
TECHNICAL COMMUNICATION

GRAPHICAL REPRESENTATION OF PARTICLE SHAPE USING
TRIANGULAR DIAGRAMS: AN EXCEL SPREADSHEET METHOD

DAVID J. GRAHAM1* AND NICHOLAS G. MIDGLEY 2

1Centre for Glaciology, Institute of Geography and Earth Sciences, University of Wales, Aberystwyth, Ceredigion, SY23 3DB, UK
2School of Biological and Earth Sciences, Liverpool John Moores University, Byrom Street, Liverpool, L3 3AF, UK

Received 3 June 2000; Revised 27 July 2000; Accepted 6 August 2000

ABSTRACT

Analysis of the shape of sedimentary particles can provide information about their transport history and aid facies
differentiation and the characterization of depositional environments. Triangular (Sneed and Folk) diagrams, employing
ratiosof the three orthogonal particle axes,havebeen advocated as themost appropriate method forunbiased presentation of
primary particle shape data. A spreadsheet method for the production of these diagrams is described. Clast data-sets from a
range of environments are presented using this method. An alternative use of the spreadsheet for the presentation of
sedimentary fabric shape is suggested. Copyright# 2000 John Wiley & Sons, Ltd.
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INTRODUCTION

The form of sedimentary particles is related to their shape (the relative lengths of each axis), roundness
(smoothness or angularity of the edges) and texture (surface roughness) (Benn and Ballantyne, 1993). These
characteristics provide a means of differentiating facies, providing clues about the transport history of the
sediment, and characterizing depositional environments.

Methods of presenting primary particle shape data have been the subject of heated discussion during recent
years, with a variety of schemes being advocated (e.g. Illenberger, 1991, 1992a,b; Benn and Ballantyne,
1992, 1993, 1995; Howard, 1992, 1993; Woronow, 1992; Illenberger and Reddering, 1993; Hofmann, 1994,
1995). These arguments are not repeated here, except to note that each of these schemes have their merits,
whilst none are ideal for all situations. To some extent, the precise method of representing particle shape is
less important than the adoption of common standards to enable the direct comparison of work undertaken by
different researchers. The establishment of a ‘critical mass’ of work using one scheme is probably the key
factor that will determine the standard adopted, although different methods will undoubtedly be used by
individual workers for particular purposes.

THE SNEED AND FOLK (1958) DIAGRAM

The method of representing particle shape advocated by Benn and Ballantyne (1993) employs a triangular
(ternary) diagram in which ratios of the three orthogonal axes of the particle are plotted (Figure 1). Such a
method was first proposed by Sneed and Folk (1958), and geometrically equivalent diagrams were presented
by Hockey (1970) and Ballantyne (1982). Particles are envisaged as lying in the continuum between blocks
(or spheres), slabs (discs, oblate) and rods (prolate) which mark the corners of the diagram (Figure 1). This
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methodhasbeenadoptedby anumberof researchers,particularlythoseworkingin glacialenvironments(e.g.
Hart, 1995;Bennettet al., 1997),whereit hasproveduseful in discriminatingbetweensedimentsactively
transportedin thezoneof tractionat theglacierbedandpassivelytransportedenglaciallyor supraglacially
(Bennettetal., 1997).Thediagramshavealsofoundusein anumberof otherfields (e.g.Bertranetal., 1997;
Verrecchiaet al., 1997;Higgitt andAllison, 1999).

Thesediagramshavea numberof advantagesoveralternatives(BennandBallantyne,1992,1993,1995),
most significantly that the ratios vary linearly, resulting in evendistribution of particle forms acrossthe
diagramwithoutdistortingtheshapecontinuum.Thediagramsarealsoeasierto understandthanalternatives,
andtheplottedvaluesareeasilycalculated.It hasbeendemonstratedthatthediagramis aneffectivetool for
the identificationof usefuldescriptiveindicesandanalyticalmethods(BennandBallantyne,1993,1994).

Many geologicalandgraphingsoftwarepackagesareableto producetriangulardiagrams.However,the
diagramaxesare scaledin either a clockwiseor anti-clockwisedirection, with eachaxis representinga
portionof a wholeunit. Suchpackagescanonly beusedfor plotting diagramswherethepositionof a point
representsthe relative proportionsof three variablesthat sum to 1 or 100 per cent. The most common
sedimentologicalapplicationof this type of diagramis the plotting of grain sizecharacteristicssuchasthe
proportionsof sand,silt andclayin asample.Theaxesin theSneedandFolk diagramarearrangeddifferently
from the conventionaltriangulardiagram,andthe useof ratiosresultsin the variablesnot summingto 1.
Sneedand Folk diagramscannot, therefore,be plotted with conventionalsoftware.Since hand drawn
triangular diagramsare laboriousto complete,this paperpresentsan Excel spreadsheetfor their rapid
preparation.For completeness,the spreadsheetmay also be used to generateconventionaltriangular
diagrams.

TRI-PLOT

TRI-PLOT is availablefrom the Wiley Interscienceweb site (www.interscience.wiley.com). It hasbeen
developedusingMicrosoftExcel97 andis knownto work with Excel2000.It is not compatiblewith earlier
versions.Thespreadsheetconsistsof five sheets.Thefirst sheetcontainsinstructionsandinformationabout
TRI-PLOT.Thesecondandthird sheetsareusedto generateSneedandFolk diagrams.Dataareenteredand
resultspresentedonthesecondsheet(SHAPE– Data& results),andcalculationstakeplacebehindthescenes
on the third sheet(SHAPE– Calcs.).The fourth and fifth sheetsareusedto generatestandardtriangular
diagramsfor therepresentationof particlesize.Theoperationof thespreadsheetis summarizedbelow.Full
instructionsanddetailsof how to prepareconventionaltriangulardiagramsarecontainedin the first sheet.

The‘data& results’sheetis dividedinto threeparts:thedataentryarea,theplotting parametersarea,and
thetriangular diagramitself.Thespreadsheetis configuredto allow thedimensionsof upto 50particlesto be

Figure1. Particleshape(SneedandFolk) triangulardiagram.Lettersa,b andc representthe long, intermediateandshortorthogonal
axesof eachparticlerespectively
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enteredwithout modification. To plot larger samplesrequiresmodification of the calculationssheet,as
describedin the detailedinstructions.The triangulardiagramis automaticallyupdatedasdataareentered.
Theplottingparametersenabletheuserto changetheappearanceof thediagramby specifyingthefrequency
andsizeof tick marksontheaxes,andwhetherthetick marksareextendedaslinesacrossthediagram.There
is alsoanoptionto plot theline wherethec:aratioequals0�4.This(knownastheC40index)hasbeenshown
to bea key parameterin thedifferentiationof glacial facies(BennandBallantyne,1994).

Thetriangulardiagramis a standardXY scattergraphandmaybemodifiedto changeparameterssuchas
line thickness,coloursandsymbolsused.Eachaspectof thediagramis savedasa differentdata-seriesand

Figure2. Particleshape(SneedandFolk) triangulardiagramsfor clastsamples(n = 50) of knownorigin from a numberof sitesin the
CairngormMountains,Scotland
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maybealteredin thestandardway for Excelcharts.A completelist of thedata-seriesis includedon thefirst
sheet.Any numberof data-setsmaybeplottedonasinglediagramif anewdata-seriesis definedfor eachand
theappropriatepartof thecalculationssheetextended.Thefinisheddiagramcanbecopiedto theclipboard
andpastedinto office or graphicsapplicationsfor final presentationandannotation.If copyinginto another
Excel workbook,automaticupdatingshouldbe set to manual(using the Calculationstab of the Options
dialogueboxaccessiblefrom theToolsmenu)to preventchangesin thesourcespreadsheetbeingreflectedin
thecopieddiagram.

SAMPLE DATA-SETS

An exampleof the output from the spreadsheetis given in Figure 2. Sampleclast data-setsfrom the
CairngormMountains,Scotland,areusedto characterizeclastsamplesof identifiedorigin. Eachsampleset
consistsof 50randomlychosenclastswithin thesmallto largepebbleclasses.Thesesampledata-setsinclude
clastsfrom scree,fracturedand weatheredbedrock,avalanche,fluvial and moraine-mounddeposits.The
lithology of all clastsis CairngormGranite,with theexceptionof theGlenEidartmorainesample,which is
predominantlyschist.

ALTERNATIVE APPLICATIONS

In additionto its usefor therepresentationof particleshape,thespreadsheethaspotentialto beusedin other
sphereswherethreeindependentvariablesarecompared.Benn(1994)proposeda methodof representing
sedimentaryfabricshapeontriangulardiagramsby plotting indicesof fabric isotropyandelongationdefined
by ratiosof eigenvalues(Figure3).Thesediagramscanbeplottedusingthespreadsheetwithoutmodification
by substitutingthe eigenvaluesin placeof particledimensions.Although the right axis of the fabric shape
plotsis invertedcomparedto theparticleshapeplots,thepointsareplottedcorrectlybecausetheelongation
indexusedto scalethis axis(1ÿ (S2:S1)) hasaninverserelationshipto theratio of theeigenvectorsusedto
plot thepoints(S2:S1).

CONCLUSIONS

BennandBallantyne(1993)advocatedthe adoptionof SneedandFolk (1958)triangulardiagramsfor the
presentationof primaryparticleshapedata.Despitesomecontroversyabouttherelativemeritsof alternative
methodsof representingparticle shape,Benn and Ballantyne’s(1993) recommendationhasbeenwidely
followed, particularly amongstthoseworking in glacial environments.The spreadsheetpresentedhere

Figure3.Triangulareigenvalueplot devisedby Benn(1994)for therepresentationof fabricshape.ThethreeeigenvaluesS1, S2 andS3
representthedegreeof clusteringaroundtheeigenvectorsthatdescribetheorientation of thelongaxesof theparticleswithin asample
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providesa rapid meansof generatingthesediagramselectronically.It alsohasapplicationwhereverthree
independentvariablesarecompared,suchasin studiesof sedimentaryfabric shape.
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