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THE DETAILED CHARACTERIZATION OF MARTIAN IMPACT CRATERS FROM THE 1/16 DEGREE MOLA
GLOBAL TOPOGRAPHY GRID. D. Wallis, N. McBride, Planetaryand SpaceScienceReseath Institute The OpenUni-
versity, Walton Hall, Milton Keynes MK7 6AA, UK (david-wallis@bigfoot.com\.M.McBride@open.ac.uk)

TheMarsOrbital LaserAltimeter (MOLA) [1][2] gridded
globaltopographydataseprovidesanexcellentopportunityto
studythe impactrecordof Mars. The resolutionof the latest
gridis 1/16 degree whichtranslateso ahorizontalresolution
of lessthan4 km, sufficientto provide griddedelevationmaps
of avastnumberof Martianimpactcraters.We have extracted
Digital ElevationMaps(DEM’s) of impactcraters(for exam-
ple figure 1) from the global datasefor morphologicalcom-
parisonusingnen mathematicamethodswvhich cancompare
complete cratershapegincludingasymmetries)By usingthe
new techniquewe aim to extendpreviously publishedglobal
suneys (for example[3][4]) of theMartiancraterrecord.The
work is beingundertalken undera new projectatthe Planetary
andSpaceScienceResearchnstituteat the OpenUniversity,
U.K. In this paperwe presentan outline of the methodsthe
projectwill use,andtheareasf studywewill undertak. The
overallaimis to developamoredetailedunderstandingf the
impacthistory of Mars. A simple impacthistory, consisting
of thenumberof cratersateachsize,canbefoundeasilyfrom
photograph®y simply countingthe craters.A more complez
history would include more detail; ideally the classof object
thathit the surface(for examplecometsversusasteroids).
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Figure 1: An example of a Digital Elevation Model
(DEM) of a Martian impact crater, extracted from the
1/16th degree MOLA data grid.

Comparisondetweencrater shapeswill be madeusing
newv mathematicamethodsdevelopedspecificallyfor impact
crateranalysig5][6][7]. TheDEM (consistingof mary mea-
surementsarrangedas a grid over the surface of the crater)
is reducedto a setof parametersthe coeficients of a series
orthogonakxpansion,
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Figure 2: The expansion coefficients for a Martian im-
pact crater. The two largest peaks (a4 and ai; are for
radially symmetric terms. This shows that the majority
of the deformation of the surface has radially symmetry.
Many of the other coefficients represent asymmetric fea-
tures, which can be compared as easily as the symmetric
components.

wherez(r, 8) representthe shapeof thecrater(theDEM, see
figure 1), ¢;(r, 6) area setof orthogonaffunctionsdefinedin

planepolargeometryanda; arethecoeficientsof expansion,
chosensuchthat the sumcorvergeson z(r, 8). The coefi-

cientsa; areuniqueto the shapeof eachcrater andprovide a
corvenientmethodof comparingcratershapegjuantitatvely,

while consideringall aspect®f thecratershapgseefigure 2).

Theexpansioncoeficientsareanalogouso the coeficientsof

aFourierseriesexpansion.

A particularadvantageof the methodis thatasymmetries
canbe quantifiedaseasilyassymmetricafeatures.This will
enableusto searctfor asymmetrieslueto obliqueimpact. Al-
thoughmostimpactcratershave acircularrim (exceptfor very
low anglesof incidence).the circularity doesnot necessarily
imply radialsymmetryof the craterbowl. Laboratorystudies
have shawvn asymmetriesn thecraterbowl dueto obliqueim-
pact,usingthe mathematicatechniquesappliedhere[5]. We
expectsimilarasymmetrie$o bepresentn theMartiancraters.
By quantifyingtheasymmetriesye hopeto deducegheimpact
anglefor ary crater althoughat this stageis is uncluearhow
largethe uncertaintiewill be. Althoughthisis aninteresting
resultin itself, aknowledgeof theimpactanglecouldthenbe
usedto compensatdor cratersize variationsdue to oblique
impact,andthereforemale betterestimateof impactorsize
(in otherwords,distinguisha large objectat a shallav impact
anglefrom a smallerobjectat nearnormal incidence). Al-
thoughit is not possibleto testthis methodexperimentallyat
planetary-scalegherearetwo methodswhich we will useto
provide someconfirmationof our findings. First, asymme-
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Figure 3: Feature space diagram for radially symmet-
ric craters. Each point on the feature space represents
a particular shape. The central region describes crater
bowls (inside the crater rim) with simple morphology,
and the top region describes crater bowls with a central
peak. The lower region can be used to describe a com-
plete crater shape, with a crater rim. Shallow craters
are on the left of the map, becoming deeper to the right.

triesin cratersshaving asymmetricejectablanikets,typical of
obliqueimpact,will be measuredindcomparedwith craters
whoseejectablanketsaresymmetrical. Thiswill quickly shav
if ary asymmetriesrepresent.MOC imageswill be usedto
studythe ejectapatterns.Secondly the expecteddistribution
of impactanglesfor bodieshitting a planetarysurfacecanbe
derivedtheoretically[8]. Thereforethedistribution of impact
angledoundfor theMartiancratersshouldmatchthepredicted
distribution.

We will also look at symmetricalfeaturesof the Mar-
tian impactcraters. Preliminarystudieshave shavn that the
mathematicainethoddescribedabove is ableto identify mor-
phologicalvariationsover the rangeof sizesbetweensimple
(bowl shapedandmorecomplex morphology(craterswith a
centraluplift). Thisinitial work hasshavn thatthe changen
shapeis gradual,and can be quantifiedusing a ratio of two
expansioncoeficients,a11 andas, with the Zernike polyno-
mials [9] chosenfor the functions¢;. The variation canbe
shavn visually asa changen they axis (y = a11/a4) when
plotted on the radially symmetricfeaturespacediagram(de-
scribedby Wallis etal. in [7]). Thisfeaturespacds shavnin
figure 3. Eachpointonthefeaturespacerepresentadifferent
shape.Craterbowl! shapesappeaiin the top two portionsof
the featurespace and completecratershapegincluding the
perimeterrim) arefoundin thelower partof thediagram.The
centralregiondescribesimplebowl shapesandthetopregion
shaws craterswith a centralpeak. Shallov cratersareon the
left, becomingdeepeto theright. Ourinitial studiesshav, as

expected that cratersappearhigherup andfurtherto theleft

of theplot asthediameteiincreasesThefeaturespaceshavn
in figure 3 providesa very corvenientmethodof distinguish-

ing simpleandcomple cratersandquantifyingthe degree of
modification. Again, MOC imageswill be usedto estimate
thedegreeof degradation.

EachcraterfromtheMOLA gridwill beconsideredluring
this programmeof researchwhich in total will amountto
several hundredcratersat least. We believe that a detailed
examinationof cratermorphologyfrom MOLA DEM’s can
malke a significant contritution to our understandingf the
complex impacthistory of Mars.
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