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Mineral-liquid partition coefficients have seen wide usage in both terrestrial and planetary 
geochemical studies. It is accepted that these coefficients are functions, to a greater or lesser 
degree, of mineral composition, melt composition, temperature, and possibly pressure. However, 
partition coefficient variations exist which don't seem to be connected to these effects [1,2]. 
Crystals grown from melts of similar composition and under similar physical conditions sometimes 
have trace element contents, and hence partition coefficients, which vary among grains These 
variations can be quite large and are poorly understood. Are these instances where 
disequiliirium, presumably kinetic, effects are dominating the partitioning? If so, are large non- 
eqdiirium effects confined to synthetic samples, or can they also have signilicant influence in 
natural crystals? Because partition coefficient values are used widely in the study of petrogenetic 
problems, it is important to determine the origin and magnitude of these "unaccounted for" 
variations. Acquiring this understanding becomes increasingly important as more and more trace 
element data on single grains are amassed by ion-probe work. 

Study of this problem began with Finding a suite of natural crystals where the more 
"regular" causes of partition coefficient variation were constrained, a population of crystals which 
formed under roughly the same temperature, pressure, and melt-compositional conditions 
throughout most of their growth history. Knowledge of the magnitude and patterns of partition 
coe£Eicient variations found in such a suite would be the first steps to understanding their 
occurrence. 

The sample chosen for this initial study is quenched m i d e e m  ridge basalt (MORB) from 
the Juan de Fuca Ridge. It contains ten percent phenocrysts of plagioclase and minor olivine in a 
clear, non-recrystallized glass matrix. Initially, only optically unzoned, well-formed crystals with 
minimal twinning were selected for analysis. Such crystals were most likely to have had simple 
growth histories and therefore would come closest to experiencing constant temperature, pressure, 
and compositional conditions throughout their interval of growth. 

Electron microprobe analysis was done for the major elements in both the crystals and the 
glass. Later, those same points were analyzed for trace elements (Ti, Mg, K, and Fe) at increased 
beam currents and accelerating voltages. These higher settings, along with increased counting 
times, gave us good counting statistics, and hence the partition coefficients we determined have 
very small errors. In some cases, several points were analyzed on each crystal so that intergrain as 
well as intragrain variations could be studied. 

Our best estimates of equilibrium partition coefficients are from analysis points near the 
rims of crystals, and are generally consistent with literature values (Table 1.). Overall, the crystal 
population chosen turned out to be somewhat inhomogeneous. Anorthite content varied by 
almost ten percent (ftom An78 to An69), and major element zonations were seen within some 
individual crystals (both normal and reversed). Trace element content variations weren't 
naxsd ly  large, but were way beyond errors (up to 3Wo from crystal to crystal). Some of this 
variation seems to be regular, where increasing trace element concentration correlates with 
increasing sodium content of the crystals Superimposed on this general regularity is a significant 
scatter. There are still relatively large differences in trace element concentration between crystals 
with nearly identical sodium contents. Many of the particularly "anomalous" analysis points were 
re-examined via SEM and no oddities (glass spots, micro-inclusions) were seen. A plot of 
titanium element weight percent against sodium element weight percent for all analysis points 
clearly shows both the general trend and the scatter discussed above (Fig. 1). Fe and K show 
similar patterns, while Mg is only weakly correlated with Na content. This general trend may 
relate to changing melt temperature or composition. However, simple models of fractional 
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aystallizatinn only predict a small range of variation in trace element content, and cannot account 
for the degree of scatter observed (see Fig. 1). The correlation between Ti and K is poor, which 
is somewhat surprising since they are both incompatiile elements in this situation (Fig. 2). In 
addition, the vague trend which is observed appears to have a slope much different from what is 
predided from simple magma mixing models where TI in one liquid should be constant. 

It themfore seems that we have found a set of crystals showing partitioning variations not - related to the regular effects of temperature, pressure, and composition. These magnitude of 
these wriatbns are sigdficaut, but not huge, in this case. Additional investigation is necessary for 
the mdemtanding of the causes of these variatiow Traditional phenoayst-matrix partition 
a x S c k n t s  derived from the average of our crystal snalyses would be significantly higher than 
those we infer from rim-liquid relationships, and would be of questionable validity. 
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Table 1. Selected Partition coefficients 

K errors Ti erzors Fe errors - - ns -18 Anorthosite [3.] 0.139 0.055 0.011 0.004 0.023 0.006 
nExperbexiialn [3.] 0.201 0.020 0.034 0.005 0.044 (QPn) 0.043 0.003 

Terrestrial Basalt [4. ] - - - - 0.058 0.008 0.041 0.009 
Synthetic Basalt [4. ] - - - - 0.033 0.010 0.065 0.016 
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