
OPTICAL MICROSCOPY OF A MARS ANALOG FROM THE 1996 SKEI∂ARÁRSANDUR 
JÖKULHLAUP.  1K. R. Kuhlman, 2J. L. Janzen, 2M. Weingarten, 3M. Christensen, 1R. A. Yingst.  1Planetary Sci-
ence Institute, 1700 East Fort Lowell Blvd., Suite 106, Tucson, AZ  85719, (kim@psi.edu), 2Univeristy of Wiscon-
sin, Department of Geology and Geophysics, 1215 W Dayton St., Madison, WI  53706; 3Oregon High School, 123 
East Grove Street, Oregon, WI  53575. 

 
Introduction:  Analysis of geologic materials at 

the microscale is a powerful strategy to maximize the 
information gleaned from limited samples, such as 
those from the Moon and Mars.  Particle shape and 
size distribution and surface textural characteristics of 
sediments are diagnostic of wind and water activity 
that is expressed in sediment transport and soil proc-
esses such as cementation, percolation and chemical 
weathering.  However, discrimination between proc-
esses that leave behind similar features requires en-
lightened comparison to well-characterized terrestrial 
analogs.  In the work described here, we focus on the 
morphological features and materials at the hand-lens 
and microscopic scales that are primarily a product of 
basaltic volcano/water or ice interaction processes.  
This sample suite was chosen because of what these 
interactions can reveal about the extent and importance 
of the past hydrologic cycle of Mars, a fundamental 
theme for the study of Mars.  Our goal is to provide a 
numerical and pictorial standard terrestrial analog of 
the microscale characteristics of particle size and shape 
distributions for use in the interpretation of martian 
geologic features. 

Mars Analog Sample Suite.  A suite of 6 samples 
samples collected at approx. 1 km intervals from the 
1996 Skei∂arársandur Jökulhlaup (a subglacially-
generated outwash flood) [1, 2] have been character-
ized for particle size, shape and surface textures using 
optical microscopy in preparation for the analysis of 
images returned from the MArs HandLens Imager 
(MAHLI) on the Mars Science Laboratory (MSL).  
This work will also allow us to define the scientific 
requirements of higher magnification microscopes for 
missions following MSL.  These requirements are 
needed if a microscope is to be designed that will be 
capable of characterizing particles smaller than about 
200 micrometers in maximum diameter [3]. This is 
important because recent results show that the percent-
age error in quantitative measurement of a particle’s 
shape using Fourier analysis of the particle’s outline 
dramatically increases when the maximum ferret 
length (maximum distance across a particle using a 
caliper) is less than 50 pixels [3]. 

For this reason, the microscopes that have flown 
or are currently being prepared for flight will provide 
only qualitative results on particle morphology for 
particles 200 micrometers in diameter and smaller as 
the maximum resolution of these instruments is 4 mi-
crons/pixel [4].  The size and shape distributions of all 
particle sizes contain a wealth of information concern-

ing the history of geological processes and climate of 
Mars [2, 5, 6].  It is important to be able to quantify 
this information objectively so that it can be compared 
with independently obtained information about the 
sediment, e.g. spectral data. 

Sieved Weight Fractions:  The tried and true 
method of sieving sediments was used for this suite of 
terrestrial analogs, but will be nearly impossible to 
implement on Mars.  Therefore, sub-hand-lens micros-
copy must be developed to analyze sediment samples 
less than 200 micrometers in diameter.  The 1996 
Skei∂arársandur Jökulhlaup samples were sieved using 
an ultrasonic sieve shaker and resulted in the wealth of 
data shown in Figure 1.  The data indicate that the 
samples collected closer to the glacier base have higher 
particles sizes than those taken several kilometers 
away. 

Microscopy of Sieved Size Fractions:  Each size 
fraction of the six samples were imaged using a stan-
dard Nikon microscope, ME600L, in bright-field 
transmission mode.  Larger particles were analyzed by 
a macroscope, an Olympus SZH in bright-field trans-
mission mode.  Small samples were dispersed on a 
microscope slide using turpentine to separate the parti-
cles and avoid clumping.  It was found that even the 
fines could be imaged at a magnification of 50X while 
obtaining at least 50 pixels per particle diameter.  Par-
ticles size fraction greater than 297 micrometers were 
analyzed at 15X in the macroscope.  Higher magnifica-
tions will likely be needed if looking for microbial life.  
Imaging of particles shows that sieving is not com-
pletely accurate in measuring size distributions.  If the 
minimum diameter of a particle is less than that of the 
sieve spacings, it will go through the sieve during ul-
trasonic sieving.  Thus, there are often larger particles 
in fractions than one would predict simply from siev-
ing.  We will present quantitative particle size, shape 
and textural analyses of this large number of sieved 
fractions.  Image analysis is performed using various 
plugins for ImageJ from the National Institutes of 
Health [7, 8]. 

Quantitative Analysis of Particle Size and Shape 
Distributions:  Principal component analysis (PCA) 
and many other multivariate analyses allow us to quan-
titively describe the different populations of particles 
in each sample.  This is especially important in sam-
ples of mixed provenance and transport.  We can char-
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acterize the contribution of various lithological prove-
nances and transport modes to our terrestrial analogs.   
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Figure 1. Sieved weight fraction of the six samples collected from the 1996 Skei∂arársandur Jökulhlaup. 
 

 
 

Figure 2. Example particle shapes from the 250 micrometer size fraction of sample SS-1-03. 
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