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Introduction:  MoonLITE is a proposal for a UK-
led mission to the Moon that will place four instru-
mented scientific penetrators in the lunar surface for 
the purpose of making geochemical and geophysical 
measurements that cannot be made from orbit [1,2]. It 
has the potential to make major contributions to lunar 
science, while at the same time providing knowledge 
that will be of central importance in the planning of 
future human missions to the Moon.  

Scientific objectives:  The principal scientific ob-
jectives of the MoonLITE penetrator mission are: 
• To further our understanding of the origin, differ-

entiation, internal structure and early geological 
evolution of the Moon; 

• To obtain a better understanding of the origin and 
flux of volatiles in the Earth-Moon system;  

• To obtain ‘ground truth’ geochemical data to com-
plement orbital remote-sensing observations;  

• To collect in situ surface data that will help in the 
planning of future lunar exploration. 

These top-level science objectives require that the 
penetrators emplace instruments capable of contribut-
ing to several different areas of scientific investigation, 
including seismology, heat-flow, geochemistry, vola-
tile detection, radiation monitoring and magnetometry. 

Seismology: The Apollo seismic network covered 
less than 2% of the lunar surface, and there is now a 
need for more widely spaced measurements [3,4]. The 
MoonLITE seismometers will have the following ob-
jectives: (a) determine the size and physical state of the 
lunar core; (b) explore the deep structure of the lunar 
mantle; (c) determine the thickness of the lunar crust 
outside the region covered by Apollo; (d) study the 
distribution and origin of natural moonquakes; and (e) 
Further constrain the current meteorite flux in the inner 
solar system via the seismic detection of lunar impacts.  

Heat-flow: Measurements of surface heat-flow 
provide valuable constraints on the composition and 
thermal evolution of planetary interiors. An important 
measurement would be to determine the heat-flow as a 
function of distance from the anomalous Procellarum 
KREEP Terrain (PKT; [5,6]). Existing heat-flow data 
are only available from the Apollo 15 and 17 sites [7], 
and MoonLITE will extend these measurements to 
new localities (e.g. the polar regions and the farside). 

Geochemistry: The only places on the Moon from 
which samples have been collected in situ are the geo-
graphically restricted Apollo and Luna sample return 
sites, limiting our knowledge of lunar geological proc-

esses. A precursor to additional sample-return missions 
would be to make in situ geochemical measurements, 
and MoonLITE would achieve this through penetrator-
deployed X-ray fluorescence spectrometers. Such 
measurements would provide additional ‘ground truth’ 
for the calibration of remote-sensing instruments on 
forthcoming lunar orbital missions.  

Polar volatiles: Confirmation of the tentative de-
tection of water ice (and by implication other volatiles, 
[8]) at the lunar poles poles is important both for what 
it will reveal about the flux and composition of 
cometary volatiles into the inner Solar System, and 
because such volatiles could be a valuable resource in 
the context of future human exploration of the Moon. 
MoonLITE can address this question through the de-
ployment of volatile detection instruments on penetra-
tors targeted within permanently shadowed craters. 

Magnetometry and radiation sensing: These are 
currently under consideration for penetrator deploy-
ment by MoonLITE. Surface magnetic field measure-
ments would permit in situ studies of lunar remanent 
crustal magnetisation, and magnetic sounding of the 
deep lunar interior. Radiation monitoring at the 2-3m 
depth of the penetrators would be directly relevant to 
assessing the efficacy of lunar regolith as radiation 
shielding in the context of future human exploration. 

Conclusions: By deploying a range of instruments 
to diverse locations on the Moon from which geo-
chemical and geophysical measurements have not yet 
been obtained (including the poles and the farside), the 
MoonLITE penetrators have the potential to make ma-
jor contributions to lunar science. At the same time, 
they will provide knowledge (e.g. of lunar seismicity, 
polar volatile concentrations, and the radiation envi-
ronment) that will be of central importance in the plan-
ning of future human missions to the Moon. 
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