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(MOC) on Mars Global SUI/eyenetfirs! glance: .
density in the CH as compared to the basalbc voicam:: plains that
Spirit crossed on the floor of Gusev crater. This apparent paucuty of

angles and ﬂlled circles are the ccunts in the CH from lmagae R13-014¢

craters is at odds with most of the prof i 1 mect

for the hills that hypothesize an older age than for the plains basalts.
This problem must be reconciled if we are to come to grips with the
variety of rocks in the CH and their relationships to one another.

We suggest that three factors likely conspire to varying degrees to
mask the CH crater record, likely to varying degrees.

First, slopes will change the distribution of ejecta from craters. While
this effect has been d for previous pl y studies, it appears
not to have been extensively researched. Geomorphic surfaces on the
Earth-collect dabris (produced by various processes) in hollows and

on fiat surfaces, and we hypathesize that slopes in general, and in the
CH on Mars in particular will respond to ejecta emplacement in a similar
manner. We discuss a zeroth-order model to illustrate anticipated geo-
morphic modifications.

Second, the target prop of the CH, pc ially quite different than
for the plains, |.e. softer rocks, may result in a more pootly expressed
cratering record that cannol be clearly detected in orbital imagery. Ad-
ditionally, illumination and slope affects may also be confounding orbi-
1al observation of the crater record in the hills.

Third, the CH are topographically more exposed to eolian effects on
average than are the plains, which may serve to soften the topography
of craters,.or simply mask them, more quickly. Prior to Spirit's arrival in
the CH, the MOC images already showed areas of sediment accumu-
lation, and areas where stripping may dominate. Spirit's views from the
eolian-bedform-covered crest of Husband Hill into the Inner Basin show
drifts, dunes and hollows.
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CH. The difference between the two hills cour!ls is that hnlls crater identification in R13-0146?
(Fig.1) was more aggressive than in the lower resolution image (Fig.2). The addition of more
tentative craters (“degradeds”) to the E03-00012 count raises the numbers to be more similar
to that in R13-01467. The roll-offs in all counts in Fig. 3 at small crater sizes are crater-counter-
laziness effects.

This would seem to confirm that there appear to be fewer fresher craters in the hills. In itself
this would be stariling, as one might construe that the CH are younger than the Hesperian
plains that surround them! The major ption in this di ion that bears stating is the
superposition relationship of the Gusev volcanic plains over the Columbia Hills, taking as evi-
dence Spirit's observations at the crossing of that geologic boundary. It is this relawnshlp that
crealas the puzzle when fewer craters are found in the Columbia Hills.
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To bolster our assertion, we compare the counts from Figs. 1 and 2 with inde-
pendent plains counts made by LSC and reported in Golombek et al. (*Gealo-
gy of the Gusev c-atered plains from the Spirit rover traverse”, JGR-Planets,
in press) that are shown in Figure 4. The crater count in Fig.4 is also MOC-
image based, but was |less aggressive than the new counts reported here
(Figs. 1:and 2). Notably in Fig. 5, almost no craters are included in the count in
the CH portion of the image, although that portion is counted for the km?. A
further plains comparison that we mention because it relates to qualitative ob-
“servations in the CH is a crater count of the hollows observed along Spirit's tra-
~_verse ta the rim of Bonneville crater. The smallest craters on the plains also fol-
low the saturationline (and perhaps also follow the atmospherically controlled
rolkoti-at smallést diameters).
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rock in the CH?

It may be as simple as ‘e]ecta slides downhill” to expose target rocks. Also, whether or not
the craters In question are primary or secondary is irrelevant to the guestion of
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differences between crater preservation in the hills versus on the plains.

A Simple Model

We are develnp-ng a model of geomorphlc slope control for crater morphologic expression.

Itis exp that crater q will follow the same physics in sloped terrain as on flat
for the contact, compresswn and likely most of the excavation stage. Simply stated, the
impact explosion on a hill slope should begin a spherical zone of effects, as it does on the
plains. However, observations of.artillery in mountains suggests that gravity can come to -
control the later excavation stage and subsequent modification stage.

Cahgkia Pancam panomma, ncquired batwoen Scis nd 223 from Aug. 9 0 19, 2004. The cense

Figure 10, A 360°
¥ Bollows e i

trom the weste
but vl clwious

The | E band Hill argues that there has been
felalnrely little erosional modification of bulk hill farm. Thal is, there has likely been meters of ma-
terial removed, but not 10's of meters since the ejecta were emplacad. Mini-TES data suggest
the ejecta varies in composition (relativeto what was observed on plains) and is either lrom mul-
tiple impacts or from a single deep impact somewhere that excavated a range of co ions.
The differences in composition of ejecta on hill and on plains suggests that the surfaces on hill
predate plains...and are little modified in bulk form. So meters of redistribution gets rid of lots of
craters up into the 10's of m diameter range. Coupled with slope effects and possible difficulties
in detecting small craters an hill, that might be enough to-account for any differences... without
requiring wholesale modification of hillform since at least the time the plains were emplaced.
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; concluslon

Whether or not the reader is convinced that less craters are “countable” in the Columbia H]l?ﬂb

have established that the craters that are in the hills are *harder to codht" This is in fact almost the

same issue as whether the craters are “there or nat” with whijeh e began. The same factors of

g::nwrphic process and observational bias are at' issue, and ébme resolution is required if effec-
structural context is to be obtained.

Further tasts of the proposed factors need to be pursued with exising MER data:

[1] Beyond our qualitative comparison here, we need to carry out a guantitative "ground-truth" map-
ping to estimate-the size and position of impact craters within the Columbia Hills from Spirit to com-
pare directly with MOC image dataof the CH, and with Spirit data fromithe’Gusev plains.

[2] Hectarater diamater Crater Aumbers {viowed with orbital data or from Spirit) need to be com-
pared with quantitative slope information to evaluate, and perhaps refine, our slope cratering model.

More generally, in the new era of bedrock planetary geologic mapping, the planetary geologist will
need more refined models of cratering structural geology to properly interpret details of regional
lithologic history.
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