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Fig.1. The solubilities of sphalerite (a), galena (b) and argentite(c) in NaCl brines for pH=4 and 23S =0.01 mol/L.
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Table 1. Equilibrium constants for the selected reactions
% 9 RR TR Igk (200°C) 1gK (300°C) WiEkR
1 H;S=H* + HS ©.96 -8.06 Helgeson!2!
2 HS = H* + &~ 9.57 1.7
3 HSO, = H* +S02- 4.49 -1.06
4 2H,S + 0, = S,(g) +2H,0 35.05 27.21
5 H;S + 20, =H+ + HSO, 71.62 55.61
6 H,S+20, =2H" + 50,2~ 67.13 48.55
7 HS +20,= H+ +5042° 74.09 56.61
8 . HyC0y = H+ *HCO*" 7.0 -8.51 Bourcier'®!
9 PAS + 20, = PbSO, 72.26 56.413 Supcrt92! 5]
10 PbSO, + HCOy™ = PbCO; + HSO," -1.34 0.84
11 PbS +2H* =PB** + H,S -3.638 -2.333
12 PbS + 2H* + Cl' = PbCl* + H,$ 0.998 1.608
13 PbS + 2H* +2C1" = PbCl, + HyS 0.333 3.801
14 PbS + 2H* +3CI = PbCly" + HoS 0.302 4.135
15 PbS + 2H* +4CI" = PbCL2™ + H,S 0.295 3.456
16 PbS + HS + H* = Pb(HS), 1.923
17 PbS +2HS *H* = Pb(HS)y 3.184
18 InS+20, + H* = Zr* + HSO, 68.249 51.185
19 ZnCO; + 2H* + S0~ = ZnS + 20, + H,CO; -58.762 -40.322
20 ZnS + H,S = Zn(HS), 4.8 4.6 Bourcier”!
21 ZnS + H,S + HS = Zn(HS) y 3.1 3.4
2 ZnS+2H* = 720" + HyS -3.19 2.74 Supert92[¥)
23 ZnS+2H* + CI' = ZnC1* + HpS 0.836 3.447
24 ZnS + 2H* + 2CT" = ZnCF* H2S 0.911 4.316
25 ZnS +2H" +3CI = ZnC13" + HyS 0.059 3.602
26 ZnS+2H* +4C1 =ZnCl2" + H,S 0.884 4.652
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Fig.2 . Predominance area diagram showing lead solubility and speciation at 200 C, 300 C
as a function of pH and oxygen fugacity.
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Fig.3. Predominance area diagram showing silver solubility and speciation at 200 C, 300 C as a
function of pH and oxygen fugacity.
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Fig.4. Predominance area diagram showing silver solubility
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A THERMODYNAMIC STUDY ON PARAGENESIS AND SEPARATION OF SILVER,
LEAD AND ZINCIN HYDROTHERMAL SOLUTIONS

SHANG Lin-bo'* 2, FAN Wen-ling', HU Rui-zhong', DENG Hai-lin'

(1. The Open Lab. of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;
2. Graduate School, Chinese Academy of Sciences, Beijing 100039, China)

Abstract: On the basis of the comparison of basic properties and thermodynamic calculation, the mechanism of paragenesis
and separation of silver, lead and zinc in the hydrothermal system has been studied. Under acidic to nearly neutral pH
conditions, their chloride complexes are stable, and among them chloride complexes of zinc are most stable. Sulfide
complexes are the dominant species under nearly neutral to alkaline pH conditions, while the sulfide complexes of silver are
most stable. With decreasing temperature, [CI'], f(0,) and increasing pH, the solubilities of silver, lead and zinc will
decrease, leading to their deposition and separation. For sulfide complexes, the concentrations of reduced sulfur and pH are
two important factors, affecting their stabilities. Differences in form and stability of the complexes respond to the variation of
thermodynamic conditions to different extent, which resulted in the paragenisis and separation of silver, lead and zinc in the
whole ore-forming process of dissolution, transport and deposition.

Key word: silver; lead; zinc; paragenesis and separation; hydrothermal process; thennodynamics
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