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Oriented Cr,Ca-rich symplectitic inclusions in lunar olivines are known as diopside-chromite vermicular inter-
growths in the interiors of olivine grains from lunar rocks delivered by Apollo missions [1, 2]. Oriented symplec-
titic inclusions consisting of Ca-clinopyroxene and magnetite/Al-spinel were observed in terrestrial olivine [3].
The available optical, EMPA and TEM data published in previous work show that spinel-pyroxene symplectites
are typical for olivine from martian meteorites [4-6]. The origin of the spinel-pyroxene symplectites is still debated.
Oriented lamellae very enriched in Ca and Cr have also been found in Mg-rich olivine grains probably associated
with a lunar cumulate rock that later disintegrated under impact. Here, we report the results of a FE-EMPA and
FIB/TEM study on symplectites in olivine from lunar regolith delivered by the soviet Luna-24 lunar mission. A
possible mechanism of symplectite formation by a dehydrogenation-oxidation reaction is suggested.

The lamellae consist of worm-like intergrowths of FeCr2O4 chromite (Chr) and CaMgSiO4 diopside (Di), with
a Chr:Di molar ratio of 1:2, and display the orientation relationship: (100)Ol// (111)Chr// (100)Di; (001)Ol //
(0-11)Chr // (010)Di. The lamella/olivine interface is parallel to (100) of olivine. The linear extension and the
orientation relationship between the symplectic inclusions and olivine matrix suggest that they nucleated on OH-
bearing deformation defects in the olivine host. Concentration profiles of Ca and Cr combined with local mass
balance calculations indicate that symplectic inclusions formed by a solid state reaction in olivine without adding
of Ca and/or Cr from the rock matrix. Symplectite formation was a diffusion-controlled process and proceeded
by cation exchange between olivine host and the growing symplectic inclusion such that Ca+Cr from the olivine
host was exchanged with 2Mg from the lamellae. This exchange was coupled with a Cr2+ → Cr3+ oxidation
process. Replacement of olivine occurred without a volume change. uThe chromite-diopside intergrowth attained
its “cellular” microstructure during a single-stage process implying that (a) the exsolution of the calcium-chromium
rich lamellae from the olivine and (b) phase separation at the symplectitic reaction front were coeval. The time scale
derived from diffusion modeling of the calcium depletion haloes around the lamellae indicates a thermal event on
the order of several months to several hundred years at most.

Symplectites in olivine from lunar, terrestrial and martian rocks are very similar with respect to their morphology,
texture, crystallographic orientation with respect to the olivine host and phase constituents. These features are
inconsistent with those of “dry” olivine oxidation. Our data suggest that the oxidation during symplectite formation
is due to the dehydrogenation of an OH-bearing olivine precursor:

Cr2+ + OH− (structure) = Cr3+ + 1/2H2(gas) + O2−
(structure).

The dehydrogenation-oxidation model of symplectite formation potentially holds for terrestrial and martian olivine
because (i) terrestrial and martian olivine may contain up to several hundred ppm H2O and (ii) hydrous olivine
lamellae suggested here as a precursor for symplectite have been observed earlier in terrestrial mantle olivine [7].
If so, the dehydrogenation-oxidation model for symplectite in a lunar sample may also be plausible, because the
presence of water in the lunar mantle up to 70 ppm H2O has been documented recently from lunar green picritic
glasses [8-9], and OH contents were detected in lunar apatite [10, 11] and there are also recent data on OH at
concentrations of 20-35 ppm H2O in lunar olivine associated with the late-stage KREEP-rich mesostases in lunar
Apollo basalts [12]. The dehydrogenation of olivine suggests that lunar olivine of high deep origin contained some
water (OH−), corroborating the presence of water on the Moon.
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