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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 SpaceScienceResearch Institute, TheOpenUni-
versity, WaltonHall, Milton Keynes,MK7 6AA,UK (david-wallis@bigfoot.com,N.M.McBride@open.ac.uk).

TheMarsOrbitalLaserAltimeter(MOLA) [1][2] gridded
globaltopographydatasetprovidesanexcellentopportunityto
studythe impactrecordof Mars. Theresolutionof the latest
grid is

�������
degree,whichtranslatesto ahorizontalresolution

of lessthan4 km, sufficient to providegriddedelevationmaps
of avastnumberof Martianimpactcraters.Wehaveextracted
Digital ElevationMaps(DEM’s) of impactcraters(for exam-
ple figure 1) from theglobal datasetfor morphologicalcom-
parisonusingnew mathematicalmethodswhich cancompare���
	��������� cratershapes(includingasymmetries).By usingthe
new technique,we aim to extendpreviously publishedglobal
surveys (for example[3][4]) of theMartiancraterrecord.The
work is beingundertakenundera new projectat thePlanetary
andSpaceScienceResearchInstituteat theOpenUniversity,
U.K. In this paperwe presentan outline of the methodsthe
projectwill use,andtheareasof studywewill undertake. The
overall aim is to developamoredetailedunderstandingof the
impacthistoryof Mars. A ��� 	����� impacthistory, consisting
of thenumberof cratersateachsize,canbefoundeasilyfrom
photographsby simplycountingthecraters.A more ���
	�������
historywould includemoredetail; ideally theclassof object
thathit thesurface(for examplecometsversusasteroids).
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Comparisonsbetweencratershapeswill be madeusing

new mathematicalmethodsdevelopedspecificallyfor impact
crateranalysis[5][6][7]. TheDEM (consistingof many mea-
surementsarrangedas a grid over the surfaceof the crater)
is reducedto a setof parameters;the coefficientsof a series
orthogonalexpansion,
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whereX BZY
[�\ D representstheshapeof thecrater(theDEM, see
figure1),

fhb BZY
[�\ D
area setof orthogonalfunctionsdefinedin

planepolargeometry, and e
b
arethecoefficientsof expansion,

chosensuchthat the sumconvergeson X BZYH[�\ D . The coeffi-
cients e

b
areuniqueto theshapeof eachcrater, andprovide a

convenientmethodof comparingcratershapesquantitatively,
while consideringall aspectsof thecratershape(seefigure2).
Theexpansioncoefficientsareanalogousto thecoefficientsof
a Fourierseriesexpansion.

A particularadvantageof themethodis thatasymmetries
canbequantifiedaseasilyassymmetricalfeatures.This will
enableustosearchfor asymmetriesdueto obliqueimpact.Al-
thoughmostimpactcratershaveacircularrim (exceptfor very
low anglesof incidence),thecircularity doesnot necessarily
imply radialsymmetryof thecraterbowl. Laboratorystudies
haveshown asymmetriesin thecraterbowl dueto obliqueim-
pact,usingthemathematicaltechniquesappliedhere[5]. We
expectsimilarasymmetriestobepresentin theMartiancraters.
By quantifyingtheasymmetries,wehopetodeducetheimpact
anglefor any crater, althoughat this stageis is uncluearhow
largetheuncertaintieswill be. Althoughthis is aninteresting
resultin itself, a knowledgeof theimpactanglecouldthenbe
usedto compensatefor cratersizevariationsdue to oblique
impact,andthereforemake betterestimatesof impactorsize
(in otherwords,distinguisha largeobjectat a shallow impact
anglefrom a smallerobject at nearnormal incidence). Al-
thoughit is not possibleto testthis methodexperimentallyat
planetary-scales,therearetwo methodswhich we will useto
provide someconfirmationof our findings. First, asymme-
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triesin cratersshowing asymmetricejectablankets,typicalof
obliqueimpact,will be measuredandcomparedwith craters
whoseejectablanketsaresymmetrical.Thiswill quicklyshow
if any asymmetriesarepresent.MOC imageswill beusedto
studytheejectapatterns.Secondly, theexpecteddistribution
of impactanglesfor bodieshitting a planetarysurfacecanbe
derivedtheoretically[8]. Thereforethedistribution of impact
anglesfoundfor theMartiancratersshouldmatchthepredicted
distribution.

We will also look at symmetricalfeaturesof the Mar-
tian impactcraters. Preliminarystudieshave shown that the
mathematicalmethoddescribedabove is ableto identify mor-
phologicalvariationsover the rangeof sizesbetweensimple
(bowl shaped)andmorecomplex morphology(craterswith a
centraluplift). This initial work hasshown thatthechangein
shapeis gradual,andcanbe quantifiedusinga ratio of two
expansioncoefficients, e d�d and e"w , with theZernike polyno-
mials [9] chosenfor the functions

f b
. The variationcanbe

shown visually asa changein the � axis ( � ^ e d�d � e w ) when
plottedon the radially symmetricfeaturespacediagram(de-
scribedby Wallis etal. in [7]). This featurespaceis shown in
figure3. Eachpointonthefeaturespacerepresentsadifferent
shape.Crater � �
�I shapesappearin the top two portionsof
the featurespace,andcompletecratershapes(including the
perimeterrim) arefoundin thelowerpartof thediagram.The
centralregiondescribessimplebowl shapes,andthetopregion
shows craterswith a centralpeak. Shallow cratersareon the
left, becomingdeeperto theright. Our initial studiesshow, as

expected,thatcratersappearhigherup andfurther to the left
of theplot asthediameterincreases.Thefeaturespaceshown
in figure3 providesa very convenientmethodof distinguish-
ing simpleandcomplex craters,andquantifyingthe � �g�
����� of
modification. Again, MOC imageswill be usedto estimate
thedegreeof degradation.

EachcraterfromtheMOLA gridwill beconsideredduring
this programmeof research,which in total will amountto
several hundredcratersat least. We believe that a detailed
examinationof cratermorphologyfrom MOLA DEM’s can
make a significantcontribution to our understandingof the
complex impacthistoryof Mars.
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