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Ore potential of protoliths and modes of Co-Ni occurrence in Tulargen
and Baishiquan Cu-Ni-Co deposits, East Tianshan, Xinjiang

QIN KeZhang, DING KuiShou, XU YingXia, SUN He, XU XingWang, TANG DongMei and MAO Qian
(Key Lab. of Mineral Resources, Institute of Geology and Geophysics, CAS, Beijing 100029, China)

Abstract

The East Tianshan area is one of the most important Cu-Ni ore belts in China. The discovery of the Tu-
largen and Baishiquan Cu-Ni deposits is regarded as a great breakthrough in Cu-Ni exploration in Xinjiang in the
past ten years. Both deposits are magmatic differentiated deposits related to mafic-ultramafic complexes, with
the Tulargen deposit possessing richer Co than the Baishiquan deposit. So far, both ore districts have still been
under prospecting. In the Tulargen deposit the proved reserves are copper metal 80000 tons with an average
grade of 0.4%, Ni 125000 tons with an average grade of 0.6% , and Co 10000 tons with the grade varying
from 0.01 to 0.09% . Baishiquan now is a medium-sized Cu-Ni deposit.

The ore potential and the existent minerals of Co and Ni were systematically studied in this paper. Analyses
of Co-Ni and trace elements by ICP-MS show a positive mineralization potential. Various kinds of lithofacies in
the two deposits possess high Ni, Cu and Co with the Ni/Co ratio from 10.21 to 10.98, whereas REE patterns
show LREE enrichment with 51.4~81.1 for 2 REE, similar to things of such known famous Cu-Ni deposits in
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China as Jinchuan, Honggiling and Huangshan. These ore-bearing ultramafic lithofacies show higher sulfur con-
tents (12400 X 10 °~26400 % 10 ®) than barren lithofacies (300 % 10 °~700 % 10 °®). Ni contents of olivine
from regional ore-bearing intrusions in East Tianshan area vary from 964 X 10 ° to 1818 X 10 ®, lower than the
normal value of 2200 X 10~ °, suggesting that the well-differentiated mafic-ultramafic magma is more favorable
for Cu-Ni-Co mineralization. Fo parameters of olivine vary in a very small range from 82.01 to 84.92 for the
Tulargen deposit. Pyrrhotite, pyrite, pentlandite, chalcopyrite and violarite exist together in ores, similar to
things of other deposits of this type. The ore mineral assemblage indicates that the ore-forming process can be di-
vided into three sub-stages, with the second stage being most important. Ni and Co elements occur as isolated
sulfides and sulfur-arsenic mineral compositions, as shown by such analytical means as X-ray diffraction, SEM,
electron microprobe, and scanning microscope. The authors identified two independent isomorphous cobalt
minerals, i.e., Ni-cobaltite and Co-gersdorffite. A systematic analysis of these rock-forming and ore-forming
minerals can reveal the ore-forming process and supply important information for further exploration, thus bene-
ficial to the study of ore processing and smelting.

Key words: geology, ore potential, modes of Co-Ni occurrence, Cu-Ni-Co deposit, Tulargen, Baishiquan,

mafic-ultramafic complex, East Tianshan
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Fig. 1

1—Quarterary 2—Devonian volcanic rocks 3—Carboniferous metamorphosed volcano-sedimentary rocks 4—Pre-Camberian metamorphic

Location of the Tulargen and Baishiquan Cu-Ni deposits in East Tianshan Xinjiang

basement 5— Measured and inferred fault 6—Mafic-ultramafic intrusion 7—Cu-Ni ore spot 8—Midium-size Cu-Ni deposit 9—ILarge-size

Cu-Ni deposit 10—Large-size V-Ti-Fe deposit
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Table 1 Co Ni Cu contents of various lithofacies in the

Tulargen and Baishiquan deposits of East Tianshan Xinjiang

Co Ni Cu

ATLHTWI-21 34.761 3.869 53.195
4TLHTWS5-22 26.223 3.534 48.874
4TLNTW-4 46.800 21.049 92.779
ZK801-95m 66.785 582.538 69.284
ZK801-26m 127.744  927.471  487.712
T502-81m 76.316  1600.223 422.561
T502-163m 109.680  816.989  173.852
T502-180m 112.496  925.565 211.997
T502-191m 66.072 411.118 32.106
ZK1201-34m 158.467 1718.701 634.303
ZK1201-64m 222.263 3245.948 2493.49
7ZK1201-80m 145.726  1919.83  1213.08

99.44 1014.7 494.4
ZK115-95m 29.839 115.093  114.734
ZK115-134m 30.810 91.386 94.417
ZK115-193m 78.941 987.654  320.888
ZK115-213m 55.206 141.969  213.636
ZK115-349m 80.807 2273.281 709.811
ZK115-545m 64.238 492.242 59.602
ZK115-686m 37.600 44.425 28.554

53.92 592.29 220.234
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2 Cu-Ni Co Ni Cu wg 1076
Table 2 Co Ni Cu contents of intrusions from Tulargen Baishiquan and other deposits in East Tianshan Xinjiang wy 10~ °
Cu-Ni Cu-Ni Cu-Ni
Co 99.44 53.92 100 99.5 190 57.03
Ni 1014.7 592.29 1317° 2200"~ 1386 1494 1098.6
Cu 49444 220.234 75 336.925 160 172.36
1984 1982
1994 2002 1996 Naldrett 1999
% 1317%10 6 * %2200 X 10 93
Cu-Ni 13 Cu Ni Co
3
3
Table 3 REE composition of ore-bearing and barren rocks from the Tulargen and Baishiquan Cu-Ni deposits in
East Tianshan Xinjiang and other Cu-Ni deposits
YREE 10°° 51.4 81.1 72.5 42.83 19.88~34.63 24.72~78.99 41.28 25.63 16.80
LREE HREE 6 5.21 6.3 31.45 40.28 23.64
La Yb y 6.5 5.45 7.7 7.22 5.45-7.00 4.83~10.44 9.68 4.68 3.13
OEu 0.87 1.03 0.97 0.86 0.79 0.98 0.78
100 4
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Fig. 2 Chondirte-normalized REE patterns of mafic-ultramafic

intrusions in Tulargen and Baishiquan Cu-Ni deposits in

3.1

East Tianshan Xinjiang

Ni

Table 4 Ni content of olivine from ultramafic rocks of the

Tulargen and Baishiquan deposits in East Tianshan

Xinjiang
Ni % Fo

T502-124-3 0.1618 83.89
T502-185-4 0.1818 82.98
T502-185-5 0.1772 84.92
T502-175-1 0.1115 82.01
T502-175-2 0.0964 83.50
0.15 82.06

0.1353 81.50

XS3301-3-2 0.120 82.76
XS3301-5-1 0.1086 82.60
XS3301-5-2 0.1245 83.46
XS3301-4-1 0.1054 82.90
XS3301-4-2 0.1222 82.61
XS3301-1-1 0.1490 81.93
XS3301-1-2 0.1041 81.81
XS3301-1-3 0.1153 82.86
XS3301-1-4 0.1183 81.68
XS3301-3-1 0.070 83.49

2006 1 14
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a. T502-115 pyr pen b. T502-136
c. TL-ZK801-98 Ni-cobaltite Co-gersdorffite
d. XS24-5
Fig. 5 Back dispersion electric images showing intergrowth of pyrrhotite pentlandite and Ni-cobaltine in the Cu-Ni
deposits of East Tianshan
a. T502-115 back dispersion electric images showing pyrrhotite and pentlandite epitaxial growth b. T502-136 back dispersion electric images
showing pentlandite exsolution from pyrrhotite c. TL-ZK801-98 back dispersion electric images showing Ni-cobaltite and Co-gersdorffite occurring

in pyrrhotite as inclusions d. XS24-5 back dispersion electric images showing flame structure for large grains of pentlandite

cobaltite-Ni gersdorffite-
Co CoAsS-
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Table 6 Electron microprobe analyses of violerite from the Tulargen Cu-Ni deposit and other deposits in East Tianshan
wp 0/()
Zn  As S Cu Fe Co Ni

4TLZK801-69 0 0.05 41.04 0.11 19.22 2.80 35.38 98.60 Fey.0602Cun. 0053C00. 1485 1. 1140 N12Sy
Hush-3-1 0 0 41.40 0 20.54 1.31 33.88 97.12 Fep.9281C00. 0688 0.9960 NSy
HUSh-3>2 0 0 41 . 45 0 20 44 1 . 43 34 82 98 14 Fe{)_ ‘)676000. 0752 1_(]423N1254
Hush-3-3 0 0 41.56 0 19.75 1.37 36.11 98.79 FG{)_ 939(](:00,1)71(, 1,()(,0(,Ni254
Hush-3-4 0 0 41.32 0 21.36 0.06 34.38 97.17 Fer.002Co0.0031 1.0003Ni254
XS24—6 0 04 0 40 64 0 37 22. 38 2. 66 32 35 98 44 Fel,[}()47(—‘0(]v 1424CUU_()133ZH(]'(]”2] 1. 1675-\“254

42.18 0.01 26.84 2.69 28.91 100.63

41.02  —  27.12 0.21 30.69 100.04

42.64 — 21.20 7.87 29.91 100.64

41.55 - 20.13 11.22 26.71 99.61

40.85 — 27.89 0.31 29.01 98.06
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Table 7 Electron microprobe analyses of Ni-cobaltine and Co-grsdorffite
wp %
As S Cu Fe Co Ni Bi Ag
08 Cox. 6037 Nio. 2625 Feg. 1970 Cug. 064
1. 4TLZK801-98-1 4478 18.71 0.07 6.42 20.76 8.99 0 0 99.73 U(>,(U‘7 10.2623 F'€9.1970 LU0.0017  1.0647
Asy024S
98- C Ni F s C
2. ZK801-98-2 42.55 19.60 0.11 10.84 14.85 11.88 0 0 99.83 00,4122 N19.3311 F€9.3175 Lo 0028 1.0636
As. 928905
-08- C 973 Ni F 50 C 93
3. Zk801-98-3 44.62 18.86 0.35 8.71 13.47 13.71 0 0.02 99.74 00,3973 N9, 3886 €0, 2650 LU0.0093  1.0602
Asy o12S
4. Y-70 44.75 18.80 7.16 12.68 16.61 100.00  Cop.37Nig.4sFeg 22 1.07A81.02S
5. Y-89 1 45.02 19.33 5.65 14.64 15.06 99.70  Coy.41Nig.43Fey. 17 1.01A81. 005
6. o 44.04 19.28 1.85 6.86 16.85 10.83 0.12 0.13 Coy.48Nig. 31Fep 21 1.01A%0.98S
7. o 45.44 18.14 0.07 7.40 8.74 19.69 0.38 0.03 Coy. 38Nig. 4780, 16Cuo. 0028 1.10881.078
45.26 19.33 - - 35.41 - - - 100.00
45.26 19.33 - - - 32.41 - 100.00
1-3 45 1995
3 67 1996 8 9 1982
- Ni
Cu Co
3
8
Ni Cu
313~
326C
Cu
Ni Ag
8
Table 8 Electronic microprobe analyses of chalcopyrite from the Tulargen Baishiquan Hulu Huangshandong and
Xiangshan Cu-Ni deposits in East Tianshan
wp %
. Cu Fe
As S Cu Fe Ni Ag
T502-124 0 33.16 34.04 31.01 0.04 0.02 98.27 0.965 Cuy.o3sFer.070Nig. 001 AL0.0003 2. 1073
4TLZK801-1 0 34.07 33.88 31.03 0.01 0.05 99.04 0.960 Cuy.o03Fer. 045Nio. 0004A80.0009 2.0493
4TLZK801-2 0.025 34.26 33.95 30.81 0.01 0 99.06 0.968 Cug. 9994 Feq.032Nig. 0003 2.0317
4TLZK1301-117 0 34.33  34.45 31.07 0.02 0.01 99.88 0.974 Cuy.o13Fe1.039Nio. 000sAL0. 0002 2.052752
4TLZK801-69 0 33.84 34.20 31.03 0.34 0.03 99.44 0.970 Cuy.o19Fer 051 Nig. 0001A80.0003 2.07042
4'I\LZK1201-61>1 0 33 78 33 99 30 37 O 01 0 06 98 21 0 984 Cul.Ul(sFel.U32Ni0.UUUZAgO.OOU‘J 2‘049182
4TLZK1201-61-2 0.012 33.75 33.93 30.66 0.02 0.07 98.45 0.973 CU1'1]14F61,U43Ni(),(]U(J7Ago_(y()13 2{()59()52
BSQ115-104 0 34.51 34.01 30.84 0 0 99.35 0.969 Cug.9944Fer.0060 2.0204
BSQ115-595 0 34.79 33.95 30.064 0 0 99.38 0.974 Cug.o85Fer 0110 1.996
HN-2 0 34.97 34.22  30.62 0 0 99.80 0.98 Cug.og7Fe1 005 1.992S
Hush-3 0 35.06  34.29  30.60 0 0 99.95 0.98 Cuy.os7Fer 003 1,990
Co Bi 0.00%
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