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Introduction:  Although common among basaltic rocks on 

Earth, vesicular basaltic meteorites from asteroids are extremely 
rare.  McCoy et al. [1, 2] combined petrography, computed tomo-
graphy and computational modeling of vesicles in eucrites to under-
stand their formation, concluding that they formed from 50-200 ppm 
of CO2 at depth (>5 km) inside 4Vesta.  Apparently contradictory 
features of vesicular angrites pose a more vexing problem, which we 
consider here. 

Angrites and Their Vesicles:   Basaltic angrites form two dis-
tinct clusters.  Asuka 881371, LEW 86010 and LEW 87051 (all less 
than 12 g) lack vesicles, while D’Orbigny and Sahara 99555 (both 
>2 kg) contain vesicles. Computed tomography of a 154.4 g frag-
ment of D’Orbigny revealed 100 evenly-distributed vesicles ranging 
in volume up to 88 mm3 (average 7.7 mm3) and occupying 1.38 
vol.% of the rock.  Although vesicles in D’Orbigny are two orders 
of magnitude larger than those in the eucrite Ibitira, they occupy 
roughly the same volume percentage of the host rock.  A 36.5 g 
piece of Sahara 99555 contained 8 vesicles with an average volume 
of 7.3 mm3, nearly identical to that of D’Orbigny.  Computational 
Modeling:   The inputs for computational modeling of angrite vesi-
cle formation are poorly constrained.  We assumed a 20 cm wide 
magma body [2], a 50 km radius parent body [3], CO2 as the domi-
nant volatile [2], and a viscosity (~3.5 poise) appropriate to an an-
grite melt at its liquidus (1680K). 

Stoke’s flow calculations [1] for vesicles in a lava flow sug-
gested rise times on the order of 3-30 minutes, reflecting the low 
gravity of the parent body and fluidity of the magma.  This would 
require near-quenching of the magma near the surface of the body.  
However, vesicular near-surface flows on small, airless bodies are 
probably unstable [2] and D’Orbigny, while rapidly cooled [4], is 
not a quench-textured rock.  

Formation in a dike provides a solution.  We calculated the bub-
ble growth from nucleation (5 µm radius) to a final radius of 2.8 mm 
(the largest vesicle in D’Orbigny).   Bubbles grow by diffusion of 
gas, decompression, and coalescence (which is particularly efficient 
in the low viscosity melt), and move upward both by rising through 
the magma and by movement of the magma within the dike.  CO2 
concentrations greater than 50 ppm would cause gas pockets much 
larger than normal 5 µm radius bubbles to form as melting begins, in 
contrast to what we see in angrites.  At 50 ppm, bubbles reach 2.8 
mm radius at ~20 km depth and ~1 m radius at depths where the 
dike solidifies near the surface. The vesicles in angrites are produced 
by bubble growth at CO2 concentrations of 10-20 ppm during migra-
tion of magma through a dike and solidification near the surface.  

Implications:  Large vesicles in angrites result from efficient 
coalescence and growth at the expense of small vesicles.  Small 
angrites sample areas between these large vesicles, while we expect 
all large basaltic angrites to be vesicular.   
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