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Rock-forming mineral features of Permian mineralized mafic-ultramafic
intrusions in East Tianshan Mountains and their implications
for intrusion generation
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Abstract: East Tianshan, one of the important ore concentration belt in China, is characterized by a large num-
ber of mafic-ultramafic intrusions with magmatic Cu-Ni sulfide mineralization in a concentrated area. These
small mafic-ultramafic intrusions are distributed in three groups, i.e., Baixintan, Huangshan, and Tulaergen,

from west to east. The large-sized deposits mainly occur in the Huangshan intrusion group. The rocks mainly
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consist of olivine, bronzite, clinopyroxene, hornblende and plagioclase together with a small amount of Cr-spinel
and phlogopite. Systematic and comparative studies of the mineralogy of rocks from ore-hosting mafic-ultramafic
intrusions in East Tianshan were conducted in this paper. The estimated crystallization temperatures based on
Cr-spinel and olivine pair from Huangshan intrusion group were from 1 143 to 1 257°C, which are slightly lower
than those from Baixintan and Tulaergen groups (1283 ~1301°C). The estimated pressures show similar
widths of 0.31 ~0.33 GPa calculated by clinopyroxene geobarometer for all the three intrusion groups. The
characteristics of hydrous minerals and the fact of earlier crystallization of clinopyroxene than plagioclase indicate
that the primitive magmas of the intrusions in East Tianshan were substantially hydrous. The clinopyroxenes in
sulfide-bearing intrusive rocks have higher Al/Ti ratio, and the compositions of Cr-spinel and olivine crystals are
within or close to the field of island arc volcanic basalts. Based on the regional tectonic evolution, the authors
hold that the primitive magmas of sulfide-bearing mafic intrusions in East Tianshan were generated by partial
melting of a metasomatic mantle, which was modified by slab-derived fluids associated with the previous subdc-
tion events. Mineral comparisons indicate that the ore-hosting intrusions in the Huangshan group have more or-
thopyroxene and andesine as well as lower Cr” of Cr-spinel and Ca content in olivine. The new data obtained
from this study, together with previous results, indicate that the higher SiO, and Al,O; content in the parental
magma of Huangshan intrusions group might have resulted from higher degree of crustal contamination, which
also reduced the crystallization temperature of the magma.

Key words: mineralogy; mafic-ultramafic intrusion; Cu-Ni sulfide deposit; magmatic evolution; crustal contam-
ination; East Tianshan Mountains
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Fig. 1 Geological map of East Tianshan Mountains and distribution of mafic-ultramafic intrusions (modified after
Qin Kezhang et al., 2007)
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Fig. 2 Photomicrographs of the rocks from ore-hosting mafic-ultramafic intrusions in East Tianshan Mountains
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a—Cr-spinel inclusions in olivine and orthopyroxene in lherzolite from Baixintan intrusion; b—olivine crystals in lherzolite from Huangshan intru-

sion; c¢—clinopyroxene and plagioclase crystals in olivine gabbro from Huangshndong intrusion: d—amphibole and phlogopite in olivine pyroxenite

from Getashankou intrusion; Spl—spinel; Ol—olivine;: Opx—orthopyroxene; Cpx—clinopyroxene; Amp—amphibole; Pl—plagioclase; Phl—phlogopite
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Table 2 Electron microprobe analyses of Cr-spinel in the study area

Ak B A n SiO, TiO, ALO; Cr0O5 FeO MnO MgO Total
BXT-1 WA R 2 0.69 17.88 31.12 40.41 0.60 7.96 98.66

BXT-2 WA S 1 0.06 0.47 16.65 32.06 40.49 0.55 7.60 97.87

BXT-3 WA MR 3 0.01 0.40 16.72 29.90 43.90 0.39 7.19 98.51

. BXT-4 AR A 2 0.04 0.39 20.04 33.24 35.04 0.48 8.59 97.82

S - .

BXT-5 AR S 1 0.04 0.34 5.65 27.02 61.20 0.68 2.71 97.64

BXT-6 AR S 3 0.52 6.47 28.71 57.43 0.61 4.39 98.13

BXT-7 AR S 2 0.04 0.44 16.56 31.28 42.84 0.45 7.02 98.63

BXT-8 WA BT = 2 0.04 0.39 13.49 26.31 52.00 0.47 5.66 98.35

XS-1 AN MR 1 0.01 2.03 17.54 30.30 42.85 1.38 3.19 97.30

XS-2 £ IR 2 0.01 1.75 17.01 29.71 44.31 1.22 3.63 97.64

il XS-3 VRS 1 0.04 1.56 18.97 31.46 41.50 0.91 4.44 98.88
XS-4 1IN MR 2 0.08 0.27 25.20 30.70 33.59 0.29 7.78 97.91

XS5 AN VRS 2 1.19 19.31 26.92 46.26 0.89 3.05 97.62

n RFTIIREL, NRF .
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Fig. 3 Fe**~Cr— Al ternary plot (a) and Cr/(Cr+ AD~ Fe* /(F?* + Mg) diagram (b) for Cr-spinel
from ore-hosting mafic-ultramafic intrusions in East Tianshan MountainsCafter Barnes and Roeder, 2001)
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Table 3 Electron microprobe analyses of olivine from the study area
EEXN P Ak n SiO, ALO; Cr,04 FeO MnO MgO CaO NiO Total
BXT-1 WS 5 40.00 0.02 0.03 15.37 0.26 44.00 0.10 0.21 99.98
BXT-2  WMEAMHEA 7 38.96 0.03 0.08 14.59 0.25 44.95 0.12 0.26 99.24
BXT-3  MAMHEA 2 39.23 0.03 0.09 16.90 0.31 43.90 0.13 0.18 100.77
BXT-4  MEAHHCE 3 39.58 0.01 16.25 0.28 42.99 0.06 0.20 99.38
BXT-5  WMEAMbEA 2 40.33 0.06 14.60 0.23 44.97 0.11 0.22  100.52
BXT-6 MM &KA 2 40.11 0.02 0.03 15.38 0.22 44.16 0.13 0.13 100.18
BXT-7  WMAMHEA 1 39.97 0.08 0.03 15.42 0.29 42.18 0.17 0.16 98.31
S BXT-8  WMAafis 8 40.42 0.07 0.03 15.07 0.25 43.01 0.13 0.20 99.17
BXT-9  WMAMbEA 3 40.72 0.01 0.03 14.07 0.23 44.20 0.12 0.24 99.61
BXT-10 MM KA 5 40.06 0.02 0.03 16.21 0.26 43.76 0.09 0.15 100. 58
BXT-11 WA 3 40.00 0.02 0.03 16.37 0.25 43.40 0.11 0.22 100.39
BXT-12  MEAHE 9 39.74 0.02 0.04 16.51 0.27 43.14 0.11 0.20 100.02
BXT-13 M KA 2 39.54 17.97 0.26 41.04 0.11 0.19 99.11
BXT-14 MM KA 2 39.34 0.01 0.01 19.84 0.32 40.29 0.07 0.23 100. 10
BXT-15 M 5 39.13 0.03 0.08 15.12 0.29 44.64 0.12 0.15 99.57
XS-1 £ RS 9 40.25 0.02 0.03 15.31 0.24 42.80 0.06 0.13 98.85
XS2 ML 8 40.47 0.02 0.06 16.14 0.26 42.37 0.04 0.21 99.57
XS3 R 9 40.15 0.02 0.02 16.35 0.27 42.10 0.03 0.21 99.15
il XS4 FREHCE 9 40.50 0.02 0.05 15.85 0.25 42.72 0.05 0.12 99.57
XS5 HEMEKH 6 38.93 0.05 3.36 22.10 0.34 37.29 0.07 0.06 99.19
XS8  fNNE 8 40.05 0.02 0.02 16.00 0.26 43.53 0.07 0.16 100.11
XS99 fIRERCE 8 39.69 0.02 0.02 14.96 0.23 44.87 0.05 0.17  100.01
HSN-2 M &A 6 39.76 17.20 0.27 42.62 0.01 0.11 99.97
HSN-3  HMidime A 8 39.67 0.03 17.11 0.25 42.78 0.01 0.12 99.97
. HSN-4  MiiEw KA 8 39.98 0.01 0.03 16.70 0.25 43.41 0.01 0.09 100. 48
HSN-5 - MG 9 39.66 0.01 18.78 0.29 41.40 0.01 0.13 100.28
HSN-6 - AR o 5 39.66 0.02 18.93 0.30 41.62 0.01 0.13  100.67
HSN-7 KA 9 39.70 0.05 18.94 0.24 41.51 0.01 0.10  100.55
GT-1 WA MR A 2 39.01 0.01 0.08 17.69 0.32 40.25 0.07 0.08 97.87
[P GT-2  MEAMHE 3 40.19 0.05 0.11 14.2 0.24 44.25 0.13 0.22 99.72
GT-3  MAMs 1 40.38 0.07 0.16 14.68 0.27 43.62 0.12 0.16 99.55
GT-4 MRS 2 39.55 0.05 0.06 15.46 0.24 42.48 0.12 0.16 98.17
3500 1500
ay b
3000 | o H&EM
> IO
2500 gﬁm
s B LR AR 5| HMao%
. 2000 [ HON s mi r{?[l]-hh’lﬂl-ﬂ:h)
= %% ! __;;@___I 2 o EHiE J Sun¥F(2013a)
Z 1500 F HEE: @ ' =
H A8 : = 500 n
1000 @%3*\\ : o \<>
sof T O® i, TR
RS D o o (Su et al.. 2012b)
O 85 80 75 70 65 60 o % %0 TR T I—,
Fo Fo

Kl 4

in East Tianshan Mountains

ARR B SRR T e RN A 41 K Ni - Fo I Ca) AT Ni - Fo B (b)

Fig. 4 Ni versus Fo (a) and Ca versus Fo (b) diagrams for olivine from ore-hosting mafic-ultramafic intrusions
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Fz 4 MRRXPAERBEFREBIEER wg/ %
Table 4 Major element compositions of orthopyroxene in the study area
FERLS P Ak n SiO, TiO, ALO; Cr,04 FeO MnO MgO CaO Total
BXT-1 WA 5 55.58 0.24 1.52 0.22 10.53 0.29 30.02 0.98 99.38
BXT-2  WMEAMEA 2 55.97 0.26 1.04 0.16 10.37 0.28 30.33 1.06 99.47
BXT-3  MAMHEA 1 56.69 0.21 1.61 0.22 10.25 0.38 30.90 1.01 100.23
S BXT-4  MEAHHCE 1 55.52 0.09 1.31 0.16 12.42 0.33 28.38 1.00 99.19
BXT-6  WMAMbEA 1 56.72 0.09 0.91 0.19 10.31 0.24 30.86 0.97  100.29
BXT-7 MRS 1 55.91 0.13 1.33 0.15 10.83 0.27 30.09 0.79 99.49
BXT-8  WMAMHEA 1 54.67 0.46 1.77 0.30 10.75 0.38 30.98 1.16 100.47
XS-1 TR 3 55.49 0.00 1.42 0.35 8.92 0.21 31.81 0.85 99.05
F il XS6  HMEMEKE 2 55.02 0.49 1.84 0.35 9.54 0.23 30.90 1.24 99.61
XS-7 MR KA 2 56.53 0.20 1.68 0.28 9.67 0.17 31.09 1.03  100.65
HSN-1  HHMERA 2 53.92 0.35 2.67 0.09 14.21 0.30 26.23 1.75 99.52
HSN-3 MM KA 3 54.63 0.23 3.66 0.16 9.93 0.24 29.41 1.86 100.12
» HSN-5  HMihime s 1 55.58 0.03 2.87 12.01 0.26 29.42 0.81 100.98
il s
HSN-8 MK I 1 54.08 0.25 1.73 0.14 16.48 0.30 25.94 1.05 99.97
HSN-9 KB KSE 2 54.00 0.26 1.72 0.17 16.00 0.31 24.75 2.89 100.10
HSN-10 M&KHEKA 2 53.51 0.30 1.70 0.28 17.91 0.36 24.1 1.86  100.02
GT-1  MEAMEA 2 54.72 0.57 2.33 0.31 10.41 0.25 29.91 1.28 99.78
GT-2  MEAMME 3 56.25 0.33 0.88 0.15 9.80 0.2 30.12 1.15 98.92
o GT3 AR 1 56.24 0.28 0.91 0.17 10. 1 0.21 30.14 1.10 99.11
GT-4  MEAMES 2 54.63 0.52 2.34 0.37 10.32 0.26 29.38 1.13 98.95
GT-5  MMiMfAA 2 56.36 0.21 1.27 0.28 9.89 0.27 29.91 1.01 99.20
*k5 MRXEMEGEFREBEER wp/ %
Table 5 Electron microprobe analyses of clinopyroxene in the study area
EEON ¥ A n SiO, TiO, ALO; Cr,05 FeO MnO MgO CaO Total
BXT-3  WEARIH A 3 51.58 0.50 3.12 0.93 4.77 0.13 16.51 21.02 98.56
. BXT4 AR 1 51.81 0.56 3.01 0.96 5.11 0.11 15.74  20.71 98.01
BE ,, o 1
BXT-9 MMM KA 2 51.32 0.71 3.70 1.18 5.59 0.18 15.45  20.91  99.04
BXT-10 MidiM&AE 3 51.78 0.57 3.61 1.02 4.91 0.21 16.72  20.94  99.76
XS-1 N RS 4 53.81 0.44 2.46 0.72 4.50 0.13 17.91 18.08  98.05
XS-2 VRN 7 3 52.20 0.7 3.17 0.42 4.82 0.13 15.18  21.54  98.16
il XS3 ML 4 53.01 0.43 2.60 0.32 4.47 0.17 1572 22.32  99.04
XS4 HRERINEE 3 52.62 0.51 3.23 0.34 5.50 0.15 16.55 19.64  98.54
XS5 HOOERE 1 51.33 1.01 3.33 0.43 6.13 0.20 14.21 22.02  98.66
HSN-1 M KA 2 52.31 0.46 4.27 0.41 6.36 0.19 17.92  16.71  98.63
Pl HSN-3 MBI 3 52.20 0.73 2.47 0.32 7.38 0.18 14.84  20.83  98.95
HSN-8 MK KSE 1 52.04 0.58 2.37 0.22 8.66 0.18 14.26  20.44  98.75
GT-1 MMM 6 51.01 0.73 3.86 1.04 5.15 0.12 16.13 20.8 98.84
e GT-3  MEAmEA 5 53.31 0.4 2.31 0.58 5.00 0.19 17.41  20.61  99.81
GT-4  MEAMNEA 2 51.10 0.77 3.81 0.97 5.09 0.13 15.92  21.04  98.83
GT-5  HWMAE 3 52.84 0.47 2.49 0.76 4.77 0.15 17.31 21.13  99.92
B s A, TR D,
COR PR, AR W SRR 4 TR
A 4 B S0 SR A T A R AR
E MNAMBK A, SHLENERSAMNES 4.1 ‘%”“Er%éﬁﬁ'a%ﬁ{ﬁ”

RE, ANTR S AR B A D I S AL A R 22 IR A B T 3 2 AR T e A
) AL S 85 WA 7 RS \f@%,_‘x H I, K8 23 170 1) 25 it i

)Fﬂi
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Fig. 5 En- Wo- Fs triangular diagram for pyroxene classification of ore-hosting mafic-ultramafic intrusions in East Tianshan
Mountains
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Table 6 Electron microprobe analyses of plagioclase in the study area
PEREN e Ak n SiO, Al Os FeO MgO CaO Na,O K,O Total An
BXT-1  MAMms 2 52.44 29.61 0.44 0.06 13.12 4.21 0.12 100. 00 62.8
BXT-2 MEAHME 1 51.48 31.13 0.38 0.08 7.98 8.81 0.02 99.88 33.3
BXT-3  MEAHiA 1 50.12 31.00 0.56 0.04 15.03 3.22 0.07 100.04  71.7
BXT-4  MEAMNLA 1 51.22 30.30 0.46 0.07 14.37 3.45 0.07 99.94 69.5
S BXT-5  WEfWiss 2 52.34  29.70 0.43 0.09 13.58 3.79 0.10 100.03  66.1
BXT-6 WA 2 50.00  31.02 0.52 0.03 15.21 3.04 0.04 99.86 73.3
BXT-7 M AHNAE 1 51.20  30.40 0.48 0.01 14.32 3.49 0.04 99.94 69.2
BXT'8 WA 1 50.02  31.08 0.69 0.32 14.94 2.85 0.02 99.92 74.3
BXT-9 MRS 5 50.21 30.94 0.59 0.03 15.44 2.85 0.06 100.12  74.6
XS-1 MR A 2 49.94  31.21 0.20 0.02 14.97 2.86 0.08 99.28 74.0
XS-2 TS 1 61.42  23.74 0.05 6.46 8.47 0.01 100.15  29.7
XS6  WHOEKSE 3 48.93 31.63 0.26 0.07 15.92 2.49 0.02 99.32 77.8
il XS10  AWNEKE 3 47.74  32.22 0.46 0.01 16.81 2.02 0.03 99.29 81.9
XS-11 KA 6 53.21  29.31 0.39 0.02 12.87 4.10 0.11 100.01  63.2
XS-12 MR 4 50.32  30.94 0.34 14.95 3.06 0.07 99.68 72.8
XS-13 WK 3 55.09  28.82 0.35 0.01 11.72 4.60 0.08 100.67  58.2
HSN-1 B s 6 53.73  28.31 0.13 11.84 4.76 0.05 98.82 57.6
HSN-3 MMk A 2 51.44  29.78 0.07 13.51 3.83 0.01 98. 64 66.0
HSN-5 Mg s 2 52.13  29.69 0.19 13.32 3.99 0.10 99.42 64.5
HliEg HSN-8 MEKHKAE 11 54.32  28.02 0.16 11.33 4.71 0.46 99.00 55.6
HSN-9  #EK KA 5 55.94  26.98 0.14 10.04 5.35 0.59 99.04 49.2
HSN-10 MK KA 55.65  27.32 0.18 10.40 5.31 0.50 99.36 50.5
HSN-11 MM KA 53.71 28.26 0.13 11.75 4.76 0.05 98.66 57.6
FETH IR AETE K SER R g MR, Hal s 28 KRS DL A 45 42 5 8O I 52 (Coogan
WA IF W E — RANSHL RMEM AR E et al.> 20145 Xu and Lius 20165 5KMIEEE, 2016),
IR H IR Kl 22« Wan 55 (2013) S THME PTCLEIEH TRAST W4 5. 8T %
ARV SR A AR AL P AT #3874 RN A i A B S A SR AT, DR

A AL BT VARSI« ik

0 45 it E AT Uﬁﬁﬂ%Tqu%@ JEE R BRI [ AR
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pend S EET TPt B B R Coogan 55 (2014) 14T % b
4 S JRLBE VT AL BB 4y AT AR B R AL SO, Akt
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Fig. 6 An—- Ab- Or triangular diagram for plagioclase clas-

sification of ore-hosting mafic-ultramafic intrusions in East
Tianshan Mountains

*z7

T(K) =10 000/L0. 575 + 0. 884 Cr¥ — 0. 897
In Co DIk y=ALOA /AL OF#A)

F 5 | FH B0 A Ron) 1 B0 9 o i BB
R A AT SR P E S 5. R
FAAFRANE R FT Xa M Lin(2016). A4 8%
W, 1 2% MR 3 05 L 2 A RO A R 20 it A (1) 45
WLRE A1 283 ~1 301°C » i 3 LU R4 P L8 2 4 1)
AR BEAR T AT, 751 143 ~ 1 257°C Z M1 (K 8D,
PR AR R L B Bk BBk DU AR B AT (1) MEITS %
LS 1A T 53R I G A ) RE 5 SR U T AL
AL BES T71 245~1 320°C [l Zhang et al . » 2011;

FRRLEH-BRKBLE BT PR 5 HHE

Table 7 Mineralogical characteristics of the ore-hosting mafic-ultramafic intrusions in East Tianshan Mountains

HARHE EEN BARATY CrF A Ca BrR/107° R B A Mg A ARG An
. fegsiit 50.2~60.8(55.7) 500~ 929 79.4~81.3 85.4~87.7 39.0~99.8
P b R AR s \
CEVVNIE 585~1250 86.7~89.7 84.7~86.2 68.9~98.7
il 30.6~65.5(45.1) 143~571 83.5~85.9 86.3~87.6 47.6~83.4
.t AR 36.4~49.4(45.1) 143~429 67.1~81.2 74.9~87.5
) pii] 14.8~63.2(51.3) 71~214 68.2~81.1 74.7~83.4
F il 45.0~54.0049.6) 214~500 83.4~85.1 84.3~87.6 29.7~74.0
S = 52.7~76.3(60.0) 407~953 76.9~84.7 83.2~86.1 33.3~74.3
x8 WHMEREIHTELR
Table 8 Crystallization temperatures and pressure estimates for olivines and pyroxenes
EEN S e 71l il #ZR wilE
V38 4 il R/ C 1295 1283 1143 1124 1257 1221
S R 1/ GPa 0.32 0.32 0.31 0.31 0.33 -

Sun et al.> 2013a, 2013b; T WE5E, 2015: Mao er
al . » 2016), AR 8 45 H — 5, Bt — ik
FETHI T 545 2 nE 1

H RO AR AR S i s vk R 2 2 Ry
%, Kohler 1 Brevy(1990) #i#i5 Ca 75 3£ 42 IO A4
R AR A7 2 18] (1) 14687 43 P A 7 T RO A - P AR
A1 Ca A SN (1) Fs 3 v, AR 176 5 1 SCHR 6%
ey Yt LR M VAT H . Nimis A1 Ulmer
(1998445 100 2 2558 (1) S 56 24, A4 o R
WP JE T BT O RN TG A SR A 45 dh IR )
(1) e 77 38 S B T DR I AR S 1% K 7 1Ay
SRS R R A R (R ORI AR RN
LIRS AC ) A DG IR Bk B B T AR M AT 1) 4

pi s JJAHAL, /T 0.31~0.33 GPa Z .

Ballhaus 55 (199102 T2 & 41 —HH: 41~ 545 Hh
T T v B PR () AR P B 20 H A
EEARAEH . Barnes £ (20135 57 & MR AL ¥ 155
AR A VR P Aok TR 56 s Ak 2 8] R A 8k R Ky
[(XNiS/XFeS %mm/( XNiO/XFeO )MWEE 15 i A6 9 4%
PRH ) Ni+ Cu & AR EC o ) Z RIA7AE— N HE
W SR ARG TR, AT Z A ARV R KL
A E A A R S AR . EE I 0
IR 3 AN A2 G R Ak 40 R0 R A RIORG 25 A Al
ST A 25 ] 1R A3 FE CRIOME A &1 o PR AL ) Ni
+Cu TR GCRED, G Ron T K 7. WHEEY
M IR AR E N TQFM+ 1~ QFM +1.52
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Fig. 7 Oxygen fugacity of the Cu-Ni sulfide deposits in
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The base of the plot are from Barnes ez al.(2013), determined using

olivine compositions and Ni contents in bulk sulfide

], ey T3 1L 3 Ll R A R A 42 U R (Mo et al . »
2014a, 2016; Duan et al.» 2015). AR IR
DR T PR IR S S0 A 45 5 o0 S i R e R AR AL
W 2 (Sun et al.> 20134, 2013b 5 Mao et al. »
2014a, 20160, PRI H 45 5o e B AL R 9 AT
AR AR S . BRI TR AT FS T &
KT 2L R B 1 P A A, AR R W I e R A i
MIEEIREER TG o B RN AR () ™ 5 Ak I
KA A CH G AR ARSI, AR P4k 4
.
4.2 BERFEXMR

R A AER SRR Z R E K AES
AN AL LT . Niu %5 (2002)+ Barsdell A1 Berry
(1990) 43 5l 45 7 N-MORBCT A RGO 7 BE %
ST AR 1) 4 e AL B 428 K PR R A AR A
1) &5 WU H 2 2% B K s, RIS
RHC A G5 a0 5T R A, TR AKCE R R A
i T TRHCH . BN S8 R A B 44
() AP A &5 i T RS A, R WA A S R s
KL 5 A R, R RTE T & K 5
Langmuir 5519938 50K B 7R & R 44 T Rk X
pUIUE R P T RS HRE AT &, (IR TR EER T 0.8
GPa 1) & J7 ¥R 88, 1 5y T A 25 4R 10 45 i &

(~0.3 GPa)o BLAN, BT N 25 f rh i L A I A R
G BE, U BN A Y BT 2 7K IR R B8 Clan B 5K
KRUEHD .

BEAWEFUR W, oK R B B b A7 28 ot [ 44
BT MM Vs, sV Ti VAL, 1 7E & KRS R
H Mg Vsie RS VAl Loucks, 1990; Vuorinen et
al.» 2005). R, BRI A Al/ Ti HoAE AT BLAT R
PO LAty i s S ARE R o Loucks(1990) i
TR BE R TUA A B R IR Al 4 Rt
4 DY TH AT B 1 ALY D TiC 3 s b £ )\ R
PLE T 1 B A#, 15 H 9O O 1 3 i 2 Alz/Ti T
HWEm T HRERME B 2 A g, Kot
FUIX PN B 75 A o IR B ARDRE A B T BN 8
S IO DG it 2 AR ARL AR A 2, AN TR T
gt LBk - R FUE R (Su et al 5 2013b). I
Ab, B O A B FIIIONI AT Ca & s R B AR R LB
LR ik SN A R e N R T T R L e P S N L]
FENFARL . AU B SR 285 M A A R
VLRGBS 1L B LR 2 A0 4 FF i T 72 QFM+ 1 IR
Ji CB 75 155 By IR BE A7 G 1 A AR i ) 4036 15
JH N (QFM + 1 ~ QFM + 2, Ballhaus et al.
199100 ST A R 1L ad L5 19 0 b e 43 4 45 R T
WA R OB 5%, 1994 KSR, 2006 2 LG
85,2010, Bk, FATAH B FTIX N O™ 25 44 1) IR 46
IR AT R AZ AR P L 358 404 k) P
4.3 TYFHEXHTRERIEENAR

b 55 IR TR o0t 2 S A e R AR R A R LA
H 25 X (Naldrett, 2004; Ripley and Li, 2013). Hif
NI R 23 AT A R LB Ak — e A Bk TR AR 1)
Sr-Nd~Hf~ O [FA7 % PA S e B IE(Su et al . »
2011; Zhang et al.,» 2011; FEAEWIEE, 20125 Sun e
al.» 2013; Tang et al.> 2015; Mao et al.> 2016),
A RIYE BT 5 B, JF H& D) T Hhse 4 i
(TR G, WD 5 3507 28 R B 1 v i 5 B8 ARG O 21 it
WA (Zhang et al.» 20115 Sun et al.» 2013a,
2013b; Tang et al.> 2015; LA, 20155 Mao er
al . » 20160 JH™ A R 7 RE A 1R OK i IR R
FIRARR SIO, WL, R e it 1K Hb 52 ) o VR G
P #(Zhang et al . » 2009a, 2009b). AN, HEFTIX P
FRRHC AT An IIR/INRES A SEPERE B 2 (R AS B
91 400 A 8 35 1 5 A AT L R KA, 3R W R A T
TR AFAE M 2 ) T TR G

B R AT A e R B O R
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Fig. 8 Alz~Ti0, diagram of clinoproxenes from ore-hosting

mafic-ultramafic intrusions in East Tianshan MountainsCafter
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IR S R WA A T E S A R R
P/ DL, R BT I BES R E E RE. BRA A CrF
E S AT Ca Bt DA AR AT An AR B LRSS K
M HEVERE R e A A R BHIR . Fok 22 S Ul B
AR UGS 5 ) TR VAT AE 2200, 3k — 8 2 K
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Zhang et al ., 2011; Sun et al., 2013a; Mao et al . »
2014b, 20162, 2 W] 46 4 9% 1) DAy b A ABL A4 i
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