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Abstract The Heishan intrusion hosting Ni-CuH PGE) sulfide deposit is located in the eastern of the Beishan Fold Belt at the
southern margin of the Central Asian Orogenic Belt ( CAOB) . Studying the intrusion is helpful for learning the genesis of the orogen—
type Ni-Cu PGE) sulfide deposit. The detailed field geology indicates that only Neoproterozoic strata but no Cambrian occur in the
Heishan area. The dominant rocks of the intrusion are harzburgite and lherzolite. Olivine gabbronorite and gabbro dyke occur only along
the southern margin of the intrusion. The Heishan intrusion was originally silldike and was tilted to the south east on the south limb of
an anticline formed during following collisional orogeny. The Fo of olivine from the Heishan samples is from 80. 5 to 87. 0 with 1070 x
107% ~3461 x 10 ™° Ni. We further improve the Heishan calculated parent magma is a high-Mg basaltic magma ( 12.81% MgO
10.84% FeO 430 x 10 ° Ni) . The olivine data of Heishan indicate that they are controlled by 1) the composition of the parent
magma; 2) mixed melt by latter ascending fresh magma; 3) the sulfide segregation; 4) the trapped liquid shift; 5) Fe-Ni exchange
between olivines and sulfide liquids. Our calculation implies that sulfides began to segregate as the same time as olivine crystallization
and the minimum ratio of olivine : sulfide was 20 : 1. Olivines from No. 1 ore body and mineralization bodies contain richer Mg and Ni
than those from No. 4 ore body and show negative correlations between Ni and Fo. It indicates that not only the olivines from No. 1 ore
body and mineralization bodies occur Fe-Ni exchange with sulfide liquids which contain more enriched Ni but also the concomitant
magmas with the sulfide liquids were more primitive. It is because the Heishan intrusion was formed in a magmaic plumbing system
the early sulfides reacted with the latter fresh magma and occurred upgrading and enrichment and formed the No.1 ore body and
mineralization bodies.

Key words Heishan intrusion; Ni-CuH PGE) sulfide deposit; Olivine; Parent magma; Sulfide segregation; Magmatic plumbing
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Fig.1 Schematic geological map of the Central Asian Orogenic Belt ( a after Song and Li 2009) tectonic units of northern
Xinjiang NW China ( b) and simplified geological map of the Beishan Fold Belt (¢ after BGMRG 1989; BGMRX 1993)
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Fig.2 Simplified geological map of the Heishan intrusion hosting Ni-Cu{ PGE) sulfide deposit ( a) and cross sections of the
prospecting lines No. 12 and No. 16 showing the lithological units and sulfide ore bodies (b «¢)
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Fig.3 Geological cross-sections on the surface and stratigraphic diagram showing the Heishan intrusion intrusived into the south

limb of the Heishan anticline

B N ( 4c
d) 5~
o 20m o
( 3. (40% ~75% Ol) .
o (15% ~40% Opx) ( <10% Pl .
( Cpx)
o (35% ~60% Ol 20% ~30%
Opx 10% ~25% Cpx 5% ~20% Pl)
3 ( 6). 4
( 2).
“ 7 o ( Cr-spinel)
. 800m 470m .
0.25km*(  2a) . 1300m. 0.5 ~3mm
o ( 5);
( 2. 3).

?1994-2015 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



3492 Acta Petrologica Sinica %% 34 2013 29(10)

(a) - (b - F1 (end) - (e) -

Fig.4 Field photos in the Heishan area
(a) -panorama of the Heishan intrusion; ( b) &1 fault occurs at the northern part of the Heishan area; (¢ d) -the intrusive contact relationship

between the Heishan intrusion and wall<ocks; ( e) -the sharp contact between the ultramafic rocks and gabbro dyke
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Fig.5 Photomicrographs in orthogonal and relfected light showing typical textures of samples from the Heishan intrusion
( a) -olivine granular and netted texture in middle-fine grained harzburgite at the base of the Heishan intrusion; ( b) -elivine poikilitic texture in middle—
fine grained harzburgite in the mid-upper part of the intrusion; ( c¢) -poikilitic texture and hornblende reaction rim texture in middlefine grained
lherzolite; ( d) -interstitial sulfides between the olivine crystals and olivine poikilitic texture in disseminated sulfide at the base of the Heishan
intrusion; (e f) -gabbroic and diabasic textures in middle-coarse grained gabbro dyke. Ol-olivine; Opx-erthopyroxene; Cpx-elinopyroxene; Pl-

plagioclase; Hbl-hornblende; Bt-biotite; Chl-chlorite; Sul-sulfide
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Fig. 6  Stratigraphic variations of major rockforming mineral modal percentage ( a) olivine forsterite content ( Fo) ('b) nickel

content ( ¢) of the olivine from the drill hole ZK1603 in the Heishan intrusion ( in Fig. 2)

Black cross represent analytical data and white boxes are for the average value of every sample. Ol-olivine; Opx-orthopyroxene; Cpx-clinopyroxene; Pl—-

plagioclase; Sul-sulfide
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1 ZK1603 (wt%)  Ni(x107°)
Table 1  Major oxide (wt%) and Ni ( x 107°) contents of olivine from the drill core ZK1603 of the Heishan intrusion
/ (m) Si0, FeO MnO MgO CaO Total Fo Ni

oL+ 39.5 15.3 0.212 43.6 0.13 99.0 83.4 1322

OL2 40.5 16. 1 0.233 43.4 0. 144 100. 5 82.6 1345

OL3 40.2 16. 6 0.232 42.4 0.128 99.7 81.8 1385

OL4 39.9 16.9 0. 256 42.2 0.137 99.7 81.4 1440

GHH-84 OL-5 40. 8 16.0 0.211 42.1 0.128 99.5 82.3 1534

OL-6 105 39.3 17.0 0.235 41.4 0. 105 98.3 81. 1 1683

oL+ 40.2 16.0 0.213 43.0 0. 156 99.8 82.5 1495

OL-8 39.8 16. 1 0.201 41.5 0. 147 98.0 81.9 1581

OL9 39.2 14. 8 0. 198 44.0 0.128 98.6 83.9 1723

OL+0 40.4 15.0 0. 191 44. 1 0. 134 100. 2 83.8 2124

OL4 39.3 15.2 0. 189 43.4 0. 106 98. 4 83.4 1565

OL-2 40.2 15.6 0. 193 43.3 0. 147 99.6 83.0 1621

OL3 39.7 14.6 0.194 43.7 0.132 98.6 84.0 1794

OL4 40. 1 15.3 0.241 43.4 0. 103 99.4 83.2 1125

OL-5 39.5 15.0 0.172 43.9 0.138 98.9 83.8 1455

CHH-S7 OL-6 126 40.2 15.2 0.203 43.0 0. 144 99.0 83.3 1070

OLT 40.5 15.9 0.224 42.3 0.158 99.2 82.4 1282

OL-8 40.9 15.0 0.212 43.0 0.13 99.4 83.5 1329

OL9 40.4 15.3 0.24 43.5 0.112 99.8 83.3 1487

OL40 40.9 14. 4 0.236 43.9 0.192 99.9 84.2 1691

OLA1 39.9 16.2 0.212 42.7 0.209 99. 6 82.3 1707

OL4 40.3 13.5 0. 184 44.5 0.118 98.9 85.3 1841

OL-2 40.4 13.7 0.201 44.0 0. 069 98.6 85.0 1864

OL3 40.2 13.6 0.17 44.0 0. 096 98.4 85.0 1660

OL4 40.4 13.3 0.215 44.3 0.131 98.6 85.4 2148

GHHAO1 OL-5 199 41.3 13.5 0.208 45.0 0. 142 100. 5 85.4 1495

OL-6 40.3 14.1 0.2 43.5 0. 127 98.5 84.4 1841

OLT 40.5 13.9 0.202 43.5 0.115 98.6 84.6 1786

OL-8 40.7 14.1 0.162 44. 1 0. 109 99.4 84.7 1691

OL9 40.5 14.0 0.197 43.8 0.119 98.8 84.6 1683

OL4 40.6 13.6 0.211 45.2 0. 133 100. 1 85.4 2635

OL2 40.0 13.6 0.194 44.1 0.111 98.3 85. 1 2140

OL3 40.4 13.5 0. 187 44.8 0. 087 99.3 85.4 2329

GHHY97 OL4 13 40.4 14.0 0.209 44.4 0. 147 99.4 84.7 1912

OL-5 40. 8 13.9 0.192 44.3 0. 124 99.7 84.8 1998

OL-6 40.5 14.0 0. 181 44.8 0.124 99.9 84.9 2124

OL+ 40.6 14.5 0. 188 44.3 0.118 100. 1 84.3 2313

OL-8 40. 1 14.6 0.212 44.1 0. 093 99.4 84.1 2061

oL+ 40.6 12. 1 0. 186 45.8 0.129 99.1 86.9 1888

OL=2 40.7 12.4 0.19 45.8 0.113 99.5 86.6 1998

OL3 40.0 12.8 0. 169 45.6 0. 153 99.1 86.3 2171

OL4 40. 1 13.0 0. 175 46. 1 0. 136 99.8 86.2 2037

GHHY4 OL-5 410 40.7 12.8 0. 181 45.7 0. 157 99.8 86.3 2069

OL-6 40.2 13.1 0.179 45.6 0. 088 99.5 86.0 2124

OL~7 41.1 13.2 0.211 46. 1 0. 146 101.0 86.0 2502

OL-8 39.7 13.1 0. 195 45.8 0.14 99.3 86.0 2415

OL9 40.2 13.2 0.169 45.7 0.129 99.8 86.0 2470

OL40 40.9 12. 4 0.161 46.0 0. 093 99.9 86.7 2163

OL4 40.5 15.3 0.214 43.8 0. 066 100. 3 83.4 2604

CHH.89 OL2 39.9 15.1 0. 186 44.3 0.079 99.9 83.8 2620

OL3 480 40. 8 15.5 0.229 44.1 0.076 101.0 83.3 2541

OL4 40. 1 14.6 0.267 44.5 0. 139 100.0 84.2 2486

OL-S 40.5 15.0 0.207 43.8 0.122 99.9 83.7 2226
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1
Continued Table 1

/ (m) Si0, FeO MnO MgO CaO Total Fo Ni
OL-6 40.1 16.5 0. 187 43.0 0.097 100. 3 82.1 3068
oL~ 40.4 16.3 0.242 43.2 0. 086 100. 8 82.3 3343
CHH-89 OL-8 480 40.3 16.0 0.242 43.4 0. 122 100. 5 82.6 2761
OL9 40.3 15.9 0.203 43.2 0. 126 100. 2 82.7 2541
OL40 40.0 17.0 0.211 42.6 0.07 100. 3 81.6 3367
0oL+ 41.0 13.6 0.175 45.0 0. 082 100. 5 85.4 3233
OL2 40.5 13.5 0.171 44.2 0. 085 99.0 85.2 3084
OL3 40.2 13.7 0.2 44.7 0.135 99.4 85.2 2801
OL+4 40.8 13.7 0.175 45.5 0. 102 100. 5 85.4 2124
OL-5 41.2 13.9 0.177 45.5 0. 139 101.2 85.2 2604
OL-6 40.0 13.9 0. 187 45.3 0. 111 100. 0 85.1 2958
oL4 40.5 13.7 0. 141 45.0 0. 143 99.8 85.3 2572
CHHALS OL-8 555 39.9 13.4 0.175 45.2 0. 131 99.2 85.6 2470
OL9 40.4 13.6 0.218 45.3 0. 151 100. 1 85.3 2620
OL40 40.3 13.8 0.216 44.6 0. 106 99.4 85.1 2934
OL41 40.8 13.3 0.174 45.4 0. 146 100. 1 85.7 2502
OL-42 40.2 14.4 0.204 44.8 0.11 100. 2 84.6 3084
OL43 40.0 14.1 0. 208 44.6 0.13 99.5 84.7 3461
OL44 40.4 14.0 0. 167 44.9 0. 136 100. 1 84.9 2706
OLA45 39.7 13.8 0. 189 44.8 0.133 99.1 85.1 3257
0oL 40.5 12.9 0. 158 45.3 0.09 99.3 86. 1 2423
OL2 40.4 12.8 0. 182 45.2 0. 059 98.9 86.1 2077
OL3 39.8 13.4 0. 181 44.7 0. 147 98.6 85.4 1935
OL4 40.9 13.2 0.229 45.1 0. 154 99.9 85.7 2329
OL-5 40.4 13.3 0.224 44.6 0.12 99.0 85.5 2439
OL-6 39.8 13.1 0. 188 44.8 0. 139 98.5 85.8 2533
GHHA11 OL7 600 40.8 13.3 0.203 45.4 0. 154 100. 1 85.7 2171
OL-8 39.8 13.5 0.175 44.9 0. 102 98.7 85.4 2297
OL-9 40.6 13.2 0. 192 44.8 0. 138 99.2 85.7 2541
OL40 40.0 13.5 0. 181 44.3 0.133 98.5 85.2 2785
OL41 40.3 13.7 0.193 44.7 0. 137 99.4 85.2 2321
OL42 40.2 14.2 0. 131 43.9 0.103 98.9 84.5 2934
OL-43 40.4 13.9 0.193 43.6 0.115 98.8 84.6 3178
OL44 39.9 13.9 0.213 44.6 0.111 99.2 85.0 2832
0oL 39.1 17.0 0.217 42.1 0. 154 98.9 81.3 2014
OL=2 40.0 17.7 0.274 41.6 0.132 99.9 80.5 1880
OL3 39.2 16.6 0. 226 41.4 0. 137 97.8 81.5 1683
OL4 39.9 15.8 0.202 42.7 0. 166 99.1 82.7 1723
OL-5 40.6 16.0 0.222 42.3 0. 141 99.6 82.3 1455
CHHA09 OL-6 669 39.9 15.1 0.211 43.5 0. 167 99.2 83.5 2069
OL4 39.0 15.0 0. 186 44.1 0.192 98.8 83.9 1880
OL-8 39.2 14.6 0.213 43.8 0.179 98.3 84.0 1959
OL9 39.1 15.7 0. 245 42.4 0. 184 98.0 82.6 2077
OL-40 39.9 15.5 0.236 43.0 0. 156 99.3 83.0 2352
OL41 40.0 17.0 0.219 42.6 0. 154 100. 3 81.5 2266
oL+ 39.9 14.8 0. 176 44.0 0.227 99.3 84.0 2447
OL2 41.0 13.9 0. 196 44.9 0.163 100. 4 85.1 1849
OL3 39.0 13.8 0. 194 43.7 0. 153 97.3 84.7 2305
GHH-05 OL4 690 38.7 17.7 0.217 41.6 0. 143 98.6 80.6 2171
OL-5 40.6 13.9 0.177 44.5 0.13 99.5 84.9 2077
OL-6 40. 1 14.7 0. 182 44.1 0. 163 99. 6 84.1 2124
OL7 39.9 16.4 0.215 42.5 0.18 99. 4 82.0 1801
OL-8 40. 1 17. 1 0.259 42.3 0. 099 100. 2 81.3 2588
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2 (wt%)

Table 2 Major oxide contents ( wt%) of calculated parent magma and the gabbro chilled margin of the Heishan intrusion

Si0, Ti0, ALO; Cr,0; FeO Fe,03 MnO MgO NiO  CaO0 Na,0 K,0 P,05 H,0  Total

( ) 49.04 0.91 13.01 0.25 10.84 1.695 0.17 12.81 0.055 8.01 1.40 0.80 0.02 1.00 100.00

(Xie et 508 0,014 14.20 10. 00 0.167 11.3 7.56  1.90 0.901 0.112 97. 85
al. 2012)
( GHS-86) 5.9 0.951 14.1 0.10  8.35 0.157 12.7 0.038 7.10 3.20 0.59 0.09 99.21
: Xie et al. (2012) FeO FeO"; Cr,0,  NiO 1CP-MS
Cr Ni

( Ghiorso and Sack 1995; Asimow and Ghiorso 1998; Smith

and Asimow 2005) .
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Fig.8 Plot of Ni vs. forsterite contents ( Fo) of olivine of the Heishan intrusion

The data of MORB is from Sobolev et al. (2007) ; the fields of the peridotite mantle pyroxene mantle and slab/crust melt are from Straub et al.

(2011) ; the data of Noril’ sk and Duke Island are from Li et al. (2003) and Thakurta et al. (2008)
et al. (2004)

respectively; the data of Jinchuan are from Li

Chen et al. (2009a). In Fig. 8a the dotted lines represent the fractional crystallization of olivine. In Fig. 8b ¢ the black curve
represents the fractional crystallization of olivine from S unsaturated magma; the red dotted lines represent the mixing curve with the latter ascending
fresh magma in the magma plumbing systems; the blue dotted lines represent the olivine fractional crystallization and sulfide segregation with the ratio

of 20 : 1 between olivine and sulfide liquid. The Number on the curves is the amount of olivine crystals
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