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Abstract

Tin is an essential critical mineral resource for global high-technology applications. Recently, the inbalance
between the supply and the demand of tin resources is increasingly conspicuous. Currently, the metallogenesis
and exploration of tin deposits have been widely received worldwide attention. Based on numerous previous stud-
ies on the petrogenesis and metallogenesis of typical tin deposits and metallogenic belts, as well as high-tempera-
ture and high-pressure experiments, we systematically reviewed the main advances and problems on the geochro-
nology, the type of ore-bearing granites, the source of the magma, the conditions of partial melting, the species of
tin in granitic magma and hydrothermal fluids and its partitioning behaviors between melt and fluid phases, and
point out that (D) in situ U-Pb dating of cassiterite has been demonstrated as a robust geochronometer for direct

dating of tin mineralization, which, combined with the recent developed in situ U-Pb dating on other ore minerals

* R FIE R [ REES T (415 : 41822304 41672095 4177304 1) il Ya 2 48 35 MERHIF B A LA ) 45 9% L 0 %8 4 (4 5 . K'Y 1703) 15
EEElAYEl

H—AEE R RIGA, 1980 4R W BP0 L 0% A A% IR %l . Email : shundayuan@cags.ac.cn

ek HIW  2020-05-29; 2 IH HIH - 2020-07-01. B4R i



608 N JZS b 5 2020 4

and traditional dating on altered minerals, will provide crucial evidences to identify multiple mineralizations of
Sn-polymetallic deposits, to reveal the genetic link among the different type mineralization, and to set up the re-
gional metallogenic models of Sn-polymetallic deposits; 2 the enrichment of tin in ore-bearing granitic magma
is not only related to the high degree of fractional crystallization, but also controlled by the source components
and the P-T conditions of partial melting; (3 the mechanisms of the heterogeneous distribution of the tin deposits
around the world, the tin enrichment mechanism of the tin deposits related subaluminous granites, and the various
complex metal assemblages (such as Sn-W-Mo-Cu-Pb-Zn-Ag) and its enrichment mechamisms are still needed
to be addressed; (@) the previous high P-T experimental results on the species of tin in granitic melt and hydro-
thermal fluid phases and the partitioning behavior between the two phases using double-capsule method are seri-
ously affected by the alloying problems, and the development of new method of synthetic fluid inclusion and the
application of in situ XAS and Raman spectroscopy will provide direct and reliable experimental evidences for

better understanding the transportation, enrichment and precipitation of tin in the granitic magma-hydrothermal

processes.
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Fig.1 Relationships between the Oxidation and differentiation

of granitic magma and metal assemblages (after Blevin, 2003)
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Fig. 2 Experimental results of partitioning coefficients of Sn
between fluid and melt at 800°C, P=150 MPa, f{O,)=NNO
(after Yuan et al., unpublished). Previous experimental results
of the partitioning coefficient of Sn under similar condition

are shown for comparison
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fife B S0 NN B TE A HCL I S A b 22U SR
W25 G AT I EE A BE MW pH (E X 85
A1)V A BE B B, I Ak 7E NNO 22 i 451
T, B 5L Sn2 T SUAFEAE , 1 AE HM 28 i
KM AR R EE L) Snt T S AFAE . SR,
Wilson 45 (1990) 7 4t B 5 i ¢ R Bl (E13) 1t
A B PR AAR P Snt/Sn2t=1 1 FLR I8 5 T HM 4%
R R LA B g, R 3 P s e 285 SR AR
£ HM 22 ti A 28 L1 AR KA L P9 Sn2 A7 S #AR I
rp B ) EEAFAEIE S, X 5% A5 IA R HM 28 oft
S N B E R AR R FEE L)L Sl SIS AE
—EM 2R, G, Taylor %5 (1993)7E 700~800°C,
2 kbar | JFJ& T A [R) S0 5 45 (QFM-QFM +1.5) 8
AT S, T IR At 2% 14 11 B B8 A A AR I
A T T I o B AR B A Ak AR Ak TIE B A LS5
AR SEIE N AEAE Sn2t . R R IX BS54
SR B e AR AR P B A AR T AR
A F o050 EEORH TR B0 5 4 R B AE N [V 2
L TE IR T LGS R E AR R B S R e R
V) P 4 3050 17 %o S 6 48 SR 19 B i, 30 T 1T 5 g 1)
BE IR TRAR h 4 B At T

R TR S R AR S B A &R,
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Migdisov %5 (2005) EL 3K 8K 4 1 s R 284 S
8 AE 300~350°C, P=180 bar, %% J¥ 2 K &
MoO,/MoO; Fll TG 4 i FE 2% v ik £ (4R FE [ MoO,/
MoO, = JLAN B 0 45 0F F T T8 A 6 & HCLZE
AR AR SR ORI SY, R B A A B A LS
IO A S R 9 Sy F 4R TIESE T 7E MoO,/MoO;
ST AR ) EELL St AEFE . 1T Duc-
Tin 55 (2007)MR A 95 AR 22 A H R 5 LA-
ICP-MS HANEL AR AT 3 TR R 25 6, 7E NNO 4444
T IFRE T 8 AE NaCUVA TR HC A W v e 3 ) 52 52
55, A RAE & NaClE W 8 E 2L Sn(OH)CUE A7
16 MAE S HCLE U 2A Sn(OH)CLAT SnCl,,

SR RS EG IS B TE R AR P 4%
B WS BB T B A T RA TN A RS
VARV TS 2L 53 JEE R R B 22 ) 1) B 1 O R () 4310
154, H 20500 R FH VR ORI A Ao R B R AR 3R
e LT R SR AR B 0 45 B A R (R
B, AT BE S % S 5 25 7 AR H L5 ) (Schmidt,
2018) . WOHL = SR AR SS G 4 WA AE = i
1R RIS L DA XL 8% A ORI R v ) 45 B 2
4, Schmidt (2018) 7E & Wl A1 H i N IF R T 3 8 A
FE 5 ik = T SRR = S I AT R B A I
T R A R L2 AR T HCL B B 4 LT
TR T ) B AR R A R 1) A P R i)
AN IR AU G R IE A (1813) , SnO,/
SnO 2% 4k L NNO IR JLAH i 2%, 5 7 b I i 4R v
Sn* Al IR EAFAE . FERLIERE -, 38 i R P8O
BEMTRAR RGEIF R T 22~600°C 4544 F HCA T
By A0V 0 B S 2 W5 R B S RO L A R B A
fift 76 & HCL I /K I W P R 2 il Sn* 5 & 1 4% &
W, R TER A R 45 F R AT Sn?t, IAh HCL
VR B R T B E TR I A T 1 T S RN T TE 9 G e
R R SR B (N 2S5 4/ . SR, 78
TPV LR B XT84 A B2 A B, Schmidt (2018) 7R
J 55 48055 P P it P SnO,/SnS Fa 8 2 1R /R St
S AR U IR, TR R TIA T A A B, i
I BE AL SnO,/Sn0O 22 wh 45 11, (B H i 38 % A
SnO,/SnO £ 10l AH B 1] 52 i ) 22886 . 53 4h,
JRUE TR OGRS A 00 I 512 56 w3 e R AR S
Ar+CH, 3 Ar+H, , H I A 45 TR 22 10 SR
PRI JH T8 U 380 855 1 4% B e SO E AN B ELHE AR
By i AR B i B E

bR B, H R T8 A AR A T I AR TR

| | |
A (Ksp) -H=aBE (ms) -fA7E (qtz)
8 [ 2mcCr

logf(0,)

450 500 550 600 650
i JZ/°C

B3 1.5 kbar FHGRAH Sn* Fl Sn* A 04 S WIRaE X R
A4 B (JE Wilson et al., 1990)

1 pH AZHH AT (Ksp)-F B (ms) -7 3 (qtz) 21 A 2% i, IR0 B
SR 2 m(K/Na=0.15), QFM 47 Je-hs 41 -REE™ , M g Atk
W -WEkA™, Sn IV 1 Sn 112 Sn* il Sn?*, aq K 7K A
Fig. 3 Calculated relation between stannous ( II') and stannic
(IV) chloride complexes in natural hydrothermal fluids at 1.5
kbar( after Wilson et al., 1990)

Note: pH buffer assemblage: K-feldspar-muscovite-quartz

KIBFETEAR P E L, X F BT BT A L I 7
FEARRIAIAR . AR T — e LR 1 PR (A 5
K (41 CO,/CH,) M 3K A~ FRAE Y WE 5T, Nl iU
M E KA IAR R IR TIRR R EZ gL
F QFM Hil NNO Z [] (Patterson et al., 1981; Kwak,
1983; Christiansen, 1986) , & [ 34 K £ K 52 56 W
FEAE R TR JE S5 T A AR h ) E 2L Sn? P
KATE MR ZES Ak G aiid 5%
OB B V) AR DR 402 35 PR I A
W8 £ UL TE HIL ] 26 3K 4 (Heinrich et al., 1986; Eug-
ster, 1986; Wilson et al., 1990) :

38nCl, + 2H,As0, + 2FeCl, + 2H,S—3Sn0, + 2Fe-
AsS+10HCI 5

7SnCl, + FeCl, + 2H,S0, + 6H,0—7Sn0, + FeS, +
16HCI

MR b2 s AT DA RS pH X8 A
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logf(0,)

300 400 500 600 700 800
W C

K4 200 MPa FJLAZe i 2 i B2 15 400 56 RT3 46
(4} Schmidt, 2018)
Fig. 4 Calculated oxygen fugacities at 200 MPa as a function
of temperature for several buffer assemblages
(after Schmidt, 2018)

TE TR LA v 0 35 il B2 B 5 ), {H Ak b
Ji I 7 1 i A R RO O R ) A DD TE A Y A
B Z HL fi| (Heinrich et al., 1992), 1 Schmidt (2018)
VNI SNE 2 QE R A B & N RN DR
JE 25 0 B, S 7 R U A4 v aT DA AR GE AR TE
=Y RV R 25 B B v ) A O UL U O N T 2
AL RS AR IR Z 8 A ik Yo A b s
BB & B A K 0 2R T A 0 ok B 8 A 1)
AR AR B 3 B AR, BRI 4R S Sn*t-CL &%
G W 2 R AR AR T B T 1) — R B A
Toi8 AR H 85 B9 M 25 R St A J& Sn?t, KA B
LA TR A B A 0 IV 5 3R HCLI B Y R AR 2 T
DL S 808 A iy U0TE BT, AR Ak i i s g I E 2
B A B EE AL

T IR R AT LUE B e PO A
IEB I LR A0 W PR EZENRZ —,
SR, 40 Bk, B RTEXT B e R AR il AT
{18 28 2% 1o il e Hs S 96 BIF 52 240 340 A7 AE — 26 ) T, 3L
Byt BB (R 3 B S UTTE A Al R AR e 4
THAE, — BRI RS T AT & R PO B 5T
DUVEMLH TR A TR o PRITT, SR B i S 3 H ARy

5 (I R A AR T 1) A v e A5 58 52 36 7 ik
PORBREE A RERE L, RGUIT AR 0% B 451 T 8
TE 55 M SRR AR P i i B SC R AT 5T, R4 &
XAS [a] A 45 3 FEOC R 2 BEAT JRU0E ) T 45 4 14
A, R B A B 7 PBOR R P OID RS A MR 2T
TE AT HIL ] $ A EE A

5 FEIANHGRE

(1) ZF™ 8 P BN AR 7 ik S S s ™
RIMAETT LSS & B A8 2 &m0 IR 2 ik
AT T A 4 DX PN AN [R] 2 B PR 14 B
A B LI, AR X 3™ R 2 6 5 7 1 ot s A
FKE

(2) B & 5 AT AN (05 76 b 02 K 19 i P JEE
B 205 b S S DD AR 5 7 L 52 T8 DX 2 18 B 8 e
FAFRIHZ

(3) &P Z BB RAIAI 27040 5 e
JRAE i A B 10 e A A B AR DL R 45 2 B 2R
Bi-Hy-i- - 2 SR R A G R AR
JUE BRI R A

(4) EA MBI 1EAE B AR R A P i A7 1
A R PARTE] 3 Be AT o B e i s TR S g 4 R 2 8
U2 R o [T oy S VA 0= 2L B/ NI o A7 K 2 N
HEVREE T B 5256 07 1% T 4 LA K XAS [ 20 4 S
WO 8 25 UL 7 T R B FF A S AE B
H-TRRS R B IS R B DLTE A AL P 1
B TR SR A
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