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R AR B S 10 H (S 418730478141603020) 15 M 44 BHAFIH AR FE ST H (9n 5 BRHETF[2015]12081) % B

WE 4SFBTERET FTERNGARECHR L SAERAWILE, E4T RWAT ¥ FURBER &F LM
FEFW. XEQNMTEEF RS MREH S BT UG THANEXREEHNREEMRLZAR, ATH
WEFBR T AERET KNS B RFEMADRIE. FRARET REHT TFEER, & &F144.23~50.6ppm. #
B RMEGT R S0 T HEE H —0.47~2.03%0, FAE & TH T HRTERLKEE B (-1.42~0.59%0) & £ RFAHE
(—2.40~0.32%0) bL B B 44 F- H A R 48 B (W0 e Fo [ 0 R 5)0° "HgfE, TR MLBAAT BEMREAMERE
A48, TEF R ST B M E e EA Hgfl(-0.17~0.02%0), SEHEHEREZRE BN, 5K F&
ERBEFHARENHEBYREALINER, HrEE M ERERTREARF LML B TEWER. &4 KK
MR EHEEN, XENIBEFERETATFERAT TIFELKRE LE, RERREDEBREBIT. A
MNERFZESH. KL RY &8, EEFH R ZNHET L.

KR KEAMCE, FRELME, 47 K, XRER, £F

1 5|8 2002; PengflFrei, 2004; GuZ%, 2007; HuZ%, 2017; Li%%,

2020; KARFIEE, 2020). ZR1M, KT IXLLSOH R 4

BA(Sb) BHIRAE A BR 1 73 A5 A 51 (115 Schulz%E,
2017). T [ESbHE & A ERIT1/3, B4R 2 AE
SO H (Wu, 1993; 7R TH4, 2002; USGS,
2020), XA ASESERE KB LS IR, 1R
SO R 1) R PR A2 28 55 1o 2 SR I B s A T %, e
TER RAFAESE 7 T AR S T B K e (5 AR T4,

JEE SRR B BTIAFAEAR R B AR A S sthER1k
SR F AL R R B (WNH-0 . SHIPL A 47 ) T B R 23X
SEShA PR IK &2 B ORIR, (H52 R T VAL ) 2 Ak PR
fill,  HRTEATE R YRR AR BR e A
AR (Hus%, 2017; S5 4, 2020).

K (Hg) e ME— F A7 2 3% b & ) 18 (mass-dependent
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i SchulzZ(2017)18

fractionation, MDF, % 6> HgZ %) flE i & 41
(mass-independent fractionation, MIF, 7 FA'Hg#
MEEIGER. ik £ TE R, HelRIfr =ik
O KRN —NA R REE TR TRz
V5 G PE(Blum&S, 2014) A1 5 8 1h 5 B S EE K
TR 9 7 A Cn KL R AR W) K 45 ) (Grasby 55,
2020). ST HefERIRHPE RS HH HAu, SbMAsSE
TCR BV (Zhu, 1986), HglE A &t FH kR &
IR R, W SR B, HelR A7 2 5 & 2 18 nl LA
KRR ARG — L AR R s . A Ak 5 A
W IUTUE)(Smith%%, 2005, 2008; Sherman%s, 2009), ifij
Hg[FIA7 28 4 5 & 53 18 mT DL SR B3 O 40 o2 2K (X
4%, 2018; Yin%%, 2019; Deng%, 2021a, 2021b). &1
Hag [F£07 25 45 i & 4018 (A Hg il —0.4~0.3%0) 7E A< AL
AR AV R (Deng®s, 2021a, 2021b)FIHER IR
Pb-Zn-Au-SbH K (XuZ%, 2018; Yin%%, 2019; Fu%%,
2020a; Liu%s, 2021 A RIE, BRXq R T
Tt b AT PR A 1) 2 i P (o 3 AT O M) H Hg (1)
. H TRt HOWE AR PERR S 1 H W R AN [ 1)
A"Hgfl, HgRIMZ KR B85 S T LUH/E AT 5
(RN B LSRR - AR PR 1) B A
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A6 TG SO PR BT LA 40 4 S S B B R A R
WA . RS R AE 1) 28 (5 —SbA R AISb £
& B IK; PengflIFrei, 2004; Fu%, 2020a). Fif AXF 4 ER
BREGH LSO PRHe R =0 5 A N Hg F R H
BT FE AR SR LR (Fu%, 2020a). 76 IERE |, ASCKHT
FXTGY R EEFISOE &R (IKIESb-Au-W) FHAh
REFENE B —SbCEYE SO FRF IR, 1Ak, T6b> R4
(1) A B I € QR T AN o A AR L T JE Hog [ 7 36 2
B, A REHAIR 2 HE R SO PR I P R IRIE B T —
SEMIRERS. R, A SCIEES T2 T % 4 5 Al 2 A i
A AR Z He R R AL A 78, & 7E 8% b S
W IR AR SE 1t 78 55 AT Hg [RIA 2 ARt b, kB e 48
i 1 R AE AR SO PR BT 0 5 R

2 MR

2.1 X R R

AE R SbA A ENE-SW A7 1000km K ) B 37 7 i
AR I 17147 R0 1 S bt e o o A 3 17l ¥ e i 1 L o e
fi(Li%, 2009; Zhao, 2015; [El2a). HEEGSbH 1 & HEH
MR R I R 2y (Zaws, 2007), Ja# EEAE
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Bl 2 @R EE ) MERESHE H7E B EE (b)
(@) S AR e, YT R LA ARG A ARG R 0 L, 4 (2017) B4 (b) HELuo%(2020) 2%

TEESEVEE A8« A T 7 I G Tt SR B 4 AN P 2
i R L BT (46 4 T8 (HuZs, 2017; K2af12b). [X
3 b 87 BT 0 AR 8 T K - R R AR G
REGFRAE K4 (Zhao MllCawood, 2012) LA K i A:4%- 11 2
LR E G R P, 2020). 77 FE AR LA RS &
PR T X3RN, A b B o BT R it Ll A (J512b).
FEEER ARG B Z AR, 7T A AR
wA-ERTG: (1) BRR- E=SGEAHTTBHE,
Fe B B IR e T R A T R o 2 R e
R ) L=8%-AF RMAHKEZ, EERDE
YRS A T4, 2002; HuZk, 2017; FuZ%, 2020a). 54
H AR b, VTR L 7 R i e A A R 5
(ZhaoF1Cawood, 2012).

RSO IR THe - =8 REH, 55K
FA B RE R R (S RFEE, 2002; $H%GDAE,
2020; Li%, 2020). Sb# KATLL4» A5 —Sbi fISb%
BN B—Sbl R B H T AEARHE T, A TE
R B RN A (LA R R e, R DU L R b
SbH A N R (K2bME3; Fan%s, 2004; H2EHE,
2014). TISbZ & @A PR (UIVRE AR 2 45 W) 3= B9 A
ER P A a2k, 7T R R R R R
(2b; Gu#, 2007; Zeng®%, 2017). Ml tEAR B FL R
B, KB KBS IR BT Mtk 2 - 5 (1 Ak, A%
W4 N160~120Ma(AIHIZSHA™, 124Ma, Li%%, 2020
BHT1LISbE”, 156~124Ma, PengZ%, 2003; EIiSbi,

131Ma, HZERE, 2014), /b&EH RN T 5o AR
- = & (HUEE, 2017).

22 FIXHR
2.2.1 PRYSHATR

e SO AL TV g itk 1L 5 7 R v Y EENE-WSW
E A2 AE IR TS R (B 2b A1 3), B Sb& R &
148200t(Z4= 50K, 2014), B A7 82.00~3.79%(H %E
[E, 2014). FIEH XU HE EEAE RS
PREF KL A TR A R BAOTUE . AR S)
PLE R 2 S8 e i K 4 . FR € 4L A gk L 4 4 2 (K
Hy AnE RS ). BEAN, AT WL/NE SN fE
A U R 5 2 0 AT 75 - SOl IR I 3 (Kl4a; T2
TR 5, 1994).

FH SO RN — b ALV 2 IR B G A
JZHICIRE R (FE4b). 7™ 1Ak 3= NN W-SSE [ 2 3
EWIERE, 1RSI [m) b 35 5 8 () R A% e
R(E4; E2EMEE, 1994; HEE, 2014). A
FEERRAKAAPOR, 8RR GRS AN ik
Z(K5a~5¢c). HHAM SO RIS, 2FHi S HEEh
WM — B2 M EN &R W(Esd~50). ah
YIEBERNAIE, TRA R A oA (ESa~50) Kb & 11
Boabh, AEMESA. PRI REE BT LA
BRI B O AR BRI Bk
W -REEEA B B RGBT BOAE SS I BLA T AR (L 45 kiR
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2.2.2 K& Sb-Au-Wi i

TR Sb-Au-WH R T 25 b 2 (K2), 4%
ZEIR B A% £1220000t Sb. >50t Auf125000t WO;, -
A4 5 H2.8% 9.8g t F10.3%(ZhufilPeng,
2015). X H & HhUZ AT G AR SR BERIRRIZ A LA

330

FARLMIZNE. R FBERED AT XK
6a), HHCA S WA AT 10 SRR AR T D =
2 WA A, BORRE R = B BCS  BEBAR
s WA WERACE AR A AR, 2 T AR
R, AR B R GRS A5 6a).

TRIEH DX 32 2R B AEB-W A JR AT I RIR T =
TEE(E6b), LURARS WUBCIRATAS I AT S ks 3. B
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Bl 5 RIS R AR R FEE S
(a) TRIEARFEBRT -0 SEIKAK; (b) FEBED - DERLIK; (c) BUMRMESRT 8 2 A3, (d) ARG M A Z 0 SR SR (o) BE a5 h
M E=AHEE () A MEkA s AR, (d)~ON T EU B, Stn, ¥E65; Qz, AJ%; Dol, A= A; Fe-Dol, = A

REE THREN SRBEAS A BCAN. ZIR REWE. B BORT LA DU 504 -k iR
WKL) B A ET70%, 2 EPAT TR HZEM AREB. G- B AR B
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Bl 6 HFRIESb-Au-WH X3t 5 FE () F1A-BEI T [El (b)
(a) #Peng MFrei(2004) 5 (b) %' IR 4(1996) 12

A A B BR ER BN Bt (XL, 1992; ZhuAIPeng,
2015). EESH AN B BT A - AT E,
BIE KB MBEIRRT/EE, —HWTEH T X
PO T 25, 2014). FHESH ™ WA - 35 2k -
WEBRIT - ARG Bk % )(ZhuM1Peng, 2015). Hl%hAs
PAT 2 0 A I3 1. REfb . 28 = RHL AR IR 2h 1k
NE. RV YEE N (KTa~Tc). FEE. A
A (ETd). HRE (R Te)FIBAT DL D& 7 Y
W NERD FIEERD. VEANM AR P& R 4 2
fiEZ [ Gua5(2007). BT NAFEAZEH T HRAE PR AN el 47
%, 70 R402Ma(E2 s A, 2003)F1145Ma( 5t B L
&, 1993), BE7RIRIEN IR AT ReZ T 1 2 3R 1E .

3 BEMAIATITE

AU TC I PR 5 A0 - B A BORTR I
ASE-BRA-REBRA - B SR B B R R SRR
fin, [P A DX SR 4R B IR 3 R S A
AN AR Z G A . DR 0 R R 3 I

332

S X (26 A1E(3), PAHERR RIS B % He Tt K
FEAE 2 L 2% Jie [ 22 S 1 (http://earthen.scichina.com). 5K
EUHIRE A 2 T TE TR AT BRI AR, $R15200 H #r oK
FE . B S Hg R Hg R A7 208 20 At 76 Hh E R B b
BRAL ZEHIF 7E T € .

FE 5 S Hg il FHDMA-80 Hg /3 B 4% 1% 88 GSS-
A(HIEBRUEDI R [RICR A90~110%, FE i B2 iR 2
<£10%. FE A Zerkle 5 (2020) HE 1 AU B it 1
(T S 5 92 4% F T Hg R R M . RS Ab
P [EI S, A AR AEY) 7 GSS-4 8125 FIREVE M. He
T EINAEH, GSS-4EIILZH9I5~100%, M7 HFEM
He & 2K TAES AR, FH Neptune  Plus® 2 £21%
FELJBGR  TUS SCIR AT, T S A BRI FH 10%HCI
VSRR B Hgk £0.5ng mL ™' (Yin%%, 2016). Hglaf
R UL Hg R, B 6 R %0, THEARAED)
JFCANIST-3133, A F:

5202Hg _ [(ZOZHg/ 198Hg)ﬁ,ﬁ:/(zozHg/lggHg)ﬁ:ﬁ _ 1]
x1000. (1)
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Bl 7 RIZESb-Au-WH IR FAraAFR H EE 4
(a) HRA FEHEERH 45 (b) BCIRA SRR T7 A 41 () BCIREERER™; (d) IR IIRAIR BB AN TS0 (o) MEBRHT ki 210 5 SR 4 350
Qz, AYE; Stn, MEEHH™; Sh, AH3H; Py, BEH"; Au, B &

BB MR AR, FRAGIA S He iR (A5
BRI 2 A1 22 57, B %o, 1A 3000 T
A™Hg ~ 5™Hg— 0*ZHg x /3, )
A, % T Hg. *“Hef*'Hg, AME45150.2520.
0.5024410.7520(Blum A1 Bergquist, 2007). 1 #SAHE
PR AR YD NIST-3177F1GSS-4 5 1%, Wi fE 3K
HUHINIST-3177(6""Hg A HgFfIA* Hg 43 I H(~0.51
+0.08)%o0+ (0.01£0.06)%0F1(—0.02+0.04)%o, 2SD, n=12)
MGSS-4(5°Hg. A" HgMA* ' Hg4 5 M (~1.69
+0.14)%0~ (—0.44+0.08)%0H1(—0.41+0.08)%0, 2SD,
n=6) Y18 5 7 N K& 1 B — B(Blum Ml Berg-
quist, 2007; Moynier?%, 2020). NIST-3177 &% Hg.
A" HgAIA™ HefH K12SD 43 511 9 (£0.08) %0+ (£0.06)%o
FI(£0.04)%o0, FIAAE A YR EHE 1) 73 T iRt 22

4 4R
41 B
e B R AR A X B AR B g B

6.62~50.6F114.23~7.65ppm(1ppm=1ug g'). i~ X ¥
B RE S B FI B0 P He i, 43 5N —0.47~1.57%0 11
0.57~2.03%, LARARMIIIA" Hell, 2 H A
—0.17~0.02%0F1—0.17~—0.03%o( £18).

42 ARtk

DX 3 bty A A 2 R R R R i B R
Hg& &, 40 %1°40.003~0.277410.001~0.809ppm. 5%
BRURERARLE, AR S G B BRI Hell
(—=2.40~—0.32%0) FI#5 E 1A Hg 8 (—0.11~0.27%o). T
I R A i U S P 4 1 0° Hg A1 A Heg L, 43 31
HN—1.42~0.59%0F1—0.20~0.10%o( 1X18).

5 Wig
5.1 4EEESbA R HglR L& 1 54

HETE Y B AR X R AR TR A FET
FE R BE R FE o Hg R A7 2 20 3 T 9 48 i B 22 S 14T B 8.
AR A 0" P Hgff (~2.40~—0.32%0), TE
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© HEAUTTIREERIAR)

o BIREEFRSO(XRIAR)
A ESH () (ERAFY)

A FEERI CRR)(AXRAR)

A FEERUT (B0 LL)(Fu, 2020)

?" g QJ 8% i %‘; i . o HFBETIA(YinZ, 2017)
< [ Ry I‘.A |8 o #ERETEDP-Ni-Mof (YinZ, 2017)
il L @ y A
O e ° 2 o, 0 4FEP T JRE(YinZS, 2019)
_ O A 0 A Ay A4
[ X AEEFAU-Pb-Znll™
02 e ° (XuZs, 2018; YinZZ, 2019; LinZ, 2021)
- [ HFALS NS XBYAUl (DengZs, 2021a)
3 E 1 0 2
522Hg (%o)

@ 8 #Fﬁ:A199Hg_5202HgE%
Rl AHHg X S H Blum%5(2014), IGHRVTA I H X 38k Yin%:(2015) F1Meng%5£(2019)

Bl 8 vt 5 3 v T B A AN b 338 (1 67 P Hg 3 Bl — 3%
(Blum%%, 2014), WE/RUTEUA TG A K AR B 5 1 Hg
[F A7 25 5 B A 1. AR TR R A A B L RUE &
8" HgfH (—1.42~0.59%0), -5 A4 JE W2 1 kst
X A5 5 i 0" PH AL Z A, —0.65%0; 40P,
—0.11~0.20%0; Smith%%, 2008). A, #7048 i ' 4
RIERIS  HeE (K8), Bl & i T IR K A R U ()
((—0.68+0.45)%o, 1SD; BlumZ%, 2014), I/ 7E 4% 5 i F&
o R AR TR B H R R I 2k

P IORIRIEG XS FE ) B Bm 0™ HefH,
4513 51 28(0.32+£0.60)%0(1SD,  n=18)F1(1.25+0.63)%o
(1SD, n=6). XLE¥H 5 [E P R B # X F HPb-Zn
XA 0((0.15£0.38)%0, 1SD, n=17; Xu%, 2018)LL
K AR AT 1L SO X EHAT((0.410.34) %o,
1SD, n=15; Fu%%, 2020a)Hg w4 2 Jii &5 18 20 ieAf L.
5 A b 55 i P HLg [R5 2% 2L R A B (g 56 R i . 2
455" Hg— BN, Blum&, 2014; Hul 450" He i
I A0%o0, ShermanZs, 2009), 2s 3CFTHF 78 AT PR H i
HIRE S BT B 0 IE ™ Hgfl, 78 78 Bt #2 o
(W RE . FALIER . B UiE AR JE; Smith%E,
2005, 2008; Sherman%s, 2009)7~4E T HglF 7 & i & 7
T, SEEHgRINM R E 4.

5.2 Hg[R AR AR BT E 4 R0 4 B Sh AT i AT &2 Js
R F il 29
H1 T Hg [7) o2 2 4k 5 & 2318 2 B R AR 3 I

334

NEFE, HglRIA 2 AE & 180T LU RA e =& s
KR, Hg(I) 6 E0E JFEAE FA 3 S S Hg((0) B A 7L
A" Hgft, FAH(IDWEAA LA Heft, H =%
A"Hg/A* Hg 18 % ~1.0(BergquistFIBlum, 2007).
U5 1 Hu b8 A H B 1 9 0%0(ShermanZs, 2009), 1H
— BB REIR SIS, AR & THRHIE B e 4 ot th
RN TGS, HUBRER AR AT DL W 42 31 B 2 (1 H A
fr ZAE R B4 M5 5 (A HgMA™ ' Hg fH>10%0), H.
A Hg/A* Hg A 2191.0, % BAHg(I) 6 B08 5
N A Hg = Az [R) v 25 JE iR =2 20 VR 1) 3 225 (Al (Blum 55,
2014). HAKIM T, Fhikb g 2 anfeg A 3%) B T-Hg(0)
(RN R T LA LI A Hg B, 1TV P (Vg K R K
PEVUR M B T Hg (1IN (T M B & IEA P Hefl
(Blum?, 2014).

BT NBFCR IR, BN -l gl RA  Hgfl 5
HumSAE AL, FIUTIL0%0(ShermanZs, 2009; GrayZ,
2013), ¥87~Hgr A F Hobg. W& M Hg R 7 R AE il &
SAEME S (A Hg=—0.4~0.3%0) O 1E 2 BR 1R 2 HH IR
R, Haxsert A Hy/ A Hg B 2 1(K9), %
FHgRE MNHLER R 2 R FIE B PR RS, B, 1E
] 2R b Hb XU A 20 I Al R 7 R R 3 IE (1)
A"’ Hgft(DengZ%, 2021a), 534k PE (Ui AR R RVE
VURINAHF R, X 2 B R EERR B R ol R 5 4
— B B M REHg W NIAH G Al #Gl R, mite
P Au-Sb-Hg-Pb-Zn#" K 7 A" He i NI HEK He K
8 B A R (XuZ, 2018; YinZE, 2019; FuZf,
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2020a; Liu%%, 2021).

AR T WA SOR™ PR 1 (A" He i 5 4E 7 Au-
Sb-Hg-Pb-Znfi" FRA" H (B A 1E—F(1519), 2 HiX Lepy™
PRAT RE B A FAE I HgIR. 110 Zhu%s(2020)7E Ph 7 B FE v
R BRI AN P X R A5 10 I JE B Ak A i T 7R
FHIER A HIE. Fk, 3 E0E PR IR M Hg AN e
RSO IR LA P Hell. BB ia &t FESbik
PRI SLI W, (IR SR IR Il 4 B A & B
U5 A6 5 B A R (Fudg, 2020b), #E—HHER T BRIk E
2SN ISR A B RIE T R

ER AR B FE I R A A AR AR TR S 48 R
235 I Hg R 3R R BT B A TR (11 8), 1B A ARITRR
HEEERIFRMA  He (N FE R B TS, Yinks,
2017, FR-RELDIRE, RRETL; b AERIKE S,
YinZs, 2019), A GE FI R MRS IR f A He (4.
BTN BT AR BR (b 25 73 B 45 FE R [ o i AR 8
AR AE B AR ARG B XIS AR 55, 2002), FRREEHSD
W PR B & 8 T B X A A AR A . B
A" Heg 8 578 5 JE B R A L& 10a), R BTIX S
EAAR Y &R E X, [ NIRIESLR 45 3
WAIE>90% T Hg, 45% 1 AuR175% 1Sbr] DL\ F 7€
A IR BV P (S AR THEE, 2002). BBAF, BT
FRAGHE DX 3 AR IR TR AT R 6™ Hg 8 5 92 2 AH
A(EI8ANE10b; Deng%, 2021a), FKWFEHg/EIX2KAu
PR B A I A % A W R BRI . X R
ZR Ak Hi X SR 3 MR 9 BRI T R AN R A B SbAT

A™Hg(%o)

A®Hg (%o)

E 9 ﬁ;ﬁzAmHg-AzmHgE]ﬁ
FE SR FRICAT 5 R R [ 18

PRAFLEFE AL 2 5. JICE SRS R A
KR Hg, FHHEAE KRR (Dengss, 2021a), XA
T2 H Hg A7 2 5 & 20 T I s S HERR 18 JR BT Hg
R R AR B RN R B B T RE. AR S
W52 2 (1 Hg (1) 5 270 18 0T g R AR TR RS IR i
JE4 BT AE. T Sb-Au-Hg S %t £ FEISb-Auly”
PRI 4@ Pl e 5 Hg 2L, 3995 AT %€ R R, e
P4 Au-Sb-WELW-Sn W ISR, U] HH 85 A HETR) 57 25 A
A AN R RS PR 52 T H 72 [ Aok U5 (9 3 A8
2 2020; H/IREE, 2020). 4 A W-Sn-Cu-Pb-
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5.3 BRSO R
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