2013 12 32 6
December 2013 MINERAL DEPOSITS 32 6 1188~1210

0258-7106 2013 06-1188-23

12 1% % 12
1 550002 2 100049
LA -ICP-MS
wV wC wTi 68x10 % 13x10° ¢ 237x10 °
Cu Cu Pb Zn
PR?t 7" Co Ni

SREE  0.58x10 ©~3.02x10 ¢

ILa Yb y 3.51~13.4 2.76~
17.2
Sm-Nd Ce
Eu
Eu
P618.31 P618.41 A

Trace element and REE geochemistry of minerals from Heifengshan, Shuangfengshan
and Shaquanzi (Cu-)Fe deposits, eastern Tianshan Mountains
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(1 State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences,
Guiyang 550002, Guizhou, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract

Located in the south of Hami basin of Xinjiang, the Heifengshan, Shuangfengshan and Shaquanzi (Cu-)Fe
deposits are important deposits in the Agishan-Yamansu belt of eastern Tianshan. Based on trace element and
REE geochemistry, this paper deals with the source and nature of the ore-forming fluid and also discusses ore
genesis of theses deposits. LA-ICP-MS analyses show that magnetite contains low V, Cr and Ti (6810 ¢, 13
X 10" % and 237 % 10 © on average, respectively), indicating that magnetite was derived from the hydrothermal
process rather than from the magmatic differentiation. The relatively high Cu content in pyrite probably indi-

cates Cu-bearing inclusions in pyrite, whereas low Pb and Zn concentrations in pyrite may indicate the low abun-
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dances of Pb** and Zn*" in the ore-forming fluids. The Co/Ni ratios of pyrite indicate that these deposits are of
volcanic-hydrothermal origin. Pyrite from these deposits is characterized by very low REE content (ZREE =
0.07 %10 ©~3.02X 10 °). Pyrite from the Heifengshan Fe deposit shows no obvious fractionation between
LREE and HREE, whereas pyrite from the Shuangfengshan Fe deposit and Shaquanzi Fe-Cu deposit shows sig-
nificant LREE enrichment, with (La/Yb)y values being 3.51~13.4 and 2.76 ~17.2, respectively. The dif-
ferent REE patterns of calcite for these deposits indicate different fluid compositions and mechanisms responsible
for the formation of calcite. There are no Ce anomalies for both pyrite and calcite, indicating the high-T forma-
tion of these deposits. Pyrite and calcite from the Heifengshan Fe deposit show REE patterns with negative Eu
anomalies, whereas those from the Shuangfengshan and Shaquanzi deposits show positive Eu anomalies,
indicating that the ore-forming fluids responsible for the Heifengshan Fe deposit were alkaline and those for the
Shuangfengshan and Shaquanzi deposits were acid and reductive. Combined with previous studies, the authors
hold that these deposits may be of the volcanic hydrothermal infilling/replacement type.

Key words: geochemistry, trace elements, rare earth elements, magnetite, pyrite, calcite, Fe deposit,

eastern Tianshan Mountains, Xinjiang

6 km? _
2006 1 _
3 ; - \ 1996
2006
70 2002 -
Huang et al.
2013a 2006 1985 1996
1983 2003 2002
2010 1997
1985 1996
1985 1989 '
1983 _
1994 ;
2002 2006 2
2 _

1 1985



1190 W JZR o R 2013 &

89°30' 90°30’ 91°30’ 92°30’ 93°30' 94°30'
T T \ L T T ; i ¥

43°00'
T

42°20'

] &-.
, " R

{ A
il

Tt ﬁ’g &

o

<\
)

41°40"
8
S
o205

&
TR E S
KL ERIEERTSERK,

O

S

S

ST AL . = \ il
L KX K~ LR e X L &% % =] (P
T3 X DR s — NN

SR = S

P

. i F K W - o —
PSR S Kl [IESSTES - = Mu
‘iﬂ*ﬂrﬁ}?‘; I/]%I DU %ﬁé% A 3 / iz |, fas

1 ARl H R E G e s =8 B G PR A, 2008 B850
O—FH/RHE: @—wKkHE: O—VRTFIHE
Fig. 1 Simplified geological map of Eastern Tianshan Mountains (modified after Sinotech Minerals Exploration Co. Ltd. » 2008)
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Fig. 2 Sketch geological map of Shaquanzi area (modified after Geological Surveying Party, Bureau of Geology and Mineral

Resources of Xinjiang Uygur Autonomous Region, Ministry of Geology, 1963)
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Fig. 3 Geological map of the Shaquanzi Cu-Fe deposit (modified after Xu et al., 20100
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1 ICP-MS
Table 1 Trace element compositions of magnetite determined by solution ICP-MS
wB 107

\% Cr Co Ni Cu Zn Ga Sr Zr Ba w Pb

HES0901 64.0 79.2 19.7 43.3 12.7 131 6.30 6.01 2.52 2.83 0.71 2.18
HES0902 64.2 63.2 3.17 41.7 10.2 25.7 6.26 5.56 1.95 3.30 4.58 13.1
HES0903 78.0 78.7 9.71 41.7 10.5 129 4.60 9.12 5.71 4.26 0.65 1.83
HES0904 74.7 82.3 7.87 48.4 5.15 62.4 5.00 6.45 2.07 2.53 0.37 1.01
HES0910 67.5 84.5 13.8 54.5 8.28 118 4.86 6.88 2.91 3.94 1.21 2.92
HES0912 56.6 65.4 12.4 34.1 114 150 5.45 55.5 2.76 10.3 1.49 20.4
SFS0901 30.3 75.6 15.1 2.88 7.03 211 5.63 5.22 0.72 3.39 0.48 0.98
SES0902 18.8 91.2 69.9 21.5 29.5 919 6.85 33.3 4.45 26.6 1.94 9.31
SEFS0903 49.1 81.8 19.2 3.63 3.03 159 6.31 5.87 3.14 3.61 1.07 1.19
SFS0905 35.7 88.8 31.4 9.72 19.1 117 4.33 8.50 3.38 4.36 2.35 7.96
SES0906 37.2 82.1 29.4 12.8 9.37 99 2.90 7.04 2:12 4.09 0.75 7.66
SES0907 28.3 84.3 6.99 3.76 10.3 183 5.12 7.24 0.79 3.21 1.51 1.69
SEFS0910 30.7 87.3 26.1 4.78 127 179 5.58 5.24 1.36 2.96 0.36 1.52
SEFS0911 31.7 82.6 25.1 6.60 31.6 189 4.37 6.89 1.54 4.50 2.25 4.91
SES0912 36.3 83.0 24.9 4.44 23.1 122 5.98 7.26 2.82 3.31 1.58 1.47
SFS0913 25.8 83.2 7.64 3.31 49.4 216 5.63 5.57 1.13 3.90 34.9 5.27
SEFS0914 47.0 92.8 20.6 8.72 14.6 172 6.06 7.40 2.35 5.27 0.94 4.92
SQZ0920 26.9 94.3 12.3 1.59 71.7 54.5 3.77 17.0 10.8 26.3 8.29 7.22
SQZ0921 37.5 98.8 17.3 2.09 48.3 48.5 4.81 19.8 12.8 53.0 3.65 3.75
SQZ0922 99.2 116 4.40 3.30 14.1 29:1 4.86 12.0 6.86 15.4 1.40 2.40
SQZ0923 23.7 91.4 3.60 3.63 26.0 4101 5.83 17.8 3.38 22.2 1.27 2.21
SQZ0924 30.5 88.8 2.97 3.14 28.5 48.8 6.35 13.6 5.29 24.9 1.80 2.44
SQZ0925 30.0 93.0 3.47 4.64 15.6 52.8 5.92 19.0 5.05 36.4 1.63 2.50
SQZ0927 73.1 105 5.55 5.50 15.8 36.4 5.72 6.68 6.43 6.89 2.30 2.82
SQZ0928 68.3 91.7 4.15 3.57 22.1 34.9 5.86 6.59 4.47 9.12 1.28 6.62
SQZ0931 80.8 97.4 16.5 5.36 46.5 43.8 9.82 16.2 8.23 46.5 23.4 6.84
SQZ0932 126 90.8 2.09 8.20 13.0 35.7 13.3 3.49 5.66 2.68 56.6 2.03
SQZ0933 88.4 88.9 6.63 7.69 33.9 21.5 14.3 3.17 3.47 4.53 113 2.13
SQZ0934 102 95.5 26.9 12.6 199 37.9 7.45 10.7 12.0 45.8 3.97 17.3
SQZ0935 60.3 94.6 17.8 7.10 106 63.1 8.43 10.6 18.1 18.6 31.9 12.5
SQZ0936 41.3 85.2 11.5 1.30 53.2 33.2 9.02 8.80 4.32 10.5 36.6 2.56
Zn Ga Rudnick et al. 2003 5

35 Co Ni Cu As
Bi Pb Zn Mo Cd Sn Sb
41 Ga HEFS0907
ICP-MS Co Sa SFS0911  SFS0912
Ni Cu
4.1.2 5b

Rb Sr Zr Nb Mo Cd

5¢

Sn
3
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2 LA-ICP-MS
Table 2 Trace element compositions of magnetite determined by LA-ICP-MS
w B 10°°
Mg Al Ti A\ Cr Mn Co Ni Zn Ga
2.56 1.85 0.36 0.099 1.69 1.33 0.017 3.08 0.525 0.072
HES0901 974 3178 239 80.9 2.19 353 25.1 34.3 428 13.0
HEFS0903 725 3409 339 78.9 3.48 341 10.6 44.6 269 12.0
HEFS0904 573 2932 463 97.9 4.85 366 8.50 57.4 172 11.5
HES0906 640 2954 287 102 4.01 380 5.89 62.2 228 13.0
HES0910 663 2788 214 61.9 2.65 352 16.9 37.7 288 13.4
SFS0901 1086 2615 167 23.9 3.15 1160 18.6 b.d.1 636 6.21
SFS0902 758 2602 218 32.0 4.00 940 14.7 3.52 576 6.57
SES0903 1196 2497 182 29.9 6.22 1447 23.2 b.d.1 616 6.57
SES0904 489 2895 231 26.6 12.4 579 6.78 4.36 366 9.82
SFS0905 346 2545 224 28.1 3.77 756 18.4 b.d.1 375 7.23
SES0906 311 2221 153 32.6 3.26 780 15.0 b.d.1 425 4.48
SES0910 391 2592 381 36.6 19.9 776 15.3 3.54 373 8.3
SFS0911 276 2493 215 24.4 3.39 784 25.8 b.d.1l 479 6.22
SFS0912 592 2232 375 75.6 4.37 770 15.4 3.75 376 6.65
SQZ0917 99 835 168 4.51 6.20 749 15.6 b.d.1 21.2 3.93
SQZ0922 33 348 161 106 42.5 798 2.35 8.42 43.5 2.77
SQZ0925 109 582 239 134 47.2 612 4.91 4.43 35.4 4.35
SQZ0927 81 358 174 94.6 12.6 596 7.19 5.54 28.6 3.53
SQZ0930 413 860 217 56.3 61.8 465 13.5 8.13 37.8 6.66
SQZ0932 93 420 278 150 15.1 336 8.18 7.32 21.7 14.2
SQZ0933 81 415 279 225 14.0 26 0.38 8.59 34.3 13.0
“ b.d. 1"
Co Nji Co Ni SREE Y 0.14x10°~8.92 x
10°° 0.23%X10°~0.86x10°
w Co 124 X 107 % ~ 1916 X 0.58X10°°~3.02x10°°
1079 291 X 10 °~1404 X 107° 894 X 10 ©~3693 X
10 ° w Ni 162 X 1079 ~536 X 10 ¢ 8.28
X 10 ©~351%x10 79 33.4%X10 °~334x10 ° Co <8.92x 10 °©
Ni 0.41 ~4.64 1.43~35.1 3.1~ <2x10°°
46.6 Co-Ni 6 7a HF0907
7a LREE HREE La
HEFS0907 Yb « 3.91 1.94
4.2 Ce dCe=1.08 Eu SEu =
4.2.1 0.62
SLREE SHREE =1.87~
3 REE 5.39 La Yb y=0.75~6.11 3
Taylor 1985 REE HEFS0911 La Yb y 0.8 La
7 Yb N La
SEu=Euy SmXGd §? 8Ce=Cey LaxXPr §? LREE HREE
3 =2.54 Ce Eu 7a
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