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Introduction:  As on Earth, polar ice layering on 
Mars  provides  insight  into the planet’s  climate his-
tory. It likely provides a record of climatic response 
to  cyclic  variations in the planet’s  rotation  and  re-
volution as well as, potentially,  major climate-chan-
ging events in the planet’s history [1, 2]. Understand-
ing the details of internal structure in polar ice will 
help us understand its emplacement and erosional his-
tory. In this study we map layers in one region of the 
basal unit, selected for its relatively high concentra-
tion of layers within the BU.

Background:  Planum Boreum is comprised of 
two major  ice units that  are stacked at  the Martian 
north  pole  [3].  The  north  polar  layered  deposits 
(NPLD) are almost pure water ice [4] and lie on top 
of the older,  sand-rich BU [3, 5].  Using radar  data 
from the Mars Advanced Radar for  Subsurface and 
Ionospheric  Sounding  (MARSIS  [4])  on  Mars  Ex-
press and the Shallow Radar (SHARAD [6, 7]) on-
board the Mars Reconnaissance Orbiter (MRO), lay-
ering has been observed in both units [5]. BU layer-
ing is also identified in images [e.g., 7], although it 
does  not  appear  to  correspond  to  the  layering  ob-
served in radar data on a one-to-one basis.

SHARAD  emits  frequency-modulated  chirps 
centered at 20 MHz, with a 10 MHz bandwidth. Its 
spatial resolution is between three and six kilometers, 
which in the along-track direction can be reduced to 
less than one kilometer via synthetic aperture focus-
ing [8]. SHARAD has a vertical resolution of 15 m in 
free space and 8.4 m in water ice, while MARSIS has 
a  resolution of 150 m and roughly 100 m, respect-
ively.  This order-of-magnitude difference in vertical 
resolution makes SHARAD data more suitable for de-
tailed stratigraphic mapping [4], and MARSIS more 
suitable for contextual mapping.

A SHARAD radargram displays  location  in  the 
orbit versus time delay, with brightness correspond-
ing to amplitude of power return. The delay-to-depth 
conversion is given by Δd = c Δt / √ (4εr) [9], where 
Δd is the vertical distance, c is the speed of light, Δt is 
the difference in pulse round-trip time, and  εr is the 
real dielectric constant of the medium.

Data from SHARAD have been used to map lay-
ers in the ice. Putzig et al. [9] identified six “zones” 
in Planum Boreum by looking for expanses that gen-
erated  similar  radar  returns:  the  vastitas  borealis 
formation, BU, and four parts of the NPLD. Tanaka 

et al. [10] divided the BU into two subunits based on 
differences in visual imagery that included age.

Although the polar layered deposits in SHARAD 
radargrams have clear, distinct layers [9], BU layer-
ing is more difficult to identify and map due to dif-
fuse radar returns [1]. Moreover,  BU layering is ir-
regular  and  discontinuous  [5].  Nonetheless, 
SHARAD radargrams are sufficiently clear to identify 
some layering near the top of the BU.

Methods: We  initially  examined  68  rolled 
SHARAD orbits that pass near the Martian north pole 
(we include orbits up to 23,500). We rate each one on 
how clearly it shows layering in the BU: definite, pos-
sible, and absent. 

“Definite” layering was obvious without enlarging 
or changing the contrast of the radargram, techniques 
used to identify “possible” layering.  We plot the or-
bit segments with layering against an outline of the 
BU  [11],  and  find  that  layers  are  concentrated 
between 30oE and 120oE (Figure 1). 

Figure  1.  A polar stereographic projection of layer-
ing in rolled SHARAD tracks passing near the north 
pole, color coded for number of distinct, stacked lay-
ers observed. The majority of layered orbit segments 
are between 30oE and 120oE.

Within this limited area, an additional 177 (night-
time) SHARAD radargrams were included in the ana-
lysis,  for  a total  of 245 orbits.  We look at the 193 
numbered under 23,499, revealing 67 orbits with def-
inite  layering,  63  with  possible  layering,  and  63 
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without layering. Of the 67 orbits with definite layer-
ing, 45 contained that definite layering within the area 
of interest. They were reexamined after  a phase-dis-
tortion correction algorithm [12] was applied.

Results: Figure  2  shows over  50  layers  in 
the BU, between 30oE and 120oE. Layering is most 
often detected in SHARAD data just below the BU-
NPLD  interface,  where  radar  returns  are  strongest 
within the BU. Layers also more commonly occur at 
~500m below the BU-NPLD interface than between 
300 and 450m. 

We  confirm  the  observation  of  Fishbaugh  and 
Head (2005) that BU layering is irregular and discon-
tinuous. We also observe variable thickness of layer 
interfaces within and at the top of the BU. Layer in-
terfaces separated by only a few pixels in the radar-
grams are difficult  to distinguish from one another, 
especially if near the bright BU-NPLD interface.

We approximate the NPLD-BU interface as flat in 
this area, above 85ON [9, 11]. Layer slopes are gener-
ally small (Figure 2). Differences in layer starting and 
ending  depths  ranged  from a  few meters  to  nearly 
200m.

BU layering (Figure 3) is detected outside of the 
BU outline from MARSIS [11] (see Figure 2),  less 
than 260m below the top of the NPLD. These depths 
present  no  conflict  with  the  findings  of  that  study 
since these layer interfaces do not satisfy the study’s 
criterion  for  subsurface  reflectors  having  at  least 
~300m of separation from other reflectors in the same 
frame.

The next steps in our BU layering investigation 
are including SHARAD orbits over 23500, compar-
ing BU layers  in  crossing orbits  in order  to  verify 
their  3D  orientation,  and  using  MARSIS  orbits  to 
map the full BU volume in the study area.
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Figure 2. A polar stereographic projection of the lay-
ers observed. They were approximated as linear and 
color-coded  by  slope.  The  slopes  did  not  exceed 
0.08o.  The blue circle is 88oN. Red marks layers at 
angles  up  to,  approximately,  0.02O,  yellow  up  to 
0.04O, and blue up to 0.08O. Nonzero layer slopes do 
exist—the raw data  may show a  delta  of  200m or 
more between start and end—but they are relatively 
small.

Figure  3. SHARAD track  2234801000.  We  listed 
four layers (enclosed in red) in this radargram. The 
leftmost box shows the layer outside the BU outline 
in Figure 3. The green box shows an arc at an angle 
to the BU-NPLD interface, which we assume to be an 
off-nadir  artifact.  The blue box shows off-nadir  re-
flections in the NPLD. 
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