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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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Table 1 Paragenetic sequence of minerals for the Darongxi

tungsten deposit in western Hunan
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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; (c¢) 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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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; (c¢) Garnet skarn and pyroxene skarn in
No. T 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. IV 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) ; () 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)

H— IR 77 A G RO A7 b Sr e frie Bl XREE S EAGAK (1. 45107~ 17. 4x107°) 5
e AL KB P A e E (LILE) Ml i e £ LREE/HREE {H} 0.74 ~9.79, H#W K& 2 A
(HFSE) 3 3 % T B0 06 i (32 4) TWE—MIE RN A7 > A 5 9 Jok v Ath JE R PR A > 1

UK F S S ORIk Loe ek AT BJPADIREE A 8Ce {HA T 0.49~1.47, HZ

R2MAXBEBY APEABR TR ARSI (wt%) Rk TTHEM

Table 2 The composition of pyroxenes in the Darongxi tungsten deposit, western Hunan

P DRX-10-2 DRX-12 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
Al,0;3 | 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,O0 | 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

3 100.1 | 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

AlY 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
p 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

TR DRX-10-2 2R H 290 B 147 ik, DRX-12 2R A 290 H1Bt 1V § ik 46 ZE ik 75 , DRX-58 & A 230 H1BL 1§ Fk AR I ik , DRX-67

K H 260 FE 1K 03 R, 1 & BkkEs: 1, DRX-10-2 AR A BIE AR M A, DRX-58 Ll A F A RadEa
TE—AIE BRI AT, DRX-67 A RILL A T A R bl B E—IE R AT . DRX-67 M Bt 1.2.3 M, 4 WA,
Di—B A, Hd—85 0, Jo—4RA5 AT .
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Table 3 The composition of garnets ( %) in the Darongxi tungsten deposit, western Hunan
I’ DRX-19 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, 04 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
2 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

A HTEE S DRX-19 5% [ 290 H1EE TV #7 Ik 44 2k, DRX-52 2R [ 230 t B T K ZR VS ik, DRX-58 % H 230 thB¢ 1 57 ik ZR 5 ik , DRX-
67 K 1 260 1B 157k 03 5R3%, DRX-91 5% A 360 HFEL L7k 05 ¥, 1 kkE&h v, DRX-52 4T 6, 74 747, DRX-58 & +# (4
AT A, DRX-67 . DRX-91 ¥J 5t WL 08T . Uva—E548M0 40 ; And—45 40 A7 ; Pyr—BE AR WA 5 Spe— 4 AR AT 5 Gro— 45 0 M8 A

Alm—EREBHA

KT 1R R A A et ; SEu 1
AT 0.37~2.58, ZHK T 1(F£4), WREAARE
Do Jik Hh A s T R B AR RS R B — R AR
FERNLR e B LRI KA R
WEAIE Ce SR B, 1A S W Ik P oRE A IE Bu 5%
2t (El 9a.b),
4.2.2 AWBFA

KEET XA A BA RN LILE =5 4 |
HFSE & £ HFFIE, Rb \Sr Ba \LREE 9 & AR AR, 1
U.Zr Hf Ga Nb HREE &% (% 5), LILE [
TR AR X R W B R R A A
SEF MR BCA 19 i R S B0E K, NI A2 5
HEAALTRE T4 Ak R G (Gaspar et al. , 2008) .

PARR A e A i) CaPaY A a7 SN UF i T
FRAEE R —3. T REE &0 8.45%107° ~ 151 x

10°; LREE/HREE {84 0. 08~2. 18, Z¥UNT 1, &
7RAERT E H R TR BARAE ;8Ce H2H 0.25~ 1. 68,
ZHUNF 1;8Eu {4 0.80~4. 18, ZHKF 1 (%
5) . AREAS I B HE B R A TSR] B A i T
1, REE FREFAEZE R, LA ARF AN Y
REE f 5, M5 A R BV RLL A S5EEL0 0
AT X REE & EAXAL AR AT AR Y
REE & & 1AW /> LREE/HREE {H ¥ K (3=
5), FiEInRAR R BN, 8 5 A 5 R ko
(A R 250 22 B 0 A 2, < TR SRR B
BER L TR ER L TEEE M Ce 7
HGREFUIE Eu 525 MRHE (Bl 10a.b) .

LA R BT RS I 5 R e 1) Jik e
JIF S WA RN A R 4 o B A R B # 15T
FRHIE 3K BRI X AN [ 2B 1 bk b BT k6 1 45
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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

FERRER 4 o7 EL A AR [
5 hig

5.1 SBWFEHKE

WA, W RS B B2 A TR
B EAT AR R | H 5 38 4 i e A IR 45 |
BEBR HLRE TR AR MR RE R R W I A A (B,
1989; Meinert, 1992; #&X—M%% 2012), FEAEWFF
INRHAEHIRA W R A BRTE R E—rh BRI A

100

(a)

T it/ B 53 A

44mxmaqamﬁw%a
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E —e-DRX-58 Y% [ u—fth % RAR 6 A
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0.01

Ila Cle Plr I\}d le S‘m E‘u dd le D‘y I-io Elr T‘m \}b L’u

EREIRIRER I A A1 B4 fi iy S LRI | el UK AR
WASANEHIIE iU i 52 (R BSHY R 2 (BRI Ui R
) A AT LUAE DX B 2 B b A R
[N TR NN W ) 15 A P O A a5 7
J( Meinert, 1992; Meinert et al. , 2005) .

Y AP BT RRE R, RIS IR B & Y
FHBRE THER LR m it TBREmIKCA)ZE T,
R E B RN B 2 AR R T
DCRRA DL K Ll 88 R WA R RHS A T
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Fig. 9 Chondrite-normalized REE patterns for pyroxenes from the Darongxi tungsten deposit in western Hunan

(a) Pyroxenes in skarn; (b)Pyroxenes in quartz stockworks
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Table 4 The composition of trace elements and rare earth

elements (x107*) for pyroxenes from the Darongxi

tungsten deposit in western Hunan

i DRX- | DRX- | DRX- | DRX- | DRX- | DRX- | DRX- | DRX-
10-2-1 | 10-2-2 | 58 67-1 | 67-2 | 12-1 12-2 13
i WA ¥ AR —fbiE AT kAT

AFR | HIERRRE A RO A7 RN el
Zn 457 420 1301 | 4211 | 4013 611 649 820
Ga 3.42 | 4.08 | 2.58 | 2.88 | 2.25 | 9.72 | 6.32 | 1.96
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 | 100.4 | 42.0
Zr 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
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
Ta | 0.726 | 0.000 | 0.000 | 0.001 | 0.106 | 0.003 | 0.007 | 0.013
W 1.43 | 0.022 1 0.016 | 0.163 | 0.231 | 0.141 | 0.287 | 0.176
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
La |0.461 | 0.13 | 0.155 | 0.211 | 0.102 | 0.247 | 0.241 | 0.196
Ce 2.51 10.722 | 1.056 | 1.042 | 0.662 | 0.908 | 1.00 | 0.277
Pr 10.459]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
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
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
Er ]2.219|0.175|0.006 | 0.139 | 0.059 | 0.902 | 0.475 | 0.032
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
Y 14.6 | 1.55 | 0.175 | 0.866 | 0.56 | 7.22 | 5.69 | 0.18

SREE| 17.4 | 3.67 | 4.00 | 4.19 | 2.49 | 10.1 | 6.56 | 1.45

LREE

TREE 0.74 | 1.15 | 9.79 | 2.47 | 3.07 | 0.74 | 1.04 | 3.66
8Ce 1.34 | 1.47 | 1.46 | 1.14 | 1.17 | 0.97 | 1.19 | 0.49
SEu 1.48 | 0.37 | 0.69 | 1.07 | 1.34 | 0.95 | 1.58 | 2.58

M HTRE B DRX-10-2 5% A 290 H B T & ik, DRX-58 % [ 230 H B 1
W KA ATIK , DRX-67 2% [ 260 1Bt 15" ik 03 K% ; DRX-12 DRX-13
K H 290 B IV Wik 46 2K AR, Fi 1 I8 R AR HEME R ] Sun and
McDonough ( 1989) I % ) C1-BRALP A

SE AR A A A AR, B A T E AR i R Uk
KN & 88 K %5 (Barnes, 1983; Appel, 1986;
Plimer, 1987, 1994; Raith, 1991) . T MBI
RN, RALAE R AR AE 2 (8] 5 RIS E G X
IR AL , FLiZE Mk pi A 422 ik 1) & 5305 b DX

JU A HH RAUERE DRI R TR
AR ABUZAR ZRA0R ™ 0 & VS BT B B R
r (FESL ISR, 2012) , i g 4 I DR LA B
PRATBE N R IR AT X 1 5 52 1 b DX 8 B 4 A3t
TR R BARE A, 45 s S S BT
IR G RIBE 2R 5 [, 5K e THA5 (2012) £ 1) LA-
ICP-MS FAMFF R L AL B & B A7 U-Ph A0
AR 224, 3+1. OMa, 7R 1% A BR R A2 i 8]
Mo =B, X 5 R R X A Se—Hi 16 Py 48]
BB WA Re-Os [A] 7 & 45 I} 26 4F 1%
(223.3+3.9 Ma, sk e 7155 ,2014) #HY, i,
IR DX - BT O 5 1 = 28 H R
AL R AR R AR E

Einaudi il Burt (1982) fEWF 5215 R & K
R A RN EIE BN S RERRER AT ) o3 S Rk
Ji A (cale silicate hornfels ) | 2 W B K &
(reaction skarn) Y KA (skarnoid ) FIHY A
(skarn ) DY 2%, Meinert ( 1992 ) . Meinert 5§
(2005 ) X 3% U 2 A A 1Y 4R ik B s PRIl 3 4 7
TVRANRGH IR JF 48 BREESS UM A Ah, oAl
“REAHET X RET . Hd kR
A R B IR S OBy R T RO R
o AR BUS RIS R ORI ERT XA & R
R B R LA B o k- R e ey T
R FG e B KA 2ER )RR
A IS BB S R T AR B A R Y
FEAIG W, HLARLAR S5, IR RURAR SRl
WA JEEA T 0. 1~2 m, FEH AT A
WA PR A RHAA T SR L, R
WAHEF A LA WA S52 R Y, A
B WAV il 2 ARBUARY R 5 (0 ol P X 5
A F ALY Riba de Alva 87 R JZ &8 &
#+ ( Gaspar and Inverno, 2000 ) 174 ¥fJ Iberian
Fr %R [X. Morilie ™ & Monterrubio 23 b i 2
P& K2 (Tornos et al. , 2008) #H4L, 1 AH
WARR TG X SRR 5 s B
I REES BT . WA A R R A TE G
Hh ) OB TG K RE R ER AT, Ho i T 4H B T A AL
DX TR T J3 PRI IR SO R 2 5 S R

AR R 26 8 K %+ (Gaspar and Inverno,
2000) , FAEBUE BRI REAT BA AR Fe 75 (Hd
<25, Newberrry, 1982) , 1 3¢ il PRME A L Hd 38 5
KF 20(Einaudi et al. ,1981) , TERIEEN X, E—
AFEG A, HR S R A A Hd BRT 25,
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Table 5 The compositions of trace elements and rare earth elements for garnets

U R TR from the Darongxi tungsten deposit in western Hunan
R A A Mk s | DRX- | DRX- | o | DRX- | DRX- | DRX- | DRX- | DRX- | DRX- | DRX- | DRX-
HOkE £ ) Hd Btk 7 s | 522 ) 67-1 | 672 | o1 | 13 | 15 | 1941 | 192 | 19-3
T 25, RUNZXATE  peih | wRatae | BRatue | wRanae L G
Wk AR AR R AT fitTA L

%E%%@Eﬁ@éﬁ@"% Zn 54.4 | 47.6 27.0

45.5 | 54.7 | 35.4 | 14.3 | 18.9 | 24.0 | 25.8 | 19.0

R, wadEE
L | 0.02 | 1.38 1.79

ARIES AR (12 S A Y | 4.25 | 86.0 127

0.162 | 0.021
49.6 | 11.4

.06 | 1.44 | 1.54 [ 0.409 | 1.04 | 0.571
.64 | 209 121 51.7 | 86.8 | 60.9

Ga 40.6 | 39.0 34.7 46.1 | 46.0 | 28.1 | 33.1 | 38.6 | 35.3 | 36.6 | 35.9
5k B YL B e
IR Ay R B Rb | 0.124 | 0.522 0. 000 0.058 | 0.011 | 7.015 | 0.000 | 6.7 |0.059 | 0.385 | 0.232
N == N
FLBRX) & F5 AR b A St |0.025]| 4.27 0.035 0.15 | 0.044 | 0.641 | 0.266 | 7.68 | 0.000 | 0.125 | 0.055
SR F 5 R Zr 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 BRETHM Mo | 0.000 | 0.078 0.298 0.041 | 0.000 | 0.241 | 0.000 | 0.000 | 0.212 | 0.328 | 0. 161
TSR AL Ba | 0.000 | 0.172 0.212 0.347 | 0.046 | 0.257 | 0.000 | 0.866 | 0.113 | 0.45 | 0.057
5.2.1 ERBEW 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
TR
R w 2.33 | 10.2 0.497 0.408 | 0.16 | 8.792 | 3.563 | 0.779 | 0.295 | 0.33 | 0.12
ey R e it Th | 0.008 | 0.000 0. 04 0.000 | 0.009 | 0.014 | 0.01 |0.026 | 0.032 | 0.023 | 0.016
B E AR B S U 0.445 | 0.78 0.262 0.121 | 0.356 | 0.263 | 0.398 | 0.094 | 0.025 | 0.043 | 0.000
. L 0.000 | 0. 005 0.034 0.025 | 0.064 | 0.024 | 0.066 | 0.059 | 0.013 | 0.012 | 0.000
5l T A L R .
" Ce |0.178 | 0.181 0. 164 0.08 |0.363 | 0.13 | 0.497 | 0.103 | 0.013 | 0.012 | 0. 007
> |
xR A, Newberry Al 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) % T Nd 1.41 | 3.31 1.08 1.40 | 2.73 | 2.26 | 10.6 | 1.71 |0.399 | 0.157 | 0.045
N s ; S 1.51 | 6.33 5.05 5.03 | 3.81 | 1.90 | 14.9 | 4.18 | 1.78 | 0.88 | 0.94
F 2 B (2 R "
. o Eu 1.36 | 2.59 1.61 6.62 | 5.22 | 1.35 | 27.7 | 2.19 | 2.61 | 2.37 | 2.04
R W R e Gd 2.60 | 15.3 12.9 9.84 | 4.21 | 1.61 | 27.6 | 8.50 | 6.49 | 6.38 | 7.21
i
¥ (DL Fe't ik & Th 0.236 | 2.58 3.38 1.75 | 0.546 | 0.09 | 4.40 | 2.44 | 1.48 | 1.87 | 1.57
R E) MUBRH 0 b o e | am | Lo |om|ooi| a6 | a0 | L |2 | 193
F VR BE % A
FHXTRBE 0 5 1 Er  |0.141 | 11.0 14.9 3.768 | 0.583 [ 0.214 | 16.1 | 11.6 | 3.37 | 8.12 | 4.71
a0 NIRRT R AR, Tm |0.022| 1.53 1.99 0.331]0.058 | 0.004 | 1.83 | 1.59 | 0.444 | 1.04 | 0.562
0.163 | 9.06 14.9 1.77 10.436 | 0.122 | 11.6 | 11.9 | 2.98 | 7.62 | 4.52
0
1
8
7

TSR AR A SReE | 8.72 | 74.9 86.2 4.9 | 21.1 | 8.45 | 151 | 69.1 | 29.0 | 45.5 | 34.2
A VR B Ay SREET | 7.36 | 72.3 84.6 36.3 | 15.9 | 7.09 | 123 | 67.0 | 26.4 | 43.1 | 32.1
-9 ~ —)
— LREE
WAy Sa ke HREE | 08 | 0.20 0.10 0.45 | 1.40 | 2.18 | 0.56 | 0.14 | 0.20 | 0.08 | 0.10
HER AR A1 + 450 50 5Ce | 0.91 | 1.68 1.09 0.39 | 0.98 | 0.58 | 0.66 | 0.41 | 0.25 | 0.31 | 0.25
7i (Lu Huanzhang et _ ®Fu | 2.1 | 0.8 0.61 2.88 | 3.98 | 2.36 | 4.18 | 1.13 | 1.34 | 3.06 | 2.40

al., 2003), KiFZRE

T APHTRE SR DRX-52 % [ 230 Bt 17 k4R S ik, DRX-58 % H 230 HBE 1 Ik Z: ¥ Ik , DRX-67 % F 260

BT B K 03 SR, DRX-91 2R [ 360 1B T8 ik 05 K% ; DRX-13 . DRX-15 2R [ 290 HEL TV #° ik 46 %

W IXR R, AP

R WE A7 LLas W A1 claskkilis . SREE™ = ¥ REE-Fu,
( Hd26.4~30.|

Jog g0-.75) M TMi2F A IE— SRR A7 5 5 50 A
WA +HESERMEAT (Hd g 5.5 Jo105 a0 5) , AT A1
SN ERIR A RVRR S0 AR A0 + BRARAR A 5 A e R ik
AT ABS R AT (Hdyy g1 J0r0155) N E, A
A BA SRR 0+ R A AL R
ORE e o 5 T S A SR S A/ 0 B R 5 A Y R

KA, DRX-19 3R H 290 H1 B IV 57 Jik 44 2k, s I FE IFRMEME R Sun and McDonough ( 1989) il % Y

(Kara King Island %84k %Y | Cantung , Otjua ,Mactung
SRR A Zaw and Singoyi, 2000) ALY, KIFEN X
WA A AvmICA S Cantung  Otjua # R H 7
Ry R AR (8 11a-1) R K58 T ik
JERIE Ay R, b B R R AR o R
HED XA Mo &R (0. 02%) , X 5 ik
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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

JE 4 F I H 4 Fujigatani 5 4548585 975 Mo
P19 R HEAHZE B ( Sato, 1980) , i — B8 E T 1%
XAy KA Y FEIL TR R, WH W ka
I G R R AL BRI T 77 2R 5 Mg A il
FHYARAT, TR A T s T 5 4 A5 A A R 4
W47 (Zaw and Singoyi, 2000) . P, RIFESH K
WA SR PR BN SO S
REAR, BV A S AR AR A S s B, A SR ARt g
AW A O eaM T awEa—RaEn
WMTaw ks —t®HOaMTaw ks, EEA
T 5L PG T B P
5.2.2 AHFA REE SEITHEMB 5
T2 B ALl B 1 24

AWTE AR KIEBRY X EENY KA
Yy, H REE $RAEXF /R 5% XY 55 BT BOML ] A
RIF R R E X,
5.2.2.1 ABFAEREEPD REE S5 EHLH

B BR , 6 R 58 it B, REE i
NATRE A0 R P 198 T X Ay i 0 2 v O A
(Smith et al. , 2004; Gaspar et al. , 2008; XI|H¢dE
4.2014) , AR ERY] REE #EAE AL 14
I 2B AT A R A 2R S5 4 B s il R B
i HREE & % | LREE 7 i i ##1F ( Gaspar et al. ,
2008 ; XBEIESE,2014) ;1M & Fe' ##4  REE Bl
/R LREE &% HREE 5 #ia945 8, ik AE Fe™
WA T DA AE FH A 3 (Smith et al. | 2004;
Gaspar et al. , 2008; X|HEIESE,2014), KRBEEN

X, EGTFAEERE A A, Lo E2 i
R "W ) HREE &4 \LREE 5 #ii0%E A, HAE
BEAME T4 AL BRAL 53 135, ¥ REE AW i, 4¢
BJE HREE (& 12a) , 3% B LREE/HREE {H A
Wi /N (B 12b) BRRAE , 3X 5B IZ X REE #E A £ 1
AU EAE b, FEZ MmN R
Pl

AR A AR, T LS B[ X ], [ Y],
[Si0, 150 Hr X fii &l Ca® Mn®™ Fe* Mg™, Ifi
Y fi ' FEE R AT A Fe' . REE JCEK, 5 Ce* il
Eu” S, ¥ +3 M fEfE, Bk, REE™ #EA A1
AR, BEA] LI REE™ 254 B Y 7 B 1Y
A S Fe'™ | 7R ] DIRSEN B4 R A X A8 (W
REE™+Na"<2Ca™) . fEASEM Bt R, & Al
WA A Pyr — Alm ——Spe ——Gro, £ BE REE>
5 X EE R R ZEMEN, REE™ i 5 T &5 55
ERREA TR Y Ca™ (van Westrenen et al. , 2000) , [Alfij
Y REE TEAE A BE 55 50 1 A & & (0 38 i 388 K, (5
JE L RUS B IX, A8 B A 55 5008 A 1 3
i, H Y REE A Wi 2 (47512 HREE, Bl 12¢) |
LREE™/HREE {HZ#iHE K (1 12d) ; F B EIZ X A
¥R Al &5 HREE 28] WA IEAR G, &
K5It Crown Jewel &0 IR E Al #iA ) REE
FFIE (Gaspar et al. | 2008) FHALL, iX 22 BH A BN X
WA BGE 2 P REE IF 4B LA S0 8 20 & e
Ca™ 1 FZELL REE™ S (i B 4 AL (I itk A 1
T,
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Fig. 12 REE characteristics of garnets from the Darongxi tungsten deposit in western Hunan
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KIFBY XKAMRF A R ETE R T IEJR 5
P rh Bu 2L BB, X SE WA
KB KA LLAE bR R B A AR b A 44
AR T Eu S (R IEFE,2013) , HAERE BAE
M b B A B REE A & A4 B 5 19 3 8 Fn g 48
(Giuliani et al. , 1987) NIt , 0" X A AT EA
FYSRZUIE Eu 55 1A 2 4k 7K 48 it [ A 1 i) 45
R KX AT A SEu fHFE X REE™ (34 i ifij 2 31
AW N R (] 12e) , BEU] Eu® A AR A
B9 R BASR T HAL REE™ . AT, Eu AT L)
DL Eu® S B4 X 67 & B 1 I Xk A A1+
fi1., van Westrenen %5 (2000) BF 75 504G £ W, Eu™ 75
AR — IR AR T A3 L 2L D LA REE™
M E™ &, RS X A 8 7 (Mg ——Fe™
——Mn*——Ca™ ) AR Z MU/, Eu™ I B LB 4R
Ca™ L A7, L, SEu 1H Rl 45 475 1
A1 G I A R A A (1 12f)  RBZ X AR
TAFTEAWIE Eu 54 N8 Eo® S8 B 085451
A1 Ca® fEFIRY S5 2R, T8 7041 #8147 ( DRX-52-2
DRX-58) fir £ ML T Eu S W AT RS2 X645 o1 J5t
AkARVEFHE )

% DRX-52-1 ,DRX-58 # 55 Ce 1E 5% 4h, Ki
B X AT AR Ce W& 5H, ZIX
AT Ce &Y Lat+Pr &8 HA W B A IEA G
(I 12g) , X R ITEIE A B 1A B, Ce
FZLL Ce™ IR, AR A AR F A
FeAR 5 HAzth REE™ &A= BB (-8 E . Kefihfe
IR M 508 B A 0 BRAE AR A K
o MCE AR D S Y T Ce 58 R AE (5K e T,
2013) , WA A Ce FH IFAEdR R Bl A, o7
X AT 5 a4 HAR A a
FROEIA & . X ZH0 A TR AR FEEE AT IE Ce 5
B AR T HRIRAEXT [ & AR s AR DR O A 1Y
AT REATE — E R Ce T, KL, A
THH Ce 74, AT AN PR 7E S ACAE I B
AT RA Ce TRTPIMEE R, £ T DRX-52-1
5 DRX-58 A F-AIE Ce T4, WIA] G A28 AT
PIRE Ce AR,
5.2.2.2 AEFHA REE Boxt

BEERHRINERH L

WMo, A F A1 REE Bt/ 5 HIE iR bE
A KR R %Y (Melntire, 1963 ; Smith et al. |
2004 ; Gaspar et. , 2008; XBEIESE,2014) . Gaspar
F5(2008) 48 11, & Fe™ 1 £ H & TE & K/ A L

(W/R) BB 08 ACAE 2514 T8 %, 1 & Al
AR AR W/R Y B0 EH  &18
ShihrrE PR RO A T RN AT Y LR Ry
iE, 2o Bh A T A IR 37 P47 19 H B (Ortoleva et
al. , 1987) ; MG 1% 1) S A AR R 3R I BB
B ZEHTHE ( Gaspar et al, 2008) , KIFEN X A1
T EERE ARG, LRGSR R 1 AN 5
BH , B AT A AR T —Fh Pk A4 K
HOPSIDAE 378!

AFEVA R OCE Y 5 HREE AU HbBRIE 2217
A R R TG R Ho, KIEFEN X AT AW
HREE 5 Y 28 &M IEM KR (K 12h) ; [H
i, Y/Ho {EA T 24 ~45,°F¥8 34,5 L h5eF3
{E(27.5,McLennan, 2001 ) AHIT{H X BEA A6, F67R
ARTAH Y 5 Ho 145 1T 35 2L X 45 i [l 7
kK, I X REE (%5 il BERAR (IR 107° ~
107) AR A 1) REE Bl oy =8 HA 76 W/R (>
10%) B i 2k 1 R RO 208 il BT A S kA
AP (Bau, 1991; Lottermoser, 1992; Campbell
et al. , 1995; Smith et al. , 2004) , KEEH X 54
1 25 R 0 I ok 4 465 5 L 1 2 P A = o
H A7 AW REIE R T mied T Bk i
PO R RN B A 8 D A B
TS0 A S KO 732 7= 430 TR IR AR 4 i
IR TEAL T B b A N, Tl A R 2
[ ¥ Ty, 2 AR 44 170 o 3 3  [R) B, SRR TR 2
[ s B AT RESZ B T Hm IR A SR
RE TR 7 R BT, I A8 25 B 12 fih 53t 1 B3 0% 1
XL, X FE— B R L3N T X A A T A 8
R/ RN, R, RIEED XK A0
RREAEH—K W/R IR A T iR 3 B A H
T B, 350 A1 18 141 1T A2 AE A A 8 i W/R 4%
A,

AT AN TR T4 e, REE
FR AR T3 1) S AR 454 | IRl i85 REE 7R
IR G Wi A SR RS e AT X (Bau, 1991)
AR REE 48 T8 s S e P52 pH (E R
GRS, AERRTEAE T AR T REE
F2 7 W SRR P A 5 TR R — S5 A A R
PR EA RS SE T (W F.Cl7 01,
CO,” %) ,REE™ TEM h LI A 1EH b 3, B
R, REE™ 76 3 4 b 19 45 & g ) 3% ( Bau,
1991) . HAET, KZEFIS RS KA 55 8w, i
& HREE 45 &9 1988 Mt LREE 2258 ( Wood ,
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1990; Haas et al. , 1995; Smith et al. , 2004 ) ,
W, IR X P A R 0 R B R B A SR R
F RN, HREE 75 598 /> | LREE™ /HREE {4 X
AT AL (T8 12¢ d) , FTREZTE W/R B HTHE KK
AN PEREY B AAE T B 2E 4T, O pH (HZ T
R, 24 pH (B 4% 3 P55 M I R R AR
HREE K TE 48G9, i3 20 & HREE™ &
APERICES SR . T HREE 74048 1A —
AR 1) 14 73T 2 25 i P 0 T 2 300 ¥ 494 O 14
B (Cressey, 1987) , Fr LA, £1 Bl JCHEL A 1 iy B 5
AN, 0 DO B R AT AR T A AL —
PZL AR —— - B (0 A T 72 | I A TINS5 o L 1Y)
PHRCANENRE W/R 5 BEFEAR  pH (E3 KM%
s Y A A
5.2.3 BAMERKLITESEX
HEBIMERER

R B PR 28R AR 5 85 T LA
RSN FIIE LAY, AR A + 0 R R ke —
FERRRE [ Sl 1 HOE iy i R BE 55 F, i XA
In & BEWE, ZH KT 500x107°, X 5 Kagata,
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et al. , 1994) , Ff— K38 /R RIE B IR J i 5t Al
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TE—MIE R A TE ROR M A 8 i Se i, AT
[(EASEESI A RuN L e B A VS L) il Py S
HA KB TEATTER (LILE) 5 &% 6 R (HFSE)
JUE P i I T DA s | 8 B AE M A 2 A R
T R RS T AV AT AV P AR AR X 45055

KA oA H T LLFRIE N Ca( Mg, Mn, Fe)
Si,04, HH Ca A5 M, fi, Mg, Mn Fe 4 M, i
(Nakano et al. , 1994) . T REE 5 /WKL Ca*
B T4 i ARG, B REE 5T F DLE e M,
i Ca® M JE itk A LR A1 ( Wood and Blundy,
1997), RKIEEN X E /R (R2.8£4), BAH
REE M2 % .LREE 5 HREE B/AMEAHE , ¥
REE \LREE/HREE {5 5 # @ £ i 4 2 0] & WA
W2 A A OGP , B Na @K, il REE AT B
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Fig. 13 REE characteristics of pyroxenens from the Darongxi tungsten deposit in western Hunan
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SR AR/ T S REE (980, A B IE Ce
S SR IE Bu S B (K 13a.b) X R
WA TE it B i, Ce 5 HA REE JTE R & EW]
48, Bu 5 HAL REE SeE BHA B ARF K
HIRAE2EAT R, FRATAIREFE R I, L X AT Ce \Eu
S S HAE WA OGS B Z M E—E R,
WEAT Ce Eu 5 H 5 Hod ¥ A o oo % 1 ¢ R & (]
13c . d) WAl LLE T A |, B WA P S i & &
(AT N, Ce 1E 58 BTG58  Bu 1F 55 12 W7 Ik
559, XHRAFMEA R Y Ce Eu RE ATRES
I WU 7K/ 5 B 5 S8 AR IR 25 A G

REEEN X R a5 ) FEIE T8 55T
Ce FZL Ce” B, Bu RZE L Bu* JBUFAAE, 1
ATE L FE T, Ce JTUR 5 HA REE™ K& W] 1Y
GyiE ARIE B 7 Xk AMEA, BIZ IO A A4
2 /RIE Ce R WE? Floss Ml Crozaz(1991) W% &
MWMEAH WA G 2 & REE JCE MK IEIF R Ce
TCRINHAE , TERIFEN XM~ aB it fid, A
THOAR T RE——RABAR T AW RS
—— LA OAR T AW R e —— AW R E, AW
E BRI A 2 ety 1) () B B R A T B R Y
W/R BWE I, 7K/ 2 SV 5 3 8 W 0k 5 B B K/
FRN RS HEAT, AT REAAAEME A R BT A &
REE JCERWMIEH5R B Ce TCR MY, AT 15 AR5
£ T REE Wb 5k B Ce 70 FE AT H Al REE 7T
R PRI R I A BAT IE Ce 59 BYRF
Ijjo

TEIRJF AR T K/ G R FE v Bu® il R 5

HAth REE™ & 4= B 1. 4318 ( Sverjensky, 1984 ; Bau,
1991) , ML FHAL REE™ | Eo™ AT GEH 5 T B i\
WBCALAY Ca TiE AREA , T2 BUE H2A IE Eu
SR RHEREA . A RIS RN X R a0 ) 3%
TE BT3RS R | (H 375 W A7 5 i A oy PR I L6 0 4 ]
RESETEAR AL PR PR P AR, PRSI &
AW, B AT AR A —— 2 A TE—ME AR
WA —— B DR AT | WA T 1 P 198 AR 0t A 1Y)
SEAEMEBE R P IRL AR AR G AR A Y 3 i TT
REARLE Eu® E 078 Eu™ (947, TR AT T~ Eu™
B Ca™ AW A RN EAT, B0 A IE Eu &
W RRIE I BT

PR, OV B A X IR 5 85 5T [ s AR B
ORI R, B AR RLR VA ——2F B
TERLRE AT —— FIEARIRME AT, 7K/ 5 SO 5 32 3 ik
() [V, AT REAEAE FR O J5E BRI 1) A G 48 Ak P 58 1 e

5.2.4 A ABTFANERELTRE

KRN KW A PR e 2 0] B AAE—E i
anitnd ISR e e SN R (R U d= B ¥ Y
RE—AWMTAW RE— KBS AW RE
FRE ARG, Al Taw ket EE
HIE—IERAR % AT . Burt(1977) . Einaudi 1 Burt
(1982) $2& 1 & A= 22 ARAE FH 9 T AR A2 T8 B A L 7
W ELA S 5t Mg P 5 8 Fe, i fE RS AR MK
P B E B B VA B AR RRAE . BIL 7% X
TS R 5 AR A b e R v P B B B T
(BN MEAT R 37 WA B BRAIG L AS RE A
AR R B A TSR HIE— TR R AR
A1 IR RIS MR A X & Mn A, T
AN AT 110 45 i L B S T 5 8 A ( Capitani
and Mellini, 2000) , Kt , i X & 891 v B 2R A
P MEAT & Mn 2053 A% 8 ( Digs  Hd 0 ¢ Jos, 5 ) NG
e Fe 41031058 ( Di; g auHdy 5 656 J013 62160 ) b
A VLA A X MEATE A AR T i A8 . S R 4%
filty , EAR AR W/R S5 R IR S Mn #E AR,
FEWES W/R HK GRBE T 451N R AEE
BUE Fe MEAHIHR, SEA 5 Mk A0 Mg &
AR, B SN, T REES A B B R
1%, B A7 AL 52 TR N

X ARTAEENE AL A, DASEEAa N
FIOFEA RSN E R A+ A S =, AT
B Mn (AR TAE TR T 45 R e 5 KEE
AOHEMLHY ( Einaudi et al. , 1981), RNk, " X F
A AR T A PERERE R A R B RN  W/R SR
BEREAIR  pH (E3S K B4R A B m g s/ e AR AR
A S B, KO Sitr A e a i a—
WA AT A— LB O AR T A mhixX &8
AT K R AT A B B R AR AR AR A A
i, R HIE U A W/ R AT

VBN DX A LA R T 20K 8 ) 5 e TR
By, EAaThRESEAH SN T 6.00% ~
34.3% ,Mn/Fe {4 0.09~3.25(F¥I{E N 0.48),
IS T At B A 0 R PO A B R (R (0. 1 ~
0.3,Nakano et al. , 1994) ; f1 4 1 H 56 55 M A1 it
FU2Hy M 8.64% ~37.2% ,Mn/Fe ] 1.50~24. 3,
5k s B T 0 BT AL, R T R L B i PR
MnO )5 B ARME, A K 0. 036% ~ 0. 101% ( 5K & TF
45,2012) , T XA Bl RS Ye 4L 4 K e S R
WA IS 3.93% ~4. 47% 1 0. 126% ~ 0. 147%
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1) MnO (5K e T+ ,2013)  iX RIZ XA A4
H R 3 Mn B2 53 AT RESR B 6 B 085 L Rl

g5 b KIS B IR R A A9 M kb k&
WIREAT AR T 55 & A 0 5 ek R 5R 0 0 2 o RO
55 Mn 855 B S 6 FAHLEH R & RS2 #g R
YT B, 1 g [7] — B R AR X6 AN () 45 i ] 2 28 AR
YERRIEER , ZIX & A 2 RS & 6K
FAEPAALE T A B AR R G i & 85 A
B KN B A AT SRR AR, )
SR ZEABR FLBRX & 55 AR b A AT s AR AE
7=, AHXEEE Mn BOREAT FLE IR 6 R 22 58X
TAAE R, T8 T AR R A W/R S
T AR & Mn REA R R 74, 0 a] R 2 7E 58
I L — M B AR AR IR IR W/R SR T IE R, &840
BROR H 32 A2 ARRY B . BT DX A 4 2 A
A AW TASEY RET Y, BoREsy 5% RAT
YRR R BT, BRI, RIS E A RN A
W = B T IO L 4B B A iR AR AT AR rh 20 WA Y A A
WSMER LG icd N B KA & B AR iib
U A R N R B K A G g i oS AV E TG
IR /=N S B iy ) == o A 7 N =i U EE 7 N

6 %5ie

(1) RIEREE R K TR £ A £ 2%
AMAR T4, ZE Y E SNSRI T Y, H
W WA R B A — S N — R B R A
THEE RSO, ARG+ A S R

(2) RSB XA & Zn W F U, T HAL
KETFHRATLEMEH TR 2RI, KR
HA BRI BRER TR MEAN R IE Ce 1E
Eu 5% B FRIE; 41 1A /R 58 2409 Rb, Sr. Ba,
LREE 74, i &% U Zr \Hf Ga Nb _HREE, H: REE
B EMER TR EE BR TR T, 7
Ce 579 3 FUIE Eu B MRS, AR Ce Ml Eu
S5 HIE B 8 K/ B N SRR R A G
REE #E AR F A 87 2L REE™ &4 & 4 AL 11
A E HIE Bu S8 E5 08 Bu™ &40 B 58548
AT Ca” ERIISE SR, 11 Ce S ME T 1E Ce &
HOEA DIE RBEAE T Ce THTEL,

(3) KIFEW Ky KA WKW K&, &k R A
T RS, ZXWRA S ANk R E S
FRECT1, 1o G218 B B AR A AL T IE 8,
X AT Mn W RE AR A8 T A0 8 T AR = L b

S W/R ST, EEEZ S AR A 4 ] T AR X
B Mn HYRE A AR T, ] B2 BT 56 4T
Fr— AR AR W/R W PREE 40 TR
H 2 A
(4) R EEO RN 22 R A B0
PR , A e = 8 DR L AE b o R 23 I B T 4 PR
SRR FSMICH T B RCE R R s
KA HEAUWER B
Bt BPAN T AR R A5 303 e A R Nl
A7 BRZA R HLIURL ) T A FAE R M 8 %
Pl e B 5 55 T AR e [ A AR A5
TTARRIM ARy SRR AN BB, o R Bt st R A 2 A0
FERTH PRUBIR A 27 [ 58 e 52 6 2 o [ g I O
AP PEME RIATT ST 5% R SC 8l iy T AR I3 0 A AR i A
AT T SRR By, o L 5 S AT i i R
WFFE A SRR G T St E g WL, fEt—If 3R
TR |
W: AXBEBREXFT YRS B/
Appendix: Explanation of the mineral codes in the
figures and tables of this paper :
Act—actinolite/ fHAZ A1
Alm—almandine/ Z 5014 A1
And—andradite/ 54K 1
Cal—calcite/ J7 1
Cep—chalcopyrite/ #Hil )"
Chl—chlorite/Z% e A1
Cpx—clinopyroxene/ HLAHE A1
Di—diopside/ & M A7
Gro—grossular/ F5 451 A1
Grt—garnet/ A1 141
Hd—hedenbergite/ £58 ¥ A1
Jo—johannsenite/ % #5# A1
Mo—molybdenite/ #4157
Pl—plagioclase/ #H< A1
Py—pyrite/ BL kA"
Pyr—pyrope/ 4010 A1
Qtz—quartz/ 1 5%
Sch—scheelite/ FH 431"
Sp—sphalerite/ [N£F1T
Spe—spessartine/ % 511 A1
Uva—uvarovite/ 555 14 1
Wo—wollastonite/ fif JK £1
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Mineralogical, geochemical characteristics and formation mechanism of

skarn minerals in the Darongxi tungsten deposit, western Hunan

ZHANG Longsheng" * , PENG Jiantang™* | LIN Fangmei' > ¥
1) Exploration Unit of North China Geological Exploration Bureau, Langfang, Hebei, 065201 ;
2) School of Geosciences and Info-physics & Key Laboratory of Nonferrous Metals Metallogenic Prediction of Ministry
of Education, Central South University, Changsha, 410083

3) State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 550002 ;
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Objectives: The Darongxi tungsten deposit, situated in Xuefeng mountain of the Ghiangnania terrain between

the Yangize 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-ICP-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 wm, 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 ( LA-ICP-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-1G, BHVO-2G, 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}; 5.¢; {Hd g 6.512 JOs00.343 ), and garnets are mainly grossularite
(Grog g7y And, 515 ¢ Spet+Alm, ,_ 5, ;) 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 cale
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-rich 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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