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Fig. 1 Geological map of Baimashan—Longshan—Ziyunshan gold belt, central Hunan, showing main gold deposits
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Fig. 2 Geological map of Xingfengshan gold deposit, central Hunan( modified from Chen Wu,2013&)
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Fig. 3 Photographs of ore veins in the Xingfengshan gold deposit,central Hunan: (a) sheeted quartz veins,at No. 620 level on I

ore belt (2# orebody) ; (b) sheeted quartz veins,at No. 660 level on I ore belt (2# orebody) ; (¢) sheeted quartz veins,at No.
700 level on II ore belt (2# orebody) ;(d) sheeted quartz veins,at No. 700 level on I ore belt ( 1#orebody)
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Fig. 4 Photographs of different quartz veins and hand specimen from the Xingfengshan gold deposit, central Hunan; (a) vein with

pyrrhotite in pre-ore period crosscut by auriferous quartz vein; (b) biotite developed on both sides of auriferous quartz vein; (c)

NW-trending auriferous quartz vein crosscut by NE-trending barren quartz vein; (d) muscovite developed on both sides of barren

quartz vein
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Fig. 5 Microphotographs showing different-stage sulfides and altered minerals in the Xingfengshan gold deposit, central Hunan:
(a) different-generation arsenopyrite in ores;(b) early arsenopyrite replaced by late pyrrhotite; (¢) metasomatie—relict texture ;
(d) pre-ore pyrrhotite oriented along phyllitic foliation; (e) early scaly ilmenite replaced by late pyrrhotite; (f) biotite intergrown
with apatite and ilmenite; (g) pyrrhotite intergrown with chalcopyrite in the late mineralization stage; (h) native gold occurring in
the form of micro-gold in the late mineralization stage; (i) alteration of plagioclase—chlorite developed in the late mineralization
stage
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Fig. 6 Microphotographs of fluid inclusions in different stages of the Xingfengshan Gold Deposit, central Hunan; (a) Type I,

inclusions in auriferous quartz; (b) Type I, inclusions in group in auriferous quartz; (¢) Type I inclusions in auriferous

quartz; (d) Type I, inclusions coexisting with Type I, inclusions in auriferous quartz; (e) Type I, inclusions in post-ore

quartz; (f) Type I, inclusions in groups in post-ore quartz
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Table 1 Microthermometric data of the fluid inclusions in different-stage quartz

in the Xingfengshan gold deposit, central Hunan

s | | TR L0 ki, CO, AIIKIRIE(C) S (eNaCL, ) | 3
1}/ N - .
i ( Unuﬂfﬁ) ( OC ) tm((l()z) lm(,]ﬂ) th(- ( Unﬂﬂiﬁ) ﬁit

o Ta| 219.5~412.0(417) -0.4~-8.2 — — — 0.35~11.94(308) | #&HH
Wb B Ib| 305.5~420.2(27) -1.0~-5.2 — — — 1.57~8.14(15) vl
TP | 288.8-302.1(2) — -59.4~-50.9 | -8.2~-4.5 | 4.2~16.4 — AR
WA | Ta| 158.2~308.5(153) | -0.4~-4.2 — — — 0.71~6.74(126) | WAH

E:t,‘—fiﬂ~ﬁf§;tm(m)—hkfi‘?ﬁﬁ;tm(mz)—COZ WL 5t 00y —CO, AR 51, —CO, TR —IREE

note ; £, — Total homogenization temperature , inclusions marked (C) homogenize to carbonic phase, non-marked ones homogenize to liquid

phase;t,,;..,— Final melting temperature of ice;t,, o) — Eutectic temperature of CO, ;t,,( 1,y — Melting temperature of CO, clathrates ;z,,—

Partial homogenization temperature of CO, , inclusions marked (V) homogenize to gas phase, non-marked homogenize to liquid phase,
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Fig. 7 Histograms of homogenization temperature and salinities of fluid inclusions hosted in different-stage quartz of the

Xingfengshan gold deposit, central Hunan: (a) homogenization temperature in the late mineralization stage; (b) salinities in the

late mineralization stage; (¢) homogenization temperature in the post-ore stage; (d) salinities in the post-ore stage
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P TR 2 P S (A A s o bR A ol 9 AR AR 1Y)
PR B R A AR R JE T A O PR, A AR
L4 B PR A BT LB R 2k 420°C

FIH =A@ BT CO, MR —IRE 5%
JEFE CO,—H,0 R R V—X & f# 7% ( Diamond,
2001) , ATPFE A AR & 0 R AR T X,
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Fig. 8 Representative Raman spectra of fluid inclusions hosted in different-stage quartz of the Xingfengshan gold deposit, central

Hunan: (a), (b), (c) fluid inclusions hosted in auriferous quartz;(d) fluid inclusions hosted in barren quartz

TR 0,08, 45A AR i ¥ — 5 R R B
H34E Frantz 55 (1992) #2419 H,0—CO,—NaCl K &
FRIE Hh 28, SRAFIZ 0 B 1 5 & 714 40 ~ 80 MPa
(AR R ETT) o B FAPOL &8 R4 7= R 5%
Bt (35°~62°) , AR HL A KR ol 32 27K A7 # K
JEJ7,L4 10 MPa/km AYFK R ) B 17115, AT 145
HWW RE KA N 4~8 km, BT &K iAW
CO, Fi 5 1 5 8 35 1% 15 A 3¢ 14 ( Messabeb et
al. ,2016) , R TR TR ) CO, & i &
BT IS FEARAT , o AL AT PR B BT IR
B A e AR R B, 3 5 i 1L A A
W5 AHEFR

5.2 W REHSERLEW
RS AR I R, B BT AR ZE AR LA
KW R, AR CO, =M ZEMAR, B i 1A
9 CO, AR M T A, 3k 55 b R AIE (B 1
WIRERAEA KT ) ML 2 irah R —a%,
AN IR 558 73 B 1 8 e R G AR P A T K
ZHALT-21.2°C, FHX — 45 R T e 2 T
AEAE— & & REAY KCL, [EAH CO, #1381k B o -
59.4~-59.9°C ,B&AIK T4l CO, By =T, £
CO, o HfEte /D 2 i, SOt hr = o B Rk —
HAESE T XS4 iS4k CH, A N,, CH, WIAFTE
B~ T AR A TR SRS A R T4 miE e, ixX
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Fig. 9 Diagrams of homogenization temperatures versus
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salinities of fluid inclusions in different stages

SR L BT S AR . B BOA SR A Y
Y)— R B4 T 280 ~ 380°C, Eh FEAE 1% ~ 6%
NaCl,,, F1 7% ~10% NaCl,,, 2 [H] S (25 4k, FH]
XS (2011) (3 H5 7 i, T F 5 R S AR 1Y) pH
{4 5. 6, Eh {HR—0. 203 , Ay i FR 1 340 JEE 3 44K 5 1 ok
W5 A 5 U AR R Y B — IR B AR P R 180 ~
240°C [X 35, £h B 4 P 7E 1% ~ 6% NaCl,,, pH {H N
6.2,Eh {54 0. 191, B S A 6] F 08 A

g5 b AL G0 PRI BB A g o rh s i 22
CO, Mif 5 H,0—NaCl ( £KCl) —CO,—CH,—N,
ARG, HAE W W #Erp 207 T B pH T A A
AR
5.3 &HITUENLE

R A7 9 it A AR — IR

7, Au DL AuHS 590 F LT IE A (Gibert et
al. ,1998 ;i f2y 2015) , ik &5 R s, Al 4
PR A JCR™ It A4 T v s i i R 1 1) 3 S B ARG L
TRZRH Au N EZLL AuHS 255 Y1 IE k17 E
o HT AL 4B PR A B 1R B8 S v, X v Ui
FAFTANG TR AR T AuHS 255 WY BRI
([l 10a) , T BOZ Hr 4 09 AL

B B, e il AR S R AR AR T IR
T RRERD ALY T S BORT R FR rh
AR, T AuHS 288 W07E— 7 1Y I 550 F N X i
JE A IR 1) A8 A A 3 B B AR A2 X A (T8 10b) |
PN B I F A PR BERE D A B AL W O TLTE T R
TR TR R R B B, el b B R AR
AR JOR A 2R o 3 P A A8 Sl TR, I 18] 1 )
TETBAEAT U A 2 A B 0 i 9 s A A A B L
HR o 0 A & A UL TE B A A BL I 2 —
( Wilkinson ,2001 ; Herrich, 2007 ) . 5 & 4F FH 1 ol
SR 7 | B It A IR B R R T BRI, Rt 78 X 2 o
FIVEH B4 L0y SR (4n €O, \CH, H,S 45 ) K
HhtR | VTR AN R SRR B 1 R R v AR B
I pH {E#R & A BRI | e 2438 1 AuHS 28 G011
VA P S B R AR (&1 10e) , T 53504 & A 1T
ENEE S

PRI, ZE A AR L A AR 2 e A e A
WIS TP BN EGR T pH [H2UE, B & kA
DUVE M) RBEPER &
5.4 WK ERNERR

HI T R AEAS AR A T R 2 a0 v

R2MPET ASHARRESY ARG EREH—RESHETLL
Table 2 Comparison of homogenization temperature and salinities of fluid

inclusions between typical gold deposits in central—western Hunan

rﬁﬁﬁ’iﬁ E/‘Jﬁ:i)‘]_ilz]( lg 9) 1) Z:XEE EE ) lf]*{ﬂ%g(o(]) %ﬁf}f(%NaCl“q\) ) -
BZIXRA AR RE R EE % PR T o Teem | e | R
P18 AT T Bl v, 28 B RS 3 A | BRYSM | 165~221 | 195 | 2.10~4.40 | 3.80 | @ikt 1999
TR R b A A TR r % WIE | 131~252 | — | 0.88~6.88 | — | Zhu Yanan et al. 2015
o TR TN WOE| B | 120~222 | 171.2 | 1.5~5.0 2.78 | KKK, 1990
Efﬂ?}[){ﬁﬂﬂ{thﬂﬁgay%ﬂmﬂ L "L‘ﬁ M4 | 130~230 — 3.0~9.0 — | [EB4E, 1994
SR, Au FELIEAMBL S FoE | 155~223 | 186 | 2.25-4.40 | 3.42 | B 1999
WX P FIE R () 4, 1994 il | 140~270 | — | 2.0~13.0 | — | #Ed 1991
RS 2013, KFE4 2015) L MUk %rﬁ 1410 | 199~392 —  [2.31~13.10| — | B 2016
. s | WAL 168~328 | 221 | 0.82~14.0 | — | 24,2016
WIRE B m (>350°C) , 7E A4k ) % BETHE | 157~402 | 259 [2.24~13.72| — | #25% 2015
TRYESSME T, AuCL, % 59 /5 4 & AHUL | 219~420 | 312 [0.35~11.94| 3.54 | AX

S A7 P AR T, Au
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Fig. 10 Diagram showing physicochemical conditions controlling the gold solubility and stability of gold complex
[Fig. (a),(b) modified from Mikucki, 1998;Fig. (c) modified from Gibert et al. ,1998 ]
K P8 sl WD Au(s) +H,S=Au(HS) *+(1/2) Hy(g) ; RI@): Au(s) +2H,S=Au(HS) J+H" +(1/2) Hy(g) 5

JZRE®): Au(s) +2C1 +H" = AuCl, +(1/2) Hy(g) . Po—RERERE" ; Py— B8k s M—RERKH™ ; Hem— AR kAT

K in Fig. 10a represent equilibrium constant, reaction equations of 1,2 ,® in Fig. 10a are;Au(s) +H,S=Au( HS) +(1/2) H,(g) ;Au(s)+

2H,S=Au(HS) ;+H++( 1/2)H,(g) ;Au(s) +2CI"+H" =AuCl;+( 1/2)H,(g). Po— pyrrhotite ; Py— pyrite ; Mt— magnetite ; Hem—hematite

AR BRI AR R A AR AT A 3 1 7 4
W IR (254545 ,2016; Xu Deru et al. ,2017) . {HAF
LA™ PR () — e 4 R | b BR Ak 2 R AE B (g 1) T it
R 1 AL A0 IR

(1) 3 LAY 4 R 9 8 $A 0 5 LA IR
= CO, % & AFHIE (Ridley and Diamond. ,2000; 13
T e 55,2007 ), A AR LL 4 0 PR B0 A™ I8 5 w5, T 3t
& Co, AL, i 52 A%,

(2) L0 R IR AR S SR R,

LA F < AT 249 Ak T3 P 2 A L e PR
X553 L B e I A R PR RS 25 AR

(3) %A I A R R ER AL AN R SR T AE
AT i R R T2 R RS A i A e 3 L R Y
HLRYEFAL

PO LR S SR T T B s A L R
W HEAT T XFLE A A P 5 22 Sl B« 5 0 1) — 7 4
73— BERAR , — BEAR T 200°C , B AR 82
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3k A 1K ELAS Ak 78 AR 2 B AR €O, 5 65
T B L —58 2 Ll 4 8 O™ IR B 85
1o, R BE AR AR K, HARA WL co, mya ik
(£ 2) X BB S0 1 &0 K, JF R 1LY
BWIR

AN 0K, 5 E NI RIS
SR LS A B i 1Y b BURRAE 5 A6 SRR
it 51 H7 Alaska— Yukon — iy 4 & K AE % L,
Groves 35 (1998,2003) Fi1 Goldfarb 5% (2005 ) #f j5 #&
PRZ RS RAGH KT KR (Intrusion-
Related Gold Systems, IRGS) , iX J& —2& X 1] F i 1L
RUG A IR, 55 DX 3 52 SR T 3l A %85 U0 R R 1Bk
RAWEH R EFK(Lang et al. ,2000; Lang and Baker,
2001 ; 151z 43,2002 ; B 45,2006 ) . H BT AATR X
KGR 0 b TR AR SEAT T ORUE Y I AN B A
(Thompson et al. ,1999 ; Baker and Lang,2001 ; Marsh
et al. ,2003 ; Goldfarb et al. ,2004 ; Baker et al. ,2006;
Terry et al. ,2007 ; Daniel and Kyser,2011) , {5 [E Py X}
TR EH IRAWIFE i AL T AL BB

AL AT RS IRGS R4 HH LAY 32 24K 4
A

(1) AL X 2 4 A S ik R AR (sheeted-
vein) 5 RER KR B AL R TRGS 2L 454 114 340 5] 14
ik (Hart,2006,2007) .

(2)IRGS B4 5 4 1 fib v BAIK, 38 8 AIK T 4
1070, A HULE™ X 4 B9 7 R 2x107° ~3x 107 (21
5.1993) 1% /NT 2. 5107 (FEREE 2013)

(3)IRGS BG4 R85 R (<5%)
N—B B FERIE R WA S, LD #E BBk
W BTN T B Z BERT MR R A AL AT X
FEUTER WS SEREVET WA S A
R PR R R A 1 B, 3% B A X 38 i ) R
fiE,

(4)IRGS B i) LA TLRALE N Au+Bi+W+
As+Mo+Te+Sb 2535 AR A G, LT X B &
MIBERD | S0 BB VEEHE EH, R 2 IR
P TCRA BN —EEATLRAE (Au+rW+As+
Mo+Ti) 4%,

(5)IRGS MG IR Bl AV L 78, HL AR
1058, R AR A S BRAAR P A A A AR AS B SR B3 X
PR BEIDAE A L DXt R 5 I &) e LR K
A —Ekle A AL AR 2 | F I BURL A IR PO AR R Y
AR RHIE

(6) A A iR BT CO, B IRPE AR,

BT SR R AR AR R, 38, AT X0 XA
SHRF TRIEFUA K S 5 A B IEE R ICE IR
RIT KEW R A L m b s A A e (32
#H 2019)

RIE, A H L 4 0 19 b BT R IR 55 TRGS 78 4 4™
R AL, ™ 5 i SR S A SR ARG

6 %5ie

(D) AL XA SRR R KT, & & A0
JikE: NW ) J A, B I A B ikl NE ) JE A

(2) B 93 B v i it A A R AR DA VA A 2
R E, &R SRR Co, A, ) —
M EETE 220 ~420°C 2Z [H] , 38 5 755 T 280°C , #hFE A2 1k
K, M 0.35%~11.94% NaCleqv. . BB J5 41 de
AL R A R B TR A 2 A, L — TR B R 158. 2 ~
308.5°C , 3R 0. 71% ~ 6. 74% NaCl eqv. , %10
INT R A0

(3) W IKIE T —Fh s i AR AR R
TR EA H R AT CO, BYIR JEMERRAE ; AR I 1A
FOU IR E | & By pH F1 Eh BYREZS | 2 S 80X X 4
RAEDIVE BENCHINER,

(4) AL 2 ) b STRRAE B I AR R AIE 5
IRGS BIGH KM, & 5 KEF A GH KW
Ko

Bigh: WP TAEAR B T IR A A PR A F
RIS B SR RS T A X R X TR
Ui P PSS T RR WA IR T AR N B0 S 4% 5 5 B it
AL RIS 3 T R KAF e K B YR K7
Bl ot hn @45 2 1 rh R BE R b 2 Ao i 5
HE RO TR 48 5 5 8 B fE e — IR Bl R O
iR

i ¥ / Note
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Characteristics of fluid inclusions of the Xingfengshan Gold Deposit,

central Hunan,and its genetic implications

XIAO Jingyun'” ,PENG Jiantang'”’ ;HU Axiang" ,MU Lan®
1) China Key Laboratory of Metallogenic Prediction of Nonferrous Metals ,Ministry of Education ,School of Geosciences and
Info-Physics , Central South University , Changsha ,410083 ;
2) School of Chemical and Biological Engineering ,Hechi University , Yizhou , Guangxi ,546300;

3) State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry ,Chinese Academy of Sciences ,Guiyang ,550002

Objectives: The Xingfengshan lode gold deposit is a representative of gold deposits occurred in the
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Xiangzhong Basin, central Hunan. The deposit, located in the external contact zone of Baimashan granitic pluton,
is hosted by Neoproterozoic slate and phyllite rocks. This study devotes to ascertain the characteristics of ore-
forming fluids and further understand the ore genesis of the Xingfengshan gold deposit.

Methods: Based on field investigation and indoor microscopic study, the petrographic observation,
microthermometric measurements and laser Raman spectroscopy on the fluid inclusions hosted in different stage
quartz from the Xingfengshan deposit, were systematically carried out in this study.

Results: The fluid inclusions hosted in sheeted quartz vein of the ore-forming stage mainly include liquid-rich
aqueous inclusions, and a few of vapour-rich aqueous inclusions and less CO,-rich inclusions, its homogenization
temperatures vary between 220°C and 420°C , and its salinities change from 0.35% to 11.94% NaCl_ ; while the
homogenization temperatures and salinities for the fluid inclusions in the quartz veins of post-ore-forming stage are
obviously less than those of fluid inclusions in auriferous quartz. The ore-forming fluid in this study belongs to the
meso- and hyper-thermal, CO,-poor and reduced H,0—NaCl ( +KCl)-CO,—CH,—N, system, the change of fo,
and pH caused by decompression boiling is the key factor to gold precipitation.

Conclusions; The geological characteristics of the Xingfengshan deposit and its ore-forming fluid signatures
with high-temperatures and the low-pressure are obviously different from the orogenic gold deposits. Combined with
the type of wall rock alterations and its mineral assemblages, it can be concluded that the Xingfengshan gold deposit
belongs to a typical one of the intrusion-related gold systems (IRGS).

Keywords: fluid inclusions; mineralization mechanism; ore genesis, Xingfengshan gold deposit, central
Hunan
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