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Abstract

Located in the central-eastern part of the Tethyan Himalayan tectonic belt, the Qiaga stibnite deposit belongs
to the Jiangzi-Longzi Au-Sb polymetallic metallogenic belt. Based on the study of fluid inclusions in quartz and
isotopic geochemistry of H-O-S analyzed in this study, The authors revealed that the hydrothermal ore-forming
process included several stages: the pyrite-quartz assemblage stage, characterized by rich liquid inclusions (type
W), with homogenization temperatures clustered at 170~180°C, salinities of 2.86%~7.17%, and average pressure
of 47.15 MPa, corresponding to the ore-forming depth of 1.57 km; the quartz-sulfide assemblage stage featured
mainly by liquid-rich inclusions (type W); and the third stage containing CO,-H,O three-phase inclusions (type
C), having homogenization temperatures around 200~220°C, salinities of 2.20%~5.11%, and average pressure of
47.46 MPa, corresponding to an ore-forming depth of 1.58 km. On the whole, the fluid inclusions belong to the
NaCl-H,O hydrothermal system of micrco-CO, gas, medium-low temperature, low salinity. The results of H-O-S
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isotopic geochemistry shows that the ore-forming fluids originated from the mantle and/or the hosted-metamor-

phic sedimentary rocks. This evidence suggests that the Qiaga stibnite deposit belongs to a multiple sources fluid

and shallow medium-low temperature deposit.
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Fig. 1

Tectonics outline and distribution of mine in the Gudui-Longzi district, Tibet (modified after Lou et al., 2016)

1—Quaternary sediments; 2—Jurassic—Cretaceous littoral clastic rocks, including volcaniclastic rock Formations; 3—Jurassic marine clastic rocks,

including volcaniclastic rock Formation and carbonate rock Formation; 4—Late Triassic marine clastic rocks, including volcaniclastic rock

Formation; 5—Miocene two-mica monzonitic granite; 6—Eocene quartz diorite; 7—Upper Cretaceous diabase-porphyrite;

8—Undivided vein; 9—Extensional detachment fracture; 10—Ductile shear zone; 11—Fault line; 12—Inferred fault line;

13—Parallel unconformity boundary; 14—Angular unconformity boundary; 15—Synclinal structure and number;

16—Geological boundary; 17—Typical antimony lead-zinc ore; 18—Typical antimony ore; 19—Typical lead ore;

20—Typical zinc ore; 21—Typical gold ore; 22—Typical copper ore; 23—Placename; 24—Work area

I —Yalashangbo metamorphic core complex; Il —Dala-Sangngagqoiling fold thrust belt ;
IT—Chigun Lake-Ridang fold thrust belt
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Table 1 Characteristics of mineralized alteration zone of the Qiaga stibnite deposit
s il TR JEREE/m K E /m RN it TR WA
TC021-1,TCO056. o e e 2
0.75~3.6 130 110°£64°  Sb2.38%~10.3% i pg b1 sk s
TC056-1.D1 W AEBEE Tk
78°~105° , Ay s e 78
2 D2.D3 0.41~1.49 60 Sb12.1%~182% ERIbr s s
/34°~45° AR BE S ik
3 TC021-1 1 110°£64° Sb 1.44% eI KA AR ik
D9.D8.D7.D6.TCO76 ., Ag(1.6~98)x10°
TC077.TCO78 . TCO79 ., 330°~55°  Pb 0.044%~5.25% - o
~26 300 EARVG KPR B R AR
ZK4001.,ZK4301 . £28°~56°  Zn 0.026%~1.37%
ZK4401,ZK4701 Sb 0.084%~0.39%
RIS
5 D5 1 110°£65° Sb 0.49% bl N R SR -

W ALRREE 2 bk




1128 o JZN Hb J5i 2018 4F

0 0.5 1 km ,
L 1 I Q,’

1 [Q e [12]s [ 12 [P s [1ar]e [5]7 [0

| Q" 8 | I ‘9

o ==fu B2 []3 [—Jua [EL]us [r==-t6 17 [y )18

K2 AR LR BT IR R IRT I 2 T0 Rk A, 2016)

1505 04 3R A G W B 5 2585 DO R R 8 oh AR s 3— b DR e IR 2 5 — B s 4— P DR D e 20 50— B
SN RY G =B 6P - T RS SRR ALL B T - RS S AL — B 8— RARE G H S B
9— RARP G H M — B 10— LI ZiUE s I—T i 2ali s 12— SR 5 13— IR s 14— PR £
1SS 5 16— FHIIWTIZ 5 17— Ik Je G 5 5 18— RLZEIA L [R5 2R A il for
Fig. 2 Geological map of the Qiaga stibnite deposit (modified after Lou et al., 2016)

1—Quaternary Holocene alluvial deposits; 2—Quaternary Pleistocene alluvial deposits; 3—The second member of the Middle
Jurassic Zhela Formation; 4—The first member of the Middle Jurassic Zhela Formation; 5—The third member of the
Middle-Lower Jurassic Lure Formation; 6—The second member of the Middle-Lower Jurassic Lure Formation;
7—The first member of the Middle-Lower Jurassic Lure Formation; 8—The second member of the Upper
Jurassic Ridang Formation; 9—The first member of the Upper Jurassic Ridang Formation; 10—Andesite basalt;
11—Sandstone bands; 12—Diabase; 13—Lamprophyre;14—Geological boundary; 15—Measured fault;

16—Inferred fault; 17—Ore vein and number; 18—Location of inclusions and isotopic samples
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Fig3 The outcrop (a) and microscopic features (b, ¢) of the Qiaga stibnite ore

a. The stibnite outcrop of the TC077 in No. 4 mineralization alteration zone;

b.c.Microscopic features of metallic minerals of the Qiaga stibnite ore

Sti—Stibnite ; Apy—Arsenopyrite ; Sp—Sphalerite
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Table 2 Sample description of the main mineralization stages of the Qiaga stibnite deposit
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Table 4 Microthermometric data of fluid inclusions from the Qiaga stibnite deposit

WA B RS NEUN BEEAEE AERMIERS JIZIN K um SAHEU% B IEC w(NaCl,) %
. 1-TC0O77 19 cw ¥I5) RN 3~12 15~25 145~273 0.53~9.44
2-D8 22 C.W 157 R LGIEIEON 3~35 15 142~179 2.04~6.59
3-YP6 24 W Y5 e AR HEIE 4~40 15~20 156~224 3.23~7.17
B2 4-YPT 15 w B LERIN 3~13 15~20 157~206 2.86~6.74
5-YP8 7 W A il 2~4 15 145~189 4.18~6.45
2.3 6-YP9 32 c.w Y5y R OREIUR MR 4~25 10~35 156~299 1.14~4.68
7-YP10 27 c.w Y57 e EIRIN 4~25 10~20 148~249 1.64~5.11

A 2011 ; HESE, 2005 ; i #1455, 2008 ; #9417 7%
45,20006) - 8 R b DX A ZEARAEAE (2 3) , A4 Jd 278l
TR ER, &0 A B AR RAEAL, & A
WM& CO, BN, ML &80, AP 4
W YRR 5B AL, (HR XA R TR

EVEER A AR B R K R A A (AR AT AR
T E CO MR, ALV AT HF 2 48
IR s BEAT I F2 ZOR KBS AL A RO 5 % CO,
R, 455 BB . K/ B3, &0 Fi 4
BRI AL AR — AR R, FEAE 10~25 pm 2
], BRI 5 BT B B A R R/, A 5~
12 um Z 8], SAKIGT HA — & T bk,
32 WER.EE

T A R R R B I S S 4R I Fh ik
P X A — T By B (B 4) % B R X o B
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FE A 1.14%~2.63%, F 31 2.01%, A -Gl b B
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T, (W TG TG ) =374+920x S (5L B 15 Tk 1Y h 5 )
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P, (W6 F 7 )=219+2620%S (BB ¥ 1k 10 B )
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PO TR 1) = Pox T, (7™ DX S0 s ™ 38 3 ) /T,
(10°Pa)
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Fig. 4 Microscope photos of fluid inclusions in various stages under in the Qiaga stibnite deposit
a. YP1 shows a colorless gray liquid inclusion and a dark gray gas inclusion; b. YP3 shows a colorless gray liquid rich inclusion;
c. YP6 shows a colorless gray liquid inclusion and a dark gray gas inclusion; d. YP7 shows a colorless gray liquid rich inclusion;
e. YP8 shows a colorless gray liquid rich inclusion; f. YP9 shows a colorless gray liquid inclusion and a colorless gray
H,0-CO, three-phase inclusion; g. YP9 shows a colorless gray liquid rich inclusion and a colorless grey
H,O-CO, three phase inclusions and dark grey gas inclusions ; h.YP10 shows

a colorless gray liquid inclusion and a dark gray gas inclusion

BRIE D 1.28~1.96 km, 224 1.57 km; HoAr9e-mifl JACELEE MR R RO BT S0 — P 220 TB
Py B L 570 4 39.10~60.06 MPa, V12178 47.46  [a] I 2 WF 580 R I ERL g S7 ™ A 2 A5 38R A K Y

MPa, WA EE A 1.30~2.00 km, “F-3°4 1.58 km., 7k (2K I 5F 2005 4 FE R 45, 20105 £ 4,
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d. 2 S KA LB A B B X — TELEE (VRUAR) s e. 45 DK B S B BE S — 3R 5 £ 2 S IRk LB B
PJ—#hBE 5 g 2 5 Bk se-m Ak Y O Bet — 3R (=) s h. 2 5 Bk s -m Ak i I Bty — 3R 52 (O
Fig. 5 Histogram for homogenization temperatures(a~d) and salinities(e~h) of fluid inclusions in quartz
from the Qiaga stibnite deposit
a. The homogenization salinity of pyrite quartz stage in vein 4; b. The homogenization salinity of pyrite quartz stage in vein 2; c. The homogenization
salinity of quartz sulfide stage in vein 2 (triple phase); d. The homogenization salinity of quartz sulphide stage in vein 2 (liquid phase) ; e. The homog-
enization salinity of pyrite quartz stage in vein 4; f. The homogenization salinity of pyrite quartz stage in vein 2; g.The homogenization salinity

of quartz sulphide stage in vein 2(triple phase); h.The homogenization salinity of quartz sulphide stage in vein 2(liquid phase)
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Fig. 6 Laser Raman spectrum of YP3 (a) and YP7 (b) fluid inclusions
from vein 4 and vein 2 samples in the Qiaga stibnite deposit
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Table 5 H, O and S isotopic composition of fluid inclusions in the Qiaga stibnite deposit
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YP5-d5 MR
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YP6-d7 LT
YP7-d8 g 174.8 -132.8
YP7-d9 LT
YP8-d10 £ 169.0 -134.1
YP8-dll  WEEEG
YP9-d12  fid 182.0 -116.1
YP10-d13 7% 181.8 -106.7
YP10-d14  FEEHT"
YP11-d15  #EEKH"

19.2 - 11.90 7.30
1.8

18.0 - 14.28 3.72
0.2
0.5

18.4 - 13.01 5.39
-1.5

20.5 - 13.44 7.06
0.4

22.1 - 13.89 8.21
-2.2

18.4 - 12.92 5.48

12.93

-1.8
1.4
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Fig. 7 Plot of H,O isotope composition in the Qiaga stibnite
deposit ( base map modified after Zhang, 2012)
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