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Introduction:  We have synthesized (1) elevation 

data acquired by the Mars Orbital Laser Altimeter 
(MOLA), (2) geologic mapping observations, and (3) 
estimates for load-induced lithospheric sagging to 
improve thickness and volume estimates for the south 
polar layer deposits (SPLD) on Mars.  Our results in-
dicate a minimum SPLD volume of 1.6x106 km3 and a 
maximum volume of 2.3 to 2.4x106 km3.  Maximum 
thickness of  the SPLD is ~4.0 km. 

Methodology: Along with the integration of geo-
morphological elevation controls, such as the underly-
ing Promethei Rupes crater basin, terrain elevations 
adjacent to the SPLD (unit Apl of [1]) were averaged 
in discreet 30°-arc increments and merged to create a 
SPLD basal elevation surface map. The average basal 
elevation of the polar layered deposits derived  by this 
method is 1429 meters. 

The spatial extent of the MOLA elevation values 
within the SPLD were then subtracted from the com-
posited basal elevation surface and plotted onto an 
isopach map. The distribution of thickness values il-
lustrated in the isopach map closely resembles the 
surface relief expression of the SPLD and illustrates 
that the thickest part of the unit lies both under the 
residual ice-cap and within and adjacent to the ex-
trapolated,  underlying crater basin of Promethei Ru-
pes. We also observe that on the eastern limb of 
Chasma Australe and in the region northwest of the 
“snowman” (70°S, 210°E), the SPLD generally thin, 
then thicken ~300 to 700 meters towards the periphery 
of the deposit. The thick peripheral deposits that thin 
into the interior suggests a late stage regressional 
event and the spatial inversion of the unit thickness 
identifies underdeveloped erosional outliers.  

The calculated SPLD volume above the inferred 
average basal elevation of 1429 meters is ~1.6x106 
km3. Due to the thickness and areal extent of the 
SPLD, it is assumed that lithospheric depression due 
to material loading will add considerably to the polar 
deposit volume and thus the total volume should also 
reflect the loading stress. According to Airy-type 
isostatic compensation, load-induced sagging is 
roughly proportional to lithospheric density,  

 where: 
 

 ρS/ρL = density of the SPLD/ density of the 
lithosphere  

 

 
and: 
 

Depression (D) = ρS/ρL * thickness of the load. 
 
Separate load volumes were calculated using load 

densities of 1000 kg m-3 (water ice) and 2000 kg m-3 
(simulating an ice/dust aggregate [2]) and resulted in 
load-depression volumes of 7.1 x 105 km3 for pure 
water ice and 7.5 x 105 km3 for an ice/dust mixture. 
The total resulting calculated volume range of SPLD 
material is thus ~ 2.3x106 to 2.4x106 km3. This vol-
ume range is within the previously determined MOLA 
derived range of 2 to 3x106 km3 (2) and the narrowing 
of the range is considered to represent the further con-
straining of SPLD material estimates due to the con-
sideration of underlying topographic controls by the 
surrounding geomorphology such as Promethei Basin. 
In particular, elevation data illustrates the floor of 
Promethei Basin sloping upwards towards the mouth 
of the Chasma and the SPLD, thus suggesting that 
lithospheric loading is not appreciable in this region. 

Depression values added to the SPLD isopach map 
allowed the determination of a range of maximum 
deposit thicknesses. Maximum deposit thicknesses of 
~4.0 km and 3.5 km were calculated within the resid-
ual ice cap region and correspond respectively to the 
loading densities of an ice/dust mixture and pure wa-
ter ice. 

Inaccuracies of the volume estimate includes the 
interpolation of the gap in MOLA data between S86 
and S90 and the ~100 MY. history (3) of the polar 
layered deposits introducing strain hardening of the 
lithosphere, thus reducing both the calculated depth of 
lithospheric depression and volume of material.  

 
References: 

[1] Tanaka K. L. and Scott D. H. (1986) U.S. 
Geol. Surv. Misc. Inv. Series Map I-1802C. [2] Smith 
D. E. et al. (1999) Science, 284, 1495-1503. [3] Plaut, 
J. J. et al. (1988) Icarus, 75, 357-377 

Lunar and Planetary Science XXXI 2063.pdf


