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Table 1 Electron microprobe analyses of some skarn minerals
1 2 1 2 1 2 3 1 2 3
w B /%
Si0, 50.30 50.29 38.89 39.90 51.78 51.38 46.50 36.15 35.60 35.97
TiO, 0.74 0.76 0.35 0.26 0.06 — 0.16 0.43 0.71 0.70
Al 04 11.43 10.70 17.48 16.94 0.24 0.50 6.45 17.07 16.42 17.01
Fe, 05 1.52 1.20 5.00 4.94 8.89 8.14 14.46 3.69 3.68 3.39
FeO 3.20 4.32 1.06 1.09 0.29 1.75 6.96 — 1.22 —
MnO 0.14 0.23 2.48 2.20 1.10 1.68 0.79 0.26 0.51 0.36
CaO 16.38 15.49 31.67 29.68 23.78 23.77 11.54 34.33 33.74 34.32
MgO 7.85 7.29 — — — — — — — —
K,O 1.91 1.95 — 0.16 — — 0.32 — — —
NayO 1.54 1.93 0.01 0.01 — — — — — —
95.01 94.16 96.94 95.18 86.14 87.22 87.18 91.93 91.88 91.75
x B /%
52.96 Wo 51.59 Wo 2.40 Alm 2.64 Alm
35.23 En 33.83 En  15.28 And 15.57 And
11.81 Fs 14.58 Fs 76.59 Gr 76.36 Gr
5.60 Sp  5.39 Sp
100.00 100.00 99.96 99.96
JXA8600 Wo— En— Fs—
Alm— And— Gr— Sp— —
@ -
5
WO; w WO; 73.15% ~ 80.04% CaO w CaO 19.71% ~
21.71% MoO,  FeO w WO;  0.08%
~0.60% 14.41% 0.41% w BeO 0.003% ~ WO; MnO  FeO w B 73.
0.03% 0.067% Cu Pb Zn Ag w 1% ~76.9% 4.82% ~11.4% 11.32% ~20.02% 2
B 0.02% ~0.04% 0.02% ~0.09% 0.03% ~ 0. x MnWO, MnWO,
10% 2.0~22.1 g/t 8% ~68% x FeWO, 31% ~ 88% 2 3
4.2 w WO; 75.9% ~75.92% w CaO
0.62% ~0.66% w FeO 0.62% ~0.66%
w WO; 0.34% ~ 6.36%
2900 m 600~ 800 m 3100 126% w BeO 003% ~ 055% 017% ano.
2 km? 180 01% ~0.05% w Li,0 0.04% w Nb,Os 0.04% w Ta,Os
0.01%®
295 ~ 300° 50 ~ 60°
310° 50 ~ 60° 100 ~ 500 m 5~30 em 3 @
200 ~ 600 m 870 m 3
® -
® . 1987.
@ . 1988.
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Fig. 3 VI profile of the Ta'ergou ore district ~after
Editorial committee of Mineral Deposits of China. 1994
1—Muscovite schist 2—Yeniutan intrusion 3—Wolframite quartz vein

4—Drill hole and its serial number 5—Depth of drill hole 6—

Tunnel

5.1

CO,-H,0

2~20 pm 4 ~

10 pm 5% ~15% 30%

90%

2~20 pm

CO,-H,0 4~25 pm 8

~15 pm

Hzo + COZ + COZ

H20 + C02
CO, 5% ~ 40%

10% ~ 30%
2 ~10 pm

CO,-1L,0
co,

5.2

Chaixmeca — 180 ~

Ahmad Rose 1980
H,0-NaCl

+ 600°C

240 ~ 320°C 4 -
140 ~ 380°C 240°C 4

180 ~ 380°C

-13.5~ -2.5C -9.8

~ =-3.7C 5 w NaCl

4.2% ~17.4% 6.0% ~13.8%
4 CO-H,0 Co,
Co, 28.7
205 ~ 312°C 1999
co, CO,
0.596 ~ 0.637 g/cm’ 4 CO,
7.8~9.6C Collin 1979
w NaCl ,,  3.0% ~4.3%

~30.0C

5.3

3 €O, CH,
HLON, S H, o, H,0 CO,

CH, H,S Cl- €05~
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2
Fig. 2 The composition and end-member of wolframite from wolframite quartz vein type ores
w B /% x B /% w B /% x B /%
WO, MnO FeO FeWO,; MnWO, WO, MnO FeO FeWO, MnWO,
XDF20" 75.15 5.95 17.86  98.96 0.53 0.44 DF90* 75.40 9.84 14.07 99.31 0.58 0.44
DT13” 71.61 4.82 20.02  96.45 0.65 0.36 DT14”* 72.48 1.63 13.84 87.95 0.60 0.40
DF17" 74.95 5.97 17.85  98.77 0.57 0.44 DF89” 76.00 7.40 15.87  99.27 0.55 0.42
D9” 76.05 5.67 18.36  100.08 0.51 0.52 DF47" 75.45 6.96 16.52  98.93 0.76 0.26
DF99* 74.40 5.72 18.42  98.54 0.55 0.43 D1* 76.05 8.03 14.00  98.08 0.57 0.43
DF67" 74.50 6.06 16.55 97.11 0.55 0.42 D2* 76.05 10.67 13.40 100.12  0.57 0.43
DF70” 75.20 5.52 17.86  98.58 0.56 0.42 D4 76.90 10.31 13.08 100.29  0.69 0.37
DF95 " 76.00 5.96 17.07  99.03 0.76 0.26 D6* 75.05 10.20 13.48 98.73 0.56 0.46
DF84” 75.40 9.13 14.87  99.40 0.59 0.39 D8 76.25 9.34 14.20  99.79 0.55 0.43
TW490 " 75.35 10.00 12.21 97.56 0.61 0.41 DF32”" 75.90 9.63 12.92  98.45 0.80 0.21
DF77" 75.80 8.35 15.18  99.33 0.67 0.33 DF22* 76.00 9.88 13.35  99.23 0.65 0.37
DF83" 76.00 10.16 13.37  99.53 0.88 0.21 TW493 74.13 9.71 13.01 96 .85 0.57 0.44
TWo4 ™ 71.30 11.47 11.32 94.09 0.60 0.42 TE-8 74.78 8.62 16.19  99.59 0.77 0.24
TW491”~ 75.40 9.83 12.77  98.00 0.67 0.08 | TE-2-1 75.97 10.69 13.30  99.96 0.79 0.25
DF52* 75.90 9.61 12.80  98.31 0.31 0.68 TE-2-2 76.23 10.85 12.93  100.01 0.72 0.27
DF57* 75.40 9.68 13.05 98.13 0.71 0.30 T3-1 75.79 4.97 19.00  99.76 0.77 0.24
DF62* 75.90 8.99 13.83 98.72 0.60 0.35 T3-2 76.06 8.53 15.34  99.93 0.73 0.26
DF87" 75.40 9.52 14.29  99.21 0.56 0.46 | T4-1 76.11 10.38 13.45  99.94 0.63 0.39
TW492" 74.65 7.56 15.37 97.58 0.55 0.44
JXAZ600 * 2
35t
18}
30 i
> k 2!
25p 7 ? 02 14-
7 of O
<+ 20} %% / :
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Fig. 4  Histogram showing homogenization temperature of fluid Fig. 5 Histogram showing melting temperature of in aqueous
inclusions in quartz from wolframite quartz vein in the fluid inclusions quartz from wolframite quartz vein in the
Ta’ergou tungsten deposit Ta'ergou tungsten deposit

1—Silicate stage 2—Oxide-sulfide stage 1—Silicate stage 2—Oxide-sulfide stage
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Table 3Laser Raman Spectrometer analyses on fluid inclusions in quartz from wolframite-quartz vein ore

x B /%

x B /% ¢ B / mot L~!

o, N, S  CH,

HO H  HO

Co, H,S CH, SO}~ HS- HCO; CO3~ «I-

T-8 62.1 — 4.1 — 3.8 — 33.4
T-10 78.9 — 3.7 17.4 — — 56.1
T-11 76.6 6.5 — — 11.2 5.7 41.3
T4-1-1 63.0 4.6 4.5 27.9 — — 36.9
T5-2 67.6 — — 13.1 16.2 3.1

62.0 4.6 — 0.19 0.07 — 0.25 3.52
24.8 6.3 12.8 — — — — —
50.5 — 8.2 — — — 0.22  3.41
43.4 11.9 7.8 — — 0.20 0.19 —

65.2 15.1 19.7 — — — — —

RAMANOR U 1000

6
6.1
2 12 4
Cu,0 SO,
MAT 251EM VCDT
0.2%o 4
S —2.5%0 ~ 16.1%0 8. 1%o ~
12.7%0 s 9.3%0 ~ 14.9%0
4 6 s
S g
147
&1 4+8
10r .
+« | O 25%K%
& 6]
w |
2
o WO o B AT
4 2 0 2 4 6 8 10 12 14 16.18
8 “Sycrne
6
Fig. 6 Histogram of sulfur isotopes from the Ta’ergou
tungsten deposit
1—Skam  2—Quartz vein
6.2
BrFs CO, MAT 251EM
CO, SMOW
0.2%o 22
14 9 5 %0 10.5%o0 ~ 13.
3%0 30 3.4%0 ~ 5.1%0

(1] . 1988.

7
7.1
Lehmann 1994
2001
(1)
w WO, 74 % 107°
119x 109
7.2
Sawkins 1990 Ermolov 2000 Trunilina 1994
1982 Kremenetsky 1994
Sawkins 1990 Ermolov 2000 Trunilina 1994
1 S
Mao et al.
2000a
U-Pb 459.6
2.5 Ma Mao et al. 2000a
Rb-Sr 434.64 Ma®



208 2002

4
Table 4 Sulfur isotope composition of Ta’ergou tungsten deposit
%S/ %o S/ %o
SK1”* 9.5 Teld” 12.9
SK2* 9.2 Tel5” 12.1
SK3* 10.2 Tel6 ™ 11.9
SK4 ™~ 11.2 Tel7” 13.2
SK5* 10.7 Tel8” 11.3
SK6 ™ 12.7 Tel9” 9.7
SK7* 16.1 Te20 " 12.7
SK8 ™" 11.5 Te2l” 13.5
SK9 ™ 10.3 Te22” 13.3
SK10* 11.4 Te23” 11.7
SK11°* 9.7 Te24 ™ 14.4
SK12* 9.1 Te25 " 12.1
SK13* 0.4 Te26 14.9
SK14* 9.2 Te27 " 13.6
SK15* 8.1 Te28 " 12.9
SK16* 10.7 Te29 " 12.2
SK17* -2.5 Te30" 13.7
SK18* 9.3 Te 11.7
SK19* 8.8 Tel-3 11.7
SK20* 6.7 Te2-6 11.1
SK4-4 9.8 Te2-6 10.9
SK4-5 9.9 Te5-1-1 11.5
Tel 14.2 T5-1-1 10.8
Te2” 15.9 Ted-1-1 11.1
Te3 ™ 13.8 Ted-1-1 13.2
Ted ™ 14.0 Ted-1 10.9
Te5* 11.9 Ted-1 10.8
Te6™ 12.2 Te5-2 12.4
Te7™ 14.4 Te5-2 10.0
Te8 " 1.1 Te5-2-1 13.1
Te9 ™ 13.1 Te2-6-1 13.2
Tel2” 12.1 Te5-1 11.3
Tel3 " 11.8 Te5-1-2 12.4
MAT251 * 2
5
Table 5 Oxygen isotope composition of wolframite quartz vein type ores
3 Osyow/%e 1/ C 8" Oy %o MOsyon/%e 1/ C 8" Op 0/ %o
Tel-3-1 11.4 265 2.7 T5-2 11.5 240 2.1
4.6 265 4.1 4.9 240 3.4
Tel-3 10.5 317 4.2 T5-2-1 12.2 311 5.7
5.1 317 6.4 4.8 311 5.9
Te2-6 11.2 260 2.7 T4-1-1 11.6 234 1.9
4.7 260 4.0 5.0 234 3.2
Te2-6-1 12.2 277 4.4 Te 11.6 284 4.1
4.6 277 4.6 Te-1 12.7 242 3.4
Te2-10 11.6 213 0.7 T5-1-1 13.3 240 3.9
3.4 213 0.6 T5-1-2 13.0 224 2.7
Te2-10-1 4.3 257 3.5 T4-1-1 12.5 259 4.0
T5-1 12.1 268 4.0
MAT251 ty,

1000lna  _ =3.38x10°772-3.40 Clayton et al. 1972 1000« _ =3.0x10°772-9.9 Landis et al. 1974
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7.3
33
~11.69%0  4.33%0 ~7.59%D
S 8.1%0 ~ 12.7%o
s 9.3%0 ~ 14.9%o
1972 -

5.98%o

Clayton Landis
1974 -
} 81801120
8180H20 0.6%0 ~ 6.4%0

5.5%0 ~9.5%0 Ohmoto 1986 Sheppard 1986
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Weolag 3
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So et al. 1983
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Geology and Genesis of Ta’ergou Skarn-Quartz Vein Type
Tungsten Deposit in North Qilian Caledonian Orogen, Northwest China

Zhang Zuoheng' , Mao Jingwen', Yang Jianmin', Wang Zhiliang' and Zhang Zhaochong’
(1 Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China; 2 Institute of Geology, Chinese Academy
of Geological Sciences, Beijing 100037, China)

Abstract

The Ta’ergou tungsten deposit in Gansu Province of Northwest China is located in the western part of the North Qilian Caledonian orogen.
It comprises skarn and wolframite quartz vein types of ores. The tungsten-bearing skarn was produced by the replacement of carbonate layers in-
tercalated in the Precambrian schist and amphibolite, whereas wolframite-quartz ore veins were formed along a group of fractures that cut
through horizontal skarns. The Ta’ergou tungsten deposit is genetically related to the Yeniutan Caledonian granodiorite intrusion and developed
in the exocontact zone 300 ~ 500 m away from the intrusion at the surface and in exo- and endocontanct zone along the sections. However, the
granitoid displays poor differentiation and has low content of Si0, and high content of basic components.

There are three types of fluid inclusions in the wolframite quartz vein system, i.e., aqueous, CO,-H,O and CO,-rich. The homogeniza-
tion temperatures of two-phase aqueous inclusions range from 140 to 380°C , their ¢,, from —13.5%C to —2.5°C, and their salinities w (Na-
Cleq) based on t,, from 4.2% to 17.4% ; as for CO,-H,0 inclusions, the values are 205°C to 312°C and 3% to 4.3% , respectively. The
Laser Raman Spectroscopy analyses show that the inclusions contain a relatively high content of CO,. The 'S values of skarn type ores range
from +8.1%o to + 12.7%o and those of quartz vein ores from +9.3%0 to + 14.9%0. This suggests that the 8**S values of both ores and in-
trusion (from + 6.0%o0 to + 11.7%o¢) share the same source. The 880 values of quartz are between + 10.5%¢ and + 13.3%o¢ and those of
wolframite between +3.4%0 and + 5.1%o. The ore-forming fluid with 80, of 0.6%o to 6.4%o shows the mixing of magmatic fluid and me-
teoric water. Due to a high abundance of tungsten in the Precambrian metamorphic rocks and a low abundance in granitoid, the authors hold
that tungsten of the deposit must have been mainly derived from the Precambrian strata, with a small part from the Yeniutan granodiorite intru-
sion through differentiation.

Key words: geology and genesis of deposit, Yeniutan intrusion, Ta'ergou skam-wolframite tungsten deposit, fluid inclusion, stable iso-

tope, Ta’ergou Gansu Province



