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ABSTRACT

Precambrianpaleomagneticdatashowthat palaeomagneticmethods
can be usedLo study theancientmovementsof the Precambrianshields
in a mannerthat complieswith geologicalevidence.However, Precam-
brian rocksoftencontaina complexnaturalremanentmagnetismthat re-
flects the whole or part of the geologicalhistory of the rocks. This com-
plexity meansthat Precambnianpalaeomagneticdatahaveto be treated
with caution leaving the possibilitiesfor several interpretationsof the
daLa. ‘¡heFennoscandianapparentpolarwanderpathis usedas an exam-
píe.

INTRODUCTION

Palaeomagnetismwasadecisivetool for thebreak-throughoftheideas
of ancientlateralmovementsin the Earth’scrust. By comparingapparent
polarwander(APW) curvesfor rocksfrom different continents,the theo-
nieson continentaldrift wereconfirmedwhile the interpretationof mag-
netic anomalieson the oceanfloor in termsof remanentmagnetization
andreversalsof the Earth’smagneticfield createdLhe foundationfor the
conceptof platetectonics.At presentthe generaldrift historiesof thecon-
tinentsafter the beginningof Lhe break-upof Pangeain the laLe-Palaeo-
zoic havebeendelineated.‘¡he questionthenis if it is possibleto discern
tracesof pre-Pangeamovementsin the Earth’scrust.The magneticpattern
on the oceanfloor is obliteratedfor pre-Jurassictime leavingpalaeomag-
netism asoneof the major tools for determiningpre-Pangeamovements
of oldergeologicalunits. During the last decadesa largenumberof pa-
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laeomagneticstudieshavebeenperformedon rocksfrom the majorPre-
cambrianshield ateas,e.g. LaurentiaandFennoscandia,andseveral in-
terpretationsof [heir movementshavebeensuggested,e.g.Piper, 1983,Pe-
sonenandNeuvonen,1981, McElhinny andMcWilliams, 1977.Howe-
ver, the treatmentof Precambrianpalaeomagneticdatadesenvescaution
and this is discussedbelow and illustrated with some Fennoscandian
examples.

Palaeomagneticmeasunementshavebeenmadeon AncheanandPro-
terozoic rocks from severalshield areasand the resultsindicatethat the
geocentriedipole-fleldmodel is applicablefon Precambniantimeandthat
this model can be usedas a frame of reference(e.g. McElhinny and Se-
nanayake,1980, Irving et. al. 1984). Further, the differencesin appanent
polarwandenfrom different shieldsindicate that movementsbetweeen
Lhemhaveocurredandthe Precambrianpalaeomagneticdalamakeit pos-
sibleto proposemodelsfor their relativemotion andorientationduring
Precambriantime, modelsthat agreewith geologicalandgeophysicalin-
fonmation (e.g. PatchetteL al., 1978,Pipen, 1983,Dunlop, 1981).

THE APPARENTPOLAR WANDER PATH (APWP)

The radiometricages fon Precambrianrock-unitsare oftenpresented
with large uncertainties,error estimatesof ±25.Ma are comon
and ±50—100Ma occur frequently. ‘¡his means that the age uncer-
taintiesmay be of the samelength as the Phanerozoicperiods. Further-
more, the numberof palaeomagneticstudiesin the Precambrianis low
comparedwith the Phanerozoic.Roy(1983)presentsan avenagefon North
Americaof 1.6 palaeopolespen 10 Ma fon the Precambriancompanedto
7 palaeopolesper 10 Ma for the last 300 Ma. theseratios areprobably
typical fon most continerns.The FennoscandianShield,whene Precam-
brianbedrockdominates,is probablyanexception.‘¡heconrespondingfi-
guresfor Fennoscandiaare 1.3 palaeopolesper 10 a for íhe Precambrian
and 1.2 palacopolesper 10 Ma for the Phanerozoic(Pesonenet al., in
press).For the last 300 Ma íhe amountof palaeomagneticdatais large
enoughto permit constructionof apparentpolarwander curvesby con-
nectingmeansof palaepolesor to basetheapparentpolarwandercurve
on-a--meanofe.g.10 N4a (Irving,- ,).--Going-back-in-time,thefewer
numberof palaeopolesper time-unit andthe larger uncertaintiesin the
age determinationsmeanthat the APWP hasto be basedon individual
paleopoles.misis commonlydoneby usingaswathlO’ lo 15’ widewhich
forms an apparentpolarwanderpath (APWP)by envelopingthe indivi-
dualpalaeopoiesinsteadof joining them by a single line.
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PALAEOPOLESANO MAGNETIC COMPONENIS

‘¡he older the rock formationstudied,the largerthe possibility that it
hasacquireda viscousmagnetizationandbeensubjectto thermalor che-
mical magnetieoverprinting. The original magnetizationmay be partly
or fully obliteratedant! the znagneticremanencemeasuredmaybe due to
a younger geologicaleventor be a magnetizationconsistingof several
componentsof variousages.The rock may havebeenaffectedby oneor
moreorogenswith accompanyingmetamorphismand thermalinfluence.
Mineral ehanges,e.g. the new formation of haematiteor single domain
magnetitecancreateasecondarymagneticcomponentof high coercivity
andhigh blocking temperaturewhile a low coercivity magnetitecompo-
nenteasilylost duningthe laboratorytreatmentmaybe theprimarycom-
ponent.

Laboratory siudies using vanious demagnetizationtechniquesant!
matbematicaltreatmentof vector daLa areused Lo isolate the different
magnetiecomponents.Geologicalfleld Lests like the baked contaettest,
the foid Lest or the conglomeratetestcan give the relativeage of the dif-
ferent magnetizations.‘¡he resultsmy be difficult to interpret, e.g. wit-
hout a clearevidenceof the ageof the magnetizationspresentin a rock-
unit theexplanationscanbecompletelywrong.OnLhe otherhand,Lhe pre-
senceof different componentsrelatedto different geologicaleventscan
help in elucidatingLhe geologicalhistory of the rock-unit. Por instance,
theuplift of an areamaybe soslow Lhat differentpartsobtainLheir mag-
netizationat separatetimesandin such away Lhat Lhe obtainedpalaeo-
poles may define a segmentof the APWP causedby uplift andcooling
(e.g. Morgan 1976).

‘¡he obtainedmagneticdirectionsareof little valueunlesscompensa-
tion for post-magnetizationstructuralor tectonieeventscanbe achieved.
Suchdisturbancescanbe folding, faulting, tilting or rotation aboutaver-
tical axis. Fon Precambriansedimentaryrocks andigneouslayeredrocks
such compensationis possibleto oblain. Folds and ti]ts can be referred
to the palaeohorizontaland rotation about avertical axis can be tested
by samplingovera largeareaandby companingwith palaeomagnetically
well datedcontemporary«reference»rocks. For structurelessplutonic or
intrusivebodiesof unknownage onehasto makean intensivesampling
andcomparewith resultsobtainedfrom datedrocks. If the polesdo not
fiL the referenceAPWP onecanexpectthatthe block hasrotatedandreo-
rientation tesiscan be madeto seeif theyfit with geologicalevidence.

PAIEOPOLESANO RADIOMETRIC DATINO

The interpretationof the palaeopolesobtainedandthe construction
of the bestfitting andmostprobableAPWP,areintriguing lasks,to a lar-
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ge extentdependingon the interpretationof the radiometricdatingof the
rocks. Theneareno rulesfon which isotopesystemanddatingmethodfor
obtainingan agethatalsogives theage of Lhe magnetization.York, 1978,
pointsout the theoreticalsimilaritiesbetweenthe formulasfon blocking
temperaturesfor radioactiveisotopesystemsandmagnetieblocking tem-
peratures.Por oid rock units one can suspecíthai radioactiveisotope
systemswith lower blocking temperaturerangesindicatetite magnetiza-
tion can be part]y or compleLelyobliterated.In aiheoreticalandexperi-
mentalstudyof magnetizaLioncuasedby burial anduplift, Pullaiahet al.
(1975) showedLhaL, theoretically,magnetitewith ablocking Lemperature
of ca. 55’ could survive burial andheatingcorrespondingLo greenschist
faciesmetamorphism(300’ - 400’). Haematitewith higherblocking tem-
peratureshould survive lower ampitibolite facies. I-Iowever, testsmade
by Lhem, indicatethat hardly anymagnetizationcould surviveinto amp-
hibolite facies.Accordingly,Lot rockunitsihathaveexperiencedslow coo-
ling and uplift, only the isotopic systemswith correspondingblocking
temperatunesintervals give correspondingages, e.g. the K-Ar and the
Rb-Sn mica systems.The Svecononwegianterrain in Fennoscandiais an
exampleof correlationbetweenpaleomagnetiedala ant! K-Ar dating. A
largenumberof variousdating methodshavein thai areabeenusedon
variousrocktypesandamongIhe Rb-SrandU-Pb datingsmade,several
give agesin Ihe range1250 to 1750 Ma, showingthat theisotopicsystems
studiedhave survived Lhe Svecononwegianthermal event betweenca.
1050 - 850 Ma, while alí K-Ar agesfalí mío the youngertime interval in-
dicatinga Svecononwegiannesettingof the K-Ar system.Similarly alí pa-
laeomagneticresultsfnom the Sveconorwegianareafalí in the sameclus-
ter of consideredSveconorwegianage (seee.g Hylund, 1981,Stearnand
Pipen, 1984). ‘¡his resettingof Lhe magnetizationin the Svecononwegian
nocks,however,opensthe possibilitiesto obtain informationon thepro-
gressof ihe titermal eventsin ihe Sveconorwegiantenrainby correlating
the K-An ageswith correspondingpalacopoles.

York (1984) discussestite ~ árV9 Ar datingíechniqueandpresenisan
exampleof how this techniquehasbeenusedfon datingpalíeopolesfrom
the NorthAmericanGrenvilleprovince,an areawith datingproblemssi-
milar to thoseof tite FennoscandianSveconorwegianprovince.Titis Lech-
nique gives good infonmationon theage of tite thermaleventsthathave
affectedthe areaandis consequenílyvery usefulfor palaeomagneticpur-
poses.

FENNOSCANDIAN APWP EXAMPLES

‘¡he Fennoscandianpalaeomagneticdatafor tite peniodca. 1200 1900
Ma can be usedto illustrate someof the problemsinherentin Pnecam-
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brian palaeomagnetism.In Fig. 1 areplottedthe palacopolesusedfor the
most recentpublishedFennoscandianAPWPs(Pesonenet al., in press).
Therearetwo easily discernedclustersof palaeopoles,at ca. 1800 - 1900
Ma andat ca. 1200 - 1300 Ma. They canbe usedLo definethe onsetand
terminationof this segmentof thePrecambrianAPWP.The clusterof po-
les in betweenis harderLo interpret and in Figs. 2, b-d, threeversionsof
the APWP are presented,basedon the palaeopolesin the age interval
1300 - 1900 Ma shownin Fig. 1. The curve in Fig. 2a is from Neuvonen
(1973) andit is oneof the first publishedFennoscandianAPWPs.It isba-
sedon only 7 palaeopoles.He choseLo constructa single line APWP,bul
this line indicatesLhe generaltrend of Lhe APWPsin Fig. 2, b-d.

It was not possibleto include alí numericalvaluesof the agesavaila-
ble in Fig. 1, but the significant ones are presentedin Lhe APWPs in
Figs. 2 b-d. Commonfor the differentversionsare thestart in the 1900
Ma cluster, thewestwardmovementanda significant loopbeforethepath

PÁg. 1. Fennoscandianpalacopolesin iheagerangeca. 1200-1900Ma. Fulí (open)symbols
deno[e positive (nega[ive) polarity accordingto the defini[ion given by PesonenandNeu-
vonen 1981, p. 629. Gall’s projectionused.
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Fig. 2. Examplesof APWPsfrom Fennoscandiafor the agerangeca. 1200 - 1900 Ma.
Agesgiverl in Ma. AII datatransferredto GaIl’s projection.Numberin theupperright hand
comergives yearof publication.a) Neuvonen,1973, points indicatepalaepolesused.b)
Bylund, 1985, crossesindicatespalaeopolesused.c) BylundandPesonen,1987, crossesin-
dicatespalaepoleused.d) Pesonenet al., in press,crossesdenotesGrandMeanPotes,ovals
theA95 confidenceIimits for theGrandMeanPolesusedfor Ihe constructionof theAPWP.

endsafler the 1200 Ma cluster.This loop, the SubjotnianLoop of Peso-
nen, 1979, is a good exampleof different interpretationsof the correla-
Lion betweenpalaeopolesandradiometriedating. It is basedon palaco-
magneticdaLafrom Rapakivigranitesandassocitedanorthositesandgab-
bros in centralSweden(Piper, 1979, 1980,Magnusson,1983). The ages
obtainedrangefrom 1113 Lo 1630 Ma, methodsusedare Rb-Sr, U-Pb
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andK-Ar (Welin andLundqvist, 1984). In Fig. 2 b the westernmostpart
of the loop is assumedto be ca. 1550 Ma oíd, this age basedon Lhe data
from Lhe ‘¡una dykesdatedto ca. 1370 MaandwheretheTunadykepole
is consideredto be youngenthan the SubjotnianLoop (Bylund, 1985).
The agefiguresshownin the loops in Fig. 2, e andd, arebasedon theas-
sumptionthat the youngerradiometrieagesmore probablyrepresentthe
age of themagnetizationandis interpretedas aperiodof slow coolingand
uplift of the anea.Herelessconsiderationhasbeengiven Lo the 1370 Ma
‘¡una dykepote. Howeven,thetrendof thecurvesareessentiallythe same
ant! theydefine a clockwisenotation.

‘¡he part wenethepathoverlapsitself presentsanotherproblem.Here,
palaeopolesfrom rocks datedto between1630 Lo 1370 Ma arepresent.
In the caseof rapid overlappingapparentpolarmotion, as exemplified
by theSubjotnianLoop, it canbe difficult to determinewhich polesLhat
belongLo the ovenlappingandwhich poles thatbelongto theoverlapped
part. Anothercomplication,not shownin the figure, is thatanumberof
FennoscandianPalaeozoicpolesploL in the samearea.Thisgives thepos-
sibility to interpret someof the poles as beingof Palaeozoicage, e.g. an
overprint dueto the Caledonianonogeny(Mulden, 1971).

‘¡hepanthin Fig. 2 c is ca. 10’ wide andratherdetailed.Mostavailable
polesareincludedin Lhis path.A loop, theJatulianLoop (Bylund andPe-
sonen 1987) is includedbetweenca.1700ant! 1900 Ma. In Fig. 2 d this
loop hasdisappearedandthepathvanesin width. ‘¡his differenceis due
to a diffenent analysisof the data for the constructionof Lhe APWP. In
Fig. 2 d agradingor filtering Lechniquehasbeenemployedwhereonly pa-
laepolesthatpasscertaincniteriahavebeenusedant! a gradingof thedata
into four groups—A to D— hasbeenapplied. ‘¡hegradingis amodified
Briden ant! Duff (1981) scalebasedon the numberof sitesandsamples,
the methodsusedfon establishingthe magnetiedirections,Lhe valuesof
the statisticalparametersa95 ant! k, the reliability of the age assignedto
the pole andon how the original authorassessedthe daLa. ‘¡his grading,
as anygrading, is not wholly objective,but was consideredeffective and
useful.Thepathpresentedin Fig. 2 d is basedon the palaeopolesthat be-
longto the two groupstitaL fultil the highestcriteria, i.e. gradesA andB.
It was found thatwhen this filtering is applied the 1900- 1700 Ma loop
of Fig. 2c disappears.Furthen,thepalaeopolesform clustersandfor each
clustera OrandMean Pole can be calculated.The APWP was thendraf-
ted accordingto theGrandMeanPolesandthe width of thepathwasba-
sedon the size of the GrandMean confidencecinclesanoundthe Grand
Mean Poles(Pesonenet al., in press).

‘¡he filtening methodpresentedaboyewill removea numberof data
that canbe usedin anothercontext,e.g. in studyingthe rotation of acer-
taingeologicalor tectonicblock. Newstudiesmayconfirm thevalidity of
thesepalacopoles.
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Essentialin Ihe examplepresentedaboyeis thefact thatin spiteof dif-
ferentinterpretationof the age dataandthereliability of the palaeopoles
the curves aremainly tite sameandmost probablyby APWP indicates
the movementof the FennoscandianShield. As only latitudinal move-
menícan be calculatedfrom palaeomagneíicdala ihe APWPspresented
in Fig. 2 presentaminimum velocity of 0.5’ - l’/lOMa. The Subjotnian
Loop discussedaboyeis not includedin this calculation. ‘¡his Loop mdi-
catesa rapidAPW, at most 2.5’/l0 Ma in latitudinal movement,but it is
not cleariL titis is due Lo amovementof Fennoscandiaor due to a rota-
tion of a local block. It must be stressedthat the relativeposition of the
rotationpole for the block in questionand thepaleomagnetiepoleof the
rocks studiedareimportant for the form of the APWP. If tite paleopole
andthe rotation pole are close together,evena largemovementof Lite
block will givejusía smallmovementof thepalaeopole.On thecontrary,
if the distancebetweentite poles is large,close to 90’, a smallblock mo-
vementmay be representedby a largeswing ja tite APWP (McElhinny
andMcWilliams, 1977). ‘¡he loopsaresignificantfeaturesusefulfor com-
parisonbetweenblocks. E.g. the Sveconorwegianpalaeopolesform a dis-
tinct íoop,tite so-calledSveconorwegianLoop. It hasbeenmaíchedwith
thecontemporaryGrenvillian Loopof Laurentiaandbothhavebeenused
for reconstructionof therelativeorientationof thetwo shieldsduringSve-
conorwegian-Grenvillíantime about 1100 - 800 Ma ago (Patchett &
Bylund, 1977).

CONCLUSION

PrecambrianpalaeomagneticdaLahaveto betreatedwith cautioncon-
sidering Lhe difliculties inherentin their interpretation.But palaeomag-
netism is still tite besí metitod to delineatetite pasímovemenísof Pre-
cambrianshieldsant! the dataobtainedso far haveprovenLhe possibili-
ties Lo calculateant! compareLite ancientonientationsof Lhe Precambrian
sitielt!s relative to eacit other in a mannerLhat satisfiesgeologicaland
geophysicaldata.
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