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Fig. 1 Relative abundances of isotopes in the mass range of Sn

(modified from Meija et al. ,2016; Creech et al. ,2017)
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Fig. 2 Tin isotopic composition of major rocks, minerals and bronzes (see Appendix 1 for data sources)
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1967; Wilson, 1968) . SR 1l ifi 4F ke £F 55 B 2 45 fil T
(4 Sn®" I Sn'" B[] HL A B S g v WS ) 811 Sn
A IR 0. 40%0 1Y [A] 4 K 43 18 (Wang Da et al. ,
2019) .t T8 [ A7 3R 7E 4 I8 2 P AR e e B8 i i
B ik o AR P 78 R BOR TR) L R 1A R L k<
By 0 IR0 2R 2H BURT AR O HE B R B 0 L PR
FLAE 5ty 2 Gy — T T 2% HLAR LW ) B 8 R
. BN, Yamazaki et al. (2014) € T + FH F 44
B AR AL 15 6 R RE S g 8 Sn 1
AEAGTE S 0. 4090 BRI 85 ) 457 3R LU B A 78 33 8 R
PE ¥ 7. Mason et al. (2020) X%} 338 1435 4 #% M
KB 6 DB XA 150 7448 41 B bl HEAT X L OF 5T
XF 81 S py LA AT IR 3 ML Wl E 1A R
DA A (] 85 1 15 1 X sk 22 5 Tk BH 85 ] 32 % BB AR
U b7 R 5 7 R R . A B TR AL 3R T A e
S — A BT BIE 5 400K, L B g AR ) T K S
WHEEEW/EM. B, Creech et al. (2019b) %t
AN [v) s, DX 3 368 B33 18 85 () 52 3R R AT 1 40 A o 4 i Bt
A7 B L 3R 23 1R R B S A AT T AR R TR R A A
AR R I BE A G T B A 5 R i A TP TR 2
FAT AR WT TS T BARAT B W) S A o B A b
(1 FCAth )47 R 5l (I Cu Zn 55) BB 2, Wang
Xueying et al. (2018,2019)#F 5% T H EREE & 19 85 [6]
PR AL 48 1A A S R AR AR 5K IR 2% 7
(A" SNyt g = — 0. 48%0 0. 15%0) . HI X F

HuBRAE . H BREE i b s R R 85 [F] 2 R (Fitoussi
et al. ,2017) , X 7L C HIHY[R] A b S8 45 5 1 19 [F) AL 2%
&R K. Zo) i 2 AR R . B R RAEH%
R S S R SRR T AT (R
PLER 53108 Ko BRI ) BRAR D AR S 2% b o o 7R
PR T BEE T IR S A A

AT AF R 5 B [ 37 2R 7 Ml S5 5 S5 1) I FH 08 1
Z . BoR AR R R I M. Brods . 4
Al o0 5 A A R A B O R g L — i 1 ) TRl 7
Z . AN, Creech et al. (2017) 7EWF 95 & 3% 47
Sl R R AL R AT I R X s S AR a1
M Sn AH ZE 4 0.3%0, SLERUEBH. Sn't AH X F
Sn* " HEALFEY . T Sn'" A Sn® " LR S it
T A BCAT S 00 25 5 BRI A 6 T R 4 S ) b 1 A
Ba. X R A" S EYF MR (Wang
Xueying et al. ,2018) , FEHFRAr4& Bt 2P, Sn' ™ [
AHEE R EETF Sn®' S 8P s Sn' AR
HIERFIE So*t ERARAE . ESRAE BB  (T BB
FE A BR B AL D) L Sn' T A A E T
S BUTE S SRR B A R (I MgO & i) i AR i o
B T B AR AR 52 10 8 [6) 62 R 2H AL (Badullovich et
al. »2017) . PRt 895 ) (5 3R AT RAARE O 25 3 SR AR I8 it
IR NG Ay R A JI R B AR, Roskosz et
al. (20200 5% 1 A AL 8 IR AE R X & 3 8 vh 85 () 47
B3 AR R S AR R B SE B A N T St



wooB

o
3930 http://www. geojournals. cn/dzxb/ch/index. aspx

2021 4

A Sn* " Z (8] {1 - 7] 32 2R S 08 AR R FE IR R A
A (R Snt ) A W) B iR 4 H A& Sntt
MZERAEWHE Sn' isla B E HY (TEH A 4
W pE 0L %R B SO 19 RRE R AL R 0 1
FRBCETO o K UL HE T K2 & o 7 AR W] 3 80 )
L E KA. IAh, She Jiaxin et al. (2020) BF 5%
T REAY (SnClL) 1E 4 K 5 7 1 [7) A2 2= 23 18 AL
B, 45 AU EU O S R 8 0 TR A AL R S 2 B
712 RV 2R 43 4R 45 G WV T XY 43 il R
Tea] S5 L T A S B 1) % g 2 - 48 () 6 3R 0 1 (il
Ty F W, S SnCl B 7k v M9 DY 81k
WY R R R R R W AR . S
o S ORI SRS UL N BB B R AH 25 G L LRI 2
W B R T AW B A S [m] AL &R 1Y 23 18 B
fil. B THIERE ARG P FEREUANEGIIER
f1E (Taylor et al. ,1993) , 8} @ ALY ST AH 43 B o
T A1 0 TR AL A 1) JRE S X B A T R U
B Y, 5%, Qu Qinyuan et al. (2020) X} 5% & ¥ 1=
Lok il B2 o Sn W47 R BT T ORS8RI
TR G F A A8 I 0 35 1Y B 728 S 12 1) S [W] 462 3R 28 4k
M FEBRER AR I A GRS EH . Sn [A]
PLER F 72 A0 R B 58 [ b BR A 2 S A8 Ak 3 D ol 7
B Sn M ER AL EAT MR A T R B H X
SRR IR il 4 5 10 8 [R5 28 T 57 4 W) 1t g K% 3t 7 R
PR AR AS TR) e Bl 0 AR 1 4 o 5 ) o0 32 A 22
il s B [ R AE — € 20 AT LUK AR 201, B iR
JE AT BB R T8 AL R WA (. Btk B A £
FR 71 B YR DR AR Cn 3 503 76 R I50D 19V 4 1742
s LR BR A5 2 b T 5 AR R HR i i ) BA Ak
RIS, kT, HATA JLRBLAR 8 F AR )iz
IO L 52 U R R - D A i SV BN A5 S &
WAHAG— AN bR ke @ 3R &4l 2 19 85 ()
fL R B B Z BURAFTE—E PG O KT8 R £
B3R S A A0 A W WE IS R I WA kB (T
I 5 $9 [F) 5 28 78 20 7 2% 18 8 TE 19 20 18 R 0 .
b KRR IR rh 85 [ 37 28 0 8 AL o 1) 400 20 B 7 el 2
0 w2 R O e T B A0 TR A 3R T R
TR KB PR PR S R Y i

4 IR A B IR L AR TS

TEFAIR™ PR H 898 ) (57 2R 2048 o] REA = v O«
O B ALY A ) M FALY) (s 807 2 18]
9 - 1085 5318 5 @ 85 76 L AR B0 T o 7 ik sl D 0 o
HEY Bl )5 s O B TR X Bl 4R B ok — L

FwE I Z 02 5 1 2 B Bt 58 0 o 72, Hop
B — DA A W] BE KA /NI Bl ) o 1R 5T 8 A &
(McNaughton et al. ,1990), —&IEMN M54 FTF
BT B PR AN [6] 4 49 AR 22 (8] 1) 1 A5 53 48 Bk A
APLL g AR ALY AR R £ (AN 4 AR &
) Z (8185 [A) 37 3R 1Y 43 1R A Sy 2w DL Z2 000 I
NIEXFE T & Fim T 588 rEESS
(Broecker et al., 1971), McNaughton et al.
(L9915 5 x> B AN [ st DR IR 1) #8341 885 [l i R
HRHEAT THESE 46 I A AR P B R A R
22 BN X —REAE WL TR A B AR BB R A Ak
RV 00 3 T r p A B 1 S, 85 04 e AT TE
T ] BE 3 B0 R 52 2R 14 - 15 20 18 A 3l g 2 o (R AR
BN SRT L XA 4598 B A5 AT BE JR) BR T 24 A AR
S Koy A O . IR ST AE L TR I A ST
TE IS RE L Bl ) A o3 AR T 5 ) [ 6L 3R A 4 i
N7 BRI 2 3 TR A 8RR B [ 6 R AE B A1 A
KR AR Z 18] 1) Bl g 27 o3 A AR B I RH 2k il B
TS Z M AR T 8 T UE 1Y AL %8 (McNaughton et
al. ,1990) . 2R 73 1 A 2B AE B 28 DUTE o3 i 1 72
wh L DUPRE 3t A H 4 85 5 4R B0 85 A0 T8 L KT B
8620 TR 1 R AN BT 2 45 F o B % (McNaughton
et al. . 1991 MR #2841 19 B [F] 37 3% 0 1 % 5l
T 2 e v ki S R A s e B8 4 8 T RE g — 2P
o5 B 22 S 0 B A i R R ] A 1R S
JO7 5 DT 0 ) B AR 0 PR 2 456 b 8 ) o 2R 20 1R L
il o BEA AR pH A L BE S X8 1Y A BT TE
WA H R KM (Jackson et al. ,1985) , ik 7] fEpe
E B R R B 3 1R 2 h 3 122 o £ il 2 — AV
b AL BE R e B R AL R o o . Wang
Tianhua et al. (2021) By # K L5256 2% B, 8 4 1E
PRI UV I 25 A 3R B ORI 85 [R) 6L 28 20 1 T i
JE K8 10 2 e R AR R R 5 SRR P Sn
[ 2 2R o i R - R B 8 [ RAEAE AR P E R3S
(285 W) AN v s SRR BEBOAH T AR T 4% 45 [ for
o — O R R A RGEPIE R A .t
T AR R A AR A S R AR W R B R R 4y
¥ (McNaughton et al. ,1991), 4 Faure(1986)
Pt 0 i ) ZE 08 R TS AS I 25 R L A 80 %0 M
PO P TR A B R 8 Sn B AE 0. 2%~ 0. 6%,
[ (P& 3) . P, 55 78 i A G IR 58 P e S Ut
VEM A N % cE . AR R S A A
A BEG SO A T S s R AR X R A
WA TE H B & K R (Zhang Rongging et al. ,



A ) R L BT S0 J B AR R 2 vh A I e B 3931

5 12 39
0.8
0.6
;E 04 r
= AU VA R o ) A5 1) 85 A 480 [ Ao 3K i
« Range of measured cassiterites derived
2 from modeled liquid
BN
0.2
T8 AV U A 1 83 [R) o7 3R T A
Predicted value of liquid derived from granite
0.0 gy = 1.0003
1 1 1 1
0 0.2 0.4 0.6 0.8 1.0

f
Pl 3 i R 40 R A TR T DA A i e SR AL
T 3K 1) A 5 ) 43 25 Y5 Rl
Fig. 3 Rayleigh distillation model that predicts the
range of granitic magma-evolved fluids
SEH AR A B8 L s RAE R B0 08 R AL R
Fl o A 158 0 188 A A 5 B0 A IO UE 9 48 Ak 3 Tt 52 7 30 [R5 32455 28 Tt
885 ) A6 36 A B R 9 48 1 B 0T 0E (3% Yao Junming et al. ,2018)
f— A proportion of Sn in magma/Sn in fluid; the gray box presents
the range of Sn isotope values for cassiterite, assuming
fractionation occurred during the precipitation of cassiterites under
variable redox reactions; the model predicts cassiterite precipitated
earliest would possess the largest Sn isotope value (after Yao

Junming et al. ,2018)

2017a,2017b;Guo Jia et al. ,2018a,2018b) . AL,
AN TR A B B 00 1 AS ) 26 B 85 47 AR A 7T e R A=
W8 R 2R 2018 5 [ — JBORE A9 B85 A0 A4 A% - 300 37 43 [
(25 T R S T A =2 B AT U & R )
N AR &S H | T T 3R 7 AR R AIE 1 BIF 5T X 488 7 B ] o2
RO E X EZE, D28 A T8 B AR
BLGT B A 2 A2 S 3 3R DL K ) A 2% Chn i
JIE R VSRR B pH (B A S5 I R 1Y RE B e HL ) [
A0 2R B 4R SR T 3 26 PR 2R 2 ey HL A 45 1 8 40 )
[F) 37 2R 149 4348 B Rl v AN TE A L A BT

B A0 B R 67 2R 2H 5 T R X AL R PR 26
IRAFAEIR ZR o R O A [) 40 PR 2 4 o 0 3 85 A1 1Y) It A
AR R I8 S Wy A 30 45 22 S AR R B RE S BB A 2 1)
[ 7 25 ) 8 % 28 4k . B4, Haustein et al. (2010) %
BRI Erzgebirge (50 4~#E 5 ) #1 Cornwall (30 4~ %
mi) L IX 2 AN BT R 84 JE R T8 R AL R BT 4
Hh AN TR] DI 8 87 PR B [ 62 3 20 A 22 5% (& 4)
A SO H R OB AT TR S PR R T X (il
PR D 28 5 0 R E AL 22 52 00 T8 A B [ AL = 1Y
TR 2 EG A RS0 S E .0 Sn i
He ATk 1. 4190420, 14%0 s f S Bk BL 0 IR 1) 85 £ A+

XFE BBy, 0 Sn fH T B Bl — 0.2% 2
0. 8% s Bt 5 BB L P 19 8 41 19 85 [A) L 38 4 i 4%
SN Sn fH ik & — 1.58% + 0.10%. It 4h,
Yamazaki(2013) X} H A< o [ | 28 B A 5ok P4 WY
17 A0 R84 8 R 7 = HF e 1T 0126 wh ot 45 2R
7R K LR Y 011 S AR AR BRI RT3 0. 770 A
BN H DR 22 5 AT e g | T IR A R A A2 iy
BEJIA o AR SCOGS HECAE 2 2R Y T O A B I A Y
M Z I G IR A B EY .07 Sn KZNIE
L 5 T 3K 0. 347005 47 JE BRI PR e 889 871 S
KL R A, AL 5 —0.23%. AEEME
Yamazaki(2013) X i, Pl 4+ 380 b 88 K 19 4> TH FTER e
By oy i AT T — A8 A R B R AL R Y
WE G5 Y B R A TH R 8" Sn iy B K 1y i {H
(—0.19%0) AR Je /9 8% Sn S T A 43 B A iy o
B R GUE (— 0. 44%0) , 3X W 7R %5 A 1H R 8 8 0
REEA AR SR, Yao Junming et al. (2018)
Xof 5 [ K U 1 DY A 7 55 b DX 85 0 DR T R T 5 [
LR BT $i A [ b X% 85 ) 7 3R 78 Ak 3 LA —
R A 0110 S (E AZ AL i BE VT 3k 2. 48%, HAS
[F) R HLA PR Y 6" S A [A) A B A 22 7 (s 185 [
BLZR WL S 2 3 25 R0 > B 2 ) > A S JikOR = 1
EHHD o XAIFE L T8 A AL R U AT RE S Tk
B TR AL 2R 0 R A0 2 ML Y e R L R AR R
G R E B A AT Sy SR DA B XS BOR T R
{14 85 41 95 [ (57 3R BIF 52 140 2 AN [) 3 DX e — 2R R 26
RUM I J B Z 75— 07 K A 6] i 28 B 1 45 A1
By Al o X FE AR5, 3X RO BR ) 7 AATx o -

0.8927 |-

0.8928 |-

0.8929 |-

"gn/""Sn

0.8930 |-

O JE/K+ Erzgebirge
W KK % Vogtland
@ &4 Graupen
* fEIR/R Cornwall

0.8931 |-

0.8932 |-
1 I 1 1 1 1

0.3186 0.3187 0.3188 0.3189 0.3190 0.3191
1228n/"1%Sn

4 WO 3 BB X ) [R] o 4L
(# Haustein et al. ,2010)

Fig. 4 Tin isotopic composition of the main tin

deposits in Europe (after Haustein et al. ,2010)



wooB

3932 http://www. geojournals. cn/dzxb/ch/index. aspx

s
2021 4§

AL I A B A0 8 () o7 2K 1 40 B G W L A ) P
fift o BLZ B A B IR AL RS T B A R 5 1)
B R AL A0 TR o0 TR R B Bt de KT e s TR AL
PR Chn i R 50O 45 & 1 B 4 B8 T P TR A
2 U A B A {8 A R ) L DR B 4 1 B )
3 2 HAT PGS R R 8 PR 28 Y Y 1 7

5 BRI RIS AR 1)

L R

HEE A AT B IR o A 5K B T
Ak AL 2R — . hEM B BA 2 R
AR A LT 0 80 0 ) ) JBOR TR L PR 26 RL i AT
B AT AN TH ST LR il A T IS M8 3t 5 A IR A
W Z 4 (Qin Dexian et al. , 2004; Wang Denghong
et al. , 2004; Han Fa et al. , 2020; Zhang Yahui et
al. ,2020) . PRI 4254 — FOFT (9 BE FH T HE B 4 51 8
Yy SOk U8 S R R R 2 TR Y 7 3k 3 A JE I T )
VB B H 0 JC 3R FL TR 7 3R 2H A0 o o B ) ot ok
PR IR A RIS, 80 IRTEE A A
Z RSB ) G A ] R 0 DX, A A | kAR
aM L RmHCE T Ca KT R E T e T A
KBS R BL G 0T YA R E  JE MHRY E E-POBE
et FE P AR B B 77 ) (B 15 Che Qinjian, 20055
Jiang Shaoyong et al. , 2006; Yuan Shunda et al. ,
2008; Li Huan et al., 2018; Wu Jinghua et al.,
2018;]Jiang Weicheng et al. ,2019), K, £k A
B A DR 2 R AT e I AR T A o R R R AL
RO AR EEAT A SR H BAR R RAR L % . il
ANHREWN. GT IR EBT W EEZLES A
(SnO,) , Fm™ 4y fiy B L A HR 45 4 L 3 ik D0 3% LA
AR SRR AR AL 2 v o TR I B 06 T AR
A3t B AR B A 2 1 S AT RE SR B [ L R
H oA £ 4 (5 B (Wang Zhiqiang et al. ,2014;
Huang Fangfang et al. , 2015; Zhang Rongqing et
al. ,2015; Liu Jianping et al. ,2017;Jiang Shaoyong
et al. ,2020) . PR, 885 A0 8 WAL R 19 23 A 5 X
B A5 DR 1) b BR Ak 2 BIF 58 45 5 kR L IR AN R 26
R A 1 B 40 8 [F) 2 2R 2H 05 0 W s B L N R 4 4
ERRTTR AR R B W A PR B 2 )RR K
F A B a7 - PORE AL R b B R LR Y 4 1
P LR S SR AT o A% o A (] R 2 2 Ak 1Y
B[R e 805 B gE T S — B B A8 R L
R A7) B A 28 B 5 1% JEEL R 0 ) TR U i
e H HTA A W BT R R ]

LT A B A BB R R 3 RS2 B A
TR TR A i SO AR Ak A5 0 A R R R T
T 53 A 0 A 2 B T 12 14 A e i e Ay ok 4 4 o] 1R
R ARE R SR A T S 1F . A BB AT S AY
(XRSCD) \ZLAME 3% (TR) L BL & 56 3% (RS) | 1 4 s
B (SEMD (B & 06 (CL) R 8K El& (BSE) 43 #7
CIEEE €N RN LY Ve =i SEAR\Dny v RE DA =D v D9S3
N8 25 #4945 fiF (Zhang Rongqing et al. ,2017a; Guo
Jia et al. ,2018a; Wille et al. ,2018) ;45 4 M H A4
A7y 5 DA R AR R R R O L 2
(RS) O ol oL 73 25 25 7 I3 (LA-ICP-MS)
S5 03 B T BT 48 s Ui 1A ) BRA A v B B R A8 L 1 E
TARIR S % 3 2 (Mohamed, 2013 ; Wang Xudong et
al. ,2013; Lt Meng. 2015) ; #, T # 41 (EPMA) Al
LA-ICP-MS 44 J s 53 #r ol #5780 o R 7
B A1 UKL b i) 25 ] A2 A0 B A Kot R AL o T
ST W) 0 45 d o 2 KB i3 3 (Wang Zhigiang
et al. ,2014;Lerouge et al. ,2017;Xiang Lu et al. ,
2018;Cheng Yanbo et al. ,2019), LI | ZFh4r i
15 A R] — 4 PR FP B I ARG R E AN [ B A B
B B AR K R Ak S DUVE i B (Gonzalez et
al. ,2017;Zhang Rongqing et al. ,2017b;Guo Jia et
al. ,2018b; Zhu Dapeng et al. ,2021), %k, H Al
W ARG B FALR S BRI M & BT .
I By A1 [l 6 2% 5 P S 2 A O A 1A B b Bk
2 SR AE 1 2558 43 B T g F 5 R 3 e rh A e
B2 ey B A i 45 W) 7 3R 401 4R A R
N B U 2R G AR A AR R R AR IR S P DUTE
BT B T 5 4 A1 1 JEL i 7T O R R 5 ) 6 3R
Wt 53 0 o R U B 4 R PR 2K TR B B AR B

Je& B RO, 5 IR o 3R W I RAE LA = 5 T
IS B . (D 4% b 3K B2 1 () o7 28 it 12 530 1Y)
et R XRS5 TR A6 3R 1 s B B 43k 5 8 1 B Ak
XF LU s @ W D B [ 6 3R A PR v A 43 A
B OB Ry 8 R 3R L B IXORUBE b i 7 A 4 ik v
M T B @ o H- ARG R b B [ A3 3% 20 18 BIL o)
A8 ST TR Sy KRS B 0 DR 1 ) J5 oA TR B I AL
il 4 k48 B AL A
6 45k

BA A FRE R ZR 2 R 1 8 R R E
[FAL R R B LHL AT 22 5 308 K AT 2
T A S AR TR R L R S I A Ok ) R 46 R
H R AL 27 B B PR TS BT A B R AR AT R



512

A ) R L BT S0 J B AR R 2 vh A I e B 3933

SFOUS R A AR R ORI I MHE . S 2R
A7 PR 1Ay ML 7R A LR 2 AT S e - T A o A v
[l LR AT AR H BAR B R AR SC e = . X SR 8 67
TFJ& ISR R SR 42 B & B W 8 85 [R) 82 3% o A
254 DU 2 Bl o0 3R B U AR B A 1 i K 2R
R0 AR A e ) () (0 3R A e AL A R R
B AR I R W A B BT L DA B O AR R UL T A
UUTE 1 72 55 A BE T O i 5 b 83 [ 07 3% 20 18 1 4
il PN 2 S R BR AL 3 57 2 2% B T R S I B
[F) o7 3R A AR Y . LR85 A ) 9 [ o 3R T 50K
WANRZ BB H LR IR 87 i 7 i e 32 41
TSI L O A A R B A TR A PR 28 TR B
749 SR R B2 3 5C S 1% 95 ) 2 323k 40 » O BF 52 KL
S EZ ALY R (REE i Seow TR P s i i
S M b S B

References

Badullovich N, Moynier F, Creech J, Teng F Z, Sossi P A. 2017.
Tin isotopic fractionation during igneous differentiation and
Earth’s mantle composition. Geochemical Perspectives Letters,
5:24~28.

Barker S L L, Dipple G M, Hickey K A, Lepore W A, Vaughan ] R.
2013. Applying stable isotopes to mineral exploration: teaching an old
dog new tricks. Economic Geology, 108 (1) :1~9.

Berger D, Figueiredo E, Briigmann G, Pernicka E. 2018. Tin
isotope fractionation during experimental cassiterite smelting
and its implication for tracing the tin sources of prehistoric metal
artefacts. Journal of Archaeological Science, 92:73~86.

Bower N W, Lundstrom C C, Hendin D B. 2019. MC-ICP-MS analyses
of tin isotopes in Roman-era bronze coins reveal temporal and spatial
variation. Archaeometry, 61(4):891~905.

Broecker W S, Oversby V. M. 1971. Chemical equilibria in the
earth. Mineralogical Magazine, 39(302) ;258 ~259.

Brzozowski M J, Good D J, Wu Changzhi, Li Weigiang. 2021. Cu
isotope systematics of conduit-type Cu-PGE mineralization in
the Eastern Gabbro, Coldwell Complex, Canada. Mineralium
Deposita, 56:707~724.

Che Qinjian. 2005. Study on Yanshanian magmatic to hydrothermal
mineralization processes of major tin-polymetallic deposit-
concentrated area in South Hunan. Doctoral thesis of China
University of Geosciences (Beijing).

Cheng Yanbo, Spandler C, Kemp A, Mao Jingwen, Rusk B, Hu
Yi, Blake K. 2019.

crystallization: evidence from cathodoluminescence, trace-

Controls on cassiterite (SnQO;)

element chemistry, and geochronology at the Gejiu Tin district.
American Mineralogist, 104:118~129.

Clayton R, Andersson P, Gale N H, Gillis C, Whitehouse M J.
2002. Precise determination of the isotopic composition of Sn
using MC-ICP-MS. Journal of Analytical Atomic Spectrometry,
17(10) :1248~1256.

Creech ] B, Moynier F, Badullovich N. 2017. Tin stable isotope
analysis of geological materials by double-spike MC-ICPMS.
Chemical Geology, 457:61~67.

Creech J B, Moynier F. 2019a. Tin and zinc stable isotope
characterisation of chondrites and implications for early Solar
System evolution. Chemical Geology, 511:81~90.

Creech ] B, Moynier F, Koeberl C. 2019b. Volatile loss under a
diffusion-limited regime in tektites: evidence from tin stable
isotopes. Chemical Geology, DOI: 10. 1016/j. chemgeo.

2019.119279.

De Laeter ] R, Jeffery P M. 1965. The isotopic composition of
terrestrial and meteoritic tin. Journal of Geophysical Research,
70:2895~2903.

De Laeter J] R, Jeffery P M. 1967. Tin: its isotopic and elemental
abundance. Geochimica et Cosmochimica Acta, 31:969~985.

Faure G. 1986. Principles of Isotope Geology. Chichester: Wiley, 1
~464,

Fitoussi C, Wang X, Bourdon B. 2017. Tin isotope constraints on
the formation of the moon. Proceedings of Goldschmidt 2017,
Paris.

Friebel M, Toth E R, Fehr M A, Schonbachler M. 2020. Efficient
separation and high-precision analyses of tin and cadmium
isotopes in geological materials. Journal of Analytical Atomic
Spectrometry, 35:273~292.

Gonzalez T L, Polonio F G, Moro F J L., Fernandez A F, Contreras
J L S, Benito M C M. 2017.
mineralization in the Penouta deposit (NW Spain). textural

Tin-tantalum-niobium

features and mineral chemistry to unravel the genesis and
evolution of cassiterite and columbite group minerals in a
peraluminous system. Ore Geology Reviews, 81:79~95.

Guo Jia, Zhang Rongqing, Li Congying. Sun Weidong, Hu
Yongbin, Kang Deming, Wu Junde. 2018a. Genesis of the
Gaosong Sn-Cu deposit, Gejiu district, SW China: constraints
from in situ LA-ICP-MS cassiterite U-Pb dating and trace
element fingerprinting. Ore Geology Reviews, 92:627~642.

Guo Jia, Zhang Rongqing, Sun Weidong, Ling Mingxing, Hu
Yongbin, Wu Kai, Luo Ming, Zhang Lichuan. 2018b. Genesis
of tin-dominant polymetallic deposits in the Dachang district,
South China: insights {rom cassiterite U-Pb ages and trace
element compositions. Ore Geology Reviews, 95:863~879.

Han Fa, Tian Shugang, Liu Jian. 2020. Research on black
inclusions and paleotemperature of ore-hosting rocks in Dachang
tin deposit. Mineral Deposits, 39 (3):461 ~ 476 (in Chinese
with English abstract).

Haustein M, Gillis C, Pernicka E. 2010. Tin isotopy—a new method
for solving old questions. Archaeometry, 52 (5):816~832.

Hu Ruizhong, Wen Hanjie, Su Wenchao, Peng Jiantang, Bi
Xianwu, Chen Youwei. 2014. Some advances in ore deposit
geochemistry in last decade. Bulletin of Mineralogy, Petrology
and Geochemistry, 33: 127~144 (in Chinese with English
abstract).

Huang Fang. 2011. Non-traditional stable isotope fractionation at
high temperatures. Acta Petrologica Sinica, 27(2):23~40 (in
Chinese with English abstract).

Huang Fangfang, Wang Rucheng, Xie Lei, Zhu Jinchu, Erdmann
S, Che Xudong, Zhang Rongqing. 2015. Differentiated rare-
element mineralization in an ongonite-topazite composite dike at
the Xianghualing tin district, Southern China: an electron-
microprobe study on the evolution from niobium-tantalum-
oxides to cassiterite. Ore Geology Reviews, 65:761~778.

Jackson K S, Helgeson H C. 1985. Chemical and thermodynamic
constraints on the hydrothermal transport and deposition of tin: I
Calculation of the solubility of cassiterite at high pressures and
temperatures. Geochimica et Cosmochimica Acta, 49:1~22.

Jiang Shaoyong, Ding Tiping, Wan Defang. 1992. Geochemistry of
silicon and oxygen isotopes in some lead-zinc deposits in China.
Chinese Science Bulletin, 37:50~53 (in Chinese).

Jiang Shaoyong, Zhao Kuidong, Jiang Yaohui, Ling Hongfei, Ni
Pei. 2006. New type of tin mineralization related to granite in
South China: evidence from mineral chemistry, element and
isotope geochemistry. Acta Petrologica Sinica, 22(10) ;2509 ~
2516 (in Chinese with English abstract).

Jiang Shaoyong, Zhao Kuidong, Jiang Hai, Su Huimin, Xiong
Suofei, Xiong Yiqu, Xu Yaoming, Zhang Wei, Zhu Liiyun, 2020.
Spatiotemporal  distribution,  geological  characteristics  and
metallogenic mechanism of tungsten and tin deposits in China: an
overview. Chinese Science Bulletin, 65(33): 3730~3745.

Jiang Weicheng, Li Huan, Mathur R, Wu Jinghua. 2019. Genesis



wooB

=
3934 http://www. geojournals. cn/dzxb/ch/index. aspx

2021 4

of the giant Shizhuyuan W-Sn-Mo-Bi-Pb-Zn polymetallic
deposit, South China: constraints from zircon geochronology
and geochemistry in skarns. Ore Geology Reviews, DOI.
https://doi. org/10. 1016/j. oregeorev. 2019. 102980.

Lee D C, Halliday A N. 1995. Precise determinations of the isotopic
compositions and atomic weights of molybdenum, tellurium, tin
and tungsten using ICP magnetic sector multiple collector mass
spectrometry. International Journal of Mass Spectrometry and
Ton Processes, 146:35~46.

Lerouge C, Gloaguen E, Wille G, Bailly L. 2017. Distribution of In
and other rare metals in cassiterite and associated minerals in Sn
+/-W ore deposits of the western Variscan Belt. European
Journal of Mineralogy, 29:739~753.

Li Huan, Wu Jinghua, Evans N J, Jiang Weicheng, Zhou Zhekai.
2018.  Zircon geochronology and geochemistry of the
Xianghualing A-type granitic rocks: insights into multi-stage
Sn-polymetallic mineralization in South China. Lithos, 312-
313:1~20.

Li Jianwei, Zhao Xinfu, Deng Xiaodong, Tan Jun, Hu Hao, Zhang
Dongyang, Li Zhanke, Li Huan, Rong Hui., Yang Meizhen,
Cao Kang, Jin Xiaoye, Sui Jixiang, Zu Bo, Chang Jia, Wu Yalfei,
Wen Guang, Zhao Shaorui. 2019. An overview of the advance on
the study of China’s ore deposits during the last seventy years.
Scientia Sinica Terrae, 49:1720~1771 (in Chinese).

Liao Shili, Tao Chunhui, Zhu Chuanwei, L.i Huaiming, Li Xiaohu,
Liang Jin, Yang Weifang, Wang Yejian. 2019. Two episodes of
sulfide mineralization at the Yuhuang-1 hydrothermal field on
the Southwest Indian Ridge: insight from Zn isotopes. Chemical
Geology, 507:54~63.

Liu Jianping, Rong Yanan, Zhang Shugen, Liu Zhongfa, Chen
Weikang. 2017. Indium mineralization in the Xianghualing Sn-
polymetallic orefield in southern Hunan, southern China.
Minerals, DOI: 10. 3390/min7090173.

Liu Yun. 2015. Theory and computational methods of non-
traditional stable isotope fractionation. Earth Science Frontiers,
22(5) :1~28 (in Chinese with English abstract).

Lii Meng, Tan Shucheng, Hao Shuang, Li Huimin, Zhang Yahui,
Chen Kezhong, Guo Xiangyu. 2015. Mineralogical study of
cassiterite grains from the Gejiu tin deposit. Northwestern
Geology, 49(1):101~108 (in Chinese with English abstract).

Mason A, Powell W, Bankoff H A, Mathur R, Price M, Bulatovic
A, Filipovic V. 2020. Provenance of tin in the Late Bronze Age
balkans based on probabilistic and spatial analysis of Sn
isotopes. Journal of Archaeological Science, DOI: 10. 1016/j.
jas. 2020. 105181,

Mathur R, Brantley S, Anbar A, Munizaga F, Maksaev V,
Newberry R, Vervoort J, Hart G. 2010. Variation of Mo
isotopes from molybdenite in high-temperature hydrothermal
ore deposits. Mineralium Deposita, 45:43~50.

Mathur R, Powell W, Mason A, Godfrey L, Yao Junming., Baker
M E. 2017. Preparation and measurement of cassiterite for Sn
isotope analysis. Geostandards and Geoanalytical Research, 41
701~707.

McNaughton N J, Loss R D. 1990. Stable isotope variations of tin.
In: Herbert H K, Ho S E, eds. Stable Isotopes and Fluid
Processes in Mineralization. University of Western Australia:
Australian Publication, 269~276.

McNaughton N J, Rosman K J R. 1991. Tin isotope fractionation in
terrestrial cassiterites. Geochimica et Cosmochimica Acta, 55:
499~504.

Meija J, Coplen T B, Berglund M, Brand W A, De B P, Groning
M, Holden N E, Irrgeher J, Loss R D, Walczyk T, Prohaska
T. 2016. Isotopic compositions of the elements 2013 (IUPAC
technical report). Pure and Applied Chemistry, 88 (3): 293
~306.

Menuge ] F, Barker G J, Gagnevin D, Boyce A J. 2013. Fe and Zn
isotopes in the Navan Zn-Pb deposit, Ireland: implications for
mineral exploration. Mineral Deposit Research for a High-tech
World, 1-4.:422~425.

Mohamed M A M. 2013. Evolution of mineralizing fluids of
cassiterite-wolframite and {luorite deposits from Mueilha tin
mine area, Eastern Desert of Egypt, evidence from fluid
inclusion. Arabian Journal of Geosciences, 6:775~782.

Moynier F, Fujii T. Telouk P. 2009. Mass-independent isotopic
fractionation of tin in chemical exchange reaction using a crown
ether. Analytica Chimica Acta, 632(2):234~239.

Qin Dexian, Tan Shucheng, Fan Zhuguo, Li Yingshu, Chen
Aibing, Li Lianju, Liu Guangliang, Dang Yutao, Tong Xiang,
Wu Junde. 2004. Geotectonic evolution and tin-polymetallic
metallogenesis in  Gejiu-Dachang area. Acta Minerealogica
Sinica, 24(2):117~123 (in Chinese with English abstract).

Qu Qinyuan, Liu Guijian, Henry M, Point D, Chmeleff J, Sun
Ruoyu, Sonke ] E, Chen Jiubin. 2020. Tin stable isotopes in
magmatic-affected coal deposits: insights in the geochemical
behavior of tin. Applied Geochemistry, DOI:. 10. 1016/j.
apgeochem. 2020, 104641.

Roskosz M, Amet Q, Fitoussi C, Dauphas N, Bourdon B, Tissandier
L, Hu M Y, Said A, Alatas A, Alp E E. 2020. Redox and
structural controls on tin isotopic fractionations among magmas.
Geochimica et Cosmochimica Acta, 268:42~55.

Rosman K J R, Loss R D, De Laeter J R. 1984. The isotopic
composition of tin. International Journal of Mass Spectrometry and
lon Processes, 56:281~291.

Schulze M, Ziegerick M, Horn I, Weyer S, Vogt C. 2017.
Determination of tin isotope ratios in cassiterite by femtosecond
laser ablation multicollector inductively coupled plasma mass
spectrometry. Spectrochimica ~ Acta Part B:  Atomic
Spectroscopy, 130:26~34.

She Jiaxin, Wang Tianhua, Liang Hengdi, Muhtar M N, Li
Weigiang, Liu Xiandong. 2020. Sn isotope fractionation during
volatilization of Sn(IV) chloride: laboratory experiments and
quantum mechanical calculations. Geochimica et Cosmochimica
Acta, 269:184~202.

Taylor J R, Wall V J. 1993. Cassiterite solubility, tin speciation,
and transport in a magmatic aqueous phase. Economic Geology,
88(2):437~460.

Teng F Z, Dauphas N, Watkins J] M. 2017. Non-traditional stable
isotopes: retrospective and prospective. Reviews in Mineralogy, 82
(1): 1~26.

Tu Guangchi, Gao Zhenmin, Hu Ruizhong., Zhang Qian, Li
Chaoyang., Zhao Zhenhua, Zhang Baogui. 2004. Geochemistry
and Metallogenic Mechanism of Dispersed Elements. Beijing:
Geological Press (in Chinese).

Wang Da, Mathur R, Powell W, Godfrey L, Zheng Youye. 2019.
Experimental evidence for {ractionation of tin chlorides by redox
and vapor mechanisms. Geochimica et Cosmochimica Acta,
250:209~218.

Wang Denghong, Chen Yuchuan, Chen Wen, Sang Haiqing, Li
Huaqin, Lu Yuanfa, Chen Kaili, Lin Zhimao. 2004. Dating the
Dachang giant tin-polymetallic deposit in Nandan, Guangxi.
Acta Geologica Sinica, 78 (1): 132 ~ 138 (in Chinese with
English abstract).

Wang Tianhua. She Jiaxin, Yin Kun, Wang Kai, Zhang Yingjie, Lu
Xiancai, Liu Xiandong, Li Weigiang. 2021. Sn (II) chloride
speciation and equilibrium Sn isotope fractionation under
hydrothermal conditions: a first principles study. Geochimica et
Cosmochimica Acta, 300:25~43,

Wang Xueying, Fitoussi C, Bourdon B, Amet Q. 2017. A new
method of Sn purification and isotopic determination with a
double-spike technique for geological and cosmochemical
samples. Journal of Analytical Atomic Spectrometry, 32(5):
1009~1019.

Wang Xueying, Amet Q, Fitoussi C, Bourdon B. 2018. Tin isotope
fractionation during magmatic processes and the isotope
composition of the bulk silicate Earth. Geochimica et
Cosmochimica Acta, 228:320~335.

Wang Xueying, Fitoussi C, Bourdon B, Fegley B, Charnoz S. 2019.
Tin isotopes indicative of liquid-vapour equilibration and



512

A ) R L BT S0 J B AR R 2 vh A I e B 3935

separation in the Moon-forming disk. Nature Geoscience, 12
707~T711.

Wang Xudong, Ni Pei, Yuan Shunda, Wu Shenghua. 2013. Fluid
inclusion studies on coexisting cassiterite and quartz from the
Piaotang tungsten deposit, Jiangxi Province, China. Acta
Geologica Sinica, 87 (6):850~ 859 (in Chinese with English
abstract).

Wang Zhigiang, Chen Bin, Ma Xinghua. 2014. In situ LA-ICP-MS
U-Pb age and geochemical data of cassiterite of the Furong tin
deposit, the Nanling Range: implications for the origin and
evolution of the ore-forming fluid. Chinese Science Bulletin, 59
(25):2505~2519 (in Chinese with English abstract).

White W M. 2003. Isotope Geochemistry. Oxford: Wiley, 1~287.

Wille G, Lerouge C, Schmidt U. 2018. A multimodal
microcharacterisation of trace-element zonation and
crystallographic orientation in natural cassiterite by combining
cathodoluminescence, EBSD, EPMA and contribution of
confocal Raman-in-SEM imaging. Journal of Microscopy, 270
309~317.

Wilson A F. 1968. Geological report on granites in West Africa. In:
Proceedings of the Symposium on the Granites of West Africa.
Paris: UNESCO, 123~147.

Wu Jinghua, Li Huan, Algeo T J, Jiang Weicheng, Zhou Zhekai.
2018. Genesis of the Xianghualing Sn-Pb-Zn deposit, South
China: a multi-method zircon study. Ore Geology Reviews,
102.220~239.

Xiang Lu, Wang Rucheng, Erdmann S, Sizaret S, Lu Jianjun,
Zhang Wenlan, Xie Lei, Che Xuedong, Zhang Rongqing. 2018.
Neoproterozoic mineralization in a hydrothermal cassiterite-
sulfide deposit at Jiumao, northern Guangxi, South China:
mineral-scale constraints on metal origins and ore-forming
processes. Ore Geology Reviews, 94:172~192.

Yamazaki E, Nakai S I, Yokoyama T, Ishihara S, Tang H. 2013.
Tin isotope analysis of cassiterites from Southeastern and
Eastern Asia. Geochemical Journal, 47:21~35.

Yamazaki E, Nakai S, Sahoo Y, Yokoyama T, Mifune H, Saito T,
Chen Jianli, Takagi N, Hokanishi N, Yasuda A. 2014. Feasibility
studies of Sn isotope composition for provenancing ancient bronzes.
Journal of Archaeological Science, 52:458~467.

Yao Junming, Mathur R, Sun Weidong, Song Weile, Chen
Huayong, Mutti L, Xiang Xinkui, Luo Xiaohong. 2015.
Fractionation of Cu and Mo isotopes caused by vapor-liquid
partitioning, evidence from the Dahutang W-Cu-Mo ore field.
Geochemistry, Geophysics, Geosystems, 17(5):1725~1739.

Yao Junming, Mathur R, Powell W, Lehmann B, Tornos F,
Wilson M, Ruiz J. 2018. Sn-isotope {ractionation as a record of
hydrothermal redox reactions. American Mineralogist, 103
1591~1598.

Young E D, Manning C E, Schauble E A, Shahar A, Macris C A,
Lazar C, Jordan M. 2015. High-temperature equilibrium
isotope fractionation of non-traditional stable isotopes:
experiments, theory, and applications. Chemical Geology,
395:176~195.

Yuan Shunda, Peng Jiantang, Hu Ruizhong. Li Huiming, Shen
Nengping, Zhang Dongliang. 2008. A precise U-Pb age on
cassiterite from the Xianghualing tin-polymetallic deposit
(Hunan, South China). Mineralium Deposita, 43:375~382.

Zhai Degao, Mathur R, Liu Shengao, Liu Jiajun, Godfrey Linda,
Wang Kexin, Xu Junwei, Vervoort J. 2021. Antimony isotope
fractionation in  hydrothermal systems. Geochimica et
Cosmochimica Acta, DOI: https://doi. org/10. 1016/j. gca.
2021. 05. 031.

Zhang Ligang. 1989. Diagenetic and Metallogenic Theory and
Prospecting ; Stable Isotope Geology of Major Types of Deposits
and Granites in China. Beijing: Beijing University of
Technology Press (in Chinese).

Zhang Rongqing, Lu Jianjujn, Wang Rucheng, Yang Ping, Zhu
Jinchu, Yao Yuan, Gao Jianfeng, Li Chao, Lei Zeheng, Zhang
Wenlan, Guo Weimin. 2015. Constraints of in situ zircon and

cassiterite U-Pb, molybdenite Re-Os and muscovite Ar'®/Ar*®
ages on multiple generations of granitic magmatism and related
W-Sn mineralization in the Wangxianling area. Nanling Range,
South China. Ore Geology Reviews, 65:1021~1042.

Zhang Rongqing, Lu Jianjun, Lehmann B, Li Congying, Li
Guanglai, Zhang Lipeng, Guo Jia, Sun Weidong. 2017a.
Combined zircon and cassiterite U-Pb dating of the Piaotang
granite-related tungsten-tin deposit, southern Jiangxi tungsten
district, China. Ore Geology Reviews, 82.:268~284.

Zhang Rongqing, Lehmann B, Seltmann R, Sun Weidong, Li
Congying. 2017b. Cassiterite U-Pb geochronology constrains
magmatic-hydrothermal evolution in complex evolved granite
systems: the classic Erzgebirge tin province ( Saxony and
Bohemia). Geology, 45:1095~1098.

Zhang Yahui, Zhou Jiaxi, Tan Shucheng, Li Huiming, Hao
Shuang, Jiang Yonguo, He Xiaohu. 2020. Genesis of the
oxidized Sn ores in the Gejiu district, Yunnan Province, SW
China. Ore Geology Reviews, DOI: https://doi. org/10. 1016/
j. oregeorev. 2020, 103474,

Zhao Yun, Xue Chunji, Liu Shengao, Mathur R, Zhao Xiaobo,
Yang Yongqiang, Dai Junfeng, Man Ronghao, Liu Ximeng.
2019. Redox reactions control Cu and Fe isotope fractionation in
a magmatic Ni-Cu mineralization system. Geochimica et
Cosmochimica Acta, 249:42~58.

Zheng Yongfei. 2000. Stable Isotope Geochemistry. Beijing:Science
Press (in Chinese).

Zheng Yuanchuan, Liu Shengao, Wu Changda, Griffin W L, Li
Zhenqing, Xu Bo, Yang Zhiming, Hou Zengqian, O’Reilly S
Y. 2019. Cu isotopes reveal initial Cu enrichment in sources of
giant porphyry deposits in a collisional setting. Geology, 47
(2):135~138.

Zhu Dapeng, Li Huan, Algeo T J, Jiang Weicheng, Wang Chong.
2021. The
Huangshaping skarn deposit ( Nanling Range, South China).
Mineralium Deposita, 56:1087~1110.

Zhu Xiangkun, O’Nions R K, Guo Yakun, Belshaw N S, Rickard
D. 2000. Determination of natural cu-isotope variation by

prograde-to-retrograde  evolution  of  the

plasma-source mass spectrometry: implications for use as
geochemical tracers. Chemical Geology, 163(1):139~149.

Zhu Xiangkun, Wang Yue, Yan Bin, Li Jin, Don Gaiguo, Li
Zhihong, Sun Jian. 2013. Developments of non-traditional
stable isotope geochemistry. Bulletin of Mineralogy, Petrology
and Geochemistry, 32(6):651~688 (in Chinese with English
abstract).

2 % x #

EH . 2005 WM Z B E XML EK Wik R TR
WSS, A b 5T R 2 b ) e 22 738 3.

Wy, 2011, R T AEE SR WAL R . A A, 27(2):23
~40.

W, THF, . 1992, FE B EEH K Ak R I 7 R
M ERIE 25T, Bl iR, 37:50~53

VT, BEEAR, ERERE, wit Tk, i, 2006, ERHIEN AR K
R — Tl 28 T 48 R A - B Ak 2 L oG & R R o R fk
2AEHE. AR, 22(10):2509~2516.

PTG, AR, B, N ERL, RERIE. ReOvdl. TR, AR,
RAIE. 2020, HRE A ET PR I 2R 4 A B L M R R AE 45 R
HLHIF 58 F J . Bl2zid@dit . 65(33):3730~3745.

gk, AR, K. 20200 KT8 0 AR B €0 40 3L R 8 IR 4 A B R
A 0 i R 5T, R LB, 39(3) :461~476.

A, RDUEE, RSO, A, BEEkR. PRIGZE. 2014, WKL
BRAbE T AR TR . 795 A ERfb 22 W 4, 33127
~144.

A, ROWTAE . FBIEAR . AR, B, SRARPR. 2= T, 2wk, o
V. B2, WHE, BN, FEE AR, HB, B BT, X
J7 XA E. 2019, BT E L DOk R E B RF DR A T EE
PEE. pERE . HERELE, 49.1720~1771.

XAs. 2015, dE AL e e R0 3 A 18 B KOV 5. Mb R 2, 22




SN (1

3936 http://www. geojournals. cn/dzxb/ch/index. aspx 2021 4
(5):1~28. TR, Bk, =k, SpE. 2013, SRS T80 MIEn
B o, WM. MBI, R, SR, MR, ST 2015, 4 WP PR R IE. MU, 87(6) :850~859
IHE T8 A M P otoR. wdeb s, 49(1):101~108. EEMR, Fowk, DEME. 2014, MW ERBY UJ%E DIAILP—
ZSE, R, AR, BN, BREL, &%, XDk, BE MS U-Pb 4548 2% e b Bk A6 4 WF 5« % B0 G 44 ok U A 16 19 2
W, mRE, IRTE. 2004, ANIH-K)T M X Ml 5 1 T AL KB £ M. Bl AR, 59(25):2505~2519.
SR . TR, 24(2) 117~123. FBAK K. 2000. FaE R HuBRfb 2%, JUR B2 H R AL,
WOLH, ERE, BB, KL, I, RIRAE. RS, 2004, AR, R, ERR, ZRu, ®OEE, 2R, JhEIL 2018, FEfE4E
Sy M ER AL B B, dbst e M AR AL FasE AL R MR fb 2= 1 QU S R . 09 5 A M Bk Ak 25 JE 4
FBL, BRI BRSC, R, 2R, Bk, BRITAL, MK, 32(6):651~688.
2004, JUVGRFER)T BRI £ &R 0K A R AR M 2 FRIENI. 1989, UE BV HIE SR I E BRI K ALK A
. 78(1):132~138. A AR RO M BT, db ot b Dol A A

Research progress on tin isotope and its application prospect in ore geology

LI Huan"?, WU Jinghua”, JIANG Weicheng” , REN Tao"” , LIU Biao"
1) School of Geosciences and Info-Physics,Central South University , Changsha, Hunan 410083, China;
2) Department of Earth and Environmental Sciences, Macquarie University ., Sydney 2109, Australia

* Corresponding author ; lihuan@csu. edu. cn
Abstract

Tin (Sn) isotope is a non-traditional stable isotope. Its application in archaeology and astrochemistry
shows great tracing potential and value. However, a systematic overview of its research and application
prospects in geology (especially economic geology) is not available. In this paper, the Sn isotopic data of
the main natural and artificial samples published in the world are summarized and analyzed. It is found that
there are great differences in the Sn isotopic composition of natural samples, among which the glassy
meteorite is the richest in heavy tin (§%¥''® Sn value can reach at 2.53%,). and the tetrahedrite is the
richest in light tin (8" Sn value can reach at —1.71%;). Among them, the variation range of Sn
isotopic composition of tin-bearing minerals (such as cassiterite and tetrahedrite) is much larger than that
of whole rock samples. The Sn isotopic compositions of whole rocks are obviously different in different
lithologies or geological bodies from the mantle and crust. Under certain conditions, Sn isotope can be
fractionated, and the degree of fractionation may be much greater than the difference of its initial value.
The Sn isotope of cassiterite is very sensitive to metallogenic environment. The fluid composition,
chemical reaction rate and physicochemical conditions (such as temperature, salinity, oxygen fugacity, pH
value, etc.) may affect the Sn isotope composition of cassiterite. Cassiterite crystallized by deep fluid
(such as magma source) is rich in heavy tin, while cassiterite crystallized by shallow fluid (such as
formation fluid) is rich in light tin. Therefore, the Sn isotope of cassiterite has the potential to distinguish
the genetic types of different deposits. Looking forward to the future, the research on Sn isotope is
expected to make breakthroughs in the following aspects: (D accurate determination of tin isotope reservoir
data in various spheres; @ accurate and rapid analysis of tin isotope in in-situ micro-area of Sn-bearing
minerals; @) mechanism establishing of Sn isotope fractionation in hydrothermal deposits. By focusing on
the changes of Sn isotope composition of tin-bearing minerals during magmatic-hydrothermal evolution, it
is expected to reveal the properties and physical and chemical environment of tin-bearing fluids. Also, the
controlling factors and tracing mechanism of Sn isotope fractionation in the mineralization process can be
discussed from the perspective of source. evolution and precipitation of ore-forming fluid, and a Sn isotope
evolution model in complex tin metallogenic systems can be established. The Sn isotope studies can provide
new ideas for further understanding the “source”, “transportation” and “storage” processes of multi-type
tin mineralization, provide key Sn isotope evidence for the identification of the genesis types and ore-
forming materials of disputed tin deposits, and then provide a new perspective for the study of large-scale

tin polymetallic mineralization, which has important theoretical value and practical significance.

Key words: Sn isotope;fractionation mechanism; cassiterite; magmatic-hydrothermal process; genesis

of tin deposits



