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Introduction: Since the early flyby missions of
the 1960s, the study of Mars has largely focused on the
discovery of exploitable water for future manned mis-
sions. Data generated by the Mars Odyssey neutron
and gamma-ray spectrometers indicate large reservoirs
of hydrogen (possibly H,O ice) in the near-surface of
Mars at latitudes greater than 50° [1], [2], [3]. Addi-
tionally, Viking orbiters and the Mars Orbiter Camera
have revealed numerous landforms, possibly related to
ground ice and permafrost processes (e.g. polygonal
terrain, pingo-like mounds, thermokarst depressions,
debris-aprons, and rock glacier-like features). How-
ever, despite observational evidence, an accurate iden-
tification and mapping of near-surface ground ice re-
mains an open research question.

As such, the use of geophysical methods for inves-
tigating the Martian subsurface has witnessed growing
interest among planetary scientists. Research involving
the design and testing of geophysical instruments has
focused primarily on seismic sounding (e.g. [4]), Time
Domain Electromagnetic and Surface Nuclear Mag-
netic Resonance sounding [5] and GPR [6], [7], [8],
[9], [10]. Within the context of these earlier studies,
the purpose of this research is to combine GPR and
Capacitively Coupled Resistivity Imaging (CCRI) sys-
tems to image ground ice and subsurface structures in
a proglacial environment analogous to terrain types
thought to exist on Mars.

Whereas GPR measures the reflections of high-
frequency electromagnetic (EM) waves to image the
dielectric changes within the subsurface, CCRI uses an
electric current to image electrical resistivity changes
at depth.

Study site: The Athabasca Glacier in Alberta,
Canada (fig.1) provides access to a variety of terrain
types including proglacial till deposits, fine to coarse
glacio-fluvial sediments, buried and exposed bedrock,
bouldery surfaces, as well as terrain with different ice
contents ranging from massive buried ice (ice-cored
moraine and debris-covered glacier ice) to interstitial
ice. Similar terrain types are thought to be extensive on
Mars, including the fluvial deposits of the Circum-
Chryse outflow channels (e.g. [11], [12], [13], [14])
and Athabasca Valles [15], the fluvio-lacustrine sedi-
ments of Utopia Planitia’s floor (e.g. [16], [17]), boul-
dery surfaces of potential rock glaciers and protalus
lobes in Candor Chasma [18] and moraine-like fea-

tures in the Deuterolinus area [19]. Each of these ter-
rain types may contain different water ice contents.
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Figure 1. Aerial view of the terminus of Athabasca Glacier, Jasper
National Park, Alberta, Canada [20]. The two white lines represent
the two transects acquired with the GPR and CCRI systems.

Methodology: The resolution and penetration
depth of GPR varies according to the antenna fre-
quency, transmitter power and subsurface conditions.
In order to optimize the ability to detect subsurface
features, we used two GPR systems: the Pulse EKKO
100 (with 50 MHz and 100 MHz antennas) and the
Noggin Plus (250 MHz) manufactured by Sensors and
Software Inc. Electrical resistivity data was acquired
using a OhmMapper CCRI system manufactured by
Geometrics. Surveys were conducted along transects at
two sites: a) the eastern lateral moraine of the Atha-
basca glacier (A-A’) (fig.1), b) the outwash plain in
front of the glacier (B-B’) (fig.1).

GPR: Ground penetrating radar sends short pulses
of EM energy into the ground and measures the energy
reflected back (as a function of time). Although GPR
shows reflections occuring from a variety of interfaces
(e.g. thermal, moisture and structural) due to dielectric
constant interfaces, the depth of penetration is reduced
when electrically conductive sediments are present at
the surface.

CCRI: Unlike traditional resistivity systems that
employ electrodes planted in the ground, the Ohm-
Mapper consists of a transmitter and a set of receivers
(up to 5) with coaxial antennas strung in series along a
single cable (fig. 2) which is pulled along the ground
either by a person (fig.2) or by a vehicle. The transmit-
ter capacitively generates an electrical field within the
ground and the receiver measures voltage differences
as the system is pulled along the ground. Depth of
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penetration is determined by the array geometry and
the resistivity of the subsurface material.

Figure 2. Person pulling the OhmMapper on the outwash plain.

Results: On the outwash plain, the GPR delineates
sedimentary structures associated with glacio-fluvial
and glacio-lacustrine sediment deposition. In contrast,
the OhmMapper shows the bulk variations in sedimen-
tary changes, including the location of an area where
the bedrock rises near the surface.

On the moraine, the GPR profile shows a high am-
plitude laterally coherent reflection representing the
base of the sediment cover over glacier ice. High con-
centrations of reflections near the glacier margin are
interpreted as sedimentological changes and possibly
representing zones of higher water content. The CCRI
profile outlines an area of high resistivity (~250,000
Ohm.m) in the area of buried glacier ice.

Discussion and implications for Mars: The use
of GPR in terrestrial environments has proven very
successful for mapping ground ice. However GPR
interpretation is usually undertaken in combination
with subsurface verification methods such as coring
and excavations. On Mars, however, these types of
subsurface verification may not be viable. Ca-
pacitively-coupled resistivity imaging does not provide
the resolution that GPR offers, however, it may offer
the subsurface material verification required for de-
tailed GPR interpretation.

Preliminary results show that GPR and CCRI tech-
niques effectively complement each other by resolving
different characteristics of the subsurface. While GPR
clearly showed the subsurface structures and inter-
faces, CCRI provided diagnostic information about the
electrical properties of the subsurface ice and sedi-
ment.

With the recent development of more complex in-
version software, CCRI is able to produce two- and
three-dimensional resistivity images of the subsurface,
similar to GPR, thus improving the reliability of inter-
pretations. As a result, a more comprehensive picture
of the subsurface stratigraphy and its composition can

be achieved. Additionally, both systems can be used
on different types of surfaces thus increasing their ver-
satility.

The development of GPR has indeed improved the
capabilities of this technique during the past two dec-
ades and is likely going to be an integral part of future
Mars missions. However, the combination of GPR and
CCRI techniques could yield significantly more infor-
mation concerning the availability of water ice in the
Martian subsurface than GPR alone. The ability to
identify and map near-surface ground ice as well as the
possibility of quantifying ground ice volumes using
GPR and CCRI imaging would prove beneficial to the
continuing exploration of Mars, including the selection
of future landing sites.
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