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Fig. 1. Block dicgram of the cal- Fig. 2. Block diagram of computerized simulation of

culation for iujtial value improvement. geochemical processes.
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Table 1. The dominant species of Cu,Fe in hydrothermal solution

FEER i |- G o))
(>10"%m)
200 250 00
® # s
pH 2.3 2.6 2.9
. . o T Fe2* FeCl,, Fe(HS)*,
I Fe Fet* Fe (HS)*\Fe (500 Fe (HS) *, Fe*~, Fe (H50)* Fe (HOS,) * . Fe (OH) 3, FeCl;
Cu CuCl2-, CuCiy CuClZ~, CuCl3 CuCi2-, CuCl7
pH 7.1 6.9 5.5
Fe(HS)-, Fz(OH).
I Fe ch(OH)*,Fc“, 2 Fe(OH) 5, Fe (HS)*+ Fe(OH) ;,Fe (H9)*
Cu Cu(HS) 3, CuCIZ~,CuCly CuCl#-,CuCl; CuClZ-, CuCl3

BHANRRE R EBIRHEEF
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FeCl;, FeCl*f1 Fe (OH) M3k 2 Bl m, Fe(HS) *H¥k BATHERMK, Fe*' itz
#H, ki £ 1, FeCl,, FeCl;", Fe(HSO,)*4& BlH#,CuHS) .  Fe(HS).. Fe(HS);s"
Fe(HS) "B Bk, pHIEK T & E73Fe (OH) fE H¥m,

b, ;t#Cu, Fe HFEHFERBRLE L,

(2) BRSREZR SN

BB 300C Tk, BN ARMZREN RN £ 297, i+ B, &M
Fe:0,/FeO LB T E LI, HAhBiditE, #FRHA Fe,0,/Fe0=1.99/6.82, i AdiEk
FEISOS AREMIE . BN, FEEHI R X R A 9 Fe. 05 £ MRILH,

TEFT % Bk R LA 61N ARy, Hh164N Mg R, BINEERT 154
BERNT ¥, PTRBHDEBIBEI BB HCHR,3,4), BRITEZRA-BAREEEZR
EANIRRERE, Bilh, EANFHALE2-1000E R AHABIE R X HRP R R
RBE RN, FHelgeson AL, AMMARANHREYE, FHAMITESHRTX
FIReed BiZUAHLL, RFHRKHBEME T HWHREGER, BAT RIREHHIR,

® 2 ZRENBKEOES

Table 2 Compositions of bacalt and seawater

BER/ BT Bk B/ SERERE ZRAEARSREE L
cl- 0.52 §i0, 49.34
502" 0.18 0.15 X 10~ Al,O4 17.04
CO3?- 0.0026 Fe,03 1.99
HS- 0.1x10-10 0.92 x10-2 FeO 6.82
H,(Si0, 0.99% 105 0.82 MgO 7.19
Al 0.14 x 108 0.33 Ca0 11.72
Ca?t 0.77 % 10-1 0.21 Na,0 2,73
Mg?* 0.051 0.18 K0 0.16
Fe?* 0.49 % 10-® 0.12 H;0 1,27
K+ 0.0094 0.34 5 0.03
Na* 0.45 0,88 x 10-!
Zni+ 0.15 X 106 0.61x 10-% Cu 66ppm
Cu 0.46 x 107 0,10 x 10-3 Zn 396ppm
H+ 0.00713 ~0.21x 10! Ba 790ppm
Ba?+ 10-4 0.58x10-3
H,0 55,56 0.30

B RmE 4, ZREY, XRASHEKRHEERTHEERELOT HAA—H
RA-ZAL-BNA-RRA-AS - AE-BEY . BAAERETRREANERNA.,
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Fig. 4.

B4 BAk-ZRERPEBRGERHTHEAS (F) Mk
WM RRE/RKE (B, B
T.ower—Mineral association formed in the process of seawater—basalt reaction;
Middle and upper—Molalities of species of gaseous phase.
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Table 3. Compositions of hydrothermal solution and seaweter (in molality)

Ao & Ci- SO~ CO,?~ HS- HS1Cy Al Ca®+ Mg

B O 0.535 10-7 0.00226 0.00156 0.0150 0.11x10"? 0.00021 0.22x 10-*
B K 0.52 0.028 0.0019 —0.3x1071%] 0,18x 10-* [ 0,71x 10~ | 0.0095 0.054

A/ » B+ K* Na* l Zn™* Cu®* H* Pb** H,0

i 3 0.00065 } 0.0202 0.508 0.00009 0.00105 0.00634 0.00007 555,65

#® 7k [0.49 x10-% 0.0094 0.45 0.15 x10-% | 0.46 x10-7 | 0,00227 0.15x10-8 5,55

W M IS B 5300, B VIR EE K25,
R H A A SRR, BRIV T
TR e 3). WA BB
HZ%#R1,3,4],
BRI R ST A BRI T%F
TiWu+TW,=W,+W)T (38)
S, T AR B T HHAR B
W AR (K)s W, b8 BT (ko
XET.=598 K, T,=298 K, Wo=1,
BRI § B, A, B
6 kmA, BECRET TR, P A R
0 02 0.6 1.2 27 10.0 HAKD i, X BT et 5 % 5
R e o TS REP—RHT KT . &5 KRBT

Fig. 5. Diagram showing reaction between

ore fluids and seawater. o Jiof: R a2 T, By —Ry—R
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A MATHEMATICAL MODEL OF COMPUTER SIMULATION
FOR WATER-ROCK REACTIONS

Wang Yifeng and Feng Zhujun

(Department of Geology, Nanjing University, Nanjing, Jiangsu province)

Abstract

In this paper the authors have discussed the background of the computer
simulation in geochemistry. It is pointed out that a natural geochemical pro~
cess can be approximated Dby a series of equilibrium states with the partial
equilibrium assumptions. Based on thermcdynamics and geological conceptual
models, a mathematical model to simulate water-rock reactions has been well
established. A geochemical process is governed by a set of nonlinear equations
.composed of mase balance and chemical equilibrium equations which, in turn,
are tramsformed into an optimization problem convenient to solution.Moreover,
the authors have employed the techniques of initial value improvement and
variable tramsforms to prevent the negative concentrations and avoid encoun-
tering the difficulties in initial value selection, which are inherent in solving water-
rock reaction equations. The algorithms proposed here have good numerical
stability and, in comsequence, the model can be solved by computer.

As an example, a massive sulfide miveralization has been simulated. The
authors have calculated the reaction between basalt and seawater, the mixing
of hydrothermal solution and seawater, and the aqueous speciation of Cu and Fe
at varying temperatures. By setting suitable initial conditions and factors con-
trolling the mineralization process, the authors have achieved further results than
those of Reed. What is more, the calculated zomation of the massive sulfide

deposit is well accordant with the typical natural one.



