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Summary:  While both near- and distant-

secondary crater diameters on Europa exhibit steep 
size-distributions (where steep typically is values b < -
4 in the differential size distribution dN =kDb dD, with 
dN the number of craters in diameter range dD), a 
small data set of adjacent secondaries suggests they 
have steeper size-distributions than their distant cous-
ins.  Secondaries around Pwyll (a recent ~25 km cra-
ter) have b = -6.5 ± 0.9, while secondaries around Tyre 
(a ~44 km crater) have b = -6.2 ± 1.0.  This is in con-
trast to the weighted average of clustered craters 
(known to be distant secondary craters, seen in areas 
far from primary craters) that have b = -4.5 ± 0.2.  The 
difference in size-distributions is consistent with the 
two populations forming via different ejection mecha-
nisms; e.g. the early-stage, very-high energy spallation 
process [1] for distant secondaries vs. the late-stage, 
lower-energy bulk excavation flow for the adjacent 
secondaries [2]. 

Any differences in late-stage ejecta between Tyre 
and Pwyll – resulting from their different penetration 
depths into the icy crust – are at sizes below the com-
pleteness limit of the available image data. 

Introduction:  Although still under-abundant rela-
tive to Mars and the Moon, Europa has many more 
small craters than expected from the paucity of large 
craters seen in low-resolution Voyager and early-
Galileo views.  Various spatial and clustering analyses, 
along with examining size-distribution similarities 
between clustered and random populations, demon-
strated that most of Europa’s small craters, > 95%, are 
secondary craters [3].  Because there are so few large 
craters on Europa, the processes that generate ejecta 
that form secondary craters must be incredibly effi-
cient. 

Distant secondaries.  Melosh [1] developed a spal-
lation model to describe the means by which primary 
impacts generate a population of high-velocity ejecta, 
some of which exceed escape velocity of the target 
object (thus explaining why we have martian and lunar 
meteorites on Earth).  These fragments come from 
close to the impact point and likely the most energetic 
competent ejecta.  A large primary can form a global 
network of secondaries. 

Adjacent secondaries.  Rims and continuous ejecta 
blankets are the lowest velocity ejecta from a primary 
crater.  The continuous ejecta blanket transitions to 
adjacent secondary craters.  The material that forms 
adjacent secondaries is ejected from the crater as a part 
of the bulk excavation flow. 

Because the generation of distant and adjacent sec-
ondary craters are different processes, one would ex-
pect their respective size-distributions to differ. 

Data:     
Pwyll. There are several mosaics of increasing 

resolution for Pwyll.  The two with sufficient resolu-
tion to identify secondaries are the E06CRATER01 
mosaic (top image, scale is about 280 m/pix) and the 
E06CRATER02 mosaic (bottom image, scale is about 
54 m/pix).  The white box in the upper image is the 
location of the lower image. 

The lower-resolution E06CRATER01 mosaic cov-
ers a larger surface area than E06CRATER02, and 
thus has more robust statistics; however, the higher-
resolution E06CRATER02 enables identification of 
much smaller craters. 

 

 
Figure 1: The upper image is E06CRATER01, the 

lower image is E06CRATER02.  North is up in both. 
 
Tyre.  The E14TYREHR01 mosaic, about 172 

m/pix scale, includes the entire Tyre impact structure 
and part of the extensive surrounding secondary crater 
field.  The mosaic is comprised of nine images; the 
gores in the mosaic are data gaps in the original im-
ages.  The mosaic contains the adjacent secondary 
crater population to a distance of several Tyre radii.  
Higher resolution images of Tyre do not exist, so the 
smallest visible secondaries are around 1 km diameter. 
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Figure 2: E14TYREHR01 mosaic.  North is up. 

 
 

 
Figure 3: Size-distributions for adjacent seconda-

ries around Pwyll and Tyre. 
 
Discussion:  There are two notable features within 

the data.  (1)  The data from E06CRATER02 demon-
strate a peaked size distribution; the roll-over is well 
above the completeness limit and thus not due to in-
completeness.  Indeed, these steep slopes cannot con-
tinue to arbitrarily small diameters as the required 

ejected mass would quickly exceed the total ejected 
mass of the primary.  This demonstrates that seconda-
ries have steep slopes over a finite diameter range for a 
given region.  (2)  The slopes for these data are very 
steep; for Pwyll b = -6.5 ± 0.9, while for Tyre b = -6.2 
± 1.0.  These are steeper than the measured size-
distributions for distant secondary craters, whose 
weighted mean is b = -4.5 ± 0.2.  This is somewhat 
surprising given that the distant secondaries experience 
much higher pressures and energies, and thus might be 
expected to exhibit more extensive fracturing.  This is 
a characteristic worth further investigation. 

Variation in adjacent ejecta.  Excavation depth is 
related to the size of the primary crater; the larger the 
crater the deeper the max excavation depth.  Tyre and 
Pwyll display very different morphologies [4] due to 
their different penetration depths and the possibility 
that the Tyre impact penetrated to a water layer under-
neath Europa’s icy shell [5].  If Tyre’s late-stage ejecta 
(i.e. the material that generated the adjacent seconda-
ries) included more liquid material than the late-stage 
Pwyll  ejecta, one might expect differences in the sec-
ondaries around those primaries.  These data do not 
demonstrate significant differences, indicating that 
differences, if any, appear at scales smaller than the 
resolution of the available images.  
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