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CORRELATION BETWEEN ELECTRICAL CONDUCTIVITY AND OTHER
GEOPHYSICAL PARAMETERS

G.D. GARLAND
Universityof Toronto, Toronto,Ont. (Canada)

(RevisedversionacceptedFebruary27, 1975)

Anomaliesof electricalconductivity areconsideredin relationto othergeophysicalparameters,suchasseismic
wave velocity,attenuation,seismicityand density,and to tectonic features.In thecaseof activesubductionzones
thereappearsto bea good correlationbetweenlow conductivity andthe seismicquality factor Q. Beneathwestern
North America,a conductivezonein theuppermostmantleapparentlyis controlledby thethicknessandseverity of
thelow-velocity layer. Anomaliesin conductivity beneathrift valleyscan be relatedto regionsof intermediateseismic
P-wavevelocity, typically about7.0 km/sec,which is suggestiveof partialmelting of mantlematerial.Within the con-
tinental crust,anomaliesin conductivity arenot, in general,thermallycontrolled,but theycanshowcorrelations
with seismicity,and mayindicateintra-plateboundaries.

1. Introduction suggeststhat channelledcurrents,evenin suprabase-
mentrocks, canproduceeffectsat moderatelylong

As therehavealreadybeena numberof excellent periods,andthat basementrocks,locally, canbe quite
reviews of the correlationof conductivity anomalies conductive.Therehasat thesametime beenagrow-
with othergeophysicalparameters(Uyedaand ing recognitionof the veryhighconductivitythat
Rikitake, 1970;Law andRiddthough,1971;Gough, sedimentaryrocksmay possess(Garland, 1971).While
1973a;Schmucker,1973) theemphasisin this paper it hadlongbeenrecognizedby thoseengagedin elec-
will beon theresultswhichhavebecomeavailable tric loggingof boreholesthat resistivitiesaslow asa
in thepasttwo or threeyears.In somecasesthese few ohm m were usualin sedimentarybasins,there
resultsreferto newconductivitystudies,in others was a reluctanceon thepartof manyothergeophysi-
to newcomplementarygeophysicalresults.There ciststo acceptsuchlow values.This attitudeappears
havein additionbeena numberof paperssynthesis- tohavechanged.
ingthe geophysicalinformation on differenttectonic Becausethemechanismsof currentflow in the
areas,andwherepossiblereferencewill bemadeto crustandmantleare sodifferent,apreliminaryclassi-
these,ratherthanto original works,in orderto re- ficationof anomaliesis desirablebeforediscussionof
ducethenumberof References.Thepastfewyears anycorrelationwith otherparameters.In whatfol-
haveseena changein thephilosophyof interpretation, lows, considerationis first given to a groupof anoma-
especiallyin therecognitionof the importanceof lies from differentpartsof theworld,which appearto
near-surfacefeatures,andof currentchannelling, havetheir sourcesmainlybelowthe crust.In almost
Bullard (1970)in introducingthe 1969 symposium every case,while theremaybe importantcontributions
on the subject,statedthatsourcesin thesurfacerocks to the anomalyfrom near-surfacecurrents(thecoast
abovebasementandin thebasementrockscould effect in the caseof JapanandIceland;the effect of
usuallybe excludedfor periodsgreaterthan a few conductivefill in the rift valleys),they appearto be
minutesbecauseof insufficient thicknessandmade- largelymantle-controlled.The correlationsthat are
quateconductivityrespectively.Recentexperience found supportthis conclusion.
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2. Mantle anomalies effect with periodandtheobviouscorrelationwith
deepseismicityandvolcanismarguefor a mantlesource.

With the abovecautionon thedifficulty of separat- Oneuncertaintyis the importanceofthecoastline effect
ing crustalandmantleeffectsin mind, we proceedto inmodifying the anomaly;the modelstudyof Roden
pick out for discussiona groupof anomalieswhich (1964)suggeststhat,at the longerperiods,thecoast
has a high probabilityof havingtheir sourcein the effect canhaveanappreciableinfluence,
mantle. Rikitake(1969)hasshownthat the anomalycanbe

Any discussionof correlationof conductivitywith explained,qualitatively atleast,by undulationsin the
othergeophysicalparametersmust takeinto account depthto highly conductingmantle.The importantpoint
themechanismof electricalconductivity,andthe is that the depthmustincrease,asone proceedsacross
equationswhich describeit. In the caseof mantle Japanfrom theSeaof Japan,until, undereasternJapan,
anomaliesthe mechanismis mostprobablysemi-con- it abruptly becomesless.It is really a triangularwedge
duction,althoughin extremecaseswherea partial of relativelynon-conductingmantlewhich producesthe
meltexists,ionic conductionmaybe present(Presnall anomaly.
et al., 1972).Laboratorywork on thevariationof A very completereview of seismicityandseismic
conductivitywith temperaturefor mineralsbelieved propertiesundertheJapanesearc hasbeengivenby
to be representativeof the mantleis the subjectof a Utsu (1971). In additionto giving thelocationof earth-
separatereview(Shankland,1975),but oneor two quakeepicentres,Utsuhasoutlinedthe zonesof high
commentson the recentresultsarein order.First, andlow wave velocity,andthoseof high andlow Q.
Tolland(1973)hasshownthat,while mineralsother Thelatterhavebeendeterminedfrom attenuationmea-
thanolivine arealmostcertainlypresentin theupper surements.It was found(Fig. 1) that the zoneof high
mantle,their conductivitiesaresuchthatan electrical Q coincidedcloselywith that of highvelocity,particu-
modelbasedupon olivine alonewill notbe seriously larly S-wavevelocity.Thesuggestionis that this zonere-
in error.Secondly,it isnow evidentthatconductivity presentsthedowngoingslab of the Pacificplate.With-
is not a single-valuedfunction of temperature,even in thehigh-velocityzone,the uppermost-mantleP ye-
for olivine of a givencomposition.Duba(1972)has locity is 8.2km/secor greater.A differenceof 6% is
shownthatolivines of thesamefayalitecontentmay foundfor bothPandSvelocities,betweenthehigh-
haveconductivitiesdiffering by an order of magnitude, andlow-velocity zones.The quality factorQ, which
at anygiven temperatureup to 1,100°C,asa resultof may beasgreatas 1,000in high-Qregions,falls to about
differing oxidationstatesof the iron. Thesefindings 80 in the low-Q zones.On Fig. 1 the outline of Riki-
placesevereconstraintson attemptsto estimateman- take’snon-conductingwedgehasbeensuperimposed,
tie temperaturesfrom the conductivity.On theother to showgoodagreementin generallocation,although
hand,a generalcorrelationbetweenconductivity and the wedgethickensin theoppositesenseto the dip
seismicwaveattenuationandvelocity diminutionmay of the slab- The conductivityprofile shownin Fig. 1
beexpected,andwill be shownbelow.Correlations is from further westin JapanthanUtsu’s section,but
with surfaceheatflow exist,but careis requiredhere the generalrelationshipis confirmedby morerecent
becauseof thetime laginvolved in the flow of heat conductivity studiesto theeast(NabetaniandNon-
from depthto theearth’ssurface. tomi, 1974).The suggestionis that the Japanese

anomalyis as muchtheresult of the poorly conducting
2 1 ,,~ subductedslab,asit is of abnormallyhigh near-sur-

apan face temperatures.This is an effectwhich clearlyshould

be lookedfor in othersubductionareas.

TheJapaneseanomalyin conductivitywas oneof Thedistribution of heatflow in andaroundJapan
the first to berecognizedin the world andis oneof (Watanabeet al., 1970;UyedaandRikitake, 1970)
themostcompletelydescribed(Rikitake, 1966).It is confirms thatthe conductivityanomalyis notsimply
manifestedin strongvariationsof the L~Z/iXHratio relatedto anareaof highheatflow. Contoursof heat
acrossthe island,observedat periodsextendingfrom flow cut acrossthe islandarc,andthemostprominent
a few minutesto manyhours.The persistenceof the regionof highflow is overthe Seaof Japanto the
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Fig. 1. Conductivity structurebeneathJapanin relationto zonesof high andlow seismicvelocity andseismicquality factorQ
(after Utsu, 1971).Thehatchedline is theinferredsurfaceof highly conductingmantle,accordingto Rikitake (1969).

west,wherethe conductingmantleis assumedto be- in producingtheanomaly,as is theupwardmovement
comeshallow, of hotmaterialproducedby frictional heatingalong

the sideof the slab.
2.2. TheAndes

2.3. Iceland
The Andeananomalymay similarly be associated

with a regionof subductionalongthewesterncoast We turn from a subductionzoneto amid-ocean
of SouthAmerica.Theeffectis shownin LIZ/MI ridge. Icelandis notonly locatedon the Mid-Atlantic
values,which appearto reachmaximaalongthe crest Ridge,but probablyis a classicexample~of a hotspotor
of the mountains.Schmucker(1973)has interpreted plume (Wilson, 1963;Brooks, 1973).That theelectri-
the sourceof the anomalyas a block of highly con- cal conductivitybeneathit is anomalouslyhighwas
ducting(resistivity 10 ohm . m) material, lying beneath shownby Hermanceand Garland(1968)by LIZ/LIH
themountainsat depthsof 20—80km. Theblock ratios,andthe conductivitystructurehasbeeninvesti-
would presumablybe partially within the thick crust gatedin detail,usingmagnetotelluricmethods,by
knownto existbeneaththeAndes. HermanceandGrillot (1970,1974).As in thecaseof

Tectonicstructureundertheareahasbeenreviewed Japan,thereis undoubtedlyacoastlineeffect at some
by KauselandLomnitz(1969),who consideredgravity periodsandat somestations,butthis is notbelievedto
anomaliesandseismicity,Sumner(1967)who studied alterthe main conclusions.
attenuationof Pwaves,also James(1971),andmore Fora stationin southwesternIceland,Hermance
recentlyby Plafker(1972).Plafkerconsideredthesur- andGrillot (1974)haveapplieda Monte Carlo inver-
facedisplacementwhich resultedfrom the Chilean sion to themagnetotellunicobservations.Oneconduc-
earthquakeof 1960.His resultsare of considerablein- tivity interfaceis fixed at the crust—mantleinterface,
terestasthey permit the boundarybetweenthe Pacific aslocatedseismically(Palmason,1971)at a depthof
andAmericanplatesto be located.It is probablethat 10km.The crustitself consistsof layers,apparentlyof
the down-goingportion of thePacific platecoincides basalticrock,underlainby a layer,4—7 km thick, with
with thepoorly conductingpart of Schmucker’smodel. aPvelocity of 6.35 km/sec.This lowerlayermay re-
As in the caseof the Japaneseanomaly,thereis the presentintrusive materialinjectedfrom the mantle.A
suggestionthat the interruptionof the n:ormalmantle featureof importanceis the low upper-mantlevelocity,
conductivitystructureby a cold plateis asimportant 7.4—7.6 km/sec,andthis valuemay extendasdeepas
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240 km (Tryggvason,1964).Throughoutmostof the well by undulationsin thedepthto thehighly conduct-
crust,the resistivity is foundto lie between20 and ingmantle(giving depthsof between100 and400km)
50 ohm’ m, while in theuppermostmantleit liesbe- or by variationsin thicknessof a conductinglayerin
tween40 and100 ohm m, andis apparentlyalmost theuppermantle,separatedfrom thedeepmantle.The
constantto a depthof 100 km. The inferredtempera- latter interpretationis attractivebecauseit allows a
ture distribution is thusone of highgradientin the comparisonwith the seismiclow-velocity zone.
crust leadingto a relativelyhightemperatureat the A comparisonbetweenthe proposedconductor,
crust—mantleboundary,underlainby a low gradient basedon this secondinterpretation,andthe upper-
in theuppermantle.Measuredboreholegradients mantlevelocity structure,is given in Fig. 2. The ye-
reachvaluesof over 150°C/kmin theReykjanes— locity modelshownforwesternNorth Americais that
Lanjökull zoneof southwesternIceland(Palmason, of HelmbergerandWiggins (1971).Also plottedis a
1973) correspondingto a heatflow of approximately seismicvelocity model for easternNorth America,ac-
8 hfu.Furthermore,thepresenceof a high tempera- cordingto Mass~(1973).The striking featureis the

ture gradientunderlainby a very low oneis consistent differencein thicknessand intensityof the low-veloc-
with a kinematicmodel for platespreadingandheat ity zonebetweenthetwo portionsof thecontinent.
flow relatedto dike intrusion, asdevelopedby Palma- In thewest,the depthextentof the zonecorresponds
son. Icelandremainsas one of the bestexamplesof well with therequiredthicknessof conductingmaterial,
correlationbetweenelectricalconductivity andheat while themuch smallerlow-velocity zonein theeast
flow. It is true, of course,that no information on the is compatiblewith thefact that conductivity anomalies
form of theanomalyis available,becauseof the limited in easternNorth Americaappearto be controlledby
areaavailablefor measurements.The possibility of de- crustalratherthan mantle,conditions.
fining theprofile of the ridge-associatedconductivity Heatflow in thewesternUnited States(Sasset al.,
effectis a strongargumentfor sea-floormagnetic-van- 1971) also showsa good correlationwith theinferred
ationmeasurements.Similarly, highvaluesof mantle thicknessof conductor,asindicatedon Fig. 2. The
conductivityhavebeenfound beneathHawaii (Larsen, presenceof two regionsof highflux, separatedby a
1974)but onceagainacompleteprofile including relativelow over theColoradoPlateau,is evident.
ocean-bottommeasurementswould be mostdesirable. Grantedthatelectricalconductivity,heatflow and

seismicvelocity showa correlation,it remainsto relate
2.4, WesternNorth America all parametersto thetectonicframework.This is much

more a matterof opinion,but Dickinson(1970)has
The conductivity structureunderwesternNorth arguedthat thedepthof origin of andesiticvolcanic

Americais complicated,but thepatternis well-de- rocksmay be inferredfrom their potashcontent.On
fined asa resultof traverseswithsingleinstruments this basis,hehasreconstructedthe positionof a down-
(Schmucker,1970;CochraneandHyndman,1970; goingslab,whichmayhaveexistedbeneathwestern
Caner,1971),andarrays(Porath,1971;Porathand North America,aslateas Quaternarytime. The loca-
Gough,1971;Camfield et al., 1971;Camfield,1973). tion is indicatedin Fig. 2, from which it is seenthat
Theareanow lieswell within theAmericanplate, the westernbelt of highheatflow couldbe a vestigial
but it is one of Cenozoicvolcanicactivity, andmay effectof it. It is possiblethat volcanismandthermal
havebeenassociatedwith a down-goingslab in Ceno- effect in theeasternportion of this sectionof the
zoicandearlier times.Forthe southernpartof the Cordilleraare evidenceof a separatehot spot.
regionat least,the extentand frequencybehaviour In the northwesternUnited Statesandwestern
of the anomaliesarguefor a mantlesource.Theout- Canadathe conductivitypatternis verydifferent.High
standingcharacteristicsof this southernportionare conductivitiesin theuppermostmantleor crustare
two beltsof highconductivity,one associatedwith found continuously,from near the coastto the front
the southernRockyMountainsandone with the of the Rocky Mountains,In this areathe effectsare
WasatchFault Zone,separatedby theColoradoPlateau. seenmoststronglyat periodsof less thantwo hours,
Gough(l973b)hasemphasizedthe ambiguityof inter- andwhile mantleconductioncannotbe rules out,
pretation.The arrayresultscouldbesatisfiedequally conductivitiesin thecrust undoubtedlyhavean in-
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Fig. 2. Oneinterpretationof theconductivity structurein westernNorth America,in termsof a highly conductingupper-mantle
layer of varyingthickness,Seismic-velocitysectionsto thewest(left) andeast,andheat flow (top) areshown.Thebrokenline
marksthepossiblelocation of a formersubductionzone. Sourcesasin text.

fluence.The regionof increasedconductivitylies to depthof 50 km or lessbeneaththeseafloor, Because
the westof thewesternedgeof the coveredPrecam- the observationsareentirelyto the side of the presumed
brianshield.HyndmanandHyndman(1968)have body,theinterpretationremainssomewhattentative.
suggestedthat theyoungercrustto thewesthasnot However,the presenceof sucha structurewould ex-
beendehydratedto theextentof the Shieldrocks, plain peculiaritiesin thereceptionof S phasesat

andis thereforemoreconductive. Australianstations.In particular,thepath from the
In any case,the boundarybetweenthe two areas MacquarieRiseto Sydney,alongwhich S doesnot

of differentbehaviourin westernNorth America, propagatewell, would crosstheanomalousbody,while
which mustbe an approximatelyeast—westline near thepath to Hobart,whereS is recorded,would not
the Canada/UnitedStatesboundary,maywell be a necessarilydo so. High temperaturesin the upperman-
line of significancein the former tectonicsof the tle off easternAustraliamay alsobe relatedto known
Americanplate. Cenozoicvolcanismandguyot formation,

2.5. Australia 2.6, SouthernAfrica

Of a numberof conductivityanomalieslocatedin Goughet al. (1973)havelocatedaneast—west
Australiathatwhichis mostprobablymantle-control- trendinganomalyin southernAfrica, over whichthe
ledlies off the eastcoastin thevicinity of Sydney AZ/All ratiosreachverylargevaluesat periodsup to
(BennettandLiley, 1974).Measurementsof compo- atleast100 mm. Theanomalyis notyet completely
nentratiosandphasesat stationsup to the coastsuggest defined,sinceit is locatedat thesouthernmarginof
that a conductivebody,perhaps40 km thick, lies at a the array,but theamplitudeis solargethatcurrent
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concentration,in additionto local induction,appears 2. 7. Rift valleys
to be involved. It is locatedneartheaxisof the Cape
FoldedBelt andalso near theKarroo basin,butmodel Correlationsbetweenelectricalconductivity,and
studiesindicatethatconductionin thethickenedsedi- eitherseismicvelocity or densityare foundin the
mentaryrocksaloneis probablynot thecauseof the Rhinegrabenand theRift Valley in Kenya.Forthe
anomaly.Gough(1973c)haspointedout a remarkable first, Winter (1973) hasgiven the most detailedinter-
correlationwith a negativeisostaticgravity anomaly pretationof magneticdeep-soundingmeasurements;
of similar trend,andhassuggestedthat bothmaybe magnetotelluricmeasurementshave beendiscussed
the result of an east~—west,linearplume.It would be by Haak et al. (1970). Becauseof infilling of the
dangerousto attempta moredetailedinterpretation grabenby sedimentarymaterial, thereis a thin sur-
until theconductivity anomalyis more fully mapped, face layerof high conductivity,but the most striking
but thecoincidenceof gravity andconductivityeffects featureof Winter’s interpretationis a conductive
is indeedremarkable.It mustbe notedthatnot all layer (30 ohm m resistivity) extendingin depth
suspectedplumesexhibit largenegativeanomalies; from 25 to 75 km. This range in depthextends
overIceland,for example,departuresfrom isostatic acrossseverallayers definedseismically (Ansorge et
equilibrium are smaller(Einarsson,1954).However, al., 1970),as shown in Fig. 3, and appearsto in-
on thebasisof topographyandstructure,Halesand dudeboth lowercrustanduppermantle.The seis-
Gough(1960)hadalreadyarguedconvincingly that mic profile indicatesa complexlayering in the crust,
the African gravity anomalywasdue to a root from with at leasttwo low-velocity layers,underlainby a
which theloadhadbeenremovedby erosion.The thick layerwith the intermediatePvelocity of 7.6—
plume origin for theroot is a distinct possibility. 7.7 km/sec.(Morerecentseismologicalwork suggests
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Fig. 3. Structure(top) and conductivity profiles for theAfrican (left) andRhineGrabenrift structures.Figureson the structure
sectionsarecompressionalwavevelocities in km/sec.Sourcesas in text.
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that theseintermediatevelocitieswill have to bemodi- tion in thecrust is undoubtedlyionic, asthe correlation
fled.) This layermay representan emplacementof betweenconductivityandporosityof typical sedimen-
basicmaterialinto thecrust,thedevelopmentof ab- tary rocksof thecrust shows.The conductivityof the
normally low velocity by heatingorpartial melting crystallineportion of the crustprobablydependson
in theuppermostmantle,or a mixtureof the two. its stateof hydration(HyndmanandHyndman,1968;
In any case,it is in the depthrangewhich appearsto Parkhomenkoet al., 1972),reachinga minimumin
coincidewith the increasedconductivity, the ancientshields.Within the shieldsconductivity

A rathersimilar situationhasbeenfoundby Banks may be locally increasedby fracturing,or by concen-
andOttey(1974)in Kenya.Once again,thereis a sur- trationsof conductiveminerals.The roleof tempera-
facelayerof conductivematerialbut thethicknessof tune is certainlylessthan in thecaseof mantleanoma-
it appearsto beinsufficient to explain the anomaly. lies, although,as we haveseen,heatedor partially
BanksandOttey,who havealso summarizedthe seis- moltenbodiesbeneaththerift zonesmay extendinto
mic andgravity information for therift, favour a the crust,
modelwhich placesa block of conductingmaterial Thereis someevidencethat, awayfrom anomalies
(resistivity 10 ohm - m) beneaththerift in the depth of small lateralextent,the conductivityof the conti-
range20—50km. In this positionit coincideswith an nentalcrustshowsa correlationwith seismicwave
anomalousseismiczone(Fig. 3) in which thePveloc- velocity.Thus,Dowling (1970), on thebasisof magne-
ity, insteadof increasingfrom normal crustalto totelluric measurements,found that beneathWisconsin
normal mantlevalues,exhibits the intermediaterange the resistivity decreasedfromvaluesof the order of
of 7,0—7.5 km/sec.As in thecaseof theRhinegraben 1,000ohm ‘m tobelow 100 ohm - m, at depthswhich
thereis thestrongsuggestionof a hotor partially correspondedclosely to the increasein Pvelocity from
moltenuppermostmantle,perhapsextendingupward 6.1 to 6,5km/sec.Theinterfaceis presumablythetop
into the crust.This pictureis supportedby the gravity of a morebasalticpart of the crust,within which the
anomalypattern,which showsa local positive, theef- conductivityis actuallygreaterthanin the uppermost
fect of basicrocksin thecrust,superimposedon a mantle.A similardecreasein resistivity within thecrust
broadernegative,indicative of decreaseddensityin beneatheasternCanadawasfoundby Kurtz (1973),
themantle. also on thebasisof magnetotelluricmeasurements,

The Gulf of Californiamaybe mentionedhere, and in a regionwherethecrust containsa lower layer
for while it is not strictly a rift valley,it is the locus with a P velocity in the rangeof 6.9—7.0 km/sec
of a seriesof linesof spreadingoffsetby transform (Berry andFuchs,1973).Conductivityanomaliescould
faults. White (1973a,b)hasshownthat althoughvery be expectedin regionswherethislower layerof the
high surfaceconductivitiesare present,the magnetic crustcomescloserto the earth’ssurface.This maybe
variationanomaliesrequirethe uplift of conducting the explanationfor an anomalyover theuplifted Kiro-
mantlematerialfrom a normal depthof 160 km to as vogradblock of the Ukrainianshield(Rokityanskyand
shallow as50 km. In mostcasesthe requireduplift Logvinov, 1972).The conductivebody apparentlylies
correspondswith spreadingcentresassuggestedby within thecrustin aregionwherethe Mohorovicicdis-
the seismicity(Sykes,1968),butunderthe central continuity is uplifted approximately20 km. A puzzling
Gulf it is locatedundera supposedtransformfault, feature,however,is that the Conraddiscontinuity,or
andWhite hasproposedthat thepatternof spreading top of thebasalticportion of the crust,is shownas
centresandfaultsmay changewith time. crossingthe structurewithoutuplift.

3.1. Conductivestructures,possiblyoceanconnected
3. Crustalanomalies Thesignificanceof oceanlinkageswould be,of

This classof con~uctivityanomalyhasalreadybeen course,thatcurrentsinducedin the oceanscouldleak
reviewedby PorathandDziewonski(1971)but a good into thecontinentsandbecomeconcentratedin the
dealof informationhasbecomeavailablesincetheir process.
paperwaswritten. A major anomalyof this type is that extending

The mostimportantmechanismof currentconduc- northerlyfrom thevicinity of Adelaide in Australia.
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Magnetotellunicmeasurements(TamniemagiandLilley, The Alert anomalyin the CanadianArctic now
1973) suggestthepresenceof avery low-resistivity appears(Prauset al., 1971) to be of the sametype.At
body (0.1 ohm - m) in the upperfive kilometresof least,a thick sectionof conductivesedimentaryrock
the crust,Array studies(Goughet al., 1974)indicatea is present,andconnectionsto the oceanarepossible.
stronganomalyin Z amplitude,anda clearreversalin In the St. Lawrenceregionof easternCanada,Bailey
directionof inductionarrowsacrossthefeature.The et al. (1974)haveoutlined,by meansof inductionan-
conductorhasbeentracedalongstrikefor about rows,a concentrationof currentwhich apparentlyflows
700 km, andwhile the connectionto the oceanis not inland from theoceanalong a major fault zone.The
established,thebody almostcertainlycontinuesto the fault, Logan’sLine,marksthe northernboundaryof
vicinity of the coast.Thereis a remarkablecorrelation theAppalachiansagainsttherocksof the Precambrian
with seismicity,which is believedto marktheboundary shieldand coveredshield.At longerperiodsthe current
betweentwo sub-plates(ClearyandSimpson,1971) concentrationis probablyanedgeeffect,relatedin a
andthis might suggestthatmajorfracturesin the litho- generalwayto theboundaryof themoreconductive
sphereareresponsiblefor the increasedconductivity. Appalachianrocks.At theshortestperiodstheinduc-
TammemagiandLilley suggestthat the structureis a tion arrowsappearto definevery closelythe location
remanentof- a geosyncline,which developedbetween of the fault suggestingcurrentflow along thefault
theformer sub-plates,andwhich still containsa section planeitself.
of poroussedimentaryrock bearingsalinefluids. In this casealsothereis correlationwith local seis-
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micity. The applicationof hypotheticalevents(Bailey zonestheinterruptionof the normal mantleby a rela-
et al., 1974) to the imaginaryinductionarrowspro- tively insulatingslab is probablythedominantcauseof
ducesapatternof Z fields which is suggestiveof cur- anomaly.Observationsover oceanicrifts andsuspected
rentleakagevertically to themantle(Fig. 4). The site plumesareseriouslyhamperedby a lackof observing
of this effectis closeto the centreof seismicactivity, sites,andsea-floorvariationmeasurementsremain
and also to that of present-dayvertical crustalmove- highpriority.
ment(Smith, 1966;FrostandLilly, 1966).An impor- A growing numberof anomaliesis recognizedas
tant question,not yet resolved,is the extentto which havingits origin in crustalrocks.Theseshouldnotbe
crustalconductivechanneliin generalarelinked to the dismissedasbeingwithoutmajor tectonicinterest,
conductingmantle.If thereare multiple linkages,the sincecorrelationswithseismicitysuggestthat someat
phenomenaof bothinductionandchannellingbecome leastare relatedto plate fractures,or to ancientbound-
very involved. ariesbetweensub-plates.

3.2. Metamorphiczones
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