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Abstract : The composition of olivine can directly give the messages of parental magma composition, magmatic fractional
crystallization, and sulfide segregation. Electron microprobe analyses show that all olivine grains in the Pobei complex are
chrysolite and their chemical compositions are closely related to the types of host rocks. The Fo values of the olivines in ol-
ivine-gabbro, troctolite or olivine-clinopyroxenite, wehrlite or peridotite are in the ranges of 74 to 81, 75 to 82.7, and 83.

6 to 86.3, respectively, indicating that peridotite was crystallized earlier than olivine-gabbro. Ni contents of the olivines
vary from 308 x 10 ~° to 1762 x 10 °. The MgO content of the parent magma, which contains the highest Fo olivine, was
estimated to be 14.38% , indicating that the parent magma of the Pobei complex is a high-MgO basalt. Modeling results of
olivine fractional crystallization and sulfide segregation show that ~25% olivine in the parental magma of the Pobei com-
plex was fractionated and crystallized. A slight sulfide segregation ( ~0.2% ) occurred during the period of olivine frac-
tional crystallization proceeding from 2% to 4% suggests that the metallogenic potential of the Pobei complex is limited.
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Fig. 1  Geologic map of the Pobei complex( modified after ref. [ 16])
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Fig.2 Selected photos showing shapes of olivine crystals and relationships between olivine

and other minerals in the rocks from Pobei Complex
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Table 1 Olivine compositions of selected samples from the Pobei complex

FE wA Na,0 FeO P,05 Si0, a0 TiO, ALO; K,0 MnO MgO Cr,0; NiO Total Fo Ni

i PN
py-1-2-1 W 13.74 40.65 0.021 0.239 44.87 0.009 0.153 99.7 85.3 1208
py-1-24 0.007 13.46 0.01 40.46 0.031 0.01 0.154 44.64 0.134 98.9 85.5 1058
py-1-2-3 13.49 0.007 40.84 0.029 0.154 44.44 0.03 0.081 99.1 85.5 639
ps-1-1 14.88 0.02 38.52 0.008 0.072 0.166 0.001 0.143 42.55 0.563 0.144 97.1 83.6 1137
ps-1-1 0.066 12.93 0.005 40.85 2.267 0.078 0.155 42.03 0.208 98.6 85.3 1642
ps-1-1 0.015 13.48 40.20 0.01 0.019 0.009 0.207 44.42 0.003 0.095 98.5 85.5 750
ps-5-1-3 S SRR 12.83 40.27 0.016 0.01 0.021 0.008 0.266 45.35 0.003 0.066 98.8 86.3 521
ps4-1-1 0.007 13.25 40.95 0.001 0.018 0.008 0.034 45.13 0.024 0.123 99.5 85.9 971
ps4-1-2 0.015 12.94 40.41 0.017 0.021 0.004 0.198 44.85 0.009 0.195 98.7 86.1 1539
ps4-1-3 13.65 40.31 0.009 0.068 0.189 44.55 0.085 98.9 85.3 671
ps4-14 13.63 40.85 0.011 0.007 0.006 0.155 45.03 0.113 99.8 85.5 892
ps4-1-5 13.57 0.034 40.49 0.013 0.223 44.62 0.16 99.1 85.4 1263
ps4-1-6 0.002 13.27 0.029 40.31 0.012 0.015 0.026 0.232 44.46 0.021 0.207 98.6 85.7 1634
ps4-1-7 0.015 13.02 0.024 40.76 0.017 0.015 0.163 45.33 0.107 99.4 86.1 845
ps4-1-8 13.04 40.57 0.002 0.038 0.01 0.189 45.68 0.012 0.151 99.7 86.2 1192
3801 * - 13.80 - 39.41 0 0.024 0 - 0.23 46.99 - 0.119 100.6 86 936

M A<
ps-7-1-5 0.018 16.58 0.002 39.35 0.137 43.03 0.027 0.129 99.3 82.2 1018
HARHEA
py-3-1-1 O BRI A1 2 16.54 0.04 39.80 0.028 0.005 0.162 42.80 0.056 0.03 99.4 82.2 237
py-3-1-3 0.008 16.63 0.012 40.02 0.036 0.003 0.384 42.99 0.153 100.2 82.2 1208
3685 " W AR S - 18.27 - 38.92 0.004 0.048 0 - 0.216 42.76 - 0.11 100.3 81 865
3844 * - 19.83 - 39.55 0 0.01 0 - 0.480 40.22 - 0.26 100.4 75 2045
ps-2-3-1 e 16.27 39.22 0.059 0.011 0.145 43.70 0.021 0.078 99.5 82.7 616
ps2-3-2 Bk 16.20 40.20 0.01 0.01 0.02 0.26 42.70 0.09 0.087 99.5 82.4 687
py4-1-1 23.53 0.005 37.63 0.01 0.003 0.061 0.28 38.11 0.022 99.6 74.3 174
3858 " WO K e - 20.71 - 38.94 0.06 0.11 0.23 - 0.38 39.09 - 0.29 99.8 75 2281
3683 " - 17.46 - 38.63 0.017 0 0 - 0.302 43.22 - 0.101 99.7 81 795
3846 " - 17.25 - 39.93 0.01 0 0 - 0.54 41.78 - 0.12 99.6 81 944
1709 * - 24.42 - 38.07 0.024 0.019 - 0.209 38.35 - 0.082 101.2 74 645
3845 " WOMEK S - 22.01 - 39.41 0.090 0.12 0 - 0.33 38.87 - 0.06 100.9 74 472
3842 - 18.64 - 39.83 0 0.12 0.17 - 0.21 41.52 - 0.21 100.7 78 1652
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Fig.3 The map of MgO-Fo-FeO( modified after ref. [ 18] )

P € A G 7R BERICER 1 FERRAT A K AI)
BRI YA s FORSRATEIK B D SO0 i AR



254

S5 A AR Z [ A 85 e 22 85, i N R4 3

D=XK, +X,Kg, - + + (3)
KX, ST o« Y E SR K, R IT
R TET Y o FIEAR L 2Z 18] A9 70 e 2R 50

SEIRAGY FR A, Ni AERONS A/ RE TR R 25 K R Y
SR DV =2.86 ~13. 6" @ EE R 75N
FERR AL A/ ik BR R e 3 1) 43 i 22 D™ =300
~1000"" | 4 500,

9% X BB Ak 40 5 2 A T ARIR ol v 4 Bk
P A AR A LRIV AT M A B 00k (AT B, 7
B A Hh R DLBRAR A 7t TR A7 SR B SR 45
B, X Ul WAL 2 R AR TR A 4 2 5 o
PR, AR S F 25 p U O o B A i, DA SRS
AT BB — R, Bk A B I O
R A B AR Koy, R AR AR T
FLLRRA I MO Y D AR e i b kb
K MgO [FeO BY& 55300 15% 1 13.7% ,Ni &
ABGE R 300 x 10 ~° I EAE MU Ni 51 (500 x
107°) PRI N, R BT A I B s A
AL 2 3 AR DB S5 A RN T L2 A
=T

TS A 73 B3 45 RN B AL 1 15 2 s AUl 2 SR an
Kl 4, K4 v 15 i M AN R 25 5oy 48
JETF Ni S tb £, o LUE H Rl 5 45 5 5
FEEEQYBGTI, BOHE A v Fo {E 2 M REAR, [ BT Ni fiy
Era B HRRAR . QNS AR A 5 AL e &
A AL B A Ni B & i AE Ni-Fo Ko
FERETEME A7 47 5 445 it 2 5 A s, T SR AR A
Ni S EETE A B A R SR T, UL A RO A SE PR 45
IR A BRI B A DT Sl R
A B B A A sy B A i 2 b i 2
B AE oy B8 AR AR 4 AR L4 B
( M5-ihge) PTAT S A AR A K b R A T
WS4 o S G &l PR A 25 L B 2% DLR , PERE
B 25 5, B ALY & A ey B VR D TR MO A 485 4t 3
4% I, BRACHIHE B 45 A, B Ak P J 5 A R A AR
(~0.2% ) ;8b)5 7 WA KL LD T T 2 B M
AT EEEREN(~25% ) .

LS, SO A B o b 2 5 S RE IR kA2 38
B S 7, BHRSE AT I 5378 AR AR AIE T A e ) DR o ) A
WA, RO RERR AR A K M A - e ik
VA 2 T B A HE T Fo BEAR, (HAS R ZE Ni-Fo 11y
IEABR K FR A A ORI I, ik - 15

R S A8/ SR A B R B R A A P O £ B3 B HL G PR 8

24000 p_n, @ HHE RS MO A
O S R R -
A B
1600} F=10% A
=
X
= 800 [F=4% F=25%
z }‘ ;
o Tp=250
88 86 84 82 80 78 76 14 72

Fo(%)

- B ah Bt 25 TG A 20 B 45 e R BR AL A e T 26
REEIRR AT ~25% Moli A o B 2 i W 45 4 2% ~ 4% I,
PEBOA BREALPIE B, B A RS Mo A0 A B4t 1R 12 10
[-The curve of olivine fractional crystallization; [I-The curve of
olivine fractional crystallization and sulfide segregation, the parent
magma experienced approximately 25% olivine crystallization, and
when olivine crystallized from 2% to 4% there had sulfide
segregation, the mass ratio of sulfide to olivine was about 1: 10
B4 BN o B Ah R AR AL B AU 4

Fig.4 The modeling result of olivine fractional

crystallization and sulfide segregation

VA i B v Ni-Fe 246 0 25 77 A4 £ Ni-Fo 3¢
2 B SN A 2 18] B Ni-Fe 284 al L)
FoRN

NiOolivine + FeSSulﬁ(le — NiSsulﬁde + Feoolivine
PN A R

K=K, ( '}’Nis/'}’res ) Sumde/( ?’Nio/%w ) olivine

K, = (NiS/FeS) ™/ (NiO/Fe0) "
y RIEREE RS QAR Ni Fl Fe gk AR A 1Y B2
HAB AL,y ol yro B8 12 155

K — Kr) ( 'yN;s/')’Fes ) sulfide
SEHFRL Ko 1E 5 ~35 ZIHPY oy /s A AR 2
B o SRIMITE— & IR B SAGR T R B2 Ni 5 i
FMET Ky 52— 58, I A S s A A Ak e
KA Ni-Fe 28 ¥ )5, FeO £ 5 & B HUY A1 HE FeO
Fr RO A G T 2 0y N, DT ZE R A
I Ni-Fo ARG,

K4t idia N B s TR A 45k,
I Ni-Fo A R, R /DR 5 BRSO A F
[ B AC A I e A T W A4 S o

6 % #®

AR SR R A R VAT S, o 3 A B k-
PR IR RES IR oy 64T T 0125 08, 45 6 A 1k
TR B ) A2 O R, AR T A
Hah BRI B AR S Y B UA

(1) Bt AR R E IR MgO 5727 14.38%



WY At kAL E i

(2) BIHEAT (1 Fo {6574 A1 JSRUAH O, P
RER FP O A1 19 Fo {E7E 74 ~ 81 Z[H], i A ul
WOHERE A7 PRI AT Fo =75 ~82. 7, S I v 5
OGS P41 Fo {H 0 83.6 ~86. 3, R WIMH A
AR A0 235 b TR e v e £, B 0 N
AR R (174 ~2281) x107°,

(3) HH LS A B b, Wb s R & o T
LRI A AR ( ~25% ), BAL G AR
MR AT A AR L 2% ~ 4% By R,
EE BB RAR( ~0.2% ) o X5 X A EFAMSEBR
WSS HUE R, R WIS A Rk AR o — e R Y
BALYIIE B (E RS A

B OB:RAMTRARXFELALAN L g
WMEHREME KERXRFEFRT ZRREHF AR
BKERELEFEEE TR TR KA KL AR F
R AW,

S %3k (References) :

[1] Simkin T, Smith J V. Minor element distribution in olivine[ J].
Journal of Geology, 1970, 78 304 —325.

[2] LiCS, Ripley E M. Compositional variations of olivine and sulfur
isotopes in the Noril’ sk and Talnakh instrusions, Siberia: Impli-
cations for ore-forming processes in dynamic magma conduits[ J].
Economic Geology, 2003, 98 69 —86.

[3] Li CS, Naldrett A J , Ripley E M. Controls on the Fo and Ni
contents of olivine in sulfide-bearing mafic/ultramafic intrusions
Principles, modeling and examples from Voisey’ s bay[ J]. Earth
Science Frontiers, 2007, 14(5) : 177 - 183.

(4] Z=Lt, WIS, RS, BREUER, ILREV. mifbiassxd g

B &R PN AT NI S e — L 1 e A
BILT]. &Y AR 5E i, 2008, 27(2) @ 146 - 152.
Li Shibin, Hu Ruizhong, Song Xieyan, Chen Liemeng, Shen
Nengping. Sulfide separation control in Ni content of olivine in
bearing-ore intrusion of magma deposit: An example from Jinchuan
intrusion[ J ]. Bulletin of Mineralogy, Petrology and Geochemis-
try, 2008, 27 (2): 146 — 152. (in Chinese with English ab-
stract )

(5] PBRSUAR, R, Danyushevsky LV, HNTK, 44, HH

He @)1 TE A RBIE A1 Ni-MgO AHE. G FR R B s L[]
AAASAR, 2009, 25(12) : 3369 -3378.
Chen Liemeng, Song Xieyan, Danyushevsky L V, Xiao Jiafei, Li
Shibin, Guan Jianxiang. Correlation between Ni and MgO contents
of olivine in Segment | of the Jinchuan intrusion, NW China, and
its geologica implication[ J]. Acta Petrologica Sinica, 2009, 25
(12): 3369 —3378. (in Chinese with English abstract)

(6] HHEAE, KUK, Danyushevsky LV, BrIlGE, Fbes]. kJE K
AR N A IR E A RO A R R R LT e
BBl —rp [ i R =A244), 2010, 35(2) « 225 -234.

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

255

Guan Jianxiang, Song Xieyan, Leonid V V, Chen Liemeng, Nie
Xiaoyong. Genetic significances of olivine from magmatic sulfide
ore-bearing intrusions in central zone of Emeishan large igneous
province[ J]. Earth Science—Journal of China University of Geo-
sciences, 2010, 35(2) : 225 —234. (in Chinese with English ab-
stract )
Li CS, Naldrett A J. Geology and petrology of the voisey s bay in-
trusion ; reaction of olivine with sulfide and silicate liquids [ J].
Lithos, 1999, 47(1-2): 1 -31.
LiCS, XuZ H, De W S. A Compositional variations of olivine
from the Jinchuan Ni-Cu sulfide deposit, western China: Implica-
tion for ore genesis[ J]. Mineralium Deposita, 2004, 39, 159 —
172.
SRIEAR. BTSRAL L b b 3 J e S AR [ ] B SRt
1992, 10(2): 129 - 137.
Zhang Wangsheng. Geotectonics and evolution characteristics of
Beishan, Xinjiang[ J]. Xinjiang Eology, 1992, 10(2). 129 -
137. (iin Chinese with English abstract)
ZRUG AT B R B e A T AR SN K R
LI, P E X, 1994, 13 227 -233.
Li Hongru. Rock-controlling structure of the Pobei basic-ultraba-
sic belt in Xinjiang and its metallogenic specialization[ J]. Re-
gional Geology of China, 1994, 13 227 —233. (in Chinese with
English abstract)
R BT AR B A | S A A B R SO
WPEDSELT]. HERBE—rp I BRS24H, 1992,17(1)
391 -401.
Gao huaizhong. Geogolical characteristics of NO. 1 basic-ultraba-
sic intrusive body and its ore potentiality, Pobei, Xinjiang[J].
Earth Scinece-Journal of China University of Geosciences, 1992,
17(1);: 391 -401. (in Chinese with English abstract)
INIE, HUNET, Talisk, XPULLT, SRS, Framd g de ik
PR B ACARAE SR I 5[] RSB TR 4 (A
SRBLZEMR) , 2009, 36 (4) : 402 —408.
Sun Yan, Xiao Yuanfu, Wang Daoyong, Deng Jianghong, Wu
Dechao. The characteristics and the metallogenic future of the Po-
bei mafic-ultramafic complex in the Beishan area, Xinjiang, Chi-
na[J]. Journal of Chengdu University of Technology ( Science &
Technology Edition) , 2009, 36 (4). 402 —408. (in Chinese
with English abstract)
FHSL, B, R, EMYT, EFEK, NEM. it
W X h b BB FCE S A AR R L], H A2k, 20006,
22(1): 115 -126.
Jiang Changyi, Cheng Songlin, Ye Shufeng, Xia Mingzhe, Jiang
Hanbing, Dai Yucai. Lithogeochemistry and petrogenesis of
Zhongposhanbei mafic rock body, at Beishan region, Xinjiang
[J]. Acta Petrologica Sinica, 2006, 22 (1) 115 - 126. (in
Chinese with English abstract)
ZAETT, BRSO, RN, RI4E, BAAAK, B4, IREM.
PSR B - Rl 154k Sm-Nd il SHRIMP U-Pb
R R AR B o B3 LT ] 97 RIS, 2006, 25(4) : 463
—-469.
Li Huaqin, Chen Fuwen, Mei Yuping, Wu Hua, Cheng Song-



256

[16]

[17]

[18]

R S A8/ SR A B R B R A A P O £ B3 B HL G PR 8

lin, Yang Jiaquan, Dai Yucai. Isotopic ages of No. 1 intrusive
body in Pobei mafic_ultramafic belt of Xinjiang and their geolog-
Mineral Deposits, 2006, 25(4): 463 -
469. (in Chinese with English abstract)

AT, RN, IR, gRar, FER. B B -
FEVEEF 10 545K SHRIMP U-Pb FIH™ {7 Re-Os [ {3 E 4F
KHFE[I]. §HRHT, 2009, 28(5) : 633 —642.

Li Huaqin, Mei Yuping, Qu Wenjun, Cai Hong, Du Guomin.
SHRIMP zircon U-Ph and Re-Os dating of No. 10 intrusive body

ical significance[ J .

and associated ores in Pobei mafic-ultramafic belt of Xinjiang and
its significance[ J ]. Mineral Deposits, 2009, 28 (5): 633 -
642. (in Chinese with English abstract)

KtEeg, £X%%, £F2, WEE, EIHE, KU, £/
P, BRATRE, EEE. BRI 1025 J7 X B A (&
1) K46C004002[ M. VUL HLTH" 7T T, 2004.

Xiao Peixi, Wang Xing’ an, Wang Yuxi, Huang Yuhua, Wang
Shengqin, Zhang Hanwen, Wang Xiangping, Chen Liqun, Wang
Jingping. Bijiashan 1: 25 million regional geological survey ( revi-
sion) , K46C004002[ M]. Xian Institute of Geology and Mineral
Resources, 2004. (in Chinese with English abstract)

Roeder P L., Emslie R F. Olivine-liquid equilibrium[ J]. Contri-
butions to Mineralogy and Petrology, 1970, 29, 275 —289.
RIS, T, — R R A HR 7 i — L S A
PEZRERBILT]. IR 24 (R B4R , 2003, 33
(2): 130 - 134.

Zhang Zhaochong, Wang Fusheng. A method for identifying pri-

mary magma examples from picrite and alkali basalts[ J]. Journal

[19]

[20]

[21]

[22]

(23]

[24]

of Jilin of University (earth science edition) , 2003, 33(2): 130
—134. (in Chinese with English abstract)

Takahashi E. Partitioning of Ni’*, Co®>*, Fe?*, Mn?* and
Mg?* between olivine and silicate melts compositional depend-
ence of partition coefficent [ J].

1978, 42(12) ;. 1829 —1844.
Barnes S J, Maier W D. The fractionation of Ni, Cu and the no-

Geochim. Cosmochim. Acta,

bel metals in silicate and sulfide liquids[ C]. Keays R R, Lesher
C M, Lightfoot P C ,eds. Dynamic processes in magmatic ore de-
posits and their application in mineral exploration| A ]. Geological
Association of Canada Short Course Notes, 1999, 13. 69 —106.
Wu F Y, Wilde S A, Zhang G L, Sun D Y. Geochronology and
petrogenesis of the post-orogenic Cu-Ni sulfide-bearing mafic-ul-
tramafic complexes in Jilin Province, NE China[ J]. Journal of
Asian Earth Sciences, 2004, 23 781 -797.

Greenough ] D, Owen J V. Platinum-group element geochemistry
of continental tholeiites ; analysis of the Long Range dyke swarm,
Newfoundland, Canada[J]. Chemical Geology, 1992, 98 (3-
4).203 -219.

Campbell F E, Roe der P L. The solubility of olivine and pyrox-
ene in the Ni-Mg-Si-O system[J]. Am. Mineral. , 1968, 53.
257 -258.

Brenan J M. Effects of O,, S,, temperature and melt composi-
tion on Fe-Ni exchange between olivine and sulfide liquid ; Impli-
cation for natural olivine-sulfide assemblages[ J]. Geochim. Cos-

mochim. Acta, 2003, 67(14) : 2663 —2681.





