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Introduction: The big questions about boulders at 

Mars Lander sites are:  What are their lithologies?  
What transport processes moved them to their present 
location? How have the boulders subsequently been 
modified in situ? There has been much interest in how 
boulder morphology might be used to infer process 
regime histories, and thus contribute to understanding 
the forces that have shaped Martian geomorphology. 
Boulder morphologies are produced by rock break-
down, i.e. the action of a range of weathering, erosive 
and crusting processes, acting upon varied initial clast 
shapes and lithologies which have been transported 
and altered by a range of processes. Previous studies 
on Mars have proposed that aeolian abrasion [1, 2], 
rock coating formation [3] and a range of weathering 
processes [4, 5] may be operating now, or have oper-
ated in the past to produce the observed morphologies. 
Such studies are hampered by the difficulty of provid-
ing objective descriptions of boulder breakdown mor-
phologies, and by the problem of clearly linking indi-
vidual process to form. This paper addresses these 
problems.  Firstly, we discuss how recent conceptual 
improvements in understanding rock breakdown on 
Earth might be applied to interpreting boulder mor-
phologies on Mars.  Secondly we consider how facet 
mapping methods, used successfully in the Northern 
Atacama Desert [6], might aid objective description 
and quantification of Mars boulder morphologies.  

Rock breakdown concepts:  If morphology is to 
be used as a reliable, unambiguous indicator of break-
down processes we need to establish a credible and 
clear-cut link between a diagnostic morphology and 
one set of breakdown processes.  Despite many years 
of study of terrestrial breakdown morphologies and 
their causal processes  there are many features that 
cannot fully be explained [7].  In many cases, such as 
tafoni, several alternative hypotheses have been pro-
posed.  Some apparently similar features, such as pit-
ting, may be produced by a wide range of breakdown 
processes or may be a lithological effect.  To aid inter-
pretation of breakdown features on Mars, further work 
needs to be done on (a) producing conceptual models 
of how specific analogue features are produced on 
Earth and (b) experimental or numerical modeling 
studies to show that similar processes would produce 
similar morphological responses on Mars. Only once 
these steps have been taken can we be confident that 

observations of Martian boulder morphologies really 
help interpret lithology, transport processes and in situ 
modification. 

The facet mapping technique:  Facet mapping is 
a new field technique [6] that allows us to quantify the 
morphology of boulders at a range of scales (m – mm).  
It enables an assessment of both intra- and inter-clast 
variations in morphology, from which inferences can 
be made about the nature of breakdown.  The tech-
nique is hierarchical, providing firstly information on 
the overall boulder size and shape, secondly on boul-
der morphology by dividing it up into recognizable 
facets, and thirdly at the scale of individual breakdown 
features within facets.  Table 1 illustrates the approach.   

Table 1:  Facet mapping measurements 
a) Boulder measurements 

Variable Measurement 
Boulder # Identification 
Lithology Visual inspection 
Position Submerged within surface or exposed on surface 
Roundness  Powers roundness scale 
# of facets Count number of facets 
Orientation Measure long axis orientation 
A axis Measure length of long axis 
B axis Measure length of intermediate axis 
C axis Measure length of short axis 
    b)    Facet measurements 
Variable Measurement 
Facet # Identification 
A axis Max length of facet (orthogonal to max. width) 
B axis Max width of facet (orthogonal to max length) 
Dip Slope angle relative to sediment surface 
Features pre-
sent 

Identify presence or absence (or % cover) of 
listed breakdown features 

   c) Breakdown features (phenomenological classification) 
Type Name 
Material loss Hollowing, Selective mineral loss 

Complex longitudinal depression 
Pitting, Grooving, Smoothing 
Polishing 

Material detachment Spalling 
Granular disintegration 

Cracking Splitting 
Fissures 

Deposition Efflorescence 
Colouration 
Silting 

 
Facet mapping in the northern Atacama Desert 
Methods: A pilot study of the facet mapping tech-

nique has been carried out in the northern Atacama 
Desert [6]. Variables measured within the facet map-
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ping survey are shown in table 1.  Individual rock 
breakdown features were classified according to both 
phenomenological and genetic schemes and, for this 
study, only presence or absence of features was noted.  
Five field sites were studied in a 100 km transect 
across the northern Atacama Desert in Chile (inland of 
Iquique 20.13°S, 70.10°W) from the Littoral Plain to 
the Pre-Andean Cordillera.  This is an hyperarid envi-
ronment where extreme climatic variables operate. 
Samples sites are from a range of geomorphic envi-
ronments (including paleolacustrine and paleo-fluvial) 
and rock lithologies are predominantly igneous. Each 
site was characterized by a boulder-strewn, shallowly 
dipping surface (Fig. 1).  
 

Figure 1:  Boulder strewn landscape, Atacama Desert 

 
 
 Boulder lithologies at the five sites included ande-

site, rhyolite, and granite.  At each site 30 boulders 
were studied using the facet mapping technique, focus-
ing on those > 10 cm and < 50 cm in max. dimension.   

Results: The total dataset of 150 boulders com-
prised of 384 facets provides a vast range of data 
which can be used to investigate lithological and proc-
ess control on boulder morphology[6]. Selected data 
are presented here to illustrate the data obtained from 
all three levels of the hierarachy.  
Figure 2: Boulder orientations, sites 2-5 

 
Figure 2 shows the orientation of the boul-

ders’ A axis for all sites except site 1, where there was 
no discernable orientation due to the nature of the 
boulders.  Table 2 illustrates the number of facets per 
boulder at each site, showing a clear difference be-
tween site 1 and the other four sites.  Table 3 shows 

the breakdown features observed at each site – classi-
fied by assumed genesis.  Clear differences emerge 
between the five sites, with site 1 dominated by weath-
ering-induced features, and site 4 dominated by ae-
olian features. 
 
Table 2:  Number of facets per boulder 
# facets Site 1 Site 2 Site 3 Site 4 Site 5 
1 30 1 0 11 7 
2 0 6 6 8 10 
3 0 10 11 4 6 
4 0 9 8 4 4 
5 0 3 4 3 3 
6 0 0 1 0 0 
7 0 1 0 0 0 
 
Table 3:  Number of boulders at each site showing different 
types of breakdown features 
 Site 1 Site 2 Site 3 Site 4 Site 5 
Weathering 30 24 22 5 14 
Wind 0 13 21 30 28 
Other 9 19 30 2 1 
 

Discussion and conclusions: The facet mapping 
technique provides an improved, objective description 
of boulder morphologies on Earth.  Currently, the 
technique is being developed further to utilize laser 
scanning and photographic techniques as well as man-
ual observations and measurements to permit easier 
quantification.  In order to make the facet mapping 
technique relevant to Mars we propose to carry out 
further surveys at terrestrial Mars-analogue sites and 
compare the data obtained with lander-type imagery 
taken at the same site. The results presented here illus-
trate how the facet mapping technique provides a vast 
range of  data which can be used to compare boulder 
morphologies in a systematic fashion.  Allied with 
improved conceptual models of how individual fea-
tures are generated by different breakdown processes, 
it should be a powerful tool to aid interpretation of 
breakdown morphologies in Mars analogue environ-
ments and thus help answer fundamental questions 
about the sculpting of Martian boulders. 
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