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Introduction:  Martian sand dunes have the poten-
tial to contribute data on geological history through a 
study of their form. Recognition of the characteristics 
of both recent and ancient dunes is the first step to-
wards understanding the present as well as past aeolian 
systems, and by proxy, climatic conditions on Mars. 
Dunes studied in detail in Viking 1 and 2 Orbiter im-
ages have been classified as barchan, barchanoid, 
transverse, and complex. Regionally, they are concen-
trated in four locations: The North and South Polar 
regions, in intra crater dune fields and in troughs and 
valleys. Here we present the results of a morphometric 
analysis of barchan dunes in two of these locations: the 
North Polar Sand Sea (NPSS) and intra-crater dunes.  

The dunes sampled from craters show morphologi-
cal heterogeneity when compared to those in the 
NPSS. This may be related to topographically induced, 
variable wind regimes and relatively limited sediment 
supply in craters.  

Methodology: In this pilot study of dunes we sam-
pled 51 isolated crescentic dunes in the North Polar 
Sand Seas (215-265°W, 76-79°N) and intra-crater 
dune fields (350-320°W, 35-55°S). We follow the 
dune sampling methodology used by others[5]. Inher-
ent assumptions are outlined in[6]. Dune volume is 
estimated from XYZ data points derived from narrow 
angle MOC data and processed in 3-D utilising the 
Surfer program. Sixteen data points sufficiently repro-
duce the dune shape, and dune volume can be calcu-
lated without making any assumptions about their 
shape (Fig. 2). 

Variable dune form on Mars:  There is a wide 
range of barchan form on Mars (examples shown in 
Fig. 1). Dunes display both high and low length/width 
ratios, both well and poorly developed arms and also 
many are asymmetric. Many lack obvious slip faces 
and are more appropriately classified as dome dunes. 
The form variability may be used to indicate local con-
ditions. For example, dune asymmetry is thought to 
indicate variable wind directions (e.g. [1]);  increasing 
dune curvature might indicate higher wind velocities 
[2, 3]; dune forms are know to adjusts to sediment 
source proximity and volume; dune merging and ab-
sorption indicates variable rates of dune migration; a 
poor correlation of the windward slope with other 
slopes may indicate dune immaturity[4].   

 
 

 100 200 300 400 500 600 700 800 900
0

100

200

300

400

500

600

700

800

 
Figure 2. Sampling method for morphometric 

analysis (right). Output from Surfer program (left)  
 

 

 
Results of morphometric analysis: Isolated cres-

centic dunes in the North Polar Sand Sea (MC-01) 
have a mean height of 48 m, length of 160 m, width of 
290 m and a volume of 1.9 x 106 m3. This revises the 
assumed height of 25 m that was previously used to 
estimate sand sea volume [7].  

Dunes in the intra-crater dune fields have a similar 
height of 47 m, but are longer (275 m) and wider (430 
m). They are also volumetrically larger (2.7 x 106 m3). 
Although two dunes in the NPSS are significantly lar-
ger.  These dimensions are similar to the Kharga bar-
chan dunes in Egypt [8] (l=266 m; w=150 m) except 
for a significant difference in height (h=10 m) and 
therefore volume (3.5 x 105 m3). See figures 3 and 4. 

   Figure 1. Variable crescentic dune morphology. 
Dunes are selected from the North Polar Sand Sea (top 
left) and intra-crater dune fields.  
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Figure 3   Histograms of dune height for samples 

in the NPSS and intra-crater dune fields. 
 
 

 
 
Figure 4  Histograms of volume estimates for 

samples in the NPSS and intra-crater dune fields. 
 
Bivariate analysis Intra-crater dunes: The analysis 

was undertaken for dunes in both sample regions. Data 
for the intra-crater dune fields were poorly correlated. 
This suggests that they are not in equilibrium with 
airflow and might indicate conditions of net sand 
loss[4]. This is likely in craters with restricted sedi-
ment access.  

 

 
 
Figure 5  Bivariate plot of dune height and wind-

ward slope length for North Polar Sand Sea barchan 
dunes. 
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ar positive correlation with dune width and length 
(Fig.5). Dune length also correlates with width. These 
data are similar to many findings for Earth and indi-
cates that these dunes are in equilibrium [9-11]. Dune 
volume has an exponential relationship with dune 
length and height but not width. This suggests that 
barchan dune form may vary with scale. 

 
C
milar to barchans on Earth.  
Crescentic dunes in the NPS
r-crater dune fields, i.e., they are less variable in 

form and are generally smaller (although there are 
some notable exceptions (Fig. 4). North Polar Sand 
Sea dunes appear to be in equilibrium. We find that, 
similar to Earth, they have strong linear relationships, 
e.g. dune height and length/width. Crescentic dune 
form in the North could vary with dune size. Intra-
crater dunes do not correlate strongly and display a 
higher variability in form. We suggest that the topog-
raphic disruption of wind flow structure associated 
with crater rims and the variability in sediment supply 
is likely to be responsible for the poor correlations. In 
addition, the contrasting seasonal (frost) precipitation 
regimes are also likely to be an influence. 
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