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Abstract

LA-ICP-MS (Laser ablation-inductively coupled plasma-mass spectrometry) analysis of single fluid inclu-
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sion has remarkable advantages in revealing the origin of ore-forming fluids and tracing the specific ore-forming
processes, which, however, has been mainly conducted on transparent gangue minerals. The difference in fluid in-
clusion compositions between gangue and ore minerals and which one can more effectively represent the ore-
forming fluids are poorly understood. Sphalerite is one of the most common ore minerals in magmatic-hydrother-
mal and MVT deposits, which can host abundant fluid inclusions and be transparent or translucent under transpa-
rent light, becoming favorable for studying fluid inclusions. In this contribution, sphalerite and paragenetic quartz
from the sulfide-stage veins in the Xintianling skarn W deposit, Nanling region were selected for studying the
compositions of fluid inclusions by LA-ICP-MS. The results show that sphalerite and quartz have contrasted fluid
inclusion compositions, of which the former is more enriched in Cu, Ag and Sn while the latter is enriched in Li,
B, Na, K, Rb, Sr, Cs and Pb. Combined with the elemental compositions of host sphalerite, it is considered that
the super-enrichment of Cu, Ag and Sn were related to elemental diffusion from the sphalerite into the fluid inclu-
sions rather than indicating the real compositions of the fluids. In the genetic discrimination diagrams for diffe-
rently-sourced fluids, the fluid inclusions of sphalerite and quartz both plot into the area of skarn-type deposits,
well reflecting the origin of the studied fluids, but the latter has better indicative effects. In summary, the composi-
tions of fluid inclusions in quartz can accurately reflect the information of the fluids, while some elements in
sphalerite are artificial due to the elemental diffusion. Therefore, it should be cautious when studying the fluid in-
clusion compositions in ore minerals. Integrated studies on fluid inclusions in gangue minerals and elemental
compositions of ore minerals can be more effective to trace the ore-forming fluids and processes.
Key words: sphalerite, fluid inclusion, LA-ICP-MS, elemental diffusion, Xintianling tungsten deposit
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Fig. 3 Hand specimens of sphalerite-bearing ores and mineral assemblages under microscope from the Xintianling deposit

a. Sphalerite disseminated in skarn; b. Sphalerite+pyrrhotite+chalcopyrite+fluorite+quartz assemblages altering skarn (under reflected light);

c. Vein-type sphalerite near marble; d. Sphalerite+fluoritet+quartz+minor scheelite-assemblages cutting and altering marble (under reflected light)
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Fig. 4 Petrography of fluid inclusions in sphalerite and quartz from the Xintianling tungsten deposit
a~e. Liquid-rich fluid inclusions developed in sphalerite, commonly showing elongated shape and distributing along the c-axis of sphalerite;
f~h. Liquid-rich fluid inclusions developed in quartz
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Fig. 5 Representative Raman analytical results of fluid inclusions in sphalerite (a) and quartz (b)



Bt HsH BRI A A5 - N BT R B A LA-ICP-MS J3Hr KA 7R 5 X 867

[ Jax
B s

A

21

2 4 6 8 10 12
 BEw(NaCl, )/%

14

160 180 200 220 240
18 BE/°C

Fl6  INBFE RIS i AR L SRR T () I — R (b) B 5 4]

Fig. 6 Histograms of salinity (a) and homogenization temperature (b) of fluid inclusions in sphalerite and quartz
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Table 2 LA-ICP-MS trace element compositions of sphalerite (w(B)/107°) from the Xintianling tungsten deposit

M5 Mn Fe Co Ni Cu Ga Se Ag cd In Sn Te Pb Bi
Sp-1 5181 33905 232 246 893 065 485 133 5055 147 172 019 025 032
Sp-2 4842 31524 219 228 815 058 498 128 5094 147 1.52 ! 0.06  0.09
Sp-3 4483 28349 151 107 8.0 067 462 074 4763 145 1.38 0.55 0.15  0.15
Sp-4 4978 32607 209 123 882  0.64 448 158 5324 156 220 022 012 011
Sp-5 4924 32794 214 1.66 898  0.58 5.61 0.83 5262 158 2.96 - 012  0.16
Sp-6 5156 33824 218 102 894 059 501 1.60 4999 156 223 0.18 044 022
Sp-7 4718 31805 202 248 832 060 306 069 5226 155 2.65 032 007  0.09
Sp-8 4877 32815 218 1.71 86.2 048 480 178 5192 144 2.07 - 0.05  0.07
Sp-9 4701 30678 204 108 869 064 396 208 5037 142 2.43 - 012 0.10
Sp-10 4599 30850 211 195 844 0.6l 5.69 191 | 4731 134 2.75 0.33 023 0.7
Sp-11 4898 32398 223 159 818 047 522 1.54 4938 136 346 076 0.17  0.16
Sp-12 4885 32104 221 186 802 053 451 136 5140 141 310 020 0.3  0.16
Sp-13 4737 30636 220 175 795 045 5.60 147 5168 140 3.15 0.11 0.09  0.09
Sp-14 5019 31869 229 184 826 049 583 1.94 5182 139 286 020 029  0.14
Sp-15 5171 33527 232 170 919 056 537 1.60 5374 141 178 027 022 0.7
Sp-16 4920 31252 226 1.41 854 053 616 222 5312 146 247 022 017  0.10
Sp-17 5558 34844 253 1.64 898 053 533 203 5365 145 242 019 038  0.16

TR TR

106, 4xJEJCZ Cu.Sn.Sb Fl Ag 754 Kk & Hfu L 14
o HA B E S (7)), & S8, Ww(Cu)
384x1070~7524x1076(*F-1] 6206x10°°) ,w(Sn)Hy 17.5%
1070~215% 1076 (*F-1 82.3x107¢) , w(Sb) 4 2.61 x 1076~
46.8x1075(5F-14426.0x1079) ,w(Ag) N 0.95x1076~47.1x

10°(CF115.0x107°) . HARICHRAF 5 AR B 7E 8
AT E I, = REIL, W w(As) S (0.40~
69.8)x107°, w(Rb) 4 (0.08~0.40) x 107, 10(Sr) 4 0.06
1076~8.65x107¢, w(Cs) M 0.38x107°~3.70x 1076, w(Pb)
9 0.50 x 1076~19.1 x 1076, w(Bi) ¥ 0.05 x 1076~15.9 x
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R3INEFETNARPENREGRMELA-ICP-MS 24745 R (w(B)/107)
Table 3 LA-ICP-MS elemental compositions of individual fluid inclusions in sphalerite and quartz (w(B)/ 10™)
FES Li B Na K Mn Fe Zn Cu As Rb Sr  Ag Sn  Sb Cs W TI Pb Bi
Sp-1 - 6.11 350 24.1 - - - 7166 - 022 1.06 859 116 31.5 1.13 - 0.40 7.20 1.59
Sp-2  3.60 - 136  46.2 - - - 6948 267 040 635 334 51.8 278 1.05 0.13 033 8.61 348
Sp-3 - - 55.9 - - - - 7282 - - 0.76 10.5 49.0 248 1.18 - - 2.69 0.82
Sp-4 - 391 46.9 10.6 - - - 7317 - 0.08 0.34 0.95 53.8 8.89 0.70 - 0.30 1.21 0.25
Sp-5 314 7.25 155 51.1 - - - 6850 - 020 0.70 13.2 30.7 299 1.50 - - 1.80 -
Sp-6 - - 43.2 - - - - 7151  69.8 - 0.84 16.5 116 103 1.02 - - - 1.91
Sp-7 - - 1801 787 - - - 1134 - - - - - - - - - - -
Sp-8 - - - - - - - 7324 - - 0.72 7.71 105 304 - - - 521 259
Sp-9 - 56.6 1999 - - - - 384 - - 8.65 47.1 215 - 3.70 - - 124 159
Sp-10 - 7.37  34.0 - - - - 7213 143 - 0.29 4.51 356 348 0.81 - - 5.63  3.90
Sp-11 - - 53.9 - - - - 7321 - 029 0.51 2.60 17.5 354 039 - - 1.54 1.58
Sp-12 - 12.7 100 - - - - 6822 25.1 - 0.60 15.5 734 468 1.06 - - 8.48 5.13
Sp-13 - - - - - - - 6820 15.5 - 0.58 1 31.7 165 - 2.15 - - 5.07 5.20
Sp-14 - - 11.3 - - - - 7524 - - 0.06 - 268 13.8 0.38 - - 0.50 0.05
Sp-15 - - 25.0 - - - - 7280 18.4 - 0.67 2.53 96.8 404 0.86 - - 19.1 6.02
Sp-16 1.93 - 1006 12.7 - - - 4762 040 027 6.91 - - 2.61 1.26 - 0.06 0.75 -
Qz-1 264 235 7317 2103 - - - - 727 . 882 249 - - - 370 - - 5.11 -
Qz-2 412 315 11968 1600 - - 174 - 273 72.4 - - - - 315 - - 387 -
Qz-3 - 283 8288 2561 - - - 222 - 61.2 - - - 39.2 131 - - - -
Qz-4 - 600 5719 352 - - - - 61.1 - - - - - 103 - - - -
Qz-5 - 359 8084 1048 - - - - - 20.8 3.51 - - 9.55 88.6 - - - -
Qz-6 - 60 1468 990 - - - - 152 164  6.71 - - - 413 6.05 - - -
Qz-7 - 475 10616 - 369 - 88.2 - 49.5  8.37 - - - - 84.8 - - 24.3 -
Qz-8 153 380 9134 1741 1915 - 1294 - - 143 - - - - 191 - - 109 -
Qz-9 117 639 10142 2210 658 535 225 247 369 60 12.2 - - 15.1 143 - - 60.1 -
Qz-10 - 758 9272 2388 1899 1337 293 277 254 131 9.22 - - 12.8 254 - - 218 -
Qz-11 166 114 16713 3405 471 - 1041 - 195 935 353 - - - 286 - - 242 -
Qz-12 118 696 12064 2528 1962 1005 515 497 154 148  5.10 - - 21.0 224 276 - 186 -
Qz-13 304 739 6396 2786 2100 1095 1273 - 48.6 158  5.65 - - 6.83 251 1.53 - 330 -
Qz-14 - 69.6 7204 862 - - 204 - - - 133 - - - 8.05 3.70 - - -

R T A PR B G A Rl T
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107, w(W)YIK TAEIIBR (£3) .

A G AR A AR A XS DA 8 W I 5 0 (Li)
(26.4x107°~412x107°) ,w(B) (60.0x107°~758x107°) |
w(Na) (1468 x 1076~16713 x 1076) |, w(K) (352 x 1076~
3405 x 1076) | w(As) (19.5 x 1076~273 x 1076) . w(Rb)
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10°), 5INEE rh i ARG 22 1A 1Y Sb & AH Y . (HAS
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4.1 RESRETERERITEHMIER
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SEES R AN ;@ WKLY, INEET A
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15 5 0 (1 7a) , HEBR ECE b 20 72 b S 35009 i 25
DN BERT F A S A e A 2 b A w0 T3 A= (14 41)
T T A A R AL A R IR AP ER B R AR (P
6) , WX UTTE T W AR TR AR ER B2 A, HEBR DL
TE T I R AN [ R PN R B AR . AR TR AR £
HERERILT 1070 Cu(*F-# 6 206x107°) JLF|JL
+x 1076 AgCE3 25 15%x10°¢) LA K2 JL+x10°# Sn
(P32 82x1070) it v T HAF 0 W) N EET (&1 8) , X
DAFH AR & Cu, Ag Fl Sn > fif B, 45 102 A ik e 114
Cu & B K AT REDCVE AR N 1Y & Cufi™ 4 4 B o™,
55 DR A ) B B 55/, AT F UG A 8T A
TR WA = W Cu ™), X5 SR AR fu 2
K Cu, Ag Fll Sn &5 BEIF A i AH— S (T 8 M1k 3, 468 K
ZHEURTAEIMFR) o W4k, BOR B2 R BT R PG
ek AR A AT S BUR AR AR T R TR S
H (Zajacz et al., 2009; Audétat, 2023 ; Zhang et al.,
2023) , AL 7 A0 SR AR AR Y Cu, B
X5 B U (4) 0 A S P AR L 25K LA-ICP-MS
GIAT R, AR AR B R AT T B K AR I AR
AR TR Cu, TR T Cu AR 32 1 W £
(Heinrich et al., 1999;2004 ; Heinrich, 2005 ; Williams
Jones et al.,2005) . $RIfii, 25 N T A& A 21k
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Fig. 8 Comparison of elemental compositions between sphalerite and fluid inclusions in sphalerite and quartz
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SIS IE I, ST R Y HE 5 WSS AT S o
e s SN AR AR E 4R Cu(Zajacz et al.,
2009 ; Lerchbaumer et al., 2012; Seo et al., 2013) , iX
XA IE Cu BB T BRE, s ik T AfTRE
AR AIE UE TR AR s E AL, S b,
KA BIFFE R, A 9 rh it A2 2214 1% H, 71 HL0 45 55
%%k (Hall et al., 1993; Bakker et al., 1994; Mav-
rogenes et al., 1994; Spencer et al., 2015) , & F-2f 4%
BN H B FANHT LiT Na*.Cu™  Ag fl Au™%%
Sy KA HL(Li et al., 2009 ; Zajacz et al., 2009 ; Lerch-
baumer et al., 2012; Seo et al., 2013; Guo et al.,
2018) , TS B AR L B IR — I B 2R T
i DL OC &R B T i o I (Audétat, 2023 ; Zhang
etal.,2023) . JXLEAZAY AT fEIF AT BRI B I 1) ol
Al SR, AN7E 600~800°C L5 251 T, IR A L+ pm
U A B2 1R LT TLE A/ N L REFN AR Y Sk
J3 3K B FESPA , RV 7E 400°C L0 45 F Tt L 2L
AR ] DAGA 2 FAF-fif (Mavrogenes et al., 1994) , U &R
PHGE B LR IL 2L E AN 0T S8
(Zajacz et al., 2009 ; Lerchbaumer et al., 2012; Guo et
al.,2018) o il A& Tt A G0 32 AT 3R 9 1/ 14 F-
MY 9T T A T A 0 X & E T W R s b
CA BRI, ) 5 LR 32 DA S AR A TR )N
T AR TN R 53 #8 S 5 Wil 6, 22 AP~ A7 1) PR 3R (Tuggari-
nov et al., 1970; Faiziev et al., 1976; Bodnar, 2003 ) .
B LG IR i o B R 7k B T
DITE RS ol o 4 S A A E — RS, T 5 [ AT R
e A ) B BN R TR AR B T DL R AR R
M LSS, 1T B 45 6 i BUR AR H
T ) i A AR B ) S B R R RN R
AR BV AT S P - £ (Bodnar, 2003) . 5 2, BEEG
el 32 B g 1) ) S A A T DR U A AR ) i 2
43 (Bodnar, 2003 ) , Ifif [A] $¥4™ J2& 52 [C A% i (3~4.5) 4%
R4y, B B AR T 92 (~7) , B 5 52 3 s ek
i/ E AR

AU B DN B A T3 A 3 R Ay by
T ZE R E Fe Mn ,Cd .Co.In . Cu Ni Sn fll Ag %
GIRITER P A A ZE AR R B TR Cu Ag Fl Sn
(B18) o HHXTAF T4 Wy Mo fn S v AR L A4, TN B
PR ER Cu AgFI Sn A B S % . — M
FHER G, R i AR 2K ) Na 5 Cu
it BAT R WA SR OCOC R (K 9a) , XM LR B
TEAT T T A ZE AP UL 21 (Li et al.,2009),

BN Ry 2 TR B T A A 2 A 5 S IR B (B
ENalk R ) Culi kA PR T R A i 25 4,
TR B R Na 200 Cu ¥ Bk A AR 3844
INEE LA 9 B PO B2 AR, T %) e A I BTk, 7T LA
T AR AR AL B AR T BB & AR T BRI Na &
A Cu #3355 P BET HP i A 0 3 AR 3R B A
oA e rh A B AR B TR — 3 (K 6a) o LAULAHE
Wr, JLE Ag Ml Sn i & £ AT RE S H NN B -
B AR R A . As R Sb 78 N BEW FILAT
B AR A T A L R S  HL S KB Y
(1 9b.c), $87~ As Fl Sb & A & A W5 B #uAs
b, X g5 As(378 57) Ml Sb(3%) HAA & & M &
KRBT mA K INBE 7 8 5 M 1 Fe
Mn.Cd.Co I In %570 % & & B & 48 T i i 22 1k
o, R BT R T REVEAA A AR YR, (AR HERR X
SRR EU YT S A s T AR
AR R ESE B, B — P RS S 5T
ISIE

T AR R AR E 4 B . K \Rb.Sr.Cs
FPb 45 0 ZE AL NP I AR 2 I b & AR 2
R THMIR (F£3) . JCEB.K.Rb Ml Cs 5 Na A
B2 A IEA K R (K 9d~g) , FIHIXLEIE R 5 Na ()
13 MR —3, Na i) £ (AR5 1 0] BEER B PR AR/ 2
ROReFHE XL ITREER, CAMIREN, K.
Rb" .Cs" SR FEATTRMAA TP RATHY
il (Verhoogen, 1952 ; White, 1970; Guo et al., 2018) ,
W 7R bR TG R AE N BER i [R) R AT e & AR 41, DA
SERA RSP FATTEER . STHIPb 5 Na
HA—EMIEM KR B ER ik /N T
RN E TR S (E 9h i), X AT BB Sr
(27)F1 Pb(2°F1 47) AT B M AR IS K 1Y B 18
BAR, HAT S Na(S ) A e —8. B2,
PRBE A T 3 (A 4 22 1K 42 I oT 2 nT R R i & A
B MRA TR B HZ TR W AT e & A4
FR o A H AT E A 0 R 2 H AL A R R
A _E RS AR RIEF 7 & @ B b i M 0 2
PRI, 7 R R L B B . kT4
IERORE Y L SRR N v U R N R T e 4 | o
WSS, ¥ T 22 BT R ) 2 S 06 M Bk 2 B 5 ok
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Fig. 9 Correlation between Na and other elements from fluid inclusions in sphalerite and quartz
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Fig. 10 Discrimination diagram for genetic type of fluid inclusions in sphalerite and quartz from the Xintianling tungsten deposit

(The areas of different types of fluids are from Wang et al., 2022)
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Fig. 11 Trace elemental characteristics of sphalerite from different genetic types of deposits
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w(Bi) N 0.14x 1076, ik T EEGH H B L 4B Cu . Ag Fl Sn 45, T A7 3 o i A 60 S AR B Ao A il
W AEFT B2 4 BT 55 (w(Sn) ik 942x 1070, w(In) ANHZAICEZW LI B . Na . K . Rb.Sr.Cs 1 Pb 2, i &
55 4400107, w(Ag)fiik 191x107°,w(Bi) ik 20x &JEICR M E £ RES 5 W KBRS %5 T

1076; £, 2005 ; H5574,2017) . TCR A K, AR H L mAARE S .
M2 LA AT Y AR AR A 5 o0 (2) INEERT RN B v i AR A0 2 AR o A ol K 7

R AR B A T R S W IR AR B LR A0 JUER W Na K (Rb . Cs . St a] A3 R0 /i B B 7t 1A ok
FEIE A FARBESE AR T B, (M ERRE, UL REBCREL . TER SR PR f B R
TERTFE G RO Y h R R BRI T AP AU R O B L8 G R T R A

BRI LS L 7 R S (3) ZE WK B W Mk A B Pk R 7 5 7
S22 2L, T LA VR B S SR A 2L AN T
5 45 i W24, e R T W A BT T A A T B

(1) RRE A Fb O AR £ 22 AR 3l 7 4R & TR T R B R R R R S SR A



874 o JZN

b Jt 2023 4F

RANTE N B ARG 2K LA-ICP-MS 43 #1 4 SC )
FIZE 7 EMPA 73 Bt L ke 25 i R 7SO G BE2  A J5
T B A A A Bl o SO A R LR B SR A

References

Audétat A. 2023. A plea for more skepticism toward fluid inclusions:
Part II. Homogenization via halite dissolution in brine inclusions
from magmatic-hydrothermal systems is commonly the result of
postentrapment modifications[J]. Econ. Geol., 118: 43-45.

Bakker R J and Jansen J H. 1994. A mechanism for preferential H,O-
leakage from fluid inclusions in quartz, based on TEM observa-
tions[J]. Contributions to Mineralogy and Petrology, 116: 7-20.

Bodnar R J. 1993. Revised equation and table for determining the
freezing point depression of H,0-NaCl solutions[J]. Geochimica
et Cosmochimica Acta, 57: 683-684.

Bodnar R J. 2003. Chapter 8. Reequilibration of fluid inclusions[A].
In: Samson I, Anderson A and Marshall D, eds. Fluid inclusions:
Analysis and interpretation[C]. Mineralogical Association of Can-
ada Short Course, 32: 213-230.

Cai M H, Han F B, He L Q, Liu G Q, Chen K X and Fu J M. 2008. He-
Ar isotope characteristics and Rb-Sr dating of Xintianling skarn
scheelite deposit in southern Hunan, China[J]. Acta Geologica Si-
nica, 29(2):167-173(in Chinese with English abstract).

Chang Z S, Shu Q H and Meinert L D. 2019. Skarn deposits of China[J].
Society of Economic Geologists Special Publication, 22: 189-234.

Chen Y H, HuR Z, Lan T G, Wang H, Tang Y W, Yang Y H, Tian Z D
and Ulrich T. 2021. Precise U-Pb dating of grandite garnets by
LA-ICP-MS: Assessing ablation behaviors under matrix-matched
and non-matrix-matched conditions and applications to various
skarn deposits[J]. Chemical Geology, 572: 120-198.

Fang F. 2020. Prospecting significance of Xintianling tungsten deposit
in Chenzhou City, Hunan Province[J]. World Nonferrous Metals,
(18): 72-73(in Chinese with English abstract).

Faiziev A R and Alidovov B A. 1976. Thermometry of minerals with
perfect cleavage[J]. Soviet Geology and Geophysics, 17: 118-121.

Frenzel M, Hirsch T and Gutzmer J. 2016. Gallium, germanium, indi-
um, and other trace and minor elements in sphalerite as a function
of deposit type—A meta-analysis[J]. Ore Geology Reviews, 76:
52-78.

Guillong M, Meier D L, Allan M M, Heinrich C A and Yardley B W D.
2008. SILLS: A MATLAB-based program for the reduction of la-
ser ablation ICP-MS data of homogeneous materials and inclu-
sions[A]. In: Sylvester P, ed. Laser ablation ICP-MS in the Earth
Sciences: Current practices and outstanding issues[C]. Mineralogi-
cal Association of Canada Short Course Series, 40: 328-333.

Giinther D, Audétat A, Frischknecht R and Heinrich C A. 1998. Quanti-

tative analysis of major, minor and trace elements in fluid inclu-

sions using laser ablation-inductively coupled plasmamass spec-
trometry[J]. Journal of Analytical Atomic Spectrometry, 13: 263-
270.

Goldstein R H and Reynolds T J. 1994. Systematics of fluid inclusions
in diagenetic minerals[J]. Society of Sedimentary Geology, SEPM
Short Course, 31: 199.

Guo H H and Audétat A. 2018. Gold diffusion into and out of quartz-
hosted fluid inclusions during re-equilibration experiments at 600~
800°C and 2 kbar[J]. Chemical Geology, 476: 1-10.

Hall D L and Sterner S M. 1993. Preferential water loss from synthetic
fluid inclusions[J]. Contributions to Mineralogy and Petrology,
114: 489-500.

Heinrich C A, Guenther D, Audetat A, Ulrich T and Frischkncht R.
1999. Metal fractionation between magmatic brine and vapor, de-
termined by microanalysis of fluid inclusions[J]. Geology, 27:
755-758.

Heinrich C A, Pettke T, Halter W E, Aigner-Torres M, Audetat A,
Guinther D, Hanttendorf B, Bleiner D, Guillong M and Horn 1.
2003. Quantitative multi-element analysis of minerals, fluid, and
melt inclusions by laser ablation-inductively coupled plasma-mass
spectrometry[J]. Geochimica et Cosmochimica Acta, 67: 3473-
3496.

Heinrich C A, Driesner T, Stefansson A and Seward T M. 2004.
Magmatic vapor contraction and the transport of gold from the
porphyry environment to epithermal ore deposits[J]. Geology, 32:
761-764.

Heinrich C A. 2005. The physical and chemical evolution of low-salini-
ty magmatic fluids at the porphyry to epithermal transition: A ther-
modynamic study[J]. Mineralium Deposita, 39: 864-889.

Holl R, Kling M and Schroll E.  2007. Metallogenesis of germanium:
A review[J]. Ore Geology Reviews,30: 145-180.

Hu R Z and Zhou M F. 2012. Multiple Mesozoic mineralization events
in South China—An introduction to the thematic issue[J]. Minera-
lium Deposita, 47: 579-588.

Hu R Z, Fu S L and Xiao J F. 2016. Major scientific problems on low-
temperature metallogenesis in South China[J]. Acta Petrologica
Sinica, 32(11): 3239-3251(in Chinese with English abstract).

Hu R Z, Fu S L, Huang Y, Zhou M F, Fu S H, Zhao C H, Wang Y J, Bi
X W and Xiao J F. 2017. The giant South China Mesozoic low-
temperature metallogenic domain: Reviews and a new geodynamic
model[J]. Journal of Asian Earth Sciences, 137: 9-34.

HuRZ,WenHJ,YeL,Chen WT, XiaY, Fan HF, Huang Y, Zhu J J and
Fu S L.2020a. Metallogeny of critical metals in the Southwestern
Yangtze Block[J]. Chinese Science Bulletin, 65(33):3700-3714.

HuR Z, Chen W, Bi X W, Fu S L, Yin R S and Xiao J F. 2020b. Con-
trol of the Precambrian basement on the formation of the Mesozo-
ic large-scale low-temperature mineralization in the Yangtze
Craton[J]. Earth Science Frontiers, 27(2): 137-150(in Chinese
with English abstract).

HuY S, Ye L, Huang Z L, Wei C and Danyushevsky L. 2019. Distribu-

tion and existing forms of trace elements from Maliping Pb-Zn de-



a2 S

RIS A4  IN AT TR BN AR B B (A7) LA-ICP-MS J3AT 2 HAS 78 3L 875

posit in northeastern Yunnan, China: A LA-ICP-MS study[J]. Acta
Petrologica Sinica, 35(11): 3477-3492(in Chinese with English ab-
stract).

Lan T G, Hu R Z, Fan H R, Bi X W, Tang Y W, Zhou L, Mao W and
Chen Y H. 2017. In-situ analysis of major and trace elements in
fluid inclusion and quartz: LA-ICP-MS method and applications
to ore deposits[J]. Acta Petrologica Sinica, 33(10): 3239-3262(in
Chinese with English abstract).

Lan TG, HuR Z, Bi X W, Mao G J, Wen B J, Liu L and Chen Y H.
2018. Metasomatized asthenospheric mantle contributing to the
generation of Cu-Mo deposits within an intracontinental setting: A
case study of the ~128 Ma Wangjiazhuang Cu-Mo deposit, eastern
North China craton[J]. Journal of Asian Earth Sciences, 160: 460-
489.

Lerchbaumer L and Audétat A. 2012. High Cu concentrations in vapor
type fluid inclusions: An artifact[J]? Geochimica et Cosmochimi-
ca Acta, 88: 255-274.

Li Y, Audétat A, Lerchbaumer L and Xiong X L. 2009. Rapid Na, Cu
exchange between synthetic fluid inclusions and external aqueous
solutions: Evidence from LA-ICP-MS analysis[J]. Geofluids, 9:
321-329.

Liu S, Zhang Y, Ai G, Xue X, Li H, Shah S A, Wang N and Chen X.
2022. LA-ICP-MS trace element geochemistry of sphalerite:
Metallogenic constraints on the Qingshuitang Pb-Zn deposit in
the Qinhang Ore Belt, South China[J]. Ore Geology Review, 141:
104659.

Mao J W, Cheng Y B, Chen M H and Franco P. 2013. Major types and
time-space distribution of Mesozoic ore deposits in South China
and their geodynamic settings[J]. Mineralium Deposita, 48: 267-
294.

Mavrogenes J A and Bodnar R J. 1994. Hydrogen movement into and
out of fluid inclusions in quartz: Experimental evidence and geo-
logic implications[J]. Geochimica et Cosmochimica Acta, 58: 141-
148.

MuL,HuRZ,Bi X W, Tang YY, Lan T G, Lan Q, Zhu J J, Peng J T
and Oyebamiji A. 2021. New insights into the origin of the world-
class Jinding sediment-hosted Zn-Pb deposit, southwestern China:
Evidence from LA-ICP-MS analysis of individual fluid inclu-
sions[J]. Econ. Geol., 116: 883-907.

Ni P, Wang X D and Wang G 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[J]. Ore Geology Review, 65: 1062-1077.

Norris A and Danyushevsky L. 2018. Towards estimating the complete
uncertainty budget of quantified results measured by LA-ICP-
MS[C]. Goldschmidt: Boston, MA, USA.

Pan J Y, Ni P and Wang R C. 2019. Comparison of fluid processes in
coexisting wolframite and quartz from a giant vein-type tungsten
deposit, South China: Insights from detailed petrography and LA-
ICP-MS analysis of fluid inclusions[J]. American Mineralogist,

104: 1092-1116.

Pettke T, Oberli F, Audétat A, Guillong M, Simon A C, Hanley J J and
Klemm L M. 2012. Recent developments in element concentra-
tion and isotope ratio analysis of individual fluid inclusions by la-
ser ablation single and multiple collector ICP-MS[J]. Ore Geolo-
gy Reviews, 44: 10-38.

Seo J H and Heinrich C A. 2013. Selective copper diffusion into quartz
hosted vapor inclusions: Evidence from o ther host minerals, dri-
ving forces, and consequences for Cu Au ore formation[J]. Geochi-
mica et Cosmochimica Acta, 113: 60-69.

Shan Q, Zeng Q S, Li J K, Lu H Z, Hou M S, Yu X Y and Wu C J.
2014. Diagenetic and metallogenic sources of Furong tin deposit,
Qitianling: Constraints from Lu-Hf for zircon and He-Ar isotope
forfluid inclusions[J]. Acta Geologica Sinica, 88(4): 704-715(in
Chinese with English abstract ).

Shu Q H, Chang Z S, Hammerli J, Lai Y and Huizenga J M. 2017.
Composition and evolution of fluids forming the Baiyinnuo’ er
Zn-Pb skarn deposit, northeastern China: Insights from Laser Ab-
lation ICP-MS study of fluid inclusions[J]. Econ. Geol., 112:
1441-1460.

Shu Q H, Chang Z S and Mavrogenes J. 2020. Fluid compositions reveal
fluid nature, metal deposition mechanisms and mineralization po-
tential: An example at the Haobugao Zn-Pb skarn, China[J]. Geo-
logy, 49: 473-477.

Spencer E T, Wilkinson J J, Nolan J and Berry A J. 2015. The controls
of post-entrapment diffusion on the solubility of chalcopyrite
daughter crystals in natural quartz-hosted fluid inclusions[J].
Chemical Geology, 412: 15-25.

Tugarinov A I and Naumov V B. 1970. Dependence of the decrepita-
tion temperature of minerals on the composition of their gas-liq-
uid inclusions and hardness[J]. Aksd Nauk SSSR Doklady, 195:
112-114.

Verhoogen J. 1952. Tonic diffusion and electrical conductivity in
quartz[J]. American Mineralogist, 37: 637-655.

Wang D H, Chen Y C, Chen Z H, Liu S B, Xu J X, Zhang J J, Zeng Z
L, Chen F W, Li H Q and Guo K L. 2007. Assessment on mineral
resource in Nanling region and suggestion for further prospec-
ting[J]. Acta Geologica Sinica, 81(7): 882-890(in Chinese with
English abstract).

Wang H, Lan T G, Fan H R, Huan Z L, Hu H L, Chen Y H, Tang Y W
and Li J. 2022. Fluid origin and critical ore-forming processes for
the giant gold mineralization in the Jiaodong Peninsula, China:
Constraints from in situ elemental and oxygen isotopic composi-
tions of quartz and LA-ICP-MS analysis of fluid inclusions[J].
Chemical Geology, 608: 121027.

Wang W. 2005. Mineralogical study on the genesis of sphalerite and
chlorite in the Furong tin ore field in Chenzhou, Hunan[D]. Super-
visor: Zhang H K. Beijing: China University of Geosciences(in
Chinese with English abstract).

Wei C, Ye L, Hu Y S, Huang Z L, Danyushevsky L and Wang H Y.
2021. LA-ICP-MS analyses of trace elements in base metal sul-
fides from carbonate-hosted Zn-Pb deposits, South China: A case



876 o JZN

b Jt 2023 4F

study of the Maoping deposit[J]. Ore Geology Reviews, 130:
103945.

White S. 1970. Ionic diffusion in quartz[J]. Nature, 225: 375-376.

Williams Jones A E and Heinrich C A. 2005. 100th Anniversary special
paper: Vapor transport of metals and the formation of magmatic
hydrothermal ore deposits[J]. Econ. Geol., 100: 1287-1312.

Wilson S A, Ridley W I and Koenig A E. 2002. Development of sulfide
calibration standards for the laser ablation inductively-coupled
plasma mass spectrometry technique[J]. Journal of Analytical
Atomic Spectrometry, 17: 406-409.

Xing LZ,Peng J T, Li Y J, Tang Y W and Gao J F. 2022. Vesuvianite:
A potential U-Pb geochronometer for skarn mineralization—A
case study of tungsten and tin deposits in South China[J]. Chemi-
cal Geology, 607: 121017.

Ye L,Cook N J, Ciobanu C L,LiuY P,Qian Z,Liu T G, Gao W, Yang
Y L and Danyushevskiy L. 2011. Trace and minor elements in
sphalerite from base metal deposits in South China: A LA-ICPMS
study[J]. Ore Geology Reviews, 39: 188-217.

Ye L, Liu Y P, Zhang Q, Bao T and He F. 2017. Trace and rare earth el-
ements characteristics of sphalerite in Dulong super large Sn-Zn
polymetallic ore deposit, Yunnan Province[J]. Journal of Jilin Uni-
versity (Earth Science Edtion), 47(3): 734-750(in Chinese with
English abstract).

Yin S S and Wang C L. 1994. Xintianling scheelite deposit in Chen-
zhou Country[J]. Hunan Geology, 13(4): 205-211(in Chinese with
English abstract).

Yu F, Shu Q H, Zeng Q W, Ma X H, Niu X D, Ma S L, Li Y X and
Xing K. 2022. Chemical composition of garnet from the Xintian-
ling skarn W deposit in southern Hunan and its geological signifi-
cance[J]. Acta Petrologica Sinica, 38(1): 78-90(in Chinese with
English abstract).

Yuan S D, Zhang D L, Shuang Y, Du A D and Qu W J. 2012. Re-Os
dating of molybdenite from the Xintianling giant tungsten-molyb-
denum deposit in southern Hunan Province, China and its geologi-
cal implications[J]. Acta Petrologica Sinica, 28(1): 27-38( in Chi-
nese with English abstract).

Zajacz Z, Hanley J J, Heinrich C A, Halter W E and Guillong M. 2009.
Diffusive reequilibration of quartz hosted silicate melt and fluid
inclusions: Are all metal concentrations unmodified[J] ? Geochim-
ica et Cosmochimica Acta, 73: 3013-3027.

Zhang D H and Audétat Andreas. 2023. A plea for more skepticism to-
ward fluid inclusions: Part I. Postentrapment changes in fluid den-
sity and fluid salinity are very common[J]. Econ. Geol., 118: 15-
41.

Zhang R Q. 2014. Petrogenesis and metallogeny of the W- and Sn-bea-
ring granites in southern Hunan Province: Case study from
Wangxianling and Xintianling[D]. Supervisors: Lu J J and Bernd
L. Nanjing: Nanjing University. 1-193(in Chinese with English ab-
stract).

Zhu J C, Wang R C, Zhang P H, Xie C F, Zhang W L, Zhao K D, Xie

L, Yang C, Che X D, Yu A P and Wang L B. 2009. Zircon U-Pb
geochronological framework of Qitianling granite batholith, mid-
dle part of Nanling Range, South China[J]. Science in China Se-
ries D, 39(8): 1112-1127(in Chinese with English abstract).

Mt F 325 25 3Lk

BRUIAE, s KU, ] 3 . 2008. 31 35 U4 (5 #9 8 PR He-Ar [R] 7 26
FEAE B Rb-Srill4E [T]. sbER=4], 29(2): 167-173.

J5 35 . 2020. WG A4 M T RT IS0 Fe 0 R SC[0]. AV B4R,
(18): 72-73.

AT, AT IS, TR 2016. A8 R R IUBARIL T 1 E ER) ()
[T A A 2F4, 32(11): 3239-3251.

A S IR DCEE, MR, BRA, B0, B, B RAL, Tl
2020a. 71 M B P g 35 OC k42 ) o0 Z N VE (7). Bl i,
65(33): 3700-3714.

HAEG L, RS, Bemkat, £ g, FHE A, H €. 20200, 41 5e i
T FE 20 B JRCRT v A= AR R T AR TR B (1 ) 2 [0]. b 2 1 2%
27(2): 137-150.

WG, R, BB, 22857, /R, Danyushevskiy L. 2019. FL 4L
JRSEEPABED R I TC 3R A0 A 5 AR ZS : LA-ICPMS B 5E[T].
AT, 35(11): 3477-3495.

WEAET, WS AL, YK, emkak, RS, R, BAR, BRI . 2017.
T A A B A K A7 LA-ICP-MS 347 7 vk I ST S HAE ) TR 2
T R[], AR, 33(10): 3239-3262!

PR, TR, AR, S, R, TRATT, AL 2014, B
U SR B 1) B AN T ) SO U B A1 Lu-HE [0 2 A4
fL K He-Ar [A) (v ZUEYE[I]. HUE2A4, 88(4): 704-715.

TARLL, BRI, BRAE, X8, VEEERE, TR 5T, B, BRE S,
ZRAETT, SRARTIN . 2007, BEUA M X B = BRI S AT R T 1n)
WFFE[I]. M 441, 8 1(7): 882-890.

T . 2005, W EE M IR B p RV EET R SR8 A 1 R T 2
FFE[D]. S0 SR . b R~

MR, Xy sKEE, BRIR, (155, T/ME, TORMS, #VTE . 2017. 2
TR B 2 4 Jm T R P N W R £ Oe R M BR (k2
FEAE[J]. 5 MROR 24 ERER 22 ), 47(3): 734-750.

BRI, F B R 1994, M EL BT FHIAES 1 PR ST RRAE [T]. 199 b5, 13
(4): 205-211.

AL, &7 U, B RS, B AL, AR, Sa T, 2= 0T, JiREIL. 2022.
I T B U 1 IR 2 R T DR AR T A B AR B L b I
SL[I). A A EER, 38(1): 78-90.

Tk, TR ARSE, BGHE . 2012, I RGBT HG KA 40 RS0 T Re-
Os [al {3 ZMAE B H b S5 28 X [T, A0 2441, 28(1): 27-38.

FORIE . 2014 RS B RS B AL 5 A R B A FH < A Al A
B A 48] [D]. S0 : i 245, Bernd L. 4 50: B 52 K2 . 1-193.

KA, FIR, SRR, WA, sk, BEETR, W, Mok, El
7R, TR, AR . 2009. R4 i BB A A6 i 5 BE 1 45 A U-
Pb AEACAAR SR, P EBL2E D 4R i ERBF, 39(8): 1112-1127.



