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Introduction: The Subsurface Water Ice Mapping 
(SWIM) project supports an effort by NASA’s Mars 
Exploration Program to determine in situ resource 
availability [1–2]. We are performing global 
reconnaissance mapping as well as focused multi-
dataset mapping to characterize the distribution of water 
ice from 60ºS to 60ºN latitude. In 2019, we produced ice 
consistency maps for the northern hemisphere (0 to 
60ºN) from 0–225ºE and 290–360ºE longitude. In 2020, 
we are extending our mapping into the southern 
hemisphere (0 to 60ºS) and from 225–290ºE longitude 
in the northern hemisphere at elevations <+1km. Our 
maps are being made available on the SWIM Project 
website (https://swim.psi.edu), and we intend to 
complete our global mapping by the summer of 2020. 
Follow us on Twitter @RedPlanetSWIM for project 
news and product release information. 

Methods: In this abstract, we present results from 
subsurface radar mapping in these regions. Additional 
methods are presented at this LPSC by Putzig et al. 
(overview), Perry et al. (dataset integration), Hoover et 
al. (thermal analysis), Morgan et al. (radar surface 
reflectivity), and Baker et al. (geomorphology). 

The Mars Reconnaissance Orbiter Shallow Radar 
(SHARAD) is a sounder that transmits a 15–25 MHz 
signal, corresponding to a wavelength in free space of 
15 meters [3]. Where the signal penetrates into the 
Martian subsurface, echoes may be returned from 
dielectric contrasts between materials.  

Mapping Methods: We scan all available SHARAD 
radargrams in the study regions, identifying any 
candidate subsurface reflections in each. We put 
candidate subsurface signals through rigorous Clutter 
Disambiguation analysis to determine whether or not 
they are actually reflections from off-nadir surfaces 
(“clutter” in the radargram). This includes comparing 
the radargrams to a simulation, produced using the 
University of Arizona clutter simulator [4], of all echoes 
from a MOLA DTM (example in Fig 1). 

To derive information on geologic composition we 
then perform Depth-Dielectric Inversion on confirmed 
subsurface reflections using the following equation(s): 
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where ε’ is the real dielectric permittivity of the 
subsurface material down to an interface at depth h 
represented by a reflector measured at two-way travel 
time Δt beneath the surface reflector. We use two 
different methods for estimating basal geometry. For 
Lobate Debris Aprons (LDAs, often referred to as 
debris-covered glaciers), we prescribe the nearest plains 
elevation (assumed to extend flat beneath the LDA 
deposit). For mantle deposits found on the northern 
plains we perform a linear interpolation between 
elevation minima in MOLA. We subtract these 
estimated subsurface elevation values from the surface 
elevation to calculate h for each trace. 

We then use h and Δt to estimate the ε’ of the 
material between the surface and subsurface reflectors. 
Pure water ice is easily distinguishable from volcanic 
flows and bedrock due to its low real dielectric constant 
of ~3 relative to that of ~8 for basalt. Mixtures of 
different materials can produce intermediate effective 
dielectric values. 

 

 
Figure 1: SHARAD observation 3521801 over an LDA 
in the southern hemisphere region of Argyre. (a) Time-
delay radargram, with candidate subsurface signal 
indicated by white arrows. (b) clutter simulation, 
showing no predicted clutter at the same time delay as 
the candidate signal. (c) Depth-corrected radargram 
using a permittivity of 𝝴’ = 3; reflector has aligned with 
the surrounding plains. (d) Context image of radar 
ground track (yellow line) with topography and extent 
of LDA (red line) mapped. (e) Context map showing 
multiple LDAs in the region. 
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In the SWIM Project, we introduce consistency 
values for each dataset [1,2]. A consistency value of +1 
means that the data are consistent with the presence of 
ice, 0 means that the data give no indications of the 
presence or absence of ice, and -1 means that the data 
are inconsistent with the presence of ice. Based on our 
dielectric constants estimates, we calculated the radar 
consistency values, CRD, as follows: 

 
CRD = +1 where 𝝴’ ≤ 3 
CRD = ½ (5 – 𝝴’) where 3 ≤ 𝝴’ ≤ 7 (CRD=0 where 𝝴’=5) 
CRD = -1 where 𝝴’ ≥ 7 
 
These CRD values are then integrated into the “SWIM 
equation” [1,2] for a holistic consistency value 
calculated from all datasets, Ci. 

SWIM 1.0 Results (2019): The radar subsurface 
reflector mapping yielded nine “units” across the 
northern hemisphere. The median dielectric permittivity 
estimates 𝝴’, corresponding CRD, and full SWIM 
Equation Ci result for each of these units are provided 
below (Table 1): 

Mapped Radar Units 𝝴’ CRD Ci 
Arcadia Unit 1 Main Plains 4.1 0.45 0.37±0.16 
Arcadia Unit 2 Layered 
Ejecta Crater (LEC) 

4.2 0.4 0.34±0.10 

Utopia Unit 1 
Thermokarstic Mesas 

2.9 +1 0.05±0.12 

Utopia Units 2–5 3.2 0.9 0.18±0.11 
Utopia Units 6–10 8.1 -1 -0.04±0.14 
Utopia Unit 11 8.3 -1 -0.14±0.13 
Onilus Glacial Units 3 +1 0.22±0.16 
Onilus Unit 1 Upper Plains 
Mantle 

4 0.5 0.03±0.09 

Onilus Unit 2 Misc. Mantle 5.2 -0.1 0±0.13 

 
The areas with the most widespread high 

consistency values include Arcadia Units 1–2 and  
Utopia Units 2–5 (interpreted as ice-rich mantles), as 
well as Onilus Glacial Units.  

SWIM 2.0 Results (2020): We split the expanded 
survey into seven study regions, as displayed in Fig 2: 
(1) Eastern Hellas, (2) Western Hellas, (3) Cimmeria, 
(4) Sirenum, (5) Tharsis/Tempe, (6) Chryse, and (7) 
Argyre. Radar mapping and/or analysis has been done 
previously for sections of regions 1 [5], 2 [6], and 7 
(example shown in Fig. 1). 

Similar to SWIM 1.0, we group our mapped radar 
interfaces according to individual geologic units such as 
LDA and regional mantles. 

Data Availability: Our SWIM 1.0 map products 
and ancillary data are freely available to the community 
on the SWIM Project website (swim.psi.edu). The 
SWIM 2.0 products will be released in summer 2020. 
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Figure 2: Map showing the location of radar subsurface reflectors mapped in The SWIM Project, with colorbar 
representative of the dielectric permittivity estimates and corresponding ice consistency value from our radar 
analysis, CRD. Study regions from SWIM 1.0 are shown in black boxes/text while new study regions for SWIM 2.0 are 
numbered and highlighted in white. Regions with elevation > 1 km are blacked out, as they will not be surveyed.
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