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Introduction: Data afforded by recent advances in
our ability to measure stable isotope ratios of major
rock-forming elements have prompted an emerging
hypothesis that collisions between rocky planetesimals,
planetary embryos, and/or proto-planets caused signif-
icant losses of moderately volatile (e.g., K) and “com-
mon” (or moderately refractory) elements (e.g., Mg
and Si). The primary evidence for these losses is in the
form of heavy isotope enrichments in rock-forming
elements relative to the values for various chondrite
groups (Figure 1).
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Figure 1. Literature compilation of *’Si/**Si for vari-
ous solar system rocky bodies [1-4].

There is evidence for substantial mass losses in the
bulk compositions of planets. For example, because
Ca is highly referactory, and therefore largely retained
in the melt during volatilization, the concentration of
Ca can be used to estimate the masses of more volatile
elements compared with their precursor values. In the
case of Earth accreted from E chondrite like material,
the mass of Earth’s Mg compared with the E chondrite
precursors is 1/3; evaporation removed 2/3 of the mass
of Mg from the building blocks of Earth. However,
the isotopic data require equilibrium between melt and
vapor in this scenario [1].

The evaporation hypothesis has numerous implica-
tions for the our interpretations of the isotopic compo-
sitions of meteoritical materials. Here we focus on the
implications for the iron isotopic compositions of iron
meteorites.

Fe Isotopes of Iron Meteorite Parent Bodies:
Our Fe isotope ratio data for carbonaceous chondrites
and IIIAB iron meteorites are similar to the overall

trend reported in the literature: the iron meteorites are
high in *’Fe/**Fe relative to chondrites by ~ 0.1 %o
(Figure 2).
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Figure 2. Comparison between °'Fe/**Fe for IIIAB
iron meteorites and CM carbonaceous chondrites at
UCLA. The difference is similar to that seen in other
studies of various chondrite groups and iron meteor-
ites.

Literature Fe isotope ratio data comparing iron me-
teorites to various other chondritic reservoirs are
shown in Figure 3 for comparison to Figure 2. One
commonly invoked explanation for high *’Fe/**Fe of
metal is equilibration between metal and silicate during
core formation.
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Figure 3. Literature compilation of *’Fe/**Fe for iron
meteorites and chondrites.

Metal-silicate fractionation factor. Combining the
measured Fe isotope fractionation between metal and
silicate in aubrites obtained at UCLA together with
experimental calibrations of the effects of substitutions
for iron in metals from the Geophysical Laboratory [5]
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results in a model for metal-silicate Fe isotope frac-
tionation: A’ Fepeapsiticare = 3.36X10%T* + 0.0112(x-
5.1) where x is the atom% of elements substitutiong for
iron in the metal (Ni + S in this case). We estimate
values for A’'Fepnetalsiticate TOT magmatic temperatures
using observed Ni concentrations in magmatic iron
meteorites and previous estimates of S concentrations
of the metal parental melts.

The fractionation factors constrain the fraction of
the iron meteorite parent bodies composed of metal
cores assuming metal-silicate equilibration. The con-
straints come from the 8°’Fe of the iron meteorites
given the 8 'Fe of the bulk parent bodies: 8 Fepea =
857Febulk + XFe silicate AS7Femctal—silicatc and 857Fesilicatc =
& Femer — A”'Fe, comprising two equations in three
variables (85 "Fepuik, XFe silicates and A*"Fe for specificied
metal compositions), where Xresilicate 1S the fraction of
the total Fe residing in silicate. The latter can be con-
verted to the core fraction using estimates of iron con-
centrations prescribed by the oxygen fugacity relative
to the iron-wiistite buffer: AIW = 2 log(XFeOQ™“'/
XFe™™) for ideal activity coefficients (realistic devia-
tions from unit y are negligible for this calculation)
where Xi/ are mole fractions for iron species i in phase
j. For our applications, AIW values near —2.3 to —2.7
are most appropriate [6].
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Figure 4. Solutions matching iron isotopic composi-
tions of iron meteorites and silicates (e.g., HEDs) in
the solar system in terms of bulk 8°’Fe and fraction of
parent body composed of a metallic core.

Estimates for the core sizes of iron meteorite par-
ent bodies: Figure 4 shows solutions to the equations in
which silicate 8°'Fe values are within error of zero
(e.g., as for the HED meteorites), where 8°'Fe of iron
metal is within error of 0.13 %o (e.g., Figures 2,3), and

where AIW values are near —2.5 +/— 0.2. Results are
shown for a range of plausible metal-silicate fractiona-
tion factors representing a range in parental melt S
concentrations from a low of 3.5 atom % to a high of
12.5 atom % [7] at an equilibration temperature of
1800 K (e.g., minimum liquid core-mantle boundary of
Vesta). Results are not critally dependent on the tem-
perature within several hundred degrees.

The results suggest that for parent bodies that were
chondritic in 8 ’Fe (wthin ~ 0.06 %o of zero), the mass
fractions of IIIAB parent body cores were exceptional-
ly small (~ < 0.1, or smaller than the lowest values of
0.16 estimated for Vesta [8]). In order for core frac-
tions to be more typical (e.g., between 0.16 and 0.33,
for example, representing a range for Vesta [8] and
including the terrestrial value), the bulk & 'Fe of the
parent bodies of the iron meteorites must have been >
0.06 %o and could have been as high as 0.12 %o. These
results therefore suggest that evaporation attended the
formation of the parent bodies of the iron meteorites
(and the IIIAB parent bodie(s) in particular).

Conclusions: The high 8 ’Fe values of iron mete-
orites in the solar system are not consistent with chon-
dritic 8”'Fe values for the parent bodies unless core
fractions were exceptionally (unrealistically) small.
Evaporation of Fe during the formation of the parent
bodies, as suggested for Si and Mg isotope ratios, may
offer a solution to this conundrum. If so, the early
formation of the non-carbonaceous iron meteorite par-
ent bodies considered here (within <2 Myr of CAI for
the IIIABs [9]) suggests that the evaporation was oc-
curring during the very earliest phases of planet for-
mation, and not only during the latest giant impacts.

While it is possible that iron isotope fractionation
between metal and silicate was not a controlling factor
for the observed &°'Fe values in iron meteorites, ex-
cluding this possibility leads to the same conclusion
that °"Fe/**Fe is elevated in the metals due to evapora-
tion.

The iron meteorites may be the last vestiges of
some of the earliest-formed planetesimals that carry
the isotopic signatures of evaporation.
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