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Introduction: High-pressure and -temperature experiments 

expect that olivine dissociates to silicate-perovskite (Pv) + mag-
nesiowüstite (Mw) at ~24 GPa (e.g., [1]). However, the dissocia-
tion of olivine at high-pressure and -temperature condition has 
never been reported from any natural samples so far. Therefore, 
the dissociation mechanism of olivine in natural samples is still 
unclear. Olivine is one of major constituents of the Martian me-
teorite. Some Martian meteorites record high-pressure conditions 
of ~24 GPa or even inferred higher pressures during natural dy-
namic events (e.g, [2]). It is likely that olivine in such Martian 
meteorites dissociates into Pv + Mw because the pressure condi-
tions are beyond the stable pressure field of olivine, wadsleyite 
and ringwoodite. Accordingly, we carefully scanned olivine 
grains in the Martian meteorite, Dar al Gani (DaG) 735 with FE-
SEM and FIB-TEM techniques, and here, we report the first evi-
dence for olivine dissociation at high-pressure and -temperature 
condition.  

Results and Discussion: DaG 735 is an olivine-phyric sher-
gottite and contains a shock-melt vein. The dissociation texture of 
olivine (Fa34-41) was observed in olivine grains adjacent to the 
shock-melt vein. FE-SEM images show that the dissociation tex-
tures can be divided into two settings; 1) fine-grained granular (< 
~100 nm) part and 2) coarse-grained (< ~1.0 μm) granular part. 
Fine-grained granular textures exist always adjacent to the shock-
melt vein. The abundance of coarse-grained granular texture in-
creases in dominance with increasing a distance from the shock-
melt vein wall to the interior of the olivine grains. Raman spectra 
corresponding to pyroxene-glass were obtained from both disso-
ciation settings. FIB-TEM studies show that the fine-grained gra-
nular parts consist of equigranular Mw and vitrified-Pv. The 
coarse-grained granular parts include fragments with alternating 
lamellar intergrowth. The alternating lamellae consist of Mw and 
vitrified-Pv. 

The dissociation mechanisms of olivine or ringwoodite to 
Mw + Pv were previously studied using high-pressure generating 
devices (e.g., [3]). Micro-textural evolution from lamellar into 
equigranular, similar to the textural sequence encountered here, 
was previously observed with increasing temperature but at the 
same pressure conditions. The micro-textural evolution observed 
in DaG 735 probably resulted from the decreasing thermal gradi-
ent but at the same pressure magnitude into the olivine grain dur-
ing a dynamic event. Olivine dissociation requires the pressure 
condition of ~24 GPa or more. In addition, a kinetic barrier exists 
around 700 °C for the dissociation of olivine [4]; i.e., the disso-
ciation does not take place below ~700 °C even at higher over-
stepped pressure. Accordingly, pressure condition recorded in the 
shock-melt vein of DaG 735 would be beyond ~24 GPa, and 
temperature condition should be > 700 °C at least. 
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