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POTENTIAL EFFECTS OF MELT COMPOSITION ON REDOX RATIO: IMPLICATIONS FOR
OXYGEN FUGACITY MEASUREMENTS. M. C. McCanta, Lunar and Planetary Institute, 3600 Bay Area

Boulevard, Houston, Texas 77058 (McCanta@I pi.usra.edu).

Introduction: The ability to measure the intrinsic
oxygen fugacity (fop) of a system (e.g., magma storage
region, planetary body, etc.) is essentia to understand-
ing elementary geologic processes such as crystalliza-
tion and differentiation. Of al the major elements,
only iron commonly exists in multiple valence states.
Thus, accurate knowledge of the Fe**/Fe** ratio pro-
vides the best proxy for the amount of oxygen present
in a crystallizing system and allows for estimation of
magmatic fop,. To quantify fo,, a variety of oxybarome-
ters are utilized. An oxybarometer commonly applied
to terrestrial igneous rocks is based on the ratio of
Fe*/Fe* present in the melt phase [1]. This ratio is
believed to reflect the crystallization oxygen fugacity
of the system and can be quantified, in a crystal-free
glass, taken to represent a quenched melt, using the
algorithm of [1] asfollows:

In [XFe203/XFeO] =alnfo+ b/T + ¢+ ZX;d;
where a, b, ¢, and d; are experimentally determined
constants and X; is the mole fraction of thei™ oxide.

Earlier studies have suggested that the Fe?*/Fe** ra-
tio of a melt can be influenced by melt composition,
specifically the structural role the various cation spe-
cies fulfill [2,3,4], as well asfp,. Dickenson and Hess
[2,3] investigated this effect over a range of melt com-
positions (peraluminous { K,O<Al,Og} to peralkaline
{K,0O>Al,0z}) a a constant fo, and temperature. Un-
der these conditions, they found a large compositional
effect in the Fe?*/Fe** ratio in peraluminous melts and
essentially none in peralkaline melts (Figure 1).
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Figure1. Melt Fe** vs. composition data from [2]. Notethe
distinct break in slope at ~(K,O/K,O+Al,03)=0.5. This ap-
proximates the peraluminous-peralkaline melt compositional
boundary.

These effects were attributed to the presence of tet-
rahedrally coordinated Fe** in the melt, charge bal-
anced with K*. In peraluminous melts, the results in-
dicate that tetrahedral Fe** is less stable than in peral-

kaline melts. [2,3] suggest that increased competition
between Fe* and AI** for the scarce charge-balancing
cations in the peraluminous melts results in the compo-
sitional variability seen in Figure 1. However, their
experiments were run only at a single high fo, (i.e, in
air) and therefore any effects that changes in fo, may
also have on melt Fe** content were not addressed.

The potential exists for compositional differences
to influence melt Fe** content which may, in turn, in-
fluence fo, measurements. Therefore understanding
the interplay between the compositional effects and fo,
isimperative. This study presents new experiments to
quantify the effects that composition may have on the
Fe* content of the melt as a function of crystallization
foz.

Methods: Experimental. A series of experiments
were carried out in the 1-atmosphere, gas-mixing fur-
naces at Johnson Space Center and the vertical tube
Deltech furnace at Brown University. Four starting
compositions, synthesized from reagent grade oxides
and carbonates, were used to cover the range of melt
compositions in the original study (Table 1). Starting
compositions consisted of simplified meltsin the SiO,-
Al,05-K,0O-FeO* system. The only variable parameter
was the K,O/AlLO;3 ratio, spanning compositions from
peraluminous to peralkaline. The high SIO, of the
starting composition was chosen due to previous stud-
ies which demonstrated that at SiO, values greater than
75 mol%, the redox ratio is sensitive to melt composi-
tion [5] and that this sensitivity decreases in melt com-
positions at lower values. Additionally, data from
melts created in previous experiments on a Martian-
type starting composition were included for compari-
son.

Table 1. Starting compositions.
wt.% PM1 PM2 PK1 PK2

SO, 69 69 69 69
Al04 18 15 11 8
K20 11 14 18 21
FeO 2 2 2 2
K@ 0.38 0.48 0.62 0.72

K* = KzO/(KgO+A| 203)

Peraluminous compositions were run in the gas-
mixing furnaces utilizing Re- and Pt-wire loops. The
fo» was controlled using a predetermined mixture of
CO and CO, gases and monitored with an external
ZrO, sensor. The use of either Re or Pt loops was
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predicated by the run fo,. Under high fo, conditions (>
quartz-fayalite-magnetite [QFM]) Pt-wire was used as
Fe loss to the Pt-metal was minimized under these con-
ditions. Re-wire does not take up Fe under low fo,
conditions [6] and therefore was used in the low fo,
experiments.

Peralkaline compositions were run in the vertical
tube Deltech furnace. The high akalinity of the peral-
kaline compositions necessitated a different experi-
mental setup. To minimize akali volatilization in
these experiments, samples were placed inside lightly
crimped Re-foil containers and sealed in evacuated
silica glass tubes. The Re-foil was used to fix fo, at
the Re-ReO, buffer (~Ni-NiO+2).

Temperature was held constant at 1450°C in all
experiments. Charges were held for 12 hours at run
conditions, the minimum time determined necessary to
achieve constant Fe*/Fe** values by [2]. All experi-
ments were quenched in water.

Analytical. All run products were analyzed for
their magjor element composition on the Cameca SX-
100 at Johnson Space Center and for their Fe** content
on the Mdssbauer spectrometer in the Mineral Spec-
troscopy Laboratory at Mount Holyoke College.

Results: Experimentally produced melts of asin-
gle, Martian-type, composition show significant in-
creasesin Fe* content with fo, (Figure 2). The meas-
ured Fe* content of these melts ranges from 0.03 wt.%
at fo, values of QFM and lower to 8.51 wt.% in sam-
ples equilibrated at an fo, of ~IW+8.6 [7]. Thisrepre-
sents a percent Fe**/=Fe range of zero to 59.5. Addi-
tionally, the glass compositions appear well correlated
with the predicted X Fe,Os/XFeO calculated using the
algorithm of [1]. It isevident from these experiments
that fo, variations have a significant effect on the ferric
iron content of a single composition melt.
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Figure 2. Comparison of experimental glass Fe** data (both
XANES and M&sshauer) and fop. The solid curve represents
the calculated Xrero3/Xreo from [1] for a melt at 1235°C, the
temperature of these experiments.

The new glass data presented above was then plot-
ted with data from [2] to compare compositional ef-
fects with crystallization fo, effects on redox ratio
(Figure 3). Although these early experiments were run
on a significantly different starting composition (lower
SiO,, low Al,O3z, high FeO), the spread in the iron ratio
as a function of fo, appears to be larger than that
caused by compositional variations. The variation in
Fe®*/=Fe in a single composition over a wide range in
foz is nearly double that seen as a function of composi-
tional variability.
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Figure 3. Comparison of glass data from [2] and new ex-
periments on a single composition over a range of fo, values
(shown on plot).

Ongoing Research: In peraluminous composi-
tions, the variability in redox ratio with fo, appears
significantly greater that that resulting from composi-
tional differences. This suggests that melt measure-
ments of Fe** for use in oxybarometry are not unduly
effected by compositional differences. To further test
this hypothesis, new experiments on peralkaline melts
are planned. Additionally, experiments to characterize
the effects of Ca addition to the melts are being com-
pleted. The study of [3] showed the compositional
effects to be similar to that seen in the SiO,-Al,O5-
K,0-FeO* system, but more muted.
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