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Introduction: The lunar seismic data gathered dur-

ing the Apollo missions revolutionized our understand-
ing of the Moon’s interior and its formation and subse-
quent evolution. Nevertheless, many questions remain 
regarding the amount and distribution of seismicity, as 
well as the detailed structure of the crust, mantle, and 
core. The lunar community recognizes geophysics as a 
high-priority science objective for future lunar landed 
missions [1,2]. We outline several concepts for lunar 
seismology as enabled by the Deep Space Gateway.    

Preferred architecture: Soft-landed: Seismome-
ters are stationary instruments that monitor the ground 
for seismic shaking induced by artificial sources, natural 
tectonism and meteorite impacts. Ideal measurements 
are enabled by a globally-distributed network of instru-
ments, however only a single station is needed to 
achieve basic seismic science. Seismometers require 
good ground coupling, continuous data collection/trans-
mission, and longevity – the ability to survive for many 
diurnal cycles, ideally over a period of several years up 
to a decade. Therefore, lunar seismology is maximally 
enabled by a DSG architecture that incorporates a reus-
able lunar lander/ascent vehicle that can deploy identi-
cal instrumentation at globally distributed locations 
[e.g. 3]. DSG could also act as an orbital relay asset for 
far side nodes of such a network of instruments. 

Geophysical package. To enable high-priority geo-
physical measurements, NASA formulated the Interna-
tional Lunar Network mission concept, which enlisted 
global partners to establish a geophysical network on 
the Moon. The nominal payload of each node included 
a seismometer, heat flow probe, magnetometer, and la-
ser retroreflector [4]; the LUNETTE mission was pro-
posed to provide the first two nodes [5] (Fig. 1). A net-
work of the minimum 4 seismometers needed to trian-
gulate event location and depth was preferred, but did 
not fit under the Discovery cost cap. Therefore a Lunar 
Geophysical Network (LGN) mission was prioritized 
for the New Frontiers class in the 2013 Decadal Survey 
[1]. Seismometers for solar system exploration are cur-
rently being developed [6,7]. The DSG lander/ascent 
vehicle would augment the LGN with additional nodes. 

Supporting observations: The DSG also enables a 
variety of complementary observations in support of 
surface-deployed instrumentation.   

Penetrators. As a follow-on to the former LUNAR-
A project, the Japanese are continuing to pursue pene-
trators to deploy seismometers that can withstand the 

free-fall impact from orbit [8]. Penetrators are battery 
limited, requiring new equipment to be emplaced as 
power sources are consumed (after ~1 year). The DSG 
would reduce the power required to transmit the data 
from a surface instrument back to Earth. 

Active source seismology. Once seismometers are 
deployed on the surface, the DSG can release and track 
impactors as artificial sources of seismicity. 

Laser interferometry from orbit. Laser interferome-
try is one of the most sensitive methods for the meas-
urement of small displacements [9], but it is recognized 
to be challenging without a relatively stable orbital plat-
form and/or in the presence of a rough surface target. 
Resulting noise would swamp signals from ground mo-
tion. A high sampling-rate laser that is pulsed to exceed 
the relative motion of the Moon and DSG would be ca-
pable of capturing ground motion signals via interfer-
ometry. This laser must also be sufficiently high pow-
ered to ensure enough photons are retrieved from the 
surface; a series of well-located corner reflectors on the 
surface would further enable this concept. 

Other supporting orbital measurements. If a seismic 
network is deployed, a variety of other instruments can 
provide supporting observations, in addition to enabling 
separate scientific goals. A very high resolution imager 
could observe thrust faults and wrinkle ridges over time 
to get images before and after shallow moonquakes, to 
examine whether tectonism is responsible for these 
events and the extent to which they trigger mass wasting 
[10]. Monitoring of the darkened limbs of the Moon for 
impact flashes would provide event epicenters and tem-
poral constraints on the recorded seismic signals [e.g. 
11]. A laser altimeter or synthetic aperture radar could 
investigate post-seismic deformation. 
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Estimates for lander and instrument/payload mass, volume, power, and cost will be established once these concepts 
are brought to a higher level of maturity
  

 
Fig. 1 LUNETTE lander concept.  
Image credit: JPL 

Mission  
Concept 

Description Advantages Challenges 

 
Soft-landed  
geophysical 
network 
 
 
 

 
4-6 landers carrying very 
broadband (<0.01-1Hz) 
ultra-sensitive  
(>10-10 m/s2/√Hz) triaxial  
seismometers, operating 
for 6 years, including a 
far-side node. 

 
Meeting the science objectives of 
Lunar Geophysics defined in the 
Decadal Survey for Planetary  
Exploration. 

 
Mission duration, Robotic emplacement,  
Instrument sensitivity – requires more  
sensitive seismometers than ever  
developed, Bandwidth, Complex mission 
operations, Orbiter required. 

 
Penetrator  
array 
 
 

 
Deployment of a large 
(dozens) of nodes 
evenly distributed 
around the Moon. 
 

 
Simple deployment concept (no 
landers) and possible  
replenishment program.  High  
tolerance to failure thanks to the 
large number of nodes. 

 
Achieving required sensitivity in a small 
shock tolerant package; vertical penetration 
in an atmosphere-less body; Bandwidth: will 
require smart processing at the network 
edges – technology yet to be developed.   
Orbiter required. 

 
Laser  
interferometry  
 
 

 
A network of several 
(TBD) laser reflectors  
including far side, evenly 
distributed around the 
Moon for several years. 

 
Passive instruments.  No surface 
operations required. 

 
Continuous global coverage is impossible 
with a single orbiter; Orbit stability at  
expected seismic amplitudes and periods 
may not be achievable; Mission duration. 

 
Surface  
monitoring  
including  
laser  
altimetry, 
SAR, imager 
 
 
 

 
Orbital instruments  
monitoring for seismicity-
induced surface changes 
 
 
 
 
 

 
No surface operations required. 

 
Continuous global coverage is impossible 
with a single orbiter; Orbit stability and in-
strument sensitivity at  
expected seismic amplitudes and periods 
may not be achievable; Mission duration. 
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