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Introduction. Planum Boreum, the north polar pla-

teau of Mars, consists of an ice-rich deposit built up 
over the past ~2-3 billion years of the planet’s history 
(see [1] for review of geologic history). Some investi-
gators have suggested that the spiral troughs marking 
the surface of Planum Boreum developed by the recent 
erosion of older strata [1-3], whereas others interpreted 
the troughs as long-lived features that underwent pole-
ward migration and reworked the polar layered depo-
sits during the construction of Planum Boreum [4-5]. 
While the erosion hypothesis requires net decrease in 
the volume of Planum Boreum, the migration explana-
tion does not. Using high-resolution surface topograph-
ic and image analyses, we find geomorphic evidence 
for large-scale in situ erosion leading to the formation 
of the spiral troughs.  Here, present a case study of a 
Planum Boreum region located west of Chasma Bo-
reale. The results we present here are part of a regional 
investigation that empasses the entire north polar pla-
teau.  

Stratigraphy within troughs: Observations and 
interpretations. The floors of north polar troughs 
commonly exhibit systems of parallel/sub-parallel el-
liptical depressions and promontories. For example, 
Fig. 1 shows part of the layered floor of a trough, 
which includes two adjacent depressions and a prom-
ontory within it (blue arrows). These features reveal 
concentric parallel layers exposed throughout the entire 
relief of the trough’s section in which they occur (see 
inset elevation profile). In zones of topographic over-
lap, these features share some layers (Fig. 2).  In addi-
tion, along the floor of a nearby trough (30 km to the 
east), we have identified an angular unconformity that 
passes into a disconformity (Fig. 3). Other than its tran-
sition to the angular unconformity, we see no other 
evidence for a period of surface erosion/non-deposition 
along the disconformable contact. 

The existence of clusters of depressions and prom-
ontories that exhibit concentric parallel layers through-
out the entire relief of individual troughs demonstrates 
that trough formation involved the erosion and trunca-
tion of gently dipping polar strata (Planum Boreum 1, 
or PB1 unit, of [1]) following their emplacement. The 
trough floors consist of clusters of elliptical depres-
sions lacking evidence for eolian erosion, such as for 
example that resulting from katabatic winds transport-
ing sand-sized particles (as proposed by [5]), which are 
known to produced systems of linear parallel ridges 
and grooves (i.e., yardangs) [6].  Yardangs are present-

ly developed in places on present-day Planum Boreum 
surfaces; where they are associated with deeper sculp-
turing, such as at the head of Chasma Boreale, they 
form broad, shallow, open troughs aligned with the 
predominant, katabatic wind direction [1]. In contrast, 
development of enclosed spiral troughs appears to have 
involved the nucleation and subsequent amalgamation 
of widespread systems of depressions of various di-
mensions. The long axes of individual elliptical depres-
sions are generally aligned with that of the troughs in 
which they occur (Fig. 1). In turn, individual troughs 
trend perpendicular to the regional slope, demonstrat-
ing that erosion was more effective perpendicular to 
the mean/peak direction of solar illumination.  

 
Fig. 1 View of a trough system in Planum Boreum. 
Arrows show two depressions and a promontory 
aligned with the main trough. Part of a CTX mosaic, 
centered at  84°41' N., 112°6' W., 6 m/pixel.   
 

Fig. 2 Close-up view on a depression and adjacent 
promontory shown in lower left part of Fig. 1. Arrows 
trace a single layer.   
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We propose that ablation by solar insolation and 
sublimation of the polar ice was the primary mechan-
ism leading to the formation of non-migratory depres-
sions. Local variations in surface albedo, such as 
caused by the accumulation of low-albedo lithic fines 
[2], could account for heterogeneous rates of surface 
ablation. In addition, the maximum depth of ablation 
within a depression would have been limited by its 
width (which in turn controls the duration of solar il-
lumination on the dark sediments on their floors, as a 
function of depth). Varying rates of ablation and ero-
sion related to wind-induced changes in the distribu-
tion, thickness, and direction/degree of mobility of the 
dark sedimentary deposits may have contributed to the 
observed disversity in the dimensions of the depres-
sions.   

This geologic scenario implies that trough forma-
tion did not produce large amounts of erosional detri-
tus. Instead, the ablation of the polar ice must have 
transferred sublimated water vapor through the atmos-
phere to precipitate on surfaces and in near-surface 
pore space in zones of stability at  lower latitudes.  

Fig. 3 View of a trough floor and wall in Planum Bo-
reum.  A bedding discontinuity is shown by an angular  
uncomformity (red arrow) that cross-cuts a series of 
layers and then merges into the bedding and thus be-
comes a disconformity (blue arrow). The upslope di-
rection is toward the bottom of the image. Part of CTX 
mosaic, centered at  83°38' N., 103°47' W., 6 m/pixel. 
 

Conclusions and implications. We conclude that 
the amalgamation of clusters of depressions produced 
by in-situ ablation of pre-existing ice-rich polar depo-
sits led to the formation of north polar troughs in this 
particular case study. Our preliminary observations 
show that many other Planum Boreum troughs also 
formed this way.  Angular unconformities transitional 
into disconformities exposed along the troughs demon-
strate episodes of non-deposition during which there 

was localized trough excavation during overall PB1 
unit accumulation. These episodes may reflect changes 
in climate; however, it is uncertain whether or not the 
then-prevailing climatic conditions would have 
represented the norm (or were exceptional) during the 
Amazonian.  

Our model implies that north polar troughs have not 
undergone pole-ward migration during and/or follow-
ing their formation. Episodic removal of large volumes 
of volatiles from Planum Boreum, which may have 
significantly influenced the polar and circum-polar 
climatic setting, perhaps leading to the deposition of  
large volumes of ice  in mid- to high-latitude mantles, 
as well as in icy layers post-dating trough development 
(e.g., the Planum Boreum 3 unit of [1] for the major 
erosional phase of the current troughs). Trough migra-
tion would have involved repeated reworking of the 
polar layered deposits, making it difficult to establish 
the relative stratigraphic ages and formational mechan-
ism of the strata exposed along their equator-facing 
slopes. Our results imply that strata exposed along 
troughs and incised at different levels within the north 
polar stratigraphy comprise a vast geologic record ac-
cessible via surface studies of the changing climatic 
and atmospheric conditions and geologic activity that 
existed during the formation of Planum Boreum.  

Further results, which will be presented in the poster, 
include (1) a map of all the depressions and promonto-
ries within the north polar troughs, (2) statistical analy-
sis on the relative orientations and dimensions of the 
depressions and promontories, and (3) an in-situ de-
pression/promontory development model that factors in 
rates of ablation, the thermal effect that wind may have 
had on exhumed icy materials, and possible forma-
tion/migration/surface erosion by sediments.  
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