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Introduction:   The north polar (NP) portion of the 
Mars Global Digital Dune Database (MGD3), will add 
~844,000 km2 of medium to large-size dark dunes to 
the previously released equatorial portion [1, 2] of the 
database. Approximately 210,000 km2 of the mapped 
areas in the NP are densely (80%-100%) covered by 
dunes (red on Fig. 1). About 540,000 km2 have less 
complete (10% to 80%) coverage (reddish pink). Areas 
of widely scattered barchan dunes cover ~95,000 km2 
(pink). Although mapping the areal extent of the NP 
dunes is fairly straightforward, estimating their volume 
is a more complex task. There have been several at-
tempts to estimate the volume of NP sand in the past 
[e.g. 3, 4, 5]. These estimates range from 1158 km3 to 
15,000 km3. We will review selected estimates of NP 
dune volume and the methods that were used for each, 
then present our estimate and methods for comparison.  

  
Figure 1. Distribution of dunes from 65ºN to 90ºN. 
Dune coverage ranges from dense (red) to intermediate 
(reddish pink) to widely scattered (pink).  Also indi-
cated are intracrater dune fields (yellow).  Background 
is Viking MDIM (943m/pixel), Polar Stereographic 
projection, white surfaces are residual water ice. 
 

Previous work:  The NP dunes, dominated by the 
vast polar erg, were first identified and characterized 
using Viking images [e.g. 6, 7]. In 1982, using Viking 
data, Thomas [3] estimated the volume of NP sand as 
part of his study of global sand transport. His volume 
estimates were based on an areal extent of 910,000 

km2. For areas with incomplete coverage he estimated 
dune height using dune width and shadows, and took 
percent dune coverage into account when estimating 
volume. For areas with complete coverage, where 
depth to substrate was unknown, Thomas looked at 
interspersed partially covered areas and decided that 
average depths were not significantly larger than indi-
vidual dune heights, so he used ¾ of the maximum 
ridge relief (22 m) to obtain an average thickness (17 
m). His overall estimate of NP dune volume was 
15,000 km3. In 1990, also using Viking data, Lancaster 
and Greeley [4] subdivided the NP dunes into 4 sand 
seas (total areal coverage 680,000 km2) and estimated 
the volume of each sand sea. They measured dune 
spacing, which ranged from <250 m to >900 m, with 
an average of ~500 m. Based on terrestrial relation-
ships between dune spacing and dune height, they cal-
culated dune height, which ranged from 10 m to 25 m. 
Then they calculated equivalent sediment thickness 
(EST), defined as the sediment thickness per unit area 
that would exist if the dunes were leveled and inter-
dune areas were filled in, resulting in a much lower 
thickness estimate (1 m to 6 m) than the ¾ maximum 
ridge relief used by Thomas. They measured dune 
spacing and percent dune coverage in ~800 blocks of 
dunes (100 km2 each), then made volume estimates 
that took into account the percent dune coverage. Their 
total estimated volume was 1158 km3 [4], an order of 
magnitude less than the Thomas estimate. In 1999, 
Garvin et al., [5] used the newly available Mars Or-
biter Laser Altimeter (MOLA) data, in addition to Vi-
king data, to estimate the volume of the NP dunes. 
Their estimates were not dependent on terrestrial dune 
relationships. They used the 30 best MOLA transects 
(of 188 available) of Olympia Undae. They measured 
2144 individual dune forms that ranged in height from 
10m to >35 m, with a mean height above the regional 
basal surface of ~25 m. The most commonly occurring 
dune height was 20 m. The authors used an area of 
~700,000 km2, a mean relief of 23 m, and an assump-
tion that dune field thickness was equal to ½ average 
dune height. They further theorized that the dunes 
perched atop a 10 m thick basal sand layer, resulting in 
a volume estimate of 10,000 km3 ± 3000 km3 (in-
creased to 15,000 km3 when smaller dune deposits 
were included). Although this estimate is similar to the 
Thomas estimate, the two estimates were arrived at 
using very different methods and assumptions. A sig-
nificant point of agreement in the previous work is that 
average dune height in the erg is 20 m to 25 m, 
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whether based on terrestrial relationships (e.g. dune 
width, shadow length, and dune spacing) or MOLA 
elevations. Recent measurements of barchans using 
morphometric analysis suggest that dunes may be 
taller than previously believed. Bourke et al., 2004 [8] 
found that isolated barchans in the North Polar Sand 
Sea (NPSS) have a mean height of 48 m and a mean 
volume of 1.9 x 106 m3. Bourke et al. suggest that this 
would revise assumed heights of 25 m used to estimate 
sand sea volume by Lancaster and Greeley [4]. If so, 
this would affect estimates in the portions of the NPSS 
with isolated barchans, but not necessarily affect the 
portions with continuous transverse dune coverage. 
Bourke et al., 2006 [9] compared 4 methods of esti-
mating dune heights on Mars, including stereography 
and MOLA shots. They also estimated dune heights 
using empirical relationships established for terrestrial 
dunes. They found that, for true barchans and asym-
metric barchans, estimations based on terrestrial rela-
tionships frequently yielded results that were similar to 
other methods of estimation. 

 
MGD3 Volume Estimates:   
Differences: Our mapping is based on higher reso-

lution imagery and may include some areas not 
mapped in earlier studies. These include areas of 
widely scattered dunes that are not commonly mapped 
as dunes. We include them because they provide evi-
dence of sediment transport pathways. Inclusion of 
areas of widely scattered dunes may increase our esti-
mate of areal extent, while not resulting in signifi-
cantly larger volume estimates.  

Method and Results: Working in GIS, we con-
structed a 5° longitude by 1° latitude grid. At each grid 
point we used high-resolution imagery and the original 
MOLA altimetry shots to find good, least interpolated, 
locations to construct MOLA (512 pixels/degree) Digi-
tal Elevation Model (DEM) profiles across dunes. We 
estimated dune height based on the topographic pro-
files. In areas without MOLA 512 pixels/degree cover-
age, MOLA data was too sparse to construct useful 
profiles. In such areas we measured dune morphology 
on Mars Orbiter Camera narrow angle (MOC NA) [10] 
or Mars Reconnaissance Orbiter (MRO) Context Cam-
era (CTX) [11] imagery and used terrestrial relation-
ships [4, 9] to estimate dune height. Where imagery 
was not adequate for such measurements, we used an 
estimated average dune height based on similarity to 
other grid locations and values used in previous studies 
[4, 5, 9]. At each grid point we also estimated the per-
cent dune coverage. We calculated a range of volume 
estimates based on our measured dune heights and 
percent dune coverage. We estimated the low end of 
the range by calculating ESTs, then multiplying by 
area and percent coverage. Our preliminary estimate 

based on this method, ~1300 km3, is similar to that of 
Lancaster and Greeley [4]. We estimated the high end 
of the range by employing Garvin et al.’s [5] method 
of using ½ dune height as dune thickness. We depart 
from their method by considering percent dune cover-
age and by not assuming an underlying basal sand 
layer. Our preliminary estimate based on this method 
is ~3600 km3. Preliminary estimates will be refined. 
Volume estimates are summarized in Table 1.  
 

Conclusion:  Our preliminary estimate of dune 
volume poleward of 65°N is ~1300 to 3600 km3. Esti-
mating the volume of sand dunes in the NP is a com-
plex task. Automated GIS methods of calculating vol-
ume that work on smaller features are more difficult 
when applied to a large, complicated feature such as 
the NP erg. When radar or other remote sensing tech-
niques clearly define the erg substrate, and when 
higher resolution DEMs define the erg’s upper surface, 
automated methods may render a more reliable volume 
estimate. Presently the task involves many measure-
ments, estimates and assumptions. These underlying 
uncertainties explain the wide range, 1158 km3 to 
15,000 km3, of dune volume estimates.   
 
Table 1.  Comparison of NP volume estimates. 
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 Dune 
Height 
Method 

Sand Thickness  
Method  

Volume 
(km3) 

Thomas 
1982 

Width & 
shadows 
(Earth) 

¾ maximum ridge 
relief,  percent 
dune coverage 

15,000

Lancaster 
Greeley 
1990 

Dune spac-
ing (Earth) 

EST, percent dune 
coverage 

1158

Garvin et 
al. 
 1999 

MOLA 
elevation 
profiles 

½ dune height + 
underlying basal 

sand 

10,000 
(±3000)

1310 
(EST)

Hayward 
et al. 
(this 
abstract) 

MOLA 
profiles, & 

Earth –
based meth-

ods 

EST or ½ dune 
height, percent 
dune coverage 

3620 (1/2 
D height)

1109.pdf41st Lunar and Planetary Science Conference (2010)

http://www.msss.com/

