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Introduction. Martian debris aprons are lobate 

deposits commonly found at the bases of knobs, 
mesas, escarpments, and crater interior walls in the 
mid-to-high latitude regions of Mars. These features 
were first observed in areas of fretted terrain in 
Mariner 9 and Viking Orbiter images [1-3]. Debris 
aprons are part of a suite of features that are 
considered to be geomorphic indicators of ground ice, 
and their locations are generally consistent with model 
predictions of stable near-surface ground ice [4,5]. 
Numerous terrestrial analogs have been proposed, 
including frost creep or gelifluction, piedmont glaciers, 
rock glaciers, debris covered glaciers, and rock 
avalanches of icy debris [6-8]. Currently there is no 
single formation model that accounts for the size, 
shape, and surface features of Martian debris aprons. 
These features are generally interpreted to be young 
due to the paucity of superposed impact craters, and 
their potential as large reservoirs of ice in the sub-
surface makes them attractive sites for future robotic 
and human exploration on Mars. 

Martian Apron Populations. Debris aprons are 
commonly found in mid-latitude regions on Mars 
(poleward of 30ºN-S), particularly along portions of 
the dichotomy boundary. With the recent abundance of 
new orbital data from the Mars Global Surveyor 
(MGS) and Mars Odyssey (MO) missions, several 
large apron populations have been studied in detail, 
including those in the eastern Hellas (33.7-47.4S, 90.8-
114.3E), Deuteronilus/Protonilus Mensae (35-50N), 
and Tempe Terra/Mareotis Fossae (45-52.8N, 275.5-
293.8E) regions [9-11]. Results indicate that while the 
planimetric shapes and longitudinal profiles of aprons 
are grossly similar, the surface features and textures 
are variable among the different populations. These 
differences could be due to factors such as 
degradational style, source rock type, climate 
variation, and abundance of ice in the debris. Detailed 
studies of the eastern Hellas and Tempe/Mareotis 
populations have also produced apron morphometric 
data, providing a quantitative basis for analyzing 
variations within each population and between 
different populations. These data can also be used as 
constraints in models of apron formation. Here we 
report on a revised compilation of eastern Hellas apron 
morphometries using MGS and MO data and 
comparisons to the Tempe/Mareotis apron population. 

Apron Morphometry. Previous work to 
characterize apron morphometry (surface area, 
volume, total relief, thickness, slope, and H/L) in the 

eastern Hellas region used 32 pxl/deg MOLA digital 
elevation data in ESRI's ArcView 3.2 Geographic 
Information System (GIS) software [12,13]. To create 
an improved version of this dataset, we have revised 
the previously mapped apron boundaries [12,13] in 
ArcView 8.2 GIS using  recently published geologic 
maps of the eastern Hellas area [14,15]. To regenerate 
the morphometric data, we used 128 pxl/deg MOLA 
digital elevation data in ArcView 8.2. For the 
Tempe/Mareotis population, the debris apron 
boundaries were mapped on a MDIM 2.1 base mosaic 
in ArcView 8.2 and the morphometric data were 
compiled in a similar manner to the revised eastern 
Hellas data, as described below. 

Apron surface area was estimated by multiplying 
the total number of pixels within each digitized apron 
planimetric area by the square dimension of each pixel 
(2.14x105 m2). Volume was determined by first 
selecting the minimum elevation point at the apron 
front as the "base level." This value was subtracted 
from each elevation value of the apron surface to 
determine the height above base level and then 
multiplied by the pixel area to determine volume. 
Summation of all the pixels within each digitized 
apron area yields the total apron volume. The volumes 
are considered to be maximum estimates given the lack 
of information on the shape of the apron base away 
from the front. The slope for each pixel of an apron's 
surface was estimated in ArcView by calculating the 
arc-tangent value of elevation-over-distance in the 
local downslope direction. From these pixel slope 
values, a mean slope was then calculated for each 
apron. The relief was determined by subtracting the 
minimum elevation from the maximum elevation for 
the entire surface area of each apron. Apron thickness 
for eastern Hellas was not revised from the original 
estimates, which was measured as the difference 
between the minimum and maximum elevations at the 
plains/apron boundary. For the Tempe/Mareotis 
aprons, the thickness was measured at the plains/apron 
boundary using MOLA PEDR profiles. 

Results. Morphometric data for the eastern Hellas 
and Tempe/Mareotis apron populations are 
summarized in Table 1. In general, eastern Hellas 
aprons are larger in size than Tempe/Mareotis aprons 
with larger mean surface areas, mean volumes, and 
mean thicknesses. In both populations, apron volume 
is not a simple function of apron area. The ranges of 
slopes for both populations are similar, but eastern 
Hellas aprons have lower mean slopes than 
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Tempe/Mareotis aprons, which may be an indication 
that aprons in eastern Hellas are more well-developed 
and have advanced further from their source regions to 
form larger, more extensive deposits compared to 
Tempe/Mareotis. The difference in apron size between 
the two populations may be a scaling issue where the 
size of the source area and the potential amount of 
eroded material contributed to debris aprons are 
greater for eastern Hellas aprons. Other possibilities 
for the size differences include source rock type and 
abundance of ice within aprons [11]. 

Height-to-Length Ratio (H/L). The general mobility 
of gravity-driven mass movements on the Earth, and 
other planets and satellites can be estimated using the 
ratio of fall height (H) to the distance traveled (L) 
[16,17]. For our data compilation, we use the ratio to 
determine the range and variability of apron shape at 
the scale of regional apron populations. The height H 
was estimated by finding the difference between the 
maximum elevation along the slope/apron boundary 
and the elevation at the apron front directly outward 
from the maximum elevation point and parallel to the 
apparent apron flow direction. The distance L is the 
horizontal distance between these two elevation points. 
The H/L values presented here for eastern Hellas are 
slightly different than the previous values which used 
the maximum flow length of apron complexes [12,13]. 

Eastern Hellas aprons have slightly larger, but 
statistically similar mean H/L values compared to 
Tempe/Mareotis aprons. In general, H/L does not 
correlate well with area or volume in either population 
when H/L is plotted versus volume or area. 
Comparison of H/L for debris aprons and Martian and 
terrestrial landslides clearly show that apron values are 
at or below the lower end of landslide values (0.04-
0.90, aprons have much narrower range of volumes 
than landslides) [18]. Because these morphometric 
datasets are meant for regional-scale analyses, only 
one H/L measurement was made per apron; however, a 
single apron may consist of several coalesced lobes 
(i.e. apron complexes). In this case, a more complete 
evaluation would require generating a mean H/L value 
for all lobes. 

Future Work. In addition to the general 
morphometric parameters compiled for apron 
populations, we plan to identify specific lobes within 
debris apron complexes that have characteristics such 
as confined source areas, and raised or leveed margins 
to use as test cases in flow models of ice and ice-debris 
mixtures. We will also use these select aprons as 
comparative cases to terrestrial analogs, including 
landslides, debris avalanches, and other ice flow 
features. Although studies of Martian debris aprons 
thus far have focused specifically on the morphologies 

and morphometries of aprons, we plan to compile 
morphometric data on apron source areas such as 
knobs, hillocks, escarpments, and in particular, 
mountains. The goal is to compare the size and shape 
of source areas to determine if correlations exist with 
apron size and shape. 
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Table 1.  Morphometries of Martian Debris Aprons 

                                      Eastern Hellas   Tempe/Mareotis1 
Number (N) 89 65 
Area range (km2) 6-4040 12-2303 
Area mean (km2) 550±798 294±481 
Volume range (km3) 0.3-3596 0.5-1327 
Volume mean (km3) 308±634 113±265 
Slope range (deg) 0.0-32 3.0-37 
Slope mean2 (deg) 4.0±2.0 11±5.0 
Thickness range3 (km) 0.01-1.45 0.06-0.27 
Thickness mean3 (km) 0.34 0.13 
Relief (km) 0.09-3.8 0.01-1.8 
Relief mean (km) 1.2±0.80 0.59±0.36 
Elevation range (km) (-5.2)-3.6 (-3.6)-(-0.8) 
Elevation mean4 (km) 0.37±0.63 (-2.5)±0.86 
Latitude range (deg) 33.7-47.4 S 45-52.8 N 
Longitude range (deg) 90.8-114.3 E 275.5-293.8 E 
H/L5 range 0.02-0.26 0.02-0.19 
H/L5 mean 0.10±0.06 0.08±0.03 

Values represent the entire surface area of debris aprons. 
± Standard deviation 
1 Data from [11]. 
2 For each Tempe/Mareotis apron, the mean slope was 
calculated. These mean slopes were then used to calculate a 
mean for the total population. 
3 For the Tempe/Mareotis population, measurements were 
made using MOLA PEDRs. Range and mean are for 14 
aprons (21% of the total population). For the eastern Hellas 
population, measurements were made using MOLA DEMs 
[12,13]. 
4 For each apron in both populations, the mean elevation was 
calculated. These mean elevations were then used to 
calculate a mean for the total populations. 
5 See text for definition of H/L. 
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