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W-Sn-Bi-Mo Mineralization of Shizhuyuan deposit, Hunan Province, China

Yin Jingwu'*, Sang Jung Kim?, Hyun Koo Lee’ and Chan Hee Lee”

Geosciences University of China (Beijing) No.29 Xue Yuan Road Haidian, Beijing 100083, PR. China
Dept. of Geology, Chungnam National University, Taejon 305-764, Korea

The Geology of the Shizhuyuan W-Sn-Bi-Mo deposits, situated 16 km southeast of Chengzhou City, Hunan Prov-
ince, China, consist of Proterozoic metasedimentary rocks, Devonian carbonate rocks, Jurassic granitic rocks, Creta-
ceous granite porphyry and ultramafic dykes. The Shizhuyuan polymetallic deposits were associated with medium- to
coarse-grained biotite granite of stage 1. According to occurrences of ore body, ore minerals and assemblages, they
might be classified into three stages such as skarn, greisen and hydrothermal stages. The skarn is mainly calcic skarn,
which develops around the Qianlishan granite, and consists of garnet, pyroxene, vesuvianite, wollastonite, amphibolite,
fluorite, epidote, calcite, scheelite, wolframite, bismuthinite, molybdenite, cassiterite, native bismuth, unidetified Bi-Te-S
system mineral, magnetite, and hematite. The greisen was related to residual fluid of medium- to coarse-grained biotite
granite, and is classified into planar and vein types. It is composed of quartz, feldspar, muscovite, chlorite, tourmaline,
topaz, apatite, beryl, scheelite, wolframite, bismuthinite, molybdenite, cassiterite, native bismuth, unknown uranium
mineral, unknown REE mineral, pyrite, magnetite, and chalcopyrite with minor hematite. The hydrothermal stage was
related to Cretaceous porphyry, and consist of quartz, pyrite and chalcopyrite. Scheelite shows a zonal texture, and
higher MoOj3 content as 9.17% in central part. Wolframite is WO;; 71.20 to 77.37 wt.%, FeO; 9.37 to 18.40 wt.%,
MnO:; 8.17 to 15.31 wt.% and CaO; 0.01 to 4.82 wt.%. FeO contents of cassiterite are 0.49 to 4.75 wt.%, and show
higher contents (4.17 to 4.75 wt.%) in skarn stage (Stage I). Te and Se contents of native bismuth range from 0.00 to
1.06 wt.% and from 0.00 to 0.57 wt.%, respectively. Unidentified Bi-Te-S system mineral is Bi; 78.62 to 80.75 wt.%,
Te; 12.26 to 14.76 wt. %, Cu; 0.00 to 0.42 wt.%, S; 5.68 to 6.84 wt.%, Se; 0.44 to 0.78 wt.%.

Key words : Shizhuyuan W-Sn-Bi-Mo deposits, qianlishan granite complex, skam, greisen, ore minerals
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Ag. 3. Paragenetic sequence of minerals from the Shizhuyuan
deposit.
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Table 1. Electron microprobe analyses of scheelite from the Shizhuyuan deposit.

Sample No. WO, CaO MoO; MnQO

Total
FeO (Wi.%) Structural formulas Stage

76.31 19.46 1.29 0.05 - 97.11 Cay 2(Wo97 Mogp3)1.0004
SJ96115-8(1) 78.05 19.39 0.45 0.01 0.03 97.93 Cay g0(Wg.99 Mg 91)1.0004
79.44 19.86 0.59 - 0.18 100.07  Cayg(Woog Moggi)o99Os
70.86 20.67 8.24 0.04 - 99.81 Cay go(Wogs Mog 16)1.0004
SJ96115-8(2) 70.05 20.61 9.17 0.04 - 99.87 Cay go(Wo 88 M0 12)1.0004
78.98 19.85 1.03 0.02 - 99.88 Cay 5o(Wo.97 M0 02)0.9904
77.76 19.81 2.31 0.01 - 99.89 Cay go(Wo,95 M0g9s)1.0004
SJ96110-16(1)  79.60 19.71 0.55 0.03 - 99.89  Ca; 5(Wog9 Mopg1)10004
79.61 19.79 0.36 0.06 - 99.82 Ca; 0o6(Wy99 M0ogpi)1.0004
80.32 19.24 0.38 - - 9994  CaggolW 00 M0g 1)1 0104
SJ96110-16(2) 77.05 19.94 2.88 - - 99.87 Ca; go(Wo9s Mo p6)1.0004
80.01 19.21 0.63 - - 99.85  Capge(Wog9 Moggi) 0004
77.66 20.02 1.97 0.01 0.21 99.87 Cay o Wy95 M0y 04)0.0904
SJ96110-12(1) 79.12 17.81 2.23 - 0.72 99.88 Cagog(Wo.9g Mg )1 0204
78.44 19.79 1.57 - - 9980  CaygoWo97 Mogo3)1.0004
80.22 19.12 043 - 0.04 99.81 Cagog(W1 00 M0go3)1 0104 Skam
SJ96110-12(2) 80.14 19.08 0.42 - 0.05 99.69 Cagog(W | 09 M0gg3)1.0104
80.98 18.48 0.40 - - 99.86  Cagoe(W 100 Moy 0104
79.56 19.50 0.59 - 0.21 99.86 Ca; 5o(Wo99 M0ogg1)1.0004
SJ96110-8(1) 78.71 19.99 1.07 0.02 0.04 99.83 Ca; o(Wy g M0g3)0.0004
78.56 20.03 1.16 0.01 0.08 99.84 Ca; 02(Wpo7 Mogg3)1.0004
77.80 19.58 2.04 - - 9942 Caypo(Woge Mogos)1 0004
S196110-8(2)  80.05 19.57 0.12 - - 99.81  Cay (W00 Mogooh 0004
78.61 19.33 1.81 0.08 99.83 Cay 5o(Wog9 Mogg1)1.0004
79.76 19.63 0.10 0.05 0.30 99.84 Cay go(Wpg9o Mogyg1)1.0004
SJ96111-2(1) 79.44 19.77 0.27 0.09 0.24 99.81 Ca 02(Wg99 Mogg1)1.0004
79.09 19.69 0.42 0.06 0.58 99.84 Ca; 55(Wg 99 M0go1)1.0004
79.51 19.51 0.68 0.09 0.04 99.83 Cay 50(Wo99 M0y 01)1.0004
SJI96111-2(2) 717.76 20.07 1.94 - 0.02 99.79 Cay 52(Wo.04 M0g 34)0.0504
79.53 19.41 0.90 - - 99.84  CapoodlWog9 Mopg2)10104
7458 2042 4.85 0.03 - 99.88  Cay(Wogo Moo 10)100s
SJ96115-7(1) 75.70 20.06 4.02 0.02 - 99.80 Cay 01(Wo9y Moggg)1.0004
73.95 20.45 5.39 0.03 - 99.82  CayolWoge Mog10)0.9904 .
7528 1985 465 003 . 90.81  Cagos(Woyi Mopee)iooOs 0"
SJ96115-7(2) 71.50 20.32 7.99 - 99.81 Ca; 9o(Wo g5 Mog15)1.0004
75.43 19.70 4.63 0.06 - 99.82  Caggo(Wogi Mogge)1 0004

(Table 1). #AZAMNA HAF= upe} 7ho] ElolAl
A)719] EFA0] WO, o] thi vhe AE zhath

2718 A)719] FFAole FrizAo] Az
5 Mo0s9] 3 Ak 41 %0llA] 8.24~9.17
Wt.%, FHAME 1.03 wt.%zA AT} O =2
e 2oy, o]y3 Yolew Xte A7) HE

AU MoO;9) o] ol A)71e] Auch wlma

=t e ke dage] XFAAE AES
o] BE, W07} 2718t mel MoOss 7Hashe ¥

(2] AHHAE HolT Joix Wb Morlelol 45
g X|FAAE RAFT Ji(Fig. 7).

2712 A7]el WOy;
72.85~77.37, FeO; 9.37~15.45, MnO; 7.78~13.05
9 Ca0; 0.01~4.82 wt.%o]3, akoldl A]7]o|
WOy; 71.20~7643, FeO; 13.48~1840, MnO; 8.17~
1027 2 Ca0; 0.13~3.12 wt.%o|tHTable 2). 12}
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Fig. 7. Diagram of WOj; versus MoQj of scheelite from the
Shizhuyuan deposit. circles: Skarn stage, triangles: Greisen
stage.
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53. MYy

A9 gletzAge 292 A]7]o] SnOy 95.09~
96.52 wt.%, FeO; 417~4.75 wt.%c]3, Z22ko]d Al7]
o SnOy 97.44~99.65 wt.%, FeO; 1.30~1.86 wt%
o|tiTable 3). A4l &-F-H FeQ2] g AF1E A
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webr] FeO7}t Haste F-(-)9] 4ad4E 2o Snt
Fe Afolell £ A@FAE ]R3 I} (FHg. 9).

5.4. Xistd
AAAe sede 27k A7)l Biy 9748~
99.74 wt%, Te; 0.00~047 wt.%, Cu; 0.06~0.48

Table 2. Electron microprobe analyses of wolframite from the Shizhuyuan deposit.

Sample No. W0, FeO MnO CaO (v&)‘;:l) Structural formulas MnO/FeO  Stage
7371 14.60 8.27 323 99.81  (Feges MngsglosoW,000s  0.57
SIH-4(1) 75.25 14.49 8.97 0.61 99.32  (Fegg MngaglooeWi000s  0.62
72.85 14.40 8.49 482 10056 (Feges MngadogeWi Qs  0.59
71.37 14.28 9.41 0.03 101.09  (Feggy Mng30)090W 00O4 0.66
ST111-4(2) 77.26 14.34 9.28 0.05 10093  (Fegeo Mngao) oW 0Os  0.65
76.04 14.92 9.07 0.09 100.12  (Fepgr Mngsg) oW1 008 0.61
75.08 14.37 8.63 0.10 98.18  (Fegs, Mngsg)i oW 000 0.60
SIi11-4(3) 76.03 15.00 8.94 0.09 100.06  (Feges Mngsg) Wi Qs  0.60
74.79 14.70 9.06 0.09 98.64  (Fepes Mnysg) ;oW 000y 0.62
75.98 15.45 9.04 0.10 100.57  (Feges Mngig) oW 0004 0.59
SI96110-12(1)  76.17 14.81 9.37 0.05 10040  (Feger Mngso); gWi0Qs  0.63
76.19 14.35 10.05 0.08 10067  (Fegeo Mngan); oWi00Qs  0.70

74.21 14.15 9.01 0.11 9748  (Fegsr MnpahoWioOs 064 o
SJ96110-12(2)  75.99 14.87 8.88 0.20 99.94  (Feges Mngsg) oWi0Os  0.60
76.96 14.46 8.55 0.08 100.05  (Fegey MngsdoosW 0Oy  0.59
75.62 15.11 8.27 0.20 9920  (Feges Mngie) oW 00s  0.55
SI96110-12(3)  75.32 14.79 8.80 0.34 99.25  (Feges MngsgoWio00s  0.59
75.11 14.63 8.63 0.13 98.50  (Feges Mngag); 01 W1 0004 0.59
74.18 14.92 7.78 0.30 97.18  (Feges MngsadosoWi000s  0.52
SI96111-2(1) 7591 14.37 9.23 0.07 99.68  (Feger Mngao) oW 10004 0.65
75.32 15.00 8.66 0.10 99.08  (Fepes Mngsz)ioiWia00s 0.58
75.83 14.70 8.79 0.32 99.64  (Fepes Mngsg)i o1 WignOs 0.60
SI96111-2(2)  76.39 10.37 13.05 0.20 100.01  (Fegao Mngeo)t 00W1.0004 1.26
74.55 13.26 10.17 0.88 98.86  (Feps; Mngaa);01Wi 0004 0.77
S196111-203) 74.18 13.87 9.20 1.88 99.13  (Fegss Mng)o9oW 10004 0.66
75.58 9.37 15.31 0.01 10027 (Fegsz Mnger)i oW 0004 1.63
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Sample No. WO, FeO MnO CaO (\3/;0;101) Structural formulas MnO/FeO Stage
71.20 18.40 10.27 0.13 10000 (Feges MngsghiooW,000s  0.56
SJ96110-18(1) 7545 15.33 8.90 0.33 100.01  (Fepss Mngs); 00W i 6604 0.58
75.83 14.54 8.89 0.36 99.62  (Feper MigsgloosW Qs 0.61
74.30 13.48 8.53 2.39 9870  (Fegso Mnga)iooWi0s  0.63
SI96110-18(2)  72.00 14.56 8.33 312 98.01  (Fepes Mngsg)i oW, 000s 057  Greisen
74.95 14.45 8.90 1.03 9933 (Fege MnoagosoWignOs 062
76.43 15.26 8.58 0.18 10045 (Feges Mngs)ioW,000s  0.56
SI96110-18(3)  76.35 14.79 9.53 0.18 100.85  (Fegs MnosdiooWi000s  0.64
74.40 14.35 8.17 0.53 9745  (Fegss MnpigloooW Qs 0.57
18 1 18 1 5.0 1 o
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g . e mé?%o" SN0, (wt. %)
°A§E Fig. 9. Diagram of SnO, versus FeO of cassiterite from the
0 b s 20 7 o 5  Shizhuyuan deposit. circles; Skar stage, triangles; Greisen
WO, (wt. %), WO, (wt. %) stage.

Fig. 8. Diagrams of WO; versus FeO, MnO, CaO and
FeO+MnO+CaO of wolframite from the Shizhuyuan
deposit. circles; Skarn stage, triangles; Greisen stage.

wt%, S; 0.04~0.93 wt.% = Se; 0.04~0.41 wt.%
olal, ZzEtolAl A]71ol Bi; 98.80~99.07 wt.%, Te;

0.40~066 wt.%, Cu; 0.32~0.36wt.%, S; 0.09~0.10
wt.% B Se; 0.27~0.28 wt.%|THTable 4). & 27
oA AEE AAFAe 2] Cu, Se B Tert A
RS W A2 9 ARl

Table 3. Electron microprobe analyses of cassiterite from the Shizhuyuan deposit.

Sample No. SnO, FeO Total (wt.%) Structural formulas Stage
95.45 435 99.89 (Sngg1 Fegg9)1 0002

SJ96111-2(1) 96.52 4.46 100.98 (Sngor Fepp9).000;
95.65 4.48 100.13 (Snogr Feo oo).0002 Skarn
95.09 475 99.84 (Sngor Fepgoh 0002

S196111-2(2) 95.68 4.17 99.85 {Sng.e; Fegos) 0002
95.42 4.44 99.86 (Sngo1 Fe9)1.0002
99.65 1.86 101.51 (Snggz Feo04)0.060:

SJ96115-7(1) 97.44 1.49 98.93 (Snggs Feg3)1010;
97.55 1.50 99.05 (Snges Feoos) 010 Greisen
98.05 1.30 99.35 (Snggy Fepg3) 000,

SJ96115-7(2) 99.12 1.52 100.64 (Sngog Fep3)10102
98.71 1.34 100.05 (Sngg9 Fep3)1.0002
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Table 4. Electron microprobe analyses of native bismuth from the Shizhuyuan deposit.

Sample No. Bi Te Cu S Se Total (wt.%) Stage
99.08 - 0.29 0.93 0.33 100.63
SJ96110-16(1) 99.74 - 0.06 0.14 0.04 99.98
99.29 0.12 031 0.04 0.09 99.85
Skarn
97.48 0.34 0.20 0.11 0.24 98.37
SI96110-16(2) 98.71 0.29 0.29 0.13 0.41 99.83
97.85 047 048 0.16 0.22 99.18
$196110-18 98.80 0.40 0.36 0.09 0.27 99.92 Greisen
99.07 0.66 032 0.10 0.28 10043
Table 5. Electron microprobe analyses of unidentified Bi-Te-S minerals from the Shizhuyuan deposit.
. Total .
Sample No. Bi Te Cu S Se (Wt.%) Bi+Cu Te S+Se Stage
78.62 14.76 0.12 5.68 0.63 99.81 4.35 [.16 1.78
80.75 12.30 - 6.84 0.57 100.46 4.46 0.96 2.14
SI96110-16 78.89 12.26 0.37 5.80 0.63 97.95 4.37 0.96 1.82 Skamn
79.61 13.43 0.19 6.09 0.44 99.76 4.40 1.05 191
80.07 12.37 0.42 5,85 0.78 99.49 443 0.97 1.83

5.5, O|&9l BileSHY &2

EPMA9| B4l o3t u|&] Bi-Te-SAIE4] 3}
&z o Bi; 78.62~80.75 wt.%, Te: 12.26~14.76
wt.%, Cu; 0.00~0.42 wt%, S; 568~6.84 wt.% =
Se; 0.44~0.78 wt.%o|thHTable 5). °] ¥4 Z2%4E
BiTe-S Wi (Fig. 100 =48k BW o] BEe
IFA Ao E(gruenlingite, Bi,TeSpe] F¥ Fo)
ZAISI 9o}, A5 Aol 2keEE BiTe-$A)
FEE Birt vk F3ET 7t Aolg AEE B

Te 50 S

Ag. 10. Triangular diagram of the system Bi-Te-S, showing
the compositions of natural and synthetic phase (closed circles),
together with that of “unidenified Bi-Te-S series maneral”
(open quadrangles) from the Shizhuyuan deposit.
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