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Mineralogy of chromites in Mandaleke ophiolite of South Tianshan Mountains
and its geological implications

ZHANG Wei-bin, ZHANG Dong-yang, ZHANG Zhao-chong, HUANG He and ZHAO Li
(State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083,
China)

Abstract: The Mandaleke ophiolite belongs to the late Paleozoic ophiolite belt in South Tianshan Mountains and
is composed of serpentinized peridotites, basalts and radiolarian cherts. The chromite or Cr-spinel occurs in the
serpentinized peridotites as a ubiquitous accessory mineral, some of which has the podiform texture. Petrograph-
ic observation and electron microprobe analysis indicate that the Cr-spinel grains display obvious composition zon-
ing, suggesting the path of such thermal events as crystallization, upwelling and alteration. The core of the Cr-
spinel crystal represents the provenance where the mineral crystallized. The authors thus chose cores of the Cr-
spinel to trace the nature of the mantle and the whole crystals to deduce the thermal events that the host rocks
have experienced. On the basis of olivine-spinel geothermometry, the crystallized temperature of the anhedral
core is estimated to be from 1 359C to 1394°C, 1379C on average. Similarly, according to the Cr-spinel geo-
barometer, the mantle pressure is estimated to be from 2.76 GPa to 3.00 GPa, 2.87 GPa on average, while the
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oxygen fugacity relative to FMQ buffer is FMQ —1.50~ FMQ —2.92 log units, FMQ —2.14 log units on av-
erage. Furthermore, the degree of partial melting of the mantle is estimated to be from 16.7% to 18.0%,
17.3% on average, in the light of its relationship with Cr® . These parameters provide some clues of the physic-
ochemical conditions: these peridotites were derived from garnet lherzolites located in the asthenosphere of the
upper mantle, and the incompatible element-depleted mantle might have resulted from previous partial melting.
The tectono-discrimination diagrams imply that the Mandaleke ophiolite was formed in a fore-arc setting. The
compositional zoning suggests that the peridotites have undergone a thermal path of decreasing temperature and
increasing oxygen fugacity. It can be inferred that the mantle peridotites experienced the process from a high
temperature and high pressure mantle (lower oxygen fugacity) stage to a thrusting slice stage to reach the crustal
surface, where they were subjected to regional metamorphism (higher oxygen fugacity).

Key words: Cr-spinel; composition zoning; physicochemical conditions; tectonic setting
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Table 1 Ages of southern Tianshan ophiolites
Ma

Ar-Ar 439+26.7 1993
Pb-Pb 590~ 600 2005
- U-Pb 440 1998
Ar-Ar 420 1996
U-Pb 425+8 2006
Ar-Ar 333 1994

U-Pb 387+8 2008
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Fig. 1 Distribution of ophiolites in Western Tianshan Mountains modified after Zhang Qi ez al. 2001
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Fig. 3 Geological section of Mandaleke ophiolite Baicheng County Xinjiang modified after Zhu Zhixin 2007
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a—outerops of metaperidotites; b—structural contact between peridotites and wall rocks; ¢—Cr-spinel (crossed nicols); d—Cr-spinel

(plainlight); e—Cr-spinels Ceutectic point, podiform texture in back-scattered electron image); f— Cr-spinel { podiform structure

in back-scattered electron image”
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3
Table 3 Calculated conclusions of the Mossbauer spectra secondary calibration standards
HYS-5-12 HYS-5-10 HYS-2-2-9
3 2 -1 3 2 -1
Al Al+Cr 0.168 0.387 0.406 0.398 0.399 0.352 0.392 0.108
Fe'™ YFe 0.425 0.096 0.109 0.089 0.034 0.039 0.086 0.655
FS' YFe i 0.403 0.085 0.100 0.079 0.024 0.027 0.075 0.629
HYS-2-2-9 HYS2-2-8
2 -1 3 -2 1
Al Al+Cr 0.057 0.518 0.526 0.081 0.064 0.459 0.466 0.452
Fe'" YFe o 0.581 0.066 0.000 0.659 0.542 0.036 0.030 0.038
Fe" YFe i 0.553 0.062 —0.003 0.633 0.514 0.029 0.024 0.031
HYS-3-3-4 HYS-3-3-3
3 2 -1 3
Al Al+Cr 0.059 0.092 0.477 0.463 0.467 0.000 0.135 0.493
F&** > Fe probe 0.661 0.497 0.019 0.076 0.045 0.651 0.574 0.089
FSet SFe i 0.633 0.471 0.013 0.070 0.038 0.620 0.550 0.084
HYS-3-3-3 HYT%S&]
2 -1 N | 3 -2 -1
Al Al+Cr 0.501 0.497 0.117 0.075 0.507 0.519 0.496
Fé' XFe probe 0.069 0.053 0.660 0.531 0.020 0.053 0.066
Fe" >Fe v 0.064 0.049 0.635 0.503 0.016 0.050 0.061
Y®=Cr Cr+Al+Fe't 4.1.3
hKY Y@
Cr Fe?*  Fe* Sack et al. 1980
7 Fe?' Fe'
4 Fudali 1965 4 FeO, 5=4
1359~1394C 1379C FeO +0, In FeOps  FeO =
4.1.2 0.25 1nf02+1nK
O Neill 1981 Ballhaus 1991
Alog fo, miq=0.27+2505 T -
CaO-MgO-AL O5-SiO, 400P T—6log X&¥ —3200 1-X& 2 T+2log
Cr, 04 X244 logXir +2630 X{ 2T P
+ + + GPa T K X% X®
+ Fe* Mg+Fe" X
Fe* Y Fe>* X% Al
P=P"+27.9 X&+ X Fabries
X, p P 10°Pa P 18.7 1979 InK)=0.34+1.06 Y& 2
X& Cr X% Mg Fe** Alog fo, rmq
Fe?t FMQ -
7 _
2.76~3.00 GPa 2.87GPa 5 1
GPa 31 km 6
87~93 km 89 km FMQ-1.50~FMQ—-2.92
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Fig. 5 Compositional trends of major oxides and Cr* and Mg™
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Bullen 1984 Cr*
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brand 2001
F=10In Cr¥ 100 +24 F %
Cr* =100 Cr Cr+ Al Cr* =0.1
~0.6
7 Cr¥ >60
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Fig. 6 Classification of altered Cr-spinel after Cokomos 1958 Table 7 Partial melting degrees of the upper mantle
1— 2— 3— 4— HYS-5 HYS-5 HYS2 HYS-2 HYS3 HYS3 HYS-3
5— 6— 7T— -12 -10 29 -2-8 -3-4 -3-3 -3-1
8— 9— 10— 11— Cr# 60.24 00.76 48.17 54.84 53.25 50.32 50.36
12— F % 18.93 19.02 16.70 17.99 17.70 17.13 17.14
1—ferri-chromite 2—ferro-chromite 3—ferro-alumochromite 4—
ferro-chromopicotite 5— ferro-alumopicotite 6—ferropicotite  7-— 4.3
picotite  8—alumopicotite 9—chromopicotite - 10—alumochromite ’ ) o
11—chromite 12—ferri-chromopicotite Dick Bullen 1984 Cro-
Mg* 7
4
Table 4  Crystallization temperatures of Cr-spinels
HYS-5 HYS-5 HYS-2 HYS2 HYS-3 HYS-3- HYS-3- .
12 10 29 28 34 33 3 Dick  Bullen 1984
Y& 0.59 0.59 0.47 0.54 0.53 0.50 0.49
t C 1362 1359 1394 1375 1382 1390 1391 8 T102
TiO, Cr*

5
Table 5 Crystallization pressure of Cr-spinels in the
upper mantle
HYS-5 HYS-5 HYS2 HYS2 HYS3 HYS3 HYS3
12 10 29 28 34 33 31
X% 0.017 0.015 0.013 0.007 0.008 0.010 0.012
X& 0.39 0.39 0.31 0.36 0.35 0.33 0.32

1280~1 350C

P GPa 2.99 3.00 2.76 2.88 2.806 2.8l 2.81 . . .
Hkm 03 03 86 <9 < &7 &7 McKenzie and Bickle 1988 3 GPa
1359~1394C
6 2.76~3.00 GPa
Table 6 Oxygen fugacities of the upper mantle 9 10

HYS-5 HYS-5 HYS2 HYS2 HYS3 HYS3 HYS3
12 -10 29 28 34 33 31
+C 1362 1359 1394 1375 1382 1390 1391
X& 0.3 0.31 0.41 0.35 0.35 0.37 0.35

X 0.51 0.48 0.55 0.51 0.51 0.51 0.50 0
X5, 0.089 0.086 0.066 0.038 0.045 0.053 0.066 E16.7%
X% 0.39 0.383 0.51 0.45 0.46 0.49 0.49 ~18.0% 17.3%

Al - — — — - — —
ng()z 1.51 1.50 —2.07 —2.92 —2.65 —2.35 1.95 20% ~30%
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