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Introduction:  One of the most exciting 

developments in the past few decades of Martian 

science has been the discovery of near-surface water-ice 

outside the polar regions [1].  Such ice has been 

proposed in various forms based on visible images [2, 

3], geomorphological arguments [4], thermophysical 

observations [5], and neutron spectroscopy [6].  

Extensive, shallowly buried sheets of nearly pure ice 

have been hypothesized on the basis of subsurface radar 

sounding in Arcadia [7] and Utopia [8] Planitiae in the 

northern mid-latitudes.  These putative ice sheets are 

especially pertinent for understanding climate history 

and represent a potentially essential and accessible 

water resource for future human explorers.  However, 

some scientists have argued that the radar data in these 

areas are best fit by predominantly dry material [9]. 

One dataset that can be used to study this problem is 

gravity.  Gravity science has been used to constrain 

density of icy polar material on Mars [10–12] but has 

not been applied to Arcadia and Utopia Planitiae.  The 

hypothesized ice sheets in these regions are suitable 

candidates for the application of gravity data because 

they are very large in lateral extent and because they are 

proposed to be relatively pure, both attributes which 

increase the potentially observable gravity anomaly.  

The detectability or lack thereof of these ice sheets thus 

depends on their average thickness, and therefore 

volume.  Here, we use techniques to locally analyze the 

gravity and topography in the northern mid-latitudes of 

Mars in order to test for the presence of ice sheets and 

constrain their average thickness. 

Methods:  Gravity data come from radio tracking of 

multiple Mars-orbiting spacecraft, which yields a global 

gravity model up to spherical harmonic degree 120 but 

is only geologically useful in the northern mid-latitudes 

up to the local degree strength of 80–90 [13].  

Topography data, which is jointly analyzed with the 

gravity data, come from the Mars Orbiter Laser 

Altimeter (MOLA) [14].   

We used moving Slepian windows to locally 

calculate effective density spectra across Mars, similar 

to previous work [15] but customized for the application 

of testing hypotheses about shallow subsurface ice 

(Figure 1).  An effective density spectrum measures 

how estimates of local bulk density change as different 

spherical harmonic degrees are considered.  If a near-

surface pure ice sheet exists in a region, it should 

manifest as a local minimum in effective density when 

high spherical harmonic degrees are considered.  A 

similar approach has been used to quantify the vertical 

density structure in the lunar crust [16].  To place 

bounds on our results, we employed this approach for 

gravity fields that considered the Bouguer correction 

only (which removes the gravitational effects of 

topography) and for fields that additionally included an 

isostatic correction (which also removes the effects of 

possible compensating crustal roots of topography).   

 

 
Figure 1.  Example of our methodology applied to an 

arbitrary location on Mars.  A Slepian window (a) 

localizes the free-air anomaly (b) and Bouguer 

correction (c), which are used to calculate the effective 

density spectrum (d) at that location. 

 

We compared results of effective density 

calculations with maps of subsurface radar sounding 

evidence for mid-latitude ice sheets.  Because the 

gravity data at Mars are not sufficiently precise to 

accurately measure crustal density without the 

complicating effects of relief along the crust-mantle 

interface, it is important to take care to not confidently 

interpret effective density values in an absolute sense.  

However, subsurface radar sounding evidence for ice 

sheets [7, 8] is completely independent of gravity data.  
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Therefore, we interpret gravitational evidence 

supporting the presence of ice sheets if and only if local 

lows in effective density at high spherical harmonic 

degrees spatially coincide with statistical significance 

with radar evidence for ice. 

Results:  An example effective density map of Mars 

is shown in Figure 2.  This map corresponds to the 

effective density inferred for a multitaper approach (it 

considers multiple Slepian windows and, at each 

location, averages the results together) for the case of 

considering the Bouguer gravity field with no correction 

for isostatic compensation.  The map reproduces some 

important relative features from previous gravity 

inversions, including relatively low density in the polar 

regions [10, 11] and at the eastern portion of the Medusa 

Fossae Formation [17], and relatively high density at the 

major volcanic centers [18, 19].   

We compared the effective density map to previous 

independent mapping of subsurface radar reflectors that 

have been interpreted by some authors to be indicative 

of ice sheets [7, 8] (Figure 2).  We found that the 

hypothesized ice sheet in Arcadia Planitia [7] spatially 

corresponds well with a relative minimum in effective 

density, while the hypothesized Utopia Planitia ice sheet 

is more ambiguous.  We calculated that the subsurface 

radar reflectors in Arcadia Planitia only have a ~2% 

chance of overlapping with a local minimum in 

effective density as closely as they are observed to do.   

 

 
Figure 2.  Effective density map calculated from 

spherical harmonic degrees 60–70 for a multitaper 

approach with localizing Slepian windows.  Inset shows 

Arcadia Planitia region.  Yellow polygons trace the 

extent of radar reflectors interpreted to be from ice 

sheets in Arcadia [7] and Utopia [8] Planitia.  Yellow 

points represent five large volcanoes. 

 

Discussion:  One interpretation of the results is that 

gravity data show evidence for substantial ice in 

Arcadia Planitia, and set an upper bound on the 

thickness and volume of ice in Utopia Planitia.  We 

emphasize that because of the uncertainty and inherent 

non-uniqueness in gravity data, it is important to not 

interpret every minimum in an effective density map as 

corresponding to ice.  Rather, it is the correlation of a 

density minimum with independent radar evidence that 

makes such an interpretation plausible. Radar and 

gravity datasets are synergistic, in that they constrain 

different material properties that can be jointly 

interpreted to infer composition. 

If the ice interpretation is correct, the ice sheet in 

Arcadia Planitia would have thickness of approximately 

100 meters if it is relatively pure ice.  An ice sheet could 

be present in Utopia Planitia, but would need to have 

thickness <200 m to be consistent with the gravity 

results.  This thickness bound would be consistent with 

work [8] that estimated ice to have thickness between 

80–170 meters in the region (and also consistent with no 

ice).   

Conclusions:  Gravity data support the presence of 

a shallow subsurface ice sheet in Arcadia Planitia, and 

bound any ice in Utopia Planitia to be <200 meters in 

thickness.  Ongoing work will test the robustness of this 

result with respect to different localizing windows and 

clone fields that represent different realizations of the 

Martian gravity field consistent with uncertainty in the 

data.  Future data from a gravity-dedicated mission at 

Mars [20] would permit a substantial leap in this study, 

vastly increasing the confidence of the results and 

tightening the lower and upper bounds on ice thickness. 
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