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Introduction:   Vesicular rocks are common on Earth, yet 
relatively rare among extraterrestrial samples.   Vesicles are 
found in Apollo lunar rocks, angrites, and eucrites [1].  Interest-
ingly, martian basaltic shergottites lack vesicles, surprising given 
inferred water concentrations ≥1.8 wt% [2] in shergottite mag-
mas at depth.   Low water contents in bulk shergottites likely re-
sult from degassing enhanced by the low degree of polymeriza-
tion in these Al-poor, Fe-rich melts.   The discovery of vesicular 
basalts in the Columbia Hills, Gusev crater [3] led us to re-
examine whether volatile loss during magma ascent and/or lava 
flow emplacement might explain the vesicle-free nature of sher-
gottites.   

Discussion:    The concentration of dissolved volatiles in 
magma is a function of pressure, viscosity, composition, crystal-
lization history, and rate of ascent.  The smaller size, lower grav-
ity and consequently lower confining pressures of Mars result in 
deeper (~2X) volatile exsolution than in the Earth.  Calculated 
viscosities for bulk shergottite melts range from 0.7 to 9.4 Pa-s at 
0.1 MPa, lower than average terrestrial basalt (~10 Pa-s).  Thus, 
martian magmas more efficiently degas than comparable terres-
trial basalts. Although Mars is volatile-rich [4], alkali depletions 
among shergottites suggest prior extraction of volatiles from their 
source.  In contrast, Gusev vesicular basalts and associated pyro-
clastics tend to be rich in alkalis [5] and likely also in volatiles, 
perhaps sampling a primitive volatile-rich mantle domain. 

The crystallization histories of the shergottites are complex 
as they are holocrystalline and typically cumulates.  As an exam-
ple, [6] suggested a two-stage magmatic history for the basaltic 
shergottite Zagami, of ~15% crystallization at ~10 km, followed 
by emplacement as a thick flow (>10 m) or near-surface intru-
sion.    At 10 km depth, CO2 in excess of ~700 ppm exsolves 
from the melt, while H2O up to ~2 wt% remains soluble.   During 
ascent, increased crystallinity roughly doubles the effective vis-
cosity, retarding gas loss.  At 1.8 wt% H2O, exsolution may be-
gin at ~4.3 km. Continued exsolution occurs during ascent (1200 
and 250 ppm soluble at soluble at 100 and 10 m, respectively at 
equilibrium).  Thus, exsolution and degassing may be a continu-
ous process up to the near-surface emplacement.   In contrast, the 
vesicular basalts of Gusev Crater contain few conspicuous 
phenocrysts and exhibit spectral evidence for a glass component 
[7].  Rapid ascent of these magmas from their source to the sur-
face without an intermediate magma chamber would allow gas 
over-pressurization and vesicle formation to occur at the surface. 

The last dissolved volatiles in shergottite magmas may have 
been lost during emplacement. Thick terrestrial lava flows have a 
reverse S-shaped vesicle distribution [7], and shergottites may 
sample massive flow interiors.  Cumulate textures indicate set-
tling of higher density crystals and displacement of lower density 
melt (± dissolved gases and bubbles) upward.  Vesicular portions 
may have been destroyed by weathering or during ejection or 
might be sampled among the meteorite population in the future. 
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