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Abstract: [Objective] Since the discovery of the Weilasituo rare metal—-tin—polymetallic deposit in Inner Mongolia, the genesis of its
ore deposits has been a central focus of geological inquiry. Oxygen fugacity ( fo, ) has been identified as playing a pivotal role in the
processes of tin element migration and enrichment. Accurate characterization of fo, in granites is essential for constraining the genesis

of the Weilasituo tin polymetallic deposit. [Methods] This study employs LA—ICP—MS zircon U—Pb dating, whole—rock geochemical
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analyses, and zircon trace element studies to investigate granites closely associated with mineralization at the Weilasituo deposit.
[Results] Zircon U—Pb dating reveals concentrated crystallization ages of the granites at approximately 120.2+1.6 Ma and 125.9+1.9
Ma, indicative of multiple magmatic episodes in this area. Zircon trace element analyses show that the Ce/Ce” average value for
granites at Weilasituo is 400.87, with an average Ew/Eu" value of 0.062. The logf,, predominantly ranges from —26 to —20, and
AFMQ values are concentrated between —6 and —1, suggesting a predominantly reducing ore—forming environment. The obtained age
data closely align with previously proposed late—stage magmatic activity, indicating that these ore—forming magmas retained low fo,
characteristics. [Conclusions] In summary, it is concluded that oxygen fugacity is the key factor controlling the formation of Verastor
deposit. The low oxygen fugacity of Verastor metallogenic magma inhibits the premature saturation of Sn in the deep crust, which
enables Sn to accumulate in the magma and eventually form large—scale Sn mineralization.

Key words: rare metal; tin; oxygen fugacity; zircon U—Pb dating; granite; Weilasituo; Inner Mongolia

Highlights: The results confirm multiple magmatic events at the Weilasituo deposit, with ore-forming magmas exhibiting low oxygen

fugacity. This suppressed early Sn saturation in the deep crust, enabling Sn enrichment in fractionated magmas and subsequent large-

scale tin mineralization in the upper crust.
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Table 2 Whole-rock major, trace and rare earth elements analytical results of ore-forming intrusions of

the Weilasituo deposit

_ WLSTI WLSTS WLST14 _ WLST1 WLSTS WLST14

e TR THBEE TR LR R TR TEBER
Sio, 77.95 74.17 73.06 Lu 0.27 0.27 0.52
ALO, 13.87 15.77 16.05 SREE 33.8 232 33.68
Ca0 0.3 0.26 0.25 EwEu" 0.19 0.18 0.10
Fe,O, 0.71 0.17 0.33 Ce/Ce" 8.82 432 4.46
FeO 0.72 0.4 0.56 Y 1.16 1.02 3.13
K,O 0.76 2.82 3.95 Rb 471 608 1073
MgO 0.07 0.06 0.04 Ba 7.66 26.9 2.96
MnO 0.06 0.01 0.02 Th 7.12 185 17.6
Na,O 5.65 721 6.5 U 16 16 15.6
Na,0+K,0 6.41 10.03 10.45 Nb 14 23.8 97.2

Na,0/K,0 7.43 2.56 1.65 Ta 6.77 6.19 16

PO, <0.01 <0.01 <0.01 Sr 9.13 11 1.99
TiO, 0.01 <0.01 <0.01 Zr 493 56.1 54.8
Pak 0.83 0.41 0.43 Hf 16.8 18.9 15.6
A/CNK 1.30 1.04 1.02 Li 963 174 231
A/NK 1.37 1.07 1.06 Be 4.99 4.81 4.98
La 2.85 2.77 3.41 Sc 2.02 0.89 1.02
Ce 21 10.1 11.9 A 0.98 0.46 0.37
Pr 137 1.4 1.79 Co 0.06 0.19 <0.05
Nd 3.6 3.55 477 Ni 0.17 0.19 0.15
Sm 0.93 0.97 1.54 Cu 8.01 3.37 26.5
Eu <0.05 <0.05 <0.05 Zn 103 27 39.6
Gd 0.43 0.47 0.92 Mo 2.11 11 0.62
Tb 0.12 0.12 0.31 Bi <0.05 0.07 0.15
Dy 0.71 0.83 2.28 Pb 18.8 33.7 42.8
Ho 0.14 0.16 0.47 Ga 44 525 53.9
Er 0.59 0.64 1.65 Cs 20.6 7.94 19.7
Tm 0.17 0.19 0.44 Cr 0.76 1.03 0.79
Yb 1.62 1.73 3.68 Sn 8.3 3.82 60.3

s T TOR & AU %, WO AR LT R S A 107

51 #NEESSERY KR B

H 4R T R B, AT AR TR T
L5, Hw BRI RS N, (I3 E 1
A DX AT I BT AP IR 8 B ROR . XIS (2018a)
PAFLERHTHET X AL R 1A R ) LA-ICP-MS
B0 U—Pb 4E Il 14042 Ma, B T Jb R I AR
BCA AR, T AERITFET IR I8 -5 130 5 2K 05 3
A R (X B, 2018a; 204, 2021), PIHGZAF SRR
FE T AERIHE R B BB . St 46(2016)
Liu et al.(2016) FE )45 (2021) X5 5L A %V,
PHIE &R 9 A DEBE A 19 85 4 4T LA-1CP-MS

U-Pb Z4F, /15 T 3 MR 20 H A R A &5 5, 4
B4 139.5+1.2 Ma. 138+2 Ma } 137+1~138+1 Ma,
BEAR T AL R A R A 4FE 1Y . Wang et al.(2017)
XTAERINTE S 2 &80 R LA S BE A 1 558
WAL= A Bk 8 A 1T LA-ICP-MS U-Pb £ 4F,
HIERECT 0 XA W 0% 13846 Ma Fll 135+
6 Ma; X il 55 (2018a) 15 5 8 A1 LA-ICP-MS
U—Pb 4Ei#3 H 136£6.1 Ma., ] LI H, X SL4E B 1)
MSWD {EIRE GERTF 1), f5/R X LRI 1R 2255
K. Liu et al.(2016) X 4EHr 468 2 480 IR L
W 4 PEREEHE AR S EAT T Re-Os [A 2 E AR, 3k
HWEEHE” Re-Os SFRTZRARIE R 13511 Ma, [FFE
MSWD # K, #/NESE(2009) A 0 X 5 KR
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spidergrams (b) of the ore-forming intrusions of the Weilasituo deposit
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544 5 4 )

FESr AR, NS AERIHEI A R -8 2 &R A PRSRIE S5 AUA™ A 4 Ak SR R B B 249 3R

645

FUREE RN i, ASGARH T Loucks et al. (2020)
BT I A RN AR A R A 2GR B (log £o, ),

Jfif1F Ferry and Watson (2007) W 5715 85 A 1B
BRI BE, 2l 1R EE - log fo, K (18] 10—a~c) . H]

-8

a WLSTI1 WLSTI o
—-10 + (o]
?N\Q)(l/ 1r
—12 + ~
\ogrm ~ ok
—14 [ ]
716 - 071 o o
o
W -18 %—2 L U o
=20 | 5l
-22 °©
_4 -
24 o
/ oM | 5| .
—26 O 4 4 18 I 1%
_28 1 1 1 *6 1 1 1 1
400 500 600 700 800 900 400 500 600 700 800 900
WLSTS8
o ® °
o o o o
o (o)
L )
26 Il Il ! ! ! -6 L L L 1 1
500 550 600 650 700 750 800 500 550 600 650 700 750 800
-10 — 3
¢ WLST14 _ WLST14
2r °
1 L
0 L
-1t [o]
o
> -2 %
s
.3t
74 -
_5 -
o [ ]
76 -
_7 -
-30 I I ! L L -8 L L L 1 L
400 500 600 700 800 900 1000 400 500 600 700 800 900 1000
IR B /°C i B /°C

P10 AERETE0 R A B A TR - log fo, FIfF (a~c) FIIRLIEE-AFMQ [ fif (d~f) (AFMQ=log/fO,~logFMQ,
Horlt FMQ FEARMIS 41 - R0 -0 958 vl )
Fig. 10 Temperature-logfo, diagrams (a~c) and temperature-AFMQ diagrams (d~f) of zircons from ore-forming intrusions of

the Weilasituo deposit



646 Moy 18 4R

GEOLOGICAL BULLETIN OF CHINA

2025 4

LA, JLF B A 5 B SR V& AE T log fo, @FMQ
it 2 (R bR o 4t B2 th 2, Hirh FMQ 8 i A -1
BB - A R RO, logfo, Z4E T HE-26~-20,
AFMQ fHEHRTE—6~—1, 578 T HAR M) A0 SE R
5K 9 R —3 . AR log fo, 15 il
NG5 A — 8 22 57 (—34.8<log fo, <—33; XF K&,
2014), 1AL b2 R T AR IR R R B, WAl
FHEYRITE - B G AR AN ] K, S 4F
S5 0 W R AR YA ST (AR i B 0 2 SR M

AN, AERTFEA DB A B B s 1 4 TFeO/
MgO {1 (9.50~22.25), 4%+ SiO,-TFeO/MgO [l fif
o, R i AT A A A B DI PN B LRI (181 11),
[ 2 B 25 2 1 S A1

gh F R, e b e 2 G R IR T K
R JFEPEE S . X HHATAAR—Z, B8 H A 7EAR
WA (Sn®) B A BBTE 5 28 - B T AR Th BB AR AE, =
SFORIE IR Sn?t i L Lk S ALK Snt ST TE 7R
TR, AT 305 5 149K 7 400 S, ARETERGR
FROLE R . HA RIS R AE R R R
A Sn* NTRERHT B b 72 13358, IFRERAR %, Z )5
W T A s . CO, I, AR B A &5 B A, il
SR 2R, Sn* RSl Sn*, SR B A VITE, I
LZIL AR IR 2 &m0 IR

6 45 i
(D) ARG NS i 4RI T A S B N
100 ,.
AWLSTI !
0 WLSTS !
OWLST14 h

TFeO/Mgo

NNO=+0.5

>NNO+0.5

B R IR A4 Si0,~TFeO/MgO [Elfif:
(4% Wang et al., 2024 f&2; [ NNO 4§ N-NO £ 7, <NNO-
0.5 XU I JFUEASK , >NNO-0.5 [ X A AU b2, T

NNO=0.5 fy X IR CR WK )

Si0,~TFeO/MgO diagram of the ore-forming

intrusions from the Weilasituo deposit

Fig. 11

125.9£1.9~120.2+1.6 Ma, ZE& I AMFFE LSRR M, 4k
PR IRAFAE 22 W15 I - PR 3y, Rt a] 8 1o
20 Ma,

(2) & A BRI 22 s, GBS HAT ) Si,
SN Bu S5, 711 Ba, K. Sr, P, & 4E Nb, Ta, Zr,
Hf S U R AR, fm A3 &1 15y R4 e

() E s AR TR AR R, BRI e
PN RIR A, iR E AFMQ [EFEHTE—6~—1.
SR R A2 AT A 2K P ) Sn U2 JEUAEAE, S
Sn FEHBSEIRAE ATTHE, SEMH S 73 5125 H 5 4E Sn,
I AAE TR ERIE AP e R 2 & a0 IR

References

Belousova E A, Griffin W L, Pearson N J. 1998. Trace clement
composition and catholuminescence properties of southern African
kimberlitic zircons [J]. Mineralogical Magazine, 62: 355-366.

Boynton W V. 1984. Cosmochemistry of the Rare Earth Elements:
Meteorite Studies [J]. Developments in Geochemistry, 2: 63—114.

Du A D, Qu W J, Wang D H, et al. 2007. Subgrain—size decoupling of Re
and '"¥"Os within molybdenite[J]. Mineral Deposits, 26(5): 572—580 (in
Chinese with English abstract).

Fan Z Y, Qiu H Y, Fu X, et al. 2017. Discovery and exploration of
Weilasituo large porphyry—type tin—polymetal deposit in Inner
Mongolia and its geological significances[J]. Gold Science and
Technology, 25(1): 9—17 (in Chinese with English abstract).

Ferry J] M, Watson E B. 2007. New thermodynamic models and revised
calibrations for the Ti—in—zircon and Zr—in—rutile thermometers[J].
Contributions to Mineralogy and Petrology, 154: 429-437.

Gao X, Zhou Z H, Karel B, et al. 2019. Ore formation mechanism of the
Weilasituo tin—polymetallic deposit, NE China: Constraints from
bulk—rock and mica chemistry, He—Ar isotopes, and Re—Os dating [J].
Ore Geology Reviews, 109: 163—183.

Gehrels G E, Valencia V A, Ruiz J. 2008. Enhanced precision, accuracy,
efficiency, and spatial resolution of U-Pb ages by laser
ablation—multicollector—inductively coupled plasma—mass
spectrometry [J]. Geochemistry, Geophysics, Geosystems, 9(3):
Q03017.

Guo G H, Zhong S H, Li S Z, et al. 2023. Constructing discrimination
diagrams for granite mineralization potential by using machine learning
and zircon trace elements: Example from the Qimantagh, East
Kunlun[J]. Northwestern Geology, 56(6): 57-70 (in Chinese with
English abstract).

Guo G J. 2016. Discussion on geological characteristics and metallogenic
origin of Weilasituo Sn polymetal deposit in Inner Mongolia[D].
Master's Thesis of China University of Geosciences (Beijing) (in
Chinese with English abstract).

Ishihara S. 1981. The granitoid series and mineralization [J]. Econ. Geol.,
75th Anniv.: 458—484.

Keppler H, Wyllie P J. 1991. Partitioning of Cu, Sn, Mo, W, U, and Th


https://doi.org/10.1180/002646198547747
https://doi.org/10.1007/s00410-007-0201-0
https://doi.org/10.1016/j.oregeorev.2019.04.007

544 5 4 )

FESTAEAE: WSS AERDTTHER A B )R8 2 SR 0T RSB SR O B AR S H O RSN B 205 647

between melt and aqueous fluid in the systems haplogranite H,O—HCI
and haplogranite—H,O-HF[J]. Contributions to Mineralogy &
Petrology, 109(2): 139—150.

Lei WY, Shi G H, Liu Y X. 2013. Research progress on trace element
characteristics of zircons of different origins[J]. Earth Science
Frontiers, 20(4): 273—284 (in Chinese with English abstract).

LiuJ Q, Zhong S H, Li S Z, et al. 2023. Identification of mineralized and
barren magmatic rocks for the pophryry—skarn deposits from the
Qimantagh, East Kunlun: Based on machine learning and whole—rock
compositions [J]. Northwestern Geology, 56(6): 41-56 (in Chinese
with English abstract).

LiuRL, WuG,Li TG, et al. 2018a. LA-ICP—MS cassiterite and zircon
U-Pb ages of the Weilasituo tin—polymetallic deposit in the southern
Great Xing'an Range and their geological significance[J]. Earth
Science Frontiers, 25(5): 183—201 (in Chinese with English abstract).

LiuR L, Wu G, Chen G Z, et al. 2018b. Characteristics of fluid inclusions
and H-O—C—S—Pb isotopes of Weilasituo Sn—polymetallic deposit in
southern Da Hinggan Mountains [J]. Mineral Deposits, 37(2): 199-224
(in Chinese with English abstract).

Liu Y F, Fan Z Y, Jiang H C, et al. 2014. Genesis of the
Weilasituo—Bairendaba porphyry—hydrothermal vein type system in
Inner Mongolia[J]. Acta Geologica Sinica, 88(12): 2373-2385 (in
Chinese with English abstract).

Liu Y F, Jiang S H, Bagas L. 2016. The genesis of metal zonation in the
Weilasituo and Bairendaba Ag—Zn—Pb—Cu—(Sn—W) deposits in the
shallow part of a porphyry Sn—W-Rb system, Inner Mongolia,
China[J]. Ore Geology Reviews, 75: 150—173.

LiuY S, Hu Z C, Zong K Q, et al. 2010. Reappraisement and refinement
of zircon U-Pb isotope and trace element analyses by
LA-ICP-MS/[J]. Chinese Science Bulletin, 55(15): 1535-1546.

Loucks R R, Fiorentini M L, Henriquez G J. 2020. New magmatic
oxybarometer using trace elements in zircon[J]. Journal of Petrology,
61(3): egaa034.

Ludwig K R. 2012. User’s manual for Isoplot 3.75: A geochronological
toolkit for Microsoft Excel[J]. Berkeley Geochronology Center
Special Publication, 5: 1-75.

Maniar P D, Piccoli P M. 1989. Tectonic discrimination of granitoids [J].
GSA Bulletin, 101(5): 635-643.

Meng Q R. 2003. What drove late Mesozoic extension of the northern
China-Mongolia tract? [J]. Tectonophysics, 369(3/4): 155-174.

Miiller B, Frischknecht R, Seward T, et al. 2001. A fluid inclusion
reconnaissance study of the Huanuni tin deposit (Bolivia), using
LA-ICP-MS micro—analysis[J]. Mineralium Deposita, 36(7):
680—688.

Murakami T, Chakoumakos B C, Ewing R C, et al. 1991. Alpha—decay
event damage in zircon [J]. American Mineralogist, 76(9/10): 1510—1532.

NiuJ H, Tian F Q, Qiu D F, et al. 2023. Zircon U—Pb age of granitoids in
the Jiudian gold deposit, Shandong Province and constraints on the
magmatic activity patterns in the southern section of the Zhaoping
fault[J]. Geological Bulletin of China, 42(5): 813—827 (in Chinese
with English abstract).

Pan X F, Guo L J, Wang S, et al. 2009. Laser microprobe Ar—Ar dating of

biotite from the Weilasituo Cu—Zn polymetallic deposit in Inner

Mongolia[J]. Acta Petrologica et Mineralogica, 28(5): 473—479 (in
Chinese with English abstract).

Peccerillo A, Taylor S R. 1976. Geochemistry of Eocene calc—alkaline
volcanic rocks from the Kastamonu area, Northern Turkey[J].
Contributions to Mineralogy and Petrology, 58: 63—81.

Qin F, Liu J M, Zeng Q D, et al. 2009. Petrogenetic and metallogenic
mechanism of the Xiaodonggou porphyry molybdenum deposit in
Hexigten Banner, Inner Mongolia[J]. Acta Petrologica Sinica, 25(12):
3357-3368 (in Chinese with English abstract).

Robinson P T, Zhou M F, Hu X F, et al. 1999. Geochemical constraints
on the origin of the Hegenshan Ophiolite, Inner Mongolia, China[J].
Journal of Asian Earth Sciences, 17(4): 423—442.

Shao J A. 2007. Uplift of the Great Xing'an Range and its geodynamic
background[M]. Beijing: Geological Publishing House: 150-178 (in
Chinese with English abstract).

Sun S S, McDonough W F. 1989. Chemical and isotopic systematics of
oceanic basalts: implications for mantle composition and processes [J].
Geological Society, London, Special Publications, 42: 313—345.

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

Wang C Y. 2015. Lead-zinc polymetallic metallogenic series and
prospecting direction of Huanggangliang—Ganzhuermiao metallogenic
belt, Inner Mongolia[D]. Doctoral Thesis of Jilin University (in
Chinese with English abstract).

Wang F X, Bagas L, Jiang S H, et al. 2017. Geological, geochemical, and
geochronological characteristics of Weilasituo Sn polymetal deposit,
Inner Mongolia, China[J]. Ore Geology Reviews, 80: 1206—1229.

Wang X Y, Hou Q Y, Wang J, et al. 2013. SHRIMP geochronology and
Hf isotope of zircons from granitoids of the Weilasituo deposit in Inner
Mongolia[J]. Geoscience, 27(1): 67-78 (in Chinese with English
abstract).

Wang Y, Wang X, Zhang W, et al. 2024. Fresh insights into the onset of
big mantle wedge beneath the North China Craton[J]. Acta
Geochimica, 44: 142—160.

Wu FY, Sun DY, Ge W C. 2011. Geochronology of the Phanerozoic
granitoids in northeastern China[J]. Journal of Asian Earth Sciences,
41(1): 1-30.

Wu G, Liu R L, Chen G Z, et al. 2021. Mineralization of the Weilasituo
rare metal—tin—polymetallic ore deposit in Inner Mongolia: Insights
from fractional crystallization of granitic magmas[J]. Acta Petrologica
Sinica, 37(3): 637-664 (in Chinese with English abstract).

Xiao L Y, Yang X Z. 2022. Ce—in—zircon oxybarometer and the redox
state of the early earth[J]. Geological Journal of China Universities,
28(4): 484—492 (in Chinese with English abstract).

Xue HM, Guo L J, Hou Z Q, et al. 2010. SHRIMP zircon U-Pb ages of
the middle Neopaleozoic unmetamorphosed magmatic rocks in the
southwestern slope of the Da Hinggan Mountains Inner Mongolia[J].
Acta Petrologica et Mineralogica, 29(6): 811-823 (in Chinese with
English abstract).

Ying J F, Zhou X H, Zhang L C, et al. 2010. Geochronological
framework of Mesozoic volcanic rocks in the Great Xing'an Range, NE

China, and their geodynamic implications[J]. Journal of Asian Earth


https://doi.org/10.1016/j.oregeorev.2015.12.006
https://doi.org/10.1007/s11434-010-3052-4
https://doi.org/10.1093/petrology/egaa034
https://doi.org/10.1130/0016-7606(1989)101<0635:TDOG>2.3.CO;2
https://doi.org/10.1007/s001260100195
https://doi.org/10.1007/BF00384745
https://doi.org/10.1016/S1367-9120(99)00016-4
https://doi.org/10.2113/gsecongeo.88.2.437
https://doi.org/10.1016/j.oregeorev.2016.09.021
https://doi.org/10.1016/j.jseaes.2010.11.014
https://doi.org/10.18654/1000-0569/2021.03.01
https://doi.org/10.18654/1000-0569/2021.03.01
https://doi.org/10.1016/j.jseaes.2010.04.035

648 H R 8 IR GEOLOGICAL BULLETIN OF CHINA 2025 4
Sciences, 39(6): 786—793. 56(6): 57-70.
Zhai D G, Liu J J, Li J M, et al. 2016. Geochronological study of FHLUH. 2016. NS 4ERLHTIE ) 2 4 R 0T R Hb 5 R AE Bk R R

Weilasituo porphyry type Sn deposit in Inner Mongolia and its
geological significance[J]. Mineral Deposits, 35(5): 1011-1022 (in
Chinese with English abstract).

Zhang T F, Guo S, Xin H T, et al. 2019. Petrogenesis and Magmatic
Evolution of Highly Fractionated Granite and Their Constraints on
Sn—(Li—Rb—Nb—Ta) Mineralization in the Weilasituo Deposit, Inner
Mongolia, Southern Great Xing'an Range, China[J]. Earth Science,
44(1): 248267 (in Chinese with English abstract).

Zhao H., Feng C Y, Zhong S H, et al. 2023. Zircon fertility indicators
compromised by mineral inclusion contamination: A case study from
the Taoxikeng W deposit, South China[J]. Ore Geology Reviews, 162:
105714.

Zhao Z D, Liu D, Wang Q, et al. 2018. Zircon trace elements and their
use in deep processes[J]. Earth Science Frontiers, 25(6): 124—135 (in
Chinese with English abstract).

Zheng J P, O'reilly S Y, Griffin W L, et al. 1998. Nature and evolution of
Cenozoic  lithospheric mantle beneath Shandong peninsula,
Sino—Korean craton, eastern China[J]. International Geology Review,
40(6): 471-499.

Zhong S H, Seltmann R, Qu H Y, et al. 2019. Characterization of the
zircon Ce anomaly for estimation of oxidation state of magmas: A
revised Ce/Ce” method[J]. Mineralogy and Petrology, 113(6): 755-763.

Zhou Z H, Gao X, Ouyang H G, et al. 2019. Formation mechanism and
intrinsic ~ genetic  relationship ~ between  tin—tungsten—lithium
mineralization and peripheral lead—zinc—silver—copper mineralization:
Exemplified by Weilasituo tin—tungsten—lithium polymetallic deposit,
Inner Mongolia[J]. Mineral Deposits, 38(5): 1004—1022 (in Chinese
with English abstract).

Zhou Z H, Li L S, Feng J R, et al. 2010. Molybdenite Re—Os ages of the
Huanggang skarn Sn—Fe deposit and their geological significance Inner
Mongolia[J]. Acta Petrologica Sinica, 14(3): 667-679 (in Chinese
with English abstract).

Zhu X Y, Zhang Z H, Fu X, et al. 2016. Geological and geochemical
characteristics of the Weilasito Sn—Zn deposit, Inner Mongolia[J].
Geology in China, 43(1): 188—208 (in Chinese with English abstract).

Zi J W, Rasmussen B, Muhling J R, et al. 2022. In situ U-Pb and
geochemical evidence for ancient Pb—loss during hydrothermal
alteration producing apparent young concordant zircon dates in older

tuffs[J]. Geochimica et Cosmochimica Acta, 320: 324—338.
Bt FR 325 2 3Lk

22, Sc{aa, TBLT, 4. 2007, #EARR W A JE T Re AT'70s fY
RHEIA (7). 5 R, 26(5): 572-580.

BRI, IRERE, AW, 45 2017, N5 AR T K RBEA B £ 4R
- Ka s 0], EEREERR, 25(1): 9-17.

FOUTE, Bhilt e, R0 4R 2023, 18 FHALER A 2 NS G foR T E M
K e LA 9 0 3 R it AR R A IS B3 A% S 51 [0 P bt i,

BFD]. B [db5T) WA Re 3.

THIBR, MG, XIAHT. 2013, TR SE B A0 T s R RREREST
JR (7] Hh2£Ri2%, 20(4): 273-284.

XUFEE, Bhiitde, 25 =50, 45,2023, FEFHLEEE S FIe AR AR R R
CARE I BEA Y R AT IR A R85 7R L], VoL,
56(6): 41-56.

XU Fi b, BT, 2N, 45, 2018a. KOOI R BEAERITHE £ &R
PR LA-ICP-MS % £1 F1 55 41 U—Pb 4R % K Hoh Jfi 35 Y [1]. Hb2 B
2. 25(5): 183 201.

XUFGIE, B, RO IE, 45, 2018b. K4 M BEAERITEH £ & R0
PRI AN [R5 2R (1] W‘ HJT, 37(2): 199-224.

XELC, SR E, AN, 45 2014, NG AR R R INBE AR
{wﬁszbw%%ﬁﬁ[J] H TR, 88(12): 23732385,

AR AR R, BRSO, 45, 2023, LR THIE 407 R A b 2 25 4%
U-Pb AR SR T Wi 54y i B R T sl iy 29 o (7. 1@&@%&,
42(5): 813-827.

WB/ANIE, BRI, T, 45 2009. P9 5%y 4ER A B R0 E = BF
Av/AT IRV L] B A0 P24 243R, 28(5): 473 479.

BRPF 2. 2007, K2LZEA e 5 1Bk 3 7 2% 75 5t M. Jbat: s
Jikt: 150-178.

TR, XHERH, ¥ PRAR, 45, 2009. N5E N S A1 v S I/ N AR T BEA B 4H T
PRI B LT (0], 524, 25(12): 3357-3368.

FARPE. 2015, IS B - H R R I SO0 B 2 4 R L R 5
7 [D]. H AR 2473853C

FEHF, FEHEMN, TR, 4. 2013, WS H BT FE 0 R AL K A 2
SHRIMP 4402 K HE [l Z 855 [1]. ST, 27(1): 67-78.

R, X, BRAIE, 5. 2021 W N HHER A &R -5 248
W IR VR : R A6 14 B0 3 45 b A S Ja s (T 28 A i,
37(3): 637-664.

H %R, Bbeik. 2022, 540 Ce SR B2 TR0 401 Hb B 04 LA TR
A 03] R BT E 4, 28(4): 484-492.

BEVRES, SOFIEE, G, 25, 2010. KR4 2204 TG oy 3 i 45 i ol A AR
WIRAR T3 55 1) SHRIMP 4547 U-Pb B2 (0], H A0 2 2
&, 29(6): 811-823.

SRR, FOM, S5 H, 45, 2019, KM% R Bedi Bt m o R Ab b
A4 R 5 7 Ak B X Sn—~(Li-Rb—-Nb—Ta) £ 45 J& B VE 4 81
(1], HiERBL2E, 44(1): 248-267.

XA, X, £, 5. 2018. 8 AT o R LB R R AR 1],
H2EAT2%, 25(6): 124-135.

B, XIRE, 2R, 45, 2016. N 52 437 B FE B A B TR A

A B AR R SC O] R, 35(5): 1011-1022.

JERAE, AR, BRBARIAR, 45, 2019, B4R 51k 5 40 B bR AT R R B
I S AE BH OE R B AL : LA 20 e R e i £ &R i
PR A 3], & PR b5, 38(5)‘ 1004-1022.

JAYRAE, BARER, IBAEAE, 25, 2010. IS BT 47 R BT R AR
1" Re—Os 4E 4% &Jii&ﬁ%ﬁxm FAER. 14(3): 667-679.

BB, IREHE, A0, 45 2016, N5 RIGAERI T KIS £ &80
A b BT IR A 2R AE LI ] . E T, 43(1): 188-208.


https://doi.org/10.1016/j.jseaes.2010.04.035
https://doi.org/10.1080/00206819809465220
https://doi.org/10.1007/s00710-019-00682-y
https://doi.org/10.1016/j.gca.2021.11.038
https://doi.org/10.3969/j.issn.0258-7106.2007.05.010
https://doi.org/10.11872/j.issn.1005-2518.2017.01.009
https://doi.org/10.12401/j.nwg.2023158
https://doi.org/10.12401/j.nwg.2023155
https://doi.org/10.12097/j.issn.1671-2552.2023.05.012
https://doi.org/10.3969/j.issn.1000-8527.2013.01.007
https://doi.org/10.3969/j.issn.1000-6524.2010.06.016
https://doi.org/10.3969/j.issn.1000-6524.2010.06.016
https://doi.org/10.3969/j.issn.1000-3657.2016.01.014

	1 区域地质概况
	2 矿床地质
	3 样品采集和研究方法
	3.1 LA−ICP−MS 锆石U−Pb定年及微量元素分析
	3.2 全岩主量、稀土和微量元素分析

	4 分析结果
	4.1 锆石U−Pb年龄
	4.2 全岩主量和微量元素特征
	4.3 锆石微量元素特征

	5 讨　论
	5.1 维拉斯托锡多金属矿床成矿时代
	5.2 成矿岩浆氧逸度特征及对矿床成因的约束

	6 结　论
	参考文献

