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Metallogenic mechanism of antimony deposit in Yunxi, Hubei Province:
Evidence from fluid inclusion and in-situ S isotope studies
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Abstract

A number of Sb deposits have developed in the Yunxi area of Hubei (northwestern Hubei), the genesis of
these Sb deposits are still controversial. In order to accurately define the genetic type of Sb deposits in this area,
systematic fluid inclusions and in-situ S isotope analysis were carried out on the Gaogiaopo and Wangjiagou anti-
mony deposits. The metallogenic stages of the Gaoqiaopo antimony deposit can be divided into: I quartz-sulfide

stage, this stage is the main mineralization stage, in which pyrite and stibnite are the main sulfides; II quartz-cal-
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cite-sulfide stage; Il calcite-sulfide stage. The metallogenic stages of the Wangjiagou antimony deposit can be di-
vided into: [ quartz-pyrite-sphalerite stage; Il quartz-stibnite stage, which is the main metallogenic stage; Il
quartz pyrite stage. The fluid inclusions in two deposits are mainly liquid-rich two phase fluid inclusion. From
stage I to stage I, the temperature of ore-forming fluid in the Gaogiaopo deposit decreases gradually. The tem-
perature of the main ore-forming stage was 160~260°C, and the fluid salinity w(NaCl,,) was generally low with
2%~4%. The temperature of the main ore-forming stage is 170~310°C in the Wangjiagou deposit, and it also has
low fluid salinity (w(NaCl,)=0.35%~4.8%). The &S value of the Gaoqiaopo deposit decreased gradually from
stage I (7.2%0~12.4%o), through stage II (—3.4%0~2.5%o), to stage Il (—1.9%0~2.5%0). The Wangjiagou deposit has
similar S isotope as Gaogiaopo, 6*S gradually decreases from stage I (7.4%0~10.5%o), through stage I (2.5%o~
10.4%o), to stage Il (—3.7%0~0.8%o). Combined with the geological and geochemical characters of regional deposits,
we propose that the Gaoqiaopo and Wangjiagou deposits are epithermal deposits. The fluid in shallow place,
circulated to the deep site, leaching and enriching ore forming elements. The enriched ore-forming fluid then mi-
grate to the shallow place. As the temperature of the ore-forming fluid decreases, the stibnite precipitates, forming
the Gaogiaopo and Wangjiagou antimony deposits.

Key words: geochemistry, Gaoqiaopo antimony deposit, Wangjiagou antimony deposit, epithermal fluid,

northwestern Hubei
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Fig. 1 Regional geological map of northwestern Hubei Province (modified after Yue et al., 2019)

1—Silver polymetallic deposits; 2—Gold deposit; 3—Antimony deposits; 4—REE deposit; 5—Main fault; 6—Secondary fault; 7—Paleozoic

stratigraphic clastic and carbonate rocks; 8—Neoproterozoic Doushantuo Formation and Dengying Formation clastic and carbonate rocks;

9—Neoproterozoic Yaolinghe Formation metamorphic volcanic rocks; 10—Metamorphic volcanic sedimentary rocks of the Neoproterozoic

Wudangshan Group; 11—Metamorphic basic rock; 12—City (County)
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Fig.2 Simplified geologic map of the Gaoqiaopo deposit (modified after Chen et al., 2013)

1—Quatemary sediments; 2—The silty dolomite in the Upper Member of the Dafenggou Formation; 3—Quartz sandstone in the Lower Member of

the Dafenggou Formation; 4—Shijiagou Formation dolomite; 5—Gongguan Formation dolomite; 6—Ore body and numbers;

7—Fault and its number
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Fig. 3 The features of ores from the Gaogiaopo antimony deposit

(1) Qtz-sulfide stage: a. Massive stibnite ore; b. Pyrite is surrounded by stibnite in microscope, which means pyrite is earlier than stibnite; c. Subhedral
pyrite in quartz; d. quartz-pyrite veinlet; e. Fractured pyrite in quartz. (1) Qtz-Cal-sulfide stage: f, g. Quartz-calcite-sulfide vein, calcite content is
higher in g than in f; h. Quartz was replaced by calcite in microscope; i. Pyrite in quartz is replaced by stibnite in calcite; j. Fractured pyrite
in quartz. (Il ) Cal-sulfide stage: k. Needle like stibnite in calcite; 1. Stibnite grains in calcite

Py—~Pyrite; Stb—Stibnite; Qtz—Quartz; Cal—Calcite
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Figure 4 Simplified geologic map of the Wangjiagou deposit

1—Quatemary sediments; 2—Tieshan Formation limestone; 3—Xinghongpu Formation sandstone; 4—Gudaoling Formation dolomite; S—Dafenggou

Formation dolomite; 6—Shijiagou Formation dolomite; 7—Faults and numbers; 8—Geological boundary; 9—Ore body and its numbers



FA1E HAW EAES WAL PG B PR AT ML« A A R A A A A ) 2 2K TR 829

El5  ERIEER IR A LA RHE
(1) AVE-BEH - INEE B B o A rp FIE ST A N 5 b, INEER 8 8 ks (T A 0e-HE B0 W B o A E-HERR T O I =28 2
(S BRFTI, 1 8 ) A S22 2 (B ST 5 . A SRR Bk R BT HCR MRS ™ . e A0 08B S ARIN AR o (I ) A 3-SRk 0 B B
A PE-BAR Ak D BB - IR Nk B ™
Py— 54k ; St—HEBAH™ ; Sph—INBEW ™ ; Qtz—A1 o

Fig. 5 The features of ores from the Wangjiagou antimony deposit

(1) Qtz-Py-Sph stage: a. The euhedral pyrite and anhedral sphalerite in quartz; b. Pyrite is surrounded by sphalerite. (I ) Qtz-Stb stage: c. Quartz-
stibnite vein in fracture among dolomite bedding. The section is the surface of dolomite fracture; d. Massive stibnite in quartz-stibnite vein;
e. Sphalerite is replaced by stibnite in quartz. (Il ) Qtz-Py stage: f. Subhedral-anhedral pyrite in quartz-pyrite veinlet
Py—Pyrite; Stb—Stibnite; Sph—Sphalerite; Qtz—Quartz
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Table 1 Characteristics of fluid inclusions in quartz and calcite from the Gaoqiaopo and Wangjiagou deposits
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Fig. 6 The characteristics of fluid inclusions in quartz and calcite from the Gaoqgiaopo(a~f) and Wangjiagou (g~i) deposits
a. Gas-rich two-phase fluid inclusions; b. Stage | elliptic liquid-rich two-phase fluid inclusions; c. Stage I irregular liquid-rich two-phase fluid
inclusions; d. Stage Il elliptical liquid rich two-phase fluid inclusions; e. Stage Il elliptical liquid rich two-phase fluid inclusions; f. Stage
Il irregular liquid rich two-phase inclusions fluid inclusion; g. Stage I quartz contains liquid- rich two-phase inclusions in clusters;

h. Stage Il quartz contains isolated liquid-rich two-phase inclusions; i. Stage Il quartz contains gas-rich two-phase inclusions

V—G@Gas phase; L—Liquid phase

1996 ; ZHRHESE L 1999a; 1999b; 5Kl 145, 2000; 1 &
555 ,2013) , B DX P 1 I 1T BE 5 22 08 K 51
WA e, ML L AR IR, i) 4« i 1L Y Au
WK, AR — M CO,, 13X — 5 T 2 PR A T XA O
(>10 km) , CO, ZE AR HAT B K MW R B 5 0 —
T Y DX 30 B 35 1R (>200°C) , BRBREL 0 2 00 ik O 42
b4 % CO,(FifiTHt,2010) , 31X AR 5 BR PG X Sb ™

PRI AR R AE B SR A o (ELRE P Sb #™ RS- #47
RSP EA R R RE , VB B TR O
JEEKR (<10 km) , BT L)L CO, BAT B/ N M L 5 5
— 75 TH A g 18 B AR (50~300°C ) , 4 W X LA 43 i 42
Ht CO, Fll Na*-K* . A tE, 3 i R i — i B A7 P ik
e AR AR CO, i AR R (FRATT 5, 2010) 6
Ut , VG Sb @ PR B AT 44 1T BE J& T R AR T IR



832 o IZx b Ji 2022 4
FE-TA B B (1) a z I FE-TRA B B (1) b
41 L
7 L
<3} <6t
=3 ! B g1
3 -
1r 2t
1 L
6l T il A B AL P B (D) e 9 A AL B BE(TT) d
8 L
5F 7t
L4t ool |
= = 5t
3T =4l
2f 3l
2 L
1t il
9 7 fREA R ALY B (D e g | 7 iR BRAL I B (TTD £
: 7|
6 L
<\6 << 51
= o4l
= 4 =
3 37
2 2
1 1
0 L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 Il Il Il 1 Il 1
130 150 170 190 210 230 250 270 290 310 330 350370 0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16

¥ — i fE/°C

&7

RS B U AL T Ay — L

w(NaCl,)/%

(a.c.e) FIELEE I (b.d.f)

Fig. 7 Homogenization temperature (a, c, ) and salinity histogram (b, d, f) of fluid inclusions in quartz and calcite from the Gaoqg-

iaopo deposit

¥y — 1w fE/°C

7F a I B
6}
i
84
K3l
2
1
0
130 150 170 190 210 230 250 270 290 310 330 350 370

b

5 1B B

N
1 2 3 4 5 6 7 8 9 10 1112 1314 1516

w(NaCl,)/%

F 8 THINEHT AR B —IERE (a) FIELE H I E (b)

Fig.8 Homogenization temperature (a) and salinity histograms (b) of fluid inclusions in quartz from the Wangjiagou deposit
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Table 2 S isotope analytical results of the Gaogiaopo and Wangjiagou deposits

IR FEfamS B W) 3%4S/%o IR FEfamS BB R7] 5%4S/%o
GQP-9-2 HEGRT 9.3 GQP-3-10 A -3.0
GQP-9-4 HEBHE 9.9 GQP-3-11 HHRE -2.5

- (1) 1 %%-
GQP-9-5 WEERHT 9.3 GQP-3-14 ) LCRE -8.8
- J5 AT -k "
GQP-9-10 Za 9.7 GQP-3-16 LG E RN 25
GQP-10-1 W 9.9 o GQP-4-1 W hp ~1.9
e MRk
GQP-10-2 ([ )fy - WEERHT 10.7 GQP-4-2 BT -2.9
GQP-9-1  BuiLWK B Eikw 8.0 GQP-2-2 HERH -19
GQP-9-3 HERT 7.2 GQP-2-4 ()77 f# HERT 25
-
GQP-9-7 WY 12.4 GQP-2-5 BB B 2.0
GQP-10-3 HERAT 10.7 GQP-2-1 HEER -1.8
GQP-10-4 HERHT 11.0 YJG-3-2 NEED 10.4
GQP-10-5 HERAT 8.9 YJG-3-1 (D N 7.4
P HEYA N i
GQP-3-1 ZN -0.81 YJG-3-3 R IR 9
GQP-3-2 WERRA -0.93 YIG-3-4 IR 10.5
GQP-3-3 WEERE -0.59 YJG-8-1 WEERE 8

N GQP-3-8 WEERH™ -0.41 YJG-8-2 WEERH™ 9.6

[T /133
GQP-3-9 B -0.72 YJG-8-3 WEERH™ 10.4
GQP-3-12 WERH -0.70 YIG-1-6 (1) f - FEER ™ 5.4
GQP-3-13 WEERA -0.92 YIG-1-7  MEERETENEL  weneT 5.0
GQP-3-15 WEERHT -13 WIG-1-3 WEERH™ 6.5
GQP-4-3 WEERH™ -1.6 ) WIG-1-1 WEER ™ 33

(HaE%E- REC S0 .
GQP-4-4 B 2.5 WIG-1-2 WS 2.5

P s ' 11 e

GQP-4-5 T Ep 3 YIG-1- e LR -3.7
GQP-4-6 MR -1.9 YIG-1-4 HERAT -0.8

Q i T B %
GQP-4-7 WEER ™ 1.0 YJG-1-5 HERH 0.8
GQP-4-8 B -1.9 QCG-2-1 LURE -20.0
GQP-5-1 WERH™ 3.4 QCG-2-2 R -23.1
GQP-5-2 WEHHT 2.6 QCG-2-3 BT -16.7
GQP-3-4 HERHT -4.6 QCG-2-4 il WY -16.6
GQP-3-5 HERAT -3.6 QCG-2-5 R -23.0
GQP-3-6 (RN -6.3 QCG-2-6 BN -15.3
GQP-3-7 HERAT -5.6 QCG-2-7 R -17.4

VRSB RRGEEEY IN3 80 ERWH
W BB R0 S IR AR A
IR (BEARHESS , 1999 5K A 45, 2000 ; 22 4K 7K
45,2010; BI04 ,2015; ERIAE,2017) . LA UL,
DX PR AT R R B R 2 A N [ ) B 3t 1R ok
U, DR R CHRAI 1 ) by LR f 3 1L B0 IR, 1™
TR LLE CO, MRy 3 5 WA PR B I 44 1T BE oy

PR FH A, A BRI, AT REFE LT iR R
KR AR ARG 3R o KRR AR /8 i K A () R
R IR, i [ AR 5 BB A AR KA SR, 2%
WOT B R B T W 0, O B A B
Wt , AR IR A 1) _EAEER JE T R A AR K
Be NSk R A0 SR TTSE— R IR
B8V Sb A PR MR- B Bt 21 W [ BRI A< 3L 2



834 o JZS

Hh 5 2022 4F

BT REAR (B 7~9) , Bilan S Br 0™ R eh 265 1 B Be iy
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(Wilkinson, 2001) . 55 Il By Bt Fifi 25 B ™ 9 14 5 5
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Fig. 9 Salinity versus homogenization temperature diagram

of fluid inclusions in antimony deposits in the Yunxi area

TG R KK R oK/ Kz
B BNURER 5 Bl 2A & A K- NG, ZE BT A T
Au.Sb Ag S WA Y, LR T & 4 Au.Sb Ag A AL
W I, Z RIS RS BT, th TR AR RIE
T RN I
52 HHYRFKE—FRKBHWEMEMNIETE

R AT R P YA &K B IREE T Y
b, BB A A S 3 E L H,S? B B A A
(Ohmoto, 1972; Ohmoto et al., 1997; Seal, 2006) , B}
S K AR UESE R W, S B R 5 0T IR R
YRR, & D R RN R, R R I
O AH KEAERREED Y, B @ £ K
R IR R A S AT RE 3 DL H, S (I A7
5, FBR ALY i [ 57 22 18 AT AR AU 3R B i 44
SR TAC RV (=18

JE A7 LA-MC-ICP-MS 045 3 il /R s AR B PR
81 B R kB WB ALY 84S (5 AR 1k 15 Bl A
(7.2%0~12.4%0) , EZINW IR | By Betm A [al fi =
2H B E AIE (7.4%0~10.5%0) 5 25 B 35 25 0 (3% 25
10) , 2 B = B B RN E 98 BT R Th i vT R AT A [R]
YA, LA U O A rh B s A — o BT A
W 0] 20 ) 8%S A T 7.6%0~14.5%0 ( f T 1l 45,
2020) , S E SR TR WETIR 1 B Befi b 4 b
A7 2R 20 AR — B0, 7R T s B OR T Z08 B
W6 BB R AT BE R e T SIS T A . R i R
A L AR 5 R T 21 5 A A K - OB A LT
HATHS, MBI REAEIR T A AT St R .
BT AR Y S R R T M2 HP v A A R £ A B
FTRB MR /DN, 1l )2 0 Vi FE R R R (24 R 20%0
(Ohmoto, 1972; Ohmoto et al., 1997) fifi & 75 FH & Bz
I, AT 3SR 2 W L T, AR B T T AR
SMSAH S TR FA S, 1 BH R It 1A v TR A i R 6 BT
BRI

MIE 10(a~0) H AT LA Y, 8 W 3 R0 500 6
M55 T B B 205 1B B 834S (AR BTREAIG . Tk
IR, 2 i AL i [ A = AE A 2R 24T - S 1Y
WA ORI B L pH {E F 4R 45 (Hoefs, 2009) o
ST Sb A R M 17 KA BN, 3% 5 5 7 b X
A A PR A I AR 1 AL R AE A AL (R AR AR,
2019) , KAFEAKIA S FEORH HAK Y pH {H 14
iR T pHAE T 2 R BUR ALY 1Y 834S T, i
IR B T 2 3 BOR AL W 1 6% [ K (Hoefs,
2009) , H 4% 5 A8 Ak Y 52 izt K T pH (A ARk
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A AH 75 8 B B3 W] A2 % {H T % (Rajabpour et al.,
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