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Mineral chemistry of hornblende in the Chihu-Fuxing copper district, Xinjiang,
and its geological significance
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Abstract: The Chihu and Fuxing copper deposits are located in the Dananhu-Tousuquan island arc belt of Eastern
Tianshan. This study focuses on the hornblende found in the intermediate-acidic igneous rocks. Using electron
microprobe analyses (EPMA), we study the characteristics of hornblende and constrain the tectonic setting and
physicochemical conditions related to the pluton formation. In addition, we discuss the process of magma
evolution and its relationship with Cu mineralization. The EPMA data show that hornblende is composed mainly
of magnesiohornblende, tschermakitic hornblende, and secondary actinolite. These components were primarily
formed by magmatism and part of them were altered. The mantle materials were possibly involved in the
formation of these plutons during subduction. The values of crystallization pressure, temperature, l1gfo, and H,O
content of the hornblende in the melt of diorite porphyry (Chihu) are 244~451 MPa or 2.44~4.51 kbar, (equivalent to
8~15 km), 880~918 C, —10.2 ~ —11.1, and 6.4%~7.0%, respectively. The corresponding values pertaining to the
melt of granodiorite (Chihu), quartz diorite (Chihu and Fuxing), and diorite (Fuxing) and their hornblendes are
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30~90 MPa or 0.3~0.9 kbar, (equivalent to 1~3 km), 640~785 ‘C, —12.3 ~ —13.8, and 3.6%~4.8%, respectively.
Thereby, we conclude that the hornblendes might have formed in two different magma chambers at different
depths. Mantle-derived magma might have migrated from depth into the deep magma chamber and formed the
hornblende of the diorite porphyry; thereafter, the residual magma carrying the hornblendes ascended. this was
accompanied by the exsolution of fluid from the magma and the migration of ore-forming elements. Granodiorite,
quartz diorite, and diorite and their hornblendes might have formed in the shallow magma chamber and copper
mineralization might have occurred at the top.

Key words: mineral chemistry; hornblende; crystallization conditions; Chihu-Fuxing copper district; Xinjiang
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Fig.1

Sketch map showing the tectonic units of Eastern Tianshan, after Wang et al.**); Mao er al.** (a); simplified geological map of the Chihu copper

deposit, after Xinjiang Bureau of Geology and Mineral Exploration®® (b); simplified geological map of the Fuxing copper deposit, after Wang ez al.**! (c)

- ((320.242.4) Ma)
((322+10) Ma)i**>

o ( 1b),

( 1b)

>

[45.37] 9~58 m,

0.2%~0.3%,

1371 0.02%~0.04%

B

1.2

>

[29,38]

>

((314.5+2.5) Ma) [30,38]

Geochimica | Vol. 47 | No.2 | pp. 149~168 | Mar, 2018

[30]

[38]

400~800 m,
( 1b),



152

>

((332.1£2.2) Ma)
((328.443.4) Ma) |,

B

) ( 1c)B
555~2315m, 2~107 m,

600 m )
[32-33]

2

[30].
[29,38]
lc),

Wk e % 2018 £
WK%z - , ,
- (  2a), 40%~50%,
, (2D,
0.5~1.5 mm, 15% , ,
- R 1~2 mm,
20%, ( 2
VA IAR T ,
( 2b), ,
( 29 ,
> R 1.5~3.0 mm,
45%~60%,
, , 1.5~2.5 mm, 20%
> s 1 mm,
4 20% , ( 29, 1 mm
s 5%
&N K E , ( 2c d),
, (
;0 2h 1)) , ,
1.5 mm R 50%,
( 2h ) 2
( 2i j), 1~2 mm, 30%,
( 2h) ,
1 mm, 15%
WKz , )
( 2e) ;
0.5~1.5 mm, 60%,
( 2k , 0.5~
2.0 mm, 30%,
( 2k) , , 5%

Geochimica || Vol. 47 | No. 2 | pp. 149~168 | Mar, 2018



E2H £ HE FERS-ENETXANET MLEHEREHREX 153

L

, JEOL JXA-8230 ZAF R SPI
JEOL JXA-8100 : ,
15 kV, 20 nA, 1 pum, 0.01%

| 200 um 3
2
Fig.2 Photographs showing the characteristics of petrology and mineralogy from the Chihu and Fuxing copper deposit districts
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(a) Hand specimen photograph of diorite porphyry from Chihu copper district; (b) hand specimen photograph of granodiorite from Chihu copper
district; (c) hand specimen photograph of quartz diorite from Chihu copper district; (d) hand specimen photograph of quartz diorite from Fuxing cop-
per district; (¢) hand specimen photograph of diorite from Fuxing copper district; (f) photomicrograph of diorite porphyry from Chihu copper district
(+); (g) photomicrograph of granodiorite from Chihu copper district (+); (h) photomicrograph of quartz diorite from Chihu copper district (+); (i)
photomicrograph of two type of hornblendes in quartz diorite from Chihu copper district (+); (j) photomicrograph of quartz diorite from Fuxing copper
district (+); (k) photomicrograph of diorite from Fuxing copper district (+).

Hb — hornblende; P1 — plagioclase; Kfs — K-feldspar; Qz — quartz; Chl — chlorite; Ep — epidote; Ser — sericite; Ap — apatite; + — perpendicular polarized light.
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Table 1  Electron microprobe analyses (%) of hornblende from the Chihu and Fuxing copper district
CH46-1-1 CHA46-1-3 CHA46-1-4 CH46-1-5 CH46-1-6 CH46-5-1 CH46-5-2  CH46-5-3  CH46-5-4 CH48-2
( (

Si0, 49.57 49.55 49.88 47.84 47.92 50.31 49.34 50.61 48.00 46.71
TiO, 1.06 1.10 1.00 0.99 1.02 0.71 1.18 0.84 1.20 0.43
ALO3 4.92 4.66 4.92 4.97 5.39 4.75 5.27 4.44 5.40 8.98
FeO 15.46 14.80 15.64 14.33 14.41 15.10 15.35 14.97 14.33 15.93
MnO 0.54 0.46 0.56 0.51 0.54 0.41 0.45 0.43 0.44 0.71
MgO 13.94 13.76 14.01 13.87 13.87 13.98 13.60 14.28 13.94 12.39
CaO 11.65 12.02 11.37 11.61 11.49 11.93 12.05 12.24 11.72 11.36
Na,O 0.89 0.86 1.01 1.01 1.37 0.61 0.81 0.60 1.08 1.15
K,0 0.52 0.47 0.47 0.47 0.58 0.42 0.53 0.40 0.55 0.28
F 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00 0.00

Cl 0.13 0.12 0.13 0.15 0.14 0.13 0.12 0.08 0.16 0.01
total 98.67 97.81 98.98 95.74 96.89 98.35 98.70 98.89 96.81 97.93
Si(T) 7.133 7.133 7.133 7.133 7.133 7.246 7.132 7.258 7.059 6.747
AIY(T) 0.835 0.775 0.829 0.869 0.935 0.754 0.868 0.742 0.936 1.253
Ti(T) 0.032 0.000 0.035 0.028 0.009 0.000 0.000 0.000 0.005 0.000
AY(0) 0.000 0.027 0.000 0.000 0.000 0.051 0.030 0.008 0.000 0.275
Ti(C) 0.083 0.121 0.073 0.082 0.103 0.077 0.128 0.091 0.128 0.047
Fe**(C) 0.735 0.422 0.831 0.627 0.594 0.621 0.525 0.550 0.577 0.997
Mg(C) 2.991 2.992 2.988 3.070 3.045 3.003 2.931 3.053 3.056 2.667
Fe?*(C) 1.126 1.383 1.040 1.153 1.181 1.198 1.331 1.245 1.185 0.927
Mn(C) 0.065 0.057 0.068 0.064 0.068 0.050 0.055 0.052 0.054 0.087
Fe**(B) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ca(B) 1.796 1.878 1.744 1.847 1.813 1.840 1.866 1.881 1.846 1.758
Na(B) 0.204 0.122 0.256 0.153 0.187 0.160 0.134 0.119 0.154 0.242
Na(A) 0.043 0.119 0.024 0.136 0.203 0.010 0.092 0.048 0.154 0.079
K(A) 0.095 0.088 0.085 0.089 0.109 0.077 0.097 0.073 0.103 0.051
Al" 0.835 0.801 0.829 0.869 0.935 0.805 0.897 0.750 0.936 1.528
t (C) 496 459 489 500 526 519 590
t2a (C) 319 405 440 419 468
128 ('C) 439 422 433 471 497 471 459
t; (C) 753 741 748 767 772 729 753 730 771 818
4 (C) 715 676 733 725 771 645 683 643 728 800
p3 (MPa) 0.64 0.61 0.63 0.67 0.74 0.61 0.70 0.56 0.74 1.73
p4 (MPa) 0.52 0.38 0.61 0.56 0.89 0.32 0.41 0.28 0.59 1.59
lgfo, -13.3 —13.8 -13.3 -12.9 —-13.0 -13.8 -13.5 -13.8 -13.0 -12.3
HyOmel (%) 4.3 4.3 4.4 4.2 3.8 4.8 4.5 4.5 4.0 7.8
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CHA48-3 CH48-4  CH48-5 CHA41-1 CH41-2  CH42-1  CH42-2  CH42-3  CH42-4  CHA42-5
( (
Si0, 4532 50.36 49.60 51.14 44.61 45.67 44.59 45.27 44.80 43.14
TiO, 1.54 0.83 0.76 0.05 1.46 1.60 1.71 1.65 1.62 1.08
AlLO; 11.10 4.47 429 1.91 11.23 10.53 11.46 10.85 11.34 11.12
FeO 10.55 12.30 14.18 21.26 12.24 12.84 12.35 11.93 14.01 14.83
MnO 0.12 0.43 0.34 0.63 0.10 0.23 0.18 0.17 0.23 0.28
MgO 15.39 15.92 15.22 10.35 14.87 14.09 14.43 14.86 13.58 12.46
Ca0 10.95 11.81 12.01 12.40 10.85 10.81 11.16 10.83 10.63 10.77
Na,O 2.33 0.95 0.58 0.11 1.95 2.13 222 2.32 227 2.16
K,0 0.26 0.38 0.44 0.14 0.32 0.27 0.32 0.27 0.29 0.61
F 0.22 0.21 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.08
Cl 0.02 0.21 0.20 0.00 0.02 0.02 0.02 0.02 0.02 0.03
total 97.79 97.87 97.61 97.99 97.63 98.19 98.49 98.15 98.80 96.54
Si(T) 6.439 7.222 7.228 7.636 6.343 6.506 6.343 6.427 6.362 6.353
AIY(T) 1.561 0.755 0.737 0.336 1.657 1.494 1.657 1.573 1.638 1.647
Ti(T) 0.000 0.023 0.035 0.006 0.000 0.000 0.000 0.000 0.000 0.000
AYY(C) 0.299 0.000 0.000 0.000 0.225 0.274 0.265 0.243 0.261 0.282
Ti(C) 0.164 0.066 0.048 0.000 0.156 0.171 0.183 0.176 0.173 0.119
Fe*'(C) 0.902 0.655 0.831 0.381 1.221 0.937 0.952 0.997 1.117 0.997
Mg(C) 3.260 3.404 3.307 2.304 3.153 2.993 3.061 3.145 2.875 2.736
Fe’(C) 0.351 0.820 0.772 2.235 0.235 0.593 0.518 0.419 0.546 0.829
Mn(C) 0.015 0.053 0.042 0.080 0.012 0.027 0.021 0.020 0.027 0.035
Fe*'(B) 0.000 0.000 0.125 0.039 0.000 0.000 0.000 0.000 0.000 0.000
Ca(B) 1.667 1.815 1.875 1.983 1.653 1.650 1.701 1.647 1.618 1.699
Na(B) 0.333 0.185 0.000 -0.022 0.347 0.350 0.299 0.353 0.382 0.301
Na(A) 0.309 0.080 0.163 0.054 0.189 0.238 0.314 0.286 0.244 0.314
K(A) 0.047 0.070 0.082 0.026 0.058 0.048 0.058 0.048 0.052 0.115
Al" 1.859 0.755 0.737 0.336 1.882 1.768 1.922 1.816 1.898 1.929
t (C) 373 441
ta (C)
125 (C) 484 465
£ ('C) 907 752 780 643 906 880 917 898 897 902
1, (C) 913 715 658 489 885 887 909 915 913 894
1 (MPa) 580 60 50 590 540 610 560 600 620
P2 (MPa) 0.54 0.34 0.25
p3 (MPa) 2.78 0.57 0.55 0.31 2.88 2.44 3.05 2.62 2.94 3.08
ps (MPa) 3.87 0.48 0.30 0.09 3.10 3.07 3.70 3.78 4.11 451
ANNO 1.5 2.2 2.1 0.9 1.5 1.2 1.2 1.4 1.0 0.9
lgfo, -10.3 -12.8 -12.3 -16.9 -10.2 —11.1 -10.4 -10.5 -10.9 -10.9
HOpmere (%) 6.5 3.8 4.0 5.8 6.7 6.8 6.8 6.4 7.0 6.6
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CH42-7  CH42-8  FX5-2 FX5-3 FX5-5 FX5-6 FX5-7  FXI2-1  FXI12-2 FXI2-3  FXl12-4
«C ) (G )
Si0, 45.07 43.57 50.71 5172 5056 51.70 5191 49.28 49.44 49.26 48.64
TiO, 1.71 1.73 0.64 0.67 0.69 0.37 0.36 0.89 0.84 0.80 0.93
ALO3 11.03 11.06 3.87 3.49 3.87 2.49 2.62 6.19 6.09 6.05 6.37
FeO 12.42 14.27 16.96 16.33 16.58 16.33 16.13 13.93 14.02 14.32 14.13
MnO 0.15 0.19 0.54 0.52 0.50 0.48 0.43 0.43 0.48 0.44 0.40
MgO 14.48 13.30 14.26 14.28 13.83 14.72 14.50 13.98 14.51 14.47 14.78
CaO 10.84 10.30 10.54 10.84 10.48 10.80 10.83 11.75 11.90 11.61 11.67
Na,0 1.98 2.22 0.96 0.83 0.87 0.53 0.56 1.05 1.15 1.12 1.20
K0 0.28 0.30 0.26 0.23 0.20 0.19 0.25 0.35 0.34 0.29 0.33
F 0.00 0.00 0.00 0.00 0.00 0.00 0.24 0.00 0.00 0.00 0.00
cl 0.04 0.03 0.07 0.03 0.07 0.05 0.06 0.02 0.04 0.02 0.04
total 97.98 96.97 98.80 98.94  97.66  97.64  97.88 97.87 98.81 98.36 98.48
Si(T) 6.406 6.304 7.389 7508 7452 7.567  7.608 7.110 7.062 7.044 6.946
AIY(T) 1.594 1.696 0.611 0.492 0548 0430  0.392 0.890 0.938 0.956 1.054
Ti(T) 0.000 0.000 0.000  0.000  0.000  0.003  0.000 0.000 0.000 0.000 0.000
ALY(C) 0.255 0.190 0.054  0.105  0.125  0.000  0.061 0.163 0.088 0.064 0.018
Ti(C) 0.183 0.188 0.070  0.073  0.076  0.037  0.040 0.096 0.090 0.086 0.100
Fe*'(C) 1.076 1.255 1.316 1.052 1.175 1.228 1.081 0.541 0.649 0.799 0.873
Mg(C) 3.068 2.868 3.098 3.091 3.038 3212 3.169 3.007 3.090 3.085 3.147
Fe*'(C) 0.400 0.471 0396  0.616 0523  0.463  0.596 1.140 1.025 0.914 0.814
Mn(C) 0.018 0.023 0.067 0.063  0.063  0.060  0.053 0.053 0.057 0.053 0.048
Fe*'(B) 0.000 0.000 0.355 0315 0345 0307  0.299 0.000 0.000 0.000 0.000
Ca(B) 1.650 1.596 1.645 1.685 1.655 1.693 1.701 1.817 1.821 1.779 1.786
Na(B) 0.350 0.404 0.000  0.000  0.000  0.000  0.000 0.183 0.179 0.221 0.214
Na(A) 0.196 0.218 0.272 0.234 0248  0.149  0.158 0.111 0.139 0.088 0.118
K(A) 0.050 0.056 0.049  0.042  0.038  0.035  0.046 0.065 0.061 0.054 0.060
Al 1.849 1.886 0.665 0.597  0.673 0430  0.453 1.053 1.026 1.019 1.072
4 (C) 450 362
A () 338 526
t (C) 600 406
5 (C) 896 899 775 752 766 730 726 767 773 768 785
14 (C) 885 918 727 689 702 651 636 714 736 734 752
p1 (MPa) 580 200 190 180 210
p2 (MPa) 0.19 0.22 0.87 0.65 0.72 0.59
p3 (MPa) 2.74 2.89 0.50 0.45 0.51 0.36 0.37 0.87 0.84 0.83 0.90
pa (MPa) 2.93 4.08 0.56 0.40 0.47 0.27 0.27 0.60 0.68 0.67 0.76
ANNO 1.3 1.1 1.7 1.7 1.6 2.1 1.9 1.5 1.6 1.7 1.8
lgfo, -10.6 -10.8 -127  -133  -13.0  -13.4  -13.6 ~13.1 -12.8 ~12.9 ~12.4
HaO e (%) 6.9 6.7 42 4.4 4.7 4.0 4.1 5.5 5.1 5.1 4.8
:t;  Blundy et al.®; 1, Holland et al'*"; 1;  Ridolfi er al"; 1,  Ridolfi et al.*"; p;  Schmidt"*?; p,  Anderson er al.™**); p;  Ridolfi
et al™; p,  Ridolfi et al*"  AI" ; A B CT A B c T ; A
B
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Fig.3 The classification diagram of amphiboles, from Leake et al.'**) (a); Ab-An-Or ternary diagram for feldspar, from Deer et al.'**! (b)
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