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Introduction: It is widely accepted that the majority of chon-

drules formed by passage through solar nebula shocks [1,2], but 
the source of the shocks is debated, with either planetesimal bow 
shocks [3] or shocks driven by gravitational instabilities [4] fa-
vored [5].  Previous studies of bow shock models have indicated 
that the shocked region would be comparable in size to the plane-
tesimal, ~ 103 km, and so chondrules would necessarily pass 
through the region in < 103 s, and experience cooling rates > 103 
K hr-1, inconsistent with the porphyritic textures of most chon-
drules [6,7].  Additionally, the observed mass of chondrules can 
be produced only by assuming large numbers of 2000 km diame-
ter planetesimals or other extreme input parameters [7,8].   

The majority of extant chondrules formed at ~ 2 Myr after the 
birth of the solar nebula [9].  Modeling of planetary growth [10] 
indicates that planetary embryos the size of Mars can grow in ~ 2 
Myr, and recent Hf-W isotopic systematics indicate Mars did, in 
fact, form and differentiate within 2 Myr [11].  If true, then Mars 
formed in the presence of nebular gas and chondrules.  Recent 
dynamical simulations further suggest Mars formed at <1 AU 
and by 2 Myr was ejected into an eccentric orbit (e > 0.25) cen-
tered near its current orbit at 1.5 AU [12].  A proto-Mars with 
a=1.5 AU and perihelion 1.0 AU would move at up to 7 km/s 
relative to local gas at aphelion at 2.0 AU and could drive a bow 
shock capable of melting chondrules.  So did Mars form chon-
drules?  

Results:  We have conducted preliminary calculations using 
the methodology of [7], including heating by H2 recombinations 
[13], to study bow shocks around planetesimals, but assuming a 
3400 km radius planetesimal (Mars).  We find that chondrule 
cooling rates are 10-100 K/hr assuming an opacity equal to a sol-
ids-to-gas ratio of 0.13 in 300μm radius chondrules (equivalent 
to a solids-to-gas ratio 0.01 in 20μm particles), so that the optical 
depths through the shocked region exceed unity.  These cooling 
rates are consistent with the porphyritic textures of most chon-
drules [14]. 

Discussion:  If Mars formed as a planetary embryo at 1 AU 
and was ejected into its present orbit within 2 Myr, it would have 
driven very large planetesimal bow shocks capable of melting 
chondrules in a manner consistent with constraints.  We note that 
the presence of a magma ocean on an early-formed Mars (heated 
by 26Al) could introduce Na and other volatiles into the gas in the  
chondrule-forming region around the planet, possibly explaining 
the high inferred Na vapor pressures during chondrule formation 
[15].  We estimate that Mars alone could shock ~ 1026 g of chon-
drules per Myr.  We plan more detailed numerical simulations to 
test the provocative possibility that Mars formed chondrules.  
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