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Summary of Progresses in the Study of Ore Deposit Geochemistry in China in the Past Decade
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Abstract: In recent decade numerous important achievements for ore deposit geochemistry have been made in China.
This paper briefly summarizes some progresses in the studies of magmatic Cu-NiH PGE) and Fe-Ti-V deposits porphyry
Cu deposits  granite-related W-Sn deposits carbonatite-related REE deposits  Carlin-type Au deposits and Mississippi
Valley-type Pb—~7n deposits and the implications of in-situ analytical methods and experimental geochemistry in researches
of ore deposits. Notably a breakthrough has been made in the exploration of magmatic Cu-Ni sulfide deposits in the oro—
genic belt and a magma-conduit system has been confirmed to be critical for the huge accumulation of V-Ti-bearing mag—
netite. The metallogenic model for collision-type porphyry Cu deposits has been increasingly improved and the ore-form—
ing process and mechanism for graniterelated W-Sn deposits has been more elaborately illustrated. The metallogenic tim—
ing for carbonatite-related REE deposits has been more precisely confined. Significant progresses in researches on timing
and geodynamic background as well as deep understandings on the sources of oreforming materials and the evolution of
oreforming fluids for large-scale mineralizations of low-temperature hydrothermal deposits in South China have also been
made. Moreover in-situ micro-analyses of elemental and isotopic compositions have played important roles for elaborately
illustrating the oreforming processes and applications of experimental geochemistry shed preliminary light on studies of
ore-forming mechanisms of mineral deposits. In addition several perspectives on future studies that need to be paid atten—
tion to have been proposed.

Key words: magmatic deposit; magmatic-hydrothermal deposit; low-temperature hydrothermal deposit; in-situ analytical

method; ore deposit geochemistry

12020451 20200948 20210145
: (2016 YFCO600405) : (41425011)
(1971-) : - . E-mail: zhonghong@ vip. gyig. ac. cn.



820

0
( )
~ Cu_
Ni{ PGE)  Fe-Ti-V N Cu N
W-Sn N REE N Au
N ( MVT) Pb—~Zn
1
Ti. V. Ni. PGE
Cr Fe.Co o
Fe-Ti-V
Cu-NiPGE
Nb-Ta—Zr-REE
Cu—Ni /
; N - Cu-Ni
1.1
1.1.1
o 2015 1.57 t
108 t Ni.Cu.Co
0.65% .0.14% 0.013%
( Song et al. 2016b) , 2012
Fraser Range
Nova 1460 t
32.5 t Cu.Ni.Co
0.9% 0.08%  2.2% ( Maier et al. 2016) .

( Qin
et al. 2011; Su et al. 2011; Zhang et al. 2011;
Li et al. 2012; Song et al. 2013a; Xie et al.
2014; Deng et al. 2017) .

( Song et al. 2016b 2020; Zhang et al. 2017b;
Wang et al. 2019a) .
( )

( Zhu
et al. 2006 2007: Zhou et al. 2017; Yao et al.
2018b; Ding et al. 2019) .

1.1.2
)
Begg (2010)
o Lightfoot  Evans—
Lamswood( 2015)
( Wang et al. 2014a) .

(2018)
1.1.3

Voisey’ s Bay Eagle ( Lightfoot and

Evansd.amswood 2015)



2021 40(4)
o Song (2012)
. ( Cu.Ni.S.PGE )
- ( Song and Li 2009;
Chen et al. 2013a) ,
Mao (2019b) Deng (2017b)
~ \SI‘—Nd—OS
1.1.4
LA-ICPMS
( Chen et
al. 2015a) . Liang (2019)
1.2
V Ti
48%  25% 55%
16% ( USGS 2019) .
( Zhou
et al. 2005; Zhang et al. 2014a)
( Cao et al. 2014)
( ;
Chen et al. 2013b) .
( Zhao et al. 2018) .
1.2.1

821

MELTs

( Bai et al. 2012; Song et al. 2013b;
2014; Wang et al. 2014b; Zhang et al.
2018a) , Bai (2014)

Cao et al.

. Hou
(2011 2013) Re-Os
- ( )

( Zhang et al. 2018a; Cao et al. 2019a) .

1.2.2
3 . Howarth (2013)

(Zhou et al. 2013; Liu et al. 2014; Xing
et al. 2014; Wang et al. 2018a) .

( nelso—
nite) ( Chen et al.
2013b; He et al. 2016) ;

o ( Bai et al. 2012
2016 2019b; Ganino et al. 2013; Cao et al.
2014) . ( Howarth and Prevec 2013; Zhang et
al. 2018a) Fe. Ti ( Song et al.
2013b; She et al. 2015)
(Bai et al. 2012; Song et al. 2013b)

o

(  Fe Mg )



822

( Chen et al. 2014; Liu et al.
2014; Cao et al. 2019b) ,
1.2.3
Bai  (2012)
2 ( ) -
Cu.Mo Au
(
Au )
( Sillitoe 2010) ,
65% Cu. 1/4
Au 90%  Mo( Chang et al. 2019; White et
al. 2019; Yang and Cooke 2019) .
2.1
( Richards 2003;
Sun et al. 2013; 2014;
2020) . N
( Hou et al. 2007;
2013; 2017; 2020)

( Yang and Cooke 2019) .

( Hou et al. 2015a
2016; Wang et al.

2017; Yang et al. 2015
2018c¢; 2020) .

( Richards 2009; Hou et al. 2011; Wang et al.

2014c; Sun et al. 2017);

( Yang
and Cooke 2019)
( Rich-
ards 2003; Sillitoe 2010) ;
=+
(Li et al. 2011b;
Deng et al. 2015; Zhou et al. 2015b; Hou et al.
2017 ) Hf-Nd
( Wang et al. 2016a;
2018)
( ~ - )
(Lu et al. 2015; Yang et al.
2015; Wang et al. 2018c; Li et al. 2020b;
2020)
o Zheng (2019)
Cu
(8"Cu 0. 18%0 ~ 1%o0) Cu

Lee

(2012) . Chiaradia( 2014) Lee Tang ( 2020)

( Wang et al. 2017; Yang and Cooke
2019) .
Du
Audétat( 2020)
( Sr/Y ) ; Bai
(2020)
2.2
o Mao (2017)



2021 40( 4)

Mo-W v L
(2017 2018f)
Re-Os

o (Ce*/
Ce™ dEu ). ( FCI-S ). (Ga
JFe,0,/A1,0, ).

~

(Cao et al. 2012 2018; Xu et al. 2012;
Lu etal. 2016; Panetal. 2016 2018; Zhu et al.
2018; 2019) N
( SWIR)
/
( 2012;
2020) o Zhu  (2018)
Red Chris
S-Cl
S-Cl
o (2012) SWIR
(>1.6) Al-
OH (<2203 nm)
K.Mg.Fe.Cu -
(Li et al. 2018f; He et al. 2020;
2020) » (2020)
K-Mg
K-Mg (3"K —1.02%o0 ~
0.38%0, °Mg  —0.49%0 ~ 0. 32%o0)
K-Mg .
2.3 -
Sn.Cu.Pb~Zn
Au ( 2019; Chang et
al. 2019);
8% (>1 460 t)

800 t ( Chen et al. 2012; Pan et
al. 2019a; White et al. 2019) .
o Shu (2013) Zhu

(2015a)
S-Pb

823

- Xie
Cute Fe
Fe S

(2015a)

o Zhai  (2018)
H-O.S-

Pb Te

. Xie (2019)

U-+b

Sh-Au

( Zhou et al.
2018d; Mao et al. 2019a; Lehmann 2020;

2020) .

( Mao et al.

20193.) ~ N N ~ ~

3.1

U-Pb
al. 2011b; Deng et al.

( Yuan et
2020)
Re-Os.

2019; Tang et al.

Ar-Ar

(Hu et al. 2012b; Mao et al. 2019a; Wang
2019b) . Sn( W) ( 850 ~ 790
Ma) \

(Sn) (450 ~410 Ma)

W-Sn (310 ~280 Ma)

WSn (250 ~210 Ma)
W-Sn

et al.

(198 ~80 Ma)

W-Sn (121 ~23 Ma)
( Chen et al. 2015¢;
2019a; Wang et

2018b; Mao et al.

2017) .

Yuan et al.
al. 2019b
3.2



824

W-Sn
W-Sn
W-Sn
W-Sn
( . )
- W-Sn
W-Sn ( Yang
et al. 2013 2014a; Hulsbosch et al. 2016; Zeng
et al. 2017; Zhao et al. 2019) .
( Wei et al. 2012; Nietal. 2015)
. Wei (2012)
( . ) B
( Zhao et al. 2019; Hong et al.
2020) ( N )
Sr-Hf-O ( Kendall-

Langley et al. 2020)

( Legros et al. 2016
2018 2019; Peng et al. 2018; Yang et al. 2019d,;
Zhao et al. 2019) , Fe-
Li Sn W-Sn
W-Sn ( Wawryk and
Foden 2015; Chen et al. 2018a; Li et al. 2018c;
Yao et al. 2018a) .
3.3
W-Sn
(Lietal. 2011a; Hu etal. 2012a;
2012; Wei et al. 2019b) .
W (
1982)
W He Ar
N W

He. W S
( Hu et al. 2012a;
Wei et al. 2019b) . Yuan (2019)
W ’
Sn( W)
W-Sn o
4

(>90%) ( Xie et al. 2016) .

o

( Xie et al. 2016)

( REO) 200

( Zhang et al. 2019c) o

4.1

o

LACPMS U-Pb LA-MCHCPMS Sm-Nd
~1.3 Ga( Yang et al. 2011 2019d; Fan et al.
2014) / ( Zhu
2015b; Song et al. 2018)
o LAJCPMS

SIMS U-Th-Ph 1.3 Ga

( 1000 ~350 Ma ~440 Ma; Smith et
al. 2015; Fan et al. 2016; Song et al. 2018)

et al.

( Yang et al. 2017) .

( Xie et



2021 40(4)
al. 2016; Liu and Hou 2017) , (
)  U-Th-Pb

N 22 ~
27 Ma 12 Ma( Liu et
al. 2015; Ling et al. 2016)

N Mo-REE

( 2015; 2017, 2017,
Zhang et al. 2019¢) .

LAHCPMS U-Pb
440 ~ 410 Ma( N
) 220 ~200 Ma( Mo-REE
) ( Zhang et al. 2019¢)

( ) o

( )

4.2
( Fan
et al. 2014 2016; Smith et al. 2015; Zhu et al.

2015b; Yang et al. 2017) .

) JH8

HS8
~1.3Ga N
( Wang et al. 2010;
Fan et al. 2016; Yang et al. 2019d; Liu et al.
2020)
( Smith et al.
2017)

2015; Fan et al. 2016; Yang et al.

Cc-0 .
HS8 ( Ling et
al. 2013; Yang et al. 2017);
Nd 1.3 Ga

~

( Liu et al. 2018b; Song et al. 2018) .
Li -

( Hou et al.

2015b; Tian et al. 2015)

825

( Liu and Hou 2017) o

“SEM. LA-ICP-MS
CO, SO7
( Xie et al. 2015b; Liu et al. 2019a; Guo and

Liu 2019; Shu and Liu 2019) .

~ ~

(Cui et al. 2020b) o
Mo~ REE)
( Song et
al. 2016a) .
(Bai et al. 2019a) ; -

LREE/HREE.Mo.Pb S

2016a; Bai et al. 2019a) .

( Song et al.

( Xu et al.
2018b)

( )

2014; Cimen et al. 2018; Chen et al.

(Zhu et al. 2017; Su et al.
2019) . LAJCPMS
220 ~200 Ma
( Ying et al. 2017 2020; Zhang et al. 2019¢)
( Cimen et al. 2018; Ying et al. 2020) .
5
50  km’
o 50%
1/5

5.1



826

~N Al ) ( 1)
2007) . Hu (2017)
200 ~230 Ma(
130 ~ 150 Ma( ) o
SIMS U-Pb.

As

Fig. 1

: (b) LAICP-MS

MetF-

2

1

: BriF—

SIMS Th-Pb. LA-HCPMS U-Pb.
U-Th/He Ar-Ar
205 ~ 239 Ma
129 ~160 Ma( Pi et al. 2017; 2018;
2019; Chen et al. 2019a; Zhu et al. 2020) ,
200 ~230 Ma ( Wu et al.

2019) 130 ~
140 Ma 190 ~ 220 Ma ( 2016;

2018) . Hu

Zhou(2012) Hu (2017)

( 2)(Hu and Zhou 2012; Hu et
al. 2017, 2020) .

As  Au . As  Au Au
Xie (2018a)

Micrographs exhibiting multi-stage and multi-band characteristics of a pyrite from the Jinfeng Au deposi

Hu (2017) (2020)

(200 ~230 Ma)
Fig.2 A proposed metallogenic dynamic model for the Indosinian ( 200-230 Ma) large-scale

low-temperature mineralization in the Yangtze Craton



2021 40( 4)

5.1.2 .

o EPMA.

LA-CPMS N
/

SIMS

(1) (Suetal. 2012; Hou et al.
2016; Hu et al. 2017; Xie et al. 2018b; Yan et

al. 2018; Li et al. 2020c; Wei et al. 2020)
Au ( 1o
SIMS.SHRIMP LA-MC-HCPMS /
/ —5%0 ~ 5%o
( Hou et al. 2016; Xie et al. 2018b; Yan et al.
2018; Liet al. 2020c; Wei et al. 2020)
( . : )
( Tan et al. 2015b) ;
: ( Xie et al. 2018b;
Yan et al. 2018) . (Su et al. 2018;
Li et al. 2020c; Wei et al. 2020)
(Hu et al. 2017) . Hg ( Yin et
al. 2019) (Jin et al. 2020)
5.1.3 Su (2018)
(232 ~212 Ma)
Au/As (1:1000 ~ 1 :100000)
(™S 12%o0 ~ 18%o0)
( ~245 C) . ( ~2%NaCl,,,) CO,
: (148 ~ 134
Ma) Au/As (1:10 ~1:1000)
(~210 C) . -
( ~5% NaCl,,,) o Su
(2018)
. Xie (2018a)
N - A COZ

827

( Xie et al. 2017

2018a) . Wang  Grove( 2018) N
5.2 (MVT)
400 NN N
17 km®( 1999)
Pb.Zn.Ag
( 2011; Hu et al. 2017)

( Mississippi Valley-type

MVT) ( Zhang et al.
2015; Hu et al. 2017) o
5.2.1
(
2011; 2008; 2012;
2013; Hu et al. 2017) .
Sm-Nd. Rb-Sr. Re-Os Re
Re-Os U-Th-Phb
( )
15
190 ~230 Ma o
205 ~ 240 Ma( 1998)
« Hu (2017)
Pb~Zn 190 ~ 230
Ma Au-As-Sh-Hg
( Chen et al. 2015b 2019a; Pi et al. 2017,
2019) Sh-Au (
2008)
5.2.2
LA-ICPMS
( Cook et
al. 2009; Ye et al. 2011; George et al. 2015) .
(
2016; Wei et al. 2018 2019a; 2019;

2019)



828

( Cook et
al. 2009; Ye et al. 2011) N
MVT
; Mn-¥e-
Mn-Co.Cd/Fe-Mn  In/Ge-Mn
MVT o
Ge. Cd
( 2019; 2019; Wei
et al. 2019a) .
Ge.Ge
( 2019 ) o
Ge Cu
Ge Cu (
2016; 2019; 2019; Wei et
al. 2019a) o Cu™  Ge™
( 1984)
In?
Ge
(Wei et al.  2019a) .
5.2.3
(1) o
(
1999) . (
1988) . ( Zhou et al. 2001) . (
2004) ; Pb
( 2016:

2016; Tan et al. 2019) . ( Wang et al.
2018b; Zhang et al. 2019a) (Li et al.
2016a; Tan et al. 2017) -

( Zhang et al. 2019b; Luo et al. 2020)

(Zhou et al. 2015a)
(Luo et al. 2019a) ( 2016;
Zhou et al. 2018c) - (
2019; Xiang et al. 2020)

(Li et al. 2015; Zhou et al.
2018b) ( Bao et al.
2017) ( 2018; Zhou
et al. 2018a; 2019) . Bao (2017)

Ph

“« ”»

113 ”»

(

2018; 2019; Li et al. 2018g 2020c;
Zhou et al. 2018a; 2019) .
(2) o
( - ) o
MVT
( ) N \ \
( Zhou et al. 2018b; Luo et al. 2019a
2020; Xiang et al. 2020) / C-O
MVT
ey
/
@ -
( pH)
( / ) MVT
HE) ~
(3) o
C-H-0-S
(Zhou et al. 2014 2018a 2018c; Luo et
al. 2019a 2020) S
S
( TSR) .CO, H,0
( Zhou et al.
2014; Luo et al. 2019a) N
2 ) N 2
( ) o S (
2016; Zhou et al. 2018c; Luo et al.



2021 40( 4)

2019a) 8" Sepn
5™Scor 5™ Ser

: (2017)

5.2.4

( Zhou et al.
2016) . (
2018¢) .
al. 2018a) .

20154) . (
2017; Zhou et al.
2017) . ( Zhou et
( Zhou et al. 2018b) .
( 2019) . ( Zhang et al.
2019hb) e

( Tan et al.

@ HE) S
o, @ “ "
(2020 )

“ »

- ( LAACP-MS)
( SIMS) -

6.1 / U-Pb

: LAACP-MS
2013; Li et al.
( Deng et al.
et al. 2020; Yang et al.

( Yuan et al. 2011b;

2016b; Zhang et al. 2017a) .
2019; Luo et al. 2019b; Tang
2020) . ( Deng et

829

al. 2017a; Yang et al. 2018) ( Yang et
al. 2014b 2019c; Ling et al. 2016;
2017) UPb o ( Liu
et al 2011; Lietal. 2013) . ( Che et al.
2015) ( N

) ( 2011; 2015;
2020a 2020b; 2019) LAHCP-MS U-Pb

o

LAdCP-MS U-Pb
(Lietal. 2014)
( Shen et al.
2020) .

2019; 2019;

6.2
0-C-S “Sr-Nd-Pb-Hf-Os
He-Ar

SIMS  LA-CP-MS /

S ( Zhu et al. 2016; Chen et al.
2017; Fu et al. 2017; Feng et al. 2018; Yuan et
al. 2018a) Sr( N N N

) Nd( . . ) Sr.
Nd ( Liu et al. 2012; Xu et al. 2015;
2015 2020; Xu and Jiang 2017; Li et
2019c¢) Pb  Os
2015:; Yuan et al. 2015
2018a; Feng et al. 2018; Zhu et al. 2019)

Si ( Liu et al. 2019b)

Ca ( Zhang et al. 2019d)

B Li ( Hou et al. 2010; Yang and
Jiang 2012; Lin et al. 2019) .
( Sr-Nd.S-Pb.Sr-Pb) .

Huang et al.
al. 2018a; Yang et al.
( Hu et al.

U-Pb

( Huang et al. 2015 2020;
2018a) .

Yuan et al.

( Zhang
2014b; 2015;

2017)

2015;

et al.



830

6.3
LAJCP-MS
( 2013) .
( . . N
) ( 2012; 2013;
2016; 2017; Zhang et al. 2018b;
Ke et al. 2019; Song et al. 2019) . ( Ding et
al. 2011; 2011; Zhu et al. 2016;
2018) . ( Yuan et al. 2011a;
2014, 2018; Cao et al. 2018) .
( Chen et al. 2011b; Duan et al. 2017,
Yang et al. 2019b) ( N N
. . ) ( He et al. 2016; She et al.
2016; Song et al. 2019) LA-HCPMS  SIMS

~ ~

N (
2018; Huang et al. 2019; Huang and Beau—

doin 2019) . LA-CP-MS
mapping ( Zhu et al. 2016;
2017) (CL) ( BSE)
6.4
LA-CP-MS
QN )
20 70 LA-ICP-MS
( Tsui and Holland
1979)
(
2013; 2017; Li et al. 2018b; Pan et
al. 2019b)

(Lan et al. 2018; Liu et
al. 2018a; Chen et al. 2019b) \W-Sn ( Pan et
al. 2019b; Yang et al. 2019a)

( Zhou et al. 2019)
7

(CuvMovAu.Re.W.Nb Ta )

(S\F Cl ) N
( Xiong et al. 2011;
Liu et al. 2014 2015; Ni et al. 2018; Zhang et
al. 2018; Feng and Li 2019; Li et al. 2019; Sun
et al. 2020) ;@
( Hou et al. 2017 2018
2021) ; ®
Cu ( Shang
et al. 2007) W.Mo F
( Wang et al.

2019b 2021; Shang et al. 2020) ; @

-196 ~500 C 100 ~ 100000 kPa.
( Shang et al. 2009) .
( TSR) ( Yuan et al. 2013) .
( Wang et al. 2013 2016b; Wan et al. 2017) .
( Qiu et al. 2020)
W ( Wang et al.
2020b)
(-196
~1000 C 100 ~4x10° kPa)
W ( Li et al.
2018d) .
(Cui et al. 2020b)
8



2021 40( 4)

( References) :

Bai T Chen W Jiang S Y. 2019a. Evolution of the carbonatite Mo—
HREE deposits in the lesser Qinling Orogen: Insights from in situ

geochemical investigation of calcite and sulfate. Ore Geology Re—

831

views 113: 103069

Bai Z]J Zhong H Naldrett AJ Zhu W G. Xu G W. 2012. Whole-
rock and mineral composition constraints on the genesis of the giant
Hongge Fe-Ti-V Oxide deposit in the Emeishan large igneous prov—
ince Southwest China. Economic Geology 107(3): 507-524

BaiZ] ZhongH LiC Zhu WG HeDF Qi L. 2014. Contrasting
parental magma compositions for the Hongge and Panzhihua magmat—
ic Fe-Ti-V oxide deposits Emeishan large igneous province SW
China. Economic Geology 109(6): 1763-1785

Bai ZJ ZhongH LiCS ZhuW G Hu W J. 2016. Association of cu—
mulus apatite with compositionally unusual olivine and plagioclase in
the Taihe Fe-Ti oxide ore-bearing layered mafic-ultramafic intrusion:
Petrogenetic significance and implications for ore genesis. American
Mineralogist 101( 10) : 2168-2175

Bai ZJ ZhongH HuRZ ZhuW G Hu W J. 2019b. Composition of
the chilled marginal rocks of the Panzhihua layered intrusion Emei-
shan large igneous province SW China: Implications for parental
magma compositions sulfide saturation history and Fe-Ti oxide min—
eralization. Journal of Petrology 60(3): 619-648

Bai Z]J ZhongH HuRZ Zhu W G. 2020. Early sulfide saturation in
arc volcanic rocks of southeast China: Implications for the formation
of co-magmatic porphyry-epithermal Cu-Au deposits. Geochimica et
Cosmochimica Acta 280: 66-84

Bao Z W Li Q Wang C Y. 2017. Metal source of giant Huize Zn-Pb
deposit in SW China: New constraints from in situ Pb isotopic com—
positions of galena. Ore Geology Reviews 91: 824-836

Begg G C Hronsky JA M Amndt N T Griffin W L O’ Reilly S Y
Hayward N. 2010. Lithospheric cratonic and geodynamic setting
of Ni-Cu-PGE sulfide deposits. Economic Geology 105: 1057
-1070

CaoJ WangCY XingCM XuY G. 2014. Origin of the early Permi—
an Wajilitag igneous complex and associated Fe-Ti oxide mineraliza—
tion in the Tarim large igneous province NW China. Journal of Asi—
an Earth Sciences 84: 51-68

Cao ] Wang X Tao J H. 2019a. Petrogenesis of the Pigiang mafic-ul—-
tramafic layered intrusion and associated Fe-Ti-V oxide deposit in
Tarim Large Igneous Province NW China. International Geology
Review 61(18): 2249-2275

Cao M]J LiGM Qin KZ Seitmuratova EY LiuY S. 2012. Major
and trace element characteristics of apatites in granitoids from central
Kazakhstan: Implications for petrogenesis and mineralization. Re—
source Geology 62(1): 63-83

Cao M J Hollings P Cooke DR Evans NJ Mclnnes BI Qin KZ Li
G M Sweet G Baker M. 2018. Physicochemical processes in the
magma chamber under the Black Mountain porphyry Cu-Au deposit
Philippines: Insights from mineral chemistry and implications for
mineralization. Economic Geology 113(1): 63-82

Cao YH Wang CY Huang F Zhang Z F. 2019b. Iron isotope system—
atics of the Panzhihua mafic layered intrusion associated with giant
Fe-Ti oxide deposit in the Emeishan large igneous province SW
China. Journal of Geophysical Research: Solid Earth 124( 1) : 358
-375

Chang Z' S Shu Q H Meinert L D. 2019. Skarn deposits of China. In:



832

Mineral Deposits of China. SEG Special Publication 22: 189-234

Che XD WuFY Wang RC Gerdes A JiW Q ZhaoZH Yang]
H Zhu Z Y. 2015. In situ U-Pb isotopic dating of columbite-tanta—
lite by LACP-MS. Ore Geology Reviews 65: 979-989

ChenB GuHO Chen Y] Sun KK Chen W. 2018a. Lithium iso—
tope behaviour during partial melting of metapelites from the Jiang—
nan Orogen South China: Implications for the origin of REE tetrad
effect of Faich granite and associated rare-metal mineralization.
Chemical Geology 483: 372-384

ChenL LiuYS HuZC GaoS Zong KQ Chen HH. 201la. Ac-
curate determinations of fiftyfour major and trace elements in car—
bonate by LAICP-MS using normalization strategy of bulk compo-
nents as 100% . Chemical Geology 284(3-4): 283-295

Chen L. Chen K'Y BaoZ A Liang P Sun TT Yuan H L. 2017.
Preparation of standards for in situ sulfur isotope measurement in sul—
fides using femtosecond laser ablation MCHCP-MS. Journal of Ana—
Iytical Atomic Spectrometry 32: 107-116

Chen LM Song XY Keays RR QiL Tian YL WangYS BaD
H Deng Y F Xiao J F. 2013a. Segregation and fractionation of
magmatic Ni-Cu-PGE sulfides in the western Jinchuan intrusion
northwestern China: Insights from platinum group element geochem—
istry. Economic Geology 108(8): 1793-1811

Chen LM Song XY Zhu XK ZhangX Q YuSY YiJN. 2014. I-
ron isotope fractionation during crystallization and sub-solidus re-e—
quilibration: Constraints from the Baima mafic layered intrusion
SW China. Chemical Geology 380: 97-109

Chen LM Song X Y Danyushevsky LV Wang Y S Tian Y L. Xiao J
F. 2015a. A laser ablation ICP-MS study of platinum-group and
chalcophile elements in base metal sulfide minerals of the Jinchuan
Ni-Cu sulfide deposit NW China. Ore Geology Reviews 65: 955-
967

Chen M H Mao J] W Bierlein F P Norman T Uttley P J. 2011b.
Structural features and metallogenesis of the Carlin-type Jinfeng
( Lannigou) gold deposit Guizhou Province China. Ore Geology
Reviews 43(1): 217-234

Chen MH MaoJW LiC ZhangZ Q Dang Y. 2015b. Re-Os isoch—
ron ages for arsenopyrite from Carlindike gold deposits in the Yun—
nan-Guizhou-Guangxi “golden triangle”  southwestern China. Ore
Geology Reviews 64: 316-327

Chen M H Bagas L. Liao X ZhangZ Q Li Q L. 2019a. Hydrothermal
apatite SIMS Th-Pb dating: Constraints on the timing of low-temper—
ature hydrothermal Au deposits in Nibao SW China. Lithos 324-
325: 418-428

Chen PW Zeng QD Zhou TC Wang YB YuB ChenJ Q. 2019b.
Evolution of fluids in the Dasuji porphyry Mo deposit on the northern
margin of the North China Craton: Constraints from Microthermomet—
ric and LAJCP-MS analyses of fluid inclusions. Ore Geology Re—
views 104: 26-45

Chen W T Zhou M F Zhao T P. 2013b. Differentiation of nelsonitic
magmas in the formation of the ~1.74 Ga Damiao Fe-Ti-P ore de—
posit  North China. Contributions to Mineralogy and Petrology 165
(6): 1341-1362

Chen W TLuJ JiangSY Ying Y C Liu Y S. 2018b. Radiogenic Pb

reservoir contributes to the rare earth element ( REE) enrichment in
South Qinling carbonatites. Chemical Geology 494: 80-95

Chen X C HuRZ BiXW ZhongH Lan]JB Zhao CH Zhu] J.
2015c. Petrogenesis of metaluminous A-type granitoids in the Teng—
chong-ianghe tin belt of southwestern China: Evidences from zircon
U-Pb ages and Hf-O isotopes and wholewock Sr-Nd isotopes.
Lithos 212-215: 93-110

Chen Y J Pirajno ¥ Wu G Qi J P Xiong X L. 2012. Epithermal de-
posits in North Xinjiang NW China. International Journal of Earth
Sciences 101(4): 889-917

Chiaradia M. 2014. Copper enrichment in arc magmas controlled by o—
verriding plate thickness. Nature Geoscience 7(1): 43-46

Cimen O Kuebler C Monaco B Simonetti S S Corcoran . Chen W
Simonetti A. 2018. Boron carbon oxygen and radiogenic isotope
investigation of carbonatite from the Miaoya complex Central China:
Evidences for late-stage REE hydrothermal event and mantle source
heterogeneity. Lithos 322: 225-237

Cook N J Ciobanu C L Pring A Skinner W Shimizu M Danyush-
evsky L Saini-Eidukat B Melcher F. 2009. Trace and minor ele—
ments in sphalerite: A LAdCPMS study. Geochimica et Cosmochim—
ica Acta 73(16) : 4761-4791

Cui H Zhong RC Wang X L LiZM Ling YF Yu C Chen H.
2020a. Reassessment of the zircon Raman spectroscopic pressure
sensor and application to pressure determination of fused silica capil—
lary capsule. Ore Geology Reviews 122: 103540

Cui H Zhong RC Xie YL Yuan XY Liu WH Brugger] YuC.
2020b. Forming sulfate — and REE-rich fluids in the presence of
quartz. Geology 48(2): 145-148

Deng] Wang Q F Li GJ Hou Z Q Jiang C Z Danyushevsky L.
2015. Geology and genesis of the giant Beiya porphyry-skamn gold
deposit northwestern Yangtze Block China. Ore Geology Reviews
70: 457-485

Deng XD LiJW LuoT Wang H Q. 2017a. Dating magmatic and hy—
drothermal processes using andradite—rich garnet UPb geochronome—
try. Contributions to Mineralogy and Petrology 172: 71

Deng XD LuoT LiJW HuZC. 2019. Direct dating of hydrothermal
tungsten mineralization using in situ wolframite UPb chronology by
laser ablation ICP-MS. Chemical Geology 515: 94-104

Deng Y F Song X Y Hollings P Chen LM Zhou TF Yuan F Xie
W Zhang D Y Zhao B B. 2017b. Lithological and geochemical
constraints on the magma conduit systems of the Huangshan Ni-Cu
sulfide deposit NW China. Mineralium Deposita 52 ( 6): 845
-862

Ding L H Yang G Xia F Lenehan C E Qian G J McFadden A
Brugger ] Zhang X H Chen G R Pring A. 2011. A LAICP-MS
sulphide calibration standard based on a chalcogenide glass. Minera—
logical Magazine 75(2): 279-287

Ding X Ripley EM Wang WZ Li CH HuangF. 2019. Iron isotope
fractionation during sulfide liquid segregation and crystallization at
the Lengshuiqing Ni-Cu magmatic sulfide deposit SW China.
Geochimica et Cosmochimica Acta 261: 327-341

DuJ G Audétat A. 2020. Early sulfide saturation is not detrimental to
porphyry Cu-Au formation. Geology 48(5): 519-524



2021 40( 4)

Duan X X Zeng QD Wang Y B Zhou L L. Chen B. 2017. Genesis of
the Pb-Zn deposits of the Qingchengzi ore field eastern Liaoning
China: Constraints from carbonate LAJCPMS trace element analysis
and C-O.S-Pb isotopes. Ore Geology Reviews 89: 752-771

Fan HR HuFF Yang KF Pirajno F Liu X Wang KY. 2014. In-
tegrated U-Pb and Sm-Nd geochronology for a REE~ich carbonatite
dyke at the giant Bayan Obo REE deposit Northern China. Ore Ge-
ology Reviews 63: 510-519

FanHR YangKF HuFF LiuS Wang KY. 2016. The giant Bay—
an Obo REE-Nb—¥Fe deposit China: Controversy and ore genesis.
Geoscience Frontiers 7(3): 335-344

Feng L Li Y. 2019. Comparative partitioning of Re and Mo between sul—
fide phases and silicate melt and implications for the behavior of Re
during magmatic processes. Earth and Planetary Science Letters
517: 14-25

Feng Y T Zhang W HuZC LiuYS ChenK FuJL Xie]Y Shi
Q H. 2018. Development of sulfide reference materials for in situ
platinum group elements and S-Pb isotope analyses by LA-( MC) -
ICP-MS. Journal of Analytical Atomic Spectrometry 33( 12) : 2172
-2183

FuJL HuZC LiJW YangL ZhangW LiuYS LiQL ZongK
Q Hu S H. 2017. Accurate determination of sulfur isotopes ( 8% S
and 8**8) in sulfides and elemental sulfur by femtosecond laser ab—
lation MCACP-MS with non-matrix matched calibration. Journal of
Analytical Atomic Spectrometry 32( 12) : 2341-2351

Ganino C Harris C Amdt N T Prevec S A Howarth G H. 2013. As-
similation of carbonate country rock by the parent magma of the Pan—
zhihua Fe-Ti-V deposit ( SW China) :
topes. Geoscience Frontiers 4(5): 547-554

George L. Cook N J Ciobanu C L. Wade B P. 2015. Trace and minor

Evidence from stable iso—

elements in galena: A reconnaissance LAdCP-MS study. American
Mineralogist 100( 2) : 548-569

Guo D X Liu Y. 2019. Occurrence and geochemistry of bastnisite in
carbonatite—related REE deposits Mianning-Dechang REE belt  Si—
chuan Province SW China. Ore Geology Reviews 107: 266-282

He HL YuSY SongXY DuZS DaiZH ZhouT Xie W. 2016.
Origin of nelsonite and Fe-Ti oxides ore of the Damiao anorthosite
complex NE China: Evidence from trace element geochemistry of
apatite plagioclase magnetite and ilmenite. Ore Geology Reviews
79: 367-381

He ZW Zhang X C Deng XD HuH LiY YuHM Archer C Li
J W Huang F. 2020. The behavior of Fe and S isotopes in porphy—
ry copper systems: Constraints from the Tongshankou Cu-Mo depos—
it Eastern China. Geochimica et Cosmochimica Acta 270: 61-83

Hong W Fox N Cooke D R Zhang L] Fayek M. 2020. B- and O--
sotopic compositions of tourmaline constrain late-stage magmatic vol—
atile exsolution in Tasmanian tin-related granite systems. Mineralium
Deposita 55: 63-78

HouKJ LiYH Xiao YK LiuF Tian Y R. 2010. In situ boron iso—
tope measurements of natural geological materials by LA-MCACP-
MS. Chinese Science Bulletin 55(29) : 3305-3311

Hou L PengHJ DingJ ZhangJR ZhuSB WuSY WuY Ouy-

ang H G. 2016. Textures and in situ chemical and isotopic analyses

833

of pyrite Huijiabao trend Youjiang basin China: Implications for
paragenesis and source of sulfur. Economic Geology 111(2): 331
-353

Hou T Botcharnikov R Moulas E Just T Berndt ] Koepke J Zhang
7Z Wang M Yang Z Holiz F. 2021. Kinetics of Fe-Ti Oxide Re-
equilibration in Magmatic Systems: Implications for Thermo-oxyba—
rometry. Journal of Petrology 61( 11-12)

Hou T Charlier B Holtz ' Veksler I Zhang Z Thomas R Namur O.
2018. Immiscible hydrous Fe-Ca-P melt and the origin of iron oxide—
apatite ore deposits. Nature Communications 9( 1) : 1415

Hou T Charlier B Namur O Schiitte P Schwarz-Schampera U Zhang
Z Holtz F. 2017. Experimental study of liquid immiscibility in the
Kiruna-type Vergenoeg ironluorine deposit ~ South  Africa.
Geochimica et Cosmochimica Acta 203: 303-322

Hou T Zhang Z C Ye X R Encarnacion J] Reichow M K. 2011. No-
ble gas isotopic systematics of Fe-Ti-V oxide ore-related mafic-ultra—
mafic layered intrusions in the Panxi area China: The role of recy—
cled oceanic crust in their petrogenesis. Geochimica et Cosmochimi—
ca Acta 75(22): 6727-6741

Hou T Zhang Z C Encarnacion J Santosh M Sun Y L. 2013. The
role of recycled oceanic crust in magmatism and metallogeny: Os-Sr—
Nd isotopes U-Pb geochronology and geochemistry of picritic dykes
in the Panzhihua giant Fe-Ti oxide deposit central Emeishan large
igneous province SW China. Contributions to Mineralogy and Pe—
trology 165(4) : 805-822

HouZ Q Zaw K Pan GT Mo XX XuQ HuYZ LiXZ 2007.
Sanjiang Tethyan metallogenesis in S. W. China: Tectonic setting
metallogenic epochs and deposit types. Ore Geology Reviews 31( 1
-4): 48-87

HouZQ YangZM LuY ] KempA ZhengY C LiQY TangJX
Yang Z S Duan L F. 2015a. A genetic linkage between subduc—
tion-and collision—elated porphyry Cu deposits in continental colli—
sion zones. Geology 43(3): 247-250

HouZ Q LiuY TianSH YangZ M Xie Y L. 2015b. Formation of
carbonatite-related giant rare-earth-element deposits by the recycling
of marine sediments. Scitific Report 5: 10231

HouZ Q ZhouY WangR ZhengY C He WY ZhaoM Evans N]
Weinberg R F. 2017. Recycling of metalfertilized lower continental
crust: Origin of non-arc Au-rich porphyry deposits at cratonic edges.
Geology 45(6): 563-566

Howarth G H Prevec S A Zhou M F. 2013. Timing of Ti-magnetite
crystallisation and silicate disequilibrium in the Panzhihua mafic lay—
ered intrusion: Implications for ore-forming processes. Lithos 170-
171: 73-89

Howarth G H Prevec S A. 2013. Hydration vs. oxidation: Modelling
implications for Fe-Ti oxide crystallisation in mafic intrusions with
specific reference to the Panzhihua intrusion SW China. Geosci-
ence Frontiers 4(5): 555-569

Hu R Z Zhou M F. 2012. Multiple Mesozoic mineralization events in
South China-an introduction to the thematic issue. Mineralium De—
posita 47(6) : 579-588

HuRZ BiXW JiangGH Chen HW Peng]JT QiYQ WuLY
Wei W F. 2012a. Mantle-derived noble gases in ore-forming fluids



834

of the graniterelated Yaogangxian tungsten deposit Southeastern
China. Mineralium Deposita 47(6) : 623-632

HuRZ WeiWF BiXW PengJT QiYQ WuLY ChenY W.
2012b. Molybdenite Re-Os and muscovite ** Ar/* Ar dating of the
Xihuashan tungsten deposit central Nanling district South China.
Lithos 150: 111-118

HuRZ FuSL HuangY ZhouMF FuSH Zhao CH Wang Y]
Bi X W Xiao J F. 2017. The giant South China Mesozoic low-tem—
perature metallogenic domain: Reviews and a new geodynamic mod—
el. Journal of Asian Earth Sciences 137: 9-34

HuZ C Zhang W LiuYS GaoS LiM ZongKQ Chen HH Hu
S H. 2015. "Wave" signal-smoothing and mercury-+removing device
for laser ablation quadrupole and multiple collector ICPMS analysis:
Application to lead isotope analysis. Analytical Chemistry 87(2) :
1152-1157

Huang C Yang Y H Yang J H Xie L W. 2015. In situ simultaneous
measurement of Rb-Sr/Sm-Nd or Sm-Nd/Lu-Hf isotopes in natural
minerals using laser ablation multi-eollector ICP-MS. Journal of An—
alytical Atomic Spectrometry 30(4) : 994-1000

Huang C YangYH Xie LW WuST WangH Yang]H WuFY.
2020. In situ sequential UPb age and Sm-Nd systematics measure—
ments of natural LREE-enriched minerals using single laser ablation
multi-eollector inductively coupled plasma mass spectrometry. Jour—
nal of Analytical Atomic Spectrometry 35(3) : 510-517

Huang X W Beaudoin G. 2019. Textures and chemical compositions of
magnetite from iron oxide copper-gold ( IOCG) and Kiruna-type iron
oxide-apatite ( IOA) deposits and their implications for ore genesis
and magnetite classification schemes. Economic Geology 114(5):
953-979

Huang X W Sappin A A Boutroy E Beaudoin G Makvandi S. 2019.
Trace element composition of igneous and hydrothermal magnetite
from porphyry deposits: Relationship to deposit subtypes and mag—
matic affinity. Economic Geology 114(5): 917-952

Hulsbosch N Boiron M C Dewaele S Muchez P. 2016. Fluid fraction—
ation of tungsten during granite-pegmatite differentiation and the
metal source of peribatholitic W quartz veins: Evidence from the
Karagwe-Ankole Belt ( Rwanda) .
ta 175: 299-318

JinXY HofstaAH HuntAG LiuJZ YangW LiJW. 2020. No-

Geochimica et Cosmochimica Ac—

ble gases fingerprint the source and evolution of oreforming fluids of
Carlin—type gold deposits in the golden triangle South China. Eco—
nomic Geology 115(2): 455-469

KeYQ SunY]J LinPJ ZhouJZ XuZF CaoCF YangY Hu
S H. 2019. Quantitative determination of rare earth elements in
scheelite via LAJCP-MS using REE-doped tungstate single crystals
as calibration standards. Microchemical Journal 145: 642-647

Kendalld.angley L A Kemp A 1S Grigson J L. Hammerli J. 2020. U-
Pb and reconnaissance Lu-Hf isotope analysis of cassiterite and co—
lumbite group minerals from Archean Li-Cs-Ta type pegmatites of
Western Australia. Lithos 352-353: 105231

Lan TG HuRZ BiXW Mao GJ Wen BJ LiuL Chen Y H.
2018. Metasomatized asthenospheric mantle contributing to the gen—

eration of Cu-Mo deposits within an intracontinental setting: A case

study of the ~128Ma Wangjiazhuang Cu-Mo deposit eastern North
China Craton. Journal of Asian Earth Sciences 160: 460-489

Lee CT A Luffi P Chin EJ Bouchet R Dasgupta R Morton D M
Le Roux V. Yin Q Z Jin D. 2012. Copper systematics in arc mag—
mas and implications for crust-mantle differentiation. Science 336
(6077) : 64-68

Lee C T A Tang M. 2020. How to make porphyry copper deposits.
Earth and Planetary Science Letters 529: 115868

Legros H Marignac C  Mercadier ] Cuney M Richard A Wang R C
Charles N Lespinasse M Y. 2016. Detailed paragenesis and Li-mi—
ca compositions as recorders of the magmatic-hydrothermal evolution
of the Maoping W-Sn deposit ( Jiangxi China) . Lithos 264: 108-
124

Legros H Marignac C Tabary T Mercadier ] Richard A Cuney M
Wang R C Charles N Lespinasse M Y. 2018. The oreforming
magmatic-hydrothermal system of the Piaotang W-Sn deposit ( Jian—
gxi China) as seen from Li-mica geochemistry. American Mineralo—
gist 103(1): 39-54

Legros H Richard A Tarantola A Kouzmanov K Mercadier ] Venne—
mann T Marignac C Cuney M Wang R C Charles N Bailly L.
Lespinasse M Y. 2019. Multiple fluids involved in granite-related
W-Sn deposits from the world-class Jiangxi province ( China) .
Chemical Geology 508: 92-115

Lehmann B. 2020. Formation of tin ore deposits: A reassessment.
Lithos. doi: 10.1016/j. lithos. 2020. 105756

Liang Q L Song X Y Wirth R Chen L M Dai Z H. 2019. Implica—
tions of nano— and micrometer-size platinum-group element minerals
in base metal sulfides of the Yangliuping Ni-Cu-PGE sulfide deposit
SW China. Chemical Geology 517: 7-21

LiB Zhou JX HuangZ L YanZF BaoGP Sun HR. 2015. Geo-
logical rare earth elemental and isotopic constraints on the origin of
the Banbangiao Zn-Pb deposit southwest China. Journal of Asian
Earth Sciences 111: 100-112

LiB ZhouJX LiYS Chen AB Wang R X. 2016a. Geology and i-
sotope geochemistry of the Yinchanggou-Qiluogou Pb—~n deposit  Si-
chuan Province Southwest China. Acta Geologica Sinica ( English
Edition) 90(5): 1768-1779

LiCS ZhangM] FuPE QianZZ HuP Q Ripley E M. 2012.
The Kalatongke magmatic Ni-Cu deposits in the Central Asian Oro—
genic Belt NW China: Product of slab window magmatism? Minera—
lium Deposita 47( 1) : 51-67

LiC Zhou LM Zhao Z Zhang ZY Zhao H Li X W Qu W J.
2018a. In-situ Sr isotopic measurement of scheelite using fs-L.A-MC—
ICPMS. Journal of Asian Earth Sciences 160: 38-47

LiCY ZhangR Q DingX LingM X Fan WM Sun W D. 2016b.
Dating cassiterite using laser ablation ICP-MS. Ore Geology Re-
views 72: 313-322

LiCY JiangYH ZhaoY Zhang C C LingM X Ding X Zhang H
Li J. 2018b. Trace element analyses of fluid inclusions using laser
ablation ICP-MS. Solid Earth Sciences 3(1): 8-15

LiGL HuaRM ZhangWL HuDQ Wei XL Huang X E XieL
Yao J M Wang X D. 2011a. He-Ar isotope composition of pyrite

and wolframite in the Tieshanlong tungsten deposit Jiangxi China:



2021 40( 4)

Implications for fluid evolution. Resoure Geology 61(4) : 356-366

LiJ Huang XL WeiGJ LiuY MaJL HanL He P L. 2018c.
Lithium isotope fractionation during magmatic differentiation and hy-
drothermal processes in rare-metal granites. Geochimica et Cosmo—
chimica Acta 240: 64-79

LiJK LiuYC ZhaoZ ChoulM. 2018d. Roles of carbonate/CO, in
the formation of quartzvein wolframite deposits: Insight from the
crystallization experiments of huebnerite in alkali-earbonate aqueous
solutions in a hydrothermal diamond-anvil cell. Ore Geology Re-
views 95: 40-48

LiJX QnKZ L GM Xiao B Chen L ZhaoJ X. 2011b. Post-col-
lisional ore-bearing adakitic porphyries from Gangdese porphyry cop—
per belt southern Tibet: Melting of thickened juvenile arc lower
crust. Lithos 126(3-4): 265-277

LiJX QnKZ LiGM Evans NJ Huang F Zhao J X. 2018e. Iron
isotope fractionation during magmatic-hydrothermal evolution: A
case study from the Duolong porphyry Cu-Au deposit Tibet.
Geochimica et Cosmochimica Acta 238: 1-15

LiJX HuRZ ZhaoCH ZhuJ] HuangY GaoW LiJW Zhuo
Y Z. 2020a. Sulfur isotope and trace element compositions of pyrite
determined by NanoSIMS and LAJCP-MS: New constraints on the
genesis of the Shuiyindong Carlindike gold deposit in SW China.
Mineralium Deposita 55(7) : 1279-1298

LQL LiXH LanZW GuoCL Yang YN LiuY Tang G Q.
2013. Monazite and xenotime U-Th-Pb geochronology by ion micro—
probe: Dating highly fractionated granites at Xihuashan tungsten
mine SE China. Contributions to Mineralogy and Petrology 166
(1): 65-80

Li Q Parrish R R Horstwood M S A McArthura J M. 2014. U-Pb dat-
ing of cements in Mesozoic Ammonites. Chemical Geology 376: 76
-83

Li WK YangZ M Chiaradia M Lai Y Yu C Zhang J Y. 2020b.
Redox state of southern Tibetan upper mantle and ultrapotassic mag—
mas. Geology 48(7): 733-736

LiY FengL Kiseeva ES GaoZ Guo H DuZ Wang F Shi L.
2019. An essential role for sulfur in sulfide-silicate melt partitioning
of gold and magmatic gold transport at subduction settings. Earth
and Planetary Science Letters 528: 115850

LiY Selby D Feely M Costanzo A Li X H. 2017. Fluid inclusion
characteristics and molybdenite Re-Os geochronology of the Qulong
porphyry copper-molybdenum deposit Tibet. Mineralium Deposita
52(2): 137-158

LiY LiXH Selby D LiJ W. 2018f. Pulsed magmatic fluid release
for the formation of porphyry deposits: Tracing fluid evolution in ab—
solute time from the Tibetan Qulong Cu-Mo deposit. Geology 46
(1): 7-10

LiZL YeL HuY S Huang Z L. 2018g. Geological significance of
nickeliferous minerals in the Fule Pb-Zn deposit Yunnan Province
China. Acta Geochimica 37(5): 684-690

LiZL YeL HuYS HuangZL Wei C WuT. 2020c. Origin of the
Fule Pb+n deposit Yunnan Province SW China: Insight from in
situ S isotope analysis by NanoSIMS. Geological Magazine 157
(3): 393-404

835

Lightfoot P C  Evansd.amswood D. 2015. Structural controls on the pri—
mary distribution of mafic-ultramafic intrusions containing Ni-Cu-Co
—( PGE) sulfide mineralization in the roots of large igneous prov—
inces. Ore Geology Reviews 64: 354-386

Lin] LuYS HuZC Chen W Zhang C X Zhao KD Jin X Y.
2019. Accurate analysis of Li isotopes in tourmalines by LA-MC-
ICP-MS under “wet” conditions with non-matrix-matched calibra—
tion. Journal of Analytical Atomic Spectrometry 34 (6): 1145
-1153

Ling M X Liu YL Wiliams IS Teng FZ Yang XY Ding X Wei
GJ] Xie LH Deng W F Sun W D. 2013. Formation of the
world” s largest REE deposit through protracted fluxing of carbonatite
by subduction-derived fluids. Scientific Reports 3: 1776

Ling XX LiQL LuY Yang YH LiuY Tang G Q Li X H.
2016. In situ SIMS Th-Pb dating of bastnaesite: Constraint on the
mineralization time of the Himalayan Mianning-Dechang rare earth
element deposits. Journal of Analytical Atomic Spectrometry 31
(8): 1680-1687

LuHQ BiXW LuHZ HuRZ LanTG Wang XS Huang M L.
2018a. Nature and evolution of fluid inclusions in the Cenozoic Be—
iya gold deposit SW China. Journal of Asian Earth Sciences 161:
35-56

Liu PP Zhou M F Luais B Cividini D Rollion-Bard C. 2014. Dise-
quilibrium iron isotopic fractionation during the high~emperature
magmatic differentiation of the Baima Fe-Ti oxide-bearing mafic in—
trusion SW China. Earth and Planetary Science Letters 399: 21-
29

LuS Fan HR Yang KF HuFF Wang KY Chen F K Yang Y
H Yang ZF Wang Q W. 2018b. Mesoproterozoic and Paleozoic
hydrothermal metasomatism in the giant Bayan Obo REE-Nb¥e de—
posit: Constrains from trace elements and Sr-Nd isotope of fluorite
and preliminary thermodynamic calculation. Precambrian Research
311: 228-246

LiuS Fan HR Groves DI Yang KF YangZF Wang Q W. 2020.
Multiphase carbonatite-related magmatic and metasomatic processes
in the genesis of the ore-hosting dolomite in the giant Bayan Obo
REE-Nb-¥e deposit. Lithos 354-355: 105359

Liu X Xiong X Audétat A Li Y. 2015. Partitioning of Cu between
mafic minerals Fe-Ti oxides and intermediate to felsic melts.
Geochimica et Cosmochimica Acta 151: 86-102

Liu X Xiong X Audétat A Li Y Song M Li L Sun W Ding X.
2014. Partitioning of copper between olivine orthopyroxene cli—
nopyroxene spinel garnet and silicate melts at upper mantle condi—
tions. Geochimica et Cosmochimica Acta 125: 1-22

LuY HouZQ TianSH ZhangQC ZhuZM Liu]J H. 2015. Zir-
con U-Pb ages of the Mianning-Dechang syenites Sichuan province
southwestern China: Constraints on the giant REE mineralization
belt and its regional geological setting. Ore Geology Reviews 64:
554-568

Liu Y Hou Z Q. 2017. A synthesis of mineralization styles with an inte—
grated genetic model of carbonatite-syenite-hosted REE deposits in
the Cenozoic Mianning-Dechang REE metallogenic belt the eastern

Tibetan Plateau southwestern China. Journal of Asian Earth Sci-



836

ences 137: 35-79

Liu Y Chakhmouradian A R Hou Z Q Song W L. Kynicky J. 2019a.
Development of REE mineralization in the giant Maoniuping deposit
( Sichuan China) : Insights from mineralogy fluid inclusions and
trace-element geochemistry. Mineralium Deposita 54 ( 5): 701
-718

LY LiXH Tang GQ LiQL LiuXC YuHM Huang F.
2019b. Ultra-high precision silicon isotope micro-analysis using a
Cameca IMS—1280 SIMS instrument by eliminating the topography
effect. Journal of Analytical Atomic Spectrometry 34(5) : 906-914

LuZC WuFY GuoCL ZhaoZF YangJH Sun]F. 2011. In
situ U-Pb dating of xenotime by laser ablation ( LA) —ICP-MS. Chi-
nese Science Bulletin 56(27) : 2948-2956

LuZC WuFY YangYH YangJH WildeS A. 2012. Neodymium
isotopic compositions of the standard monazites used in U-Th-Pb geo—
chronology. Chemical Geology 334: 221-239

Lu YJ Loucks RR Fiorentini M L. YangZ M Hou Z Q. 2015. Fluid
flux melting generated post—collisional high-Sr/Y copper-oreforming
water—rich magmas in Tibet. Geology 43(7): 583-586

Lu Y J Loucks R R Fiorentini M McCuaig T C Evans N J Yang Z
M Hou Z Q Kirkland C L. Parra-Avila L A Kobussen A. 2016.
Zircon compositions as a pathfinder for porphyry CuxMoxAu depos—
its. SEG Special Publication 19: 329-347

Luo K Zhou ] X HuangZ L. Wang X C Wilde SA Zhou W Tian L
Y. 2019a. New insights into the origin of early Cambrian carbonate—
hosted Pb-Zn deposits in South China: A case study of the Maliping
Pb-Zn deposit. Gondwana Research 70: 88-103

Luo K Zhou J X Huang Z L. Caulfield J] Zhao ] X Feng Y X Ouy-
ang H G. 2020. New insights into the evolution of Mississippi Val—
ley-Type hydrothermal system: A case study of the Wusihe Pb—-Zn
deposit  South China using quartz in-situ trace elements and sul—
fides in situ S-Pb isotopes. American Mineralogist 105: 35-51

LuoT Deng XD LiJW HuZC Zhang W Liu Y S Zhang J F.
2019b. U-Pb geochronology of wolframite by laser ablation induc—
tively coupled plasma mass spectrometry. Journal of Analytical A—

1439-1446

Maier W D Smithies R H Spaggiari C V. Barnes S J Kirkland C L
Yang S Lahaye Y Kiddie O MacRae C. 2016. Petrogenesis and

tomic Spectrometry 34(7) :

Ni-Cu sulphide potential of mafic-ultramafic rocks in the Mesoprot—
erozoic Fraser Zone within the Albany+¥raser Orogen Western Aus—
tralia. Precambrian Research 281: 27-46

Mao J Ouyang H Song S Santosh M Yuan S Zhou Z Zheng W Liu
H Liu P Cheng Y Chen M. 2019a. Geology and metallogeny of
tungsten and tin deposits in China. Society of Economic Geologists
Special Publication 22: 411-482

Mao W Rusk B Yang F Zhang M. 2017. Physical and chemical evo—
lution of the dabaoshan porphyry Mo deposit South China: Insights
from fluid inclusions cathodoluminescence and trace elements in
quartz. Economic Geology 112(4): 889-918

Mao YJ BamesS]J Qin KZ TangDM Martin L SuB X Evans N
J. 2019b. Rapid orthopyroxene growth induced by silica assimila—
tion: Constraints from sector-zoned orthopyroxene olivine oxygen i—

sotopes and trace element variations in the Huangshanxi Ni-Cu de-

posit Northwest China. Contributions to Mineralogy and Petrology
174: 33

Ni H Shi H ZhangL Li W C Guo X Liang T. 2018. Cu diffusivity
in granitic melts with application to the formation of porphyry Cu de—
posits. Contributions to Mineralogy and Petrology 173(6) : 10

Ni P Wang X D Wang GG HuangJB Pan]Y Wang T G. 2015.
An infrared microthermometric study of fluid inclusions in coexisting
quartz and wolframite from Late Mesozoic tungsten deposits in the
Gannan metallogenic belt South China. Ore Geology Reviews 65:
1062-1077

PanJY NiP ChiZ Wang W B Zeng W C Xue K. 2019a. Alunite
“OAr/¥ Ar and zircon UPb constraints on the magmatic-hydrother—
mal history of the Zijinshan high-sulfidation epithermal Cu-Au de-
posit and the adjacent Luoboling porphyry Cu-Mo deposit  South
China: Implications for their genetic association. Economic Geolo—
gy 114: 667-695

PanJ Y Ni P Wang R C. 2019b. Comparison of fluid processes in co—
existing wolframite and quartz from a giant vein-type tungsten depos—
it South China: Insights from detailed petrography and LAICP-MS
analysis of fluid inclusions. American Mineralogist 104(8) : 1092
-1116

Pan LC HuRZ WangXS BiXW ZhuJJ LiCS. 2016. Apatite
trace element and halogen compositions as petrogenetic-metallogenic
indicators: Examples from four granite plutons in the Sanjiang re—
gion SW China. Lithos 254-255: 118-130

Pan LC HuRZ BiXW LiCS Wang XS Zhu]J. 2018. Titanite
major and trace element compositions as petrogenetic and metallo—
genic indicators of Mo ore deposits: Examples from four granite plu—
tons in the southern Yidun arc SW China. American Mineralogist
103(9) : 1417-1434

Peng NJ JiangSY XiongSF PiD H. 2018. Fluid evolution and ore
genesis of the Dalingshang deposit Dahutang W-Cu ore field north—
ern Jiangxi Province South China. Mineralium Deposita 53( 8):
1079-1094

PiQH HuRZ XiongB Li QL Zhong R C. 2017. In situ SIMS U-
Pb dating of hydrothermal rutile: Reliable age for the Zhesang Car—
lin-type gold deposit in the golden triangle region SW China. Min—

1179-1190

QinKZ SuBX SakyiPA TangDM LiXH SunH Xiao Q H
Liu P P. 2011. SIMS zircon U-Pb geochronology and Sr-Nd isotopes

eralium Deposita 52( 8) :

of Ni-Cu-bearing mafic-ultramafic intrusions in eastern Tianshan and
Beishan in correlation with flood basalts in Tarim basin ( NW Chi-
na) . Constraints on a ca. 280 Ma mantle plume. American Journal
of Science 311(3): 237-260

QiuY Wang X L LiuX CaoJ LiuYF XiBB Gao W L. 2020.
In situ Raman spectroscopic quantification of CH, —CO, mixture:
Application to fluid inclusions hosted in quartz veins from the Long—
maxi Formation shales in Sichuan Basin southwestern China. Petro—
leum Science 17(1): 23-35

Richards J P. 2003. Tectono-magmatic precursors for porphyry Cu—( Mo—
Au) deposit formation. Economic Geology 98(8): 1515-1533

Richards J P. 2009. Postsubduction porphyry Cu-Au and epithermal Au

deposits: Products of remelting of subduction-modified lithosphere.



2021 40( 4)

Geology 37(3): 247-250

Shang LB Bi X W Hu RZ Fan W L. 2007. An experimental study
on the solubility of copper bichloride in water vapor. Chinese Sci—
ence Bulletin 52(3) : 395-400

Shang LB ChouIM Lu W] Burruss R C Zhang Y X. 2009. Deter—
mination of diffusion coefficients of hydrogen in fused silica between
296 and 523 K by Raman spectroscopy and application of fused sili-
ca capillaries in studying redox reactions. Geochimica et Cosmo—
chimica Acta 73(18) : 5435-5443

Shang L B Williams-Jones A Wang X S Timofeev A Hu R Z Bi X
W. 2020. An experimental study of the solubility and speciation of
MoO;( s) in hydrothermal fluids at temperatures up to 350° C. Eco-
nomic Geology 115(3): 661-669

She Y W Song XY YuSY HeH L. 2015. Variations of trace ele—
ment concentration of magnetite and ilmenite from the Taihe layered
intrusion Emeishan large igneous province SW China: Implica—
tions for magmatic fractionation and origin of Fe-Ti-V oxide ore de—
posits. Journal of Asian Earth Sciences 113: 1117-1131

She YW Song XY YuSY Chen LM Zheng W Q. 2016. Apatite
geochemistry of the Taihe layered intrusion SW China: Implications
for the magmatic differentiation and the origin of apatiteich Fe-Ti
oxide ores. Ore Geology Reviews 78: 151-165

Shen AJ] HuAP ChengT LiangF Pan W Q Feng Y X Zhao J X.
2019. Laser ablation in situ U-Pb dating and its application to dia—
genesis—porosity evolution of carbonate reservoirs. Petroleum Explo—
ration and Development 46(6) : 1127-1140

Shu Q LaiY SunY Wang C Meng S. 2013. Ore genesis and hydro—
thermal evolution of the Baiyinnuo’ er zincdead skarn deposit
Northeast China: Evidence from isotopes (S Pb) and fluid inclu—
sions. Economic Geology 108(4): 835-860

Shu X C Liu Y. 2019. Fluid inclusion constraints on the hydrothermal
evolution of the Dalucao carbonatite—related REE deposit ~ Sichuan
province China. Ore Geology Reviews 107: 41-57

Sillitoe R H. 2010. Porphyry copper systems. Economic Geology 105
(1): 3-41

Smith M P Campbell L S Kynicky J. 2015. A review of the genesis of
the world class Bayan Obo Fe-REE-Nb deposits Inner Mongolia
China: Multistage processes and outstanding questions. Ore Geology
Reviews 64: 459-476

Song SW Mao J W Xie GQ Chen L Santosh M Chen G H Rao ]
F Ouyang Y P. 2019. In situ LAICP-MS U-Pb geochronology and
trace element analysis of hydrothermal titanite from the giant Zhuxi
W ( Cu) skarn deposit South China. Mineralium Deposita 54
(4): 569-590

Song W L XuC Smith M P Kynicky ] Huang K J Wei CW Zhou
L Shu Q H. 2016a. Origin of unusual HREE-Mo-rich carbonatites
in the Qinling orogen China. Scientific Reports 6: 37377

Song W L Xu C Smith M P Chakhmouradian A R Brenna M Kyn-
icky J Chen W. 2018. Genesis of the world” s largest rare earth el-
ement deposit Bayan Obo China: Protracted mineralization evolu—
tion over —1b. y. Geology 46(4): 323-326

Song X Y Li X R. 2009. Geochemistry of the Kalatongke Ni-Cu -
( PGE) sulfide deposit NW China: Implications for the formation of

837

magmatic sulfide mineralization in a postcollisional environment.
Mineralium Deposita 44(3) : 303-327

Song X Y Danyushevsky L V. Keays RR Chen LM Tian Y L Xiao
J F. 2012. Structural lithological and geochemical constraints on
the dynamic magma plumbing system of the Jinchuan Ni-Cu sulfide
deposit NW China. Mineralium Deposita 47(3) : 277-297

Song X Y Chen LM Deng YF Xie W. 2013a. Syncollisional tholeiit—
ic magmatism induced by asthenosphere upwelling owing to slab de—
tachment at the southern margin of the Central Asian Orogenic Belt.
Journal of Geological Society 170(6) : 941-950

Song XY QIHW HuRZ ChenLM YuSY Zhang]JF. 2013b.
Formation of thick stratiform Fe-Ti oxide layers in layered intrusion
and frequent replenishment of fractionated mafic magma: Evidence
from the Panzhihua intrusion SW China. Geochemistry Geophys—
ics Geosystems 14(3): 712-732

Song XY YiJN ChenLM She YW LiuCZ Dang XY YangQ
A Wu S K. 2016b. The giant Xiarthamu Ni-Co sulfide deposit in
the East Kunlun Orogenic Belt northern Tibet Plateau China. E-
conomic Geology 111: 29-55

Song XY Wang KY BamesSJ YiJN Chen LM Schoneveld L E.
2020. Petrogenetic insights from chromite in ultramafic cumulates of
the Xiarihamu intrusion northern Tibet Plateau China. American
Mineralogist 105(4) : 479-524

SuBX QinKZ SakyiPA LiXH YangYH Sun H Tang D M
Liu PP Xiao Q H Malaviarachchi S P K. 2011. U-Pb ages and
Hf-O isotopes of zircons from Late Paleozoic mafic-ultramafic units in
the southern Central Asian Orogenic Belt: Tectonic implications and
evidence for an EarlyPermian mantle plume. Gondwana Research
20(2-3) : 516-531

SuJH ZhaoXF LiXC HuW Chen M Xiong Y L. 2019. Geolog—
ical and geochemical characteristics of the Miaoya syenite-carbonatite
complex Central China: Implications for the origin of REE-Nb-en—
riched carbonatite. Ore Geology Reviews 113: 103101

SuWC ZhangHT HuRZ GeX XiaB ChenYY ZhuC. 2012.
Mineralogy and geochemistry of gold-bearing arsenian pyrite from the
Shuiyindong Carlin-type gold deposit Guizhou China: Implications
for gold depositional processes. Mineralium Deposita 47(6) : 653—
662

SuW C Dong WD Zhang X C Shen NP Hu R Z Hofstra A H
Cheng LZ XiaY Yang K Y. 2018. Carlintype gold deposits in
the Dian-Qian-Gui " Golden Triangle ” of Southwest China. In:
Muntean J L ed. Diversity of Carlin-Style Gold Deposits. Reviews
in Economic Geology 20: 157-185

Sun WD Liang HY Ling M X Zhan M Z Ding X Zhang H Yang
XY LiYL Ireland TR Wei Q R Fan W M. 2013. The link
between reduced porphyry copper deposits and oxidized magmas.
Geochimica et Cosmochimica Acta 103: 263-275

Sun WD WangJT Zhang LP ZhangCC LiH LingM X Ding X
Li CY Liang HY. 2017. The formation of porphyry copper depos—
its. Acta Geochimica 36(1): 9-15

Sun Z Xiong X WangJ LiuX LiL Ruan M Zhang L Takahashi
E. 2020. Sulfur abundance and heterogeneity in the MORB mantle

estimated by copper partitioning and sulfur solubility modelling.



838

Earth and Planetary Science Letters 538: 116169

Tan QP XiaY XieZ] Yan]J Wei DT. 2015b. S € O H and
Pb isotopic studies for the Shuiyindong Carlinype gold deposit
Southwest Guizhou China: Constraints for ore genesis. Chinese
Journal of Geochemistry 34(4): 525-539

Tan S C Zhou J] X Li B Zhao J X. 2017. In situ Pb and bulk Sr iso—
tope analysis of the Yinchanggou Pb—Zn deposit in Sichuan Province
( SW China) : Constraints on the origin and evolution of hydrother—
mal fluids. Ore Geology Reviews 91: 432-443

Tan S C Zhou ] X Zhou M F Ye L. 2019. In-situ S and Pb isotope
constraints on an evolving hydrothermal system Tianbaoshan Pb-Zn
—( Cu) deposit in South China. Ore Geology Review 115: 103177

Tang Y W Cui K Zheng Z Gao J F Han JJ YangJ H Liu L.
2020. LA-HCP-MS U-Pb geochronology of wolframite by combining
NIST series and common lead-bearing MTM as the primary reference
material: Implications for metallogenesis of South China. Gondwana
Research 83: 217-231

TianSH HouZ Q SuAN QiuL MoXX HouKJ ZhaoY HuW
J Yang Z S. 2015. The anomalous lithium isotopic signature of Hi-
malayan collisional zone carbonatites in western Sichuan SW Chi-
na: Enriched mantle source and petrogenesis. Geochimica et Cosmo—
chimica Acta 159: 42-60

Tsui T F Holland H D. 1979. The analysis of fluid inclusions by laser
microprobe. Economic Geology 74(7): 1647-1653

USGS. 2019. National minerals information center commodity statistics
and information. https: //www. usgs. gov/centers/nmic/commodity—
statistics —and-information

Wan Y WangXL HuWX ChoulM WangXY ChenY XuZ M.
2017. In situ optical and Raman spectroscopic observations of the
effects of pressure and fluid composition on liquidiquid phase sepa—
ration in aqueous cadmium sulfate solutions ( <400 °C 50 MPa)
with geological and geochemical implications. Geochimica et Cosmo—
chimica Acta 211: 133-152

Wang B Cluzel D Jahn BM Shu LS Chen Y Zhai Y Z Branquet
Y Barbanson L Sizaret S. 2014a. Late Paleozoic pre— and syn-ki—
nematic plutons of the Kangguer-Huangshan shear zone: Inference
on the tectonic evolution of the Eastern Chinese North Tianshan. A-
merican Journal of Science 314(1): 43-79

Wang CM Bagas . LuYJ Santosh M Du B McCuaig T C. 2016a.
Terrane boundary and spatiotemporal distribution of ore deposits in
the Sanjiang Tethyan Orogen: Insights from zircon Hf-isotopic map—
ping. Earth-Science Reviews 156: 39-65

Wang CY Zhou MF YangSH QiL SunY L. 2014b. Geochemis—
try of the Abulangdang intrusion: Cumulates of high-Ti picritic mag—
mas in the Emeishan large igneous province SW China. Chemical
Geology 378-379: 24-39

Wang D H HuangF WangY HeHH LiXM Liu XX ShengJF
Liang T. 2020a. Regional metallogeny of Tungsten-tinpolymetallic
deposits in Nanling region South China. Ore Geology Reviews
120: 103305

Wang K Wang C Y Ren Z Y. 2018a. Apatite-hosted melt inclusions
from the Panzhihua gabbroicdayered intrusion associated with a giant

Fe-Ti oxide deposit in SW China: Insights for magma unmixing with—

in a crystal mush. Contributions to Mineralogy and Petrology 173
(7): 59

Wang KY Fan HR Yang KF HuFF MaY G. 2010. Bayan Obo
carbonatites: Texture evidence from polyphase intrusive and extru—
sive carbonatites. Acta Geologica Sinica 84(6) : 1365-1376

Wang KY Song XY YiJN BamesSJ She YW Zheng W Q
Schoneveld L E. 2019a. Zoned orthopyroxenes in the Ni-Co sulfide
ore-bearing Xiarihamu mafic-ultramafic intrusion in northern Tibetan
Plateau China: Implications for multiple magma replenishments.
Ore Geology Reviews 113: 103082

Wang L] MiM Zhou ] X Luo K. 2018b. New constraints on the ori—
gin of the Maozu carbonate-hosted epigenetic Zn-Pb deposit in NE
Yunnan Province SW China. Ore Geology Reviews 101: 578-594

Wang Q ' Groves D. 2018. Carlin-style gold deposits Youjiang Basin
China: Tectono-thermal and structural analogues of the Carlin-type
gold deposits Nevada USA. Mineralium Deposita 53(7): 909
-918

Wang R Richards J] P Hou Z Yang Z DuFrane S A. 2014c. In—
creased magmatic water content—The key to Oligo-Miocene porphyry
Cu-Mo * Au formation in the Eastern Gangdese Belt Tibet. Eco—
nomic Geology 109: 1315-1339

Wang R Tafti R HouZ Q ShenZ C Guo N Evans NJ Jeon H Li
QY LiWK. 2017. Across-arc geochemical variation in the Juras—
sic magmatic zone Southern Tibet: Implication for continental arc—
related porphyry Cu-Au mineralization. Chemical Geology 451:
116-134

Wang R Weinberg R F Collins W J Richards J P Zhu D C. 2018c.
Origin of postcollisional magmas and formation of porphyry Cu depos—
its in southern Tibet. Earth-Science Reviews 181: 122-143

Wang X L. Chou I M Hu W X Burruss R C. 2013. In situ observa—
tions of liquidiquid phase separation in aqueous MgSO, solutions:
Geological and geochemical implications. Geochimica et Cosmo—
chimica Acta 103: 1-10

Wang X L WanY Hu W X ChoulM CaoJ Wang XY Wang M
Li Z. 2016b. In situ observations of liquiddiquid phase separation
in aqueous ZnSO, solutions at temperatures up to 400 “C: Implica—
tions for Zn** =S0,% association and evolution of submarine hydro—
thermal fluids. Geochimica et Cosmochimica Acta 181: 126-143

Wang XL QiuY LuJJ ChoulM ZhangWL LiGL HuWX Li
Z Zhong R C. 2020b. In situ Raman spectroscopic investigation of
the hydrothermal speciation of tungsten: Implications for the ore—
forming process. Chemical Geology 532: 119299

Wang X S Timofeev A WilliamsJones A E  Shang L B Bi X W.
2019b. An experimental study of the solubility and speciation of
tungsten in NaCl-bearing aqueous solutions at 250 300 and
350?°C. Geochimica et Cosmochimica Acta 265: 313-329

Wang X S WilliamsJones A E Hu RZ Shang L B Bi X W. 2021.
The role of fluorine in granite-related hydrothermal tungsten ore gen—
esis! Results of experiments and modeling. Geochimica et Cosmo—
chimica Acta 292: 170-187

Wawryk C M Foden J D. 2015. Fe-isotope fractionation in magmatic—
hydrothermal mineral deposits: A case study from the Renison Sn-W

deposit Tasmania. Geochimica et Cosmochimica Acta 150: 285



2021 40( 4)

-298

Wei C HuangZ L. YanZF HuY S Ye L. 2018. Trace element con—
tents in sphalerite from the Nayongzhi Zn-Pb deposit Northwestern
Guizhou China: Insights into incorporation mechanisms metallo—
genic temperature and ore genesis. Minerals 8(11) : 490

Wei C Ye L Hu Y S Danyushevskiy L Li Z L. Huang Z L. 2019a.
Distribution and occurrence of Ge and related trace elements in
sphalerite from the Lehong carbonate-hosted Zn-Pb deposit north—
eastern Yunnan China: Insights from SEM and LAJCP-MS stud-
les. Ore Geology Reviews 115: 103175

Wei DT XiaY Gregory DD SteadmanJA Tan QP XieZ] LiuX
J. 2020. Multistage pyrites in the Nibao disseminated gold deposit
southwestern Guizhou Province China: Insights into the origin of
Au from textures in situ trace elements and sulfur isotope analy—
ses. Ore Geology Reviews 122: 103446

Wei WF HuRZ BiXW PengJT SuWC SongSQ ShiSH.
2012. Infrared microthermometric and stable isotopic study of fluid
inclusions in wolframite at the Xihuashan tungsten deposit Jiangxi
province China. Mineralium Deposita 47(6) : 589-605

Wei WF HuRZ BiXW JiangGH YanB Yin RS Yang] H.
2019b. Mantle-derived and crustal He and Ar in the oreforming flu—
ids of the Xihuashan granite-associated tungsten ore deposit South
China. Ore Geology Reviews 105: 605-615

White N C Zhang DY Hong HL Liu L] Sun W Zhang M M.
2019. Epithermal gold deposits of China-an overview. SEG Special
Publications 22: 235-262

WuSY HoulL Jowitt SM DingJ] Zhang] R Zhu S B Zhao Z Y.
2019. Geochronology geochemistry and petrogenesis of Late Trias—
sic dolerites associated with the Nibao gold deposit Youjiang Basin
southwestern China: Implications for post-collisional magmatism and
its relationships with Carlindike gold mineralization. Ore Geology
Reviews 111: 102971

Xiang Z Z Zhou J] X Luo K. 2020. New insights into the multidayer
metallogenesis of carbonated-hosted epigenetic Pb-Zn deposits: A
case study of the Maoping Pb~Zn deposit South China. Ore Geology
Reviews 122: 103538

XieGQ Mao J W Zhu QQ YaoL LiYH Li W Zhao H J.
2015a. Geochemical constraints on Cu-¥'e and Fe skarn deposits in
the Edong district Middle-Lower Yangtze River metallogenic belt
China. Ore Geology Reviews 64: 425-444

Xie G Q Mao ] W Bagas L FuB Zhang Z Y. 2019. Mineralogy and
titanite geochronology of the Caojiaba W deposit Xiangzhong metal—
logenic province southern China: Implications for a distal reduced
skarn W formation. Mineralium Deposita 54(3) : 459-472

Xie W Song XY Chen LM Deng YF ZhengW Q WangY S Luan
Y. 2014. Geochemistry insights on the genesis of the subductionre—
lated Heishan magmatic Ni-Cu—( PGE) deposit Gansu northwest—
ern China at the southern margin of the Central Asian Orogenic
Belt. Economic Geology 109(6): 1563-1583

Xie YL LiYX HouZQ CookeD R Danyushevsky L. Dominy S C
Yin S P. 2015b. A model for carbonatite hosted REE mineralisati—
on-the Mianning-Dechang REE belt Western Sichuan Province
China. Ore Geology Reviews 70: 595-612

839

Xie YL HouZ Q Goldfarb RJ Guo X Wang L. 2016. Rare earth
element deposits in China. In: Verplanck P L. Hitzman M W eds.
Rare Earth and Critical Elements in Ore Deposits. Society of Eco—
nomic Geologists 115-136

XieZ] XiaY ClineJS YanBW WangZP Tan QP Wei D T.
2017. Comparison of the native antimony-bearing Paiting gold de—
posit  Guizhou Province China with Carlin-type gold deposits
Nevada USA. Mineralium Deposita 52( 1) : 69-84

Xie Z] XiaY ClineJS Koenig A Wei DT Tan Q P Wang Z P.
2018a. Are there Carlintype Au deposits in China? A comparison
between the Guizhou China and Nevada USA deposits. In: Muntean
J L ed. Diversity of Carlin-style gold deposits. Reviews in Econom—
ic Geology 20: 187-233

Xie Z)J XiaY Cline J S Pribil M J Koenig A Tan Q P Wei DT
Wang Z P Yan J. 2018b. Magmatic origin for sediment-hosted Au
deposits  Guizhou Province China: In situ chemistry and sulfur iso—
tope composition of pyrites Shuiyindong and Jinfeng deposits. Eco—
nomic Geology 113(7): 1627-1652

Xing CM Wang CY Li CY. 2014. Trace element compositions of ap—
atite from the middle zone of the Panzhihua layered intrusion SW
China: Insights into the differentiation of a P— and Si-ich melt.
Lithos 204: 188-202

Xiong X L. Keppler H Audetat A’ Ni HW Sun W D Li Y A.
2011. Partitioning of Nb and Ta between rutile and felsic melt and
the fractionation of Nb/Ta during partial melting of hydrous metaba—
salt. Geochimica Et Cosmochimica Acta 75(7) : 1673-1692

Xu C Chakhmouradian A R Taylor R N Kynicky ] Li W B Song W
L Fletcher T R. 2014. Origin of carbonatites in the south Qinling
orogen: Implications for crustal recycling and timing of collision be—
tween the south and North China blocks. Geochimica et Cosmochim—
ica Acta 143: 189-206

XuL HuZ C Zhang W YangLL LiuYS GaoS LuoT Hu S H.
2015. In situ Nd isotope analyses in geological materials with signal
enhancement and non-linear mass dependent fractionation reduction
using laser ablation MCACP-MS. Journal of Analytical Atomic Spec—
trometry 30( 1) : 232-244

XuLL BiXW HuRZ Zhang X C SuWC QuW]J HuZC
Tang Y Y. 2012. Relationships between porphyry Cu-Mo minerali—
zation in the Jinshajiang-Red River metallogenic belt and tectonic
activity: Constraints from zircon U-Ph and molybdenite Re-Os geo—
chronology. Ore Geology Reviews 48: 460-473

Xu YM Jiang SY. 2017. In-situ analysis of trace elements and Sr-Pb i-
sotopes of K+feldspars from Tongshankou Cu-Mo deposit SE Hubei
Province China: Insights into early potassic alteration of the por—
phyry mineralization system. Terra Nova 29(6) : 343-355

YanJ] HuRZ LiuS LinYT Zhang]J C FuSL. 2018. NanoSIMS
element mapping and sulfur isotope analysis of Au-bearing pyrite
from Lannigou Carlin-type Au deposit in SW China: new insights in—
to the origin and evolution of Au-bearing fluids. Ore Geology Re-
views 92: 29-41

Yang JH PengJT HuRZ BiXW ZhaoJH FuYZ Shen N P.
2013. Garnet geochemistry of tungsten-mineralized Xihuashan gran—

ites in South China. Lithos 177: 79-90



840

Yang J H Zhang Z Peng J T Liu L Leng C B. 2019d. Metal source
and wolframite precipitation process at the Xihuashan tungsten de—
posit  South China: Insights from mineralogy fluid inclusion and
stable isotope. Ore Geology Reviews 111: 102965

Yang JH Kang LF LiuL PengJT QiY Q. 2019a. Tracing the ori-
gin of ore-forming fluids in the Piaotang tungsten deposit South Chi-
na: Constraints from in-situ analyses of wolframite and individual
fluid inclusion. Ore Geology Reviews 111: 102939

Yang KF Fan HR SantoshM Hu FF Wang KY. 2011. Mesoprot—
erozoic carbonatitic magmatism in the Bayan Obo deposit Inner
Mongolia North China: Constraints for the mechanism of super ac—
cumulation of rare earth elements. Ore Geology Reviews 40(1):
122-131

Yang K F Fan HR Pirajno F Li X C. 2019b. The Bayan Obo ( Chi-
na) giant REE accumulation conundrum elucidated by intense mag—
matic differentiation of carbonatite. Geology 47: 1198-1202

Yang M Yang YH WuST Romer RL Che XD ZhaoZ F Li W
S YangJH WuFY Xie LW Huang C Zhang D Zhang Y.
2020. Accurate and precise in situ U-Pb isotope dating of wolframite
series minerals via LA-SFHCP-MS. Journal of Analytical Atomic
Spectrometry 35( 10) : 2191-2203

Yang SY Jiang S Y. 2012. Chemical and boron isotopic composition of
tourmaline in the Xiangshan volcanic-intrusive complex Southeast
China: Evidence for boron mobilization and infiltration during mag—
matic-hydrothermal processes. Chemical Geology 312-313: 177
-189

Yang WB NiuHC ShanQ Sun WD ZhangH LiNB Jiang Y H
Yu X Y. 2014a. Geochemistry of magmatic and hydrothermal zircon
from the highly evolved Baerzhe alkaline granite: Implications for Zr—
REE-Nb mineralization. Mineralium Deposita 49(4) : 451-470

Yang X Y Lai XD PirajnoF Liu YL LingM X Sun W D. 2017.
Genesis of the Bayan Obo Fe-REE-Nb formation in Inner Mongolia
North China Craton: A perspective review. Precarmbrian Research
288: 39-71

YangYH WuFY LiY YangJH Xie LW LiuY Zhang Y B
Huang C. 2014b. In situ U-Pb dating of bastnaesite by LAJICP-MS.
Journal of Analytical Atomic Spectrometry 29(6) : 1017-1023

Yang Y H Wu FY YangJH Mitchell RH Zhao Z I Xie L W
Huang C Ma Q Yang M Zhao H. 2018. U-Pb age determination
of schorlomite garnet by laser ablation inductively coupled plasma
mass spectrometry. Journal of Analytical Atomic Spectrometry 33
(2):231-239

Yang Y H WuFY Li QL Rojas-Agramonte Y YangJH LiY Ma
Q Xie LW Huang C Fan HR Zhao ZF Xu C. 2019c¢. In situ
U-Th-Pb dating and Sr-Nd isotope analysis of bastnisite by LA -
(MC) - ICP-MS. Geostandards and Geoanalytical Research 43
(4): 543-565

YangZM LuYJ HouZ Q Chang Z S. 2015. High-Mg Diorite from
Qulong in southern Tibet: Implications for the genesis of adakitedike
intrusions and associated porphyry Cu deposits in collisional oro—
gens. Journal of Petrology 56(2): 227-253

Yang Z M Goldfarb R Chang Z S. 2016. Generation of postcollisional
porphyry copper deposits in southern Tibet triggered by subduction of

the Indian continental plate. Society of Economic Geologists Special
Publication 19: 279-300

Yang ZM Cooke D R. 2019. Porphyry copper deposits in China. Socie—
ty of Economic Geologists Special Publication 22: 133-187

Yao ] M Mathur R Powell W Lehmann B Tornos ' Wilson M Ruiz
J. 2018a. Sn-isotope fractionation as a record of hydrothermal redox
reactions. American Mineralogist 103( 10) : 1591-1598

YaoJH Zhu WG LiCS Zhong H Bai Z ] Ripley EM Li C.
2018b. Petrogenesis and ore genesis of the Lengshuiqing magmatic
sulfide deposit in southwest China: Constraints from chalcophile ele—
ments ( PGE  Se) and Sr-Nd-Os-S isotopes. Economic Geology
113(3): 675-698

Ye L Cook NJ Ciobanu CL LiuYP Zhang Q LiuT G Gao W
Yang Y L. Danyushevsky L. 2011. Trace and minor elements in
sphalerite from base metal deposits in South China: A LA-CPMS
study. Ore Geology Reviews 39(4): 188-217

Yin RS Deng CZ Lehmann B Sun G Y Lepak R ' Hurley J P
Zhao CH XuGW Tan QP XieZ] HuRZ. 2019. Magmatic—
hydrothermal origin of mercury in carlinstyle and epithermal gold
deposits in China: Evidence from mercury stable isotopes. ACS
Earth and Space Chemistry 3(8): 1631-1639

Ying Y C Chen W Lu] JiangSY YangY H. 2017. In situ U-Th-Pb
ages of the Miaoya carbonatite complex in the South Qinling orogenic
belt central China. Lithos 290-291: 159-171

Ying Y C Chen W Simonetti A Jiang S Y Zhao K D. 2020. Signifi-
cance of hydrothermal reworking for REE mineralization associated
with carbonatite: Constraints from in situ trace element and C-Sr iso—
tope study of calcite and apatite from the Miaoya carbonatite complex
( China) . Geochimica et Cosmochimica Acta 280: 340-359

Yuan HL Yin C LiuX Chen KY BaoZ A Zong CL Dai M N
Lai SC Wang R Jiang S Y. 2015. High precision in-situ Pb iso—
topic analysis of sulfide minerals by femtosecond laser ablation multi—
collector inductively coupled plasma mass spectrometry. Science
China Earth Sciences 58(10): 1713-1721

Yuan HL Liu X Chen L. BaoZ A Chen K'Y Zong CL Li X C
Qiu J W. 2018a. Simultaneous measurement of sulfur and lead iso—
topes in sulfides using nanosecond laser ablation coupled with two
multi-eollector inductively coupled plasma mass spectrometers. Jour—
nal of Asian Earth Sciences 154: 386-396

Yuan JH Zhan X C Sun DY Zhao LH Fan CZ Kuai LJ Hu M
Y. 2011a. Investigation on matrix effects in silicate minerals by la—
ser ablation-inductively coupled plasma-mass spectrometry. Chinese
Journal of Analytical Chemistry 39( 10) : 1582-1587

Yuan SD PengJT HaoS LiHM GenglJZ Zhang D L. 2011b. In
situ LAMCHCP-MS and ID-TIMS U-Pb geochronology of cassiterite
in the giant Furong tin deposit Hunan Province South China: New
constraints on the timing of tin-polymetallic mineralization. Ore Ge—
ology Reviews 43(1): 235-242

Yuan S D ChouIM Burruss RC Wang X L Li J K. 2013. Disprop—
ortionation and thermochemical sulfate reduction reactions in S-H, 0-
CH, and S-D,0-CH, systems from 200 to 340 °C at elevated pres—
sures. Geochimica et Cosmochimica Acta 118: 263-275

Yuan S D Williams-Jones A E Mao J W Zhao PL Yan C Zhang D



2021 40( 4)

L. 2018b. The origin of the Zhangjialong tungsten deposit south
China: Implications for W-Sn mineralization in large granite batho—
liths. Economic Geology 113(5): 1193-1208

Yuan S D WilliamsJones A E  Romer R L Zhao P L Mao J W.
2019. Protolith—related thermal controls on the decoupling of Sn and
W in Sn-W metallogenic provinces: Insights from the Nanling Re—
gion China. Economic Geology 114(5): 1005-1012

Zeng L] Niu HC BaoZ W Yang W B. 2017. Chemical lattice ex—
pansion of natural zircon during the magmatic-hydrothermal evolution
of A-type granite. American Mineralogist 102(3) : 655-665

Zhai D G WilliamsJones A E LiuJJ Tombros SF Cook N J. 2018.
Mineralogical fluid inclusion and multiple isotope ( H-O—-S-Pb)
constraints on the genesis of the sandaowanzi epithermal Au-Ag-Te
deposit NE China. Economic Geology 113(6): 1359-1382

Zhang CQ WuY Hou L MaoJ W. 2015. Geodynamic setting of min—
eralization of Mississippi Valleytype deposits in world-lass Si-—
chuan-Yunnan-Guizhou Zn-Pb triangle southwest China: Implica—
tions from age-dating studies in the past decade and the Sm-Nd age
of Jinshachang deposit. Journal of Asian Earth Sciences 103: 103-
114

Zhang DY Zhang Z C Huang H Cheng Z G Charlier B. 2018a.
Petrogenesis and metallogenesis of the Wajilitag and Puchang Fe-Ti
oxide—rich intrusive complexes northwestern Tarim Large Igneous
Province. Lithos 304-307: 412-435

Zhang H] Xiao CY Wen HJ Zhu X K Ye L Huang Z L Zhou ]
X Fan H F. 2019a. Homogeneous Zn isotopic compositions in the
Maozu Zn-Ph ore deposit in Yunnan Province southwestern China.
Ore Geology Reviews 109: 1-10

Zhang H]J Fan HF Xiao CY Wen HJ Ye L HuangZ L. Zhou ]
X Guo Q J. 2019b. The mixing of multi-source fluids in the Wusi—
he Zn-Pb ore deposit in Sichuan Province Southwestern China. Ac—
ta Geochimica 38(5): 642-653

Zhang JC Lin YT Yang W Shen W] HaoJL HuS Cao M J.
2014b. Improved precision and spatial resolution of sulfur isotope a—
nalysis using NanoSIMS. Journal of Analytical Atomic Spectrometry
29(10) : 1934-1943

Zhang M ] LiCS FuPE HuP Q Ripley EM. 2011. The Permian
Huangshanxi Cu-Ni deposit in western China: Intrusive-extrusive as—
sociation ore genesis and exploration implications. Mineralium
Deposita 46(2): 153-170

Zhang P LiZ WangZ Li W C Xuan G. 2018. Diffusion of molybde—
num and tungsten in anhydrous and hydrous granitic melts. Ameri—
can Mineralogist 103(12) : 1966-1974

Zhang Q Zhang R Q GaoJF LuJJ] WuJ W. 2018b. In-situ LA-
ICP-MS trace element analyses of scheelite and wolframite: Con—
straints on the genesis of veinlet-disseminated and vein-type tungsten
deposits  South China. Ore Geology Reviews 99: 166-179

Zhang R Q Lehmann B Seltmann R Sun W D Li C Y. 2017a. Cas—
siterite UPb geochronology constrains magmatic-hydrothermal evolu—
tion in complex evolved granite systems: The classic Erzgebirge tin
province ( Saxony and Bohemia) . Geology 45: 1095-1098

Zhang W Chen T W Gao J F Chen H K LiJ H. 2019¢. Two epi-

sodes of REE mineralization in the Qinling Orogenic Belt Central

841

China: In-situ U-Th-Pb dating of bastnisite and monazite. Minerali—
um Deposita 54(8) : 1256-1280

Zhang W HuZ C LiuYS Feng LP Jiang HS. 2019d. In situ calci—
um isotopic ratio determination in calcium carbonate materials and
calcium phosphate materials using laser ablation-multiple collector—
inductively coupled plasma mass spectrometry. Chemical Geology
522: 16-25

Zhang Z W Tang QY LiCS WangY L Ripley EM. 2017b. Sr-Nd-
Os-S isotope and PGE geochemistry of the Xiarihamu magmatic sul—
fide deposit in the Qinghai-Tibet plateau China. Mineralium De—
posita 52( 1) : 51-68

Zhang Z C Hou T Santosh M LiHM LiJ W Zhang Z C Song X
Y Wang M. 2014a. Spatio-temporal distribution and tectonic set—
tings of the major iron deposits in China: An overview. Ore Geology
Reviews 57: 247-263

Zhao HD Zhao KD Palmer M R Jiang S Y. 2019. In-situ elemental
and boron isotopic variations of tourmaline from the Sanfang granite
South China: Insights into magmatic-hydrothermal evolution. Chem—
ical Geology 504: 190-204

ZhaoJH LiQW LiuH Wang W. 2018. Neoproterozoic magmatism
in the western and northern margins of the Yangtze Block ( South
China) controlled by slab subduction and subduction-iransform—
edge-propagator. Earth-Science Reviews 187: 1-18

Zheng Y C LiuSA WuCD Griffin WL LiZQ XuB YangZM
Hou Z Q O’ Reilly S Y. 2019. Cu isotopes reveal initial Cu en—
richment in sources of giant porphyry deposits in a collisional set—
ting. Geology 47(2): 135-138

Zhou CX WeiCS GuoJY LiCY. 2001. The source of metals in
the Qilinchang Zn-Pb deposit Northeastern Yunnan China: Pb-Sr
isotope constraints. Economic Geology 96: 583-598

Zhou ] X Huang Z L. Zhou M F Zhu X K Muchez P. 2014. Zinc
sulfur and lead isotopic variations in carbonate-hosted Ph~Zn sulfide
deposits  southwest China. Ore Geology Reviews 58: 41-54

Zhou J X BaiJH HuangZ L ZhuD YanZF LvZ C. 2015a. Ge-
ology isotope geochemistry and geochronology of the Jinshachang
carbonate-hosted Pb~Zn deposit southwest China. Journal of Asian
Earth Sciences 98: 272-284

Zhou ] X LuoK Wang X C Wilde SA WuT HuangZL CuiYL
Zhao J X. 2018a. Ore genesis of the Fule PbZn deposit and its re—
lationship with the Emeishan Large Igneous Province: Evidence from
mineralogy bulk C-O-S and in situ S-Pb isotopes. Gondwana Re-
search 54: 161-179

Zhou ] X XiangZZ Zhou M F Feng Y X Luo K HuangZ L Wu
T. 2018b. The giant Upper Yangtze Pb-Zn province in SW China:
Reviews new advances and a new genetic model. Journal of Asian
Earth Sciences 154: 280-315

Zhou ] X Wang X C Wilde SA Luo K HuangZL WuT JinZG.
2018c. New insights into the metallogeny of MVT Zn-Pb deposits: A
case study from the Nayongzhi in South China using field data flu—
id compositions and in situ SPb isotopes. American Mineralogist
103: 91-108

Zhou L. Mernagh TP Lan T G Tang Y W Wygralak A. 2019. Intru—

sion related gold deposits in the Tanami and Kurundi-Kurinelli gold—



842

fields Northern Territory Australia: Constraints from LAJCPMS a-
nalysis of fluid inclusions. Ore Geology Reviews 115: 103189
Zhou M F Robinson P T Lesher CM Keays R R Zhang CJ Malpas
J. 2005. Geochemistry petrogenesis and metallogenesis of the Pan—
zhihua gabbroic layered intrusion and associated Fe-Ti-V oxide de—
posits  Sichuan province SW China. Journal of Petrology 46
(11) : 2253-2280

Zhou M F Chen WT Wang CY Prevec SA Liu PP Howarth G H.
2013. Two stages of immiscible liquid separation in the formation of
Panzhihua-type Fe-Ti-V oxide deposits SW China. Geoscience
Frontiers 4(5): 481-502

Zhou M F Gao ] ZhaoZ Zhao W W. 2018d. Introduction to the spe—
cial issue of Mesozoic W-Sn deposits in South China. Ore Geolog
Reviews 101: 432-436

Zhou T F Wang S W Fan Y Yuan F Zhang D Y White N C.
2015b. A review of the intracontinental porphyry deposits in the
MiddledLower Yangtze River Valley metallogenic belt Eastern Chi-
na. Ore Geology Reviews 65: 433-456

ZhouY Zhong H Li CS Ripley EM Zhu W G Bai Z ] Li C.
2017. Geochronological and geochemical constraints on sulfide min—
eralization in the Qingmingshan mafic intrusion in the western part of
the Proterozoic Jiangnan orogenic belt along the southern margin of
the Yangize Craton. Ore Geology Reviews 90: 618-633

Zhu] Wang L X PengSG Peng LH Wu CX Qiu X F. 2017. U-
Pb zircon age geochemical and isotopic characteristics of the Miaoya
syenite and carbonatite complex Central China. Geological Journal
52(6): 938-954

Zhu ] ZhangZ C Santosh M Jin Z L. 2020. Carlin-style gold province
linked to the extinct Emeishan plume. Earth and Planetary Science
Letters 530: 115940

Zhu]JJ HuRZ Richards JP Bi X W Zhong H. 2015a. Genesis and
magmatic-hydrothermal evolution of the Yangla skarn Cu deposit
southwest China. Economic Geology 110(3): 631-652

Zhu J J Richards J P Rees C Creaser R A DuFrane S A Locock A
Petrus J A Lang J. 2018. Elevated magmatic sulfur and chlorine
contents in oreforming magmas at the Red Chris porphyry Cu-Au
deposit  Northern British Columbia Canada. Economic Geology
113(5) : 1047-1075

Zhu LY LiuYS JiangSY Lin J. 2019. An improved in situ tech—
nique for the analysis of the Os isotope ratio in sulfides using laser
ablation-multiple ion counter inductively coupled plasma mass spec—
trometry. Journal of Analytical Atomic Spectrometry 34(8): 1546
-1552

Zhu W G ZhongH DengHL Wilson AH LuBG LiCY QinY.
2006. SHRIMP zircon U-Pb age geochemistry and Nd-Sr isotopes
of the Gaojiacun mafic-ultramafic intrusive complex southwest Chi—
na. International Geology Review 48(7): 650-668

Zhu W G Zhong H Li XH Liu BG Deng HL Qin Y. 2007. “*Ar
-¥ Ar age  geochemistry and Sr-Nd-Pb isotopes of the Neoproterozo—
ic Lengshuiqing Cu-Ni sulfide-bearing mafic-ultramafic complex
SW China. Precambrian Research 155(1-2): 98-124

Zhu X K SunJ Pan C X. 2015b. Sm-Nd isotopic constraints on rare—

earth mineralization in the Bayan Obo ore deposit Inner Mongolia

China. Ore Geology Reviews 64: 543-553
ZhuZY Cook NJ Yang T Ciobanu C L. Zhao K D Jiang S Y.
2016. Mapping of sulfur isotopes and trace elements in sulfides by
LAA MC) HCP-MS: Potential analytical problems improvements
and implications. Minerals 6(4): 110
. 2018.
N LACPMS
( ) 41(8): 1093-1099 1117
. 2014. LA-CP-MS

) 39(5): 525-536

. 2020.
50(7): 865-886
. 2013. . 29
(1): 1-17
Zhao ] X Feng Y X . 2020.
LA-MCHCPMS U-Pb . 65(2):
150-154
. 2018.
N . 34(1): 194
-206
. 2012. -
He-Ar
57(13) : 1137-1146
. 2018. LA-
(MC) -ICPMS  ( Nano) SIMS
34(12) : 3479-3496
. 2013. -
32(6): 875-882
. 2017.
46(5) : 446-455
. 2018.
1-169
. 2016.
32(11) @ 3394-3406
. 2018. (I):
25(6): 20-41
. 2020. Cu-Mo—
Au . 27(2): 20-44
2020. ( )
. 2007.
26(6): 583
-596
. 2016.
32(11) : 3239-3251
. 2020.

27(2): 137-150
Danyushevskiy L. 2019.
: LAACPMS



2021 40( 4)

35(11) : 3477-3492

. 2019.
. 2004.
. 2011.
N 31(3)
309-314
. 2020. N
65(33) : 3730-3745
2016. : S Pb
32(11): 3441-3455
. 2017.
36(5): 1169-1184
2017. LA-CP-MS
33(10) : 3239-3262
. 2013. U-Pb
U-Pb
(S1): 595-596
. 2008.
82(7): 900
-905
. 2017.
44
(2): 288-300
. 2019.
49(11) : 1720-1771
. 2020.
K-Mg
50(2) : 245-257
Danyush—
evskiy L. 2019. ( )
: LAICPMS . 35(11) : 3370-3384
. 1999.
. 1984.
. 2013. LAICP-MS
58(36) : 3753-3769
. 2017. - - 7
. 2019. -
. 2012.

39(6) : 1437-1471

843
. 2014.
88(12) : 2153-2175
. 2016. -
35(6) : 585-594
. 2017. .
33(2): 305-325
. 2019.
SPh ) 35(11)
3493-3505
. 2019.
U-Pb _
46(6) : 1062-1074
. 1988. -
. 2018. -
40(5) 1 505-519
. 2016.
32(11) : 3407-3417
. 2013,
ICP-MS
41(2) : 235-241
. 2019.
S Pb
35(11) : 3461-3476
. 2017. U-Ph
38(6) : 945-951
White N C. 2017.
33
(11): 3422-3436
. 2019.
35(11) : 3271-3291
. 2015. .
29(3): 270-274 298
. 2013. MVT
( )
. 2019.
MVT
. LAACPMS . 35(11) : 3443-3460
. 2020a. ( GBW04420) U-Ph
43(1): 1-4
. 2020b.
U-Ph
39(2) : 262-273
. 1982.
1(2): 1-14

. 2017.



844

37(6) : 791-800 . 2011.
. 2015. -
. : 45(9) 30(2) : 121-130
1335-1346 . 2008. (MVT)
. 2017. :
. 2012. -
37(7) : 2192-2198 31(1): 120-126
. 2012. . 2019. - . 35(1): 31-68
: . 1998. . :
31(4) : 699-717 . 2016.
Danyushevskiy L. . 32(11): 3269
2016. . LACPMS —-3280
32(11): 3377-3393 . 2015.
fs-LAICP-MS U-+b
. 2019. LA-CPMS  EPMA 45(9): 1304-1315
U-b . 40(3) : 479-482 . 2011. 335
LA-CP-MS U-+b
. 2015. 30(5): 912-922
Pb . : 45(9):
1285-1293 ( )

R e e e = = ) )

>>>>B> >y

*

SPFIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDY

[ ] “ "

o

o

. kydhtb@ vip. skleg. cn.

€€ €€ €€ €€ €€ €€ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC €€ <<

tce«sccc<®

1. 2021
https: //www. fio. org. cn/team/bo—shi—hou-gong—zuo—zhan. htm

http: //talent. sustech. edu. cn/rsfw/sys/zpglxt/extranet/index. do#/gwxq/7af74dd46acf4ec5Sbab600938bb47070

https: //www. imst. sdu. edu. cn/info/1074 /4835. htm

1. 2021

http: //www. ieef. qd. sdu. edu. en/info/1170/1593. htm
2. 2021

http: //rsc. ouc. edu. en/2021/0623/¢923a340135 /page. htm
3. 2021

www. soil. gd. e¢n

4. 2021
http: / /rsc. cqjtu. edu. ¢n/info/1055/1935. htm
5. 2021

https: //sydw. gxrc. com/Sydw/ ArticleDetail /ab86bab6-0796-489a-870d-86cd58 chad44



1963

N N ; SCI
Ore Geology Reviews  Journal of Geochemical Exploration
Geochemistry: Exploration Environment Analysis ; o
. o 200
1971
\973
SCI 100 o - Fe-
TiVv  CuNiPGE N N
PGE CuNi-PGE
Journal of Earth ScienceActa Geochimica. 4 ) o
1964 C ).
( TAGOD)
2 AY
5 201 1 “ ” “ ”
“2016 7 9
Y 150 o

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



