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ABSTRACT

Activity-composition relationships in the system Fe-Pt have been determined at 1300
and 1400 °C and at 1 atm and 20 kbar. The 1-atm data were fitted to a Redlich-Kister
solution model. The activity coeflicient of Fe in Fe-Pt alloy is adequately described by log
Yee = (1 — Xp B + C(4Xs, — 1)], where, at 1400 °C, B = —3.579 and C = —0.151 and,
at 1300 °C, B = —4.202 and C = —0.323. The fit to the measured activity coefficients
(vr.) is within +6.5%. The partial molar volume of Fe in Fe-poor alloys exhibits a sub-
stantial negative deviation from ideality. With increasing Fe content (about X, = 0.15),
the volume-composition relationships cross over and show a positive deviation from ide-
ality. In the X, range from 0.1 to about 0.35, however, the partial molar volume of Fe in
the alloy remains constant, which makes the correction for the effect of pressure on the
activity coefficient relatively simple. With increasing Fe content, the volume-composition
relationships are likely to become ideal.

Knowledge of the activity-composition relationships in the system Fe-Pt can be used to
measure fo, in high-pressure experiments with an appropriate phase assemblage such as
olivine + orthopyroxene + Fe-Pt metal. The overall accuracy of this method was checked
at 1 atm. Using the expression for the activity coefficient of Fe in Fe-Pt alloys given above,

calculated f;,, was found to be accurate to within +0.2 log,, units.

INTRODUCTION

Understanding the activity-composition relationships
in the Fe-Pt system is of fundamental importance to ex-
perimental geochemistry. The activity of Fe in a melt that
is in equilibrium with an Fe-Pt alloy can be obtained
directly from the activity-composition relationships of the
alloy. Because of the very low solubility of Pt in silicate
melts, use of this alloy system does not change the major-
element composition of the melt. Given suitable coexist-
ing phases, the value for the activity of Fe in the melt can
in turn be used to calculate f;,, using, for instance, coex-
isting (Fe-alloy)-orthopyroxene-olivine to estimate f,, as
has been done by Bertka and Holloway (1988), Gud-
mundsson et al. (1988), and Jamieson et al. (1992).

The system Fe-Pt has rather complex subsolidus rela-
tions below 1200 °C, but between approximately 1300 °C
and the solidus there is a single-phase solution with a very
shallow eutectic at a very low concentration of Pt in the
alloy (e.g., Hultgren et al., 1973). The tendency of Fe to
alloy with Pt has been known for several decades and has
posed serious problems to experimental petrologists be-
cause it results in Fe loss to Pt sample containers (e.g.,
Ito and Kennedy, 1967; Merrill and Wyllie, 1973). As
pointed out by Grove (1981), this loss is a result of the
large negative deviation from ideality in the Fe-Pt sys-
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tem, which leads to a high concentration of Fe in Pt, even
at low Fe activities. Therefore, a starting material in a
high-temperature experiment may lose some, or even all,
of its Fe to the Pt container. The degree of the depletion
depends on temperature, f,,, initial composition, dura-
tion, and pressure, as well as the volumetric ratio of sam-
ple to metal (Stern and Wyllie, 1975). Values of reported
Fe loss range from almost none to almost complete. Yo-
der and Tilley (1962) report only 2% Fe loss, whereas
Green and Ringwood (1967, 1970) found that in their
experiments the total Fe loss ranged from 20 to 40%.
Merrill and Wyllie (1973) reported a 97% Fe loss in their
experiments.

Reduction of Fe loss can be accomplished by the use
of capsule materials other than pure Pt, such as Ag, Au,
Ag-rich Ag-Pd, Mo, Fe, or Fe-Pt. Unfortunately, all these
metals or alloys have limitations. Noble metals like Ag
and Au have fairly low melting points (960, 1064 °C) and
so does the Ag-rich portion of the AgPd solid solution,
making them unsuitable for critical temperature ranges.
Mo has been used as a capsule material (Biggar, 1970;
Agee and Walker, 1988), but Mo is not stable under ox-
idizing conditions. Pure Fe has also been used as a cap-
sule (Ito and Kennedy, 1967) in experiments, but its use
often results in the charge gaining rather than losing Fe.
Graphite capsules (e.g., Ito and Kennedy, 1967; Taka-
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hashi and Kushiro, 1983) may eliminate Fe loss, but the
Jo, conditions possible in the presence of graphite are
limited, and melts always contain some dissolved CO,
(Holloway et al., 1992). One way in which Pt may be
used is by controlling its initial Fe content, for example,
electroplating with Fe to prevent Fe loss (Johannes and
Bode, 1978). Alternatively the capsule (or the Pt wire, in
l-atm experiments) can be presaturated with Fe (Ford,
1978; Grove, 1981). For a high-pressure experiment, de-
termination of the appropriate level of presaturation re-
quires knowledge of f;,, conditions and of the activity-
composition relationships in the alloy. The aims of this
study were to determine Fe-Pt activity-composition re-
lationships in order that Fe concentration may be used
as an O sensor in [-atm and high-pressure experiments
and to estimate levels of Fe saturation required in high-
pressure experiments.

PREVIOUS WORK
Activities in the Fe-O system

Calculation of the activity of Fe in Pt in equilibrium
with iron oxides relies on knowledge of the activity of Fe
in the oxide phases (Darken and Gurry, 1945, 1946). The
system Fe-O is characterized by the existence of nonstoi-
chiometric phases, in particular wiistite, whose atomic
ratio of O to Fe ranges from ~1.05 to ~1.19.

Since the effect of f,, on the composition of wiistite is
known, the activity of Fe in wiistite or any Fe-O complex
can be derived by means of a Gibbs-Duhem integration
(Darken and Gurry, 1945) with Fe in equilibrium with
wiistite as the standard state

d log gr. = _f No/Nr. d log,,fOY? 1)

where N, and N, are the atomic fraction of Fe and O,
respectively, f, is the oxygen fugacity, and g, is the ac-
tivity of Fe.

Activity composition relations in the system Fe-Pt

Larson and Chipman (1954) studied the activity of Fe
in Fe-Pt alloys at 1550 °C and 1 atm by equilibrating Pt
with lime-Fe slags at known f,,. Taylor and Muan (1962)
and Heald (1967) investigated the system Fe-Pt-O at 1300
°C and at 1131-1348 °C, respectively, under controlled
Jo, conditions at 1 atm. Larson and Chipman (1954) and
Heald (1967) determined the composition of their prod-
uct alloys by wet chemistry, whereas Taylor and Muan
(1962) derived their compositions by measuring the weight
change of the sample during the experiments.

If Pt is equilibrated with iron oxide, the chemical po-
tential of Fe in the resulting Fe-Pt alloy is the same as
the chemical potential of Fe in the coexisting iron oxide,
and it can therefore be calculated through Gibbs-Duhem
integration if f,, is known (Eq. 1). The activity coeffi-
cients of Fe in Fe-Pt alloy as a function of composition
calculated in this manner by Taylor and Muan (1962)
and Heald (1967) are shown in Figure 1. Heald (1967)
fitted his data and the data of Taylor and Muan (1962)
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Fig. 1. Activity coefficient of Fe in Fe-Pt alloys vs. mole
fraction of Fe. The solid line shows the model of Heald (1967).

to a Redlich-Kister solution model (Redlich and Kister,
1948; described in a following section) by averaging data
from all temperatures (1131-1348 °C). Petric et al. (1981)
and Petric and Jacob (1982) performed experiments at
1300 and 1400 °C at moderately high f;,, in which Pt
was equilibrated with magnetite. By assuming unit activ-
ity of magnetite, they were able to derive a linear expres-
sion for the activity coefficient of Fe in Pt as a function
of composition. Direct comparison can only be made be-
tween the data of Taylor and Muan (1962) and Heald
(1967), since these studies used the same standard state,
i.e., Fe in equilibrium with wiistite. Petric et al. (1981)
and Petric and Jacob (1982) used the same standard state
but adopted a calibration of the Fe + wiistite buffer from
Spencer and Kubaschewski (1978), which makes the ac-
tivity coefficient about 0.10 of a log,, unit more negative.
However, Larson and Chipman (1954) used pure liquid
Fe as a standard state, which is much different and not
easily comparable to the Fe + wiistite equilibria. Com-
parison between the work of Taylor and Muan (1962)
and Heald (1967) shows that, at low concentration of Fe
in the Fe-Pt alloy, the Redlich-Kister model of Heald
(1967) deviates considerably from the data of Taylor and
Muan (1962).

EXPERIMENTAL PROCEDURES AND ANALYTICAL
TECHNIQUES

Gas-mixing apparatus

Experiments at 1 atm were performed in a vertical gas-
mixing furnace with silicon carbide heating elements. The
temperature was read with a Pt-Pt,,Rh,, thermocouple,
situated a few millimeters above the sample. The ther-
mocouple was calibrated against the melting points of Au
(1064 °C) and diopside (1391 °C).

In most of the experiments, f,, was set by a mixture
of CO, and CO that was passed through the furnace at a
flow of 4.4 cc/s (Darken and Gurry, 1945). The flow of
each component was controlled by a needle valve and
measured with a flow meter. The CO,/CO ratio fixes the
Jo, at a given temperature, and the value of f,, was cal-
culated from the data given by Robie et al. (1978). The
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TaBLe 1. Gas-mixing experiments
Duration

Expt. T(°C) log fo, (n) Starting material

6 1400 —4.5 7 Pt, Fe,0,

8 1400 -7.5 60 Pt, Fe,0,
11 1400 -0.68 48 Pt, Fe,0,
12 1400 -9.0 50 Pt, Fe
13 1400 ~8.5 47 Pt, Fe,0,
15 1400 -8.5 68 Pt, Fe
16* 1400 —5.40 22 Pt, Fe,0,
17" 1400 —8.57 22 Pt, Fe,0,
18 1300 -6.0 51 Pt, Fe,0,, Fe-Pt
20 a,b 1400 —0.68 91 Pt, Fe,0,, Fe-Pt
Vol. 1 1400 -6.0 140 Pt foil, Fe
Vol. 2 1400 —5.0 172 Pt foil, Fe
Vol. 3 1400 -7.5 285 Pt foil, Fe
Vol. 4a,b 1400 -0.68 170 Pt foil, Fe
21a,b 1400 —2.54 175 Pt-Fe, Fe,O,
22a,b 1300 —2.54 168 Pt, Fe, Fe-Pt
23a,b 1400 -4.8 45 Pt, Fe, Fe-Pt
24ab 1300 -55 49 Pt, Fe, Fe-Pt

Note: Pt = Pt wire or powder, Fe = Fe powder, Fe,O, = ferric oxide
powder, Fe-Pt = Fe-Pt alloy with an initial composition of X&* = 0.32.
* Performed at the University of Arizona.

Jo, of given CO,/CO ratios were cross-calibrated to with-
in =0.1 log,, units at the nickel + nickel oxide (NNO)
buffer (from O’Neill, 1987a). In two experiments (21 and
22) premixed O, and Ar gas was passed through the fur-
nace. The furnace was kept open to the atmosphere in
experiments 11 and 20 and in experiment vol. 4a,b com-
pressed air flowed through the furnace. Finally, two ex-
periments (16 and 17) were performed in M. J. Drake’s
laboratory, at the University of Arizona. In these exper-
iments, the f;,, was controlied by CO, and H, mixtures
and its value measured by a ZrO, O sensor (e.g., Sato,
1970). These last two experiments were conducted to ob-
tain an interlaboratory comparison with our results.

The samples consisted of various combinations of Pt
(99.99% purity) wire, or powder and metallic Fe powder
(99.99% purity) or ferric oxide powder (99.99% purity).
Reversals were done by replacing the Pt with an Fe-Pt
alloy. In four experiments (vol. 1, 2, 3, and 4a,b) a Pt foil
(2 x 4 x 0.13 mm) was loaded into a Pt crucible sur-
rounded with Fe powder and hung onto the thermocou-
ple rod.

The experiments were carried out at 1300 and 1400 °C,
with the majority of experiments at 1400 °C. Log fo,
ranged from —9.0 to —0.68. All the charges were drop
quenched into a H,O bath, with a typical quench rate of
=1000 °C/s. Details of experimental conditions are given
in Table 1.

Piston cylinder

All the experiments above 1 atm were performed in a
piston-cylinder apparatus 12.7 mm in diameter that was
not endloaded (Patera and Holloway, 1978). The solid-
media assembly (shown in Fig. 2) consisted of a NaCl
sleeve, Pyrex glass sleeve, and graphite furnace. The sam-
ple container was placed in the center of the graphite
furnace. The space below the Pt capsule was filled with
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Fig. 2. Cross-sectional view of the piston-cylinder solid-me-
dia cell assembly.

crushable alumina, and the capsule was topped with an
alumina wafer to prevent the thermocouple from touch-
ing or piercing it. The thickness of the wafer was about
0.5 mm. The space between the capsule and the graphite
furnace was filled with Pyrex powder, and the space above
the sample container was filled with stacked Pyrex and
NaCl rods of identical length. The temperature was mea-
sured and controlled with a WRe,-WRe,, thermocouple.
No correction for the effect of pressure was made on the
emf output of the thermocouple. The reported tempera-
ture is believed to be precise to =5 °C. The composition
of one thermocouple was checked after an experiment
and was found to be unchanged.

During the experiment a piston-out technique was em-
ployed. The pressure was initially raised to between 10
and 20% higher than the final value, the temperature was
then increased to that desired and then pressure was re-
duced to the intended value. The measured pressure is
believed to be accurate to +0.5 kbar (Esperanca and Hol-
loway, 1986). All the samples were quenched isobarically.
A typical quench rate was about 100 °C/s.

The sample consisted of a solid buffer, either wiistite
+ magnetite (WM) or magnetite + hematite (MH) + Pt.
The oxide phases were made from 99.99% pure Fe pow-
der and were mixed with pure (99.99%) Pt wire or a thin
layer of Pt powder. Reversals were made by replacing the
Pt layer with an Fe-Pt foil that had higher Fe concentra-
tion than was expected at experimental conditions. The
sample was loaded into a Pt capsule and welded shut.
Detailed experimental conditions are given in Table 2.
After each experiment, the sample was checked to ensure
that both the buffer phases were still present.

The values for the f, in these experiments were cal-
culated using the 1-atm calibration used by O’Neill (1988)
for the WM buffer and used by Blumenthal and Whit-
more (1961) for the MH buffer. Corrections to high pres-
sures were made using volumes, thermal expansions, and
isothermal compressibilities from Berman (1988), except
for wiistite. Thermal expansion of wiistite was calculated
from the data given in Taylor (1984), and the isothermal
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TasLe 2. High pressure experiments TaBLE 3. Experimental results
Duration Error
Expt. T (°C) log f5, (hy Starting material Expt. XEe™ sd log vEg®™ log veg™

P.C.7 1300 -1.14 25.2 Pt, MH 1400 °C, 1 atm
P.C.9 1400 ~0.17 26.2 Fe-Pt, MH 6 0.1930 0.0173 -2.319 0.040
P.C. 10 1300 -1.14 238 Fe-Pt, MH 8 0.4320 0.0017 —-1.170 0.002
P.C. 14ab 1300 ~6.66 75 Pt, Fe-Pt, WM 1 0.0043 0.0008 -3.331 0.083
P.C.17ab 1400 —5.44 21.6 Pt, Fe-Pt, WM 12 0.6405 0.0039 -0.509 0.003
Note: Pt = Pt wire or powder, Fe-Pt = Fe-Pt alloy with an initial com- 12 ggigs ggggg :g;}g gggg
position of X{z™ = 0.32, MH = magnetite-hematite oxides, WM = wiistite- 16 0.2676 0.0067 —1.804 0.011
magnetite oxides. 17 0.5636 0.0148 —0.687 0.012
20a 0.0044 0.0006 —-3.345 0.061
20b 0.0044 0.0001 ~3.345 0.011
S 21a 0.0506 0.0114 —3.051 0.010
compressibility was adopted from Jeanloz and Hazen 21b 0.0422 0.0061 _ng79 0.084
(1983). 23a 0.2293 0.0031 ~2.203 0.006
23b 0.2308 0.0029 —2.206 0.006
Analvti vol. 1 0.3233 0.0042 —1.609 0.006
alytical n.lethods vol. 2 0.2332 0.0024 ~2.084 0.005
The experimental samples were mounted on glass slides, vol. 3 0.4343 000-2032% -~ —1.172 0.003

; . . . . . 1400 °C, ar
sectioned with a diamond blade, and polished with dia- PC.9 0.0122 0.0008 _3.839 0.030
mond powder. P.C.17a 0.3312 0.0046 -1.624 0.006
Crystalline material was identified by a combination of ~ PC-176 08195 00048~~~ —1608 L0

. 3 . °C, 1 atm
reflected light microscopy and backscattered electron im- 18 0.2884 0.0198 2213 0.030
aging with a scanning electron microscope (SEM). Quan- 22a 0.0306 0.0126 -3.602 0.191
titative analyses of major elements were performed with gig g'ggg; g'ggﬂ :g'igg g'ggi
a Jeol JXM-8600 electron microprobe, equipped with both 24b 0.2350 0.0011 —2.444 0.004

wavelength- and energy-dispersive systems. The sample 1300 °C, 20 kbar
current was 10 nA and the accelerating potential 20 il 00 fgei o b
! 5 POLETIAL Was P.C. 10 0.0274 0.0015 —4.256 0.025
kV. The crystalline phases were analyzed with a 2-um P.C. 14a 0.4045 0.0090 —1.589 0.010
P.C. 14b 0.3791 0.0085 ~1.561 0.010

beam. In the core of the Fe-Pt alloys, it was necessary to
put the beam a distance of at least 20 um from the edge
of the grain because of the excitation of Fe in the sur-
rounding oxide. Because of this problem, the Fe-Pt alloys
were, when possible, physically separated from the iron
oxides and mounted in epoxy to remove the extra signal
from the surroundings. The raw counts were reduced us-
ing the ZAF correction method (Reed, 1975).

XRD analysis

The diffractometer was operated with CuKa radiation
at 50 kV and 30 mA with a scan speed of 0.5°/min. Each
sample was scanned from 3 to 140°, which included all
the major peaks. All the samples contained an internal
standard, metallic Si, against which the raw spectra were
corrected.

EXPERIMENTAL RESULTS

The Fe contents of the Fe-Pt alloys for each experiment
are shown in Table 3 along with 1 sd of the corresponding
value, based on accumulated microprobe analyses of in-
dividual Fe-Pt grains in the sample. The activity coeffi-
cient, also shown in Table 3, was calculated from the
relationship

aFe-Pt
Y= T @)

Fe-Pt
X5

where af™, yE™, and X E™ are the activity, activity co-
efficient, and the mole fraction of Fe in the Fe-Pt alloy,
respectively.

Note: sd = 1 sd of the analytical data, error log yE:® = uncertainty based
on the analytical error and the error in Equation 1; a = pure Pt wire, b =
presaturated Fe-Pt alloy.

The activity of Fe in the Fe-Pt alloy was calculated
using the method of Darken and Gurry (1945) (Eq. 1),
relative to a standard state of pure y-Fe in equilibrium
with wiistite. The calibration of Darken and Gurry (1945)
compares very well with the calibration of O’Neill (1988),
at the temperature of interest and 1 atm. The error in the
activity coefficient, on the basis of normal propagation of
the error in the activity of Fe in the iron oxides (from
Darken and Gurry, 1945), and the error in the mole frac-
tion of Fe in the Fe-Pt alloy (1 sd) are also shown in Table
3. The results are shown in Figure 3, a plot of log y&™
vs. the mole fraction of Fe in the alloy.

The results of the 20-kbar experiments are also given
in Table 3 and shown in Figure 3. The experiments con-
ducted at f;,, controlled by the WM buffer assembly show
very little effect of pressure on the activity coefficient. In
contrast, the experiments performed at MH f,, condi-
tions show a significant pressure effect on the activity
coefficient.

Four experiments (vol. 1, vol. 2, vol. 3, and vol. 4a,b)
were performed at 1400 °C and 1 atm over a range of f;,
and unit-cell parameters of the alloys determined by X-ray
diffraction. The data are plotted in Figure 4. The data for
the pure end-members shown in Figure 4 were taken from
Robie et al. (1978). The measured volumes of the Fe-Pt
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Fig. 3. Activity coefficient of Fe in Fe-Pt alloys vs. mole
fraction of Fe at 1300 and 1400 °C and at 1 atm and 20 kbar.
The horizontal error brackets represent +1 sd of the analytical
data, and the vertical error brackets represent combined error
on the measured activity coefficients.

alloys equilibrated in air are slightly less (9.06 + 0.05 cc/
mol) than is obtained from linear extrapolation between
the pure end-members (9.08 cc/mol); however, within the
error of the measurements, nonlinearity cannot be dem-
onstrated. At intermediate f;, the measured volumes show
a positive deviation from ideality. These measurements
are consistent with the results of the 20-kbar experiments,
both at 1300 and 1400 °C. Under very oxidized condi-
tions (low X;.), the activity coefficient of Fe in the alloy
decreases with increasing pressure. From the relationship

a IOg Yre - VFe — Vre 3
opP 2303 RT )

where Vg, and v, are the partial molar volume of Fe in
the alloy and the molar volume of the pure Fe end-mem-
ber, respectively, the partial molar volume of Fe can be
calculated. In order to explain the difference between the
values of the activity coefficient at 1 atm and at 20 kbar,
the partial molar volume of Fe in the alloy (at low X;.)
must be about zero. The measured volume at low Fe
contents of the alloy suggests that the volume-composi-
tion relationships do show a negative deviation from ide-
ality. This is illustrated on Figure 4, the lowest arrow
showing the partial molar volume of Fe in the alloy at
very oxidized conditions. At intermediate f;,, the mea-
sured volumes show positive deviations from ideality,
and between X, of about 0.1 and 0.33, the partial molar
volume of Fe in the Fe-Pt alloy remains constant at about
8.5 cc/mol. Measurement of the activity coefficient at WM
shows a very small pressure effect, suggesting that the
partial molar volume of Fe in the alloy is about 7.48 cc/
mol. This is further illustrated on Figure 4, where the
upper two lines show the partial molar volume of Fe at
high values of Xi.. At higher Fe content, it is likely that
the volume-composition relationships become ideal.

The 1-atm data were fitted to the Redlich-Kister (R-
K) solution model (Redlich and Kister, 1948):
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Fig. 4. Molar volume of Fe-Pt alloy at 25 °C and 1 atm vs.
mole fraction of Fe. The boxes are measurements taken at 1
atm; the error bars are smaller than the symbols. The light lines
with arrows show three different values for partial molar volume
of Fe in the Fe-Pt alloys. See text for discussion.

0=X(-X)B+CQX, - 1)+ DX, — 12 +..]
= AGE/2.303 RT 4)

where AGF is the excess free energy, R is the universal
gas constant, 7" is temperature in kelvin, X, is the mole
fraction of Fe in the Fe-Pt alloy, and B, C, D, . .. are the
R-K constants.

The R-K constants may be obtained from the expres-
sion

log v,/v, = dQ@/dX = B(1 — 2X)) + C[6X (1 — X}) — 1]
+ D - 2X)[1 — 8X,(1 — X)) (5)
since
Q= Xjlog v, + (1 — X))log 7. (6)

Given the composition dependence of log(vr/vp), the
values of the R-K constants can be derived for the Fe-Pt
system at any given 7 and P. The activity coefficient of
Pt was calculated from the experimentally derived values
of v with a Gibbs-Duhem integration:

alXp=Xp,

logvie

X,
d1og v =~ | 2= d log 3y, @
P

log ¥re
at Xp=1

The R-K constants were then derived graphically from
the composition dependence of log(vyg./vr). The results
may be tested by applying the following condition:

3
fo 1og(vee/ ) dXr = 0. (8)

This requirement is adequately fulfilled using only the
first two constants in the R-K equation, which are at 1400
°C: B = —3.5788, and C = —0.1510. At 1300 °C, B =
—4.2019, and C = —0.3234.

The activity coefficients of Fe and Pt in Fe-Pt alloy
equilibrated at 1 atm may now be calculated as follows:
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ments done at the University of Arizona. The numbers in the
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log 7. = 0 + (1 - 052
(- XJB+ C@Xe =] ©)
and
tog 1n = @ - X52
= Xz[B + C(4Xs — 3)]. (10)

The error in the activity coefficient (y) when calculated
using Equations 9 and 10 is about +6.5%, which is based
on the error in the activity of Fe and the analytical error.

DiscussioN
Comparison with previous data

Figure 5 shows a comparison of our results with earlier
data on a plot of the mole fraction of Fe in Pt vs. log,fo,.
The two experiments performed at the University of Ar-
izona were in perfect agreement with our study. In con-
trast, earlier data are more scattered. At 1300 °C, one data
point from Heald (1967) coincides with the data of Petric
et al. (1981), in which the samples contain less Fe in the
alloy than we obtained. At low Fe content, the data of
Petric and Jacob (1982) at 1400 °C fall very close to the
data at 1300 °C in our study, but with increasing Fe con-
tent they approach our data at 1400 °C. The results of
Larson and Chipman (1954) fall above all the other data
sets and are very scattered. The differences among these
studies can only be explained speculatively. With the as-
sumption that in all of the earlier studies 7 and f,, were
well controlled, it is likely that the difference lies within
the analytical technique used. Analytical uncertainties
were not reported in any of the previous studies, nor did
any previous study use microbeam techniques for phase
analysis. Also, none of the previous studies included re-
versal experiments, which allows for the possibility that
equilibrium was not attained. In contrast, the present
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Fig. 6. Measured and calculated activity coefficients at 1300
and 1400 °C. The solid lines show the R-K model from this
study at 1400 °C, the dashed lines represent the R-K model from
this study at 1300 °C, and the dash-dotted lines show the R-K
model of Heald (1967). The data shown are only from this study.
The horizontal error brackets represent combined error in the
measured activity coefficient.

study is based on reversal experiments, microbeam anal-
ysis, and interlaboratory comparison.

Activity-composition relationship in the system Fe-Pt

Figure 6 illustrates the values of log,,y,. in Fe-Pt alloy
at 1300 and 1400 °C and 1 atm calculated using Equa-
tions 9 and 10 plotted against the mole fraction of Fe in
the alloy. The data are well represented by the model for
all compositions. Also shown in Figure 6 is the model of
Heald (1967), which, as discussed above, is a polythermal
fit to two data sets.

CALCULATIONS OF fo, IN HIGH PRESSURE
EXPERIMENTS

As first noted by Bertka and Holloway (1988) and Gud-
mundsson et al. (1988), a sample in a high-pressure ex-
periment consisting of olivine + orthopyroxene + Fe-Pt
alloy reflects the value of f;, in the system. The f;, can
be calculated by combining the IQF buffer reaction with
the two silica buffer reactions as follows:

2Fe + SiO, + O, = 2FeSi, 0, 1
Fe melt olivine
2MgSi, 0, + SiO, = 2MgSiO, (12)
olivine melt opx
and
2FeSi, O, + Si0, = 2FeSiO,. (13)
olivine melt opx
The net reactions are
2Fe + 2MgSiO, + O, = 2FeSi, 0, + 2MgSi,s0, (14)
Fe opx olivine olivine
and
2Fe + 2FeSiO; + O, = 4FeSi,;0,. (15)

Fe opx olivine
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TaeLe 4. Results of £, test experiments

GUDMUNDSSON AND HOLLOWAY: ACTIVITY AND COMPOSITION IN Fe-Pt

- log fo, log fo, log f,
Expt. afgso, agsio, agiyseo, agso, apes apr® (set) (Eq. 16) (Eq. 17)
16 0.931 0.059 0.916 0.105 1.83 x 10+ 2.56 x 10 —4.50 —4.55 + 0.1 —4.35 + 0.1
18 0.881 0.107 0.869 0.160 2.05 x 103 2.45 x 1073 —-6.00 —6.20 + 01 —6.15 £ 0.1
19 0.904 0.091 0.893 0.134 6.53 x 102 5.58 x 10-° -7.50 —-7.22 + 01 —-7.18 + 041
B3 0.934 0.061 0.911 0.109 8.93 x 10° 7.06 x 10 -3.70 ~3.65 = 0.1 —3.44 + 041
B5S 0.918 0.075 0.904 0.116 1.68 x 10— 1.08 x 10~ -4.06 —4.06 + 0.2 —3.96 + 0.2

The value of the f, was calculated using the following
calibrations, with the partial molar volume of Fe taken
as 8.50 cc/mol:

29472 P-1

log,ofo, = 7.714 — =5 0'054T

+ 2 log afisi,0, — 2 log avgsio,

+ 2 log ags;, 0. — 2 log ate™ (16)
and
29874 P-1
log, fo, = 7.644 — T + 0.051T
+ 4 log a0, — 2 log aiso,
— 2 log ake™ (17

where gk, and ag,, are activities of enstatite and fer-
rosilite components in orthopyroxene, respectively,
Qhesio 50, AN @i o, are activities of forsterite and fayalite
components in olivine, respectively, and a&* is the ac-
tivity of Fe in Fe-Pt alloy.

In order to test the applicability of our results, a series
of experiments were performed at 1 atm and 1400 °C
under controlled f;,, ranging from 10-75 to 10-27. In these

T =1400 °C, P = 1 atm

log,, fO, (furnace)

-8 -7 -6 -5 4 -3
log10 fO2 from Egs. 16 and 17

Fig. 7. Measured f,, determined from the olivine + ortho-
pyroxene + Fe-Pt metal assemblage compared with the £, fixed
by CO/CO, gas mixtures at 1400 °C and 1 atm. The horizontal
error brackets represent the combined error on the measured f,,,
and the vertical error brackets show the total error on the set

Joo

experiments, a 1921 Kilauea basalt was equilibrated with
olivine, orthopyroxene, and Fe-Pt alloy. The activity of
Fe in the alloy was calculated using Equation 9 to derive
the activity coefficient, then the activity coefficient was
multiplied by the mole fraction of Fe in the alloy, giving
the activity of Fe in the alloy. The expression for the
activity of MgSi, ;O, and FeSi, ;O, in olivine as a function
of composition was taken from Wiser and Wood (1991),
and the expression for the activity of MgSiO; and FeSiO,
in orthopyroxene was taken from Ghiorso et al. (1983).
The equilibrium constant for the IQF reaction (Eq. 11)
was taken from O’Neill (1987b), and the equilibrium
constant for Equations 12 and 13 was taken from Wood
and Holloway (1984). The volume terms were taken from
Robie et al. (1978).

The activities needed to calculate the value for f;, us-
ing Equations 16 and 17 are listed in Table 4. The value
of log,, fo, was calculated with Equations 16 and 17. The
results of the calculations are given in Table 4. The close-
ness of the fit of these two equations shows a very good
internal consistency. Comparisons between the calculated
and the set values are shown in Figure 7, where the av-
erage of the calculated values for f,, shown in Table 4,
vs. the experimental f;, are plotted. The error in the cal-
culated fo, is about £0.2 log,, units, on the basis of the
propagation of the error in the activity coefficient of Fe,
the analytical error in the mole fraction of Fe in the Fe-
Pt alloy, and the estimated error in the activities of for-
sterite and fayalite in olivine and enstatite and ferrosilite
in orthopyroxene, with the error in f,, fixed by the CO/
CO, gas mixture of about +0.10 log,, units. The calcu-
lated values of £, are within the error of the experimental
fo,» which means that, with this technique, the value for
the f;, can be calculated to within +0.2 log,, units. This
is a somewhat smaller average error than that found by
Jamieson et al. (1992) using Heald’s (1967) activity-com-
position relationship for Fe-Pt alloys.

CONCLUSIONS

The activity-composition relationships in the system
Fe-Pt have been studied extensively at 1300 and 1400 °C
and 1 atm and are shown in Figure 8. This figure clearly
demonstrates the large negative deviation from ideality
in the Fe-Pt system. Our results agree fairly well with
previous studies, especially with Heald’s (1967) work, but
the new data clearly show a temperature dependence of
the activity coefficient of Fe in the alloy. The pressure
effect on the activity coefficient has also been investigated
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Fig. 8. The activity-composition relationship in the Fe-Pt
system at 1400 °C and 1 atm. The vertical error brackets rep-
resent the total error on the calculated activity of Fe in the alloy,
and the horizontal error brackets represent 1 sd of typical anal-
yses of alloys by electron microprobe. The solid line shows the

activity-composition relation for an ideal mixture.

at 20 kbar at 1300 and 1400 °C. At very low Fe contents,
our results show that the volume of the alloy has a large
negative deviation from ideality, but with increasing Fe
content, the volume becomes ideal and, with further in-
crease in the Fe content, the volume shows a positive
deviation from ideality. With X, ranging from 0.1 to
about 0.35, the partial molar volume of Fe in the alloy
remains essentially constant, at about 8.5 cc/mol. This
range in X, is a typical range in high-pressure experi-
ments, and over this range in composition the f, changes
by almost 4 log,, units (Gudmundsson and Holioway, in
preparation). At higher Fe contents, the volume-compo-
sition relationships become more ideal.

In high-pressure and high-temperature experiments it
can be very difficult to control the f,,, the conventional
way being to use solid buffers. An alternative approach
is not to impose f,, but to calculate its value at the end
of the experiment from an appropriate coexisting phase
assemblage. In this study, the IQF buffer reaction was
used to calculate f;,, at 1400 °C and 1 atm, with the ac-
tivity of Fe being calculated using the model derived in
this study. Gas-mixing experiments show that with this
technique, the calculated f, is accurate to within +0.2
log,, units.

One way to reduce Fe loss in high-pressure experiments
is to presaturate the Pt container with Fe at 1 atm at an
appropriate f,. In order to achieve the best results, one
must have a fairly good idea of what f;, conditions will
prevail during the high-pressure experiment. The Pt con-
tainer can then be presaturated at 1 atm using the same
starting material at the same temperature and f;, as the
high-pressure experiment. The duration of the presatura-
tion should be about the same as the duration of the high-
pressure experiment. Using this technique, the Fe loss in
near liquidus or basaltic melt experiments is typically less
than 5 wt% relative to the FeO (Gudmundsson, 1989).
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