
Figure 1: Maps of Region B. (A)  Parker hazard map: 99% of boulder fields are in green 
unit. (B) Seelos geomorphology map: 95% of fields are in blue unit. 
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Introduction: The hazard posed to the 2007 
Phoenix Mars Lander by boulders visible in high-
resolution Mars Orbiter Camera (MOC) images was 
estimated in a previous study [1]. The examined MOC 
images covered terrain in three candidate regions for 
eventual landing site placement, designated Regions A, 
B and C [2]. In that study, 799 fields of boulders were 
identified in 82 MOC images of Region B, but those 
MOC images only covered 2% of the total area in that 
region. This study was undertaken to identify 
correlations between boulder field occurrence and local 
geomorphology, as well as to characterize general 
boulder field appearance in 18-36 m/pixel visible-
wavelength THEMIS images. A hypothesis about the 
link between boulder fields and local geomorphology 
was tested to help predict expected locations of boulder 
fields throughout the region, and to gain knowledge 
about the boulder fields’ genesis. Additionally, Visible 
THEMIS images cover nearly all of Region B, so 
knowledge of boulder field appearance in THEMIS 
images allows relative boulder density to be estimated 
locally throughout the region. Of Regions A, B and C, 
this study focused on Region B because it was the 
highest-priority region, and has since been selected by 
the Phoenix Project as the only region still under 
consideration [2]. 

Hypothesis: We tested the hypothesis that 
degradation of impact crater ejecta blankets could lead 
to boulder field occurrence. In this hypothesis, an 
impact crater creates an ejecta blanket surrounding the 
crater composed of ejected particles and rocks of all 
grain sizes, but over time aeolian deflation removes 
fines to leave larger grains of cobble to boulder size 
exposed as a lag at the surface, resulting in a pedestal 
crater surrounded by a field of 
boulders [3]. Boulder fields could be 
expected around older craters with 
forms approaching pedestals 
because those surfaces would be old 
enough for wind erosion to have 
removed fine particles surrounding 
the boulders. In contrast,  newer 
ejecta blankets around fresh craters 
would be expected to have surfaces 
with fewer exposed boulders (and 
would not have the pedestal 
morphology).  

Methods: Geographically placed 
MOC and visible THEMIS images 
of Region B were overlaid with a 
map of hazard units (for locating landing ellipses) by 
Parker [4] and a geomorphology map by Seelos [5]. 
Parker placed all visible fresh ejecta blanket in the 

yellow, orange or red hazard units, so ejecta blankets in 
the green hazard unit were considered degraded ejecta. 
Seelos specifically mapped fresh ejecta blanket as the 
“crater ejecta” geomorphology unit, so crater ejecta 
found outside that unit was considered degraded. Each 
boulder field located in the MOC images was 
compared with the coincident hazard unit and 
geomorphology unit. The field was categorized as 
fresh-ejecta-related if it surrounded a crater and was 
found in the crater ejecta geomorphology unit and a 
yellow or higher hazard unit. If the field was around a 
crater but not in those map units, then it was 
categorized as degraded-crater-related. The site of each 
boulder field was also examined in THEMIS images to 
make a judgment about the level of local ejecta 
degradation, in order to verify the map-based 
categorizations. 

Results: 719 boulder fields observed in MOC 
images were locatable with respect to the hazard map, 
geomorphology and THEMIS data sets. Of those, 1 
was located on mapped fresh ejecta blanket. Therefore 
99.9% of identified boulder fields were outside fresh 
ejecta area. In other words, around degraded pedestal 
craters there were several hundred boulder fields, and 
around fresh craters there was only one. Five MOC 
images exhibited both boulder fields and fresh ejecta 
area without any overlap between them. Two MOC 
images contained extensive fresh ejecta and no boulder 
fields at all. Additionally, 714 of the 719 boulder 
fields, or 99.3%, were found in Parker’s green hazard 
unit (Fig. 1A). 680 of 719 fields, 95%, showed up in 
the blue polygonal plains geomorphology unit (Fig. 
1B). 

Discussion. The hypothesis of boulder fields 
occurring around degraded pedestal craters, instead of 
craters with fresh recent ejecta, was supported. Over 
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95% of boulders with >3 m diameters [1] can be 
expected to be found in the polygonal plains of the 
green hazard unit, frequently surrounding degraded 
pedestal craters. 

THEMIS Appearance: Within these map units 
where boulder fields are expected, it would be useful to 
be able to estimate the density of boulders throughout 
the entire region, rather than merely within areas with 
MOC coverage. One way to do this is to characterize 
boulder field appearance in  THEMIS images, which 
cover more of the region. Boulder fields were 
identified in MOC images as crater forms or patches of 
relatively dark pixel-sized points, so they were 
expected to show up in THEMIS as crater forms or 
patches that were relatively darker than the surrounding 
terrain. 

Comparison of MOC and THEMIS.  It was found 
that 86.8% of boulder fields identified in MOC images 
of Region B showed up in THEMIS images as a 
circular crater form or an anomalously dark spot. The 
other 13% of fields blended into the background at the 
lower THEMIS resolution. 52% of those fields were 
around craters, and 48% were around dark spots. 
Additionally, 84.5% of craters and dark spots observed 
in THEMIS images where MOC data also existed were 
found to correspond with boulder fields identified in 
MOC images. The other 15% of those craters and dark 
spots were judged in the original examination of MOC 
images to lack boulders, and often they represented 
fresher, less-degraded craters. From these statistics it 
can be concluded that about 85%, of craters and 
anomalously dark spots in the green hazard unit can be 
expected to be the sites of boulder fields. 

Relative darkness vs. Cumulative Fractional Area. 
This study considered the question of whether relative 
darkness of boulder fields in THEMIS reflected 
relative boulder density as estimated in MOC images. 
MOC-identified boulder fields had been color-coded 
by their cumulative fractional area  (CFA) of boulders 
of visible size and larger. Green represented the lowest 
CFAs, yellow and orange were intermediate, and the 
highest-CFA boulder fields were designated red [1]. 

Data and results. THEMIS boulder fields were 
categorized as “light”, “medium” and “dark” relative to 
the albedo of their surroundings. That classification 
scheme was somewhat subjective, but the same 
reviewer evaluated the boulder fields from one MOC 
image at two different times and the results were 
identical, so some reproducibility was inferred.  It must 
also be noted that the levels in the THEMIS images 
were not stretched evenly, so this evaluation is only a 
rough estimate. The percentage of each color-coded 
CFA unit that showed up as a light crater, light spot, 
medium crater, etc. was calculated and tabulated in 
Table 1. If a strong relationship existed, a high 
proportion of green fields would show up as light 
craters and spots, a similarly high percentage of red 
fields would be dark, and there would be a line of high 
percentages along the diagonal between them. In 
actuality, the percentages changed little across the 
range of CFAs; medium craters constituted 19-22% of 
the boulder fields regardless of their CFA. Hence no 
significant relationship between THEMIS darkness of a 
boulder field and its CFA could be identified, except 
that red fields showed up unusually frequently as dark 
spots and craters, so there may be some correlation 
only with the darkest fields. 

Conclusions for hazard estimation: Boulder 
fields are found almost exclusively in the polygonal 
plains of the green hazard unit. Crater forms and 
anomalously dark spots in visible THEMIS can, to first 
order, be expected to have 1-2% CFA of hazardous 
boulders. Broader light/dark coloration of polygonal 
erosion-sculpted terrain is not indicative of the 
presence of boulders. Dark spots that are boulder fields 
are smaller than the polygons (typically a few 100 
meters across), they are irregularly shaped, and they 
are much darker compared to their surrounding terrain 
than any topographic effect or patterned ground. 
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THEMIS 
appearance Green Yellow Orange Red 

Light crater 14% 14% 8% 10% 
Light spot 14 20 18 9 

Med. crater 21 22 21 19 
Med. spot 18 15 16 12 

Dark crater 7 8 14 28 
Dark spot 8 8 12 16 

Figure 2: Boulder field in MOC (left) and its degraded 
pedestal crater form in THEMIS (right) 

Table 1: Frequency of THEMIS darkness levels within each 
color-coded CFA bracket 
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