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ASSIMILATION-FRACTIONAL CRYSTALLIZATION MODELING OF 
MAGMATIC IRON METEORITES. Daniel J. Malvin, Lunar and Planetary Laboratory, The 
University of Arizona, Tucson, AZ 85721. 

Ten of the thhkeen chemical groups of iron meteorites are believed to be of magmatic origin, 
having solidified from a metallic melt by means of fractional crystallization. The large ranges in 
Ir content in iron meteorite groups IIAB and IIIAB can only be understood in terms of nearly 
ideal fractional crystallization. Previous attempts to model iron meteorite groups by fractional 
crystallization have not been entirely successful. Scott [I] successfully modeled most magmatic 
iron meteorite groups by assuming the values of solid metallliquid metal partition coefficients that 
best fit the data. These assumed values were not always consistent with experimentally- 
determined values. Malvin et al. [2] used experimentally-determined values [3,4] but failed to 
match simultaneously non-linear interelement trends (log Ge vs. log Ni) and linear trends (log Ir 
vs. log Ni). This failure led to a reconsideration of the physical conditions of magmatic iron 
metwrite formation. In this contribution it is shown that good matches to the meteorite data can 
be obtained with a model that allows for the assimilation of material into the metallic liquid during 
fractional crystallization. 

The equations used for modeling assimilation-fractional crystallization (AFC) are those given 
by DePaolo (1981) as equations 3 and 6 [5]. The relevant starting parameters for the AFC model 
are the ratio of the assimilation rate to the crystallization rate (both mass per unit time), the 
composition of the initial magma, and the composition of the material which is being assimilated. 
The composition of the assimilated material is assumed for simplicity to be the same as the 
composition of the initial metallic magma, a plausible assumption for the physical setting 
discussed below. The AFC equations were solved numerically and simultaneously for Ni, P, 
Ga, Ge, Ir and Au. The partition coefficients used in the model calculations are derived from 
[3,41. 

Preliminary calculations using the assimilation-fractional crystallization formalism suggest 
that such a physical model is capable of reproducing the compositional features of magmatic iron 
metwrite groups for very low ratios of assimilation to crystallization. For example, using a 
value of 0.01 for the ratio of assimilation rate to crystallization rate, both the main trend and the 
leveling-off "tail" at high Ni contents in the log I .  vs. log Ni diagram for IIIAB irons appear to be 
well modeled, as is the nonlinear trend in log Ge vs. log Ni (Fig. 1). For Ge the effects of 
assimilation are negligible and calculated compositions closely resemble a model of simple 
fractional crystallization. Similarly, assimilation produces only negligible effects on the 
composition of the crystallizing metal for Ga, P, and Au. For Ir, however, a model of 
assimilation concomitant with fractional crystallization leads to a steady-state concentration of Ir 
in the crystdlihg metal at high Ni contents despite the fact that the Ir partition coefficient obtains 
high (>SO) values. The AFC model provides a fit to the Ir data for group IIIAB which :s 
demonstrably superior to that of simple fractional crystallization (Fig. 1). Comparable results 
have been obtained using AFC for group IlAB (Fig. 2). 

The physical setting for the assimilation-fractional crystallization process could be an 
accreting asteroidal body which had exceeded the solidi of both silicate and metal prior to 
complete assembly, presumably through the heating action of accretion, short-lived radioactive 
elements, or electromagnetic induction. As the core crystallizes, it is envisioned to grow through 
the arrival of fresh metal at the corelmantle boundary. This metal is assimilated into the liquid 
metal in the core. Such a process is attractive in that it would be a natural consequence of 
asteroidal accretion and differentiation. 
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FIGURE 1. The Ge, Ir, and Ni data for group IIIAB iron meteorites are shown by 
crosses. The leveling of Ir at higher Ni contents in the AFC model has been produced by 
setting the ratio of mass assimilation rate to mass crystallization rate equal to 0.01. In 
contrast a model of simple fractional crystallization produces a trend in which Ir decreases 
to extremely low values and fits the data poorly. Both models provide similar results for 
Ge. 
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FIGURE 2. The Ge, Ir, and Ni data for group IIAB iron meteorites are shown by plus 
symbols. The leveling of Ir at higher Ni contents in the AFC model has been produced by 
setting the ratio of mass assimilation rate to mass crystallization rate equal to 0.0 1. In 
contrast a model of simple fractional crystallization produces a trend in which Ir decreases 
to extremely low values and fits the data poorly. Both models provide similar results for 
Ge. 
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