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A major early success of cosmochemical
modeling was the recognition that the con-
stituents of chondrites are readily understood
by sequential condensation in a cooling gas of
cosmic (=solar) composition, tempered by the
metastable survival of some high-temperature
phases. Of particular importance is Fe, which
prefers metallic bonds at high nebular tem-
peratures (>1000 K) and bondsto O and S at
low (<700 K) temperatures. Redox condi-
tions in a canonica nebula (one with a solar
composition) are controlled (buffered) by the
abundance of gaseous H, and H,O. The cur-

rently accepted canonical pH,/pH,0O is 1500,
and is relatively insensitive to nebular tem-

perature. Thus, both the formation of Fe-Ni
and its later corrosion by H,O (and H,S) are

readily understood in terms of plausible proc-
essesin acanonica nebula

Already two decades ago a few research-
ers began to try to model some features of
chondrites by condensation from non-
canonical nebulae [1]. About 12 yr ago there
was an upsurge in the development of such
models stimulated by several petrographic
and cosmochemical observations that seemed
to require nebular redox conditions orders of
magnitude greater than present under canoni-
cal conditions. A large fraction of these ob-
servations involved late-formed deposits of
oxidized Fe, especidly faydite, and many
were made on the Allende CV chondrite.
Two papers were particularly influential: (1)
Fegley and Paime [2] observed that, in many
refractory inclusions, Mo and W are depleted
relative to other siderophiles having smilar
volatilities, and that W and Mo are much
more volatile under oxidizing conditions
whereas other siderophiles are scarcely af-
fected; and (2) Peck and Wood [3] observed
that ferrous olivine rims the common for-
steritic olivine in Allende and that the minor-

element (Al, Cr, Ti) contents are too high to
allow exsolution from forsterite. Other stud-
ies that developed these themes are Hua et al.
[4], Rubin et a. [5], PAme and Fegley [6],
Weinbruch et a. [7], and Matsunami et a.
[8]; the latter two showed that MnO and FeO
were well-correlated in much of the fayalite,
inconsistent with condensation from a ca-
nonical nebula but roughly consistent with
formation under oxidizing conditions.

Typical pH,/pH,0 ratios in these nebular
models are 10, i.e., >100x lower than in a
canonical nebula. The common approach to
explaining such extreme conditions is to as-
sume that (1) the nebula was originaly ca-
nonical; (2) dust settled to the midplane and
was evaporated there by an unknown heat
source, the O from the oxides being largely
converted to H,O; and (3) grain (and, in
some models, chondrule) condensation oc-
curred before the turbulence led to remixing
with the nebular gas outside the midplane.

The pendulum began to swing the other
way. Blum et a. [9] showed that many CV
opague assemblages are best understood as
asteroidal  alteration products. Although
Pame and Fegley [6] had reported that
chromite condensed earlier than Fe-Ni under
oxidizing conditions and thus the high Cr
contents of fayalitic materials was an indica-
tion of such conditions, new calculations by
Krot et a. [10] showed that chromite con-
densation behavior was essentialy independ-
ent of redox conditions. They also noted that
those refractory inclusions that formed as a
result of heating during infall into the nebula
might retain their origina redox state, in
which case the depletions of Mo and W
would not be indicative of nebula-wide con-
ditions. Wasson and Krot [11] showed that
high-Fa olivine associated with silicain UOC
probably formed by aqueous alteration on the
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parent bodies, Fe,S O, formed when Fe dif-

fused from the surrounding matrix to the sil-
ica. The high Mn contents of these grains are
readily understood if Mn condensed from the
nebula as tiny, unstable grains that dissolved
during agueous ateration, the Mn diffusing to
a suitable growing host such as fayalite. This
model can also explain the MnO-FeO corre-
lations observed by Weinbruch et al. [7] and
Matsunami et a. [8].

Krot et al. [12] carried out an extensive
review of CV ateration products and showed
that they are pervasive, i.e, in chondrules,
refractory inclusions, matrix and metal. Their
view was that the ateration, whether involv-
ing formation of phyllo-slicates, Fe-akali-
halogen metasomatism, or oxida-
tion/sulfidation of metal was best understood
by low-temperature processes in the asteroi-
dal parent body, as originaly suggested for
CV chondrites by Houdey and Cirlin [13],
and widely accepted for CM and CI chon-
drites since the work of Bunch and Chang
[14] and Kerridge et al. [15].

There are two reasons it is easier to oxi-
dize metal or agqueoudly alter other phases in
the parent bodies than in the solar nebula. The
pH,/pH,0O ratios are much lower in parent

bodies, causing the stability fields of altera-
tion phases to extend to higher temperatures,
and H,O pressures are much higher, leading

to higher reaction rates. At a nebular pressure
of 105 am pH,O is only 7 x 109 atm; be-
cause H,O was probably the dominant vola-

tile in asteroids, its pressure could be as high
as the overburden pressure, which reaches 1
am at a depth of 1 km in a chondritic aster-
oid having aradius of 50 km.

In summary, the evidence for highly oxi-
dizing conditions in the solar nebula is weak.
Although there is evidence (e.g., Mo deple-
tions) for the formation of refractory inclu-
sons under oxidizing conditions, those

formed during infall heating could have been
internaly  buffered. Other observations,
mostly involving fayalite or magnetite, seem
better understood in terms of agueous altera-
tion on the parent bodies.

There is no need to continue to invoke
implausible events to flash evaporate nebular
solids in the midplane (and to prevent the re-
sulting gases from mixing with the other
nebular gas). The more important global
question now is whether the H,O in the

chondritic parent bodies condensed as ice or
as hydrated silicates.
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