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Introduction 

Predictions of the condensation sequence of a gas of solar composition employ the thermodynamic proper- 
ties of minerals as a constraint (1); however, since the properties of silicate melts are largely unknown, their role 
in the condensation sequence remains largely mevaluated (23). Computer models which predict liquid proper- 
ties have been developed using expahentally determined phase equilibria ( 4 3 ,  but these models lack composi- 
tional generality and are vulnerable to the often si@cant errors in the thermodynamic data they use. It is 
important therefore to place experimental constraints on activities to guide the formulation of general thermo- 
dynamic models for minerals and melts. We have developed a technique to provide such constraints by direct 
experimental determination of the activities of oxide components in silicate liquids using equiliirium partitioning 
between the liquids and Pd metd at fixed fo,. 

Experimental techniques 

If a silicate melt is equilibrated with Pd metal at fixed P, T, and fo2, a small amount of the metallic form, 
M, of each constituent oxide, MO,, will dissolve into the Pd, governed by the equilibrium 
~ m 3 + x / 2 0 ~ M O d d ~ ,  with an equilibrium constant ~(T)=a~~;(adf$, where q is the activity of species i 
and fo2 is the oxygen fugacity. If the relationship between the concentration of M and its activity in the Pd is 
known, the activity of the oxide in the melt can be determined given a K O  from the literature (6'7). These a- 
X relations can be determined by equiliiration of Pd with the pure oxide in its standard state (aoxidc = 1). Runs 
were performed in a 1 atm home-built vertical MoSiz furnace with temperature monitored with a Type S ther- 
mocouple and fo2 controlled by mixtures of H2 and C02 and measured with a m a d o p e d  zirconia solid electro- 
lyte probe. We were able to use conventional gas-mixing techniques to carry out our experiments because 
metals such as Al, Mg, and Si dissolve into Pd in WDS-measurable quantities (100-1000 ppm) even at 10-15 
orders of magnitude above the fo, of their M/MO, oxygen buffer curves (i.e. near IW) due to their probable role 
as electron donas to the parfiaUy-filled 4d band of metallic Pd (8). The experimental method employed in this 
study is a refinement of one developed by metallurgists in the 1950's and '60's (9). We have replaced their use 
of Fe as the metal phase with that of Pd due to the extreme negative deviation from ideal behavior exhibited by 
dilute Pd alloys. We also have used sensitive (a ppm) microanalytical techniques which were unavailable to 
these earlier workers. 

Results 

Experiments equilibrating Pd with corundum and silica glass at 1200OC and corundum at 14U0°C feveal 
Henrian behavior of Al and Si in Pd with activity coefficients, x, on the order of loe9 for Al and lo4 for Si at 
1200°C and 104 for Al at 140O0C (Fig. 1). The constant yAl and ysi in Pd simplify the design of experiments 
aimed at determining activities of their oxides in melts. Running (Pd + corundum) or (Pd + silica) adjacent to 
(Pd + melt) in the furnace so both charges experience the same temperature and fo, ensures that the oxide 
activity in the melt is simply the ratio of the mole fraction of A1 or Si in the Pd equilibrated with the melt to 
that in the Pd equilibrated with the reference oxide. Thus, only analytical errors contribute to the uncertainty, 
which can be reduced to as little as 1% through careful choice of experimental conditions. 

An initial experiment was done at 1200°C on a tridymite + anorthite-saturated melt in the simple system 
Ca0-A12Q-Si4 to test the accuracy of the technique. We obtained an activity of Si02 relative to silica glass of 
0.85, which when changed to the reference state of pure tridymite at the same temperature (6) gave an asio, of 
1.02 + 0.10. This result demonstrated the soundness of our technique and encouraged us to move into more 
complicated systems relevant to CAI melts. 

Our next focus was on the system Ca0-Mg0-A1203-Si02-Ti02, a good analog for CAI-type liquids. We 
conducted an experiment to determine for residual melts of an average type B CAI composition whose 
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crystallization sequence had been studied previously (10). The activity of A1203 in the spinel-saturated melt at 
140O0C and 1 bar with respect to pure solid corundum was found to be 0.50 f 0.03, giving an activity 
coefficient of 3.6. The equilibrium between Alf13, MgO, and MgAlfi gives aw = 030 and = 2 6  rela- 
tive to periclase (6). These activities were compared to those predicted for a liquid of this composition by the 
model of (5); agreement is fairly god ,  the model values being 19% low for A1203 and 11% low for MgO. 

The Pa and P- of a cooling gas of solar composition at l W C ,  calculated assuming corundum satura- 
tion at atP, = 10') am and a log fq of -1631, (1,11), are 43x10-lo and 33x1r5. The PA in equilibrium with 
the CAI-like residual melt, calculated from the experimental a* is lower, 3.0x10-'09 while Pm calculated 
from the equilibrium between MgA1204 and gaseous Al, Mg, and 4 is essentially solar. These pressures are 
consistent with equilibration of CAI-like melts with a dominantly solar composition gas which has suffered some 
Al fractionation, possibly through condensation of corundum. However, due to considerable uncertainties in the 
thermodynamic data of spinel (6,7), our calculated P- may have an error of a factor of three or more, so it may 
be ~iecessary to invoke &tionation of more than one element or higher nebular pressures. With the addition of 
experimental data on the activities of other oxide components in CAI residual melt, it should become possible to 
estimate the bulk composition of gas in equilibrium with spinel-~mrated CAI Liquid. Oxide activity data on 
other compositions will be important in understanding trace element partitioning in chondrules, CAIs, and terra- 
trial magmas. This experimental technique can also provide data on crystalline phases in subsolidus conditions 
and thus it has the potential for a wide variety of other applications. 
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Fig.1. Activities of A1 and Si in Pd versus mole fractions showing Henrian relationships. 
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