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Introduction: The structure and composition of the 

lunar interior provide fundamental information on the 
initial evolution of a differentiated terrestrial planetary 
body. The heat engine that drove differentiation of the 
Moon waned after the first ~1.5 b.y. of lunar history as 
the volume of magmatism decreased dramatically [1]. 
Therefore, the Moon represents an end member in ter-
restrial planet evolution as it potentially recorded the in-
itial differentiation into crust, mantle and core. While 
the Apollo Lunar Surface Experiment Package 
(ALSEP) data were used to make important discoveries 
about our Moon [2-6], the narrow aperture of surface 
sites on the lunar nearside (Fig. 1), and the limited qual-
ity of acquisition systems, now limits the discoveries 
that can be made using the current ALSEP geophysics 
surface data. For example, understanding the global ver-
tical and lateral interior structure and composition of the 
deep lunar interior is currently not possible [7]. 

The NASA Gravity Recovery and Interior Labora-
tory (GRAIL) mission mapped the gravity of the Moon 
at the highest resolution for any Solar System body. 
However, these data use the ALSEP and laser retrore-
flector [8] data to ground-truth the results. There re-
mains much to be learned about the Moon’s global crus-
tal thickness, chemical and physical stratification of the 

mantle, and its thermal state and evolution, which in-
form our understanding of all rocky, differentiated 
worlds, (e.g., Mars, Mercury, Venus, and Earth and sim-
ilar bodies in the Solar System). Any new and global 
geophysical data would dramatically enhance the 
GRAIL dataset. 

The LGN Mission is a Planetary Science Mission. 
Understanding the initial stages of planetary differenti-
ation can be obtained by defining the Moon’s global in-
ternal structure and composition. With the return of the 
first Apollo samples, it was hypothesized that the 
Moon’s initial differentiation stages included a magma 
ocean [9,10]. Since then, the magma ocean concept has 
been applied to other terrestrial bodies [11,12]. From the 
study of samples and orbital data, the interior of the 
Moon is believed to have experienced magma ocean 
crystallization followed by a mixing of the cumulate 
pile induced by a density inversion [13,14]. Based on 
mare basalt compositions, the lunar interior did not sub-
stantially evolve from this initial differentiation [15]. 

Knowing the interior structure of the Moon requires 
globally distributed geophysics stations to be placed 
around the Moon, which means farside stations will be 
needed. Each station will need, at a minimum, broad 
band seismometer(s), heat flow probe(s), electromag-
netic (EM) instrumentation, and (nearside only) laser 
retroreflectors to expand the existing network emplaced 
by Apollo (Fig. 1), which is still in use today. These 3-
4 stations need to operate simultaneously for ≥10 years 
to record seismic events (deep moonquakes [16], shal-
low moonquakes [17], thermal moonquakes [18], and 
meteoroid impacts [19]), heat flow measurements away 
from terrane boundaries [20], EM data to probe the min-
eralogic composition of the deep interior [21,22], and 
measurement of the Moon’s librations as another dataset 
to measure the lunar interior [4]. Global distribution is 
vital for accurately defining seismic event epicenters, 
which was not achieved by ALSEP because of the nar-
row aperture of the network (Fig. 1). It is also vital to be 
stationed far from terrane boundaries for heat flow 
measurements. Apollo heat flow data were from sites 
close to the Procellarum KREEP Terrane (PKT) & the 
Feldspathic Highlands Terrane (FHT) [23] (Fig. 1). 

 
Figure 1: Location of lunar landing sites and the 
ALSEP stations. Instruments deployed at multiple 
sites are linked. 
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LGN Addresses Major Lunar Science Objec-
tives. Fundamental questions remain about the internal 
structure of our Moon and terrestrial planets. A globally 
distributed, long-lived (10+ years) geophysical network 
is needed to test the lunar magma ocean hypothesis, 
constrain crustal thickness, measure the temperature of 
the upper and lower mantle, nature of the lower mantle, 
and the size, state, structure, and composition of a lunar 
core. [24,25]. These questions are uniquely addressed 
by a globally distributed geophysical network with each 
station measuring seismic activity, magnetic and elec-
tric fields, heat flow, and retroreflectors for laser rang-
ing from Earth (near side stations only) [26]. The main-
stay of terrestrial seismology is a network of long-lived, 
globally distributed seismic stations. LGN intends to es-
tablish the same on the Moon, addressing fundamental 
questions in lunar and planetary science.  

LGN will inform Astrophysics Research. The de-
ployment of laser retroreflectors on the lunar nearside 
will augment the current Apollo and Lunokhod retrore-
flector network (Fig. 1). The augmented network will 
yield data that not only better refines the internal lunar 
structure, but will also yield fundamental astrophysical 
data that will inform the general theory of relativity, in-
verse square law, and the Equivalence Principle [4,27]. 
Also, constraining formation mechanisms for the Moon 
aids in interpreting observations of exoplanets in the 
magma ocean stages. 

LGN cannot be executed by Commercial Lunar 
Payload Services (CLPS) Landers. Initial CLPS 
landers are not designed to survive the lunar night. 
While future landers may have that capability, it is un-
likely they will survive the 100+ lunar nights required 
by LGN. As envisioned for the New Frontiers 5 compe-
tition, and for likely for a decade, CLPS is not an option 
for this mission. However, while the current and pro-
jected CLPS capabilities do not satisfy the LGN mission 
needs, a short lived CLPS geophysical deployment can 
be extremely helpful in retiring key LGN risks through 
studying key aspects such as deployment strategy, 
lander noise characterization, and thermal and power 
performance. 

LGN Enables Human Exploration of the Moon. 
Shallow moonquakes (SMQ) [16] were found by Apollo 
to originate in the top ~200 km of the Moon and repre-
sented the largest seismic events, with at least one per 
year (on average) at magnitude 5 or greater. The higher 
seismic Q of the Moon relative to Earth also means the 
large amplitude ground motions last for tens of minutes 
to an hour or more for any lunar seismic event. There-
fore, location of assets for a long-term/permanent hu-
man presence on the Moon near any of these locations 
should be avoided. Unfortunately, all of the SMQs de-
tected by Apollo were outside the narrow aperture of the 

passive seismic network (Fig. 1) so their epicenters and 
especially their foci, cannot be accurately constrained, 
but one major SMQ was reported in the vicinity of the 
south pole (Fig. 2) [17]. However, it has been suggested 
that the source of many of the SMQ are young thrust 
fault scarps that number in the thousands [28]. There-
fore, location of assets for a long-term/permanent hu-
man presence on the Moon near any of these locations 
should be avoided. The LGN would also improve detec-
tion and locations of impacts, and might provide an op-
portunity to improve seismic-based lunar meteor-
shower warning systems. 

The LGN is critically needed to assess the danger to 
humans and associated infrastructure at a prime target 
for human habitation – the lunar south pole.  
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Figure 2: Approximate SMQ epicenters [17] 
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