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Abstract The Xianglushan tungsten deposit in the Middle-Lower Yangtze River Metallogenic Belt, is a typical skarn-type scheelite
deposit. Skarn orebodies are hosted in the contact between the carbonaceous siliceous-argillaceous limestone and the Xianglushan
granite. The Xianglushan granite is fine- to medium-grained, mainly composed of quartz, K-feldspar, plagioclase, and biotite. The
granite has SiO, contents of 66.37% ~ 67.76% , and high Na,O + K,O contents (8.33% ~8.57% ) and A/CNK ratios (1.31 ~
1.35), belonging to highly peraluminous granites. In the Xianglushan deposit, skarn minerals are dominated by hedenbergitic pyroxene
and grossular garnet with subordinate late-stage spessartine-almandine garnet, and the Mo-poor scheelite is abundant in the late-stage
veins, which is typical of the reduced tungsten skarns. The Sy, values of chalcopyrite and pyrrhotite are 1. 0%o ~ 4. 2% and 3. 0%
~5.2%o, respectively, typical of magmatic sulfurs. Furthermore, the LSM-modeled chondrite-normalized REE patterns of the
hydrothermal fluids resulting in the precipitation of scheelite are generally right-dipping, which is consistent with the chondrite-
normalized REE patterns of the Xianglushan granite, indicating that the magmatic-hydrothermal fluids participated in the whole skarn
mineralization. The Xianglushan granite has relatively low Nb/Ta (6.7 ~11.4) with high Rb/Ba (1.6 ~2.4) and Rb/Sr (5.9 ~
7.2), suggesting a crustal clay-rich source, but the melts were probably mixed with minor amounts of mantle-derived materials.
Additionally, the granite contains high Rb (339 x 10 ® ~406 x 10 ™°) , Y + Nb (49.2 x107° ~62.0 x10™%) | high Nb (15.7 x10~°
~24.1x107%), and low Y (33.5 x107° ~43.4 x107°) , indicating that it is an intraplate granite. Overall, the formation of the
Xianglushan tungsten deposit could be formed in an extensional setting, which might be related to the ridge subduction of the paleo-
Pacific plate and the later roll-back of the Pacific slab.

Key words Xianglushan; Skarns; Granite geochemistry; Scheelite; Middle-Lower Yangtze River Metallogenic Belt
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Fig. 1
the Middle-Lower Yangtze River Metallogenic Belt ( modified
after Zhao et al. , 2017)

Simplified map showing major mineral deposits in
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Fig. 2 Simplified geological map of the Xianglushan deposit
( modified after Tian and Yuan, 2008 )

1-banded limestone of the Upper Cambrian Huayanshi Fm. ; 2-
Middle

3-Carbonaceous shale of the Lower

Carbonaceous  siliceous-argillaceous limestone of  the
Cambrian Yangliugang Fm. ;
Cambrian Wangyinpu and Guanyintang Fm. ; 4-Ordovician mudstone
and shale; 5-Silurian sandstone ; 6-Xianglushan granite; 7-aplite; 8-
skarn orebody; 9-breccia; 10-Xianglushan anticline; 11-strike-slip
faults; 12-thrust faults
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Fig. 3 Field and microscopic images of the Xianglushan deposit

(a) stratiform skarn; (b) scheelite veins crosscutting the early skarn assemblage; (c¢) quartz-sulfide vein; (d) garnet skarn; (e) pyroxene skarn;

(f) scheelite intergrowth with chalcopyrite and pyrrhotite in quartz vein
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0.09% ,MgO %54 0.35% ~0.47% ,Ca0 %44 0.82% ~
0.96% ,Na,0 &1t 2.78% ~3.18% ,K,0 &+t H 5.36% ~
5.69% , L} P,05 &4 0.08% ~0.11%

T e R A £ e R B A R ( ZREE) Jy 187 x 10 ° ~
237 x107%, H i+ (LREE) X133 x10°° ~175 x10 ¢,



R I L @AY LT RB T AR AR K B IR A A AR 3 L

®1 BPLUEREFELE (W% ) MEETER(x107°)

5%
Table 1

compositions of the Xianglushan granite

Major element (wt% ) and trace element ( x 107%)

[Ee= XLS-01 XLS-02 XLS-03 XLS-04 XLS-05 XLS-09
Si0, 67.76 67.34 67.04 67.40 66.38  66.37
TiO, 0.19 0.20 0.20 0.22 0.24 0.23

Al, Oy 12.30  12.44 12.35 12.42 12.82 12.50

Fe, 0] 1.45 1.58 1.56 1.73 1.85 1.88
MnO 0.08 0.09 0. 08 0.09 0.08 0.09
MgO 0.38 0.36 0.35 0.39 0.44 0.47
CaO 0.88 0.82 0. 87 0.96 0.94 0.89
Na, O 2.78 2.97 2.89 2.85 3.18 2.91
K,0 5.69 5.60 5.67 5.48 5.36 5.60
P,0s 0. 10 0. 08 0.10 0.10 0.11 0.11
LOI 7.82 8.12 8.34 7.93 8.44 8.52
Total 99.43  99.57 99.46 99.57 99.84 99.57

A/CNK 1.32 1.33 1.31 1.34 1.35 1.33

La 30.4 31.7 30.7 35.9 29.7 38.9
Ce 67.3 72.2 61.2 76.1 63.1 84.2
Pr 8.51 8.90 7.82 9.33 7.85 9.76
Nd 31.6 30.3 27.2 33.9 29.1 34.2
Sm 6.95 6.85 5.69 6.83 6.31 7.03
Eu 0.38 0.36 0.33 0.35 0.38 0. 40
Gd 5.30 5.83 4.93 5.35 4.93 5.52
Th 0.97 1. 04 0.90 1. 04 0.93 1.02
Dy 6.13 6.76 5.63 6. 66 6.22 6.61
Ho 1. 15 1.32 1.11 1.22 1.22 1.26
Er 3.66 4.10 3.57 3.56 3.51 3.86
Tm 0.57 0. 64 0.53 0.56 0. 54 0. 56
Yb 3.64 4.25 3.54 3.85 3.88 3.75
Lu 0.53 0.63 0.52 0.55 0. 54 0.55
Y 39.1 43.4 33.5 39.3 37.9 39.4
REE 206 218 187 225 196 237
LREE 145 150 133 162 136 175
HREE 61.1 68.0 54.2 62.1 59.7 62.5
LREE/HREE 2.38 2.21 2.45 2.62 2.29 2.79
(La/Yb)y  5.99 5.35 6.22 6. 68 5.49 7.44
SEu 0.18 0.17 0.19 0.17 0.20 0.19
6Ce 1.01 1. 04 0.94 1. 00 0.99 1.03
Ga 15.7 16. 4 15.7 16.5 16.9 15.6
Ba 184 154 168 169 168 237
Hf 4.50 4. 65 3.45 3.93 5.03 3.95
Nb 17.9 17.2 15.7 18.2 24.1 18.9
Rb 406 373 339 375 351 391
Sr 61.8 55.4 46. 8 53.7 59.8 63.3
Ta 2.62 1. 64 2.34 2.31 3.21 1. 66
Th 26.3 26.8 24.5 29.3 26.2 30.5
U 9.87 7.92 8.33 9.71 9.00 7.24
Zr 120 135 92.9 111 172 128
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Table 2 EMPA results of garnet, pyroxene and scheelite from

the Xianglushan deposit (wt% )

AR

Si0,

TiO,

AL O,

FeO

MnO

MgO

Ca0O

Total

XLS-06-1
XLS-06-2
XLS-07-1
XLS-07-2
XLS-08-1
XLS-08-2
XLS-08-3
XLS-10-1
XLS-10-2
XLS-10-3

38.
38.
38.
38.
38.
38.
38.3
37.
37.
37.

94

0.03
0.24
0.10
0.73
0.75
0.15
0.22
0.28
0.27

18. 06
18. 14
18. 80
18. 47
18.91
18.37
19.57
19.26
19.18
19. 98

7.45
7.49
6.72
7.24
6.83
7.49
6.68
9.39
8.33
9.12

1.30
1.27
1. 66
1.53
3.43
2.95
2.28
10.98
9.86
11.27

0.01
0.01

0.01

0.02
0.02
0. 06

34.02
33.99
33.43
33.83
31.31
31. 64
32.50
22.04
24.20
21.35

99. 49
99.39
99. 37
99.52
99. 38
99.55
99. 50
99.15
99.57
99. 99

AT

Si0,

TiO,

AL O,

FeO

MnO

MgO

Ca0

Total

XLS-07-3
XLS-074
XLS-07-5
XLS-084
XLS-08-5
XLS-08-6
XLS-08-7
XLS-104
XLS-10-5
XLS-10-6

50.
49.
50.
49.
49.
49.
49.
5L
5L
52.

05
41
27
54
22
37
65
35
45
21

0.02
0.02
0.02
0.03
0.02
0.05
0.05
0.05
0.05

0.12
0.13
0.12
0.14
0.34
0.35
0.22
0.17
0.34
0.53

22.90
23.78
23.04

2.53
2.39
2.32
3.49
3.95
3.38
2.83
2.13
1.48
1.35

2.82
2.42
2.81
0.97
0.72
0.50
0.95
6.54
6.74
8.18

22.80
22.54
22.79
22.46
22.39
22.15
22.30
22.29
22.67
22.91

101. 24
100. 69
101. 37
101. 57
101. 92
101. 85
101.91
100. 79
100. 32
100. 96

=R

Si0,

Al 0,

FeO

MgO

Ca0O

WO,

Total

XLS-11-1
XLS-11-2
XLS-11-3
XLS-14-1
XLS-14-2
XLS-15-1
XLS-15-2
XLS-15-3
XLS-17-1
XLS-172
XLS-17-3
XLS-174

0.29
0.19
0.28
0.12
0.18
0.16
0.22
0.10
0.19
0.27
0. 11
0. 11

0.01
0.12

0.04
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.02
0.02
0.02

0.01
0.01

0.01
0.01
0.02

0.03
0.03

0.04
0.02
0.01
0.01
0.01
0.02

19. 67
19. 41
19. 16
19.11
18.75
18.55
18. 63
18.79
18.73
19.27
19. 48
19.90

79. 89
80. 21
80.43
80. 66
80. 96
81. 16
80. 96
80.98
80. 88
80. 18
80.23
79.83

99.92
99.90
99.91
99.92
99.92
99. 90
99. 88
99.92
99. 84
99. 88
99. 86
99. 89

T - — R TR R EORA H

HEH T (HREE) }y54.2 x107° ~68.0 x 10 ~° &2 & % 4 Ho
(LREE/HREE) 3} 2.2 ~2.8,f1(La/Yb) y =5.4 ~7. 4, i+
TCR BRRDUON M 1 &, B A bR L oT R
SEE AW (K 4b) ,6Eu K 0.17 ~0.20, B 71 F
#;6Ce 7y 0.94 ~1. 04, AW R, FYLfE< A E-MORB
FRUEA R TO R Wk W B A 2 (& 4a) , 230 Rb U 5§
KETRAITTERANE H  Nb Zr 5358 0 R A 5 i

4.2 WYEAEMERS
AR A A AL 3 L A M A R L 2,
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Fig. 5
pyroxene (b) from Xianglushan skarns ( reference domains
from Meinert et al. , 2005)

Abbreviations; Sp-spessartine; Al-almandine; Gr-grossular; Ad-

End member component plots of garnet (a) and

andradite; Jo-johannsenite; Di-diopside; Hd-hedenbergite

LR Si0, . ALO, 1 FeO %  BLAS b AR K, 4% 3 N
37.25% ~ 38.64% .18.06% ~ 19.98% F1 6.72% ~9.39% ,
ifi CaO 1 MnO & AR K, 43510 21.35% ~ 34. 02% FiI
1.30% ~11.27% , TiO, Fl MgO [y & S 5%, 34K F il 7
PREFR DN R, 5 95 {EL 53 51 R 0. 75% F1 0. 06% 1 4 A1 %iis 7T
L3 T PE R, P A AR A0 O 54% ~81% | FS AR 41
H 5% ~14% , VAR 58 -BREEAR A 5% ~40% (P 5a) ,
Y 5 B 300 A A A B A - A A AL i
fiE 45635 T T 4

MEF Y Si0, Al CaO & i %5 5 HAZ fb /N, 40 00 ok
49.22% ~52.21% F1 22.15% ~22.91% , ifii FeO 1 MgO %
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Fig. 6  Chondrite-normalized REE patterns of the scheelite
(a) and the LSM-modeled chondrite-normalized REE
patterns of the hydrothermal fluids (b) ( normalization
values after Sun and McDonough, 1989)

ALK, A B R 15.73% ~26.06% F1 0. 50% ~8. 18% .
MnO F1 AL O, By & BB, 235 1. 35% ~3.95% F10. 12%
~0.53% . TiO, (9% T {I% T A FHRECR R , S5 () 36
0.05% , WAoo EENPMA (50% ~86% ) , Hik
HBEMEA (3% ~46% ) FARE5 4 (4% ~13% ) (B 5b) , B
rh RIS = A M A R X T I IR R A A R AT B A
H oy FaFh, I HSp ORI A T I 2 A s WA 2 4y
FD R & 5 BN A 2 5 B RRAE

HET B WO, F1 CaO & ## = HARfL A K, 7301
79.83% ~81.16% F1 18.55% ~19.90% . Si0, Fl FeO K&
AR, 2518 0.10% ~0.29% F10.02% ~0.04% , MgO .
MnO F1 Al Oy 193 SEFR MR T HL FHREH R BR , foe i 1 43 1)
}70.04% .0.02% F10. 12% , 7] G832 55900 P Gl R 5200

HES IR T R I T4 R 3% 3. A H W
Mo 2t fik, H7 31.2 x 10 ™% ~453 x 10°° | [AI B & A — &
1 Ga(0.07 x107% ~1.73 x 10 7%) .Sr(13.4 x 10 ™° ~46.5 x
107°) Nb(12.3 x107° ~90.5 x 10™°) . Ta (0. 11 x 107° ~
2.74 x107°) F1 Pb(1.01 x10™® ~7.62 x107%), Na,Cu.Zn,
Rb .Sn . Th 1 U F4-ILT 1CP — MS Fa: I B, {H 552 1= 1 4330 w]
3£61.1x107°.0.61 x107° 2.87 x107° 1.87 x107° 0. 80 x
107%.29.5 10 °f159.7 x10 ™%, 0 # o Z MW S EH
i HLABAESE IR, 7 66 x 10 7° ~ 1001 x 10, HAEERAL B A1
FRuEAL E S B A AR, H B B3 Eu IE S (K
6a) . R4 Zhao et al. (2018a) FRIGHURY & ST ks AL
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Table 3 LA-ICP-MS results of scheelite from the Xianglushan deposit ( x 10 %)

S XLS-11-1 XLS-11-2 XLS-11-3  XLS-14-1

XLS-14-2  XLS-15-1

XLS-152  XLS-15-3  XLS-17-1 XLS-1722 XLS-17-3  XLS-174

Na 5.31 7.74 10.2 9.01 — — 15.2 11.7 15.0 47.7 61.1 2.57
Cu — 0. 05 0.45 0.20 0.50 0.43 — 0.29 — 0. 61 0.11 —
Zn — — — — 0.08 0.05 0.97 0.71 2.87 0.63 0.37 —
Ga 1.61 1.03 0.42 0.07 0.11 0.29 1.36 1. 00 1.73 1.44 1.07 0.21
Rb 0.12 — 0.05 — — 0.13 1.87 0.09 0.07 — — 0.16
Sr 14.9 13. 4 42.6 46.5 46.5 39.7 37.2 23.8 31.6 30. 1 33.2 14.5
Y 2.65 24. 54 6.55 2.95 2. 80 7.48 60. 8 53.3 164 64.7 60. 1 42.8
Nb 12.3 41.0 26.7 14.0 19.7 24.3 31.4 33.7 50. 4 90.5 35.0 67.5
Mo 37.7 31.2 410 420 452 453 69. 4 76.8 62. 1 272 378 396
Sn 0.35 0.16 0. 80 0.71 — 0.70 — 0.10 0.30 0.29 0.48 0.37
La 215 203 40. 8 21.5 14.7 40.3 254 154 207 104 112 62.9
Ce 330 264 70. 4 25.5 18.4 71.9 336 206 405 205 228 67.9
Pr 24.5 20.3 6.55 2.33 1.63 7.33 22.0 17.1 36.9 18.1 20.0 4.91
Nd 61.8 59.2 20.3 7.08 5. 66 21.6 41.9 49. 4 98.4 48. 1 52.7 15.4
Sm 6. 66 7.47 2.53 1.26 0.91 2.51 4.27 8. 14 13.1 7.49 7.34 3.69
Eu 5.37 10.6 3.66 3.12 1.99 3.39 13. 1 11.8 9.49 4.84 7.00 4.06
Gd 4.15 6. 69 1.84 0.96 0.83 2.54 2.78 6. 86 8.94 5.34 4. 65 3.33
Th 0. 46 1. 00 0.23 0.13 0.10 0.33 0.44 1.03 1. 66 0.99 0. 82 0.52
Dy 1.97 6. 00 1.67 0.75 0. 65 2.00 3.54 5.89 11.6 6.28 6.83 3.57
Ho 0.28 1.21 0. 30 0.10 0.13 0.34 0.77 1.37 2.51 1.43 1.29 0. 84
Er 0.57 3.72 0.47 0.25 0.24 0. 69 3.17 3.57 9. 60 5.00 4.35 3.03
Tm 0.09 0. 56 0. 06 0.02 0.01 0. 04 0.95 0.71 2.58 1. 04 0.85 0.52
Yb 0. 44 4.11 0.29 0.14 0.09 0.07 10. 8 6. 89 26. 8 8.71 7.58 5.19
Lu 0.10 0.53 0.01 0.03 0.01 0.02 1.83 1. 15 4.09 1.34 1. 14 0. 88
Ta 0.16 0.43 0.12 0.12 0.12 0.11 0.35 0.31 0.70 2.74 0.95 1.39
Pb 3.01 4.05 1.30 1.01 1. 46 1.28 4. 06 4. 88 4.24 7.62 5.15 6.23
Th 0.96 13.3 — 0.07 — 0.03 2.49 4. 80 1.77 9. 68 7.29 29.5
U 3.03 13.2 0.27 — — 0. 30 4.34 8. 41 2.35 9.05 10.2 59.7

T — R TAGI FR R A

5 ( Lattice Strain Model ) 2 %k (r, = 1.072A, E, =

4565kbar) , LA K S PEAE A (2014 ) 58 2o I 44 £ 22 1A 4K 15 1) T

Fe (7= 00K) i fA S BRI e log (e D,/ = O WA

logx, + [ (4mN, loge) /R] x (Ey/T) x [ry(r, =1y)°/2 + (r, - 5.1 BIPILTEE IR £ KR

r0) /37 ARAG VA VT TE BT IR R R R 1 e K oy
T (& 6b) . &l 6b iR , 5 B A b L 5 A A T2
s 1 TH R AR

4.3 BHUMELHREMLEMS

BB G 8 TS A ) 57 2 J A3 A A 46 SR L 4 4
BFHAG 1 8™ S (A 1. 0%0 ~ 4. 2%o , AR 1 6™ S K
3.0%0 ~ 5. 2%o. ] WL B ¥ k07 AR B F BB B 4 T A I
NE,

7 RE BT 0 T G U 2R o 58 5 Y R AE
(Meinert et al. , 2005) , 4P LU AL X 5 850 7E TAS E g (&
Ta) i T8 K, 0 + Na, O il Si0, B AR Hl, BA
MEREAE AL . [R]85 5 201 K, 0-Si0, i (& 7b)
HORR T XA RYIEE . B LE = A B ECh
1.31 ~ 135, J§ TIRa 80 (B Te) o B4 ILAE RS LM FFAE
SRR RY R 25 BB R 8 K A 45 T (Meinert et
al. ,2005), £ Zr + Nb + Ce + Y-(K,0 + Na,0)/CaO K fi#t
(K 7d) A AR B i A 51 S BRI S i) 1 A
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Fig. 7 Geochemical diagrams of the Xianglushan granite

(a) TAS diagram (Middlemost, 1994); (b) K,O vs. SiO, diagram ( Middlemost, 1994); (c) A/NK vs. A/CNK diagram ( Maniar and Piccoli,

1989); (d) granite discrimination diagram ( Whalen et al. , 1987). Geochemical data of average W-skarn related granites from Meinert et al.
(2005) , geochemical data of W-related granites in South China from Zhao et al. (2021) and references therein

HAXE BAh, B YL R A R TE A/NK-A/CNK 4] fif
T B L T S BRIFE R A — . 7E La/Sm-La [&]fif (5] 8a)
oL F AR A N BN A TR G R ANy B 4 i R
PR G Bk, W B X A T/ T 00 i S B AL i A
(Sylvester, 1998) 3%t 55 #¢ g HAt 5 85 )™ FH DAL B4 5 14
AT A —3X (B 75 Zhao et al. , 2021)

MAERY R G WRHIE 15 5 B A i) 23 S S A B AN
I SRR Y R o TS B — M L S AR A R RRAE
TR JFE By - a8 RS B ) 2 32 DLRY - o5 B s A 80
Bt R s iR 22 Mo 45 8™ 7 s 4 505 -BR SR 41 O
it (Newberry and Einaudi, 1981; Newberry and Layer, 1998) ,
Fp LAY R, AR O Y o 1E = A B P s A
BRI A ALV B IR (18] 5) o Ferp WA 22 AR R A
R AR A LU SRR A R A IR R AR - AR A
PR 3 B ARRURL Y BUAE Y R a0k o, S22 Mo 11
FRE(F3) o P, B9 8978 T B YR JF A R 254
"o B R AL (Y S AR JEURRAIE 5 AT R A L Y 4R

It AR VIS (Newberry and Layer, 1998) o Hif AXH 7
B AE R ST s B RS (fO, ) AOAFAE (Li
et al. , 2020) , X5 5 PR IRAF B R RO RRIE AR A, 7575
R RFAE o [RIIE, F RS A ) AT B A7 M e 2 2 2
HERBUR S (HIBER L =, 2008) , [Al BB A I8 5
fiEo PRI, o] AT A 1L A5 0 F) o J AR RS AL 2 A 1 5
EPEBE R 2SR, G R -5 RS R

5.2 HE RIERYFRIE

TR ILIRY 25 v I 01 35 A R R BT B 87 S LAY
K 1. 0%o0 ~ 4. 2%0F1 3. 0%0 ~ 5. 2% , £ 552 30 H HLTED (4] 205 B
[R5 22 B AFAE ( Bowman, 1998) o A 38 3a 4 B AR BT )
FES T BT RAS S SR AR R oA, Bon il 518
AL EC A X (1] da [l 6b) , 878 4R AR B 4P AL
R, A G IR R AR SR LA G SRy F . A g
XA LY R 2 AN [ B B 0 s A AR T 5 e 7R, DA 48
SIS0 R AR FEoR B TR, FE R R
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Collins et al. , 1982)

Dahutang and Zhuxi data from Zhao et al. (2021) and references therein

F4 BYRUMFET KRERT MBERYT RAURRELES

IS
Table 4

pyrrhotite from Xianglushan

In-situ S isotopic compositions of chalcopyrite and

ﬁéucﬁ% & S(:m' (%) 20 ’fééru%% 5345(;1)‘1‘ (%0) 20
XLS-11-cpyl 2.2 0.3 XLS-11-pol 4.5 0.5
XLS-11-cpy2 2.8 0.3 XLS-11-po2 4.7 0.3
XLS-11-cpy3 2.8 0.3 XLS-11-po3 4.0 0.3
XLS-14-cpyl 2.3 0.3 XLS-14-pol 4.3 0.3
XLS-14-cpy2 1.3 0.0 || XLS-14-po2 3.7 0.3
XLS-14-cpy3 1.6 0.3 XLS-14-po3 3.0 0.3
XLS-14-cpy4 1.0 0.3 XLS-14-pod 3.3 0.4
XLS-16-cpyl 2.0 0.2 || XLS-16-pol 4.0 0.3
XLS-16-cpy2 3.3 0.2 || XLS-16-po2 3.6 0.2
XLS-18-cpyl 2.9 0.3 || XLS-16-po3 2.8 0.3
XLS-18-cpy2 2.3 0.3 || XLS-16-po4 3.7 0.3
XLS-18-cpy3 3.1 0.3 || XLS-16-po5 3.7 0.3
XLS-19-cpyl 3.5 0.2 || XLS-18-pol 5.2 0.3
XLS-19-cpy2 3.4 0.2 || XLS-18-po2 4.4 0.3
XLS-19-cpy3 4.2 0.2 || XLS-18-po3 3.6 0.2
XLS-19-cpy4 3.2 0.2 || XLS-19-pol 5.2 0.2

XLS-19-po2 4.6 0.2
XLS-19-po3 4.6 0.2
XLS-19-po4 4.9 0.1
XLS-19-po5 3.6 0.3
XLS-19-po6 3.7 0.3

SR ) 8 A TR JAS 5] B B 1% 2 AT b (R 4 2
2014) o [HG, 5 9UE A B TRARFIY) 0T F 2R

AP LIER AN S BIER A, 2 W TIRUE 288 s
TE LA 724 ( Chappell and White, 1974) , &A% %) Nb/Ta
HAE— AR TR (Foley, 1984 ; Barth et al. , 2000) , A] 487w
RO E R AR T AR BT A . A L AE K ) Nb/Ta
P 6.7 ~ 11 4 2R A5 A 58, (H T /T 3 g ~F- 24 {8, i
57 V- E I (Wedepohl, 1995) , 8575 52 IR 4 i b J5L

FHRBNE, TR D = IR BT . X 545 A HE
[AZE (e (t) = =5.7 ~ =3.1,Dai et al. , 201855, (t) =
—6.9~ 4.1, Lietal. , 2020) FI¥E4HH” Re JTLZE (Re =12. 12
x107% ~22.77 x10 %, Dai et al. , 2018) ¥H1F , Fr k8 14518
—3, 7€ Rb/Ba-Rb/Sr [&Ifi# (&l 8b) H, Frdp L 7K i< 5 1 43
5 RIATEFAIZ A 5 5 B —BOE A SRS 1 s Xk,
St n R R RGN . Romer and Kroner (2016)
HIBIETE AR RS, B 08 A8 54 25 5 X5 5 B AL TCRR Y
Ko B Y FEA KR X O &AW e 42, @ it 5 Ko =
TRUCE A 5 L PR A A S R I BT s, S — W SR
YT B, ok T WA AV B 5 e 5 L 1 S5 BT, TR I3RS =
AR, I L, Hron i BN LR AR i HA S A
FraE (BRI R B, 2012) AT B8 3 9 L AE X 2 FHZ X 35
HoA A B A8 54 2 R

5.3 HEMKINEET=

HIPAET XS A L B8 R A AR A0S s, OB e A
R EEA ( ~ 127Ma) (BREKR, 19905 5K 5 # 4, 2008;
Zhao et al. , 2017 ; Dai et al. , 2018; Li et al. , 2020) , 1£ [
WL B ITE A T R R W O T A SR AR TR
B, S5 Tl R PR A O o, AR B D 145 ~
136Ma 1 136 ~ 120Ma P By B ) B 43541 (Sun et al. , 2012;
Wu et al. , 2012; Mao et al. , 2013; Zhao et al. , 2017,
2021) o XTI AT 3 )1 2 5 AN AFTE S L. Mao et
al. (2013) 1 Zhao et al. (2021) A\ My KEEEM A (LN
AT ) TE 135Ma B A A% 1) B 1 2k 0 o, 22 ) A7 R Bt i
ZERFvp, 1 Zhao et al. (2017) Fl Ling et al. (2009) A Jy K
LRI U BB A2 AT RS B O o, O ELTE ~
136Ma Ji5 , 1 M 2K ~F- 4 A 7 B0 g 7K 1] (8] 4 ( Zhao et al.
2017) o KILH R R B R S AR X R AT (B 1) .
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Geochemical data of average W-skarn related granites from Meinert et
al. (2005), geochemical data of W-related granites in the Middle-
Lower Yangtze River Metallogenic Belt from Zhao et al. (2021) and

references therein

TEZ SR AL 5 4 SRR b, 3 A A — R 50 1 L1
okl A g, DA & A BUAE K A (Mao et al. , 2013; Xue et
al. , 2015) AR/RHLMPRGE, R ZBM Y I 25 o TE R
W RN A CHBH) 3 v A 30 & L AE R A TR, BRI
W R PR WA SE A PRANA AT R A B 46 5 2 140 7 Y 3 58
Py JSTER o3 Je i, e /b BB 7y M ) S5 A A5 AE ( Huang and
Jiang, 2014; Z=4 %% 2014; Mao et al. , 2015; Z=EA{H 45,
2021) o oAb, BRI LE 136Ma 2 J5 T JNIL 2R 1] SR A 1 ik
S B 3t ) I of 0 A3 A ) OB B BURRAIE (Zhou et
al. , 2006; Li and Li, 2007) , F,136Ma Z )5 , £ T
BRAR AT RE S PR A VAR T B9 R ) [ R, e LB B
J3 A Rb-(Y + Nb) [&lfi# (18] 9a) Al Nb-Y [&1fif ([ 9b) 4
AR TN AE R DR (Pearce et al. , 1984) ,FF 542
BRICAVRY S RS B AE B 2 T3 3 R 4 I (Meinert et
al. , 2005) , {EARERM R, VP T U 7 vh 45 U A
RAL R A 2L 0T 2 g L BT8P K L -l A A A B
o XIS RN AE B X 9) , Xt PR Bl A 14 e %
I h s IR A A2 (Li et al. , 2020) , E—2 4675 T 136Ma
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ZIRHERBN A R o £8 B P I IR IR T AR N
AR TR EREE , AT RE -5ty AP R Fp LA o B 5 K
R 1] B R o, SRR A [l 5

6 &k

AR LS TR AE S D PR s B R e, HAT R BR
FRAE & T 005 S BB R o AW LAY A 0T ) 2 20 5 8k
AT N T TR A1 LAES R A0 0 2 A A0 B0 00 -k A
f A, [N 22200 BB 0Ai T8  a  Tik 22 3% Mo
AORFIE . PRLIE, b L B 0 i T S 28 19 3 SRS R S 5
I JEURY B S SR PRI TR A TR ) A S5 L 3 [ 3 T 3
JERIR R AR o b LA B e F) ) 5 oR D 5 52 R
ER B ATREAEA A R IR UM . LA K
A RABRMNAER A RRHE, 48 /8 T T 0N 1 5Lk 3R 5, X
A RET ACFPEAR R rf DR LN T AR 5 RSP P AR A TR B
A, BORSP AR A [ %

gt EUNIUE KA LA A PR R O AT X A
TAESRAEA R o SRS o 0 8 5 k7 52 30 0 X i 4 it
TP Bl . TR R BUR R SR TS B RIS 5L
X TE AT E B2 IR 15 B 20452 A6 AN (7] B BT 4R i B 8 0 JR 2 571
WA ) SR o Tr) I IRl 3= 2 M B 44 o A A0 38 SCHR
M E BB R
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