
COMBINING DUNE FIELD ANALYSIS WITH WIND MODEL RESULTS TO UNDERSTAND RECENT 
EVOLUTION OF HYPERBOREAE UNDAE, MARS.   S. Christian1, G. Kocurek1, A. Spiga2; 1Jackson School of 
Geosciences, University of Texas, Austin, TX 78512 (schristian@utexas.edu). 2Laboratoire de Météorologie Dy-
namique, Université Pierre et Marie Curie, France.

Introduction:  Remotely analyzing dune fields to 
interpret formative wind regimes and regional climatic 
events is not straightforward [1], particularly when the 
field demonstrates seemingly inconsistent dune mor-
phologies [2].  Hyperboreae Undae (HU), one of sev-
eral dune fields surrounding the north polar plateau of 
Mars,  Planum Boreum [3] (Fig. 1), has well-known 
examples of coexisting barchan and linear dunes [2, 3] 
(Fig. 2).  This apparently incompatible dune configura-
tion has been explained by change from bimodal to 
unimodal wind regime due to topographic influence [4] 
or temporal change in wind regime coupled with dune 
induration [2].   While the first hypothesis cannot ex-
plain the side-by-side existence of the two morpholo-
gies as seen in HU (Fig. 2a), the second is difficult to 
test when reconstructing dune field history.  

An alternative approach to explaining the forma-
tion and evolution of HU utilizes results from meso-
scale wind models of the north polar region [5] and 
morphological analysis of the modern dunes.  Crestline 
trends are predicted from modeled, modern wind vec-
tors using gross bedform-normal calculations; modeled 
trends are then compared to empirical trends to con-
strain the timing of recent dune field evolution.  Dune 
morphologies are analyzed to better understand current 
modification of pre-existing dune forms.  

Results of this study demonstrate that the dunes in 
HU are consistent with the modern wind regime in 
Chasma Boreale.  Furthermore, variation of common 
dune forms (eg., barchans without lee faces and 
straight-crested linear dunes (Fig. 2)) appears linked to 
morphological parameters and may be partly explained 
by preferential erosion of narrower dunes.

Methods:  The study site in HU is at the head of 
Boreum Cavus (Fig. 1).  High Resolution Imaging Sci-
ence Experiment (HiRISE) images were co-registered 
with Mars Orbiter Laser Altimeter (MOLA) data (Fig. 
1) using ESRI’s ArcGIS.

It is generally accepted that dune crestlines orient 
as perpendicular as possible to all constructive winds 
[e.g. 6, 7].   This principle of gross bedform-normal 
transport allows prediction of crestline trends with 
known wind direction.  Wind vectors over Planum 
Boreum produced by spingtime (Ls = 61°) atmospheric 
modeling [5] (Fig. 1) provide direction and magnitude 
estimates of the modern winds entering Chasma Bo-
reale at Boreum Cavus.  Using modeled vectors, a re-
sultant wind vector was calculated and crestline trend 
was predicted (Fig. 3).  For comparison, the crestline 
trend of 40 barchans was measured (Figs. 2 and 3), and 
the values were averaged.  Additionally, average trans-
port direction was measured parallel to the long axes of 
10 linear-type dunes (Figs. 2 and 3).

To study dune modification, 300 dunes were di-
vided into 4 morphologies: barchans, indurated bar-
chans [2], linear-type dunes, and coalesced dune forms.  
Barchans display two well-developed defects (Fig. 2c), 
indurated barchans resemble elongate domes (Fig. 2a), 
linear-type dunes are prominently elongated in one 
direction (Fig.  2a), and coalesced dune forms have 

Figure 2.  (a) Coexisitng barchanoid and linear dunes 
in HU. (b) Axes of linear-type dunes demonstrate local 
transport direction (black arrows). (c) Crestline trend 
and transport directions derived from a barchan dune.

Figure 1.  Dominant (D) and subordinate (S) 
wind vectors are from [5]. Dune distribution is 
shown in HiRISE imagery coregistered with 
MOLA topography (contoured at 100 m 
intervals).  Inset shows the study site location.  
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elements of multiple morphologies (Fig. 2b).  Mor-
phology was plotted against maximum stoss slope 
width (Fig. 4), which was measured perpendicular to 
measured transport direction at the widest point.  This 
measurement was chosen as a means to gauge a dune’s 
ability to trap sediment and continue accumulation.

Results:  The distribution of dunes at the study site 
closely follows elevation contours and appears to be 
influenced by topography.  Noticeably, low and high 
points in the study site are mostly devoid of dunes 
(Fig. 1), which indicates low sediment supply, low 
sediment availability, and/or a wind transport capacity 
inconsistent with dune development [8].

Assuming net transport direction parallel to the 
long axes of linear-type dunes, measured transport 
direction is towards 275°, and average crestline trend is 
185° (Fig. 3).  Modeled wind vectors towards 323°, 
270°, 207°, 161°, and 167° (Fig. 1) [5] yield a resultant 
vector towards 268°.  The difference between modeled 
resultant wind vector and measured transport direction 
is 7°, strongly suggesting that the dunes of HU are 
equilibrated with the modern wind regime.

The average of four gross bedform-normal calcula-
tions using the dominant easterly wind and 4 subordi-
nate winds (Fig. 1) yields a predicted average crestline 
trend of 207° and transport direction of 297° (Fig. 3).  
The predicted crestline trend varies from the measured 
trend by 22°.  The difference is most likely a result of 
including only springtime winds in the calculation.

Dune morphology correlates with maximum stoss 
slope width (Fig. 4). Particularly,  dunes ~ 100 m wide 

appear to express an indurated barchan [2] or straight-
crested, lee dune morphology (Fig. 4).  The similar 
mean maximum stoss slope width values between in-
durated barchans and linear-type dunes suggests the 
two morphologies are related.  Furthermore, the main-
tenance of a defined lee face by wider barchan dunes 
suggest sediment is being lost at the crest from indu-
rated barchans, making them erosional features.

Conclusions:  Comparisons between measured 
crestline trends and trends predicted by modeling of 
modern winds demonstrate that the dunes of Hyperbo-
reae Undae are equilibrated with the modern wind re-
gime.  The unique dune morphologies of HU can pos-
sibly be explained by their ability to trap and retain 
sediment, which is estimated using maximum stoss 
slope width.

Future Work:  Current calculations only take into 
account modern springtime winds in Chasma Boreale.  
Seasonal influence must be explored.  Comparison of 
HU’s bedform trends with those calculated from 
Planum Boreum cavi unit [3, 9] outcrops can provide 
insight into the evolution of wind regimes throughout 
the construction of the Chasma Boreale region [10].
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Figure 3.  Crestline trend and transport direction 
predicted by a gross bedform-normal calculation using 
4 pairs of dominants and subordinant winds after [5].  
Predicted values are 22° away from measured values 
for crestline trend and transport direction.  The 
resultant modeled wind vector, R, for springtime winds 
[5] is 7° away from measured transport direction.

Figure 4.  Maximum stoss slope width corresponds to 
dune morphology.  Black boxes are the mean width 
with error bars giving 1 standard deviation.
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