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15 Notes on Piezo~remanent Magoetization of Igneous Rocks (11T}

T. Nagata and B, J. Carleton
Depariment of Earth and Planetary Sciences  University of Pitisburgh
ABRSTRACT

Various characteristics of piecso-remancnl magnatization of igneous rocks in a weak magnetic field
are experimentally demonstrated. The main characterisiics observed are as follows:
(a) "After-effect" of uniaxial compression Jg(P+PgH+Hgl.

After a rock sample is uniaxially compressed in a non=magnetic space by 4 pressure P larger
than a eurtain eritical value (Pgl, its IRM, Jp( P+ PiH+H,) becomes larger than the ordinary IRM,

Jp{ H+Hgy ), without such u pressure troatment, This after—effect of pressure takes place in both casges
af P Hand P.L H, Hore %JR [P-I-PHH-I-HE:'I > 0for P>Pg .
(b} Pressure demagnetization effect: Jp{H +HgP+Pp).

Aftor uniaxially compressing a roek sample having IRM, Jp{ H+H, ), in & non<magnetic space, the
residual magnetization, Jp{H+HyP + P;}, becomes appeciably Smaller than the original intensity of
Jr{H4+Hgy) in both cases of P/ H and P.LH, Here {Ij Jpi{H+H P+ Pg }<0 and %&E[ H+HoP +P5) > 0.
(e} Non-commutativity of P and H.

An inequality relationship expressed as
JRIH+P+PoHa) > Jp{P+H4 FaHo) > Jp{H+P+HP,) > JR{P+H+HeP,) holds for all samples,
where JR{H+P+PpHo) — Jp{H+P+HaPp) S Ay = Jp(P+H+FHg) = JR(P+H+H P, ) = Ay,

Ay =2 Ay > Ip(H+P+PgHo ) = Jp{P+H+PgH)
Az = AL ¥ I (H+P+HPy) = Jr{P+H+HoP)
In many roeks, Jp{P+H+HyPo) * Jr{H+Hs), but in some rocks Jp(H+Ho) » Jp(P+H+H Ps) ,
{d) A linear dependeance of PRM on H
In a range of small magnetic fields,

Jp(HePsP,Hy) ¢o H, though JR{H¢H) @2 H? in the same range.



16 Notes on Plezo-remanent Magmetization of Igneous Rocks (IV)

T. Nagata and B, J, Carleton
Department of Earth and Planetary Sciences University of Fittsburgh
ABSTRACT

Various characteristies of piego-remanent magnetization of igneous rocks have been experimentally
obtained in small magnetic fields, H=0 ~ 10 Oe, and under uniaxial compressions comparable to the

earth!s crustal stress, 0~ 100 kg/ om? + These characteristics are theoretically interpreted based
on a model of the movement of 90% domain walls,

It is assumed that the 90% walls concerned are randomly oriented within the magnetic mineral
grains in a rock, Tt is also noted that if the driving pressure working on these walls results in their
reversible movement, then there should be na effect of the compression on the magnetization,

If the Heyleigh's law of irreversible magnetization is accepted for interpreting an observed fact
that Jp(H+Hg) ¢ H2, then the effact of compresszion {P) on the remanent magnetization becomas

dominant.

An approximate caleulation of six types of piezo-remanent magnetizations based on this model leads

to the following results, which can well explain all observed facts, at least qualitatively;

IR(PIPHHy) = [ BH2 . (H > Hg)
TEHHnﬂH-f /HL) (H £ Hy)
S HAHP+P,) = { B{H?- L HHe) (H > H,)
o) =
TBHEFHE_ (H < 1ig)
B(H2: L gugr L-H2) (H > H,/2)
Jp(H+P+PGH ) = { 3 2 4 6 g 13
B2 HH 44 - 2 H
( 5 HHo+4 n2 3 Hﬂ) (H < 11/2)
1 1
JH{P‘!-H{-FQHQ] = { E{H2+ _i_ e _gt Hﬂz} {H - I.[c}
= 1 3
B(—=H2s HH, + 2 H- H 5
( 5 Hes Ha = Hc] (H < Hg)
1
B(H®4+ —= Hg2
J(H+P4HP,) = { . '5:; ﬂl} _ (H > Ho)
B{ — H % —~ HH,+ -=— H- [
2 2 et e (H < H)
B(H2~ HHg+ 2w 2) (H > 21,.)
JR(P+H+H P} = [ 2 ER ; c
1 i 1 H
E{-E- H24 ~ HH TR, ) (H < 2H,)
where Jp(H#H,) = BH2, and H, =-S. 2% P,
2 Js T

i@ =
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