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1 Introduction

One of the many questions of Martian exploration is to uncover
the history of Mars, through analysis of the polar layered de-
posits (PLD). Martian polar ice caps hold most of the exposed
water on the surface on Mars and yet their history and physical
processed involved in their formation are unclear. We will
attempt to contribute to our knowledge of the composition and
stratigraphy of the polar deposits.

In this work we present the latest imaging data acquired
by the Mars Odyssey THermal EMission Imaging System
(THEMIS) [1] and place it into context of the Mars Global
Surveyor (MGS) data. THEMIS provides capabilities for
imaging in both thermal IR and visible color wavelengths.
These observations are affected by atmospheric scattering and
topography. The Mars Orbiter Laser Altimeter (MOLA) and
Thermal Emission Spectrometer (TES) instruments [2, 3] on
board of the MGS spacecraft can provide context information
for THEMIS data. Of particular interest are Mars Orbiter
Camera (MOC) images [4], which provide high-resolution
data. We are primarily interested in the seasonal evolution
of ice cap temperatures during the first northern summer of
THEMIS observations. Morphology, stratigraphy and compo-
sition of the layered deposits can be addressed by THEMIS
VIS color images, along with MOC high resolution data and
MOLA Digital Elevation Models (DEM). This work is inten-
tionally descriptive. Based on the knowledge obtained by the
orbiting spacecraft and described here, we will attempt to ex-
pose major directions for modeling and further understanding
of of the physical processes involved in the formation of the
polar layered terrain

2 Available data

2.1 THEMIS IR

The THEMIS IR camera has 10 bands from 6 to 15µm [5].
Due to to signal-to-noise restrictions the most useful band for
polar observations is band 9 (12.57µm ). Band 10 (14.88µm )
data can be used for atmospheric calibration. An example of
seasonal evolution observed by the THEMIS IR subsystem is
shown in Figure 1. We have projected all IR images, covering
a small area near 86N and 90E into a polar stereographic
projection and then sampled “time” dimension in order to look
at temperature evolution over the course of the summer. We are
plotting averaged temperature data over two 1km2 regions of
interest: layered material inside the trough and the surface of
the residual ice cap. High resolution THEMIS IR data allows
us to distinguish properties of bulk of layered terrain and ice.
We were not able yet to distinguish properties of individual
layers.
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Figure 1: Seasonal temperature evolution of ice and trough
material in the North Polar region. Red circles - layered mate-
rial, blue squares - ice (THEMIS band 9), light blue diamonds
- THEMIS band 10 data, orange triangles - TES surface tem-
perature during first year of TES observations for the same
region.

2.2 THEMIS VIS

The THEMIS Visible Imaging Subsystem (VIS) is a 5-color,
1024x1024 interline transfer CCD camera that acquires high
spatial resolution 18 to 72 m/pixel multispectral images (425
to 860 nm) from Mars orbit ([5, 6]). In order to gain coverage
most of the full-color images have a resolution of 36m/pixel.
Figure 2 illustrates a fragment from the polar layered ter-
rain. We were able to image this fragment at full resolution
(18m/pixel). This image is a part of a larger mosaic and con-
sists of two VIS images. Layers can be easily identified in this
figure. Color calibration in underway right now [6] and in the
future we plan to analyze true-color images.

2.3 Mars Global Surveyor data

Very interesting details of the polar layered deposits become
evident in high resolution MOC Narrow Angle images [4].
These images are invaluable for interpreting details of the lay-
ered deposits observed with THEMIS. Narrow Angle MOC
and THEMIS VIS images are ideal complements for each
other : THEMIS provides extensive coverage and some color
information, while MOC provides high resolution detail. An
example of a MOC image from the same trough as in Figure 2
is shown in Figure 3.

It is very important to understand the state of the atmo-
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Figure 2: Fragment of false-color mosaic of THEMIS VIS im-
ages in the North polar region (near 86.7N and 60-70E). Cam-
era bands 3, 2 and 1 are shown in this picture as Red, Green
and Blue correspondingly. Resolution : 18m/pixel. Radiomet-
ric calibration of these images is still work in progress. Size
of this THEMIS VIS image mosaic is 10.5×5.7km.

sphere (presence of dust, water ice), when the data were taken,
as they can affect the observations described above. TES at-
mospheric data [7, 3] can provide dust and water ice opacities
and many other parameters valuable for atmospheric analysis,
as well as understanding large scale thermophysical properties.
We compared TES surface temperatures (orange triangles in
Figure 1) taken during the first year of TES mapping phase (two
Martian years prior to presented THEMIS data). THEMIS and
TES observations of surface temperatures are consistent. Note,
however, that THEMIS data is not atmospherically corrected.
Although the TES observation footprint (3×6km) does not al-
low to distinguish between ice and layered material, it is still
possible to retrieve very useful spectral information from just
one TES pixel, if the observed feature is large enough. MOLA,
which has been working in radiometer mode since 2001 [8],
can provide narrow-band radiometric information at 1µm , in
addition to wide-band TES bolometer measurements.

2.4 Discussion

Variations of thermophysical properties of surface materials
are manifested in the thermal IR by various rates of heating up
or cooling down. While this process is easy to observe in equa-
torial regions and mid-latitudes, it is very challenging to apply
the same methods in the polar regions. For places in extreme
polar latitudes, the sun is almost always over the horizon. Only
during short periods in spring and fall can differences between
day and night be observed. Further complicating matters in the
spring time isCO2 cover, which masks all possible thermal
differences. We will look extensively at the fall time images,
when thermal contrasts will become more apparent. We plan
to continue analysis of seasonal trends for different geologic
units inside the cap untilCO2 covers the surface of the ice
cap. Our ultimate goal is to derive some measure of thermal
inertia for the material in the troughs. TES atmospheric data
from previous years is very helpful for planning this effort and
for interpretation of the results.

The large spatial and relatively high-resolution coverage

Figure 3: MOC image mosaic of the north polar layered ter-
rain at 3 m/pixel resolution. MOC images M00/2100 and
M01/3767 were used. Note variety and structure of layers in
the trough. By precise registering of these images to THEMIS
color images we will be able to deduce color information for
some of the layer stacks. Size of this mosaic of MOC images
is 12.3×5.3 km.

provided by the THEMIS visible camera can resolve individual
layers in the northern polar layered deposits over long distances
(See Figure 2). Higher resolution MOC narrow angle data can
be used to characterize these individual layers. Comparing the
trace of these layers to topographic data generated by the Mars
Orbiter Laser Altimeter (MOLA) yields information in three
dimensions about the position of the layer exposure. Strikes
and dips of individual layers can be extracted allowing us to
predict if this same layer will be exposed in troughs elsewhere
in the layered deposits. Testing large-scale continuity of layers
in this fashion may help us distinguish between a flowing or
non-flowing ice cap. In addition the possibility of extracting a
low-resolution version of the topography underlying the icecap
from the three dimensional shape of many layers also exists.

Requiring information from so many different datasets
spread over various missions in a challenge. Geographic Infor-
mation Systems (GIS) have been used to this end within the ter-
restrial remote sensing community for many years. We use the
Arcmap software provided commercially by ESRI. It provides
a convenient way to overlay different dataset of disparate res-
olutions and origins. It also allows for full three-dimensional
viewing of any scene for which topography information ex-
ists (which is everywhere), which aids image interpretation by
distinguishing slope and albedo effects on brightness.

3 Conclusions

In this work we present description of properties of the North
Polar Layered Deposits in all available datasets, concentrat-
ing on data from Mars Odyssey’s THEMIS investigation. Our
approach is to 1) detect heating or cooling trends in THEMIS
Thermal IR imagery for selected troughs in the NPLD and
interpret these data in terms of thermophysical properties (e.g.
thermal inertia) of the layers. The MGS TES atmospheric
dataset will provide context and will be important for cal-
ibration of THEMIS data; 2) use THEMIS VIS images to
investigate continuity of the layers in the layers deposits and
their stratigraphic relationships using high-resolution MOLA
topography. MOC images will provide important morpholog-
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ical detail. Our goal is to bring infrared and visible datasets
together and suggest future directions for data analysis and
modeling to improve our understanding of the composition of
the layered deposits.
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