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Introduction:   The origin of 16O enrichments in re-
fractory, early solar system  materials has remained
obscure.  Models to explain this observation are super-
nova nucleosynthesis [1], non-mass dependent frac-
tionation [2] and cosmic chemical memory [3]. We
have combined two innovative techniques to determine
oxygen isotope systematics and high precision magne-
sium isotope ratios to look for possible correlations
between these isotope systems in chondrules in order
to constrain these possible formation scenarios, as each
would predict different magnesium isotope signatures.
Supernova nucleosynthesis would result in 24Mg cor-
relations,  non-mass dependent fractionations would
result in no effect in Mg and cosmic chemical memory
may result in systematic differences between refractory
and non-refractory phases.

Samples and Methods: Chondrules were split in
half with the larger portion being used for mineralogi-
cal characterisation and in situ O-isotopic measure-
ment using the Oxford University UV laser fluorina-
tion facility [1], the rest was dissolved, solutions puri-
fied and analysed on a Nu Instruments MC ICP-MS.
Initial results were reported in Houston this year [2,3].

Results and Discussion: On the basis of O iso-
topes the chondrules can be divided into two groups.
One with oxygen isotopes which can be related by
simple fractionation processes to the matrix, and a sec-
ond which exhibit internal O-isotopic disequilibrium,
with 16O-rich compositions.

Those chondrules which constitute the “matrix”
group are characterised by iron-rich primary silicates.
These chondrules exhibit magnesium isotope abun-
dances very similar to those determined for the matrix,
showing only very small degrees of mass fractionation
from the matrix composition, with δ26Mg enrichments
up to 0.3‰.

The 16O-rich group are all refractory chondrules,
with  highly magnesian olivine (most Mg-rich >Fo99)
or are aluminium-rich.  The magnesium isotopes devi-
ate from the matrix to a much greater degree.  The fer-
romagnesian chondrules in this group are richer in Al
than the “matrix-like” chondrules and deviate by
ca.+1‰ in δ26Mg from the matrix.  The Al-rich chon-
drules are fractionated by up to 2‰ toward heavier
compositions.

The figure shows the correlation between ∆17O and
δ25Mg.  The ∆17O value for the matrix is from [7]. This
is the first correlation between oxygen isotopes and
any other isotope system and has important implica-
tions for the understanding of the source of enrich-
ments in 16O.

Conclusions:  The correlation of 16O enrichments
in chondrules which show chemical and isotopic evi-
dence for evaporation is more consistent with cosmic
chemical memory processes [3] than other possible
formation scenarios (nucleosynthesis [1], non-mass
dependent fractionation[2]).   We envisage a reservoir
of isotopically fractionated, refractory materials from
the molecular cloud which became mixed with a larger
reservoir of “normal” material during early solar sys-
tem processes, such as CAI and chondrule formation.
These effects were further obscured by parent body
processing.
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