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Abstract

It is very difficult to study paleomagnetism of metamorphic rocks because of
the ferromagnetic mineral alignments showing magnetic anisotropy. The alignments of
magnetic minerals have been considered to influence the natural remanent magnetizations
(NRMs) of some metamorphic rocks. The author has thought that the magnetic anisotropy
is the most essential source of the NRM error. The Anisotropy of Magnetic Hysteresis
properties (AMH) are useful for identification of the alignment of magnetic minerals in
metamorphic rocks. The purpose of this study is to elucidate the relationship between
NRMs and magnetic anisotropy with a special emphasis of the anisotropy of coercivity in
order to develop the rock-magnetic method for metamorphic rocks.

The AMH of some artificial materials and natural rocks was measured using a
vibrating sample magnetometer (VSM). The hysteresis loops of these samples were
measured every 5° or 15° in the X-Y, Y-Z, Z-X planes under the external cycling field
between -1T and +IT. From these hysteresis loops, the anisotropies of four magnetic
properties were obtained; [, (saturation isothermal remanent magnetization), H,
(coercivity), x,(differential susceptibility at low field), x, (differential susceptibility at
high field).

In general, magnetic minerals of both multidomain (MD) and single domain
(SD) are contained in natural rocks. The magnetic minerals in metamorphic rocks are
aligned in many cases. In order to understand the magnetic characteristics of aligned
magnetic minerals, the author experiment with industrial audio-tapes, artificial samples

and natural rocks. Ellipsoidal grains of SD of y-hematite are aligned in the industrial



audio-tape. The artificial samples were made of SD or MD grains of varrious minerals
such as a- and y-hematite, magnetite, titanomagnetite and pyrrhotite.

The audio-tape samples were used as a typical aligned SD sample. On the
hysteresis properties of the audio-tape samples, /. and I, are more anisotropic than
X,- [Easy axes of anisotropy (Kmax) of H . and [, are parallel to the longitudinal side of
the tape that is in the direction of SD alignment. K'max of y, is perpendicular to that of H,.
and 7/, in the tape plane. The artificial samples made of single domain y-hematite grains
show the same result as the audio-tape samples. In addition, the natural rock samples
of the gneisses from East Antarctica, show Kmax of H. and /, in parallel with the
mineral lineation. Their Kmax of y, are perpendicular to that of H. and /,, Based on
the similarity of the magnetic properties between the audio-tape samples and the gneisses,
SD alignment in the gneisses clearly show the antiphase of anisotropy in ;. vs. H,. and I,.
On the contrary, artifically aligned MD grain samples show the perpendicular Kmax of H..
to that of ), and I,. Thus, a set of AMH which shows antiphase relationship is an index
to discriminate whether SD or MD alignments occur in rocks. Moreover, the NRM
directions of metamorphic rocks with SD alignments are considered to be influenced by
anisotropies of I, and H_, and, therefore, are not useful for paleomagnetism.

The anisotropy of H_ is the most influential in NRM. After alternating field
(AF) and thermal demagnetization, the NRM direction of the metamorphic rocks turned
toward mineral lineation that was parallel to the direction of the Kmax of H.. After the
high-field AF demagnetizations, the audio-tape experiments showed that the most stable
remanent magnetization was the magnetic component in the direction of the Kmax of H..
This result proves that the Kmax of H,. coincides with the direction of the most stable
NRM, because the Kmax of H . corresponds to the lineation of the SD grains. This
fact suggests that the most stable NRM component remains in the direction of the Kmax
of H_ rather than that of the ancient geomagnetic field. It must be noted that anisotropy of
H . should take into account the NRMs from metamorphic rocks. As far as the author’s
literature survey, the present study is the first report of the anisotropy of H. in rocks.

In conclusion, the rocks without SD alignments and large anisotropy of H_. are
usable for paleomagnetism. The relationship between the mineral species and anisotropy

of magnetic properties should be studied in more detail.
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R OB O O E R KFRIF R 21T D BROBRK O &I, SR 0D
H A7 . ( NRM : natural remanent magnetization ) 5, WA U CIEMER i
MINEHTELSNEVIRICH D, HEBAEZERE ST D KO %R
THHWHERROEGICIERGENS W, BlaD X D R FECHI OS5
A AOTHBESIIRZ B 2588, 2 OKIFEHA NRM AR 0%
@D NRM K RIETEEEIRVWONH, EWSHENRHS. Lizht> T, HEEmAREN
S5OEETELHHERT—F 2HPL T 20ITiE, ERABEO RS H
EILEMLT A2 ZEMNEERS. FHROHBIE, EEEOX SRR T 5
DHHEAOH I EWRFELOVTO, FARKENEFEEZARTSZ
ETHY, TOLEDIT, "SAFORTEH QA ARSI LRBT "ITONW T
B REB 2o 7.

HAETOR TR FEZMRE TS 20, REEENE (VSM : Vibrating
Sample Magnetometer) ZRWT"HIBRERTE (E>F U X AMBL LG E
KREtE) ORFHEIIONTOERHEREZB I 2o k. ERE<EDNTVS
BEIBEORGED, WREBRAYE (AMS) LERERERGE (AMR) TH5.
FTHITH U T, BMRUBEREO R, EROBKEEORGHIIDOVNT, [H
WMIBEH T THELIEERZHBETEL NS FENHS. ZOMSBRERMEO
RAHICOWTOEBRHRE BIRIZDIC, KFIHT XPRTFHRORR S
BREEOMMSY 2HAEabE T, ATERFEEZRN 40 BEERL . B ED
RAEMBRZIT, EAPORMERFAEZERX (SD) KF7L#KX (MD) BFhic
Ko TELTS. €Dk, ATEFIEENT, SD, MD RGO T S1ERL
LONBETHS. SDRFORBEL TR —FT+AF7—TZERL, MDRKLTF
DHFEE, KREIORIDL S L TR LYEO BN T2 #lls ShEaE 2 F
L. &5z, ZHRORTFESZFORESRTFYC AP TFHRORL S



TREEOMMR T ERI S AR EER L. Zhs o ATESREEHZDNWT,
VSM Zfli> TROoNIZES T X AMiRN 5, BAEEREZLALD, BEE
BEREDRAEICOWTHET L. MAT, #EESNIBEBEREDOP TS,
Y NRM NOEENAZNEHREINSCOED ST, EAichB 2T 0RAH
ICDWTHREHERREDRZ, "REHORLFHE" oW ToRNEBI -
oo

DO ANTRAABIOERICETE, LITIC R~ 255U E Fik 0 R AR AT
HEEEZERLE. £, ERE<EDNTVS AMS ® AMR ERFIT 57912,
COhEERKERERE DR A ( AMH: anisotropy of magnetic hysteresis
properties) A% EAMT/Z. AMH &1, (Ek—MEOBSEEOREED S
TRTEIIBITFREL TV AMS ® AMR ICH LT, b7 Ahan 55
HENDNL DN ORKBEERE (FFHX T, famMZRERAC:L,, REH:H,
ERE FTOMOamHER: 2y, SEBTOMSHHR: 2z , O4FHEZHEHALT
W3) ZEAESHOEIZEBOBIESHEORKRTHS. AMH BITE S, O/
SUBMERFMED anisotropy degree (RGMEFEBENOEE /| RAMESEOMRE) K
ENNENDIREE, AMH O & RSB BERAE 0 851 D3 2L D S, o HH BE Y
BZns, AAPORTRAFHEZB IR EVWSHETHS. anisotropy degree D
RESZUEBETLHEITE, ko 4 BROBSBRERFIEEZH WS, AMH O &
SBEREORGFHEOREZ(LOMBOHMEBEGREERT DI, I, H, ¥, ©
3SERZERAWS.

ALRFFEEHI DWW T OREBER, BIY, BERBHIOVLWTORROMBE,
LIF @ XS iafbambifs 5z,

HBHIC SD KT ORFINH > EEITIE, "L, IH. Lz "&EWS RSB
DREOHEBOMHENBRETE, I, H. ORAFMFESWMITE FEIOHME—
L, x DORFEESEHME, FFORINAMEERXTS. £z, SD K FORAA
HHHF TH ST, H. @ anisotropy degree 1T RKEF<7/25. H.@D anisotropy degree 7%



RKEWVWESR, HEEHED NRM (ChNRM) 13, H, ORGHESZEO SO NRM D7
BRSO EREDFRD DT e, EETEAHMBE M ERI R,
ZOBHERT, SD R TEFIGEEI THLEA—FT 4 A7 —7Th, SD hiFNEIL T
WAHTHBRMREZ R ITEGREN s b RWEEh S, Lizh->T, RTEHNDDH S
AAHRD SD KT OREFNH HME DM, SD ¥ 7D AMH HERFR ("I, /I H,
Lx,") BRGNIZNESHTHETES. 34&bbB, SDETOREFIMNH- T,
HARZWVWRIZE, ZoFadRGiEEE L TSEbL <.

MD BIFOEFIANSH B EEL, "L/ x , LH &S RESIEEERE O EE D HH,
DHENBRETE, [, x» , ORSFEASHMITRFRIIOLEME—HKL, H.OR
HHEASET, BTFORSAMEERTS. ZOMMBEEHRE MD ¥4 7D AMH #
BIEAfR & IER. MDKLF2 SERL = ATHEI OB A, MDRIFAERFIL TWT
® H.®D anisotropy degree {d/NX<72%. £/, SDHiT& MD R TFOESHE®

BV "LUH Nz )" EWVD B[ ORE O BB OMHBRETEN A 5N S. MD K
FoRANDHEEE, £/id, SDRTF & MD R TOEFNDH2E5GDOHEE, H,
@ anisotropy degree AUNE IFHIE, HiRESARE S L TRATE 5.

LR @ AMH fEATEOFEIEZ MDD H72012, MEA A1)V 7 2R AR D4
ROFFEEIZDWT, NRM & AMH OH#ZE Lz, TORER, AMH FHEIBRA
MD %1 7Db®D, H5WiE, AMHFHREBIRASD #1 7T H.OREMEINE
WAEARSE, RFEFID NRM B S A NI EMHBALE. LENST,
A TERE NEBORBOFN S RKENZ DO ZRY, & 50 UH AMH #FT
BETRATAZ L& T, KDBERMIC, £k, ERIHBMBIMEEEZTSC
EMTES. LLEDOXSIT, AMH BT, FETESHRSIAZB RS
DT HENRHETHS.
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1.1 IFROE R

Feh T TRADOSEERIIBLE, HVHERROEEN 5B SN Hi
R T—# I3, "HERPOEO BRI, "I RUFBRKERRIUO T
L— bEHOMBA" RECEMTEEZ00, HEEBEHINTETVLS.
Feh > 7)) 7RO BRI R N IR SREE, HERE TR N DO TS
R E NS BEEREMIZZD, ThIEDdRBXT, ERbLEOR
BRI 2 BIR 9 2 &1T/25. Hale (1987) 13, dHIERBEBHE ORFREEN S, H
PO 24 27 (BRI & L=A%, £ D%, Provot and Perrin (1992) A%
RITBEMERRL, HIRPEB TS OBREHICOWTIE, EEERIIHREL
Tz, F£, T2 RT7FBRERRLE QMR OHMEAEBIRS, Mk
DTV —bF I b2V ARECONTEERT - 28T 5 LBbh 3, £h
> 7)) 7R~ Fi i E AR O HIEEE 0 53RO 7= BT O IR SHBRIER (APWP:
apparent polar-wander path) Z{EpR9 572121, HARBEOIEREICERERDIES
NTVLEENS, FETELIHHBIT FE2ZER[/LITENBETHS. L
ML, BARTAESRHEFLOMESHD, ZNSHWRROBHETE 2R
K[T—¥ DERIXEDL, BEIEEFFHIZERO TESBERITRN.

tr TR R OEA O H R FNA ZT O ROEKOBEIX, Fa0FD
B #R7% EiRE{k (NRM: natural remanent magnetization) 7n 5, WnIZ L CIEME/R il
MEINBRTELINENIRICHS. HTEAIE, BRVWHERMROMIZ, NRM iZ
HERA R TRMBREEEZIT TN, TOEEEZENLETHEICED DTSR
A, E—OMETHS. BEOMER, BEXTERINTVS NRM 2D OR
iz, EOX5REBTTEREINE, EO0LIREBEHOKER N NS T E
TH3. £, EREOCEBZERT 2HVWHERRKOSEICREREBTBZ N,
BRE O LD R FES OBREREAOHBRIHAEZ B IRSBEITIE, 0

BB 1



B FECHUAS NRM BT OHIC NRM ICEEZ2BXE L0 TREWVOD, &
WOB=OMENDS. ULOoRNERIR-7H LT, HHEEAELTEETE
%5 NRM ZZEUH L, MEZMAT, BUOTHATRERT—F Eixb. Ri—#H
IZDWTH, HHEIOBELE L TOREEEZRFT HRLRAENERE N,
Fh, BHHOMELISTIRBELLTEDH TS TWVS. LAL, =0
8 "R TEIORE" [COWTOHBERRF AL, ZEMIIhThizn,

1.2 LD HB

APWP DERLS, HERPL.OZE OO BEICEHBEKED SO AT 720121,
BRI T, SREEMBEN S HHBERT 5 28 50808HD, TESLE
GIAHR S KEN S OF—FicEE TN, MR TS E X AR
TREBFRSORELOMBEICIIRENHERW. BE, £h 7)) 7R~
HEROBREEOH 2R T —INELFEENTND L TU TR - TH
HERME, 3—ovN % 7IUH, A FSUTO-RELRTWVS
(Van der Voo, 1993). % < O R/x5KEMBEN 5 OB RER/S720ITIE,
d2RIFKEO—HTHL2EEEBABEOEANS S, SROTVHMERAOE
R T — Y 2B ENRHS. LrL, BREOCHRERIL, IFEROHENS D
F—AEEOTHOHEREBREOCRL T 7TRALS AT ERITO T T
APWP ZERTEBIZELRH IRV L, HHIRBIBREDT— 713D T
HIRA.

HEEAREICIE, KEICEDNTWRWRERRIZ, %027 7EA~aiH
HEROBRLBEENRSHLTEYD, TOZDEBEREETHS. 58, H
mREKED S OEE TEAHBRSR T —F 2HPL T DI, EREED
TS AT EER LT LI ENNETHS.

AHFEDOHIIE, BTFEANOH 5 E0OHFHBEHRAFEIIONTD, A6

BLaic 2



SHENBRFEEZERTHZETHD, TOEDIT "RiTFEIIO NRM AOEE" T
DWTORBMMEZBI R

1.3 WIEOAE

#4513, LROBHNOEDICROFBETHAZEDz. £79, SAPORTFE
FIfgAT L BRR T Bz, Ha BRI T 2R S B ATHEZ/ERL, &
DR EHWT, "BRE ER MO R 5" (AMH: anisotropy of magnetic
hysteresis properties) [CDWTOEBMERED ko, £k, BREEFR
MDOPTHED NRM ANOFENKENEHEINSZICHHDET, FAiCBT
BEDRFMEIZDVTIIREMEREDR W, "REDORAHE" ITDWTOHR
MOERZR IR, SHREREBIVHEERDERAIIDVNTONS DND
ISR ZRA, RTENDOHSHEEO NRM OFEEREEIIODW TR ZB I
Wy, AMH Rt % 2 B D AN B ERE EO T HIREIFA FEIC DWW TORMN 2
BTt

BT, H2E|ET, HTEINOS 2E5H IOV TOMRDEARAFERIVF
&, BEQRZERIOWTHML, BIETIE, ARCOMELIZS AMH BT
FEIZOWT, ARSI ST 2HERAREL, ATHEEOERMHERBRIZON
TR, FE4ETIE, 3~4BOBREEICLz AMHBITEICDWTERT 5.

2B, BIHFRPTERTIBEZERLT S.



# 1 A THAT HHEE - 25

E7U AN 4 B
X, H=0T fHiOEREE I B M0 HRE H : AR
Zp H=1THHIOEBBICE 2840 4 M : HEE—RACF
x: o IR J D A - BEAREE
e EURIBREBA{L(SIRM)
I : flfRE b
H, : fREER
Hee @ TREREED
R

NRM (natural remanent magnetization) : F #A% B (L
ChNRM (characteristic natural remanent magnetization) : {i§F£# @ NRM
ARM (anhysteresis remanent magnetization) : JF M REME R BT RAL
CRM (chemical remanent magnetization) : {bL2#3 8 Rk
DRM (depositional remanent magnetization) : HEFFE &1
IRM (isothermal remanent magnetization) : R 788 (L
SIRM (saturation isothermal remanent magnetization) : fFN%% R BB RE
TRM (thermal remanent magnetization) : ¥AFEEIRA(L
pTRM (partial thermal remanent magnetization) : &4 SRR #L
TCRM (thermal chemical remanent magnetization) : 15ROk E B AL
VRM (viscus remanent magnetization) : ¥5tE 5L
ErOBaRARE
AMS (anisotropy of magnetic susceptibility) : RO R A1
AMR (anisotropy of magnetic remanence) : 78 BH{L O R i
AMH (anisotropy of magnetic hysteresis properties) : FE%UR RSO R 5
MD (multidomain) : ZRAKHE (B
SD (single domain) : BEEE G R T)
PSD (pseud-single domain) : #HEEX (ki)
SP (super paramagnetism) : B kP
B R SUR AR
VGP (virtual geomagnetic pole) : {RAHAY T HpE S
APWP (apparent polar wander path) : R 0D 47 fi i 52
g : THIEESKT—F DOEHEM
BEARFENIA—F—

Kmax: WIESW Kint : BgS 0 i : Kmin : B5
L (magnetic lincation) F  (magnetic foliation)

P (anisotropy degree) E  (anisotropy elipsoid)

Pj (anisotropy degree) T (figure of anisotropy)

HU®iz 4



2.1 WMR Y1 LI OWTOMREDE AR FHTRE

HHESHAZB IR S5HE NRMAEETELREREZRF>TWANE SN,
X7z, PHENICIZIRETH-TD, EARKBILERICK> TREL, fZRBL
TWaMNE, HIZOZXEESHMETHS. Fa70%, FETES NRM 2RFTE
BZIMEINL, FOEGHITES Vo EBEOEMEGMN, ESVWSIKE (b1
X EHORERE) TEENTVANITE>THES. SAOTICEENS 6L
YT, NRM IZBE5 9 2013, WSS SIFENS, BiR THROWERE L ZRE”
{LZ2FFOSHZEIVEIY, Wik, HH5WIITKEIEHTHS (F2).

LMoL, MEMIYOREBEOAT, NRMORZEEMPEE I NLDIT TR
Bl ZIE 735 A b (magnetite) 3B HBRELEAPICEFEETHINSELENST, BE
L 7= NRM 233 5N 5D TiEin. NRMAREL TWANEINIZ, N3
M O, BRI P A XWCBfRT 5. BUYT 251 hTH-TH,
Bt A XAUNS SRR EEE &5 X5 10ERES (H. coercivity)
APKT 5. MEE—AY PREASSEFEZERNTNSHEIRZERX & 0D A,
—DDRFRITHEE D 1 D UNRWEL T2 BiX (SD: single domain) ¥iF &1,
—DDORFAN, BEBICEID WS DONOBRIZABENTWAK FE2EHK
(MD: multidomain) $iF&E WS, SDRFREELZRBELEZ DL, H.ABBEWN,
MD R H VN E L, BMEABICIIARLRETH 2. SDIT/RS/» MD IZ/2 51O
B FH 1 XOEME, BEEEHOEEB LN TFORKRICE > THRRD, —
BEIZIZ W Z 72 vAhS,  Butler and Banerjee (1975) - &L, U 2y A MITH5E
SIYUFHRNFRRE EoWhE, BERMICE SD O 7R 1 MNIEFEELR
Wat, XX RF A bOEMAEEEED 1.25 22 51F, SDIZ/E5M MDIZAS MO8
RO FHA 1201 o m, E#/EHEEED 257251, SD & MD OFR ORI T
A 21304 pm EXNTWVS. [ 1-(a),(b)i, Tarling and Hrouda (1993)7%% Thompson



#2 FEEEEHORE  (Tarling and Hrouda, 1993)% —E & 1E

k) il a2l -H saflREAL HEHRE o T T

J
v (A m¥kg) (X 10*Sl/kg) R 5 bl (kg/m?)
()
Magnetite a-Fe,0, 575 90-93 578 1.18 -0.30 <11+ 5200
Maghemite 7 -Fe,0, (350) 80-85 500 i i <111 4800
Hematite o -Fe,0, 680 0.2-0.5 25 >100 1.0 Basal 5300
Goethite 7-FeOOH  120-130 0.001-1 0.5-1.5 1 t 4300
Pyrrhotite FeS; 320 1-2 0.1-20 3-400 0.8 Basal 4600
Chromite FeCr,0, -84 0.003-0.007 1 i Li 5090

P, & T i3, BEREAME (anisotropy degree) &, B HMEFIK/NF 2 — & —(Jelinek, 1981).
*The ‘easy’ direction in magnetite is < 100> at temperatures < 130K.
T Undefined or variable parameter.
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(a) Minerals and the mngnetfc properties of rocks
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o
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H1 BRI T A X L S SWT O R OB,

(@) ¥ AF A b OFHWIRLITH A X & BELZE (Thompson and Oldfield, 1986).
(b) ¥ 73 F A b OBEEAKE & BV 4 X (Thompson and Oldfield, 1986).
(c) SRBEYEEL O A FNER F BE{L(SIRM) & Bi 741 X (Jackson, 1991).
Ea—&A K, hmt :~¥ %A h
(d)REXMIE L & T Y o A (Day ¥4 7 75 A : Dayet al., 1977).

Hge : BRWRBEN, He: 1R85, Ip: tAFOIREIRE(L, Ig: fafoR(L

mgt: ¥ FZEA b, TM:F2 ) R%A b, pyrh:



and Oldfield (1986) ML EEDEI T RY A FORIFOR EKEX L SD,MD #HR
DRREERLEZETHS. PSD & I|IHEHBXE (pseudo-single domain) D Z & T,
2HMEMEZFE O FIZZNnEVbNTWS, PSDIE, MD THAIcbhnhbs
T, YHEMIZIZSD &L TAHBED EEN TS (Stacey, 1962; Dunlop et al., 1974;
Levi and Merrill, 1978; Xu and Dunlop, 1993, 1994 ). & 512, SD K& D /NI Fiz 73
STBE, HiRTEEMREEI TR - IRBIZRS. ZORTFE2BEBYE (SP:
super-paramagnetism) B F &S,

SD Ri T, SRS OP TIIROBEE LIRBREOENWFICRD, H. b
KEW. SDRFIL, SPRITFIZRSE TR TV 1 ZHNE < 72513 EoRmiitg,
W @M FIR R Bt (SIRM: saturation isothermal remanent magnetization) O{E L
RELIRD, HERH K E <725 Jackson, 1991; Dunlop and Xu, 1994; Dunlop, 1995;
Sherbakov etal., 1993: [ 1-(c)). T72bb, BEHOPIZENZITHIRLO SD ¥ X
DEHEAERLTHIA S TWBENICK ST, HAD NRM OLREMNBRETHE N X
5. LML, 2O SDRTFIIBHT/hEWEIZ, fikokdic, KroBRizk
> TEDEAT A AHRERL, £ BEMEZEDOHBITHRAEAENRI NS T,
HRAICEANTERLHEICIE, MDY XORFTH, SDRTFTHIEMND
. LENST, BIRRULERSBYHENFERICE > THRIFL, SDRTFIEE
NTWD LI TEZ 2 5AaTORBMEIY 2 E BB TFEMEREIC K> THE
L, SD¥ITZ&RSZ EIFIWHETH A (Ricci and Kirschvink, 1992; Banfield ef al.,
1994; Sun and Jackson, 1994), R FZHEMNICESATSDMEINEHET S Z
Eld, ERICIIHETHS. £ZT, FEGHO SDRFOREZHFAET 201213,
1-(d) @ Day et al. (1977) % Dunlop and Argyle (1991), Dunlop (1995) ®f##fTi%
REEMERLEYERNFERE LS XD E/N.

Day et al.(1977) 1, BT U I AKEOHASHLEERMBEL T, SD, MDDK
a2 HEEERLE (K 1-d). Day-F 17 7S5 LEFENB DTS5 7
i, BUBIC H/H. %2 &0, WC L/ Z2RETS. 4BEOL TV > A8%H#H
DODZEESHTEITEST, SD, PSD, MD DFEHEZRETES ENWS HFETH 5.
BFAOMBEICERL TREAD Hy /H, L/l BT757 070y MiE
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PEHMTLLHDR/HL, FGH0 SD RTORKIZE->TH, Z0/57
LOMBIEENTS. Tabb, H./H, I/l DERTS70EOMBIZS
O hENBENITEST, 2T A1 Fa5E, SDRMD R FORLSHEE TS
% (Parry, 1982; Maher, 1988; Wasilewski and Warner, 1988; Warner and Wasilewski,
1990). RFHMIZL > T MD KIF O ORULIZHEHE N 5D, SD KT OO
fLidEEENIC< W, ZONEEFIA L CREBEGEORE) S 1 X%
HeSET B 1D B S(e.g. Heider er al., 1992).

Braus: 9



2.2 BMEERFHEICOWVWTOREOWHE

e G OPIFELR, Ising (1942), Khan (1962), Porath et al. (1966) & DRFFEIT I
E D, Stacey (1960), Uyeda et al. (1963), Bhathal and Stacey (1969) D#ELLR DR
# (anisotropy of magnetic susceptibility : AMS) IZDWTOHFEANEHER L. BE
RAHZL, AEFORTEANOEITICES TH D &5, HEMEOHTRIAOMR
Bt (Fuller, 1963; Rees, 1964, 1966; Ree and Woodall, 1975 ; Taira and Lienert, 1979 ;
Ellwood, 1979, 1984; Ellwood and Ledbetter, 1977; Kodama and Sun, 1990; Heller and
Schultz-Krutisch, 1988), ERAEED Y 7~ OFEEHEE DI (Bouillin ef al., 1993;
Henry, 1988), KUIAEOFEMEMIT (Ellwood, 1978; Hargraves et al., 1991), &
AEDBE AL WMOMEN (Halvorsen, 1974; Tanczyk et al., 1987; Ellwood, 1984 ) 72 &
KAZNE. LhL, BHZ2NONMEMEADIHT, WEcHEES -
HIROKMFOBEES, oW, HEEREGTHEID BENICH L TREITRIET %
RTZIA MORAUZFAL T, MEMEFRTEFEISHEINTNS (Ozima and
Kinoshita, 1964; Owens, 1974; Owens and Rutter, 1978; Birch, 1979; Ellwood, 1984; Xu
and Merrill, 1992; Hrouda and Potfaj, 1993; Rochette et al., 1992). ZEp A OBIR
HHEIZ DWW T HHERITH RN 5 OMEIIL <, #lAE, Irving and Park (1973),
Borradaile and Alford (1987), Borradaile and Puumala (1989), Rochette (1987a) Tld,
AMS 25T, BRAEDEREZFR T LVIRANBIRbITNHS. £k,
Goldstein and Brown (1988) &, ¥ OF 1 hDZEREZE AMS OZ{LN S5 T
5.

EZAN, TNSOMRERAFEOT—Fodiz, LRI AM, BRER
EQKIFEFIAME, AMS OREWHM, T7abb, WREBRORAFMEOESHS
My, 2<BRRE357—FDHHZENHEALE. LMD, Rochette ef al. (1992)17 &
E, 25%HDEN, HNFORASFAICESE<ERTLZEVNIT—IbHD
ZEMETE N, BE, BERRASE FII—BEZJHEFICBHEINTWSH
WMROR LAY (AMS) IZDWT, ENOMRESHEE BRI T HMES, BR
BEEEICOWTOEBERIFRNTITH 51, TRM & AMS & DBk (Cogne, 1987),



ANLHRCIEER L 7= AMS OFEBR (Kapicka, 1987) 72 EOMEN T Nz,

Eio AMS OBEBEIK T ORI EERT S EWS NI L TEEL
=D, AMS ERFH1 LIZBET 5075 Ta 5. Stephenson et al. (1986), Potter and
Stephenson (1988, 1990), Stephenson (1993) |, K7 7% SD b FDEFIL, AMS DR
HEAEBET, RTFOEFICERRAELZERTSHMEMS EWD Z 2R
L, ZEpEAIEER -ERBEGmsIEZB Zxo7z (K 2).

& 51T, Jackson (1991), Rochete et al. (1992), Hyodo and Dunlop (1993) 72 E78, £
FHNSEHBHEITZBIR->k. LENST, BEE, AMS ZHEEIZGH
T5EXITIL B FY 1 XE2ERT 2 Z EEBAITR>TET NS (Lienert, 1991).
—%, BRAEBICIDZ2EHEEZD NRM O —IZDWTHREEINTED, k&
ZIVE Potis etal. (1993) 1L, HHHWEA DT —F ZRFTT HHRFIZ, AMS ORREEZ B T
o TW5.

BMIEAFEITE, BLBEENDD, TR TRARBHIEHENEBEREN
TEE. BHEEbhTWaDIE, EiR (B 20C) RET 1mT LLFOEWA
BB I > TRONIUMFHBORFHZNET 2 HETHS. HMHRESR
ORAHED, AAPOBREERF (IR, AYYA b, EO—F1 b2
E) OEFIZHKEL TN TS (Tarling and Hrouda, 1993). %, AMS ST,
AT S ERTIC AW S N A RAMR, ZoWlimREOREED
EEEBWRT .

—7, BB O SAEREDII (0.1vol.%ELT) Ha DR TRFIFETICIL,
10mT BA E D@ WESRZE N T TR ORSENRH NSNS (Jackson et dl., 1993).
BRE T OWRBRIEOPFOEMMESEY (VAT L, Y2F /7516, AR
A, #ieha, BERRE) KLoTEAINS. fiRO kDT, REMEIEYI,
RiFH 1 XANE <123 &, AHHREORFERESEDHRIELT OREHW
E—3L72</2% (Stephenson et al., 1986; Potter and Stephenson, 1988; Tarling and
Hrouda, 1993). L/ L, &S T T, SEEMEIYIIEMNEMELICTELTHWSDT
HHRICES U<k, EREEYOFHEBOINRAIATLSS. LENST,
EAFORFEFOMBITIZNE, SRBOWRERFEOLDR, TFERREORS

EE?‘E! |E| _‘Ll



0

z = z ; .
Single domain \1\"’\\;"}0 %:r{"?/ Single domain
H O
@ 4 NG

[rsaoco Pl s

2  AMS&BFH A AOBFRIC W TORER O,
Stephenson et al.. (1986) , Potter and Stephenson (1988) {2 L 5SD & MDIZ X & #FEE 0 R Ij{ED
L,

Stephenson |2 L 220D ETIVC L AAMSORILES#IENS.

Wi BLES(Kmax)DFE), AliKio, @WIKmin%kn7d.

(a)id, —DDfoliationfT T >/ ¥ LK F A3 L TWABE, MDEFOIHIE FEIOD
£, AMSIEMRIK (oblateXT72 5. SDRIFOBEIL, AMSI¥iiEK (prolate)l2 7’z b
BILEDENL, foliationflZ AT A (% ).

(L, —DORFh—HDlineation® ¥4, MDEFOBFI A FEHD L 312, AMSIE
PiiiiR(prolate)lZ72 V), lineation) 5[ & BHLA St —E T 5. SDHFOB S, AMSE

FIRR IR (oblateNT72 0, RRILE Sl 1B F Dlineation?) J5 612 BAET HEAITHET 5.



MEDAHTHSENSHBH S (Tarling and Hrouda, 1993). ZD LSz, FUH
MRORFHETS, ERBFTOFRELERE FTOHMRETIE, SaF0RL5
BFOESIZ KT 5.

HHEE O RAEITIE, BIRERB{L (TRM: thermal remanent magnetization), %
¥ ¥ Wi{t. ARM: isothermal remanent magnetization), 3¢ J#FE 7% & (L (ARM:
anhysteretic remanent magnetization) DR A H D FFL T AMR (anisotropy of
magnetic remanence) SFEIENTWVS. AMR OHIEICIE, NRMEIEEFRCA Y S
—EANEHPREERAFEANS.  AMR OBMEA SO ML ITRF O IR
RO R &—ET 5 (Stephenson et dl., 1986). —HRNHAD L Sz, SD I
TEEZE{FVEADOHEE, AMS ORMEAES IS ENS SD R TFORE
DFEHEBEAT S (Stephenson etal., 1986). AHEAHIZED L S fzH 1 LOigiE
BTV TWahiE, SARKENETZ LZThEbh5R20nWoT, KT
YA AXELESNIZWAMROENAMS KV B ERZHIET 201368 TH 5.
AMR EUTHROHEELZOIE, TRM ® AMR EEbhs. LiL, TRM @ AMR %
AET ST, BZF2)—RETHRLU LD EFEBP THHL NRM ZHIE
T5Z &%, mIE=EEDIRT /=% (Stephenson etal., 1986), LB TR
{CZREZBITHENNHY, TR, BESEHOFENED D BAENE
ET2BENNH 5. FOR, ARM @ AMR 213Nz L B8 O ZE{LD 0
Blid7zvy. ARM Z, SDRIFOFDEREBR(bDOAREL TKRD, SRIEKIT (MD:
multidomain) OFFOBRERELIEIALEROTERLIZKWEWLWIREEZ STV
BB THS. LEMN->T, ARM®D AMR X, B D SD i T DAL DR
IZf%IZ3LD (Tarling and Hrouda, 1993). 7=, ARM |35 H TRM IZiE WikE R &
SNTWHOT, MATELRWVWEEBIORIE, XL, MELEHSEELLES
ZTHREEORZVHEHZDWT, TRM ORb D ORE E L THP R A EREKF
DFETHLS. MKEFELEEEDO NRM OBBEOREEZEZTSHKFI2IL, AMR Off
BEEZT S LM ERN. UL, EROED AMR OFIEED AMS ORIE R
ICHARTIE SN ICF B &R DN S ENS#ARHS. FRO—fED AMR
X LT, IRM @ AMR i3, BREESHOSERIDITNEG OBRKELERE

Pz 13



IZEHNS. IRM I, BWiES (5-60mT) 20T TRERERERMLBREZES /-
b, NRM 28JISEE TERVE D B OFTFORE THRAMIINETESL LVSF)
RRH 5.

T DAt OREK[R S QBN E Hik & U CHEEA ST (astatic magnetometer) (As,
1967; Van der Voo and Klootwijk, 1972) %, #E{z#E & 151 (cryogenetic magnetometer)
Z W7z #I7E (Scriba and Heller, 1978; Schmidt ef al., 1988) bifA SN TS, F
=, ETHESIL (ESR: electric spin resonance) ZFIfH L= bdH 5. Zhii,
BALBE ST WIE ENE WS THE (Y1 70 ORI) BNBI5EWN
5 ESR OMEEZMAHL TRESHZHETS2HDTHS. ZOHEHETIE, BE
HFEEOF LS RN FOEERTOESZ, KTFORBEI &I/ TR
DI EMURETH 5. A[H (1985) 13, B EHHOWRKLE @ U 0 KtE)
DEFALHBRBEICI 2 RAMAEERS, ZOHBYICTh TR
MOBRZHZRD 2 BREORHEEENS L Le2RELE. HEL, ZoflEDd
EE 10mm L FO/NZ VR UMRIETE RN -0, 1 B OBIE B A
MBENDIERND 5.

Ul Bk 14



2.3 ZEHABOHHES

EREROEHBESKIC OV TOSNRRE & LTI, £OEEEICDVWTH
A7z Irving and Park (1973), ZEpEEO RS %2 7 27~ Brown amd Van der
Voo (1983), Richiter eral. (1993) %03 %. LirL, ZHRALLTOREEFMAL
TOWRIL, AMS Z{> TOHBERBEMRITICEESNTWS (Hrouda et al., 1988;
Rochette, 1988; Borradaile, 1981, 1988, 1991; Borradaile and Tarling, 1984; Borradaile et
d., 1987, 1990; Gautum, 1990). 51T Hrouda eral. (1988) |, AMS 0 FFEx% Flfi
LT, ZElwmOEERITEBIiz-oTEY, BEMEMIET TR, BV
BENTEROHRBORLYE &3) ZRHL T HLWEAENRTA—Y—%
HRL (F9, BRER, RBREAGLVSREEREEEMOREED AMS 20T
OB EBIR>TWS (K3). £/, Borradaile er al. (1990) 1%, ZREHT O
MOBIRAMNS BRBRODTE THHAZ LTS, FeTi Bkt
SNOHBMERIL, BAICL-T, MTFRORESHENER LD BAEDT
N, TORSIHEEICHEEICRNS. BANORIGE, 125 OEEEGY LD
BHUBETH S (Tarling and Hrouda, 1993). Z QLA ZEFIHA L TOZHBEOETIL,
SROEAUIFORETH 5.

TOM, FOBIOFEZIGH LIRS & LTI, Elsdon (1975) k53, &
BEH D Fe-Ti Bt D ERFEORMHIT DOV THOEZR, Wasilewski and Warner
(1988) 12k 5, BRI FOMBEEN ST 351 MR OERIERICB T 58
LIREBZRTT 2RAENH T NS, £/, BMEHOF ) —HE, FHE
HIZE > THEET B DT (Schult, 1970), & D EITEREOH ML ET OIS
FRZIE, BERLZTNERZRSRL. ZoL S EAAREFE 2 EA SN2 b
U, SREMIY OEREHEZHEL, ERIEACEEROREAZETEZTL L
i, BARIFOSBROBEO—DOTH 5.

Lirl, ERESTEISAEREROBREAZEZEL S ARENNHEENTE
120 <, < OEREFEO TSR T, £9 NRM 53Rk 51, F@ NRM
WEABKEL TRETV ONOT—¥ 0k T50m 51, HHBEST—¥

ian 15



#3 EEERUDD AMS  (Rochette er al, 1992 & 0 3{FH)
Mineral Symmetry Type K, P Reference
Diamagnetic
Quartz 0 -14.5 <1.01 1,212
Calcite lc N(C) -13.0 1.13 1,2
Paramagnetic
Biotite lc N(CS) 1-3 1.35 2,34
Other
Phyllosilicates lc N(CS) 0.05-1 1.2-1.35 2.4
Pyroxenes 4 N(§)? 0.5-5 1.2-1.4 2
Amphiboles 4 N(S§)? 0.5-5 1.08-1.3 2
Riebeckite la ? 2.6 1.16 0
Orthoferrosilite la v 5 1.21 13
Staurolite 2b ? 0.8 1.06 0
Garnet 0 % 0 e 3 1.001 0
Tourmaline lc I(S) 0.9 1.12 0
Cordierite lc I(S) 0.6 1.15-1.31 0
Siderite 2c I(C) 3.8-42 17 5
Other Fe
carbonates 2c I(C) 0.05-0.7 1.08-1.45 5
Ordered
Goethite lc I(S) 1.3-5 2?7 7,8,9
Hematite 3 N(CS) 2-50 2.5-100 2,8,9
Pyrrhotite 3 N(CS) 50-300 >100 8,1
Magnetite MD 4 N(S) <3000 <5 Z.11
Magnetite SD 3 I(S) <1500 007 11
Magnetite SP <+ N(S§)? <5000 1

K, is in 107 S1, except for the diamagnetic minerals (10°%).

Symmetry code: 0, isotropic; 1, uniaxial

oblate; 2, uniaxial prolate; 3, triaxial plorate; 4. For uniaxial, the symmetry is indicated by the
crystallographic axis of revolution; a,b,c. Type code: normal N or inverse I with mechanism of preferred
orientation either controlled by shape § or by intracrystalline gliding during ducite deformation C.
References: 0, unpublished or Rochette | 1988b]; Rochette [1987]; 2, Hrouda [1982]; 3, Zapletal [1990];4,
Borradaile et al. [1987]; 5, Rochette [1988a); 6, Hedley [1971); 7, Rochette and Fillion [1989]; 8, Dekkers
[1988]; 9 Dunlop [1971]; 10, Rochette |1988al; 11, Maher [1988]; 12, Hrouda [1986]; 13, Wiedenmann et
al. [1986].

K, W, W®E, PR, BERSER (anisoropy degree)

e 16
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AR OHREERINTVANTA—F—

Property | parameter

Equation

Reference

Magnitude of anisolropy

Corrected anisotropy degree £ = cxp 1200 =n=)" +(m = n.)" +(m —n.)' |} Jelinek, 1981

Anisotropy degree (P,)
Absolute anisotropy
Total anisotropy (H)
Lineation
Lineation (P,)
Magnetic lineation (L)
Lincation
Lineation degree
Foliation
Foliation (P;)
Magnetic foliation (/)
Foliation
Degree foliation
Prolateness
Prolateness
Prolateness
Oblateness
Oblateness
Oblateness
Shape
Shape parameter (T)
E-factor
Shape indicator
Ellipsoid shape
Shape indicator
Other parameters
Emplacement

Current velocity

where

n=InK:n, =lnK;n, =hk;n, = :,‘:;. Hy 1,

K/ Ky
{K-I -—K,)fﬁ,
{m _Kﬂ)Klwan

K,/ K,

(K, -K, ) K, ..
(K, +K,)/I2K,
2K, /I(K, + K,)

K, | K,
(K = K3 ) K
(k,+K,) K,
2K, 1K, + K,)

(Kl -K:)"F(Kz _Ks)

(le _‘Kz_Ka)‘r(Kz -Ka)

{Kz _‘R.J)"‘(KI _K:)

(K, + K, - 2K, )/I(K, - K,)

{2’7:: —Th “‘7?3)‘((7?| - rol.l)

KKK,

(KIKB e szﬁ}'d(xl“{z _KIK.',!}
(K, K, )2 K, - K, - K,) 1K, -K,)(K, + K, - 2K,)
(KIKE = Kli)f(KlK: i KIKJ)

Klz f‘dzxzzﬁ'j j
K2 .r‘ﬂ B )

Nagata, 1961
Rees, 1966
Owens, 1974

Balsley and Buddington, 1960

Stacey et al., 1960
Khan, 1962

Balsely and Buddington, 1960

Hrouda er al., 1971

Khan, 1962 B
Urrutia-Fucugauchi, 1980

Khan, 1962
Urrutia-Fucugauchi, 1980

Jelinek, 1981

Hrouda er al., 1971
Stacey ef al., 1960
Urrutia-Fucugauchi, 1980
Urrutia-Fucugauchi, 1980

Ellwood, 1975
Ellwood and Ledbetter, 1977

K, K, K;iX, Kmax, Kint, Kmin Z~"3 . K, 1, 13(Kmax +Kint +Kmin) T,
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ELTHERZN, ELH4T, APWPICHIHZhTWLS.

(a) . Tourmaline
? 1.00 1o Phiogoplie . >
0.80 | ploti
-
g 0.60 [ Muscovile
O pa4o
= S
| 0.20 i Chlorile
: Et ® Qlnucophono .
h o0 Crocld ﬁlf
|-u.zu Foe
.E..u,qu - Mngnelllo
2 Homblende »
& -0.60 |
-0.80 |
l Sideillo
-|.DD Il i 1 1 1 L 'l L
1.00 1.10 1.20 1.20 1.40 1.50 1.60 1.70 1.8Q

(b)

B3 BERESMEUHEMEOEIC W TORROTIT.
(a) Shape-parameter:7" & anisptropy degree: Py D B{R. T>072 & FIARRAT P &, T<072 & #5888 45
.
(b) I. (magnetic lineation) ¥ FF (magnelic foliation) 8.
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2.4 Feh 27U 7RO RS o B E

Feh > TV TR~ ERD APWP 2 & KEEMN 53R 2 Z &3, BEDH
[UFLOBERBED—DTHS. Vander Voo (1990) I, HE OBINFEEEZ H S
TTHFONESR T — & 2RI, £h > 7)) 7RO APWP DIERZ KA 7.
Van der Voo (1990) B3 L 7=ty WHEE RO A G OBEHEOMEIZ DO W T, iF
FHEOPFNIREINTETHY, K£H>27) TRROGBRET— 13, HEE
ICEFMEZE L TE TS (Baily and Halls, 1984; Briden, 1965; Elmore et al., 1993;
Ozdemir and Dunlop, 1993; Halls, 1979). L7 L, APWP OfEREITIZ, Hi&s—
Y /oA AR OERIBERER, TOEMRE NRM BEEROMIE, BT
BZEREICHET 50 0EMEOETR ENKETH 5.

HREN S, HRMNICIE APWP ICERTE AT -6 53T TH 578,
WA DR DHERIRERUE ORM) 1, £H > TV 7 RS RniiiigR s — %
ZHRTELRETORER IRV, LMo T, £H2 7Y 7 ROHERME O HH#
BRT — &, KEIWMLFERERL (CRM) &S Z&ITiD, F0HESD NRM
BEROEROREILEEIZ/ZS Marco et al., 1993). A - BEASEO R
[T —F % APWP IZISHT 28813, TOREIO NRM BEER S HEMERTE
MRICEETHS. 23HTHRREZLDIC, BHRAIIZRFEFIDERRE OB
LENRHDH20D, 6%, KT T7HO APWP #RD 50O H MR T —5
DIEEAER, BAEEMELONTERE. LML, ZThH0BAREVERE
WHIZHHT DI EMNEL, HEMEMEORES, £% - ZHEROEE, *
NICEBRIERRECHL ZITBVWTIE, ZRABEICESRWEEZZ TY
5.

Pl Eof@Ez#Es L THRIT—YOREEEZED S LI, T—IRE
WmEE5Z &, KDR@RMBOED 7 7 RS AT 5 25T,
HWIHEBRHTHZEMRDENTVS, T0EDIC, KEBAEMSS, &
AT TR~ EROETHBR T — Y 2L <BDENNETHS.

1 19



HIE ER

3.1 EROHH

B2ELIATRANLZE DI, HHBEAE L TEHRLER NRM 245 013,
HAPRDSDRFTHS. LML, IS5 SDRTOEFIVNERRICH - -HE,
NRM i3, ZORFOKEEZTHREENDHS. —F, MD BT DR DERERAL
BALEBROTEEI NRM NOBER RWEEDNS. LizioT, A5H
D SDHITOEFNDHEEZHSNICT HHEZMFEL, SDRTORFIA NRM ~
BEZ5HBEPONITHZENEFEROBENTSH S,

EREOBEZBIHT 0121, He BRESY S, iz XN 7
M5, NTEHIGREIZERL, SROBRBEORFEOREIEEB IR nIE T
DNBENHD. TDRD, T UBEERTEZEICHEAL T, ATESREEE
L, BROBIKEORFEEZRDZ-DOMIBESEEORARHIZOVWTO
EREBIEok. Xk, EROWME ELHBRFTSEDIC, A—ATREIZD
WTHERDF % (AMS, AMR) THIEL, FHFRORIEHEE LB,

2B, BWHERTORINNEDOHIFFEDRGEIC—HRFET 2h, KTFEHILL
No, BTORRKRRAYE, HREREIRAEREORBEIES hohEzWHEMCT
BT, ITRTA POBFERET, KTORMANERAAmORLRS ATE
FIREH s EOBSFEORFEIC OV TOER OB I 2 /-,

#_BR 20



3.2 W=E

3.2.1 REAREEHEH(VSMIC X 5 S R 0 B 5 1% (AMH) @ $il &

(1) BRBEREORGE (AMH) OEHE

HEL, HIBERREORAGHBITOFEEREL, R HbN TS H
WBELE (AMS) ©, BEBAERSFHE AMR) X T 257EDIC, AMH
(anisotropy of magnetic hysteresis properties) fE4TiE AT/, AMH &1, 63k,
—FROBSRFFEDRAEDA T, RTEIBTFER S L Tz AMS ® AMR I
MLT, ETFTUAREELTES T S AMBENSTHA ENIN DO D
SURsE EFIS, faRREREML: I, REG: H., EBEB TOWMSW#HEx ,, &
s FOWMPHER: x , ZEALTVWDS) Z2HA5DELEROBKELEOR
BT, TORAMOEDOEBMOMMEEFT, EOMIFMENRDRENRGE
ERITMDEVDIEFEN S, BFEREIERZEAKD &V HEN AMH BrET
H5.

(2) WIBEEFEORTGHE (AMH) #HIE OR#

AMH O BIFEICIE, BB AFRBAEH LA KRL 2R DG
(Vibrating Sample Magnetometer: VSM) %Wz, fERD VSM Z{fE/H L 7z’
HEEIL, FCTFERBRORAGHOREZENELEZDOTHD, £DIEM, HIT
DEWAE RS 2 U, fIFIRIL (saturation magnetization) DR A HEDOHIE H
AETH D. TOHETIE, —EDIERREES Z 0 I 7oRE Tl 2 /L BRI F
fFR—FmANT 360° EiRZ 8, BoNSBIE— A bOEEREETS (K
4-(a)). ZOHPFEEIL, NBRBOEEZFLOMEIIRETES ENSHLEAEHLH
DD, FFFIZ—FHEEOBKEELNMESNZNOT, BEFMICIE, ErOmmE
RAEMOHE EED SR,

TR LT, FHATB IR RBEIC L > THARSNZHIEHEITR



(@)
Vibraling
a ﬂxed ﬂeld magneur moment

[ the usual measurement of AMS j

H b

He=1T~41T magneth: moment

the measurement of anisotropy of
magnetic hysteresis properties (AMH)

(b) ,
s #: —> 00X
H=
X Yplane
[
e =ik
/ Sample for magnelic anisotropy X Zplane

>

Sample for paleomagnelism ¥ 7o

4 (a) D IRE) RIEE) EH(VSM)OTIE J7 ik & ARBFZE O B IBL ) B (VSM)BNE i 0 .
(b) HA ONRMM =2 74 Fobin b AMHR = 74 2 70 & 8L L THEIF,




DERVTHS. NP OMEZE 1T ORI THEMIIE(LSE, —HHOESR
fBEEdh#R (b5 1) > AdhER: hysteresis loop) ZHITET 5. KiZ, HEREBICET
R EENTREE —EMAE WL s &0 15° ) TEREES Y, BURUAE
TeEIFU S AMBEIET S, A—FEATERE —FET 5 TIORIEZ
BOIRY (H4-b). ZORMEHER, —DOOE 7 AN 5, FFEE,HO
MR E—EIIKAEZZENTELZOENIFHENHZDT, FUHENSE
HTT, BHCHIFEORAHZLBRTHENTES. a7 EDR TR
FlDH5EED NRM OFEICHEARAKRAR, SD - MD KFEFIMBTIZIE, R
T THHR ERBREON A DR FGE (AMS & AMR) 783G 5N 5 AHZED Hl
EHEIZDD THYLEFETHS.

Tz, LROFEEEERTNI, H590 NRM IERLHEZ RIZTHREASE
THHREHAS, LI TUIABRO—DELTHAMICRITTE 2. FHRLE
GRESH T, REHAORFEEIEFHOMEFEORSEE OBEER Ui
OHETH 5.

WM ORFREMNFTICE SRS T OREE D, AMH JIEETIRES
FVIAERD—D2ELT, AMICEITTES. ZofaKRELICX2REEZEE
AL, 7o) B TR ICA KRS T OWHR &, BRALK AT I
AR HHES T OHBERE _DOMSREVNFRSEFETTRS N, —DDOEAFTD
RSO T ORAMNEFHBEICE L THEBETAZENTES. 20K,
BEHRORIHEOR ORI LLES, TRTRMERHTTBIRASEN
ST EDN, FHEEORFHBENAS.

(3) HIEWHWERBHBE NG (VSM) tHlEHE

FWHFED AMH BIEIZEA L7z vSM 13, BN R E 5 74— —
MRACRERE EE 4, RE%: 23Hz, RIE: 25mm, HRARE 15T, &
E+2X10-6A/m LA L) ZReARERLA—HHELZBOTHS (H5).

VSM SV 7 h 7, AR AEREL, BEOREISTICHV:



5

ATFFELT (I L = IR AR R A A

-t R



HE ) S AMBRIEY 7 MU L7 "VSM.bas" Z{#H L 7= (Funaki, 1993).
ZOVI7bIULITIE, BBEISNETIEOOBESRHS, MRS EE2AET
B DABEHOAEREEZLTBRNS, EHENICMEbOEI T L X
HifRZEHIT A2 LS T RENR TV S,

FWFRITA Wz VSM [ ZRIE W RE7Rd el O e KB 20mm TH 378, VSM
HEAATREHIERBLUEE 15mm OARBRICERL, KROESEREHIE
B EE 10mm OO ZEBEG T Oy 2SN TEE L. #IEL, XY, YZ
ZX D=ZMEIZDWT, HICETRASRE = E b TERO 57 > A g%
REL. R, $XRTER, 1KE E]PTH5. /MRS H 21T
DETEZET, —FOLIFU I AHEEH< (X 6). TODb, AFEEN
T—EAE 5~45 ) BBZRESET, Ko7 P AMBoMEIZIZVS
(X 4-(b)). ZNZ=MIZDODNWTHBIRS.

—EDHEFETIE, B 6 IKRLELIBESFU I AMBRELSNS. BT
AMH ORIE 2R AR, MIEBOTF 70 O RSO /1 Xk ELBIER
REE#MBMBES Ao, £, MBS FatENNE 0D, BERNIC
BENSREMAEHORS DD, HEABREOHWEERZTDRTNER S
BWIZENHBALE., 22T, BEFICHE, HEBINEL, FERT B
EREBVWAERISZARERTAZ&IC L. HEoRBLSN D /1 XoFEE
ERBESEBABPS T, Vo INDEERZEELT, AT ZABEOHE
e PHI BT AHMAREICR A EDICARA T AEDYOH LEZEE L.
ZofhHLmEica7 ROMEIZEREE DDV, HBOBEEICIE, BFEOEED
BERAZT 4 2757 —T 2B, HHEONSWEHZOWTIE, M 8o H
AT —TER W, INSOREORE, BIED /1 X3hE<izn,
BHUMP—BERD LA U h—TIOEWHEREORAEL—THE S h
LSk .

B3IF3.2.1 ff (2) HITHR/zL 572 AMH IR OREBFHENRETEZ LS
IZ, =20k F) I AMBNER, RIERIBIEMZTEAE-. E—I2,
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BB FIHIAREZR (initial susceptibility) 1ZITWVVE & LT, AEERES H=0T HIo#M
LR (differential susceptibility) ZFiH & -7z, AMS SHEET 5728, g
R RZ E T S AMBNSBITTRETHS. LiL, FFEICHERL
T O > 25 AT, DHERRAEIIARTiER2D, ERROEEET O
WA HHRERA Lo . RRLP TR I OMSHRRE, 2, S Bizl) &
#ZIRT S, —F, PIHHFERIZOEEXNT S0, x, &XKETS. VSM #
FEHTHRELEBONEZ 2, &, b2 F U AtEMSEONE 2, OEZHEL
ETA, x, Ex DEIZMEERLESZENDMoT. UL, RAMNEZER
THHEER, BESITRTHICEL TH#FT50T, ZOMOETMEICRS
WEHET Lz, RICERBTOHRE E LT, SIS H =1T (HEOMOH %
REMT L. COBIARPTIE, z, OL Bfrizl) &&bT.

R & L CldfamEiRIRERA L (SIRM) 2 71U > AN SMTL,
AR T, I,(Am’kg) EFBIT 2. REES (coercivity) BT U L AHfEN S
BITL, H. (mT) &ERFHTS. ad, RAMOHEETS I 2blang, BRIk
D—D & L TEIFIREL (saturation magnetization), FREZFEEET (remanent coercivity)
HEEL, AXH T, TRETNIL (Amikg), H,. (mT) EFRTS. I 1E, 13
DOMTRELFRICE ST ) S AMBM SFA LS. Hy 1, —EEIFD >
ZH#RE H=+1T O THIE L%, SRS 0 ORI ORERIED 0
K22 ET, MEWbIFU S AMBERE LV, COROIBEBORE
ERIELTRD S, UERNRTEEZNTNORSEEOEEE, M7I1TRT.

3.2.2 WREERERFEORSHE (AMH) DA o#E

NRM, ARM OHIFEIZIE, BESEIFBIU0AEF—BHG (o570 =8

Chibispin, & 10°A/m BL.E) ZRWE. BERHZ ) -7 L L TR, RifHEE
KIBRHEOIE =N, KRERIE, w-AFNTI—)IV R UEZMG T 3 6l



Hysteresis loop
J (Am*/kg)

H (T)
05 10 15

..............

B7 o7 ) oA o B & BRESUNE. _
Ip: BEATOIREBE, o fATOREL, zp: SBEBTFOWBER, 1, EBOH T OHFEER
He: tRBED, Hge : FRERLRES



HRICHAEZEREETBI B> e, KfHKZE B IO ZEKS (alterlating
field) DRZFSL, 0mT 75 80mT X T SmT DD BRI HFIG % H 1T 5
HiET A bZEHB I TRE L. KIREED, KR TREFEOHRBESFEL X
JWF—H1 0 1T72% isotropic point £ THREIZBHL, BESETTHRIZET Z &
Lo T, FEERBRSMPWEILD TS Z MK T A HETHS (Yama-ai e dl.,
1963; Ozima et al., 1964; Ozima, 1966). {IRIEROHHANCITHAFER (BR-196 T)
ZEEMRL, u-AFZNTI—IRLEZMPTHAILZ EERICHELE.

AMH OF —#% LT 200 AMS ORIEITIE, BEKFHEEW ST O
GISCO LB D Kapper bridge g at (BREE 4 X 10°SI, FiEi#k 50Hz) ZER L7z,

ARM OfHImzid, ESIEHFZERTETE @ ARM O IR % Hnwiz. ABER
FTIE, BAICBT S HEREES (3.56X10“nT) 2R L7=. M2 EREI,
10mT~80mT ET 10mT BEFITEMMICHEMIET ARM [F2A &R IS
FefESR, 70mT ERFE L=, ARM @ AMR 23R 5121, X, Y,Z @ 3 KM ARM
EDO, TOENICEREINS 3HM (X, Y, ZHAMO#EORSZHEL, BY
MRS B FHHEIZL o= (Stephenson et al., 1986). §72bh 5, KDL I InERHIE
THhd. ATERFIFEEHCE, =R, HIREETT, £7, X AM brToBsH
Mm% X &9 %) ICHIEREES & F1T72 70mT OZEHRES 20T ARM 2 fh1d 5,
HIER, 70mT TREHBEB I Ro272H &, KRIZY, ZHRAIZHFEKRD ARM %
ffmL, Zhso#EN 5 AMR ZRb /-



3.3 FER{EXETFIH

BFECH E AMH OBRERIZDOWTOREBHIERZI TS 2DIT, ATAITIERL
EHBHIDNWTH 8 OFNEDOFIRTERZTR 272, LT OEBRBERIZD
NTHERS.

IBUDIZ ATREEERT 2. EBRHICIISHEOBERT (VX1 L, F
BIRTGRIA L, r- AL, a-"\TF¥1F, EO—F1 Lk, TRIA
rEESODEAEAT) 2H0WE. BEOZWL lomXlom OEH FIT, BEEMELT
DIRFREEEZRTFERANSEZWHRICEGAL, €O LICHERTF£2E%
ICEE, RADKARE THRBEZMTEREBTRFOMEZETEL, WIENEX
HSETHEL TATHEZMERLE (9. 51T, 1| 1 FROBMMENITEA
ERWRERAFO—IOMEZ 2 DITED, ERLEREHKOFy TRz
EOICEER, AT 4 2 FF—TTEET 5.

1 1 > FEDOALESEENT, £, NRM 2HIE L, RKiZ, TSRS MG
TERECHENERET A M EERTS. ZOFA ML, BtoRElzRKITALT
b0, MR SD A MD A & W5 I EHTZ H72% (Butler and Banerjee, 1975;
Heider et al., 1992). 7 A MD#ER, o EbREHBRREVA—FT 47—
SERLUZALRBTH, 60~70mT TIEE A LEOREBHE-EINZ DT, TXT
OALHEHE, 70mT TRFHEHEL THSROERICED DD LTl (K
10).

A AL, MD RIFORF DAL ERE(LZHEK L SD Db DEERHKLDH %
BT EnwbhTWnoAt, MD - SD £&jT S HEICIHMERIERO A SARIEET
53PS (Dunlop and Argyle, 1991). Ti FHRBDZNWFH /I TXRF A MaEld
isotropic point ZNEAZEREOBELDEVEEHH VD, FORIIREREFE TIZER
HBITE RV, LALEKRHERT TiRODRRNWFY I ITREA MY %
F 4 MZIRAZZOT, FEHIERBEOMWRICIT LEE ORI & KR HR O
MAZHRTZZ &L, Vo EARRIEELZRKEHIDWT, HE, KRHER



WEAERL -7 & BLPSUEHE R

(1 emX 1 em)

6= 1A v FOREME |
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15° B& AMITEG
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45° BE 40 (o 24 e
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Intensity of tization
(a) 3/ Jnn y AF Demagne

1.2

1
0.8
0.6
0.4+
0.2+

0 1 I I T 1 I I I I I I

0 10 20 30 40 50 60
AF Demagnetization Field (mT)

(b) Zijderveld Projection (UD-EW vs. N)

UIW am/kg
3
21
N
n .3 -2 -1 0 1 Am?/kg
-1 * Hcomp.
DIE 4 V.comp.

10 FA—F 4 FF—T O LI ATREOBIEZE R B(0-60MT, SmT-3D3Z Hdth 258 <
A ERFEHEEDT A b
() EPE N R AR
(b) Zijderveld[E], n : JEEATONRM, H.comp: 7K FERESY, V.comp.: Tl k4.
NSHF—T~DHE, UDE, LT A



i R A e o

HEE L 7R BHE, OBICAMH OF—% LT 57012, AMS Z28lET 5.
AMS BIFEB# OREHT, BT, 70mT OZHMRE EARRNEET>TH5, ARMO
AMR ORIFEZB RS . WS DPOATRETARMMANT A L &B -k
&, 70mT T ARMIZIEIERIR L T2 L HET L, AMR {5 ARM D3ZHRED
HEL70mT IZHELTZ (B 11). TRTOREIKD-=d &, a0
70mT TARHiiHEE - RHEEZB I35,

ATESHEHT, AMS, AMR QEBRHETHIZ, 15Smm ROMBERREHCEDE
L AMH #IfE 21T 5.

174N

I

0 I SER N R B g T
100 120

]
0 20 40 60 80
Alternating Field (mT)

11 FRPEARMARET A MCELT HARMIS IR —T 4 47— T D)
W & SEREB(3.56 X 10-4nT)D Al L FT



3.4 EREROMITHZE (MIBREEEOR M - AMH #IE
T — &5 D)

3.4.1 ZRifEVTE

TERDRAMREETI 1 MEORIFH ORGSR 2 THERVWDOTH S
2%, AMH BIEE DB, BEEOBSFEZRE—2 57 LT, ATt
HE 3T —F EMT Lz id&esksan, £2 T, AMH i@ OXEBHT—¥
ERITT A0, UTOZEEOY 5 72ERLE. ATRE, BLW, H
F—FER/ALIEAREHIDONTIX, —DDHEANT, 5~15° BEICLIFU T Al
MEREL, F—ENIZBIT2 AMH OB ZEERLE. B35 > AR
NoFHEST 4 DOWKKHE U, H., x5, z ) 12, ENTIBRANER
DESILEIITERNVDT, Angle=0 ORFOEZ 1 ELERAMOEREL
T, BT U AMRER EZDNEREIBE N T S (Angle) & DRER%E
F7WERLE H121d, €077 70K TH 5. HIELEERIBEEOME
#A&L, Angle=0 OFOEZE A, ETHUE, &R T 12

J=A/A, (1)

DHATEREIND. RAUNENRJOREKIEE Jmax, B/MEZE Jmin & U 72,
Jmax [ Jmin VX, ZOERNIZHBIT S Anisotropy ratio 725, T J-Angle /5 T D
HlE, PV A—F—2F->TOREICEL > THERSNDS ML #I#R (torque
curve) LRI UK SABERERD. ThThoHtoZzomANTORFEIERITN
W, BROEREBIIRE D, AN TNE, RITERIGE<SZS.
DV 57 EZXRKETIE TAMH ZB{CHifR) EIER

TAMH Z{bah#R) 13, RAMEDOKES S, FHLBELEZRDIIIEHNTH 54,
AMH Z{b#I#R | IR S N2 ORGEL — T ORBIIENETNRZ 20D
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T, ZOU ORI DORAEOE(OHEE RS ICIIFEYTHS. B

HOHEWORLEOECDOHBEOBREES T 57012, TAMH Z1 i @

Jmax DEZE 100 &L, Jmin Q% 0 &L, TRTOMZBHFUT(CEOHH R

JVIEAT, HEERORITEB 2o 1.
RAEMELED 100 DR ) O,

J'=(J —Jmin) X100/ ( Jmax—Jmin) (2)

DXTEHETS. b, BFMECEOEIR TERL-ERIBEOEOH
WzRo0Ic, EHER=AFAI TS LEHERLE.

EEVLBR LB I, H, 2z, D3DTH5. ZhoOrkR, =h
Th, TBEoBRVBX), RHEoBzIc<E), REOLRTE| 2#F7.
Z p HBREMEICEFENIZK O T, MOBEREEERINCHETS - Eidx
Wiz, BBEEMEORESE "RAMECEOELIR WERTHE, FHICH
FERAMECELOEIBE, EORIFEICODVTHREAHDOREZTDRNIH
MH6T, TRTHERSZD, EAOHBOEENRLELDTL /S,

SODWETRED TRAUMECEOELR) 2=AF(T /I LTERETSE,
13 DXDITRDZENTHINS. HL, 300BMEEMNELICE CR
DELHRZRTORSIE, Thbb, BAMESHMARIC &L, AURH#%
OEZERT RS, WEMED RANE(CEOHSE Ol =AF17Y
SLDE=ZADOPRIZEFTS (K 13-). L, ENN | DOBMEEED, i
D2DITH LT, HHEOBFRICHINE, BIEMED TRAMEECEHLE) @
R, BHEZRT RIS ZERET2ZAROBE 0B LI /T 3
(B4 13-(b)). RIZDBMEIFEDORGEE SN, RAEHNEANTERT S L EIC
i, ZOBEZESBRSMVRERNS. 3 DOBEEMND, 00" LA OO T
NEDB>TWED, BARDOI—THRBATVWEZDTHE, BlEMED 'BREMED
CEOBHELSR ORI, SMOEBNLEN-2ED, ZESBROMBNThEDTS
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(B 13-(c)). CO=AFAT IS hE, BFEFIODBH S foliation ifHi N T D AT
HEOHBEZHETLAOICELZRBTHS. AWMATI, 205 7% TAMH H
Y1775 L) LS.

B, FHATHEALESST7ORRE - B> - A—T 74 574 T2 ERT,
Delta Point Inc. 8¢/ 7 b7 = 7 Delta Graph Pro 3 for Macintosh % {#iff] L 7=.

3.4.2 = KICMTiE

WRANGEZRTITE, ROXSBASMEEECEAEERKELIET VLT
KT OBR—RATH S (Collinson, 1983; Tarling and Hrouda, 1993).

XY HIZB 5 AMH IEED S 5, X o OAEHNEEIREIDIZ, 07, 457,
90° , 135° DEZEETNETN Ly, Jyse Jwor Juzs ET 2. ZOWF, J,=k_,
Tras =k 412 (ko +k,),  Tygo=ky ,  Jypss= 12 (k +ky )k, DOBRNHS.
OBRE YZ, ZX HIZHEIGL, RT3 E, k, G, j=x y, 2) OEBFHET
ERDFTIINERDDZEMTES.

A 3)

CORAUTVIINT R, EEMEAEEZET LTS E, T 3RHTVIVE
2D, T=0Z2WMRIWTALIREROECEAMA (EMH) LEAHERZ ML x
D, AOMRIE3DHD, ThENoAITHRTHEANY L x &, ThE
NMERT S (H 14-(a)). TOEXRT 3z TEENS, FHOMEMRA >4,
>4 ,> 008, ok,

£ B 39



(a) N7 Minimum

Inlermediale

Maximum

= Maxmum principal axes, K.,
4 Intermadiale principal axes, K,

® Minimum principal axes, Ky,

3

r'd

P

B4 BESAAHLEORLIEREIIOWTER S EMAKROER).  (Tarling and Hrouda, 1993)
(ARG EHMEORILE S % Kmax,  #h%Kine, 581% Kmin ¥ b5,
()R SRS A (AR i OB & OM.
(O R G ERM A EEIDB SO/,
(SR ERA A HBROBSOM.



L85, ZOMBTIROBHIARSFEEIRD 3 D0EMOEXITRD, ThE
V& Kmin, Kint, Kmax &9 %. ZOW, Kmax 7' MERASEOBEBEERD,
3EDMIZIE Kmin <Kint <Kmax EWHMEHENHS. - OFEETIE, AMH
W, ThEhoRERFESEICHET S itk 3.
RGENREWVWES, AMH OFNEFNOBSEMEOESEE ESEETLM
MEREIZIE 578, &L, Nagata (1961), Jandk (1965) O F)HAHFEZ O L1l % HY
THEICESW, KOKXEHEHTS.

Kmux + Kiﬂ! + K:m'u ( 4 )

=
mean 3

LAEDQRGUREIET > v E W EAERHE DS, RAEUMRITEOREATH
D, FEHAMH ZROZ7=0I1C, ZOMTEB Lo/, ZNS5D Kmin, Kint,
Kmax DEZFMALTEISITHRARBRRIROKRES, HREXRTNIA—F—N
FERINTENEE Y, BRI TRV, I T, F#HIT Collinsion (1983)
& Tarling and Hrouda (1993) @ RMREH &1, RONTA—F—DtHEEZB /I
g

RAMOKZZIRRTRELT, UFONRTA—F—FHWN5S.

L = Kmax/ Kint = magnetic lineation (Balsley and Buddington, 1960) (5)
P = Kmax /[Kmin = anisotropy degree (anisotropy degree) (Nagata, 1961) (6)

F = Kint /Kmin = magnetic foliation (Stacey et al., 1960) (7)

P;= epr{Z [ ('r], —-qm)z + (11z -M, ):I - (11.;| -1, )1} } = corrected anisotropy degree

@)

3
(ﬂi“]n Kpw sy=In Ky sms=In K, 5 m=4/1, ' ;s )

(Jelinek, 1981)
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REMOHAKROEEREZERETEDIZ, LTONTIA—F—42FNn5.

E = (Kint)*/ Kmax Kmin = elipsoid factor (Hrouda et al., 1971) (9)

T= (2112 -MN,-"Ms )} (-r], -1, ) =shape parameter (Jelinek, 1981)  (10)

9 RTHREN/ZE 1, E>1 2561, ARKORAHEMEAEICZD, E<1 /25
W&, HHEEIRO SR AMMEMEICIZS. (10) XTERLUET 13, -1<T<0 ORI, #isE
RHAEIZRYD, 0<T<1 ORflE, ABKEREICZS (K14). fiiczo T %2
ED, Hllic P 2ELokT-P R I, RAMOHBELESOE(LEXRTOICX
<HAwsNnsg,

P t®d AMH OFFEIZIE, 9T, Math soft #8{dDY 7 b7 =7 Mathcad for
windows Z{EH L=, FHREOEODERL =2 0L, BXKOMFBITHT.



3.5 FEBR#HEHE

3.5.1 Z@X (MD) K+ A L ZFE

ETHIT, MD NFOATEFGEZERT 220, XTRFTh, FFI/T
TERIAN, v-N\I¥1 hOMDETEAFMEHAELL. BORAITHEVEEZ
fEER T 27-0i, HEEEOHRY 1 XoMgkZzRAEL, ATATELTIA, 0.1
L mBOBRK ¥ -ATFA b (FHIERASHE, BT9 - TREESHRERD
MEICLD), ATRIZERLZIO01 BRYTRIA M, 3 u mBEDOITRY A
k GRINEBAELFER S T8, 7Y JREESHARO®|EICKL D) O 3
=HRELE.

BEEREE D HRRIEN Y1 ZOWEKIL, BEHOXMIERERERET 2 TIN5,
B 1513, FWSORBEMBETHS H =1T, HZEE 10°Pa, HIEIIIREHEREA
gt, 3 RERITONEL - D). INEEF OBIRICHA, HAROHBOHERF 2 ) —F~
MERTWAHN, T, YI/R5A FPAERBEELT—/rM (¥ INT 1
M EBBHOTWEHON, HMELEZED EEZ OGNS, ZOREIZFRSHTHE
EL =51, B bR HERD, —EEHOHEOHHMRE -2 <Hx
A=, FIEIOMEAT, MBI LXARIGIIE T LEEHAITES. 1S Hh oKD
B, ZoWEHDF ) —miE, BEZT40CTTHD, Nagaa (1961) H SHEE
THE, TOWEIE Ti/Fe BEFHAH 025 OFF /) ITXFAA b THHI ERN
bhd. BRe 7 o AR OEN, I /1,=0.036, H,./H.=3.82 £72D, Day-
FAT 755D MD OEBICET HEERT.

ZOWMEOE T AT, K 16-(2) THS. ZOHBRITH 0.4T THM
L, T EORBE T TIERMEO B SEHE NI/ 7 o U A @FHRET
I, ATHT, HoMIZT7 o UG LHES NS DD, a-ATFA hREE
R 270 7 DBES - 7 2 ) IEEH L, REROAERFD a-~\TF
A iz E A G —RATRREGNE 2 R T RS O AT 2 R - SR &
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RFIEREIT &> T, TAPE 1 OFRBERMEIREIL 30% 1284 Lz, ARM iz
Lo T 16 EDHREICT/Z- TWEDT (K 27), EBICIE, LA Eo—EL
PHEBE S N TWRW, TAPE 2~4 20T T, 10~20% IZERERAEARD LT
L7, ARM Z TN 2 RFITIE, BRERALIRE L, TAPE 3 {ZIEHM, TAPE2 13 70%
\[Z#4d>, TAPE 4 TEZH2 EOEMTH S, 5, ARMBERLIATDO NRM L1
LHMITNE WERERALRSITRAETHEHEEIh TWA Z&Ichs, BET5iT, XK
TIHREIZ K > THREL 2 RME, ARM iIZ &> THEL RS SidWAnbiT
H5. IHIT, RiREEED ChNRM OALIE, 4 DOTXTORENF %
MWz, ZoFME, XEARATHD (XDAM), H. ORAUESSHOHAT
HB. TRROL, LHRERITE->T, BRACESNERERAML, Z0BE,
H.DRGMEDRENWARTHD, LMo T, HHOBRFHDOKEVWEADZHIY
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MZEPIIR-oEE, BRRICKRSKE ChNRM 1T, ZELHHRES S L THEH
TELSRAERLTNHOTIIRL, H. DRFHEOREVKRTEIICHEX N
IEHAZERLTWSATEMENEY, ZOXRBRT, HHRKICHERT 28608 E
WIZDOWT, ARG DODWTRHETAZEOMBEMEHSMCL =,

3.5.4 BFENHFmMEMTOES RO RS A\TEFGEE

BT OEIZE SR ALK TFORRELFHETIREE S OEERASTWLE
MET S0z, RFORFIALN ERREAEDLRNE—OREIE, TEDH
MARAESHEEER LT (K 29, AMH 2T 2EREB Iz,
MD - SD ¥4 XD T XA b, BBV, 7-A\IF¥1 MREFEHNWT, KTD
BeFI A M &R RGO ERO A A —BT 5 X3 ITER LB E, BFIHM
ERMOLMPERT S LS ITERLZEHE O 2BEIIODWTORIEEB W
(B4 9), AMH ZE#g: L7z, 72720, SD Y XDk FEHIEEHTIZ, 3.4.1 81 (2) TH
DFERMN S, 0.1 £ mEHR 7y ATF A A —F 4 57— TOWMB THRBRDRE
RO oNEZ0T, KTEIARENTOEMARMORIZS ATEARE &L T
BA =T FT—-TEMRICLT, NTORMAREET 2 Y ARBRE<RS
£II1Z, T—7E <o THRENZ Uk, 215 OO foliation I D AMH %
{et#R 2z B 29 1277,

B 29-(a) I3, BIFDECFI AR & BIRR S MO Kl /W0 —8d % MD (S8R
ek ATLEHIEE O AMH Z{bHi#R T, Angle=0" & Angle= 180" SKI-FDE
FIHMT, RFOBREAHOFMTLHS. FRIT, x ., I, H EBHITKE
WRAEHEGLSE, 1., I, RETFORFAMCEFHESMERS, HAIKTFO
BLFIAMEERT 2 HMICRAHEREEED. ZOMBROERTRAMERD, K+
OEFISFMICHSMCEEENTH D, AL MEMFRIT foliation N (Angle = 0~
360° ) T, “DDRFME—IEFED.
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B 29-(b) V&, KT OEFIH A & RRS O RO MANERT S MD (BHiE
W) ALTEHEO AMH Z{bH#ifR THS. Angle=0" & Angle = 180" AV
T OEFI AT, Angle=90" & Angle=270" 2RI FOBIRBRGED AR TH 5.
Z DOFEIDOHE, foliaion A TIE, AMH @ EOBEFHEICDOWTHREAMEIRIZ
ELEHRSNT, BIRRAGHLEFIRAFEREVIITEHLH 5T, HE2Kks
UCTHESKES TR olzBbhs.

4 29-(c) 1, RiFDECHIH A EFRES D RMD S RPERT 2 SD (F—TF
14 FT7—7) ATEFEID AMH Z{elifi Th 2. ZORKOBEE D, foliation
HHNTIE, Angle=0" & Angle=180" AVRIFDEIFIFAMIT, Angle=90" & Angle
=270" R TOWMREBAEOAATHS. I,, H. ORGHT, KTOEHHR
TH5 X HRICHEFICSSHDNS. LML, anisotropy degree V1, FiTDEHHn
EERFIAMMBA—EL TWBREIO AMH (K 24) IZHEL T/hEW, RIFORRE
it EEFIRAENENVIHIT B LS - T, ek L TIIRKE TN
BokEEDNS.

BADEHE, ZOXDICERONFEINCER T A2RIAEAEED LA
LH->T, EOREEFUNRASNZLIZENIE, REFOBRRIELYOFIRE
HERARSMEDORETOEI IO THRESZEEZLNS. LhL, EBOX
ROBETIE, BEHAWEMRRSEOHMNERLT SHEMEL, Eah O
HEFIRL TR RGN OERICE > THEL TWAHEZ0E T, o Th
BWEBEDNS. BALFRMEBRESFEOHFRAVBRIZLIFD, BFTEANDOLDIC
RS A TVWAEEE, ZDO0RFHIIELICIIFIEHEL b DR ER
bhs. LEN-T, 868FD AMH ORHFENREDEIFFEICIDODVTHHIT W
B, R FEREIIBIZEAEBRNWERGEZZADDNELTH 5.



3.5.56 ZHmoOBFEFDH B AN TE 5 LE

AADOHICH ZEMERTORFNIL, HTL B —HRTRERNWI ERFHEEINS.
FIT, BAPICTDOORRBZ2HMO 7 o ) BHEEORIFENSH 5 EBELE
ATHEFEIZERL, AMH ORIEEREB 2o 7=,

ERIZEALIZHN T, F—FT+37—7, $HRBEERKRD 0.1 £ m @ -
ANYFTTh, 3umdDRITRIA b, WERIKFY /T35 1 FTHA. FHEHD
BT2E->T, XY HLDOX BIUY A EFHTICRTFORMEEENTS (UL
F, Iz AN TERAGE] &) . CORE, BIZX, YERThORT
DEFIHEE, BBEENTTEAZBHKRBRFHO RN —BHTELIITTS.
e, A—T4F7—TORHBHIEL To#, F—mUATORTFEFIODH SR
BEER L. FZE, —DI XY @ ED X AROKTFET, 35—, YZ
HEDY HHORFENME WS TelEl %, A—F 44 F—TE2ERL TER L.

A EORFEFE R OMEI D AMH BlIERERIE, KL T DO h
Nz (¥30). €TO—2IF, XY 0L T+AMICESE B/ A LEFIFEIO AMH T,
B4 30-(a) NED—BFTHS. B 30-(a) DitEHI, RO 0 um D y-~ATFA
FEERLTHERLUZALRSBEETH S, —DORTERIIOEHEIT, EE6h
EWws &Ly, LH.EWS MD ¥4 7O AMH BB R %2 29 (17, X 18).
—EROBTERAITIR, XY BT, L&z 3 BHEZYT > H—FRO AMH
RAEZRLTWEDTH AN, +HMICr - A1 hZEFAISEZRZBTE,
XY TR 3I DO EDHSFES, BEAERARZREIARN, L, o=
HTH, BASHERANUZRT. XYBELETIZ, ZDO0OKRFEFIZED, AMH A%
FIBIHLH->T, #REL T, anisotropy degree D/NT NWRAHIZTR-TWVND, —
B, IBEHLDSOR XY BLEETTHL2NS, HELOTETIL, foliation ELT
ZALDIIN AMH MRETE 5. ZORE O AMH #B§Y 1 7 2/ 5 A& 31-(a) I
Y. FIUKFOESIZ—FIZTE8ATESHE O AMH B 1725 4
(K 18-(d)) &teRB L&, ELEMD ¥4 7 OMMMBFKEIIRE T, AMH {857 —%

* E_ ﬁ 6 8_



15 =
£ ) = s »
E 143 '5 1
5 5 = E i
2054
= =
. ‘ =
%j (15 S : - . i, s - A P E-;}j.. i " i & &
= _p5 4 = & Ak
P a = i i o & = e
D i T ] |
0 ab 180 i 350
\ngle (degres)
, YZ-plane gl

= =2
— -y
= B
) 2.5+
“E ]
‘E 2 14
iz i
035<
&
0 i I i i
o o0 &0 e ] 360
Angle (degree)
352X+

Lad A
1

13
= Eos5-
= =
= E
o =
g E 15—
E 2 1
05—
|
i i ] 1 ) D 1 T 3 T L
i) 20 180 230 360 ] an 180 27 350
Andle (degree) Angle (degree)

B30 —HMOETFESE Lo ATRNORSEREEO R FIEAMDEER !
(BEFI_FHO7 = | Bt FEA S5 - LEBELELRER) |
()0l p BERHR vy —~F ¥4 FrEFEHE
B)A—F 2+ A F—7, XYE L CYSRIZEF]. 7X@ ETZhmICES]L




& =4
(a) | % (b) “o
02
0.8
0.2 . {;.17/
H 0 7 '""::ﬂ 7~ I 0+ gty Y 3 A

g 1 08 06 04 02 OR m. 1 08 06 04 02 0 1,
o XY plane
YZ plane
« ZX plane

B30 AR S0 A L RIOR R N O R PRAMIDERM & 4 7 75 L
(@01 g mEHRy -~z 44 b Sl ELEL
(D)ot =7t o AT XYWL CY H B ZXH _ECZA5 ik Bl

b 70



HH Z2ZHARETL2EE_EHMBRLOSMHSRITTNTHHATS. =L, =
DEFTNTHMT 3 AMH HET—F 1, XY ATRELET—FICELN, 0
X5 %, magnetic foliation & XY H ETRIFIE ALZEFIZ L T, XY B O
K[EFERITBHL H-> TH, BT foliation IZKEFET 2 DHHH 5.

B I —DOHAE, ZDORFEFN, RES5"HEICHHHET, —ODiRk
BHIHEBER D55 B THS. £0 AMH HIEHBRO—HD, B 30-(b) D
AMH Z{LEi#RTH 5. Zoieh, F—F+F5F—S&2EHL T, —Hmid,
XY R ETODY AEIZHRFEFIS S5 —DH ZX | LD Z HMkiFEed & v, —
DO foliation, lineation ZFf/= 7/ ATEFHE THS. #EELT, YZHIZH
WTIE, Z AHICRWRAEDSR NS0, —EFADA—F 1 F5— Ttk
L0, BAOREZTIZTBNITAT N, Fi2, MOZETIE, AMH QR A
I hE<IZ->TWS. Lizdi-T, BEMEN_DHHEBTIE, EomicBnT
©, AMH OBESHEEE, FTEHL B> TNEK RS Z EAHBAL =, AMH B
14775 LETH, TNENOEKBLTERNED> TEHRNS (H 31-(b)).
ENEFRAMMTER LB S5NZ, —OEFNS->EHEICIE, &5 505
DAEBEVBAENCL>TRET S EEbN 5.

3.5.6 “HEOHBBHKNTREEL TS ALTESFEE

AAPICRE S _FEROBRERFNFET L2 2BELT, —HRO%E
MR TS5 ATEFIRHEEZERL, £ AMH BiEEBRE2BI-7. HA
BEKFILE > TEEEZZIT T AHERE, EROBBENT 28D 261X
AL THETES. £, BEMENTORRIERRObONS, KD#RO
bDEBRBHLHE, £iid, KT XICEENH 2561, SENHBHE
KFRRIEDODTH->TH, MD, SDAEETHZ LITRD, YHEMIZIZ=ME
HORBEMRTFNREETAZEERALICRS. LEMST, fROBEERU X



ST, BAEEITBHELSS ZENTFHREINS.

ERICEALZRENE, A—F1357—7, $HRBLVBRKD 0.1 £ m D 7-
AT, 3umDITRIA b, BgRF& /T RIYA V2 ETHS. B
HOKMTZEE-TX BLOY FMIC+ENCRS L D1, XY B LT FOMEE
ZIERT S, ZOHE, WICX, Y TNTNORFORSIAN &, BERAEZH
W TEAALBREFEDHMI BT HEII1CT 5.

“HEBOBRBMR TN 5725 ATERAREITIE, #BRELT, WHED AMH I,
ENTHOETHBEHEL S, BRI WERZFET. X HEICHRKO0.1 £ mD
T-NIZA b, YHRAIZER 0.1 4 m v - A& A M ZERFIE B A TR E
EERLE. 2207 o URHEEE, KEXHEERBRALCHOTHD, BR
DHNRIZS. REHERALZHEORIIZ, ZES50%0OTH5. ZOATR
FlEAEID AMH ZEHISOHESMEIIITBEHELHS (K 32-).

B 32-(b) i, X AMICA—T 4 AT —7 %, YHRIZ3 u mYTR51 FZ2E
ALIEATHEITHS. ZOHRE, 3 4 m D MD DT RY 1 hOBEED, SD
IR —FT4FT—TOEREDIIBNITE N, HERELT, b) DAMHZE
LI TIX, MD @ AMH #8SD @ AMH 24T 5L T, H#EL, MD ¥ 7Ok
&\ AMH Z£5D. AMH HHBIBIRASBH S MIZMD ¥4 7 TH 3 Z £13, K 33-(a)
O AMH Y 1 7 7 S LT K VSN TH 5. K 33-(a) D AMH FIEF— 413,
FTRICHZARELE=ZAFAT VS LAOEE-SEHBEICHHL, MDA T
@D AMH #7R7.

B33 1%, SO 7 o BN T ORFZ R OREI O AMH MY 1 7 25 A
DEITHS. K 33-(b) X, XAMIZ 0.1 o mERKr-~A<FA b, Y HI\Z 0.1
pmERy-ATFA ZEFLEEEITHD, K 33-0 1, X HRICrkiAE
RITRFA L, Y HMICBEHRFY )< T2 514 b EREFILERETSS. &
H1Z,MD ® AMH FHEBEIHB L TWE b OO TFOEFN-D2H 2 Lick
2T, AMH Hili7—2 08B R N5, K 33-d), (o) &, &dict—F 14+
T=7E3 U mDOITRIA FEMBEDEEATESRE T, K33-d) T,
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F—F 4 FT—TDSDF A 7D AMH HBBRED XY HICBWTHETH 5,
YZHTIE, 3 u mYTRYA D MD ¥ 7O AMH HEBFRNEEF IS, —
#, K33-d) £0,3 t mITFIA FOBEOEZ W K 33-(e) DIEITIE, AMH
T —%1E, H Z2EAETHEESHS/BLEICHHL, 3 mTRI1 b
WIZ7ED MD 71 7D BABRY, F—F 4357 — 7D SD ¥ 7@ AMH i
BRZITBIHL THlT 5.

3.5.7 FOMDEY D AT EFIE

AAPRIFENLS TR 1 ML OSBZSUEBEIY, HHNIE, Wtk
M@, AMH HEROE®IZ, EAROTT XYM FOEBDIRVWBEITIE, &
FATERN, R, ZREE, BMMEEOTIE, EO—F1 hoATd A1 RS
EEIZARKRERE/L (NRM) 2225 TWAEENE . @B FOHRR
DORFHX, EREBOR FE A mOEFTICHH I TWS (Hrouda e d.,
1988). FWMXHFD x ,ZTOBBEB FTOHFHRIZHIES. Lieh>T, AMH I
B x , OEET, FHEEEORFZRKBL, x , OXHEiE, EHHNICIEIR
2%, x ,DRAFEN, EOBREFEEMEOESZRBRL TWANEERT 5446
ERHD. TORDIZ, BED, ~A<F1L, EO—FA b, ANVAFAIH, F
B )RTFRIA NEEMESOEFEAD 4EEOSMIZONWT, AMH @iTZ
BThofk.

LEDSE3FEOHYDERTOES T S AMBRER 34 12RT. K 34-@a)
DATIA M, FELTaATIA M SHEERENTWS EBbh 588, —#,
T-AN\REIA bHDIZNWEIIITRIA PZEFOREENDS. K34 DEFTUT
AR, REOFZEAENFRMEGEE L TRSES ZEZRLTHDIN, A5
B H=0{HAT MWl —7NREIH, BREEEEZSDILNbMS. B
RHEA I AREMEY TH 2N, ZoRBHIRAEZ#A L TAUKRER» S5
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W L7872 0T, TOPRRBRBHEEMESTATNEEEZIENS. RRDA
AOPTIE, ZOL51T, WEELYZSUOHBEEOHERETWIEITS Z
EMELGNS. TOEDIZ, aAORIARFUENELLEENHHEEXT,
D& D Iz B 7 KBMENRAE. CORREROE S T AL, B
0.4~0.5T TRSMIZEEML , 24 L U TIHIF & A SR & H ik = 12 dhig 2
<.

35, 361%, TNSOEMD XY B, T/xbb, KBS DD SED AMH 2
FtERTHS. ZO4HEOIML, ERERICEENTLENELS, ThHOD
HEhl3, BRAEEO AMH BITICE > TEETHS. EOHPE Y (Angle=90° )
HRICHEIBARZ NI TR T 2RI ESETVS. LENST, BIRESHEDS, &
FIRFHED Y HADBAEWN,

5 35-(a) DAY A ~® AMH ZLh#R 513, 4 D0 EOERFE Uy, He,
Lo 2,) OEREHEBRIVWZ ENDNS. £, 2, &2, OHEN—HL,
I, L H. 13, THEWHBEOEEZESTWAZEADNS. AMH MBS 17/
SATIE, LIH. Ly, OBEBBRSN, XT7R¥ 1 M TS SD Mg H2 ¢
B EMNDND. B35-b) i, AIVAFA +D AMH ER#ERTH Y, LHKRE
WREHERFD. I, H. ® AMH Q2L y > 7 #B0OBRWT, 2, 2, D
AMH OZ{LEIBROBERD L, 2, £z  OHBENZEAEERD, ThH50OR
HEBESHMPEMES O ARMERLTWD I LD 5.

B 36-(a) ¥ O—41 hd AMH Z{cii#R TIE, 4 DOWRFEHE (L, H.,
Xy 2 W KRERRAFHZRT. Ficy IKEL, RITL B HBLTSHS
n, MEORFMEESEMIZ, KMTOREFIAFME—HKTS. —4h, H. bETOR
HiEEHDOMN, TodRI, 1, x, CEHEBEERT. Z0L / x, L H®
BIRIZ, AMHARBEY 1 7/ 5 L L THHETHS. I, / x , L H. OBHED
56, H. DRAUEBRNEINEVNIHEENSV-TH, EO0—F 1 FOERFEED
AMH TG RIZ, AWM MD ¥4 7 TH5. Eo—F 1 M, BBHILHaD
T, WERMEAEZE KBTS z , O anisotropy degree 23/ E 1),
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B 36-(b) 1&, BAHERO AMH REBHRTHS. BEEG OB OHA, BT
A XAMREVNDT, BEARZNTTIC, MG E2eE2EHLTIRF R
MiELICEAEER. K36-0b) Z2R5E, I, 2, 1,3 FEEBIMEKER
RAMEERD, H BRAENNELS, MI=F LI, PHBEOELET S Z &0,
AMH #iB #1775 Lhobhd. ZOERERT, MD ¥ 7O AMH OEE
RREEWITRPTNS, BESL, BRHEAOICEENSREELYN, BHEEE
EEBIT, BBAILEHREEEDNAS.



BATE FE

4.1 BHTIBREMOBRFENTA—%—

3 RITIATZ ATERFIFEID AMH AT IC D W T ORBHEREREZREL T,
BFHRSBERFIEORFHEOBRBRIIONTER - BitEB ko7,

B371E, SHRLEATEIREOL EF I2DWTOHBEERLEL-F 57T
BB, I, He, X5, 2 JWEAMHDNGEELEDDTHSH, z,, 1X Kappa bridge
TR L7 AMS DI TH 5. K37-@) 1, I,, H., x, D3fE o251
ABIBELDWTOL-F 757 THB. x, WTHRT, I, H XLRF K
S, LEA-ST, A—RETR, BRRFEE Yy &0, I, H.OEMNEEE &
5. B37-(b) 1, ATEFRBO3IDOWRR (x,, 2,, x,) DL, F %
BRLETZT7THD. ZORICEBDE, ZFED, V57 LOSHERIIER->TH
D, LEDF OHBRED, WO SEMEDNFEEL = oblate DRAHERT.

X 38-(a), (b) i, FIROESHEDE-P 757 THD. K37 DIEREFRIT,
38(a) TH, I, , H. DIFIM, 2, FOREWVE PP 2RT. BKEHFMEON
SA—=HF—ELTHE, 2, &b, I, , H. OFBETH S EH¥ 5. K38-(b) 1,
IDOWHER, x,, x,, x, DE, P ZREELITF7T7TH5S. E38-(b) Tid,
X, DHMEE >1 OFET, BHMEEAMAE LS L T oblate DIBEERT. FhicH
LT 2,5, 2, @ E<l OEBICHML prolate DFEZRT. LENST, 2, .,
z, LWolt AMH OFRERIL, AMH OFBEEERE R55E1213, ko SD £ MD
Lo MR FY 1 X OBK RS HIZ DV T O Stephenson et al.. (1986) 72 E DG
IZHVT5H AMS ERIROERIZRT A, MELZERTIIERER SN TN SRR
1, SEREZRAMERLTVWSAEEMENE .

B391%, AMH 37U AL, H., 2z, &, BREGEELTHEERED
ERINTVWS AMS OREZEE x|, D4 DDOBRIBEMRIIDODVWTOPR-T 57 TH
5. 38 EHHBLTWDA, x, id, 70D oblate FEEKIZFEEIZHMT DA, i
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@ 3 D@ AMH BEEHIL, T <0 @ prolate fEIKIC BT 5.

KRIZ, BRESSFE, L, H., x,, x, DEOBIEEMEN, BRI TEIIEED
RAME KT 20 EHNDZ-017, 4 DOBIEEMEIZTOWTO L (9 40-(), F (2
40-(b)), P (X 40-(c)), E (B 40-(d)) DEIZDWTOERSHEREERL 2. K 40-(a)
(b) THLMZKD T, EOERED, L, F I, 1~20HOEZ E5HE5MNEN.
H. OL, F OEIENOBIFHODDIZERTHNEWN, H.OP IZ, 1~20DfE%
ELB/ENL N, TOMOBKREED P 12 2 Dl LOMZE S DOHEENE N, ALH
FIBZGOHTERE, L, F, P OENEONS WSS H, Tha. 7K
L, fEEVRERZD, SDRFOHRNSRS ATEFFEEHI RV, EBERNS
ERTDHE, MDY 7O AMH 1L, H, ODRFUNS A—F¥—DEHINEL, SD¥
A7 AMH TIIKELBENAEMMNSHS. Lieho T, K40 OEFESHARNS, D
< & MD R FEZESFURBHCE L TIE, 4o0o&Eodb T, H, DRF
HIRTA—F —DERBEONENERERT B ENTES. i, H, LED/IT A
—&— (L, F, P, E) DELSHTD, o3 DOMIEEDERSH &IZRI
L0z d5H. LizhioT, AMHESMHHEOHF TS, H O8I, MoBSEEED
HEH L3RS,

e, K40 %2R5E, L, FONTFA—F—TIX, L, x,, x & FEE"
DEBSHMERT. P, EDNTA—5—TI, I, &z, & FUCEROEERSH
ERYA, x, WdH, OEEZHIEY. BHEE OICDOWTS, x, £H 1T
IRV EDER S ANERL, |, & H. OMIEFERAEIZRICGEN. LS
T, BEARHHEDO P /hE<1x5.

EDZEZ2FLDDELUTOEBDITRS.

AMH RESAMNE (0, , 2 ) 1, BB EREENS A—-F—%FRT. H, i,
flh> AMH KR 1, , 2, &I, RRABERFAHNSTA—F—2FKsE, BAH%
DAEXRBHINZV. 2, , 2 ,. 2, DEEHEBRIT, AMH BT TIZE- 7=
REETHENZN. LOL, NIA—Y—nSERTEE, ¢, ldz, E13RE
LEHET LS. MRAHMEAKELTE, 2z, & L3 H, TR,

E = 85
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4.2 H@EX (SD) K7L & U T OSBRI O R4 H#
(AMH)

B3 EOERBERNS, WA SD K70 A TEFILEIO AMH 213, SD 1
70 AMH HHBEBEMR (/1 H, Lx ,) BREN, B2, H. DRFHED/NT A—F—n8
RKEWZEMHBAL . T2, REBMEAED MD BT O ALRFIRE O ERER T,
MD ¥4 70 AMH HPBEBEGR (.//x , L H.) #RS5H, SDRTFOHEEED H. OR
FEDNKT A—F—ZNEL< D, BEXT D 2HAOBERFORFIN S 5HE1T,
—HZIC AMH 13T B L B> TREKE AN T A—F—lI/ha k5. RTENINE
HIHEER, LIx IH EWSHBEBRAHIETES (X 41).

LA OBESUBRIER M O R A E O AHBEREfR 2 BT U 7= AMH @HTIEIL, Sailkiho
BRgEIX (SD) ¥iFRtTit& L THFITSH 5. Stephensoneral (1986) 12k, I1,, z,
DIEBERERIZH S N TEbliT TH 2H, KAOEFOFITIIER 4 18RI H
HAEEREL, #RORTFEANZDDELEALONZLETHS. TLBSDOADE
F% MD OHDEFN END DEFHEZITS W, FIT, LDEMTKTENOHRT, SD
BIFECADNEBL T HEBIHETEANESI N, AR 2R > BEEE IR
S2TL%. ZOXIBHBITHERNZDON, FMAD AMH F#THE T, AMH ZRITHRVT
ZITD Z&IiZXo T, foliation HIPN T lineation 72 E DK F DX 2T TE, Tz,
foliation DEARE T/ZWAEHI DWW TIE AMH =X it 2B 229 T &tk > THER
BRAEMOFEERATE S, SDRFHEFIL TWASMD MD R FAEFIL TS
Bricl 2 XS5 2BAICIE, AMH MBS 1 7 7S A ZFE BRIV ENTH 5.

K42 13, 2 BEORTFORARME 23D ALERIFEEOZRITHRITHERZ Day-5
AT7TZL70y b LERTHS. BRBEFEOHSSDODENSHETE ST
YA L& AMH TRV E <HER L, BEHEIOBMER TR H OfETIC AMH HIE
MENRZENES DN,
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FEiz, WM WS, 1, S, ORI EL, MO RS
ZiHUE x  ICREATTS Z &AL, G OB O 48 A R A A 8 T e
A S YIS B AMH T I T 5.
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Ip = XL sl He

Hpco/He
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L magnetic fluid
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4.3 D (H.) ORFEOEREME

B/IFMITRLIZLSIT, SD, MD DR TRFAIS H- AT O —~#EOERDOH T,
BABEREDD S, H, ORFEEZIMOBEENEEIIRZZE(CERTST ENE
Molz. BT, SDRTATEFRETE H. ORFHIEIKRE<EANZE@LHD
575, MD R FOATEFREITIZ, RARITEDHTHhE <725,

BT, L BRIFY A XThhb 5 TR T ORRR ALY, H50IE,
EEARFEDOAMICEZHWER > TWzDIZHBE LT, H, &, BT SD ORI
AR D WIZEEF RGO HMIZREUESWMERFS, KT MD ORFIIFIRS 5 1
REFRGEOHAMEERZTLHMICALEESMERFD (¢, x, EIT¥HEBED
R . B2ETHENEXSIZ, H, ORFEHIOWTOMAREIZZVD, LLED
KBIEREZRET DL, H. ORAMIT, WHHER (2 ) ORHHE (AMS) &Rk
IZ, SD, MD O FUAM X LESBDHIMIRAML L T, EOMIFRNITERRN
FA=F—IIRDS5LBbh 5.

OHIBSGRE 2B 22D & EITE, SO DO NRM OLEEE VD OMNEEMH
BIZ/E%. H, OFmWEATRINE, EVWBERRZELC T, KER NRM Z#iRF
THRIENTERN. AAEOFDONRMA, HHIBKE L THATESREL LEE
BN ED N, 2ANITRTSLEND S, KIFIEEICE D BRI NRM %4
BEL, TORE% Zijderveld 4 L (Zijderveld, 1964 ) THITT 2 &, EERICLELR
(LTS E S MAHVHIETE S (Stupavsky and Symons, 1978; Halls, 1979). Z D& &
#E T2 (Characteristic component of NRM : ChNRM ) 7355 Dl H, DK E VB E
THH, MD OFF DL LT WML, H. A&,

L, BWEKRFEZR > TWHEEDHE, MERNELS. ZERAEBRTRK
HREEICXD, REMPWESZHEETHIE, ERHOICE MD ORORLERRIL &
SD ORDOEEREE LV KRICEGHORE T, —HICKHTEZ2S (Buter and
Banerjee, 1975; Heideretal.,, 1992) . LU, EBEOFAFRIZHE, WHOS5PSD D LS
BPERNCIZSD ELTADEIN, MFLELTHEHMDZABEINS Lo ERTD



f#ES % (Dunlop er @., 1974; Levi and Merrill, 1978) . PSD OBz DWW TIdHR7”
Z2DEEEHD, TRICREL VRS EBEL T, ChNRM ZHDHTZ EATRA
DEATAEENE D MIEBEETH S ( Xu and Dunlop, 1993, 1994).  Dunlop and Argyle
(1991) &, XN SER TN TWAEBRHEEERBEET, MD ORLEZHERET 5
ZEERA, TOHEFRBMHBEI VAN THL 2 LE2HmELE. 2Ok, HE
FHEIE ST, HEINARSMWEIERDDKESINRRSHEND ZELEHE, B2
IKERSHNWESOREEZEM TSI OB LI ERL TS, RiC, HETSERET,
BAED H. ORGENBEZETH -8B, BiLTEEREFNIHEREINTVLSD
M, Thbb, HEEO ChNRM I3, H. ORFHOHEEZZIIT, BEOERDPT
WAHRNZEZ < DRANE - TWAO TR Wh E NS BEERE, HIZEHEIZBMan
=YAEEYAd AR



4.4 EREREHEORFE (AMH) I2Xs55610OREM R FE )
FRAT

BAAREBHIDWT O AMH EBITIE, £A0 AMH AERT - 285 L0 ER
HEU233% 5. Nakaietd. (1993) 13, FEOR FEINC L 2BERFHEO NRM Iz 5%
LRHBEMAT S, Bl 2Vt - FIVABEEOHBEED AMH ZRIE L7
(fF &k 1).

RADERL, ENEBRTERLUATREEE, HURERZ2EEEF>TVS,
RBOEA EFPRTER L ATERFEEIAERICE S RizHMIZONT, BT
IZFIET 5.

. ATHBHIE EN5BEMEMIT, BMEDHBROLES Thah, KADSE
ADEFE, BEMELYORS, KFEXZ, ZEICED. ATEFRE T,
BIEEEHIA THER L TR WSRO /321 MIRRDERITE.

2. ANLEBHTER U SMBEEmis, — S &< Tl ETH 20, 560
Ba, “HELD EOMBEINEESDRESbH 5.

3. AAICEENIEMT, BRMEAORIIDLADRL, BEEEOHEYIZ
W, —%, FFRTER L ATEIREOERIZ, #REEFRIDZN,

4, ANTHEE IR IS TEICENLTEY, EVICHESHEEER%
LTWaR, BARTIE, WEEEMIEHICHAL, ENICHSHEEERZ
Dz,

ULOMERZSEAT, RROEAEHA L H i RERE R RS OB 76 & L
%895,

Nakai et al. (1993) %, HEEAEANIN T AR AEOKFEEOTT, i
B, BAERZICH U TR ER ChNRM Z2F OBl O &2 EA T, TOEGFOIMES)
MARTRETELNEONEZWEL, MFEIINFZEAERVNSDE YA, B
ERbDEcHIAT, FHF LI T2 b I TEHEL. K43, a, b=DDHA
7' ChNRM ORHE AL ZIREBEIZ 70w RLEDDTH 5. a,b=DD¥ 1 TD

# 2 92



90 270

180 180
Inclination=48.8 Inclination=37.8
Declination=333.3 Declination=25.8
K=24 * K=30"
a95=5.4 af95=6.5

243 AHNT R AR FE ONRMOBE(L T

(a) 1, FWRRIE o0 L1 BOH 25 BB C v\ o RS I8
(b) K, AR i oD L 1B 50 20 W il 7 1y IR 38




NRM B—EOFMICEEL £S5 (K 43). —F, BFEFIVEEFTDS ¢ ¥170
ChNRM DAL HALIE, BREEEOLWEITILNS. DLEOZEMNS, ¢ ¥4 TENS
IERTESIOBHHEED NRM T, BEARAEICL > TRERREEZITITWADT
BanheEZS5N5.

ERDEFED EIZ, ZNE5DEED AMH QHIEZRA=DOH [ 4 TH 5 (Nakai
eta., 1993). F44-(a)it a ¥ 1 7OEED AMH 2Ll (=70, HeEhsfEL =
R OREZEOEEMEAL, RITELTWARY) O—FITHS. 3 DOEDR
SEHEIZDONT D, RAMRIFEAERShRZWN. B 402 b 1 TOEED
foliation AT AMH Z{LBH#RO—HITH 5. ETORAFUENR SN, a 20mT O3
WRIHREER), T1(280°C DRIEREE), T2 330CORMME) &, EHEBIRSIZH-
T, €@ NRM OEALAALIX, FHOD lineation 1IZETWTWL . H,, I, DRHHES
B AGTENT, Z DD lineation D H IV, B 44- () 1T ¢ ¥ 1 T DEE D foliation
NTO AMH 2L o—FTH 5. H, I, CEEMORSHENSH D, OB
mineral lineation DM &—H L, RiZ H. QRGN N. ZDEFD ChNRM DR
{EGMLBITRL TSN, a, T, T2 &, HEEBIRIITH-> T, TOREHIIE
foliation EINZE#R L, lineation IZIETNWTWS Z &Z/25%. ZDZ &M S Nakai et al,
(1993) i3, I, H. ORFMEDN, NRM OBUEAMLICHENICHEEZRIFLTWE T &
ZrRS &L, TOERERER, FRRESROSMEANTHSE L. Tk, 3 DOBMIE
HORT, H ORFUENEETHD, ZOHEMITEFHEOEED AL SD HiTE S
MBI E—BT 5. KIZ, TO AMH AWM, SD ¥ TORFMENE S i
WTRICKRET 5.

X 45 12 AMH B 1 7 7/ 5 L &R L7= (Nakai etal., 1993). HEVE, c ¥4 TR
METHD. COFIT7T75ATHE, AMHHBET—%I13, ¢ ZEAETHIEE_-S
DRECHHTS. ZOT &R, 3 DO OB, H, /1, Lz , OBRICR
STWBHIELERT. TN, TRAESDYA 7OMBERENZS. ATEMGE
D AMH T, ZOXSITENWESD #1 7D AMH MBI T—#131F & A EHNiz W,
HADOHFOBBMETMIL, tOTMICL > THEICOBEI N T T, ATESREO
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BELRIZO>THDED ZLDRNOT, HMTHEORSAIEENZ<, AMH #H
BT — DI H, /1 I, Lz OBRICE> 0 TRV h EEbhs, LR
27T, ¢ 1 7DERAE, SD ORI FEFIICERT 2 AMH RAUNEETH D, BT
H.  DRAGHBRKEZF NI ED, ChNRM ORMEFIICHEEZ S X TNnAH T EAHEAL /-
IOV ¥ 1 TOERAMMEBTELRIEAMER > TWRWIZ EEBHLNTHD,
Z @ AMH T OfEami, EEBAN I T ARAFED ¢ ¥ 1 THERED ChNRM OF
=B, THEKE L THERAFRETHEZLOBIVIZHRS.

—%, —EOHEPERT b I TOEAEED, Edd X312 NRM ORHEAHLIZ
H. ODREVWHFICHEEZET 5. £/, foliation HENTH 1.2 OFIE Bk
B OH.DOREAEZEEE, SDFA 70O AMH HEZRT (45-(b). DT ENS,
b &4 T afidtd NRM b SD RiFEEFIOEEEZ T TH YD, ChNRM I —FDHF
EAELHOD, TOHMBBACHMTIIRLS, FFFEBOFFRREEDHRTH S
EWVWZS. )

PED &S, AAPOD SD QR FEF|H ChNRM OFHICEEL, c 1 TD X
D ICHS ORI FEAMEEZIBSIL, NRM BT 2HANSH 5 ENFHEIN5S.
1 MR TR LERED NRM HAADBTH2EMBROIIITHEZTNTNS.
Henthorn (1982)13, ¥ EiHEH > THMIFE S @ Kirwanveggen & Ahlmannryggen O i Hif
SGREZB 72V, 988160Ma (Rb-Sr2F7 7 02), 603+£24Ma (Arf’Ar 27
T2y OFFEASNE (Istind amygdaloidal sills) &, 821 +£58Ma (Rb-Sr £&8 7 1
) OFIEVEE (Straumsnutane andesitic lava) 72 5, KWHHBET —4 #15T
V1% A%, Neumayerskarvet O H FE5 48 (gamet-biotite plagiogneiss) %>, £ P (amphibolite),
fEl@5%H (biotite granite, granodiorite) Tld, NRM A5 #H L TEE TE 5K
F=FRRELEBNIEERELTVS. Z0LDIZ, ERETEMNSIT, Tk
[TF—FEH/SNDHIEDIRN.

—75, HRD b ¥ A T OEA DRI S i ITIE, ChNRM QG LIZER T 57,
T U 7= OMIERREIR 2 KL TWARWATREM DO H 5565 H 5. Funaki and Saito
(1992) %, Thompson and Clark (1982) iZ& % APWP S @B AEO 7 4 —2E— RS



> I (Queen Maud Land) 527 4 — 2 A Y 1) —5 2 F (Queen Mary Land) 2/ T D
High S/ oN R T — Y28 TiHFlzmaiNZzB ok, TORKRE, 7
U AT UHARZF R (Princess Elizabeth Land) O 7V AR VX OBERN
J#kF (biotite gneiss) &, FRFNIELHNTN DR FEATE (gneisses) 7 51& 5Nz iz
—& 20T, WEEAKEDOERANSHE SN NRM B 53R 7= ai it 4 (RLABE O
VGP I, Thompson and Clark (1982) @ APWP @ 400-550Ma O#iEf Eico D, HED
FEREAPWP OFERDBRKESFBELABNZIEZH|E L. 2O APWP LIZD 57810 2
MR OH R T — FId, WiEE b RREEN 5157 ChNRM THS. TS50k
APWP &—F L 72\) ChANRM F—# IZDW T3, HEHEORKE & FRIC AMH %18
o IR TR OREORNPLELEDNS.

Bl &5z, FFEaESANRE, ElatsioB ASBHORITHE, @HT NRM
DEPEDBNELGS, FBETEANRMAOEDPRHZ2ETHSEADNFETS. L
- T, 4%, ZhoOEREHROTHEBEMAEZD 25T, BAESE
EHEEETRBLOSMASEEZRATSLENRS S, AMHAIEZEIE, N5 OZE/MREH
MOTHBEMEEB RS BEICARRFEETHD, BANORFRAOHEITEB
ZRRDZEMTE, D, ChNRM NOEEIHETEL Z LAFHEENS.



FHO5E R W

VSM #5777 P AREORAGE - AMHIZI DWW TOEBHIEEZB /2o
FRERLITOERICEL .

1. AGHPIZSD OEFRH - =BEITE, "LIH. Ly " WO RBEREMED
BOMHBERBH D, I, , H. ORFEAEBEI, BTFEIO LM E—FKT 5.

2 SD OEFIH S H0FE, H. DRFMEIIRELBZS. H, ODRFHENKEVS
&, ChNRM |ZfEHTE A K AR E a0,

3. B FRHID D DEEPD SD OEFINDH S0 E S nE, SDF A1 7 AMH HiEd
Btk "IN H.Llyx, " THETZ3.

4. MD DELFINH S & XX, MD ¥ 7 AMH HHBBEtR "1,// x, L H." T
HETES, BEREOMIZ "LIH Nz " &WS HBEBERESSB 5N 5.

5. ZREEEO G HBESREZTD &F, AMH BITIEIL, {§EHTE588%%
BLE/DZDICARNEHETHS.



it 2

AR, BEWFERFER AR BRI F H U (E TR 25
AT OEIEEER, BLY, ENEBHHEROBEMTEBOHFEOb EICH
Zixbhnle., Rk BWHEL, FEFEMLICE, AHEEED3ICHES T,
MiEfichiz=2 ZIEE 2 WA WE., [STHRSEERTO/NEERTE 4101,
FHRICDOW T RABIE R 5 R E Wiz niz., ENLEIFERT O F
REBEBREICIE, sAREHRDIERE 5TV EF Wz,

NASA, Goddard Space Flight Center (> Peter Wasilewski 181, SESEAFE
ZWElEWE, ARAENGEZL TWEEWE., FiEkEot+BEFE LI,
ATHEMEREO B Z DT > TnwiEEniz. EEKEEENRTOTY #HE#H
1%, NEHKIZIE, HFREEORGHRIE D=0 IZ Kappa bridge Z A X 8T
feiZnie, BAERFOERER ML, ENIEMARRO NS ElL, (LEA
M, BAESEE L, BURZOEHEBEL, HEXZO LHEHTHE,
BEPIFERER KZEOHII WEICE, EBRETBBWEEFEERLZTHE 2
WizlZwie, BRERBRFEORE: WEERICE, F—FT144F—T oWk
WT, FRABIBEEVELE V. ERAKZPORFE=HEICIE, FHXEE
LD ETHBRIBIEEZWEENE,

ESERUTRE T DREEAS, RICHABMOEEEFITE, FHREED S
WHE>THITTHEBENW W, BEWERERRFOILEEER SN,
EL BT ZERT OB OERIZIE, MIRET LEOEREZIEIN > Tz,
REMARFERRFEREER, FicRA K, =& KK BXU, hiikE
DWEAETFRICIE, EBREOTBAhZEWERENE.

DEDG%IZ, FE<BHOBEERELET.
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Abstract: The relationship between magnetic anisotropy and natural
remanent magnetization (NRM) was investigated in the gneissic rocks collected
from Skarvsnes, Liitzow-Holm Bay, East Antarctica. About 60% of the
samples show clear gneissosity, but 40% of the samples have less clear
gneissosity. The samples with gneissic fabric show magnetic anisotropy.
The maximum value of M. and I, and the minimum values of X, coincide
with the lineation within a foliation plane. During thermal demagnetization
of the samples having stable NRM's, the NRM declinations are gradually
shifted toward the direction of lineation, and they are stabilized in a plane,
within the rock, having well developed foliation. The anisotropy tendency is
more clearly observed by using the H. and Iy values than X, values. Two
kinds of virtual geomagnetic pole (VGP) positions are identified from the
Skarvsnes area. The former is consistent (latitude 11.2°S, longitude 16.0°E)
with the previous results reported from the Liitzow-Holm Bay area, and the
latter (latitude 2.5°S, longitude 63.2°E) reflects the magnetic anisotropy result-
ing from the lineation.

1. Introduction

We report preliminary results for the natural remanent magnetization (NRM)
characteristics, and magnetic anisotropy obtained from the hysteresis properties
using gneissic rocks from the Skarvsnes area (latitude (Lat.)=69.5"S, longitude
(Lon.)=39.6’E) on the east coast of Liitzow-Holm Bay, Queen Maud Land, East
Antarctica (Fig. 1).

In this area, various kind of gneissic rocks are exposed, such as garnet-biotite
gneiss, hornblende gneiss, pyroxene gneiss and metabasite (IsHikAwWA et al., 1977).
The Skarvsnes area is situated in the granulite facies terrain of the Liitzow-Holm
Complex, which is geologically characterized by the progressive metamorphism of
medium pressure type (Hirot et al., 1987 ; SuiraisHi ef al., 1987). The peak
metamorphic condition is estimated to be 810°+20°C in temperature and about 7 kb
(7x 108 Pa) in pressure (Hiro1 et al., 1987).

The Liitzow-Holm Complex has been deformed at least twice (Hiror er al.,
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1987), and the age of the latest regional metamorphism with associated folding was
estimated to be about 500 Ma (Suiraishi er al., 1992). The geochronological ages of
the gneissic rocks from the Skarvsnes area were obtained as 510430 Ma (Rb-Sr;
NicoLaysen et al., 1961), 458 + 10 Ma (Rb-Sr isochron ; MAgGoya er al., 1968), 1100
Ma (Rb-Sr isochron ; MaEGoya et al., 1968), 1300 Ma (Rb-Sr isochron ; SHIBATA et
al., 1986) and 1900 Ma (Pb-Pb isochron ; SHIRAHATA, 1983). Ages around 500 Ma
may indicate the most recent thermal event in the Skarvsnes area.

Generally, gneissic rocks have well developed layered fabric and the NRM
direction appears to be influenced by the orientation of the associated magnetic
mineral fabric. Anisotropy of magnetic susceptibility (AMS) has generally been
used for identification of the magnetic fabric, but StepHENSON et al. (1986) indicate,
" for example, that the single domain (SD) uniaxial prolate grains of magnetite had a
zero susceptibility along the easy axis of magnetization, and an AMS did not agree
with the anisotropy of an isothermal remanent magnetization (IRM). However,
there dose not appear to be such clarity about the relationship between the NRM
direction and the magnetic anisotropy for gneissic rocks. Therefore, to elucidate the
relationship between the NRM and obvious magnetic anisotropy, we evaluate
magnetic susceptibility (differential susceptibility (X, ): gradient of the magnetic
hysteresis loop at the abscissa after the saturation of magnetization), saturation
isothermal remanent magnetization (SIRM) and coercive force (H.) (all of which are
obtained from the magnetic hysteresis loops).
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2. Description of Samples and Measurements

A total of 136 oriented samples of gneissic rocks such as pyroxene gneiss, biotite
gneiss, garnet biotite gneiss and other gneisses, were collected at 10 sites (site A-site
J) around Mt. Suribati, southern part of Skarvsnes (Lat.=69°30", Lon.=39°39) as
located in Fig. 1. The drilled one inch core samples were cut into one inch long

Table 1. The characterisiics of samples from Skarvsnes.

Site  Sample name Rock N Gneissosity
A T 921- 939 Garnet-biotite gneiss - 14 (D]
Garnet gneiss 5 *
B 940~ 955 Garnet-hornblende gneiss 5 A
Garnet-biotile gneiss 6 A%
Garnet gneiss 5 O
C 956- 962 Pyroxene gneiss 4 @]
Hornblende gneiss i b4
D 963- 976 Pyroxene gneiss 10 Fa
E 977~ 980 Biotite gneiss + ®
F 981- 984 Metabasite 4 b4
G 985- 990 Biotite gneiss 6 O
H 991- 99§ Garnet-biotite gneiss 6 O
| 999-1014 Garnet gneiss 6 A
Garnet-biotite gneiss 10 O
J 1015-1060 Pyroxene gneiss 20 b
Garnet gneiss 26 O

Gneissosity ; (O well deveinp&d lineation and foliation, A’ poorly and no
developed foliation, % : no developed foliation.

H—
X—Yplane {b)
fem ~
— .
m,TEj » H— ". L
/ Sample for magnetic anisotropy X-Zplane
] —

ir-— _ i H—) “ 90':

—
Sample for paleomagnetism
Y-Zplane

Fig. 2 The method of measuring magnetic anisotropy by a VSM.
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cylinders for analysis. Clear gneissosity was recognized in 73 samples, but it was
less clear in 58 samples. The character of the gneissosity in rock types from each
sampling site, is indicated in Table .

The NRM's before and after AF and thermal demagnetizations were measured
using a 3-axis cryogenic magnetometer. The magnetic hysteresis loops were mea-
sured at room temperature using cylindrical core samples of 1 cm in both diameter
and length. The magnetic hysteresis loops were determined by cycling between
—0.8T and +0.8 T, from which I, H. and X, values were obtained. In order to
estimate spatial variations of the magnetic properties, the hysteresis loops were
measured at every 15° in the x-y, y-z and z-x planes of the sample (Fig. 2).

3. NRM Characteristics

A survey of the NRM stability to AF and thermal demagnetizations was
completed for select samples in order to determine the demagnetization characteris-
tics. The AF demagnetization was carried out, stepwise at every 5 mT up to 50 mT,
and the thermal demagnetization in 50°C steps up to 630°C. The typical Zijderveld
projection for one sample which carries a stable NRM component is shown in Fig.
3a. During thermal demagnetization, the soft component was removed from the
NRM (2.58 < 10~% Am?/kg) below 230°C. On the basis of these results, the optimum
field and temperature for the magnetic cleaning were assumed to be 25 mT and 230°C,
respectively.

The samples showing stable NRM’s against AF demagnetization and the NRM
directions after thermal demagnetization at 280°C are shown in Fig. 4. The direc-

(a) (b)
U N U N
- 30 (X10*Am*/kg) 23 (X10-*Am? /kg)
c
i ag 230'C
.o 42
i aaoe —a— NS-EW
| -1.5 | —— UD-EW
-15 S
230°c =1
- 10
< RN 0.5
: sI0'c
Lo ; 0
Wigig i3 23949 F ") 05 o F
(X10°*Am*/kg) S D (X10*Am?/kg) S D

Fig. 3. Zijderveld graphs of AF and thermal demagnetization of NRM of the
gneissic rocks from Skarvsnes. E: East, W: West, N: North, 5: South, U:
Up, D: Down
fa) AF demagnetization (0-50 mT).
fb) Thermal demagnetization (30°C-630°C).
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180

Fig. 4. All NRM directions which have stable NRM against AF demagnetization
(after thermal demagnetization : 330°C or 280°C).

tions of the stable NRM’s are scattered. The dispersion of the directions of the
stable component of the NRM seems to correlate with the gneissosity of the samples.
Samples were divided into two groups based on the extent to which the NRM
directions move toward the lineation within the foliation planes, ie., group (ab) and
(c). Group (ab) NRM directions move slightly toward lineation within a foliation
plane of the rocks, and group (c) NRM’s exhibit drastic excursions. Observational-
ly, the samples without foliation or with poorly-developed foliation were found to
belong to group (ab) and those with well-developed foliation to group (c).
Figure 5 shows three examples of group (c¢). The solid/open circles show
downward /upward NRM directions, and solid /dotted arrows denote upward /down-
ward directions of the lineation within the foliation plane. The directions of the
original NRM after AF (25 mT) demagnetization and after thermal (180°C, 280°C

= 80
13;0 180 180
Sample 936 Sample 872 Sample 942

Fig. 5. Change in the direction of NRM during the demagnetizations, and the
direction of fabric lineation of minerals within a foliation plane. (The
arrow of solid line: upper hemisphere, the arrow of the broken line: the
lower hemisphere, n: original NRM, a: after AF demagnetization at 25
mT, t1/12/13: after thermal demagnetization at 180°C /230" C /330°C)
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90 2
180 180
Inclination=48.8 Inclination=37.8
Declination=333.3 Declination=25.8
K=24 K=30
a?5=5.4 a95=6.5

Fig. 6. The paleomagnetic results of the gneissic rocks from Skarvsnes area.
fa) VGP: Lat.= 11258, Lon.= |160°E
fb) VGP: Lat.=25S, Lon.=632'FE

and 330°C) demagnetizations are denoted n, a, tl, 12 and ¢3, respectively. The
direction of the original NRM for sample 936 is nearly parallel to that of the
lineation. In the case of sample 972 and sample 942, the NRM directions during
demagnetizations align along a great circle. For these two cases, the NRM direction
after thermal demagnetization at 280°C (¢2) finally aligned with the lineation.

After thermal demagnetization at 280°C, the NRM directions of the samples of
group (ab), fall into two sub-groups with different mean directions. The mean
direction of group (a) is inclination (/)=48.8", declination (D)=2333.3" with the
sample number (N ) =27, precision K =24 and confidence of 95% probability (ays)=
54°. The mean direction of group (b) is; I =378, D=25.8°, N=15, K=30 and
@55 =0.5°. From these results, vertical pole positions (VGP) were derived from the
mean NRM directions of data sets shown in Fig. 6.

4. Magnetic Anisotropy

In order to elucidate the relation between the NRM direction and the anisotropy
of the magnetic properties, we subjected cylindrical core samples to magnetic
hystereanial; from which magnetic properties (fy, H. and X,,) were derived.
Figure 7 shows an example of the variation of Iy, H¢ and X4 values in the x-y
plane for one sample from each group (sample 926 : group (a), sample 921 : group
(b) and sample 942 : group (c)).

In the case of the samples in group (a), H. and I values are regarded as
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Fig. 7. The magnetic anisotropy of gneissic rocks from Skarvsnes. Iy saturation
isothermal remanent magnetization, H. : coercive force, X 4., differential
susceptibility at abscissa of the hysteresis loop, } L: the direction of the
lineation, | : the direction of NRM (n: original NRM, a: after AF
demagnetization at 25 mT, tl, 12 13 after thermal demagnetization at 180°
C, 2800 C, 330°C).

(a) The sample which belongs to group (a) in Fig. 6, with no developed
Joliation.

(b) The sample which belongs to group (b) in Fig. 6, with poorly developed
Soliation.

fc) The sample which belongs to group (c) with well developed lineation
and foliation.

isotropic within experimental error. On the other hand, a maximum value
(X 4i5tmax) can be recognized at 0" and 180°, and a minimum one (X 4;¢mim) at 90" and
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270°. The NRM direction does not shift toward the (X g rmim) OF (& girgmax ) during
the demagnetizations. The sample of group (b) shows small anisotropy in H¢ and
I, indicating maximum values ( Hemax» fymax) at 180° and 360° and minimum values
(Hegmims fremim) at about 270°. The X4 value of this sample is too small (19%,
((X dgirrmaxy — X airmin )/ X aittmeany) X 100(%)) to observe anisotropy. The NRM decli-
nations after thermal demagnetizations (2 and (3) are almost parallel to the
direction of the lineation within a foliation plane. The group (c) sample shows
large anisotropy in Iy and H, indicating maximum values ( H¢may, Tramax) at 90° and
280" and minimum values (Hcmin, Iramin) @t 07 and 190°. On the other hand, the
anisotropy in X 4, of this sample is small and anti-phase to that of H. and I;. The
direction of Hemayy and Iynay is almost parallel to that of the lineation. The NRM
declination shifts toward the direction of the lineation during the progressive
demagnetizations up to 280°C (12).

5. Discussion

In this study, the samples with stable NRM’s against AF demagnetization, are
classified into 3 groups (a, b, ¢) based on demagnetization characteristics and NRM
clusters; group (a): the NRM'’s cluster (the mean direction: [ =48.8", D=1333.3") and
the directions do not shift during the demagnetizations; group (b): they make a
cluster, (the mean direction: 1=237.8°, D=235.8") but the direction is shifted; group
(c) scatters widely. The VGP position calculated from the mean NRM of group (a)
is Lat.=11.2°S and Lon.=16.0'E with ay;=5.4°, and that of group (b) is Lat.=2.5"
S, Lon.=63.2°E and ay;=6.5". VGP positions (similar to group (a)) have been
reported from the various Liitzow-Holm Bay areas (NAGATA and Yama-al, 1961;
KANEOKA et al., 1968; Funakl and WAasSILEWSKI, 1986). The VGP position fits the
apparent polar wander path (APWP) of Gondwana at 430-450 or 510-530 Ma
(THompsoN and CLARK, 1982). The ages of the rocks from Skarvsnes were reported
to be 510430 Ma (Rb-Sr; NicoLAYSEN el al., 1961) and 458+ 10 Ma (Rb-Sr iso-
chron; MAEGOYA et al., 1968), and therefore the VGP position is supported by the
geochronological results. This consistency of the VGP and correlative dating may
suggest that the NRM direction of the group (a) was not disturbed drastically by
minor amounts of magnetic anisotropy resulting from the gneissosity. Actually,
extremely small anisotropy is observed (Fig. 7a) for the samples in this group.
However, the VGP position oblained from the NRM’s for group (b) was inconsistent
with the APWP of Gondwana throughout the Paleozoic and Mesozoic. The
samples in this group had measurable anisotropy and the data imply that the NRM
shifted in the direction of lineation during the demagnetization. The VGP position
of group (b) is located eastward from the expected site, as discussed above. The
cause of the result may be the development of foliation in the granulites along an
E-W strike (IsHikAwWA et al., 1977).

From these viewpoints, the reliable NRM directions cannot be obtained from
the samples of group (a) which have not been significantly aflected by the foliation,
Therefore, we must check influences of foliation and lineation on NRM arrays when



Magnetic Anisotropy of Gneissic Rocks 45

we study paleomagnetism of gneissic rocks.

Another important feature in this study is the obvious and useful use of
hysteresis loop analysis with the VSM. Figure 7 shows the X, anisotropy curves
for sample 942 of group (c) anti-phase to that of H¢ and Iy. The Hegmaxyy and Tymax
of this sample are approximately in the directions of lineation within a foliation
plane, but the direction of X, max deviated 90° from the direction of lineation.
PotTeER and STeEPHENSON (1990) observed similar phenomena in samples with uniaxial
anisotropy whether SD or multi-domain (MD) grains. The systematic changes of
declination toward the direction of lineation within a foliation plane, during ther-
mal demagnetization, may be explained by the characteristic distributions of MD
and SD grains. The NRM consists of hard and soft components ; the stable (hard) -
component should be carried by the SD grains, while the unstable part reflects the
MD grains.

STeEPHENSON et al. (1986) reported that the anisotropy of isothermal remanent
magnetization (IRM) acquired at 0.2 T was larger than that of X,. We show that the
anisotropies of H. and I; curves (Fig. 7c) are larger than that of X, The X,
value which we obtain by a VSM is similar to X, value physically. Therefore, the
anisotropy degree is more effectively measured by the IRM, I and H. values than X,
and X, values for gneissic rocks.

6. Concluding Remarks

(1) Only samples without gneissosity carry the reliable NRM’s, The NRM’s
of gneissic samples are disturbed by the anisotropy of magnetic properties due to
lineation fabric.

(2) The reliable 500 Ma VGP position obtained from granulites in the
Skarvnes area comes from samples without significant magnetic anisotropy. The
VGP is 11.2°S latitude and 16.0°E longiude, consistent with prior work form
Liitzow-Holm Bay.

(3) The maximum anisotropy axis of the H. and [; values coincide with the
direction of lineation in the sample; the maximum value of X, is observed
perpendicular to the direction of lineation.

(4) The H: and I; values are a more effective measure of the magnetic
anisotropy than the X, value.
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Abstract: The magnetic anisotropy of hysteresis properties of audio-tape
samples which were made from single domain (SD) of 4-hematite were measured
using a vibration sample magnetometer (VSM). Subsequently after alternating
field demagnetization (AF demagnetization) of natural remanent magnetization
(NRM) up to 60 mT, the anhysteretic remanent magnetization (ARM) was
produced by applying an external alternating field up to 120 mT under the
geomagnetic field in the laboratory.  Afier these ARM acquisitions, these ARMs
were demagnetized by AF field up to 70mT. On the hysteresis properties of
audio-tape, H; (coercivity) and [, (saturation isothermal remanent magnetization)
were found to be more anisotropic than x,, (differential susceptibility at low
field) ; these anisotropic maximum axes were parallel to the length of the tape.
The anisotropic maximum axis of x4, was perpendicular to that of Iy and H in
the tape plane. The most stable remanent magnetization afier AF demagneliza-
tion remained parallel to the maximum axis of H. and of /,. On the basis of the_
similarity of the magnetic properties between the tape sample and the gneissic
rocks from the Skarvsnes area, East Antarctica, it is clear that SD alignment in
rocks shows the perpendicular anisotropic maximum axis of % to that of £, and
Hc. Therefore, this anti-phase of the anisotropy may be an important index to
determine SD alignment in metamorphic rocks. The present study suggests tha
the NRM from old rocks not always shows the ancient geomagnetic field.

1. Introduction

The measurement of anisotropy of magnetic hysteresis properties is a useful method
for the identification of the alignment of magnetic minerals in rocks. Some gneissic rocks
have magnetic mineral alignment, and show magnetic anisotropy. NAkaIl ef al. (1993)
have measured the anisotropy of the magnetic hysteresis properties (ie., H. (coercivity),
Iy (saturation isothermal remanent magnetization) and X ., (differential susceptibility at
low field)) of gneissic rocks from Skarvsnes (Latitude=69.5°S, Longitude=36.6E), East
Antarctica, with a Vibration Sample Magnetometer (VSM). The values of H. and I, of
these rocks from Skarvsnes were more anisotropic than X, Therefore, NAKAI ef al.
(1993) concluded that H. and £, were a more effective measure of the magnetic anisotropy
of paleomagnetic rock samples than x,,. The maximum anisotropy axis of H, and I,

143
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Fig. 1. The SD alignment of an audio-tape sample.

coincided with the direction of lineation in the sample, and the natural remanent
magnetization (NRM) direction after thermal demagnetization turned toward the maxi-
mum anisotropy axis (NAkal ef al., 1993). However, it is still not clear what grain
alignment contributes to the anisotropies of I, He and X .

In general, both multi domain (MD) and single domain (SD) size grain magnetic
minerals are contained in natural rocks ; sometimes they are aligned. In order to under-
stand the characteristics of magnetic minerals which show alignment, the author prepared
an audio-tape in which ellipsoidal grains of SD of y-hematite are well known to align, as
shown in. Fig. 1, and measured the anisotropy of the hysteresis properties using a VSM.
IT the gneissic rocks have SD alignment, the anisotropy of hysteresis properties of the
gneissic rocks should to be similar to those of an audio-tape. In this paper, the author
compared the magneti¢ anisotropy of audio-tape samples with that of gneissic rocks from
Skarvsnes, and reports what size grains contribute to the magnetic anisotropy.

2. Measurements of the Audio-tape Samples

A piece of an audio-tape was cut to | cm length and was set as shown in Fig. 2. The
hysteresis loops of the audio-tape sample were measured every 5° with a VSM in the X-Y,
Y-Z and Z-X planes (Fig. 3). The anisotropy of three magnetic properties (f, Hc
and X)) was obtained from these hysteresis loops (Nakal et al., 1993). From these
measurements, 1 realized that the maximum value of H of my audio-tape sample is very

Fig. 2. The setiing of the X-Y-Z axes for the autio-tape samples.
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large (about 300 mT).

The 60 mT alternating field demagnetizations (AF demagnetization) of NRM were
carried out for the audio-tape samples which were set as shown in Fig. 2. The result is
shown in Fig.4. This is in agreement with the above result that the samples have high
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Fig. 3. The magnetic anisotropy of the audio-tape samples. H : The direction of the
external field of a VSM, I, : saturation isothermal remanent magnetization,
He : coercivity, Xaue: differential suscepribility at low field, Kiueo Kine Kain ©
The eigenvector axves of the ellipsoid of a magnetic anisotropy tensor.




146 M. Nakal

-J/J.hlemily of  AF Demagnelization

1.2

14
0.8+
0.6
0.4+
0.2+

0 T T T T T T T T T
0] 10 20 30 40 50 60

AF Demagnetization Field (mT)

Zijderveld Projection (UD-EW vs. N)
ulw Kt
3
2
| aohin® 1
n '—---_h_q_q__
"—\-\__\_\_1.-\_-
S Beus o N
no .3 -2 -1 (] 1 Am*/kg
-1 * Hcomp.
DIE o V.comp.

Fig. 4. Change of intensity and the Zijderveld projection with the stepwise AF
demagnetization of the audio-tape sample. J : intensity of remanent magnet-
ization, J, : intensity of an NRM, E : East (Y), W : West (—Y), N : North
(X), §: South ( —X), U: up (—2Z), D: Down (Z). H. comp.: horizontal
component, V. comp. : vertical component, n; a position of an NRM.

Fig. 5. The ARM directions for the audio-tape samples. An alternating external field
was applied to four audio-tape samples (TAPEI-4) under the geomagnetic
Jield in laboratory. The big arrows show the direction of the geomagnetic
Jield (H).
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H. ; these results imply that a magnetic carrier of the audio-tape samples is an SD grain
(DAY et al., 1977).

An audio-tape cannot be heated ; therefore, we cannot magnetize it by heating
(thermo-remanent magnetization ; TRM). Instead, anhysteretic remanent magnetization
(ARM) was created stepwise at 10 mT on four samples into four directions (TAPE1-4, in
Fig. 5) under the geomagnetic field H;; (about 3.566 x 10¢ nT), and alternating fields up to
120 mT (Fig. 6). Subsequently, the AF demagnetizations were carried out stepwise at
every 5mT up to 70 mT (Fig. 7). These results on ARM show that these ARMs are very
stable, suggesting that TRM of this sample is also stable and supporting the above
implication that a magnetic carrier of the audio-tape sample is made of an SD grain.

3. The Anisotropy of Hysteresis Properties

Figure 3 shows the anisotropy of hysteresis properties (f,, H. and X,,) of the
audio-tape sample using a VSM. The anisotropy of f, and H; is larger than X, in the
X-Y and Z-X planes, but the anisotropy of these three properties is almost the same in the
Y-Z plane. In the Y-Z plane and in the Z-X plane, three properties are in phase, showing
peak anisotropy at the same angle (Y-Z plane: Angle=0°, 180" and 360", Z-X plane:
Angle= 120° and 270°), while in the X-Y plane, the anisotropy of x 4 shows the anti-phase
to that of /; and H, the peak anisotropy angles being 90° and 270"

Anisotropy of magnetic susceptibility (AMS) is a frequently used anisotropic prop-
erty. Here, susceptibility means initial susceptibility. X in experiments is regarded as an
initial susceptibility. An AMS is an ellipsoid of magnetic susceptibility defined by the
length and orientation of its three principal axes, Kya> K;;w> Ky These are the three
eigenvectors of the anisotropy tensor.  Using these quantities, the parameters ; L,"F, P and
E are defined as follows (RocHETTE et al., 1992).

L (lineation)= Kyax/ Ko (1)
F (foliation)= Kot/ Ko (2)
P (anisotropy factor)= Kyax/ Knins (3)
E (fulpSOld): Fsz' Klnt2meameln- 4)

It is considered that L is a measure of the extent of linear parallel orientation of
particles, and F of their planar distribution. The ratio E is termed the eccentricity £ of
the ellipsoid (Corrinson, 1983). If E =1 the ellipsoid is oblate ; if £ <1 the ellipsoid is
prolate. These parameters are usually used for AMS, but these are useful for other
magnetic anisotropies (ie., [y and H.). Therefore | calculated these parameters (L, F, P

Table 1. The magnetic anisotropy parameters of an audio-tape samples.

L F P E Shape of E
I 4.06 4.13 16.81 1.02 oblate
H 4.63 1.59 7.37 0.34 prolate
Xairr 1.19 1.86 221 1.56 oblate

L : lineation of magnetic anisotropy, F: foliation of magnetic anisotropy,
P : anisotropy factor, E : ellipsoid of magnetic anisotripy (F/L).
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and E) of the audio-tape samples ; averages of these parameters are listed in Table I.

The averages of L, F and P of f, and H. are larger than those of X, and the each
average of E shows different value (Table 1). On the basis of these results, I conclude that
these magnetic anisotropies (X g, e and H.) are controlled by different magnetic grains
or characteristics. As shown in Fig. 3, the direction ol K, of f, and H, is parallel to
that of X, K, to Y and K, to Z. Taking the configuration of the magnetic grain in the
audio-tape (Fig. 1) into account, these results are reasonable. On the other hand, the K ..
K and K., of X g are parallel to that of Y, X and Z, respectively, this result does not
agree with two other anisotropies (4, and H.).

4. ARM Experiments and AF Demagnetizations

Figure 6 shows the change of ARM intensities and directions during the acquisition
process. The arrow of Hy is the direction of the external direct field. When the sample
has no magnetic anisotropy, the ARM is thought to be obtained in the direction of the
external field. 1In TAPE], the direction of H;; is in the X axis, which coincides with the
direction of K., of H. and I,. The ARM intensity of TAPEI increased considerably
with an alternating field increase and saturated at about 80 mT, and the direction of the
ARM turned to that of the external field H,.

In TAPE2, the direction of Hy is the Y axis as shown in Fig. 5. The ARM intensity
of TAPE2 decreased at 80 mT of the alternating field, and the direction of the ARM
changed to that of H from that of the NRM direction at 80 mT. This means that the
sample ARMs were parallel to H;. Consequently, the intensity of TAPE2 decreased at 80
mT, due to the acquisition of an ARM which is perpendicular. to the original NRM.

In the case of TAPE3, H, was applied in the direction of the Z axis which coincided
with the direction of K, of H. and J anisotropy. The ARM intensity and the ARM
direction of TAPE3 neither changed nor acquired ARM parallel to the Z axis under the
alternating field from 10 mT to 120 mT. Considering the configuration of grains (Fig. 1),
this result is natural.

In the case of TAPE4, at 80 mT of the alternating field, the ARM intensity increased
to about that of the original NRM, and the direction of the ARM changed to that of Hg
(about 30" [rom the X axis). The increase in the ARM of TAPE4 may be due to the X
component of the ARM.

The above-mentioned results can be summarized into two important points. The first
point is that the saturation point of an ARM for an audio-tape is an alternating field of
80 mT. The next point is that the X axis of an audio-tape is the easiest direction to obtain
an ARM.

After the ARM experiments, stepped AF demagnetizations (5-70 mT, stepwise 5 mT)
were carried out. The intensity of ARM of TAPEI. 2 and 4 decreased to 50 mT, and that
of TAPE3 decreased to 60 mT, showing that these samples have lost an original ARM at
each AF field. After the decay of the ARM, the direction of the remanent magnetization
of TAPE1~4 turned toward parallel to the X axis (Fig. 7). As shown in Fig. 1, the X
axis is the direction of a y-hematite SD alignment, and as shown in Fig. 3, the directions
of H. and L are the X axis. These resulis indicate that the most stable remanent
magnetization after high AF demagnetization lies in the direction of the SD alignment
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which coincides with the K., axis of anisotropy of H. and .

5. The Magnetic Anisotropy of the Gneissic Rocks from Skarvsnes

NAKAL ef al. (1993) reported on the paleomagnetism and the magnetic anisotropy of
gneissic rocks from the Skarvsnes area, East Antarctica. Skarvsnes which is situated in the
granulite facies area of the Liitzow Holm Complex (LHC) is well studied by many authors
(Hmor et al., 1987, 1991 ; SuiraisH ef al., 1987 : MoTtovosul et al., 1989 ; IsHIKAWA ef al.,
1977), and the age of the regional metamorphism was reported to be about 500 Ma
(SHiRAISHI er al., 1992, 1994). Therefore, the author considers that the gneissic rocks f'rom
Skarvsnes oblalned TRMs about 500 Ma.

Nakal e al. (1993) classified paleomagnetic samples of gneissic rocks from Skarvsnes
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Fig. 8& The magnetic anisotropy of a ¢ type pilot sample of a gneissic rock from
Skarvsnes. I, : saturation isothermal remanent magnetization, H :
coercivity, X g differential susceptibility at low field.

(1) Change of the anisotropy ratio with H. and I, (X-Y plane).

(2) Change of the anisotropy ratio with H. and X (X-Y plane).

(3) A wiangle diagram (a ternary chart) of the anisotropy ratio of H, I,
and X g

(4) Change of anisotropic value with H., I, and X .
3 L direction of lineation in the sample.
L ¢ direction of NRM (n: original NRM, a: after AF demagnetization
at 25 mT, 1, 12 after thermal demagnetization ar 180°C, 280°C),
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into three groups (a, b, ¢) on the basis of paleomagnetic and rock magnetic characteristics.
The a type is less anisotropic and showed reliable paleomagnetic results. The b type has
measurable magnetic anisotropy and shows the inconsistent pole position both with that
of the apparent polar wander path (APWP) by Tuomeson and CLARK (1982) of Gondwana
at 500 Ma, and with that of 500 Ma from other areas in East Antarctica (Funaxi and
WasiLewskt, 1986 ; Funaki and Sarro, 1992). The ¢ type has large magnetic anisotropy
(Fig. 8«3) ), and NRM directions of ¢ type were scattered. Clear gneissosity was observed
in ¢ type gneissic rocks, and after AF and thermal demagnetizations, the NRM direction
of the c type pilot sample turned toward the direction of the mineral lineation consistent
with that of K. of H. and I, (NAKAI el al., 1993).

In this paper, the author calculated the anisotropy factors (P) of the ¢ type samples
as shown in Fig. 9, and checked the characteristics ol the anisotropies of the pilot sample
of c type (Fig. 8). Consequently, the K, direction of X, is observed to be perpendicu-
lar to that of the lineation of rocks (Fig. 8-(4)). These results are very similar to those of
the audio-tape experiments in X-Y plane as shown in Fig. 3.

Figure 9 shows the distribution of the P values (P= K,/ Kinin) of 59 samples from
Skarvsnes. The P values of H. and [ are larger than those of x4, and the measurements
of H; and I, are a more effective method of studying magnetic mineral alignment than
measurement of x. (Fig.9). These results are similar to those of the audio-tape
experiments (Table 1).

6. Discussion

Three anisotropic results of the audio-tape experiments coincide with that of the
gneissic rocks from Skarvsnes. The first result is that the H. and I, values are more
anisotropic than the x4, value (Figs. 3, 9 and Table 1). StepHenson ef al. (1986) report-
ed that the anisotropy of an isothermal remanent magnetization (IRM : the same property
of Iy in this paper) was larger than that of x, (the same property as X in this paper).
The results of this study agree with STEPHENSON's conclusion.

The second consistency is that the K,y direction of x4 is clearly perpendicular to
that of Iy and H; (Figs. 3 and 8). Potter and STerHENSON (1988, 1990) observed similar
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phenomena in samples with uniaxial anisotropy. JAckson (1991) and ROCHETTE ef al.
(1992) indicated that the AMS was perpendicular to the long axis of an ellipsoid grain of
SD. Therefore, if the magnetic grains are SD, the K, of AMS may be perpendicular to
that of the anisotropy of magnetic remanence (AMR). However, if the magnetic grains are
MD, the K.« of AMS may be parallel to that of the AMR. In addition, the AMR shows
the direction of the long axis of magnetic grains, and the maximum axes of H. and J; are
thought to coincide with the long axis of grains. Figure 8-(1), (2) shows the variation
ratio ( Kyin/( Kmax-Kmin) % 100) of anisotropy of the hysteresis properties obtained from the
pilot sample from Skarvsnes, and Fig. 8-(3) is a triangle diagram of the variation ratio of
three hysteresis properties of this pilot sample. This triangle diagram indicates that the
variation of Xy shows an anti-phase vs. H. and f,. Thus the previous theoretical results
are consistent with the experimental results of the audio-tape and Skarvsnes samples.

The third consistency is the relationship between the direction of a remanent
magnetization and that of K., of H. and [,. After AF and thermal demagnetizations,
the NRM direction of the ¢ type pilot sample from Skarvsnes turned toward mineral
lineation which was consistent with the direction of K, of He and I, (Fig. 8-(4)). After
the high AF demagnetizations, the audio-tape experiments showed that the most stable
remanent magnetization was the magnetic component in the direction of Ky, of H. and
I.. This effect proves that the K, axes of the anisotropy with H. and I; have the most
stable NRM, because the K. axes of H. and [, agree with the lineation of SD grains.
This effect suggests that the most stable NRM component remains in the direction of the
K. axis of He and I, rather than that of the ancient geomagnetic field. Therefore it is
a very important effect to study NRMs from the old rocks.

The NRMs of some metamorphic rocks have been reported to be under the influence
of the magnetic mineral alignment (IRvING and PARK, 1973 ; KHan, 1962 ; FULLER, 1963 ).
Thus, the magnetic anisotropy using a VSM is a very useful method to determine the
alignment of SD grains, and to judge if the reliable NRMs were obtained in metamorphic
rocks.

7. Concluding Remarks

(1) Magnetic anisotropy experiments on audio-tape show similar results to experi-
ments on gneissic tocks from Skarvsnes.

(2) The H. and I, values of the hysteresis properties of the audio-tape and of the
gneissic rocks from Skarvsnes are more anisotropic than the Xy value.

(3) When the magnetic minerals are SD, the anisotropic Knax axis of X gy is clearly
perpendicular to that of f, and H.. Therefore, the anti-phase of the anisotropy in X
vs. H. and I, may be an important index to determine SD alignment.

(4) The most stable remanent magnetization remains in the direction of K, of H
or I,. This is a very important effect to study NRMs from old rocks and metamorphic
rocks.
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