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Type B CAIs should be ideal for studying trace element partitioning during closed system 
fractional crystallization; however, despite an abundance of experimental and analytical data, 
(e.g. 1-3) serious inconsistencies are present. A particularly glaring discrepancy (Fig. 1) involves 
the Mg and Ti concentrations in CAI anorthite 131. The Figure 1 calculations assume that, at the 
low oxygen fugacities (fo2) relevant for CAIs, trivalent Ti substitutes for Ca, but with a very 
small partition coefficient (D3=O) following the ionic radius trend set by REE Ds. The fractional 
crystallization paths, as a function of crystallization (F), fail to describe the observed Mg and Ti 
abundances. However, if Ti3+ can substitute in the tetrahedral site, larger values of D3 might be 
possible. Models in which D3=D4 for Ti [3] give anorthite concentrations of Ti which are about 
4 times higher than those shown on Figure 1, allowing for possible agreement with observations 
for F>90%. We have conducted a series of partitioning experiments between anorthite and Type 
B liquid over a range of oxygen fugacity to determine D3 in order to further constrain models for 
Type B crystallization. We have also determined Mg partition coefficients in the same 
experiments. This work also provides information on the dependence of Mg and Ti partitioning 
on liquid composition, which, in turn, allows assessment of substitution mechanisms of Mg and 
Ti in anorthite. 
Experimental Methods Experiments were done with the source material from which the 
composition of [3] was prepared. Mechanical mixtures of the component oxides were 
homogenized to provide a well-defined composition to assess fo2 effects on Ti partitioning (H 
series runs), while some material was not homogenized, producing a range of compositions to 
assess the liquid composition dependence of partitioning (UH series runs). The thermal history 
for crystal growth by fractional crystallization consisted of an initial 2 hour hold 30°C above the 
liquidus, step cooling to 10°C below the liquidus where the charge was held for 24 hours, 
followed by cooling 2-5OChour an additional 60°C below the liquidus with a final 12 hour hold. 
The experiments were conducted in air using Pt loops or at low fo2 using graphite capsules. The 
low fo2 runs were performed in an atmosphere of CO (fo2 - 10-1' atm. at 1350°C) or CO diluted 
with Ar (fo2 - 10-19 atm.), both of which should approximate conditions of CAI genesis [4]. 
Quenched low fo2 runs were purple, consistent with the presence of Ti3+, which has been verified 
by preliminary electron spin resonance data; however, the exact determination of Ti3+/Ti4+ in the 
experiments awaits further measurements now in progress. Mg and Ti abundances in anorthite 
and glass were determined by electron rnicroprobe analysis using operating conditions optimized 
for acceptable counting statistics. 
Results and Discussio~ The Mg and Ti partition coefficients are presented in Figure 2. Each 
data point is the average for a single crystal. It is apparent from the H runs that Ri does not vary 
systematically with fo2. A range of D-J-- from 0.028 to 0.038 is observed in the air experiment (all 
Ti as Ti4+). The D T ~  for the low fo2 runs (mixture of Ti3+ and Ti4+) are within this range. 
Assuming that a significant fraction of the Ti is trivalent in our low fo2 experiments, this lack of 
variation suggests that Ti3+ does in fact enter the anorthite structure and D3 is not equal to zero, 
qualitatively consistent with the D3=D4 model of [3]. 

There are large variations in D M ~  {factor of 4) and D-J-i (factor of 2), particularly in the UH 
series runs; moreover, there is a negative correlation of D M ~  and &;. The partition coefficients 
exhibit a strong dependence on glass composition (Si02 and A1203 in particular) with D M ~  
positively correlated with Si02 and negatively correlated with A1203, while DTi shows the 
opposite trends. It is well-known that partition coefficients can vary with melt composition, but 
the anticorrelation of Mg and Ti differs from the results of previous liquid-liquid partitioning 
studies [ 5 ] .  The reason for this difference is unclear. Regardless, the dependence of DM and 
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In addition, the dependence on glass composition can be used to assess possible substitution 
mechanisms of Mg and Ti in anorthite using the approach of Longhi et al. [6]. Their 
thermodynamic methodology suggests that a partition coefficient is proportional to an activity 
product of oxide components in the melt given by the proposed substitution mechanism (e.g., 
CaMgSi30s or Mg2+ + Si4+ = ZAP+ ). This approach was used to test plausible substitution 
mechanisms for Mg and Ti in anorthite using our data (Fig. 3). Our results suggest that Mg 
partitions into anorthite by the exchange reaction, Mg2+ + Si4+ = 2AP+ (Fig. 3a), which is 
consistent with the mechanism proposed by previous workers [6,7]. Our data are consistent with 
Ti4+ and Ti3+ entering tetrahedral sites in anorthite by the exchange reactions, 2Ti4+ = 2Si4+ 
(Fig. 3b) and Ca2+ + 2Ti3+ = 2Si4+ + vacancy (Fig. 3c), respectively. Substitution of Ti in 
tetrahedral sites has been suggested previously [8]. 
Peference~ [I] Beckett J. et al. (1990) Geochim. Cosmochim. Acta 54, 1755. [2] Simon S. et al. (1991) Geochim. 
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Stolper E. (1986) EPSL 78, 67. [5] Lesher C. (1986) JGR 91, 6123. [6] Longhi J. et al. (1976) PLSC 7, 1281. [71 
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