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Abstract: The typical tin ores related to A-type granite have been discovered in Kalamaili region, east of the Junggar, North
Xinjiang. However, little has been known about the metallogenetic mechanism of the tin ores so far. This study on petrology
and geochemistry of four mineralization-alteration zones from the Kamusite and Ganliangzi tin deposits show that the ores and
metallogenic rock body are the products of the fractional crystallization of homologous magma with the ores forming at the later
stage, and there are two alteration zoning patterns: (1) (red) fine-grained Bt-granite—greisenized fine-grained granite—>tin-
bearing quartz veins; (2) fine-grained Bt-granite— tin-bearing greisen—tin-bearing silicification veins. The elements migration
of the altered zone show that SiQ, was externally supplied, Na, O and K;O moved out in varying degrees, more Fe, O; was

supplied than lost, and Th/U ratios kept decreasing in the whole mineralized process, which suggests that the on-going silicifi-
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cation and alkali metasomatism in the whole process result in the changes of metallogenic environment from basic to acidic and

the increases of oxygen fugacity. The migration of trace elements (eg. W, Cu, Bi, In) was significantly positively associated

with the enrichment of tin, while that of others (eg. Pb, Rb, Nb, Ta) was negative, together with the most active component

of F and Cl, and these elements played important roles in the process of migration, enrichment and precipitation of tin. This in-

dicates that the elements from the metallogenic rock body were lost while the fluid played an important role in the process of Sn

mineralization, and the enrichment and mineralization of Sn was probably caused in the transition stage from magmatic to hy-

drothermal system.
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Fig.1 Tectonic outline of Junggar terrane (a) and regional geological sketch of the Kamusite and Ganliangzi deposits (b)
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Fig.2 The photos showing alteration zone, and sections and sample location of the Kamusite and Ganliangzi tin deposits
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Fig.3 Microscopic photos for rocks and ores of the Kamusite and Ganliangzi tin deposites
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Table 1 Major (%) and trace elements (10" °) data of the wall rocks and ores from the Kamusite and Ganliangzi tin deposits
T T 1 T 2 T 3 T 4
FE i K9-9 K9-10 K9-11 K9-18 K9-16 K9-17 K9-19 K9-21 K9-20 GL9-7 GL9-2 GL9-1
KR mIE gmE WER ZRE ses AR Z¥E sga AER D S8 aBA
E=g i e ARAkL B ik e Ak B ik e Ak ¥ ik P yid i B ik

Si0; 78.44 75.30 93.99 77.79 73.79 97.81 78.26 79.87 93.60 78.24 81.76 91.30
TiO: 0.05 0.05 0.05 0.05 0.04 0.03 0.06 0.05 0.06 0.07 0.08 0.07
Al; O3 10.94 14.69 2.57 11.40 15.57 0.73 11.04 12.28 3.28 11.10 9.14 3.20
Fe, O3 0.45 0.41 0.84 0.86 0.66 0.16 0.35 0.59 0.33 0.38 0.65 0.56
FeO 0.45 0.10 0.20 0.10 0.20 0.10 0.55 0.10 0.35 0.30 0.45 0.10
MnO 0.02 0.02 0.01 0.02 0.01 0.01 0.02 0.02 0.02 0.01 0.02 0.01
MgO 0.03 0.15 0.06 0.04 0.08 0.01 0.07 0.05 0.01 0.04 0.08 0.01
CaO 0.13 0.14 0.10 0.13 0.17 0.26 0.15 0.63 0.22 0.34 0.56 0.50
Naz O 3.76 0.40 0.17 3.87 0.18 0.13 3.65 0.26 0.08 3.83 2.38 0.12
K. O 4.84 6.81 0.50 4.99 6.54 0.01 4.93 3.70 1.17 4.82 2.42 3.18
P05 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
F* 0.09 0.12 0.11 0.09 0.26 0.13 0.12 0.35 0.28 0.17 0.38 0.30
Ccl* 0.01 0.05 0.01 0.02 0.00 0.02 0.03 0.13 0.01 0.02 0.02 0.01
LOI 0.8 1.86 1.42 0.69 2.69 0.71 0.82 2.34 0.78 0.78 1.35 1.00
B 100.4 100.0 100.1 100.1 100.1 99.9 100.6 99.9 100.2 100.4 100.3 100.0
La 8.99 14.7 17.8 6.37 18.8 14.8 14 15.5 20.1 33.6 30.7 18.2
Ce 21.5 24.0 42.5 17.8 36.8 31.6 32.5 41.6 46.4 78.5 77.2 52.9
Pr 3.11 3.86 6.78 2.40 4.44 4.50 4.31 5.23 5.95 10.60 11.60 7.46
Nd 12.50 14.80 25.90 9.97 15.70 16.90 16.10 19.30 21.90 43.60 49.10 31.90
Sm 3.84 4.63 5.58 3.38 4.44 5.44 4.96 4.82 5.86 10.4 10.9 10.1
Eu 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.01 0.02 0.03 0.02 0.05
Gd 3.81 5.08 4.40 3.77 5.06 5.86 5.59 4.29 5.32 10.30 11.10 10.30
Tb 1.04 1.45 1.10 1.09 1.58 1.83 1.58 1.10 1.51 2.42 2.65 2.59
Dy 7.82 11.10 8.05 8.12 13.00 14.30 11.70 8.53 11.20 16.10 18.10 17.80
Ho 1.78 2.79 1.83 1.89 3.45 3.39 2.57 2.02 2.61 3.39 3.78 3.84
Er 6.44 9.88 6.98 6.81 13.60 12.70 9.13 8.31 10.00 11.00 12.60 11.90
Tm 1.46 2.16 1.55 1.54 3.17 2.99 1.83 1.96 2.20 1.98 2.21 2.25
Yb 11.1 16.6 11.8 11.4 23.7 21.1 13.2 15.6 15.9 13.6 14.4 14.5
Lu 1.86 2.83 1.97 1.92 4.15 3.49 2.10 2.78 2.59 2.09 2.32 2.29
0Eu 0.007 0.007 0.005 0.007 0.004 0.003 0.004 0.002 0.004 0.003 0.002 0.005
Rb 448.0 634.0 109.0 450.0 621.0 11.9 500.0 431.0 176.0 305.0 211.0 217.0
Ba 19.50 44.00 6.58 15.20 37.60 7.44 20.00 6.04 10.10 13.50 15.70 57.10
Th 56.4 46.1 55.5 44.1 48.2 44.9 48.3 53.7 50.7 30.8 32.6 37.9
U 4.78 4.88 7.94 4.78 6.11 9.91 5.19 5.95 6.81 3.87 9.33 4.75
Ta 3.62 3.48 2.14 6.52 5.41 1.64 4.18 3.23 2.51 2.37 1.52 1.86
Nb 16.40 15.40 10.40 19.40 20.60 5.97 16.30 13.40 9.83 13.40 11.20 6.20
Sr 9.87 8.66 11.80 9.83 77.40 23.40 9.22 10.40 5.99 76.30 155.00 9.01
Zr 206 178 214 186 197 190 164 204 184 174 179 226
HI 12.90 10.60 12.70 13.00 13.70 12.40 9.83 12.50 11.00 8.97 10.20 10.60
Y 60.1 95.1 52.1 65.1 135.0 117.0 75.8 86.4 97.1 103.0 111.0 113.0
Li~ 184.0 53.0 294.0 147.0 71.7 14.4 250.0 120.0 148.0 60.9 148.0 20.4
Be” 2.56 3.98 2.89 4.25 6.52 0.03 4.54 1.39 1.13 4.69 3.13 0.43
Sc” 2.90 2.52 2.69 3.20 4.11 0.29 2.77 2.95 2.13 2.01 2.97 0.66
v 13.10 10.60 20.50 15.30 7.00 2.93 8.48 6.91 9.04 6.99 6.63 17.40
Cr” 9.00 7.79 8.65 11.10 10.30 9.08 4.21 1.66 8.29 2.71 11.00 9.10
Co™ 0.23 0.15 0.22 0.17 0.14 0.09 0.26 0.18 0.19 0.25 0.24 0.20
Cu” 90.8 38.8 294.0 115.0 211.0 109.0 105.0 211.0 68.3 127.0 468.0 114.0
Zn” 39.6 9.5 56.8 75.6 45.0 15.0 132.0 13.7 25.6 48.7 81.3 17.2
Ga” 26.10 32.00 8.86 28.40 28.00 1.45 23.40 26.00 10.90 23.10 16.70 5.73
Mo ™~ 0.92 0.90 0.26 0.24 0.31 0.32 0.15 0.11 0.27 1.12 0.96 1.34
Cd~ 0.10 0.08 0.81 0.12 0.23 0.05 0.07 0.23 0.16 0.15 2.65 1.69
In* 0.16 0.21 1.34 0.13 0.32 0.02 0.16 0.28 0.27 0.21 3.26 3.10
Shb* 0.75 1.35 4.05 2.12 5.16 0.43 0.25 6.20 0.88 0.21 2.35 0.69
Cs” 26.70 9.48 6.98 20.20 14.00 1.39 81.70 13.30 7.63 17.70 18.80 6.48
W 2.35 8.77 8.03 5.60 10.70 3.15 2.73 3.28 5.91 1.11 22.40 5.09
T 2.45 3.09 0.41 2.64 3.31 0.05 2.69 1.97 0.95 1.55 1.06 1.06
Pb” 20.60 4.70 9.72 21.40 36.00 9.04 22.20 10.50 4.17 31.20 13.00 5.60
Bi~ 2.95 2.58 7.39 0.80 5.20 2.30 1.12 1.79 0.38 0.82 39.50 67.30
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Table 2 Component (%) migration of altered zone from the Kamusite and Ganliangzi tin deposits
bl 4 ?lﬂ*fli%%i A Wl‘ﬁ:éﬂi*f[;ﬁiij‘ﬂﬁﬁﬁ*ﬁﬁﬁ% Blﬁ?ﬁ%:%ﬁﬁf&éﬂi%\iﬁﬁﬁ/
1 T B4 1 7 MRAL R B =B B A ek
TE/BH ws(%) wn (%) T, (%) T, /M., (%) wn (%) T, (%) T./M,, (%)
K9 K-10 K9 > K-10 K11 K10 > K-11
SiO2 78.44 75.3 +1.57 +2.00 93.99 +14.93 +19.83
Al; Oy 10.94 14.69 +4.67 +42.67 2.57 —12.22 —83.20
Fe, O3 0.45 0.41 —0.01 —3.19 0.84 +0.40 +96.68
FeO 0.45 0.10 —0.34 —76.39 0.20 +0.09 +92.00
MnO 0.02 0.02 0.00 —4.93 0.01 0.00 —20.94
T 1 MgO 0.03 0.15 +0.13 +449.57 0.06 —0.09 —60.32
CaO 0.13 0.14 +0.02 +14.42 0.10 —0.04 —31.43
Na, O 3.76 0.40 —3.34 —88.70 0.17 —0.24 —59.20
K;0O 4.84 6.81 +2.40 +49.50 0.50 —6.33 —92.95
P2 Os 0.01 0.01 0.00 —2.60 0.011 0.00 —4.00
F 0.09 0.12 +0.04 +40.11 0.11 —0.01 —12.00
Cl 0.01 0.05 +0.05 +1 005.00 0.01 —0.04 —76.00
K-18 K-16 K-18>K-16 K17 K-16—>K17
SiO; 77.79 73.79 +6.06 +7.79 97.81 +74.61 “+101.11
Al; O3 11.40 15.57 +6.29 +55.20 0.73 —14.46 —92.89
Fe, O3 0.86 0.66 —0.11 —12.79 0.16 —0.42 —63.22
FeO 0.10 0.20 +0.13 +127.27 0.10 —0.05 —24.14
MnO 0.02 0.01 0.00 —21.88 0.01 0.00 —44.83
T 2 MgO 0.04 0.08 +0.04 +98.86 0.01 —0.06 —72.41
CaO 0.13 0.17 +0.06 +48.60 0.26 +0.22 +132.05
Na; O 3.87 0.18 —3.67 —94.71 0.13 +0.02 +9.58
K;0O 4.99 6.54 +2.44 +48.93 0.10 —6.39 —97.77
P05 0.01 0.01 0.00 +26.26 0.01 0.00 +36.55
F 0.09 0.26 +0.20 +224.68 0.13 —0.06 —24.14
Cl 0.02 0.01 —0.02 —82.06 0.02 +0.03 +962.07
K-19 K-21 K-19—>K-21 K-20 K-21—>K-20
SiO; 78.26 79.87 +28.80 +36.80 93.6 —7.75 —9.71
Al O3 11.04 12.28 +5.42 +49.10 3.28 —9.75 —79.42
Fe, O3 0.35 0.59 +0.44 +125.96 0.33 —0.34 —56.90
FeO 0.55 0.10 —0.42 —75.63 0.35 +0.17 +169.67
MnO 0.02 0.02 +0.01 +49.81 0.02 0.00 —10.79
T 3 MgO 0.07 0.05 0.00 —3.19 0.01 —0.04 —80.74
CaO 0.15 0.63 +0.69 +462.98 0.22 —0.46 —73.09
Na; O 3.65 0.26 —3.30 —90.45 0.08 —0.20 —76.29
K;O 4.93 3.70 +0.03 +0.60 1.17 —2.80 —75.64
P, Os 0.01 0.01 0.00 +0.53 0.01 0.00 +11.29
F 0.12 0.35 +0.35 +290.96 0.28 —0.13 —38.36
Cl 0.03 0.13 +0.14 +462.11 0.01 —0.12 —94.07
GL97 GL92 GLO7T >GL92 GLO1 GL92 ~GLO1
SiO; 78.24 81.76 —33.79 —43.87 91.30 +96.02 +122.93
Al O3 11.10 9.14 —5.83 —47.29 3.20 +16.35 +139.41
Fe, O3 0.38 0.65 +0.20 +76.11 0.56 +1.31 +154.10
FeO 0.30 0.45 —0.15 —26.53 0.10 —0.32 —44.02
MnO 0.01 0.02 —0.00 —23.35 0.01 +0.00 +0.90
T 4 MgO 0.04 0.08 +0.10 +120.11 0.01 —0.05 —13.68
CaO 0.34 0.56 —0.31 —66.67 0.50 +0.95 +338.65
Na, O 3.83 2.38 —2.76 —75.73 0.12 +6.87 +429.26
K; O 4.82 2.42 —3.26 —65.93 3.18 +8.04 +264.44
P, 05 0.01 0.01 +0.00 +18.62 0.01 +0.01 +81.62
F 0.17 0.38 +0.20 +117.65 0.30 —0.07 —17.81
Cl 0.02 0.02 0.00 +26.01 0.01 —0.01 —52.68
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Fig.4 Diagram showing the mass balance for the altered zone of the Kamusite and Ganliangzi tin deposits
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Table 3 The average data of trace elements (107 %) of altered zone from the Kamusite and Ganliangzi tin deposits (n=4)

it La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu Co
MRBR SRR S 1572 3755 513 2052 5.65  0.03 587 153 1094 241 835 170 1235 1.99  0.23
g e
SICARARL o0 a373 400 1833 502 002 510 149 1L61 287 1079 247 1830 311 015
A (T
A YK 21.13  54.68 7.53  30.58 7.90  0.03 775 196 13.96 3.07 10.83 2.16 1513 250  0.20
Mo Cd In Tl Sh Be Sc Zn Y Li Rb Cu Zr Cr w
R B R BEAE KA 0.61 0.11 0.16 2.33 0.83 4.01 2.72  73.98 7550 160.48 424.75 109.45 182.25  6.76 2.95
S Ll E 8 ) 9 pi/a
.ff%.,ﬁk;ﬂﬂﬁ 0.45  0.29 047 172 275 335 240  31.58 99.80 108.28 343.98 163.20 194.75 8.96  7.66
A (BT
R raE e 0.67 118  1.73  1.26 253 152 218  34.45 102.38 109.10 258.75 215.33 19850 7.51  9.17
Ga Sr Nb Cs Ba Ta Pb Bi Th A% Hf  Rb/Sr Ba/Rb Nb/Ta
ki AR R A 25.25  26.33 16.38  36.58  17.05 418 23.85  1.42  44.90 1097 11.18  16.13  0.04 3.92
- i1 g1 g
Kff@’ﬁ*f 17.58  30.32  13.09  7.96 2391 317  14.87 437  48.68 10.26 1235 11.35  0.07  4.13
R E (SIS
AN 14.83  45.85 10.16 11.55 22.14 228 832  27.24 43.68 10.00 11.08  5.64  0.09 4.46
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Fig.5 Grant’s isocon diagram of trace elements based on the mass fraction of TiO, of the altered zone from the Kamusite and

Ganliangzi tin deposits
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Fig.6 Chondrite-normalized REE distribution patterns (a) and primitive mantle-normalized trace element spider diagrams (b)

of the altered zone from Kamusite and Ganliangzi tin deposits
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Fig.7 Schematic diagram of mineralized-altered zonation, element migration and formation mechanism of the Kamusite and

Ganliangzi tin deposits
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