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What is SWIM?

SHARAD Subsurface Reflector Mapping

The Subsurface Water Ice Mapping (SWIM) in the Northern Hemisphere of
Mars Project supports an effort by NASA’s Mars Exploration Program to
determine in situ resource availability for future human missions. Using several
techniques and instruments, we are performing global reconnaissance
mapping as well as focused multi-dataset mapping from 0º to 60ºN. Results
presented on this poster are focused on the analysis of subsurface radar
reflectors component of the SWIM project.

Shallow Radar (SHARAD) is a sounder onboard NASA’s Mars Reconnaissance Orbiter that transmits a signal swept from 25 to 15 MHz, corresponding to a
wavelength in free space of 15 meters [1]. These data are typically presented as “radargrams”, images of returned radar power (represented by pixel brightness) with
time delay along the vertical axis and along-track distance along the horizontal axis. The radar wave is reflected back when it encounters contrasts in material
dielectric properties, causing an increase in power returned at that delay time. In locations where the depth to a reflecting interface can be estimated from
topographic measurements, the thickness of the unit and time delay measured with SHARAD can be used to constrain the relative dielectric constant, also referred
to as the real dielectric permittivity, (𝝴’) of the material through which the radar signals have traveled, which provides constraints on composition. For example, pure
water ice has a dielectric constant of 𝝴’~3 [2] while basaltic materials have a higher dielectric constant, 𝝴’~6–12 [3].

For results from the other datasets, see the other SWIM Project posters at this LPSC:
Hoover et al. (thermal analysis)
Perry et al. (SWIM infrastructure)
Bain et al. (surface reflectivity)
Putzig et al. (geomorphology)
as well as the talk by Morgan at al. (overview) at 9:45 AM Friday morning

Radar subsurface reflector consistency maps were made using the estimated dielectric constants in
places with topographic constraints. We calculated consistency linearly to output:
CRD= 1 where 𝝴’ ≤ 3
CRD= 0 where 𝝴’ = 5
CRD= -1 where 𝝴’ ≥ 7

Final results will be presented at the next Human Landing Site Selection workshop.
Our maps are being made available to the community on the SWIM Project website.
Follow us on Twitter for project news and product release information.

https://swim.psi.edu/

When mapping subsurface radar interfaces, it is important to avoid radar “clutter” – signals due to
off-nadir surface reflections that appear at similar delay times as would subsurface interfaces. We compare
each radargram to a MOLA-based topographic clutter simulation to avoid mapping clutter.

@RedPlanetSWIM

Proposed Extension Activities
● Additional analyses (split-chirp, sloping-reflector analysis, etc.) and comparison of
techniques to estimate dielectric loss tangents
● Denser coverage of super-resolution and coherent summing radargrams
● Simulate/invert subsurface returns to better constrain depth and concentration of ice
● Add combined MARSIS-SHARAD bandwidth extrapolation work

Right: Example of mapping performed in Deuteronilus, where there are two features that commonly
exhibit subsurface radar returns: lobate debris aprons (LDAs) and upper plains mantle. The top figure
shows the radargram, the middle figure shows the corresponding clutter simulation, and the bottom figure
shows a map of where expected power is coming from. Red arrows indicate radar clutter, which was not
mapped. Green arrows indicate detections associated with the subsurface reflectors that were mapped in
this radargram.

Results & Products
Reflector Depth Estimates

Mapping completeness:

Onilus: 65%

Utopia: 100%

Arcadia: 100%

Acidalia: 25%

Above: Results from mapping subsurface SHARAD reflectors in the northern hemisphere, converted to depths assuming an average dielectric constant for each of the three regions: Onilus: 𝝴’ = 3 for LDAs, 𝝴’ = 4 for upper plains mantle units, and 𝝴’ = 3.8 for other northern plains
units; Utopia: 𝝴’ = 4.2; Arcadia: 𝝴’ = 4.1. So far, we have not found any significant subsurface radar reflectors in Acidalia, consistent with [4], though there is a considerable amount of radar clutter in Acidalia making identification of subsurface reflectors difficult. Our Onilus
mapping expands upon the study of [5]. Our Utopia results include the area previously mapped by [6]. In Arcadia, we have extended the reflector mapping of [7], increasing its southern extent from 38°N to 35.6°N.

Dielectric Constant Estimates and Ice Consistency Map

Above: Estimated dielectric constants following 𝝴’ = (c Δt / 2h)2 where c = speed of light, Δt = two-way delay time between surface and subsurface radar interfaces, and h = expected depth to the subsurface radar interface based on MOLA topography measurements of features
associated with the radar reflectors. Blue indicates dielectric constants that are more consistent with an ice-rich composition (SWIM Equation CRD= 1) and red indicates dielectric constants more consistent with an ice-poor composition (SWIM Equation CRD= -1). We have revised the
previous estimate of real dielectric permittivity above the shallow reflector in Arcadia upward from 2.5 to 5.0 (ranging from 3–6), using the four terraced craters in [7] plus an additional 19 topographic features that includes mesas, hills, valleys, domes, and pedestal craters. This result
is consistent with larger fractions of non-ice materials than that suggested by [7], offering an explanation for the high dielectric losses calculated by [8].
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