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4 (a)l i (b) IV

Fig. 4 Different tungsten veins cut by molybdenite-bearing quartz veins in the Darongxi

tungsten deposit western Hunan: ( a) No.I ore vein; ('b) No. IV ore vein
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5 : (a) ( Sch) ( Grt)
- (Cpx) ; (b) ('Sch) ( Chl) -
(Cpx) (Grt) (Cal) () ( Cpx) (Grt) 5 (d)
( Sch) ( Chl) (Act);(e) ( Sch)
( Chl) (Cpx) (Grt) 5 () (Mo) . ( Cep) (Py) ;
(g (Sch) . (Cpx) (Chl) | (Cep) ('Sp) 7 (h)
(Py) . (Cep) (Sp) . (Qtz) . (Cal)

Fig. 5 Photographs for typical mineral assemblages in the Darongxi tungsten deposit western Hunan: ( a) Scheelite associated with
garnet and clinopyroxene in garnet skarn; ( b) Coexistence of scheelite clinopyroxene garnet chlorite and calcite in garnet
skarn; ( ¢) Coexistence of clinopyroxene garnet and quartz in pyroxene skarn; ( d) Scheelite associated with actinolite and
chlorite in skarn; ( e) Coexistence of scheelite clinopyroxene garnet and chlorite in quartz stockworks from metasandstone; ( f)
Coexistence of molybdenite chalcopyrite and pyrite in quartz vein at the early sulfide stage; ( g) Coexistence of scheelite
clinopyroxene chlorite quartz chalcopyrite and sphalerite at the late sulfide stage; ( h) Coexistence of pyrite quartz calcite

chalcopyrite and sphalerite at the late sulfide stage
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6 C(a)l N . ( Grt—
skarn) ; (b) I ( Brownish red Grt) ( Pink Grt) i(e) I
( Grt-skarn) ( Cpx-skarn) ( Cpx—
skarn) — ( Brownish red garnet skarn) —— ( Earthy yellow garnet skarn) —
( Marble) — ( Siliceous slate) ; (d) I (Sch) . ( Cpx) (Grt);(e)l
(Sch) (Cpx) 1 (D)1 (Gn) .
(Sch) . (Cpx);(g) IV N N ( Stockworks) ; (h) IV ( Cpx)
(Sch) . ( Grt)

Fig. 6 Tungsten-bearing skarn and quartz stockworks from the Darongxi tungsten deposit western Hunan: ( a) Stratiform garnet

skarn of No. I ore vein; ( b) Brownish red garnet and pink garnet skarn of No. I ore vein; ( ¢) Garnet skarn and pyroxene skarn in

No. I ore vein; ( d) Coexistence of scheelite clinopyroxene and garnet from skarn in No. T ore vein; ( e) Coexistence of scheelite

and clinopyroxene from pyroxene skarn in No. I ore vein; ( f) Coexistence of scheelite clinopyroxene and garnet from garnet skarn

in No. T ore vein; ( g) Stockworks within clinopyroxene garnet and scheelite in No. TV ore vein; ( h) Coexistence of clinopyroxene

scheelite and garnet from quartz vein in No. IV ore vein
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Fig. 7 Microscopic photographs of pyroxene and garnet in the Darongxi tungsten deposit western Hunan: ( a) Simple twin and
euhedral columnar clinopyroxene in pyroxene skarn; ( b) Coexistence of scheelite and clinopyroxene in pyroxene skarn; ( c)
Coexistence of clinopyroxene quartz plagioclase and wollastonite in quartz stockworks; ( d) Hypautomorphic and xenomorphic
granular pyroxene replaced by garnet in skarn( BSE image) ; ( e) Coexistence of zonal clinopyroxene scheelite and quartz in
garnet skarn ( BSE image) ; ( f) Zonal pyroxene around by quartz in garnet skarn ( BSE image) ; ( g) Euhedral granular garnet
replaced by scheelite in garnet skarn; ( h) Garnet twin in garnet skarn; (i) Garnet enveloping pyroxene but replaced by calcite;
(j) Garnet and scheelite in quartz stockworks; ( k) Euhedral granular garnet and pyrite in garnet skarn ( BSE image) ; (1)

Xenomorphic granular garnet and scheelite in quartz stockworks ( BSE image)

— Sr : Y REE (1.45%107°~17.4x107°%) ;
( LILE) LREE/HREE 0.74~9.79
( HFSE) ( 4. - > >
; 8Ce 0.49~1.47
2 (wt%)
Table 2 The composition of pyroxenes in the Darongxi tungsten deposit western Hunan
DRX-10=2 DRX-2 DRX-58 DRX-67
1 2 3 4 1 2 3 1 2 3 4 1 2 3 4

Si0, 52.0 53.0 53.0 52.8 50.8 49.3 48.4 50.4 51.4 51.3 50.7 48.5 49.3 51.1 51.1
TiO, 0.025 | 0.027 | 0.041 | 0.013 | 0.000 | 0.000 | 0.000 | 0.012 | 0.006 | 0.019 | 0.000 | 0.007 | 0.000 | 0.005 | 0.002
ALO; | 0.275 | 0.156 | 0.279 | 0.282 | 0.301 | 0.180 | 0.222 | 0.210 | 0.733 | 0.219 | 0.289 | 0.251 | 0.257 | 0.232 | 0.298
Cr, 05 | 0.008 | 0.013 | 0.002 | 0.026 | 0.001 | 0.024 | 0.020 | 0.000 | 0.023 | 0.000 | 0.012 | 0.000 | 0.000 | 0.015 | 0.029
FeO 10.4 8.79 9.24 9.50 13.3 22.2 23.8 13.6 13.5 12.1 13.4 19.4 18.8 13.4 4.75
MnO 1.80 1.89 2.03 1.90 3.88 2.27 1.91 6.40 3.10 5.57 5.08 4.58 4.60 3.89 10.71
MgO 10.9 11.8 11.4 11.3 7.09 2.84 1.71 5.94 7.90 7.43 7.11 2.76 3.25 7.23 9.77
CaO 24.7 24.8 25.4 25.0 24.0 24.0 23.9 24.2 23.8 24.1 24.2 23.1 24.0 25.1 22.8
Na,O | 0.053 | 0.038 | 0.109 | 0.064 | 0.092 | 0.121 | 0.129 | 0.059 | 0.097 | 0.081 | 0.094 | 0.124 | 0.113 | 0.009 | 0.036
K,0 0.000 | 0.000 | 0.011 | 0.005 | 0.008 | 0.006 | 0.001 | 0.002 | 0.000 | 0.003 | 0.000 | 0.021 | 0.000 | 0.000 | 0.010
2 100.1 | 100.6 | 101.5 | 100.8 | 99.5 100.9 | 100.1 | 100.8 | 100.6 | 100.8 | 100.8 | 98.8 100.4 | 100.9 | 99.5
Si 1.98 1.99 1.98 1.99 1.99 1.98 1.98 1.98 1.98 1.99 1.98 1.96 1.98 1.98 1.98
Al 0.001 | 0.001 | 0.001 | 0.012 | 0.007 | 0.000 | 0.000 | 0.000 | 0.017 | 0.001 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
AV 0.000 | 0.000 | 0.000 | 0.000 | 0.007 | 0.000 | 0.000 | 0.000 | 0.016 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Ti 0.001 | 0.001 | 0.001 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
Cr 0.000 | 0.000 | 0.000 | 0.001 | 0.000 | 0.001 | 0.001 | 0.000 | 0.001 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001
Fe®* 0.038 | 0.012 | 0.037 | 0.023 | 0.011 | 0.066 | 0.072 | 0.055 | 0.010 | 0.027 | 0.064 | 0.040 | 0.053 | 0.043 | 0.045
Fe?* 0.291 | 0.264 | 0.251 | 0.276 | 0.426 | 0.677 | 0.736 | 0.388 | 0.426 | 0.364 | 0.369 | 0.622 | 0.577 | 0.391 | 0.108
Mn 0.058 | 0.060 | 0.064 | 0.061 | 0.129 | 0.077 | 0.066 | 0.213 | 0.101 | 0.183 | 0.168 | 0.159 | 0.157 | 0.128 | 0.352
Mg 0.616 | 0.663 | 0.636 | 0.635 | 0.414 | 0.170 | 0.104 | 0.348 | 0.455 | 0.429 | 0.413 | 0.169 | 0.195 | 0.418 | 0.564
Ca 1.00 1.00 1.02 1.01 1.01 1.03 1.04 1.02 | 0.986 | 1.00 1.01 1.01 1.03 1.04 | 0.948
Na 0.004 | 0.003 | 0.008 | 0.005 | 0.007 | 0.009 | 0.010 | 0.005 | 0.007 | 0.006 | 0.007 | 0.010 | 0.009 | 0.001 | 0.003
K 0.000 | 0.000 | 0.001 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.001 | 0.000 | 0.000 | 0.001
3 4.00 4.00 4.00 4.01 4.00 4.01 4.01 4.01 4.00 4.00 4.01 4.00 4.00 4.00 4.00
Mg/Fe | 2.12 2.51 2.54 2.31 0.97 0.25 0.14 0.90 1.07 1.18 1.12 0.27 0.34 1.07 5.21
Mn/Fe | 0.20 0.23 0.26 0.22 0.30 0.11 0.09 0.55 0.24 0.50 0.45 0.26 0.27 0.33 3.25
Di 63.9 67.1 66.9 65.4 42.7 18.4 11.5 36.6 46.3 44.0 43.5 17.7 21.0 44.7 55.1
Hd 30.1 26.8 26.4 28.4 44.0 73.2 81.2 40.9 43.4 37.3 38.8 65.5 62.2 41.7 10.6
Jo 6.00 6.11 6.75 6.23 13.3 8.35 7.28 22.4 10.3 18.7 17.7 16.7 16.9 13.6 34.3

DRX-0-2 290 1 DRX-2 290 I\Y 46 DRX-58 230 I DRX-67
260 I 03 o 1 DRX-0-2 DRX-58
— DRX-67 — . DRX-67 o 1.2.3 4 o

Di— Hd— Jo— °
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3 ( %)
Table 3 The composition of garnets ( %) in the Darongxi tungsten deposit western Hunan
DRX-9 DRX-52 DRX-58 DRX-67 DRX-91
1 2 3 1 2 3 1 2 1 2 1 2 3
Si0, 37.0 36.8 37.2 38.9 38.3 38.2 37.7 36.7 38.7 38.0 38.6 38.8 38.1
TiO, 0.233 0.336 0.325 0.458 0.385 0.23 0.182 0.163 0.256 0.372 0.172 0.444 0.268
Al O, 19.9 19.8 19.8 20.2 19.6 19.7 20.5 20.2 20.9 20.2 19.9 19.9 20.5
Cr, 04 0.000 0.008 0.081 0.005 0.017 0.001 0.024 0.000 0.04 0.000 0.000 0.003 0.008
FeO 7.37 7.21 7.97 4.53 4.88 4.28 7.63 5.29 4.84 3.07 5.07 5.53 5.09
MnO 10.3 8.91 8.94 4.09 4.50 6.85 16.8 15.6 9.81 9.63 4.85 5.04 6.61
MgO 0.141 0.000 0.081 0.036 0.04 0.008 0.105 0.086 0.079 0.046 0.031 0.004 0.021
CaO 20.6 23.4 23.1 33.4 32.2 31.5 17.6 20.7 28.3 28.4 32.1 31.8 30.4
3 95.4 96.6 97.5 101.6 99.9 100.7 100.5 98.8 103.0 99.7 100.7 101.7 101.0
Si 3.02 2.97 2.98 2.94 2.95 2.93 2.97 2.93 2.93 2.95 2.95 2.95 2.92
Ti 0.014 0.020 0.020 0.026 0.022 0.013 0.011 0.010 0.015 0.022 0.010 0.025 0.016
Al 1.91 1.89 1.87 1.80 1.78 1.78 1.90 1.90 1.86 1.85 1.80 1.78 1.85
Cr 0.000 0.001 0.005 0.000 0.001 0.000 0.002 0.000 0.002 0.000 0.000 0.000 0.001
Fe** 0.066 0.116 0.129 0.223 0.242 0.256 0.108 0.134 0.173 0.168 0.231 0.236 0.190
Fe?* 0.438 0.370 0.405 0.064 0.072 0.018 0.395 0.220 0.133 0.032 0.093 0.115 0.136
Mn 0.710 0.609 0.606 0.262 0.293 0.445 1.12 1.06 0.628 0.633 0.314 0.324 0.429
Mg 0.017 0.000 0.010 0.004 0.005 0.010 0.012 0.010 0.010 0.005 0.004 0.001 0.002
Ca 1.80 2.03 1.98 2.70 2.66 2.59 1.49 1.77 2.29 2.36 2.63 2.59 2.50
3 7.98 8.00 8.00 8.02 8.02 8.03 8.01 8.04 8.04 8.02 8.03 8.02 8.04
Mn/Fe 1.62 1.65 1.50 4.12 4.05 24.28 2.84 4.81 4.71 20.07 3.38 2.81 3.15
Ura 0.00 0.03 0.26 0.01 0.05 0.00 0.07 0.00 0.12 0.00 0.00 0.01 0.02
And 3.3 5.8 6.4 11.0 12.0 12.6 5.4 6.6 8.5 8.3 11.4 11.7 9.3
Pyr 0.58 0.00 0.32 0.13 0.15 0.03 0.41 0.34 0.29 0.18 0.12 0.01 0.08
Spe 24.0 20.3 20.2 8.6 9.7 14.6 37.2 34.5 20.5 20.9 10.3 10.7 14.0
Gro 57.4 61.6 59.4 78.1 75.7 72.2 43.9 51.4 66.3 69.6 75.1 73.8 72.2
Alm 14.8 12.3 13.5 2.1 2.4 0.6 13.1 7.2 4.4 1.0 3.1 3.8 4.4
DRX-19 290 v 44 DRX-52 230 I DRX-58 230 I DRX-
67 260 I 03 DRX-91 360 I 05 o 1 DRX-52 DRX-58
DRX-67.DRX91 o Uva— ; And— ; Pyr— ; Spe— ; Gro— ;
Alm— o
1 ; 0Eu 10°; LREE/HREE 0.08~2.18 1
0.37~2.58 I( 4. ; 8Ce 0.25~1.68
1; 3Eu 0.80~4.18 1(
. ; 5) o
Ce Eu REE >
( 9a.b) REE
422 > REE ; >
LILE N REE \LREE/HREE (
HFSE Rb.Sr.Ba.LREE 5) .
U.Zr Hf.Ga.Nb.HREE ( 5). LILE e
N . Ce
. Eu ( 10a.b) .
( Gaspar et al. 2008) ,
. ¥ REE 8.45x 107" ~ 151 x



1 . N 125

(a) 0 FUB RS
a U Euhedral columnar pyroxene (b)
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Fig. 8 Triangular diagram for the composition of pyroxene and garnet in the Darongxi tungsten deposit western Hunan: ( a)
Diopside—hedenbergite—johannsenite composition for pyroxenes; ( b) Grossular—andradite—spessartine +almandine composition

for garnets
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Fig. 9 Chondrite-normalized REE patterns for pyroxenes from the Darongxi tungsten deposit in western Hunan
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4 (x107°) X X
Table 4 The composition of trace elements and rare earth ( 2012)
elements ( x10™°) for pyroxenes from the Darongxi
tungsten deposit in western Hunan
; (2012) LA-
DRX-| DRX-| DRX-| DRX-| DRX-| DRX-| DRX- | DRX-
1024 (1022| 58 | 674 | 672 | 124 | 22 | 13 ICP-MS U-Pb
224.3+1. 0Ma
Zn 457 420 1301 4211 4013 611 649 820 Re-Os
Ga 3.42 4.08 2.58 2.88 2.25 9.72 6.32 1.96 ( 223.3+3.9 Ma 2014) o
Rb 0.210 | 0.246 | 0.007 | 0.057 | 0.040 | 0.312 | 0.609 | 0.170
Sr 7.20 7.56 53.4 93.4 93.4 36.3 | 1004 | 42.0
Ir 53.1 2.39 1.79 4.02 3.41 49.6 19.9 1.10 °
Nb | 14.0 | 0.018 | 0.000 | 0.081 | 0.014 | 0.000 | 0.343 | 0.009 Einaudi  Burt( 1982)
Mo 0.053 | 0.079 | 0.076 | 0.11 | 0.057 | 0.063 | 0.073 | 0.000
Ba 0.685 | 0.441 | 0.000 | 0.391 | 0.523 | 2.02 32.3 1.42
Hf | 3.933 | 0.139 | 0.118 | 0.219 | 0.046 | 1.23 | 0.578 | 0.000 (cale silicate hornfels)
Ta | 0.726 | 0.000 | 0.000 | 0.001 | 0.106 | 0.003 | 0.007 | 0.013  ( reaction skarn) . ( skarnoid)
W 1.43 | 0.022 | 0.016 | 0.163 | 0.231 | 0.141 | 0.287 | 0.176 (skam) » Meinert ( 1992) . Meinert
Th 0.897 | 0.132 | 0.009 | 0.046 | 0.004 | 1.04 1.18 0.01
U 1.96 | 0.226 | 0.028 | 0.254 | 0.045 | 0.359 | 0.425 | 0.046 ( 2005)
La 0.461 | 0.13 | 0.155 | 0.211 | 0.102 | 0.247 | 0.241 | 0.196
Ce 2.51 | 0.722 | 1.056 | 1.042 | 0.662 | 0.908 | 1.00 | 0.277 “ ” .
Pr 0.459 | 0.112 | 0.203 | 0.24 0.19 | 0.215 | 0.177 | 0.098
Nd 2.626 | 0.495 | 1.535 | 1.000 | 0.505 | 1.817 | 1.035 | 0.329
Sm 0.877 | 0.178 | 0.608 | 0.38 | 0.317 | 0.833 | 0.581 | 0.127 o
Eu 0.457 | 0.022 | 0.074 | 0.107 | 0.103 | 0.306 | 0.311 | 0.111
Gd 1.021 | 0.182 | 0.175 | 0.248 | 0.174 | 1.168 | 0.627 | 0.136
Th 0.254 | 0.032 | 0.026 | 0.052 | 0.035 | 0.155 | 0.083 | 0.019 A
Dy 2.177 | 0.342 | 0.101 | 0.299 | 0.120 | 1.100 | 0.749 | 0.044
Ho 0.618 | 0.063 | 0.008 | 0.054 | 0.031 | 0.233 | 0.157 | 0.000 N N
Er 2.219 | 0.175 | 0.006 | 0.139 | 0.059 | 0.902 | 0.475 | 0.032 0.1~2 m .
Tm 0.317 | 0.031 | 0.002 | 0.031 | 0.008 | 0.124 | 0.07 | 0.004
Yb 2.925 | 0.488 | 0.044 | 0.279 | 0.162 | 1.559 | 0.749 | 0.037 > > > >
Lu 0.505 | 0.128 | 0.009 | 0.104 | 0.023 | 0.566 | 0.308 | 0.039 N N
Y 14.6 1.55 | 0.175 | 0.866 | 0.56 7.22 5.69 0.18
YREE| 17.4 3.67 4.00 4.19 2.49 10.1 6.56 1.45
LREE Riba de Alva
CRpE | 074 | LIS | 979 | 247 | 307 | 074 | 104 | 3.6 ( Gaspar and Inverno 2000) Iherian
3Ce 1.34 1.47 1.46 1.14 1.17 0.97 1.19 0.49 Morilie Monterrubio
SEu 1.48 0.37 0.69 1.07 1.34 0.95 1.58 2.58
( Tornos et al. 2008)
DRX-10-2 290 1 DRX-58 230 1
DRX-67 260 I 03 ; DRX-2.DRX-3
290 v 46 o Sun and o
McDonough( 1989) Cl- o
( Gaspar and Inverno
( Barnes 1983; Appel 1986; 2000) . Fe ( Hd
Plimer 1987 1994; Raith 1991) , <25 Newberrry 1982) Hd
20( Einaudi et al. 1981) .
Hd 25
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Table 5 The compositions of trace elements and rare earth elements for garnets
from the Darongxi tungsten deposit in western Hunan
y DRX- | DRX- DRX-58 DRX-| DRX-| DRX-| DRX- | DRX-| DRX-| DRX- | DRX-
Hd 524 522 674 672 91 13 15 1941 192 193
25
Zn 54.4 47.6 27.0 45.5 54.7 35.4 14.3 18.9 24.0 25.8 19.0
Ga 40.6 39.0 34.7 46.1 46.0 28.1 33.1 38.6 35.3 36.6 35.9
N Rb 0.124 | 0.522 0.000 0.058 | 0.011 | 7.015 | 0.000 6.7 0.059 | 0.385 | 0.232
Sr 0.025 | 4.27 0.035 0.15 | 0.044 | 0.641 | 0.266 | 7.68 | 0.000 | 0.125 | 0.055
R ZIr 16.5 36.2 2.75 3.18 5.15 5.80 31.1 12.3 1.77 1.91 1.95
Nb 13.0 24.7 1.71 0.59 2.20 12.3 8.65 1.17 | 0.331 | 0.396 | 0.473
5.2 Mo 0.000 | 0.078 0.298 0.041 | 0.000 | 0.241 | 0.000 | 0.000 | 0.212 | 0.328 | 0.161
Ba 0.000 | 0.172 0.212 0.347 | 0.046 | 0.257 | 0.000 | 0.866 | 0.113 | 0.45 | 0.057
5§21 Hf 0.261 | 0.568 0.188 0.595 | 0.164 | 0.052 | 1.36 1.59 | 0.603 | 0.432 | 0.378
Ta 0.219 | 0.331 0.114 0.008 | 0.007 | 0.241 | 0.259 | 0.044 | 0.008 | 0.000 | 0.000
W 2.33 10.2 0.497 0.408 | 0.16 | 8.792 | 3.563 | 0.779 | 0.295 | 0.33 0.12
Th 0.008 | 0.000 0.04 0.000 | 0.009 | 0.014 | 0.01 | 0.026 | 0.032 | 0.023 | 0.016
U 0.445 | 0.78 0.262 0.121 | 0.356 | 0.263 | 0.398 | 0.094 | 0.025 | 0.043 | 0.000
La 0.000 | 0.005 0.034 0.025 | 0.064 | 0.024 | 0.066 | 0.059 | 0.013 | 0.012 | 0.000
Ce 0.178 | 0.181 0.164 0.08 | 0.363 | 0.13 | 0.497 | 0.103 | 0.013 | 0.012 | 0.007
° Newberry Pr 0.072 | 0.139 0.04 0.101 | 0.128 | 0.125 | 0.515 | 0.063 | 0.000 | 0.000 | 0.000
Einaudi ( 1981 ) Nd 1.41 3.31 1.08 1.40 2.73 2.26 10.6 1.71 | 0.399 | 0.157 | 0.045
( Sm 1.51 6.33 5.05 5.03 3.81 1.90 14.9 4.18 1.78 0.88 0.94
Eu 1.36 2.59 1.61 6.62 5.22 1.35 27.7 2.19 2.61 2.37 2.04
) N Gd 2.60 15.3 12.9 9.84 4.21 1.61 27.6 8.50 6.49 6.38 7.21
( Fe3+ Th 0.236 | 2.58 3.38 1.75 | 0.546 | 0.09 4.40 2.44 1.48 1.87 1.57
Fez+ ) Dy 0.913 | 17.8 23.7 10.5 2.67 | 0.513 | 28.3 19.1 7.60 13.5 10.1
Ho 0.094 | 3.65 4.72 1.55 | 0.289 | 0.042 | 5.61 4.04 1.37 2.51 1.93
Er 0.141 11.0 14.9 3.768 | 0.583 | 0.214 | 16.1 11.6 3.37 8.12 4.71
Tm 0.022 | 1.53 1.99 0.331 | 0.058 | 0.004 | 1.83 1.59 | 0.444 | 1.04 | 0.562
. Yb 0.163 | 9.06 14.9 1.77 | 0.436 | 0.122 | 11.6 11.9 2.98 7.62 4.52
Lu 0.02 1.38 1.79 0.162 | 0.021 | 0.06 1.44 1.54 | 0.409 | 1.04 | 0.571
Y 4.25 86.0 127 49.6 11.4 1.64 209 121 51.7 86.8 60.9
Y. REE 8.72 74.9 86.2 42.9 21.1 8.45 151 69.1 29.0 45.5 34.2
YREE* | 7.36 72.3 84.6 36.3 15.9 7.09 123 67.0 26.4 43.1 32.1
LREE
HREE 1.08 0.20 0.10 0.45 1.40 2.18 0.56 0.14 0.20 0.08 0.10
+ 3Ce 0.91 1.68 1.09 0.39 0.98 0.58 0.66 0.41 0.25 0.31 0.25
( Lu Huanzhang et _ dFu_| 2.1 | 038 0.61 2.88 | 3.98 | 2.36 | 4.18 | 1.13 | 134 | 3.06 | 2.40
al. 2003) . : DRX-52 230 I DRX-58 230 I DRX-67 260
1 03 DRX91 360 1 05 ; DRX-3.DRX-5 290 v 46
DRX-9 290 v 44 o Sun and McDonough( 1989)
Cl- « YREE* = ¥ REE-Fu.
( Hdy4-301 JOs.00-675)
_ Island Cantung. Otjua. Mactung
(Hd 66550103~ 343) Zaw and Singoyi - 2000) X
+ : Cantung. Otjua
(Hdyy o512 J0725-135) ( Ha-l)
+ . o °
Mo (61 02%)

/ ( Kara. King
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Fig. 10 Chondrite-normalized REE patterns of garnets from the Darongxi tungsten deposit in western Hunan

(a) Garnets in skarn; (b) Garnets in quartz stockworks
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) figures and tables of this paper:
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— — ; Chl—chlorite /
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LREE U.Zr.Hf.Ga.Nb.HREE REE Mo—molybdenite /
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geochemical characteristics and formation mechanism of

skarn minerals in the Darongxi tungsten deposit western Hunan
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Objectives: The Darongxi tungsten deposit situated in Xuefeng mountain of the Ghiangnania terrain between

the Yangtze and Cathaysian blocks western Hunan

is a typical strata-bound scheelite deposit where the W

mineralization is hosted by skarn and quartz stockworks along the contacts among metasandstone marble and slate
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in the Lower Member of Nantuo Formation belonging to Nanhuan System. The strata-bound scheelite skarns and
stockworks in this deposit contain amounts of garnets and pyroxenes which are generated by the diffusion
metasomatism between host rocks and the fluid deriving from the intrusion of the Dashenshan granitic stock. This
work tries to provide some advices and evidences for how to reveal the formation mechanism of stratiform and strata—
bound tungsten skarn in the future.

Methods: As the major skarn minerals garnet and clinopyroxene from the scheelite skarns and stockworks
were studied. Based on the field investigation and the microscopic observation the major elements and trace
elments compositons of garnet and clinopyroxene were analysed by EPMA and LA-HCP-MS at the State Key
Laboratory of Ore Deposit Geochemistry Institute of Geochemistry Chinese Academy of Sciences ( Guiyang) .

Determination of the major element compositions of garnet and clinopyroxene was performed by wavelength—
dispersive spectrometry using an EPMA-1600 electron probe microanalyser at an accelerating voltage of 25 kV a
beam current of 10 nA a beam diameter of 10 pum and using artificial synthesized silicate and oxide minerals as
standards. The calculations are based on the Geokit ( 2010) excel program.

Twenty eight trace elements of garnet and clinopyroxene were analysed by laser ablation inductively coupled
plasma mass spectrometry ( LAICP-MS) using Perkin-Elmer Sciex ELAN DRC-e ICP-MS. The laser was operated
with a 40pum diameter beam and ablating number frequency 120. Calibration was performed using NIST SRM610
glass as external standard and BIG-1IG BHVO2G BCR-2G GSE-1G QC KL2 and QC ML3B standards with
¥Si and *Ca previously determined by electron microprobeanalysis as an interal standard. Detection limit for LA—
ICP-MS is below 0.1 ppm for most elements and in run precision is <5%. The calculations are based on the
ICPMSDataCal ( V8.4) excel program.

Results: In the Darongxi deposit pyroxenes from tungsten-bearing skarns and stockworks belong to diopside—
hedenbergite —johannsenite series ( Di,, s_¢ Hd g6 512J0600-303) and garnets are mainly grossularite( Gro,; o 5,
And;; 1,6 Spe + Almy,;_55) with the relatively high spessartine + almandite component. The pyroxene is
characterized by enriced in Zn W and U with LILE and HFSE-deplated low REE concentrations no obvious
fractionation between LREE and HREE and positive Ce and Eu anomaly. Garnet exhibits strongly enriched in U
Zr Ga Nb but deplated in Rb Sr Ba which has higher REE concentrations obvious HREE enrichment
negative Ce anomaly and strongly positive Eu anomaly. Incoporation of trace element and rare earth element into
pyroxene and garnet are predominately controlled by their crystal chemistry. Positive Ce and Eu anomaly of
pyroxene may be affected by the fluid—rock interaction and different redox conditions. Incoporation of REE into
garnet follows along with REE’ substituting for AI’* and Eu** substituting for Ca®*  whereas the negative Ce anomaly
may be related to the mineralization fluid which is depleted in Ce due to the early crystallization of pyroxene.

Conclusions: The tungsten-bearing skarn of the Darongxi deposit belongs to the reduced skarnoid which is
generated by the diffusion metasomatism between the hydrothermal fluid and the Mn-rich limestone. However the
pyroxene and garnet from the stockwork orebody may be formed by the metasomatism between the fluid and the calc
meta-sandstone. During the formation of skarn Mn-depleted pyroxene and garnet resulted from the diffusive
metasomatism under the condition of relatively high temperature and moderate W/R ratios while Mn—ich pyroxene
and garnet trended to be deposited near the walk rock under low temperature and W /R ratios condition and partial
Mn maybe be derived from the metasomated wall rocks.

Keywords: mineralogical characteristics geochemical characteristics formation mechanism skarn minerals
Darongxi tungsten deposit western Hunan
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