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Typomorphic characteristics and ore-forming significance of pyrrhotite
in the major Cu-Ni deposits, East Tianshan, Xinjiang
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and MA YuGuang
(Key Lab. of Mineral Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract

Being one of the most important copper-nickel ore belts in China, the East Tianshan area has such medium-
large size Cu-Ni deposits as Huangshan, Huangshandong, Xiangshan and Hulu. As the most important latest
discoveries in East Tianshan, the Tulargen and Baishiquan Ni-Cu-Co deposits are magmatic differentiated de-
posits associated with Early Permian mafic-ultramafic complexes of post-collision stage. Ore minerals are domi-
nated by pyrrhotite, pentlandite, chalcopyrite and pyrrhotite. By means of X-ray diffraction analysis, SEM and
electron probe microanalysis combined with microscope observation, the authors found that Co and Ni are mainly
hosted by pyrrhotite. Co and Ni exist in the form of cobaltine, pentlandite, Co-gersdorffite and violerite. These
minerals are mainly randomly distributed within pyrrhotite as fine inclusions and exsolution, and minor Co-Ni
exists in pyrrhotite crystal lattices as isomorphism. Due to the difference of basic extents of host rocks and crys-
tallization and deposition temperatures, there exist some differences in trace elements and mineral super-lattices

of pyrrhotite. Explosion temperature measurements of sulfides are consistent with results of different tempera-
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ture facies of pyrrhotite. Ore-forming temperatures of Tulargen (313~394C ) and Hulu (311 ~433C ) Cu-Ni
deposits with high-temperature hexagonal pyrrotite are higher than those of the Baishiquan Cu-Ni deposit (313
~376C ) with low-temperature monoclinic pyrrotite. The lower the ore-forming temperature in these Cu-Ni de-
posits, the richer the Ni content of pyrrotite, with the highest being in the Baishiquan Cu-Ni deposit. More-
over, the higher the Ni/Fe ratio of pentlandite, the earlier its formation; the lower the Ni/Fe ratio of pent-
landite, the later its formation. The discovery of troilite in the Baishiquan ore deposit is of genetic significance in
mantle origin.

Key words: geology, pyrrhotite, typomorphic characteristic, mode of occurrence of Co-Ni, troilite, Tu-
largen Cu-Ni-Co deposit, Baishiquan Cu-Ni-Co deposit, East Tianshan

Fe-S 94° 95° 96"

ilokm ms R B 3L T

=

----------- HEBBHEN
° BRF R

947 957 96°
7 20 !
Fig. 1 Locations of major magmatic Cu-Ni sulfide deposits
km 1 in East Tianshan Xinjiang
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1
Table 1 Electron microprobe analyses of pyrrhotite from the Tulargen Cu-Ni deposit
w B %
Co Ni « %
As S Cu Fe Co Ni Bi Ag
136-1 0 38.46 0 61.39 0.02 0.30 0 0 100. 17 0.05 47.71
136-2 0 38.58 0 61.47 0.02 0.48 0 0 100.55  0.041 47.60
T502-124-1 0.06 38.52 0.07 60. 14 0.01 0.32 0 0.03 99.15 0.031 47.07
T502-124-2 0.03 38.35 0.02 61.28 0.04 0.60 0 0.04 100.30 0.066 47.61
4TL-801 0.05 38.09 0 60.92 0.02 0.18 0 0.04 99.30 0.153 47.78
4TL1301-117 0 38.28 0.03 60.56 0.05 0.70 0.0 0.06 99.73 0.144 47.33
4TL801-98 0.09 38.74 0.02 60.71 0.09 0.61 0 0 100. 26 0.11 47.12
4TL801-69 0.03 38.59 0.07 60.50 0.05 0.48 0 0 99.72 0.086 47.17
4TL1301-181 0.02 38.15 0.06 60.54 0.04 0.46 0 0.03 99.30 0.067 47.48
4TL1201-61 * 0.06 39.20 0 59.89 0.06 0.52 0 0.09 99.82 46.52

*

2

Table 2 Electron microprobe analyses of pyrrhotite from the Baishiquan

deposits East Tianshan

Hulu Huangshandong and Xiangshan Cu-Ni-Co

w B %
Co Ni x %
S Cu Fe Ni Bi Co Ag
115-438-1 38.99 0 59.10 1.13 0 0.03 0 99.25 0.0265 46.14
115-438-2 38.56 0 59.33 1.19 0 0.03 0 99.11 0.0285 46.49
HL-4-1 38.72 0 60.01 0.13 0 0.01 0 98.87 0.0977 47.04
HL-4-2 38.06 0 60.58  0.07 0 0.01 0 99.72  0.1428 47.37
HN-2 38.74 0 60.35 0 0 0 0 99.09 0 47.22
Hush-01 39.22 0 58.81 0.91 0 0.02 0 98.96 0.0198 45.95
Hush-03 39.96 0 58.46  0.72 0 0.06 0 99.20 0.078 45.41
XS24-6 39.78 0.06 58.98 0.26 0 0.02 0.08 99.18 0.069 45.86
XS24-2-1 39.00 0 59.31 0.29 0 0.03 0.08 98.71 0.088 46.49
XS24-2-2 39.46 0 59.29  0.44 0 0.05 0.06 99.30 0.1238 46.15
XS24-2-3 39.59 0 59.54  0.31 0 0.04 0.09  99.57 0.1341 46.21
XS24-2-4 39.46 0 59.25  0.47 0 0.05 0 99.23 0.1099 46.13
XS-04-06 38.44 0 60.75 0.6l 0.04 0.08 0.03  99.95 0.1274 47.35
1 Fe
Fe
47.00 46.5 3 2
46.15~47.3 430C
392~394C 315~

376C
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Table 3 Explosion temperature measurements of metallic sulfides from the Tulargen Baishiquan and Hulu Cu-Ni deposits
m mg T
HL — 4HPO 23.6 401
HN-1CP 30.0 311~368
HN-2HP0 30.2 355~394C
HN - 1HPO 30.0 352 392 430
HN-3HP0 30.0 392~433
HN-2CP 30.0 282~350
HN-3CP 30.0 294~368
4TLZK1301 - 179 30.4 313 346 392
4TLZK1301 — 117 30.0 394
4TLZK1301 - 179 30.3 326
BSQ115—-438 30.0 335~352
BSQ115 — 364 30.6 313
BSQ115 — 438 30.0 315~376
DT-5

+2C
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4 Co Ni wg %
Table 4 Co-Ni contents of pyrrhotite and pyrite from typical magmatic differentiated Cu-Ni deposits in China and abroad

25 4 7 5
Ni 0.13 0.151 0.405 1.017 1.43 0.8992 0.2835 1.0920 0.440
Co 0.075 0.006 0.105 0.165 0.052 0.0929 0.1893 1.0710 0.1486
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Fig. 3 Co-Ni relation in pyrrhotite from main Cu-Ni-Co
deposits in East Tianshan Modified from Chen 1995 Arnold 1966
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Table 5 X-ray diffraction analyses of pyrrhotite in the main Cu-Ni deposits of East Tianshan

5

X

X-
dip 20503 = 26502 x Fe % w Hpo %
4T1301-179 2.069 0 47.569 100 H
T502-80 2.067 0 47.406 100 H
HL-4 2.071 0 47.733 100 H
HN-2 2.067 0 47.406 100 H
HLN-3 2.066 0.36 47.326 49 H+M
BSQ115-426 2.058 0.32 46.59 10 M+H
BSQ115-364 2.056 0.28 46.48 8 M+H
BSQ115-355 2.055 0.26 46.37 <5 M
BSQ115-295 2.055 0.26 46.37 0 M
BSQ115-422 2.055 0.28 46.48 8 M+H
XS04-06-01 2.058 0.32 46.63 16 M+H
XS04-06-02 2.059 0.32 46.70 30 M+H
Hush-04 2.058 0.26 46.6 11 M+H
Hush-04-01 2.055 0.30 46.37 0 M+H
Hush-04-3 2.055 0.30 46.37 <5 M
Hush-04-4 2.055 0.26 46.37 0 M
Hush-03-2 2.0598 0.30 46.77 30 M+H
H— M— HPo— MPo—
A
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Fig. 4 XRD spectra of Pyrrhotite of hexagonal and monoclinic mixed phases in various proportions
Ni V Ti Fe 63 %
1994 Fe S 1:1 Wuench
1995 2004 1B 2C X
3 2.98 2.09 1.72
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Fig. 6 X-ray diffraction patterns of troilite and pyrrhotite
Hpo/% % 100 from the V-Ti-bearing magnetite deposit in mafic igneous
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Fig. 5 Relation between the pyrrhotite XRD curve density

coefficient and the composition 31

Ordinate signifies the ratio between the diffraction intensity of the ’
hexagonal phase and the total diffraction intensity of the hexagonal + Co Ni
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Fig. 7 X-ray diffractogram of troilite and pyrrhotite from the Baishiquan Cu-Ni deposit in eastern Xinjiang
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Table 6 Electronic microprobe analyses of pentlandite inclusions in pyrrhotite from the Tulargen and Baishiquan Cu-Ni deposits

w B %
As S Cu Fe Co Ni Ag
T502-136 0 33.03 0 31.33 1.69 35.04 0 101.09 I
4TLZK801-98 0 32.03 0.10 30.62 1.03 36.16 0.04 99.98 I
BSQ-115-426-c4 0.09 32.23 0 36.47 0.34 29.60 0 98.73 I
BSQ-115-422-c2 0.15 32.83 0 30.12 1.42 36.38 0.02 100.92 I
BSQ-115-426-c1 0.01 33.47 0.02 31.65 0.38 35.35 0.01 100. 89 I
BSQ-115-426-c3 0.05 32.74 0 30.45 0.61 37.57 0 101.42 1
BSQ-115-426-c5 0.05 33.17 0 30.26 0.31 37.01 0 100.80 1
2007 6 2007
I
Co Ni
Fe N1
8 Cu Co PGE
9
“ " 8~10 mm
Ni Fe
Ni Fe - 3.2 km®
700 m 20~60 m
3.2
Co*" Fe? " Ni#* 2006
Co Ni
COer « ”
2
Co
2006
2007
394C ~340C ~313TC
4 376~315C

433~313C
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Fig. 8 Backscattered electron images of pyrrhotite and pentlandite from Cu-Ni deposits in East Tianshan area Xinjiang
A Backscattered electron image of micro-pentlandite inclusions in pyrrhotite pentlandite formed at the early stage B Backscattered
electron image of exsolved pentlandite with flame structure C D Backscattered electron image of exsolved pentlandite with lamellae structure

and surrounding monoclinic pyrrohotite
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Fig. 9 Microscopic images showing the assemblage relations between pyrrhotite and different-stage pentlandite within pyrrhotite

from the Tulaergen Cu-Ni deposit
A T502-136 I-stage euhedral pentlandite B C T502-180 II-stage pyrrhotite and pentlandite D 4TLZK801-53 Ill-stage anhedral pentlandite
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