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The North Polar Layered Deposits (NPLD) represent
one of the largest reservoirs of surface water on Mars.
The impact of ice flow on the overall shape of the NPLD
is still widely debated. Some studies conclude that the
upper part of the NPLD shows no evidence of flow [1]
and that surface mass balance alone can produce the to-
pography [2, 3], while other studies have found evidence
for relict flow lines in GL [4]. It is clear though that
through an active exchange of water vapour with the at-
mosphere, the NPLD plays an important role in the Mar-
tian climate. Even so the physical properties as well as
the past of the NPLD are not well known. In order to
gain insight into the past and present Martian climate an
increased understanding of the processes influencing the
NPLD is critical.

This paper presents results from an analysis of
radar data showing the internal layers in the NPLD re-
turned from the SHARAD (SHallow RADar) instrument
on board NASA’s Mars Reconnaissance Orbiter. The
SHARAD instrument operates with a 20 MHz centre fre-
quency and a 10 MHz bandwidth. The horizontal reso-
lution depends on the surface roughness but is typically
between 3 - 6 km across track, while the along-track res-
olution is 0.3 - 1 km [5]. The vertical resolution is 15 m
in free space and less in materials such as ice and rock.
For more details on the SHARAD instrument please re-
fer to [5].

In this study we use SHARAD data retrieved from
over Gemina Lingula (GL, see Figure (1)) to analyse the
stratigraphy of the internal layers. In terrestrial glaciol-
ogy the stratigraphy of internal layers reflect the con-
ditions under which they have been deposited and pro-
cesses that may have altered them. Thus the internal lay-
ers identified in the NPLD [6, 7] may very well hold
similar information on the past of the NPLD. Several
horizons from over 80 radar lines have been mapped and
compared to modelled layers from a 3D ice flow model.
The model uses the slope of a smoothed surface topogra-
phy, where troughs and scarps have been filled in, to cal-
culate the balance velocity of the ice. Then the shape and
age of the layers are calculated as an advection equation
assuming an isothermal ice cap of 123 K and an accumu-
lation of 1 mm/yr. In the model we essentially assume
that the shape and the mass balance of the NPLD are
constant in time and then calculate the internal layers as
they would appear in a flowing ice cap given those pa-

Figure 1: MOLA topography map showing the North Po-
lar Layered Deposits (MOLA Science Team).

rameters. For more information on the model please see
[8].

The output from the model was compared to 6 inter-
nal horizons, three in the upper part of the ice and three
in the lower part, that were picked in data from more
than 80 different orbit lines. All horizons were easily
identifiable in the majority of the data and were on av-
erage present in over 80% of the radar data considered.
The overall fit between modelled and observed layers is
reasonably good especially considering that the model
output is based on low resolution surface and bed topog-
raphy, due to limitations in computational power, as well
as simplifying assumptions such as constant accumula-
tion rate. There are however some differences between
both the different horizons and the regions of GL. Hori-
zons in the upper part of the ice fit less well than hori-
zons in the lower part. The upper horizons also generally
achieve a better fit in the western part of GL while the
fit for the lower horizons has a less distinct geographical
variation. The east-west variation of the fit can be seen in
Figure (2) showing the median of the difference between
modelled and observed layers for the H2 mid horizon.
Figures (3) and (4) show a comparison between observed
and modelled horizons along radar lines no. 490701000
and 622002001. While the former obtains quite a good fit
between model and observed data, the upper horizons in
the latter do not fit well at all. Both figures also highlight
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Figure 2: Map of the median of the difference between
modelled and observed layers for horizon H2 mid with
surface topography contours in black. With a few excep-
tions the fit is better in the western part of GL than the
eastern part.

the unconformity between upper and lower horizons, the
latter appearing much flatter and not to the same extent
following the surface topography.

These differences in the upper and lower layers may
be explained by the existence of an angular unconformity
previously identified within GL [9] indicating a time gap.
It is possible that the lower layers experienced a signif-
icantly different history than the upper, and/or that the
geometry of the upper layers is primarily the result of
draping the unconformity surface which is an elongated
dome.

Only taking into account individual layer geometry,
our comparison between modelled and observed internal
layering indicates that it is possible that ice flow has in-
fluenced the shape of NPLD. However, if this is the case
GL must have extended farther to the southeast, or alter-
natively the accumulation pattern must have been signif-
icantly different to what is assumed in the model.
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served horizons while the fit for the lower horizons is still
reasonably good.

[3] Greve and Mahajan. Icarus, 174, p. 475-485, 2005.
[4] Winebrenner et al. Icarus, 195, p. 90-105, 2008.
[5] Seu et al. Journal of Geophysical Research, 112, 2007.
[6] Phillips et al. Science, 320, 1182, 2008.
[7] Putzig et al. Icarus, 204, p. 443-457, 2009.
[8] Hindmarsh et al. Annals of Glaciology, 50, 130140, 2009.
[9] Holt and Safaeinili. LPSC XXXX, # 1721, 2009.

1781.pdf41st Lunar and Planetary Science Conference (2010)


