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Introduction:  Extraterrestrial impact melt samples 

provide invaluable information that has enhanced our 
understanding of impact processes and the composition 
of impactors. Using impact melt samples, we can con-
strain bombardment histories [e.g. 1] throughout the 
inner solar system using Ar-Ar age dating [e.g. 2] as 
well as identify potential impactors using Highly Si-
derophile Elements (HSE, [e.g. 3]). Additionally, the 
whole-rock and individual crystal chemical composi-
tions can constrain the target and thus can estimate the 
composition of a planetary body’s crust and, for basin-
sized impacts, possibly the interior. In situ impact melt 
samples could also constrain models of melt sheet dif-
ferentiation (e.g. Sudbury, Canada [4]), and the impact 
crater scaling laws of [5-8]. Finally, as reflectance 
properties of impact melts can be nearly indistinguish-
able from igneous rocks [9], sample return is impera-
tive to better constrain remote sensing data. Impact 
melt samples can be distinguished from igneous prod-
ucts using HSE analyses and, in a recent development, 
crystal size distributions [e.g. 10]. 

Models show that the majority of impact melt is 
contained within the transient crater cavity of an im-
pact crater, the size of which can be estimated by the 
proportional growth model of [11] while the melt vol-
ume can be estimated by eqn # 2 in [4] or eqn # 6 in 
[7].  As such, the most likely place to find impact melt 
samples is nearest the center of a crater or basin, 
though some craters, such as King Crater on the Moon, 
have pools of impact melt situated on wall terraces. 
Moon. Recent remote sensing studies have focused 

on potential impact melt veneers, flows, and ponds 
within lunar craters [e.g. 12-13].  Two of the more 
popular subjects are the Maunder formation of Orien-
tals [e.g. 14] and the spectacular features in Giordano 
Bruno [e.g. 13] shown in new Lunar Reconnaissance 
Orbiter Camera (LROC) images.  Although the lack of 
an atmosphere limits the amount of weathering allow-
ing samples to be taken directly from the surface, care 
should be taken when selecting a potential site as many 
basins are filled with pristine mare fill that may ob-
scure impact melt. Selected sites should consider cra-
ters that are large enough to have substantial impact 
melt, and that have little to no mare fill or this fill is 
distinct from the impact melt [15]. 
Mercury.  Peak-ring basins occur on Mercury at 

smaller diameters than the Moon and Mars due to its 
circumsolar environment causing higher impact veloci-
ties accelerated by the sun’s gravity [16].  Peak-ring 
basins result when the depth of melting from the im-

pact is near that of the depth of the transient crater cav-
ity [5-8, 16]; these peak-ring basins would be ideal 
targets for sampling compositions of the lower Mercu-
rian crust.  As with the Moon, the lack of an atmos-
phere eliminates rampant weathering, so samples can 
be collected directly from the surface.  Target sites 
should remain within the peak-ring, as most of the im-
pact melt will have pooled there.  A site of particular 
interest could be the Nervo Formation in Caloris Basin, 
which is considered a stratigraphic marker on Mercury 
[e.g. 17]. 
Mars.  Unlike the Moon and Mercury, impacts into 

the Martian surface have the potential to hit sedimen-
tary target materials, generating differing volumes of 
impact melt than would be modeled for impacts into an 
igneous target [e.g. 18].  Sampling such melts may aid 
in models of impact melting into a sedimentary sub-
strate. However, given the Martian atmosphere, it is 
nearly impossible to find pristine surface manifesta-
tions of impact melt; samples would need to be ac-
cessed via drill cores. Tooting Crater has been the sub-
ject of several recent studies with regards to its impact 
melt features [e.g. 19-20] and may be a target site for 
sample return missions that explore Martian impacts. 

Necessary Precursor Studies:  Before robotic or 
human missions are sent to any of these suggested tar-
gets for the return of impact melt samples, detailed 
remote sensing studies should be conducted for ideal 
site selection.  Spectral instruments such as the Moon 
Mineralogy Mapper (M3) and on the MESSENGER 
spacecraft can provide broad compositional data to 
help narrow down areas of potential impact melt pools.  
Digital Elevation Models (DEM) derived from instru-
ments such as the Mars Orbiter Laser Altimeter 
(MOLA) or its Lunar counterpart (LOLA) would im-
part valuable slope maps necessary for landing site 
selection as well as for identifying potential traverses 
for rovers or astronauts.  
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