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Introduction: While the rate of accumulation or 

ablation of the north PLD is uncertain to 3 orders of 
magnitude [1], there is wide agreement that orbital 
forcing, as manifested in the visible layering of the 
PLD, drives variations on the scale of tens of thou-
sands to millions of years. The same stratigraphy also 
suggests that the overall age of the PLD is no more 
than tens of millions of years, suggesting a mechanism 
that “resets” the cap to the basal layer.  Morphological 
structures, notably Chasma Boreale, also suggest that 
the shape of the PLD evolves despite the lack of de-
finitive evidence of bulk flow.  

We can qualitatively understand how the PLD 
grows by seasonal condensation of ice, moderated by 
climate cycles caused by the periodicity of orbital pa-
rameters. It is more difficult to explain the periodic 
disappearance of the PLD from a planar model. Even 
with large obliquity excursions, sublimation of flat 
surfaces is likely to result in lag deposits that would 
create a diffusion barrier to further ablation [2]. Since 
flow is not generally considered to be a vigorous proc-
ess [3,4], a plausible mechanism to dominate PLD 
evolution is erosion from non-planar surfaces, particu-
larly scarps. Such a mechanism could result in a wan-
der of the PLD as scarps sporadically retreat, rede-
positing material on horizontal surfaces, or a complete 
disappearance of the PLD under climate conditions 
favorable to redistributing the water to other reser-
voirs. 

Morphological evolution of a volatile material in a 
radiative environment is strongly geometry-dependent, 
and therefore a model of ablation should self-
consistently incorporate the equilibrium shape of the 
ablating structures. Models of flat or even uniformly 
sloped surfaces may greatly underestimate the actual 
sublimation rates in three-dimensional structures. In 
general, ices that are actively accreting or ablating will 
tend to shapes that optimize that process, and thus the 
fast-ablating surface is likely to be the rule rather than 
the exception. Angle-dependent insolation and re-
radiation to space are probably the dominant factors 
determining the equilibrium geometry [5], although 
wind may also be a factor.  

In this work, both vertical slope and horizontal cur-
vature of ablating scarps are considered in a model of 
radiative balance, orbital forcing, and heat storage in 
ice. Two conclusions can be derived from the results: 
(1) Scarp retreat is sufficient to explain the evolution 
of the PLD on the scale of a few million years, and (2) 
Precession of perihelion primarily determines the abla-

tion rate of scarps, while obliquity changes primarily 
influence the equilibrium slope of icy surfaces. 

Model calculation:  The time-stepping model ex-
plicitly calculates selected days and years, interpolat-
ing others. Insolation is modulated by the three domi-
nant orbital parameters; precession of perihelion, 
obliquity, and eccentricity. The model considers al-
bedo, emissivity, and opacity; radiative balance; latent 
heat of sublimation of water and carbon dioxide depo-
sition, including a corresponding change in optical 
properties with surface ice composition; and heat stor-
age in the ice down to the base. Not considered are 
reflected light, diffuse light, and downwelling radia-
tion; dust and the resulting lowered albedo; and wind 
and the resulting enhancement of sublimation by 
forced convection – all of which would increase ero-
sion rates. It is assumed that vapor from warm surfaces 
(i.e. those favored by geometry) will redeposit on sur-
rounding cool surfaces [6], and thus the atmosphere 
above the warm, fast-ablating structures is considered 
to be unsaturated. 

Since full three-dimensional time evolution of sur-
faces is beyond the scope of this work, a target shape 
has been chosen for modeling purposes that is believed 
to result in high retreat rates. The model surface is an 
idealized scalloped scarps (Fig.  1) featuring an equa-
torward slope with variable angle to provide near-
normal incident insolation, and a semicircular cross-
section to minimize radiative heat loss. For purposes of 
downward propagation of heat into the ice, the surface 
is treated as flat and horizontal. The absolute size of 
the surface is not relevant to the model, although in 
practice the facets presumably grow with time. 

Results and discussion:  The overall rates of scarp 
retreat are seen to be on the order of tens of km per 
MY (Fig. 2). As obliquity changes with time, different 
slopes or facets contribute to sublimation. The subli-
mation minima correspond to summer aphelion, inde-
pendent of slope. These rates are consistent with an 
overall polar cap age of order several Myrs and the 
evolution of features on the scale of Chasma Boreale, 
and can be thought of as input to the “accublation” 
models of scarp/trough evolution [7].  

During periods of active ablation, icy slopes will 
adjust to the current obliquity at some size scale, be-
coming steeper at lower obliquity and shallower at 
higher obliquity. These results suggest that the actual 
erosion rate responds to precession of perihelion, 
modulated by eccentricity, and should have a 51 kyr 
periodicity. It is this periodicity that presumably de-
termines the observed layering of the PLD.  
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During periods of northern summer perihelion 
(most recently about 25 kyrs ago) sublimation rates 
can be many times present value, conceivably suffi-
cient to result in precipitation (snowfall) and eventu-
ally gully formation. Obliquity changes, by raising 
average temperature, will accelerate the rate of retreat, 
and will determine the stability of ice deposited at 
lower latitutes, possibly giving rise to periglacial ter-
rain [8,9].  

12

Conclusions: On the scale of the total PLD age, 
estimated at several million years, scarp ablation will 
substantially change the gross topography, and is con-
ceivably the means by which the PLD disappears dur-
ing climate extrema. Additional factors, particularly 
wind, may accelerate the process several-fold. Under 
the assumption that local slopes will respond to 
changes in obliquity, the dominant forcing term is pre-
cession of perihelion, which periodically increases the 
peak incident radiation. Injection of significant 
amounts of water into the atmosphere by this mecha-
nism should occur on a 51,000 year time scale, (or 
25,000 years if the South PLD contributes significantly 
to the water cycle). 

To the extent that exposed icy scarps are visible to-
day on the south PLD, measurable retreat might be 
observable over the span of several years using the 
HiRise camera if enhanced by wind and dark surfaces. 

 References: [1] Laskar J et al. (2002), Nature 419, 
375. [2] Mischna MA and Richardson MI (2005), 
Geophys. Res. Lett. 32, L03201. [3] Hvidberg CS 
(2003), Annals of Glaciology 37, 363.  [4] Fishbaugh 
KE, Hvidberg CS (2006), LPSC XXXVII [5] Ingersoll 
AP, Svitek T, Murray BC (1992), Icarus 100, 40-47.  
[6] Svitek T & Murray BC (1990) J. Geophys. Res. 95, 
1495. [7] Fisher DA (1993), Icarus 144, 289. [8] Mis-
chna MA et al. (2003), J. Geophys. Res. 108, 5062 [9] 
Head JW et al. (2003), Nature 426, 797. [10] Ward 
W.R. (1974), J. Geophys. Res. 79, 3375-3386.  

 
Figure 2: Top: Annual retreat rate of scarps at 
85°North latitude for a 30° slope (red), and a vertical 
slope (purple), both with a semicircular cross section, 
and for a flat horizontal surface (blue). Note that all 
plots are vs. Mars yrs (kmyrs). Middle: Corresponding 
obliquity (blue) and precession of perihelion (green), 
which changes peak insolation by ~50%. Higher 
obliquity favors shallower slopes, lower obliquity 
steeper slopes. Assuming the slopes will adapt to the 
insolation patterns, the fundamental modulation is due 
to precession. Data is for the older model of 
Ward[10]. Bottom: Integrated retreat rates for several 
slopes showing net retreat of up to 25 km over 1 Myr 

 

Figure 1: Typical arcuate 
scarp in exposed north 
polar layers at 83.9°N, 
237.9°W. Area is 3 km 
wide, illuminated from 
the lower left (MOC2-
654) . 
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