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Introduction
One of the many questions of Martian exploration is to un-
cover the history of Mars through analysis of the polar layered
deposits (PLD) (extensive reviews in [1] and [2] ). Martian
polar ice caps contain most of the exposed water ice on the
surface on Mars and yet their history and physical processes
involved in their formation are unclear. This work will con-
centrate on analysis of the internal structure of the South Polar
Layered Deposits using Mars Advanced Radar for Subsurface
and Ionosphere Sounding (MARSIS) [3] experiment data.

Considerable advances have been made in recent years to
understand the internal structure of the polar layered deposits.
Researchers have employed large amount of imaging data re-
turned by the Mars Global Surveyor and Mars Odyssey space-
craft. [4] have tested a hypothesis on the internal structure
of the South Polar Layered Deposits (SPLD) and concluded
that the top most layers are most likely parabolic in shape and
therefore ablation and sublimation are most prominent forces
in forming those layers. [5] have analyzed MOC images taken
in the North Polar Layered Deposits (NPLD) and found that
albedo patterns are consistent with 30m thick alternating units
and that layer sequences are broadly distributed. [6] describes
in detail possible mechanisms for formation of the basal unit,
discovered by [7]. [8] expands this work, presenting an up-
dated sedimentary history of the NPLD based on data from
MOC and THEMIS instruments. Work in [8] clearly distin-
guishes between brighter units sitting unconformably on top
of the dark layers. To explain observations in the SPLD, [9]
have suggested an eolian-based model for accumulation and
erosion in the Promethei Lingula region.

There is an ongoing debate on the extent the flow in the ice
caps. Work by [4] in the SPLD has suggested that structure of
the top portion of SPLD is not consistent with flow. Meanwhile
work in [10], [11], [12], among others argue that part of the
NPLD may have flown in the past. All investigations, including
cited above, suggest a certain structure that would be observed
according to presented models. The ultimate goal of work
described in this abstract is to validate those hypotheses using
MARSIS data.

The MARSIS instrument
MARSIS is a multi-frequency pulse-limited radar sounder [3],
which uses synthetic aperture techniques to maximize signal-
to-noise in the received data. MARSIS can be effectively oper-
ated at any altitude lower than 800 km in subsurface sounding
mode, and below 1200 km in ionosphere sounding mode. The
instrument consists of a dipole and a monopole antenna as-
semblies and an electronics assembly. Maximum penetration
depths are achieved at the lowest frequencies. Penetration
will be in the order of a few kilometers, depending on the na-
ture of the material being sounded. On the dayside of Mars,
the solar wind-induced ionosphere does not allow subsurface

sounding at frequencies below approximately 3.5 MHz. In the
subsurface sounding mode, MARSIS can operate at 4 differ-
ent frequencies: 1.8, 3.0, 4.0 and 5.0 MHz, hence allowing a
capability to operate in the presence of the ionosphere.

Data and Observations
The MARSIS instrument has already shed some light on the
subsurface interface in the NPLD [3]. Now MARSIS provided
very dense coverage of the subsurface interface and layering
structure in the SPLD [13] These observations are the first
direct measurement of the subsurface structure of the Polar
Layered Deposits.

Figure 1: Fine scale details of the South Polar Layered De-
posits resolved by the MARSIS instrument. Data shown
were taken on Mars Express orbit 2581 [13]. Top picture
is regular MARSIS data (coherently summed) with spectra-
to-spectra distance of about 5km. Middle image represents
MOLA shaded relief DEM with colors showing absolute el-
evation. The bottom image represents data taken in individ-
ual echoes mode. This mode allows a much finer view of the
layers. Black stripes in the top image are due no-data gaps
between instrument mode changes.

Data from the MARSIS instrument can come in two basic
types: standard data, which is processed on the spacecraft to
reduce data rate and raw data, which contains raw echoes as
received by the MARSIS instrument. Raw data mode, also
known as, “individual echoes” mode, requires a much higher
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data volume and therefore is not used frequently. MARSIS
allows simultaneous collection of standard data and individual
echoes.

Figure 1 illustrates first results obtained by the MARSIS
investigation [13] in SPLD. This figure illustrates the advan-
tages of the “individual echoes” mode. Ground processing
allows much greater resolution ( 30 m) along the track com-
pared to 5km for standard data products. The individual layers
and the bottom interface are clearly seen in Figure 1. Note that
if an internal layer is not parallel to the MEX tangential veloc-
ity over 5km, it will be smeared and this what we observe with
MARSIS in the standard data products (Figure 1, top panel).
This “raw data” mode represents our best possibility at iden-
tifying thick (relative to an individual layer) sequences in the
SPLD structure.

Summary
We will present MARSIS observations of the SPLD internal
structure. Basis of our analysis will be MARSIS data taken in
the “individual echoes” mode. We will attempt at correlating
observed sequences with the layer exposures evident in the
imaging data. This work will help to test hypothesis described
in [4] on the internal structure of SPLD. Additionally, we
will pay special attention to the Promethei Lingula region to
compare MARSIS data with work described in [9].
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