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Abstract: This paper is the result of the mineral exploration engineering.

[Objective| In order to discuss the genesis of the lead— zinc deposits in Hengyang Basin and its surrounding areas, this paper has
carried out work on the highly studied Qingshuitang lead—zinc deposit. [Methods] By means of geological survey, fluid inclusion
study of quartz, calcite and sphalerite at different stages and Rb— Sr dating of quartz, we discuss the geochemical characteristics,
evolution and mineralization processes of ore— forming fluid. [Results] Based on the mineral assemblages and the intercutting
relationships between veins, this paper classifies the metallogenesis of the Qingshuitang lead—zinc deposit into three stages: pyrite—
quartz stage (I), quartz—galena—sphalerite stage (II) and barite—calcite stage(Ill). The research of fluid inclusions show that both L—
and VL—type primary and secondary fluid inclusions occur in quartzs and sphalerites at stage II; VL—type primary fluid inclusions
predominantly occurs in quartzs at stage I and calcites at stage I1I. The measured temperature results show that primary inclusions of
quartz formed at stage II can be subdivided into four groups according to the homogeneous temperature and salinity, which are 258—
296°C and 8.55%—9.21% NaCl eqv, 260—298°C and 3.61%—4.18% NaCl eqv, 120—160°C and 12.73%—18.22% NaCl eqv, 145—
168°C and 3.06%—3.87% NaCl eqv, respectively. By comparison, the homogenization temperature and salinity of sphalerite are
mainly concentrated in the range of 102—178°C and 10.24%—19.45%NaCl eqv. The ore—forming fluid belongs to the NaCl-H,O
hydrothermal system of medium—Ilow temperature and medium salinity. Based on occurrence and homogenization temperature of
inclusions, the medium and low salinity fluids at stage Il may have different sources and evolutionary processes. The former is
mostly distributed in groups and might derive from medium temperature (210—312°C) and medium salinity (12.30—19.30%NaCl
eqv) fluid at stage I. The latter mostly occurs along mineral fissures, which may be formed by mixing of the late low salinity
atmospheric precipitations. In this paper, two quartz Rb—Sr isochron ages are obtained, and they are (88.8+2.4) Ma and (17.86+0.42)
Ma, respectively. The former age represents the mineralization age of Qingshuitang lead—zinc deposit, and the latter age records the
time of late tectonic superposition. Both of them are significantly later than the diagenetic ages of the Zhoujialing granite ((203.0+
1.4) Ma) near the mine site and the adjacent Guandimiao pluton ((223.4+1.9) Ma). [Conclusions|Considering that the metallogenic
fluids of lead—zinc in the area are related to magmatic activities, it is inferred that there are the Late Cretaceous concealed intrusions
in the deep part of the mining area combined with sulfur and lead isotope characteristics of sulfides from the Qingshuitang and

Liushutang mining areas, which provide material and energy sources for lead—zinc mineralization.

Key words: fluid inclusions; Rb— Sr dating of quartz; genesis of deposit; lead— zinc deposits; mineral exploration engineering;
Qingshuitang; Hunan Province

Highlights : This study effectively defines the characteristics of ore—forming fluid and ore—forming age of the Qingshuitang lead—
zinc deposit, and reveals the existence of concealed intrusions and the later superimposed reformation in the area.
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Tablel The microthermometric results of fluid inclusions in Qingshuitang lead—zinc deposit
. . (U . . , #hE . O ED
WS P RRwR PR KAMum SUREL% UKIREC B C B Agem)
FH (Ko=) /%NaCl eqv /(10° Pa)
14D01-1 % IBB VL (35) FERIN 4~22 10~25  -85~-122  210~305 12.30~16.24 0.878~0.948 233~376
I £
14D01-2 VL (29) FEZN 5~20 1020 -9.0~-15.6  237~312  12.88~19.30 0.902~0.924 268~410
L (6) FEIR 2~9 0 -1.2~-1.8 2.07~3.06
o VL (21) R 5-25 1520 -1.8~-2.3 145~168  3.06~3.87  0.926~0.946 378~440
VL (21) FiESIN 5~20 1520 -1.8~2.5 260~298  3.61~4.18 0.749~0.823 688~770
14D02-2 L(5) AR 2~15 0 -9.9~-11.0 13.83~14.97
- VL (19) R 3~25 15~20  -9.8~-12.0  102~150  13.72~15.96 1.017~1.071 285~418
N EE
VL (11) IR 5~20 15~20  -6.8~-7.2 150~160  10.24~10.73 0.982~0.992 414~441
VL (9) IR 6~25 15~20  -1.5~-18 160~170  2.57~3.06  0.729~0.816 413~434
. L(9) HER 2~10 0 -8.9~-9.0 12.62~12.85
AU ITHEL _
14D032 VL (14) HER 3~12 15~20  -9.8~-11.0  120~150  13.72~14.97 1.023~1.051 335~418
- L (10) TR 3~20 0 -10.3~-10.5 14.25~14.46
AR - o
VL (24)  EB/ER SH25H  10~15  -10.5~11.8  140~160  14.46~15.76 1.015~1.040 391~460
L(10) IR 2~10 0 -8.5~-12.0 12.28~15.96
VEE S VL (17) IR 3~12 15~20  -8.9~-14.5  120~160 12.73~18.22 1.004~1.072 336~445
14D03-4 VL (12) IR 3~20 15~20  -5.5~-6.0 258~296  8.55~9.21 0.812~0.865 708~813
- L(15) AR 2~14 0 -10.3~-12.5 14.25~16.43
fz
VL (47) IR 5~18 10~15  -12.0~-16.0  140~178  15.96~19.45 1.037~1.062 391~499
14D04-1 n VL (31) R 3~15 10~15 -1.3~1.9 116~128  2.23~321 0.960~0.971 182~196
JifgA MEE o
14D04-2 VL (27) FEIR 3~17 10~15 -1.2~-1.7 104~139  2.06~2.89  0.948~0.965 171~202
70|
(a) 1-Bre 1 -Br&|| [(e) [I1-F BX
50 L
& | I
=
301 n
10F I -
80 1I20 ' léO 260 240 280 320 g0 120 160 22)0 2:10 280 320 80 120 léO 200 240 280 320
WA/ C #BE/C B/ C
3
@ mo ||[@ ol D1403-2= Y
30l Draos-4m@ L D1402-2 mspt | =
= Sp2
25k = =sp3 ||
20 - L
§ 151 B i
10 - E
5F - -
80 120 160 ZE)O 2:10 280 3I20 80 120 160 200 240 280 320 80 120 160 200 240 280 320
I/ C L/ C $JE/C

P 5 W K SRR A e B AR — B L5 A

Fig.5 Histograms of homogeneous temperature of fluid inclusions in Qingshuitang lead—zinc deposit
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104~139°C , i 15— B B 36 B (B 050 0 A 2% 1 oy
0.960~0.971.0.948~0.965 g/cn’,
4.3 ARBEMERb-SrEE

R ARG AR IEEYER R IR, A SCHE A 4R
TR b e A U R A O R R SR g =
SE VAT S AL SRR Rb— Sl 4 TAE . I3 4% 2%
MAT-261 ZAEUTTRHAL , BRI GG WL Sk (25
154, 20065 I AT 45 2013); [6] 67 3R 43 B ok
GBWO04411 .NBS607 . NBS978 i) J5i 73 31| 5 43 Hr
AR AT IS o T R R 2 20 10 FFE
Rb(10" ). Sr(10™°) & %t 43 il 47 0.546~2.062 ., 0.918~
2.171,0.496~28.192 . 1.226~7.913; “Rb/*Sr {25 {k. 14
FBl#58 K, AF 0.012~3.723,0.335~2.758; 'St/*Sr(16)
18 8 4, S 0.72645~0.72738., 0.72655~0.72962.,
14D02—1 ~5 FR A5 Y 55 BF 2 A7 1% 4 (17.86£0.42)Ma
(MSWD=1.8),'Sr/*Sr #J 47 HLAE 4 0.726431; 14D03—
1~5 A A5 1 55 B 26 4F #3007 (88.8+2.4)Ma (MSWD=
0.082), 'St/ St B A 0.726135(3% 2, [ 6)
5 WIREHEE
5.1 R AR

Tt AR A R A A 2 R I A I A 5 45 AR R
(1, B S), KAV RS IR T By B Ay g R v
Yok PR B R T B B B INEER T R E L
VL PP 2R A= A B AR (1 4) ;i T B By
IR AKER A NaCl-HLO R R ik . Geit iR, 1
B B DN AR 34— i B AR v T 102~178°C 5 1 1T B Bt
A g v i A A B RS — IR B A TR AR A X

R2 HKERET AXERERD-SrEFLER
Table 2 Rb—Sr dating results of quartz inclusions in
Qingshuitang lead—zinc deposit

BES RER/Ma Rb/10° Sr/10° YRb/ASr ¥St/*Sr(16)

14D02-1 0.640 0496  3.723  0.72738+0.00006
14D02-2 2.062 2.646  2.251 0.72701+0.00006
14D02-3  17.86£0.42  0.546 28.192 0335  0.72650+0.00003
14D02-4 1235 1.008 2962 0.72718+0.00007
14D02-5 0.796 18771 0.012  0.72645+0.00004
14D03-1 0918 7.913  0.335 0.72655+0.00004
14D03-2 1.097 3.807 0.833  0.72720+0.00002
14D03-3  88.8+2.4 2171 3.233  1.940 0.72858+0.00006
14D03-4 1726 2722 1.832  0.72844+0.00007
14D03-5 1171 1226 2758  0.72962+0.00007

B, 7091 258~298°C | 120~168°C ; 4R Ay 1) — YR
DX (I 55 IR W 7 o INBEI L SRR 2 K 24K
LT T 10.24%~19.45% NaCl eqv, H A —41K
R BB N 2.57% ~3.06%NaCl eqv; I BB S,
FEURBYER B2 o3 A T b ARER BEPIAS IX[R], 4351
8.55% ~ 15.96% .2.07%~4.18% NaCl eqv. %A fij
EREN VNQ B = ZaE X OR 3 NTE R b - S i
& R R AR - R AV R B 425
DR A AT 43Sy vl — v B AR — (IR B
225 H T BB 1 BB S AR R 45 SR S e — 25
ANELRT L SRR G R /R B 1 R 9 5 Ak
YT KRR IRAS G B B A B A IR F 2
— TR ASHERT TT B B rp R SRR B AL
A AR S A R « i 22 A, 4kK T
B B AR o5 5 5 B 2 U A B Y R IS
ERERAEKIRA . oA 1, 1RIESCEEQ01 7))
T K M B A A R ERE, R
G5 R IR B RS 144~362°C 149~
221°C, 0.18%~7.31%NaCl eqv. 0.18%~1.57% NaCl
eqv; AR Sl HHHIRA R B IR SRR a3
AR, C—H—O [R5 25 A2 BIF 5 1 5 e A ok
U85 A Y B 2T BE R K R TT I, 2000 ; Deng
et al., 2009), HI AFKIFIE K IFEVEED R h &0 £ 9%
) ODswiow [H 7341 T-—79.3%0~—98.9%, Bifi 5 fu L IR LY
— IR IR AR , BT AR ODswiow (HEA FAR A A HY 5
HIg A AT g 5K - AEH EEA A LB S T 748
Ak 431845 2% (Driesner, 1997; Horita et al., 1999; B 7k
TKOF PR VT, 20005 47 A AE, 2013), £ 0
5" Oumo-swow (AT T —8.10~0.63 , e {k ELRids)— i B R
TR SR KRR L RS LR 4 BRI
IKGEREED R I B AR W] BB VR T th 5 2K 5K
SREKPIA ST AL R R A R . B, 280F4
IR T CO A 3FAUR - 5 SRR Bl b 5 <
UBRRR R Fh 25 b 2 AT AL, L 6" Cons {25 11310 ]
A3 2= 3%0~—9%0 . — 5%0~—T%0 . 0.5%0 F1 =2 7%
B Q017) A K X S0 5 A LA KA
F) 0" Coos 1853 531 19 — 4.6%0~— 5.3%0 . 0.9%0~2.6% ,
5" Oswiow 731N 12.30%0~13.48%0 . 21.86%0~23.39%0;
IR B I s R S TR AR X T R A
A6 B AR A | 5 25 0 5 s TR AR DA G
M AR C—H-O [Af 2B 4l S i i e 4
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Fig.6 Rb—Sr isochron of quartz inclusions form
Qingshuitang lead—zinc deposit
TSR
5.2 RBH B

H T, B K IEEYEED IR 1 o V) i B AR
BORE, I e b DX R oA DA G R T A A SR A
FEXRT P TR TR ER A b 2 (R YRR DR B A 18 1)
BRI E — BB, R 2 4 BROAF 50 R A
R MVTH PR A (B H A SR, 2014), SCEER
B, NI Rb—Sr S I 275 i de TR Z 4V EED R 1Y
TE AR S ] AT 5 s Sl g i ) 2, A Sk e R A
BERTRE i AR ARAT W] HE ) SERTER AR S . SE T INEED
FILF7 A0 2L 1R Rb—Sr 45 s 28 1 HAT A LAY 72 4F 5
PR, 3 Gn S A N E A AR R R A
W5 5 (025 TE B A 9 TR BORLEE IX [0 R FINFE, &
R AT & 0] AE 0 S O £ B BN R4S J0 SE PR b
AR . A SRS 2 41 10 1A SO AT B A
Rb—Sr 45 B LR AF 4% 43 51| 47 (88.8+2.4)Ma Fil (17.86+
0.42)Ma, 45 & XIRSH S5 A S R AR R 7K
FEEYRERT R LA IR 25 T 2 M 2RI E R,
J5 AR GV SRR TC O, AT e iE SR e I i
TG sh i Z AR B T T X, A Rt — R
AT BRI 2, T 2 A0 1) W Il i T DX 30 ] ¢
WA AE b (203.0:£1.4)Ma S 45 [X 563 Jii 5 7K (223 .4+
1.9)Ma A BHR (MR, 2014; BXIEEE S, 2015),
Pt I S DX BT ERT 65 B SR I 25 T R R I
R DX NEERY A EE S ARG E
XK, GEATKYE B RYED X AL S Pb Rl Z 41

BURE S (BRI 5, 2017, BE& S, 2017), 40 X PR
BRA W S BRSBTS ) o
FIRE R TR

fe b B b BT AR AR OB R |, AR R P A A L
i 13 (85~106 Ma) & Az — U KM Wl A e ™ 44
(K 4, 2016), BRAT SCHE S i B8 3 IEEYRER A1,
RN LA R ARS8 2 & R0 IRAE
B B 1 SHRIMP U—Pb 4E % 47(92.0+1.6 )Ma(f
& H 45, 2013), B 41 2B BF CAr—YAr FEAE IR
(O1.1£1.1)Ma(FE 5 3C5E, 2007); KA L1455 #5405
Re—Os4F#% | 1= FE “Ar—"Ar PEER 5351 41 (94.05~
99.95)Ma. (97.1+0.86)Ma(ZE 7K U145, 2008; 17 5% 45,
2011); ) VU IME S B B X B A 1 5 5 A1 U—Pb 4F:
% 4 (106 + 13)Ma( 25 B I 25 2012), 7 A 1 =
“Ar—"Ar £ ¥ Rb—Sr 4 53514 (101.7£0.7)Ma
F1(106.4+3.5)Ma(f5 & H 4%, 2016); B2 XA A0 1R
ATTEE AT U=Pb 4R 4 (93+1)Ma(IBR 25, 2008) ;)
VR B2 8B IRBUA B 4F I 53514 85.1~
103.8 Ma,90~98 Ma( L # -5, 2015) ;) P g k1l
ALK B SR i A SHRIMP U—Pb 4F %
43 9 24 (100.3+1.4)Ma, (103.3+2.4)Ma( 4 & 3C 55,
2008)% . WFFRFRMA R 7 A AE 28 ) B HAT R
B /IN R AT )RR R, 7 ) [R) L J 4 g 2 L
SRS B a1 FH =i 06 19 80~134 Ma 11— 73
(B 5 3C5F,2007,2008 ;4 # BH A, 2011) ;75 H Ak
R A B R 3 A1 W Jb 2 [ SO A 38 A ey 45 ) (A
T, 2022) s HAg i 15 5 5 A2 ok T 90~130 Ma
Z 3 KT NNE GE 1 51 7 1 Rl Jm B
JrA (BHCEF, 2007,2008).
5.3 #ARKE

Webster (2004)1A } %7 CO, M SO, . & H,O Fl Cl
(IR ERPEIE SR R B A A E I R B s
CLFLAAR , 435 Tt A 1 Jo DO R T D s A2 2 1 B 4
IR CI/HLO HUAE AR 53 55 Bof [1] L 9 4 o0 S BT A
WL AR NPT AR B A 3R . A R A AR T
B 5 R BE U AR (Webster, 2004 ; Yang and
Bodnar, 2004) , 145 £k B 98 I B4 8 5 FE NaCl—
HO PR R PAH DX N 43 5 1 vk B2 1 7K S A7 (1R
B AIK% BE 7% A AH (Roedder, 1992 ; Kamenetsky et
al., 1999, 2002a, 2002b ; Webster, 2004), Baker et al.
(2004) 7EAH 57 25 74 Bf Bismark £% 7= B0~ PRES & 31
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HLO 4 FR LA 5 70 95 (A 3 4R 43 25 1 2k f o, Cu
Fe.Zn .Pb 250 RZ LS A KK AH(H PORESE ,2002;
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