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Introduction: Much of our exploration in the last 

decade has focused on surface imaging and composi-
tional mapping. Near surface geophysics, the upper 
tens of meters to a couple hundred meters, provides 
information about the structure and composition of the 
subsurface. These techniques include ground penetrat-
ing radar, seismic studies, magnetics, electromagnetics 
methods like TEM (transient electromagnetism), high-
resolution gravity and radar imaging of the subsurface 
at long wavelengths. These data products contribute a 
complimentary view of the evolution of planetary sur-
faces by measuring and mapping stratigraphy and 
compositional differences that are produced by pro-
cesses such as regolith development, volcanism, aeoli-
an deposition, cementation, impact cratering, and flu-
vial and lacustrine processes. These techniques pene-
trate through dust and regolith layers to reveal past 
environments and provide a more complete view of the 
evolution of local to regional scale surface regions. 

The development of near surface geophysical tech-
niques has been closely related to the field of explora-
tion geophysics for the Earth, because these techniques 
produce data products that are of relevance to human 
resources. They can be used to find mineral resources 
underground, and to pave the way for safe construction 
and digging. These techniques produce data with a 
vertical scale (cm to tens of m) that is practical for 
human activities. As such, the development and de-
ployment of packages of geophysical instrumentation 
to other planets will greatly reduce the risk associated 
with human exploration of the Moon and Mars. 

There have been very few geophysical spacecraft 
instruments, and so the upper part of the subsurface 
remains a mystery in most cases. Many geophysical 
techniques common in terrestrial field work have never 
been used on the surface of other planets. In the next 
30 years, advances in instrument technology, automa-
tion, and data downlink could provide the opportunity 
to fill in the gaps in our knowledge of the subsurface, 
and add a third dimension to planetary maps.  

New Technologies: The high resolutions of many 
of these techniques, particularly radar surveys, produce 
large amounts of data that pose a challenge to return to 
Earth, especially when multiple instruments compete 
for downlink. Optical communications and a more 
robust data downlink infrastructure are very important 
for high data volume, multiple instrument surveys.           

Dramatic improvements in onboard processing 

software will also significantly improve our ability to 
collect a diverse suite of data. For example, ground 
penetrating radar (GPR) systems benefit from multi-
mode operation and an ability to adjust sounding depth 
and sampling depending on the characteristics of the 
subsurface [1]. Onboard data processing could also 
compare the data from multiple instruments to decide 
which measurements will be the best choice for any 
given terrain, depending, for example, on what has 
already been detected in the subsurface along the trace. 

These onboard decision-making capabilities will 
require mobile platforms with greater autonomy and 
longer lifetimes than are possible today.  Automation 
will enable the use of geophysical techniques as they 
are used on Earth – including large scale and multiple 
remote sensor systems surveys. Gridded GPR radar 
studies require the ability to choose traverses without 
constant intervention from humans, and seismic pack-
ages benefit from long lifetimes (e.g. [2]. The ability to 
rove on the surface or fly on a drone provide higher 
resolution and greater signal-to-noise than operating 
from orbit, and by 2030s such systems could be 
equipped with geophysics tools to create subsurface 
maps that integrate seamlessly with our surface imag-
es. This next generation of software and spacecraft 
infrastructure (communications and standard mobile 
platforms), is a key technology for regular collection of 
data of the near subsurface. 

Significant improvements in instrument technolo-
gies are also needed. For radar systems, advancement 

 
Fig 1: Radar images (70 cm wavelength) at ~ 200 m 
spatial resolution reveal buried lava flow structures in 
Mare Serenitatis, including possible lava tubes [3]. 

8078.pdfPlanetary Science Vision 2050 Workshop 2017 (LPI Contrib. No. 1989)



in digital components to accommodate high band-
widths and use less power, along with new antenna 
designs that enable beam steering from orbit and great-
er gain for ground penetrating radar systems would 
produce low power systems that can see deeper with 
better signal to noise and/or lower power than are used 
today. For all instruments, the ability to work in ex-
treme environments (e.g. Venus surface, near active 
volcanoes, high radiation regions, very cold surfaces) 
will create opportunities for paradigm shifting science 
for Venus and the outer Solar System. 

Finally, data processing on the ground also has the 
potential to revolutionize how geophysics is used in 
space. Advancement in inversion techniques and statis-
tical methods will provide faster science results that 
also avoid the “non-uniqueness” problems that many 
geophysics techniques have today. The ability to simu-
late many surfaces, compare with multiple types of 3D 
remote sensing data, and calculate likelihood estimates 
will produce better quantitative science results and 
allow geophysics data to be used by non-specialists.  
Investments in these types of software should be made 
now, to ensure that new data will produce the best, 
fastest science results. 
Example science advancements: 
• Venus:  In the next 30 years, Venus landers with 

geophysical instrumentation have the potential to 
significantly change our current understanding of 
the planet. For example, in order to understand the 
provenance of tesserae regions, geophysical re-
mote sensing will almost certainty be needed to 
determine their density, internal structure, and re-
lationship to the plains. A Venus seismic package 
would finally provide information about the nature 
of the crust. Rovers could provide radar profiles 
near regions of tesserae to investigate the bounda-
ry between the plains and highland crust. 

• Moon:  The Moon is an obvious choice for the 
near-term deployment of geophysics instruments 
because of the science relevance for understanding 
the Earth-Moon system, proximity of the Moon to 
Earth, potential for long duration science packag-
es, and importance for human exploration. Orbital 
radars could be used to map buried lava flow fea-
tures such as channels and possible lava tubes [3, 
Fig. 1]. Future human missions need safe shelter 
from radiation events, and geophysical techniques 
can be used to find buried caves that be used in 
case of emergencies.  

• Mars: Rover-based ground penetrating radar can 
attain cm scale vertical resolution and see tens of 
meters under the surface (Fig. 2) to map stratigra-
phy at scales relevant to local studies of volcan-

ism, aqueous deposition, and ice detection. Mag-
netic and gravity surveys would provide new in-
formation about volcanism and volcanic pluming 
systems. In the 2030s, multiple autonomous rover 
systems could use radar and other remote sensing 
techniques to regularly track subsurface stratigra-
phy and look for buried ice or brine deposits. Such 
systems would be able to operate at lower fre-
quencies and autonomously decide on data collec-
tion strategies based on current collected data. 
Airplanes and helicopters could also carry science 
instruments to map wider areas, and regions where 
rovers would be slow due to very rugged terrain. 
High-resolution topography and advanced pro-
cessing will allow a 3D model of the surface even 
in high-clutter situations [4]. 

• Asteroids:  Geophysical remote sensing will also 
be key to exploring asteroids and comets [5,6]. 
Orbital GPR can be used to map the stratigraphy 
of the upper hundred meters of larger tens to hun-
dreds of km-sized objects, something that we cur-
rently have no data for. Such observations could 
also be used to search for buried ice.  

• Outer Moons: The discovery of likely subsurface 
oceans associated with many outer Moons has led 
to increased interest in a robust program to deter-
mine the extent and properties of liquid water in 
the subsurface [7]. The near surface structure of 
these objects is currently unknown but is critical to 
understanding the observed surface features, as-
sessing the habitability of the different icy moons 
and providing information for future landers that 
may have drills or sampling systems.  
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Fig 2: Ground penetrating radar, such as the RIMFAX 
radar on the Mars2020 mission, can map subsurface 
structure, discover buried features, and provide im-
portant context for surface exploration. Credit: FFI, [1] 
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