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Regional Summary
Region 1: Troughs initiated ~ 1000 m beneath current surface and 

have migrated up to 100 km, some trough migration path variability. 
Region 2: Troughs are younger than in Region 1, but have compound 

cross sections or central promontories.  Some promontories have 
been buried during migration.

Region 3: Topographic undulations and migration detected. Central 
promontories like Region 2.  Troughs are younger than in Region 1.

Region 4: Di�cult to observe in radar.  Troughs are ~ same age as in 
region 1 with smaller wavelenght and steeper regional slope.

Region 5: Very young troughs. Regional scale erosion predating trough 
formation, which was long after Region 1.

Region 6: Southward migrating troughs, ~ same age as Region 1.  
Buried by ~150 m of recent ice.

Region 7a: Poor radar observations.  Troughs are possibly same age as 
those in Region 5.  Steep slopes and scarps.

Region 7b: immagure troughs and undulations
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Introduction
 Layers of ice and dust cover the north polar region of Mars and are 
widely considered to contain a record of recent climate. The layers are 
exposed primarily within walls of the extensive spiral troughs 
(Howard, 2000). Until recently, these exposures were the only means 
for accessing the stratigraphy, leading to ambiguous interpretations 
of north polar layered deposits (NPLD) development.
 The Shallow Radar (SHARAD) instrument on Mars Reconnaissance 
Orbiter has observed the NLPD subsurface and proven valuable for 
determining the evolution of the NPLD, including the detection of 
migrating spiral troughs (Smith and Holt, 2010). Here we present the 
�rst comprehensive survey of troughs using SHARAD and a regional 
map based on trough characteristics.  We also include a topographic 
map of the NPLD around the time of trough formation.

1  MOLA Hillshade of the NPLD with 
regions divided by characteristics, 
a); ground tracks of observations in 
this paper, b). NPLD troughs have 
many similar characteristics, but 
they vary by location. We group the 
troughs by similar features and 
divide the NPLD into eight regions. 
SHARAD does not observe Region 0, 
but optical observations suggest it 
is similar to Region 1.

2 Radargram 1252401 depicting troughs observations in 
Regions 1, 3, 5. a) Entirety of 1252401 with interpretations 
in color: Re�ector 29 (R29, red), Re�ector 25 (R25, light 
blue). b) Section of 1252401 in Region 1. Troughs have 
easily identi�ed Trought Migration Path (TMP) . The oldest 
troughs on the NPLD have migrated as many as 90 km 
since initiation, 1100 m beneath the current surface. c) Ob-
servation of Region 7b. R25 aligns with angular unconfor-
mity. d) Region 5 observation: layer thickness variations 
demonstrate trough migration (magenta lines), including 
thinning on the high side and thickening on the low side.

3  Radar observation 2265701 in Regions 2 and 3. a) NPLD 
context for Regions 2, 3, R25 and R29. b) Troughs in Region 
2 exhibit TMP (dashed yellow lines), thickness variations, 
and a W-shaped morphology with central promontory. 
The deepest portion of each trough has onlapping deposi-
tion from younger material, evidence for migration 
(magenta lines). c) Hillshade of Region 2 with ground track 
of 2265701.  The lowest point (~700 m) is marked by an X. 
e) Portion of radargram 2265701 in Region 3.  TMP and 
minor thickness variations are visible.

4  Observations of W-shaped trough and TMP. a) 
Portion of CTX image B01_010014
_2644_XN_84N107W depicting a trough with 
central promontory and banded terrain. White 
line is radar ground track in b).  b) Portion of 
radargram 556602 . Besides W-shape, trough ex-
hibits features of the classic trough model: TMP 
and layer thickness variations. Beneath the low 
side deposits recent accumuation buries a 
promontory, impacting the current surface.

6  Topography and accumulation of NPLD. a) current topography from MOLA [Smith et al., 2001] b) 
Topographic map around time of trough formation based on R25. c) Accumulation (thickness) map 
between current MOLA surface and R25. Red is thickest. The buried chasma received the greatest 
amount of accumulation. Locally, the lowest points of troughs have received the least accumulation, 
while the inter-trough region has received the most. The highest point on the NPLD has not changed. 
Abalos Mensa developed since troughs formed, as described in [Brothers et al., 2012.].

10  Observations of troughs . a) Radargram 761602 observing Regions 
4, 1, and 5. Left: Region 4 is riddled with clutter. Center: Region 1 
troughs behave classically. Right: Troughs form at Re�ector 10 (R10 
green), stratigraphically higher than R29. A large erosion predated 
troughs in Region 5 (dashed green line). b) Portion of Radargram from 
a). TMP slope of two troughs (yellow) increases dramatically from 
0.93° to 12°. Arrows indicate contacts displayed in d) and e). c) Portion 
of radargram  indicated in b). d) Portion of radargram  indicated in b) 
with two contacts. One exposes older NPLD material, before genera-
tion 1 troughs. e) Portion of CTX image P01_001529_2622_XN_
82N288W displaying unconformities [Tanaka and Fortezzo 2012]. 
Arrows correspond to NPLD unconformities indicated in b).

9 Radargram 19827 observation in Re-
gions 4, 1, and 5. Region 4 is di�cult to 
interpret due to poor geometry. 
Region 1 troughs have classical charac-
teristics. Region 5 shows the secon 
deneration erosion that predated 
troughs. Inset demonstrates the rela-
tive brightness of R17, corresponding 
to the TIS-2 erosion. b) Expanded view 
of a). R25 and R29 reach the surface at 
a trough. Another bright re�ector 
(R40) is exposed at a 1 km high scarp.

5  Observations in Region 1, 2, 3, and 7. a) Radargram 2007101 with interpretations in color: R29 (red), R25 (light 
blue). Boxes indicated b) and d). Regions 1 and 2 are observed, but poor geometry makes interpretation impos-
sible. b) Region 3. Stratigraphic evidence for migrating undulations : Set A and Set B each begin ~ 300 m beneath 
the surface. Set A undulations are expressed at the surface , while Set B undulations but are buried by ~ 85 m.  c) 
Expanded view of box in b). Undulations migrated approximately one wavelength before reversing direction.  d) 
Region 7b. TMP and undulations exist, but the TMP are buried. Undulations reverse direction but are not buried. 
R25 and R29 intersect the bedrock at a relatively high angle, illuminating the discontinuity between Gemina Lin-
gula and the main lobe. Note, b) c) and d) are displayed in time. a) has been converted to depth. 

8  Portion of radargram 725402 . Troughs in 
Region 6 were formerly at the highest el-
evation of an earlier Gemina Lingula and 
formed around R29 with wavelengths of 
~50 km, comparable to troughs in Region 1. 
These troughs have two abnormal qualities: 
they migrated away from the pole and were 
subsequently buried by 100 m of ice. Buried 
troughs are incompatible with trough 
models that rely on or postulate onset post 
NPLD formation.

7  Radagram 1087102 observation of NPLD 
in Regions 3 and 4. Poor geometry results in 
signi�cant clutter and di�cult interpreta-
tions. At high elevations TMP are delin-
eated by the discontinuity of R25 and R29, 
indicating relatively early onset of these 
troughs, making them some of the oldest 
on the pole. At low elevations re�ectors are 
di�cult to interpret and may have been re-
moved by erosion.

 1  Shown here in true color is the North Pole of Mars.  Water ice makes up  ~95% of the ice cap while 
dust and other material comprise the remaining 5%,  helping to delineate layers. Curvilinear depres-
sions (spiral troughs) cover the majority of the polar cap, exhibiting regional diversity.  
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