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Introduction:  The kilometer-scale topography of 

the North Polar Layered Deposits (PLD) is dominated 
by arcuate troughs that appear to spiral outward from the 
pole (Fig. 1).  These troughs are typically asymmetric, 
with equatorward-facing (EWF) walls that are generally 
steeper than their poleward-facing (PWF) counterparts.  
Several mechanisms for trough evolution have been pro-
posed, including: preferential sublimation from sun-
facing EWF walls (1,2), eolian ablation by katabatic 
winds (3,4), and differential relaxation due to the slower 
relaxation rates of colder PWF walls (5).   

Morphometry:  In order to constrain the present 
state and evolutionary history of the NPLD, we have 
employed Mars Orbiter Laser Altimeter (MOLA) data to 
measure trough configurations and orientations.  We 
have examined almost every trough upon the NPLD 
(Fig. 1).  As seen in Fig. 2, NPLD troughs are character-
ized by maximum EWF slopes that are roughly 75% 
steeper than their maximum PWF slopes (2,5).  Fig. 2 
also shows that EWF trough walls are generally deeper 
than opposing PWF walls.  However, our NPLD-wide 
measurements indicate that neither trough depth nor 
maximum slope is correlated with polar distance—i.e., 
troughs do not get progressively steeper or deeper fur-
ther from the pole.  

Morphology:  Much as photographic imagery un-
veils the stratigraphic variety of NPLD layers, so too 
does laser altimetry reveal the morphological complexity 
of North PLD troughs.  For instance, the shaded relief 
map in Fig. 3 shows a typical example of “offset” 
troughs, which we have identified throughout the NPLD.  
Do such troughs result from lateral displacement?  An-
other common form is the “branched” trough shown at 
the bottom right of Fig. 4, in which one parent trough 
seemingly splits into two.  We will present a compre-
hensive map of where these two trough types are located 
throughout the NPLD. 

Implications: The large-scale evolution of the NPLD 
is likely governed by one or more of three processes: 
water ice sublimation and condensation (1), dust ero-
sion/deposition (3), and glacial flow (6).  We will use 
Mars Orbiter Camera (MOC) and Thermal Emission 
Imaging System (THEMIS) images of complex troughs 
form in order to test these hypotheses.  For example, the 
sizable NPLD sub-section shown in Fig. 4 (correspond-
ing to most of the upper left quadrant of Fig. 1) exhibits 
numerous offset and branching troughs that may be con-
sistent with differential regional flow—a theory that we 
will assess using MOC and THEMIS data.  

 
Figure 1: MOLA shaded relief map of NPLD.  Yel-
low lines represent centers of examined trough, as 
derived from contiguous zero points on a slope map. 
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Figure 3: MOLA shaded relied map centered at 86˚N, 240˚W.  The arrow indicates the apparent  
displacement point of an “offset” trough. 

 
 

 
 
 

Figure 4: MOLA shaded relied map centered at 86˚N, 240˚W.  The arrow indicates the apparent  
dividing point of a “branching” trough.  Note the numerous offset troughs near the top the image, 
which are possibly indicative of differential flow within this region. 
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