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Abstract

Large-scalamineralexplorationstudiesor regionalmappingcampaign®ftenresultin large and
complex spatialmodelsconsistingof mary geologicalobjects.For thosemodelsit becomedlifficult
to determinethe spatial,temporal,andstructuralrelationshipbetweerthe modelledgeologicalob-
jectsandtheir consisteng. This taskrequirestoolsfor queryingthe modelfor thoserelationships,
andmethodsto representhe queryresultgraphicalor usingmeta-data.Sofar, a setof topological
anddirectionalquerytools,andalegendhave beenimplementedaisa prototypeversionin the Gocad
3D modeller

1 Introduction

What means‘Geo-InformationSystem”in 3D? In geology classical2d/2.5d-GlSpackagesre exten-
sively usedin mineralexplorationsensitvity studiesor for generalregional mappingcampaigns.They
are mainly employed to create,manage,query and analysegeoreferenceanaps|[Bonham-C.2004.
While real geologicalobjectsare essentially3D, a map often representgust a cross-sectiorthrough
a 3D modelwith complex topologyandgeometry For those,2D/2.5D-GlSpackagesnustfail to inter
rogateandanalysehe geometricaandtopologicalrelationshipsandpropertiesof the geologicalobjects
asthey do not containthisinformation.

To solwe this task, we have to usea modelwith true 3D topologyandqueryit for thoserelationships
andproperties.As a result,one canobtaineithera subsetof the query amgumentobjectsfulfilling the
searclconstraintor aboolearanswemwhethera given constraintis matched.The queriesmportantfor
geologicalpurposesarebasedon the topology geometrydirectionandattributesof modelobjectsand
associatedneta-dataThe differenttypescanbe logically combinedto sub-samplalatasetsin orderto
constrainexplorationtargetsor to testthe conceptuagjeologicalmodel. To illustratethe vastapplication
fields,herearesomequeryexamples:

¢ highlight all conjugatefault surfaceswith an east-wesstrike anda gold anomalyin their 100m-
vicinity

e which modelregionsarecutby a certainfault?
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e detectstructuralpatternsusing stereographiprojectionandclusteranalysis highlight the cluster
in the3D camera;
shaw all partsof a fault network with a certainmeannormalandtolerance

¢ highlightall modelregionsof Cretaceous\ND sandstoné&ND with a certainpermeability

¢ highlightall modelregionswith a certainf(pressure,temperatytiene) property

As the basefor this work the 3D modeller Gocad,version2, hasbeenused[Mallet 1997. The
topologicalkernel,thenotionof region andgeologicalinformationprovide anexcellentstartingpoint for
the developmentof functionsquerying3D modelobjects. A requiremento all of themis thatthey do
not changethe modelitself, storeif possiblenothingin memory andgive fastanswers.In this work, a
basiccollectionof suchGocad-base&IS toolshasbeenimplemented.

2 3D GISTools- Overview of Functionality

Querytoolsactingon a 3D modelcanbe conceptuallydistinguishedn spatial,temporalandmeta-data
queryfunctionsandin queryrepresentatiotools.

2.1 Spatial query functions

Spatial GIS functions can be definedas interpretatie dataexplorationtools basedon the geometry
topology orientationandproximity of modelobjects.Spatialqueryfunctionscanbe usedfor the back-
samplingof modelobjectsto createobjectsubsetsThesefunctionscanbe classifiedasshavn in Table
(2). For theimplementationthe currenttopologicalkernelof Gocadhasbeenused.Thequeriescanact
onmodel-rgions(e.g.“Layer”, “FaultBlock” ) andon atomicobjects(“Part™).

Topologicalqueriesmustbe carriedout on eachtopologicalsimplex of the queriedobjects. Let A
andB betwo discretetopologicalmodel-objects,wean definethe following setof simpletopological
relationshipsf thefollowing sufficient conditionsaretrue (after[Breunig200Q):

1. If all simplexesof A aredisjointwith all simplexesof B= AN B =0
2. If all simplexesof A andB areby pairsequal= A = B

3. If a boundarysimplex of A touchesa boundarysimplex of B from the outsideandif all other
simplexesof A aredisjointto all othersimplexesof B (neighbourhoodd N B # (

4. If asimplex of A intersectaasimplex of B= AN B # ()

5. If a boundarysimplex of B touchesa boundarysimplex of A from the inside andif all other
simplexesof B areinsideA (A coversB) = A D B

6. If a boundarysimplex of B touchesa boundarysimplex of A from the outsideandif all other
simplexesof A areinsideB (A covered-ByB) = A C B

7. If all simplexesof A areinsidetheboundarysimplexesof B= A € B

8. If all simplexesof B areinsidetheboundarysimplexesof A = B € A
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Topological queries. Metrical queries: Directional queries.

intersectionjnclusion,

Relationships: exclusion, equality | spatialbuffer

GObjxGObj->bool

directionbuffer,
relative situation

neighbourhood
(already implemented
Functions It? rSa? (fac(!lz';) lacement
GObj->real, ihary. - disp binary: angle
distance

GObjxGObj->real unary: length,surface,

volume,cunature

Tablel: Classificatiorof spatialqueryfunctions.(GObj= gocadobject)

Sincethis cangive differentanswerdsfor the simplexes of an object(e.g. someoverlapandsomeare
containedj superiortopologicalrelationshipsasto be determinedoverlap> covers,covered-By meet
> contain,inside. Using theserelationshipspne canformulateand answerquestiongo modelregions
(e.g. “which arethe neighboursof a region”, “is this region within our permitarea”) or atomic parts
(e.g.“which surfacepartsarecut by afault surface”). For large geologicalmodels,a graphshawving the
topologyof the modelregionsandfaultscould aid the understandingf the geologicalrelationshipsout

hasnotyet beenimplemented.

Directionalbuffer queriesare usefulfor objectswith alarge 1D or 2D extensionlike fault surfaces
andtheir maptraces.GivenadirectionD(¢y, §) (e.g. azimuthanddip angle)anda confidencentenal
angleq, thetaskis to selectall partsof amulti-partobjectwhosemeanextensionlieswithin thatdirection
intenal (Figurel). To determinehe meanextensionwith spatialdimensiom of a givendiscretemodel-
objectM, onecancomputeeither:

e themeanof thenormalsof thetopologicalsimplexesof M (e.g.triangles).In the caseof n=2, the
meannormaldefineshe meanplaneof thenodelocationsof M.

e computethe first (for n=1) or the first and the second(for n=2) greatestEigervectorsof the
variance-ceariancematrix of the nodelocationsof M. Thesedefinethe spacewith the highest
variability andthus,in the caseof n=1 definethe directionof a meanline, or in the caseof n=2,
definethemeanplane.

Having calculatedhe meanextension,onecantestwhetherit (if n=1) or its normal(if n=2) lies within
the bi-conicalspacedefinedby the directionintenal. Both methodshave beentestedandgive similar
results.A descriptve measurdor the maximumcunatureof the objectshouldbe given,asfor example
calculatingthe directionof a spherds quite uselesslf this measurds largerthanthe standardieviation
of thesimplex normals,or the normof thethird eigewvector respectiely, no trendwill be computed.

In additionto directionalbuffer queries,the following tools for the analysisand visualisationof
directionaldataaresuggestedor integratedstructuralgeologyinvestigations:

e stereographiprojection(Schmidtnet) of structuraldata. This includespole, greatcircle, contour
or roseplotting of pointswith directionproperty(e.gazimuthanddip, normalvector). Multiple
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Figurel: Directionquery“highlight all faultswith atrendnorth-west-10deg” appliedto afaultnetwork.
Thefaultswhich arenot within the buffer aretransparent.

data-setxan be handled,and selectedsubsetsamay be highlightedin the plot window andin a
Gocad3D camera. This linking allows simultaneousxplorationof structuraltrendsandspatial
situationof the model objects. Another integrateddialog allows the computationof structures
(e.g. planeintersection) anddirectionstatistics. The next stepswill betheimplementatiorof (i)
clusteranalysis,(ii) the projectionof poles,circlesandcontourson a 3D-sphereand(iii) strain
calculationandvisualisation. A first prototypeof a generic“structural analyser”is availablein
a Gocadplug-in (Figure 2) aswell asan standalongorogramwith dataimport facility. (source
availableat www.ensg.inpl-nancfr/~apel/StreAnd.tar.gz).

2.2 Temporal query functions: The Legend

In mostwell-knovn earthmodellersincluding Gocad,the model objectsare accessedia a list of the
physicalobjects(e.g. Surfaces,¥xets,...)- which is not the syntaxgeologistsareusedto communicate.
Geologicalobjectsare commonlyreferredto by their age. The agecanbe describedn threeways: (i)
stratigraphicage, (i) absoluteage,and (iii) relatve age. The stratigraphicageand absoluteage can
be storedwith the model objects. A legendprovidesin additionto the objectbrowsera generalised
hierarchicalgraphrepresentingonsistentlythe agerelationshipof all geologicalfeatures.Theideaof a
legendis nothingnew - geologicaimapsareusuallyhandledthisway. Butin a 3D modelleralegendcan
provide even morefunctionality: The Legendis query-able.For exampleonecanshawv “all Cretaceous
objects”,“all objectshetweertwo discontinuitieswith certainages”, all faultsof acertainage”in the3D
cameraThisapproach in combinatiorwith spatialqueries allows conceptuatjuestionso beanswered
like: Do CambrianunconformitiesintersectPermianlime-stones?f they do, thereis eithera problem
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Figure2: Exampleof structuralanalysetintegratedwith Gocad.

in (i) the Gocad-model(ii) theageinformationassociatedavith the modelobjectsor (iii) the geological
meaningof the supposedinconformity(exampleby Eric de Kemp/NRCanOttawa). Finally, if alegend
graphbecomesextendedto a stratigraphiccolumn containingthe graphicobjectsymbolin a look-up
table,it canalsobe attachedo modelscreen-shotasan explanation. Concerningheimplementation,
accesso thegeologicalinformationassociatewvith themodelobjectshasbeenintegratedwith theobject
browser (Figure 3). However, this is not sufiicient asoften a more detailedstratigraphicclassification
is necessary Therefore,classificationschemedor stratifiedmodel objects(e.g. “supergroup-gro-
formation-membeRuserdefined?” dependingon requiredlevel of detail) and for unstratifiedmodel
objects(e.g. lithodemicranks,tectonicdivision) shouldbe createdandbe madeaccessiblén a legend
graph.

2.3 Query result representation options

Theresultof spatial,temporalor attribute queriescanberepresented:

e graphicalby usingadistinctsymbolisatiorin the3D camereor in a 2D projectionview (e.g.stere-
ographicprojection).This is the mostimportantmethod asit is transientanddoesnot changethe
modelobjectitself. Theway it becomesymbolisedlepend®ntheobjecttypeandthequerytype.
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Figure3: Examplefor objectaccessisinggeologicalinformation: “show all but Permian”.

In theory changesn transpareng shapesize,colour, thicknesscontinuity or texture of symbol
graphicsarepossible. The mostapplicableand obvious techniques to make the complemenbf

the queryresulttransparen{Figure4); a booleanvalueindicatingwhethera simplex belongsto

theresultis storedasatemporarypropertyandlinearinterpolated For structuralobserations,the

visualisationof orientationpropertiesattachedo nodess importantandcanberealizede.g. using
tabletsor disksindicatingthe orientationof a plane. This providesvisual queuedo extendlocal

structuresln addition,otherobjectpropertiescanbecomecomponentsontrollingthe3D-symbols
sizeor colour; like atabletindicatingthe orientationwith a size controlledby an elementatun-

dance.Thismalesit possibleo visualiserelationshipsvithout sophisticatedjueriesandstatistical
analysis.

¢ by changingthe model objectsthemseles. Usingthe standardGocadlibraries, one can create
persistenhew regions,propertiesor objectsfrom athe queryresult.

¢ by creatingmeta-dataWith respecto a discretemodel,meta-dataanbe definedasdataattached
to amodelasawholeandnotto eachcell. Thus,datalike "geologicalage","boundingbox" of a
discreteobjectcanbetreatedasmeta-data.

3 Next steps - discussion of perspectives

Thefollowing facilitiesareproposedo bedevelopedn thenearfuturein orderto createacomprehense
GIS-ervironmenton top of Gocad:

e A work-flow-like arrangemenbf the setof tools is necessaryo facilitate logical combinations
of differentqueriesand userfriendly accessandits implementationis alreadyin progress.The
following structureis proposed:

1. “Use previousqueryresult” || “resetprevious queryresult”
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Figure4: Highlighting the fault partsfalling within adistancebuffer of anotherfault

“Chooseobjects”(e.g.“Model3D")
“Choosequeries”(e.g.topological,directional,meta-datajuerywith logical combination)
“Chooseresultrepresentations”

a M DN

“Apply” || “startqueryingagain”|| “OK, resetall” ||“OK, storemeta-data”.

The interoperability with other meansof dataanalysishasalsoto be developed. For example,
spatialqueriescanbe combinedwith statisticalanalysisof the objectpropertiesfor further dis-
criminationof targetregions. Especiallymultivariatestatisticattoolsareusefulin thisrespectlike
principalcomponentanalysigLafferiere200Q.

e Thiswork focusedon toolsactingon the objectsof atransientGocadmodel. For very large mod-

elswherehandlingin memorybecomedifficult like large grids, onecanmove the datafiltering
procesgo a CORBA-accessedbject-orientediatabas¢Breunig 1999, which allows for retrieval
of the persistenbbjectshasedn spatialindex treequeriesusingR-Treesor objectquerylanguage
(OQL, www.odmg.og) for queryingnon-standardiata-types Becausahe changeto persistence
using objectdatabasess an expensve andintrusive processthe possibilitiesof XML/RDF for
searchquerieson persistenbbjectswill be explored. The developmentof XML/RDF representa-
tionsfor spatialobjectsandmeta-dataonformingwith the OpenGlSstandardwww.opengis.ay)
providesthe possibility of a datainterchangeplatformwith otherapplicationsanda bettermeta-
datamanagement.
XML/RDF provides- in contrastto the relationalor objectdatamodels- the possibility for user
defineddataschemadecauseXML documentsareself-describing.This canbe usefulfor meta-
dataastherequirementsredifferentfor differentsites.For example,amining explorationproject
mightwantto storedescriptve coredatawith thewell objectwhereasa petroleumproductionwell
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objectmight requirea descriptionof the well perforation. Having the possibility to accesghis
meta-datavia the netandusingit to searchobjectswith certaincriteriausingan XML querylan-
guage(e.g. XML-QL, www.w3c.og/TR/NOTE-xml-gl) canprovide a corvenient“data-mining”
framawork. As discretedataasthey areusedn 3D geo-modellingcanleadto to verylargedatasets,
XML documentcanbecomevery large andslow to handle.For commonqueriesthesediscrete
elementsshouldbe declaredasunparsedsectiondik e binary objects. Only informationvalid for
thewholemodelobjectlike boundingbox, agedata,coordinatesystenmwill bestoredin XML and
beavailableto queries.

e Topologicalqueriescanalso be implementedusing GMaps|[Lienhardt1994. Preliminarytests
have beenmadeusingthe GMap-basedesearch-&rnel“TopoLab2”[Levy 2000 andwill bede-
velopedfurther This kernelallows arbitrary data-typedo be attachedo ary type of cell, which
couldbeusedin the querywork-flow to facilitatequerieson complex propertytypes.

4 Conclusion

Within this work, a setof 3D-GIS tools encompassing variety of querytypeshave beendeveloped.
Thoughthey arenotyetcompleteandlackinteroperability they canalreadybeusedto answerquestions
concerningsimpletopological directionalandagerelationshipof 3D modelobjects.
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