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Abstract

The Late Paleozoic Boluokenu island arc belt, located at the northern margin of the West Tianshan Moun-
tain, Xinjiang Autonomous Region, China, hosts abundant mineral resources and intermediate-acid intrusions. In
this paper, the trace element geochemistry of zircons from ore related intrusions in the Kuokuqueke skarn type
iron-copper deposit in the central part of the island arc belt has been studied, and the genesis, physical and chemi-
cal conditions of zircon formation and its implications for mineralization have been identified. The data shows
that zircon in syenogranite and diorite closely related to mineralization is enriched in heavy rare earth elements
and depleted in light rare earth elements. The Y. REE of zircon in syenogranite is (627~1625)x10°, the X REE of
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zircon in diorite is (345~1439)x10° The Ti zircon thermometer shows that the crystallization temperature of zir-
con in syenogranite is concentrated in range of 598~810°C, and the crystallization temperature of zircon in diorite
is concentrated in range of 651~932°C, and the oxygen fugacity of syenogranite (41FMQ +4.25) is significantly
higher than diorite (4FMQ —1.01). The zircons of the ore-forming rocks were formed in a closed magmatic sys-
tem, mainly magmatic zircons. A small amount of zircons in diorite may have been transformed by LREE en-
riched hydrothermal in the late magmatic period. The Ce*/Ce*values of zircons from ore-forming rocks are sig-
nificantly higher than those from non ore-forming rocks in the region. Among them, the higher Ce*/Ce**values in
zircons from syenogranite indicate that there may be greater Cu mineralization potential in the skarns formed by
contact metasomatism between the Silurian strata and syenogranite in the Kuokuqueke ore district.

Key words: zircon trace elements, oxygen fugacity, ore-forming intrusions, Boluokenu island arc belt, west-

ern Tianshan Mountain
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Fig.1 Tectonic setting of the Boluokenu metallogenic belt in the Western Tianshan Mountains(a, after Wang et al., 2014) and re-

gional geologic map of the Boluokenu region(b, after Xue et al., 2011)

1—Quaternary; 2—Permian sedimentary rocks; 3—Carboniferous volcanic and sedimentary rocks; 4—Devonian rocks; 5—Silurian rocks; 6—Ordo-

vician sedimentary rocks; 7—Precambrian basement; 8—Monzogranite; 9—Granodiorite; 10—Quartz monzogranite; 11—Syenogranite; 12—Inter-

mediate dikes; 13—Basic dikes; 14—Quartz veins; 15—Geological boundaries; 16—Unconformity boundaries; 17—Fault; 18—Fe-Cu deposit;
19—Au deposit
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Fig.2 Geological map of the Kuokuqueke deposit

1—CQuartz felsic porphyry, dacite porphyry, andesite porphyry of the Upper Sub-Formation of the Lower Carboniferous Dahalﬂ"z‘gljunshan Formation;
2—Limestone, siltstone and quartz siltstone of the third Member of the Upper Sub-Formation of Lower Silurian Nilekehe yl\:\amjation; 3—Limestone
and marble of the second Member of the Upper Sub-Formation of Lower Silurian Nilekehe Formation; 4—Siltstone, muds"tdﬁe‘ and sandy conglome-
rate of the first Member of the Upper-Formation of Lower Silurian Nilekehe Formation; 5—Tuff of the seventh Memheu of the Lower Sub-Formation

of Lower Silurian Nilekehe Formation; 6—Limestone of Musonggieke Group of Jixian system; 7—Granitoid; 8—Fe Cu ore body; 9—Skarn;
10—Fault and number; 11—Anticline and syncline; 12—Sampling location; 13 ?eposnt area
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Fig.3 Chondrite normalized REE distribution patterns of zircons from the ore-forming intrusions of the Kuokuqueke deposit area

a. REE patterns of zircons from syenogranite; b. REE patterns of zircons from diorite
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BEAIEAT B R AR 0 I A AT A A R
(°C) 5 o (Ti) L5 12

1(°C ) = (4800 + 86)/[(5.711 + 0.072) — log(10-Ti -
in-zircon)—logoag;q,+10gario,]—273.15

Hodpr AR 2854 Ti a3t , 105Ti-in-zircon 1t 22
AT TR &1t (107°) , agiop Al oriop 73 M ARFR S HE
SiO, M TiO, HY i B , A58 K H 0610,=0.6 il 01410,=0.7
AT . M2 BT A A0 R R R DXk
WA PR IE KA 5 5 B A0 0 45 S T P B 1R I
i (1072°C) , HAx B vh 7F 598~810°C, F-1 721°C;
IR A 25 b TR Ol 651~932°C , P-4 765°C , 1%
5N AEAE (2017 ) TH: 1Y) e PR A R AL i) 1 AR 4 1 1
FHRJE (705~760°C, P-4 733°C ) A K [i] X i (16 vy 2y
2% (703~779°C , F- #4 751°C ) Fl A 5 % v (738~
770°C , -5 755°C )1+ 5 5 Fe-Cu i PRI 7 1A 22
2o B T BT A A 9 e 2 3 (177, 2016
il 745, 2018) . WFFE R, 5 5 MU A F A ¢
AL 10 5 B0 A AR B 5 3 B B e i T O R
(>800°C) , M IRF s T A4 (1 i A U ] fig S Bx 2 48
5 A 18 TE B IR B P AIG ( < 800°C , Miller et al., 2003;
Liuetal., 2013) . ME 4 0] LLA H AHF5E LT fr
A B A 45 R AR AE TR 7 600~800°C , [ I 1hE H 124 1
WA R E 2 AR R v VR, Xt S5 0F 5% XA
B e Za T 22 105 T b R LU 1) G A AR R R w3 — A s
HIFAEM G -

1300 -
O EAEM K&
+ K
1100 F
A
o =966°C J 6 LR Ti=75%10"
+
o 900 .
= + + £00°C
............ c%_‘_g 'r_+¢ L1t
o oo
700 f = 90 ¢
H = Ty =600°C
A A I ';\f
500 | B F IR
5000 7500 10000 12500
w(Hf)/10°

B4 PERf R X IE AR B A A B A 45 il (o)
5 w(Hf) 3 Z F (§5 Watson et al., 2006)
Fig.4 Relationship between zircon crystallization temperature
and Hf content of zircons from syenogranite and diorite in the
Kuokuqueke deposit area(after Watson et al., 2006 )
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Il PEBA R DX e A 1 s A AE R TR Bl oy
BACRAR RN MG LT R EE B nE T,
I HEHA ATRFEEE I Ce IE 5% 1 EU L% o (HA
BRAE B A s o Ak P P R DL DN 2 (18] 3b)
DR R T 05 B Ce S5 LA KA 22 1Y
IR LOUR B M, RV Loe RN E 4%,
X5 PR S A7 1 REE Be 43 B UAR 81 (Hoskin, 2005)
M TE A AE 54 75 (18] 3a) gl £ ) 4 38 3 30 i b 2 1Y
Ce IE 5% M Eu i %% , H HREE %% LREE W] ¢ &
£, SRS, I RS R B REE it /0 B XA )
4 (Belousova et al., 2002; Hoskin et al., 2003) ., #}5%
FEH A PR R 1 A A 24 0] R 53K LREE
B I Th U &5 A(La/Gd) 52 FE A 2k ¢
% (Whitehouse et al., 2002) , i 4~ R BF 5% T #0465 47 7
(La/Gd)y-(Th+U) & f# (18] 5a) o & S s AT fa] 4 56
M L, 38505 41 LREE & 45 W %A /T A%
FATERLH . BRILZ AN, PR MARE - BRTC 8% 2
N RS A KA E 4 LREE 1y & 2 7 [
(Hoskin, 2005; Pettke et al., 2005; Fu et al., 2009; Xia
etal., 2010)., Cavosie %5 (2006 )\ Ky , PR B 47 5 5
£ LREE [ 43 85 A H (Pr)y > 10 H (La)y > 1, 1fi &
AR T A B A (Pr)y <10 H (La)y<1. 7E (Pr)y-
(La)y Bl i (& 5 ) v, 20 EB 53 8 41 Vi a5 T H B A Fl
LREE & #A H8h r DX, o758 s TR AL A 2%
Eaa(La)y> 1t I X3, 5540, 8541 1 Th/U{E
AT LADK 3 HIE iU 28 AR R ARG A5, DI )
W #5 47 1% 1% Al (Schaltegger et al., 1999; Rubatto,
2002) ., [§ RN XA 1) IE AL B A 45 1 Thi
U 1 (0.36~1.34, *F 14 0.83) HI [N K # 4% £1 (0.53~
1.13,°F440.72) B TRIUfE L ¥ K T 0.5, R AT
)@ T AL ) 1 e 4 (Bl Be) . 254 CelCe™-(Sm/
La), &l (B 5d) ] LLE Y B T HB A IN KA ik
TS5 76 T PRSI 3, HAx KR4 A Rk 1y
B I 5 TR S S A DX I A A - R
Bk I X 3PN, X 5 e AT o0 R 4B A )
Go HFASC AT I ES A 25 S Y R F Il
BEA R4 SR 1 BR (600°C) , L, B AT AE IR
B S A, G551 SCESE , A R A AR R X B
WA R A BIE T 5 A 0 S R AR R, R
WAk M N T B A T BB AE 5 SR 0 1) 3
2T R TR IR GE R B TS
TR R B A B RRAIE o
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Fig.5 Correlation diagram of trace elements of zircons from syenogranite and diorite in the Kuokuqueke deposit area
a. (La/Gd),-(Th+U) diagram of syenogranite zircon and diorite zircon; b. Pry-La, diagram of syenogranite zircon and diorite zircon; c. Th-U

ratio diagram of syenogranite zircon and diorite zircon; d. Ce/Ce*-(Sm/La),, diagram of syenogranite zircon and diorite zircon

53 EREBMESHE

B i T ER T LA A IR R A A
TS IR XSG . BT U R YD ST R AR A
B AH T 1 53 T 2R A0, A [R] 2SR B A v 2L fafl o
JCER B 17T R Z E] 1Y LU (E (U/Yb \U/Nb Nb/Yb) i
17 E8e, AT ARG A i 1 B 5 1R A9 R AIE (Pearce et
al., 2006; Grimes et al., 2007; & #&1&, 2010), Grimes
S (2007)FEGE Tt 1 OREE H B EEERR VG VRS
BRI 37 37 0 Talkeetna & 5K L K2 K fi 1 X (1) 485 4 Tt T
R M REE LR ARG, HIVE T UIYb-HEFIU/YD-Y &
fite , LA 235 A0 B 45 b PR, T8 s A=A 1) A

X, MK 6a.bAlLIA i, AWM LT A 85 A
) A5 X5 9 N K i s Ay DX, DT 4 0 ) 22 A Rk X
B E RS AU L T RS 5 . BFE R b
ZRA (MORB) HH B A7 B AN [] 1 Ho At ) 3 75 5
TR A, EATEA WA U/Yb{E ( <0.10),
Fn BEE K A MORB i K 5 A A A T R, 1
WARES AR UIYD > 0.1, W3R B AT BBAEAE Z FhAS [F] Y
PR TE T 5, S 340 1 12 R FH At BUAS 2 R fige i — 20
WEAH (Grimes et al., 2015) . & PEHRMT X B A 4
FER UIYD {1 (0.31~1.22) ¥k T 0.1, i 1 Ig(U/Yb)-
Ig(Nb/Y b)#4) 38 - 75 3% 85 S5 0 501 11 ik (1] 6¢) AT R, 3k 4
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Fig.6 Tectonic environment and genetic discrimination diagrams of zircons from syenogranite and diorite in the Kuokuqueke

deposit area

a. U/Yb-Hf diagram of syenogranite zircon and diorite zircon; b. U/Yb-Y diagram of syenogranite zircon and diorite zircon; c. U/Yb-

Nb/Yb diagram of syenogranite zircon and diorite zircon; d. (Nb/Pb),-Eu/Eu” diagram of syenogranite zircon and diorite zircon

B BIE BT R S AR, 53 40, 1 Ak [ A
BHERAE K S RN R T 5 9O R S A IR T
I i PR EE (BE R 2045, 2014; 2015; HI 5, 2016; JEiAK A&
4, 2017) , X S AR W 5T S A R I 1) AF B K
FRIE—2L,

TERS A 1 75 45 3K K 7 T, Wang 45 (2012a)
A B TE AT - H A AR 5 b A R A b A
R B AR I A 2R A A I AU I RUAE 54 5 1)
R B AR T S BUAE i) AT R (NB/PD) [
1B, T A RIAE 5 A DL 35 0 Bu s 5 1 B4R R
XA, TEES A MY AR A R E  (E ed)
bR T —ANIE R AL < 8 A R S AN, T RE 7%
SCFIVRTE R A, SRS 0 RO R < B A
— 0, IF RS R SS y L [m B A B R

3T 9T R R B 2 4 A R K B R LY R
(FE el =, 2011; ZFEVKSE, 2014; FHi A%, 2014;
JAN L4, 2017; Wang et al., 2018) .
54 ERSEEREMETHER

RIS S M 3 4 R B 2 S DL A
W5 R & P R S BEAE bR, T Ce ML Eu AT ZH
BN, T N A I A0 AR AS TR Rk, P I
A Ce Fl Eu F it ] DAAR g b S L 4 1) 4t B
(Ballard et al., 2002; Pettke et al., 2005; Barth et al.,
2010; Li et al., 2012; Burnham et al., 2012) ., Eufi#¥ i
S RN T IR S A i 46 i AR P Y AR
AR JFOR A, A A BEuSH A J5 s Eu?* 4 LE T Sme+ Al
G B Ml i A B A A As i, )2 SR Y Bu i SR
(Hoskin et al., 2003) . 73 4b, 24 Ce®* # A 1L Al Ce**
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J& 2 B Zr 5 HE ARl ek A 27 2R, A L T
HAFRH - OTER , Ce B ANAE b 5 4 3 T A P B A
I ICE , KL, Ce (Y IE 7 # & Ky Ce* M [ T La®*
FPrFE B A v HA SR AR A M TR AR T 2t
Hf U Al Th* Bir &3 29 (Ballard et al., 2002;
Hoskin et al., 2003; Trail et al., 2012) , W55 B~ , 7F
AR 5T B B A BRORE Bt A A AR E oA X P o, 2
LI Ce MIXS La . Pri 4, 1M EuAHXS Sm . Gd 5 41,
XEH T Ce* [t Ces* fHZEMEHT 3, R I, Ce 1F 5% J
W T AL SRR T BuP A E RS A A I R AR
e, Bir L Eu 19 17 5 5 48 78 1 348 i 4% 4 (Trail et all.,
2012) , WAR, EALAEE (RIS Ce IEFH ) AL 5t
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B (RN Bu i ) RIS A AE 2 5 1Y, XA A
Al BB RHS A R LRSS o e S BUR R Y Bu 42 Rl
#E L 2% (Hoskin et al., 2003; Kaczmarek et al.,
2008; Burnham et al., 2012) . BtAh, W 4S 41 45 bt
AN A2 SR B ], Ce A1 Eu B9 5 ) 25 2 0 1 B
I B9 1E A8 5 ¢ & (Orejana et al., 2011; Wang et al.,
2013).
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DL Eu iy 6 5%, 9 EL7E CelCe™-Eu/Eu” Kl (] 7a)
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&1 it (415 Wang et al., 2012b) ; d. IEFRAE b 5 A A4 £1 Ce®*/Ce-Eu/Eu™I# fift
B R UR < P LA RS AR - {8 5K A Shen et al., 2015; %5 1] Chuquicamata-El Abra i 4 44 >k ( Ballard et al., 2002 ; Wy #4444
TR ORISR AR B S AR K BT, 2016
Fig.7 Classification diagram of oxygen fugacity and mineralization of zircons from syenogranite and diorite in the Kuokuqueke

deposit area

a. Ce/Ce"-Eu/Eu” diagram of syenogranite zircon and diorite zircon; b. Hf -Ce/Ce” diagram of syenogranite zircon and diorite zircon; c. log (/(O,))-

1(°C) diagram of syenogranite zircon and diorite zircon; d. Ce**/Ce**-Eu/Eu” diagram of syenogranite zircon and diorite zircon
Data source: The average data of porphyry data in the suborogenic belt was obtained from Shen et al., 2015; The data of Chuquicamata-El Abra
metallogenic belt in Chile were obtained from Ballard et al., 2002; Data of Halgarti pluton, Daban pluton and Emujin Pluton from Tian, 2016
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TR EU, X i R R T R kA 2 R I A 4
R— (BNAESE, 2017) . 534, HE-Ce/Ce Bl fi# nl LA
AR Bt A 0 A S5 e A e A0 B 1 7 RS (EL-
Bialy et al., 2013), [&] 7b 3 B i SL Bk A1 R AR A S AL 1Y)
IR B A U A S Y 5 9K (fIK Ce/Ce™H1£(O,) )
PSS IR R o

BRI EORIE T, Trail 25 (2012) MR UGS 41
(1) Ce S FI Ti LTI Z (B A OGIBE , 45 R T A AR 4 xof
AR B : In(Ce/Ce™) 5=(0.1156+0.0050 ) xIn
(f(0,))+(13860+708)/ T(K)—6.125+0.484 . #FI| itk
Oy OT AR R PR AR R X Y IE K AR R
FIN K 5 1 log £(O,) 439l 4 T —17.78~-5.06 ( °F-
¥7-10.88) f1-21.37~-9.47 (VF-¥J-14.67) , 1 F 1R 1)
FURFE log (f(0,) ) -1(°C) Kl i (18] 7¢) H , IE K AL 4 7
(948005 E (-1 AFMQ+4.25) JLT- 21457 T FMQ 2%
R b N 1 R B (P34 AFMQ-1.01) JUi| J&
AAE FMQ BRI, FBH IE K AL A I A A B
1) SR

HAR AL IREE T AR P R E I Ce 2P A
bR Ce* Itk A\ At U B 1A= AR Y Zré it
3 Ce* Fll Ce®* i B 43 5, A 38 v] LA A 85 4 1
Ce**/Ce3 L Jfe Ak .25 J 45 & s 11 A X 4203 )i (Bal-
lard et al., 2002; =t 55, 2008; 7K 5K 4%, 2018; 4=
R4 2020), AR¥E Ballard %5 (2002) 25 Hi A 5K
(Ce™ICE )y = (Ce g — Ce g ;i /DR ) [ (Ce i
DM —Ce e ) THE S5 R B, i FERR BH X
R IE K AE B A O 47 Ce**/Ce® iy 9.26~231.11,
- 34 83.34, i [N K A B A 9 Ce*/Ce®* {H (5.01~
54.32, -1 13.98) Wl AR T IERK AL i A5 A, BB
TR AR 0% FE A, Shen 25 (2015) 158 1 H b i
Ly RS T R BE A A B A AR DL AN
TR A1 1 Ce* ICe3HEARE , K BT A1 Z [ A7 7tk
EES R AR R CetICe* (HIE KT AW 2
T I AR Fo R R BE S B T DR BT A R A 1
Ce**/Ce> B 1 > 100, ifif i /INAUBRE A A R LA 44
B ) Ce* /Ce{HL U 4230T 50, KF el J27 fff A8 A1 i) 1X 35
(R 81 238 Fe-Cut RIS - (AR (1R B A1 45 13 T Ce*/
Ce**-Eu/Eu* [l fift (1 7d) H , IF45 DX 8k P9 AR B 5 1A
(BEEB RNV FE IR SCA ) A% L w] & B, A4~ 4™
PR BT S PR 45 A Ce®*/Ces (B B 1 &5 TR Wi 2+
M ABAR TR AU B R 1Y Ce**ICe* H , 1X 5 H RTH IR
(I RASAHAE | b A Ry, 32 DX N AR A1 Ce**/Ce
{FL 1 v I 2 0 DB B ™ 5 5 1) — 300 B B b BR b 2 4R

bro BEAE, @18 7d 38 W LU L WF5E X IE R AE K
AT INRA AR 8 2050 IRAE R TN, B
7 3 3 5 I B A7 Ce*ICeS i, s 7 W E B B X
WG RS IERAE R A A R SR Ry 5
T REAT SR Cu L T T

6 %5 i

(1) A PERRNT X N 5 o™ 2% YA DG 1 T Ak
B RN A R A Y R ER TR EE R
s+ 0 E 5B 2R, L HOR[RIFREE Y Ce IF S
FIEu 1 5% o

(2) IER AL XA RN A RS A 34 R 2
Wk, HOU Wi B8 i 5 v T 600~800°C, JF7E 5
W —E R 23 s 4 LREE PRkt . R s
PRI 1T Wy A AR b TR L 3 o) B AR B o ) A
SIS T BT VLR A .

(3) IERAE B 0 A% B2 (AFMQ+4.25) B I iy
FINK A (AFMQ-1.01) , IE K f£ i 4 1 5 A1 Ce*/
Ce**{H 7 9.26~231.11, [N K 71 i &5 1 Ce**/Ce* i H
5.01~54.32, 1/ T X N AN 74k, Bz X N &
B R 5 IE R AL R A kA 2 ARE i i R
Culi 1K,
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