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Introduction: Clasts (here defined as loose pebble- 
to cobble-sized rock fragments on the surface) can 
provide important clues to bedrock geology where 
bedrock outcrop is either poorly exposed or cannot be 
readily accessed. This is especially important on Mars, 
where access to primary sources of information (out-
crop, laboratory sample analysis) is highly limited. 
Because they represent fragments dislocated from their 
parent outcrop, clasts also retain a primary record of 
transport processes, weathering history, and evolution 
of sediment [1-3]. Morphologic parameters such as 
size, shape (sphericity, form), roundness, sorting 
(range and proportion of clast sizes), and clast distribu-
tion (size-frequency and distances between clasts) all 
may be quantified and used to interpret clast history. 
We conducted an analysis of morphologic characteris-
tics of surface particles at five different landing sites 
(Viking 1 and 2, Mars Pathfinder, Spirit at Columbia 
Hills, and Curiosity at Gale Crater), to identify types of 
clasts and potentially infer origin and transport history 
of discrete clast populations. 

Prior studies: Clast characteristic assessment in 
this size range is a standard analysis technique for ter-
restrial sites [e.g., 4-8], especially at sites for which the 
particle transport mechanism is not clear. Previous 
efforts to assess characteristics of martian clasts have 
focused primarily on size or size-frequency distribu-
tion, and qualitative shape and roundness. For the Vi-
king 1 and Viking 2 landing sites, quantitative charac-
teristics such as size-frequency distribution and two-
dimensional sphericity (also known as elongation 
[2,9]), and qualitative ones such as form, visually de-
termined roundness, texture, cavity characteristics and 
the presence and distribution of surrounding sediments, 
all have been analyzed to determine general clast li-
thology [10-13]. For the Mars Pathfinder (MPF) land-
ing site, studies of clast morphology included examina-
tion of general characteristics and setting (e.g., loca-
tion, size, aspect ratio and size-frequency distribution 
[14]). Surface materials were also analyzed for shape, 
texture and other associated features that might indi-
cate fluvial activity [15,16], impact [17], or eolian ac-
tivity [18,19]. Studies of clasts at the MER and MSL 
sites include rock abundance and size-frequency distri-
bution [20,21] qualitative shape and roundness [22] 
and the presence and morphology of associated fea-
tures such as hollows (circular soil-filled depressions 
with rocky rims) [20,21]. 

Data and method:  For the Viking and MPF mis-
sions, we used panoramic mosaics of each site in the 

highest resolution available. For rover missions, sur-
face mobility allows lateral changes in clast character-
istics to be assessed. The need for a systematic survey 
using a mobile platform led to the design of the first 
clast survey observation for the Mars Exploration Rov-
ers (MER). This observation consists of a single image 
acquired from each camera eye from a standard view-
ing angle (where resolution is maximized by look as 
close to nadir as the camera mechanism allows without 
being occulted by rover hardware). The survey is ac-
quired at the end of every drive nominally. The clast 
survey was also adapted for use by the Mars Science 
Laboratory (MSL) Mastcams [23]. Thus, for roving 
missions (Spirit and MSL) we utilized the clast surveys 
as our primary dataset. 

A comparative study that covers multiple landing 
sites imaged from multiple platforms requires con-
straints to avoid bias potentially introduced from dif-
ferences in instrumentation, resolution, and distance to 
the imager. We thus assessed only those clasts pebble- 
to cobble-sized, within 4 m of the imaging platform. 
Additionally, we were limited in our comparison to 
those clast characteristics that were measured for this 
clast size range for all studies.  

Comparison of clast populations: Prior studies of 
clast morphology separated out surface clasts into a 
number of different classes or types based on charac-
teristics that were specific to the locality of the mission 
in question. But clast morphology is a product of clast 
origin and environment. Since these parameters are 
different for each Mars landing site, and since they 
change laterally, direct comparison of clast types or 
classes among disparate sites is not always appropriate. 
Indeed, Garvin et al. [13] demonstrated that for Viking 
1 and 2, different morphologic characteristics were 
important discriminators at different sites. Comparing 
one local clast type to another from site to site must be 
done with great caution. However, this also implies 
that any similarities in combinations of characteristics 
seen across locations may be instructive, because they 
may indicate commonalities in clast alteration process.  

The single most common characteristic for clast 
types is angularity; nearly every clast type categorized 
in previous works [22-25] is sub-angular to very angu-
lar. This is in contrast to terrestrial clasts that often 
exhibit a range of roundnesses, even within a single 
population (e.g., [9]). Figure 1 shows qualitative 
roundness estimates for clasts at each of five Mars 
sites. The two Viking and Mars Pathfinder (MPF) 
clasts have profiles with maximum values at angular 
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clasts, while the Spirit and average MSL clasts display 
a profile that reflects a larger population of sub-
rounded rocks. Note, however, that for nearly every 
population, there are almost no rounded clasts, and the 
percentage of well-rounded clasts is zero. The excep-
tion is the population of rocks near the Link outcrop in 
Gale crater, associated with a distinctive clast type 
described by [25]. The peak of this line is shifted to-
wards the rounded end of the population. Additionally 
and uniquely, there are some well-rounded pebbles and 
cobbles in the population. 

Discussion:  While shape tends to be driven largly 
by lithology, roundness (or angularity) tends to be 
most influenced by transport process [8]. Thus, the 
differences in angularity/roundness at these sites indi-
cate that some separation of populations is possible 
based on mode of transport. For terrestrial clasts, 
roundness is commonly used as a proxy for time in 
persistent transport. This implies that the results here 
indicate transported clasts at these sites have been pri-
marily shaped by turbulent, intermittent processes such 
as mass wasting, ballistic impact, or sediment-gravity 
flows (including those involving limited water such as 
debris flows), rather than longer-acting forces such as 
sustained fluvial transport. By comparison, the class of 
rounded pebbles (a large subset of the Link clast popu-
lation but existing elsewhere in Gale crater) is likely 
associated with persistent flow; the physical associa-
tion of these pebbles in some locations with pebble-
rich sandstone or conglomerate outcrops supports this 
hypothesis. This is an important point, because the 
prior presence of outcrop could then potentially be 
inferred by the existence of a clast population with 
unique characteristics that are shared by that particular 
outcrop. In the case of Gale crater, then, the presence 
of rounded to sub-rounded pebbles could be considered 
a proxy for the previous or nearby presence of pebble-
rich sandstones or conglomerates. To test this, we are 

currently assessing the number, distribution and densi-
ty of rounded pebbles in these outcrops to compare to 
clast fields where rounded pebbles are abundant. A 
similar density may indicate in situ wear of a pebble-
rich outcrop, while a different distribution might mean 
transport of these pebbles to their present location. 
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Figure 1. Angu-
larity/roundess 
values for clasts at 
five martian land-
ing sites as a per-
centage of clasts 
(y axis). Angulari-
ty (x-axis) ranges 
from very angular 
(VA) to well-
rounded (WR). 
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