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Skarn mineral characteristics of the Wutubulake iron deposit in Altay,
Xinjiang, and their geological significance
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Abstract: The medium-sized Wutubulake iron deposit in the eastern extension of the Altay ore belt within Xin-
jiang is hosted in the metamorphosed volcaniclastic-sedimentary sequence of the Upper Silurian-Lower Devonian
Kangbutiebao Formation. The ore bodies in the ore deposit occur as stratoids or lenses, surrounded by skars
minerals. Skarn minerals include garnet, chinopyoxene, scapolite, albite, actinolite, epidote, chlorite, apatite
etc. whereas ore minerals are mainly magnetite, with minor pyrite, chalcopyrite, pyrrhotite, molybdentite etc.
Field evidence and petrographic observation indicate four stages of metallogenesis, i.e., prograde stage, retro-
grade stage, sulfide stage and supergene stage. Electron microprobe analyses show that the end member of gar-
net is mainly andradite, with the calculated end number dominated by andradite (And: 72.89% ~84.09% ,
78.44% on average), followed by almandite (Alm: 8.23% ~ 12.86% ) and grossularite (Gro: 3.47% ~
14.97% ), both of which are less than 20% . The composition of pyroxene is mainly diopside, with a small amount

of augite. The end member of diopside is dominated by wollastonite (Wo: 43.48% ~45.84% ), followed by en-
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statite (En: 27.02% ~34.14% ) and ferrosilite (Fs: 18.72% ~25.56% ). The amphiboles show insignificant
compositional variation, mostly being ferrotschermakite. The composition of these skarn minerals suggest that
skarn in the Wutubulake iron deposit is calcic skarn, belonging to metasomatic skarn. The epidote is rich in Al
and Ca but poor in Fe and Ti, indicating that Fe and Ti were separated out at the same time of the formation of
epidote. Electron microprobe analyses show that the composition of magnetite is mainly FeO' (91.17% ~
93.63% ), and most magnetite has similar chondrite-normalized rare earth element distribution patterns and is
enriched in light rare earth elements, with an obvious Eu positive anomaly, which is similar to the rare earth ele-
ment distribution patterns of skarns in this area. The Ni/Co values of magnetite range from 0.15 to 4.29, but
most of them are lower than 1.0. All of these characteristics suggest that the formation of magnetite was closely
related to the skarns. The above mineralogical characteristics are similar to things of minerals in typical metaso-
matic skarn iron deposits, implying that the Wutubulake iron deposit is a metasomatic skarn iron deposit. In
combination with the geological characteristics, the authors hold that the skarns might have resulted form hy-
drothermal interaction with metamorphic volcanic and carbonate beds and lenses, and the formation of magnetite
was related to the retrogressive metamorphism of the skarns.

Key words: iron deposit; skarn; electron microprobe analysis; magnetite; Wutubulake; Altay
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Fig. 2 Features of skarn minerals from the Wutubulake iron deposit
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Table 1 Electron microprobe analyses and end members of representative garnet from the Wutubulake iron deposit
WT43-1 WT433  WT43-4  WT45-1 WT45-2  WT45-3  WT45-5 WT45-6 WT47-1 WT47-3 WT92-6
S0, 36.12 3597 36.35  36.47  36.53  36.09  36.17  36.06  36.24  36.52 36. 1
TiO, 0.09 0.1 0.19 0.11 0.16 0.17 0.54 0.29 0.45
ALO; 3.21 3.35 3.2 5.18 5.33 5.71 4.95 5.39 4.14 3.75 4.61
Cr, 03 0.07 0.10 0.27 0.06
FeO" 28.82 29.12 29.26 27.02 26.56 26.52 26.81 27.32 26.63 27.58 27.31
MnO 0.34 0.55 0.28 0.52 0.78 0.37 0.62 0.95 0.29 0.25 0.96
MgO 0.12 0.11 0.15 0.21 0.08 0.04 0.03
CaO 29.79 29.71 30.17 29.37 30.19 30.53 30.01 29.29 30.76 30.6 29.68
Na,O 0.03 0.22 0.10 0.12 0.14 0.11 0.13
Total 98.51 99.11 99.73 98.99 99.72 99.55 98.73 99.35 98.76 98.99 99.14
Si 3.00 2.98 2.98 2.99 2.98 2.95 2.98 2.96 2.98 3.00 2.97
Ti 0.01 0.01 0.01 0.01 0.01 0.01 0.03 0.02 0.03
Al 0.31 0.33 0.31 0.50 0.51 0.55 0.48 0.52 0.40 0.36 0.45
Cr 0.00 0.01 0.02 0.00
Fe?* 1.68 1.68 1.68 1.50 1.50 1.48 1.53 1.49 1.59 1.62 1.56
Fe?* 0.32 0.34 0.33 0.36 0.31 0.33 0.32 0.38 0.25 0.27 0.32
Mn 0.02 0.04 0.02 0.04 0.05 0.03 0.04 0.07 0.02 0.02 0.07
Mg 0.01 0.01 0.02 0.03 0.01 0.00 0.00
Ca 2.65 2.64 2.65 2.58 2.64 2.67 2.65 2.58 2.71 2.69 2.61
Uvt 0.23 0.33 0.87 0.19
And 84.09 83.41 83.72 74.91 74.59 72.89 76.06 73.96 79.81 81.73 77.71
Pyr 0.49 0.45 0.61 0.84 0.32 0.16 0.12
Spe 0.80 1.28 0.65 1.21 1.78 0.84 1.44 2.18 0.68 0.58 2.22
Gro 3.86 3.70 3.47 11.30 12.62 14.97 11.88 10.99 11.11 8.61 9.28
Alm 10.53 11.29 10.85 11.97 10.16 10.98 10.62 12.68 8.23 9.07 10.67
FeO'— Uvt— And— Pyr— Spe— Gro— Alm—
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3 W %
Table 3 Electron microprobe analyses wg %  cation proportions and end members of representative

hornblende from the Wutubulake iron deposit

WT05-3  WT05-4 WT05-5 WT05-6 WT92-1 WT92-2 WT92-3 WT92-4 WT92-5 WTI126-1 WTI126-2

SiO, 38.36 38.89 38.16 40.37 39.7 39.25 40.24 40.25 41.35 45.11 43.75
TiO, 0.34 0.67 0.58 0.28 0.14 0.4 0.02 0.22 0.01
ALO; 11.44 12.3 12.05 10.91 10.25 9.97 9.75 9.68 9.88 6.92 7.91
Cr,05 0.09 0.14 0.22
FeO' 23.5 23.6 24.12 24.68 26.95 27.23 26.1 26.77 25.72 22.37 22.27
MnO 0.48 0.2 0.37 0.48 0.37 0.34 0.53 0.64 0.27 0.13 0.15
MgO 6.68 7.18 6.7 6.99 6.38 6.21 7.15 6.34 7.36 9.93 9.57
CaO 10.4 10.66 10.7 10.58 10.26 10.07 10.44 10.18 9.88 10.65 10.74
Na,O 4.66 2.3 2.23 1.86 1.96 2.03 1.9 1.82 1.85 1.48 1.73
K,O 1.34 1.33 1.52 1.42 1.48 1.62 1.26 1.62 1.39 0.95 1.29
Total 97.21 97.22 96. 44 97.56 97.50 97.25 97.37 97.53 97.92 97.54 97.42

23

Si 6.13 6.14 6.11 6.36 6.34 6.32 6.41 6.44 6.49 6.94 6.77
Al 1.87 1.86 1.89 1.64 1.66 1.68 1.59 1.56 1.5 1.06 1.23
Al 0.28 0.43 0.39 0.39 0.27 0.21 0.23 0.27 0.32 0.19 0.22
Ti 0.04 0.08 0.07 0.03 0.02 0.05 0.00 0.03 0.00
Fe** 0.01 0.25 0.11
Fe** 3.14 3.12 3.23 3.25 3.60 3.67 3.47 3.58 3.37 2.63 2.77
Mn 0.06 0.03 0.05 0.06 0.05 0.05 0.07 0.09 0.04 0.02 0.02
Mg 1.59 1.69 1.60 1.64 1.52 1.49 1.70 1.51 1.72 2.28 2.21
Ca 1.78 1.80 1.84 1.79 1.76 1.74 1.78 1.75 1.66 1.76 1.78
Na 1.44 0.70 0.69 0.57 0.61 0.63 0.59 0.56 0.56 0.44 0.52
K 0.27 0.27 0.31 0.29 0.30 0.33 0.26 0.33 0.28 0.19 0.25
Sum 16.61 16.12 16.18 16.02 16.13 16.17 16.10 16.09 15.99 15.75 15.89
Sir 6.13 6.14 6.11 6.36 6.34 6.32 6.41 6.44 6.49 6.94 6.77
Alr 1.87 1.86 1.89 1.64 1.66 1.68 1.59 1.56 1.51 1.06 1.23
Al 0.28 0.43 0.39 0.39 0.27 0.21 0.23 0.27 0.32 0.19 0.22
Fel 0.01 0.25 0.11
Tic 0.04 0.08 0.07 0.03 0.02 0.05 0.00 0.03 0.00
Mgc 1.59 1.69 1.60 1.64 1.52 1.49 1.70 1.51 1.72 2.28 2.21
Fet 3.09 2.80 2.94 2.94 3.19 3.25 3.07 3.22 2.92 2.28 2.46
Mnc
Fe3' 0.05 0.32 0.29 0.32 0.41 0.42 0.41 0.36 0.45 0.35 0.31
Mny, 0.06 0.03 0.05 0.06 0.05 0.05 0.07 0.09 0.04 0.02 0.02
Cay 1.78 1.66 1.66 1.62 1.54 1.54 1.52 1.55 1.52 1.64 1.67
Nay, 0.10

Cay 0.15 0.18 0.17 0.22 0.20 0.26 0.20 0.15 0.12 0.11
Nay 1.34 0.70 0.69 0.57 0.61 0.63 0.59 0.56 0.56 0.44 0.52
Ka 0.27 0.27 0.31 0.29 0.30 0.33 0.26 0.33 0.28 0.19 0.25

FeO" Sum T Si Al CPY RS TiVY C T Al CA* Fét Ti*Y Mg F? Mn B C
Fe?* Mn Mg Ca Na A B Na K
3.5 Ti Fe Ti
9 4

ALO; = 21.90% ~ 23.24% TiO, =
0.00% ~0.30% FeO'=13.29% ~14.27% CaO= 3.6
21.46% ~22.13% 11 5
Al Ca Fe FeO Fe, O3 FeO'=91.17% ~



2 275

1 93.63% Si0,=0.02% ~0.25% TiO,=0.03% ~
ENE
s 0.10% MnO=0.06% ~0.3% MgO=0.02% ~
08f PRy I 0.27% CaO=0.01% ~0.30%
HER
.~ o6} 1979
B ALO; 7  FeO'
<ol ©t Si0, MgO
%ﬂ l V ' &
A
wasnE * BE s
02F
% P p 7 e s MREE=1.66%x10°~5.29%x10° 6 5
A FHSURTH 8
6 LREE HREE =2.19
Leake 1997 ~8.62 La Yb y=2.56~16.50
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Table 4 Electron microprobe analyses of epidote from the Wutubulake iron deposit

WTO01-5 WT01-6 WTO01-7 WTO1-8 WT02-1 WT02-5 WT02-6 WT02-8 WT02-9

SO, 38.05 37.35 38.4 37.83 37.26 37.96 37.81 38.26 37.64
TiO, 0.12 0.12 0.30 0.05 0.16

ALO; 22.22 22.91 21.9 23.12 22.85 22.9 23.24 22.98 23.09
FeO" 14.01 14.39 14.47 13.97 13.74 13.75 13.79 13.29 14.25
MnO 0.24 0.37 0.18 0.11 0.11

MgO 0.15 0.09 0.03 0.08
CaO 21.7 22.13 21.49 21.46 21.99 22.13 21.65 22.08 22.19
Total 96.34 96.9 96.93 96.76 96 96.93 96.62 96.61 97.27

FeO'
5 wp %

Table 5 Electron microprobe analyses of magnetite from the Wutubulake iron deposit

WT01-2  WTO01-3 WT43-2 WT45-4 WT47-2  WT47-4  WT70-1 WT85-1 WT33-1 WT33-2 WTI16-1

SO, 0.11 0.09 0.20 0.12 0.25 0.09 0.90 0.02
TiO, 0.06 0.03 0.03 0.10

ALO; 0.02 0.16

FeO" 92.89 92.77 92.58 93.63 92.96 92.37 93.44 92.58 92.88 91.17 92.58
MnO 0.30 0.24 0.06 0.23 0.17
MgO 0.22 0.05 0.23 0.02 0.27 0.24
CaO 0.01 0.08 0.08 0.16 0.05 0.30 0.14
Total 93.36 93.42 92.58 93.96 93.12 92.65 93.73 92.86 93.15 92.87 93.15

FeO"
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Table 6 Trace elements and REE compositions of magnetite C —WT26
from the Wutubulake iron deposit | ——-WT33
WT26 WT33 WT36 WT37 WTI116
Fe % 67.4 62.36 70.34 69.28 70.42 e
La 0.44 0.82 0.49 0.25 1.15 %
Ce 0.77 1.42 0.93 0.45 2.06 "é' 1
Pr 0.08 0.17 0.16 0.05 0.24 E?é
Nd 0.36 0.64 0.72 0.25 0.93
Sm 0.08 0.11 0.1 0.11 0.16
Eu 0.05 0.05 0.12 0.03 0.2
Gd 0.1 0.15 0.15 0.15 0.22 i
Th 0.01 0.02 0.02 0.02 0.03 | | | | | | | | | | | | |
Dy 0.06 0.1 0.16 015 0.14 Se Ce Pr Nd Sm Ew Gd To Dy Ho Er Tm Yb Lu
Ho 0.02 0.02 0.02 0.03 0.03
Er 0.04 0.07 0.08 0.08 0.06 8
Tm 0.01 0.01 0.01 0.01 0.01 Taylor Moclennan 1985
Yb 0.06 0.09 0.09 0.07 0.03 Fig. 8 Chondrite-normalized REE patterns of magnetite
l;l g 2; g (5)3 8 gi 2 S; 3 (7)1 from the Wutubulake iron deposit chondrite-normalized
SREE 2 09 369 307 1.66 529 data after Taylor and Mclennan 1985
LREE 1.78 3.21 2.52 1.14 4.74
HREE 0.31 0.48 0.55 0.52 0.55 Mg
LREE HREE 5.74 6.69 4.58 2.19 8.62
La Yb y 5.26 6.54 3.91 2.56 16.50
La Sm y 3.55 4.81 3.16 1.47 4.64
Gd Yb y 1.38 1.38 1.38 1.77 3.64
OEu 1.71 1.19 2.99 0.71 3.26
oCe 0.93 0.88 0.81 0.93 0.91
Se 027 039 036 016  0.67
Rb 0.2 0.49 3.53 0.42 0.84
Sr 0.09 1.21 <0.01 <0.01 <0.01
Ba 1.26 3.19 5.56 2.77 13.8
Cr 9.5 12.6 5.01 6.2 3.14
Co 219 372 12.1 108 19.8
Ni 162 273 51.9 90.4 2.96
Vv 26.1 25.9 11.5 14.1 12.5
Cu 65.8 133 283 38 646 Na+K+Li+Ca Pt +Fe™
Pb 8.15 8.94 11.5 11.7 7.9
Zn 97.1 61.2 46.5 78.6 17.7 9
Hf 0.09 0.22 0.17 0.06 0.29
Ga 11 6.35 11.7 10.1 6.12 1987
Ge 251 2.4 3.24 2.49 4.22 Fig. 9 Diagram for amphibole genetic discrimination of
Nb 0.31 0.47 0.71 0.17 0.54 the Wutubulake iron deposit after Chen Guangyuan
Ta 0.05 006 025  0.05  0.09 ot al. 1987
Th 0.11 0.28 0.28 0.07 0.86
U 0.18 1.54 0.39 0.13 0.78
Cd 0.08 0.11 0.06 0.06 0.04 -
In 0.04 0.07 0.08 0.05 0.14
Tl <0.01 <0.01 0.67 <0.01 <0.01
As 1.5 1.45 2.01 1.53 1.66 4.2
REE Taylor and Mclennan 1985
Eu Ce dEu=2Euy Smy+Gdy  8Ce= -

2Cey Lan+ Pry
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