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Abstract

Located in the eastern section of the eastern Awulale metallogenic belt in the Western Tianshan Mountains,

the Zhibo iron ore deposit is hosted in andesite, basaltic andesite and pyroclastic rocks of the Lower Carbonife-
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rous Dahalajunshan Formation. The western, middle and eastern ore districts make up the Zhibo iron deposit,
among which the eastern ore district is the main ore district, in which the orebodies occur in layered, plate-like or
lenticular forms. In addition to the magnetite as the mainly metallic mineral, there exists a little pyrite, hematite
and chalcopyrite. The ore structure can be divided mainly into six types, i. e., massive, disseminated, brecciform,
banded, striated and vein ores, of which massive and disseminated ores are in the majority, meanwhile, the ore
textures include anhedral-subhedral, plate and sideronitic forms. The altered minerals in the Zhibo iron deposit
mainly include diopside, albite, actinote, epidote and potassium feldspar, with a small amount of calcite, quartz
and chlorite. According to the association relationship between ores and minerals, the Zhibo iron deposit can be
divided into two metallogenic periods, namely magmatic period and hydrothermal period. There are sodium feld-
spar-diopside stage and magnetite-actinote stage of the magmatic period, while K-feldspar-epidote stage and
quartz-sulfide stage comprise the hydrothermal period. Based on the electron microprobe analyses of Zhibo mag-
netite, it is shown that, except for the late pyrite containing massive block ore (FeO;), the other kinds of magnetite
ores have the concentration of FeO; of other types of magnetite ores in the range of 90%~95%, with the early mas-
sive ore (FeO,) being the highest. In the light of the corresponding diagram of its oxides, all the data on the whole
show that the values of CaO, Al,O,, MnO, K,O, MgO and SiO, have a good negative correlation with FeO,, while
NiO and TiO, show the opposite, and it is obvious that the values of V,0; in the initial block and magnetite-bea-ring
vein ores are significantly higher than those in other types of ores. In terms of the genetic diagram of magnetite
w(TiO,)-w(ALO),-w(MgO) and the genetic diagram of w(Ca+Al+Mn)-w(Ti+V), the early ore of the Zhibo iron de-
posit has magmatic genetic characteristics, while the later ore has hydrothermal genetic characteristics, indicating
that the formation of the Zhibo iron deposit is related to magmatism and volcanic hydrothermal metasomatism.

Key words: geochemistry, magnetite, EMPA, Zhibo iron deposit
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Fig. 2 Volcanic structures and volcanic rocks

a. Remote sensing image of the Zhibo iron deposit; b. Volcanic breccia; c. Layered tuffite; d. Tuff breccia
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Fig. 4 Characteristics of magmatic ores from the Zhibo iron deposit

a. Massive ores; b. Disseminated ores; c. Brecciated ores; d. Clear boundary between massive ores and wall rock; e. Columnar hornblende

and radiant actinolite (plainlight); f. Magnetite associated with pyroxene (plainlight); g. Hornblende and plagioclase and actinolite in

wall rock (plainlight); h. Magnetite associated with actinolite and epidote (plainlight); i. Magnetite associated with pyrite (reflective light)

Mag—Magnetite; Py—Pyrite; Act—Actinolite; Ep—Epidote; Pl—Plagioclase; Px—Pyroxene; Qz—Quartz; Hb—Hornblende
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Fig. 5 Characteristics of hydrothermal ores from the Zhibo iron deposit

a. Lumpy pyrite in dense massive ores; b. Brecciated ores associated with epidotization; ¢. Banded magnetite ores with veins filled with mainly
K-feldspar and epidote; d. Magnetite ore with flow structure; e. Ores with potash feldspathization and epodptization; f. Later carbonate and quartz
veins penetrating early K-feldspar and epidote; g. Plate magnetite penetrate pyrite (reflective light); h. Fine-grained magnetite associated with
coarse-grained pyrite (reflective light); i. Magnetite associated with pyrite containing anhedral chalcopyrite (reflective light); j. Magnetite
associated with epidote and K-feldspar and chlorite (under plainlight); k. Banded magnetite ore with veins filled with K-feldspar,
epidote and pyrite; 1. Later carbonate associated with quartz and chlorite (crossed nicols)

Mag—Magnetite; Py—Pyrite; Ccp—Chalcopyrite; Act—Actinolite; Ep—Epidote; Chl—Chlorite; Qz—Quartz; Cal—Calcite
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Fig. 6 Paragenetic sequence of mineralization and ore-forming stages of the Zhibo iron deposit (modified after Jiang et al., 2014;
Zhang, 2013)
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Table 1 Electron probe composition analysis of magnetite of Zhibo iron deposit (w(B)/%)

i) JeR Na,0 Cr,0;, MgO MnO ALO, FeO, K,0 SiO, NiO CaO TiO, V,0, &l
18ZB53-2-1-1 FAWBORE AT 0.057 0.069 0 0.075 0.032 9295 001 0396 0.05 0.036 0.008 0.721 94.404
18ZB53-2-1-2 R PORE A 0047 006 0 0.017 0.066 92479 0 0355 0.022 0.005 0.002 0.706 93.759
18ZB53-2-2-1 ARy A 0.01 0 0  0.067 0.04 93879 0 0.037 0.099 0.057 0.007 0.704 94.9
18ZB53-2-2-2 HH PR 0 0035 0 0082 0.008 93.558 0.003 0.148 0.057 0.072 0.021 0.665 94.649
18ZB53-2-3-1 FHR YR A 0  0.087 0.049 0.094 0.022 93.164 0 0.251 0.004 0.026 0.028 0.691 94.416
18ZB53-2-3-2 AXMPORE A 0.011 0.034 0 0.12  0.038 92931 0 0.596 0.019 0.087 0.008 0.677 94.521
18ZB-45-1-1 ARWPORE A 0.028  0.08  0.038 0.051 0.006 93.965 0.008 0.017 0.071 0.017 0 046 94.741
18ZB-45-1-2 FHRWPOIRE A 0102 0.042 0.022 0064 0 93.049 0 0471 0  0.026 0.054 0.384 94214
18ZB-45-2-1 HHPCRY 0 0061 0 0074 002 93301 0 0.041 0.073 0.043 0.021 0.395 94.029
18ZB-45-2-2 FHMYCR Y 0 0.022 0.042 0.111 0.022 93212 0.001 0.341 0.034 0.055 0.061 0.498 94.399
18ZB-45-3-1 ARHWIPUREH 0.061  0.04  0.001 0.066 0.061 92.832 0  0.07 0.007 0.032 0.118 0.338 93.626
18ZB-45-3-2 BB T 0.045 0.052 0.084 0.064 0.067 92.197 0.01 0.676 0.051 0.061 0.014 0.385 93.706
7ZK0203-87.5-1  SHEEKE4UIKE 4 0 0.057 0.245 0.059 0.198 91.452 0  0.635 0.113 0264 0 0249 93.272
ZK0203-87.5-2  EREBEGTANKGTA 0.048  0.055 0.127 0.055 0.004 91.761 0.00670.488 0.06 0.258 0.007 0.277 93.146
ZK0203-87.5-3-2  SHESTAKEA 0 0.052 0.067 0.13  0.014 92.708 0.008 0.746 0.111 0328 0  0.238 94.402
18ZB-53-1-1-1 SRR HIKT 11 0.064 0.087 0.05 0.083 92206 0.004 0.595 0.031 0.101 0.044 0.627 93.892
18ZB-53-1-1-2  SWEm ko4 0 0.038 0.089 0.088 0.037 29297 ~ 0 0303 0.013 0.105 0.004 0.601 94.248
18ZB-53-1-1-3  SWET-4IkF7 0 0.004 0.089 0.06 0.08 91.597 0.002 0.795 0.013 0376 0  0.611 93.633
18ZB-53-1-2-1  SWEEW-ABkT4G 0 0.027 0.045 0.019 0.056 92531 0 021 0 0.093 0.011 0474 93.466
18ZB-53-1-2-2 SRR kT4 0 0.032 0.031 0.023 0.032 91977 0.018 0.323 0.002 0.094 0 0.535 93.067
18ZB-53-1-3-1 SR AR 4 0.092  0.052  0.09° 0.043 0.1 91.009 0.013 0.775 0 0499 0 0531 93.204
18ZB-53-1-3-2 S WD IKT 7 0.075 0.032 0.086 0.092 0.022 92.514 0.015 0.446 0.017 0.198 0.031 0.624 94.152
18ZB-53-1-3-8  SWEEW-AIkT A 0 0.059 0056 0.063 0.197 90985 0 0912 0 0444 0.058 0.6 93374
18ZB-53-1-4-5 WL ANk A 0 0019 0.022 0.013 0089 92.888 0 0097 0 0085 0 0.647 93.86
18ZB-53-1-4-6 RS Ak A 0 0051 0.085 0.058 0.06 92016 0 0351 0.039 0282 0.009 0.626 93.577
18ZB40-1-1 YR (B ) 0 0.068 0.101 0.039 0.096 92.895 0.004 0.768 0.009 0.084 0.078 0.461 94.603
18ZB40-1-2 BYORE AT (REE) 0.054  0.091 0226 0.015 0.098 91.713 0.017 1.277 0.068 0.33 0 0494 94383
18ZB40-1-3 BYORF AT (RE)  0.027  0.027 0.088 0.12 0126 91.18 0  0.863 0.081 0.192 0.054 046 93.218
18ZB40-2-1 BYLRE A (PE) - 0.023 0.034  0.064 0.051 0.042 92.527 0.003 0.526 0.091 0.063 0.02 0.443 93.887
18ZB40-2-2 BYCRF A CRH)  0.031 0105 0 0.084 0.052 93.169 0.026 0313 0.139 0 0 0424 94343
18ZB40-2-3 BYRY A (PR 0 0059 0.1 0073 0 92395 0 0.577 008 0259 0 0.422 93.975
18ZB40-2-4 BYLRT A (hEB)  0.086 0.092  0.028 0.081 0.075 93.417 0.002 0331 0  0.083 0.025 0.405 94.625
18ZB40-3-1 BYLRA A REE) - 0.029 0.013 0.166 0.025 0 92.108 0.014 0.587 0.047 0.254 0.027 0.295 93.565
18ZB40-3-2 B (PR 0  0.034 0071 0.04 0.053 92.518 0.036 0.638 0.06 0.176 0.017 0.309 93.952
18ZB40-3-3 BYCRE AT CRE)  0.032 0.005 0.016 0.048 0.069 92.83 0.016 0.387 0.192 0.14 0.054 0.408 94.197
ZK3602-631-1-1  BYLRE AR 0.043  0.059 0.042 0.12  0.029 93.355 0.032 0.022 0.076 0.063 0.054 0  93.895
7ZK3602-631-1-2  RYLRF A CHE)  0.039  0.03  0.054 0.077 0.08 93.029 0.018 0.157 0 0277 0O 0 93.761
ZK3602-631-2-1  I2YLIRE £ (hE6) 0 0027 0 0066 0.032 94.529 0.005 0.01 0.017 0  0.002 94.688
ZK3602-631-2-2  RYLRF A CPER)  0.177  0.068 0.677 0.173  0.86 87.118 0213 3.997 0 1236 0362 0 94881
ZK3602-631-3-1  YeRe-A(FH#8)  0.057 0.055 0 0.1 0042 93479 0 0.067 0 0.07 0.087 0.002 93.959
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Continued Table 1

S FH! Na,0 Cr,0, MgO0 MnO ALO, FeO, K,0 Si0, NiO CaO TiO, V,0, KA
ZK3602-631-3-2 YR (PR 0.142 0.047 0314 0.083 0.258 90.463 0.057 2.074 0.008 0.553 0.08 0.03 94.109
ZK3602-394-11-1 MECRE 0.043 0.093 0 0.086 0.012 92.664 0.007 0.461 0 0.085 0 0.038 93.489
ZK3602-394-11-2 WU A 0 0082 0.116 0.07 0.017 92.393 0 0.527 0.003 0.221 0 0.039 93.468
7K3602-394-11-3 WU A 0 0.036 0.064 0.046 0.002 93.599 0 0.146 0.038 0.059 0.021 0.055 94.066
ZK3602-394-11-4 WECRE A 0 0.107 0.02 0.048 0.024 93.391 0.023 0211 0 0.027 0 0.044 93.895
ZK3602-394-11-5 TLBCRA A7 0 006 0016 0.134 0.047 92.898 0 0.151 0.031 0.083 0.008 0.019 93.447
ZK3602-394-11-6 ik eIN e 0.007 0.106 0.207 0.086 023 90.924 0  0.52 0.02 0.156 0.039 0.039 92.334
7ZK3602-394-11-7 WU A 0.014 0.047 0.437 0.078 0.05 90494 0 1.159 0.014 0.633 0  0.025 92.951
7ZK3602-394-11-8 WECIRE 0 0.226 0.144 0.091 0.022 91.8 0 0354 0.004 023 0 0.002 92.873
ZK3602-394-2-1 MBI A 0.054 0.094 0.117 0.073 0.101 92.317 0.03 0432 0 023 0.022 0.009 93.479
ZK3602-394-2-2 e /N el 0.007 0.08 0.047 0.082 0.025 92.891 0 0318 0 0.135 0 0.053 93.638
ZK3602-394-3-1 MEUIRT 1 0 0047 0 0.012 0.072 92.905 0.038 0253 0 0.048 0.016 0.032 93.423
ZK3602-394-3-2 TECIRT 1 0 0.084 0.004 0.083 0.059 93.175 0 (0238 0 0.035 0.04 0.062 93.78
ZK3602-394-3-3 ALY A 0.006 0.088 0.072 0.032 0 92.989 0.008 0.156 0 0.091 0 0.036 93.478
ZK3602-394-4-1 e /N el 0.005 0.147 0 0.075 0 92.648 0.01 0.073 0 0296 0.021 0.04 93.315
ZK3602-394-4-2 MECIRT 1 0.065 0.107 0.093 0.041 0.119 91.16 ~ 0 1257 0.01 0463 0.33 0.032 93.677
ZK3602-394-4-3 TECIRT f1 0.078 0.085 0.025 0.026 /0.086 93.368 0.012 0358 0  0.085 0.052 0.048 94.223
ZK3602-379.5-1-1 YR GUFR) 0.138 0.046 0.124 0.132 0.511°91.514 0.071 1.107 0.019 0.205 0.206 0.093 94.166
ZK3602-379.5-1-2 B GUR) 0.066 0.054 0.115 0.118 ;0.174 91.314 0.022 0.787 0.01 0.213 0.073 0.087 93.033
7ZK3602-379.5-1-3 YR A G 0.011 0.044 0 0.104 0.036 93.596 0.011 0.374 0.038 0 0 0.1 94314
ZK3602-379.5-2-1 RUCIRT A1 GAH) 0.002 0.06 0.084 0.092 0.044 94.02 0 0216 0.046 0.042 0 0.056 94.662
7K3602-379.5-2-2 BYRY 1 GUR) 0 0.042 0 0.074 0.01 92932 0.025 0.099 0 0.028 0.101 0.091 93.402
ZK3602-379.5-3-1 BYCRT A GIES) 0 - 008 0 0.067 0029 93124 0 0237 0.051 0.027 0.008 0.116 93.741
7ZK3602-379.5-3-2 BYCR A GIES) 0 0.101 0.008 0.078 0.043 93.09 0 0.165 0.037 0.005 0.057 0.099 93.683
7K3602-379.5-4-1 BYRT A GUR) 0 0.072 0.054 0.084 0.014 94.117 0 0.188 0.037 0.125 0 0.096 94.787
ZK3602-379.5-4-2 AR 1 GAFE) 0 0.048 0.166 0.082 0.408 91.555 0.057 1.504 0.056 0.401 0.05 0.083 94.41
ZK3602-513-1-1 YR A (R 0.03 0.033 0.001 0.074 0.034 93.46 0.087 0.165 0.007 0 0.022 0.036 93.949
7ZK3602-513-1-3 BUCR T GRLED) 0.105 0.09 0.051 0.108 0.311 91.569 0.213 0.855 0  0.007 0.023 0.033 93.365
ZK3602-381-1-1-1 WG 77 0 0018 0 0.021 002 93556 0 0.065 0012 0 0.027 0.072 93.791
ZK3602-381-1-1-2 RRCIRT A1 0.071 0.028 0.052 0.059 0.077 93.316 0.025 0.078 0.012 0 0.087 0.07 93.875
7ZK3602-381-1-3-1 RECIRT 1 0.063 0.016 0.236 0.158 0.212 92.089 0.02 1.744 0.022 0.409 0.052 0.086 95.107
ZK3602-626-1 B EBHESRS A 0 0091 0 0.056 0.035 93.731 0.015 0354 0 0064 0 0.002 94.348
ZK3602-626-2 & AIH A S HORE 4T 0,026 0.117 0.202 0.052 0.184 92.742 0.067 0.792 0.033 0.197 0.011 0  94.423
ZK3602-626-3 & BT SR 47 0.019 0.085 0.189 0.083 0.107 92.717 0.031 0.807 0 027 0.026 0 94334
ZK3602-626-4 AR HE EUREHORE A 0.095 0.031 0.408 0.087 0.345 89.912 0.144 224 0 0569 0.058 0.033 93.922
ZK3602-636-1-1 5 FIH S8 EosBuRE 4 0.083 0.013 0.497 0.076 0.914 88.173 0.197 2.682 0.006 0.553 0.051 0 93.245
ZK3602-636-1-2 & HH 820 FUs Ok £ 0.154 0.037 0.429 0.121 1.291 87.407 0.265 3.283 0.006 0.714 0.151 0  93.858
ZK3602-636-2-1 & B2 FUB ORI 47 0.068 0.063 0.873 0.141 0.418 86.739 0.248 3.962 0.014 0.933 0.01 0.031 93.5
ZK3602-636-2-2 £ FIH BB EUmHORE A 0.016 0.026 0.049 0.029 0 93.391 0.008 0.154 0.019 0.025 0  0.002 93.719
ZK3602-636-3-1 Fr HHE I SUEF PR A 0.168 0.062 0.594 0.096 0.75 88.177 0.103 2.959 0.001 0.738 0.129 0.01 93.787
ZK3602-636-3-2 & AIH B8 S HOR /7 0.148  0.089 0.621 0.141 0.912 87.724 0234 3.681 0  0.768 0.07 0.028 94.416
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Fig. 7 Oxides relationship diagram of magnetite from the Zhibo iron deposit
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Fig. 8 Triangular diagram of TiO,-Al,0,-MgO of magnetite
from the Zhibo iron deposit (base map after Chen et al., 1987)

Mn)-(Ti+V) &l fi# 7T LA [R1 28 84 (4945 PR 7 (Du-
puis et al., 2011) . [ I, 76 4R ¥ wE k- v S 4k 9
(Ca+Al+Mn)-(Ti+V)F 50 B f (B 9) AT AT, 25 38 He
R A TR R X 3k, 5 R TP iR R a
IR € R R A S VAR RE S AP VRS B s iv i oy
MIRSCIR S & B A A KB TR A
A, FEE IRV IR AR IOA BRI IR , DLRGERH -1
KA Z KB NFRE, R 2 55 A
J A 2 Rl iR (Dare et al.,2015; Velasco et al.,2016;
Tornos et al.,2016) . A" % G IA 1Y 32 ZLRRAE A 2R {4
FEEE W, B A ) AT B 5 R R T PR AR
IR 2 AR EGE FOIR B 2 o BUR PUR SRR IR
(T /3 55, 1982; T &2 4%, 2012; Henriquez et al.,
2003) . B EPE RBE KA1 R T B (B A R PR
WG B ) i A3 187 B ol A 7 SR DL R A 2 2
R ABZREF IR AR A, D, AN 5 Ok s gk
MY HORE A AT RE K A B 3G A R %) 36 32
DA PR R
42 HARBE

H R, 6 T8 e IR 0 s R 22 2 A,
RPfdR (F2) - Il (R B 58I IR (1 4: B 4%
20105565 ,2012) , F15 KC1LIE Bl R 38 B 28 A0AE
FHA G IR (EEE5, 2012520185 % 53 5,
2012),
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Fig. 9 w(Cat+Al+Mn)-w(Ti+V) discriminant diagram showing
analyses of magnetite from the Zhibo iron deposit (base map

after Dupuis et al.,2011)
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