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Structural controls on hydrothermal tin deposit

Abstract: [Objective] As a critical mineral supporting strategic sectors such as the information industry, aerospace, and
defense technology, tin exhibits an extremely uneven distribution of global resources. Conducting comparative studies on
major global tin-producing regions is of great significance for understanding the metallogeny of tin deposits and for global
tin exploration. To better comprehend the tectonic settings of tin deposit formation in different structural environments and
to understand the structural styles of tin deposits, this paper systematically reviews the tectonic environments of typical tin
deposits in continental rifts and three types of convergent plate boundaries (Andean-type continental margin, Western
Pacific continental margin, collisional orogenic belt). We summarize the structural styles of tin deposits and present the
following findings: [Conclusion] (1) Numerical simulations of tin transport and cassiterite precipitation from
hydrothermal fluids indicate that incomplete buffering of ore-forming hydrothermal fluids by granitic wallrock is a
common characteristic of many magmatic-hydrothermal tin deposits. This highlights the importance of structural pathways
for hydrothermal tin mineralization. (2) Regardless of the tectonic setting—be it an extensional rift, a compressional
Andean-type continental margin, an extensional Western Pacific continental margin back-arc, or an extensional post-
collisional tectonic settings—hydrothermal tin mineralization aligns with the magmatic-hydrothermal tin deposit model,
which posits that highly fractionated felsic rocks dominate tin mineralization. Extensional/transtensional tectonic settings
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are favorable for the formation of hydrothermal tin deposits. Additionally, recent studies have reported pre-concentration of
tin due to metamorphism during syn-accretionary orogenesis, detailing the release of tin during prograde metamorphism
and the formation of cassiterite during retrograde metamorphism through biotite chloritization. These findings lay the
groundwork for the development of theories about collision-related tin metallogenesis. (3) Magmatic-hydrothermal tin
deposits are primarily skarn-type and quartz vein-type, often occurring together. Within and around tin-bearing intrusion,
tin-bearing magmatic cooling contraction fractures, water-rock separation fractures, magmatic emplacement compression
fractures, and regional tectonic stress superposition fractures commonly develop. Away from the tin-bearing intrusions,
mineralization is strongly controlled by rheological differences in rocks or faults (cross-cutting and bedding-parallel faults),
forming diverse structure-mineralization networks. Based on the absence or presence of breccias in the structure-
mineralization network, ore-bearing vein structures can be classified into two categories. The first category includes
structures without breccias, which, in the order of increasing complexity, are: simple veins, composite simple-vein systems,
“lit-par-lit” vein systems, symmetrical complex vein systems, and asymmetrical complex vein systems. The morphologies
and extensions of single veins are closely related to the mechanical properties of the host structures. The second category
includes structures with breccias, which, in order of increasing complexity, are: anastomosing veins in shear zone systems,
brecciated vein systems, vein and hanging-wall stockwork systems, and multiple brecciation vein systems. [Significance]
The determination of tectonic sequences and deformation partitioning plays a crucial role in studying the structural control
of hydrothermal tin deposits. Enhancing detailed mapping of structures in typical deposits/districts, combined with
numerical simulations and rheological experiments on rocks, represents the future direction for research on structural
controls of hydrothermal tin deposits.

Keywords: hydrothermal tin deposit; collisional orogenic tin deposits; tectonic setting; extensional/transtensional tectonic
regime; structural style
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207 IR — RPN 2GR R, T
A E T s R R IR 19 b —
20 et v, BE TG A UL, OGS A IR I B
W 3 EIE T b R A A% 815k 1Y 38 1L 6 35 (Lehmann,
2021) . FifidE 20 T 22 60 45 A 5 0 Al e 4 36 9 2%
B K J , Mitchell (1979) 5 T el i B i $2 Hh T
24 (LAEWME B R B P A PY e R e A
) 5 e CLABE R 4E 5 047, H AR PR AR D
S V9SS 451 ) ARG 43 (D S [ 7Y e R TR 2R A R
PGS o ety S 1)) AH G B B Al o 3 AR SR ) BF Y i
— UL T RHE R SR B GRS TS IR b
HHOE B0 (Mao et al., 2021); [A] B, B 2 2% 3 5@ iof
XF LB S ORI R 5T A S S AUAE R ek
A2 R B R A6 2 20, e B =3 JF U6 2% 5% (Romer
and Kroner, 2015; Xu et al., 2022) ; {HFE i Ff# & 35 5t
TR Ay S S RUAR K, HORE G B 8 T Ak RILARE RN 22

Ur B K T 85 8 5 K 1 R 25 4 A (Romer and
Kroner, 2015) . Xu et al. (2022) 1 Xiao et al. (2025) 43
A VEZR A HA - AL 2 - IR -2 0 K hy
(NI S e SR i B = I L R A S XN
IRIE R AE o DRI, 2R 40 i B [) 440 3 8 5 R L
By AR B 4 3 PR B | 1 A R RO (]
138 5B 0 R B OG5

ST A PR PR TR R A B, SO
TR T A A B AR AE ORI A B A RS
Ko 85 A1 UL TE WE 98 00 2 g s BE TS 45 T R Bl A
3 il B B A B i B R B T IR 7 R PR B
M TH WG IR EET L. RESS
A 3 B &R IR, RR PR G 0 R A 1
W A =k

1 RBREFHNITEY R A IR

B AE B (A T A0 9 — BRSO A — Lk 5 -
AL B s ik R 2 08 )l 45 5 B WS R E
BR % AE 4 B 4 7K o (Lehmann, 1987; Mlynarczyk et
al.,, 2003) o EAFE BT 520N O 48 5 BORE R L Sn* 2 &=
(Linnen et al., 1995; Farges et al., 2006; Che et al., 2013) .
ETHEAEKNB UM E RN FERWRE, L+
ERTEIR M KR ZMTRET X THRAES
KB A G R B T SRR R o R T, T AR
R B 8RR O UL SnCI & W i I K iE
# (Heinrich, 1990; Halter et al., 1998) . fF H Bl 15 # 122
Z B L R R B A DTTE I A BARE R R AR
1 & 5 AE B /€ & W (Heinrich, 1990; Lehmann,
2021) o 35 0 D AN e L S 58 RN 43 Bl ) 2R R R
W, R R W P AR TE B3 S B (V) &k
KA, X RO T R A R (1D 3 S
ALAYIN AR T 5 BE (Schmidt, 2018) .

Naumov et al. (2011) X 320 4 f -85 KRG
TR, B i 4K & T NaCl#h K (£CO) K & .
PR B 0 IR kA ) vh s I B CO, 1 T A f 2 A
(Borges et al., 2009) . X & 5 Bk i 74 £ 22 1K B A
J& A o AF A ) (Linnen, 1998; Van Daele et al.,
2018) o GEit 4l R s B W B B i 1A f R AR 1Y —
i B 9 300~500 °C, ik — i JE X 0] 5 & & & 15
FAW) 4 (Korges et al., 2018; Myint et al., 2018; Cao et
al., 2021; Han et al., 2023; Makutu et al., 2024) . 5 ik
B R R BEE H /N T 10%, I AR 1R 50~150
MPa(Naumov et al., 2011) . 8 & 1k 17 1438 5 2 fa t,



%5 5 3

HAT, % BRSO R E TR

901

WAL 6 A Ja T8 AT B — 11 & BE— f7 —3 R  B
BIH W4 (=¥ Launay et al,, 2023) . T84
PR E WA W A B )V WO O R 2R
T AR /) pH {E {8 Bl A 4~6(Patterson et al., 1981;
Polya, 1989) . 7£ H R F 4L, & 1k i (& 7T g Lk I &
pH B B HL R PE o S0 B (E ( fo, ) 43 30l 3k F I 4 22
R SH AL 4 (CO, 5 CH,) RN o™ ) 3 i 6 & Ak B 15
L HBUE 2 A T A -l A -G (QFM) 5
B-SEBR (NNO) G w0 ) 4 & 1Y %05 T X ]
(Patterson et al., 1981; Schmidt and Jahn, 2024) . {H#
FE B X T PR AR A R RO R
L AR B B % i S A i R 1x107°~10000%107°,
SE#1{H R 529x10°° (Korges et al., 2018; Legros et al.,
2019); H o 10x107°~1000x 107 ¥ J& IX ] i 5 %0 4
Y 83% (Liu et al., 2023) .

Liu et al.(2023 ) i i ¥ K &2t 52 40 %548, Iz HI
By K Vs W i B T 2 M A B T vk B AT AR A
L, 13 B A WA Sn(ID W & A& G0+
4 SnCl', SnCly(aq) . SnCI* . I 55 45 1F F Y
M BR AL 22 T AL A5 R R B, # b Sn(1D) /Sn(1V)
o (B 5 R SRE  HCL & iAo B 7E %
B (fo,) AT NNO( fo, =NNO) 1 38 J5 4 £ F , Sn(1V)
R 7E B HCLUMR B (9 #0 b R 5 T . 783X Fh
1% 0L (AT 66 & 2B FE ™ S B B ), S804k 3 I s B
ANHEB A VIVE DB o Y fo, (AR, Halifg
TR T B A A 1 R B KT ) B R SR K T

180° 120°W 60°W

0°

AR I B A0 TLHE , PR AR AR B A B AR = 5 A0 DL
VE R b E A o XL RE T O AT A BB R T A
TARMALAN TR A A (WA fASam %) .
B A TEmRE . EAL T [NNO < fo, < HM(ZR 80—
EAR AT ) ] ik JEE T 3k B g AR ) O AR 2R R
By & B RKF BRI ) 8 Tl IR A . K
T — 5 AR - T A B B 8 I R pH=
46, WA FRIR AL B K B e 2k R 2
AR IAROR B IR (Y 3[R AR AL, X R T A i
A X AR RSB A ) B S

2 IR HGE IR KT M E I

2 BRI TR IR IE WA 43 A v (8 A% O A FH B
I~z I\ A] ( Garson and Mitchell, 1977; Kroner and Romer,
2013) . MRAEHE B8 ™ X 322 43 A0 1Y) K Hb A 1 7
B0 KRG R4 B 3 LR AR Pl A S 5T
W8 0 FRAEHE AT RG IR (1, B 2) o Hodr, i
rh I 2 BT A Y S IR AR SC B, IR A
A vh AV A G 098 B i o — R
21 KKEREF
211 MEFF
KBl 24470 B B BNy 5 b 78 BT /M 1 1
A, IR B AEAR T AR Ml ik 5 2218 75 3
i 5 A B A B b B B 2 (Sillitoe, 1974) o A A
S A1 AR S 0 244 T8 A TG HK A AR R, HURRAE &

60°E 120°E 180°

g -l

30°N

X
L]
=

60°N

L prkA R iy

OO e L]

0 A A C 'z N2
0 76 i 2 .
0 Kb iy 2

K kit

m B =
m B e -
m -5 = S8

30°S

60°S

180° 120°W 60°W

|1

60°E 120°E 180°

ARBPORGH K o4 B (38 Taylor, 1979; #Ak%, 2023 %% )

Fig. 1 Map showing the global distribution of tin and tungsten deposits (modified after Taylor, 1979; Yang et al., 2023)
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(a) Intra-continental rifting; (b) Andean-type continental margin; (c) Western Pacific continental margin; (d) Collisional orogenic belt

— AN B RN A W R o FE A B Sl 200 B
PE L, W5 R T S0 T R0 AN VR 1 B 0 o S
W, KT IRRAGEFERER AR GR, XL
e UL R L R S B A, b — A i AR
AR o kLR FL B, B i s A T B A o) —
43 DX g A5 i YOG 07 6 W R R GO
PR R R G . MERZ LT, Pt LA i
KGR NN E O & N R I e Sl 1 e S A ]
ARG M. R, ST I 2445 (1 1 47T fig 18] fff
WERMH G, BAaAanefmiEsiEh 55—
KEGh G EARKEMEIFE. FE2RAKELR
B LA, X AT RE A K Rl T B AR X TR AR Mg 8 2
JIT 84 (Sillitoe, 1974), 3 #2225 S R AT 19 K fili P9 24
D45 DLORAE T ok o 2448 3 0 4K 1 25 2555 A 7T e
PR HC A 1 2 8 R AR AR A, B R R o 5L
By AL <1 5 B .
212 B#ARHT B/HERK

52445 M 6 R B R B T R R
() A A1 4 /K 78 (Bushveld) 8 57 £ X R L P4 Bz 48 i

(Pitinga) 8} B0 44 «

(1) e A AT 4R TE S 5 X

20.5 fC A (4 A A 4k IR 8 2% 5 2 2 BRI B R
1Y 5 R KL A, H a3 A 32 R TR
v AL IE Y 22 A e ROBE BT U1 A BT 45 ] (Ollila,
1984; Clarke et al., 2009; Vantongeren and Mathez, 2012;
Pl 3a) o A A1 4 R 8 B 5 2% 5 i 55.5%10% km® 4E
P — M AR 60x10° km® K B A A 4L K
(Kinnaird, 2005; Cawthorn, 2015; [€] 3b) . %24 A 1A i
H Sk A A% 7 (Rooiberg Group) i k1L 7, 2 78
o5 5 B s 48 2R %5 & (Rustenburg Layered Suite) [
2R BR BT AR A, B bR R SR B AR K S
(Lebowa Granite) fil i &F 3% 1 < I 4 & (Rashoop
Granophyre Suite) ) K J& it 5 & (Cawthorn, 2015) .
AR G 2 35 BF 5T s 55 8 e ol AR 0T R Bl 2 A AH G
iR 52 ma T P 9E 3 47 38 (Kinnaird, 2005;
Clarke et al., 2009) . [H I, Hi# ) 12 A AT #9457
S H5 B A A A 4 IR 78 K KOS A (Bushveld LIP) 15
PR T b 8 T 2y, 10 B S BOR R A A TR AT



5 5 B, e AR TR R T 003
26°E 27°E 28°E 29°F 30°Eb
N 0 10 100km -
A 2'F?’240
C @g:}@

O e B Hromfbrisg

a— AR A AT dE R PR S A BT IR B 1 AL b AT 4k AR S
b 5T 351 187 ($% Vonopartis et al., 2020 & 24 )

K3 mENFEREGY EXME-—2 K97 LEE

# = IR m'ﬂa% s

[ rebowa fepd#ts [ Rashoop £BE##% [ Rustenberg FoR A4

TRMER El Transvaal #8 7 |:| Fap o

| TR BEE

liﬁ}?: (@] 8ok

# M BB o—% 1 Ik (Rooiberg) 8 ™ H 3% 2 i 4 ( Leeupoort) Hiy X 4™ fk —

Fig. 3 Tectonic—-magmatic—tin mineralization characteristics of the Bushveld Tin Province, South Africa

(a) Structural Model of the tin deposits associated with the Bushveld Complex, South Africa; (b) Geological map of the Bushveld Complex,
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Fig. 4 Distribution of the mineralization in the Bolivian Tin Belt
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(a) Location of the main ore deposits, plutons, and volcanic deposits along the Bolivian Tin Belt; (b) Schematic cross-section of volcanic- and

subvolcanic-hosted epithermal and xenothermal deposits in the Bolivian Tin Belt (modifided after Gemmrich et al., 2021)
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5 0 A VR A TR A L A R R AR ST Bl Y
FEEFH
232 BRARFTE/IFER

KT A VL 2 b T R T B K Bl i % B
B B —, O TR AR R 2, Hh A LA K
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Fig. 5 Geology and distribution of Sn-W deposits in the Nanpanjiang—Y oujiang metallogenic belt

(a) Tectonic map of the study area showing continental blocks and bounding sutures; (b) Schematic geological map of the Nanpanjiang—Y oujiang

metallogenic belt and the distribution of polymetallic Sn deposits (modified after Xiao et al., 2022)
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B RE B 3T 7 AR A 1] AL ARF s Mao et al., 20215 Sun and
Li, 2023), {H & 3 BF 5% 7w ok M40 & R 35 A Al F
Z X I 1Y IE I (Xiao et al., 2025) .
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#YJE i (Cheng et al., 2013; Wang et al., 2024) .
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L3 Ll . BN 48 77 74 (B0 74, Variscan) i 1L 7 1
R P9 h— = & B
242 BABRH EIHER

(1) & Hhr AEflf 5885 07

M 1L Al AL T RO A e R ED B AR Bz
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Wu et al., 2015)
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Fig. 7 Tectonic evolution and tin mineralization patterns and zonation in the Cornwall tin district, southwest England

(a) Diagrammatic representation of primary tin deposit in the south-west of England (Cornwall); (b) Mineralization zonation of Cornwall, south-

west of England (modified after Taylor, 1979); (c) Time frame for the Variscan orogeny in Europe and Northern Africa in the plate tectonic

context of the interaction of Gondwana and Laurussiad (modified after Kroner and Romer., 2013).

Abbreviations: EEC—East European Craton; NAC—North American Craton; CEEP—Central European Extensional Province
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Fig. 8 Paleo-Tethyan evolution and the distribution of granitoid tin deposits in Peninsular Malaysia

(a) Simplified geologic map of Peninsular Malaysia showing the distribution of tin deposits and granites; (b) Schematic tectonic cartoons

showing the Paleo-Tethyan evolution of Peninsular Malaysia (modified after Yang et al., 2020)
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Fig. 9 Schematic diagram of porphyry and greisen tin deposits

(a) Composite reconstruction of a typical Bolivian tin deposit system (modified after Sillitoe et al., 1975); (b) A model of greisen formation

(modified after Pirajno., 1992)

KT Lk 2 B0 RET BRI, 5398 k17
FELLE 4 Rt R A o D R 8 Bk U 40 24 B, JF I
F R A R A R op, T R R, A
A1 PN A S A O R R A B T e B B A T AR R
AYRY KR 7, DT 7= AR ke v 2, S4B R 5 A KA
H A R K BOVAT 55 RS 42 ful T F 4, 22 P2
T ) 5 R N % JR (Titley et al., 1986) . @7K & %
BRI, B LT KRR R 4y LB K R R
NG, BB F T U R T R ] 2% 5l 5
SE AT BB A BRSBTS A IR TIER = b %

( Guillou-Frottier and Burov, 2003) . i % 6] 3] & 7= /K
oy B ST U T v B A R, PR T DL
¥ O W A B, (o BB AE i AR R T R B
(Sillitoe, 2010) o @7 I AR AL H I 2B, 1% 2R %
PR] 1 85 o A TR 4 vh B 10 i 45 4= AR I 5 45 LA
T B 28 S AR S ml O IR BB . A IR AR A 5 R 2
BRI & B R ROE 35 52 KR A & B 1 5 . A R AR
RS AXREE . 2K LRI, 5K%
H) 38 i %5 2 1 (Cannell et al., 2005) . {H 53K {2
A 5% R 2o F2 I K 5 08 5 0 IROR O A A 0 R R



912 WIR A FFR (1R 30 A5 b+ )

https://journal.geomech.ac.cn 2025

AR SR, B A R A, R 8 R B TR RE L AT L
o0 8 i o P B A S 7 R, T Bl 4 R B A

2 4 (Fournier, 1999) . (@ X 3 ¥4 1& N 71 & fin 24 Bt

Z BB AR 0 Oy m e, BB — T
], 5 DB 8 AT, ST KORE B B4R I 4
WSl AR PSP AR B0 IR, WA B T ACBR ik R
47 A (Xiao et al., 2025) -
32 WEEEGYIK

WA RV B RO B 0 i) B2 SR R R
fig £ 5 & B A, fH 2R A AT e AR 2 R (AN 3 [ P
JRE IR IR b X)) T8 i, B R R 3 B A A7 BIR AL
2 TS R A A ) T R SR SRR AR Y 2 i
(Meinert et al., 2005; Pirajno, 2008) . £ % K & JLF
H5E 450509 S BUAL B 7 A ¢, X 2846 R A & K
it b 58 358 49 15 il 72 2E B9 (Lehmann, 2021) . % K & #Y
T 32 A2 AR5 [ 2 1) 1 Sl Al JRB B L A
MR A2 B Ve L LA A NS E Y O R B A

5O R R BB A 2 [N R 4% il (Chang et al.,

2019), {HJE 56 T & A TR R 25 07 RO ilad
HEVE G TE R o B R A 4% 3 A R 3 ] LA
3 R 3 i AV i B R e 2 R 2R R TRy R AT T

1RAMRPIFRE %, (R R HOR | B BOR B TER A,
FE 4= AU T ) 52 B KGR (Chang et al., 2019;
% 10a) .
MR T TN ) A A ol e, TT AR

AH 3k 2 X AR 3R D LR B 3B T I AT R A 1 B R
T IR S 2R G A BT AE ML, ] BE R 25 AE R R A
IEAE I S DX Sl R 4 1) ik R k2 )2 U R T A LR R
AEKRE “PEIE” (Kwak, 1987) . LI, #b 2 Ay S5
Ak s Pk ST BE T 1 5 1A ) B v A A i X Y
AU LI A KO B s A
([ 10b—10d) . A 2 3 a5 1w 45 5 A A 4
fink T K SO AT B, RS AT AR A A W ks T R
ZAHAR HOFAT B IR A4 (B 10b) o FE 2R IE LT,
A bl 5 Rk R h A 2 R A Y LA Y, Y R A
PR A]HL 45 B A 1) A A3 [ (181 100) o ez, 24
P2 ol T A D) )23 B B RE T PR BT A B, Y R A R TR
e R A RA 2 Y GE R EBOE DR (] 10e) o
E 28 A7 7 BOIR B R 6 5 BT S TE T, B ek H
A VR 0 TR A6 5 S 1 Ml A TR R B B R
Ao MR ETREKT B M A0 KT ZKE -

O M =||

3 ]

EERs BRERNKE C A sk

EwE Bis Owks &R

a—3 [E Ji1 ) 4 JE SN P A 328 L IR R IR A T R R A TR R 5E AR 5 bRk R A IR U I B AR R R R 5 o R IR 22 AR
R AE RS d—BR IR A S Si-Ca FHIAY K I 0 HE 35 48 b 45 45 bl BY 5 5 40 3 45 1 5K (38 Kwak, 1987 2 2k0)

B10 #FERHT KMEET HX

Fig. 10  Ore-bearing structural styles of skarn tin deposits

(a) Relationship between plutonic contacts and skarn bodies in the Sierra Nevada Mountains, California, USA; (b) Structural style of interbedded

skarn in carbonate rocks; (c) Structural style of skarn in stratiform carbonate rocks; (d) Structural style of skarn at the Si—Ca interface; (e)

Structural style of skarn at the contact between granite and carbonates (modified after Kwak, 1987)
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Fig. 11 Ore-bearing structural styles of quartz vein type tin deposits

(a) Cassiterite—muscovite—bordered quartz vein from the Pingna W-Sn deposit, Guangxi; (b) Quartz—wolframite vein and

cassiterite—-muscovite—bordered quartz veins coexist within the same ore-bearing fracture from the Pingna W—Sn deposit; (¢c) Wolframite—quartz

and stibnite—ankerite veins occur within the same ore-bearing fracture from the Dachang district, Guangxi

Yo[E IR ARG EX UL B EERGH &0
o 0 TIOR8 0 R R R, B IR AE S 1] B 5 A R 4l —
AL ZWUCE A ARG . A OGS AR K
WA KB BRI & 8 K 534 2 25 (Hosking, 1988;
F12) . RET MR H 1 1 2 4 5 7% Wi i

gy k. B ARG BT FRKRGE . XK
HAWKRGEMAXFRE G NIRRT BRI &S
AR5 AT M T D AV ROC R D), et kg
B AR T 2 B S S 1) R 16 S R 5 G ) BOIR 4
Jik D) o % [ BREIR JR B3 4R DX AN T P4 R 8 — 85



914 WIR A FFR (1R 30 A5 b+ )

https://journal.geomech.ac.cn 2025

PREAGJiE ) K AT 35 1 km 2E TR, HAam 6T
{04k 5 1) AT 4E {1 1000 m DA 1o K H MBI AT
M 9 52 2% R L W 8 0 43 D 7 T B DDA P R AR K

$%Eé%%§1ﬁl%t;

FRRIK R GE . K5 TR 9 ik 2 & &R 58
%%%O

Z iRk 2

Ak
R4

FoRFATLS o o
G 3 3 = 2 l ]
SR 2 Py b Pl
MHEAIKRS I AR
A4 _ J
v
i OO 00
5|0 C ‘
ofop HAT IR
O|Ne
& GO 9
A
P f A
RAEL 72 i oediSf
By i o [ 0k
LLfARAL Eggggo:x
M = o

BYYTA R Rk
A 12

Fig. 12 Tin-bearing vein structures (modified after Hosking, 1988)
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Fig. 13 The relationship between the magnetic susceptibility of geological units and quartz-vein type tungsten—tin veins in the Pingna W—Sn

deposit, Baise, Guangxi

(a) Magnetic susceptibility of different geological bodies in the Pingna tungsten—tin deposit, Baise, Guangxi; (b) Magnetic susceptibility of host

rocks in the footwall and hanging wall of quartz vein-type tungsten—tin mineralization
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YR 3 A A % A 75 o — P UM 36 BT 32 W) 1) 91 BN
32 Jry B AR 3 N 1 PE A . TR AR R R
Fag 3 3 J5T 5 BIF 5 B0 M R, AR S PR B PR SE A [R] 3
UK R ) 368 1R b — R A (] — S0 4 3 A [ P TR
— W o B IT AR s AR RO W) AL U-
Pb 4 A8 5 5 R Tl = B J A Rb-Sr 4F AR 2% H AR 11 %€
e, 3T AR A8 2 7 TE AR 07 R R I 2 80CR
(Gorojovsky and Alard, 2020; Tillberg et al., 2020;

Brown et al., 2022; Monchal et al., 2023; Mottram et al.,
2024; Bowie et al., 2025) o PG, K 387 A9 Ji o7 D00 4F 2
ARG 3 I OR3P O 5 0 1 L 7 4
T AL B IR AN [) P O A o #2409 B B A T R
X

Fa) 1 435/ A% 43 f# ( deformation/strain partitioning )
JE B RS b — B T R IR R 1 R Y i g A
B Fitch (1972) 76 58 Al B gk o] 71 28 i 2 Bk
R B A He 18] 9 A4 1w 3 5 A8 T AR ety #0522 o
7 B IICAT A W B s, O B R T M 3 0 S Y
W& B S S [\ 27 5 AR BF 5T A2 5T A2 JE I A IR B iy
T AR I 2 S, R — R 2% AR AL AR I LR AN
AR AN TR, BE— 20 25 MoE 3% 1 X% T4 38 70 =
(AR IF T i BB 1L £ P BEAR (Bell, 19855 1988;
Tikoff and Teyssier, 1994; Piquer et al., 2021; Xiao et al.,
2023a) o SR, —SE A PR 2 IF 5T 2 L0 X il R A X
BT 5 0o A rP A A R 1 o s B A U0 S5 &R R i
X3 AR, A B WF5E TAEEE = — D0 IR Y
a3 YA TP R 43t 223K 10 A i AR IR . H SRR
— S A 3 AR P A TR] — S BT R /T B IXCRE B WU TR
Jit . AN TR T 1 64 e 2, DT £ A R 2 R A A
Xiao et al.(2023a) 7E 1L 75 1§ ik 1 & 7 4 X B BF 52
SR R 38 53 S 040 MG 2 AR G o A R T 0 DO [
T] AN [) P S5 O 28 4 ) (R VG 1) 1 = 3 e 2 L L
VG ) F1 P A AT A T8 2 R0 A AR 1) 5K AL A AT R
T W7 )2 ) 7 o TR A 3 K 2R < A D0 T A LB .
AT ] AR REAR B b i R TR AR B ok A e RN
A B KR 4 B 1 S T 7 b DA B B P R A AR X
B =7 A 25 (8] o AT AL . D3 — SR B Xiao et al.
(2022) 3 4F TF J& (9 KT 07 AL 36 42 0 HL B PR T
Y, B TR WS 3 b AR AR Rk 22 T
T W = B R R 1 A R, DA 3 T %
FH = 6T 00 0 4 i R 2R 38 22 0 7 A 2R R AR 26 (Fu
et al., 1993; Jiang et al., 1999; £ W] Vi %5, 2004; 7T £ %%
4%, 20165 %= 4%, 2019; Xiao et al., 2022) , 4 3& FF Ik
FIFG 3 5 S PRSI AR AR S e B 1 R 0 2R
B R FICOR B 0 R S 2 0 1 2 IR, 5
I BT W T T AR 5 A MR I B IR B I
JZ Wt J22 R BE W 2 B R OSSR R, BB Bt A 3 R
Ry 22 0 7 R B[R] A7 B R Y 2 )
th (Zhang and Xiao, 2025) . %5 I+, JF & S 7 4 R /5"
B DR 3 P YOI R 36 23 S 1) RS 240 TR [ A T
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