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THE INTERPRETATION OF ANOMALOUS FIELDS BY USING THEIR
FREQUENCY CHARACTERISTICS
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(ReceivedMay 12, 1975)

Non-synopticsmall arraystudiesfor magnetometer-inductioninvestigationsareconsidered.A newinterpretation
techniquebasedon thefact that anomalousfields originatefrom currentconcentrationsin local inhomogeneitiesis
discussed.Two-dimensionalandthree-dimensionalinhomogeneitiesareconsideredandresultsfrom someanalogue
modelling measurementsarealsodescribed.Thedeterminationof variousparametersassociatedwith theanomalies
is discussed.

1. Introduction interpretationtechniquethat isbasedon the fact that

anomalousfields originatedueto the conductive
Magnetometerinductioninvestigationsmaybe currentconcentrationin local inhomogeneities.As the

divided into two types:(a) “arraystudies”and(b) basisof this technique,theanalysisof a largeset of
“non-synopticsmall arraystudies”.The term“array two-dimensionalnumericalsolutions(insertionand
study” impliestheperformanceof synchronousobser- graben)anddeepinhomogeneities(elliptical cylinders)
vationsin the areaunderinvestigationwith special is carriedout. Physicalmodellingof bodiesof limited
dataprocessingandinterpretationof synchronous lengthhasalsobeendone.
variationsrecordedin thearea. Finally, the techniqueof quantitativeinterpretation

A “non-synopticsmallarraystudy” includespoint of anomalousfields is presented,andthe possibilities
observationsand profile synchronousobservations, of theMVP (MVP = GDS) methodare described.The
Earlier electricalconductivity anomalieswerestudied publisheddataon the frequencycharacteristicsof
only by point andprofile observationsand therefore thecoasteffect are analyzedand conclusionsabout
suchnon-synopticsmallarraystudiesmay be consider- theparametersof its sourceare derived.
ed classical.The coasteffect aswell as the northern
Germany,Japanese,Andean,Alert, Carpathian,Kyro.
vogradandotheranomaliesweredetectedand studied 2. Theintegralrelationsbetweenanomalousfield
by this method. components

The dataprocessingtechniquefor point andpro-
file observationsis well developedandwaspresented The normalizedanomalousfields from two-dimen-
in thereviewby Banks at the EdinburghWorkshop sional inhomogeneitieselongatedalong theyaxis
(Banks,1973).Therefore,little attentionwill be paid satisfy the Hilbert transformations(Kertz, 1954;
to this questionin thepresentreview. The technique Schmucker,1970):
for interpretationof the anomalousfields is notwell
developed.Much of this review is devotedto a new h~(xo)= Kh~(x), h~(x~)= Kh~(x) (1)
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where the processingresultsarethe combinationof these
functions thatdefinetheinductionvectorC. For a

Kh(x)= — ~ C h(x) h = two-dimensionalanomalyelongatedalong they axis:
ir Jx—x0 ‘ ~ H~o’ h

Hza CI=c~~1~(x,T) (3)

— H~0 Malytical methodshavebeendevelopedfor calcu-

latingh~andh~.If processingis donefor eachpoint
If theanomalousfields from the observationaldata independently,it is possibleto calculateapproximate-

satisfy eq. 1, then the profilesmay be interpretedac- ly h~from C~by making someassumptionsaboutthe
cording to two-dimensionalmodels.All hr(r = x,z) anomaly.
valuesin eq. 1 are complexamplitudes,the real(hru)

and imaginary(hrv) partsof which are also connected
by the Hubert transformation(Kaufman,1960): 3. Two-dimensionalmodels

hru(To) = Khrv(T), hrv(T0) = Khru(T) (2) 3.1. Anomalousfields of two-dimensionalinhomoge-

where neities

Kh(T) = I r h(T) d
1lo T~ The solution of the problemof electromagnetic

ir J log T — log T
0 g inductionin a heterogeneousearthby ionosphericor

— magnetosphericsourcesof complexconfigurationis
and whereTis the period.Similarly, the logarithmof the basisfor datainterpretation.Such a problemis
the amplitudeof the field is relatedby a Hilbert trans- extremelycomplexmathematically,and alsothe source
form to its phase. is highly variableandits parametersmaybe only approx-

The relations(1) and (2) show that if the real or iinately known.Considerabledifficulties maybe avoid-
imaginarypart of oneof theanomalousfield compo- ed if the problemis separatedinto two simplerones:
nentsis given in thewhole(x,T) domain,thenthe (1) The formationof large-scalenormal magneto-tellur-
anomalousfield is definedcompletelyand its other ic fields (E0,H0) correspondingto theconfiguration
componentsmaybe computedby the integraltrans- and dimensionsof thesourcein someappropriate
formations(1) and(2). It follows thatmeasurement horizontally-stratifiedEarth;and(2) the formation
of only one(e.g.,hru) or two componentsof the anom- of anomalousfields by the local inhomogeneityunder
alous field is nota major drawbackin limiting the the actionof E0 andH0. Thesmaller the dimensions
interpretation.However, this doesnot meanthat of the electricalconductivityanomalyascompared
measuringonly one componentis advisable.In prac- to thesourcedimensionsthe betterthe resultsgiven
tice the observationsare alwayslimited in frequency by sucha division.
and spaceby separatepointswhereevery component The formerproblemis solved for a numberof
of theanomalousfield is measuredwith someerror, sourcemodels.For most real sourcesthe impedance
In suchconditionsit is desirablethat variouscompo- on the Earth’ssurfaceis closeto theimpedancefor a
nentsshouldbe observedasthis gives moreinforma- vertically incident planewave (Rokityansky,1972).It
tion and also increasestheaccuracyof the informa- is difficult to analyzepossibledeviationsof realvan-
tion receivedprovidedthat the measurementaccuracy ationsfrom this rule (arraystudiesover largeareasare
of the variouscomponentsis comparable.In practice required)so that,at present,the plane-wavemodel is
the normalizedanomalousfield may be obtained usedfor local studies.Analysis of the role of the verti-
eitheras the resultof processingprofile synchronous cal componentof the normal field in theformationof
observationsor from observationsat eachpoint in- the anomalousfield of a local inhomogeneityjustifies
dependently.In the formercasethe processingresults the adoptedmodel.The impedance~ = E0/H0 will
are transferfunctionsh~~(x,y,7)(Schmucker,1970; thenbe theonly importantcharacteristic(exceptfor
Banks,1973),that form the matrix. In the latter case periodand polarization)of thenormal field. Thenor-



THE INTERPRETATION OF ANOMALOUS FIELDS 273

mal continentalimpedancefor varioussurfacecondi- on theanomalousbody asa whole but on thenearest
tions characterizedby Swere presentedby Rokit- partsof its section.
yansky(1972,1974).Next,the solutionof the latter The analysisof theinsertion (Fig. IA) with Ui/Ge
problemis considered,that is, the anomalousfield = 5, 10, 16 and2L/h< 10 ratios gives the sameresult.
formationby local inhomogeneitiesin the field of a Forthin insertions(2L/h > 10) the curvesin the cen-
planewavefor E-polarization(the anomalousfield tral part of the frequencyrangeat variousobservation
for H-polarizationis equalto zero at the surfaceof the pointsare distorteddue to thehorizontalskin-effect
conductinghalf-space). influence.

The influenceof the depthH to the ideally con-
ductingbasementon h~is presentedin Fig. lB. This

3.2. Two-dimensionalsurfaceinhomogeneities— inser- figure showsthat the position of themaximumin the
tion andgraben amplitudecurve and the positionof the signchangein

the phasecurve do not characterizeuniquely the
This problemis solvedby the integralequation longitudinal conductivityof the anomalousbody

methodand numericalresultsare obtainedfor in- (2Lhu
1),butdependon H, i.e. on the deepgeoelectri-

homogeneitieswith a wide set of parameters(Dmitriev cal structure.characterizedby the normal impedance
and Kokotushkin,1971;Dmitrievet al., 1973).The
period interval(T0 — ~T/2, T0 + .~T/2)wherethe Fig. 1C presentsthe impedance~ of the normal
anomalousfield amplitudeexceeds0.5 of its maximum three-layeredsectionVP =

0e’ ~ o~h = I, H, (see
value will be referredto as the centralpart of the fre- Fig. 1 A) with H valuescorrespondingto the curves
quencydependence.In this interval thephasepasses in Fig. lB. The similarity ofh

2 and ~ at longperiods
throughzeroat someperiod T0~.Usually T0~, TM in Figs. 1 B and 1 C indicatestheexistenceof a linear

T0 whereTM is the position of the maximumof the relationbetweenthem,which indicatesan electrical-
amplitudecurve.Analysis of the numericalresultsfor or conductive-typeanomaly.Introducinga function
insertionsshowsthat thecentraland long-periodparts Vwhich denotesthefrequencydependenceh2/E0 in
of theamplitudecurvesare similar and thephase a similarway to the formulafor a cylinder (Rokityans-
curvescoincidefor bothcomponentsof anomalous ky et al., 1969;Rokityansky,1972, 1974) and by
field at all pointswherethesecomponentsarelarge. normalizingsuchthatV~~I,we canwrite:
This fact is of greatimportancebecauseit showsthe stabil-

hr = V~0S0h= r = x,z (4)
ity of thedeterminationof thetwo-dimensionalanoma- r, -

busbody parametersby the frequencydependencesre- whereS0 = a~his the longitudinal conductivityof the
gardlessof theobservationpoint (includingthe singular upperlayeroutsidethe insertion and the constant
point at the contact).Comparativeanalysisof anoma- hr = lim hr asT —~ 00 and H -~ o~.

busfields of an insertion and a similar grabenshows Validity of eq.4 will be confirmedif thevalue
that their fields at centraland long periodsare almost V= hrl(S0hr = ~o)doesnot dependon H. Fig. ID
identical at all profile pointsandevenat the contact presentstheresultsof sucha determinationfor six in-
the differencedoesnot exceed10%. Thus for thecen- sertions.Function V determinedon thecurvesH=
tral frequenciesthe insertionandgrabenmodelsare 51.125and 0o coincidesin therangeof plotting accu-
practically identical andit is not necessaryto analyze racy (2—3%).The determinedvalueof V for the curves
thegrabenmodelespecially,but the resultsobtained H = 21 is presentedfor threeinsertionsby crosses.
for insertionsmayalso be usedfor grabensandprob- The deviationof crossesfrom thecurve,obtainedat
ably for a largeclassof elongatedsurfaceinhomoge- higherH, showsthat atH = 21 the anomalouscurrent
neities. interactionin the insertionwith currentsin thecon-

At short periods(T’~T0) theamplitudeand phase ducting basementis quite noticeablein a definite
of an anomalousfield stronglydependon theobserva- period interval. At longeror shorterperiodsthis inter-
tion point anddiffer betweeninsertionandgrabenfor action is less becauseone of the interactioncurrents
horizontaland verticalcomponents.The curvesat becomessmall. With the increasinginsertionwidth
theseperiodsdo not appearto containinformation theinteractionincreasesandits maximuminfluence
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Fig. 1. The anomalousfield frequencydependencefor theinsertion atpointx = L.
A. Cross-sectionof the model.
B. For differentH, Ui/Ge = 16, L = 1.
C. Normal impedancemultiplied by S0 = °e h.
D. The function V~h~/So~oh~0,.for six insertions(see table below). Crossesare theresultsof calculationsfor thecases3,4,6
with H = 21. The distancefrom thecrossesto thecorrespondingsolid curvescharacterizestheeffect of the interactionof the
anomalouscurrentswith theconductingbasementcurrents.

Curvenumber ~ L h~ Curvenumber Ui/Ge L h~

1 5 1 1.55 4 16 2.5 5.8
2 10 1 2.4 5 16 4 7.0
3 16 1 4 6 16 8 8.5
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on theanomalousfield atH = 21 is 6% at L = 1, 11% determinesthe degreeof saturationof anomalous
at L = 2.5, 20%at L = 4 and 30%at L = 8. currentsby theconductor. 100%saturationrefersto

Generalizingthesedatait is found that the inter- thecasewhen the electric field is thesamein the con-
actionof the anomalouscurrentsdue to theinsertion ductorand in thesurroundingmedium.Calculationof
with currentsin the conductingbasementchangesthe the functions~, V, and i3 gives the approximatefre-
anomalousfield less than 5%at 2L/H< 0.1 andless quencydependenceof a conductive-typeanomalous
than 10%at 2L/H <0.2. The conductingbasement field. If ~0(T) andi3(7) are known, then accordingto
is at a depthof more than 400km, andso for anomalies the observedfrequencydependenceof h(T), V(T) can
of 80 km width thefrequencydependencemaybe be determined.Comparingthe latter with thetheoreti-
synthesizedwith bessthan 10%errorby multiplying cal curve V(I/k~a)(Svetov, 1966,1973;Rokityansky,
thefunction V by the impedanceof thenormal section, 1972) and consideringtheir horizontalshift, G = Ira

2uj

that is formula(4) may be used.Using global continen- may be determined.
tal dataas thenormal impedance~ (Rokityansky,1972, The secondterm of eq.5 gives a magnetic-or eddy-
1974),the frequencydependencefor a large setof in- type anomalywhich is proportionaltoH

0 and does
sertionswasplotted, not dependon the conductivity of thesurrounding

mediumand showslittle dependenceon the conductor
3.3. Deepanomalies elongation.Our estimatesshowthat for local inhomog-

eneities(wheretheanomalywidth is muchless than
Theanalyticalsolution for an externalanomalous the characteristicdimensionsof the source field) in real

field of a circularcylinderwith radiusa andconducti- geophysicalconditionsthe eddyanomalyis usually
vity a~in thefield of a planeF-polarizedwavehas the smalleventhoughthewhole internalfield of thegeo-
form: magneticvariationsis of eddy nature.This is confirm-

ed by the analysisof numericalsolutionsfor surfacein-

H 0 homogeneities(Section3.2) andwill also be confirmed
H = E a V

tk a, ~ \ ~ 1 — by the analysisof numericalresultsfot deepanomalies
2 Oh i ‘ Gj r 0 in the nextsection.

3.4. Deeptwo-dimensionalanomalies— Theelliptical

— HOhD(k~a)a (5) cylinder(Fig. 3C)
r 0

The calculationmethodsand theanalysisof results

wherek~= (iwpa~)U2.V is a limited monotonouslyin- of the solution for theproblemof a plane-waveelectro-
creasingfunction VI <1 andD is a monotonously magneticfield incident on a medium containingan
decreasingfunction of period. The first termin eq.5 elliptical cylinder(F-polarization)are describedin the
correspondsto a conductive-typeanomaly,and the work by Kaufmanet al. (1971a)andan albumof
secondterm to an eddy-typeanomaly. mastercurvesof h~,E~and~a asa function of period

Conductiveanomaliesaredue to thecurrentredis- hasbeenpublishedby Kaufmanet a!. (l971b). Impor-
tribution betweenthe mediumandthe body (which~s tant resultsfrom theseworksare referredto here.
moreevident for a conductorof limited length).Such FunctionsV (Fig. 2) are determinedby usingthe
anomaliesareproportionalto F and thereforeto the normal impedancefor a half-spaceand the anomalous
impedance~. On the basisof eq.5 it is possibleto field frequencydependenceof a set of elliptical cyl-
write a generalizedformulafor the fields of conduc- inderswith z/b = 3. Valuesof V, calculatedfor cyl-
tive nature(Rokityanskyet al. 1969;Rokityansky, indersbothwith andwithout a surfaceconducting
1972, 1974): layer were practicallythe sameat longand intermedi-

ateperiods.This showsthat the anomalousfield
h(Tr)A(r)V(F)13(Tr)~(7) (6) . . . . .

weakeningat periodssatisfyingthe condition
wherej3(T,r) is a function which expressesdamping > 10 ‘ h

1 is due primarily to electricalfield attenua-
in theenclosingmediumandV(F) is a function which tion proportionalto ~. An importantresult from this
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A ~. theanomalousfield at high frequencies.As S increases,
~ -~ A theweakeningspreadsoverthe centralpart of the fre-

~~ir~~\ia

quencycurve andshifts themaximumto the right aswell as reducesits level.Undertheseconditionsthet5’e anomalyis screened.If an anomalousfield from a deepobject is not completelyscreenedandis measurableatthesurface,then by knowing theparametersof thesurfacelayer it is possibleto approximateits influenceanddeterminethe frequencyand spacedistribution ofthe anomalousfield from the deepanomalybeing
studied.

3.5. Comparisonofthesurfaceand deepanomalies

B~VI ~ ~ - - -- Comparisonof the synthesizedfrequencydepen-

boththeamplitudeand phasecurvesfor surfaceand
0,5

- deepanomalies(insertionand elliptical cylinder) have

//~ dencesaccordingto formulae (4) and(6) showsthatpractically the sameform at centraland longperiods.At short periodsthefield associatedwith theelliptical— = cylinderbecomessmallermorequickly than that due
to the insertion.However,if the observationpoint is0.2 / not chosenat the insertionedgeno differenceappears.

smootherslopesthantheverticalcontactof the inser-Consideringthat realsurfaceinhomogeneitieshave~ / /~ distingaishdeepanomaliesfrom surfaceonesaccording
tion model one mayconcludethat it is impossibleto

50 /00 2b0 500 to thefrequencydependencefor bothamplitudeand
phase.It is also impossibleto do this by considering
theform of theprofile curves.The differencesobserv-
ed at short periodscannotbe usedto determinethe
basicanomalydepthbecausetheymaybe connected
with the existenceof smaller-scaleelectricalconductivi-
ty inhomogeneities.

4. Three-dimensionalmodels
Fig. 2. The frequencydependenceof the function V for
elliptical cylinderswith differenta/b.

A. Cross-sectionof themodel. Two-dimensionalconsiderationsare alwaysidealized
B. Dependencefor oj/Ue= 256. and evento show thelimits of their applicability the

analysisof three-dimensionalsolutionsis required.
is that Vmay be calculatedfrom h~or h~according Existing solutionsfor continuouscurrent(Svetov,
to formula(6) evenfor the caseof a conductinglayer 1966, 1973;RokityanskyandShuman,1970)cannot
overthe anomalousbody i,f ~ > 10 . h

1. help one to find thefrequencydependenciesof a con-
The frequencydependencessynthesizedaccording ductive-typeanomalousfield. The analyticalsolution of

to formula(6) by multiplying the function V(Xe/b) the diffraction problemis known for a sphereonly. It
(Fig. 2) for elliptical cylindersby thenormal impedance is insufficient,however,for the interpretationof ob-

~0(flshowhow thesurfaceconductinglayerweakens servedanomaliesbecausesimple considerationsshow
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Fig. 3. The anomalousfield frequencydependenceover a horizontalbrassplate of 1.5 ‘ l0~X 0.02 km sectionandlengthLy (mi)
indicatedby thelargecircles.Points,crossesandcirclesarethe experimentaldatafor platesof different length. Solid lines are
smoothedexperimentaldata.
A.h~= (IH I — IH~o

1~I11x0~The dashedline is I accordingto eq.2 with theassumptionh~ Re
B. h~= H~~x

0.The dashedline is theimpedanceon the two-layeredsection:~i = 0.24 Hm, h = 0.405 m, P2 = 0. V/i on the
absciss-axisfor h = 0.405 m.

that a conductiveanomalydependsessentiallyon the x is a functionwhich decreasessharplyasthebody
anomalousbody elongationalong the electric-field di- becomesmore elongated(Svetov,1966, 1973) as
rection.The influenceof elongationwasstudiedby shownin the table:
modellingexperimentsin a tank(Rokityanskyand
Kulick, 1972).Fig. 3 showsthe obtainedfrequency

2LyI(LxfLz) 2 10 50 200

dependenceof h~andh~of theanomalousfield for x 0.4 0.04 0.003 0.0003
bodiesof differentlength.The fact that theanomalous
field observedin themodel is of conductivenatureis If the first termon the right handside of eq.7 domi-
confirmedby thefollowing features:dependenceon nates(l/V~>ajX/2ae)the limiting formula for a cylin-
the length, similarity of the long perioddependenceon drical inhomogeneityis obtained.If the secondterm
the normal sectionimpedance~ (Fig. 3B), and the dominates(l/V~UiX/2Ue) a spherical-typeconductor
anomalousfield exhibitedfor different profiles, in exists(Svetov,1966, 1973;Rokityansky,1972) and
particular,outsidethe bodyedges. the anomalousfield for it is determinedby theenclos-

The analysisof two limiting formulaefor an elon- ing mediumconductivity Geandby the bodyelonga-
gatedspheroidin a continuouscurrent(Rokityansky, tion. The solutionsobtainedfor continuouscurrents
1972;Svetov, 1966,1973) andeqs. 5 and 6 for a are appliedto a spherical-typeconductor,andthe fre-
cylindermakeit possibleto assumeeq.6 to describe quencydependenceis determinedby calculationof
themodellingresults,where V* shouldbe substituted P~

0accordingto eqs.6 and 7. Whenthe termson the
for V definedby theexpression: right side of eq.7 are comparablein value,the expres-

sion (7) shouldbe regardedasan empiricalone.
= 1 + (7) The resultsdescribedaboveare for the centralpro-

V’~’ V
0e 2 file acrossthe elongatedbody. With the observations
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approachingthebody edgesthe anomalousfield de- 5. The anomalous field interpretation
creasesat longperiodsandthemaximumshifts to the
short-periodrange.The sameoccursfor the central 5.1. Thenon-uniquenessof theinverseproblem
profile when the body length is reduced.

Fig. 4 presentsthe frequencydependence(synthe- In practicethe MVP inverseproblemdoesnot
sizedaccordingto eqs.6 and 7) of the conductive-type give a single-valuedsolution.This facthasnot been
anomalousfield over a spheroidof differentelongation given due attentionand theinterpretationresults
2Ly/(L~+ L~)whereF

0 is parallelto the major dimen- haveusually beenpresentedin the form of a random
sionL1,. The eddyanomalydependslittle on elonga. model.The purposeof MVP interpretationis the
tion (in Fig. 4 it is plottedas a dashedline for the determinationof thewhole set of modelssatisfying
sphereand cylinder). At long periodsthe conductive theexperimentaldatawhich, for example,canbe
anomalysharplydecreasesas theelongationdecreas- carriedout by the limiting estimationmethod.
es,and themaximumshifts to the short-periodrange. The next interpretationstep includes the use of
In the centralpart of thecurve with 2L1/(L~+ L~) othergeoelectricalmethoddata.The first of these
<3 the eddy anomalyexceedsthe conductiveone is the MTS in order to narrow the numberof allow-
for a body of givenparameters,and the anomalous ablesolutionsand in particular to specify the depth
field valueis practically unmeasurablebecausethe of the upperedgeof the anomalousbody.
anomalousfield backgroundfrom the subsurface The final stepof the investigationis the geological
objectsis greaterthan 0. 1—0.2. and geophysicalgeneralizationwherethosemodels

Fig. 4 showsthat by usingeqs.6 and 7 andcon- which best fit thegeologicaland geophysicaldata
sideringthefrequencydependenceof the anomalous areselectedfrom the resultsof thegeoelectricmeth-
field it is possiblewithin the frameworkof the ods.
spheroidmodelto estimatethe minimum length of
the anomalousbody if reasonableassumptionsare 5.2. Thepossibilitiesof theMVP
madefor the conductivitiesa~anda~.

To assessthe problemsof MVP interpretationwe
shall formulatethe possibilitesof themethod:

(1) The observationof the geomagneticvariation
ho

anomalousbehaviorin the local regionallows a reli.

electrical-conductivityanomaly.
(2) According to theextremepositionsof the hori-

zontal componentsof the anomalousfield or accordingto thesign changeof thevertical field we canlocalizeableconclusionto be madeaboutthe existenceof the
theepicentralline of the anomalousbody and deter-
mine its strike. This maybe performedby induction-

“ \ vectorplotting. However,one shouldbear ill mind
the possibility of axis displacementdueto regional
backgroundin thevertical component.

- (3) The form of theprofile curvesof the anomalous
field makesit possibleto determineh~x,themaxi-

~ 20 50 1~ 200 ~0
mum depthto the upperedgeof theconductingbody

Fig. 4. The anomalousfield of a conductivenature(solid lines) andLx~x,its maximumeffectivewidth. Two oppo-
synthesizedaccordingto theformulae(6) and (7) usingnormal site modelsare used10 estimatethesetwo values:
global impedance(Rokityansky,1972, 1974)for thespheroids onewith a concentratedsource(buriedlinearcurrent)
with differentelongation2Lv/(Lx + Li). The dashedlines are and the otherwith a thin inhomogeneoussurface
the eddyfield. Parametersof the model: theradiusof the
equatorialsectionL~= L~= a = 20km, u~ 1O~r~m~,0. layer. If the profile curve is sufficiently simple, it is
= 1 ~ m~, z = ~a. possibleto determinefrom its typical pointsthedepth
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of linear currentwhich estimateshm~x.In thecaseof A third more approximateway is to use the profile
a curve of complexshapeit is possibleto determine curve of theanomalousfield at oneperiod. Th.e zero
hn~by determiningthepolesof thecorresponding momentof the anomalousfield is definedby theex-
analyticalfunction usingthe analyticalcontinuation pressions(Rokityanskyand Shuman,1971;Rokityans-
method. ky, 1972):

(4) At centraland long periodsthe frequencyde- 1 =

pendenceof the MVP anomalousfield makesit possi- rno = ~ Vl3~0G; In0 = —~ f h~(x)d~x• (9)
ble to give maximumand minimum estinlatFonsof 4IT — =

the longitudinal conductivity G = u~Qof the anonla- S - -
- - . - - The latter expressionmakesit possibleto calculate

busbody with sectionQ and to give minimum values --

- - - . n~-~from the observedheld and the former one allows
for the body lengthL ,. The estimationtechniqueis

-~ . - G to be found when ~, ~3,~ are known.To find Gbasedon theresultspresentedin Sections3 and4. - - - - - mm
- - . - - - itis possibleto use the inequality I J/j3 I < 1.

The minimum estimateG is the most interestingand
objectiveone.It proceedsfrom two assumptions:(1)
the anomalyis two-dimensional;and(2) theanoma~
busfield is of conductivenature.Whenoneor both 7. The application of thefrequencydependence
assumptionsareinvalid thevalueof real G is under- method to thecoastal-effectanalysis
estimatedand theestimationis calledthe minimum
one. The original dataare taken from the worksby

Sasai(1969),Cochraneand Hyndman(1970)and
Schmucker(1970) wherethe amplitudesandphases

6. The estimationof Gmin of theanomalousfields are given for periods1 5, 30,60
and 120 mm at a numberof pointson the Pacific

The main methodfor estimatingG10~~is basedon coastsof North America and Japan.The combined
the transformationof.h~(T~(r = x,z) into a function dataanalysisof amplitudesand phasesallows the
V(T) by dividing by the normalimpedance~ and determinationof the position of T0, the maximum
damping function~accordingto formula (6) or (4). of the amplitudedependence,and the sign changeof
Thus the information on the normal geoelectrical thephase.Fivestationsare chosenfor the investigation
sectionwhich complicatesthe frequencydependence of frequencydependenceof thecoastaleffect.The
is removed, sea-bottomprofile acrossthesestationsis quite smooth

The obtainedV(T) is comparedto theoreticalvalues and theaveragedepthIi of the adjacentsea(ignoring
of (Fig. 1 D or 2B, accordingto the type of model theshelf) variesfrom 4 to 1 km for the different sta-
chosen)V(X/a) and Gminis determinedfrom the honi- tions.Theanalysisshowedthat the position of the
zontaldisplacementof thex axes. For stableGminde- maximumof the frequencydependenceT0 is associ-
terminationit is sufficient to know the order of Ui/Ge atedwith theadjacentseadepthIi by theapproximate
and the ratio of the maximumsize of thebody section empirical formula T0 [seci = 250 (Ii [km] )1.7. The
to its minimum mustnot exceed10. If the latter con- longitudinal conductivity G of the seasectionwhere
dition is not satisfiedtheGminvaluemay be further the anomalouscurrentseffectively flow at period T0
underestimated. is definedaccordingto formula (8). Since a1 of the

A simplified way to estimateGmin usesthe empiri- seaand h are knownwe can find the seaband-width
cal relation for the typical point position of the fre- L0 wherethe anomalouscurrentsresponsiblefor the
quencycurve,e.g. T0 with Gmin. Sucha relationcan coastal-effectflow. In the investigatedrange /i = 1 —4
be constructedfrom the synthesizedfrequencyde- km the valueL0 was approximatelyconstantand was
pendencesof theanomalousfield for the insertion of averagevalue 8h (with allowancefor possibleerror
and cylindersandmay be describedby theempirical of the result 5—13).
formula: The sourceparameterfor the coastaleffect there-

fore becomesknownand is thecurrentbandL0
Gmin i~2_lml = 5~l0~{T0[sec] }1.2 (8) 8h at period T0. With changingperiodtheband



280 1.1. ROKITYANSKY

width maybe approximatedfrom the skin-effectlaws. tion x existsalongwhich eq. 1 is realizedwith satis-
The smallwidth of thecoastal-effectsource(several factory approximation.If the horizontalandvertical
tensof km) allows it to be classifiedasa local anomaly componentsof the anomalousfield do not correspond
of a quasi-conductivetype(it is proportionalto the at all to eachotheron the profile in the senseof eq. 1
normalimpedance,but the function Vdoesnot ap- (suchan anomalyis observedin the westernpart of
proachan asymptotewith increasing7). the Ukrainianshield) this is the casewherearray

Observationof the frequencydependenceof the studiesshouldbe conducted.Array studiesare also
coastaleffect along a profile makesit possibleto deter- requiredwhen the field inhomogeneityof the original
mine the electricalpropertiesof the earth’scrust and sourceis to be takeninto accountor is to be investi-
theupper-mantleedgeon this profile. In this, the coast- gated.
al concentrationof theelectriccurrentsin theseais Generally,array studiesare alwaysdesirableif possi-
usedasa source. ble.It is also reasonableto applyclassicalmethodsof

Thusdefinite frequencydependenceof theanoma- processingand interpretationto the arraystudydata
busfield arising from the coastaleffect correspondsto obtained,includinginduction-vectorplotting and
eachseadepth: T0 = 40 mm correspondsto thedepth transfer-functiondeterminationover a wide rangeof
4 km; 4 mm to 1 km; and 15 secto 200 m. These periodsin order to obtainthe anomalousfield fre-
figuresexplainwhy the shelfdoesnot producethe quencydependence.For a detaileddeterminationof
coastaleffect inbay-like magneticvariations,whereas the form of theprofile curve necessaryto estimate
theinductionvectors,constructedfrom variations the maximumpossibledepthof the anomalousbody
with periodsof tensof minutesindicatethedeep-sea additionaldetailedfield work in the regionof theanom-
parts.Thesefiguresexplain all dataobtainedfor the aly is required.The final stageof electricalconduc-
coastaleffectin four profiles in North America and tivity investigationis to carry out MTS or deepelectri-
one profile of Japanby currentsin theseawithout cal soundingwith othermethodsover theanomalous
any suggestionaboutthe uplift of the mantlematter body in orderto determinethereal depthto its upper
of high conductivityunderthe ocean.If the uplift of edge.
theconductingbasementunderthe oceanexistsand
causesthe greaterpart of the coastaleffect,the maxi-
mumof the anomalousfield frequencydependence Acknowledgements
would be longerperiodsbecauseof theveryhigh total
longitudinal conductivitythat is inevitablewith the The authorwishesto thankProf. D.I. Goughand
conductorof great thickness.A sharpdecreaseof the Dr. F.W. Jonesfor assistancein editing thetext for
coastaleffectwith daily variationsascomparedto the publicationand for valuablecorrections.
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