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Fig.1 Geological sketch map of southern Hunan, showing distribution of nonferrous metal deposits



£ N

XIS AE 25 3 o < I8 850 Bk 0 PR ) Al 2 AR A M B R 1761

(B 2), JEZX—A LISk R B K IR 5 R
PR 0 X 88 2 A Ry rh IR A S MR 4 A

Bred Bmilidl (& 3), Hor BURERR 24 20 A 707 X
JEVEHE IR A 2 K | J 3 UL T 23 Ul o
o ENAL R N LA 4 A AR 0 XA
&3R4 I B TERL, 5 3 BORTR IR ()R )2 U8 it 5%
WA, 5 4 BORMURIKA K 2 DL BRI A4 )8 i 45

Bt 2 A A SR S KA s R ATHROR
HEJRM AR AL 2 R ARG A, 6
PRAE T R Wl — H MR T L A i 2 VR 3, &
B AR A — I 1 R 10 24P 3 R TR AL
BURERT 2 4, X T2 B U AR b AE AR
ﬁ%ﬂjt@ﬁ%?ﬂ“gl,EtPjthEjl:jt}'FﬁE’JHEV”W

R E R XN S R S R

WA I TER XN 3 A de ), A M IR 5 e T HLLLAE B AR R 22 4 1 B K A DB Bk, Jm)
| N o e 0 s 0 @ ¢ 0o o s O
WP R .
[C 7 |smmmmn £Hs e 8 ;
T ¢L£¢§Q}E G e O o 2
- SRSk . e« 0 o O [ [}
SiERE s o6 s 000 v
-Egrﬁ@ﬁ;ﬁ% A T
e y ) 55
EREENE o =
NS
T B W
D= ntrEL ©
= AT
el A\l A1 o N
T A 2 1|
. A 2 J /1 L ‘ | ~ UL \\
LR A | ] |\ S
D _abZan -
o i I O I -l W [
150 e e | 0
0 ' ' [ 1 yl VA
‘ , 1 2 3km
T ] T T —_— - — /=

Bl 2 T HULAE B PR Bl R PR J5 s PR (4 2 5 SC 5P

Fig.2 Geological sketch map of Qianlishan granite stock and associated ore deposits, Hunan Province
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Fig.3 Geological sketch map of the Jinchuantang deposit, Hunan Province
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Fig.4 Geological section along No.50 exploration line of the Jinchuantang deposit, Hunan Province

AT ERE AT Aatt, HbhAsdN&aKR
5,20 40%; B A AL B A R & BT £ R
A ER BT DT LA N R Bk
BONAYELL AT,

4.2 Wik 7%

AR SO S NSRBI IR KA B 1, =k
HB A B A A B By A L R e A
Y7 A KB BEIEAT T R GE R RAE TETEANAY R A
G T USRI LA L XY R B B A8
A AN RS Te A AT T T ERE BT, T A
TAMEARE TIRAY - RAWE, fINA M)
A1 W BT 3R e A2 By B

40 B F R I 7 ] b SR 2 e a7
UEAIEFE T i IR BT = AT, AR TXA—-8800 ALHL
FHRER M3 fL R 20 kv, LR 20 nA , REEE
%5 um, PRFERHRRG el & i s B Kb,
S HTRE BE A 0.0n%

4.3 DWMER

S TS B0 IR B R A A B B A iR
A WA N S5 S0 S R A )Tz
RE EZSR ERHE S A& S VIRR GE
X H AT BT T W LA K L TR E AT, A 4
Rk 1~4,

5 ks REIE

51 A@FA
SRR IR KA AT A &R E R
H 15%~80% , 2 B LM 50% , T 4 R . (1) -3

WK E B AR A E a2 ERE 6, K
R B - AR KRGS, KR —EAE 0.4~0.8
mm, B/NE 0.2 mm, mRKEIE 1.6 mm,iﬁﬁ[ﬁ?
KR IE R R ERmME T E2ARE T,
AR E] 1 RK A A R E (K 6—g) , X T g
e A1 A0 T B 4 B A 2 %A 1 el A i e
HZH5EMA | KA, AFILASEE AT P
(B 6—d), (2) M3t 5 B B i A0 18 A B0 R vk
(R BN = SN RGN LB 2 (I = R A OE:
8, B G T O O = S8 | 2 T AORRE | 340 AR
A IE A mIE T Rl &2 S T asg  mia
Wr a5 a 596 MAINAST Y,
HLFIREF AT 45 R 0L 3R 1, TS Y o 01 40
4y LA SR AR AT (Gro) FIAB KA A1 (And) R 3, Hi |
B ERAR A B AR IS LA 0.73%~79.26% , 55 BR AR A1 1Y
ATE R 1.46%~98.25% , Ho oA 2 A i AL AR
WA & B8, ik 80.52% , HiAvum Bl 4l 4y & = 3
B TR R R A R AR A LS
BRAR A R T BT RY R A B B LA AR AR A
HAE R A 53 A8 A RFAE S AT A T AR — A
56 4 AT VA A5 1 T B AR A D A
o3 i (T 8) k7 e oy B3 41 43 o 605 0 AR A — 5 K AR
ARH, SRR R AP ARFAEMNE LR
—E e A XS BT IS5 R ) AR A AT
AZE 0 1) 390 % ) L 4 o3BT (3% 1) B R B
MAZEB 10 1% Si Ti,.Cr Fl Mg 4 FiOCER ) & 528 4k
ANBHE T Ca A1 Mn Fe A1 Al W41 50 K 19 & 1 0T
WK, EMZEmERCRBHE  Hrh Fe £28



1764 i ] i 2012 4F

5 YRS BT R LR T R R
a7 R B REAT (Di) SRV AT (Chl) Sz 380 kb 1) - 2 B (Ms) BT 9 (Quz) sb—W R F A B A 741 (Gre) |
BREAT (D) BEKAT (Wo) ZRUEAT (Chl) ;c—8 & H R BKCIR = 3¢ 5 67 (A8 741 (Gre) B (Di) A1 (Qez) B A1
(Cst) FEB™ (Bis) ) ; d—1 R 5 T ICIR = 3855 576 (A B F A (Gre) B A (Di) A K (Qez) B (Cst) JTHIH (Gn) |
INFEE" (Sp) ) se—B AT BLAL I 1 (£198 (Quz) HE AT (F1) INEED (Sp) (B (Cep) BRI (Py) B A1 (Cst)) 5
8 A AL (A58 (Quz) HERE (Py) B (Cep))
Fig.5 Photographs of typical ores in the Jinchuantang tin—bismuth deposit

a—Diopside (Di), chlorite (Chl) in skarn and muscovite (Ms), quartz (Qtz) in greisen veins; b—Garnet (Grt), diopside (Di),
wollastonite (Wo), chlorite (Chl) in skarn; c—Stockwork greisen in skarn (garnet (Grt), diopside (Di), quartz (Qtz), cassiterite
(Cst), bismuth (Bis)); d—Greisen veins in skarn (garnet (Grt), diopside (D1i), quartz (Qtz), cassiterite (Cst), galena (Gn), sphalerite
(Sp)); e—Cassiterite sulfide ore (quartz (Qtz), fluorite (Fl), sphalerite (Sp), chalcopyrite (Ccp), pyrite (Py), cassiterite (Cst));
f—Cassiterite sulfide ore (quartz (Qtz), pyrite (Py), chalcopyrite (Ccp))
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Fig.6 Typical skarn minerals and metallic minerals of the Jinchuantang tin—bismuth deposit
a—Galena (Gn) associated with cassiterite (Cst) (under reflective light); b—Pyrite (Py), pyrrhotite (Po) associated with cassiterite (Cst)
(under reflective light); c—Garnet (Grt) associated with diopside (Di) in skarn (crossed nicols); d—Diopside (Di), wollastonite (Wo)
associated with vesuvianite (Ves) in skarn (crossed nicols); e: Amphibole (Am) associated with pyroxene (Px) in skarn (plainlight); f—
Pyroxene (Px) and chlorite (Chl) in skarn (plainight); g—Euhedral girdle garnet (Grt) in skarn (plainlight); h—Backscattered electron
image of euhedral girdle garnet in skarn (corresponding to g)



1766 T I # Jit 2012 4F
FEYY WRE B mHEEN B BAWAD b B Eg%g;gﬁ
AWTA (Grt) |
EWEF (D) <
N A (Am) -
%7 A (Ep) < -
%7 (Chl) - -
A (Ves) —_—
EER A (Wo) <
¥8CH (Stp) -
A (P1) - - e
3 (Qtz) P
%4 (BY) N —
A %8 (Ms) —
R (Py) |-|
T 3% (Po) <|.|>
A (Cep) e —-—
J7 4 (Gn) :-:
WEF (Sp) —
B4 (Cst) - -—
HELEY (Bis) w——
FEHEH (Mo) -
H#® (Apy) -
F R (Cal) e -
% A (F1) - - L4

7 RSB PR K 23 KA W A

Fig.7 Mineral sequence and ore—forming stages of the Jinchuantang tin—bismuth deposit
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Table 2 Electron microprobe analyses (%), cation proportions and end members of pyroxene

Fdh 5-32 5-42 6-12 6-21 6-31 10-31 14-11 22-11 63-3
SiO, 52.762 51.811 50.679 51.834 51.027 52.668 52.399 52.043 52.797
TiO, 0.027 0.002 0.000 0.000 0.000 0.004 0.015 0.000 0.008
A120T~7 0.544 0.437 0.181 0.145 0.195 1.151 0.295 0.321 0.446
FeO 7.768 10.104 13.946 12.791 12.765 9.242 10.140 9.875 12.865
Cr,03 0.046 0.013 0.000 0.058 0.014 0.170 0.000 0.000 0.000
MnO 1.828 1.325 4.208 2.171 3.376 1.152 1.829 1.478 0.319
MgO 11.956 10.451 6.652 8.802 7.822 11.526 10.404 11.170 10.252
CaO 24.563 24.226 23.271 23.968 23.729 23.848 24.230 24.568 24.122
Na,O 0.106 0.083 0.107 0.012 0.071 0.254 0.144 0.000 0.088
K,O 0.001 0.000 0.000 0.024 0.009 0.000 0.004 0.000 0.003
P,0s 0.000 0.000 0.000 0.000 0.000 0.021 0.038 0.009 0.000
NiO 0.003 0.000 0.060 0.003 0.000 0.000 0.000 0.043 0.000
Cl 0.006 0.010 0.003 0.000 0.000 0.010
psell 99.610 98.462 99.107 99.808 99.008 100.046 99.498 99.507 100.900
Si 1.993 1.998 2.002 2.002 2.000 1.984 2.003 1.987 1.997
Al(iv) 0.007 0.002 0.000 0.000 0.000 0.016 0.000 0.013 0.003
Al(Vi) 0.017 0.018 0.008 0.007 0.009 0.035 0.013 0.002 0.017
Ti 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Cr 0.001 0.000 0.000 0.002 0.000 0.005 0.000 0.000 0.000
Fe** 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.000
Fe* 0.245 0.326 0.461 0.414 0418 0.291 0.324 0.298 0.407
Mn 0.058 0.043 0.141 0.071 0.112 0.037 0.059 0.048 0.010
Mg 0.673 0.601 0.392 0.507 0.457 0.647 0.593 0.636 0.578
Ca 0.994 1.001 0.985 0.992 0.996 0.963 0.992 1.005 0.978
Na 0.008 0.006 0.008 0.001 0.005 0.019 0.011 0.000 0.006
K 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000
Wo 50.23 50.62 49.58 49.99 50.09 49.20 50.13 50.16 49.38
En 34.02 30.38 19.72 25.54 22.97 33.08 29.95 31.73 29.20
Fs 15.36 18.69 30.29 24.43 26.67 16.77 19.38 18.10 21.09
Ac 0.39 0.31 041 0.05 0.27 0.95 0.54 0.00 0.33
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Table 4 Electron microprobe analyses (%) of chlorite
sample 8-1 8-2 16-31 16-32 21-12 23-12 26-1-11 26-1-21 28-1-12 50-21 63-2
SiO, 25279  26.107 30.460 26924  25.920 21.870 29.399 27.946 25218 25.360 24.945
TiO, 0.000 0.000 0.211 0.045 0.037 0.015 0.035 0.000 0.000 0.018 0.031
AlLO; 20.260 18911 17413 18.291 15.764 20.227 15.488 18.973 16.651 21.822 20.651
FeO 33.133  27.859 31.667 32773 27.723 42.148 24513 35.289 33.265 25.279 36.489
Cry03 0.153 0.179 0.054 0.031 0.048 0.061 0.091 0.057 0.014 0.007 0.019
MnO 0.535 0.799 0.628 1.741 1.533 2.890 0.429 0.107 0.738 2.682 0.691
MgO 8.333 11.017 5.829 7.721 12.242 0.757 18.205 5.816 9.502 10.980 5.046
CaO 0.076 0.089 0.849 0.267 0.341 0.049 0.091 0.533 0.000 0.108 0.162
Na,O 0.000 0.067 0.163 0.108 0.727 0.064 0.000 0.119 0.021 0.000 0.047
K>O 0.000 0.000 0.099 0.086 0.170 0.000 0.003 0.195 0.000 0.199 0.007
P,0s 0.000 0.034 0.000 0.000 0.006 0.000 0.000 0.024 0.006 0.000 0.012
NiO 0.000 0.000 0.000 0.013 0.054 0.048 0.004 0.000 0.000 0.016 0.004
Cl 0.008

total 87.769  85.062 87.373 88.000  84.565 88.129 88.258 89.059 85.423 86.471 88.104
Si 1.987 2.065 2.363 2.118 2.095 1.845 2.186 2.173 2.058 1.960 1.990
Al(iv) 1875 1762 1.591 1.694  1.500 2.009 1.356 1.738 1.600 1.987 1.941
Al(vi) 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ti 0.000 0.000 0.012 0.003 0.002 0.001 0.002 0.000 0.000 0.001 0.002
Fe** 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe* 2.178 1.843 2.054 2.156 1.874 2.974 1.526 2.295 2.270 1.634 2435
Cr 0.009 0.011 0.003 0.002 0.003 0.004 0.005 0.004 0.001 0.000 0.001
Mn 0.036 0.054 0.041 0.116 0.105 0.207 0.027 0.007 0.051 0.176 0.047
Mg 0.976 1.299 0.674 0.905 1.475 0.095 2.018 0.674 1.156 1.265 0.600
Ca 0.006 0.008 0.071 0.023 0.030 0.004 0.007 0.044 0.000 0.009 0.014
Na 0.000 0.010 0.025 0.016 0.114 0.010 0.000 0.018 0.003 0.000 0.007
K 0.000 0.000 0.010 0.009 0.018 0.000 0.000 0.019 0.000 0.020 0.001
Fe/Fe+Mg 0.69 0.59 0.75 0.70 0.56 0.97 0.43 0.77 0.66 0.56 0.80
Mg/Fe+Mg 0.31 0.41 0.25 0.30 0.44 0.03 0.57 0.23 0.34 0.44 0.20
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Fig.8 End members of garnet from the Jinchuantang tin—
bismuth deposit
Pyr—Pyrope; Gro—Grossularite; And—Andradite

PRI B A P AR AR A A 7 B A KA
VABAF U S50 KA, e MyE 8 s R 08
RoE O BOP AL AR A1 5 B A A (] 6-c) IR
R LIRS R Y BRI A B A R IR A A R

JEE B R U R R B B AR A R A
FRR AT, FRIA LY MU Y R AR T R A R A
BrEe,

IR AT AR B B G AR TR BT R A A B
BB B R B W0 A0 YA SRR WG
W 5 INEERT B RS R AR B I
IR EERIRRAL, T BER R RAT Y (AT
A GBEWEA BE KA SE) T IR B — R ARk AR 54
(AN ks A aklle %) AR (B 6—¢,f)

6.2 WEEHTHHNKT HWIBRENX

AR A A s S RET IRE BTk
RIZ A — BRSBTS R R A0 IR
T8 BUHL B RIS T F-H0AS [ FL 2R B B R 507 IR
A — BB I H AR A0 o PR AR Ak 2
7 5 AR A A G I o e AR R AR 1) AR
iz — W G YR BT R ) A 1 A PR S A
AW FOY B 0P A0 25 A R o3 A BT AR Ak
7 MAZ S 1) 70 2% Ca Al Min Fe A1 Al R4 G 1)
TR ILE MK Ca Al Mn AT A TR Catfil
Mn*, “H M E -, H - HWE 18 (C R
0.112 nm,Mn>*} 0.096 nm) FHIT | Bt =35 Z [8] &
KAFA FFE  Fe Al AP B T2 425 510 0.078



1772 i %] i J 2012 4F
3 208 2.91
2 N ca 2
: 290

b
TTTTTT1 [[TTTTT1

>
coooo0 oo
Sooc002an
IR0

<
S5

0

o
S
2
5

TTTTTTTTT [TTTTTTTTY [TTTTTTTT [TITTTTTT [TTTTTT1

:ﬁ
N E 2+
M oazzE Fe %gs 0048
0.02 |— A 2+ 0.035 2+
0.015— 0532 Fe 0.03 Fe
0.01— 0.01
‘]ZTE 0.005 — 0.00 - 0.02
% - 0 > g
>—¢ 4
2
jums 13E 13 3+ 117 3+
1= Fe* 1 Fe Fe
e b5 16
09— 13 28
08— 12 1.45
b= B i
08 » : 1.35 b 3
09—
0b 0.65
HE b b
06— 0’6 0.5
a5 Al ;
o4 83 Al 0.is Al
HE
S X 0.3
o= L | | | | 1 od 1 1 1 | | L J 02 | | | | )
) 1 4 6 7 8 ) 1 2 4 ] ) ¥
N N 0 1 2 3 4 5 5
% JCT-14-3 % % JCT-15-2 BE g JCT-21-2 h%
3 S 0.64
é:g 0.62
22 Ca s Ca
1] 056
1 054
12 052
0075 2,
0,088 Mn
0085 Mn -
0.05
0,643
0.04
0,035
.03
0.625

RN,
o500 00 2 PivhnNurswhnS o ¢

cooooooo
Sao
SBREEI8B:
TTTTTTIT O [TTITTTTTT [TTTTTTTT [T [TTTTTT1
4
(]
N
¥

Al by Al
163
1.8
1.775
1 1 ] el | 1 | 1 J
0 1 2 3 4 5 N 6 0 1 2 3 4 5 6 7
B JCT-22-3 L% B JCT-33-2 0%

9 I B B AT PR B R A AR A 4 R AR A

Fig.9 Composition profiles of girdle garnet from the Jinchuantang tin—bismuth deposit
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Mineralogical chemistry of the Jinchuantang tin—bismuth deposit in Hunan
Province and its geological significance

LIU Xiao—fei', YUAN Shun—da’, WU Sheng—hua®, GUO Shuo', YUAN Ya—bin'

(1. School of Earth Sciences and Mineral Resources, China University of Geosciences, Beijing 100083, China; 2. Institute of Mineral Resources,
Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract: The Jinchuantang deposit is a large—size skarn—type tin—bismuth deposit in the Dongpo ore field. Little
is known about the mineralogical characteristics of the skarn in the Jinchuantang deposit. Based on microscopic
observations and electron microprobe analyses, the authors investigated in detail compositional characteristics of
skarn minerals in the Jinchuantang tin—bismuth deposit. The results show that the end member of the garnet is
composed mainly of grossularite and andradite, followed by spessartite. The composition of pyroxene is dominated
by diopside, with minor hedenbergite. The amphibole comprises mainly ferrotschermakite, followed by
tschermakite, actinolite and tremolite. Based on the above data, the authors hold that skarn in the Jinchuantang
tin—bismuth deposit is mainly calcareous skarn, with minor manganoan skarn. According to the characteristics of
skarn minerals, this paper has further discussed the mechanism of cassiterite precipitation, and considered that tin
probably replaced Fe’™ in the form of Sn*" in the octahedron of crystal structure of andradite at the early skarn
stage due to the relatively high oxygen fugacity. At the late skarn stage, however, tin dominantly existent as Sn
(IT) chloro—complex species was transported in fluid with the decrease of the oxygen fugacity. In the process of
fluid evolution, the changes of the temperature, salinity, pH and oxygen fugacity were responsible for cassiterite
precipitation because the Sn** was oxidized to Sn*.
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