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Abstract: [Objective] The Xitieshan deposit in Qinghai Province is one of the largest lead—zinc (Pb—Zn) deposits in China. Although
its host rocks are dominated by mafic volcanic rocks, the ore exhibits a metal assemblage primarily composed of Pb and Zn, with a

notable deficiency in copper (Cu) and tin (Sn)—elements typically associated with mafic—hosted mineralization. This compositional
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mismatch has led to long—standing controversy regarding the deposit’s primary genetic type as Volcanic—hosted Massive Sulfide
deposit (VMS) or Sedimentary Exhalative deposit (SEDEX). [Methods] This study conducted a comprehensive analysis of ores from
the Xitieshan deposit through detailed petrographic observations under the microscope, combined with automated mineralogy using
TESCAN Integrated Mineral Analyzer (TIMA) and electron probe microanalysis (EPMA). [Results] The main ore types in the
stratiform/sub—stratiform orebodies of the Xitieshan deposit are classified into three categories: laminated ores, thin—layered ores, and
thick—layered ores, which respectively represent primary syngenetic sedimentary layers, weakly recrystallized layers, and
metamorphically reactivated layers. Tin in the laminated ores, representing the exhalative sedimentary stage, is mainly hosted in iron
oxides associated with gel—textured goethite. In the thin—layered ores, which reflect weak recrystallization, tin is predominantly hosted
in quartz intergrown with pyrite layers, and partially occurs as anhedral cassiterite associated with lattice defects in pyrite. In the
thick—layered ores, which have undergone metamorphic reactivation, tin is mainly distributed in late—stage sphalerite and galena
micro—veins, with stannite occurring as euhedral grains and cassiterite as anhedral to subhedral grains within galena veins.
[Conclusions] Based on the regional geological evolution and the compositional variation of the ores, this study proposes a three—stage
evolutionary model for the Xitieshan deposit, such as the volcanic exhalation stage, the diagenetic—recrystallization stage, and the
metamorphic overprint stage. Due to the complicated formation and subsequent overprinting processes, Sn underwent early—stage
exhalative sedimentary enrichment followed by remobilization during a later stage of metamorphism, ultimately resulting in Sn
depletion in the current orebodies of the deposit. This study suggests that the intense metamorphic transformation experienced after the
formation is the primary reason for the enrichment of Pb—Zn and the concurrent depletion of Sn and other ore—forming elements
typically associated with mafic host rocks in the Xitieshan deposit.

Key words: tin; ore fabric; occurrence; VMS; Xitieshan deposit; Qinghai Province

Highlights: This study establishes a classification scheme for ore types in the Xitieshan deposit and elucidates their genetic origins,
providing a detailed account of the occurrence modes of tin (Sn). A three-stage evolutionary model is proposed to reveal the migration
processes of Sn during deposit evolution. Furthermore, the study identifies intense metamorphic overprinting as the principal factor
leading to Pb—Zn enrichment and Sn depletion in tin deposit, thereby offering a new perspective and theoretical basis for the genetic
study of such deposits.
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Fig. 1 Location (a) and tectonic units with deposits (b) of the North Qaidam orogenic belt (modified after Feng et al., 2022)
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maps (g~1) of different ore types from the stratiform orebody in the Xitieshan deposit
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a, d, g—Laminated ore; b, e, h—Thin-layered ore; c, f, i—Thick-layered ore. Py—Pyrite
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Fig. 4 Microphotographs characteristics of Sn bearing minerals in stratiform sulfide ores of the Xitieshan deposit
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a~c—Cassiterite (Cst-1) hosted in lattice defects of pyrite (sample XT-74 from the laminated ore containing fine-grained pyrite); d~f—Subhedral
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cassiterite (Cst-2) occurring in galena veins (sample XT-72 from laminated ore with development of Pb-Zn sulfide veins); g—Cassiterite (Cst-2S)
at the margin of Pb-Zn sulfide vein, enclosed by stannite with a clear replacement relationship (sample XT-72); h—Stannite at the margin of galena
veins, locally enclosing cassiterite (sample XT-72); i—Cassiterite (Cst-2H) enclosed in hematite that fills cracks within pyrrhotite, with fractured
textures and inclusions of fine chalcopyrite grains inside. Ccp—Chalcopyrite; Cst—Cassiterite; Gal—Galena; Po—Pyrrhotite;

Py—Pyrite; Stn—Stannite
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Fig. 5 Sn—Fe content diagrams of cassiterite from stratiform ores of the Xitieshan deposit
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Table 1 Electron probe microanalysis (EPMA) results of cassiterite from the Xitieshan deposit
%
WA BarR BERSS S5 Si0, NbO, ZrO, In,0, SnO, TiO, WO, Ta,0; ALO; FeO MnO Cr,0, HfO, AMil
Cst-1-1 1 0134 - 0.018 - 96.128 0.014 0.149 0.003 2.775 0.003 0.052 99.276
Cst-1-2 3 0.116 - 0.04 0.081 96.522 - - 0.102 0.009 2.648 - - - 99.518
IR Cst-1-3 4 0.121 0.011 0.085 0.192 95.233 0.223 0.019 0.017 3.261 0.043 0.055 0.021 99.281
E)f";-:f ke TRk Cst-1-1 5 0.237 - 0.133 94.873 0.028 0.333 0.148 0.083 3.163 0.184 0.157 99.339
Cst-1-2 6 0.097 0.018 0.054 0.128 94.809 1.161 0.283 2.662 0.06 0.099 99.371
Cst-1-3 7 0.069 0.011 0.089 0.165 95.117 0.511 0.015 0.009 1.799 0.02 0.095 0.172 98.072
Cst-2-4 8 0.06 0.085 0.074 98.619 0.242 - 0.018 0.032 0.03 0.02 0.005 99.185
Cst-2-5 9 0.085 0.029 0.189 99.255 0.198 - - - 0.023 0.01 0.078 99.867
Cst-2-6 10 0.136 - 0.071 0.15 98.230 0.043 - 0.002 0.289 - - - 98.921
Cst-2-7 11 0.079 - 0.093 0.122 99.280 - - - - - 0.007 0.172 99.753
Cst-2-8 12 0.082 - 0.058 0.139 99.238 0.035 0.194 0.008 0.005 - - - 99.759
Cst-2-9 13 0.071 0.052 0.193 97.866 0.014 - 0.088 0.017 0.078 98.379
SRk
Cst-2-10 14 0.076 - 0.162 98.648 0.173 0.007 0.088 0.055 0.114 99.323
R Cst-2-11 15 0.059 0.022 0.146 98.291 0.527 0.045 0.009 0.007 0.008 0.09 0.01 99.214
HIEFEILDIIK Cst-2-12 16 0.061 - 0.022 0.176 98.663 0.185 0.104 0.065 0.015 0.046 0.045 - 99.382
XT72 Cst-2-13 17 0.097 0.022 0.009 0.16 97.66 0.148 0.065 0.022 0.63 0.033 - - 98.846
Cst-2-14 18 0.103 - 0.004 0.157 98.129 0.242 - 0.751 0.047 - - 99.433
Cst-2-15 19 0.117 0.018 0.004 0.121 99.892 0.188 - 0.048 0.023 0.052 - 100.463
PR Cst2H-1 20 0065 - 0.117 97.99 0.025 0.034 0.02 2.355 0.018 100.624
Cst-2H-2 21 0.046 0.022 0.088 0.112 98.784 0.15 - 0.046 1.589 0.07 0.033 0.089 101.029
Cst-2S-1 22 0.123 - 0.053 0.04 98.975 0.025 - 0.302 1.98 0.02 - - 101.524
MEFHHT Cst-2S-2 23 0.125 - 0.022 0.147 99.52 0.013 - 0.097 0.002 0.873 0.04 - - 100.839
Cst-2S-3 24 0.137 0.044 0.035 0.144 99.691 0.075 -  0.004 0.688 0.122 - 100.940

e MR T AR IN R

A AT Fe iff A8 A Sk b GZ A 45, 1985; K
DA, 2006; BEEIE, 2012) o FEBERILET PR, Cst-
1 1 FeO M- &1 H 2.72%, i Cst-2 H14 0.63%,
UL 2 258 A8 BT AN TR A B 2% Ao

%} Feng et al.(2022)LA-ICP-MS fi i o £ 5di it
FrE P AL B B, Cu I Sn 7E R WIS B4k (Py- 1T )
HRAETEIA S AR S (1] 6) o BN b Sn B 43
T EH Y Py- 1 Hal b 28 e )2, & it i
ETESRER Py-T/N(E 6-b) . FELUZRT £
W A5 T L, Sn 1S SE R A, BT
DL TIMA REREAS 5 I RRAE AR X 0L, 156 BH 7 e B2k
W45 O R R R, L R A AL
Sn AT B /ER . BLah, 8UZR A
Cu. Sn 70 fi B A —E M H &k, 76 Py- 1 1 Cu,
Sn [ F 2GR, BFFE L Py- /105 &, 75

Py- | 1 Cu A7 T HZ FISNZEA1, i Sn 78I T8k
WO R AN Z RS 5, TR A h T AR X
FTE], 7282 R 41 (XT-82) R Bt 8 11
( 6-b,¢) o XHES Sn EGALYIT R IEAD )
AT 1) 1A O, A, B A M TR R R A o R
IHAETERESS Cu A1 Sn 2[RI R A FRES .

5 ¥

FHRERESMEZNE

By R T B 4R 41 A 2R Pb—Zn,
Sn BT H & AR ORI <1x107) . {HJEH]
NWFFE R, RFR R WU RZ R b Sn P35
W2 20%10°°, TR B T IR AR RRAE A X 35 A
2000x10°°, & 2 & T HAE AL (B 7) (FhAE 1L AF,
2012; WkAHE4E, 2019; Feng et al., 2022) . Rif AWFST

5.1
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A, AR 2L, A Oytn® 2] Oym® B2 I
Ostn® Fll Oytn®, A Sn XY F -] T T
J& FRERRE (B 7-a), ARRWFFELS SRR, MR
SRR VURR B B Bk (Py- 1) . 45 2w (Py-11)
BARBLR IR (Py-TT), Sn & iR Wi AL (R 7-
b), $67% Sn SR AE AR TR M B &, 100 2 B A
BB, Sn TG R B Wi B di A B FEG AR R
HE AL,

WA AN T 2R A3 A A B s, AEAC R g
UG BESUZ R AR T, Sn 32 BERAT A6 I B kA
S8 By S A A, RO S R
T IA R (& 3—g, K 6) . FEICRACA BB
FITHEZR ™A, Sn DL A B AR B 4 25 1) /INURL 85 A
(Cst-1) 7= T B AR JE A HL 45 a7 AE 1Y 24 B A
23 H (B 4—a~c), BUAMECT BRA 9 (i 3 ) vh
(I8 3-h) o FEACFR G AR T oot B B ) JRR 2 IR 14k
o, Sn LA TR B dn ik i B R B A
I BB, HR WA T 0 3w 2T 2B 1)
kA By (1 3—-1), 3R B 2R 0 1A 48 o7 ol i o 72
LT Sn WY FRIE AL, I AT AE RE M 1) 2 B ) 4R Ab
it

HIABEFENA, Sn 7E =i (>300°C) . BRPEAYHA
WAR R T RELA+2/+4 485 WK i i8 % (Heinrich,
1996; Linnen et al., 1996; 4%, 2000; Schmidt,
2018) o B4k 1L 78 W 3 UL AL I 0 Ak T i R GRS
110~468°C) . 551 (pH 4.64~5.41) B8 (T #HH %,
2009; #7554, 2019) . MM, Sn 5 Cu ¥RETE
KA LU+4 L XIS T, W 2 16 IS
£ T REE R B Ak Y (Raiswell, 1982;
Shumway et al., 2022) . [F]E, BT Sn fiil[a] FHifby)
(George et al., 2016, 2018), &M H thAG & &1
Sn Frig. W THREETE NG R 22 B i )
R K AR S R, IF R A A WG R
(JBE 3 24 A v 8y, 1986; W1 RUA FIBRINZE, 1995) o
e A, FEE S B Y S HERR N
I8 4> J& e &K (Eldridge et al., 1988; Dubosq et al.,
2018) . FEMBER AL A B B, BLRT TS DU My BB B
B R A TR 2 Y AT AR Bk 5 T —
HIE R, MR AE B R BT AR )
WY Sn 3P BB H 45 St AR Y FEHE I AhE
%, WL 2R A - A Foc R AR he
ik Bt AAR, BT SR AR 5 by B R AR TRl

G X &R T Tz sk A AR VR (B
2055, 2001; YR 3ESE, 2003; Wang et al., 2021) .
2 G, B AR 1 2R A AR R
AR O AR T AR, L P ) DR B AR R AR O
B B T 25 A O B AR BE b, 7RI R R Sn
Cu S TR PR B, JFREE S, CLAF A
i — [ B A PR AL RS

WG R IE B2 R GEF S 300~400°C) il
H,S 7 BREE A2 (X 11, 1990; Shimizu and
Tsunoda, 2008; & K%, 2017) . YJ5M&H Rk S
JEL IR B Ak B A S S, S A T L A ) R
AR E ORI TN R A A &, TR 45
(R A BB AL T BB B (X K 111, 1990; Kumar
etal., 2023), RIJE BT W R LML 1B A
FREIR (K 4—g) o PRI B RER RN 5 07 B 4 ik 42
fi 170 L 04) KA A, B BEIE S B A (Cst-1) i —
WIS ARY Sn J2 A TS, TE R B B A1 (Cst=2)
(& 4—d~f), B A Cst-2 H Sn & i T A A TE S
AR (K 5), HR Cst-2 7E FeO & & FME T
Cst-1 KA T 35 W BEAR, Ud B0 BU B N AR T
Cst-1 JE BB BT b iy 8 AR 7R 0 A%, (R BB 0 1Y
IR TR JE YRR AL Ik T BT KSR AE
300°C Z2 4 (X E 11, 1990; Shimizu and Tsunoda,
2008; & €&, 2017), Sn PG LAY BOL AT A E
1To HUERTIL, P& LR Sn ATRES Cu 281l (Feng et
al., 2022), B KEY HOMHEH TEHZLT KI5, 23
TEABER LT R BAATT Sn BLIR . BT AR
W, FEREE AL AL & B 2 B0k Sn P SETE
F (George et al., 2016, 2018), S8k LT K b 5 e
BRI AR A B A Sn E A —EU(# 6).

g5 LA, Bk L R B R OB i A A
TE—ZE Y Sn JR LA E 5, WIS 7w i I 3%
WK 1L R A9 Sn 76 B0 PR Bkt i R v &
AT BEWEEAER . AR B IR
(AT IRE TR L g ML R A8 o A i 1) — B B i Ak e
RI(JE 8) . FESRURMTIUTRU, Bk Lo IR IF A0 A
B & KB Po—Zn G0 &R I, i FE A — 21
Cu. Au Fl Sn 15 5 ; Fifi 5 SR BCEAE A 2R 1T,
JE AR DURRE A K T2, Bk, Bk AN
BRAAL Y E LS S AERER) B S BRI R TR &
AR ALIT R, Cu, Au, Sn 253614 R C E Wk 7
i A H AT RS R (Craig, 1983 Jiii%E %4
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Fig. 6 LA-ICP-MS element maps of pyrite aggregate in laminated sulfide ore (XT-82) illustrating the distribution of Cu and Sn

Cep— 8" Py—2#k0"
Ccp—Chalcopyrite; Py—Pyrite

2
. . 1 25%~75% b
T ¥JE+1.5SD —|—
3r — sk It
- M
. Sy . oob s
s 2 S .
g ’ T Fap L )
E 7 l z
== " Sl
or L l —
E 73
_1 1 1 1 1 1 1 1
O,tn*' Oun*>  Oun®  Oytn®>  Oytn®™* Py- 1 Py-1I Py-1I

P 7 ] LR A R () RS TRT R B ™ () 1Y S 2% S A 2 PR ORI 3 1 FMELL 45, 2012; BkAHESE, 2019)
Fig. 7 Box plot of Sn content of different formations (a) and different stages of pyrite (b)
Py- | —J8 A5 Py- I —fbIE—2F AR 3 8k0™; Py- Il — L B k™
Py- | —Gel-textured pyrite; Py- [ —Anhedral to subhedral pyrite; Py- l—Euhedral pyrite

Cst-1 Cst+Stn

Cst-2

| oo s B
K o

Jhufm e

SN

WL CR BE

IR A I B
K8 kil Sn AL MUHANE) 41 L AR A
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2004); B 5, 32 DX 33 L2 Bl FTRE A8 T A Y 5%
e, 47 A0 FUPK AT Wyt — 20 e A= E 4 i, S Cu S5
W ICR KA — 2 IR AT, e 38 i Bk L i
A BRFT Cu. Au FiT Sn YLK

52 XMW RKRBE®ER

BB BRI R LA 25 07 RAE . ik
PET 0 R BR AL 755 OISR B, 207 R A4 B s
fIE5 VMS F1 SEDEX #" JRIA — & BYAHIE (Lentz
et al., 2006; Maclellan et al., 2006; Relvas et al., 2006;
Bradshaw et al., 2008; EF[1H5%, 2009; Piercey, 2011;
FMVEINZE, 2012; Fuetal., 2017) . B4kILT R &5
Bl S A S — X K LA, H 8 H ™ TS fif
& S, BAZHT R & J8 LA Pb—Zn h E,
Cu—Sn—Au F5RHEME K I E 148 S IR,

Sn 13z B Fl 5 A2 3475 B M A s R Mk 1) 2 A
HAETI P 1) R 10 55 48 5 o A1 Bl e A
7% (Lehmann, 2014, 2021; Sillitoe and Lehmann,
2022) . HEAHINA, £ VMS § KT Sn KT
A6 5 5 Rl A 032 H (Huston et al., 2011) . SRS,
HeR B ALY R Sn & 20 VMS 57K, IF H
Sn 5 Cu FIH — & M AHCHE, 1 1 Kidd Creek
(Walker et al., 1975) . Neves Corvo ' JK(Relvas et al.,
2002)4%, i SEDEX " JRH1 Sn (- FH1 & AL T 1x10°°
(Emsbo et al., 2016)

Byl R P SR IR ORI i 02 R 1A 1
T RLE I R B K L, FEIR TR R
BB (LB R 5, 2006, 2007; PMEILSE, 2012) . B
FERY], RV SUZ RO A P Y Sn P24 7
HA[IRZ 20x10°°, MITEOR B T B LR RRAE Y )=y &8 T
K 200010 (/& 7) (FhE IS, 2012; BEAHESE,
2019; Feng et al., 2022), JUHJE NI E B I BT 1Y
FEdh Sn B i e (BUBT LS, 2006, 2007) o T
VMS B R B A 4 Ji 20 & i w5 A A BT R
(Lydon, 1984, Barrie et al, 1999; Franklin et al.,
2005), [l & R EBEERTUA B VMS 87 IR #7%
HEZW Cu A —E &1 Sn. FT AWFFE R,
TERI AR TUER B Be, Bk I BA A2 = A Cu & &
(kA #145, 2019; Feng et al., 2022), i ER k225045
W], Sn Ml Cu 1K s BB FI L 467 Hh Y o AR A7 AE
— AR (B 6), RIS 2k 1L K 7] BE & A= i
Sn F Cu fIL[FE] & % (Linnen et al., 1996; Relvas et
al., 2006; Fu et al., 2017; Schmidt, 2018; Sillitoe and

Lehmann, 2022), iX 588k L0 R A9 AR L2 AR 5T
—E (EHIRSF, 2009; MRS, 2012), FE7RIZHT IR
e T Ei . 59 SR

gk Lk, Bkl B4 VMS 5 AR mE i UR
WK P REAELE Sn Kt is %, JFTEmTIR 21 K5
R PR T AR B A b . A
H Sn 5 Cu WAHICHESE— 20K B, 88k L i HL 40
FATERR . SFRRPERY KL EREE (EHUR5E, 2009; #i75
R,2019) 0 IR AZ HGE B 2R ARG B D) A Y
JiCR A Sn R IR T LI DR, IFAE )5 1
FAVEH T & AR AR B AT S AL 530 Sn BB #S,
W AR T SEDEX B IR P, 2R (A Sn Y
[EE S0 N IR NZ N ) Ry e S
Pb+Zn FIHTAE ZBLAY Cu bb, i 5 —E /) Sn, £
G- SUE KL S FREE T VMS BRI L 4 )8
2H A FRME(Lydon, 1984; Barrie and Hannington,
1999), #E— LRI H N VMS 677K

6 4%

(1) S8R ARG B R 1L IR 0 R S RV £
GERISE A, o T R A TR IR AR AR R T B
R0 RBUZIR . ZRAEZRE A 3 28, 43tk
SRR TR 2 | R S 2 AR B S e )2

(2)Sn FEB R I IR h 2 Ui/ 2 R 4
By MG ) 2 MAAEIE R, s R T R A
PIRAEIRAS, EBAEAE T 8UZ R T 2R 1k
s BRI E B RAE TR 2 R R 1 e 3
ek, J& RS A B AL IS R R AR

(3)Sn MYIRAFARASF W], BBk LI PRAE S A6 1R
WIAFAE—E M Sn., Cu SF JCR &4, J5 Wi E
1 L AR AR 2 8 530 Sn Fl Cu S8 Je R kA=
WENHEATE, G THRSB LKL IRE
Pb—Zn %% Cu—Sn AYFLIR.

Bt o K P AR I T T AL A AT
I, FREZRBRETIZABERENL, ERES
Bt
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