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data for the
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An internally-consistent set of
(M), ms ’n’1"10‘3?&&,—'1&\:%'?’10’1"%u(
netite-quartz (FMQ), and cobalt-cobalt oxide (
the
pressures between 600° and 800°C.

Using the fO, values given by Muehner and 8

j ia
data can be represented by the following equat
For MH buffer

MnO-Mn,0,), nickel~nickel oxide (NNO), favalit

oxygen-fugacity buffers magnetite-hematite
ite-mag-
Co-CoQO)at | atm has been obtained by using

hydrogen-fugacity sensor technique of Chou and Eugster (1976a) at 2 and 4 kbar total

Sato (1270) for NNC bhufler as a reference. the
ions (at | atm) with 7T in K:

log fO; (£0.12) = 0.0260 + 0.4381 (10°/7) — 0.i1572 (10/T) for 1073 > T 8§73,
and log /O, (£0.12) = (—26629/T) + 15.288 for extrapolation to 7 = 1073:
for MnO-Mn,Q, buffer:
tog /O, (£0.12) = (=25793/7) + 13.714:
for FMQ buffer:
i0g 0, (20.08) = (=23973/7) + 7.985 for 7 > 8§73:
and for Co~CoQ huffer:
g /0, (£0.08) = (=24391/7) + 7.382.

The prmcr‘tﬂ)z values fnr MnO-Mn,0, and Co-CoQ buffers are in good agreement with
those of Huebner and Sato (1970) and Robie and Waldbaum (i% 8) respectively. However,
for MH and FMQ b 4.1\.{“9. zhc ’\'e':f‘*ztf{)_n values are consistentd Iowu and higher respec-

those remorted
those reported §

» 3 N
Introduction

The cxvm:'z-buﬁn tecknique developed by Eugster

(1957} has been applied extensively to study mineral-
gas equilibria of igneous and metamorphic reactions
(Eugster and Wones, 1962; Huebner, 1971). Recently

t%*c acxd base buffer technique (Frantz and Eugster,

973. Chou and Eugster, 1976b) makes it possible to
measure quantitatively the equilibrium constants for
reactions between minerals and the coexisting super-
critical aqueous solutions (Frantz, 1973; Gunter,

0003-004X /78/0708-0690502.00 o

v
7 mimized if the values of Gibbs

17 keal/mole less negative than
‘(3 1300 K respectively.

1974: Chou and Eugster, 197¢b: Chou and Eugster,
1977 Gunter and Eugster, in press).

To obtain a set of reliable thermodynamic data for
minerals as well as aqueous %pccim using the buffer
techniques, we first have to have a set of internally
consistent data for the oxygen buffers. The impor-
tance of the latter is demonstrated by Eugster and
Wones (1962), Wones and Cugster (1965) and Wones
(1 97”), and emphasized by Zen (1977). The internal

consistency of the data for the oxygen buffers is tested

-t
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Appendix A: Thermodynamic derivations for equation (4).

-

ine Tluid phase in the sensor capsules can be described by three
components, H-0-C1. To define the syst&m‘(according to the phase rule} .
we need to specify at least four éﬂtensivg parameters. This is achieved
by fixing P and T, buffering chlorine fugacity, fﬁlg’ internally by the
Ag + AgCl assemblage, and buffering hydrogen fugacity, fHZ’ externally.
Since in the -7 region of this study HC1 is mostly associated (r*an\,
1356; Frantz and Eugster, 1973; Helgeson and Kirkham, 1976), the amount

3

of domic species present is negligible, and the dominant species present
in the H-0-C1 gas are HZG, rz, ,23 C?z, and HC1. The system is defined,
and the fugacities of the specias can be calculated From five independent

equations, Four of these are:

= = Py 4+ Pa. + P )
P{tsta?} Pgas PHog * PHo * Poo “Cl2 ™ “Her

THoo T 5, Tr1. TueT T
-, - s .
M0 YHp Yo Yelp  YHel  YHp0
fE«‘ 3]
ol
L &+ 142 0 = H 0 (6,5 = = A.2Y%
nzig} SRE ‘2553} !2\}{9\} VT N Vi (A-2)
"‘2 ‘02
f? z: £ ':"’ 7 14 z '(:1 :’;C? - { E“:*(g’*? ‘!..,,. = ;s : :—KC‘E a «;’\
/2 Batg) T 172 Cla(g)He ) (Ruetdy = 7 72 (=3)
) 1/2 C1 -1/2
Mos)THE Blarg)ThAtT (g op 1) (Ragetdp 7 = FCIZ (A-4)

is the fugacity coefficient of i at P and T. The approximation

where v

i
relation in equation (A-1) holds only for systems with low fy, and UAPH
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all buffer systems in this study fulfiil these requirements. The fifth
equation can be derived from pH or chloride measurements of the quench

solution by assuming that HC1 and Hy0 mix ideally at P and T (Frantz and

Eugster, 1973). I Lawis and Randall's ruie is obeyed,
M
.;cm‘! xture | ¥ s Y fa
= 1 X : )
"HET HCT HET (A5

»

is the fugacity of HCT in the gas mixture, f i~p 15 the

he

X

3

fugacity of pure HC1 at the same P and T, and XH&E is the mole fraction

Ko = PHe ~ et _ PHel (3-6)
N ey R |29
HCT mHgO FMyey My mCi? : mgz Misg 55.5

E2

Since HC1 disseciates completely upon cu&n hing and from equations (A-5)

"?ﬁ (xi ) Foimn M\é'v i
. HC1 *THCI'PsT HC1 "HCI
,memm . : ETE = — g = : (mg.s'i‘)’, 25°C
iHﬂ"g - & a wlad B o2 ¥ # 9!»-:’
i b * k.
D oy
"He1 " Yuer )
3 _q.z«i..,.._i._i.._ o {mp";.-.}“: azop ) (A“?;’

(Fr)p 1 =Llkgp 1)y psocT® = [(Rydp 1 (mey=)y psocl” 4

* %
P ‘Y - Q(K..‘ ) ‘ .
wiho Lo - _HCT '"HC1 ‘“AgC1’P,T _ LT
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o
At equilibrium,
1 = F =
H2, senser A7 M2, sensor 8 © M2, quter system (A-8)

x4

fhience

3?1‘:-:"‘?«,«3 ":k'\*
“%f*)1,25°c,sensor A ( C1771,25 Cﬁs&nsoqg (WH?]$,25°C,SQHSOF B
Vd

: {m€3~)]-25°C,sensar B, (A-9)




Table B-1. Expe

rimental results at 2 kb

total pres

10g+ » Tog,y og 109 ,
Oxvaoen 1 2 - I3 -
Run N Bi??i: B \»lp, )’;:Lboc ﬂ-{o ) (TOZ}PZT (fOL‘B:;ZT
(a) T = 600°C, duration = 4 days
BC-17 MH -1.314 -1.232  -15.400 ~-15.504
-1.310 -1,223 -15.478 -15,52;
8C-25 MH -71.253 -1.121 -15.682 -15.726
~-1.287 -1.178  -15.5683 -15.612
BC-18 an~Mn704 ~1.223 -1.048  ~15.827 -16.013
v =1.305 -1.2%4  -15.497 -15.082
2C-84 MnO~Mn?O& -1,304 -1.211 -15.503 ~15.0638
YT -1.266 -1.135 -15.654 -15.839
BC~7o NNC -0.408 0.584  ~12.091 -19.197
’_0‘4’1'} &t it it
BC-32 NHO -0.401 ; ' ’
"‘\} 4(.}6 1] i H
BC-~15 FMQ -0.372 0.654 -18.,232 -19.442
-0.362 0.672  -19.268 -19.47¢
BC-34 Co-Co0 -0.777:;-0.093; 1.213 -20.350 -20.469
-0.0¢6
-0.033:~0.034 1.230 -20.234 ~20.503
{h) T = 650°C, duration = 4 days
£C-33 i ~-1.298 ~-1.308  -13.562 -15.003
- -1.288 -1.287  -12.803 -13.644
BL-92 MnO-Mn, 0,  -1.245 -1.19¢  -13.779 -13.955
) -1.257 ~1.224  =12.730 ~13.805
BC-80 NNO -0,301 0.087  -17.550
-0.303 ’ "
BC-01 FMQ -0.,243 0.7%4 -.7.766 -17.965
-0.249 0.794  -17.765 -17.964
(c) T = 700°C, duration =2 days
3C-6 iH -1.282 -1.35 -11.940 -11.879
~1.2584 -1. 31O -12.008 -12.047
BC-8 MnO—Mn3G4 -1.116:3-1.105 -1.009 -12.625 -12.791
-i.?3¢ -1.058 -12.529 -12.695
BC-115 ﬁnO»ﬁn3Oﬂ -1.130 -1.048  -12.547 -12.714
L 1.140 -1.068  -12.507 -12.673
BC-5 NNO -0.23 0.762  -16.167
-0.218 " "
BC-11 FIiQ -0.145 0.921 -16.485 ~-16.074
~0.163 0.884 -16.412 -16.601
BC-33 Co-Col 0.148;0.151 1.510 =17.664 -17.771
0,150;0.156;0.150 1.515 -17.674 -17.781
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Run !/ Oxvaan P9 0 EOQZ} (EOG\E) 1109>2)
®Uun JXygen (v Xy c, £ ) [~ /
o R I T T i ] Or ; - i1
MO, Butfer C1773.25°¢ 2 A N A IS

(a) T = 600°C, P = 4020 bars,
3

BC-28* MH -1.323;5 -1
-1.240;-1

BL-GE MH -1.3489
-1.337

8C~67 Mn0=Mn,0 -1.287
3 4 = -;O:\

=l UD

BC-68 NNO -0.439:-0
-1, 4432 .0

B8C-35% FMQ ~-0.419
-0.415

BC-68 F0 -0.471;-0
~0.404

BC-70 Co-CoC  ~0.721:-0
~0.120

- K) ; bl
INT-2% - ~0.654;-0
~0.661:-0
. >=U
TAT .Y A mnn
si=o o R CIPR U N

= 4006 bars,
-1.283

259

I

duration =

L3158 -0.979

,234  ~0.,755
-0.4878
-0, 256
-0.854
-0.,887

L4353 0,848

A6 i

s O
0.880
0,820

410 0,898
0.911

4 days

-15.450
-15.773

-15.331
-15.377

-15.530
~-15.5174

~-18.285
i3]

-19.048
~-19,068

-19.085
-156.110

duration = 4 days

Aiivig + 3 = A
ayracion = 4

~0.901
-0.934

-0.792
-0.842

0.957

1.033
1.025

-13.5987
-14.081

-14.,034
-14.078

-17.451

~-13.731
-13.665

-13.951
-13.850

-17.449

-17.600
-17.585

-19.472
~19.491
-19,508
-19.534
-20.510
-20.48

-14.334
-14.432

-14,435
-14.429

-13.814
-13.748

-14.305
~-14,204

~-18.002
-17.986
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Appendix D: The derivation of equation (

For the outer system at P and T, from eg. (A-2),
R &
iy
fr oy L H20 - Fle N
N ) RS 5172
T o), )

wheve the superscoripts R and S “ndicate reference and sample run, respec-

tively. Since in the present investigated buffer systems,

R R V2 S Sh1/2
Hz ~ ‘'02¢ "~ 'Hp 02’

From eq. 4,
ﬁEQH e VS | Nl
L2 1Mo neseq
;-—321;7 {f”‘w'\%zsfcj

(SY TRV . R 34
AN | Hg | (mey-0, 25%:"‘\
=y ““5;:'5""'1 : ’“(;” 5]
0 } ci
U 0gp,7 L2l 7 |17 25'~’cj ,
therefore
i N RY R ~ 3 .
100 Tyl 100 (i) ¢ 108 (o127 g8 108 (gi-), o

(0-2)




