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Abstract: To understand the evolution of ore-forming fluids and the mechanism of lead-zinc mineral deposition in the Huayuan
lead-zinc deposit, summarize the genesis of the deposit and establish a metallogenic model to guide the prospecting and explora-
tion of lead-zinc deposits in the region, petrophysical observation, micro-temperature measurement, Raman spectroscopy and
synchrotron radiation X-ray fluorescence microprobe analysis were carried out on the fluid inclusions in sphalerite, calcite and
fluorite in the main mineralization stage. In this paper The results show that the ore-forming fluid temperature of lead-zinc de-
posit in the Huayuan area is mainly 150—220 “C, and the total salinity is generally 13 % —23 % NaCl.,, (mostly>>15 % NaCl,,,)
Density=>1 g/cm’. The ore fluid is NaCl-CaCl,-MgCl,-H, O brine system. The homogenization temperature of the ore-forming
fluid has a tendency to decrease from north to south. The main components of the fluid are Ca’", Mg®", Na™, Cl™, and have
the characteristics of hot brine system in the basin. CO, and CH, are commonly observed as gas phase of fluid inclusions. Pb
and Zn contents above determination limits were examined in the fluid inclusions of both calcite and fluorite. The ore-forming
fluids in the Huayuan ore field belong to the low-temperature, medium-high salinity, medium-high density hydrothermal solu-

tion, the composition is sodium and calcium chloride-based basin brine. The direction of fluid flow is from north to south. the fluid
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is derived from formation water. atmospheric precipitation and a small amount of metamorphic water. The precipitation of lead-zinc

minerals is related to the thermochemical reduction of sulfate. Sphalerite, galena, calcite and fluorite may have precipitated from the

same ore-forming fluid rich in Pb, Zn, Mn, Fe, As, Cr, in the same ore-forming period and under the same conditions.

Key words: ore-forming fluid; microthermometry; characteristic elements; lead-zinc deposit; Huayuan; western Hunan;

ore deposit geology.
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Fig.2 Photos of sphalerite ore, structure and wall rock alterationin of the lead-zinc deposits in Huayuan area, western Hunan
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Fig.3 Photographs of {luid inclusions from the lead-zinc deposits in Huayuan area, western Hunan
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Table 1 Table of microthermometry of fluid inclusions from the lead-zinc deposits in Huayuan area, western Hunan
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Fig.4 Homogenization temperatures histograms of fluid inclusions from the lead-zinc deposits in Huayuan area, western Hunan
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Table 2 Table of ingredients and physical, chemical conditions of fluid inclusions from the lead-zinc deposits in Huayuan area,

western Hunan

RIS R AR A3 BV TR 4 (108)

=222 H,0O CO; CO CH;y H: K™ Na™ Ca®™ Mg?™ Lit
TJ-1B11 98.41 1.47 / 0.12 / 2.55 22.01 93.63 8.60 0.03
TJ]-1B12 98.82 1.03 / 0.15 / 3.50 33.20 101.15 9.41 0.05
TJ-B14 98.73 1.08 / 0.19 / 3.57 31.59 118.28 9.09 0.03
TJ-Bl 98.40 1.37 / 0.22 / 2.09 21.69 93.94 11.72 <0.01
TJ-B10 94.72 1.13 / 4.15 / 2.01 17.34 102.49 13.10 0.02
TDP-B3 86.13 1.76 / 12.11 / 3.41 36.40 97.54 21.01 0.05
DSG-B1 98.45 1.36 / 0.19 / 1.40 13.76 76.69 82.94 0.03
DSG-B10 98.04 1.77 / 0.19 / 2.57 21.39 94.59 19.85 0.05
FT-B26 95.98 1.82 / 2.20 / 11.46 107.17 4.30 1 544.00 0.20
FT-B27 99.02 0.90 / 0.08 / 5.51 36.50 44.65 246.80 0.10

WAR B4 (1075) HE S8

e F- Cl™ Br— SO, %~ H;O/CO; Na' /K™ Cl™/F~ Na®/Br™ Cl=/Br~ Cl=/SO,*~
TJ-1B11 0.05 54.03 0.01 2.74 67 15 579 2 201 5403 53
TJ-1B12 0.10 76.39 3.11 4.68 96 16 409 11 25 44
TJ-Bl4 0.06 73.54 3.31 10.78 92 15 657 10 22 18
TJ-B1 0.12 50.11 / 3.03 72 18 224 45
TI-B10 0.11 39.44 3.58 17.59 84 15 192 5 11 6
TDP-B3 0.12 87.79 / 7.40 49 18 392 32
DSG-B1 0.34 39.05 / 6.30 73 17 62 17
DSG-B10 0.16 62.16 / 5.44 55 14 208 31
FT-B26 0.06 243.49 5.93 7.87 53 16 2 175 18 41 84
FT-B27 0.19 105.76 3.64 13.14 111 11 298 10 29 22

3 HAREMRAEVRETYAEERECEERERS REIHESH
Table 3 Table of ingredients and characteristic parameters of fluid inclusions in diffirent minerals from the lead-zinc deposits in

Huayuan area, western Hunan

. e P, t ?&*ﬁn&?é) _ _ FRIE S8 1 ’
K Na* Ca?* Mg?* F Cl SO.2°  Nat/K*  Na'/(Ca?t +Mg?")
1 13T]—B1 DNEz20n 1.719 0 8.413 80.48 1.516 0 0.5412  32.61 121.2  4.8941 0.102 6
2 13T]—Bl  Hf#fA 0.843 2 5.636 26.93 0.556 3 0.376 7 11.91  15.89  6.684 1 0.205 0
3 13T]—B2 N EE 0.494 1 2.444 26.80 0.477 1 0.1320 10.52  54.90  4.946 4 0.089 6
4 13T]—B2  Fffa 0.756 1 6.464 18.60 0.390 8 0.4216 14,19  18.74  8.5491 0.340 4
5 13T]—B3 DNE=308 0.3600 1.632 17.78 0.3425 0.169 0 5.858  14.14 4.5333 0.090 1
6 13T]—B3  Hfffa 2.2010 21.88 20.09 0.594 3 0.3453  50.08  5.627  9.9409 1.057 8
7 13T]—B4 Ui R 0.704 8 7.977 14.43 0.366 2 0.2164  17.34  3.982 11.318 1 0.539 1
8 13TJ—B7  Fftf 0.504 2 6.552 13.18 0.204 7 0.2585  13.69  4.530  12.994 8 0.489 5
9 13T]—BS  Jffr 0.430 9 5.926 13.41 0.236 2 0.5282  13.99  1.861  13.7526 0.434 3
10 13T]—BY A 0.7920 5.937 7.20 0.160 4 1.071 0 14.27  4.194 7.496 2 0.806 6
11 13TJ—B11  NET" 0.3815 2.009 16.60 0.240 2 0.0815 7.27 26.06  5.266 1 0.119°3
12 13T]—Bl11  Fftf 1.548 0 15.10 13.31 0.4529 0.6345  35.62  3.953  9.7545 1.097 2
13 13DSG—BI11  Ffitfi 0.602 0 5.675 32.17 1.030 0 0.3880  14.50  52.47  9.426 9 0.170 9
14 13DSG—BI12  JFifitfi 0.564 6 5.705 13.03 0.3812 0.6534  13.66  2.376  10.104 5 0.425 4
15 13DSG—BI13  Fftfi 0.225 6 1.988 14.24 0.316 9 0.377 4 4.69 7.575  8.8121 0.136 6
16  13DSG—DBI15  Jftfi 4.9840  38.960 5.96 19.0000  0.4984 84,12 2,506  7.8170 1.560 8
17 13DSG—BI15  JFfitfi 0.347 7 5.514 13.49 0.925 6 0.8158  12.13  1.917  15.8585 0.3825
18 13DSG—BI17  Fffr 1.024 0 8.632 15.96 2.263 0 0.4367  21.91  8.879  8.4297 0.473 7

TE BT B L/ s WA B 100 5 Pl A% Tl 3 B A7 77 BF 5 97 00 3K

17.92% ~20.43 %6 NaCl., s 7 fift 40 v i e 2 — i )% FEH 16.05% ~21.20 % NaCl., s NEFH 5 J7 i A1
N 198~229 °C . P8 — R O 209 °C L R VL Hh L A B AR 1Y X — i B R R R U R AR O, A AR
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Table 4 Table of gas phase composition and characteristic parameters of fluid inclusions in diffirent minerals from the lead-zinc

deposits in Huayuan area, western Hunan

r5 5 LR/ B2 - . CURR I . *Higjﬁ
H: 0 CO CO CH, H. N; CH,/CO»
1 13TJ-B1 NEE 5.486 10" 2.390 / / 0.075 22 0.1727
2 13TJ-B1 7R 4.370X10* / / / 0.321 60 0.219 3
3 13TJ-B2 R / 3.811 0.014 55 / 0.051 72 83.240 0
4 13TJ-B2 FfA 7.438X10" 0.717 / / 0.181 60 0.263 2
5 13TJ-B3 NEE / 1.454 / / 0.055 22 0.205 8
6 13TJ-B3 FfRA 3.297X10° 1.029 / 0.492 2 0.144 90 3.627 0 0.478 3
7 13TJ-B4 Tt 2.712X10° 1.035 / / 0.137 80 0.414 2
8 13TJ-B7 I 1.275X10° 2.085 / 0.153 8 0.264 10 2.6710 0.0738
9 13TJ-B8 iR 5.464 10" 0.992 8 / 0.4213 0.326 40 1.746 0 0.424 4
10 13TJ-B9 ERmA 9.716 X 10" 3.459 0.054 20 0.316 7 0.179 00 1.596 0 0.091 6
11 13TJ-Bl11 NEEH 4.352X10° 2.323 0.059 36 0.039 0 0.065 92 1.348 0 0.016 8
12 13TJ-B11 I e 3.480X10° 2.065 / 0.292 8 0.202 50 3.1150 0.141 8
13 13DSG-B11 FffA 3.318X10° 12.98 / 0.087 8 0.184 30 0.340 8 0.006 8
14 13DSG-B12 5 i Ar 1.127 X 10° 3.403 / 0.150 5 0.281 50 0.465 5 0.044 2
15 13DSG-B13 7 A 6.251 10" 0.877 / 0.749 7 0.213 10 0.297 3 0.854 6
16 13DSG-B15 IR 3.263X10° 87.390 / / 0.063 63 0.423 9
17 13DSG-B15 FHiRA  4.656X10* 1.033 / 0.297 3 0.215 30 0.325 0 0.287 8
18 13DSG-B17 FfRE  6.576 X 10" 26.010 / 0.294 7 0.308 30 0.516 0 0.0113

TR BT B L/ s WRORH R A3 B0 100 5 phy B Tl b B A 77 BF 5 7 0 K.

1000
800
ks L Na-Ca’Z #
g 0 B ek
8
T 400 ’\
K ZE R M2
200
»»»»»»»»» P S
0 10 20 30 40 50
(Na/K)molar

B5 M VE A M X YRR R AR B 43 Cl/Br-Na/ K A 56 181 fige
Fig.5 Cl/Br-Na/K illustration of fluid composition from the
lead-zinc deposits in Huayuan area, western Hunan

g7k 7% & Il 263 Fontes and Matray(1993)

FRER T R I AT Ui A 1 IR BE R R A A
R — R BE Ry 142 ~ 167 C, V¥ — R E K
152 °CL iR EJEH = E N 4.91% ~10.49% NaCl.,,
(F 1,K 4b).

i B8 87 DK DN B A v A4 38 — R BE Oy 185 ~
211 °C P — R B 201 °CL, 3 EEE Bl 2 h
18.79 % ~21.20 % NaClo,, s F W8 W 7 fif A1 v i 44
¥ —IR N 170~255 C, ¥ —RE R 198 C,
VLR EE R 17.92%~21.20% NaCl,,, ; INEEH"
5577 i A v i A 0 2 A Y 38— R RE R R R S FRLAH
I, BREAARTR T R I AR Y T B R

WA PR — IR R 171~245 °C ,F¥ ¥ — R
0 183.8 CL,EE B H 2l 4.17% ~7.99%
NaCl,,, (% 1, 40).

WENE R N B T AR S — R R 182 ~
223 °C BB —IREE R 191 °C 5 5 fif A h i AR 2 —
R 160~260 C, P33 — iR Bk 184 °C, #h i
JLF EE N 20.43% ~23.36% NaCl,,, (£ 1, 4d).

KAVEH K I7 A v iR 38 — R B2 150 ~
195 °C P — B R 177 CL, 3 EmE F 2N
13.99% ~17.00% NaCl,,, (£ 1, 4e).
4.2 REBEEBEERG

ACTE L X IR R N R LA R S5 06 0 3t
Az 837 W70 5 A A 0 00 T A A A 8 3 1
KGR (R 2~F O BRI 5 hBH S+ F %
A Ca*" \Na' ,Mg"".Roedder and Bodnar(1980) & i}
B T OB R 2 8 bR 25 1 2 (Na ™ /K )
<2,Na’ /(Ca*" +Mg*" ) >4 I, Sy BRI i) 7 38 Pk
B (Na® /K" )>10,Na’ /(Ca®" +Mg?" )<C1.5 i,
iy MR R KB s A T A Z R 2<<(Na™ /K™)
<10,1.5<<Na’ /(Ca*" +Mg* " )<{4.0 i, 7] fig 245
PR ACYE B BE T DR O A 2 AWM 43 rh  Na ™t/
K WA F8A T 4.53~18.00Z 8], -1 Ky 11.27,
Na®/(Ca”" +Mg"") L fH EZA T 0.069~1.097, F
YA R 0.372 (R 3) AL —PFE MY Na™ /(Ca”" +
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Fig.6 Laser Raman spectras of fluid inlusions from Huayuan Pb-Zn deposit, western Hunan
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Fig.7 Laser Raman spectras of fluid inlusions from Tuanjie Pb-Zn deposit, Huayuan district
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Fig.8 Single phase high density methane inclusions in fluo-
rite with high magnification from Tuanjie Pb-Zn de-

posit, Huayuan district

S B DU M 2 s L A LT 4y R CHL, Fl H,
Fhy R YR A T A B Oy v O L AR L CHL, AR
i H, o FR AR VR I O B s H 4 IR R A ) o
S0 T = TR R AR T R .

o B AR S D B HLS R CO, FEAM
4153 (Fl 6b.6e,60) , S BT g %5 B F e A 22 44 1) 4l
REFAFAA G 2L AR <A O i HLAT g 5 45 i H. S
AR AL 2 % R 8 38 B FH (TSRO A 56 M i itk — 25
) H,S BRI ) TSR KL, $2 40 5 2 1 B 22 4K
P R AEDLAE,2010) AL FEFE ™ F 3 N B 2507 2 4R
AWM IR AR JFE R, KA TSR AEFE B
T IR, CO, by AL 2 B 8 1 340 S A F 0 7= ).

44 BENFRGERTHHITINETESE

S T G 5 A RN A A K T v AR

TR 55 BB VR 9 56 3 A ORI T R) 25 4 56 X0 2k ¢



Bl JAl

704 < P AL DR BT AR M 1A S ) I R ST R 2477

P9 9 VG AE 15 b DX 34 I 4T B PR O i A P B TR B TR AT T R A Y X e i R

Fig.9 Ore-forming elements distribution of fluid inclusion in calcite from Fengtang Pb-Zn deposit, Huayuan district
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Fig.10 Ore-forming elements distribution of fluid inclusion in calcite from Fengtang Pb-Zn deposit, Huayuan district
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Fig.11 Ore-forming elements distribution of fluid inclusion in

fluorite from Tuanjie Pb-Zn deposit, Huayuan district
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Fig.12 Homogenization temperature comparison chart of
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fluid inclusions in calcite from the lead-zinc depos-

its in Huayuan area, western Hunan
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Fig.13 Homogenization temperature-salinity-density chart of
fluid inclusions in calcite from the lead-zinc deposits

in Huayuan area, western Hunan
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grams of fluid inclusions in calcite from the lead-

zinc deposits in Huayuan area,western Hunan
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