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Introduction: The formation and migration of giant gas planets are crucial to the evolution of planetary
systems, and yet the timing of these events in our Solar System remains largely unconstrained. Angrite meteorites
represent some of the oldest materials in the inner Solar System, and therefore provide an exclusive window into the
history of the early Solar System [1]. Recent oxygen isotopic analyses have redefined the angrite fractionation line
(AFL) to A0 = 0.064 + 0.018%o (20) and highlighted that the quenched angrite NWA 12320 exhibits an anoma-
lous A0 value of -0.017 + 0.004%o (20) [2]. Mineralogically, NWA 12320 is comparable to the majority of
quenched angrites, however, it lacks the usual abundance of olivine xenocrysts. Here we present evidence for an ox-
ygen isotopic disequilibrium between the matrix and olivine xenocrysts in three quenched angrites, NWA 12320,
Asuka-12209 and Asuka-881371, discussing the possible causes of this variation.

Matrials and Methods: Olivine xenocrysts in the three quenched angrites were separated from the matrix
and subsequent O-isotope data of both matrix and olivine fractions were obtained at the Open University using laser-
assisted fluorination following established procedures [3,4].

Results: The olivine xenocrysts of NWA 12320, Asuka 12209 and Asuka 881371 display A7O values of -
0.065 = 0.018%o, -0.068 + 0.015%o0 and -0.067 £ 0.008%., respectively, indistinguishable from whole-rock angrite
meteorites measured in other studies [2]. Intriguingly, the matrix fractions of all three samples reveal less negative
values that are statistically distinct from the other angrite meteorites (A0 = -0.024 + 0.016%o, -0.001 £ 0.007%o
and -0.003 + 0.007%o, respectively). While lesser amounts of matrix may result in undetectable shifts in some
quenched angrites, NWA 12320 is dominated by matrix and therefore the whole-rock sample equates to a matrix
separate. Electron backscatter diffraction on the olivine xenocrysts in NWA 12320 revealed granular textures. The
granular olivine xenocrysts have no discernible preferred orientation and are cemented by olivine with a higher Fe
content, with neighbouring grains displaying vastly distinct orientations, indicative of recrystallization, after shock-
induced mosaicism or fragmentation.

Discussion: The granular textures within NWA 12320, have also been reported in the urelite JaH 422 and
the howardite JaH 556 [5,6]. These meteorites have been interpreted as impact-melt rocks with the olivine grains
representing unmolten relics of their precursor material. Interestingly, JaH 556 similarly displayed slight oxygen
isotopic differences between the bulk-rock and matrix fractions. This textural evidence could suggest that at least
some olivine grains in NWA 12320 remained as relict material and were affected by high temperature processes on
the angrite parent body (APB). We therefore favor the hypothesis that NWA 12320, Asuka 12209 and Asuka
881371 have an impact-melt origin, with the matrix representing recrystallized material induced by an impact event
and the olivine grains representing relict material of the original APB. The impactor is unlikely to be a carbonaceous
chondrite based on the positive AYO values of the matrix, nor an ordinary chondrite due to the lack of metal within
angrite meteorites. We therefore propose that the impactor was an unsampled achondrite like NWA 11042 [7]. We
conclude that this extreme dynamical excitement resulting in early, large scale mixing, is not an expected result of
the classical accretion of bodies, and demands the interference of the giant gas planets.

Summary: We interpret our findings in terms of quenched angrite meteorites representing impact-melt
rocks rather than shallow magmatic intrusions, recording evidence of impact-driven mixing. This mixing may have
taken place in response to the inward migration of giant planets (as envisaged in the Grand Tack model [8]) and
hence would represent the earliest isotopic evidence for planetary migration in the early Solar System.
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