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Thiswork reviewselectromagneticanaloguemodelstudiesof thecoasteffect,dealingparticularlywith avertical
interfacemodel,a thin conductingsheetmodel,awedgemodel,andawedgeunderlainby aconductingblocksimu-
lating anupwelling in aconductingzonebeneaththecoast.Theverticalinterfacemodelresultsandtheinfmitely con-
ducting thin sheetmodelresultsshowgoodagreementwith calculatedvalues.It is concludedthata slopingsea—land
interfacealonecannotaccountfor theexperimentallyobservedcoasteffect,butthataslopingsea—landinterface
underlainby aconductingstepcouldproducetheobservedcoasteffect.

1. Introduction Weaver’s(1963)solutionby obtaininga correctionto
the horizontalmagneticfield. In alatersectionof this

Throughtheyearsmucheffort hasgoneinto at- presentwork, their analyticalapproximationwill be
temptingto obtain analyticalsolutionsandnumerical comparedwith bothanaloguemodel resultsandwith
resultsfor realisticmathematicalmodelsof laterally valuesobtainedusingthe JonesandPrice (1970)nu-
non-uniformconductors.Someof the earlytheoreti- mericalmethod.Roden(1964)~usinganumerical
cal work wascarriedout by Price (1949),Ashour technique,carriedout theoreticalcalculationsfor the
(1950),andRikitake (1950).Theproblemof the simplifiedcaseof anoceanapproximatedby anin-
“coasteffect” (theanomalousincreaseof thevertical! finitely longrectangularconductingsheet,the land
horizontalmagneticfield ratio asthecoastis ap- approximatedby a perfectinsulator,andthemantle
proachedfrom thelandwardside) dueto a lateralcon- by a perfectconductor.His resultsindicatedthat the
ductivity contrast,hasreceivedmuchattentionbuton- enhancementof theverticalfield neartheedgeof the
ly a few greatlysimplifiedtwo- or three-dimensional oceanshouldbe observablefor the caseof magnetic
modelshaveyieldedtomathematicalsolution(Weaver; variationsof periodasgreatas24 hours.He carried
1963;Roden,1964;Ashour,1965;Parker,1968; outalaboratoryanaloguemodelstudyusinga copper
Hermance,1968;Weidelt, 1971;WeaverandThomson sheetshapedandscaledto representthe irregular
1972).A finite-differencemethodusedby Jonesand coastof Japanandconcludedthat thecoasteffect
Price(1970), lendsitself to studyingthecoasteffect shouldcontributestronglyto theexperimentallyob-
aswell as othertwo-dimensionalproblems(Jonesand servedJapananomaly.Boththemathematicalmodel
Price; 197la,b;Jones,1971a,b, c;JonesandPascoe, andtheanaloguemodeltreatedtheoceanashaving
1971;PascoeandJones,1972).Numericalresultsob- asharpverticalboundaryratherthana slopingone,
tamedusingthemethodof JonesandPrice(1970) andconsideredthelandto haveinfinite resistivity.
for averticalsea—landinterfacemodel will becom- Thesesimplificationswould havecon~derableeffect
paredwithanaloguemodelresultsin a latersectionof onthe results.Parker(1968),employingan analytic
this presentwork. In ananalyticaltreatmentof aver- technique,studiedthe electromagneticinductionin
tical sea—landinterfacemodel,Weaver(1963)assumed, athin conductingstrip. He concludedthe solutions
asanapproximation,thehorizontalmagneticfield to shouldhavevalidity severaloceandepthsawayfrom
beconstantacrosstheinterface.Thisapproximation the coast.Hermance(1968),usinga conformaltrans-
ledto alarger “coasteffect” than expected.In a more formationtechnique,obtainedthe solutionto the
recentwork WeaverandThomson(1972)extended problemof aninfinitely conductinghalf-sheet,re-
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presentinganocean,for anoverheadionosphericline andGupta(1968)andFrischknecht(1971),andhence
currentsource.Usingahole in a coppersheetto sim- will not becoveredin detailhere.
ulateIcelandhecarriedoutanaloguemodelstudies It isreadilyshown thatthe necessaryandsuffi-
for anoverheadGaussiandistributioncurrentsource. cient conditionsfor invarianceunderachangein scale
With the aid of hismodelresultshewas ableto make are:
“coasteffect” correctionsto measurementsmadefor ~.,(ffj)(L/L)=k, (afa)(L/L)=1/k (1)deepconductivity studiesof Iceland.Schmucker
(1964,1970) useda typeof transferfunctionanaly- where(f/f’), (LIL’), (a/a’), andk= (E~/H~)(E~/H,’,~’
sis to determinethelaterally non-uniforminduction arethe scalingfactorsfor frequency,length,conduc-
andwasableto fit experimentaldatato modelscon- tivity, andimpedancerespectively.Theprimedquan-
sistingof a finitely conductingsea,a non-conducting tities referto thegeophysicalproblem,the others
intermediateregion,andaninfinitely conductingsub- referto themodel. If magneticfields only areto be
stratumat theappropriatedepthandof the appro- studied,andthe impedancescalingfactork is notof
priatecontour.Thefinite-elementmethodusedby interest,thescalingconditionscanbeexpressedas:
Coggon(1971)andby I.K. ReddyandD. Rankin ~a’c’~(f/f”~~L’L’~2= 1 2
(privatecommunication,1972)shouldalsolenditself ‘ ‘ ‘“ ‘‘ ‘

to studyingthe “coasteffect” theoretically.Analogue It is readilyshownthat thescalingfor apparentresis-
modelstudiesof the influenceof the oceanand the tivity canbeexpressedas:
“coasteffecf” reportedincludethe work of Nagataet , — ~ ~ — ‘~ 3
al. (1955),Parkinson(1964),Roden(1964),Dosso ~a’~a — V Ii) — 0 / a
(I966b),DossoandJacobs(1968),Hermance(1968), A varietyof analoguemodelconfigurationsand
Bétheryet al. (1970),Launay(1970)andThomson field measuringequipmenthasbeendescribedin the
et al. (1972).Considerablereferenceto someof these literature.Forthepresentpurpose,a modelthat
will bemadein alatersectiqnof this presentwork. readilypermitsthe useof avarietyof sourcefields

Analoguemodellinghasprovedto bea usefulmeth- andhasbeenusedby the author,will be described
od of studyingproblemswhich do notyield readily briefly.
to mathematicalsolution.Thismethodis notrestricted A schematicdiagramof the experimentalarrange-
to greatlysimplified two-dimensionalproblems,but mentandthe coordinatesystemusedis shownin
canreadilybeusedto studyrathercomplextwo- and Fig. I. Themodel consistsof anoverheadoscillating
three-dimensionalproblems.Frequently,someof the field source,modeffinganionosphericfield source,
idealizationsrequiredto permitmathematicalsolution, anda largetank(244cm by 168 cm and76 cm deep)
are notrequiredin analoguemodelling,and thusthe containingconcentratedsaltsolution(64 cm deep)
analoguemodelsolutionsmayat timesbethe more of conductivity a~= 2.1 . 10—10e.m.u.(21 mho/m)
realistic.Oneof the idealizationscommonlymadeto ________________________ _______

rendercertainelectromagneticinductionproblems / SHEET CURRENT /
FIELD GENERATOR ~ POWER

mathematicallytractable,is to assumezeroconducti- (FARALLEL WIRES) AMPLIFIER

vity for thehostearth.With the aid of theprinciple
of similitude,the poorly conductinghostearthcan
readilybeincludedin scaled-modelstudiesof lateral-
ly non-uniformconductors.

2. Analoguemodel description

Thetheoryof electromagneticscalemodelshas
beentreatedinconsiderabledetailby Sinclair (1948), TANK CONTAINING SALT WATER

Gaur(1964),Strangway(1966),Ward (1967),Negi Fig. 1. Analoguemodel.
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simulatingauniform upperlayerof a poorly conduct -_____

ingearth.Tominimize theeffectsof the concrete — — - - - - — —ISEA Lw4 --
I-floor, thebottomof the tankwaslined witha 5 cm

— D~ NAT~ALthick graphitelayerof conductivity02= 1.2’ 10—6 _______________
11Hz) 3’l0~ I 0.3

~ MODEL k)erno)lO.e,I0-6I0.8xI
0-II Ie.m.u.(1.2 105 mho/m).Thislayerof graphiteacts 2 . ~CN9aNSID~EN3mNsI

WT ~(amz)I2j,10-1012.1, 10’51as ashieldfor anyremainingfield at the bottomof ______________

w
— ~ V SC*LEI cm kmthe tank.Thesourceshown,consistingof alternating ________________________________________0

currentflowing in theoverheadgrid of parallelwires,
was designedto providea field thatapproximateda C,,:DI
uniform inducingfield overa sizeableareaof the
modeltank.Themodelis readilyadaptedto permit
theuseof aline current,orverticalor horizontalmag. o
neticdipole sources. 2 ‘I

Thefield detectorsusedfor carryingoutmeasure- /
C,,mentsat the surfaceof thesaltsolutionhavebeendes- ~
4

cribedin detail previously(Dosso,I966a).Theverti- Icalandhorizontalmagneticfield detectorseachcon-
sistedof twin coils 0.67cmlongand0.57 cm outer

o I Idiameter.Theelectricfield detectorhada 1.48 cm (C, ~,3 —Iprobeseparation.Theinstrumentationusedwassuit- ,.,ablefor recordingbothamplitudeandphasesimulta. ~ 102 ~ /I S /neouslyfor traversesacrossthe tank.Two setsof ~~IO ~ ~ ~scalingfactorssatisfyingeq. 1 appropriatefor the — /
modelare: I ~ I0~

10_I ~ , I I I.

cv/a’ loS,frf’u 10
5,L/L’= 105,k= 1

:i~’a/a’= 105,f/f’=25.l05,L/L’=105/5, k= 5
:Ii~

Thevalidity of the modelhasbeentestedfor an os-
0

cifiating sheetcurrent(Dosso,I966a),for an oscillat- -5 0 5 0 20 30 40
ingline current(DossoandJacobs,1968),and for
horizontalandverticalmagneticdipole sources Fig. 2. Analoguemodelandtheoreticalresultsfor avertical
(Thomsonet al., 1972)for modelfrequencies3’ 1o~, sea—landinterface,theW-Tresultsfrom D.J.Thomson(psi-

3 10~,and l0~Hz. vatecommunication,1972),theJ-PresultsfromF.W. Jones
(privatecommunication,1972).
thevaluesa/a’=f/f’ = iO~,L/L’ = l0—~,k= 1, and

3. Analoguemodel studiesof thecoasteffect theapparentresistivity scalingwasPaIP~= 1o—~.
Graphiteof conductivity0.8’ 10—6 e.m.u.simulated

The numericalmethodof JonesandPrice(1970), theocean,while saltsolutionof conductivity
andtheanalyticalapproachof WeaverandThomson 2.1• 10—10e.m.u.simulatedtheland.Theinducingfield
(1972),pennitscomparisonsof theoreticalandlabora- of frequency30kHz,simulatingafrequencyof 0.3Hz,
tory analoguemodelresultsfor a verticalinterface wasprovidedby the oscillatingcurrentsheetdes-
sea—landelectromagnetic1nductIon~problem.Forthe cribedearlier(Fig. 1).
theoreticalcalculationstheconductivitiesof seaand Themodel resultsshownin Fig. 2 wereobtained
landwere takento be 0.8-1011 e.m.u.and by theauthor,theW-T results(WeaverandThomson
2.1 10—15 e.m.u.,respectively.Thefrequencyof the (1972)method)wereprovidedby D.J.Thomson(psi-
uniform inducingfield was0.3Hz. Fortheanalogue vatecommunication,1972) andtheJ-Presults(Jones
model studiesthe scalingfactorsfor this problemhad andPrice(1970)method)wereprovidedby F.W.
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Jones(privatecommunication,1972).Thethreesets
of resultswerenormalizedby equatingthe valuesof —---~~~~‘ W~~HOUTOCEAN
H), aty = — 10 cm.The agreementof the threesetsof
resultsis in generalgoodfor E~andH~in theregi9n
neartheinterfacewith theW-T electricfield over the 2 •~, ,~LINE CURRENT SOURCE

conductingseasomewhatsmallerthantheJ-Pand N ~ \ ENCY .02 Hz
model results,andtheJ-PH5 maximumsomewhat ~
smallerthan thoseof theW-T andmodelresults.The I . • /

maximumvaluesofH for thethreecurvesoccurex- >. /
S . = ~ N.. ,actly at the interface.TheH5 modelvalues,forpomts “,~ o ‘ I

well removedfrom theinterface,are affectedby the = SEA o 200 400

factthat the inducingfield of thecurrentsheethasa (a) AFTER HERMANCE (1968)
verticalcomponent,thoughsmall,whereasthe theoret- 2 •..~.. HERMANCE (1968) MODEL

ical modelsemploya vertically incidentuniform source ~

field. The maximaof the threeH~curvesoccurover j~
thehighly conductingsideverynearthe interface,with I jj
theJ-Pcurvemaximumoccurringslightly furtheroff- ...

shore.Thelow maximumof the model curvecanbe 4’ (b) -

attributed,at leastpartially, to smoothingeffectsthat 0 .-‘.~~—‘ • •

takeplace,dueto thefinite sizeof the horizontalfield 5 0 5 10 20 30
detector,in regionswherethe field is changingrapid- V (km)
ly. Calculationsof H~,for this modelcarriedout by Fig. 3. Thecoasteffect.(a)Analoguemodelandtheoretical
U. Schmucker(privatecommunication,1972)usinga resultsadaptedfrom Hermance(1968). (b)A comparisonof

finite-differencetechniqueagreecloselywith theW-T (1968)modelandtheverticalinterfacemodel
andJ-Presults.Knowledgeof the limits of accuracy °

of the mathematicalresultsin theneighborhoodof inducing field wastakento be an ionosphericline cur-
the interfacemight assistfurtherin explainingthe dis- rent.Usinga conformaltransformationtechnique,he
crepancy.As canbeseenfrom Fig. 2, theagreement wasableto calculatethefields perpendicularto the
betweenthemodel andtheJ-Papparentresistivities coastlinefor a line currentparallelto the coastline.
is remarkable,bothyieldingapproximatelythe cx- The theoreticalresults,bothwith andwithout the
pectedvalue(1.2~Z—m)for graphite(sea)at ocean,as well asthe analoguemodelresultswith the
y = — 10 cm. Themodelapparentresistivityvaluein simulatedperfectlyconductingocean,are shownin
the neighborhoodofy = 50 cm agreesalmostexactly Fig. 3a.Thereis, in general,goodagreementbetween
with the valuefor thesalt water.TheW-T apparent the theoreticalandmodel resultsexceptat themax-
resistivityaty = — 10 cm is approximatelya factorof ima nearthecoast.Hermance(1968)attributesthe
10 lowerthanthe modelandJ-Pvalues,andhasa val- sharppeakin themodel beingsuppressedas dueto
ue somewhathigherthanthatexpectedfor pointsap- the finite size of the detectingcoils, andto the fact
proachingy = 50 cm.TheJ-Pandthe modelHZ/HE that in theanaloguemodel the oceanis not infinitely
curvesare quitedifferent at the interface.Themaxima thin,~nor infinitely conductingasrequiredin the
for the two curvesoccuron thelandwardside nearthe mathematicalmodel.His calculationswere madefor
interfacewith the J-Pcurveshavingthe sharpermaxi- a smallheightabovethe planeof the perfectlycon-
mum.TheW-T curvedoesnot showa sharpmaximum. ductingoceanto correspondto theheight at which

Toassistin the analysisof deepconductivitystud- the modelmeasurementswere made.Hermance(1968)
ies in Iceland,Hermance(1968)carriedoutmodel also carriedout calculationsfor the line currentsitu-
studiesof the effectof the ocean.In onephaseof his atedover theocean100 km offshore.Forthis case
work, in orderto performa checkonhisanalogue the peakshiftednearerthecoastlineandwas dimin-
model,hestudiedtheidealizedproblemof theocean ishedby approximatelya factorof 2, indicating
a perfectconductor,and,landa perfectinsulator.The strongdependenceon thesourcefield.
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To permitacomparisonof the coasteffect(H5/H~ —-—*us~su~)EVERETT & IM~MAN.967)

~REQI
CALIFORNIA COAST (SCI4SJCKER.1964)ratios)in Fig. 3aandFig. 2,it is appropriateto change 0.6 — ANALOGUE MODELHermance’s(1968)scaling.Uponchangingthefre- — -450 km 1.00025 Hz)— h210 kmquencyscalingby a factorof 15 (to convertthefre- 0.4 __________quencyto 0.3Hz) andthelengthscalingby .Jf~,while holdingthe conductivityscalingconstant,the — ISO ~ ~LAND

modelcurve shownin Fig. 3b results.TheHZ/HR 0.2
verticalinterfaceanaloguemodel resultsof Fig. 2 are ~.

includedfor comparison.It is interestingto note ~ 0
that themaximaare approximatelyequal,with the N -200 0 200 600 1000=
maximumfor theHermance(1968)modelcurveoc- 2 (a) AFTER LAUNAY (1970)

cursingat approximately4 km from thecoast,as LAUNAY (1970) MODEL h 15.3kmVERTICAL INTERFACE MODEL
LOW OCEAN MODELcomparedwith 2 km for the verticalinterfaceanalo-

03Hzguemodel.The fall-off bothoverlandandoversea
differs little for the two models.It is rathersurpris-
ing that thesetwo radically differentphysicalmod-

(b
els (i.e., sourcefields,form of theocean,andcon- 0
ductingcontrastsbetweentheoceanandtheland) 5 0 5 10 20 30
yield almostidenticalresults.Theclosesimilarity of ~ (km)
the resultsissomewhatfortuitous,sincea different
line currentposition(e.g.,situatedoverthe ocean), FIg. 4. Theôoasteffect. (a)AustraliaandCalifornia coast
couldresultin a significantly different responsecurve. measurementscomparedwith analoguemodelresults,adapted
As mentionedearlier,Hermance’s(1968)calculations from Launay(1970). (b)A comparisonof theLaunay(1970)model,theverticalinterfacemodelof Fig. 2,andashallow
for the line currentsituatedoverthe ocean100 km

seamodel(0.1 km deep).
offshore,indicateda muchreducedmaximumHZ/HY
value ascomparedwith theresultsfor the line cur- sentedby a stepat thecoastin the infinitely conduct-
rentoverthe land 100km from thecoast. ing mantle.Launay’s(1970)model doesnotinclude

Launay(1970)employedananaloguemodel,based this aspect,but considerstheunderlyingconductor
on electromagneticimagetheory,to studythecoast to be at uniform depth.The lengthscalefactor
effect.Themodelemployedtwo coppersheetswhich, (L/L’ = l0—~)andthe materialusedby Launay(1970)
with the aid of imagetheory,representedanocean to representtheocean(coppersheet)did not permit
underlainby aninfinitely conductingmantleat depth taking into accounttheslopingocean—continentin-
h, with aperfectly insulatingregionbetweenthe ocean terface.Thisaspectof the model couldbeparticularly
andmantle.Themodelsourcefield, providedby an importantfor regionsnear the interface.
alternatingcurrentin a largesolenoid,approximated To permita comparisonof Launay’s(1970)model
auniform inducing field in thegeophysicalproblem. resultswith theverticalinterfaceanaloguemodel re-
Thecasesstudied,for variousdepthsh of theconduct- suitsof Fig.2, it is againappropriateto changethe
ing mantle,hadapplicationsto the modelsof scalingfactors.Uponchangingthefrequencyscaling
Schmucker(1964)andEverettandHyndman(1967) by a factorof 1071 (to convertthe frequencyto 0.3
for theCaliforniacoastandAustralianexperimental Hz) andthelengthscalingby~/WiI,withthe con-
field measurements.Theanaloguemodelresultsshown ductivity scalingremainingunchanged,the model
in Fig. 4athoughbasedon a ratheridealizedmodel, curveshownin Fig. 4b results.It is notedthatfor the
agreewith thegeneralformof the experimentalresults curveshownin Fig. 4b theinfinitely conducting
for theCaliforniacoastandAustralia.Schrnucker mantledepth(h = 500 km) andtheoceandepth
(1970), takinginto accountdeep-seameasurementsby (4 km) in this newscalingbecomes15.3 km and
Filloux (1967),proposedahighconductivityat much 0.12km, respectively.TheHZ/HE verticalinterface
shallowerdepthundertheseathanunderthecontinent. modelresultsof Fig. 2 aswell asanaloguemodelre-
An analoguemodelof this situationcouldberepre- suits for ashallow ocean(graphitesheet0.1 cmthick
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representinganocean0.1 km deep)areincludedin the sheetcurrent,they arenotshown.Usingthe scale
Fig. 4b for comparison.Althoughthegeneralform of factorsL/L’ = 1 0~, a/a’ = f/f’ = 1~ the frequency
the fall-off overland withdistancefrom thecoastis 30 kHz correspondedto 0.3Hz in thenaturalscale.
quitesimilar for the threemodels,theverticalinter- Thewedgesloping from 0.1 cm to 2.5 cm in a distance
facemodelvalueson thelandwardsidenearthe coast of 50 cm, andwith aconstantthicknessbeyond,re-
are approximatelya factorof 2 greaterthanthoseof presenteda shelvingoceanwith theslopingpart of
theothertwo models.It shouldbeexpectedthat the the wedgerepresentinga 50 km continentalslope,
veryshallowocean(0.12km) togetherwith the con- andanoceanof 2.5 km depthbeyond.Thiswedge
ductingmantleat the shallow depthof 15.3km wasa model of the oceanon thewestcoastof Van-
would leadto a muchreducedcoasteffectas corn- couverIsland(Tofmoarea),thecontinentalslope
paredwith theverticalinterfacemodel.Thefall-off beginsapproximately25 km from thecoastline.The
overthe seais muchmorerapidfor theverticalinter- maximumenhancementofH5 occursexactlyat the
facemodel thanfor the shallowseamodelasexpected, interface,while themaximumH~occursoverthe
sincetheshallowseais only a fractionof a skin depth graphitecorrespondingto off-shorelocationin the
deepwhile thequarter-spaceoceanof the verticalin- geophysicalcase.The resultsof Fig. 5 indicatethat
terfacemodel is effectivelyinfinitely deep.Thepur- a coasteffect shouldbeapparentnearthecoast
posein comparingthe resultsfor thethreephysically for a frequencyof 03 Hz. Model measurementsat
differentmodelsof Fig.4b aswell asthoseof Fig. 3b lower frequenciescarriedout by Dosso(1966b)in-
is to demonstratethegeneralsimilarity of themodel dicatedthat the responsewashighly frequency-de-
coasteffectaswell asindicatesomespecific differ- pendent,andthat at the lowerfrequencyof 0.01
encesthatcanbeattributedto certainaspectsof the Hz therewasno enhancementat the interface.
individual models. LambertandCaner(1965)observedenhanced

in otherstudiesof thecoastlineproblemDosso HZ/HY ratiosat Tofino (approximately25 km from
(l966b) andDossoandJacobs(1968)presentedana- thecontinentalslope)for frequenciesof 0.01 Hz
loguemodelresultsfor variousshelvingsea—landinter- andlower, whereasthemodel resultsfor this fre-
facemodelsfor overheadsheetandline currentsour- quencyshowednegligibleenhancementfor all regions
ces.Fig. 5 showsresultsfor traversesovera graphite nearthe wedge.It canbe concludedfrom themodel
wedgefor theoverheadsheetcurrentsource.Since resultsthat,in this case,theearth—seainterface
the line currentresultswereverysimilar to thoseof alonecannotaccountfor theexperimentallyobserved

coasteffect.
Variousworkers(e.g.,RikitakeandWhitham,

1964;Schmucker1964,1970;LambertandCaner
SHEET CURRENTH~ 1965’; Coxet al., 1970;HyndmanandCochrane,

240 1971;andSrivastavaandWhite,1971)haveproposed
anupweffing in ahighly conductingzonein the sub-

2 ~ j stratumbelowthe ocean.Analoguemodelresultsfor
I -- H ~I6O suchamodelareshowninFig.6.Theupwellingbe-

.1~~ Z. ~ low theoceanwas modelledusinglargegraphite

~ 80 blocks at a suitabledepthbelowthesurfaceof the
salt solutinn.In orderfor the field to penetratethe

2 - ~ ~ ...__........_— wedgeto theblocks below,a thin wedgewasused.Thewedgeslopedto a thicknessof 0.5 cm in a dis-
I j tanceof 10 cm andhadconstantthicknessbeyond.

Thegraphiteblockssimulatinganupwellingconduct-
20 60 100 20 60 100 .

Y (1cm) ing zone,were 3 cm belowthe surfaceof the saltsolu-
Fig. 5. Analoguemodelresultsof measurementsover anm- tion. Forthe scalingfactorL/L’ = 105 this model
vertedtruncatedgraphiteconeandagraphitewedge,adapted simulatesa shallowseaslopingto a depthof 0.5km
from Dosso(1966b). in a distanceof 10 km andunderlainby a highly con-



300 H. W. Dosso,Modelstudiesof thecoasteffect

SHEET CURRENT SOURCE SHEET CURRENT SOURCE
FREQUENCY .0)2 Hz FREQUENCY .012 Hz

E r~ E, — x x
I Tll~~/~ ~ ___________

- ~ , ~ u4 -

0.2.j\~~

/ 0.4 - _______

-80

V ‘ 0.2-
tOO 300 ~o6 too 300 soo 00 300 Soo • •Y 1km) -100 0 100 200

Fig. 6. Analoguemodelresultsfor coastlinemodelsof ashelv- Y (km)
ing oceanoverahighly conductingstep,adaptedfromDosso Fig. 7. AnaloguemodelHzIHY values(basedon theresultsin
(1966b). Fig. 6) for coastlinemodelsof ashelvingoceanoverahighly

ductingzone3 km belowthe surfaceof the sea.If the conductingstep,adaptedfrom Dosso(1966b).
scalingfactorsL/L’ = l0—~/5,a/a’ = 10~,arechosen, To bring outmoreclearly theeffectof anunderlying
thescalingfor f/f’ andkare 25 lO~and5, respec- conductingstep,theHZ/HE ratios,correspondingto
tively. Themodelthen representsa seaslopingto a the amplitudesin Fig.6, areshownin Fig. 7. Moving
depthof 2.5 km in a distanceof 50 km andunderlain the conductingsteplandwardhastheeffect of produc-
by a highly conductingstep15 km belowthesurface inga coasteffectat greaterdistancesfrom thecoast-
of thesea.Themodelfrequencyof 30 kHz simulates line. For thecaseof thestepextending50 km inland,
a frequencyof 0.012Hz. theHZ/HR ratio beginsto increaseat 150 km from the

Fig. 6 showsanaloguemodel resultsfor the ampli- .coast,reachesa maximumat approximately75 km
tudesandphasesfor threewedgepositionsrelative from thecoast,andthen decreasesasthecoastis ap-
to theconductingblockbelow.Theinducingfield is proachedfurther.TheincreasingofHZIH~,movingto
providedby theoverheadsheetcurrentsource.As is theright in Fig. 7 far from thewedge-blockmodel,is
to beexpected,theposition of themaximain theH

5 dueto thepresenceof theverticalmagneticfield corn-
andH~curvesshiftsrelativeto the tip of thewedge ponentof the sheetcurrentsource.Fora truly uniform
(coastline)dependingon theposition of the graphite horizontalinducingfield, HZ/HRwouldcontinueto
block. In thegeophysicalproblem,the coasteffect decreaseandapproachzero for increasingdistance
shouldbe observableat a muchgreaterdistance(as from thecoast.It canbeconcludedfrom Fig. 6 and7

greatas 150 km) from thecoastfor thecaseof the thatanunderlyinghighly conductingstepincoastal
conductingstep50 kminland ascomparedwith the regionscouldplay animportantrole in the coastef-
caseof the step50 km seaward.Forthe caseof the fect. In particularthe analoguemodelresultsindicate
conductingstep50 km inland,H5 actuallydecreases that anupweffingconductingzonewould be-anim-
as thecoastlineis approachedfor pointsbeyondthe portantfactorin accountingfor the coasteffectob-
maximumdueto theconductingstepandthenin- servationsof, for example,LanibertandCaner(1965)
creasesagainto a secondmaximumright overthe andSchmucker(1964).
coastline.Thephaseof theverticalcomponent(Ø~) Thecoastlineproblemof a highly conductingstep
is seento dependstronglyon theconductingstep. belowtheseawasrecentlystudiedfurtherby
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wedgealoneis dampedoutfor bothblock positions.v(IrrtcM. DIPOLE+ IIOWIZOIdTAL DIPOLE +
Forpointsoverland, thefields areessentiallyunaf-

—zoo,,,—
.~.i.z.o•m.. fectedwhenthe stepis on the seaward(A) side,but

,2.sk..
—= I —- movingthestepto thelandward(B) sidecausesthe

5km —som~ ~

~ ~-..~-i~-i~ low frequency(0.0004Hz) fieldsto increasefor the~
_____________________ _____________________ horizontalsourceandto decreasefor thevertical

IC,
sourcefor pointsinland.Thisbehaviouris reversed

~ whenthe dipolesare situatedoverland(right hand
-‘ DEFERENCE DEFERENCE sideof Fig. 8), theratiosfor theverticaldipole are

I I I _______________________

I0 enhancedwhile theratiosfor thehorizontaldipole
I ~ are reduced.In furthercomparingthe resultsfor the

I two dipole positions,themaximumthatappearsat
10’ .) WEDRE 0.012Hz for the onshorelocationof theverticaldip-

I I I I I

ole in thepresenceof the wedgealoneis muchlarger
thanit was for thehorizontaldipole in the offshore
position,andis still significantforpositionA of the

10_I ___L_~
1*& WEDGE A & underlyingblock TheHZ/HR ratio for theonshore

I I I I vertical dipoleshowsconsiderableenhancementnear
l0

the step for the landwardposition of the block.In
the overallcomparisonof the resultsfor the onshore

andoffshoredipole positions,the similarity in the

0-I ~-.!
WEDGE N N

__________________ behaviourof theHZ/HR ratiosfor the onshore(off-
—. I I I I I I

-100 -50 0 50 100 -100 -50 0 50 tOO shore)horizontaldipole and theoffshore(onshore)
Y (km) vertical dipoleis mostapparent.

Fig. 8.Analoguemodelresultsfor coastlinemodelsof ashelv- It canbe concludedfrom theresultsof Fig. 8 that
ing oceanoverahighly conductingstepfor overheaddipole for onshoreandoffshorelocationsof dipole sources,
sources,adaptedfromThomsonet al. (1972). the conductingoceanalonehaslittle effect on the

Thomsonet al. (1972)for overheadverticalandhori- fields on the landwardsideof the coastline,butit
zontaldipole sources.Themodel,includingthewedge doesaffect thefields over theocean.Thepresenceof
andgraphiteblock, wasthesameasthe oneusedby a conductingstepin thesubstratumis also seento
Dosso(1966b).TheHZ/H,, ratiosfor the two dipoles havelittle effect on thefields forpointsoverland
located—40 cm offshoreand40 cm onshorefor the whenthestepis onthe seawardside,bUt doeshave
wedgealone,andfor theseaward(A) andlandward aneffectwhenlocatedon thelandwardside.The
(B) graphiteblock position,as well asreferencecurves presenceof thecoastlineis evidentfor all casesin the
(wedgeandblock removed)areshownin Fig. 8. For behaviourof the fields offshore.This indicatesthat,
the scalingfactorL/L’ = I O~/5,the distanceof 40 wheninterpretingthe coasteffect,the fields overthe
cm onthe modelscalerepresents200km on the geo- seashouldalso betakeninto consideration.
physicalscale.The labelsA orB in the lower figures
identify thepositionof the block relativeto thewedge
for theparticularset of results. 4. Concludingremarks

Forthe offshorelocationsof thedipolesgiven in
Fig. 8 (left column),a comparisonof the resultsfor Comparedwith the largeeffort thathasgoneinto
thewedgealonewith theresultsfor theseaward(A) theoreticalstudiesof mathematicalmodelsthrough
andlandward(B) block positionsshowsthat the theyears,relativelylittle effort hasgoneinto analo-
overalleffectof the conductingstepis to furthersup- guemodelstudies.Nevertheless,analoguemodel
presstheHZ/HE ratio over theocean.In particular, studieshaveprovidedconsiderableinformation,par-
thehighfrequency(0.012Hz) enhancementover the ticularly on two-dimensionalelectromagneticprob-.
wedgefor the horizontaldipole in the presenceof the lems.With themanytwo-dimensionalproblemsyield-
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lag to theoreticalsolution,interestin three-dimen- Hyndman,R.D. andCochrane,N.A., 1971.Geophys.J., 25:
425.sionalproblemsis increasing,andin this areatoo, Jones,F.W., 1971a.Can. I. Earth Sci., 8: 961.

analoguemodelstudiesshouldbeof continuinginter- Jones,F.W., 1971b.Phys.Earth Planet.Inter.,4: 417.
est. Jones,F.W., 1971c.Geophys.J., 22: 17.
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