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Introduction: The first tentative evidence for wa-
ter ice deposits in Mercurian polar cold traps came from
radar observations, where a remarkable increase in the
same sense circular polarized radar backscatter cross-
section was detected at wavelengths of 3.5 cm [1, 2], 12.6
cm [3, 4, 5] and 70 cm [6]. The high radar backscat-
ter regions coincided with areas having modelled sur-
face or near-subsurface temperatures that remain below
∼ 100−150 K [7, 8, 9], consistent with their cause being
the presence of water ice.

Results from the MESSENGER spacecraft [10] have
considerably strengthened this interpretation. The deficit
in neutron flux observed over the poles is consistent with
a localised hydrogen-rich layer extending down for at
least tens of centimetres beneath a 10-20 cm thick layer
that is less rich in hydrogen [11]. The MDIS has al-
lowed an improved determination of the locations of
the permanently shaded regions, increasing the confi-
dence with which they can be associated with the high
radar backscatter regions [12, 13]. Albedo measurements
from both the MDIS [14] and the MLA [15] showed ei-
ther bright or dark surfaces coincident with these polar
cold traps [16]. These observations matched temperature
model predictions for either thermally stable water ice at
the surface (high albedo) or under a ∼ 10 cm thick or-
ganic lag deposit (low albedo) [17].

The radar and MESSENGER results provide esti-
mates for the areas covered by the water ice deposits,
but the remaining observational challenge in determin-
ing their volume is to measure their depth. There are two
orders of magnitude separating current lower and upper
limits on the depth of the ice deposits in Mercury’s po-
lar cold traps. The lower limit comes from the require-
ment that the ice is at least a few metres thick to produce
the observed backscatter [18, 19]. An upper limit on the
depth of ice in a 10 km-diameter crater of ∼ 300 m was
derived using MLA data to study depth-to-diameter ra-
tios in a sample of 537 craters poleward of 48◦N [20].

Here, we use the existing MLA Gridded Data Record
Digital Elevation Model (GDR DEM) to improve the
constraint on the depth of the water ice deposits in craters
near the north pole. This is done by assessing departures
from axisymmetry in the crater topographies and asking
are the radar-bright regions of polar crater interiors sys-
tematically elevated relative to otherwise similar radar-
dark parts of the surface?

Figure 1: A polar stereographic projection of the MLA
GDR DEM in the vicinity of the north pole of Mer-
cury. White circles show 5◦ steps in latitude and white
pixels show areas with radar backscatter cross-section,
σsc > 0.1 [21]. Magenta and black circles show the
radar-bright and control crater samples respectively.

Data: Data from the 11th data release (DR11) of the
MLA GDR DEM were used to define the topography of
the north polar region of Mercury. These are gridded into
500 m pixels in a polar stereographic projection, and a
map is shown in Figure 1. Range accuracy on individual
altitude measurements is better than 1 m, and unobserved
pixels contain values interpolated from the surrounding,
observed pixels.

The Arecibo S-band (12.6 cm) radar data were used
to determine the radar properties of the surface in the
vicinity of Mercury’s north pole [21]. Radar-bright re-
gions were defined, using the ∼ 0.5 km pixelated same-
sense circularly polarized cross-section map, as having
σSC > 0.1. This pixellation slightly oversamples the
instrumental resolution of ∼ 1.5 km, and there may be
systematic location mismatches on the order of ∼ 2 km
between this radar grid and the MLA DEM [21, 13].

Crater sample: If departures from axisymmetry
in the polar craters are to be ascribed to water ice de-
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Figure 2: Maps of height difference, ∆h, for the 6
radar-bright craters (top two rows). The radar-bright re-
gion (σsc > 0.1) is delineated with the thick black con-
tour. A solid black circle shows the edge of the crater
rim at r/rc = 1, and dotted circles bound the region at
0.3 ≤ r/rc ≤ 0.7, from which the pixels are used for
this analysis. The lower two rows contain the 6 control
craters that form the control sample.

posits, then sub-cratering should be as insignificant as
possible. This favours fresh craters that were both suffi-
ciently well-sampled by MLA data and sufficiently large
that the spatial mismatches between MLA and radar data
were a small fraction of the crater size. A flooding-type
crater-finding algorithm was developed and applied to
the MLA GDR DEM to define a set of craters [22]. In-
cluding extra selection criteria to ensure that the craters
had radius, rc > 10 km, were well-sampled and fresh, or
equivalently had a large depth given their diameter, led
to the sample of 12 craters shown in Figure 1.

These craters were split into a radar-bright subset,
with at least 10% of their MLA-sampled pixels within
the range 0.3 < r/rc < 0.7 having σsc > 0.1 and a con-
trol set of craters, with under 10% of these pixels being
radar-bright. The restricted range of radii avoided steeper
slopes (central peaks and crater walls) where deviations
from axisymmetry are more prevalent.

Results: For each crater, the azimuthally-averaged
radial height profile is determined from the pixels con-
taining MLA observations. The height difference of each
pixel from other pixels at a similar radius, ∆h, can then
be determined. Maps of this deviation from axisymmetry

for each crater are shown in Figure 2, which also contains
contours enclosing the radar-bright regions within these
craters. The difference between the typical ∆h of radar-
bright and radar-dark pixels provides an estimate of the
extra height associated with being in a radar-bright part
of the crater. In each of the 6 radar-bright craters, the
radar-bright regions are typically higher than the radar-
dark ones by 36-81 m, with a median excess height of
∼ 50 m.

To estimate the uncertainty due to asymmetries from
non-volatiles, a similar exercise was repeated with the
control craters, using the radar-bright region contours
from each of the radar-bright craters to define pseudo
radar-bright regions in the control craters. This gave
6 × 6 = 36 estimates of the excess height associated
with these pseudo radar-bright regions. From the scatter
in these values, the uncertainty on the excess height from
the 6 radar-bright craters was determined to be ±35 m.

Summary: An automated crater-finding algo-
rithm has been developed and applied to the DR11 MLA
GDR DEM. From the resulting catalogue, 12 fresh, well-
sampled craters with rc > 10 km and 80◦ <latitude<
84◦ have been selected and the departures of their topog-
raphy from axisymmetry have been correlated with the
radar backscatter cross-section map. The radar-bright re-
gions are typically elevated by 50 ± 35 m from similar
radar-dark regions. A water ice thickness of 50 m cor-
responds to a total near-surface polar water ice mass on
Mercury of ∼ 1015 kg.
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