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Analytic proceduresin classicalgeomagneticdeepsoundingandin two-dimensionalmagnetometerarraystudies
areoutlined.Threetypesof magneticvariationanomalyareconsidered,andanomaliesof onegeographicalarea.Con-
tinental-edgeanomaliesremainsomewhatambiguousasto thecontributionofstructurein theuppermantle;thegeo-
physicalsignificancein geothermaltermsis understood,if theeffectexists.Subduction-zoneanomaliesin thePeruvian
Andesandin centralJapanareconsideredin relationto theascentof an andesiticmelt fractionfrom thelithosphere -

slab,aprocesswhichaccountsalsofor uplift andsupportofthe mountains.InwesternNorthAmericaanomaliesare
closelyrelatedto heatflow andindicatecomplextectonicactivity with considerablefinestructurein generalagree-
mentwith seismologicalparameters.TheBasinandRangeProvincehasahighly conductiveuppermantleandstill
higherconductivitiesarefoundundertheWasatchfaultbelt andunderthesouthernRockies.Underthenorthern
Rockiestheevidenceis for only athin conductivelayerin theuppermantleandin generalfor muchlowerheating
than in mid-latitudesof theUnitedStates.Crustalanomaliesarediscussedin relationto thecurrentconcentrationef-
fect. It is suggestedthatsomeof them maymarkmetamorphicbelts in crystallinebasementrocks. Thisassociation
hasbeendemonstratedfor theNorthAmericanCentralPlainsanomaly.

1. Introduction 2. Methodsof observationandinterpretation

In recentyearsmanystudieshavebeenmadewith Classicalgeomagneticdeepsounding(G.D.S.)
linearor two-dimensionalarraysof three-component methodsweredeveloped,largelyby Schmucker(1964,
recordingmagnetometers,of geomagneticdisturbance 1970),to makeuseof observationsfrom a smallnum-
fields in the periodrangefrom a few minutesto one ber of magnetometers,usuallylessthanten,recording
day.Many local anomaliesin thesefields havebeen simultaneously.In mostcasesthe bestarrangementof
found,with spatialwavelengthstypically between six or eight magnetometerswifi bealonga straight
100 and1000km;closerspacingof instruments line, sothatG.D.S.methodsare often associatedwith
would probablyextendthe spectrumto shorterwave- small lineararrays.In regionsfar from local anomalies
lengths.Exceptnear the equatorialandauroralelec- the smoothnessof theobservedfields indicatesthat
trojets,suchanomaliesarein generalassociatedwith the electricalconductivityvariesapproximatelywith
concentrationsof inducedcurrentsin thesolid earth, depthalone,andsois one-dimensional.In this case
andsowith variationsin electricalconductivity at onecancomputethe ratioZ/H of verticalto horizon-
depthslessthan700km. tal componentsfor an incidentfield of given periodT

Thesignificanceof anomaliesof anysort canbe andspatialwave-numberk,at the surfaceof a layered
assessedonlywith someunderstandingof the pro- conductivehalf-space.ComputedZ/H is compared
cessesof measurementandcalculationwhich produce with the observedratio for eachTatwhich dataare
them.Beforediscussingthemagneticvariationanom- available.Modelsarenon-uniqueandtheestimation
aliesandtheir implicationsI thereforegive brief atten- of k is amajordifficulty.
tion to existingmethodsof investigation. In anomalousregionsthestation-to-stationchanges
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in amplitudeandphaseof the field componentsmdi- amplitudemapsandthreephasemapsareneededto
catethepresenceof internalconductivestructure;in describethe disturbancefield at oneperiod.Surface
generalthis will bethree-dimensionalbut in some integrationof components,mappedin eitherthe
casesit may approximatetwo-dimensionalform. To time or perioddomain,canbeusedto separatethe
allow the useof differentvariationevents,andthus variationfieldsinto partsof externalandinternal
to allow theanomalytobe mappedby placingthe origins(Porathet al., 1970).This techniquesepar-
magnetometersin differentpositionssuccessively, atesonly fields of spatialwavelengthsmallerthan
onerequiresameasureof theresponseof the earth thearray,andfor thisreasonsimplesmoothingproce-
to the incident field, normalizedto that field. Parkin- duresarealmostaseffectivein separationasformal
son(1959,1962)andWiese(1962)tooka first step surfaceintegration(Porathet a!., 1971). If Fourier
with their arrowrepresentationsof response. transformmapsshowconsistencyin the anomalies
Schmucker(1970)introducedtheuseof a matrix of for severalevents,a set of mapsat variousperiods
transferfunctions,eachof which givestheresponse from oneor two eventscanbeusedto estimatethe
of theearthin onecomponentof the anomalousfield, normalandanomalousfields and to normalizethe
to onecomponentof the normal field. Sinceeach latterwith respectto theformer. If theanomalyis
transferfunction is complex,phaserelationshipsare elongated,numericalmethods(Jones,1973)canbe
represented.If the structureappearstobeelongated, usedto calculateanomalyfields for two-dimensional
transferfunctionsfor a given two-dimensionalmodel modelsfor comparisonwith theobservedanomaly.
canbecomputednumericallyandcomparedwith ob- First-ordermodelsof two-dimensionalconductive
servation.Theestimationof thetransferfunctionsre- structurescanin thiswaybefitted to the observations.
quirescomputationof powersandcross-productsbe- Theyare,of course,notunique.
tweennormal andanomalousfield components.There- If different variationeventsshowreasonableagree-
fore thefirst stepis to makea separationinto normal mentin the positionsandmagnitudesof anomalies,
andanomalousparts;thismaybevery difficult and it the structurecanbemodelledin the abovemannerin
maybe necessaryarbitrarilyto declareonestationto termsof thefields of oneor two of theevents.There
be ‘normal’. is then no specialreasonto usetransferfunctions.If,

Recentlylargetwo-dimensionalarraysof magneto- however,the anomalypatternchangesfrom eventto
metershavecomeinto use,asaresultof thedevelop- event,onemay havestronglythree-dimensionalstruc-
ment of aninexpensivethree-componentmagneto- turewhich makesthe polarizationof thenormal field,
meterby GoughandReitzel(1967).Arraysof forty andthephasedifferencebetweenits horizontalcorn-
or moreof theseinstrumentshaverecordedsimulta- ponents,importantin determiningthe anomalypat-
neouslyin arraystudies,the earliestof whichwere tern(Goughet al., 1972).In sucha casetransferfunc-
conductedjointly by the Universityof Albertaand tions maybevery helpful in dealingwith resultsof an
the University of Texasat Dallas. Largetwo.dimen- arraystudy.
sionalarrayshavecharacteristicadvantagesandprob- Theprincipal difficulties,which are severe,are
lemsandhaveled to thedevelopmentof newinter- commonto classicalG.D.S. andarraystudies.They
pretativetechniques.In this paperarraywill meana are theproblemof separationof theanomalousfield
largetwo-dimensional‘array’ unlesstheword ‘linear’ from thenormal field, andtheproblemof dealing
isadded, with three-dimensionalanomalies.Model computations

Theimmediateadvantageof anarrayisthat it al- in suchcases(Jones,1973)arestill almostprohibitively
lowsoneto map eachcomponentof a singlevariation expensive.
eventover thewholearray,which maycover
io~_106 ~2 Becausea Fouriertransformrefers.to
a preciseperiod, andsumstheenergyof thewhole 3. Typesof magneticvariationanomalies
eventat that period,the Fouriertransformamplitudes
andphasesof variationcomponentshaveprovedgood Anomalieshavebeenfoundvirtuallywherevera
parameterstomap(Reitzelet a!., 1970).Fig. 5 pro- magnetometerarrayhasbeenoperated.Thisneednot
videsan exampleof anamplitudemap.Two other causesurprise.It means,simply,that the crustand
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uppermantleareelectricallyheterogeneous.But the aly wasextendedacrossthe shelfto the oceanfloor by
profusionof anomaliesdoesmeanthat theycannot Cox, Fifioux andLarsen(Filloux, 1967;Coxet al.,
all beincludedin a shortreview paper.Insteadthree 1970),who usedalinear arrayof six three-component
typesandonegeographicalareahavebeenchosenfor magnetometersonland, threetelluric stationsacross
discussion.Anomaliesassociatedwith continental the shelfto 150 km off-shore,.anda magnetotelluric
edgesandwith subductionzoneswill be considered, stationon the oceanfloor 630km offshore.Theirdata
followed by the anomaliesof westernNorth America were interpretedin termsof arapid riseof the conduc-
andcrustalanomalies. tive mantleoffshore.Laterally the surfacesof equal

conductivityrisesharplybetween80 and140 km
3.1. Continental-edgeanomalies, from the coast.Undertheoceantheir conductivity

structureis layeredandrisesto 0.5(&2m)~at adepth
It is well knownthat theverticalcomponentof of about50km. Thoughthis model is notunique, the

variationfields is enhancedon the continentside of resultsof Coxet a!. (1970)stronglysupporta rise in
a continentaledge.Parkinson(1959, 1962) showed theconductivemantleoff theCaliforniancoast.
thatvariation-fieldvectorsrecordedat Australian RecentlyGreenhouse(1972)hasreporteda study
andotherobservatoriestendedto be confinedto a with twelvethree-componentfluxgatemagnetometers
characteristicplanefor eachobservatory,inclinedup- placedon the seafloor off southernCalifornia.His re-
ward towardthe nearestcontinentaledge.He pointed suitsindicatelowerconductivitiesin theoceanicli-
out thatthis couldbe a resultof inductionin the thospherethan thosefoundby Coxet al. (1970)and
oceanwateror in both thewater andthe conductive are inconsistentwith any sharplateralchangein con-
uppermantle,expectedto riseon the oceanside.This ductivity in the uppermantlefrom landto sea.Green-
ambiguity,which thusenteredtheinterpretationof housesuggeststhat the conductivemantlerisesgrad-
the continental-edgeeffect atits discovery,remains ually beneaththe outerborderland.Thus thebest-
todayaftermuch observationalandtheoreticallabour, studiedcontinentaledge,thatoff California, still pro-
Observatoriesnearthesoutheastcoastof Japanand videsno definite answerto the questionwhether
nearthe coastof Perushow stronglyabnormalbehav- upper-mantleconductivestructurecontributesto the
jour which appearsto berelatedmoreto the nearby anomalyfields.
subductionzonesthanto thecontinentaledges:these An interestingextensionof work on the land side
anomaliesareconsideredin section3.2. Excluding hasbeenmadeby Lilley andBennett(1972),who
these,themost intensivelystudiedcontinental-edge usedan arrayof magnetometerscoveringsoutheast
anomalyis thatof the Californiacoast.Schmucker Australiaandextendedthegraphicalrepresentation
(1964,1970)hasusedrecordsfrom stationsalong of Parkinson’sarrow by calculatinga two-dimensional
four profilesat right anglesto the coast,to showthat responsesurfacefor the areaof their array.
bothverticalandhorizontalanomalousfields canbe As to the geophysicalsignificanceof continental-
interpreted,within theprecisionof thedata,aseffects edgeanomaliesthepositionseemsto be thatthesig-
of inductionin the oceanwateralone,abovea conduc- nificanceiswell enoughunderstood,sincetheisotherms
tive mantlewith a planesurface.Schmuckerpointsout, shouldriseandthecompositionbecomemorebasicon
however,thathisdatacouldalternativelybe explained theoceanside:if only theupper-mantleeffectis there!
by inductionbothin an upwardstepin the conductive A final pointis thatcontinentaledgesdiffer, so
mantleat thecontinentaledgeandin theoceanwater. that theremay bespecieswithin thegenus,continental-
Thetwo conductorswould interact,themantlecon- edgeanomalies.Theabnormalityof thePeruvianand
ductor tendingto reduceinductionin the ocean.In Japanesecoastshasbeenremarkedalready.But Cali-
the light of Schmucker’sresultsit maybedoubted forniaiswidely believedto be aregionof recentsub-
whetherthe ambiguitycanberesolvedby meansof ductionandis nowneara transformfault. Inactive
variation-field observationson theland only. continentaledgessuchasthoseof Africa andAustralia

Thestudyof the Californiacontinental-edgeanom- mayhaveverydifferent electricalproperties.



382 D.I. Gough,Geomagneticvariationanomalies

3.2. Subduction-zoneanomalies thesubstormfields.The former require theconductor
to be still nearerthesurface,anda ridgeof rectangular

Geomagneticvariationanomaliesareknown to ex- sectionandof conductivity 0.1 (~2m)~,400km wide
ist in two areasaboveactivedescendinglithosphere andrising to adepthof only 20 km, is indicatedby
plates.The Japaneseanomalyhasbeenstudiedfor fig.5 of the papercited.
twenty yearsby Rikitake (1966)’and his students Nothingis at presentknownof theheatflow in the
and collaborators.The Andeananomalyof Peruhas PeruvianAndes.Howevera thermalcauseof thecon-
beenunderstudysince 1964 by a group drawn from ductivity anomalyis stronglysupportedby theseismo-
theU.S.A., PeruandBolivia and led initially by logical evidenceof abnormalabsorptionanddelayof
Schmuckerandlater by Aldrich (Schmuckeret a!., seismicwavespassingthroughtheuppermantleunder
1967).As the equatorialelectrojet crossesthe theAndes(Sackset al., 1967).If theconductivity is
PeruvianAndes,day-timeincidentfields of short spa. raisedbecausethe temperatureis high, onerequires
tial wavelengthareavailablein additionto night-time rockat temperaturesin excessof 1000°Cat a depth
substormfields of very longnormal-fieldwavelength, of40 km or lessunderthemountaincrest. Further,
Stationson bothsidesof the Andesshowtheeffects the isothermsmust fall steeplyundereachflankof
of currentsin a conductivebody underthemountains, theAndes. Theserequirementsstronglysuggestheat
Reversalsof Z andmaximain thehorizontalperturba- transportby bodily movementof magmainto the
tion field transverseto thecurrentslocatetheseunder uppermantleandperhapsthecrustundertherange.
the crestof theAndesor somewhateastof thecrest, At somedepth,which cannotbedefinedon present
as shownin Fig.1. A preliminarymodel (Schmucker information,masstransportwill ceaseandconduction
et a!., 1967)showedthat,to first order,thesubstorm- takeover.
field effectscould bemodelledby a semi-elliptic ridge RingwoodandGreen(Ringwood, 1969) havesug-
on thesurfaceof a perfectlyconductivehalf-space. gestedthatbasaltof the oceaniccrustmay undergo
Thewidth (major axis)was470km andthe ridge alteration,near thetop of a descendingslab,to
height(semiminoraxis) 180 km,bringingthe ‘perfect- eclogite,whichmay thenyield andesiticmagmaby
ly’ conductingmantleto depth60 km underthe partialmelting, theandesiterising to theoverlying
mountaincrest.A latermodel(Schmucker,1973) island~arcor Andeanrange.Thishypothesisprovides
makesuseof theequatorialelectrojetfields aswell as areasonableexplanationof the sub-Andeanconduc-

tivity anomaly(Fig.2). Not only thebasalt—eclogite—
andesitesequencebutany partialmeltingof slab ma-

W 75 70 6 tenalwith ascentof an acid fractionwill serve.The

________ mechanismprovidesgravitationalforcesto raisethe
________________________ mountainsandto supportthem,onceraised.The

ld~S ______ deepearthquakefoci indicatethat the slabhas inclina-
tion 35—40°underPeruand themountaincrestis

___________ ________ about400 km from the trench.Thedescendingslab
______ _________ shouldthereforebe about300 km belowthecrest.

___________________ If astrip of uppermantledownto the slab is contami-

___________ natedwith a fractionf of andesite(Fig.2) wehave
______________ compensationby a column300km deepwhichwill
_______ ____________ supportamountain300 (3 3—2 8)f/2 7 km high For

_____________________________________ a 5 km mountainoneneedsf= 9%,which is plausible

elevation 3 to 5 km If theAndesare raisedin this way thesituationis dy-
namic,asthe slab addsmagmacontinuouslyto the

elevation over 5 km root.The mountainswill be rising, in dynamicequilib-

Fig. 1. Locationof the conductivityanomalyof thePeruvian rium or diminishingas erosionis lessthan,equalsor
Andes.A—A = centreof conductivebody afterSchmucker exceedsthe replenishmentfrom the slab(Gough,1973).
et al. (1967). T—T = axisof Peru—ChileTrench. The Japaneseanomalyis perhapsthemost inten-
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Fig.i. A modelbasedon thebasalt—eclogite—andesitesequence
of RingwoodandGreen,whichaccountsfor heatingunderthe
mountainsby ascentofandesitein theshadedcolumn. This
columnhasreduceddensitythroughtheandesitecontamina-
tion, andaccountsfor dynamicuplift ofthemountains.

sivelystudiedof all anomaliesin vanationfields ,~4 /L;~i . 2 HFU

(Rikitake, 1966) A well definedmaximumin thever
tical componentof substormfields occursin south
easternHonshu,andthereis apronouncedphaseanom- ~
aly in Z for thedaily variation. A conductivitymodel
which accountsfor themain featuresof the anomaly, Japan . _____

in termsof topographyon the surfaceof thehighly ‘ Sea ~ :
conductingmantle,shows(Fig 3) a steepdip in this
surfacefrom the PhilippineSeaat the southeastcoast .. ~ / ..

of centralJapananda moregradualascentacross
Honshuandinto the JapanSea(Rikitake, 1969;Uyeda ~‘ c

andRikitake, 1970).Theregionis amongthemost
denselyobservedon the planet,in termsof heatflow;
thepatternis complicated(Fig.3)butdoesshowval- — — \
uesbetween1 and2 H.F.U. in thesouthernhalf of
Honshuandvaluesabove2 H.F.U. bothsoutheastand 2 1
northwestof the island.Thereis, therefore,a qualita-
tive correspondencebetweenthe electricalconductivity 2 2
andtheheatflow. In a generalway theheatflow and p 1 HFU 2
conductivitysupportthehypothesisthatmagmais Fig.3.Heat-flow (lower map)andconductive-mantletopogra-

rising from abovethelithosphereslab which is under- phy (uppermap)nearJapan,afterRikitake(i969) and
thrustingthesouthernhalfof Honshu. UyèdaandRikitake(1970).

Thetectonicsaremuchmorecomplicatedherethan
in Peru.The distributionof shallow,mediumanddeep their dips. In termsof platekinematics,thereis a triple
earthquakefoci showsthat thereare threesubducted junctionof threesubductionzonesjustsoutheastof
slabscloseto Honshuandconsiderablevariationin centralHonshu(McKenzieand Parker,1967).This
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makesthe regiononeof extremetectoniccomplica- arcsmaybeprovidedquitegenerallyby themecha-
tion. Simplicity isnot to beexpected,nor isit found, nism of ascentof anacid melt from theunderlying
in theconductivestructureor in the inductionanom- subductedlithosphereplate.The basaltof manyof
aly, asRikitake andhis colleagueshaveshown.The the islandsmaywell bederivablefrom partialmelting
anomalyis, however,qualitativelyaccountablein of acid-contaminatedultrabasicmaterialfrom the
termsof themechanismof magmaascentfrom partial uppermantleabovetheplate.Sincethe compensation
meltingof subductedslab constituents. is producedalmostentirely by the compositionalden-

Theuplift andisostaticcompensationof island sity differencein thecontaminatedcolumn,an island
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Fig.4.Conductivestructureofthe uppermantlein westernNorthAmerica.
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wifi be supportedstaticallyif the subductionzone It isconvenientto considerfirst thesouthernhalf
movesaway.Such staticallycompensatedislandarcs of themappedarea(theSouthernRegion).The
mustnecessarilyloseheightby erosion,unlike.dynam- mantlebelowtheColoradoPlateauis nearlyor fully
ically compensatedAndeanmountains, asresistiveasthatbelowtheGreatPlains,andproba-

bly thisholdsfor theMiddle RockiesandWyoming

3,3. WesternNorth America Basin. Low heatflows prevail alonganorth—south
strip throughtheseprovinces(Sasset a!., 1971, fig.4).

The westernpartof North Americais atectoni- UndertheSouthernRockiesa conductiveridge runs
cally activecontinentalregionuniqueon theplanet. from Wyoming to Mexico: Schmucker(1964)dis-
Severalgeophysicaldisciplineshavecontributedto coveredthe RioGrandeanomalyon this ridgenear
the largebody of knowledgeof thestructureof the the Mexicanborder.A secondridge on the conductive
crustanduppermantlein thewesternregion,in the mantlerunsalongtheboundarybetweentheBasin
GreatPlainsandat their zoneof contactnearthe andRangeProvinceandthe ColoradoPlateau,under
front rangesof theRocky Mountains.Themagnetic theWasatchfault belt,which showslargeverticaldis-
variationanomaliesare‘consideredin somedetail, placements.Finally the BasinandRangeProvince
with briefmentionof otherrelatedgeophysical re- showshighconductivityin the uppermantleevery-
sults. where.Heatflow ishigheverywherein this province

Hyndman(1963)wasthepioneerof the studyof (Sasseta!.,1971)exceptin southcentralNevada
conductivityin westernCanada.Schmucker(1964, wheredisturbanceby groundwaterflow is believed
1970)madeclassicstudiesandCaneret al. (1967), to be present.Along a sectionthroughColorado,
CochraneandHyndman(1970)andCaner(1970, Utah andNevada,at 38°N,normalizedanomalous
1971)contributedto the descriptionof someof the fieldsof substormsarewell fittedby inductionin
salient featuresof the electricalstructureof theregion, two-dimensionalstructureson the surfaceof a con-
usingclassicalG.D.S.methodsandsmall linear arrays ductivemantle,with aridge onthis surfaceunderthe
of magnetometers.Thesediscoverieswereextended SouthernRockiesandastepwith a ridgeonit at the
throughthedevelopmentof themagnetometerarray Wasatchfront.The excellentlateralresolutionof a
techniquesoutlinedin section2. Theresultsdiscussed magnetometerarrayisillustratedby Fig.4.Thepoor
below are derivedmainly from the arraystudies. depthdiscriminationis ifiustratedby the alternative

Threelargearrayswere used,in successiveyears,to models,for aneast—westsectionat 38°N,givenby
coverthecontinentwestof 100°Wbut excludingthe PorathandGough(1971)and by Porath(1971).The
coastalregion,andbetweentheUnited States— first model placestheconductivetopographyin the
Mexicoborderandthe Trans-CanadaHighway.Fig.4 depthrange120—350km. The secondplacesthe
givesa schematicrepresentationof the results.Eastof topographyin thedepthrange27— 160km andsug-
the front rangesof theRockyMountainsthecrustand gestsanassociationwith theseismic low-velocity zone.
mantlearein genera!resistive(exceptat the Central Themodel of Porathis perhapstobe preferredin
Plainscrustalanomaly: seesection3.4). In thewestern view of the evidenceofpartial meltingin theseismic
regionhigh conductivitiesprevailin general.Thecon- low-velocity layer(Hales andDoyle, 1967) andof ex-
ductivestructuresare assignedto theuppermantle, perimentalresultsby Presnallet a!. (1972)showinga
partly on evidenceof smallphasedifferencesbetween riseof two ordersof magnitudein theconductivity
normal andanomalousfields at substormperiods, of an artificial basaltat onsetof melting.
partlybecauseof excellentcorrelationbetweenhigh Theclosecorrespondenceof heatflow with con-
conductivityandhighheatflow (Sasset a!., 1971) ductivity in thesouthernregionhasbeenindicated.
and,at the latitude of the ColoradoPlateau,because VariousseismologicalparameterssuchasPnwave
theanomaliesdue to theWasatchfront andSouthern velocity,delaytimesin teleseismicarrivalsof P. and
Rockiesconductiveridgespersistin the daily variation S-wavesandlateralvariationof the low-velocity layer
fields (Reitzelet a!., 1970).Variationin thedensity give further supportto thegeneralpictureof the Basin
of stippling isused,in Fig.4,to attemptto show some- andRangeashavinggenerallyahotuppermantleand
thing of theconductivefine structure. theColoradoPlateauless so.Thevelocity—depthpro-
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files of Archambeauet a!. (1969)are informative, in highly conductingsediments(Vozoff andSwift,
Refractionprofiles,however,havelimited lateralreso- 1968),thoughnotnecessarilyinducedthere.In other
lution becausetheymustbeseveralhundredsof kilo- cases,however,quasi-linearconductivechannelsin the
metreslong. Mobile seismicarraysobservingteleseismic crystallinebasementrocksareinvolved. In theseit ap-
arrivalsarecominginto use,andwill soonprovide, for pearsprobablethat theconductivebody containsa
seismology,lateralresolutioncomparablewith that of highconcentrationof someconductivemineral.In at
amagnetometerarray. leastonecase,the NorthAmericanCentralPlainsanom-

The structuresrevealedby the 1969 array study in aly, thereis strongevidencethat this is the case.These
thenorthernhalf of Fig.4 aremarkedlydifferentfrom crystalline-basementcrustal anomaliesseem,in most
thosefurthersouth(Camfieldet a!., 1971).Whereasin or all cases,to becurrentconcentrationanomalies,and
the southernregion the anomalousfields of theridge it is convenienttodiscussthis effectbeforefurther
structuresdominatethemap,only smallanomaliesare considerationis given to theanomalies.
foundat the front rangeof theNorthernRockiesand A well.knownquasi-linearanomalyis that near
thewestwardattenuationof the normalZ-field is the Alert in EllesmereIsland.Theanomalyfields are
main effectdistinguishingtheregionwestof the front thoseof a long, narrow currentsystemwhich must,
rangefrom that to theeast.Thisattenuationis limited from thesmallhalf-width, lie at crustaldepth.Attempts
to periodslessthan 100 minutesin substormfields and to model theobservedfields, evento first order,in
doesnot affectdaily variationfields at all (Camfield termsof inductionin atwo-dimensionalcylindrical
et al., 1971).Theconductivelayerwestof theNorthern bodywereunsuccessful(WhithamandAndersen,1965;
Rockiesis thereforeof limited thickness.Caner(1970, Niblett andWhitham,1970).Whitham and Andersen
1971) putforwardthe modelof a conductivelayerin suggestedthat theexplanationof theeffectsmight re-
the lower crust.In work still in hand,on datafrom the quireconsiderationof inductionover awide area,with
1969 arrayoverthe periodrange25 minutesto 24 currentdistortionby local conductivestructure.Dyck
hours,Camfieldandthe presentwriter find that the andGarland(1969)gavemorepreciseformulationto
dataarebestfitted by aconductivelayer10—15 km theconceptof a currentconcentrationanomaly.The
thick, at a depthbetween50 and100 km, with resis- anomalousfields are thoseof currentsconcentratedin
tive rockunderit to a depthof about350 km. abody of highconductivitywhichjoins large,undefined

Tectonicimplicationscanbe consideredmoreuse- regionsof the earthin which the inductionoccurs.
fully whentheanalysisof thenorthernstructuresis The anomalyis aninductioneffect,butthe induction
complete.It seemspossiblethatprocessesof under- is not local,in the currentchannelitself. Thisconcept
thrustingandsubductionof lithosphereplatesarein- accountsqualitativelyformuchlarger amplitudesand
volved in bothsouthernandnorthernregions,but for quitedifferent phaserelationshipsthanthoseex-
areon a muchlarger scaleandinvolve greatercompli- pectedin two-dimensionalinductionmodels.Quanti-
cationsin thesouth. tativemodellingof the channellingconductor,if this

provespossible,mayhavetobebasedon perturbation
3.4. Crustalanomalies of a currentfield ratherthan on two-dimensionalin-

ductionmodels.Thenormal field nearthe anomaly
Conductivestructuresin thecrust give rise to flu- will, in general,notbeappropriatefor normalizing

merbuslocal anomaliesin magneticvariationfields the anomalousfields. Theproblemis a difficult one.
(PorathandDziewonski, 1971).As partof asurveyof Presentknowledgesuggeststhatin the crust,current
crustalanomalies,theseauthorsdescribeseveralanom- concentrationanomaliesare therule ratherthan the
aliesin theUnitedStatesassociatedwith deepbasins exception.While quantitativedescriptionof the con-
filled withsedimentaryrock. In thesetheconduction ductormayprovedifficult or impossible,this does
is presumablyelectrolyticin salineporewater.The notmeanthat observationalstudyof thesefeatures
celebratedNorth Germananomaly,withoutwhich is useless.Onecanlocatethe conductorlaterallywith
theGottingenschoolanda largepartof theexisting highprecision,andanupperlimit canbesetto the
scienceof electromagneticinductionin the earth depth,on thelimiting hypothesisof aline current.
might notexist,may be causedby currentsflowing Comparablereturnsof information areoften accepted
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asjustifying laboriousandexpensivegravity and andin describingthe anomalyCamfield et al. (1971)
static-fieldmagneticsurveys.A questionof geophysical suggestedthat graphiteschistmight beinvolved. In-
interestishow far the induction-currentsystemsin dependentwork by othergeophysicalandgeological
thesecrustalcurrent-concentrationanomaliesare con- methodsled Lidiak (1971)to map a metamorphic

fined to theuppercrust;putdifferently,how impor- belt in thebasementunderthe sedimentarycover,in
tant isthe conductivelinkage to the mantle? exactcoincidencewith the magneticvariationanom-

Otherprominentcrustalanomaliesinvolvingcur- aly of Fig.5, leavinglittle doubtthat a metamorphic
rentconcentrationare the British anomaly,the North zonecontaininggraphiteschistsprovidesthe conduc-
AmericanCentralPlainsanomalyandtheUkrainian tor (GoughandCamfield, 1972).Sincemetamorphic
anomaly. ‘ ‘ rockssometimescontainoreminerals,it is possible

The conductorresponsiblefor theBritish anomaly thatsomecurrentconcentrationanomaliesin the
crossestheislandat its narrowestpart, in southern basementrocks wifi be foundto haveeconomicsignif-
Scotland.Edwardset al. (1971)discussseveralpossi- icance.ThewriterandCamfieldare workingon the
bilities regardingthegeologicalidentity of the local daily-variationanomalyof this feature,which appears
conductor,andthereaderisreferredto their paper. to indicateachangefrom D to Z asthemain inducing
Theinductionregionstheybelieveto betheNorth componentasthe periodincreases.
andIrish Sea.This isonecasein which the regionof TheUkrainianshieldanomalyreportedby
inductioncanbeplausiblydefined. Rokityanskiyeta!.(1969)appearsalsoto beof current

TheNorth AmericanCentralPlainsanomaly(Fig. 5) concentrationtype,asit shareswith the CentralPlains
runsnorthwardfrom the Black Hills of SouthDakota. anomalythepropertyof havinganomalousfields
Very highconductivity isrequiredin the crustalbody, larger thanthe normal field,
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Fig.5. TheFourier-transformamplitude(in arbitraryunits)at 7’ 48 minutesfor theeastwardhorizontalcomponentof asub-
stormon August 20, 1969.Dots indicatemagnetometers.TheNorth AmericanCentralPlainsanomalyis theelongatedfeature
on theright.
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