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Pockets of silicate glass heterogeneously distributed 
throughout shock metamorphosed Martian meteorites 
represent local hot spots (up to 2000°C) formed during 
shock melting. They contain a dissolved sample of Martian 
atmosphere and often host high pressure minerals such 
as ringwoodite. The distribution of melt in meteorites 
NWA 4797, LA, DaG 476, and DaG 1037 is defined using 
a finite element model (geodynamics.lanl.gov/Wohletz/
Heat.htm) to calculate their cooling history. Ideally, melt 
pockets cool conductively to the background temperature 
of the meteorite with no interference from nearby pockets. 
This ideal behaviour is seen in NWA 4797, which contains 
a 7 mm long, 1 mm wide vein that cooled to the solidus 
in 4.5 seconds. The other three samples have cooling times 
from 1.4 to 100 times longer than in the ideal system. This 
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deviation is the result of interference between the thermal 
haloes of nearby melt pockets and in the case of DaG 1037, 
a large melt vein.

Previous models suggested a cooling time of 0.2 
seconds for a 1 mm2 pocket; if such rapid cooling occurred, 
there should be no diffusive loss of atmospheric gas and no 
back reaction of high pressure phases. The data from this 
study call this conclusion into question. In small pockets 
1 mm wide, the loss of 2.2% Ar and 5.2% Xe by diffusion 
over the 1.5 second cooling time results in a small change 
in the Ar/Xe ratio of the gas dissolved in the pocket over 
that originally trapped. With longer cooling times due to 
the effects of nearby veins or pockets, there is significant 
fractionation of Xe from Ar and the Ar/Xe ratio increases 
rapidly. For the largest pockets, there is less variation of 
the Ar/Xe ratio over the cooling time, so even though they 
have a longer cooling time, larger, isolated pockets are more 
likely to preserve the original trapped gas composition than 
smaller pockets that have elevated cooling times due to 
thermal effects of nearby veins and pockets. Preservation of 
high pressure phases requires that pressure and temperature 
decrease at similar timescales. If this were the case, it is 
expected that high pressure phases preserved only rarely, 
as melt pockets must be small enough to cool over 0.01 
to 0.001 seconds. These models indicate that the pockets 
would have to be of the order of 100 microns wide and 
be completely isolated from external effects to give such a 
cooling time. Therefore, although the search for a pristine 
sample of Martian atmosphere should focus on the center 
of large melt pockets, only the smallest pockets should be 
examined for high pressure phases that record the pressure 
excursions experienced during shock metamorphism.
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