
Grain-Size and -Shape Analysis of Basaltic Sands from Grand Falls, Arizona, USA:  

            An Analogue for Aeolian Sediments on Mars 

INTRODUCTION 
 

The Grand Falls dunefield in northern Arizona, USA, is an active aeolian environment that borders the eastern 
edge of the San Francisco volcanic field (Fig. 1). The volcanic field consists of some 600 volcanoes with 
basaltic scoria cones and lava flows being 
the most common eruption styles (Priest et 
al., 2001). Although both volcanic and 
aeolian systems have been studied 
extensively as an astronaut training ground 
for the Apollo moon landings and NASA's 
Desert Research and Technology Studies 
(Desert RATS) program, negligible 
attention has been made of the eruption 
sites as source sediments for the nearby 
dunefields.  Similarly, an absence of 
information exists on how the volcanic 
products become susceptible to aeolian 
actions, or how the particles evolve during 
aeolian transport.  As outlined by Hayward 
et al., (2010), grain-size and -shape can 
assist at identifying transport processes 
and their associated environments.   

Further to this, the San Francisco volcanic 
field is an ideal candidate to use as an 
analogue for interpreting and understanding aeolian processes and linkages of basaltic lithology that is typical 
of much of the surface of Mars (Hayward et al., 2010).   

METHODOLOGY  

Visual similarities of surface features between Grand Falls and Mars allow for the comparison and analysis 
of past and present environments on Mars.  Through the analysis of orbiter and rover images it has been 
found that similar dune formations and environmental factors exist on Mars, as found on Earth. In particular, 
the size and shape of dunefields on both surfaces are similar in many instances and indicate that like 
processes and conditions exist for sediment transport and deposition (Hayward et al., 2010). The Grand 
Falls dunes, not unlike many on Mars, are within topographic lowlands moving towards topographic highs: a 
factor that influences their migration and form (Hayward et al., 2010).  This setting is similar to that of an 
estimated 1500 dunefields on Mars within craters and valleys (Hayward et al., 2010).   

Moreover, the size and shape of sediments assist with interpreting the processes of erosion, weathering 
and transport, and the environments in which these have occurred.  If similar grain shapes and sizes are 
seen on Mars, as for the sediments from Arizona, speculation can be made about previous and current 
Martian climates, as currently observed using the Mars Science Laboratory, Curiosity.   

BACKGROUND 

Samples of basaltic sands were obtained from large aeolian ripples found in the Grand Falls dunefield.  
The samples were obtained from ripples that traverse the interdune of this prevalently crescentic dune 
field, and that are sourced from nearby scoria volcanoes and lava flows  (Fig. 1).  Subsequently, 
representative sub-samples of the sediment were air-dried and sorted by size using a visual comparator 
(Fig. 2).  Each size category was then individually sorted by shape to investigate any change in grain-
shape relative to grain-size.    

Grain-size was then plotted as a cumulative percentage curve on probability paper (Fig. 3). Following the 
method of Folk and Ward (1957) this allowed for the determination of percentile measures from the graph 
and the calculation of the statistical metrics of graphic mean, inclusive graphic standard deviation (sorting), 
and inclusive graphic skewness for each sample.  Further to this, all data was plotted as histograms to 
visualize the distributions, and to characterise the qualitative measures of grain-shape.  Grain-shape was 
classified using the schema of Powers (1953) and Folk (1955).  

CONCLUSION   

AIM 
This pilot investigation is an examination of the statistical distribution of the size and shape of aeolian 
basalt samples from Grand Falls, Arizona and the evaluation of these sands as an analogue of like-
sediments on Mars.  

Figure 1: Locality Map of Grand Falls dune and volcanic fields (A = sample site) 
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Figure 2: Visual Comparator used to 

analyse individual sediments.  

Left: Grain-Size Gauge  

Right: Grain-Shape Gauge 

GRAIN SIZE  

Using a visual comparator (Fig. 2) some 876 sediments were separated into whole-grade 
intervals; 4 mm, 2 mm, 1 mm, 0.5 mm and 0.25 mm.  All basaltic ripple samples were found to 
lie within the Udden-Wentworth range of sand fractions (2.0 mm to 0.125 mm). The samples 
did not comprise larger granule, fine-sand or silt grades.  (Fig 4.) shows the majority of the 
sediments fall within the range of 1 mm to 0.5 mm. None of the ripple sediments lie in the 4mm 
fraction, and suggests that the Grand Falls volcanic source, only some 5 km to the southwest, 
have been significantly abraded within the proximal setting. The calculated graphic mean of 
0.65 mm  (coarse sand) supports this hypothesis. The standard deviation of 0.81 phi indicates 
a moderately-sorted sample. A sediment sample that is moderately-sorted has grains that fit 
into several grades; this is again supported by the distribution histogram. The analogue 
sample is also very coarse-skewed, indicated by the graphic skewness value of -0.42. An 
analogue sample that is coarsely skewed has a negative or left skewed distribution (Fig. 4).  

 

In general, aeolian sands are well sorted, causing them to have a narrow range of grain sizes. 
Although this statement is predominantly reserved for quartzose-sands, the same can be said 
for the basaltic sands of the Grand Falls dunefield.   

GRAIN SHAPE 

Each size category that had been separated from the analogue sample was then analysed to 

indicate the distribution of shape within each size category (Fig. 2). For the grains that were 

0.25 mm (medium sand) (Fig. 7) the distribution was left (negatively) skewed.  This indicated 

that medium sand was more rounded relative to the coarser (0.5mm) sand fraction, which was 

prevalently angular, and positively (right) skewed (Fig. 8).  The distribution of sediments within 

the very coarse (1mm) fraction was more dispersed lying within the very angular to sub-

angular bins (Fig. 9). In ‘simple’ aeolian environments where weathering and erosion of the 

source is followed by direct transport to a dunefield, the coarser sands are often more rounded 

than the finer grades. This is not true for this analogue sample as the coarser grains tend to be 

angular, and the finer sediments rounded. Furthermore the Grand Falls sample represents a 

mixture of both rounded and angular grains within the coarser 1mm grade. This may suggest a 

multi-source for the sands; meaning that the sediments may have eroded and travelled from 

different areas before settling at Grand Falls.  

RESULTS 

Figure 3:  Cumulative percentage curve of analogue sample.  A straight line would be 

indicative of a normal distribution. 

Figure 4: Scaled image of Grand Falls sample Figure 5: High ferromagnesian mineral (basaltic) dune sand ( 2 mm and less) imaged by MSL, Curiosity  

Figure 7: Grain Shape Analysis (0.25mm) 

Figure 8: Grain Shape Analysis (0.5mm) 

Figure 9: Grain Shape Analysis (1mm) 

Figure 6: Grain Size analysis of analogue sample  
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The aim of this pilot investigation was to examine the statistical distribution of the size and 

shape of aeolian basalt samples as an analogue of like-sediments on Mars. Size and shape 

analysis of sediments from the dunefields in Arizona helps to indicate the conditions under 

which the dunes are formed, and from where their source materials are derived. Size analysis 

of the analogue sample indicated that the majority of the sediments were between 0.5mm and 

1.0mm; this suggests that these grain sizes will be similarly replicated on Mars. This was also 

supported by comparing these initial analogue results with image samples of basaltic dune 

sands in the Bagnold dunefield from Mars Science Laboratory rover (Curiosity) in recent 

weeks.  

The shape distribution of these sediment sizes allows for the indication of shape changes 

between the sizes. The moderately sorted analogue sample is an example of sands that 

roughly fit into two size grades. Due to finer sediment grades producing rounder grains and a 

mixture of angular and rounded grains within the same grade, it is suggested that there is a 

multi-source for the Grand Falls sample. The data collected from this investigation will 

contribute to the developing body of knowledge about aeolian and geological processes on 

Mars and its landscape development. 
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