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Introduction: Over the past decade 200-300 ex-
tremely "fresh" (years-to-decades old), impact sites of
small (2-200m) craters and clusters have been identi-
fied on Mars [e.g. 1,2]. At least 248 of these have been
imaged and confirmed using the capabilities of the
HiRise camera aboard Mars Reconaisance Orbiter [3].
These present a unique opportunity to study the proper-
ties of naturally-formed simple impact craters virtually
as they were formed. I recently attempted to apply a
new shadow measurement method I have developed
[4,5] in order to test that method, as well as estimate
the shapes and dimensions of some of these craters, the
very youngest that we know of. Herein I present the
results of that attempt.

Methods: The new shadow measurement tech-
nique uses the shape of the shadowfront cast within a
crater to find an approximating conic section for the
crater's cross-sectional shape (Fig.1) [4,5]. This meth-
od yields the crater's shape in the form of depth, d, dia-
meter, D, and the eccentricity of an approximating con-
ic section, e. Like any method, it has its limits and pro-
visos; exploring these was a major purpose of this
work.

Very high resolution (~0.25m/pix) HiRise imagery
of the new impact sites was obtained from the HiRise
website at http://www.uahirise.org, and the images and
craters evaluated for suitability for use with the shadow
method. Suitable ones were measured using a computer
implementation of the shadow method detailed in [5]
(Fig.2). Several trials such as Fig.2 were run for each
crater and the results averaged and are collected in
Table 1, along with standard deviations were calcu-
lated for shape parameters d/D (the standard depth-to-
diameter ratio) and the eccentricity e.

Measurements: Close examination of each of the
248 images revealed only four craters in two images,
all members of clusters, amenable to shadow measure-
ment (Fig.3). For the vast majority, (1) the sun was too
high to cast a usable shadow (even though these craters
appear to be exceptionally deep), (2) at the image's
scale the crater was too small for measurement (< 14
pix or 3.5 m across), (3) the look-angle was too ob-
lique, and/or (4) the craters were misshapen due to af-
fects of target property inhomogeneities (e.g. variabil-
ity in material competence, such as rock vs. regolith or
dust). All of these illustrate, and help define, known
limitations to the new method, here particularly in re-
gard to image resolution (Figs.l and 2). Only these
four craters met all of these criteria:

crater 1 crater 2 crater 3 crater 4
D (m) 4.15 +0.09 3.73+0.04 3.660.11 3.20+0.02
d (m) 1.39 +0.08 1.41 £0.05 1.25+0.07 0.98 +0.05
d/D 0.34 +0.02 0.38 +(10.01 0.34 +0.01 0.31+0.01
e 0.38+010.17 | 0.84+10.09 | 0.90+00.10 0.80 +110.10

Table 1 - Shapes and dimensions of the four craters
measured herein.

Results: Personal observations of simple crater
shapes and shadows on several bodies indicate that
most are not in fact parabolic, but hyperbolic in shape
(see Fig.1) [5]. While these four craters do not consti-
tute a statistically significant sample, their d/D and e
values at least show that all are exceptionally deep
(compared to the commonly accepted d/D of ~0.2), and
are elliptical in shape, not hyperbolic or parabolic
(Table 1, Fig. 1). Thus they are considerably more
"bowl-shaped" than most craters. There is also no evid-
ence of flat bottoms in any of the four. These results
are not unexpected, since modification processes tend
to shallow and alter older craters shapes in this direc-
tion.

Interestingly, several of the craters in Fig.3a clearly
have flat bottoms, unusual features in such fresh, small
craters. These craters vary in diameter from 4.8m to
13.2m, but their shadows indicate they are all 1.2-2m
deep. Accounting for rim height, this strongly suggests
that this surface is underlain by a much more compet-
ent substrate some 1-2m below the surface, and that the
smaller craters measured above penetrate to, or near to,
this layer.

A look at Table 1 also shows that, while diameter,
depth, and their ratio d/D, can be repeatably obtained
even for craters down to only 10-12 pixels across, the
eccentricity, e, becomes highly sensitive to random er-
ror in the measurements required to define the crater
rim and the shadowfront. Though these results show
that all four of these craters are of the elliptical type
(Fig.1a), e is not very significant quantitatively, and so
I do not provide any plots of these shapes. Craters must
be considerable larger (in terms of pixels) than this in
order to obtain accurate crater shape information bey-
ond d/D via this technique. They also point out a need
for lower sun-angle imaging of these sites by HiRise....
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Fig.1 - Crater shapes (right) and their associated shadows (left). From top to bottom: (a) elliptical (b) parabolic (c)
hyperbolic and (d) conical craters. Corresponding eccentricity values are also given. All four of the measurablec-
raters (Fig. 3) correspond to (1a). Fig.2 - An example of the output from a shadow measurement trial, this one taken
from crater (see Fig.3, below. The effects of "pixillation", which sets the resolution limit on the shadow method, are

evident in the image.

Fig. 3 - The four craters measured using their shadows: (a) Three craters (white arrows) in a cluster of ~20 craters
larger than 3m. The shadows in four larger craters (black arrows) show that they contain flat floors, an unexpected
feature in such small, extremely fresh craters. (b) The single crater, in a cluster of four, that was measured (from
HiRise images (a) ESP_019830 2215 and (b) PSP_010255 1700. Credit: NASA/JPL/U. Arizona).



