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Fig.1 The model calculated NaCl mean activity
coefficient at 25 °C as a function of concentration under

different pressure
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Table 1 Summary of density data of Na,SO,-H,O system
VLRl C JEJ17E Fl/MPa 22 30k
25.0~300.0 9.0~30.0 [48]
25.0~200.0 1.1~68.6 [49]
5.0~60.0 0.1 [50]
20.0~200.0 2.0~10.0 [51]
0~50.0 0.1~80.0 [52]
50.0~200.0 2.0 [53]
25.0~100.0 0.6 [54]
25.0~250.0 0.1~40 [55]
30.0~300.0 2.4~39.8 [56]
5.0~100.0 0.1 [57]

2 KSO-HOKREBEEMIKHE
Table 2 Summary of density data of K,SO,-H,O system

L o & 77705 Fl/MPa E= BTN
25.0~300.0 9.0~30.0 [48]
50.0~200.0 2.0 [53]
25.0~100.0 0.6 [54]
0~90.0 0.1 [57]
20.0~300.0 5.0~40.0 [58]

X Na,SO, fI K,SO, A& FR , A0 (9) fa=(14)
AL R
V, =V + 6A‘[ln(l N b\ﬁ)/zb}

+4mRT (B + 2mC"), (15)

V(m,) 1000
yo = ) - 6Av[ln(1 ib /T )/2b}
m, mrpo !
—4RT (m,B*" + 2C'm?), (16)
Horh, 225 BT 1Y BE SR AR BRI Pitzer £
NBHEATHET
Vim)=a, +a,T +a,T* + a,T’
+(a; +a6T+a7T2)P’ (17)
a
B(O)\':as +T_79227+a‘0T’ (18)
C=a, +—2 44T (19)
"or-227 TP

K TP IR SRS s PRIARIR R E ST, BN
MPa; a, & 7~ B B35 09 2 8. X F Na,SO, fil
K,SO, 1A 2, F| Fi 3¢ 1 FILEE 2 T 871 3 TR 1) 286 3 090
SRR Lt f /N T M L& 3RS A =0 (17) ~
(1) H(FK3), MUELER BN, LTI EIE
I RPN AR A ) I R 2 T A S 4 SR ) - 4
I 22 43 9 & 0.057% (Na,SO, ) F1 0.047% (K,SO, ) , 44
TR 3 S 56 B R Y T BA 1 i 22 B AE 0.1% LA
W(E2),

£3 NaSO,FMK,SOFRERITHEKNSH
Table 3 Parameters for the volumetric properties
calculation of Na,SO, and K,SO,

B8 Na,80, K,SO,

m, 1.5 1.0

a, 9.69382688x10° 1.10686112x10°

a, 2.83105828x10"! ~5.98247606x10"!
a, -9.00393580x10~ 5.96259241x10~
a, 2.57624184x1076 23980459410

a ~1.43199512x10° ~2.71085716x10°
a, 7.37402186x10° 1.41493666x107

a, ~1.17539062x10° ~2.08587301x10°
a —4.86834961x10~ 5.43596750x107
a, 8.87142143x102 4.61245819x107
ay, 2759661781077 ~1.21299746x107
ay, 2.13350752x10~ -5.55380818x10"
an ~1.36823713x10° 641685688102
a, -2.95936943x10°7 1.44544684x1075
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Fig.2 Plot of density deviations between model calculation and literature data of Na,SO, + H,O (a)
and K,SO, + H,0 (b) system
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Fig.3 The standard partial molar volumes of Na,SO,(a) and K,SO,(b) against temperature and pressure
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Fig. 4 The model calculated Na,SO, (a) and K,SO, (b) mean activity coefficient as a function of concentration at

different temperature and pressure
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H-2.71,-2.65 F1-2.55; #H[F S5 4 T K,SO W FE Y
SR AT 90} -3.50,-3.45 FI-3.36 (& 6a) . {H &
77 0T B i O S B s ) B0 A S 2 AE R . A
P sb s a] LU Y Bl TR 7 (0386 K FR AR R 1 1 fi
JELNRERFEAR . 150 °C B, Fifi & < JJ 934 /1, Na,SO,
(4 5 fifk B DAL R 25 A< 114 2.89 mol /kg FEAIK £ 10
MPa %) 2.73 mol/kg, & J5 FE{X £ 30 MPa [ 2.48 mol/
kgo 1EAH AR 214 F L K,SO, B 1 i B 40 51k
1.57,1.26 F11.00 mol/kg. Bl iR )T, 7 R

&4 HETEE Na,SO, 1 K, SO, & i B 7
LW ERBIISLE
Table 4 Comparison between model calculated Na,SO,
and K,SO, with experimental data

SCEGEE R, TR
R PC B2k
e (molkg)  (molkg)
60.0 3.15 3.34
100.0 2.99 3.04
Na,SO,
120.0 2.95 2.94 [16,27]
P=Pal
140.7 2.96 2.89
200.7 3.15 3.16
50.00 0.95 0.94
80.00 1.23 1.20
K,SO,
> 100.0 1.40 1.33 [15]
P:Psa[
150.0 1.69 1.57
190.0 1.97 1.71
50.0 3.53 3.19
100.0 2.34 2.74
Na,S0, 150.0 2.33 2.53
[60]
P=25MPa  180.0 2.39 2.48
200.0 241 2.46
220.0 2.37 2.40

98/ K (B 6b) o 32 PR R Hs 7 %) Na,SO, il
K, SO, [ B BRI 436 B 2R 5088 A 1E 1) A (2 kA
FH B2 1 1 % Na,SO, #1 K,SO, - ¥4 1% J& R 50 5
Wi B A &8, 25 5k 530 T Na, SO, Ml K,SO, % i i 1)
FEAR
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Fig.5 The natural logarithm of Na,SO, solubility product (a) and solubility (b) at different temperature and pressure
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Fig.6 The natural logarithm of K,SO, solubility product (a) and solubility (b) at different temperature and pressure

4 # @

A S Pitzer B 71 F1) FH /K #4044 £ 1 Na,SO,
FIK,SO, 5 W1 %5 B B8 , 1 P AR £tk fe /N —3fe
UG, 43R5 T Pitzer £ 8 F 7R 1 Na,SO, F1 K,SO, [
T BB K Na,SO, ., FTK,SO, . FIFR I BE AR 1A
TR R 7 22 AL RSB 280, PP T R 7 %) Na,SO, il
K,SO, i B BURITE B2 R B 52, 45 2R WoR s )
X} Na,SO, Fl K,SO, i~V 41 i 22 B B2 AR A IE
] A A2 A, (EL I T 7 636 B8 2R B0 %) 52 i oK
FEC LA A T IR $) 250 °C, F 71 %] 40 MPa 1)
Na,SO, Fll K,SO, ¥ fif B 11 5 5 A . A Y 155 1Y

Na,SO, Fll K,SO, % i B 15 B & 2 SCHik v Y S 50 50 dis
WA . THASE R B R, Na,SO, Fll K,SO, 1% fift
JEE B T S R AT, O LB T Y R B AR
TR B AR AR B A

2 2% 3Lk (References) :

[1]  Xiao Rongge, Zhang Zongheng, Chen Huiquan, et al. Types
of geological fluids and ore-forming fluid [J]. Earth Science
Frontiers, 2001, 8(4): 245-251.[ 7€ [A, Tk551H , BRI,
S MLBIRLMR B ARZE LS L RS R [T ). b TSR, 2001,
8(4): 245-251.]

[2]  Xie Yuling, Tian Shihong, Hou Zenggian, et al. Discussion of

migration and precipitation mechanics in Muluo REE deposit



%4 4

gk RS K IVA 2 Na,SO,/K,SO, 1A i BE HY R 14318

421

(4]

[10]

[11]

[12]

[13]

Miannong country, west Sichuan Province: Evidence from flu-
id inclusion in bastnaeite [J]. Acta Petrologica Sinica, 2008,
24(3):555-561.[ 3%, HIHUE, fRHgHe, 2. IR T A
i A R 10 R RS SUCTENLE] « R ARG 8 s ik
HEARAGIEHE[I]. 2008, 24(3):555-561.]

Li Yonggiang. The Coexistence and Symbiosis Relation Re-
search of Jinding Large-Scale Lead Zinc and the Sulfate Ore
Deposit [ D]. Xi'an: Changan University, 2006.[ 2= 7K 3 . % B
G TR R BE 0 IR 5 SRR R ™ IR AL A7 LA X R A 5T (D .
VU2 R, 2006. ]

Xu Jinhong, Zhang Zhengwei, Yang Xiaoyong, et al. The low-
temperature mineralization of structurally-controlled fluids in
Dahegou antimony ore deposit, Henan Province [J]. Acta Geo-
logica Sinica, 2017, 91(12): 2 739-2 756.[ #i#E1 , 5K 1EAf,
Pl 0, A R A RV BT R 3 — i A R
[J]. #u2A4, 2017, 91(12): 2 739-2 756.]

Lu Huanzhang, Fan Hongrui, Ni Pei, ef al. Fluind inclusion
[M]. Beijing: Science Press, 2004.[ /5t &, J0 %5, iy,
A R A M. bt BRI, 2004, ]

Frezzotti M L, Tecce F, Casagli A. Raman spectroscopy for
fluid inclusion analysis [J]. Journal of Geochemical Explora-
tion, 2012, 112(1): 1-20.

Li Xiaochun, Fan Hongrui, Hu Fangfang, ef al. An analysis of
the invidual fluid inclusion by LA-ICP-MS and its application
to ore deposit [J]. Mineral Deposit, 2010, 29 (6) : 1 017 -
1028.[ IR, Y5 T, W05 05, 4% . Ui 4 22 1k LA-
ICP-MS JJ3 53 Mt B AR Rz A I T LD ). 67 AR ML, 2010,
29(6): 1 017-1028.]

Sun He, Xiao Yilin. Fluid inclusion: Latest development, geo-
logical application and prospect [J]. Advances in Earth Sci-
ence, 2009, 24(10): 1 105-1 121.[Fh%E, B 254k, PR3
PRWEFT 3R b o B SR BB [T b BRARL# 3 )i, 2009, 24
(10): 1105-1 121.]

Yao Ying, Sun Qiang. Raman quantitative measurements for
carbon isotopic composition in CO,-rich fluid inclusion: A pre-
liminary study [J]. Advances in Earth Science, 2016, 31(10):
1.032-1 040. [ 258, MRS . 1 T 3 A f 2244 CO, Bk TRl 43 3
UM B I E TSR [T]. iRk, 2016, 31
(10): 1032-1 040.]

Wei Qing, Fan Hongrui, Lan Tingguang, et al. Genesis of Si-
zhuang gold deposit, Jiaodong peninsula: Evidences from fluid
inclusion and quartz solubility modeling [J]. Acta Petrologica
Sinica, 2015, 31(4):1049-1 062.[ 5, JZEH, W),
S5 HCARSFRE B R A < VAL SR S A Y I A UE
(7). # A2, 2015, 31(4): 1049-1 062. ]

Chi Guoxiang, Lai Jianqing. Roles of fluid inclusion in study
of mineral deposit [J]. Mineral Deposit, 2009, 28(6) : 850-
855. [ EFE, MY . ARG BE RS ROFIE g fE L.
" FRHLIT, 2009, 28(6): 850-855. ]

Xu Wengang, Fan Hongrui. Ore-forming fluids of the oxidized
and reduced porphyry deposits [J]. Earth Science Frontiers,
2011, 18(5): 103-120.[FR3CHN, % . AALPEFRIR S PEBE
RV R AR B RRAE S AT [T ], H2A T 2%, 2011, 18(5) -
103-120. ]

Xie Yuling, Hou Zenggian, Yin Shuping, et al. Continuous

carbonatitic melt-fluid evolution of a REE mineralization sys-

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

tem: Evidence from inclusions in the Maoniuping REE depos-
it, Western Sichuan, China [J]. Ore Geology Reviews, 2009,
36(1): 90-105.

Linke W F. Solubilities of Inorganic and Metalorganic Com-
pounds (4% ed)[ M ]. Washington: American Chemical Society,
1965.

Eysseltova J, Bouaziz R. IUPAC-NIST solubility data series.
93. Potassium sulfate in water [J]. Journal of Physical and
Chemical Reference Data, 2012, 41(1): 0131031. DOI: 10.
1002/chin.201340220.

Schroeder W C, Gabriel A, Partridge E P. Solubility equilibria
of sodium sulfate at temperatures of 150 to 350 °C. I. Effect of
sodium hydroxide and sodium chloride [J]. Journal of the
American Chemical Society, 1935, 57(9): 1 539-1 546.

Ding X, Zhang T, Zhang S, et al. Experimental determination
and modelling of the solubilities of sodium sulfate and potassi-
um sulfate in sub-and supercritical water [J]. Fluid Phase Equi-
libria, 2019, 483: 31-51.

Dipippo M M, Sako K, Tester J W. Ternary phase equilibria for
the sodium chloride-sodium sulfate-water system at 200 and
250 bar up to 400 °C [J]. Fluid Phase Equilibria, 1999, 157
(2): 229-255.

Leusbrock I, Metz S J, Rexwinkel G, et al. Quantitative ap-
proaches for the description of solubilities of inorganic com-
pounds in near-critical and supercritical water [J]. The Journal
of Supercritical Fluids, 2008, 47(2): 117-127.

Mao S, Peng Q, Wang M, et al. The PVTx properties of aque-
ous electrolyte solutions containing Li*, Na*, K*, Mg*", Ca*",
CI” and SOj_ under conditions of CO, capture and sequestration
[J]. Applied Geochemistry, 2017, 86: 105-120.

Duan Zhenhao. State equation of geological fluid [J]. Science
in China(Series D), 2010, 40(4): 393-413.[ Bt#R 5% . 35t
AR RRI]. i ER: D, 2010, 40(4): 393-413.]
Zhong R, Brugger J, Tomkins A G, et al. Fate of gold and
base metals during metamorphic devolatilization of a pelite [J].
Geochimica et Cosmochimica Acta, 2015, 171 338-352.

Pan Aoran, Shan Huimei, Peng Sanxi, ef al. Thermodynamic
modeling of thioarsenic species distribution in high As ground-
water in Hetao Plain [J]. Advances in Earth Science, 2018, 33
(11): 1169-1 180.[HE ALK, A, 22 =0k, 5. ETH)
SR B S i K rP AR AIE S AT RIE T ] Ha Bk
Bl , 2018, 33(11): 1169-1180.]

HuQC, Guo HR, Lu X B, et al. Determination of P-V-T-x prop-
erties of the CO,-H,0 system up to 573.15 K and 120 MPa-experi-
ments and model [ J |. Chemical Geology, 2016, 424 60-72.

Mao S, Duan Z. The P, V, T, x properties of binary aqueous
chloride solutions up to T = 573 K and 100 MPa [J]. The Jour-
nal of Chemical Thermodynamics, 2008, 40(7): 1 046-1 063.
Greenberg J P, Moller N. The prediction of mineral solubilities in
natural waters: A chemical equilibrium model for the Na-K-Ca-
C1-SO,-H,0 system to high concentration from 0 to 250 °C [J].
Geochimica et Cosmochimica Acta, 1989, 53(10): 2 503-2 518.
Pabalan R T, Pitzer K S. Thermodynamics of concentrated elec-
trolyte mixtures and the prediction of mineral solubilities to
high temperatures for mixtures in the system Na-K-Mg-Cl1-SO,-
OH-H,0 [J]. Geochimica et Cosmochimica Acta, 1987, 51



422

M Bk B

o34 3

(28]

[29]

[30]

[31]

[37]

[38]

[39]

[40]

[41]

(9):2429-2 443.

Pitzer K S. Thermodynamics of electrolytes. I. Theoretical basis
and general equations [J]. The Journal of Physical Chemistry,
1973, 77(2) : 268-277.

Wang L, Zhang W, Yang B, et al. Solubility measurements in
Na-F-CO;-HCO;-H,O system at (308.15 and 323.15) K and de-
velopment of a Pitzer-based equilibrium model for the Na-F-ClI-
S0,-CO;-HCO;-H,0 system|[J |. The Journal of Chemical Ther-
modynamics, 2019, 131: 88-96.

Parkhurst D L, Appelo C A J. Description of Input and Examples
for PHREEQC Version 3: A Computer Program for Speciation,
Batch-Reaction, One-Dimensional Transport, and Inverse Geo-
chemical Calculations [R ]. U.S. Geological Survey, 2013.

Kulik D A, Wagner T, Dmytrieva S V, et al. GEM-Selektor geo-
chemical modeling package: Revised algorithm and GEMS3K
numerical kernel for coupled simulation codes [J]. Computation-
al Geosciences, 2013, 17(1): 1-24.

Dai Z, Kan A, Zhang F, ef al. A thermodynamic model for the
solubility prediction of barite, calcite, gypsum, and anhydrite,
and the association constant sstimation of CaSO,*’ ion pair up
to 250 °C and 22000 psi [J]. Journal of Chemical and Engi-
neering Data, 2015, 60(3): 766-774.

Shi W, Kan A, Fan C, et al. Solubility of barite up to 250 °C
and 1500 bar in up to 6 m NaCl solution [J]. Industrial and En-
gineering Chemistry Research, 2012, 51(7): 3 119-3 128.

Dai Z, Kan A, Shi W, et al. Calcite and barite solubility mea-
surements in mixed electrolyte solutions and development of a
comprehensive model for water-mineral-gas equilibrium of the
Na-K-Mg-Ca-Ba-Sr-Cl-SO,- CO;-HCO;-CO,,,- H,O System
up to 250 °C and 1500 bar [J]. Industrial and Engineering
Chemistry Research, 2017, 56 (23): 6 548-6 561.

Millero F J. The effect of pressure on the solubility of minerals
in water and seawater [J . Geochimica et Cosmochimica Acta,
1982, 46(1): 11-22.

Appelo C AJ, Parkhurst D L, Post V E A. Equations for calcu-
lating hydrogeochemical reactions of minerals and gases such
as CO, at high pressures and temperatures [J|. Geochimica et
Cosmochimica Acta, 2014, 125: 49-67.

Monnin C. A thermodynamic model for the solubility of barite
and celestite in electrolyte solutions and seawater to 200 °C and
to 1 kbar [J]. Chemical Geology, 1999, 153(1/4): 187-209.
Robie R A, Hemmingway B, Fisher J R. Thermodynamic Prop-
erties of Minerals and Related Substances at 298.15 K and 1 bar
(10° pascals) Pressure and at Higher Temperature [R ]. Denver,
CO: U.S. Geological Survey, 1978.

Rogers P S Z, Pitzer K S. Volumetric properties of aqueous so-
dium vhloride solutions [J]. Journal of Physical and Chemical
Reference Data, 1982, 11(1): 15-81.

Pitzer K S, Peiper J C, Busey R H. Thermodynamic properties
of aqueous sodium chloride solutions [J]. Journal of Physical
and Chemical Reference Data, 1984, 13(1): 1-102.
Konigsberger E, Eriksson G, May P M, e al. Comprehensive
model of synthetic Bayer liquors. Part 1. Overview [J]. Industrial
and Engineering Chemistry Research, 2005, 44(15) :5 805-5 814.
Wagner W, Kruse A, Kurtzschmar H J. Properties of Water and
steam: The Industrial Standard IAPWS-IF97 for the Thermody-

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

namic Properties and Supplementary Equations for Other Proper-
ties: Tables Based on These Equations [ M ]. Berlin: Springer-Ver-
lag Berlin, 1998.

Pabalan R T, Pitzer K S. Thermodynamics of NaOH
drothermal solutions [J]. Geochimica et Cosmochimica Acta,
1987, 51(4): 829-837.

Bradley D J, Pitzer K S. Thermodynamics of electrolytes. 12.

) in hy-

(aq

Dielectric properties of water and Debye-Hiickel parameters to
350 °C and 1 kbar [J]. Journal of Physical Chemistry, 1979,
83(12): 1599-1 603.

Archer D G. Thermodynamic properties of the KCl1+H,O sys-
tem [J]. Journal of Physical and Chemical Reference Data,
1999, 28(1): 1-17.

Rowland D, May P M. A Pitzer-based characterization of aque-
ous magnesium chloride, calcium chloride and potassium io-
dide solution densities to high temperature and pressure [J].
Fluid Phase Equilibria, 2013, 338: 54-62.

Moller N. The prediction of mineral solubilities in natural wa-
ters: A chemical equilibrium model for the Na-Ca-CI-SO,-H,0
system, to high temperature and concentration [J]. Geochimica
et Cosmochimica Acta, 1988, 52(4): 821-837.

Obsil M, Majer V, Hefter G T, et al. Densities and apparent
molar volumes of Na,SO,,, and K,SO,,, at temperatures
from 298 K to 573 K and at pressures up to 30 MPa [J]. Jour-
nal of Chemical and Engineering Data, 1997, 42(1): 137-142.
Al Ghafri S Z, Maitland G C, Trusler J] P M. Densities of
StCly(,q) » Na,SOy ) » NaHCO;(,) , and two synthetic reservoir
brines at temperatures between (298 and 473) K, pressures up
to 68.5 MPa, and molalities up to 3 mol - kg™' [J]. Journal of
Chemical and Engineering Data, 2013, 58(2): 402-412.
Apelblat A, Manzurola E, Orekhova Z. Thermodynamic proper-
ties of aqueous electrolyte solutions. volumetric and compress-
ibility studies in 0.1 molkg™, 0.5 mol - kg™', and 1.0 mol - kg™
sodium carbonate and sodium sulfate solutions at temperatures
from 278.15 K to 323.15 K [J]. Journal of Chemical and Engi-
neering Data, 2009, 54(9): 2 550-2 561.

Saluja P P S, Pitzer K S, Phutela R C. High-temperature ther-
modynamic properties of several 1: 1 electrolytes [J]. Canadi-
an Journal of Chemistry, 1986, 64(7): 1 328-1 335.

Chen C T, Emmet R T, Millero F J. The apparent molal vol-
umes of aqueous solutions of sodium chloride, potassium chlo-
ride, magnesium chloride, sodium sulfate, and magnesium sul-
fate from 0 to 1000 bars at 0, 25, and 50 °C [J]. Journal of
Chemical and Engineering Data, 1977, 22(2): 201-207.

Ellis A J. Partial molal volumes in high-temperature water. Part
I11. halide and oxyanion salts [ J]. Journal of the Chemical Soci-
ety A: Inorganic, Physical, Theoretical, 1968. DOI: 10.1039/
j19680001138.

Saluja P P S, Lemire R J, Leblanc J C. High-temperature ther-
modynamics of aqueous alkali-metal salts [J]. The Journal of
Chemical Thermodynamics, 1992, 24(2): 181-203.

Zezin D, Driesner T, Sanchez-Valle C. Volumetric properties
of Na,SO,-H,0 and Na,SO,-NaCl-H,O solutions to 523.15 K,
70 MPa [J]. Journal of Chemical and Engineering Data,
2015, 60(4): 1181-1 192.

Azizov N D, Akhundov T S. The bulk properties of the Na,SO,-



54 ik RAE KRR P Na,SO,/K,SO, T i BE (#2411 423

H,0 system in a wide range of the parameters of state [J|. High ganicheskoi Khimii, 1998, 43(2): 323-327.

Temperature, 2000, 38(2): 203-209. [59] Pearce J N, Eckstrom H C. Vapor pressures and partial molal
[57] Laliberté M. A model for calculating the heat capacity of aque- volumes of aqueous solutions of the alkali sulfates at 25° [J].

ous solutions, with updated density and viscosity Data [7]. Journal of the American Chemical Society, 1937, 59 (12) :

Journal of Chemical and Engineering Data, 2009, 54 (6) : 2 689-2 691.

1725-1 760. [60] Voisin T, Erriguible A, Philippot G, et al. Investigation of the
[58] Azizov N D. The density and partial properties of K,S0,-H,0 precipitation of Na,SO, in supercritical water [J]. Chemical En-

solutions from room temperature to 573 K [J]. Zhurnal Neor- gineering Science, 2017, 174: 268-276.

Thermodynamic Calculation of Solubility of Na,SO,/K,SO, in
Hydrothermal Fluids

Zhang Wei'?, Zhou Li*", Tang Hongfeng®, Li Heping’, Wang Li*’
(1.Research Center of Karst Ecological Civilization, Guizhou Normal University, Guivang 550025, China;
2.Key Laboratory of High-Temperature and High-Pressure Study of the Earth's Interior, Institute of
Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China;3.University of Chinese Academy
of Sciences, Beijing 100039, China)

Abstract: Sulfate fluids are common fluids in nature, and their salinity studies can provide important
information for the evolution of ore-forming fluids, migration and enrichment of ore-forming elements, and the
classification of deposit types. Considerable research has been carried out to investigate the solubility of Na,SO,
and K,SO, in hydrothermal fluids, however most of the literature reported experimental data were under
saturated vapor pressure or the water supercritical region. A few data have been reported for the low temperature
hydrothermal mineralization region. Thermodynamic model is a useful method to study the properties of
hydrothermal geofluids, especially for mineral solubility. Pitzer interaction model is one of the most widely used
model to calculate the thermodynamic properties of hydrothermal fluids, but few work have ever been carried
out to calculate the solubility of sulfate at high temperature and pressure. With Pitzer specific interaction model,
using the literature reported density data of Na,SO, and K,SO, solutions at high temperature and pressure, the
pressure effect on Pitzer activity coefficient of sulfate and the standard partial molar volume change during
sulfate dissolution process were evaluated and related parameters were obtained. The standard partial molar
volumes of Na,SO, and K,SO, calculated with these parameters agreed well with those reported in the literature.
Combined with the relevant parameters in the literature under saturated vapor pressure, a thermodynamic model
for Na,SO, and K,SO, solubility calculation with temperature up to 250 °C and pressure up to 40 MPa was
developed. The model gave very good agreement with the experimental solubility data. With this model, Na,SO,
and K,SO, solubility was calculated at high temperature and pressure. The calculation results showed that
pressure had a positive effect on both the average activity coefficient and solubility product of Na,SO, and
K,SO,, but the solubility of Na,SO, and K,SO, decreased with pressure due to the larger change of the average
activity coefficient with pressure. And as the temperature increased, the degree of such reduction became larger.
The results herein can provide instructions for the compositional analysis of sulfate fluid inclusions.
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