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Introduction:  The size and number of rocks were 

measured at more than 30 locations in Gusev crater 
and on four apparently different geomorphic surfaces 
(Fig. 1) across the Gusev plains and Husband Hill [1-
8]. Counts were completed using images collected 
along more than 4 km of the traverse covered by the 
Spirit Mars Exploration Rover [9-14].  

Rock size distributions were derived using Pancam 
images collected at the end of rover drives. A majority 
of the images were taken looking towards the 
southeast, covered an azimuth range (or wedge) of 20 
to 40 degrees, and generally provided a view of the 
surface at distances between 8 and 20 meters from the 
rover (Table 1). Corresponding areas covered by the 
rock counts were typically 80 to 100 square meters and 
all visible rocks with a long axis greater than 15 cm 
were included (Table 1). Individual rocks and 
complete rock counts that were measured multiple 
times by more than one person produced comparable 
results, providing confidence in the methods employed 
and the validity and reproducibility of the results. 

 

Geomorphic 
Surface 

Total 
Sols 

Number of 
Rocks 

Measured 
(>15cm) 

Rocks  
per m2 

Number of 
Counts in Each 
Azimuth Range

Crater Rims 10 407 0.41 
0-90º: 3 

90-180º: 3 
270-360º: 4 

Plains 12 551 0.33 
0-90º: 2 

90-180º: 7 
270-360º: 5 

Crater Ejecta 5 141 0.18 
0-90º: 1 

90-180º:4 
270-360º:1 

Husband Hills 6 228 0.32 0-90º:2 
90-180º:4 

Table 1. Summary data for rock counts color coded to 
locations shown in Figure 1. 

Rock Size Frequency Distributions:  Individual 
rock counts were grouped based on whether they were 
located on deposits or relief associated with one of the 
many small impact structures (e.g. crater rims or crater 
ejecta), the plains, or Husband Hill in the Columbia 
Hills (Table 1, Fig. 1). The size frequency distribution 
of rocks on crater rims, ejecta, and plains are fairly 
similar and the results for individual counts are largely 
independent of proximity to most craters larger than 
100 m in diameter (Fig. 2). In general, the distribution 
of rocks on these four geomorphic surfaces show an 
exponential increase in number with decreasing size 
(Fig. 2), a relationship that is similar to the distribution 
commonly associated with multiple fragmentation 
processes related to impact cratering [14, 15]. The size 
distribution of rocks on Husband Hill is similar to the 
other three surfaces at diameters less than ~50 cm, but 
has relatively more rocks at larger diameters (Fig. 2).  
 

 
 
Figure 2. Area normalized rock size-frequency 
distribution on different geomorphic surfaces in 
Gusev.

 
Figure 1. Spirit rover traverse on the floor of Gusev crater and location of all rock counts used in the study and 
colored coded (see Table 1) by geomorphic surface. The locations of counts on Husband Hill are approximated. 
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Results of Rock Counts:  The cumulative and 
sol-averaged data from counts on all four surfaces are 
comparable (Figs. 3 and 4), implying that individual 
counts from the various surfaces are representative of 
the total population.  The average long axis of the 
rocks on all surfaces is 20-30 cm and associated 
standard deviations is generally between 5-15 cm 
(Figs. 3 and 4). The average number of rocks per 
square meter varies from 0.20 on the crater ejecta to 
0.30-0.35 on the plains to roughly 0.4 on Husband 
Hill and for counts made along more exposed, 
pristine crater rims (e.g., around Bonneville crater 
[10, 14]). Largest rocks (both individual and sol-
averaged) show the greatest variation and increased 
from approximately 60 cm on ejecta to 80 cm on the 
plains to nearly 200 cm along crater rims and on 
Husband Hill (Fig. 3). As might be expected, sol 
averaged largest fragments are smaller but follow a 
similar trend.  

On all four surfaces, an increase in average rock 
size is accompanied by an increase in standard 
deviation, suggesting that the presence of larger 
rocks is not accompanied by a paucity of smaller 
ones. A relationship may also exist between 
increasing size of the largest rock present and an 
increasing number of rocks per square meter.  

 
Figure 3. Summary of cumulative rock counts from 
varying geomorphic surfaces in Gusev crater. 
 

 
Figure 4. Summary of sol-averaged data from 
varying geomorphic surfaces in Gusev crater. 

Discussion:  Broad similarities in the distribution 
of rocks on surfaces comprising the Gusev plains 
reflect the dominant role of impact fragmentation in 
modifying the basaltic surface [10, 14], resulting in 
little difference from crater rims to the plains. 
Similarities between individual counts on all surfaces 
suggest that the local look direction of the images 
used to make the counts does not strongly influence 
the results. Rather, differences that do exist between 
the various surfaces examined are probably related to 
the redistribution (both mantling and stripping) of 
only 10's of cm of eolian drift that buries or exposes 
rocks, causing partially buried crater rims and ejecta 
to look very similar to locally stripped plains.  

On more elevated and exposed relief, such as 
along the rim of Bonneville crater, more numerous 
and large rocks remain visible. By contrast, counts 
made on crater ejecta show the fewest and smallest 
rocks, perhaps because local relief preferentially 
traps drift. On Husband Hill, larger rocks and greater 
standard deviations could reflect continued exposure 
of bedrock in some locations and accumulation of 
drift and impact debris in topographic alcoves and 
mostly low relief surfaces. Such a conclusion is 
consistent with the rock distributions that are similar 
to the Gusev plains at smaller sizes, but may be 
unique at sizes greater than 50 cm.  Hence, the 
overall morphology of the hill likely reflects initial 
formation process more than subsequent shaping by 
small impacts or gradation by alternate processes 
since the Hesperian.  
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