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Abstract: Zhaheba ophiolite is a significant ophiolite complex in Eastern Junggar, consisting mainly of peridiotite, basalt, layered
gabbro, plagiogranite and chert. Among them, the peridiotite is mainly composed of harzburgite, herzolite, and minor dunite. The
average contents of clinopyroxene in herzolite are Cr.O; 1.11 %, ALO; 4.77 %, MgO 16.99 %, CaO 21.84 %, SiO, 50.00 %, and the
accessory mineral chromium spinel falling within the high—Al types has lower average contents Cr,03 40.35 % .Cr" 0.53 but higher
ALO; 24.10 %, MgO 13.23 % and Mg(0.62), which indicate that it was formed during the extension of Zhaheba ocean in MOR
environment. While the element contents of chrome spinels in massive chromites changes little with average contents of Cr,O;
55.45 % . Al,O; 10.88 %, MgO 11.98 % and Mg’ 0.60, which fall in high—Cr type fields and belong to SSZ type of chromites.
Clinopyroxenes in herzolite is characterized by typical structures of melted residue and melt—rock reaction, and orthopyroxene in
harzburgite kept bastitic pseudomorphs and unaltered enstatites, but chrome spinel accessory minerals show corrosion features. The
melting residual structure of monocline is a manifestation of the melting and chromium release of chromium—bearing minerals, and
also a structural indicator of the partial melting degree of peridotite increasing and the evolution towards more magnesium rich
direction, which may have limited contribution to the formation of Cr—rich chromite. The peridotite contains monoclinopyroxene,
olivine and textures newly generated from melt—rock reaction. The role of fluid and volatiles in the melt—rock reaction cannot be
ignored. Based on the above studies, the relationship among the content differences of Cr',Mg" and ALO; of chromite and tectonic
settings of ophiolite, and its influence factors are discussed. It is concluded that mantle convection and subduction of Kalamaili

ocean led to the enrichment of the high—Al chrome spinels in MOR environment and forming of massive chromites.

Key words: high Cr chromites; chrome spinel; partial melting; melt— rock reaction; mineral exploration engineering; Zhaheba
ophiolite; Xinjiang
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Fig.3 Photoes and photomicrographs of Zhaheba chromite ore
a—No.6 chromite spot brecciated and massive chromite (ZHB—B40); b—Microphotograph of chrome spinel (ZHB—B40); c—Surface massive
chromite orebody at No. 3 ore occurrence; d—Mmicrophotograph of massive chromite at the No. 3 ore occurrence (ZHB—BS56)
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Fig.4 Microphtographs of Zhaheba peridotite
a— Chrome spinel and new olivine in harzburgite, cross—polar (ZHB— 15); b— Orthopyroxene relicts, new olivine and olivine relicts in lherzolite,
plane—polar (Z19—26); c—Structure of melted residual, new olivine, new clinopyroxene in serpentinized lherzolite, cross—polar (Z19—25); d—New
olivine, new clinopyroxene in serpentinized lherzolite, cross—polar (Z19—25); e— Structure of melted residual, new clinopyroxene in lherzolite,
cross— polar (D363); f—New olivine, new clinopyroxene in serpentinized lherzolite, cross— polar (Z19—25); g— Structure of melted residual,
reactionrim texture in in lherzolite, cross—polar (D363); h— Structure of melted residual in lherzolite, cross— polar, reflected light (D363). Opx—
Orthopyroxene; Cpx—Clinopyroxene; Ol—Olivine; Bas—Bastite; Sp—Spinel; Serp—Serpentine; O12—New olivine; Cpx2—New clinopyroxene; BMS—

Base metal sulfides
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Fig.5 Microphtograph of spinel in peridotite and back scattered electron images (BSE) of spinels in massive chromite
a (cross—polar), b (reflected light) —New clinopyroxene, magnetization occurs at the edge of chrome spinel in harzburgite (D15); c— Subhedral
chrome spinel, irregular chrome spinel relicts in harzburgite, reflected light (ZHB—b15); d— Photomicrographs of brecciaous chromitite in No. 3
chromite point, reflected light (ZHB—b40); e— BSE images of chrome spinel with melting corrosion structure in harzburgite (D357); f, h— BSE
images of chrome spinel with melting corrosion structure, altered to ferritchromite (Fe—chr) along it’ s cracks and edges in harzburgite (D15); g—
BSE images of chrome spinel of fractured, massive chromites in No.3 chromite point; Cpx— Clinopyroxene; Bas— Bastite; Cr— Chromite; Serp—

Serpentine; Cal—Carbonate; Cpx,—New clinopyroxen; Fe—chr—Ferritchromite; Mag—Magnetite
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Fig.6 Diagram showing the relationship among major oxides of the clinopyroxene
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Spinel accessory minerals in peridotite
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Spinels in massive chromite
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Fig.7 ALOsversus Cr,Os(%) diagram of spinels in peridotite
and massive chromite
Compositional fields of stratiform and podiform chromitites are from
Bonavia et al., 1993; High—Cr and high— Al compositional fields of
SW Turkey (Uysal et al., 2009); Central and southern Eastern Desert
(CED, SED) of Egypt (Ahmed et al., 2001); Compositional fields of
Sartohay (Zhou et al., 2014); Compositional fields of Luobusha
(Zhou, 2011)
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Table 1 Electron microprobe analyses of spinels in massive chromite and peridotite and clinopyroxene
B Fe/  Fe'/(Cr+ Al/(Cr+ Mg/
= =87 Cr,Os TiO, ALO; Fe,O; FeO MgO MnO NiO CaO SiO, Total Mg . . Cr/Fe
(Fe"+Mg) Al+Fe') Al+Fe™) (Mg+Fe™)
1 ZHB-b40-1 5574 0.13 10.55 4.81 1477 11.70 028 0.14 0.01 0.00 97.71 59.00 78.00  0.41 0.06 0.21 0.59 275
2 ZHB-b40-2 5722 0.14 11.07 4.08 1505 11.78 032 0.14 0.01 0.02 99.56 58.59 77.62  0.41 0.05 0.21 0.59  2.87
3 ZHB-b40-3  56.01 0.13 10.52 439 13.65 1220 0.30 0.16 0.0l 0.00 97.02 61.62 78.13  0.38 0.05 0.21 0.62  2.99
4 ZHB-b40-4 5689 0.11 11.94 329 1553 12.06 029 0.05 0.00 0.02 99.74 5842 76.17 042 0.04 0.23 0.58  2.93
5 ZHB-b40-5 5574 0.11 1343 376 16.15 11.69 0.33 0.10 0.00 0.00 101.10 56.57 73.58  0.43 0.04 0.25 0.57  2.68
6 ZHB-b56 5558 044 1445 253 13.67 13.54 029 0.12 0.01 0.01 100.55 64.00 72.08  0.36 0.03 0.27 0.64  3.26
7 ZHB-b56-2  52.62 043 1257 3.99 1328 1270 029 0.20 0.01 0.03 9555 6337 73.74  0.37 0.05 0.25 0.63  2.98
8 ZHB-b56-3  53.18 0.43 1252 3.60 13.31 12.77 030 0.15 0.00 0.00 95.77 63.37 74.02 037 0.04 0.25 0.63  3.06
9  ZHB-b56-5 5374 044 11.83 4.00 1330 12.69 032 0.10 0.00 0.03 96.11 6337 7530  0.37 0.05 0.23 0.63  3.00
10 ZHB-b56-6  52.89 0.45 12.57 4.01 13.36 12.80 0.32 0.17 0.00 0.03 96.12 6337 73.85 037 0.05 0.25 0.63  2.96
11 ZHB-b58-1 5692 0.16 861 4.71 1518 11.23 035 0.17 0.00 0.06 96.75 57.43 81.61  0.43 0.06 0.17 0.57  2.79
12 ZHB-b58-2 5639 0.15 845 430 1584 11.00 032 0.16 0.00 0.44 96.61 5545 81.75  0.45 0.06 0.17 0.55 271
13 ZHB-b58-3  56.19 0.12 729 6.13 13.80 11.38 0.32 0.12 0.01 0.02 9471 60.00 83.80  0.40 0.08 0.15 0.6 276
14 ZHB-b58-4 5610 0.15 9.12 510 14.84 1130 029 0.12 0.0l 0.02 96.52 58.00 80.49  0.42 0.06 0.18 0.58  2.73
15 ZHB-b58-5  56.51 0.14 831 4.65 1533 10.83 0.32 0.11 0.00 0.00 9579 56.00 82.02  0.44 0.06 0.17 0.56  2.73
16  ZHB-b15-1 4026 0.18 23.70 5.09 13.75 13.62 024 0.13 0.02 0.04 9647 6436 5326 036 0.06 0.44 0.64  2.08
17 ZHB-b15-5 3896 0.17 23.58 5.01 1540 1241 026 0.04 0.04 0.06 9552 59.41 5257 041 0.06 0.45 0.59 185
18 ZHB-b15-5-2 41.18 020 24.16 520 1444 13.65 025 0.10 0.01 0.03 98.76 63.00 53.35  0.37 0.06 0.44 0.63  2.03
19 ZHB-b15-5-7 4078 027 24.52 521 1445 13.54 027 0.3 0.00 0.00 98.81 63.00 52.73  0.37 0.06 0.44 0.63  2.00
20 ZHB-b15-5-7-1 39.88 0.15 24.10 6.02 1431 13.52 026 0.14 0.01 0.2 97.82 63.00 52.61  0.37 0.07 0.44 0.63 191
21 ZHB-b15-5-8 42.15 025 2259 5.12 16.89 11.92 030 0.14 0.00 0.2 98.98 56.00 55.59  0.44 0.06 0.42 0.56  1.85
22 ZHB-b15-5-9 39.27 0.18 26.04 435 14.09 13.92 023 0.18 0.03 0.05 98.06 64.00 50.29  0.36 0.05 0.47 0.64  2.05
23 ZHB-b15-4-1 949 0.04 573 5343 30.01 283 0.19 0.16 0.09 125 98.00 1698 52.63  0.83 0.70 0.14 0.17 0.1
24 ZHB-363-1 122 023 530 0.00 2.16 16.16 0.09 0.05 22.86 5035 98.99 92.19 1338  0.08 0.00 0.87 0.92 051
25 ZHB-363-2-1 1.17 022 537 0.00 2.17 1645 0.07 0.05 22.72 50.74 99.55 9231 12.76  0.08 0.00 0.87 0.92 048
26 ZHB-363-22  1.05 023 444 0.00 2.17 1671 0.05 0.08 23.05 51.09 99.26 92.42 13.65  0.08 0.00 0.86 0.92 046
27 ZHB-363-2-3  1.00 023 454 000 2.62 1724 0.07 008 21.91 51.57 99.73 9130 12.89  0.09 0.00 0.87 091 035
28 ZHB-363-2-5 1.18 021 4.77 0.00 2.17 1683 0.13 0.06 22.69 50.81 99.53 92.42 1425  0.08 0.00 0.86 0.92 047
29 ZHB-363-2-6  1.09 025 472 0.00 2.60 1645 0.1 000 22.74 51.02 98.83 90.91 1342  0.09 0.00 0.87 091 042
30  ZHB-363-3 121 024 537 000 258 1658 0.06 005 22.55 49.66 98.65 91.04 13.09  0.09 0.00 0.87 0.91 048
31 ZHB-363-3-1 1.04 027 4.62 000 2.16 1655 0.10 0.04 22.90 50.72 99.00 92.42 13.11  0.08 0.00 0.87 0.92 043
32 ZHB-363-3-3 120 020 5.8 0.00 2.55 1592 0.09 0.10 22.11 49.98 97.71 90.77 13.42  0.09 0.00 0.87 0.91 047
33 ZHB-363-4 114 0.9 543 000 2.10 1606 0.07 0.03 21.92 48.74 9636 92.42 12.31  0.08 0.00 0.88 0.92 047
34 ZHB-363-4-1 079 0.16 3.58 0.00 2.09 16.69 0.08 0.05 21.88 49.80 95.64 92.65 12.83  0.07 0.00 0.87 0.93 034
35 ZHB-363-4-2 1.01 0.16 496 0.00 2.05 1553 0.03 0.00 21.42 48.26 94.14 9231 12.01 0.08 0.00 0.88 0.92 0.44
36 ZHB-363-5 1.15 025 533 000 261 1630 0.11 0.07 22.60 50.93 99.84 90.77 12.63 0.09 0.00 0.87 0.91 0.43
37  ZHB-363-5-2 130 0.14 420 0.00 2.18 26.23 0.08 0.14 15.12 4598 95.74 95.19 17.15 0.05 0.00 0.83 0.95 0.52
38  ZHB-363-5-3 1.12 022 494 0.00 2.17 16.54 0.09 0.07 22.89 51.00 99.65 9231 13.19 0.08 0.00 0.87 0.92 0.46
39  ZHB-363-5-5 124 022 485 0.00 2.05 1504 0.07 0.06 21.92 48.37 94.49 92.06 14.62 0.08 0.00 0.85 0.92 0.52
40 ZHB-363-7 120 0.18 4.60 0.00 2.59 1649 0.08 0.00 22.97 50.44 98.80 91.04 14.87  0.09 0.00 0.85 091 047
41 ZHB-363-72  1.11 024 487 0.00 2.59 1649 0.09 005 22.69 50.70 99.13 90.91 1324  0.09 0.00 0.87 091 044
42 ZHB-363-8  1.13 024 503 000 2.16 1639 0.08 005 22.71 50.58 99.02 9231 13.09  0.08 0.00 0.87 0.92 046
43 ZHB-363-8-1 1.03 020 471 0.00 2.17 1671 0.07 0.0 22.90 50.80 99.25 92.42 12.79  0.08 0.00 0.87 0.92 042
44 ZHB-363-8-2 1.05 020 446 0.00 2.08 1576 0.07 0.07 21.78 49.40 95.53 9231 13.66  0.08 0.00 0.86 0.92 045
45 ZHB-363-10 1.13 027 4.89 0.00 2.54 1571 0.2 0.04 21.96 50.14 97.15 90.77 13.40  0.09 0.00 0.87 091 045
46  ZHB-363-10-1 1.06 020 444 000 343 1925 0.10 0.08 18.17 50.25 97.18 89.87 13.79  0.10 0.00 0.86 0.9 031
47  ZHB-363-10-2 120 0.19 451 0.00 2.16 1823 0.09 003 21.38 5022 98.26 93.06 15.12  0.07 0.00 0.85 0.93 0.5
48  ZHB-363-10-3 1.05 020 451 0.00 2.12 17.75 0.08 0.04 20.97 49.26 96.40 93.06 1349  0.07 0.00 0.87 0.93 048
49 ZHB-363-11 1.05 020 451 0.00 2.12 17.75 0.08 0.04 20.97 49.26 96.40 93.06 1349  0.07 0.00 0.87 0.93 048
50  ZHB-363-5-1 15.83 0.19 1.98 33.10 22.84 831 426 037 026 7.61 9130 42.02 84.28  0.58 0.60 0.06 042 029
51 ZHB-363-3-2 1586 0.12 3.11 2822 21.71 991 445 028 0.11 9.12 9032 47.15 77.38  0.53 0.54 0.10 047 032
52 ZHB-363-10-4 1544 0.11 2.03 33.23 2234 824 435 040 0.17 7.57 90.73 4237 83.61  0.58 0.60 0.07 042 0.8
53 ZHB-365-1-4 16.87 0.15 037 48.80 27.92 107 2.12 048 022 0.83 9393 729 96.83  0.93 0.69 0.01 0.07  0.22
54 ZHB-365-1-5 1844 0.12 025 47.18 26.96 0.74 238 041 043 071 93.12 543 98.02  0.95 0.66 0.01 0.05 0.5
55 ZHB-365-1-6  16.69 0.09 0.29 50.14 27.69 0.60 2.15 0.53 0.13 034 93.71 430 9748  0.96 0.70 0.01 0.04  0.22
56 ZHB-357-2 2226 0.07 046 40.66 25.83 150 297 0.65 0.12 126 91.86 10.64 97.01  0.89 0.59 0.01 0.11 034
57 ZHB-357-3 2350 0.13 0.68 41.34 27.98 142 270 0.09 0.05 121 95.03 9.28 9586  0.91 0.58 0.02 0.09  0.34
58 ZHB-357-4  23.02 0.11 0.88 37.98 26.51 3.10 2.75 047 0.09 2.70 93.78 19.42 94.61  0.81 0.56 0.02 0.19 036
59 ZHB-357-5 2028 0.06 1.10 33.55 24.88 7.00 3.04 0.62 0.05 6.37 93.47 3590 92.52  0.64 0.56 0.03 0.36 035
35 115 g HREE BT N B AR 413 16~23 S 5 MBI A S AR At Ay I 490 5 24~49 S —RERIASE 4 A SRLROIE AT 5 50~59 Dy 7 A
Mo B ARG AR AR AT B 1 . Mg” = 100xMg/(Mg + Fe™), Cr'=100xCr/(Cr + AI"), Hir Fe* g %2 i A7 45 M 233 AR A58
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Melcher et al., 1999; Kamenetsky et al., 2001; Uysal
et al., 2005, 2009; Gonzalez et al., 2011; Zaccarini et
al., 2011),

CrigfHZTUER , AR BT AT AR % 2k
WAL EUSST IS A B B % B Cr Mg S A2
JCE M54 AL Ti Fe SR TC R | A S
HEE B R A B ) HA R T HUIR B R 9 &y
19 Mg", 6 5% A0 1 T A R B4 b 1738 53 Je il
SR I RO AR . SRR BT B K AT &
AVBVER BRAT AN R I o B il )b 3 i ke A
PR B SEAT RN ST, 1994) , P65 2 A 755 v i 78
R RIS b ot rh B A A1 iy X = 3
BRI AT LAY XS T Crr e A AN i Mg 38 in i)
R BRI ELA T R A SR kT
TR A BT G A S AR DG , Tk T TRT B
T B AR T8 i ) WL i A i R ( BB R 4555, 2013,
2014) R, S8 kel RO R IR —Fh
J5 3K, BRI A 9 Rl A 2540 S SR A TR 3 T 1
T, 1) B R BE O ) AL A S5 A A A R Cr R Ak
W AT I DTHRAT IR

AN, R R AR AR A TT s A R R R A
S Ih A SH R AR B AT RS A A (Seyler et
al., 2007) o MCNE A PR A BRHEE AT A2 MR I R S
A MO S A = O ) A & i
(Zhou et al.,2001 ; ¥ 3 Il 45, 2012) , B I A 1E 1A
2 5 (Seyler et al., 2001; Eric et al., 2002; Daniele
et al., 2006 ) , FE T A= 2 B E A BT 70 il B 4
i 4E (Elthon, 1992) . A= B BRI A7 LL/NBURE |k
ARG T RO e A BRI A S R B T X
Sl e Hes = RN A5 AR FNT W) A IE S (Zhou et all.,
2001; Seyler et al.,2007) . itk A A TA K
B F1 7 RGBS RO AT B BRAT AT R T
A1 5% BRI — o RS 58 A BRI U 45 2R (Su
etal., 2019) . H&— B A% O W s DA R (AR 7E I
Fhiz 7 1o F v 5 T BBl b g MO 2 & 2 S0 B
WA R DT WA s SR A R A, R Bt 110
[ 3G I 2% b Si0, % i, SIO ARSI T Cr iy
VAR, 51 5| & 8% 20 UL E (Zhou and Robinson;
1994; Arai and Yurimoto, 1994; Zhou et al., 1996,
1997, 1998) . R0, 4 e i A i A 4% K o
1 PR 2= A et 200 (I N g 2242 , 20165 T3 AR i)

55,2018 B IRAESE 1 2019) M6 —2A RN i F o il
B A RO A A DTTE s LT AN AT R IE 1 58 4 A
i A 2litce , B S8 iR E R B VIR 6L
o 46 A (Arai and Yurimoto, 1994; Arai, 1997;
Zhou et al., 1996)JE it 2 it A K IR IR A %
RS 50U, X s mk RS 50
I =2 SN AT DU SR AR A 52 2 AR 2™ 1Y)
VIR T BT BE , JF 4 AR — A At e PR (2
MHAE4E,2019)

TER W7 A AE 2707 T, FL TR 305 WS 5 28
AR WA 3 SBR[ A oA 45 (&l 4a) , —
RIS 5 PN B ARV A 30 BRI 01 A= A BORS A 22
RSN ZE ) (1 4g) | A HE S SRR A% 03 WA
T ERAE S AR AR 2 AT OB AR ) BRI AT ML
WA B INAE R T WA BT R WA &8 A
FABEE R (Bl 4e ) o AT UL, FLIRT SN 5 A7 0 —
o SN B A5 FA bR 35 S R AR A, A 10 Y 9
w5 0 RO T S5 I e A ek s — S RSN P A T
= HEA/EH (Saal et al., 2001; V Le Roux et al., 2007),
{H B/ () 1K 17 (Becker et al., 2001; Seyler et
al., 2007; K734, 2008; & HRAEAE, 2019) M-
R A R RS 22 A idi (Rampone et al., 2008; Basch
etal., 2018) ,iX7E— &R EE Al BB BR 1 H8 5 S
(R BE FNFLIT S R a0 PRI
7.3 BHH B ERSREESEANBEESS

WELR AR Cr' Mg Fll ALO, 5 B RERS Ji k
TG U 5 3 ) Hs R B2 TR W 0 RN 36 1 5%
(Dick and Bullen, 1984; Arai, 1992; Zhou and
Robinson, 1994; Pearce et al., 2000) , 1 2 F1| 51l 4% 2k
R R SCHEFE bR . AN Al Cr(Cr'<60) 1Y
AR — OB BT B BOIUS A T S, B
MORB B, Tl whaii 5 S BUE Cr(Cr'>60) 241
Bk, BN SSZ 74 (Zhou and Robinson, 1994 ; Uysal
et al., 2005, 2009; Akmaz et al., 2014; Ahmed and
Abdelmonem, 2015; Erdi et al., 2017) . #&1fii, Zhou
etal.(2014) 4, & Cr Flim ALK A 7T LUE WUTE [7)
—ANEERA A, B R A 2 A T A T BT
KRMTIEATAAE, IR Z 88 (an 2 A P51
By ) 8 7% 9 B B A ot 72 (Zhou et al., 2005;
Rollinson and Adetunji, 2013 ; BE & #%45,2014, 2015),
REJEARIE T MOR P15, #E 1M 9% SSZ IRl .
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