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Stripped of all its details, the pattern of oxygen

isotope variations in meteorites and inner Solar Sys-

tems appears to consist of three major features:  (1) a

cluster of data near 
18

O = 
17

O = –40‰, represent-

ing compositions of primary refractory inclusions,

(2) a more diffuse cluster of data centered near 
18

O

= +5‰, 
17

O = +2‰, representing compositions of

ordinary chondrites, most achondrites and terrestrial

planets, and (3) a linear array between clusters (1)

and (2), representing mixtures of the two end-mem-

bers, as seen in altered refractory inclusions and in

ureilites (Fig. 1).  This pattern has been interpreted as

Fig. 1. Oxygen isotopic compositions of primary neb-

ular reservoirs.

resulting from interaction of two reservoirs in which

the oxygen had somewhat different nucleosynthetic

histories:  a 
16

O-poor gas reservoir, and a dust reser-

voir that was enriched in 
16

O of nucleosynthetic ori-

gin [1].  With the advent of many new isotopic and

elemental analyses of refractory inclusions, espe-

cially ion microprobe analyses on small physical

scales, it has become evident that the 
16

O-rich end-

member is not dominated by residual solids, but is in

fact a condensate from a 
16

O-rich gas [2, 3]. Clayton

[4] postulated that this gas reservoir was the Solar

Nebula, and that the Sun has 
18

 = 
17

 = –40‰.  This

postulate will be tested directly by the measurement

of the oxygen isotopic composition of the solar wind

by the Genesis mission [5].

A second reservoir, enriched in 
17

O and 
18

O with

respect to the solar gas, is inferred in order to account

for the cluster of isotopic compositions represented

by Earth, Moon, Mars, and many asteroids [6].  The

water required to produce hydrous minerals in CI,

CM, and CR chondrites [7] may be a sample of this

reservoir.  Clayton [4] proposed that isotopic self-

shielding in the ultraviolet photolysis of carbon mon-

oxide can produce a reservoir of atomic oxygen

enriched in 
17

O and 
18

O in constant ratio to one

another.  Note that the overall oxygen isotopic com-

position of the gas is not changed by this process, but

atomic oxygen becomes enriched in the two rare

isotopes and molecular CO becomes depleted.  Such

a depletion has been directly measured in a molecular

cloud [8].  The chemical fate of atomic oxygen in

either a molecular cloud or the Solar Nebula is a two-

step reaction with abundant hydrogen molecules.

O + H2   OH + H

OH + H2  H2O + H

Several possibilities exist for the site of the self-

shielding process.  The principal constraint comes

from the opacity of the irradiated cloud in the rele-

vant wavelength region:  90–110 nm.  Three alterna-

tive sites have been proposed:  (1) the cold, low-den-

sity molecular cloud from which the Solar Nebula

was formed, irradiated by ambient starlight [9],

(2) the surface of the Solar Nebular disk, irradiated

by light from the young Sun [10], and (3) < 0.1 AU

from the Sun in the X-wind region [4].  In the X-

wind model [11], CAI are produced as condensates in

the magnetic reconnection region, and may undergo

multiple heating events.  Chondrules are produced in

the gas-rich region slightly farther from the Sun,

where much of their oxygen may be derived from the

photochemically processed atomic oxygen, enriched

in 
17

O and 
18

O relative to the solar abundances.  This

may account for their proximity in time and space

[12], and contrasting oxygen isotopic compositions.

A system in a photochemical steady state is in-

herently out of chemical equilibrium.  In a photo-

chemical system that produces atomic oxygen, which

is much more reactive kinetically than molecular CO,

departures from redox equilibrium are expected.  For

example, in the reaction:

CO + 3H2  CH4 + H2O ,

Equilibrium lies far to the left at high temperature

and far to the right at low temperature.  However,

ultraviolet photolysis of CO, even at high tempera-

ture, leads to formation of H2O.

Another possible manifestation of photochemi-

cally-induced redox disequilibrium is the
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anomalously high concentration of ferrous iron in

chondrules, which has led many authors (e.g, [13]) to

postulate large dust/gas enrichments in order to

achieve a sufficiently high equilibrium oxygen

fugacity.  However, the observed correlation between

oxidized iron and oxygen heavy-isotope enrichment

[14] may result from photochemically produced

atomic oxygen.  Disequilibrium oxygen activity

might also lead to solution of other long-time prob-

lems in meteoritics, such as condensation of molten

chondrules and lack of evaporation of alkalis.

A major unsolved problem is the two-dimensional

distributions of oxygen isotopic compositions on a

planetary scale among differentiated bodies (Fig. 2)

[6] and among primitive achondrites (Fig. 3) [6].  For

example, it has not been possible to use models

involving mixtures of primitive components, such as

those of Wänke and co-workers [15] to understand

the difference in oxygen isotopic composition

between Earth and Mars [16].
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Fig. 2.  Oxygen isotopic compositions of

differentiated meteorites.

Fig. 3.  Oxygen isotopic compositions of

primitive achondrites.
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