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Introduction:  Basalt boulders on both Earth and 

Mars are shaped by a range of forces.  Structural and 
lithological characteristics are acted upon by aeolian, 
fluvial and other process regimes to produce a palimp-
sest of features.  In order to be able to diagnose proc-
ess histories from features observed on boulders it is 
important to know which features (or groups of fea-
tures) are diagnostic of individual process regimes and 
how persistent such features are under subsequent 
process regimes.  A first step, as reported in a compan-
ion paper [1], is to produce atlases of features pro-
duced by different process regimes. Following this, 
techniques such as facet mapping [2] can be used to 
quantify the presence of various features, either using 
field survey or imaging. Alternatively, where digital 
imagery is available, methods such as fractal analysis 
[3] can be used to quantify surface roughness to see 
whether fundamental differences in surface topogra-
phy can be associated with different process regimes. 
In this paper we present an application of facet map-
ping and fractal analysis techniques to 1) basalt boul-
ders studied in the field at Ephrata Fan, Washington 
State, U.S.A. and 2) recorded via imaging by the Spirit 
Rover at Gusev Crater. At Ephrata Fan, a classic Mars-
analog site, we aimed to determine how intensively 
structurally-controlled and fluvially-created features 
had been affected by subsequent breakdown processes.  
At Gusev Crater we aimed to find whether there was 
any evidence of fluvially-created features remaining 
on boulders at a site where fluvial processes have been 
hypothesized as occurring in the past.  

Methodology:  Facet mapping is a simple tech-
nique, originally designed for field recording, which 
allows quantification of the morphology of boulders at 
a range of scales (mm to m).  The technique is hierar-
chical, providing information on overall boulder size 
and shape, on morphology in terms of the number and 
nature of recognizable facets, and finally on the pres-
ence of individual breakdown features within facets.  
The technique is explained in more detail in [2].  Frac-
tal analysis is a powerful tool for investigating scale 
differences in topography.  Profile data are analyzed 
using different step lengths to produce variograms, 
from which Hurst exponents and break points can be 
identified. Unfortunately, variograms can be highly 
influenced by the length of the profiles analyzed, with 

short profiles over rough surfaces producing  unrepre-
sentative results.   

Ephrata Fan studies: The Channelled Scablands 
was carved by multiple catastrophic releases of water 
from late-glacial lake Missoula. The last major flood 
episode occurred between 17 and 12 ka BP [4]. Facet 
mapping studies of the number and type of breakdown 
features present on boulders both on the fan surface 
and exhumed from the body of the fan have been car-
ried out.  Observations were made both in the field 
using the methodology described in [2] and from im-
ages collected in the field to mimic that obtained by 
Pancam cameras on the Mars Rovers. Schmidt hammer 
data on rock hardness were also collected. Selected 
boulders were scanned using 3D laser scanning and 
transects extracted for fractal analysis. (Fig.1) 

The facet mapping exercise illustrated clearly that 
the boulders on Ephrata Fan surfaces had undergone 
only minor weathering and aeolian polishing since 
fluvial transport and deposition, with breakdown fo-
cused on areas already weakened by fluvial processes.  
The imprint of lithology was also clear, with basalt 
entablature boulders being generally of greater size 
and complexity, and they had a higher numbers of 
fractures in comparison with basalt colonnade boul-
ders.  Boulders exhumed from the fan material by 
quarrying had significantly fewer post-fluvial break-
down features than those from the fan surface, and had 
higher Schmidt Hammer ‘r’ values (implying harder 
surfaces). Fractal analysis of a series of profiles from 
Ephrata boulders showed similar Hurst exponents, 
despite their different overall visual appearances. As 
an example, the transect in figure 1 on a rounded, 
highly vesicular surface showed a Hurst exponent of 
0.81, a breakpoint in the variogram at 0.56 cm, with 
the finest step size resolution attainable of 0.00613 cm.  
The breakpoint probably reflects the characteristic size 
of vesicles in this sample. Other samples analyzed, 
however, indicated similar breakpoints in the absence 
of vesicles, as a result of similar sized percussion 
marks.  

At Ephrata Fan facet mapping has illustrated the 
persistence over several thousands of years of fluvial-
transport derived features.  Fractal analysis has indi-
cated the difficulty of using roughness scaling charac-
teristics as diagnostic of different process regimes with 
differing degrees of structural control. 
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Figure 1: 3D laser scanned model of boulder from 
Ephrata Fan, with red line showing location of transect 
for fractal analysis 

Gusev Crater studies:  Gusev Crater is a flat-
floored crater of Noachian age, 160 km in diameter.  
Its southern rim is breached by Ma’adim Valles, one of 
the largest branching valley networks on Mars [5]. 
Dark, fine-grained, often vesicular basalt boulders are 
found in profusion around the Spirit landing site.  It 
has been hypothesized that Gusev once contained a 
lake, and that boulders there may have been fluvially 
transported, and affected by impact and aeolian proc-
esses more recently [5]. We have applied both facet 
mapping and fractal analysis techniques to a sample of 
60 boulders from Spirit imagery of the Bonneville cra-
ter ejecta and the inter-crater plains.   

Facet mapping found only a small number of 
breakdown features to be present on boulders both on 
inter-crater plains and Bonneville crater ejecta, with 
six types (smoothing, pitting, fissuring, undercutting, 
curvilinear facets and straight razor sharp facet edges) 
making up 81% of all the breakdown features ob-
served.  Smoothing and pitting were the most common 
features observed.  In genetic terms, aeolian features 
were by far the most common, accounting for ~ 65% 
of the features on the inter-crater plains and around 
half those on the crater ejecta.  Distinctive fluvial fea-
tures were absent in both environments.  Importantly, 
the facet mapping exercise confirmed that multiple 
processes and controls appear to have shaped the 
boulder surfaces.  Clear evidence has been found, for 
example, of structural control on subsequent aeolian 
feature development. A hierarchy of feature persis-
tence can be recognized from the facet mapping obser-
vations, with structural features being the most persis-
tent, followed by aeolian and finally ejecta features.  
Such a hierarchy reflects the length and intensity of the 
process regimes that produced each type of feature.   

Fractal analysis on Gusev Crater boulder profiles 
proved difficult. Firstly, the minimum step size resolu-
tion for boulders in Gusev Crater was at least an order 
of magnitude lower than those from Ephrata Fan, be-
cause of the different data sources.  Secondly, it was 
difficult to obtain long enough profiles to allow Hurst 
exponents and break points in the roughness character-
istics to be identified. The fractal analysis found 
roughness behavior to be far more variable on the 

Gusev Crater boulders than on those from Ephrata 
Fan, with different profiles often exhibiting totally 
different scaling behavior. Two profiles from the boul-
der named ‘Sushi’ on facets with elongated pits 
showed relatively consistent trends. They had Hurst 
exponents of 0.56 and 0.52 respectively, and break 
points at 1.3 and 1.9 cm (see figure 2 for example).  
These break points probably reflect the characteristic 
size of the asymmetrical pits observed on the surface.   
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Figure 2:  Detrended variogram from Sushi.  Ver-

tical axis = RMS deviation, horizontal axis = step size 
in cm. 

Discussion and conclusions:  Facet mapping ob-
servations at Ephrata Fan bear witness to the poten-
tially high persistence of fluvially-created features on 
basalt boulders on Earth.  The absence of any such 
features at Gusev Crater may imply that fluvial proc-
esses have not affected the boulders there, although the 
vast timespans under different subsequent process re-
gimes under Martian conditions may have erased them.  
Facet mapping provides a simple method of collecting 
structured, quantitative data which can be adapted rela-
tively easily from a field technique to one based on 
imaging.  Thus, it is a powerful technique for collect-
ing data from Mars images.  Fractal analysis has the 
potential to provide novel insights into rock break-
down by quantifying surface roughness at different 
scales, but there remain problems in collecting suitable 
profiles for analysis and in relating the results to 
breakdown regimes.  Further research is in progress to 
refine techniques and improve our understanding of 
what boulder morphology on Mars tells us about past 
process regimes. 
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