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Emplacing a global lunar  
geophysical and geochemical network



MoonLITE Science Objectives:

• Improved understanding of the origin, 
differentiation, and internal structure of 
the Moon;

• Obtain  geochemical data from un-
sampled regions, and ‘ground truth’ for 
the calibration of orbiting remote-
sensing instruments;

• A better understanding of the origin and history of the volatile flux 
in the Earth-Moon system;

• Obtain in situ surface data that will help in the planning of 
future lunar exploration activities.



Provisional (Phase A) Instruments:
To be emplaced by four widely-spaced penetrators deployed 
from orbit:

(a) Seismometers:

• Size and physical state of lunar core

• Deep structure of the lunar mantle

• Thickness of the far-side lunar crust

• Studies of natural moonquakes

• Constrain natural seismicity of proposed lunar base location, 
which will feed into engineering constraints on habitat design.
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Solid State seismometers suitable for penetrator deployment



(b) Heat-flow probes:

• Perform heat-flow measurements at sites distant from the Apollo 
15 and 17 measurements (e.g. polar localities and the far-side)

• Constrain models of lunar mantle thermal evolution

• Constrain the distribution of KREEP in the lunar crust and mantle



Importance of new heatflow measurements

Apollo 15 (21±3 mW m-2)

Apollo 17 (16±2 mW m-2)

Langseth et al., 1976).
(Jolliff et al., 2000



(c) X-ray spectrometer:

• Determine abundances of the major rock-forming elements (e.g. 
Mg, Al, Si, Ca, Fe and Ti) at sites far from previously sampled areas

• Provide geological context of penetrator landing sites to aid 
interpretation of other instruments

• Provide additional ground truth for orbital remote-sensing 
instruments.

(d)  Polar volatiles detector (mass spectrometer):

• Determine whether or not scientifically and operationally valuable 
deposits of volatiles exist at the lunar poles.

• Determine nature and composition of volatiles if present (with
implications both for improved scientific knowledge and possible
ISRU)



Possible Additional Instruments:

• Magnetometer 

- Lunar crustal magnetisation

- Magnetic sounding of lunar interior

- Lunar interactions with solar wind and Earth’s 
magnetotail

• Radiation monitor

- Assess effectiveness of lunar regolith as 
radiation shielding



Impact Site Options for MoonLITE’s
Four Penetrators:

• Shadowed South Polar crater

• Shadowed North Polar crater

• Central Farside Highlands

• Central Nearside 
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(1) The bombardment history of the inner solar 
system is uniquely revealed on the Moon [N/A –
requires in situ dating or sample return]

(2) The structure and composition of the lunar 
interior provide fundamental information on the 
evolution of a differentiated planetary body
[seismology, heat-flow; magnetometer]

(3) Key planetary processes are manifested in the 
diversity of lunar crustal rocks [XRS -- in situ
geochemistry]

(4) The lunar poles are special environments that 
bear witness to the volatile flux over the latter part 
of  solar system history [volatile detector/MS]

Linkage to top-level lunar scientific concepts 
identified by SSB/NAS Report



MoonLITE and Exploration
MoonLITE would constitute a major

UK contribution to the GES by:

• Providing ground-truth observations for 
multi-national orbital missions, and    the 
planning for later soft landers (manned 
and unmanned)

• Characterise the geology, seismicity, 
radiation environment, regolith properties 
and volatile availability of polar regions 
proposed for a human outpost

• Develop improved Earth-Moon communications capabilities (‘TE’
in MoonLITE). In particular the MoonLITE orbiter could act as a 
communications relay for ILN nodes and other scientific assets on 
the lunar surface.



The MoonLITE Process
• Identified as “the primary mission for potential 

co-operation in lunar exploration” by the NASA/
BNSC Joint Working Group (January 2008)

• Successfully passed an International peer review of the science
case, July 2008 (chaired by Prof. Carle Pieters, Brown 
University)

• Considered by PPAN in September 2008 and STFC given 
permission to proceed with Phase A study

• Announcement of c.14 month Phase A study is expected 
imminently

• Decision on implementation will follow successful Phase A


