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Abstract

Located in the eastern Awulale metallogenic belt of Western Tianshan Mountains, the large-size Zhibo iron
deposit is hosted in basaltic andesite, andesite and pyroclastic rocks of the Lower Carboniferous Dahalajunshan

Formation. The Zhibo iron deposit consists of four main areas: the eastern zone, the middle zone, the western
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zone, and No. 13 ore body, in which the ore bodies occur as layers, stratoid bodies or lenses. Mineralization con-
sists of massive magnetite associated with minor disseminations of pyrite and veinlets of hematite and trace chal-
copyrite. The ore structures include mainly massive and disseminated, subordinately brecciated, and occasionally
banded or vein-stockwork forms, whereas the ore textures consist of ubhedral - anhedral grainular, metasomatic
relict, and platy forms. The principal alteration mineral assemblages in Zhibo include diopside, albite, K-
feldspar, epidote, and actinolite, together with calcite, quartz, chlorite and titanite. On the basis of observed
mineral assemblages and ore textures as well as mineral analyses, two periods of ore deposition have been recog-
nized: magmatic period and hydrothermal ore-forming period, which could be further subdivided into three
metallogenic stages, i.e., magnetite-diopside-epidote stage (al), magnetite-K-feldspar-epidote stage (bl) and
quartz-sulfide stage (b2). Electron microprobe analyses show that the magnetite with magmatic features has
higher content of FeOr and lower content of AL,O;, CaO, MgO, SiO, in comparison with the magnetite with
hydrothermal features. The content of V,0j in brecciated and disseminated ore is relatively high, similar to the
content of volcanic rocks, suggesting that part of iron of the ore-forming stage came from the wall rock. Massive
and disseminated magnetite has varied FeOr values, mostly above 90% ; FeO content of magnetite from brec-
ciated, veined and dendritic ores varies between 90% and 92% ; the FeOr content of magnetite from laminated
ore varies between 88% and 92% , with higher average content of other oxides such as CaO and SiO,. Both
ternary plot of Ti0,-Al,03-MgO and Ca+ Al+ Mn versus Ti+ V discriminant diagram suggest that the forma-
tion of the Zhibo iron deposit was associated with volcanic activity and hydrothermal metasomatism of magmatic-
hydrothermal fluid.
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Fig. 1 Geological map of Western Tianshan Mountain and iron deposits ore spots  after Hong et al. 2012a
1—Cenozoci-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—Fault 15—Geolog-
ical boundary 16—Fe deposit ore spot. Fe deposits 1. Kuolasayi 2. Shikebutai 3. Songhu 4. Nixintage-Aakesayi 5. Chagangnuoer 6. Zhi-
bo 7. Dunde 8. Beizhan 9. Motuosala. Faults (D—Yilianhabierga fault (@—Nikolaev-North Nalati fault @—Awuchangzi-Wuwamen fault
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Fig. 3 Composition and structural characteristics of main minerals in the Zhibo ore district
a. Columnar clinopyroxene in wall rock (andesite? (crossed nicols?s b. Homblende and plagioclase in andesite { crossed nicols?: c. Slightly altered
K-feldspar in wall rock Cerossed nicols?): d. Platy homblende and radiant actinolite in altered andesite (crossed nicols): e. Quartz: plagioclase and
potassium feldspars in dacite {crossed nicols): [, Carbonatization in wall rock Cerossed nicols): g. Fine-grained acicular magnetite associated with
epidote Cunder reflective light}: h. Pyrite and chalcopyrite filling lattice voids of magnetite Cunder reflective light}: 1. Platy magnetite associated
with allomorphic pyrite + chalcopyrite surrounded by digenite Cunder reflective light)
Mt—Magnetite. Py—Pyrite. Ep—Epidote, Ki—K-feldspar, Qtz—Quartz, Pl—Plagioclase, Act—Actinolites Hb—Hornblende,
Cep—Chaleopyrite, Dg— Digenite. Cal—Caleite: Px—Pyroxene
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Fig. 4 Characteristics of magmatic ores from the Zhibo iron deposit
a. Dense massive ore associated with epidotization: b. Dense massive ore associated with scattered pyrite:s ¢. Densely disseminated ore associated

with scattered epidotizations d. Brecciated magnetite ore cemented by epidotized andesite: e. Brececiated ores associated with epidotizations mag-

netite cementing andesitic breccia: {. Stomata and amygdaloidal structure in massive ores g. Clear boundary between massive ore and andesite asso-
ciated with slight epidotization: h. Magnetite associated with diopside Cunder reflective light): i. Magnetite associated with epidotes assuming an-
hedral-subhedral texture Cunder reflective light }
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Fig. 5 Characteristics of hydrothermal ores from the Zhibo iron deposit
a. Massive ore associated with massive pyrite: b. Disseminated ore associated with potash feldspathization: ¢. Laminated magnetite ore with chlori-
tization and epidotization: d. AdsKI-Ep-Mt contact relationship between wall rock and veined ore: e. Dendritic magnetite cutting across early
pyrite: f. Ads-Py-Mt contact relationship between andesite and coarse-grained magnetite: g. Disseminated magnetite ore associated with pyrite and
quartz: h. Sparse disseminated magnetite ore associated with epidotization. potash feldspathization. carbonation. magnetite breccia broken: i. Fine-
grained and subhedral magnetite associated with coarse-grained pyrite Cunder reflective light }: j. Fine-grained and anhedral magnetite associated
with coarse-grained pyrite Cunder reflective light): k. Hematite irregularly filling lattice voids of magnetite and pyrite Cunder reflective light?:
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1
Table 1 Mineral-forming sequence and ore-forming stages of the Zhibo iron deposit
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Table 2 Electron microprobe analyses of representative magnetite from the Zhibo iron deposit
w B %
CaO Cr,03  FeOyp K,O TiO, AlLOs MgO MnO Na,O NiO P,0Os SiO, V,0;
7B005-7 0.00 0.01 92.46  0.00 0.10 0.07 0.04 0.09 0.01 0.00 0.00 0.27 0.00 93.05
ZB018-1 0.10  0.07 91.70 0.00 0.01 0.22 0.22 0.00 0.01 0.00 0.00 1.36 0.00 93.68
7ZB018-2 0.00 0.01 93.69  0.00 0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.15 0.00 93.91
7B020-2 0.01 0.04 93.80 0.06 0.08 0.11 0.07 0.00 0.00 0.00 0.00 1.01 0.02 95.19
7B022-1 0.35 0.09 89.66 0.03 0.01 0.22 0.19 0.11 0.11 0.00 0.00 2.49 0.01 93.27
7B023-2 0.00 0.04 93.52 0.00 0.05 0.07 0.00 0.00 0.04 0.00 0.03 0.22 0.01 93.99
7B024-1 0.18 0.02 90.70 0.00 0.05 0.17 0.18 0.03 0.03 0.02 0.03 1.71 0.02 93.13
7B025-2 0.00 0.06 93.93 0.00 0.04 0.03 0.00 0.00 0.00 0.03 0.00 0.00 0.02 94.10
7B029-1 0.00 0.00 91.91 0.02 0.05 0.01 0.00 0.09 0.08 0.01 0.00 0.05 0.00 92.23
ZB037-1 0.84 0.98 86.60 0.28 0.07 0.71 0.53 0.01 0.28 0.00 0.00 3.27 0.19 93.76
7B037-2 0.71 0.04 87.57 0.19 0.06 0.56 0.48 0.06 0.15 0.00 0.01 2.88 0.19  92.90
7B077-1 0.00 0.05 94.78 0.00 0.03 0.00 0.00 0.01 0.04 0.00 0.00 0.07 0.00 94.97
ZB078-1 0.03 0.08 91.83 0.00 0.02 0.04 0.00 0.01 0.00 0.03 0.00 0.51 0.01 92.56
7B083-2 0.93 0.01 88.54 0.28 0.00 0.35 0.51 0.03 0.08 0.00 0.02 3.61 0.06 94.43
7B098-2 0.01 0.09 92.31 0.00 0.15 0.01 0.00 0.00 0.17 0.00 0.02 0.30 0.17 93.21
7B122-1 0.01 0.06 94.51 0.02 0.01 0.06 0.00 0.04 0.00 0.00 0.00 0.33 0.08 95.12
7B160-1 0.99 0.00 88.32 0.06 0.09 0.53 0.52 0.04 0.16 0.00 0.00 3.25 0.00 93.97
7B160-2 0.42 0.03 91.26 0.02 0.05 0.21 0.29 0.09 0.03 0.02 0.00 1.82 0.00 94.23
ZB171-1-1 0.35 0.01 89.62 0.03 0.00 0.25 0.17 0.02 0.08 0.00 0.00 2.03 0.03 92.58
7B171-1-2 0.00 0.03 92.70 0.03 0.00 0.00 0.00 0.10 0.03 0.00 0.01 0.01 0.00 92.91
ZB172-1 0.00 0.02 92.88 0.00 0.03 0.13 0.06 0.07 0.06 0.00 0.00 0.29 0.00 93.53
7ZB172-2 0.33 0.05 90.76  0.05 0.02 0.06 0.24 0.09 0.06 0.01 0.01 1.70 0.04 93.40
7B190-2 0.10  0.03 93.28 0.03 0.00 0.19 0.12 0.12 ©0.02 0.00 0.00 1.29  0.04 95.22
7B192-2 0.00 0.04 93.78 0.00 0.04 0.08 0.01 0.07 0.02 0.00 0.03 0.07 0.00 94.13
7B203-1-1 0.00 0.04 92.27 0.00 0.03 0.02 0.01 0.05 0.00 0.00 0.00 0.10 0.25 92.76
7B203-2-1 0.20 0.03 90.45 0.00 0.00 0.39 0.13 0.01 0.06 0.00 0.00 1.16 0.23  92.67
7B221-1 0.00 0.02 92.70 0.00 0.03 0.00 0.00 @ 0.05 0.00 0.00 0.03 0.44 0.12 93.38
7B224-1-2 0.00 0.05 92.88 0.01 0.00 0.01 0.00 0.09 0.02 0.05 0.00 0.28 0.06 93.46
7B224-2-3 0.00 0.07 92.83 0.01 0.00 0.00 " 0.01 0.14 0.00 0.00 0.00 0.23 0.06 93.35
7B248-1 0.02 0.05 93.90 0.00 0.00 0.11 0.01 0.08 0.01 0.02  0.00 1.31 0.02 95.52
7B254-1 0.00 0.01 93.88 0.00 0.03 0.04 0.00 0.01 0.00 0.00 0.03 0.36 0.05 94.41
7ZB255-1-1 0.00 0.02 92.14 0.00 0.00 0.01 0.00 0.02 0.04 0.00 0.03 0.14 0.05 92.45
7B255-1-2 0.00 0.07 92.42 0.00 0.00 0.03 0.00 0.04 0.00 0.00 0.00 0.09 0.08 92.73
7B262-2-2 0.85 0.09 87.59 0.19 000 0.31 0.51 0.05 0.00 0.02 0.02 3.46 0.04 93.11
7B265-1-1 0.00 0.03 91.10 0.00 0.00 0.02 0.00 0.02 0.01 0.01 0.01 0.58 0.00 91.78
7B265-2-1 0.10 0.03 92.89 0.00 0.00 0.00 0.04 0.02 0.00 0.00 0.00 0.35 0.10 93.53
7B276-2-1 0.00 0.06 86.32 0.01 3.24 0.00 0.02 0.00 0.04 0.00 0.00 0.00 0.23 89.92
ZB277-1-1 0.13 0.02 88.47 - 0.00 0.01 0.28 0.01 0.01 0.00 0.00 0.00 0.13 0.00 89.05
ZB277-2-1 0.00 0.00 90.02 0.00 0.05 0.29 0.00 0.02 0.00 0.00 0.05 0.09 0.06 90.57
7B294-2 0.16 0.13 . 89.74 = 0.00 0.03 0.12 0.00 0.00 0.08 0.04 0.01 0.46 0.01 90.76
7B299-2-2 0.57 0.03 . 89.87 0.16 0.03 0.18 0.34 0.03 0.00 0.00 0.00 3.13 0.04 94.38
7B302-1-1 0.86 0.04 90.27 0.05 0.06 0.20 0.53 0.09 0.09 0.00 0.00 2.72 0.02 94.94
7B318-2 0.53 0.05 © 8.06 0.13 0.06 0.25 0.33 0.04 0.08 0.01 0.00 2.33 0.00 92.86
7B318-3 0.00 0.05 86.71 0.02 0.06 0.14 0.00 0.00 0.00 0.17 0.00 0.24 0.05 87.44
7B319-2-1 0.00 0.04 89.31 0.01 0.06 0.03 0.01 0.00 0.01 0.03 0.00 0.04 0.04 89.57
7B319-2-2 0.30 0.04 89.06 0.24 0.06 0.46 0.28 0.04 0.09 0.00 0.00 2.83 0.01 93.40
7B340-1 0.00 0.04 93.98 0.00 0.05 0.06 0.04 0.07 0.00 0.00 0.00 0.55 0.08 94.88
7B384-1 0.00 0.02 92.77 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.01 0.43 0.06 93.36
7B392-1-1 0.48 0.09 87.89 0.02 0.00 0.25 0.38 0.04 0.08 0.00 0.00 2.05 0.02 91.30
7B399-2 0.00 0.00 93.70 0.00 0.05 0.00 0.02 0.05 0.00 0.00 0.03 0.01 0.05 93.90
7B409-1-2 0.00 0.03 93.01 0.00 0.00 0.06 0.02 0.05 0.00 0.00 0.00 0.29 0.33  93.79
ZB417-1-1 0.45 0.06 91.20 0.00 0.01 0.26 0.34 0.06 0.16 0.04 0.00 1.95 0.00 94.52
7ZB417-2-1 0.37 0.03 91.10 0.00 0.00 0.10 0.22 0.04 0.03 0.13 0.01 1.60 0.00 93.61
7B4202-1 0.00 0.07 92.61 0.01 0.00 0.02 0.03 0.01 0.00 0.07 0.01 0.26 0.35 93.44
7B427-1 0.24 0.03 92.81 0.03 0.08 0.55 0.15 0.05 0.00 0.00 0.04 1.20 0.08 95.20
7B435-1 0.19 0.06 90.65 0.01 0.00 0.18 0.22 0.05 0.07 0.00 0.01 1.47  0.03 92.94
7B468-1-2 0.00 0.04 92.72 0.00 0.03 0.01 0.01 0.08 0.01 0.00 0.02 0.05 0.07 93.05
7B491-1-1 0.10 0.04 92.51 0.02 0.00 0.11 0.09 0.02 0.04 0.00 0.00 0.79 0.01 93.72
7B491-1-2 0.00 0.05 93.56 0.00 0.01 0.04 0.00 0.06 0.01 0.06 0.01 0.00 0.00 93.80
7B491-2-1 0.00 0.07 93.47 0.00 0.00 0.02 0.01 005 0.00 0.00 0.00 0.00 0.04 93.65
FeOI« SO3
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Fig. 6 Correlogram of oxides in magnetite from the Zhibo iron deposit
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