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Introduction:  Within the greater Ar Rub’ al Khali 

(Empty Quarter) sand sea lies an internal depocentre, 

the Al Liwa basin, which comprises a variety of mega-

scale dune types. Crescentic dunes dominant the north 

of the basin while megadunes of stellate or star form 

are a major landform of the south-eastern reaches [1].  

Their development into dune fields is determined by 

the style and rate of dune-dune interactions, the bound-

ary conditions imposed by a multi-modal wind regime, 

fluctuating groundwater levels, and sediment availabil-

ity under an assortment of climatic conditions through-

out the Quaternary.  As a result, dune field patterns are 

a collective response to these perturbations in space, 

time and environment.  The R-statistic is a collective 

measure of these responses, and is a metric capable of 

identifying the degree of pattern maturity of the aeolian 

system, and the pathways from which patterns evolve.   

Dune Field Development:   

Dune Field Geography. The spatial signature of the 

southerly located star dunes within the Al Liwa basin 

(ALB) is characterized by two definitive patterns of 

organization: the first, one of complete spatial random-

ness, the other, a low degree of spatial uniformity.  In 

isolation, these results appear to be unrelated to those 

for crescentic dunes of the region in which a signifi-

cantly higher degree of pattern dispersion is the norm 

(Fig.1).   

 
Figure 1. Box plots showing the distribution of the 

nearest neighbour statistic for the mega -star and -

barchanoid dunes of the Liwa basin. 

 

Dune Field Density.  Metrics of dune density across 

the ALB demonstrate that the range of values per unit 

area has significantly less variation for crescentic forms 

compared with the more diverse range shown with star 

dunes (Fig. 2); a characteristic that also associates with 

the less organized and random state of the patterns.  

Median density values, 2.24crescentics cf. 4.00stars, show 

an approximate twofold increase in the number of star 

dunes relative to crescentic forms.  These density val-

ues relate directly to dimensional changes for the 

dunes, whereby the southern star dune fields comprise 

substantially smaller individual dunes than the bar-

chanoids of the northern basin (Fig. 3).   

 
Figure 2. Boxplots showing near-normal distribu-

tions of dune density for star and crescentic morpholo-

gies (◊ symbol is an outlier).   

 

Figure 2 demonstrates that the overlap of the lower 

and upper ‘whiskers’ for star and crescentic forms re-

spectively, reflects the transition of dune type and the 

north-to-south variability of dune density. Greatest 

variability found with the star dunes may relate to a 

changing, regenerative environment in contrast to the 

predominantly constructive setting for the northerly 

located crescentic dunes.   

Dune-Dune Interactions. Synergetic patterns and 

the overarching evolutionary pathway for dunes of the 

ALB are shown in Figure 3. (A) Linked barchanoid 

ridges with overriding superimposed crescentic dunes 

show a dimpled or scalloped surface texture.  Although 

lateral linking (LL) is pervasive, broad-scale merging 

or coalescence (M), merging by off-centre collision (O-

CC), and calving (Ca) are also seen here. (B) Linked 

ridges show asymmetric form as they ‘stretch’ towards 

the south-east under the influence of a secondary 

oblique wind.  Calved dunes are prevalent upon the 

interdunes. (C) Crescentic form becomes negligible as 

embryonic star dunes develop.  Note the decrease in 

overall dune size, and increase in dune number per unit 
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area.  (D) Both individual (simple) and compound as-

semblages of star dunes occur in the south-eastern sec-

tor of the basin.  Any sustained semblance to bar-

chanoid morphology no longer occurs.  However, ha-

loes surrounding the primary dune structures comprise 

barchan, barchanoid, and embryonic star dunes.  Calv-

ing appears to occur from the arms of the primary 

dunes, and suggests a regenerative, disequilibrated 

aeolian environment involving defect creation and mi-

gration.  

 

  

Figure 3. A Landsat ETM
+
 pan-band (15 m) selec-

tion of dune types north-to-south for the Al Liwa basin.  

  

Conclusions: When spatial statistical measures are 

integrated with the theoretical understanding of dune-

dune interactions and the involvement of environmen-

tal agents, the complex morphodynamic pathways and 

linkages between regional dune fields is better under-

stood.  In this case, both constructive (e.g. merging, 

lateral linking) and regenerative activity (e.g. calving) 

have played important roles in the development of 

dune size, and associated adjustments in spacing, and 

dune numbers, and subsequently dune field patterns.  

Although apparently contrary characteristics exist be-

tween the crescentic dominated fields in the north 

compared with the star dune fields in the south, a mor-

phodynamic synergy exists between dune types across 

the region.  Synergetic patterns are emblematic of this 

vast dunescape, whereby transitional geographic, mor-

phologic, dimensional and environmental modifica-

tions exist between the mega- crescentic and -stellate 

dunes of the Empty Quarter.  In conjunction with a 

multidirectional wind regime, the more random nature 

of the southern star dune fields may be a consequence 

of the synergy between groundwater-to-surface geog-

raphy, and sediment availability from the more norther-

ly locales.  Hydrological processes are fundamental 

elements in the preservation of aeolian sequences and 

an ensuing decrease in dune sand mobility.  For the 

ALB, successive climatic (hydrologic) influences saw 

the northern dune fields become ever enlarging mega-

forms that were obstacles to distal sediment transport.  

This in turn decreased the sediment yield available to 

the more southern dune fields, further limiting their 

development.  Significantly, the location of piezomet-

ric surface(s) relative to the dune base may also assist 

in the forcing of pattern homogeneity or heterogeneity 

across a dune field, and subsequently the entire sand 

sea: variations in field patterns also being a result of 

the shape and extent of the watertable’s upper bounda-

ry.  As such, self-organization is restrained from reach-

ing the end-member configuration defined by the high-

est indices for the nearest neighbour statistic.  The ina-

bility for dune fields to produce a spatial signature that 

exceeds R ~ 1.5x, suggests that a combination of dune 

size and the limitations imposed by the space between 

dunes (i.e. dune density), as well as the degree of dune 

sand induration (i.e. sand availability and mobility) are 

key attributes in the regulation and evolution of field 

patterns and the ease at which dunes and their respec-

tive fields, grow, move and multiply.  

In turn, such synergies may assist at better illumi-

nating the geologic and climatic histories of the many 

hundreds of dune fields scattered across Mars, as well 

as offer insight into the equatorial sand seas of Titan.  
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