
THE SIZE AND SHAPE OF MARTIAN SAND GRAINS. Joanna Kozakiewicz1, 1Astronomical Observatory, 
Jagiellonian University, Krakow, Poland, and also Institute of Geography and Spatial Management, Jagiellonian 
University, Krakow, Poland, (j.kozakiewicz@uj.edu.pl). 

 
 
Introduction: The size and shape of grains in ae-

olian deposits provides important information about 
aeolian transport or the source of material.  

From images acquired during in situ missions the 
size, and shape of Martian grains can be estimated, and 
it has been done manually in several publications [1, 2, 
3]. Manual methods, however, are time-consuming and 
tedious, and the number of images is increasing. In this 
work, the automated method is presented as well as the 
results of statistical analysis of various types of Martian 
sand seen along the Spirit and Opportunity rovers’ 
traverses.  

The developed automated method also allows ana-
lyzing high resolution images obtained by the Mars 
Hand Lens Imager (MAHLI) on the rover Curiosity, 
currently investigating Gale Crater. 

Methodology: The presented fully automated 
method is based on an algorithm which uses a set of 
image processing operations associated with filtering, 
extraction and segmentation, and is implemented in 
Wolfram Mathematica. Using the algorithm, it takes 
few minutes to derived data from an image.  

By the automated method, it is possible to detect 
individual particles in the MI or MAHLI images and to 
determine their size as the physical dimensions of the 
images are known. 

The algorithm was tested on various terrestrial 
samples. The obtained results were compared with 
those from sieve analysis and the Malvern Morphologi 
G3 system. The cumulative curves, for an exemplary 
sample, derived from the developed automated method 
and sieve analysis are shown in Figure 1. 

Furthermore, the MI and MAHLI images were used 
to compare the obtained results with those from manual 
methods. Some comparisons are presented in Table 1.  

Results: An example of grains detection is shown 
in Figure 2. Particles truncated by the image or par-
tially buried were automatically omitted as their size 
and shape cannot be estimated. 

In this work, the diversity of deposits along the 
traverses in Meridiani Planum and Gusev Crater was 
studied. Several types of Martian sand were extin-
guished, and the differences and similarities between 
them were indicated. 

 
Figure 1. The cumulative curves for a studied sand 
sample obtained by sieve analysis (sieve) and the 
automated method (image). 

 
For all types of deposits, grain properties such as 

diameter, length, width, circularity, or aspect ratio were 
calculated. The results were analyzed statistically. His-
tograms and cumulative curves were computed, and the 
characteristic relationship between different parame-
ters, such as sorting or skewness, were presented.  

 

 
Figure 2. Detection of grains in the image of the Me-
ridiani Planum deposit (taken on sol 53). For clarity, 
only grains larger than 0.5 mm were selected. Trun-
cated or partly buried grains were automatically omit-
ted. The image is 32 mm across. 
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 Automated Manual 
Number of grains 97 120 
Median length 0.92 mm 0.89 mm 
Mean length 1.29 mm 1.35 mm 
Median width 0.81 mm 0.83 mm 
Mean width 1.05 mm 1.10 mm 
Mean circularity 0.91 0.93 
Mean aspect ratio 0.85 0.88 

Table 1. The results of the statistical analysis of the 
grains shown in Figure 2. The obtained results were 
compared with the results of the manual method from 
the work of Weitz et al. [2].  
 

In Figure 3 the relationship between the median di-
ameter and the standard deviation for some of the stud-
ied Martian sand samples is shown in comparison to a 
basaltic material from an Icelandic deposit.  
 

 
Figure 3. The relationship between the median diame-
ter and the standard deviation for some types of sand 
from Meridiani Planum and Gusev Crater in compari-
son with a basaltic sand sample from Iceland. 
 

Conclusions: The developed algorithm allows fast 
analysis of various deposits. It gives similar results to 
those from sieve analysis or manual methods.  

The algorithm allows detecting and measuring the 
size and shape of Martian grains from the MI and the 
MAHLI images. 

Few studied sand samples from Meridiani Planum 
and Gusev Crater indicate small variability and exist in 
both regions, a few are seen only locally and a larger 
number regionally. 

In most cases, the studied Martian deposits repre-
sent good sorting and positive skewness typical for 
aeolian sands.  
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