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Introduction:

Hibonite (CaMg,Ti,Al;2.xO19) is one of the first
condensates from the solar nebula and would retain
information about the high temperature processes in
the earliest stages of the solar system evolution.
Despite their highly refractory nature, some
hibonite-bearing inclusions have little or no **Mg
excess (the decay product of *°Al), but do show wide
variation of isotopic anomalies (e.g., Ca and Ti) [1,
2].

In the present study, we conducted ion
microprobe analyses of Mg isotopes for 14
hibonite-bearing inclusions separated from the
Murchison CM2 chondrite. Preliminary data were
presented in the last meeting [3]. Among them, we
found two unique inclusions, which exhibit highly
mass-dependent Mg isotopic fractionation of up to
~50%o/amu (Fig. 1). If the process is governed by
Rayleigh fractionation, the two inclusions must have
experienced a severe evaporation event, in which
more than 95% of Mg was lost from the molten
precursors. Lack of excess Mg and large mass
fractionation of Mg isotopes suggest their possible
relations to so-called FUN inclusions [4].

To further understand this fractionation process
(e.g.,temperature and heating duration), we measured
elemental compositions of ultra refractory metal
grains found in these inclusions and simulated the
time variation of the metal composition during
evaporation at various temperatures (1500-2500K) to
see if we can reproduce the observed compositions.

Samples:
Two inclusions (MC037 and MC040) contain

abundant hibonite and a few spinel grains (10-20um).

They are surrounded by Fe-rich silicates, in which
numerous  irregularly-shaped = micronmeter-sized
perovskite grains are uniformly distributed.
Perovskite probably is the exsolution product from
the rapidly cooling melt. Backscattered electron
images of the two inclusions are shown in Fig. 2.

We found 5 ultra refractory metal grains in
these inclusions. The sizes of the observed grains
ranged 1-3um.

Result 1 (SEM-EDS):

We investigated elemental compositions of 5
ultra refractory metal grains using SEM-EDS. The
results show Fe:15-60%, Ni:0.1-17%, Pt:4-23%,
Rh:1-5%, Mo:1-31% and Ru:7-37%. Note that some
of the data have large uncertainties due to severe

overlapping of the X-ray peaks. The observed
compositions normalized to solar and Pt are shown in
Fig. 3. The abundances of highly refractory metals,
more refractory than Rh, are consistent with the solar
abundances [5], but Fe and Ni show significant
depletions by factors of 10* to 107, suggesting Fe
and Ni were preferentially evaporated due to its
higher volatility.

Result 2 (Simulation):

Evaporation simulations for a metallic grain,
initially 100um in diameter with a solar metal
composition, were carried out at temperatures of
1500-2500K to constrain the evaporation temperature
of MCO037 and MC040. We assume a Rayleigh
fractionation process, in which the metal grain is a
molten droplet of homogeneous composition
throughout the evaporation process. The evaporation
flux of each metallic element is estimated using the
Hertz-Knudsen equation [6,7]:
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where J; is the net flux of i (element) in moles per
unit areas per unit time, P;y, is the saturation
pressure of i, y; is the evaporation coefficient of /
(assuming unity in this calculation), m; is the
molecular weight of i, R is the gas constant and T is
the absolute temperature. Based on this equation, we
calculated the composition and the size of the metal
droplet at each time step until the depletion factor of
Fe becomes less than ~10°. An example is shown in
Fig. 4.

The results clearly demonstrate that highly
refractory elements (Rh to Re) show essentially no
depletion, while Fe and Ni become increasingly
depleted with time, which is consistent with the
observation. This is also true for any temperatures
investigated (1500 to 2500 K). On the other hand,
fractionation between Fe and Ni is rather large and
not consistent with the observation: for example, the
calculated depletion factor of Ni is only 107 to 107
when that of Fe is ~10°. This may be explained by
addition of small amount(s) of Fe (and Ni) into the
ultra-refractory metal grains at a later stage.
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Discussion:

It is not possible to constrain from the present
simulations the temperature of the evaporation event.
However, other pieces of information may be used to
constrain the temperature. First, in order to produce
large fractionation between highly refractory



elements (Rh to Re) and less refractory ones (Fe and
Ni), the metal grain must be molten during the
evaporation event (i.e., diffusion rate >> evaporation
rate). Hence, the temperature must be higher than the
melting point of the metal grain (> the melting point
of Fe, 1536 C).

Second, spinel in the two inclusions also shows
highly fractionated Mg isotopes. This suggests that
fractionation of Mg was established prior to
crystallization of spinel. This gives an estimate of the
temperature of the evaporation event to be ~1600C
assuming a CAl-like initial composition for the
precursor of the inclusions [8]. This is consistent
with the former estimation.
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Fig. 2. Backscattered electron images of MC040 (D)

and MC037 (E).
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(T=1800K). Depletion factors for various metallic
elements are plotted against heating time. Relatively
volatile Fe and Ni become significantly depleted, but
more refractory elements (Rh up to Re) show almost
no depletions.



