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Petrogenesis of olivine from the Segment II of the Jinchuan intrusion
in the Jinchuan mine in Gansu Province, NW China
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Abstract: The giant Jinchuan magmatic sulfide deposit in China is the third largest mining deposit in the world. Its genesis
has attracted the attention of many geologists. The Jinchuan intrusion was divided into four segments, named Segment III,
I, IT and IV from west to east, by a series of NEE-trending left-lateral strike-slip faults. It consists mainly of sulfide-bearing
dunite, lherzolite, and olivine pyroxenite, with a small amount of plagioclase lherzolite and pyroxenite discontinuously
distributed in its margin. The largest No.l orebody of the Jinchuan deposit is hosted in the center of the Segment II. From
center to margin of the Segment II, rock types are systematically transitioned from sulfide-mineralized dunite, to lherzolite,
and olivine pyroxenite. The EPMA analytical results display that Fo values and Ni contents of olivines of the Segment II
are changed from 79.7 to 83.9 and from 959 ppm to 2060 ppm, respectively. Ni contents of olivines of the Segment II are
mostly lower than those of olivines crystallized from the sulfur-unsaturated basaltic magma. Model calculation results
indicate that the parental magma of the Jinchuan intrusion was a high-MgO basaltic magma which containing about 10%
—13% of MgO and 11.5%—12.5% of FeO. The relatively low Ni contents of olivine crystals could be caused by the
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sulfide segregation at the time of olivine crystallization from the basaltic magma with about 40:1 for the mass ratio of
olivine to sulfide. The Ni contents and their correlations with Fo values of olivines in sulfide-bearing dunite and lherzolite
are significantly different, suggesting that olivines of the sulfide-bearing dunite and lherzolite could be crystallized from
different parental magmas with different Ni contents. Meanwhile, olivines in the sulfide-bearing dunite had experienced
the Fe-Ni exchange reaction with sulfide melt, while olivines in the lherzolite had experienced the Mg-Fe exchange
reaction with silicate melt.

Keywords: Jinchuan ultramafic intrusion; magmatic Ni- Cu sulfide deposit; olivine; parental magma; sulfide segregation
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Fig. 1. (a) Tectonic sketch map for China. The Jinchuan ultramafic intrusion is located at the southwestern margin of
the North China craton (modified after reference 2'); (b) Geological map for the Longshoushan terrane, showing the
location of the Jinchuan intrusion (modified after reference '); (c) Simplified geological map for the Jinchuan

intrusion, showing the distribution of major rock units and the sampling locations (modified after reference!!®!).
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Fig. 2. The variations of the olivine grain sizes and contents along the borehole ZK83 in the

exploration line 14 of the Segment II.
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Fig. 3. (A) Disseminated sulfides in lherzolite which is mainly composed of olivine (~40%), pyroxene (~50%), and
sulfides (~8%); (B) Net-textured and densely disseminated sulfides in dunite which is mainly composed of olivine (~60%)
and sulfides (~35%); (C) Olivine grains enclosed by clinopyroxene in lherzolite with poikilitic texture (cross-polarized
light); (D) Olivine occurred mainly as cumulus phase in lherzolite, plagioclase and clinopyroxene occurred as interstitial
phase (cross-polarized light); (E) Interstitial clusters of disseminated sulfides consisting mainly of pyrrhotite, pentlandite
and chalcopyrite (reflected light); (F) Densely disseminated sulfide aggregates form a semi-continuous network that

partially to completely enclose olivine grains (reflected light).
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Table 1. The analytical results of major elements of olivines in the Segment II at Jinchuan

N " wa/% w(Ni)/
B ome Bk % Fore
Si0, TiO, ALO; FeO MnO MgO NiO CaO Cr,0; Na,O K,O Total 10

RRALE: 1551k 24 frHh R

JC12-201  OI-1  dki-fygtss% 393 002 000 154 018 434 0.19 002 000 002 000 986 834 14784

JC12-201  Ol2 H&E 39.6 0.03 000 154 0.18 433 020 0.07 0.01 0.01 001 98.7 834 15335
JC12-201  OI-3 394 0.04 000 149 020 43.7 021 0.04 0.01 0.00 0.00 98.5 839 1643.6
JC13-259  Ol-1  degi-—k&f 398 005 001 155 023 428 021 015 002 009 001 989 831 1675.0
JC13-259  Ol-2 M- 394 0.04 006 149 022 436 0.18 0.17 003 000 000 986 839 14312
JC13-259  OI-3 392 0.01 000 177 023 40.1 020 0.05 0.04 001 000 976 80.1 1596.4
JC13-258  Ol-1  pfi-—#Hg 399 0.04 004 162 020 427 0.17 005 002 008 000 993 825 13212
JC13-258  Ol-2 #i% 40.7 0.05 0.02 166 020 426 0.18 0.17 0.04 0.01 0.00 100.5 82.1 1447.0

JC13-254  Ol-1 dki-plKfH 389 002 003 164 022 421 019 006 004 000 001 979 821 145438
JC13-254  O1-2 MM 38,5 0.07 004 173 021 418 022 006 0.13 002 000 984 81.1 1714.4

JC12-206  OI-1  deki-ifkdy 393 005 000 168 020 423 0.15 000 003 001 001 989 81.8 1163.9
JC12-206 Ol-2  —fEMM S 390 0.02 010 180 025 408 0.12 0.10 0.07 017 002 986 80.2 959.4

JC13-255  Ol-1 - —#5M 400 001 003 184 024 407 019 008 002 000 001 996 798 14942
JC13-255  Ol2 s 394 011 002 184 022 411 022 006 004 001 000 995 799 17144
JC13-255 013 401 002 002 188 022 414 021 003 003 000 001 1008 79.7 1682.9

RHALE: 11551k 14 17 ZK83 1L

JD04-119-1 OI-1  #Rfkwaify 396 001 0.0 163 0.19 438 021 021 0.00 0.00 0.00 1003 82.8 1627.8

JD04-119-1 Ol-2 & 397 0.04 007 164 0.18 433 021 023 0.00 0.01 0.00 1003 825 16278
JD04-119-1  OI-3 396 0.02 003 162 020 440 023 005 0.00 0.02 0.00 1004 829 17694
JD04-119-1 Ol-4 398 0.02 003 162 0.18 441 023 0.05 0.00 0.00 0.00 1006 829 1808.7
JD04-119-1  OI-5 399 0.02 002 160 0.18 436 023 0.05 0.00 0.03 0.00 1000 829 1793.0
JD04-119-2  OI-1 39.7 0.04 0.00 158 020 439 022 001 0.00 002 000 999 833 1730.1
JD04-119-2  Ol-2 39.8 0.00 0.05 16.0 0.18 442 022 012 0.00 0.04 0.00 1006 832 1706.5
JD04-119-2  OI1-3 40.1 0.0l 000 159 0.19 436 024 0.00 00! 0.00 0.00 100.1 83.1 1848.0
JD04-119-2  Ol-4 399 0.00 0.02 162 0.18 436 023 015 0.02 005 0.00 1004 827 1808.7
JD04-119-2  Ol-5 39.8 0.00 0.01 157 0.18 434 021 0.07 0.02 000 000 994 831 16593
JD04-119-2  Ol-6 402 0.01 0.00 162 019 443 023 000 002 0.00 0.00 1012 83.0 1840.2
JD04-119-2  OI-7 400 0.01 0.00 165 020 440 025 002 008 0.00 0.00 1012 826 19424
JD04-119-3  Ol-1 398 0.04 0.00 158 0.19 440 021 000 0.00 000 0.00 100.1 833 1667.2
JD04-119-3  Ol-2 39.8 0.00 0.01 160 0.18 440 024 0.09 0.02 003 000 1004 83.0 1903.1
JD04-119-3  OI-3 40.1 0.04 0.02 157 0.16 437 023 0.09 0.01 0.00 0.00 100.1 832 1816.6
JD04-119-3  Ol-4 39.7 0.00 0.02 158 0.18 438 024 0.12 0.00 000 0.00 999 832 18874
JD04-119-3  Ol-5 396 0.02 0.00 16.0 0.19 439 024 000 0.02 000 0.00 999 830 18374
JD04-115-1 OI-1 396 0.02 0.04 156 0.18 443 026 012 0.00 000 0.01 1002 835 20525
JD04-115-1 Ol-2 40.0 0.01 000 156 0.17 442 025 0.11 000 0.00 0.00 1003 835 1989.6
JD04-115-1 OI-3 399 0.00 0.02 157 0.18 440 023 021 0.02 002 0.00 1003 833 18323
JD04-115-1 Ol-4 399 0.02 0.06 156 0.17 441 025 016 0.00 001 0.00 1002 835 1989.6
JD04-115-1 OI-5 39.7 0.0l 0.02 154 0.16 443 023 0.04 0.00 000 000 999 837 18323
JD04-115-1 Ol-6 402 0.01 o0.01 154 019 446 026 003 001 001 0.00 1007 838 2060.4
JD04-115-1 OI-7 40.0 0.02 0.00 158 0.18 443 026 0.13 0.00 0.00 0.00 100.8 833 2005.3
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B G S L o AR VBT SR E BE S 2 w(MgO)Z 11.5%, w(FeO) 12.0%M1 w(Ni) 350x10° 57, Ni



382 oo ¥ 2022 4F

FERIORE A AR IR S e LA K AL A P ADTRE IR £ VR 2 T B 0 B AR o 0 7 A0 5000 BAULEE R R

(B 6), &IN5 A AR/ B A 1 Ni &5 B TR A—B 21, RSBl 2 MR AT A
P Al i ORI o KBS B4 B0RE Ni 25 A Tl 28 A—B M A—C 218, R+ Ni & &
AR T EE ST 45 2y SRR AL AN IR I A P SR R, BRI AT 45 AR A A 48 8 [ I R AT I L
BIELA 40 - 1.

B4 ISR A DI o BN A 0K R 1 23 T
Fig. 4. The composition profiles of olivine grains coexisted with the net-textured sulfides in

sulfide-bearing dunite in the Segment II at Jinchuan.
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Fig. 5. (a) Correlation of Mg/Ti against Fe/Ti (whole-rock atomic ratios) for samples from the Segment II defines a slope
which gives average Fe/Mg ratio and Fo value of 86.7 % 1.79 (26) for cumulus olivine in samples. The black and blue dashed

ellipses represent compositional ranges of the clinopyroxene (Cpx) and orthopyroxene (Opx) at Jinchuan,
respectively!! 38, (b) Plots of FeO vs. MgO of whole-rock samples from the Segment II. There is a trend for
olivine-controlled samples which contain olivines with Fo values of 86 —87,10%-13% of MgO, and 11.5%-12.5% of FeO.
Sloping gray lines represent MgO-FeO ratios of magmas whose compositions are in equilibrium with the indicated olivines

(Kp = (FeO/Mg0)°™/(FeO/MgO)™*™ = 0.30)). The lines labelled Opx and Ol represent compositions of pure

orthopyroxene and olivine, respectively. The data of whole rock samples are from references ',
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W4 ] 1 S0 2 G A RS Fig. 6. Binary plot of NiO contents vs. Fo values for olivines from
T ONi BT R ks the Segment II. The Curve A-B shows variations of Ni contents

( IR ), B B ) and Fo values of the olivines crystallized from the magma with no
A-BOHIMIE(E 6), IXFHAE Fe-Ni sulfide crystallization. The Curve A-C represents variations of Ni

P N > KA,
ARPLBAT KA KRBT Bethenoy 38 contents and Fo values of the olivines crystallized from the
Ll S R AR R AL PR RN A NI 5 magma with minor sulfide segregation (with 40:1 for the mass
ARk B2 iR T N B R ratio of olivine to sulfide). The simulation calculation method is
B S, XAlfe 5 KB S5 Fe-Ni &2 after references *>*°!. Initial Ni content of parental magma is

N o . assumed as 350 ppm, and a partition coefficient of Ni between
e N BN AT S IR AR AT Fe-Mg PP P

olivine and magma is 7 at oxygen fugacity of ~FMQ-0.51".The

PR AR, BRI YR A
AT RIURE 10 25 e o e L e R N 2 B (]
4) WEZRME A ANBRAC ) 453 NI, R WAL [T AR 2 v 2B B Ni ANBRLAL 40 Hh 37 B0 NS A ROk 3 2%«
(71 725 FeO & B MMM A1 MR FeO 25 5 AR A1 25 99 5 £ ¥ Ni JE AR Fo-Ni SiAf e oe /I, ik
IHTIIAL TR AB 2 B (B 6) BB BUREC i Ni 5 2T eSS _EIR TR OG .

4.3 ABBRAEERE

SN A AR ) Fo EARGTERIR, AT 83.9%~79.7% (], HEA M Fo fE 1
AERMAA . XTSI RE T AN i FI KB e b 78, (AR RO 45 e 0%
A R B E KRy . A ATCE FOEH 1 RIS T A Fo fEAN Ni & & BANF 484k
VO, BRI A SRR R A N 2 A, A AT B R B AT T T R S R AR A AR R

I T INAY,  1 MA JEAG P RR AE KCF (10, (R AT [ 2 S o T R A 4 o S
LIRS S M) S UTRRAE A I D IR o )| BEE SIS S 510 SR - R R - SR A R +
AR RIE, R R A DI Y ROZ R MO AT, IR SR U £ LR T A LT R A A
GEBHIEZ NS B SRR B PRFR I AT A AR SR AN BE T EL 4 T B
AT UTRER MR (18 2D, Song %(2009) I VELHIK A AR FIHBER I 2 4047, S HE X Fhe K AE
R AR TR 2528 b 3 2 2 PR PR s A SRR A - B A < i A IR TS o5 9 s PR AR ik 3l 3 AR ol
B BB SRAETR AR H s vh R E ALY B RO A 45 4 SR AN A2 5 2 AR TR

data of olivine compositions are from references [6,35,38,45].
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UL H 5 (R R B R A - B A< i ™, T 22 A P s B AR A 70t J (R B R e S U SR AR AE
EH D LI BRI LRI o AE ) WIRIIE B P Eh BE B AN SRR I S, B AR RE R £ A2
T AR 2 S P IR TR B AR R s el 4 oy e N R TR e R TE RS 2 430 25 03 A
FIZEH™ 1 RN G o e AR TR A LRI Fo fEA0 Ni &8 (1 6D FB 2B 4 ROk v] I A%
H BT Fo (LRI AL FITHI, S RORRAE S S p MM A HE S5 S RL IR A S N BT B TR
ALY B TN E K5 Ja s MR & 5 R BRI TR R Fe-Ni S8 s B AR
Wb Ni SRR BT RS BUNEA IR Fo (8 DL RS 134 T8 173 HA 1 3 W AR
AL E RO RE (B4, KB 6).

5 4 i

BIORE AT B AT TEAR T RS AR TR 5 20 00 8 45 S OB A A s 38 A B i T s S 205 7 7 T A6 BB B P Fe
B )5 A EEEERE wMgO) N 10%~13%, w(FeO)H 11.5%~12.5%, &k MgO X iis
Ko EHF TR A FHAZE S AR A AN B BB A DT B AE 5 2% s JEG T T A ) - B A< ks
BRAE KN REAE G P LRI U R A IR o 26 FE 77 [ I R AE I K 3h =X 3 gk N8 9% s Ja
I3 T B R T A B AL MRS RA 20 B RN o« 200 RERIONS S5 TN SRR Eh s
KA T Mg-Fe Z8#r ) B, s ARG Hh s A U S i Wik &k A2 1 Fe-Ni 28 # S
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