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Abstract: The mineralogical characteristics of garnets from Xinditaga Group, Kuruk Tag, Xinjiang, have been
rarely discussed by former researchers. In this paper, the mineralogical features of the red garnets produced in
this area were investigated by using hydrostatic methods, refractometer, spectroscope, electron microprobe anal-
ysis and X-ray powder diffraction analysis. The crystal forms of garnets are mainly rhombic dodecahedron,
icositetrahedron and their combination form. The garnets are bright red to dark red in color, and have abundant
fractures and internal crystal inclusions, causing the tremendous decrease of the hosts’ transparency. The rela-
tively light elements Ca?*, Mg®" and Mn?" substitute for Fe? " so that the density of the garnets is lower than
the average value of almandine. The strong bands in optical spectra of almandine indicate that Mg " rarely re-
places Fe? " . With regard to garnets formed in different metamorphic stages, the results of EPMA show that
from the garnet’s core to rim, the amount of almandine end-member tends to increase, namely the mole frac-

tions of the almandine end-members of samples Garnet 1, Garnet 2, Garnet 3 and Garnet 4 are 63.906% ~
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72.408% , 65.663% ~71.880%, 64.689% ~71.711% and 50.011% ~ 71.780% respectively. Moreover,
the content of spessartine end-member shows a trend of decrease from the garnet’s core to rim, that is, the mole
fractions of spessartine end-members of samples Garnetl to Garnet4 are 23.417% ~ 12.900%, 20.211% ~
12.258%, 21.124% ~13.297% and 41.943% ~18.523% respectively. In addition, the pyrope end-member
increases in content from core to rim in which the mole fractions from sample Garnetl to sample Garnet4 are
8.963% ~ 11.880%, 10.200% ~12.681%, 11.170% ~12.500% and 5.411% ~ 7.302% . However, the
calcium series of garnets are relatively low in amount and relatively stable. The calcium series consists of grossu-
larite, andradite and uvarovite, in which the mole fractions from sample Garnetl to sample Garnet4 are 2.662 %
~4.320%, 3.066% ~3.695%, 2.484% ~3.406% and 2.395% ~4.222% . The chemical composition of
garnets acts as an indicator of the metamorphic grade, namely the content of Fe?*, Mg?" increases and that of
Mn?", Ca?" decreases as metamorphism progressed. The content of spessartine end-member in garnet is higher
in lower metamorphic grade, and with the increase of metamorphic grade, the stability of Mn?>* becomes lower,
due to which the amount of Mn?* decreases under the increasing pressure, Fe? " substitutes for Min>* by entering
the crystal structure of the garnet, due to which the amount of almandine increases subsequently. The content of
pyrope end-member in garnets contained in metamorphic rocks indicates a higher metamorphic temperature. The
content of calcium series garnet end-member reflects the forming pressure of a garnet. This suggests that the for-
mation temperature generally increases from core to rim, implying that the metamorphic grade is getting higher;
however, the pressure remains basically stable. X-ray powder diffraction analyses show that almandine and a
small amount of quartz are contained in the garnet specimens. The refined cell parameter is 1.153 5 nm and the
standard deviation is 0.000 48, which is within the numbers 0.000 1 and 0.009 9. The cell parameter is higher
than that of the theoretical value 1.152 6 nm, because there are more larger ions like Ca>*, Mn?>* than smaller
ions like Mg " in replacing Fe?* .
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Table 1 Chemical composition of Garnet 1
Ga-1 Ga-2 Ga-3 Ga-4 Ga-5 Ga-6 Ga-7 Ga-8 Ga-9 Ga-10  Ga-11 Ga-12  Ga-13 Ga-14
SiO, 35.16 35.27 35.01 34.46 35.46 34.56 35.40 35.25 34.82 35.42 34.88 35.37 35.53 35.10
TiO, 0.16 0.00 0.10 0.00 0.05 0.08 0.18 0.00 0.00 0.00 0.00 0.00 0.08 0.09
AlLOs 19.64 19.68 20.11 19.70  19.50 20.14 19.45 19.59 19.70 20.14 20.33 19.99 19.70 19.76
Cr, 05 0.09 0.22 0.00 0.03 0.15 0.26 0.00 0.09 0.00 0.10 0.00 0.01 0.00 0.06
FeOr 32.20 31.79 31.80 32.26 33.09 32.87 32.55 32.99 33.76 33.29 34.40 34.34 34.24 35.67
MnO 9.28 9.43 8.91 8.90 7.92 7.72 8.47 7.74 7.92 7.15 6.91 6.85 6.39 5.32
MgO 2.29 2.14 2.07 2.20 2.57 2.52 2.66 2.37 2.25 2.47 2.39 2.60 2.68 2.78
CaO 0.98 1.04 0.98 1.37 1.11 0.85 1.04 1.06 1.11 1.21 1.18 0.98 1.10 0.92
Na,O 0.00 0.29 0.10 0.11 0.01 0.00 0.18 0.00 0.08 0.29 0.00 0.25 0.05 0.07
K,O 0.00 0.02 0.08 0.00 0.00 0.12 0.00 0.04 0.02 0.00 0.03 0.11 0.00 0.00
R 99.80 99.88 99.16 99.03 99.86 99.12 99.93 99.13 99.66 100.07 100.12 100.50 99.77 99.77
Fe,O5 5.27 6.33 5.04 6.99 5.22 5.84 6.12 4.89 6.68 6.02 6.13 6.98 5.06 6.05
FeO 27.45 26.08 27.28 26.01 28.38 27.64 27.01 28.61 27.75 27.82 28.85 27.98 29.67 30.21
> 100.32 100.50 99.68 99.77 100.37 99.73 100.51 99.64 100.33 100.62 100.70 101.12 100.26 100.36
Si 2.878 2.876  2.877 2.836 2.894 2.837 2.882 2.898 2.851 2.873 2.839 2.860 2.897 2.863
Al T 0.122  0.124 0.123 0.164 0.106 0.163 0.118 0.102 0.149 0.127 0.161 0.140 0.103 0.137
Al O 1.772  1.767 1.824 1.747 1.770 1.786 1.749 1.797 1.752 1.798 1.780 1.765 1.790 1.762
Ti 0.010 0.000 0.006 0.000 0.003 0.005 0.011 0.000 0.000  0.000 0.000 0.000 0.005 0.006
Cr 0.007 0.016 0.000 0.002 0.011 0.019 0.000 0.007 0.000 0.007 0.000 0.001 0.000 0.004
F&’ 0.325 0.388 0.312 0.433 0.321 0.361 0.375  0.303 0.412 0.367 0.375 0.425 0.310 0.371
Fe2* 1.879 1.778 1.874 1.790 1.937 1.897 1.839 1.967 1.901 1.887 1.963 1.892 2.023 2.060
Mn 0.643  0.651 0.620 0.620 0.547 0.537 0.584 0.539 0.549 0.491 0.476  0.469 0.441 0.367
Mg 0.279  0.260 0.254 0.270  0.313  0.308 0.323 0.291 0.275 0.299 0.290 0.313 0.326 0.338
Ca 0.080 0.091 0.08 0.121 0.097 0.075 0.091 0.093 0.097 0.105 0.103 0.085 0.096 0.080
Na 0.000 0.046 0.016 0.018 0.002 0.000 0.028 0.000 0.013 0.046 0.000 0.039 0.008 0.011
K 0.000 0.002 0.008 0.000 0.000 0.013 0.000 0.004 0.002 0.000 0.003 0.011 0.000 0.000
> 8.001 7.999  8.000 8.001 8.001 8.001 8.000 8.001 8.001 8.000 7.999 8.000 7.999 7.999
Alm 65.085 63.957 66.126 63.906 66.932 67.341 64.822 68.062 67.364 67.829 69.315 68.576 70.097 72.408
Prp 9.664 9.353 8.963 9.639 10.815 10.934 11.385 10.069 9.745 10.748 10.240 11.345 11.296 11.880
Sps 22.272 23.417 21.877 22.135 18.901 19.063 20.585 18.651 19.454 17.649 16.808 16.999 15.281 12.900
Ga” 2.979  3.273  3.035 4.320 3.352 2.662 3.208 3.218 3.437 3.774 3.637 3.081 3.326 2.812
Alm— Prp— Sps— Ga*  Grs + Adr + Uvt
71.780% 5 X
41.943% JCPDS
18.523% “ jade 5.0"
5.411%  7.302% Garnet 1
2.395% ~4.222% Garnet 1
1.1535 nm S=0.000 48
X 0.000 1~0.009 9
1.152 6 nm
X 5
Rigaku D Max-RC
Garnet 1 X 5.1
Cu 50 kV 60 mA
8° min DS=SS=10RS=0.15 mm
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3 Garnet 3 wp %
Table 3 Chemical composition of Garnet 3
1 2 3 4 5 6 7 8 9 10 11 12
SiO, 34.66 34.93 34.73 34.69 34.71 34.45 34.85 34.57 34.84 34.62 35.05 34.62
TiO, 0.14 0.03 0.02 0.09 0.09 0.07 0.14 0.05 0.10 0.15 0.06 0.05
AlLO; 19.03 19.33 19.41 19.34 19.62 19.56 19.43 19.52 19.77 19.46 19.75 19.42
Cr0; 0.10 0.07 0.03 0.07 0.08 0.14 0.04 0.13 0.13 0.10 0.04 0.09
FeOr 33.32 34.34 34.69 34.76 33.92 33.68 33.62 34.08 34.31 35.04 34.92 35.98
MnO 8.50 7.30 6.73 6.88 7.67 7.89 7.65 7.57 6.99 6.53 5.97 5.17
MgO 2.55 2.69 2.86 2.49 2.50 2.36 2.60 2.62 2.56 2.77 2.83 2.76
CaO 0.96 0.80 0.90 0.86 1.00 1.06 0.91 1.08 0.95 0.82 0.80 0.77
Na,O 0.17 0.17 0.02 0.08 0.15 0.21 0.04 0.15 0.14 0.14 0.12 0.41
K,O 0.02 0.01 0.03 0.03 0.08 0.06 0.03 0.05 0.04 0.06 0.02 0.06
> 99.45 99.68 99.44 99.29 99.83 99.47 99.31 99.81 99.84 99.68 99.56 99.32
Fe, 05 7.73 7.28 7.13 6.87 7.53 7.95 6.29 8.02 6.84 7.72 6.29 8.58
FeO 26.37 27.78 28.28 28.60 27.12 26.54 27.98 26.84 28.13 28.08 29.25 28.25
> 100.24  100.40 100.15 100.00 100.56  100.28 99.96 100.59  100.50 100.44  100.17  100.17
Si 2.843 2.855 2.845 2.851 2.833 2.822 2.861 2.822 2.842 2.828 2.862 2.829
Ti 0.009 0.002 0.001 0.006 0.006 0.004 0.009 0.003 0.006 0.009 0.003 0.003
Al'T 0.157 0.145 0.155 0.149 0.167 0.178 0.139 0.178 0.158 0.172 0.138 0.171
Al O 1.683 1.716 1.718 1.724 1.720 1.710 1.740 1.699 1.742 1.701 1.763 1.700
Cr 0.008 0.005 0.002 0.005 0.006 0.010 0.003 0.009 0.010 0.007 0.003 0.006
Fe*t 0.477 0.448 0.439 0.425 0.463 0.490 0.389 0.493 0.420 0.475 0.386 0.528
Fe?* 1.809 1.898 1.937 1.965 1.851 1.818 1.921 1.832 1.919 1.918 1.997 1.931
Mn 0.591 0.506 0.467 0.479 0.530 0.547 0.532 0.523 0.483 0.452 0.413 0.358
Mg 0.312 0.327 0.349 0. 305 0.304 0.288 0.318 0.319 0.311 0.337 0.344 0.337
Ca 0.084 0.070 0.079 0.076 0.088 0.093 0.080 0.094 0.083 0.072 0.070 0.067
Na 0.026 0.027 0.004 0.013 0.024 0.034 0.006 0.023 0.022 0.022 0.018 0.064
K 0.002 0.001 0.003 0.003 0.009 0.006 0.003 0.005 0.004 0.006 0.002 0.006
> 8.000 §.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
Alm 04.689 67.770  68.390 69.578 66.749 66.201 67.356 66.187 68.632 69.022 70.723 71.711
Prp 11.170 11.682 12.331 10.800 10.961 10.478 11.168 11.510 11.118 12.122 12.182 12.500
Sps 21.124  18.047 16.484 16.947 19.130 19.933 18.657 18.897 17.268 16.267 14.610 13.297
Ga” 3.017 2.500 2.795 2.674 3.160 3.388 2.819 3.406 2.982 2.589 2.484 2.491
Sturt 1962 Banno 1964 Atherton 1968 Ca =n Ca n F&" +Mg+Mn+Ca
Brown 1969 1~ 4 1
2 2 2 . .
Fe?t Mgt Mn** Ca?* Garnet 1 Garnet 2 Garnet 4
2 2
Mn?* Fe*" Garnet 3 3 1c
Miyashiro 1973 Mn?"*
Fe?* 4
2+
Mn FeO MgO
Mn?* MnO
2007 x Mg* Fé*
Prp =n Mg n Fe' + Mg+ Mn+ Ca Mn?"  Fe' Mg*"
Mn?* Fe?t F&t  Felt
x Prp x Fe?*
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Table 4 Chemical composition of Garnet 4
GA-1 GA-2 GA-3 GA-4 GA-5 GA-6 GA-7 GA-8 GA-9 GA-10 GA-11 GA-12
SiO, 34.09 34.51 35.23 34.58 34.10 32.88 34.09 35.29 34.69 34.96 34.99 34.76
TiO, 0.00 0.00 0.14 0.11 0.00 0.00 0.02 0.10 0.00 0.00 0.00 0.00
ALO; 19.74 19.54 18.88 19.40 19.54 19.07 19.32 19.76 19.12 19.59 19.84 19.26
Cr 03 0.08 0.11 0.03 0.09 0.22 2.28 0.03 0.17 0.22 0.03 0.12 0.20
FeOr 32.93 33.03 33.27 33.45 33.88 33.05 34.80 33.93 35.43 36.10 36.51 37.13
MgO 2.13 2.26 2.21 2.28 2.25 2.62 2.59 2.75 2.58 2.64 2.51 2.97
MnO 9.38 9.08 8.75 8.57 8.58 7.76 7.21 6.99 6.18 4.92 4.68 4.28
CaO 0.82 1.34 1.17 1.23 1.08 1.11 1.04 1.12 1.02 0.98 1.08 0.77
Na,O 0.16 0.13 0.14 0.20 0.00 0.60 0.00 0.05 0.14 0.15 0.12 0.08
K,O 0.05 0.00 0.00 0.00 0.08 0.04 0.11 0.00 0.07 0.00 0.00 0.00
> 99.38 100.00 99.82 99.91 99.73 99.41 99.21 100. 16 99.45 99.37 99.85 99.45
Fe,05 14.43 13.95 12.22 13.43 13.67 16.16 12.40 9.50 10.83 8.54 8.32 8.40
FeO 19.94 20.47 22.27 21.36 21.58 18.51 23.64 25.38 25.68 28.41 29.02 29.57
> 100.82 101.39 101.04 101.25 101.10 101.03 100.45 101.11 100.53 100.22  100.68  100.29
Si 2.674 2.696 2.767 2.713 2.685 2.599 2.722 2.789 2.778 2.820 2.813 2.821
Ti 0.000 0.000 0.008 0.006 0.000 0.000 0.001 0.006 0.000 0. 000 0.000 0.000
Al'T 0.326 0.304 0.233 0.287 0.315 0.401 0.278 0.211 0.222 0.180 0.187 0.179
Al O 1.498 1.496 1.514 1.506 1.498 1.376 1.540 1.630 1.583 1.683 1.693 1.664
Cr 0.006 0.008 0.002 0.006 0.015 0.159 0.002 0.012 0.016 0.002 0.009 0.014
Fe 0.852 0.820 0.722 0.793 0.810 0.961 0.745 0.565 0.653 0.518 0.503 0.513
Fet 1.308 1.337 1.462 1.401 1.421 1.224 1.578 1.677 1.720 1.916 1.951 2.007
Mg 0.141 0.150 0.147 0.151 0.150 0.175 0.175 0.184 0.175 0.180 0.171 0.204
Mn 1.097 1.058 1.024 1.002 1.007 0.915 0.858 0.824 0.738 0.592 0.561 0.518
Ca 0.069 0.112 0.098 0.103 0.091 0.094 0.089 0.095 0.088 0.085 0.093 0.067
Na 0.024 0.020 0.021 0.030 0.000 0.092 0.000 0.008 0.022 0.023 0.019 0.013
K 0.005 0.000 0.000 0.000 0.008 0.004 0.011 0.000 0.007 0.000 0.000 0.000
> 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000
Alm 50.011 50.339  53.524 52.709 53.232 50.822 58.442 60.339 63.223 69.105 70.284 71.780
Prp 5.411 5.629 5.380 5.698 5.621 7.286 6.485 6.622 6.433 6.504 6.157 7.302
Sps 41.943  39.810 37.494 37.704 37.734 37.987 31.779 29.628 27.126 21.337 20.208 18.523
Ga” 2.635 4.222 3.603 3.889 3.413 3.905 3.294 3.411 3.217 3.054 3.351 2.395
5 Garnet 1 X
Table 5 X-ray powder diffraction data of Garnet 1
20 d I I 20 d I I
1 18.9 4.692 5 16 60 1.541 34
2 20.96 4.235 2 17 63.48 1.464 1
3 21.88 4.059 2 18 64.66 1.44 9
4 29.04 3.072 3 19 65.78 1.419 2
5 31.04 2.879 34 20 73.38 1.289 7
6 34.82 2.574 100 21 75.5 1.258 18
7 36.6 2.453 6 22 77.6 1.229 6
8 38.26 2.351 23 23 82.8 1.165 4
9 39.88 2.259 13 24 85.86 1.131 4
10 42.98 2.103 21 25 91.98 1.071 11
11 44.48 2.035 5 26 94.02 1.053 10
12 48.68 1.869 23 27 97.12 1.028 2
13 55.18 1.663 17 28 98.16 1.019 12
14 57.62 1.598 29 29 106.5 0.961
15 58.82 1.569 4 30 108. 66 0.948




241

2
80~ a Garnet | 80r b Garnet 2 Alm
Alm 70k
f W ~MNMMWWVW
o0t 60
so} 5
80 80,
ot M ok ¢ et 4 g
S60} s oof
ﬁ 50 ﬁ 50
a0l %40
g 30 g 301 Sps
ool Sps =
0] Prp 10l Pip
Ga* At—t——— A A KA A2
0L 07000+ 0T0+0-0"0-0—0-—010 , 0 i ] ] ] ] N N n i N —0Ga*
B W B L
1
Fig. 1 Variation pattern ol end-member compositions in garnet from core to rim
3 Garnet 4
50.011% 6
41.943% FeOr 32.93% ~
37.13% Garnet 1 31.79% ~35.67% Garnet 2 1
32.76% ~ 36.45% Garnet 3 33.32% —~ 110 211
35.98% Fe?t  Felt Fe3*
3 Fe** Ca?”*
MnO MgO CaO 3 Mg?>" Mn?"  Fe'
Garnet 4
Mg>"  Fe?”
5.2 X 2
F63A12
5104 3 C32+ B/[gZJr
Mn?"  Feé?* Fe*t CFP°
AP* Ca®" 0.098 nm
Mn?" 0.096 nm Fe** 0.092 nm Mg>* 0.089
nm
Cat 3 X
Mn2™* Fe? ™t 1.153 5 nm
S=0.00048

Fe?*

Mg?*



242

30

References

Atherton M P. 1968. The variation in garnet biotite and chlorite com-
position in medium grade politic rocks from the Dalradian Scotland
with particular reference to the zonation in garnet J . Contr. Min-
eral. Petrol. 18 347~371.

Banno S. 1964. Petrologic studies on Sanbagawa crystalline schists in the

central Sikoku Japan ] . Tokyo Univ. Fac.
15 203~319.

Bessi-Inodistrict
Sci. J. Sec. II

Brown E H. 1969. Some zoned garnets from the greenschist facies ] .
Am. Mineral. 54 1662~1677.

Dong Zhenxin. 1994. Natural Gemstones M . Beijing Geological Pub-
lishing House in Chinese .

Hu Gongren. 2007. The chemical composition mineral evolution and the
significance of garnet from the Zhoutan group in central Jiangxi
province J . J. Mineral Petrol. 27 2 33~38 in Chinese with
English abstract .

Li Wei and Chang Ling. 2009. Deterioration distortion function charac-
teristic and structure evolution of the Xiditage Group of palacopro-
terozoic Horse racing mountains Kuruktage ] . Xinjiang Geolo-
gy 27 2 111~116 in Chinese with English abstract .

Miyashiro A. 1973. Metamorphism and Metamorphic Belts M . Lon-
don George Allen and Unwin.

Sturt B A. 1962. The composition of garnets from pelitic schists in rela-
tion to the grade of regional metamorphism J . J. Petrol. 3 181
~191.

Yang Jiaxi and Zhao Yu. 2003. A Discussion on the mechanism of the
exsolution of rutiles in gaenets J . Journal of Chang’ an University

Earth Science Edition 25 4 40~43 in Chinese with English

abstract .
Yin Jingwu Li Xuanju Cui Qingguo et al. 2000. Characteristics of
garnet in Shizhuyuan skarn deposit Hunan province J . Earth Sci-
ence -Journal of China University of Geosciences 25 2 163~171

in Chinese with English abstract .
Yu Xiaoyan. 1999. The gemological and mineralogical characteristics of
sapphire in Shandong J . Rock and Mineral Analysis 18 1 41~

45 in Chinese with English abstract .

Zhang Beili. 2006. Systematical Gemology M . Beijing Geological
Publishing House in Chinese .

Zhao Shanrong Bian Qiujuan and Ling Qicong. 2004. Crystallography

and Mineralogy M . Beijing Higher Education Press in Chi-
nese .
. 1994. M .
. 2007.
7. 27 2 33~38.
- 2009.
] 27 2 111~116.
. 2003. I
25 4 40~43.
. 2000.
] e 252 163~171.
. 1999. J . 18
1 41~45.
. 2006. M .
. 2004. ]





