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Abstract

The Zhibo iron deposit is one of the recently-discovered large magnetite deposits in the Awulale iron metal-

logenic belt, which is located at the eastern corner of western Tianshan Mountains. The ore bodies are hosted
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mainly by volcanic and volcaniclastic rocks of the Lower Carboniferous Dahalajunshan Formation. The wall rocks
of the Zhibo iron deposit have been strongly altered. Three stages of alteration assemblages and associated mineralization
have been recognized: Stage | , dominantly composed of pyroxene + albite + magnetite; Stage I , characterized
by amphibole + K-feldspars + epidote + magnetite + pyrite; and Stage [l , dominated by epidote + chlorite + cal-
cite + quartz + pyrite + hematite + chalcopyrite. Electron microprobe analyses indicate that the Zhibo deposit have
compositional features of mineral assemblages similar to many other magmatic-hydrothermal iron oxide deposits.
Pyroxene consists mainly of diopside (Di=62.97% ~83.56% ), with minor hedenbergite (Hd = 16.44% ~
36.45% ). Igneous plagioclase (Abg7 57.57.90 Anyj 5.51.87 Org.s6.0.63) has been altered into albite (Absy g9.99 33
Ang 46.2.48 Org 2120.3) . K-feldspar related to late hydrothermal alteration is superimposed upon the pre-existing
associations. Amphiboles are entirely of actinolite composition. Abundant Fe-epidote Fe/(Fe+ Al) =0.22~
0.36 and minor chlorite have pervasively replaced early mineral assemblages. In contrast with high titanium
(3.08% Ti0O,) magnetite in volcanic rocks, most magnetite from the ore bodies has lower w (TiO,) (0.23%).
A small amount of disseminated magnetite has a w (V,0s) similar to the magnetite from volcanic rocks, sug-
gesting minor iron movement from the wall rock during the early metasomatism. Mineralogy and mineral chemistry
of the altered minerals indicate that metasomatic replacement played an important role in mineralization. In addi-
tion, the Zhibo iron deposit also has some textural features suggestive of an Fe-rich melt origin for the deposit,
such as the abrupt contact between the wall-rock and massive magnetite ore, the existence of significant amounts
of breccia, the arrangement of magnetite that defines a flow texture, and platy magnetite. Combined with re-
gional geology of the Awulale iron metallogenic belt, it might be suggested that Fe-rich magmatic liquids consti-
tuted the most plausible origin for the mineralization, producing massive magnetite ore bodies associated with ex-
tensive wall rock alteration. There existed a genetic relationship between late Carboniferous continental arc mag-
matism and massive magnetite mineralization.

Key words: geology, mineral chemistry, wall rock alteration, Fe-rich magmatic liquids, Zhibo iron de-

posit, Awulale iron metallogenic belt, western Tianshan Mountains
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a. Open pit of the middle ore block b. Iron ore with epidotization and K-feldspathization c¢. K-feldspar + epidote veins crosscutting disseminated mag-

netite d. Late magnetite veins associated with epidote pyrite and quartz crosscutting disseminated magnetite showing two mineralization stages e.
Disseminated magnetite filling in spaces between diopside and K-feldspar { g. Fragmented altered andesite host rocks cemented by magnetite frag-
ments strongly replaced by albite + diopside + K-feldspar + epidote h. Early long columnar pyrite and late coarse-grained pyrite i. Angular fragments

of magnetite cemented by epidote j. Late pyrite + quartz + epidote in massive magnetite k. Hematite stockworks in massive magnetite associated

with pyrite and epidote 1. The arrangement of magnetite and diopside defining a flow texture cut by late pyrite m. Dendritic magnetite with granules of

pyrite diopside and epidote filling in interstices between magnetite crystals n. Massive magnetite ore in contact with andesitic wall rock with
no apparent metasomatic alteration o. Magnetite mineralization along the contact zone between epidote veins and andesite
Di—Diopside Ab—Albite Kfs—K-feldspar Ep—Epidote Chl—Chlorite Qz—Quartz Mag—Magnetite Py—Pyrite Ccp—Chalcopyrite

1
Table 1 Serial number of drill holes and positions of core samples from the Zhibo iron deposit western Tianshan Mountains
m m m
7b255 7K3205 502 zb319 ZK4003 703.5 zb406 7ZK3207 442
zb275 ZK4003 12.6 zb336 ZK4003 756.4 zb409 ZK3207 411.4
zb276 ZK4003 30.8 zb343 ZK1305 50 zb420 ZK2408 429.6
zb300 ZK4003 573.7 zb345 ZK2004 504.3 zb432 ZK4002 219.4
zb308 ZK4003 628 zb348 ZK2004 508.9 7b439 ZK2007 88.5
zb311 ZK4003 681 7b382 ZK0806 430 zb491 7k2812 628.8
7b313 ZK4003 687.2 7b385 ZK5502 172.9 zb492 7k2812 551.8
2
Table 2 Representative electron microprobe analyses of clinopyroxene from the Zhibo iron deposit western Tianshan Mountains
zb345 zb345 zb406 zb406 zb409 zb409 zb409 zb409 zb420  zb420 zb420 Zb492  zb492 7b492
-1.3 -2.2 -1.2 -1.3 -2.1 -2.6 4.1 —4.2 -1.1 -3.4 -3.5 -3.3 —-4.4 —-4.5
w B %
SO, 53.54 53.21 53.23 53.38 53.17 52.70 = 53.07 52.68 52.40 53.61 53.50 54.70 53.24 53.43
TiO, 0.05 0.00 0.00 0.00 0.00 0..00 0.00 0.00 0.04 0.00 0.03 0.00 0.00 0.00
AlLOs 0.05 0.14 0.27 0.27 0.60 0.29 0.20 0.37 0.49 0.12 0.19 0.02 0.25 0.14
TFeO 6.87 6.94 7.43 8.57 11.14 9.81 10.93 8.68 7.88 6.58 5.27 6.51 7.85 9.09
MnO 0.01 0.17 0.17 0.12 0.19 0.06 0.01 0.12 0.10 0.17 0.00 0.98 0.00 0.12
MgO 14.24 4.20 13.78 13.06° 11.58 12.39 12.03 13.39 13.67 14.38 15.26 13.82 13.70 13.31
CaO 24.12  24.08 24.21 23.77 ~23.44 23.53 23.94 23.70 23.99 24.30 24.65 24.21 23.99 24.12
NaO 0.18 0.19 0.22 0.24 0.35 0.27 0.18 0.26 0.32 0.16 0.03 0.09 0.21 0.18
K,O 0.01 0.00 0.01 0.00 0.01 0.01 0.00 0.00 0.02 0.00 0.00 0.01 0.03 0.18
99.07 98.93 ©.99.32 «+ 99.41 100.48 99.06 100.36 99.20 98.91 99.32 98.93 100.34 99.27 100.57
6
Si 2.00 2.00 1.99 2.01 2.00 2.00 2.00 2.00 1.98 1.97 2.00 1.99 2.02 2.00
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 0.00 0.01 0.01 0.01 0.03 0.01 0.01 0.01 0.02 0.02 0.01 0.01 0.00 0.01
Fel* 0.00 0.02 0.02 0.00 0.00 0.01 0.01 0.02 0.04 0.06 0.01 0.00 0.00 0.01
Fe?* 0.22 .20 0.21 0.27 0.35 0.30 0.33 0.23 0.23 0.19 0.20 0.16 0.20 0.23
Mn 0.00 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.03 0.00
Mg 0.79 0.79 0.77 0.73 0.65 0.70 0.67 0.78 0.75 0.77 0.80 0.85 0.76 0.77
Ca 0.97 0.97 0.97 0.96 0.94 0.96 0.96 0.95 0.96 0.97 0.97 0.98 0.96 0.96
Na 0.01 0.01 0.02 0.02 0.03 0.02 0.01 0.02 0.02 0.02 0.01 0.00 0.01 0.02
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3.99 4.01 4.00 4.00 4.01 4.00 3.99 4.01 4.00 4.00 4.01 3.99 3.98 4.00
Mn Fe  0.00 0.02 0.02 0.01 0.02 0.01 0.00 0.01 0.01 0.03 0.00 0.15 0.00 0.01
Mg Fe 3.70 3.64 3.30 2.71 1.85 2.25 1.96 2.75 3.09 3.90 5.16 3.78 3.11 2.61
%
Di 78.40 77.92 76.00 71.95 62.97 68.37 65.92 73.18 75.85 78.73 83.56 76.59 75.12 72.49
Hd 21.57 21.55 23.46 27.69 36.45 31.43 34.04 26.46 23.83 20.74 16.44 20.33 24.88 27.14
Jo 0.03 0.53 0.55 0.36 0.58 0.20 0.04 0.36 0.33 0.54 0.00 3.08 0.00 0.36
TFeO Di— Hd— Jo—
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Fig. 4 Microphotographs of alteration and mineralisation types and textures from the Zhibo iron deposit western Tianshan
a. Volcanic rock replaced by an early alteration assemblage of diopside and albite with disseminated magnetite b. The arrangement of diopside K-
feldspar + magnetite assemblages defining a flow texture c¢. Volcanic rocks with K-feldspathization epidotization and actinolitization in contact with
magnetite d. Fragments of altered volcanic rock embedded in magnetite the fragments being strongly epidotized and actionolitized e. The latest alteration
dominated by epidote + calcite + titanite + magnetite assemblages f. The latest alteration dominated by actinolite + quartz + epidote + titanite assem-
blages g j. Magnetite mineralization along the contact zone between epidote vein and andesite h i. Magnetite in contact with andesite with no ap-
parent metasomatic alteration plagioclase in andesite arranged parallel to the contact zone k. Long columnar pyrite in massive magnetite 1. Platy
magnetite with granules of pyrite and actinolite filling in interstices between magnetite crystals m. Pyrite replacing magnetite with magnetite diop-
side and trace chalcopyrite inclusions n. Late hematite + pyrite replacing magnetite commonly together with epidote o. Late chalcopyrite + pyrite

occurring as fracture infillings in volcanic rocks chalcopyrite marginally converted to digenite
Di—Diopside Ab—Albite Kfs—K-feldspar Act—Actinolite Ep—Epidote Cal—Calcite Qz—Quartz Ttn—Titanite Mag—Magnetite
Hem—Hematite Py—Pyrite Ccp—Chalcopyrite Dg—Digenite

3

Table 3 Representative electron microprobe analyses of feldspars from the Zhibo iron deposit western Tianshan Mountains

zb382  zb382  zb255  Zb275  zb420  zb420  zb491 . zb255  zZb275  zb345  zb406  zb420  zb492  zb492
-25 -28 -6.5 -6.2 -1.5 -1.10 -1.1 -6.6 —-6.1 -1.7 -4.6 -1.6 -3.4 —4.1
w B %
SiO, 55.12  58.09 67.71 66.16 61.16 -67.15 69.10 63.35 63.65 64.10 64.46 64.53 64.14 63.55
TiO, 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.01 0.03 0.05 0.00
ALO; 27.24  26.04 19.52 19.94 21.25 20.01 20.48 18.45 18.06 17.72 18.27 17.95 17.55 17.80
TFeO 0.27 0.08 0.08 0.07 0.73 0.13 0.05 0.25 0.05 0.56 0.17 0.10 0.13 0.35
MnO 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.03 0.04 0.04 0.00 0.00 0.00
MgO 0.00 0.03 0.01 0.01 0.27 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
CaO 10.59  8.70 0.11 0.55 0.32 0.73 0.25 0.06 0.02 0.01 0.02 0.00 0.02 0.02
NaO 5.37 6.70 1271  11.80  7.61 12.05 9.33 0.52 0.40 0.30 0.36 0.41 0.19 0.43
K,O 0.10 0.12 0.04 0.08 3.01 0.05 0.09 16.52  17.00 17.04 16.97 16.89 17.14 17.02
98.70  99.78 100.18 98.62 94.35 100.15 99.30 99.19 99.21 99.77 100.30 99.91 99.22 99.17

8

Si 2.52 2.61 2.97 2.94 2.87 2.95 3.01 2.97 2.99 3.00 2.99 3.00 3.00 2.99

Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Al 1.47 1.38 1.01 1.05 1.17 1.03 1.05 1.02 1.00 0.98 1.00 0.98 0.97 0.99

Fe?' 0.01 0.00 0.00 0.00 0.03 0.00 0.00 0.01 0.00 0.02 0.01 0.00 0.00 0.01
Fe* 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 0.52 0.42 0.01 0.03 0.02 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Na 0.47 0.58 1.08 1.02 0.69 1.02 0.79 0.05 0.04 0.03 0.03 0.04 0.02 0.04

K 0.01 0.01 0.00 0.00 0.18 0.00 0.01 0.99 1.02 1.02 1.00 1.00 1.02 1.02

5.00 5.00 5.07 5.04 4.98 5.03 4.87 5.04 5.05 5.05 5.03 5.02 5.01 5.05

An 51.87 41.50 0.46 0.48 1.82 3.23 1.45 0.30 0.07 0.05 0.10 0.02 0.11 0.11
Ab 47.57 57.82  99.33 97.08 77.89 96.48 97.91 4.54 3.42 2.58 3.14 3.58 1.65 3.70

Or 0.56 0.68 0.21 0.44  20.30 0.28 0.64 95.17 96.51 97.37 96.76 96.40 98.25 96.19
TFeO
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Table 4 Representative electron microprobe analyses of amphibole from the Zhibo iron deposit western Tianshan Mountains
7b255  zb255  zb255  zb300  zb300  zb300 zb336 zb336 zb336 zb348 zb348 zb4d09 zb409 zb492  zbd92
-1.8 -4.1 -6.4 -1.19 -53 ~-7.3 -1.3 -23 -3.2 —-1.4 -1.5 -5.2 -6.1 -3.7 -3.8
w B %
SiO, 53.28 52.91 53.33 4.17 53.10 53.64 53.04 53.71 53.54 53.26 53.69 53.18 52.52 54.50 53.13
TiO, 0.03 0.05 0.03 0.00- 0.03 0.04 0.00 0.07 0.04 0.0 0.00 0.05 0.05 0.07 0.00
ALOs 1.76  1.91 1.86 1.05 1.76 1.53  2.42  1.56 1.16 1.85 1.06 2.15 2.08 1.75  2.06
TFeO 13.67 12.80 12.76 12.36 13.54 13.60 14.44 14.18 13.95 12.53 12.69 13.76 15.06 12.34 12.50
MnO 0.17 0.78 0.91 0.32 0.04 0.00 0.05 0.11 0.00 0.60 0.82 0.52 0.11 0.71 0.13
MgO 15.33 15.03 15.37 16.08 15.06 14.90 14.54 14.78 15.11 15.34 15.21 15.32 14.55 15.76 15.62
CaO 12.06 12.11 11.92 12.25 12.29 12.04 12.04 12.03 12.31 12.21 12.31 12.09 12.14 12.61 12.39
Na,O 0.38 0.24 0.25 0.14 0.17 0.32 0.36 0.36 0.25 0.23 0.08 0.33 0.26 0.25 0.26
K,O 0.29 0.09 0.11 0.10 0.10 0.10 0.13 0.23 0.13 0.08 0.07 0.06 0.09 0.04 0.10
96.97 95.92 96.54 96.47 96.09 96.17 97.02 97.03 96.49 96.11 95.93 97.46 96.86 98.03 96.19
23
Si 7.71 7.78 7.79 7.8 7.79 7.83 7.75 7.79 7.85 7.80 7.89 7.71 7.69 7.78 7.76
Ti 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00
Al 0.30 0.33 0.32 0.18 0.30 0.26 0.42 0.27 0.20 0.32 0.18 0.37 0.36 0.29 0.35
Fet 1.28  1.57 1.56  1.50 1.63 1.46 1.77 1.47 1.70 1.54 1.55 1.56 1.68 1.29 1.49
Fe3t 0.37 0.00 0.00 0.01 0.03 0.20 0.00 0.25 0.01 0.00 0.01 0.11 0.16 0.19 0.04
Mn 0.02 0.10 0.11 0.04 0.00 0.00 0.01 0.01 0.00 0.07 0.10 0.06 0.01 0.09 0.02
Mg 3.31 3.30 3.35 3.49 3.30 3.24 3.17 3.20 3.30 3.35 3.33 3.31 3.18 3.36 3.40
Ca 1.87 1.91 1.87  1.91 1.93 1.88 1.89 1.87 1.93 1.92  1.94 1.88  1.90 1.93  1.94
Na 0.11  0.07 0.07 0.04 0.05 0.09 0.10 0.10 0.07 0.07 0.02 0.09 0.07 0.07 0.07
K 0.05 0.02 0.02 0.02 0.02 0.02 0.02 0.04 0.03 0.01 0.01 0.01 0.02 0.01 0.02
15.02 15.09 15.09 15.07 15.05 14.98 15.13 15.01 15.09 15.08 15.03 15.11 15.08 15.02 15.09
Mg Mg+Fé* 0.72 0.68 0.68 0.70 0.67 0.69 0.64 0.69 0.66 0.69 0.68 0.68 0.65 0.72 0.70
Mg Mg+Al 0.92 0.91 0.91 0.95 0.92 0.92 0.8 0.92 0.94 0.91 0.95 0.90 0.90 0.92 0.91

TFeO
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3n
zb409 —
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Table 5 Representative electron microprobe analyses of epidote from the Zhibo iron deposit western Tianshan Mountains
zb255  zb300  zb300  zb336  zb345  zb345  zb348  zb348  zb385  zbd06  zb420  zb420  zb420  zb492
-1.7 —-1.21 -6.2 -3.5 —1.11. —3.1 -1.1 -1.2 -1.1 -4.4 —1.11 -3.6 -3.8 —4.2
w B %
SiO, 37.14 37.96 37.47 37.56 37.58 38.08 36.98 38.29 37.09 37.26 37.94 37.98 37.60 37.25
TiO, 0.07 0.01 0.04 0.00 0.00 0.01 0.00 0.01 0.00 0.07 0.02 0.06 0.04 0.00
ALOs 23.64 19.75 21.37 23:28 - 22.14 24.25 23.45 24.33 20.03 22.75 23.08 22.16 24.71 22.74
TFeO 11.57 15.98 13.69 12.76 13.26 11.17 11.32 9.65 15.22  12.32  11.56 12.56 10.21 12.83
MnO 0.30 0.48 0.00 0.64 0.35 0.45 1.41 0.02 0.01 0.27 0.39 0.23 0.01 0.22
MgO 0.02 0.26 0.02 0.04 0.38 0.05 0.03 0.01 0.00 0.00 0.00 0.01 0.01 0.00
CaO 22.21 21.46 22.53 22.02 21.86 21.86 21.60 22.97 22.38 22.58 22.22 22.45 22.42 21.41
Na,O 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.02 0.00 0.01 0.00 0.02 0.05 0.03
K,O 0.01 0.00 0.00 0.00 0.04 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01
94.96 95.91 95.12 96.3 95.61 95.87 94.81 95.31 94.73 95.26 95.22 95.48 95.05 94.49
12.5
Si 3.00 3.07 3.04 3.00 3.03 3.03 3.00 3.06 3.04 3.01 3.05 3.06 3.02 3.02
Ti 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Al 2.25 1.88 2.04 2.19 2.10 2.28 2.24 2.29 1.93 2.17 2.19 2.10 2.34 2.18
Fe* 0.78 1.08 0.93 0.85 0.89 0.74 0.77 0.65 1.04 0.83 0.78 0.85 0.68 0.87
Mn 0.02 0.03 0.00 0.04 0.02 0.03 0.10 0.00 0.00 0.02 0.03 0.02 0.00 0.01
Mg 0.00 0.03 0.00 0.00 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ca 1.92 1.86 1.96 1.89 1.89 1.87 1.88 1.97 1.96 1.95 1.92 1.94 1.93 1.86
Na 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
K 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
7.97 7.95 7.97 7.97 7.98 7.96 7.99 7.97 7.97 7.98 7.97 7.97 7.98 7.95
Fe Fe+ Al 0.26 0.36 0.31 0.28 0.30 0.25 0.26 0.22 0.35 0.28 0.26 0.29 0.23 0.29
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2.2 3.1 zb420—-1.3 5.2 w V505 =

0.15% 0.28% 4]

w V,05 =0.17% 0.38% k

3h
+
4n 3k 4 m
7 w Ni
6 0.51% w Co 0.1%
3.6 0.75% w Se w As w Cu
6
Table 6 Representative electron microprobe analyses of magnetite and hematite from the Zhibo iron deposit western Tianshan Mountains
w B %
S0, TiO, ALO; TFeO MnO MgO CaO NaO KO CnO; NiO V,05 P05

255-1.1 1.60 0.08 0.20 90.11 0.04 0.19 0.26 0.07 0.03 0.08 0.07 0.00 0.00 92.73
255-1.3 0.01 0.14 0.02 93.31 0.04 0.02 0.00 0.02 0:00 0.02 0.00 0.04 0.00 93.62
255-1.6  0.72  0.02 0.07 92.81 0.07 0.08 0.08 0.00 0.0l 0.00 0.00 0.07 0.00 93.94
300-1.2  0.71 0.02 0.13 92.35 0.00 0.07 0.04 0.06 0.00 0.01 0.06 0.01 0.02 93.48
300-6.1 0.66 0.04 0.07 92.51 0.06 0.08 0.04 ~0.02 0.00 0.04 0.00 0.00 0.00 93.52
300-7.2  2.54 0.23 0.48 87.96 0.06 0.40 0.66. 0.04 0.06 0.09 0.00 0.01 0.02 92.55
300-7.5  0.13  0.04 0.03 92.91 0.03 0.00 0.00 ~0.00 0.01 0.0 0.03 0.01 0.00 93.20
491-1.5  0.15 0.05 0.03 93.77 0.03 0.01- '0.05 0.01 0.00 0.17 0.01 0.01 0.01 94.30
491-1.6  0.06 0.03 0.00 93.90 0.06 0.000.00 0.07 0.05 0.05 0.00 0.01 0.00 94.23
311-2.1  3.65 0.14 0.61 86.87 0.01 ~0.60° 0.83 0.17 0.20 0.04 0.00 0.02 0.00 93.14
313-1.1 3.99 0.02 0.50 85.48 0.02  0.66 0.9 0.17 0.31 0.08 0.00 0.03 0.00 92.22
313-3.1 4.22  0.13 0.87 84.97 0.00 0.74 1.13 0.18 0.38 0.13 0.01 0.03 0.00 92.79
336-3.1  2.72 0.16 0.46 88.53 .0.01 0.43 0.71 0.12 0.11 0.02 0.04 0.03 0.02 93.36
343-7.1 1.88 0.08 0.19 90.20 0.00 0.12 0.21 0.00 0.03 0.01 0.00 0.01 0.00 92.73
448-2.3 1.66 0.04 0.21 91.27 0.00 0.21 0.35 0.00 0.06 0.04 0.00 0.05 0.00 93.89
492-3.1 2.43 0.13 0.22 89.28 0.00 0.48 0.67 0.05 0.00 0.02 0.00 0.04 0.00 93.32
345-1.1  0.04 0.02 20.01 ~93.53 0.01 0.00 0.00 0.02 0.00 0.04 0.00 0.00 0.00 93.67
345-2.1 2.12  0.060 0.13 90.75 0.00 0.41 0.47 0.07 0.01 0.04 0.00 0.01 0.00 94.07
444-2.1 0.45 0.05 0.01 92.49 0.00 0.05 0.00 0.03 0.00 0.00 0.02 0.08 0.02 93.20
448-1.3 1.36.°0.03 0.09 92.41 0.05 0.21 0.30 0.00 0.00 0.03 0.00 0.01 0.02  94.51
448-1.5  0.77 ©.0.02 0.05 92.31 0.02 0.05 0.00 0.00 0.00 0.04 0.00 0.01 0.00 93.27
492-3.3 1.o0 0.01 0.17 92.02 0.00 0.12 0.19 0.00 0.05 0.07 0.00 0.01 0.00 93.64
492-3.4  0.10 0.01 0.03 91.80 0.04 0.02 0.00 0.00 0.00 0.02 0.00 0.05 0.01 092.08
409-2.2  1.13 0.06 0.08 92.26 0.02 0.04 0.13 0.07 0.00 0.04 0.00 0.15 0.00 93.98
409-3.1 0.92 0.02 0.04 92.44 0.01 0.07 0.13 0.00 0.00 0.06 0.03 0.35 0.03 94.10
420-1.3  0.40 0.00 0.02 91.74 0.06 0.02 0.00 0.03 0.00 0.04 0.00 0.31 0.04 92.66
420-5.2  0.45 0.00 0.02 93.02 0.05 0.03 0.04 0.00 0.00 0.06 0.06 0.38 0.00 94.11
439-1.2  0.42 0.02 0.01 92.36 0.05 0.00 0.04 0.00 0.00 0.04 0.05 0.22 0.00 93.21
485-1.1 0.01 13.26 0.00 79.32 0.00 0.03 0.06 0.00 0.00 0.05 0.00 0.57 0.03 93.33
485-1.2 0.47 6.18 0.08 83.95 0.07 0.02 0.15 0.05 0.04 0.05 0.00 0.27 0.02 91.35
491-1.2  0.21 11.16 0.00 81.37 0.00 0.05 0.49 0.00 0.00 0.49 0.00 0.51 0.03 94.31
432-4.1 0.10 3.08 1.01 86.02 0.00 0.01 0.00 0.06 0.00 0.02 0.00 0.17 0.02 90.49
311-1.1 0.06 0.62 0.03 86.25 0.00 0.00 0.00 0.06 0.00 0.00 0.02 0.09 0.04 87.17
311-2.1 0.00 0.62 0.01 &87.18 0.04 0.00 0.01 0.03 0.00 0.03 0.00 0.08 0.00 88.00
311-5.1  0.06 0.53 0.13 89.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 90.21
313-1.1  0.06 0.52 0.01 89.10 0.00 0.00 0.00 0.01 0.02 0.04 0.00 0.01 0.00 89.77

TFeO
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7
Table 7 Representative electron microprobe analyses of pyrite and chalcopyrite from the Zhibo iron deposit western Tianshan Mountains

w B %
Co Ni
Se As S Pb Co Fe Cu Zn Ni Bi
zb276-1.1  0.01 0.03 53.29 0.04 0.03 46.13 0.00 0.00 0.07 0.03 99.63 0.43
zb300-8.1 0.02 0.02 53.38 0.07 0.04 46.68 0.00 0.00 0.13 0.08 100.42 0.31
zb308-1.2 0.00 0.00 53.41 0.00 0.06 46.63 0.00 0.00 0.14 0.00 100.24 0.43
zb311-1.1  0.00 0.02 52.88 0.00 0.05 46.04 0.01 0.00 0.31 0.16 99.47 0.16
7zb311-4.1  0.00 0.00 54.01 0.09 0.24 46.34 0.00 0.02 0.01 0.00 100.71 24.00
zb319-1.3  0.03 0.00 53.78 0.00 0.03 46.19 0.00 0.08 0.51 0.00 100. 62 0.06
zb319-1.4 0.00 0.04 53.57 0.07 0.75 45.35 0.00 0.00 0.01 0.11 99.90 75.00
zb319-1.6 0.01 0.00 53.42 0.00 0.05 46.41 0.03 0.00 0.15 0.00 100.07 0.33
7b448-1.1 0.03 0.00 53.70 0.00 0.74 46.18 0.03 0.00 0.00 0.00 100.68 -
7zb448-1.2  0.00 0.01 53.96 0.07 0.04 46.93 0.01 0.03 0.02 0.07 101.14 2.00
zb492-1.1 0.00 0.00 53.20 0.04 0.06 46.70 0.06 0.01 0.46 0.00 100.53 0.13
zb311-4.2  0.00 0.00 34.36 0.06 0.03 30.19 33.86 0.14 0.00 0.04 98.68 -
zb276-1.2  0.00 0.00 34.80 0.16 0.04 29.97 34.72 0.06 0. 00 0.01 99.76 -
2003
4m
Bookstrom 1977
4o -
Pollard 2001
10 km
4.1
2012
+
3e 4a b +
w TIOZ w CI'203 w VzOS w T102
0.06%
1980 w TiO, 1% 0.5%
+ +
w VzOS
Mn Fe 0.1
4.2
Nakano et al. 1994 1997
5 Meinert et

al. 2005 Sr-Nd 2006
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U-Pb 2008
300.3 Ma
2012
A
304.1 Ma  294.5 Ma Zhang et al. 2010
2012
Candelaria
Groves et al. 2010 Na-Fe-Cl
Pollard 2001
3n -
4h 1
3]
M g
3m 41
Nystrém et al. 1989
Nystrom et
al. 1994 Park 1961 Henriquez et
al. 2003 Hou et al.
2011 2012
Jr
5
1988 Sillitoe et al. 2002 -
+ +
F B + + + +
Philpotts 1967 1984 -
+ + + +
+

w Vz OS SIOZ
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