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Fig. 1 Geological map showing regional geology and distribution of main iron deposits in West Tianshan Mountains (modified after
Li Fengming et al., 2011; Zhu Zhixin et al., 2011; Zhang Zuoheng et al., 2012)

1—-Cenozoic-Mesozoic; 2—Permian; 3—Carboniferous; 4—Devonian; 5—Silurian; 6—Ordovician; 7—Cambrian; 8—Precambrian;
9—Permian granitoids; 10—Carboniferous granitoids; 11—Devonian granitoids; 12—Silurian granitoids; 13—Mafic—ultramafic rocks;
14—Main fault; 15—Geological boundary; 16—Main iron deposit

Fault: (D—Yilianhabierga fault; @—Nikolaev—North Nalati fault; (3—Changawuzi—Wuwamen fault
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Fig.2 Geological map of the Shikebutai iron deposit (A, modified after No. 2 Regional Geological Investigation Party of Xinjiang,
20051); Geological map of the major ore block of the Shikebutai iron deposit (B, modified after No. 711 Geological Party, Xinjiang
Bureau of Geology, 1958)
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Fig.3 Geological section along No. 29 (a) and No. 33 (b) exploration lines in the Shikebutai iron deposit (modified after No. 405

Geological Party, Sichuan Bureau of Geology and Mineral Resources, 2012)
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Fig.4 Field photos of the Shikebutai iron deposit

A—Sratiform orebody consisting of hematite in the strata; B—Quartz vein occurring in the chloritized wall rock; C—Tuffaceous schist with quartz-

specularite veins; D—Quartz veins with fine-grained enhedral and prismatic quartz in the tuffaceous schist; E—Crystal and lithic tuff with tuffaceous
cementation, F—Stratiform jasper occurring in the strata; G—Banded jasper with quartz—specularite and specularite veins; H—Network hematite

occurring in the wall rocks; I—Stratiform hematite with barite-specularite veins
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Fig. 5 Hand specimen photos of representative ores in the Shikebutai iron deposit
A—Banded barite—hematite; B—Lamellar barite—pyrite—hematite; C—Mass jasper with small amounts of hematite and barite veins;

D—Banded barite—specularite
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Fig. 6 Photomicrograph of the Shikebutai iron deposit
A-Fine—grained euhedral and long columnar hematite (Hem1) occurring in the banded hematite (Hem3)—jasper, and specularite vein cuttin across
ore; B—Barite hematite and chalcopyrite replacing pyrite along its cracks, and forming metasomatic relict texture; C—Hematite and barite replacing
pyrite at its center, and forming skeletal texture; D—Jasper containing fine—grained euhedral—subhedral hematite (Hem2); E-Hematite vein
consisting of fine—grained euhedral—subhedral hematite (Hem2); F—Fe—high siderite filling the cracks of platy—columnar hematite (Hem4) grains;
G—High (Sd3) moderate (Sd2) and low (Sd1) Fe siderite formed in the metallogenic process; H—Siderite filling the surface and the margin of
hematite grain; I—Chalcopyrite filling the cracks of siderite grains and replacing it; J—Calcitization; K—Epidotization; L—Hematite recrystallized
along the fractures with some barite, anhedral siderite filling the cracks of hematite and barite; Brt—Barite; Ccp—Chalcopyrite; Cal—Calcite;
Ep—Epidote; Hem1—First kind of hematite; Hem2—Second kind of hematite; Hem3—Third kind of hematite; Hem4—Fourth kind of hematite;
Py—Pyrite; Qtz—Quartz; Sd1—Siderite with low Fe; Sd2—Siderite with moderate Fe; Sd3—Siderite with high Fe; Spe—Specularite
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Fig.7 Diagram of paragenetic sequence of mineralization and alteration in the Shikebutai iron deposit
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Table 1 Electron microprobe analyses of representative hematite and specularite from the Shikebutai iron deposit

R Na, 0O MgO ALO; KO P,0s BaO NiO FeOy MnO SiO; TiO; Cr;0; Total
SK-14-1-1 0.029 0 0.017 0 0 0 0 90.468 0 0.02 0 0 90.534
SK-14-1-2 0 0 0 0 0.006 0 0 90.126 0 0 0 0 90.132
SK-14-1-3 0007 0048  0.025 0 0.354 0 0 72787 0381  1.871 0.02 0.053  75.546
SK~14-1-3 0.04 0.014 0.01 0.004 0273 0 0013 73071 0392 2073 0.009 0025 75924
SK65-1-1 0.009 0 0.043  0.001 0 0 0 89.923 0 0 0.022 0036 90.034
SK44-1-1 0412 0 0.033  0.007 0 0.005 0 88.495 0 0.108 0075 0218 89.353
SK44-1-2 0.157 0022  0.025 0 0011  0.005 0 88.804 0 0.077 0024 0182 89.307
SK44-2-1 0.016 0 0.222 0 0.023 0 0 89.229 0 0.02 0 0.003  89.513
SK44-2-2 0.044 0 0.01 0 0 0.017 0 89.555 0 0.006 0 0.035  89.667
SK44-2-3 0015 0.008 0 0.016 0 0 0 89.243 0 0 0.044 0025 89351
SK44-2—4 0.027 0 0.105  0.074 0 0 0 89.289 0 0.17 0.04 0.022  89.727
SK44-2-5 0051 0014 0 0.001 0 0 0 89.397 0 0 0.02 0.01 89493

SK6-1-1 0.052 0.07 0.047 0 0289 0309 0 72454 8315 1256 0011 0.055  82.858
SK6-2-1 0.004  0.097 0 0 0.737 0007 0.035 79759 0.147 2077 0.026 0.03 82919
SK18-1-1 0.094 0 0 0.018 0 0 0 89.536 0 0.028 0 0 89.676
SK18-1-2 0.031 0014 0013  0.007 0 0 0.037 88733 0.031 0.014 0024 0017 88921
SK-19-1-2 0.029 0 0.042 0 0.014 0 0 89.595  0.078 0.017 0 0.019  89.794
SK-19-1-4  0.031 0 0.038 0 0011 0.01 0 89.602 0.053 0011 0.069 0.03 89855
SK-16-3-2  0.009 0 0.022 0 0011 0021 0.002 89989 0 0 0 0.02  90.074
SK-75-1-1 0.103 0 0.037 0 0 0 0.003  91.323 0 0.034  0.029 0.07  91.599
SK-75-1-2 0083  0.021 0 0.008 0 0 0.083 94269 0.009 0023 0 0.049 94545
SK-29-1-1 0.025 0016  0.017 0.01 0011 0 0.01  89.731 0 0.047 0052  0.001  89.92
SK-29-1-2 0057 0039 0037 0008 0011 0 0 89.099 0 0.119  0.043 0.03 89443
SK—-61-1-1 0022  0.006 0013 0 0 0 0.035 90441 0.022 0049 0.059 0002 90.649
SK—-61-1-2 0 0 0.01 0 0 0 0.072  91.228 0 0.014 0.033 0017 91374
SK67-1-1 0.024 0 0.029 0003 0014 0.031 0 93.788  0.188  0.029 0 0.165 94271
SK67-1-2 0 0.003  0.004 0.006 0.003 0228 0 89.644  0.194 0009 0.147 0054 90292
SK67-1-3 0.024 0 0 0 0 0.106 001 94129 0 0.032 0 0.057 94358
SK71-1-1 0.009 0 0.016  0.035 0.02 0 0.035 90231 0.084 0043 0726 0047 91.246
SK-103-2-1  0.046 0 0 0.002  0.006 0 007 90635 0066 0043 0 0.007  90.875
SK-103-2-2 0 0 0.024 0 0.032 0 0 89.663 0 0.123 0 0.021  89.863
SK-103-3-1  0.061 0 0 0 0.014 0 0 89.354 0 0.029  0.011 0.018  89.487
SK104-1-1 0.076 0 0.004  0.008 0 0.024  0.018 89.7 0 0.067 0.007 0026 8993
SK104-1-2 0.03 0 0.015 0008 0017 0.043 0.018 89432 0 0.01T  0.029 0011 89.614
SK104-1-3  0.105  0.017 0011 0 0011  0.048 0 89.588 0 0.014  0.028 0.03  89.852
SK-111-3 0.002  0.038 0039 0.008 0 0 0 90.074 0 0 0 0.03  90.191
SK-111-4 0 0.014 0.03 0.007  0.006 0 0 89.896 0 0.011 0 0.023  89.987
SK-109-1-1  0.093  0.004  0.013  0.001 0 0.069 0 90371  0.041 0 0.055  0.033  90.68
SK-109-1-2 0 0 0.014 0 0.006  0.045 0 89.239 0 0.011 0 0 89315
SK70-1-1 0.139 0 0 0.001 0029 0026 006 88672 0028 0.103 0 0.11  89.168
SK70-1-2 0 0.033 0.02 0 0 0.05 0 89.507 0 0.025 0 0.008  89.643
SK-31-1-1 0047 0089 0005 0002 0025 0 0 73.112 0 2168 0.026 0007 75481
SK-31-1-2 0.043 0.11 0 0 0 0 0.189  74.167 0 1.961 0 0.076  76.546
SK4-1-1 0065 0249 0011 0001 0693 0065 0.015 75166 0.003 2 0.074 0021 78363
SK4-1-2 0.052 0 0 0.007  0.034 0 0 90.088 0.022 0.006 0018 0.01 90.237
SK4-2-1 0 0.008  0.019 0 0.006 0 0 90.978 0 0.017 0 0.014  91.042
SK13-3-2 0.035 0 0 0 0 0.129 0 90.773  0.028  0.023 0 0 90.988
SK29-1-1 0.015 0 0.018 0 0017 0.014 0 89.529  0.012  0.065 0 0.038  89.708
SK-20-1-1 0.011 0 0.096 0 0 0.029 0 89.724  0.072  0.023 0 0 89.955
SK-20-1-2 0.039 0015 0266  0.009 0 0.005 0 88.681 0.022 0048 0.002 0 89.087

£ :FeOr ik i, 0 AR AL TAG IR, CaO \SrO i i PRI T3
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Table 2 Electron microprobe analyses of representative siderite from the Shikebutai iron deposit

[ =2 Na,0 MgO ALO; K,0 CaO P,0s BaO FeOr MnO SiO, TiO, Cr,0; Total
SK-29-2-1 0 7473 0 0.009 0424 0 0 42899 7839 0.014 0 0 58.658
SK-29-2-1 0 7.646 0.02 0 0.392 0 0 42.858  7.665 0.02 0 0 58.601
SK-29-2-3  0.008 4.698 0 0 0.287 0 0 44488  7.821 0.033  0.047 0.019 57401
SK6-1-2 0.005 0.635 0.175 0 0.26 0355 0.146 63372 7491 1.646 0 0.002  74.087
SK2-1-1 0.077 0 0473 0025 0293 0.734 0.06  64.499 0.26 2.183  0.028 0.081 68.713
SK2-2-1 0 0 0.391 0 0259 0526 0.163 6445 0.106  2.836  0.004 0.031 68.766
SK10-1-1 0.044 0.051 0.025 0 0.016 0246 0.017 72805 0.682 1.731 0 0.131 75748
SK—-19-1-1 0.004 0 0 0 0.004 0.077 0 74223 0.39 0.584  0.004 0.041 75327
SK-19-1-3  0.014 4.057 0 0.006  0.353 0 0 45536  7.742 0017 0.017 0 57.742
SK-16-1-1  0.039 4.994 0.002 0011 0.301 0 0.01 41587 10.757 0.023 0 0 57.724
SK-16-3-1 0.04 0.004 0 0 0.004  0.023 0 74227 0578  0.664  0.027 0.116  75.683
SK19-2-1 0.007 4.593 0.026  0.013 0.522 0 0.025 40563 13.082 0.017 0 0.018 58.866
SK19-2-2 0.064 4.442 0.001 0.004 0492 0008 0.022 43919 9877 0 0 0.045 58.874
SK19-2-3 0.068 0 0.001 0.021 0 0 0 75562 0569 0.182 0 0.113 76516

T FeOr ik i, 0 fUR I i IR AN AR

H—4.5%0 Fl1—4.4%0 , HA% 3 VR FE L 240 IE(H,
351K 6.3%0 . 6.5%0 Lk J2 3.3%0 , S 10 6¥S {H -1 K
1.44%., B[ 28 4B BT B ERBA 3 X A
fiE, I HLARER EL 04 6 S (E W I = Ttk (&1 8)
SRR R T 8 EH

5 1F i

51 FHIHRIHFHERENX
5.1.1 =8k HF
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R FAR S, Kl R A BURRE A DL
kR4 B FeOr £ 8 88%~92% , ALO:<0.05% .
Na,0<0.2% .Mg0<0.05% . Si0,<0.2%, {HZHRH"
A VA ATRL AT IR (Hem?2 ) HAT S B HLAY FeOr
H72.454%~90.978% , L) S T 5 1) ALO; \Na,O .\MgO
1 Si0, (1 9) , Hirp 4 4> FeO AR I HOIR 1 7 # K
DR 3= 1 MnO - 4R B 2546 (Hem 1) (5] 6—
D) ALO; . Na,O . MgO . SiO, Fll FeO 7 1 2> Hi 7] fig 5
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H Ao F 8UZ R0 A i 0 H SRR E AV &
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ZEERA ) MnO 1 MgO 2 F15 FeOr 22 [ 2 I i,
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FURWTIEAG, JF AR pk 5y R 2 MES, 70010 Sd1
Sd3, EA14r 5 5 SRk s R g X g, o Sd3
ST 0L ) R ZE A 3 R VR FE A AL ), X
A RE 5 )5 WA 76 35 % 2 MnO Al MgO W) iEF A5
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BRZEERA (Sd2) IR 228 (Sd3) (Bl 6-G) .
5.1.3 %4k a
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AT HLTFHREN 0T, 2 IS5 06 JES WAL A R A B K1
A S R ) B A AR =5 19 Co N e
. FfJE Xu 55 (1998) =) B+ 2 Pa LR A i Ak 9
HEAT HUBER AL 2A BT B AR AN ) 1 PR A B 2k Co N
FUAEFRRIE 45 th Co Ni FLfE EIf# (18] 11) . Monteiro
25 (2008) "E A 5T I P Sossego IOCG A PR H 1 &
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Table 3 Electron microprobe analyses of representative pyrite from the Shikebutai iron deposit

By Se As S Pb Sb Fe Co Cr Zn Cu Ni Au Total
SK-19-1-3  0.038 0.032 53.403 0 0 45993 0.056 0.061 0.036 0 0 0.034  99.653
SK-19-1-4 0 0.139  53.033 0 0 46.14  0.073  0.037 0 0.018 0.017 0.023 99.48
SK-19-1-5 0 0.07 53225 0.105 0.009 46236 0.075 0.04 0 0.006  0.028 0.086 99.88
SK-19-1-6  0.016 0.015 53.107 0 0.045 45916 0.073 0.039 0.028 0 0.021 0 99.26
SK-19-1-7 0 0.043 53256 0.003 0.028 45842 0.092 0 0 0.013 0 0.044 99321
SK-16-1-1  0.008 0.048 53567 0.061 0.006 4567 0.081 0.004 0 0 0 0.083  99.528
SK-16-1-2 0 0.086 53956 0.095 0 46.283  0.143 0 0.006 0 0.003  0.085 100.66
SK-16-1-3  0.011 0 53.392 0 0 46.141 0.074 0 0.03 0 0.012  0.031 99.691
SK-16-1-4  0.004 0 5296  0.062 0 4642  0.066 0.003 0016 0.003 0.001 0.041 99.576
SK-16-1-5 0 0 53204 0.12  0.026 45939 0.093 0.004 0005 0013 0.017 0.007 99428
SK-16-1-6  0.028 0.004 53.144 0.015 0 45261 0507 0.007 0.024 0 0.028 0 99.018
SK-54-1-1 0 0.02 53411 0.04 0 46.613  0.076 0 0 0 0.013 0.018 100.19
SK—-54-1-2 0 0.04 53442 0.093 0 46.662  0.052 0 0 0 0 0.031 100.32
SK—-54-1-3 0 0 53597 0.114  0.059 4604 0.054 0 0 0.024 0.002 0.059 99.949
SK-54-1-4 0 0.01  53.149 0.093 0 46.115 0076  0.024  0.008 0 0 0 99.475
SK-54-1-5  0.026 0 53306 0.111 0.012 46.524 0.065 0 0.037 0 0 0.052 100.13
SK-54-1-6 0 0 53.195 0.086 0 46.049  0.037 0 0.015 0 0.008 0.015 99.405
SK-71-1-2 0 0.004 53319 0.056 0 45803 0.187 0 0.009  0.053  0.002 0 99.433
SK-71-1-3  0.022 0.001 53453 0.037 0.018 45955 0.08 0.018 0 0.026  0.015 0.02 99.645
SK-71-1-4 0 0.019 53758 0.019 0.037 45969 0.173 0.042 0 0 0.006  0.002 100.03
SK-71-1-5  0.001 0.001 53521 0.022 0 46.584 0.038 0 0.066 0 0 0.003 100.24
SK-71-1-6 0 0 53.734 0.022 0 45793  0.09 0.016 0 0.026 0 0 99.681
SK-67-1-1 0 0 53.182  0.015 0 45541 0386 0.027 0.025 0 0 0 99.176
SK-67-1-2  0.004 0.033 53.509 0 0 46.084 0.162 0 0 0.022  0.15  0.007 99971
SK-67-1-3 0 0.045 53.166 0.009 0.022 4544 0257 0.007 0.031 0 0.028 0 99.005
SK-67-2-1 0 0 53.097 0.13  0.007 45626 0.127 0 0 0.015 0.03 0.01 99.042
SK-67-2-2 0.04 0.003 53928 0.012 0 45892 0.094 0.024 0002 0015 0078 0.031 100.12
SK—67-2-3 0 0.034 52769 0 0.036 45948 0283 0.027 0.021 0 0.031 0.023  99.172
Sk—103-3-1 - 0.026 52984 0.052 0 46.175  0.074 - 0.01 0 0 0 99.321
Sk-103-3-2 - 0 52914 0.062 0.023 46.074 0.131 - 0 0.025  0.047 0 99.276
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Table 4 Sulfur isotope compositions of pyrite and barite C1ERA
from the Shikebutai iron deposit .
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Fig.9 Correlogram of oxides in hematite and specularite from the Shikebutai iron deposit
A — Massive hematite ore; B — Banded barite—specularite; C — Banded jasper—hematite ore; D — Lamellar pyrite—barite—hematite ore;

E — Specularite vein; F — Banded barite—hematite; Y — Fine grained euhedral hematite
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Fig. 12 Sulfur isotopic compositions of sulfides and sulfate in the Shikebutai iron deposit and some important sulfur isotope
reservoirs (a, modified after Hoefs, 2009); Sulfur isotopic compositions of some important iron deposits in the Awulale Fe
metallogenic belt (b, Data of Chagangnuoer after Hong Wei et al., 2012, data of Beizhan after @, data of Dunde after Duan et al.,
2014, data of Zhibo after Wang Zhihua, 2013)
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=H B 402(in Chinese with English abstract).
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Geology, mineral chemistry and sulfur isotope geochemistry of the Shikebutai
iron deposit in West Tianshan Mountains, Xinjiang: Constraints on genesis of
the deposit

CHEN Jie'?, DUAN Shi—gang’, ZHANG Zuo—heng’, LUO Gang’, JIANG Zong—sheng’,
LUO Wen—juan’, WANG Da—chuan', ZHENG Ren—giao'

(1. School of Earth Science and Resources, China University of Geoscience, Beijing 100083, China; 2. MLR Key Laboratory of
Metallogeny and Mineral Assessment, Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037,
China; 3. No. 405 Geological Party, Sichuan Bureau of Geology and Mineral Exploration and Development, Chengdu 611830,
Sichuan, China)

Abstract: The Shikebutai iron deposit is hosted in Upper Carboniferous intermediate— acidic volcaniclastic rocks, low— grade
metamorphic schist and phyllite in the Yili rifting of West Tianshan Mountains. Stratiform, stratoid and phacoidal orebodies are
distributed along the strata. Ore minerals are predominantly hematite and specularite, with small amounts of pyrite and siderite,
whereas gangue minerals are dominated by jasper, barite and quartz, with a small quantity of calcite. The ores display banded,
lamellar and massive structures. Ore minerals usually show cryptocrystalline, filling and subhedral textures. The ore— forming
process of the Shikebutai iron deposit can be divided into four stages, i.e., pyrite—hematite—jasper—barite stage, siderite—pyrolusite
stage, quartz—specularite stage and oxide minerals stage. Geological characteristics of lamellar structure and the distribution along
the strata indicate that the formation of the Shikebutai iron deposit was related to sedimentation. Electron microprobe analyses show
that hematite from massive ore has variable ALO;, Na,O, Mgo and SiO, values, which suggests that massive hematite ores are
products of rapid sedimentation and crystallization, and also implies the rapid extravasation of iron—rich fluids. Nevertheless,
hematite from lamellar ore and banded ore have concentrated ALOs;, Na,O, Mgo and SiO, values, suggesting that they formed in
calm sedimentary environment with slow extravasation of iron—rich fluids. In general, the extravasation rate of mineral—rich fluid
and the sedimentary environment changed continuously during the metallogenic process. The high Co—Ni ratio of pyrite shows that
it was derived from volcanism. A negative correlativity between FeOr and MnO+MgO is found in siderite which can be divided into
two groups corresponding respectively to two different types of siderite under microscope. These phenomena imply that siderite
experienced a process of differentiation at the late metallogenic stage. The 834S values of pyrite range from —6.1%o to 6.5%o0 and the
value of barite is 12.9%o , which indicates that the sulfur was derived from magma, and it was subjected to fractionation between
sulfide and sulfate. In summary, the Shikebutai iron deposit belongs to submarine volcanic exhalative—sedimentary high—grade iron
deposit.

Key words: hematite; electron microprobe analysis; sulfur isotope; ore deposit geology; Shikebutai; marine volcanics—hosted iron

deposits
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