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Introduction: Textural analysis of loose grains 

may be used to determine the proceses associated with 
sediment deposition. The inability of returning sedi-
ment samples from Mars restricts us to relying on two-
dimensional photographs to determine the textures of  
martian sediments.  Such an approach has already been 
applied to Spirit rover Microscopic Imager (MI) data 
from Gusev Crater [1], and will be undoubtedly used 
with the Curiosity Rover in Gale Crater.  Two-
dimensional techniques pose uncertainties when trying 
to yield three-dimensional parameters.  The inability to 
observe and measure all sides of a grain may produce 
inaccurate textural results.  The purpose of our re-
search is to determine how well three-dimensional (lab 
processed samples), and two-dimensional (sample im-
agery consistent with rover cameras) textural analyses 
compare for unlithified basaltic sediments.  Our goal is 
to better understand the resolution thresholds, and limi-
tations imposed by a two-dimensional sediment analy-
sis. 

Methodology:  Basalt from the Cima Volcanic 
Field in California was placed into a jaw crusher.  The 
sample was crushed to generate an artificial sediment, 
which acts as a surrogate for debris formed by impacts 
on the martian surface. The synthesized sediment was 
rapidly dumped onto a flat surface in preparation to be 
photographed.  The images were taken orthogonal to 
the sediment, outdoors under bright, but evenly illumi-
nated light so problems with shadows are avoided.  
Textural paremeters (rounding, grain size, grain shape, 
sorting, and sphericity) were then determined for the 
Cima sediment. 

The photographs were manipulated into two resolu-
tions that approximate a navigational camera 
(140µm/pixel), and a more detailed MI image 
(37µm/pixel) as obtained by the Mars Exploration 
Rovers (Figure 1).  

An alpha-numeric grid was placed over each pho-
tograph for point counting, which gave 620 points for 
each photo, creating a meaningful population of data.  
At each point textural parameteres were assigned 
(grain size, rounding) to each grain.  The Power’s 
Scale [2, 3] was used to give a value of roundness to 
each grain.  Then, the computer program ImageJ was 
utilized to determine grain size.  The grain size meas-
urements were then used to calculate phi, which is 
found on the Wentworth Scale, and Riley sphericity 
(used for 2D Riley sphericity calculations).  

 

 
Fig. 1: Original photograph taken of Cima sediment 
used for the two-dimensional analysis. 

 
After the photographs were taken, the Cima sedi-

ment was sieved in 0.5 phi increments from -4 to 4 phi.  
Approximately 50 grains from -4 to -0.5 phi were ran-
domly chosen for three-dimensional textural analysis.  
A digital caliper was used to obtain the clast axial 
lengths (long int short) of each grain.  Like the two-
dimensional analysis, a rounding score was also as-
signed to each grain.  The grain sizes determined from 
both photograph resolutions and three-dimensional 
analysis were compared to determine how accurate, or 
not, photographic analysis can be.  

Results:  The three-dimensional grain size distribu-
tions were used as a control for comparison of the two-
dimensional size distributions (Figure 2).  The most 
obvious result is that the resolution of the photograph 
plays a large role in the accuracy of the sediment anal-
ysis.  The low-resolution grain size distribution does 
not accurately represent the real range of grain sizes in 
the sediment.  The lack of clarity in the low-resolution 
image causes blurred edges from pixelation, and grains 
smaller than the pixel size are of course in-
dishtinguishable.  On the other hand, the data from the 
higher resolution photograph (Figure 3) are very simi-
lar to the distribution of grain sizes determined from 
sieving the Cima sediment.  The higher the resolution, 
the less pixelated the image becomes, allowing nearly 
all grains under the points to have a textural analysis 
applied, as compared to grains that have to be skipped 
due to inability to see the grain.  

  Using a hand lens and microcrope to deteremine 
roundness for ~50 grains from each phi size yielded 
expected results: the grains are very angular (simulat-
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ing impact ejecta) with an average roundness score of 
just over 1.  

 

 
Fig. 2: 3D and All 2D Grain Size Comparison. The 
orange curve represents the low-res (140 µm/pixel), 
the blue is high-res (37µm/pixel), and the black curve 
represents the grain size data obtained from sieving.  
There is a noticeable drop at 0.5 phi because the 
smaller grains (0.5 to 4.0 phi) are undistiguishable due 
to the lack of clarity in the low-res photographs.  There 
is an erratic jump in frequency at 3.5 phi because the 
lack of clarity causes grain edges to be more pixelated 
causing the grains to appear larger.  The 2D results 
show the high-res data more accurately represents the 
actual grain size distribution of the sediment. 
 

 
Fig. 3: Sphericity v Grain Size.  Sphericity ranges 

from low-res (orange), high-res (blue) and 3D (black).  
The two larger circles, and larger diamond represent 
the averages for each population. 

 

Analysis of the rounding scores for 2D images 
shows that the low-resolution data spans the whole 
range of scores (1-6), while the higher resolution photo 
has a large concentration of scores ranging from 1 to 3, 
with an average of ~2.  

The inclusive graphic standard deviation [3] is a 
computation representing the degree of sorting of a 
sediment.  The high and low-resolutions, along with 
the three-dimensional results, all were in the range for 
“poorly sorted,” showing that resolution does not have 
a substantial impact on determination of sorting.   

Both resolutions of two-dimensional data show the 
same range of sphericities from about 0.6 to 0.9 with 
averages for both at about 0.75 (Figure 3). In contrast, 
the three-dimensional data, collected from grains rang-
ing from -0.5 to -3.5 phi, show a much bigger range 
(0.4-0.9) relative to the the two-dimensional data, and 
an average that is less spherical at about 0.6.  If the 
overestimation of ~0.15 is repeated in each experi-
ment, this correction factor needs to be added to the 
calculations .  

Preliminary Conclusions and Future Work: De-
termination of grain size, shape, roundness, and sorting 
are all affected by 2D perspectives.  However, sedi-
ment textures can be accurately approximated using 
images of appropriately high resolution. We plan to 
reanalyze the Cima sediment at additional resolutions 
(30 µm/pixel for MER MI; 18 and 110 µm/pixel for 
Curiosity MAHLI), and also include a basalt from Ki-
leaua.  Using these three resolutions will help us assess 
the limitations of two-dimensional photographic sedi-
ment analysis, and allow us to create a database of 
corrections that may be applied to future two-
dimensional analyses. 
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