Three-dimensional imaging of the Martian polar ice caps

from orbit with the MRO Shallow Radar sounder

The Shallow Radar (SHARAD) on

the Mars Reconnaissance Orbiter




Outline

® Overview of Martian north polar

region and the SHARAD instrument.

® Summary of polar science results from
the collection of 2-D radargrams.

® [irst results for 3-D processing of the
north polar data volume.

® Future plans and Conclusions.
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The North Polar Region of Mars

Bright, high-standing ice-rich deposits cut by layer-

exposing troughs and surrounded by basaltic dunes.
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The North Polar Region of Mars

Bright, high-standing ice-rich deposits cut by layer-
exposing troughs and surrounded by basaltic dunes.

Mosaic of 180l S Arctic worldatlas
Mars Orbiter B8 , Elllif;;(ejre Ocean : <
ameras \ | | | (Canada) I - Svalb a/r d
L T T Thule RASHUSE NGz
SiympirUndae | T IRE X 2;‘5"". (L &
. - mi b
sand dunes Savissivik Greenland [
0 200 km S 2
TUF NORTH-EAST = :
Baffin Is.  RESERVE GREENLAND *Daneborg
(Canada) NATIONAL 200N |
Upernavik -5
Bg fﬁn GREENLAND _ coresby %( é“‘
Bay ummannagq ~0Sound s
{ ‘ODisko Bay Gunnbjor TR
y
San Aasiatt | 0@1— A
CiRe ISimiut e
'Ry g — _ _ _Kulusuk .q?i@ :
aniitsog , Q°S oy n?
64° Ammassalik -
8l Davis =~ ¥ Godthabs Reyljavik |55
Strait (Nuuk North
Atlantic
48° Nanortalik Ocean

NASA/JPL/Malin Space Science Systems NASA/MOLA Science Team



The North Po

Bright, high-standin

exposing troughs ang

<> ‘j\ \;v;‘.'; 3

Mosaic of ol L RN S Basaltic sand dunes

Mars Orbiter % v s S « - Likely eroded from

4

Camera 1mages "M i E \ | basal unk(BU)
N T ¢ R * = N, " — T — "
’ p \ | ‘ ) AR el T WERT A Pl
3 _Olympia Undae
sand'dunes

: ‘ | : | 4:;\;__ l,‘.".\ W W 3 E: f 77 ‘

, o ‘.‘. . \ L / / < \ l .‘.' SR S 4 \\\‘
Jig LN Wl e/ " PSP_009656.2780
4 maﬁqTobek g 3 o & y&E T ~

e | il A 500 m

Plarium
\Boreumé
o m'a' orale RN <

) . Gemina

et

r \‘\5 Finely layeredﬂeposrcs (NPLD) .
| (ea .t‘.'f;-// e d 1 ¢ h | p
O\ xposed 1n a po ar trough |

NASA/JPL/Malin " HiRISE images i ; . -
Space Science Systems ~ NASA/JPL/University of Arizona 7z 4 . PSP_001871.267



As MRO orbits Mars 12 times per day,

SHARAD reveals layering within the subsurtface.

Animation credit: NASA/JPL-Caltech/University of Rome/SwRI

Orbit altitude: 255 to 320 km Wavelength: 15 m (~9-m vertical resolution 1n ice)

Transmitted sweep: 15 to 256 MHz Lateral resolution: 3 to 6 km (0.3 to 1 km inline with SAR)



Sclence In 2007, SHARAD began revealing

the internal structure of the NPLD
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— Strong basal returns imply relatively pure 1ce (<~5% lithics)
— NPLD packet structure likely related to climate; age ~4.2 Ma

— Older basal unit rarely layered, missing below >1/3 of NPLD
— Flat basal boundary has ~ 0 flexure = very low heat flow

Phillips et al. (Science 2008); Putzig et al. (Icarus 2009)



A growing grid of 2-D radar data

is yielding important new science:

® Revised BU boundary led to a change
of view on Chasma Boreale from an
erosional to a constructional feature.

® Spiral troughs are shown to be wind-

driven 1cy bedforms that are actively 5800 5000 4000 3000 2600

migrating poleward. &%

® Mapping internal
unconformities
revealed a buried
chasma with no
surface expression.

Smith and Holt (Nature 2010) Holt et al. (Nature 2010)



[Limitations of conventional

2-D radar analysis

o (Clutter: off-nadir returns that
interfere with or can be mistaken for

nadir-surface or subsurface returns. :
Synthetic radargram
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e No returns are seen from features at

nadir that slope away from the radar.

. ; MOLA
 Topographic models can be used to nadir surface
[

simulate surface returns and clutter.
Corresponding features in data may

then be dismissed as “noise”. MOLA elevation \:C:
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nadir surface features not sampled in — ,
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Photo of the Physical 3-D Model

3-D migration will

collapse diffractions

(D) and reposition
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locations.

Energy from
adjacent profiles will
be restored, thereby
imaging features
oriented obliquely
to the profile (P).
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The SHARAD 3-D volume

® We reference the 2-D

d 3 3'D teSt

radargrams to a common datum
and bin them into a rectilinear rég.\'on
arid.

® Our 3-D grid covers 1500x1500 - Now over |900 OI"bItS
km with 9 million bins of Test Volume\ ‘ W,
500x500 m. \ SN

® [or binning and migration tests,
we selected 540 radargrams

crossing the Planum Boreum
saddle region.

* Non-trivial step due to variable

onospheric delays



Movie of the test volume:

(prior to 3-D migration)

® [irst sequence shows inline
proﬁles scanning from left to

right across the 3-D grid.

® Second sequence shows
crossline profiles scanning from
bottom to top over the 3-D grid.

® Third sequence shows timeslice
views scanning in delay time

(into the subsurtace).

2013 SEG-AGU Cryosphere Geophysics Workshop

Than Putzig, SwRI
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What about the south?

® [ayering 1s discontinuous and often
truncated just below the surface

= likely much older than NPLD.
® (Odd reflection-free zones (RFZs)

occur near surface. Near the pole,
RFZ35 has dielectric properties

consistent with CO2 ice and maps to
a unit with CO9 sublimation features.;ﬁ

810401
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Phillips et al. (SCIence 2011) N




3-D for the Planum Australe?

Please fund our MDAP

Promethei Lingula 100 km

® SNR improvements and

geometric corrections of 3-D
migration may be critical for:

» mapping water-ice layers

p assessing RFZs 1, 2, & 4
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Conclusions
® Analysis of 2-D SHARAD radar data

has yielded a wealth of discoveries in
the Martian polar ices.

® 3-D binning and migration processing
promise to add a new level of clarity
to this rich volume of data.

® Further improvements will shed new
light on the nature and timing of the
polar deposits at both poles.

2013 SEG-AGU Cryosphere Geophysics Workshop Than Putzig, SwRI
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extra shides
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MROQO’s Shallow Radar sounder

Primary Objective
Map subsurface dielectric interfaces
and interpret them 1n terms of the
occurrence and distribution of
expected materials, including rock,
regolith, water, and 1ce.

Ground Track Q&'\o‘0 Individual
Echoes

power &
Resolution \

Cross-track: 3-6 km
Along-track: 0.3-1 km*
Range: 15 &1Z m
~ 8 m in H20 ice
~ 10 m 1n CO2 ice

- Radargram

«— delay time

distance alohg track >

e Along-track resolution 1s improved using synthetic aperture radar (SAR) processing techniques

19



The North Polar
Region of Mars

Basal Unit (BU)
boundary

Fishbaugh and Head (2005)

Geologic map

Tanaka (2005)
Nature 437, 991

USGS

nomenclature

North Polar Layered
Deposits (NPLD)

Dune and mantle material

Upper layered deposits

- Lower layered deposits

Crater material

- Scandia materials
- Vastitas Borealis material

|

p——

BU 2
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Gyr before present

HiRISE image credit:
NASA/JPL/University of Arizona
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Correlation of radar units to climate cycles

Polar ice thickness evolution (m) Polar insolation function (W m=2) «<— Martian orbit is well-constrained from
_ -20 Ma to +10 Ma (Laskar et al., 2004)
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Challenge to 3-D Processing

* Comparison of crossing 2-D radargrams at their intersections revealed variable shifts in
range (delay time), most pronounced in data acquired on the daylit side of the planet:

Track 855602

Corrected Radargram
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* The delay 1s attributable to the Martian > 100} SZA: solar zenith angl .
1onosphere, and can be approximated by a <;3 aol |
linear fit to the phase distortion derived in = 00500500 %, | A_,WVWWWMAM
the pre-processing (x symbols at right). S 60 S,

. . . AAAA »%Q’W

e (Correction greatly reduces mismatches in e » Mo
vertical positioning and is critical for = |
proper 3-D migration. (; 20 L |

0 1000 2000 3000 4000

r~

o
Raaargram cvolumn



5-D Binning Process

Spatial Delauney triangulation, bilinear interpolation, and

amplitude regularization in 9x10° bins of 500 m x 500 m.

Timeslice prior to interpolation and regularization Timeslice after interpolation and regularization

AN

2013 SEG-AGU Cryosphere Geophysics Workshop Than Putzig, SwRI
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