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Abstract The Baojinshan gold-tungsten deposit located in the eastern segement of the Baimashan-l.ongshan-Ziyunshan EW-
trending gold belt is a typical gold deposit hosted in the Precambrian metasedimentary rocks central Hunan Province. Based on the
field investigations and indoor observations different analytical methods including XRD EMPA ICP-MS and ID-MS have been
adopted in this paper to study the geochemical compositions of the scheelite samples collected from the Baojinshan ore district in order
to reveal their elemental and isotopic signatures. Metallogenic time and ore genesis of gold deposits hosted in metasedimentary rocks in
central Hunan are further discussed. It is revealed that the studied scheelite samples are relatively homogenous in chemical
compositions: their WO, concentrations are basically consistent with the theoretical value of scheelite ( CaWO,) and their CaO
concentrations are slightly less than its theoretical value which can be ascribed to the substitution of St REE Na and other trace
elements into Ca site in scheelite lattice. Expect for St REE and As the concentrations of other trace elements are less than the
corresponding Clarke values in the continental crust especially those elements including Mo Bi Sn Be Nb and Ta are less than 1
x 107 obviously different from those scheelite occurring in the tungsten deposits related to Late Mesozoic granite in South China. The
REE concentrations of scheelite in this study vary in the range of 484.5 x 10 ™° ~972.9 x 10 ™® with an average of 721.3 x 10 ~°

significantly higher than those of scheelite samples from other Au-W deposits or W deposits in central and western Hunan. All scheelite
samples in the Baojinshan ore district are characterized by the convex MREE—rich pattern. The '"Sm/"Nd values of scheelite samples
in this study vary from 0.2079 to 0.4070 and their "*Nd/'* Nd values change from 0. 512126 to 0.512398. On the '7Sm/"* Nd-
“Nd/'"Nd diagram the scheelite samples from the Baojinshan deposit display an excellent linear relationship which corresponds to
an isochron age of 207. 8 +1.5Ma ( MSWD =1.03) thus the gold<4ungsten mineralization at the Baojinshan ore district took place
during the Late Triassic. The *Sr/% Sr values of the studied scheelite samples vary in the range of 0.73164 ~0.73974 roughly
consistent with those of the Zhazixi deposit higher than those of the Liaojiaping and Longshan deposits but are obviously less than
those of the Woxi and Xi” an deposits revealing there exists some distinct differences for gold deposits or tungsten deposits formed at

different times in central Hunan on their ore-forming materials and mineralization mechanism. It is revealed that Sr-Nd isotope
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compositions of the scheelite in this study obviously different from those of the Banxi Group and the main part of the Ziyunshan pluton

and partly overlap with those of the complement part in the Ziyunshan pluton which reveals that gold-tungsten mineralization is related
to the late magmatic activity. Combined with the regional date data it is concluded that the Late Triassic Au-W mineralization is
widespread throughout central Hunan and is intimately associated with the Indosinian granitic activities the gold deposits hosted in

metasedimentary rocks in this region genetically belong to the reduced intrusion—related gold system ( IRGS) rather than orogenic

deposits.
Kfrs)y words Geochemical characteristics; Sm-Nd isotopic dating; Scheelite; Ore genesis; Baojinshan Au-W deposit
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Fig. 1  Distribution map of gold deposits in the Baimashan-.ongshan-Ziyunshan gold mineralization belt central Hunan ( gold

deposits adopted from Kang 2002; Sun et al. 2007)
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Fig.3 The sketch geological map of the Baojinshan gold deposit central Hunan

Table 1  Sampling locations and important features of tungsten ores in this study
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Fig.4 The photographs of outcrop of tungsten mineralization in the Baojinshan ore district and its handspecimen
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Fig.5 Micrographs of scheelite from the Baojinshan ore district

(a) scheelite ( Sch) occurring in flat contact with intergrown quartz ( Qtz) scheelite locally brecciated and distributed in quartz ( —=); (b) quartz
locally filled by scheelite; ( ¢) calcite ( Ce) occurring in scheelite scheelite in the core brecciated and cemented by calcite ( =) ; (d) scheelite
cemented by calcite ( =) ; (e) calcite filled in the fissures of scheelite both crosscut by later calcite vein ( =) ; (f) scheelite crosscut by multi-stage
calcite veins ( —)

2

Table 2 The lattice parameters of scheelite from the Baojinshan ore district

BJSH3 BJSH6 BJSH38 BJS-50 BJS-53
ay( nm) 0.5238 0. 5236 0.5243 0.5241 0.5238 0. 52401 0. 5245
¢o( nm) 1. 1356 1. 1362 1. 1365 1. 1360 1. 1362 1. 1363 1. 1370
co/ay 2.168 2.170 2.168 2.167 2. 169 2.1683 2. 168
Ca’* St WO, 79.43% ~81.80% ( 80.45% N =30) .
REE.Y.Na Ca Ca0 17.83% ~ 18. 80% ( 18.42% N =30)
. ( ) WO, 79.44% ~ 81.77% (

80.46% N =39) . CaO 17.86% ~18.94% (
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3 (wt%)
Table 3 The EMPA data of scheelite collected from the Baojinshan ore district ( wt%)
CaO WO, Total CaO WO, Total

B134A 18. 83 80.53 99. 36 B182A 18.22 81.24 99. 46
B134B 18. 66 81.15 99. 81 B182B 18. 54 80. 26 98. 80
B134C 18. 87 81. 16 100. 03 B182C 18. 80 80. 15 98.95
B134D 18.53 81.48 100. 01 B182D 18. 47 80. 25 98.72
B134E 18.71 80. 86 99.57 B182E 18. 12 79. 89 98. 01
BI34F 18. 87 80. 67 99. 54 BI83A 18.51 80. 24 98.75
B132A 18.72 80. 22 98. 94 BI183B 18. 51 79. 65 98. 16
B132B 18. 66 80. 13 98.79 B183C 18.76 80. 05 98. 81
B132C 18. 67 81.01 99. 68 B183D 18.72 79.76 98. 48
B132D 18.92 80. 10 99.02 BIS3E 18.33 81.72 100. 05
B132E 18. 47 80. 90 99.37 B183F 18. 62 80. 20 98. 82
B132F 18. 69 79.43 98.12 BS04A 18.59 81.01 99. 60
BI133A 18. 66 80. 28 98. 94 B50-1B 18.49 80. 65 99. 14
B133B 18. 56 79. 87 98. 43 B504C 18. 14 80.91 99. 05
B133C 18.52 80. 50 99. 02 B504D 18.43 81.32 99.75
B133D 18. 65 80. 56 99.21 B504E 18. 62 81.21 99. 83
B134A 18.38 80. 46 98. 84 B504F 18. 56 81.57 100. 13
B134B 18. 34 80. 58 98.92 B504 G 18. 18 82.78 100. 96
B134C 18. 44 80.53 98.97 B502A 18.43 79.99 98.42
B134D 18. 41 80. 57 98. 98 B502B 18.52 79.59 98. 11
B134E 18.42 81.41 99. 83 B502C 18. 64 80. 55 99. 19
B134F 18.53 81.73 100. 26 B502D 18. 56 80. 17 98.73
B134G 18. 54 81.31 99. 85 B502E 18. 65 80. 54 99. 19
Bl164A 17. 86 81.02 98. 88 BS03A 18. 66 80. 09 98.75
B164B 17.92 80. 13 98. 05 B503B 18.43 80. 82 99. 25
Bl64C 17. 89 80. 60 98. 49 B503C 18. 64 80. 36 99. 00
B164D 18.24 79. 83 98. 07 B503D 18. 45 81. 08 99.53
Bl64E 18. 17 80. 30 98. 47 BS0O3E 18.74 80. 08 98. 82
B162A 18. 01 80. 81 98. 82 B503F 18. 47 81.63 100. 13
B162B 18. 06 81.29 99. 35 B5S04A 18. 45 81.77 100. 22
Bl62C 17. 88 81. 80 99. 68 B504B 18. 58 81.32 99.90
B162D 17.83 80. 86 98. 69 B504C 18.52 81. 30 99. 80
B162E 18. 12 80. 38 98. 50 B504D 18. 45 81.26 99.71
B162F 18. 17 80. 26 98.43 BS04E 18.32 80. 16 98. 48
B163A 18. 60 81.76 100. 36 B504F 18.55 81.58 100. 13
B163B 18.28 80. 19 98. 47 B534A 18. 94 80.76 99.70
B163C 18.47 79. 88 98. 35 B5341B 18.53 80. 27 98. 80
B163D 18.58 81.09 99. 67 B534C 18. 50 79.55 98. 05
B163E 18.29 80.91 99.20 B534D 18.79 80.91 99.70
B163F 18. 54 79.72 98. 26 B534E 18. 47 80. 26 98.73
B164A 18.17 80. 40 98.57 B534F 18. 44 80. 14 98. 58
B164B 18. 41 79.79 98.20 B532A 18.52 79.90 98. 42
Bl164C 18. 30 80. 29 98.59 B532B 18. 62 80.71 99.33
B184A 18. 87 79.53 98. 40 B532C 18.35 80. 87 99.22
B184B 18. 65 79. 44 98. 09 B5S33A 18.52 80. 43 98. 95
B184C 18.51 80. 59 99. 10 B533B 18. 41 80.93 99. 34
B184C 18.75 80. 40 99. 15 B534A 18.37 80. 22 98. 59
BI8HE 18. 61 80. 80 99. 41 B534B 18.29 80. 91 99. 20
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4 ( x107%)
Table 4  The trace element concentrations of scheelite samples

collected from the Baojinshan ore district ( x 10 %)

BJS43 BJSH6 BJSH8 BJS33 BJS40 BJS-50 BJS-53 .

Li 237 219 1.9 1.92 7.31 8.24 1.55 15
Be - 1.02 0.287 1.91 0.213 0.555 1.51 1.9
Sc 0.820 0.838 0.603 0.697 1.14 1.12 0.702 21.9
V 0.180 0.156 0.161 0.115 0.239 0.063 0.156 138
Cr 0.612 1.60 1.00 2.41 1.88 1.44 5.44 135
Co 0.468 0.502 0.386 0.657 0.440 0.536 0.515 27
Ni 7.13 9.05 7.13 7.69 7.96 7.61 10.2 59
Mo 0.554 0.826 0.124 0.311 1.02 0.510 0.272 0.8
Ga 1.38 1.34 1.87 1.04 235 225 1.08 16
Ge 0.416 0.384 0.695 0.325 0.552 0.715 0.376 1.3
As 492 3.07 4.06 58 493 49 415 25
Rb  0.364 0.290 0.190 0.161 0.458 0.296 0.152 49
Sr 1221 1300 1266 1430 1331 1438 1317 320
Zr 0.089 0.153 0.035 0.165 0.114 0.156 0.117 132
Nb 0.090 0.072 0.082 0.071 0.105 0.091 0.068 8
Cs 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2
Ba 3.12 1.41 0.523 0.831 3.13 1.84 0.835 456
Hf 0.650 0.518 1.26 0.350 0.677 0.717 0.411 3.7
Ta 0.104 0.086 0.124 0.085 0.110 0.106 0.077 0.7
Pb 0.649 0.196 0.553 1.17 1.19 0.872 1.00 11
Bi 0.00 0.00 0.00 0.00 0.007 0.00 0.00 0.18
Th 0.062 0.116 0.095 0.223 0.099 0.204 0.127 5.6
U 0.085 0.160 0.105 0.418 0.022 0.067 0.348 1.3

LE Rudnick and Gao (2003)

18.47% N =39)
. WO,
80. 08% ~82.78% ( 81.00% N =27) .Ca0
18. 18% ~18. 87% ( 18.55% N =27)
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Sr 1221 x 107% ~ 1438 x 10°°
1329 x10~° o Sr Li.
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5 ( x107%)

Table 5 REE concentrations and its characteristic parameters of
scheelite samples collected from the Baojinshan ore district

( x1079)

BJS43 BJSH6 BJSH48 BJS33 BJS40 BJS-50 BJS-53

La 13.0 18.8 16.0 18.0 27.0 29.1 14.6
Ce 66.5 81.8 92.5 62.8 125 134 59.4
Pr 14.5 149 21.9 10.6 24.4 26.6 11.0
Nd 94.4 77.7 149 58.2 135.5 145.6 62.6
Sm 46.5 28.6 74.8 25.4 53.1 542 25.8
Eu 17.1 15.6 25.5 15.9 19.7 21.6 12.9
Gd 67.0 38.6 108 36.1 68.9 70.8 37.3
Th 1220 7.3 19.8 6.96 12.0 12.9 17.01
Dy 70.1 46.9 114 42.1 69.7 80.8 43.0
Ho 11.4 8.81 17.6 7.18 12.1 14.6 7.58
Er 25.0 22.5 35.2 17.7 28.3 351 17.9
Tm 2.35 2.61 3.05 203 287 373 1.91
Yb 9.70 12.3 11.5 10.5 13.2 16.3 8.67
Lu 0.90 1.20 1.03 1.06 1.24 1.53 0.82
Y 207 238 283 186 256 322 174
SREE+Y 657.5 615.6 972.9 500.5 849.0 968.9 484.5
LREE 252.0 237.4 379.7 190.9 384.7 411.1 186.3
HREE 198.5 140.2 310.2 123.6 208.3 235.8 124.2

LREE/HREE 1.27 1.69 1.23 1.55 1.85 1.74 1.50
Sm/Nd 0.49 0.37 0.50 0.44 0.39 0.37 0.41

SEu 0.94 1.44 0.87 1.60 1.00 1.07 1.27
8Ce 1.02 1.11 0.99 1.07 1.08 1.06 1.07
MREE ( 6) (
2005) ( ) .
MREE (
2006) ( Sylvester and Ghaderi
1997; Brugger et al. 2000) .
REE
( Brugger et al. 2000; 2005) .
REE®" Ca®*
Ca’* o
MREE
Ca
(
2005) » MREE REE’* Ca’*
REE** + Na* =2Ca’* ( Ghaderi et al. 1999) .,
Ca* (1.12A) Na* 1. 184
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Fig.7 Plot of Eu anomaly and the total REE concentration

for the scheelite samples collected from the Baojinshan ore

district
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Ce Eu N
Eu Eu ( o)
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Table 6 Sm and Nd concentrations Sr and Nd isotopic compositions of scheelite samples collected from the Baojinshan Au-W deposit

Sm( x107%)  Nd( x1079) 479m /1 Nd BNd/"™Nd (20) 878r/%8r (20) ena( t=207. 8Ma)
BJSH3 67.61 139.3 0.2934 0.512258 + 4 0.738652 + 11 -10.0
BJSH6 41.59 120.9 0.2079 0.512126 + 4 0.739357 = 10 -10.3
BJSH8 107. 6 205.4 0.3167 0.5122275 + 3 0.739738 + 8 -11.2
BJS30 122.7 182.2 0. 4070 0.512398 + 3 0.733799 = 9 -10.3
BJS33 34.78 83.95 0.2504 0.512198 + 4 0.731641 = 11 -10.0
BJS40 71.27 177.1 0.2433 0.512175 + 4 0.738223 + 4 -10. 3
BJS-50 79. 47 216.5 0.2219 0.512147 += 3 0.737494 + 9 -10.3
BJS-53 36. 39 89. 15 0. 2467 0.512198 + 3 0.736109 =+ 8 -9.9
REE ( Michard and Albarede 1986;
051245 I | pge=207.81.5Ma Michard 1989; Douville et al. 1999) Nd
(13Nd/14Nd) =0.5118446 +0.0000029
MSWD=1.03 BIS-30 Nd
051235 | Nd
Z Nd .
:E 051225 |
= “Nd/"Nd ( Halliday et al. 1990
051215 | 2008)
Nd ( Menuge and Feely
1997, 2003b) o Nd
0'5]2050.16 0.20 0.%4 0428 o.gz 0.?;6 044‘10 0.:14 Sm-Nd (
1478m/14Nd 2008) (" Nd/"™Nd) ,
8 Sm-Nd ( 2003b; Su ez al.  2009) ,
Fig. 8 Sm-Nd isotopic isochron of scheelite samples Sm-Nd
collected from the Baojinshan ore district (207.8 = 1. 5Ma) (223 ~225Ma
2017a) (220 ~
Sm Nd 34.78 x10°% ~122.7 x10~¢ 225Ma Chu et al. 2012; 2014; 2017b) ;
83.95 x10°° ~205.4 x 10 % '’Sm/"™ Nd 0. 2079 (204.8 £6.3Ma
~0.4070 ""Nd/"Nd  0.512126 ~0.512398.  Sm-Nd 2008) (205.6 £9.4Ma 2008)
8 (210 £2Ma Zhang et al. 2019)
5 ( 8o 1/ °
Nd-*Nd/"Nd Sr ( 4
. Sr ¥ Sr/%Sr 0.73164 ~0.73974
207.8 + 1. 5Ma( MSWD = 1. 03) (6. Sr
CONAND) . 0.511845 £3(20) ( 8) - (0.73036 ~0. 73294 2008)
( CaWo,) (0.72127 ~0. 72146 Peng and Frei 2004)
: (0.7209 ~0.7228 Zhang et al. 2019)
SmNd (0. 74675 ~0. 75003 2003¢; 2006)
( 2009) . (0.75412 ~0.78231 )
3 (BJSH3.BJS33  BJSS53)
o BJSH6.BJSH48  BJS-50 °
Ca
Sm-Nd (8 . Sr Rb Rb Rb/Sr
3 Nd Rb S

( 2003¢) -
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Table 7 The mineralization timing of gold deposits in the Baimashan-.ongshan-Ziyunshan ore belt central Hunan
( Ma)
Au Pt;bnm Rb-Sr 204.8 £6.3 2008
Au Pt;bnm 205.6 +9.4
Au-W Pt;bnm LACP-MS U-Pb 215.2 2.7 2021
Au-Sb Z,j Ar-Ar 223.6 £5.3 Liet al. 2018
Au-Sb Z,; Re-Os 195 +36 2016
Au-Sb-W Z,j Sm-Nd 210 £2 Zhang et al. 2019
Au Pt;bnm Sm-Nd 207.8+1.5
0702 0.707 0712 0.7 0.722 0721 0.2 0.731 0.742 0.747 _ _
( 1989 1991; 1991; 1994;
° 2007; 2017) .
2 o
< * )
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° o 1993 Rb-S
5| f s, HHE G (1993) r
175 +27Ma.
-10 r [ ) [ ]
HaEy = ® “:‘0 s (2008)
12 205.6 £9.4Ma  204.8 +6.3Ma.
(¥7sr/%esr); (2016)  Zhang et al. (2019)
9 Sr-Nd °
7 N
SrNd (20138)
Fig.9  Plot of Sr-Nd isotopes for the scheelite samples in 195 ~225Ma o
Baojinshan and the Ziyunshan pluton 380 ~
Sr and Nd isotope data for the Ziyunshan pluton from Lu (2018) 410Ma ( 2003a) °
Sr ¥ Sr/% S
Sr o
» S 227.3 £6. 2Ma( 2012) .
Rb 0.4 x10
. % r 223.3 +3. 9Ma( 2014) .
1200 x 10~ ( 4 Rb/Sr 0
225.4 + 1. 4Ma(
6 S 2019)
Sr . 78r/% S ’ 06 - 206
196 ~ Mz
0.73164 ~0. 73974 ( ‘
87 Xie et al. 2019) .
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5
° ( Groves et al. 2003; Goldfarb et al.
2005)
4
95% ( Au-Bi-Sb-W) | N



Sm-Nd

~ ~

( Sillitoe and Thompson 1998; Groves et al. 2003; Goldfarb et
al. 2005; Hart 2005 2007; Hart and Goldfarb 2005) .
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1999; Wang et al. 2007 2013; Faure et al. 2009;
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