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Anisotropy of magneticsusceptibility (AMS) hasin the past beenusedasan indicatorof finite strain; mathematical
relationships betweenthe measuredAMS ellipsoid and the finite strain ellipsoid in slates are numerous.The
OrdovicianMartinsburgFormation at Lehigh Gap, Pennsylvania, provides a unique opportunity to test this correla-
tion, as a complete shale.to.slatetransition is preserved. Magnitudes of the principal susceptibilityaxes appear to
reflect a straingradientat this location. Apparent strainvaluesderived from AMS, using equations from Rathore and
Hrouda,have X: Y: Z ratiosfrom 2.79: 1.87:0.19(shale)to 2.92:0.82:0.42(slate). T~ieorientationsof the susceptibil-
ity axescharacterizetwo fabrics: (i) ~ planes at 20°to beddingand(ii) k~/k~ planesparallel to cleavage.
Anisotropy of magneticsusceptibility fails to show anyintermediateorientationsof the principalsusceptibility axesin
thezonein which cleavageis developed.Comparisonwith phyllosilicate crystallographic orientations indicatesthat the
AMS intermediate and maximumsusceptibility axesareparallel to chlorite basalplanes.Becausechlorite reorientedvia
dissolution and new growth as cleavagedeveloped in this location, andbecausemodels correlating AMS andstrain
insteadassumethatstrainis reflected by the rotation of the magneticsusceptibility carriers,the apparent strainvalues
calculatedfrom AMS reflect only the degreeof dissolution and neocrystallization in theserocks andnot the finite
strain.

1. Introduction principal susceptibility axes. Various mathemati-
cal relationships between finite strain and AMS

Anisotropy of magnetic susceptibility (AMS) ellipsoids have been proposed (Owens, 1974;
hasbeenwidely usedin the analysisof rock fabrics Wood et a!., 1976; Rathore, 1979, 1988; Hrouda,
and strain. Analysis of AMS determinesthe corn- 1980, 1987; Cogne and Perroud, 1988). Rathore
binedsusceptibility of paramagnetic, diamagnetic (1979) and Hrouda (1987) related the ratios of
and ferrimagnetic minerals to an induction field in principal susceptibility axes to March strains in
a sample. Studies in a variety of rock typeshave slatesusing an exponentialfunction basedon the
demonstrated that rock fabrics, such as bedding work by Owens (1974)and Wood et al. (1976). In
and cleavage, are reflected in the orientation of contrast, Cogneand Perroud (1988) reported that
AMS principal axes(e.g. Kligfield et al., 1977; the shapesand axial dimensions of the AMS ci-
Borradaile, 1987; Rochette, 1987; Goldstein and lipsoid and the strain ellipsoid were similar for a
Brown, 1988; Hirt et al., 1988; Hrouda et al., granite pluton. Experimental studies, however,
1988). Combined studies of strain and AMS in have not demonstrated a direct correlation be-
rocks commonly attempt to correlate values of tween strain andAMS; they reveal a consistent
finite strain with the AMS ellipsoid, which is changein AMS fabric with increasing strain(Bor-
determined by the magnitudes (lengths) of the radaile and Alford, 1987, 1988). In these experi-
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Fig. 1. Locationmapof studyarea. Highwaynumbersareshownfor reference.Thesamplesite at Lehigh Gapis locatedabovethe
highway on an abandonedrailroad grade. Om Ordovician Martinsburg Formation, SOs= Ordovician-SilurianShawangunk
Formation.

ments, the correlation betweenAMS and rock The shale-to-slatetransitionat this outcrop has
fabric is imperfecthowever.Theproblemin cone- beenstudiedextensively(Anonymous,1885; Mc-
lating rock fabricsandstrain with AMS may arise Bride, 1962; Drake and Epstein, 1967; Epstein
from differing contributionsof diamagnetic(e.g. and Epstein, 1969; Holeywell and Tullis, 1975;
calcite), paramagnetic(e.g. chlorite) and ferri- Wintsch, 1978; Lee et al., 1986). Holeywell and
magnetic(e.g.magnetite)mineralsin asinglesam- Tullis (1975) and Wintsch (1978)consideredthis
ple. Borradaile (1988) noted that the ability of transition to be preservedin a pressure-shadow
AMS to indicate rock fabric and strain may be that was causedby the unconformablyoverlying
improved when a single mineral determinesthe ShawangunkFormation.Detailedmicrostructural
AMS. study has indicated that dissolution and new

This studyexaminesthe AMS of the Martins- growth of phyllosilicatescharacterizesthe forma-
burg Formationat Lehigh Water Gap, Pennsyl- tion of cleavagein this outcrop(Lee et al., 1986).
vania(Fig. 1).The MartinsburgFormationin this Samplesfor AMS studywerecollectedfrom 18
location preservesthe transition from an un- sitesalong this outcrop. The resultsof this study
cleaved shale at the contactwith the overlying illustratehow changesin rock fabric andstrainare
ShawangunkFormation to a well-cleaved slate manifested in magnetic fabrics when chlorite
over an interval of approximately 130 m. The dominatesthe magneticanisotropy.
uncleavedshaledisplaysmoderateto well-devel-
opedbedding,which on averagedips 400 NNW.
Incipient cleavageis first observed — 75 m from
the ShawangunkFormationcontact,andcleavage 2. Sampling andanalysis
developmentgraduallyincreasesin the interval of
75—120 m from the ShawangunkFormationcon- Oriented blocks comprising 18 siteswere col-
tact. When fully developed,the slaty cleavageis lectedat regular intervals in a single, continuous
pervasiveandis consistentlyorientedperpendicu- outcrop from the Martinsburg—Shawangunkcon-
lar to the beddingplane, with an averagedip of tact to a distanceof 130 m (measuredhorizon-
60°SSE. tally). Locationsandsitenumberswereselectedto
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facilitate comparisonwith the results of X-ray 3. Results
texturegoniometrydata from Holeywell andTul-
lis (1975). Intact samplesweredifficult to extract Results of AMS analysis for the Martinsburg
from the outcrop owing to extensivefracturing. Formationdisplaytwo distinct fabrics(Fig. 2), (1)
After the orientation was marked,blocks were a‘no-cleavage’fabric in which the minimumaxis
coveredwith maskingtapeto preventcrackingof is generally20°steeperthan the bedding pole,
the sampleprior to removal.The orientedblocks and(ii) a ‘cleavage’fabric in whichthe minimum
were then removedand wrappedcompletely in axis is ata high angleto the cleavageplane.For
tapeto preventfurtherbreakageduring transport. manyof thecleavedsamplesthemaximumaxis is
Oncein the lab, the blocks wereglued together, at the bedding—cleavageintersection.The AMS
then coatedwith a thick layer of epoxy. Blocks fabric,as seenin the orientationof the threeAMS
were thenmountedon adrill pressandcoreswere ellipsoid axes, changesabruptly from the ‘no-
drilled with a water-cooleddrill. Eachsite pro- cleavage’ fabric to the ‘cleavage’fabric atapoint
vided threeto five coreswith adiameterof 2.5 cm — 75 m from the ShawangunkFormationcontact.
anda lengthof 2.2 cm. The AMS was measured This abrupt change in AMS orientation is in
with a Sapphire Instruments SI-2 susceptibility markedcontrastto the gradualdevelopmentof
bridge with digital interfaceconnectedto a PC. cleavagereportedoverthis interval(e.g. Holeywell
Eachanalysisprovidesthe orientationsand mag- andTullis, 1975).
nitudes, as well as precision estimates,of the On the otherhand, the elongationor shapeof
minimum, intermediateandmaximumsusceptibil- the susceptibilityellipsoid doeschangeprogres-
ity axes(Stupavsky,1984). sively with increasingcleavagedevelopment.Fig-
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Fig. 2. Equal-area,lower-hemisphereprojectionsof the principal susceptibilityaxesfor eachsamplein this study. Beddingplanes
(northdipping) areshownfor theuncleavedsamples.Bothbeddingandcleavageplanes(southdipping)areindicatedfor thecleaved
samples.The horizontalscaleis thedistancefrom thecontactbetweenthe MartinsburgFormationand theoverlying Shawangunk
Formation.Cleavagedevelopswith increasingdistancefrom thecontact.Thedashedline representsthelocationin whichcleavageis
first observedin thefield. Cleavageis fully developed120m beyondtheShawangunkFormationcontact.
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1.14 whereX� Y� Z are theprincipal strainaxesand//// ~ � k,,,1� ~ are the principal susceptibili-1.12
ties. Thevalueof theexponenta is empirical,and

1.10 is suggestedto be dependentupon lithology.
Hrouda(1987) listedavalueof a= 0.05 for slates~ 1.08

128 in general; we haveused this value in our ap-
~ 1.06 o’c parent-straincalculations.Table 1 lists themagni-
E 125 6 tudesof the principal susceptibilityaxesand the

1.04 64 57

.02 25 40 calculatedapparent-strainvalues. Following the8221 resultsin WintschandKvale (1989),whoreported
36 I thatno volume lossoccurredwith cleavageforma-1.00 1.02 1.04 106 1.08 1.10 1.12 1.14 tion in theserocks,theapparentstrainaxesX � Y

ki~t/ kmin � Z were calculatedusing a constant-volume
Fig. 3. Flinn diagram that shows the shapeof the AMS model. Thesecalculationsshow a clear progres-
ellipsoid. Resultsthat fall in the oblatefield indicateamag- sion in apparentstrain values with developing
netic foliation; resultsin theprolatefield indicatea magnetic
lineation. The distance of an individual sample from the cleavage;notablya decreasein the magnitudeof
Martinsburg—Shawangunkcontactis usedasa markerfor that the Y axis andan increasein the Z axis. The
samplein this plot; increasingdistanceroughlyequalsincreas- apparentstrainvaluesrangefrom 2.79 : 1.87 0.19
lag cleavagedevelopment.Theseresultsdisplay a trendfrom for shale(site Om8) to 2.92 : 0.82 : 0.42 for slate
oblate-to-prolateAMS ellipsoid shapeswith increasingdis- (siteOm32). At this point we wish to note, how-
tancefrom thecontact.Uncleavedsamples(2—42 m) groupin
theoblatefield; sampleswith cleavage(77—115m) clusternear ever, that we question the geologicrelevanceof
the oblate—prolateboundary(k = 1), andcontinuethe trend the AMS-basedapparentstrain values in these
observedin theuncleavedsamples.Fully cleavedsamples(125 rocks, for reasonsthatarediscussedbelow.
and128 m) lie in theprolatefield.

ure 3 is a Flinn diagramthat representsthe sus- 4. Discussion
ceptibility ellipsoidas aplot of theratiosof maxi-
mum/intermediate vs. mtermediate/minimum Studies of AMS and rock fabric (e.g. Bor-
susceptibilityaxes.The uncleavedsamplesdisplay radaile,1988)show that the minimum AMS axis
a susceptibility effipsoid with a uniaxial-oblate generallyliesperpendicularto thedominantplanar
shape,which indicates that the maximum and rock fabric, such as beddingor cleavage(Fig. 4).
intermediateaxesare of near-equalmagnitudes. Our comparisonbetweenAMS and rock fabric
As thecleavagebecomesfully developed,theAMS variations in the Martinsburg Formation, how-
ellipsoid shapeshifts into the prolate field. ‘~‘~ ever,doesnot agreewith theseobservations.Char-
patternappearsto reflect progressionof strain in acteristic‘no-cleavage’ fabrics from the Martins-
this shale-to-slatetransition; we may then calcu- burgFormationcan be seenin the left halfof Fig.
late apparentstrain ratios from the AMS data, 2. The minimumAMS axis is generally20°away
basedon the equationsof Rathore (1979) and from the poleto bedding.Cleavedsamples,on the
Hrouda(1987) otherhand,displayanAMS fabric that appearsto

(km~yJkmt)= (X/Y)” solvefor X/Y: (x/Y) be in better agreementwith the predictedfabric.
Most samplestakenfrom theintervalin whichthe1/a

= (kmax/kint) cleavage is developedyield an AMS fabric in

~ = (Y/Z)°solvefor Y/Z: (Y/z) which the minimum axis correspondswith the
1/a poleto cleavage.Therearenotablediscrepancies,

(kjni/kmin) however. The site in which incipient cleavageis
(km~/k,,,,,,)= (X/Z) a solve for X/Z: (X/Z) initially observedin the field (site Om24) con-

tinues to display an AMS fabric with the mini-
1/a

= (km,1,Jk,~~j~) mum axis at ahigh angle to the bedding plane
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TABLE 1

Principalsusceptibilityaxesandcalculatedapparentstrains

Sitea NC Dist I) Susceptibilityaxes4 L e F Apparent Apparent
(lx iO~SI units) strainratiosg strainaxesh

k~ kmt ~ X/Y Y/Z X Y Z

0m8 6 2 2.31 2.26 2.01 1.02 1.12 1.51 9.77 2.82 1.86 0.19
OmlO 6 6 3.80 3.64 3.34 1.05 1.09 2.48 5.34 3.20 1.29 0.24
Omil 6 13 3.27 3.19 2.88 1.03 1.11 1.65 7.53 2.73 1.66 0.22
0m14 6 21 2.81 2.75 2.57 1.02 1.07 1.59 3.88 2.14 1.35 0.35
0m17 6 25 3.11 3.02 2.83 1.03 1.07 1.82 3.74 2.31 1.27 0.34
IA 6 36 2.43 2.38 2.29 1.02 1.04 1.48 2.25 1.70 1.15 0.51
0m20 8 40 3.75 3.64 3.33 1.03 1.10 1.73 6.25 2.65 1.53 0.25
0m21 6 42 3.17 3.09 2.91 1.03 1.06 1.74 3.33 2.16 1.24 0.37
L5 6 57 3.42 3.29 3.06 1.04 1.08 2.17 4.26 2.72 1.25 0.29
L6 6 64 3.60 3.47 3.29 1.04 1.05 2.09 2.90 2.33 1.12 0.38
0m24 6 77 3.57 3.45 3.29 1.03 1.05 1.98 2.68 2.19 1.11 0.41
L7 6 82 2.54 2.48 2.35 1.02 1.06 1.61 2.94 1.97 1.22 0.42
0m27’ 13 100 2.43 2.39 2.30 1.02 1.04 1.39 2.07 1.5.9 1.14 0.55
0m28 6 104 2.78 2.71 2.62 1.03 1.03 1.70 1.90 1.76 1.04 0.55
0m29’ 14 115 2.63 2.59 2.52 1.01 1.03 1.27 1.83 1.44 1.13 0.62
0m30 11 119 2.46 2.44 2.34 1.01 1.04 1.23 2.27 1.51 1.23 0.54
0m31 12 125 3.22 3.12 3.02 1.03 1.03 1.86 1.87 1.86 1.00 0.54
0m32 13 128 2.72 2.55 2.47 1.07 1.03 3.57 1.95 2.92 0.82 0.42
a L4—L7 areresultsfrom anunpublishedpilot study.
b Distanceof asamplefrom theMartinsburg—Shawangunkcontactin meters.
C Numberof determinationsof thesusceptibilityellipsoid,eachdeterminationis theaverageof four measurements.
d k~ > k,,,

1 > kr,,,,, aretheprincipalsusceptibilityaxes.
Magneticlineation(k,,,~,,/kmt).

Magneticfoliation (kmt/k,,,,,,).
~ Strainratiosarederivedfrom equationsin Hrouda(1987),with a= 0.05.
h Strainellipsoid axes(X � Y� Z) werecalculatedusingaconstant-volumemodel in which Xx Y xZ = 1.

Sampleswith asandylithology.

N (Fig. 2, at 77 m). Furthermore,well-cleavedsam-® 0 kmln ples(sites0m31 andOm32)displayAMS fabricsin which the minimum axis trends towards an- - orientation200 away from the pole to cleavage
- A (Fig. 2, at 128 m). Thesediscrepanciesbeardi-rectly on the ability of AMS to representrock

max fabrics and strain, andcan be explainedby the
behaviorof chlorite in theserocks.

4.1. AMS andchlorite

Fig. 4.Typical orientationsof theprincipalsusceptibilityaxes A comparisonof AMS patternswith X-ray
Theminimum axis is expectedto beperpendicularto al,l~ diffraction results from Holeywell and Tullis
rockfabric, suchabeddingin thisexample.Themaximumaxis
is commonly foundatthebedding-cleavageintersection(from (1975)providesan interpretationof the variations
Borradaile,1988). observedin the AMS data. Figure 5 showsthe
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Fig. 5. Orientationsof bedding,cleavage,chlorite andmica basalplanes.(a) Referenceplane againstwhichorientationdata are
plotted.The pole to thereferenceplaneis thebedding—cleavageintersection.Orientationsareexpressedasrakeson this reference
plane;asshownhere,beddinghasarakeof 400 andcleavagea rakeof 120°.(b)Plot of bedding,cleavage,chlorite andmicabasal
planeorientationversusdistancefrom theMartinsburg—Shawangunkcontact.Theverticalaxis is therakeon thereferenceplane;the
horizontalaxis is thedistancefrom the Martinsburg—Shawangunkcontact.Site locationsareindicated.Two orientationsof chlorite
(001) planesareobserved;(i) with arake 20°from thebeddingplaneand (ii) with arake approximatelyparallel to cleavage.No
intermediateorientationswerefound. Mica (001) orientationsareparallelto beddingin uncleavedsamplesandparallelto cleavagein
well-cleavedsamples.Intermediateorientationsof mica (001) areobservedwith developingcleavage.(Chlorite andmica crystallo-
graphicdataarefrom Holeywell andTullis, 1975.)

crystallographic-preferredorientation of chlorite of intermediateorientationsand texturalrelation-
and mica (001) planes,derived from great-circle shipsarecited by HoleywellandTullis (1975) and
X-ray scans,expressedas a rake on a reference Lee et al. (1986) as evidencethat chloritereorients
planeperpendicularto bothbeddingandcleavage, entirelyvia pressuresolutionandnewgrowthwith
Beddingandcleavageorientationsarealsoplotted.
The horizontalaxisindicatesthedistancefrom the _________________________

180
contactwith the ShawangunkFormation. ____

Both Holeywell and Tullis (1975), and Lee et “ bedding I

al. (1986) reporta gradualincreasein the number 40 acleavage ICIgrI [I I
of chlorite and mica grains orientedparallel to 120 I
cleavageover the interval in which cleavageis 100 chlorite (001)1

developed.Orientationof mica grains progresses 80

~~IIfrom parallel-to-beddingto parallel-to-cleavage, ° 60 A~Swith intermediateorientationsobservedin the in- 40terval in which cleavageis developed (Fig. 5b).Orientationsof chlorite exhibit two populations: 20 I(i) the ‘no-cleavage’population, with an (001) Site :Om 10 14 L4 2) L6 24 L7 28 30132
811 17 201.5 27 2931

orientation at an angle of 200 to bedding as I

0 20 40 60 80 tOO 120 140found in the interval from 0 to 110 m, (ii) the
Distance from Shawangunk Fm Contact Cm)

‘cleavage’ population,with an (001) orientation
parallel to the cleavageplane, as found in the Fig. 6. Orientationof AMS axescomparedwith chlorite (001)

orientations.Theaxesof this graphare thesameasin Fig. 5b.interval from 115 to 130 m (Fig. 5b). No chlorite For comparisonwith chlorite, theplane containingthe inter-

(001)orientationfabricsintermediateto thosetwo mediateandmaximumAMS axeswasplottedon thereference
patternsarepresent,in contrastto mica. The lack plane.
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theformationof slaty cleavagein the Martinsburg 4.2. AMS andstrain
Formation.

Chlorite is a parainagneticphyllosilicate that, VariousrelationshipsbetweenstrainandAMS
when subjected to a magnetic field, yields a have been proposed (e.g. Singh et al., 1975;
minimumsusceptibilityaxis perpendicularto the Hrouda,1976,1980;Kligfield etal., 1977;Rathore,
(001) plane (Borradaile et al., 1987). Conse- 1979; Rochetteand Vialon, 1984). For example,
quently, the intermediateand maximum suscept- Rathore(1979, 1988)andHrouda(1987)present
ibility axeslie in the basalplane.For comparison results correlating the developmentof cleavage,
with chlorite orientations, we have plotted the strainandAMS in slates.Rathore(1979) related
planecontainingthe intermediateand maximum the magnitudeof the principal susceptibilityaxes
susceptibilityaxesas arakeon thereferenceplane to March strains in Cambrian slates of North
in amannersimilar to that for the chlorite basal Wales;the equationsusedpreviouslywerederived
planes(Fig. 6).Closeexaminationof Fig. 6 shows from this work (Hrouda, 1987). As discussedin
that both the uncleavedand the cleavedsamples the previoussection,AMS patternsarecontrolled
exhibit AMS patternsthat follow the orientation by the orientationof chlorite in the Martinsburg
of chlorite. Like chlorite, AMS orientationsare Formation samples, and thus, the behavior of
200 away from the orientation of bedding in chlorite during progressivecleavagedevelopment
uncleavedsamples,andareapproximatelyparallel constrainsanymodel relatingAMS andstrainin
to cleavagein well-cleavedsamples.Moreover,no the Martinsburgslates(seealso Rochette,1987).
AMS orientationsintermediateto theseorienta- The behaviorof chlorite in the MartinsburgFor-
tions are observed.Additionally, the relativemag- mation shale-to-slatetransition does not fit the
nitudesof the principal susceptibilityaxes(Table critical assumptionsmadein Rathore(1979),which
1) closely matchthe susceptibilityvaluesof chlo- call for rigid-body rotation (March-strainmodel)
rite listed in Borradaileet al. (1987). Thesecorn- of the susceptibility-carriergrains as cleavageis
bined observationsshow that AMS is controlled formed, and restsupon the assumptionthat no
by chlorite in these samples, and provides an recrystallizationof the susceptibilitycarriershas
explanationfor thediscrepancybetweenthe orien- occurred. We concludethat if dissolution—neo-
tations of rock fabrics and the AMS axes. The crystallization of chlorite is characteristicfor the
controlof AMSby chloritein theserockscorrobo- formation of cleavagein slates,AMS fabrics re-
ratespreviousresults(e.g.Borradaileetal., 1986) cord only the degreeof pressuresolutionandnew
that suggest that paramagneticmatrix minerals growth.A direct relationshipbetweendissolution—
maydominateAMS measurementsin slates. precipitation andstrain is not known and, thus,

The agreementbetween chlorite and AMS the AMS magnitudesmay not representfinite
orientationsis not perfect, however,as the AMS strain.
orientationbecomesparallelto cleavagecloser to
the Martinsburg—Shawangunkcontactthan does
the chloriteorientation.The shift in thedominant 5. Conclusions
chlorite (001) orientation (Fig. 6) occurs 115 m
from theShawangunkFormationcontact.On the Comparisonof AMS andchloritefabricsin the
other hand, the abrupt changein orientation of Martinsburg Formation shale-to-slatetransition
theAMS fabricoccursat apoint — 90 m from the showsthat AMS measuresthe orientationof chlo-
ShawangunkFormationcontact,roughly coincid- rite basalplanesin theserocks.The abundanceof
ing with the first appearanceof cleavagein the paramagneticchlorite dominatesthe susceptibility
field rather than the changein dominantchlorite patterns;other magneticphasescontribute rela-
(001) orientationasmeasuredby texturegomome- tively little. Consequently,the ability of AMS to
try. Thisobservationmaysimplyreflect thediffer- characterizerock fabricsis limited to rock fabrics
ing sensitivitiesof AMS and X-ray methodsto controlledby, or which control, chlorite orienta-
changesin bulk crystallographicorientation. tion. Becausethe AMS fabric follows the orienta-
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tion of chlorite, the behaviorof this phyllosilicate Drake,A.A. and Epstein, J.B., 1967. The MartinsburgForma-
during progressive cleavage development de- tion (middle and upper Ordovician)in theDelawareValley,

Pennsylvania-NewJersey,U.S. Geol. Surv. Bull. 1244-H.
terminesthe apparentstrainmagnitudesdeduced 16 pp.
from AMS measurements.In the Martinsburg Epstein,J.B. and Epstein, A.G., 1969. Geologyof the Valley
slates,chloriteundergoesextensivedissolutionand and Ridge province between Delaware Water Gap and

neocrystallization; rotation during progressive Lehigh Gap, Pennsylvania.In: S. Subitzky (Editor), Geol-

cleavagedevelopmentwasabsent.Therefore,until ogy of SelectedAreas in NewJerseyandEasternPennsyl-vania, and Guidebookof Excursions.RutgersUniversity
modelscorrelatingAMS andstrainallow for dis- ~ N~B~swick,NJ.,pp. 132-205.
solutionandprecipitationof thesusceptibilitycar- Goldstein,A.G. and Brown, L.L., 1988. Magnetic susceptibil-
riers, the calculated‘strain’ valuesonly reflect the ity anisotropyof mylonites from the Brevard Zone, North

degreeof pressuresolution and new growth and Carolina,U.S.A. Phys.EarthPlanet. Inter., 51: 290-300.

do not necessarilyreflect finite strain. Hirt, A.M., Lowrie, W., Clendenen, W.S. and Kligfield, R.,
1988.The correlation of magnetic anisotropywith strainin
the Chelmsford Formation of the Sudbury Basin, Ontario.

Tectonophysics,145: 177—189.
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