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Introduction:  The global distribution of sand sed-

iment on Mars provides valuable knowledge needed to 

understand the geologic and atmospheric history of 

Mars. The Mars Global Digital Dune Database 

(MGD
3
) [1, 2, 3], a database containing over 1600 in-

dividual dark dune fields > 2 km
2
, covering a total of 

almost 1,000,000 km
2
, was constructed to provide a 

tool for spatially-based dune studies. Statistics based 

on the areal distribution of dune fields have been used 

to characterize global distribution. However, dune 

fields that are similar in areal extent may vary widely in 

the type, size and spacing of dunes they contain, and 

thus hold vastly different volumes of sand. An accurate 

volumetric distribution of sand on Mars, similar to that 

currently being developed for Titan [4], would refine 

our understanding of global processes on Mars. For 

example, it could be used to constrain the location and 

extent of potential source regions. Here we present 

dune morphometry/volume comparisons that will be 

the foundation for a revised volume estimation. 

Background of Dune Volume Estimates:  Dunes 

were first observed on Mars in the early 1970s in Mar-

iner and Viking imagery [5, 6]. It was apparent that the 

vast majority of dunes, as measured in areal extent, 

were contained within the north polar (NP) sand seas 

[7]. Throughout the 1980s and mid-1990s, dune vol-

ume estimates were mainly based on terrestrial obser-

vations of dune morphometry [8, 9]. Estimates for the 

NP sand seas ranged from 1158 km
3 

[10] to 15,000 

km
3
 [11]. Global volume estimates by Thomas [12] 

suggested that, despite the areal dominance of NP 

dunes, his NP volume estimate (15,000 km
3
) might be 

nearly equaled by the volume of dunes outside the NP 

sand seas. In the late-1990s, topography derived from 

the Mars Global Surveyor (MGS) Mars Orbiter Laser 

Altimeter (MOLA) provided another tool for volume 

estimates [12]. Incorporating MOLA data into volume 

calculation, Fenton et al., [13] estimated the volume of 

the Proctor crater dune field to be 180 km
3
 and ob-

served that this was about one sixth the volume of the 

lower NP estimate.  

Current MGD
3
 Volume Estimates:  As part of 

MGD
3
, we included two rough volume estimates for 

each of the ~1600 dune fields in the database. The es-

timation methods incorporated both terrestrial-based 

dune morphometry and MOLA-derived topography, 

resulting in estimates similar to those discussed in the 

previous section. Our methods were tailored to the type 

of dune fields found in each of the NP (65° N to 90° 

N), equatorial (EQ, 65° N to 65° S), and south polar 

(SP, 65° S to 90° S) regions [1,2,3]. Figure 1 shows the 

geographic distribution of the dune fields in MGD
3
 

throughout the NP, EQ, and SP regions. Table 1 sum-

marizes the total volume estimates currently in MGD
3
 

by region and also lists the area of dune fields mapped 

in each region. The NP region, with ~845,000 km
2
 of 

mapped dunes, has nearly six times the area of mapped 

dunes as the other two regions combined.  

Figure 1. Map of dune fields (black) in MGD
3
. 

Lines denote boundaries of the NP, EQ, and SP re-

gions. Sinusoidal projection. MOLA gridded topog-

raphy (meters). 

 

Table 1. Summary of the areal extent of the dune 

fields currently in MGD
3
, with low and high rough 

estimate of the volume of sand in each region. 
 

New Global Volume Estimates:  The substantial 

range between the high and low estimates shown in 

Table 1, along with the wide range in previous volume 

estimates by others, highlights the uncertainty in esti-

mating volumes using MOLA-derived topography (463 

m/pixel resolution in EQ) and terrestrial-based obser-

vations of dune morphometry. High Resolution Imag-

ing Science Experiment (HiRISE) Digital Elevation 

Models (DEMs) are now available for a limited num-

ber of dune fields. These DEMs, with a resolution of 1 

m/pixel, are suitable for the frequently changing topog-

raphy in a dune field. The DEMs allow us to measure 

dune height and calculate dune volume, using GIS 

software, for a variety of dune types and sizes. When 

Region Area 

(km
2
) 

Low 

Volume 

(km
3
) 

High 

Volume 

(km
3
) 

NP 844,383 1,285 3,567 

EQ 69,750 3,628 15,168 

SP 74,770 305 3,026 

Figure 1. Map of dune fields, shown in black, in 

MGD
3
. Black lines denote boundaries of the NP, EQ, 

and SP regions. Sinusoidal projection. Background is 

MOLA gridded topography in meters.  
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dune height and volume are combined with other dune 

measurements that can be derived from images, (e. g.,  

width, length, slipface length, and spacing between 

dunes), relationships can be established and applied to 

dune fields that lack high-resolution DEMs. While re-

search has suggested that some terrestrial morphomet-

ric relationships can be applied to aeolian features on 

Mars [14,15,16,17], it has also been found that envi-

ronmental conditions on Mars sometimes modify these 

relationships [14,18]. The first step in refining our vol-

ume estimates is to document Martian dune morphome-

try using high-resolution DEMs and images.  

Mars Dune Morphometry Discussion:  We 

measured dunes on twelve HiRISE DEMs and their 

source images to examine two assumptions that were 

incorporated into the terrestrial-based volume estimates 

in MGD
3
. The first assumption is that dune height can 

be approximated as 10% of the horn-to-horn width of a 

barchan [19]. Table 2 shows representative examples 

of measurements grouped by barchan size. We found 

that dune height ranged from ~4% to ~20% of horn-to-

horn width, while dune length (stoss-to-lee distance) 

tended to have a more consistent relationship to dune 

height. The second assumption is that volume can be 

approximated as half the dune height multiplied by the 

area covered by a dune field [12]. Table 3 shows vol-

ume 1 (V1), calculated using HiRISE DEMs, and vol-

ume 2 (V2), calculated using the second assumption, 

for five different types of dunes. V2 is nearly always 

larger, ranging from .9 to 1.5 times V1. In three of the 

seven cases shown, V2 is within ~10% of V1. In the 

remaining four cases, the gap widens to 36% to 52%. 

Table 2. Examples, sorted by barchan size, of the 

relationship of dune height (DH) to horn-to-horn 

width (H2H), and dune length (DL). Green cells 

hold values from 8.5% to 11.5%. Pink cells hold 

values <5% or >15%. 
 

Conclusions:  Preliminary results indicate that the 

terrestrial-based assumptions examined here are some-

times supported by HiRISE measurements, usually in 

dunes that are less than 35 m in height. In larger dunes 

our assumptions likely resulted in an overestimation of 

volume. Other assumptions, not discussed here, are 

also  being investigated and will be presented.  

Type DH Area (m2) 
Volume 1 
DEM (m3) 

Volume 2 
(.5*DH*A) 

B 260 12,214,441 1,045,211,564 1,587,877,330 

B 29 57,924 616,436 839,898 

T 14.5 132,039 862,580 957,283 

LR 19 126,114 1,314,846 1,198,083 

LS 180 3,901,429 242,356,856 351,128,610 

LS 120 1,899,850 82,224,612 113,991,000 

R 20 59,798 630,657 597,980 

Table 3. Examples of dune volume (sorted by dune 

type): Volume 1, calculated using HiRISE DEMs; 

Volume 2, calculated using assumptions based on-

terrestrial dunes. B=barchan, T=transverse, 

LR=linear (rounded), LS=linear (sharp), and 

R=reticulate. 

 

Future Work:  Further documentation and applica-

tion of morphometry will enable us to refine our vol-

ume estimates. In addition to refining these estimates, 

we plan to divide dune fields into cells and calculate 

the volume in each cell. The resulting map would be a 

more accurate representation of sand distribution on 

Mars than areal distribution maps and the rough vol-

ume estimates tied to dune field distribution alone.  
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Barchan 
Size 

DH 
(m) 

H2H 
(m) 

DH/DH2
H *100 

DL 
(m) 

DH/DL 
*100 

large 
260 6180 4.21 2980 8.72 

100 1750 5.71 1324 7.55 

medium 
45 228 19.74 265 16.98 

40 193 20.73 443 9.03 

small 

34 400 8.50 338 10.06 

28 177 15.82 247 11.34 

23 142 16.20 226 10.18 

17 127 13.39 173 9.83 

8 76 10.53 128 6.25 
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