNK 1.09 0.97 1. 14 1.05 0.79 0.92
Mg# 0.61 0.49 0. 81 0.48 0.63 0. 60
o] 1.21 2.22 2.10 1.76 1.82 2.27
Se 13.00 9.38 9.40 9.69 7.63 17. 30
v 112. 00 60. 80 68. 80 65. 30 69. 00 170. 00
Cr 4.69 2.28 2.93 2.53 2.17 3.00
Co 12. 60 7.14 9.82 4.52 6.77 17.00
Ni 8.88 4.61 3.96 4.12 6.10 7.53
Zn 31.40 51.70 47.50 23.80 21.40 88. 10
Ga 18. 00 17.20 14. 00 16.90 21.50 18. 00
Rb 15. 80 30. 80 55.10 40. 50 10. 60 14. 40
Sr 513.00 556.00 418. 00 501. 00 431.00 495.00
Y 18. 40 19.70 18. 40 18.30 17. 40 21.00
Zr 155.00 158.00 144.00 162. 00 143. 00 127. 00
Nb 3.27 3.83 3.73 3.79 3.57 3.26
Cs 0.34 0.89 1.99 1.26 0.41 0.50
Ba 463. 00 662. 00 281.00 503. 00 114.00 443.00
Hf 3.92 4.40 4.16 4.48 4.23 3.52
Ta 0.32 0.33 0.32 0.30 0.30 0. 31
Pb 4.21 7.22 13. 80 5.51 8. 16 4.90
Th 2.07 2.79 2.23 2.34 2.39 2.13
U 0.64 1.00 0.91 0.91 0.94 0.86
La 12. 10 14.70 13.00 14. 50 14.20 13.00
Ce 24.00 29.90 26. 00 30. 00 27.40 26. 80
Pr 3.22 3.80 3.44 3.87 3.58 3.66
Nd 13.90 15.90 14. 50 16. 50 14. 60 16. 40
Sm 3.10 3.70 2.98 3.67 3.13 3.83
Eu 1.10 1.02 0.71 1. 06 0.98 1.10
Gd 3.07 3.34 2.92 3.08 2.97 3.61
Th 0.53 0.55 0.55 0.59 0.51 0. 66
Dy 3.06 3.18 3.26 3.22 2.83 3.74
Ho 0.64 0. 66 0.70 0.65 0.60 0.75
Er 1.77 1.97 2.05 1.88 1.73 2.18
Tm 0.28 0.32 0.32 0.30 0. 31 0.35
Yb 2.08 2.17 2.40 2.17 2.01 2.45
Lu 0.32 0.32 0.36 0.33 0.29 0.36
SREE 69. 17 81.53 73.19 81.82 75. 14 78. 89
(La/Yb) 3.92 4.57 3.65 4.50 4.76 3.58
6Eu 1.08 0. 87 0.73 0.94 0.97 0.89
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Fig. 6

Chondrite-normalized rare earth element patterns (a) and primitive mantle-normalized incompatible element patterns (b)

(normalized values after Sun and McDonough, 1989)
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Fig. 7 Sr/Y - Y diagram (a, after Martin, 1999) and (La/Yb) — Yby diagrams (b, after Drummond and Defant, 1990)

of quartz diorite and quartz monzodorite

6.3 BUERT B BHIH

B BT BES HR BB VR D, e B M
S SR BRI BEAT 20 A, BRIV AT B4 B 4T 00 A
R B A 1 5, O B e IR A ) T B
AT R B S AR A

Xt B A, e A A A SR A e Y
RN A AN S5 T LRI B I, 423K HT 20
4 E BB A A I BT A 1 5t A P I A
B3R 15 2% 59 52 T 4H Y Kalmakyr 155 ) Oyu Tol-
ogoi 5 HEUIR ATt filf: 3 125 1114 , 401 75 7 g it 149 X1 S8
o IR PO Y & 1 85 Bt o S A A O 2

R b B AR A2 A Rl ) 7 ) ( Sillitoe, 1972) L, {H
Ja R BB R B /D HOR I8 5 FUE KON AR5 R
M B R b (U0 Defant and Drummond,,
1990; Peacock et al. , 1994; Martin, 1999) , 41K £
BRI B B 25 I 2 P PR AR I B 2 B TR ey 2]
BTSN I e o |07 N - e ' AV e S 20
1) 1t 8 0 3y RS BCEY o S R AT P 2 3B O
WAL N M55 457 MASH 1172 (Hildreth and Moorbath
1988) , ¥ W IR 1 5 87 5 9IUA 9K (Peacock, 1993
Arculus, 1994; Richards, 2003, 2005) ,;H\:CI%:‘,'J—:"\IEI%’%
7K, T H LA 35 1 4% BE ( Richards, 2003) , Ry
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FER GRS R, S EE LB ERE: rIE X T4
Kz, NI 2 Cu Mo Au FFITCE A ZE T 767
FS 56T Bt AP 1T 43 80, T DL B S b 7 i 10 1
FER Eh 159 & 4 (Richards et al. |, 1991; Richards,
1995) .

ATEL IR &, W9 X5 0 A 56 1Y A S TN KA b
BRAGFRRAE b 5350k v 5 B R R]  Ud B A 2
P KPR IR I AT S, & i MME 42
A TN A TR AP A L IE W
eHf (1) (EANE /R -5 07 OC 1A JE N K A R U T i
TR S 200 550 A 52 38 o s Rl 5 I TR B i e
Y, X — S SR G BT 1 S — 2K

i R R BRSO S A, 5
A R BES A AT R 1 5544 © P8 X HA &
B B R Cu I SR BRIR, BT LA A
PRIXNVIZA =Y Cu &l Q) mrY SRR e 2 i
T, PR GRS T B LA +6 M B R 5k i IE X
Vi T8 20 AR R 2 T 2 LA Ak 9 (9 28
SERRUTVE T E R B BTG B i BK & o, B
W RS2 7 PR B B, BT LB B SR A% 22 0 K
PURTAR AR P K2 2 5 19 5 (Richards e al. |
1991,1995) ; @ HRAZ 07, i AAAE R A v A s 1 B 5
JE 7 B IEAHDG e T b o s i B 8, POr A 2K
FTRAL I AR AN AN 9 25 2 Pl 1 0 R AR S B
TR i B A R A, e IR AR SR VS A
P SRR FRALLE 3 AMERIEL. O HokA
T JEIENE 5 5 5 0 A e A I Rl R IR A
XRE Y R XN 3% 2 & 4 1) ( Sillitoe, 1972, 2010;
Richards, 2005) ; @ H4Ff IN A1 BA Ak B0 1Y) S0
Jy ANNO-0. 22 ~ ANNO +3. 27, J& T /& ) 480 3% Ji
@ M4 AN Ao A AR K =N 3. 18% ~
4.64% , AR FA DN A o0 Al 5 i TR B R 290
0.6~3. 1 km, X UL H— B 00 BE 2542 007 R B 2L
T, SR, FIN A FRRC R I 45 4, T LS PR iR
PRI N 1%<3. 3 km,

TR (2017) XA X HEAT T 8 ik 2
TEM A0 BH A1 CSAMT 85 T 45 Hh R 4 3 05 2%
S5 R W R DX PUACER b BEL | b A Ak A | 55 e S
WG X E S IR AR — B,
AN T I A7 B PR K A A B A AR A2 A6 i At AT ]
DR B SR, R RE R — R R
i 5o

L5 LR, TR R 7 B L B

IRAT R A S DA R sk Py S 4 (s 1 %
X BA B R 1

7 45

(1) PGHTE PRI 54 R B i DA g A
K AR ZRINK AN ER/NERAR AL
Ny Ik, i AE B A SN A S A U-Pb A
PIAEA A 345, 7+3. 0 Ma, )¢ FlA A0 2 R W H:
J& T UWEAR BT 55 1 A0 B A s rh R I 1 AV AE R B
A1, R A T R S R A S I 5 A M e
SV ROE B R PR A R IR A, BT DA A 1 T S
JOE T2 A2 o R A R B 7K 5 S b e P28 30 il -
251 MASH %, 1 AN 2 ELZ fIRF b 8 B R 5
H A3 Fh R 25 2

(2) MR INA AT B TR 28. 6~
166.9 MPa, A4 F K25 0. 6~3. 1 km, i & 673 ~
908°C , /K7 F- 4y 3. 18% ~ 4. 64% , % &}y ANNO -
0.22~ANNO+3.27,

(3) A9 WK B R 1 S S R B i
MIE LR Bt TR RIS, 456 H ™ A 8 8 55t
DL RA X M 3k 4 3 S, A R XA AR U i B
WA R T
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