
TWO INDEPENDENT DUNE GROWTH MECHANISMS IN LABORATORY AND LANDSCAPE-SCALE 
EXPERIMENTS.  C. Narteau1, S. Courrech du Pont2,  P. Lü3,  Z. Dong3, S. Rodriguez4 and L. Fernandez-Cas-
cales1, 1Institut de Physique du Globe de Paris, Sorbonne Paris Cité, University Paris Diderot, UMR 7154 CNRS,  
Paris, France (narteau@ipgp.fr),  2  Laboratoire Matière et Systèmes Complexes,  Sorbonne Paris Cité,  Université 
Paris Diderot, CNRS UMR 7057, Paris, France, 3 Key Laboratory of Desert and Desertification, Cold and Arid Re-
gions Environmental  and Engineering  Research  Institute,  Chinese  Academy of Sciences,  320 West  Donggang 
Road, Lanzhou 730000, Gansu, China, 4Laboratoire AIM - Université Paris 7, Planetology, Gif sur Yvette, France.

Introduction:  Dunes  in  many  environments  on 
Earth  and other  planetary  bodies  (e.g.,  Mars,  Titan) 
are  shaped  by  varying  flow  conditions  over  time 
scales  that  are  too  long to  be  constrained  by direct 
measurements. Hence, a major issue in planetary sci-
ence is to establish precise relationships between the 
flow  regime  and  both  dune  shape  and  alignment. 
These relationships are obviously essential for recon-
struction of terrestrial wind regimes, past and present,  
but also for verification of global circulation models 
on Mars and Titan. Here, we identify two independent  
dune  growth  mechanisms  in  laboratory  and  land-
scape-scale  experiments  that  can  together  provide 
less  uncertainties  on  the  estimation  of  the  wind 
regime  that  have  been  responsible  for  the  develop-
ment of bedforms.

     Figure 1:  Two modes of dune orientation in un-
derwater experiments: (a) dunes in a zone of low sand  
availability;  (b) dunes in a zone of high sand avail-
ability.  Both  experiments  are  conducted  using  the  
same asymmetric bimodal flow regime (red arrows).

Two modes  of  dune orientation  in  laboratory 
experiments:  Using  underwater  experiments,  we 
show that a single bidirectional flow regime can lead 
to two different dune orientations depending on sedi-
ment availability [1]. We find that dunes in zones of 
high sand availability grow in height selecting an ori-
entation that  maximizes  the  normal  to crest  compo-
nents of  transport  (Fig.  1b),  a  result  consistent  with 

the rule of maximum gross bedform-normal transport 
[2]. In zones of low sand availability, dunes extend on 
a non-erodible bed away from a sand source in the di-
rection of the resultant sand flux at the crest (Fig. 1a).  
These  two dune growth  mechanisms and  the  subse-
quent orientations may coexist,  especially where lin-
ear  dunes growing by extension are large enough to 
exhibit superimposed bedforms.  

    Figure 2: Two modes of dune orientation in land-
scape-scale  experiments:  (a)  Global  view of  the  ex-
perimental  site in Inner Mongolia,  China. (b) Origi-
nal sand piles on a gravel bed to investigate the de-
velopment of linear dunes from a localized source of  
sediment; (b) Dunes in a zone of high sand availabili-
ty  five  years  after  complete  flattening  of  the  area.  
The inset shows the local wind and sand flux roses of  
this part of the Tengger desert.
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Dune  growth  in  landscape-scale  experiments: 
Laboratory  results have been used to develop a new 
set  of  landscape-scale  experiments  in  the  Tengger 
desert in Inner Mongolia, China (Fig. 2a). Exposed to 
bimodal  winds,  this site  is unique  because  it  allows 
multiparametric analysis of dune morphodynamics in 
a  natural  environment  (16 hectares)  under well-con-
trolled  initial  and boundary  conditions.  The orienta-
tion of dunes as a function of the wind regime and the 
coupling between flow and topography are currently 
investigated in two experiments that  provide empiri-
cal  support  for  the  coexistence  of  two  independent 
dune growth mechanisms.  The first  experiment  con-
sists in regularly supplying sand to an initial sand pile 
located on a non-erodible bed (Fig. 2b) to mimic the 
development of dunes from a localized sand source in 
zones  of  low  sand  availability.  The  second  experi-
ment is to flatten a sand bed to observe and quantify  
the  development  of  the  bed  instability  (Fig.  2c).  In 
this case, for more than 4 years of data, we find that 
crests  are  oriented  in  a  direction  that  combines  the 
normal  contributions  of  the  two  dominant  winds  to 
form an angle of 50° with the resultant sand flux [3]. 
This  rare  evidence  on  the  formation  of  aeolian 
oblique dunes in a natural environment suggests that 
the  climatic  forcing  can  be  derived  from the  align-
ment of bedforms.

Conclusion: The  two modes  of  dune orientation 
and the corresponding dune growth mechanisms can 
be used to quantitatively predict the orientation of pri-
mary  and  secondary  dune  patterns  from  any  given 
wind regime [1]. Thus, they may explain many of the 
controversial  dune  features  observed  in  modern  ter-
restrial  sand seas  but  also on Mars and Titan.   The 
challenge is now to differentiate  between these vari-
ous types of dunes and to classify them, not only with 
respect to their shape and orientation, but also accord-
ing to the underlying dune growth mechanism.
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