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Abstract: The Western Tianshan Orogen is located in the southwestern Central Asian Orogenic Belt (CAOB).
The widespread magmatic rocks provide a critical window for investigating regional tectonic-metallogenic dy-
namics. To address controversies regarding the petrogenesis, tectonic setting of granitoids, and the closure tim-
ing of the North Tianshan Ocean in the Western Tianshan region, this study focuses on the Late Paleozoic grani-
toids (Guozigou, Halegati, Jinghe, and Nalati plutons) located along the northern margin of the Yili Block,
through integrating geochronological, whole-rock elemental, and Sr-Nd-Hf isotopic analyses. The studied plu-
tons are predominantly composed of monzonitic granite and potash feldspar granite. Zircon LA-ICP-MS U-Pb
dating reveals that these plutons were emplaced between (368.1+1.5) Ma (Late Devonian) and (301.9+2.8) Ma
(Late Carboniferous). Combined with regional geochronological data, the magmatism in the northern Yili Block
can be temporally subdivided into two stages, late Devonian to early Carboniferous and late Carboniferous. The
studied granitoids exhibit high silica (SiO, = 66.62%—76.08%) and total alkali (K,0+Na,0=6.72%-8.85%) con-
tents. In terms of rare earth elements, the studied samples show LREE-rich patterns with variable negative Eu
anomalies (0Eu = 0.30-0.97). The trace element patterns of the studied rocks are characterized by enrichment in
Rb and Th and depletion in Nb, Ta, and Ti, comparable to those of continental arc granites. The late Devonian
granitoid samples show slightly enriched radiogenic isotopic signatures, with negative eyy(¢) from —3.79 to —1.3
and g,(7¢) from +0.3 to +5.0, indicating magma sources dominated by ancient crustal materials with mantle-de-
rived contributions. In contrast, the Late Carboniferous granitoids show more radiogenic eyy(?) (+0.8 to +5.9) and
eud?) (+4.1 to +15.1) values, indicative of a juvenile lower crustal origin. Integrating previous studies, we pro-
pose that the 368-307 Ma granitoids are of I-type granite and were formed associated with the northward sub-
duction of the Northern Tianshan Ocean beneath the Yili Block, whereas later A2-type potash feldspar granites
and I-type monzonitic granites in the context of post-collisional lithospheric delamination initiated at ~305 Ma.
Additionally, the Late Devonian-Early Carboniferous to Late Carboniferous granitoids in the Borohoro region
exhibit significant potential for Cu-Mo mineralization.
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Fig. 1 The simplified regional geological map of the Western Tianshan and adjacent areas
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Fig. 3 The microscopic photographs of typical Late Paleozoic granitoids in the Western Tianshan
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Tab. 1 Summary of MC-ICP-MS U-Pb date of zircon from the Late Paleozoic granites in the Western Tianshan
FE 5 Th U Th/U TACE- 4 4E % (Ma,  1o)
GZG04 167~ 1730 189~ 527 0.83~1.45 356.5+2.3
HL~ 02 37~527 83~320 0.45~1.69 368.1+1.5
HL09 69~ 520 143~ 755 0.38~0.77 301.9+2.8
JH~ 04 45.4~396.6 89~454 0.48~0.87 307.0+2.1
JH~ 09 70~ 256 119~ 404 0.47~0.87 310.3£2.1
NLT~ 08 144~ 1375 217~ 1372 0.65~1.58 305.2+2.3
0.062 0.063 0.052
(a) (b) (©
0.060
0.061 0.050
0.058
jo]
i 0.059 0.048
£
£ 0.056
0.057 HL-02 0.046 HL-09
0.054 Mean=356.5+2.3Ma, Mean=368.1%1.5Ma, Mean=301.9+2.8Ma,
MSWD=1.7,1=21 MSWD=0.83,n=22 MSWD=2.6,n=13
0.052 0.055 0.044 M7
034 036 038 040 0.42 0.44 046 0.48 037 0.39 0.41 0.43 0.45 047 049 0.51 0.53 029 031 033 035 037 039
0.053 - 0.054 —
s / ° 7 e
et/ é 0.051
330/
0.051 0.052
0 m L o P 0 100
=]
g 7 0.049 |
£ 0.049 0.050
. 0.047 |
" M 30J7H0-0;1 M o e Mean=305.2+2.3M
ean= L0£2. a = ean= 242, a
200/ MSWD=2.2,1=21 MWD e 20 # MSWD=2.4,1=21
0.045 d 0.046 2% 0.045
029 031 033 035 037 039 041 043 030 032 034 036 038 040 042 030 032 034 036 038 040
207pby235Y 207pby25U ——

a BTN A (GZG-04) 5 bR KA (HL-02) 5 o.M 23 K AL KA (HL-09) 5 ARG AL X 7 (JH-04) 5 e K5 — K AE i< % (JH-
09) 5 £ARHI B K AL X 7 (NLT-08)

B4 AXLBRHERERS

K145 A U—Pb 4 #4180 [E

Fig.4 The zircon U-Pb concordia diagram of Late Paleozoic granites in the Western Tianshan
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Fig. 6 Chondrite-normalized REE patterns of late Paleozoic granites in the Western Tianshan
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(Breiter et al., 2014; 242 51 %5, 2024), &L K Y/Nb,
Ce/Nb {8435} 3.44~5.19, 3.30~7.06 #k— 4 FK WK
PLEEHIAE b DO T B R A S A2 R KA
FHZE L (Eby, 1992; B3 0%, 2018) o ¢ [Tk, W%
DX VR A I 2 B A | ORGSR BT
L AUAE b, AR P A AR HERR T A2 BUAE K

TE M e KL b i e 2t —5 4 e i SR e fE
T WA ARG AR B e AR A e S 2R KB R
FEWAE A F KRR . BRI B AE i A Bl
SiO, & & 1Y 14 fin, ALO,. Na,O. K,0 J& B & ¢ 1k 1
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Fig. 7 Primitive mantle-normalized trace elements spider diagrams of late Paleozoic granites in the Western Tianshan
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Tab. 3 Srand Nd isotope compositions of the Late Paleozoic granites in the Western Tianshan

JE U6

. t(Ma) Rb(10°) Sr(10) “Rb/*Sr  YSt/*Sr  (VSr/*Sr), Sm(10®) Nd(10) ""Sm/**Nd '“Nd/"“*Nd eNd(0) &w(® Tom Taom

GZG-01 357 221 458 13.96252 0.777246 0.706 28 3.69 18.3 0.121831 0512395 —-4.74 -133 1255 1219
GZG-02 357 173.0 292 1.714353 0.715980 0.70727 6.25 32.7 0.115483 0512380 —5.03 —-1.33 1197 1219
GZG-05 357 154.5 178.5 2.504536 0.719376 0.706 65 5.67 28.4 0.120628 0.512385 —4.94 —1.47 1255 1230
HL-01 368 179.5 177.5 2926194 0.724614 0.709 28 5.71 31.6 0.109177 0.512233 =79 379 1338 1428
HL-02 368 232 1125 5967226 0.740784 0.709 52 5.18 30.4 0.102953 0512233 =79 3.5 1263 1404
HL-10 302 220 40.9 1556454 0.771886  0.705 433 19.5 0.134164 0512555 -1.62 0.8 1143 1001
JH-05 307 139.0 153.5 2.620254 0.717723 0.706 28 5.84 27.7 0.127385 0.512515 24 032 1124 1044
JH-06 307 127.0 148.0 2.483013 0.717094 0.706 25 5.84 27.3 0.129251 0.512520 23 034 1140 1042
JH-07 307 145.5 159.5 2.639607 0.717825 0.706 18 6.22 27.7 0.135673 0512540 -191 051 1194 1031
NLT-04 305 124.5 167.5 2.150758 0.714202 0.704 87 9.26 37.2 0.150401 0512852 417 599 722 581
NLT-06 305 113.5 1445 227282 0.715096 0.70523 9.69 37.4 0.156544 0.512859 431 587 781 589

NLT-07 305 94.1 1340 2.031991 0.714084 0.70526 11.00 47.9 0.138753 0512820 3.55 581 675 595
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Fig. 8 The whole-rock SiO, covariation diagram of the late Paleozoic Granites in the Western Tianshan
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Fig. 9 Source discrimination plots for the late Paleozoic granites in Western Tianshan

¢ T R 1) R Pk 3 T 5 51 (Wang et al., 2006; Tang
et al., 2013; # % %5, 2017; MRA U155, 2023), #f —2
PR Y 16 B 2 1T B S e RS R IR A G .

FE AW —ee(0) L T, 8 05 thE— 7 e T B A1
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T A5 b T AL 2k 2 ] (1 9¢) o S5 AT ABIFSE, 1 IR
i 5516 b A A T R KT BE A IR B S —
Tl Sy U5 2 3 15 HE A 2 %) Ml S ) R S e Rl R )
T A IR AR M S DR IR A T 52 TR TR 2 0 (IR
A5, 2008), PP A K ey, (¢) A8 A6 T IE (H A 6B 22 [8] 5
SF R A VR A IR I AR B 7 R A A R TR BT
A Wb 5e, SR G TE SR AR R RS2 T, R AR e A
Ty S IS Ml e A R 0 TR A M e SR K A S0
T ISR B 3 (IR A2 25, 2008), IX b2 3 1Y e(0) 2
M IEAE (Kemp et al., 2007; F 3 B 45, 2023) . &5

(14 JIT A 2 AR B A 20 M IR () (L, D 330 26 5 1A 1Y
BRI IX TR T J5 —Fhoe @il G 8K ik
TP B e KA A RS K AE R A AR PR A
K AL B 5 15 P 2 30 7 0 b 5 T 28 (1 9¢ ), HAT A
XoF e 6 7t — R et S R R Y e (0 IEAEL, $8 7R
LR X DU A T s 7 88 o s il o 32, WT RES IR ) 5
Fe 5 38 (5K 5T b 4%, 2019) . LAk, M St/NA-Th/Yb
Bl a] DUA R A i A R e e DU
Z 552 (K1 9d) .
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Tab. 4 Hf isotope data of zircon from the Late Paleozoic granites in the Western Tianshan

MAS  t(Ma) "HTHE 26 ) £al?) ton(Ma) tona(Ma) S
GZG-04 357  0.282641-0.282702  0.000017-0.000024  —2.50~-4.6  2.80~5.00  789~882 1039~1180 —0.93~-0.97
HL-02 368  0.282556-0.282664  0.000016-0.000029 —3.82~-7.64  030~4.10 826~980 1106~1351  —0.96~0.99
HL-09 302  0.282706-0.282811  0.000019-0.000039  —2.34~141  410~7.80 635~785  825~1060 —0.89~—0.98
JH-09 310 0.282723-0.282777  0.000016-0.000036  —1.74~0.16  470~6.60 679~755 895~1016  —0.93~0.97
NLT-08 305  0.282828-0.283027  0.000015-0.000 03 1.99~9.01  820~15.10 341~623  358~795 ~0.9~0.97

al., 2011; Xiao et al., 2013; Han et al., 2016; AH %, 2016;
F b rg, 2018; 5K % B %, 2022; B 5, 2024; P W]
2:2024) .

EHE WIS RL I AR A A2 BUAE i 5 (1 b 3k
A ZERRAE, T 0 T A A A PR B R TR R B e AR e
+. KREFRATLRS, Mo ERL . SHRITR
&5, N BT S 0 A Y b BR AL 2F FR1E (Gao et al.,
2009; Long et al., 2011; Xiao et al., 2013) (& 6. F 7).
WAk, 5K 775 55 (2014 ) 3 o 0 AL e AL 2% BB R0
) 1 1R Ak 2 A0 9T, $ 8 HOE il T B Bl 32 2% B 85
(R AEHTAE, 2013); B K A AE (2016 ) 38 128 X0f 7 A B
A6 5 T 307 4 2 25 AR (380~ 365 Ma) BF 5T, Al B ik,
FAb R 7 ) A AL b B AR i ) 5 0438 (Han et al., 2010;
B 5 A 4, 2014) , T A et LS A6 R v g AW 4
[ B (Wang et al., 2006; F &/, 2018) . % b Ak, 2
N R WU Lt — A e SR I B X, TR AR
A6 I3 25 R A o THORG T 46 5 o R0 R AR B 5 T2 T

30 R Ly 1) A7 Ll B ARF b 1 4 s A 5, R o i
K AE =1 4 (305 Ma) G 8 4 — K A8 K # (301 Ma)
AT RETE 1T il 8 0 A4 15 B 58 5 7F 13X — I b —ilf i A
i 3 2 e, W5 s A K 1L Y P A st B RTRE T A
st
54 BEEX

VG R Ly b DX 4 PR 8 R 28 8 2, v s DA R
PERANEA RBEA— R AT KRR KT (ki &
45 2006; K 45, 2007; Yang et al., 2009; 6 5 304,
2014; Zhao et al., 2014; Gao et al., 2018; 2= 25 JF 55, 2021;
Wang et al., 2024), 1Ml 5 2 B85 iU 7 2 PG K 1L X
A NIRRT S R . BEA AR AR L WY
A AR BH AT BT R 19 7 b CE R R 4F 2013,
2014, 2016; il 5 FEZE, 2014, 2016; FEAR4145, 2014; Shen
etal., 2017; Han et al., 2020; 5% & 4%, 2022) . 1B RI5%
BT 5 PR VR A A IR R B — A kR



96 o4t o# R

NORTHWESTERN GEOLOGY

Fe. Cu, Mo. Pb. Zn Jif" R4t E7EM T A QI R 1L
Te] P A b B 22 TS O e ) 35 3 R BT 2 % 5T B i (st
THEAE, 2014) o BLAM, AT AL IS lf 8 2 5 A 2 v
TR G0 T B A FIAA 3 8 St (SR AT 4E, 2019) o

HI B 5T R B, 7 i S BE 2 Cu—Mo &7 )R &
BN EEAE HTUBL, W A A R R WL R AR
TR N R A A KN B IN K BE
A, DL B B A g R, B A s
AL AR, B #3175 52 2 S0 b KR
A, AN JE Ja iR Rl 1L R G AR 55, 2019)
b Ak H TP 1 1T PG B P K 1B AL B b 2 DR
RANA R FEGERSE, 2018; =R, 2019), I £LH
Z &RV AER, BUA B AR R e A —
B Bt fnmg At —— &t (Fd R, 2018) . 30
IS G T AL b b b %, b B iR S RUARAE,

(a) ARTFHEEE MBI KIENE

R

0.81  ORTHEKENy MR
ORI S AR ZKIER S
OV Fr 4 K A8 2

o 0.6: Cu 5
o) Mo
; | Fe @ @AOQEQ
< 1 @ AP
£ o4 O

r W

0.2+

HEBAM N RIS, EiKa. HRIEKAE, B
o A R R A, St/Y {H 1.59~9.7, B AT LRI BICA
FFHIE

PR (1) 580058 JE (Fe,0,/FeO, {RL K 480 3% J3 i ) Al
45 i o) 57 PR (Rb/Sr, {8 43 55 75 3 0 v ) 42 7
WL @ (8 % %5, 2020), Cu-Fe-Mo—Zn ¥ %
55 Fe,0,/Fe0™>0.4 1 S AL M 3K A %, i Au. Sn 5
Fe,0,/Fe0'<0.4 [k T2 30 A ¢ . Wi 72 A iR g
AR AR A Fe,04/FeO' {H3°4 0.55~0.60, Fe,0,/FeO
B35 79 1.08~1.17, 1.08~1.32, Rb/Sr {843 %4 0.6~
2.1, 0.6~5.4, fF SiO,—Fe,0,/FeQ" iy &+ (& 11) Fr
FRES 5 NS4RS X 38, 7£ Rb/Sr—Fe,0,/FeO 1Y
fife b, T RE I LE Cu—Mo LR X 35, 156 B 1% 11X .
A IEHL Cu-Mo 0 IR BV 7, (A5 47 T VR 2 K 19 iF
SRS TAE.

10!

(b)

100+

Fe,0,/FeO

Rb/Sr

&l a 4 Meinert(1995) . ¥ %% (2020) 188k, b 4 Blevin %5 (1996) . ¥ %% (2020) &2k
Bl EALKFAEARSEERT EREEHFIE

Au Sn
60 65 70 75 80
Si0,(%)
Fig. 11
:l: N
6 énﬁl

(DRI, ARG R A K AR K
o R A T AR AR R A BRI HI AL < 1
BEAT U-Pb 4E % 23 9]l (356.5+2.3) Ma, (368.1+1.5)
Ma F1 (301.9+2.8) Ma, (307.0£2.1) Ma Fl (310.3£2.1)
Ma, (305.2+2.3) Ma, 73 A W )& 4 thE—5 7 7% fh i
AR A

(2) TV AE 4 7, W ) 23R A8 1 25 A K AR
o REAE R A A KB R A i B PR, B Y

Discrimination diagrams showing the relationships between lithogeochemistry and mineralization of the granitoids

AR T RUAE B s IR PLER B RK AL i A HE R T A2
B 4N ER SR BB L R AL, R
TRER LS SR, WARREEEREFRATT
# K. Rb, Th, 5#{ Nb, Ta, Ti. Sr. P Z &7t £ .

(3) Mg At 25 AT BT 00 i A5, 5 ROk R Tty
& 7R3 M L, TRTIGE A  thE A SEEOY T R A
BT, TR MR o, MR A IR S

(4) 125 1% 4 IXC 1) W6 U 230 tH—W6e 47 e tHE A8 i
FEA Cu-Mo B IR 0 78 1, (B AR iE 47 3R
AT IS 5 R T A .

Ly
pa
N



5534

AP KA BT ERE P OK L e iy AR AR B A A A PR B i T S 97

F) 5 0 32 A= BH (Conflict of Interests):

AT P A AR R i v 5

All authors disclose no relevant conflict of interests.

S Z 3 #f (References ) :

G5, AW VUL R 1Lk 55 4% b K L shrimp AF AR 22 R
I JC F b BR AL 2 B SR 0T]. A AR iR, 2008, 24(12):
2741-2748.

AN Fang, ZHU Yongfeng. Study on trace elements geochemistry and
SHRIMP chronology of volcanic rock in Tulasu Basin, Northw-
est[J]. Acta Ptrologica Sinica, 2008, 24(12): 2741-2748.

Mg, EE, BEE, % duideal Booi AL A BLE KA
Rodinia 8 I il ¢ fif 17 399 B4 3t S50 B2 (7] 55 13 2741, 2022,
38(10): 2988-3002.

BU Tao, WANG Guogiang, HUANG Botao, et al. Neoproterozoic
A—type granites in northern Beishan Orogenic Belt: Early re-
sponse of the Rodinia supercontinent break—up [J]. Acta Petro-
logica Sinica, 2022, 38(10): 2988-3002.

N, EEGR, B, 55 duidb 8 R b IR R 4 T AR
A A R SCOTTL H T e 3, 2024, 70(6):
2193-2211.

BU Tao, WANG Guogiang, HUANG Botao, et al. Petrogenesis and
tectonic significances of Early Devonian granites in Huangqi-
uquan area from the northern Beishan Orogenic Belt, NW
China[J]. Geological Review, 2024, 70(6): 2193—2211.

MRArHr, 5, DA, 45 AU Db G RS B g S ko
AR S A R AR T M kAL 2 2 (] 4 A R,
2023, 39(8): 2429-2444.

CHEN Youxin, WANG Meng, MA Xiaowei, et al. Petrogenesis and
tectonic implications of Early Silurian diabasic dikes in the
northern margin of the Yili Block: Constraints from geochrono-
logy and geochemistry [J]. Acta Petrologica Sinica, 2023, 39(8):
2429-2444.

Ak B B v S 1L P A IR L e v A AR B B B S
[D]. db&T: A [E M 5k 2, 2021,

DU Kaiming. Genesis and tectonic setting of Late Paleozoic granites
in the northwestern Tianshan Mountains of the Central Asian
Orogenic Belt[D]. Beijing: China University of Geosciences,
2021.

G YE, B2 g, XK, AR R LT e e et AR
I A PR R b B R LT [ B B, 2016, 43(5):
1545-1557.

FENG Guangying, YANG lJingsui, LIU Fei, et al. Petrogenesis and
geological significance of the Late Carboniferous granites from

Gangou, Central Tianshan Mountains, Xinjiang[J]. Geology in

China, 2016, 43(5): 1545-1557.

JBRE R, FEACHE, R, A5 BT SR PE R LT vg B - SR R A
BRAR A K B T AR AR 2 e LM BT R LT b i 2%
2013, 20(6): 195-209.

GU Xuexiang, ZHANG Yongmei, WANG Xinli, et al. Geochrono-
logy of intrusive rocks and associated ores of the
Kekesala—Aimusidaiyi Fe—Cu deposit in the West Tianshan,
Xinjiang and its geologic significance [J]. Earth Science Fronti-
ers, 2013, 20(6): 195-209.

JBE A, 04 R, 32 SCOH, A BT EREPY OR 1Lz 9 L s A
AT IR PR -BE A AL £ & 8 U RS HTE 5 Ak L],
B AR, 2016, 32(5): 1283-1300.

GU Xuexiang, DONG Lihui, PENG Yiwei, et al. Formation and
evolution of the epithermal-porphyry Au polymetallic mineral-
ization system in the Tulasu volcanic basin of the West Tian-
shan, Xinjiang[J]. Acta Petrologica Sinica, 2016, 32(5):
1283—-1300.

JE R, B, R, SF. TG K LU B R R kA 22 m T R
AR B A7 U—Pb R B ReOs [7] 37 R AR [T].
W W1a 0 R AL 2 3 41, 2014, 33(5): 614-623.

GU Xuexiang, ZHANG Yongmei, ZHOU Chao, et al. Intrusive and
Mineralization Ages of the Halegati Fe-Cu Polymetallic Depos-
it in the West Tianshan: Evidence from Zircon U-Pb and Mo-
lybdenite Re-Os Geochronology[J]. Bulletin of Mineralogy,
Petrology and Geochemistry, 2014, 33(5): 614-623.

A, RITH, 5K, 4.t SRS KB A R : K
A IEF S ARAE ]S R IR ER 3 AL (D], b A
%, 2019, 93(1): 24-71.

GAO Jun, ZHU Mingtian, WANG Xinshui, et al. Large-scale por-
phyry-type mineralization in the Central Asian metallogenic do-
main: tectonic background, fluid feature and metallogenic deep
dynamic mechanism[J]. Acta Geologica Sinica, 2019, 93(1):
24-171.

AR TC, XV AR, 2245 1, 55 1088 VG K 1L B 5 880 L L IR 7 4 3
IX 738 — R LA-ICP-MS 5 1 U-pb 4F % B Fo A 1 72 X
[J]. H BT TF, 2018, 64(4): 869-884.

HAO Zengyuan, LIU Xudong, LI Decheng, et al. Zircon U-Pb LA-
ICP-MS dating and tectonic significance of the quartz monzon-
ite from the Nalati area of Awulale Mountain, Western Tian-
shan Mountains, Xinjiang[J]. Geological Review, 2018, 64(4):
869—-884.

A, T E R, R, S5 RIL R A RAE K A 85 A U-pb &
AL R0 R AL A R B R A 3 5 S LT T S
2004, 22(1): 4-11.

HAN Baofu, HE Guoqi, WU Tairan, et al. Zircon U-Pb dating and
geochemical features of early Paleozoic granites from Tianshan,
Xinjiang: Implications for tectonic evolution[J]. Xinjiang Geo-
logy, 2004, 22(1): 4-11.


https://doi.org/10.18654/1000-0569/2022.10.06
https://doi.org/10.18654/1000-0569/2022.10.06
https://doi.org/10.18654/1000-0569/2022.10.06
https://doi.org/10.18654/1000-0569/2022.10.06
https://doi.org/10.18654/1000-0569/2023.08.11
https://doi.org/10.18654/1000-0569/2023.08.11

98 o4t o# R

NORTHWESTERN GEOLOGY

2026 4

Ak, VEET, BT TR JE W) vE B AR AR Y BT R H SRR AE K
BB (7], M A 5858, 2016, 39(3): 204-209.
HAN Jiquan, XU Xinfang, ZHAO Yang. Geological characteristics
of the qiaoerma iron deposit in Nileke, Xinjiang province[J].

Geological Survey and Research, 2016, 39(3): 204-209.

B, G, B, AF L E R L AR A R S S L TR
DCRHE B A3 5 (7). PY bR, 2024, 57(6): 25-43.
HUANG He, WANG Tao, TONG Ying, et al. Spatial and temporal
framework, evolution of magma sources, and tectonic settings
of Paleozoic magmatic rocks in West Tianshan, Chinal[J].

Northwestern Geology, 2024, 57(6): 25—43.

B9 AT, A R, SRAUR, A VE R LR AR 3 X A AR A
IR 19 85 41 SHRIMP U-Pb 4F % B H b 5 5 3 (7). 5 £ 2%
#iz, 2008, 24(12): 2731-2740

HU Aiqin, WEI Gangjian, ZHANG Jibin, et al. SHRIMP U-Pb ages
for zircons of the amphibolites and tectonic evolution signific-
ance from the Wenquan domain in the West Tianshan Moun-
tains, Xinjiang, China[J]. Acta Petrologica Sinica, 2008,
24(12): 2731-2740.

BN, G5 TP B A% O DX B A b B R b R A A
WHE SR £ 3k LT). P HBIT, 2018, 51(1): 192-208.

HUANG lJie, AN Fang. Geological and Geochemical Characteristics
of Porphyry Copper Deposits in Core Part of Central Asian
Metallogenic Domain: Areview[J]. Northwestern Geology,
2018, 51(1): 192-208.

FZIEYK, FARR, TRARSE, 55 TU K LU By 2852 5 1 4 1 o Bk
e A0 U-Pb 4R AR 2 Ko 5 58 SC L] S 3 I, 2014,
32(1):25-34.

JIANG Hanbing, DONG Fuchen, ZHANG Zhenliang, et al. Petro-
chemistry and Zircon U-Pb dating of the Halegati ore-bearing
granitoids in West Tianshan and its geological significance[J].
Xinjiang Geology, 2014, 32(1): 25-34.

R, AR, AR AROR, 5F OB SR By e B AR A X
FOIE AL Il A iR L] B 3 5, 2006, 24(1): 4-8.
LENG Chengbiao, LI Yongjun, LI Jinghong, et al. Petrogenesis of
the Aketeshi volcanic rocks from north of The Kashi River,
Nileke County, Xinjiang[J]. Xinjiang Geology, 2006, 24(1):

4-8.

U, MR ik, sk, 45 BEE B CutMotAu i R Y ) & b
A A G YRR AR (1], HBe 4, 2020, 94(11):
3189-3212.

LENG Chengbiao, CHEN Xilian, ZHANG Jingjing, et al. Lithogeo-
chemical and mineral chemical footprints of porphyry
CutMo=+Au deposits: a review [J]. Acta Geologica Sinica, 2020,
94(11): 3189-3212.

AR, 0 S0, TR, ST RS i BLARRE i G R 0
TE 5 5 Hb T RE AR (], 75 28 TR 24 B 2% i, 1995, 17(1):
43-49.

LI Wuping, JIANG Changyi, XIE Guangcheng, et al. Geologic fea-
tures for granites of the variscian early Period on the Beluohonu
caledonina foldbelt[J]. Journal of Xi’an College of Geology,
1995, 17(1): 43-49.

ZEMNIR, TR, 2R, SF VU ORI BT E RV B A R AR E S
M €0 A A B PR B R SC LU P b M, 2024, 57(3):
73-90.

LI Lijuan, ZHANG Tao, LI Qiang, et al. Petrogenesis and Tectonic
Implications of Carboniferous Granites and Its Dark Enclaves in
the Western Awulale Mountain, Western Tianshan[J]. North-
western Geology, 2024, 57(3): 73-90.

KA, By, AR, AT T M e e A Ol i
B 5 ST A 2441, 2012, 28(4): 1225-1237.

LI Yongjun, YANG Gaoxue, LI Hong, et al. Confirmation of Devo-
nian volcanic rocks from Yining block, Xinjiang and its geolo-
gical significations[J]. Acta Petrologica Sinica, 2012, 28(4):
1225-1237.

KL, G, W v, S5 ORI e W s b T T A k&
Fo] 5 v s 2 B = A AR DT RR 9 I M R SC LU M 2 3k
2010, 84(10): 1470-1478.

LI Yongjun, JIN Zhao, HU Keliang, et al. Discovery of fan delta-fa-
cies sediment in lower Carboniferous Akeshake formation in the

Western  Tianshan Mountains and its
significance[J]. Acta Geologica Sinica, 2010, 84(10):
1470—-1478.

ZEEEUR, M SCAS, WA, A VR LD Ll e A AR 2 A
AH 1R L], HuBTRH#, 2021, 56(3): 701-729

LI Ziyuan, XIAO Wenjiao, XIE Mingcai, et al. Late Paleozoic tec-

Yuzan area

tonic evolution and mineralization in the western Tianshan oro-
genic belt[J]. Chinese Journal of Geology, 2021, 56(3):
701-729.

P, £, W, 5. R LBk SURFAE . Hhre S
o 53 Ak LT]. M 4R, 2006, 25(8): 895-909.

LI Jinyi, WANG Kezhuo, LI Yaping, et al. Geomorphological fea-
tures, crustal composition and geological evolution of the Tian-
shan Mountains [J]. Geological Bulletin of China, 2006, 25(8):
895-909.

JeRA, wR, BT, 5F. 10K AL O 28 K LA H ek
SRR KA IEFREE V). A 77244, 2008, 24(4): 699-710.

LONG Lingli, GAO Jun, QIAN Qin, et al. Geochemical characterist-
ics and tectonic settings of Carboniferous volcanic rocks from
Yili region, western Tianshan[J]. Acta Petrologica Sinica, 2008,
24(4): 699-710.

BRI, B, WAETS, 5. BEA IR () S AR AR AT 5
AR (7], MR 44R, 2014, 88(12): 2153-2175.

MAO Jingwen, LUO Maocheng, XIE Guiging, et al. Basic Character-
istics and New Advances in Research and Exploration on Por-

phyry Copper Deposits[J]. Acta Geologica Sinica, 2014,


https://doi.org/10.12401/j.nwg.2024011
https://doi.org/10.12401/j.nwg.2024011
https://doi.org/10.12401/j.nwg.2024011

5534

AP KA BT ERE P OK L e iy AR AR B A A A PR B i T S 99

88(12):2153-2175.

WG A, W, W1, A AR A RN IE R o S T BITE G A 1
R 4% 07 U-pb AR A% 2% . HuUERfb 4 Rl Nd-HF 5] £ 2 il 29 [7].
HATEAR, 2008, 24(11): 2468-2484.

QIU Jiansheng, XIAO E, HU Jian, et al. Petrogenesis of highly frac-
tionated I-type granites in the coastal area of northeastern Fuji-
an Province: Constraints from zircon U-Pb geochronology, geo-
chemistry and Nd-Hf isotopes [J]. Acta Petrologica Sinica, 2008,
24(11): 2468-2484.

SARTC, X/, 225, 55 S AR R A B9 R S AT (1],
T E Rl M ERERE, 2017, 47(7): 745-765.

WU Fuyuan, LIU Xiaochi, JI Weigiang, et al. Highly fractionated
granites: Recognition and research[J]. Science China Earth Sci-
ences, 2017, 47(7): 745-765.

INE B, B, A, AE TR LD 2 Fh LA B A A I AR AR
L MU ER AL 2E R R [T P AL B, 2024, 57(3):
59-72.

SUN Jiming, MA Zhongping, YUN lJie, et al. Geochronology Geo-
chemistry and Petrogenesis of the Granite and Diorite in Wusun
Mountain Western Tianshan[J]. Northwestern Geology, 2024,
57(3): 59-72.

FRUM, TR B S AL S A A A A S A (D). M BT,
2006, 80(1): 23-31.

WANG lJingbin, XU Xin. Post-collisional tectonic evolution and
metallogenesis in Northern Xinjiang China[J]. Acta Geologica
Sinica, 2006, 80(1): 23-31.

b rg . PR AR AR Hedb G i i A AR K A R AL S R £ 4
JE A T (D). ALt b TR %%, 2018,

WANG Guannan. The evolution of Paleozoic granitic magma and its
relation to the copper polymetallic mineralization in the north-
ern margin of the Yili block, Western Tianshan, Xinjiang[D].
Beijing: China University of Geosciences, 2018.

L5 B R 85 AR B iy AR AR A M BR Al A R R A
[D]. A5 Hp [ b K 2%, 2019.

WANG Yong, Geochemical characteristics and genesis of the late
Paleozoic intrusive rocks in the East Segment of Boluokenu,
Xinjiang[D]. Beijing: China University of Geosciences, 2019.

ESF5, ZHBE, Pak Nikolai, 55, 74 K 113 LI H A4 1 817081 73 e
AR R R 0] P IR, 2017, 44(4): 623-641.

WANG Zongxiu, LI Chunlin, Pak Nikolai, et al. Tectonic division
and Paleozoic ocean- continent transition in Western Tianshan
Orogen[J]. Geology in China, 2017, 44(4): 623—641.

ik, BAARAE, RR/NAR. AR AT —C 5 Ll 0 LU I3 UK B
I EE (D). A )24 2R, 2000, 19(4): 297-306, 315.

WANG Qiang, ZHAO Zhenhua, XIONG Xiaolin. The Ascertain-
ment of Late-Yanshanian A-type Granite in Tongbai—Dabie
Orogenic Belt[J]. Acta Petrologica et Mineralogica, 2000,
19(4):297-306,315.

FEWR], BT, A, G5BT ERE D RS R B R s
RVBRAA 2 4 Jm 0 IR # BURRAE . 8 S 5 v g (1],
HAFAR, 2016, 32(5): 1315-1332.

WANG Xinli, GU Xuexiang, PENG Yiwei, et al. Geological fea-
tures, metallogenic setting and exploration potential of the skarn
Fe-Cu polymetallic deposits in the eastern segment of the
Boluokenu mineralization belt, Xinjiang[J]. Acta Petrologica
Sinica, 2016, 32(5): 1315-1332.

EFR], LR, 52 SCAR, S5 B ER TG K LU ) 23R gk R ()
B B M BR AL 2 e A S BT H BOR IR LO). 7 W0 A R4k
SF5E A, 2014, 33(3): 279-288.

WANG Xinli, GU Xuexiang, PENG Yiwei, et al. Isotopic geochem-
ical characteristics and sources of metallogenetic elements of the
Halegati Fe-Cu Deposit in the Western Tianshan Area, Xinji-
ang, China[J]. Bulletin of Mineralogy, Petrology and Geo-
chemistry, 2014, 33(3): 279-288.

FHA, BT R, T, S5 BT SR P K LU 2RSS O
I 2 A R 3 AL S R e (D). OE R, 2013,
32(5): 774-783.

WANG Xinli, GU Xuexiang, ZHANG Yongmei, et al. Temporal-
spatial distribution, tectonic evolution and metallogenic re-
sponse of the magmatic rocks in the Boluokenu metallogenic
belt, west Tianshan, Xinjiang [J]. Geological Bulletin of China,
2013, 32(5): 774-783.

F, BT, FEE, . ARR I ARBUR G LB 5 WAL A
s 2 43 149 328 49 K Bl 5€ 2 1] A K RE S——Sr, Nd [l 2 R
HEHE (V1. #4027 4H, 2008, 24(4) : 762-772.

WANG Tao, LI Wuping, LI Jinbao, et al. Increase of juvenal mantle-

derived composition from syn-orogenic to post-orogenic gran-
ites of the east part of the erstern Tianshan (China) and implica-
tions for continental vertical growth: Sr and Nd isotopic evid-
ence[J]. Acta Petrologica Sinica, 2008, 24(4): 762—772.

LW, KA, BrER, & SR TTBUNE B IR S B T
AL B A S A A AR R SR 3l 1228 5 85 U-
pb AEAUA L HUERAL AR HE [6 (23 295 (7] B~ 417, 2023,
97(10): 3292-3313.

WANG Panlong, LI Yongjun, DUAN Fenghao, et al. Petrogenesis
and geodynamic setting of the Xiaosaishiteng Mountainbiotite
monzonitic granite and quartz diorite in the western part of the
northern margin of the Qaidam basin: Constraints from zircon U-
Pb geochronology, geochemistry and Hf isotope[J]. Acta Geo-
logica Sinica, 2023, 97(10): 3292-3313.

EMIT, sk E M, FARLAE, & R AR . AR R
A A2 2R ——k B R B2 | A28 Kk s AR (D).
o FE AR, 2002, 21(2): 55-62.

XIA Linqi, ZHANG Guowei, XIA Zuchun, et al. Constraints on the
timing of opening and closing of the Tianshan Pa leozoic ocean-

ic basin: Evidence from Sinian and Carboniferous volcanic


https://doi.org/10.12401/j.nwg.2024010
https://doi.org/10.12401/j.nwg.2024010

100 o4t o# R

NORTHWESTERN GEOLOGY

2026 4

rocks [J]. Geological Bulletin of china, 2002, 21(2): 55-62.

H 3OS, &7 R, miR, 4 IS L R Rl 3 ) s i A S R
FEFILI]. B di s e, 2008, 26(1): 4-8.

XIAO Wenjiao, SHU Liangshu, GAO Jun, et al. Continental Dynam-
ics of the Central Asian Orogenic Belt and Its Metallogeny [J].
Xinjiang Geology, 2008, 26(1): 4-8.

BEAR 2D, IR, B E %, 45 VU R 1L B B 4 4 A B 0 A it
B AL AR 0T 7 (D], b R 4% 4R, 2014, 88(12):
2490-2531.

XUE Chunji, ZHAO Xiaobo, MO Xuanxue, et al. Tectonic - Metallo-
genic Evolution of Western Tianshan Giant Au-Cu-Zn-Pb
Metallogenic Belt and Prospecting Orietation[J]. Acta Geolo-
gica Sinica, 2014, 88(12): 2490-2531.

W S, BT, B, 48 U R I A i ke g s FH IR R
SHRIMP % £1 U-Pb 4 B Mg &4 i RAT 52 [J]. 6 A1 244,
2006a, 22(1): 83—-94.

XU Xueyi, XIA Lingi, MA Zhongping, et al. SHRIMP zircon U-Pb
geochronology of the plagiogranites from Bayingou ophiolite in
North Tianshan Mountains and the petrogenesis of the ophi-
olite[J]. Acta Petrologica Sinica, 2006a, 22(1): 83—94.

Bz S0, Bpor, AR, A KL pg B A AR AE B A TIMS
B A1 U-pb [A] 2 3 5 48 S A R AL A R A5 (00, 7
JbHh 5T, 2006b, 39(1): 50-75.

XU Xueyi, MA Zhongping, XIA Zuchun, et al. TIMS U-Pb Isotopic
Dating and Geochemical Characteristics of Paleozoic Granitic
Rocks from the Middle-Western Section of Tianshan [J]. North-
western Geology, 2006b,39(1): 50-75.

Wi, 48K 42, wE R, 45 rP I3 LUl v B R o A i R &%
PLRIERT (1], JhERB 22 S ERBE 2R, 2021, 43(2): 244-261.

YANG Gaoxue, LI Yongjun, SI Guohao, et al. Discussion on time
and mechanism of subduction initiation in the Western Central
Asian Orogenic Belt[J]. Journal of Earth Sciences and Environ-
ment, 2021, 43(2): 244-261.

W%, SRS, BREE 55, 55, VH R L WA At KR A A6 B A Y
0 K HC Ml B 3 SL——>k | 3 A7 A7 7 5w 15 JRDRS T A
9 LA-ICP-MS 547 U-Pb 45 Rl & 43 Hu Bk b 27k 4 (], b
BB TE, 2017, 63(5): 1226-1254.

YANG Rong, ZHANG Cheng li, CHEN Chunyong, et al. Determina-
tion and geological significance of late Carboniferous magma
mixing granitoids in the West Tianshan Mountains—Evidence
from zircon LA-ICP-MS U-Pb ages and petro-geochemical
characteristics of Yugibulake and Wutujinghe plutons[J]. Geo-
logical Review, 2017, 63(5): 1226—1254.

SRARBHE. PE R L o A A R B A PRRT R b R S
5% [D]. tat: thEH BT, 2011

ZHANG Dongyang. Petrogenesis of late Phanerozoic ore - forming
porphyries in the western Tianshan, Xinjiang, NW China: Im-

plications for metallogenetic geology background[D]. Beijing:

China University of Geosciences, 2011.

SKITEN, 2255, B IR, PE R W R T AR A T AR A
b IR A 2 0 A B Lo BT SCLT). MR RL2#, 2019, 44(10):
3495-3511.

ZhANG lJingbo, AN Fang, WEI Shaoni. Geochronology and geo-
chemistry of granite in tulasu pluton in West Tianshan, and its
geological significance[J]. Earth Science, 2019, 44(10):
3495-3511.

K. VE R L2 55 DXt A A B
[D]. b3t Hf [ BT K 2%, 2014,

ZhANG Liqiang. Analysis on Paleozoic geology and tectonic setting

AR K3 BR35E 0 A

of the Boluokenu area, West Tianshan[D]. Beijing: China Uni-
versity of Geosciences, 2014.

SR B, e, 257, AP R LA 3 AL 5 S U H A
(7). HhERBL%2, 2022, 47(9): 3127-3146.

ZHANG Lianchang, FENG lJing, LI Ping, et al. Tectonic Evolution
and Metallogenic Regularity of Dominant Deposits in the West-
ern Tianshan [J]. Earth Science, 2022, 47(9): 3127-3146.

TR E, B, A, SF R s AR ORI L SN RS
WE DRI AAR S D). A A0 2441, 2006, 22(5) : 1387-1398.

ZHANG Lianchang, XIA Bin, NIU Hecai, et al. Metallogenic sys-
tems and belts developed on the late Paleozoic continental mar-
gin in Xinjiang[J]. Acta Petrologica Sinica, 2006, 22(5):
1387—-1398.

AT, TG, Y U, A HTER VT K LI A S I P TR -
W R R AR PR b A A a0 SR [0, 7 R b e
2017, 36(2): 412-428.

ZHANG Wei, ZHANG Xingchun, LENG Chengbiao, et al. Zoning
and genesis of garnets in the Seleteguole reduced porphyry-
skarn deposit of West Tianshan Mountains, Xinjiang [J]. Miner-
al Deposits, 2017, 36(2): 412—428.

TR, TR IR, P, A BT HEVE K L R R A A R
BT U-Pb 4F W% K HE [ 7 3 47 4F [J]. 55 7 27 4, 2016,
32(6): 1749-1769.

ZHANG Yongmei, ZHANG Ligiang, GAO Hu, et al. Petrology, zir-
con U-Pb geochronology and Hf isotopes of the Husite com-
plex in West Tianshan, Xinjiang[J]. Acta Petrologica Sinica,
2016,32(6): 1749-1769.

AT, I, NI, S5 OB SREPG % L0 B A e e ot A ARk
L by 5 R A B b i R SCLID. BT 4R b R, 2012, 30(3):
258-263.

ZHU Zhixin, DONG Lianhui, LIU Shucong, et al. Volcanic Rock
Geological Characteristics and Tectonic Significance of the Late
Paleozoic Yili Block in the Western Tianshan, Xinjiang[J].
Xinjiang Geology, 2012, 30(3): 258—263.

KRB, EEE, F s, 5. 79K I3 L 438 ot o 54
T AL L] M BT R, 2013, 32(3): 297-306.

ZHU Zhixin, DONG Lianhui, WANG Kezhuo, et al. Tectonic divi-



5534

AP KA BT ERE P OK L e iy AR AR B A A A PR B i T S 101

sion and regional tectonic evolution of West Tianshan organic
belt[J]. Geological Bulletin of China, 2013, 32(3): 297-306.

K, ] B, 2255 . v R A O b X 538 Ak 5 T ML
H [, #UFGE R, 2007, 26(9): 1167-1177.

ZHU Yongfeng, HE Guoqi, AN Fang. Geological evolution and
metallogeny in the core part of the Central Asian metallogenic
domain[J]. Geological Bulletin of China, 2007, 26(9):
1167-1177.

KA, BRA T, 38R, 55 B SR AL AL SR G IR A S0 B
W T 2 1) DA S 2 0 R B CHE X 8 368 3 A 1) 2 o [J/OL].
Hb S5 AR, 2024:1-17.

ZHU Shenggiang, CHEN Youxin, PEI Xianzhi, et al. Petrogenesis of
Middle Ordovician granodiorite in the Haerdaban of the north-
ern margin of Yili Block of Xinjiang and its constrain on the
tectonic evolution[J/OL]. Geological Bulletin of China, 2024:1-
17.

AL PG R L S 4 W 4 A T A % Jg [D]. Je st o
Il K22, 2016.

ZU Bo. Metallogeny and Prospecting Potential of Gold Deposits in
Asia Gold Belt, Western Tianshan[D]. Beijing: China Uni-
versity of Geosciences, 2016.

Ao E R, TRAEA, EAR R, AF. B PG K 1L X R i SR TR 4
MR AR g K AR T). M BT iR T, 2008, 54(6):
748-767.

ZUO Guochao, ZHANG Zuoheng, WANG Zhiliang, et al. Tectonic
division, stratigraphical stystem and the evolution of Western
Tianshan Mountains, Xinjiang[J]. Geological Review, 2008,
54(6): 748-767.

Boehnke, Patrick, E, Bruce Watson, et al. Zircon saturation re-revis-
ited[J]. Chemical Geology, 2013, 351(8): 324-334.

Breiter, Karel, Nina Gardenova, et al. Gallium and germanium geo-
chemistry during magmatic fractionation and post-magmatic al-
teration in different types of granitoids: a case study from the
Bohemian Massif (Czech Republic)[J]. Geologica Carpathica,
2013, 64(3): 171-180.

Breiter Karel, Claudio Nery Lamarao, Régis Munhoz Kras Borges, et
al. Chemical characteristics of zircon from A-type granites and
comparison to zircon of S-type granites[J]. Lithos, 2014,
192-195(4): 208-225.

Blevin P L, Chappell B W, Allen C M. Intrusive metallogenic
provinces in eastern Australia based on granite source and com-
position[J]. Transactions of the Royal Society of Edinburgh
Earth Sciences, 1996, 87(1-2): 281-290.

Chappell B W. Aluminium Saturation in I- and S-type granites and
the characterization of fractionated haplogranites[J]. Lithos,
1999, 46(3): 535-551.

Chen Y X, Zhu S Q, Pei X Z, et al. Early Devonian arc-related vol-

canic rocks in the haerdaban, north margin of the Yili Block:

constraint on the southward subduction of the Junggar
Ocean[J]. Minerals, 2021, 11(11): 1248.

Eby G Nelson. Chemical subdivision of the A-type granitoids: petro-
genetic and tectonic implications[J]. Geology, 1992, 20(7):
641.

Gao J, Long L L, Reiner Klemd, et al. Tectonic evolution of the
South Tianshan Orogen and adjacent regions, NW China: geo-
chemical and age constraints of granitoid rocks[J]. Internation-
al Journal of Earth Sciences, 2009, 98(6): 1221-1238.

Gao J, Qin K Z, Zhou M F, et al. Large-scale porphyry-type mineral-
ization in the central asian metallogenic domain: geodynamic
background, magmatism, fluid activity and metallogenesis[J].
Journal of Asian Earth Sciences, 2018, 165(10): 1-6.

Gao J, Reiner Klemd, Qian Q, et al. The collision between the Yili
and Tarim Blocks of the Southwestern Altaids: geochemical and
age constraints of a leucogranite dike crosscutting the HP-LT
Metamorphic Belt in the Chinese Tianshan Orogen[J]. Tec-
tonophysics, 2011, 499(1-4): 118-131.

Gao J, Wang X S, Reiner Klemd, et al. Record of assembly and
breakup of rodinia in the southwestern altaids: evidence from
Neoproterozoic magmatism in the Chinese western tianshan
orogen[J]. Journal of Asian Earth Sciences, 2015, 113(10):
173-193.

Han B F, Guo Z J, Zhang Z C. Age, geochemistry, and tectonic im-
plications of a late Paleozoic stitching pluton in the north tian-
shan suture zone, western China[J]. Geological Society of
America Bulletin, 2010, 122(3—4): 627—640.

Han B F, He G Q, Wang X C. Late Carboniferous collision between
the Tarim and Kazakhstan—Yili terranes in the western segment
of the South Tian Shan Orogen, Central Asia, and implications
for the Northern Xinjiang, western China[J]. Earth-Science Re-
views, 2011, 109(3—4): 74-93.

Han B F, Wang S G, Bor-ming Jahn, et al. Depleted-mantle source
for the Ulungur River A-type granites from North Xinjiang,
China: geochemistry and Nd—Sr isotopic evidence, and implica-
tions for Phanerozoic crustal growth[J]. Chemical Geology,
1997, 138: 135-159.

Han C M, Xiao W J, Su B X, Patrick Asamoah Sakyi, et al. Late Pa-
leozoic metallogenesis and evolution of the Chinese Western
Tianshan Collage, NW China, Central Asia orogenic belt[J].
Ore Geology Reviews, 2020, 124(9): 103643.

Han Y G, Zhao G C, Sun M, et al. Late Paleozoic subduction and col-
lision processes during the amalgamation of the Central Asian
Orogenic Belt along the South Tianshan suture zone[J]. Lithos,
2016, 246-247(3): 1-12.

Hofmann Albrecht W. Chemical differentiation of the Earth: the rela-
tionship between mantle, continental crust, and oceanic

crust[J]. Earth and Planetary Science Letters, 1988, 90(3):


https://doi.org/10.2478/geoca-2013-0018
https://doi.org/10.1017/S0263593300006684
https://doi.org/10.1017/S0263593300006684
https://doi.org/10.1016/S0024-4937(98)00086-3
https://doi.org/10.3390/min11111248
https://doi.org/10.1130/0091-7613(1992)020<0641:CSOTAT>2.3.CO;2
https://doi.org/10.1007/s00531-008-0370-8
https://doi.org/10.1007/s00531-008-0370-8
https://doi.org/10.1016/j.tecto.2011.01.001
https://doi.org/10.1016/j.tecto.2011.01.001
https://doi.org/10.1130/B26491.1
https://doi.org/10.1130/B26491.1
https://doi.org/10.1016/j.earscirev.2011.09.001
https://doi.org/10.1016/j.earscirev.2011.09.001
https://doi.org/10.1016/j.earscirev.2011.09.001
https://doi.org/10.1016/j.earscirev.2011.09.001
https://doi.org/10.1016/j.earscirev.2011.09.001
https://doi.org/10.1016/0012-821X(88)90132-X

102 o4t o# R

NORTHWESTERN GEOLOGY

2026 4

297-314.

HuZ C,Liu Y S, Gao S, et al. Improved in Situ Hf isotope ratio ana-
lysis of zircon using newly designed X skimmer cone and jet
sample cone in combination with the addit-ion of nitrogen by
laser ablation multiple collector ICP-MS[J]. Journal of Analyt-
ical Atomic Spectrometry, 2012, 27(9): 1391.

Hu Z C, Zhang W, Liu Y S, et al. “Wave’ signal-smoothing and mer-
cury-removing device for laser ablation quadrupole and mul-
tiple collector ICP-MS analysis: application to lead isotope ana-
lysis[J]. Analytical Chemistry, 2015, 87(2): 1152-1157.

Huang H, Wang T, Tong Y, et al. Rejuvenation of ancient micro-con-
tinents during accretionary orogenesis: insights from the Yili
Block and adjacent regions of the SW Central Asian Orogenic
Belt[J]. Earth-Science Reviews, 2020, 208(9): 103255.

Kemp A I S, Hawkesworth C J, Foster G. L, et al. Magmatic and
crustal differentiation history of granitic rocks from Hf-O iso-
topes in zircon[J]. Science, 2007, 315(5814): 980-983.

Li C, Xiao W J, Han C M, et al. Late Devonian—early Permian accre-
tionary orogenesis along the North Tianshan in the southern
Central Asian Orogenic Belt[J]. International Geology Review,
2015, 57(5-8): 1023-1050.

Long L L, Gao J, Klemd R, et al. Geochemical and geochronological
studies of granitoid rocks from the Western Tianshan Orogen:
implications for continental growth in the southwestern Central
Asian Orogenic Belt[J]. Lithos, 2011, 126(3—4): 321-340.

LiuY, Gao S, Hu Z, et al. Continental and oceanic crust recycling-in-
duced melt-peridotite interactions in the Trans-North China
Orogen: U-Pb dating, Hf isotopes and trace elements in zircons
from Mantle Xenoliths [J]. Journal of Petrology, 2010, 51(1-2):
537-71.

Maniar Papu D, Philip M, Piccoli. Tectonic discrimination of granit-
oids[J]. Geological Society of America Bulletin, 1989, 101(5):
635—-643.

Middlemost E A K. A simple classification of volcanic rocks[J].
Bulletin Volcanologique, 1972, 36(2): 382-397.

Middlemost E A K. Naming materials in the magma/igneous rock
system[J]. Earth-Science Reviews, 1994, 37(3—4): 215-224.

Meinert L D. Compositional variation of igneous rocks associated
with skarn deposits—chemical evidence for a genetic connec-
tion between petrogenesis and mineralization[J]. Victoria, Brit-
ish Columbia, Mineralogical Association of Canada Short
Course Series, Magmas, Fluids, and Ore Deposits, 1995, 23:
401-441.

Pearce J A, Harris N B W, Tindle A G. Trace element discrimination
diagrams for the tectonic interpretation of granitic rocks[J].
Journal of Petrology, 1984, 25(4): 956-983.

Peccerillo, Angelo, Taylor S R. Geochemistry of eocene Calc-Al-

kaline volcanic rocks from the Kastamonu area, Northern Tur-

key[J]. Contributions to Mineralogy and Petrology, 1976,
58(1): 63-81.

PérEz-SobA, C, Villaseca C. Petrogenesis of highly fractionated I-
type peraluminous granites: La Pedriza pluton (Spanish Central
System) [J]. Geologica Acta, 2010.

Rapp R P, Watson E B. Dehydration melting of metabasalt at 8-
32kbar: Implications for continental growth and crust-mantle re-
cycling[J]. Journal of Petrology, 1995, 36(4): 891-931.

Shen P, Pan H D, Eleonora Seitmuratova. Petrogenesis of the miner-
alized granitoids from the kounrad and borly porphyry Cu de-
posits and the East Kounrad porphyry Mo deposit in Kazakh-
stan: implication for tectonic evolution and mineralization of the
Western part of the Central Asian Orogenic Belt[J]. Lithos,
2017, 286-287(8): 53-74.

Sun S S, McDonough W F. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and pro-
cesses[J]. Geological Society, London, Special Publications,
1989, 42(1): 313-345.

Sun S S, McDonough W F. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and pro-
cesses. In: Saunders, A. D, Norry, M. J (Eds.). Magmatism in
Ocean Basins[J]. In: Saunders A D, Norry M J (Eds.). Magmat-
ism in Ocean Basins[M]. Geological Society of London Special
Publication,1989, 42: 313—345.

Tang G J, Wang Q, Derek A, et al. Geochronology and Geochem-
istry of Late Paleozoic Magmatic Rocks in the Lamasu—Dabate
Area, Northwestern Tianshan (West China): Evidence for a Tec-
tonic Transition from Arc to Post-Collisional Setting[J]. Lithos,
2010, 19(3-4): 393-411.

Tang G J, Wang Q, Derek A Wyman, et al. Petrogenesis of gold-min-
eralized magmatic rocks of the Taerbieke Area, Northwestern
Tianshan (Western China): constraints from geochronology,
geochemistry and Sr-Nd-Pb-Hf isotopic compositions[J].
Journal of Asian Earth Sciences, 2013, 74(9): 113-128.

Tao Z L, Yin J Y, Sun M, et al. Spatial and temporal variations of
geochemical and isotopic compositions of paleozoic magmatic
rocks in the Western Tianshan, NW China: a magmatic re-
sponse of the advancing and retreating subduction[J]. Journal
of Asian Earth Sciences, 2022, 232(5): 105112.

Taylor S R, and Scott M M. The geochemical evolution of the contin-
ental crust[J]. Reviews of Geophysics, 1995, 33(2): 241-265.

Wang M, Zhang J J, Zhang B, et al. Geochronology and geochem-
istry of the Borohoro pluton in the northern Yili Block, NW
China: implication for the tectonic evolution of the northern
West Tianshan Orogen[J]. Journal of Asian Earth Sciences,
2018, 153(3): 154-169.

Wang B, Michel Faure, Dominique Cluzel, et al. Late Paleozoic tec-

tonic evolution of the northern West Chinese Tianshan Belt[J].


https://doi.org/10.1039/c2ja30078h
https://doi.org/10.1039/c2ja30078h
https://doi.org/10.1039/c2ja30078h
https://doi.org/10.1021/ac503749k
https://doi.org/10.1126/science.1136154
https://doi.org/10.1080/00206814.2014.913268
https://doi.org/10.1016/j.lithos.2011.07.015
https://doi.org/10.1093/petrology/egp082
https://doi.org/10.1130/0016-7606(1989)101<0635:TDOG>2.3.CO;2
https://doi.org/10.1007/BF02596878
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.1016/0012-8252(94)90029-9
https://doi.org/10.1093/petrology/25.4.956
https://doi.org/10.1007/BF00384745
https://doi.org/10.1093/petrology/36.4.891
https://doi.org/10.1029/95RG00262

k/~3/ﬂ;ﬁ

AP KA BT ERE P OK L e iy AR AR B A A A PR B i T S 103

Geodinamica Acta, 2006, 19(3—4): 237-247.

Wang B, Shu L S, Cluzel D, et al. Geochemical constraints on Car-
boniferous volcanic rocks of the Yili block (Xinjiang, NW
China): implication for the tectonic evolution of Western Tian-
shan[J]. Journal of Asian Earth Sciences, 2007, 29(1):
148-159.

Wang G N, Gu X X, Zhang Y M, et al. Ore genesis and hydrotherm-
al evolution of the Kendenggao’er copper-molybdenum deposit,
Western Tianshan: Evidence from Isotopes (S, Pb, H, O) and
fluid inclusions[J]. Ore Geology Reviews, 2018, 100(9):
294-316.

Wang T, Zhang Y M, Zhang Y S, et al. Quartz fluid inclusions and
trace elements in the Lailisigaoer porphyry Mo deposit, West-
ern Tianshan, Xinjiang: Fluid evolution and metallogenic mech-
anism in magmatic-hydrothermal system[J]. Ore Geology Re-
views, 2024, 169(6): 106081.

Windley B F, Allen, M. B, Zhang C, et al. Paleozoic accretion and
Cenozoic redeformation of the Chinese Tien Shan Range, cent-
ral Asial[J]. Geology, 1990, 18(2): 128.

Wu F Y, Jahn B M, Simon Wilde, et al. Phanerozoic crustal growth:
U-Pb and Sr-Nd Isotopic evidence from the granites in north-
eastern China[J]. Tectonophysics, 2000, 328: 89—113.

Xia LQ, Xia Z C, Xu X Y, et al. Relative contributions of crust and
mantle to the generation of the Tianshan Carboniferous rift-re-
lated basic lavas, northwestern China[J]. Journal of Asian Earth
Sciences, 2008, 31(4-6): 357-378.

Xia L Q, Xu X Y, Li X M, et al. Reassessment of petrogenesis of
Carboniferous—Early Permian rift-related volcanic rocks in the
Chinese Tianshan and its neighboring areas[J]. Geoscience
Frontiers, 2012, 3(4): 445—471.

Xiao W J, Han C M, Yuan C, et al. Middle Cambrian to Permian sub-
duction-related accretionary orogenesis of Northern Xinjiang,
NW China: Implications for the tectonic evolution of central
AsialJ]. Journal of Asian Earth Sciences, 2008, 32(2—4):
102—-117.

Xiao W J, Mao Q G, Windley B F, et al. Paleozoic multiple accre-

tionary and collisional processes of the Beishan orogenic col-

lage[J]. American Journal of Science, 2010, 310(10):
1553-1594.

Xiao W J, M. Santosh. The western Central Asian Orogenic Belt: A
window to accretionary orogenesis and continental growth[J].
Gondwana Research, 2014, 25(4): 1429—1444.

Xiao W J, Windley B F, Mark B Allen, et al. Paleozoic multiple ac-
cretionary and collisional tectonics of the Chinese Tianshan oro-
genic collage[J]. Gondwana Research, 2013, 23(4):
1316—1341.

Xie W, Lu Y, Song X Y, et al. A late Carboniferous bimodal volcan-
ic suite before closure of the north Tianshan Ocean at the south-
western margin of the Central Asian Orogenic Belt[J]. Journal
of Asian Earth Sciences, 2022, 226(4): 105090.

Yang F Q, Mao J W, Frank P Bierlein, et al. A review of the geolo-
gical characteristics and geodynamic mechanisms of Late Paleo-
zoic epithermal gold deposits in North Xinjiang, China[J]. Ore
Geology Reviews, 2009, 35(2): 217-234.

Yin J Y, Chen W, Xiao W J, et al. Geochronology, petrogenesis, and
tectonic significance of the latest Devonian—early Carbonifer-
ous I-type granites in the Central Tianshan, NW Chinal[J].
Gondwana Research, 2017, 47(7): 188—199.

Zhang DY, Zhang Z C, Xue C J, et al. Geochronology and geochem-
istry of the ore-forming porphyries in the Lailisigao’er-Lamasu
region of the Western Tianshan Mountains, Xinjiang, NW
China: Implications for petrogenesis, metallogenesis, and tec-
tonic setting [J]. 2010, 118: 543-563.

Zhao X B, Xue C J, David T A, et al. Microgranular enclaves in is-
land-arc andesites: a possible link between known epithermal au
and potential porphyry Cu—Au deposits in the Tulasu ore
cluster, Western Tianshan, Xinjiang, China[J]. Journal of Asi-
an Earth Sciences, 2014, 85(5): 210-223.

Zhu Y F, Guo X, Song B, et al. Petrology, Sr-Nd-Hf isotopic geo-
chemistry and zircon chronology of the late Palacozoic volcanic
rocks in the Southwestern Tianshan Mountains, Xinjiang, NW
China[J]. Journal of The Geological Society, 2009, 166(6):
1085—1099.


https://doi.org/10.3166/ga.19.237-247
https://doi.org/10.1016/j.jseaes.2006.02.008
https://doi.org/10.1130/0091-7613(1990)018<0128:PAACRO>2.3.CO;2
https://doi.org/10.1016/j.jseaes.2007.07.002
https://doi.org/10.1016/j.jseaes.2007.07.002
https://doi.org/10.1016/j.gsf.2011.12.011
https://doi.org/10.1016/j.gsf.2011.12.011
https://doi.org/10.1016/j.jseaes.2007.10.008
https://doi.org/10.2475/10.2010.12
https://doi.org/10.1016/j.gr.2014.01.008
https://doi.org/10.1016/j.gr.2012.01.012
https://doi.org/10.1016/j.oregeorev.2008.09.003
https://doi.org/10.1016/j.oregeorev.2008.09.003
https://doi.org/10.1144/0016-76492008-130

	1 地质背景
	2 岩石学特征
	2.1 果子沟岩体
	2.2 哈勒尕提岩体
	2.3 精河岩体
	2.4 那拉提岩体

	3 样品采集与分析方法
	3.1 锆石U–Pb年代学分析
	3.2 主微量元素分析
	3.3 全岩Sr-Nd和锆石Hf同位素分析

	4 分析结果
	4.1 锆石U–Pb年龄
	4.2 主量元素
	4.3 微量元素
	4.4 全岩Sr-Nd同位素
	4.5 锆石Hf同位素

	5 讨论
	5.1 岩石成因
	5.2 源区特征
	5.3 构造背景
	5.4 成矿意义

	6 结论
	参考文献

