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Introduction:  The extent of past glaciation on Mars 

is an important unknown in determining its water inven-
tory and climate history. Understanding the origin of the 
banded terrain in Hellas basin could shed light on this 
aspect of martian history. Banded terrain is a surface 
morphology composed of bands with linear, lobate, and 
concentric forms found primarily in northwest Hellas 
basin (Fig. 1 a–c) [1, 2]. In some locations, it superposes 
honeycomb terrain, which is made up of adjacent ~10 
km wide depressions [3] (Fig. 1 d).  

Here we focus on the linear banded terrain land-
forms. Bands starting at topographic highs, and poly-
gons that suggest the presence of ground ice, led Diot 
et. al. [2, 4] to hypothesize banded terrain was formed 
from gravity driven viscous flow of a thin ice-rich layer. 
However, more comprehensive, but low-resolution, to-
pography measurements by Bernhardt et al. [1] sug-
gested that band orientation does not always correlate 
with local slopes, implying that gravity driven flow is 
not important. They suggested banded terrain could be 
caused by deformation of subglacial sediment beneath a 
thick ice sheet, although banded terrain does not resem-
ble terrestrial examples of this [e.g. 5].  

 
Figure 1: Examples of a) linear banded terrain, b) lo-
bate banded terrain, c) concentric banded terrain, and 
d) honeycomb terrain. CTX image D21_035353_1431. 

The study of Bernhardt et al. [1] was limited by low-
resolution topography (463 m/px) over features only a 
few km across. Here, we characterize banded terrain to-
pography using higher resolution topography data and 
perform quantitative modeling to test formation hypoth-
eses suggested by previous studies. 

Methods: We used the Ames Stereo Pipeline to pro-
cess five CTX stereo pairs into 18 m/pixel DTMs (Fig. 
2) and will also produce HiRISE DTMs. Using these 
DTMs and imagery, we mapped individual bands and 

measured their slopes and aspects. Slopes are measured 
along and across linear bands in order to categorize 
them as slope parallel or slope perpendicular. To meas-
ure band-relief, we use HiRISE DTMs (1–2 m/pixel). 
We compare distributions of these measured values to 
modeled landforms.  

 
Figure 2: Example of a slope parallel linear band. Top: 
DTM overlaid on orthoimage with red lines indicating 
the along and across band profiles. Middle: along band 
profile. Bottom: across band profile. CTX stereo pair  
G18_025437_1406/G18_025147_1407. 

We use the finite element modeling software 
COMSOL to simulate banded terrain formation via de-
formation of a thin ice layer. Ice rheology is based on 
dislocation creep, grain boundary sliding, and basal slip 
deformation mechanisms [6]. The fixed basal topogra-
phy uses CTX DTMs of the honeycomb terrain.  

Preliminary Results: Consistent with Bernhardt et 
al. [1], we find that slope parallel and perpendicular lin-
ear bands are almost equally common and are distrib-
uted randomly through the area (Fig. 3). Bands occur on 
slopes that average 1–3° and reach up to 10–15° (Fig. 4) 
over a baseline of 18 m. The start and end of linear 
bands are not distinguishable based on the magnitude of 
slope and bands sometimes have uphill segments within 
an overall downhill trend (Fig. 2). 
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Figure 3: Banded terrain mapped in CTX orthoimages 
from stereo pairs J20_052588_1431/J19_052377_1431 
and G18_025437_1406/G18_025147_1407. The extent 
is ~54.5 to 55.5° E and -38.9 to -37.7° N. Slope parallel 
bands are purple, slope perpendicular bands are blue, 
and circular bands are green.  

 
Figure 4: Distribution of along band slopes for slope 
parallel bands.  

Figure 5 shows ice velocities (lower bound, using 
dislocation creep only) along a transect in a 2D model. 
In this example, the ice has a uniform thickness of 30 m 
and is superposed on several honeycombs, with a sur-
face temperature of 200 K.  

The velocities are on the order of tens of nanometers 
per year, so they could lead to tens of meters of defor-
mation over a Gyr (comparable to the thickness of the 
ice). Velocities increase to tens of microns per year at 
260 K. However faster processes such as sublimation 

could change the amount of ice present over this time-
scale. We will refine this model to take into account ac-
cumulation and ablation processes.  

 
Figure 5: Velocities (nm/yr) within a uniform 30 m thick 
layer of pure ice. The honeycomb terrain basal topog-
raphy profile is derived from CTX stereo pair 
P19_008361_1443/G18_025160_1445. Vertical exag-
geration is 72.  

To investigate this formation mechanism, we will 
extend our simulations to 3D and explore the parameter 
space of ice thickness, grain-size, and temperature. Ice 
grain size will be varied from 0.25–5 mm [7]. Ice tem-
peratures will be set to the annual-average surface tem-
perature and increase with depth at a rate set by the mar-
tian geotherm. Surface temperature will vary from 190–
260 K to capture temperatures in a range of obliquity 
epochs. Banded terrain is ~1.9–3.7 Gyr old [1], but band 
formation is not ongoing, so we will allow simulations 
to run for 1 Gyr. Ice thickness will be based on banded 
terrain relief measurements. 

For parameter combinations where the simulated 
landforms appear qualitatively similar to banded terrain, 
we will do multiple model runs to generate landscapes 
using the same parameters, but different DTMs of hon-
eycomb terrain. The measurements used to characterize 
the banded terrain will also be performed on the simu-
lated topography. We will compare measurements of 
real (Figures 3,4) and simulated terrain with a statistical 
test to determine whether the real banded-terrain meas-
urements are consistent with the population of simulated 
terrain measurements. These tests will provide a relative 
measure of the suitability of each set of model parame-
ters investigated.  
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