
The Demagnetization Plane : A new method for
presenting stepwise demagnetization

言語: eng

出版者: 

公開日: 2008-01-25

キーワード (Ja): 

キーワード (En): 

作成者: Niitsuma, Nobuaki

メールアドレス: 

所属: 

メタデータ

https://doi.org/10.14945/00000331URL



静岡大学地球科学研究報告　21（1994年9月）21頁～28頁

Geosci．Repts．Shizuoka Univ．，21（Sept．，1994）21－28

The Demagnetization Plane：

A new method for presenting stepwise demagnetization

Nobuaki NIITSUMA

Abstract A new method uslng a“Demagnetization Plane’’is proposed to present the

results of stepwise demagnetization of remanent magnetization．This method facilitates

quantitative analysIS Of stepwise demagnetization results，allowi痩distinction between the
multi－COmPOnentS Ofremanent magnetization．An AFdemagnetization test on Pleistocene

marine siltstone and sandy siltstone samples from the Boso Peninsula，CentralJapan，

Showsthat most of the stepwise AF demagnetized vectors align on a plane containlng

their orlgln．This planeis called the“I）emagnetization Plane’’．The spectrum　Of

remanent magnetization for demagnetization steps can be read from the plots on the

Demagnetization Plane．Quantitative analysis of the variation of remanent magnetization

inBoso sedimentsshowsthattheremanentmagnetizationcanbeseparatedintosoft，inter一

mediate and hard components，uslng nOrmalization with anhysteretic remanent magnetiza－

tion．

Key words：demagnetization，remanent magnetization，multi－COmPOnentS，SPeCtrum，

proJeCtion method，Boso sediments．

INTRODUCTl0N

Demagnetizationisthe mostimportant process

inpaleomagnetic studies to read the record of the

geomagnetic field of the past．The paleomagnetic

field has been recordedin rocks as remanent mag－

netization．The remanent magnetization contains

influences ofmagneticfields aftertheformationof

the rock up to the present time．If we aim to

Obtain the record of the paleomagnetic field atthe

time of formation of the rock，We have to distin－

guish　theinitial paleomagnetic record from the

remanent magnetization by demagnetization．

Stepwise demagnetization procedures have been

used to separate theinitial component from the

remanent magnetization，and quantitative methods

havebeendevelopedtoanalyzethestepwisedemag－

netization results（e．g．Stupavsky＆Symons1978；

Kirshvink1980；Collinson1983）．

This paper reviews theconventionalmethodand

PrOPOSeS a neW PrOjection method of stepwise de－

magnetization．
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THE CONVENT10NAL PROJECTl0N－METHOD OF

STEPWISE DEMAGNETIZATION DATA

The remanent magnetization vector can be

describedasa summationofmulti－COmpOnentmag－
netization vectors．Each component has a differ－

ent response tO demagnetization and one of the

COmpOnentS　might be theinitial magnetization

vector．The method of presentation of stepwise

demagnetization should distinguishthe components

and quantifytheirchanges．

Two methods have conventionally been used to

PreSent　the results of stepwise demagnetization

（e．g．Tarling1983）：1）acombination of stereo－net

PrOjection of the directions andintensity changes

（Fig．1），and2）a vector projection with orthogo－

nalcoordinate axes of north－SOuth，eaSt－WeSt and

up－down whichis called a Zijderveld projection

（Fig．2）（Zijderveld1967）．

The stereo projection glVeS．Onlyinformation on

thedirection，andis not satisfactory for quantita－

tiveanalysisofthemultiplecomponents．Ifthede一

magnetized vectors align on a planethroughthe
Orlgln，the projected points should align on a
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Fig．l Stereo－netprOjection andintensltyChange with stepwise AF－demagnetization・
normal：BMHZ87RA，BMKU35MB
reversed：KUU292LA，KUHZO4LA
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Fig．2　Zijderveld pro］eCtion．

Open circles：prOjected on N－S and E－W plane．Solidcircles：prOJeCted on U－D and E－W plane．
normal：　BMHZ87RA，　BMKU35MB
reversed：KUU292LA，　KUHZO4LA
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Fig．4　Demagnetization Plane andits reference
directions．

greatcircle onthe stereonet．
The Z再derveld projectionis better for quantita－

tive analysIS Of each component of the magnetiza－

tion．However，the projected points on the N－S＆

E－WplaneandtheU－D＆E－W（orhorizontalcom－
ponent）plane are plotted on one graph，Which

makes the coordination system of the graph diffi－

cult tounderstand，nOt Only for a non－SpeCialist，

but also for a paleomagnetic specialist without

Carefulreadingofthe figure CaPtion．Because the

PrQjected planeis usually oblique to the trace of

the magnetization vector withthe stepwise demag－

netization，theprqjectiondoesnot directly glVe the

Changesinthemagnetizationvector．

The samples used for demonstrationin　this

paper are bathyalsiltstone and sandy siltstone of

late Matuyama to early Brunhes Chronozones，
taken from　the Boso Peninsula，CentralJapan．

Thestepwisedemagnetized data are taken with an

AutomaticPaleomagneticProcessor which contains

ahighlysensitiverlng－COreflux－gate magnetOmeter，

alternatingfield（AF）demagnetizationsystemwith

polarity control，and magnetic field controI sys－

tems forA山lySterisis RemanentMagTletizationand

measurement Of susceptibilityanisotropy withfull

computer control（Niitsuma　＆　Koyama1989，

1994，thisvolume）．

PROPOSED NEW METHED USING A uDEMAGNETl－

ZATION PLANE”

The remanent magTletization of the rock usually

haPmultiplecomponents・Iftheremanentmagneti－
Zationis mainly composed of two maJOr COmPO－

nents，thestepwisedemagnetizedremanentmagneti－

Zation vectors shouldalign on a plane which con－

tains the vectors of the two components andthe

Origin（Fig．3）．This planeistermedthe“Demag－

netizationPlane’’inthis paper．

The new methodinvoIves a palr Of projections

On the Demagnetization Plane and the perpendicu－

lar plane．The associated perpendicular plane

Shows how the stepwise demagnetized vectors are

alignedontheDemagnetizationPlane．TheDemag－

netization Planeis calculated byleast squares re－

gressionfor the stepwise demagnetized vector end－

points（Ⅹi，yi，Zl）oftheremanentmagnetization．

Because the Demagnetization Plane passes

throughthe orlgln，the equation of the plane can
beexpress as

ax＋by＋cz
and the constants，

a＝　∑　Ⅹiyi

勘
∑

b

O
 
a
n C are glVen aS

yiZ．－　∑yi2∑乙Ⅹi

b＝　∑zlXi∑Ⅹiyi－∑Ⅹi2∑yiZI

c＝　∑Ⅹi2∑yi2－（∑Ⅹiyi）2

The values of the dip angle（＝90－Atan（C／（a2

＋b2）1／2））and the azimuth（＝Atan（b／a））of the

Demagnetization Plane are glVen，and the dip

azimuthisprojected onto theplane．

Thedirectionofthenormaland reversedgeocen－

tricaxialdipole fields at the time of formation of

therock（after tilt correction）is projected on the

Demagnetization Plane，and the directionused as

the vertical axis of　the Demagnetization Plane．

Theinclination of the axial dipole vectors to the

DemagnetizationPlaneareprojected ontheassoci－

atedperpendicularplane．

The direction of the normal geocentric axial

dipole at the sampling site（before tilt correction）

is also prqJeCted on both planes as the reference

tothe presentgeomagneticfield．Theupper direc－

tion of the up－down axis of the sampleis pro－

jected onboth planes as the reference of the arti－

factduringsampling（Fig．4）．

Vector endpoints of the stepwise demagnetized

remanentmagnetizations，after bedding tilt correc－

tion，are PreSented as points on bothplanes and

COmmeCtedto eachotherin order of thedemagneti－

zationstep．Softwarehas beendeveloped to make

the calculation and graphics for the stepwise de－

magnetization data．

If the remanent magnetizationis composed of

three or more maJOr COmPOnentS With　different

directions，the points should not　align on the

Demagnetization Plane，Which can be checked by

the positions of the points on the associated

perpendicularplane．Whenthepoints align onthe

Demagnetization Plane，　We Can　analyse
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Fig．5　Demagnetization Plane projection
BMHZ87RA：nOrmalpolarlty，deeperinclinationthandipolefieldandgeomagneticfieldatthesite，eaStWarddec－

1ination．

BMKU35MB：nOrmalpolarity，Shallowerinclination than dipole field and geomagnetic field atthe site，Sam－
pling artifactin declinationsubtracted with5～10mT AF demagnetization・

KUU292LA：reVerSedpolarity，inclinationsameasthe antipodalfield of geomagnetic field at the site whichis
shallower than dipolefield，WeStWard declination，and nomalpolarity component reduces with AF demagnetiza－
tion．

KUHZO4LA：reVerSed polarity，inclination same asthe dipole field，WeStWard declination，Sampling artifactin

怒恕t忠霊霊慧琵ISuB慧粍駅芸‡許。新霊だ慧saSi慧蒜，X霊霊i慧．U－Daxis
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quantitatively　the multi－COmPOnentS Of the

remanent magnetization vectors by uslng the

POintsontheDemagnetizationPlane．

EXAMPLE OF THE PROJECTl0N

Stepwise demagnetized data taken with an

Automatic Paleomagnetic Processor were analysed

to obtain the Demagnetization Plane（Fig．5）．

The brokenline on the Demagnetization Plane

represents　the dipL aZimuth of the Plane．The

Strike of’the Demagnetization Planeis normal to

the brokenline throughthe orlgln and the end－
POint of the magnetization vector on the broken

linesideofthe strikeline showsthat the magnet－

ization vector has a positiveinclination after

bedding correction．The solidline onthe Plane

represents anormalgeocentric axialdipolefieldat

the samplingsite．The vertical axis of the Plane

is adjusted to the direction of the geocentric

axial dipole field at the formation of the sample．

The solidline throughthe orlgln Of the associated
plane rePreSentS the angle betweenthe geocentric

axial dipole field directions at the formation of

the sample and the Demagnetization Plane．

Dottedlines represent the upper direction of the

up－down axis of the sample on the Demagneti－

Zation Planeand theassociatedplane．

The stepwise AF demagnetized vectors align on

the Demagnetization Plane for most Pleistocene

Siltstone and sandy siltstone samples from the

Boso Peninsula，CentralJapan，Which containthe

Brunhes／Matuyama Magnetic Polarity Reversal

（Okada＆Niitsuma1989）．Because the compo－

nents normal to the Demagnetization Plane are

Slgnificantly smaller thanthe components on the

Plane，the multi－COmpOnentS Of the remanent mag－

netization shouldalign on thePlane．

Normalpolarity samples have a normal polar－

ity directionin all steps of AF demagnetization

andtheintensitydecreasesastheAFdemagnetiza－

tionstepincreases（Fig．5）．

Reversed polaritysampleshavea normalpolar－

ityinremanentmagnetizationinthe steps of O to

15mTofAFdemagnetization，and the remanences

flip to reversedpolarityin the higher steps of AF
demagnetization（Fig．5）．

There are twolevels of AF demagnetization，10

and20mT，in which the direction of remanence

Change．The samples releasethe sampling artifact

Of remanenceinthe firstlevel．Reversed polarity

SamPles release the remanenCe Of normal polarity

directioninthesecondlevel．Normalpolaritysam－

Ples do not show clear changesinthe direction of
remanenCe．

QUANTITATIVE ANALYSJS OF THE REMANENCE

NRM（Natural Remanent Magnetization）

Should be controlled by　the　am0unt，graln Size

and species of magneticmineralsin the sample

andalso by the ambient magnetic field during the

magnetization．Thedirectionandam0unt Of NRM

SPeCtrum　VeCtOr Can　be read out directly from
Plots on the Demagnetization Plane，if the vector

endpointsforstepwiseDemagnetizedNRMare put
Onthe Demagnetization Plane．The spectrumOf
ARM（Anhysteretic Remanent Magnetization）can
be used for normalization to the amount and

gTaln Sizeofmagneticminerals，and to distinguish
thecharacterofthe magnetization．

ARM was acquiredunderll．9　FLT of direct

field and　40　mT of alternating field with an

AutomaticPaleomagneticProcessor，and then step－

Wise AF demagnetization was made・aS for NRM．

The maximum of the ARM spectrum　appeared

between15mTand25mToftheAFdemagnetiza－

tion step．

The spectrum　Of the NRM to ARM ratio

（NRM／ARM）givesusefulinformationonmagneti－
Zation and rock magnetic characters（Fig．6）．

Because　the maximum　Of the NRM spectrum

appears between O mT andlO mT，the maximum

Ofthe ratio NRM／ARM appearsin the spectrum

at the step from O to5mT．The ratio gradually

decreases as the AF demagnetization stepin－
creases and reaches an almost constant Value at

StePS higher than15mT of AF demagnetization
for normal polarity samples．In the case of re－

VerSed polarity samples，the ratio gradually

decreases asin the normal polarity samples and

has aminimumValue between15mT and25mT，
then reaches a constant valuein the steps higher
than　25　mT．　The convergent value of
NRM／ARM has been used for estimation of the

Paleointensityofthegeomagneticfield（Okada and

Niitsuma1989）．

The behavior of NRM／ARMindicates that the

NRM／ARM spectrumcanbe separatedinto three

parts，SOft（0－10mT），intermediate（10－25mT）

andhard（25tohigherthan40mT of theAFde－
magnetization step）．The parts of the spectrum
are well correlated with the direction of the NRM

SPeCtrum，mentioned above．
The ratio NRM／ARMis a maximumin the

SOft part，and the value of　the ratio between O

and5mTisless scattered withinthe range of O．5
tol．5（mostly～1．0），in spite of thelarge range

of the NRM　and ARM spectra（1．6to18×10‾6

kA／m）．The constancyindicates that theinten－

Sity of the NRM spectrumin the soft partsis

COntrOlled mainly by rock magnetic characteristics

rather than the ambient magnetic field during the

magnetization．

The direction of　the NRM spectrumChangeS

drastically from normal　polarity to reversed
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Fig．6　NRM／ARM spectruminlogarithmic scale・
normal：a．BMHZ87RA，　b．BMKU35MB
reversed：C．KUU292LA，　d．KUHZO4LA

polarityforreversedpolaritysamplesin theinter－

mediatepart（Fig．7）．

The hard part glVeS almost the same

NRM／ARM ratio，but the value of the ratiois

spread across a wide range，from O．07　to O．36，

whichmight be related to the ambient magnetic
field duringthemagnetization．

ROUTINE APPLICAT10N OF THE DEMAGNETIZA－

T10N PLANE

The Demagnetization Plane projection has been

applied to more than150samples of Pleistocene
marine sediments of the Boso Peninsula，and most

ofthe AF demagnetized remanence vectors align

on the Demagnetization Plane．The result ofthe

preliminary application suggests that the Demag－

netizationPlaneprqjectioncanbe used for routine

analysISOfstepwisedemagnetization・

If the remanence vectors do not align on the

I）emagnetization Plane，Which can be detected

from the projection on the associated perpendicu－

lar plane，the remanence should be composed of

three or more dominant components．In such a

case，We Can aPPly the Demagnetization Plane

prdectiontodivideddatase土SataCertaindemag－－

netizationlevel，inwhichmostofthesoftestcompo－

nent can be removed．

P
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L
の
＞
む
し

昆監7be慧崇侶R禁1㌔p㌶芋芯群窓乱：p笠
linear scale．Positive：nOrmal component of NRM．
Negative：reVerSed component ofNRM・
normal：a．BMHZ87RA，　b．BMKU35LB
reversed：C．KUU292LA，　d．KUHZO4LA

SUMMARY

A new methoduslnga“Demagnetization Plane”

is proposed for the quantitative analysIS Of step－

wise demagnetization results，allowlng distribution

betweenthemulti－COmpOnentSOfremanentmagneti－

zation．

An AF demagnetization test on Pleistocene

marine siltstone and sandy siltstone samples from

the Boso Peninsula，CentralJapan，Shows that

most of the stepwise AF demagnetized vectors

align on a plane containlngtheir ongln・This

planeiscalledthe“DemagnetizationPlane’’・

Thespectrumofremanentmagnetizationforde－

magnetization steps can　be read out from the

Plots9ntheDemagnetizationPlane・Quantitative
analysIS Of the spectrumfromthe Boso sediments

shows that　the remanent magnetization can　be

separatedinto soft，intermediate and hard compo－

nents，uSlng nOrmalization with anhysteretic

remanentmagnetization．
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Thenewmethodshowsquantitatively thealign一

ment of the remanence vectors on a Demagnet－

ization Plane，andin the case of pooralignment，

the new method can be applied to divided data

SetSat aCertaindemagnetizationlevel．
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