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Abstract. The effect of stress waves on the magnetization of basalt was studied.
The stress waves were generated by impacting cylindrical basalt samples with
aluminium projectiles. The 3 mm thick aluminium plates were accelerated in a
non-magnetic compressed air gun accelerator to velocities ranging from 20 to
160 m/s, corresponding to peak stresses in the basalt between 2.5 and 10 kbar.
The duration of the stress impulse was about several micro-seconds. For the ex-
periments a basalt with well-known magnetic properties was used (Rauher Kulm,
Germany). — The magnetizing effect of the stress waves was determined as a
function of the number of impacts, the intensity and direction of the applied
magnetic field (<<10 Oe) and the peak stress amplitude. In the used stress range
the measured shock remanent magnetization (SRM) tends to a final steady value
after 5 or 6 impacts. This value is proportional to the intensity of the applied field
and increases with the peak stress applied. The produced SRM can be erased with
maximum ac-fields of about 150 to 200 Oe. Any dependance of SRM on the di-
rection of the applied magnetic field could not be recognized within the accuracy
limits of the experiments. — The demagnetizing effect of stress waves on the high-
field (1000 Oe) isothermal remanent magnetization, the low-field (1 Oe) thetmo-
remanent magnetization and the natural remanent magnetization was studied as
a function of the number of impacts and the peak stress. A final steady state of
magnetization is generally obtained after 4 or 5 impacts. With increasing peak
stresses increasingly harder remanent magnetizations can be demagnetized, with
stresses of 2.5 kbar corresponding to coercive forces of about 75 Oe, 5.5 kbar to
about 125 Oe and 8 kbar to about 175 Oe.

Key words: Rock Magnetism — Piezomagnetic Effect — Dynamic Magneti-
zation — Shock Demagnetization — High Pressures — Meteorite Impacts —
Nuclear Explosions — Lunar Magnetism.

1. Introduction

Effects of static and transient stresses on magnetic properties of rocks
are of importance in numerous natural and man-made phenomena such as
the seismomagnetic effect (Stacey, 1964; Rikitake, 1968; Talwani and Ko-
vach, 1972; Abdullabekov ef al., 1972), the volcano-magnetic effect (Stacey,
Barr and Robson, 1965; Johnston and Stacey, 1969), the dam-magnetic
effect (Davis and Stacey, 1972), the magnetic effects associated with chemical
(Barsukov and Skovorodkin, 1969) and nuclear explosions (Short, 1966;
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Hargraves and Perkins, 1969; Hasbrouck and Allen, 1972) and with meteo-
rite impacts on Earth and on the Moon (Hargraves and Petkins, 1969; Pohl,
1971).

The effects of static uniaxial stress on magnetic properties of rocks,
mainly reversible changes of susceptibility and reversible and irreversible
changes of remanent magnetizations, have been studied by many authorts.
The remanent magnetization produced by static stresses is called piezo-
remanent magnetization (PRM). The demagnetizing effect of stresses is
called stress demagnetization. A review on this subject was given by Nagata
(1970).

The effect of transient stresses on magnetic properties of rocks has been
studied much less. It is well known that shocks can change the remanent
magnetization of ferromagnetic materials. Systematic investigations of the
effect of repeated shocks on nickel were made for example by Getlach (1949).
The demagnetizing effect of intense stress waves on iron has been used in
a technique for generating high electric current impulses of short duration
(Kultermann, Neilson and Benedick, 1958). — At the beginning of rock
magnetic research many investigators suspected that shocks could also
change the remanent magnetization of rocks. They studied this effect by
giving different types of rocks numerous consecutive shocks with auto-
matic hammering devices, but they generally found only minor changes in
remanence (e.g. Koenigsberger, 1932, 1936; Schmucker, 1957) and con-
cluded that the effect is negligeable for paleomagnetic research.

It seems that in these early investigations rock types with quite stable
remanent magnetizations wetre used, because more recently it was found
that shocks can cause appreciable changes of magnetic properties of many
rock types. Demagnetized rocks can acquire a remanent magnetization in
the presence of a magnetic field under the effect of shocks. This phenomenon
has been called dynamic magnetization or shock magnetization. The re-
manent magnetization produced by this procedure is called shock remanent
magnetization (SRM, Nagata, 1971). On the other hand a remanent mag-
netization can also be destroyed by shocks (shock demagnetization).

The shocks or stress waves used in these experiments were generated
by automated hammering devices (Shapiro and Ivanov, 1966, 1967), by
falling masses (Domen, 1961; Nagata, 1971) and by explosives (Pohl, 1967;
Hargraves and Perkins, 1969). The effect of shocks was measured as a func-
tion of the number of repeated shocks, of the intensity of the shock (kinetic
energy of the impacting hammer, momentum of the falling mass) and of
the applied magnetic field in the case of a production of remanent mag-
netization. Nagata (1971) gave also some information about the duration
of the used stress impulse. The stability of shock remanent magnetizations
was measuted by Shapiro and Ivanov (1966). —In the above cited experi-
ments either very low or very high stresses were used. Generally the stress
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amplitudes did not exceed several hundred bar. In cases where explosives
were used, the stresses were estimated to be of the order of several tens of
kbats (Pohl, 1967; Hargraves and Perkins, 1969).

Static experiments with uniaxial stress without a confining hydrostatic
pressute are limited to stresses of about 2 kbar, where the samples generally
crash. With stress waves of short duration much higher stresses can be
used. A limit is given also in these experiments by the pulverization of the
sample.

The aim of the present study was to investigate the effect of stress waves
up to about 10 kbar on a basalt with well-known magnetic properties. Dif-
fetent results of experiments with static uniaxial compressive stress on the
same basalt, which can be usefully compared with dynamic expetiments,
ate shown in the cotresponding sections.

It should be noted that the expression “shock waves™ is not appro-
priate to describe these experiments, although the expressions shock re-
manent magnetization and shock demagnetization are used. The term
“shock wave” is applied to a compressional wave having an amplitude
exceeding the Hugoniot elastic limit. The shock front is characterized by a
discontinuity in pressure, density, energy and particle velocity. In the used
stress range the comptessional waves in solids have a comparatively long
rise time, particularly in inhomogeneous materials such as rocks. In a first
approximation the state of strain behind the wave front is uniaxial and the
stress distribution is anisotropic.

2. Experimental Method

The stress waves ate generated by the impact of aluminium projectiles
(30 mm diameter, 3 mm thick) on an aluminium driver plate (3 mm thick)
which is in contact with the cylindrical basalt sample (25 mm in diameter
and 25 mm high). The projectiles are accelerated in a compressed-air gun
accelerator (Hornemann, Pohl and Bleil, 1975). The peak stress is derived
from the impact velocity, using Hugoniot-data for aluminjium and basalt,
and from direct measurements with piezo-ceramic transducers. The length
of the stress pulse increases from about 8 ps at the impact side of the basalt
sample to about 25 ps at its back side. The amplitude of the stress wave
decreases by about 209/, within the specimen. The magnetic field at the place
of the sample is controlled by a triple set of Helmholtz coils. The temanent
magnetization of the samples is measured with a Digico flux-gate spinner
magnetometet.

The measuring procedure is as follows. For magnetizing experiments
the samples are placed at the end of the launching tube, a magnetic field is
applied and an impact is given to the sample. Then the remanent magneti-
zation is measured in the Earth’s magnetic field. For demagnetizing ex-
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periments the sample with a remanent magnetization is impacted in mag-
netic zero-field. The measurement of the residual remanent magnetization
is also made in the Earth’s magnetic field.

Nagata (1971) has introduced the following notation for the description
of static and transient stress experiments in rock magnetism: H+==appli-
cation of a magnetic field, H®=removal of a magnetic field, P+ =appli-
cation of static stress, P0=removal of static stress, S =application of a
shock. It seems convenient to add thenotation A¢indicating that the Earth’s
magnetic field is applied and to restrict the notation /79 to the meaning of
the removal of any applied field, e.g. cancellation of the Earth’s magnetic
field. With these notations the remanent magnetization J, produced in the
magnetizing experiments described above after #» impacts is given by

JH(HS1He, Ht S He, ..., HtS, HF)
Similarly the demagnetizing experiments can be described by

JATRM, HOS; He, HOS, He, ..., HOS, He¢)

where TRM means that the original remanence was a thermoremanent
magnetization which must however be specified.

In order to determine the remanence it is necessary to presetve the
samples after each impact in the original form. Since the used peak stresses
highly exceed the breaking strength of the rock material, the samples were
embedded with an epoxy resin in thin aluminjum rings. At a peak stress of
about 2 kbar small cracks begin to appear on the impacted surface of the
samples. The number of cracks increases with higher impact velocities and
repeated impacts. At a stress of about 10 kbar the sample is strongly brec-
ciated after a few impacts. Measurements of the effect of repeated shocks
are therefore limited at this stress level. However single shot experiments
can be made with the available apparatus up to stresses of about 20 kbar,
as the remanent magnetization can be measured as long as the sample is
recovered approximately in its original form.

There is suspicion that the strong brecciation could modify the coer-
civity spectrum of the basalt by the development of cracks and/or lattice
defects in the ferrimagnetic minerals. Therefore the coercivity spectra of
the isothermal remanent magnetization (IRM) produced in a 1000 Oe field
were measured before and after repeated impacts. As they were almost
identical we conclude that such brecciation effects can be neglected in this
study. Other macroscopic magnetic properties have not yet been investigat-
ed in this respect. It would be interesting for example to consider irrever-
sible changes of the initial susceptibility and to measure the rotational
hysteresis and the susceptibility anisotropy before and after impacting.
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Table 1. Magnetic properties of the Rauher Kulm basalt

Compositional Curie point T, 245 °C
Measured Curie point T, 220 °C
Susceptibility (low field) x 4-10-3 emcgs
Saturation magnetization (20 °C) Js 4 G
Saturation temanent magnetization (20 °C) Jsr 0.5 G
Ferrimagnetic ore: Homogeneous titanomagnetite, oxidation class I.
xFe Oy - (1 — x)Fe, TiOy, x = 0.46.
Ore content: 4 Vol9,
Grain size distribution: Size (p.m) Vol%
30 — 50 24.5
10— 30 60
5—10 12
1— 5 3.15
< 1 0.35

The decrease of the peak stress intensity and the increase of the pulse
length within the sample could produce an inhomogeneous remanent
magnetization which can easily be detected by a simple flux-gate measuring
arrangement (Helbig, 1965). No indications for any inhomogeneity in
magnetization were however found within the accuracy limits of the
method (3%,). This may be due to the fact that an increase in pulse length
leads to a higher remanence whereas a decrease in stress amplitude causes
a lower remanence and that both effects cancel each other more or less.

3. Magnetic Properties of the Basalt from Rauber Kulm (RK),
Germany

Basalts having acquired a SRM in low fields (<< 10 Oe) and in the stress
range lower than 10 kbar can be demagnetized with peak ac-fields of about
100 to 200 Oe. Therefore a basaltic material with a coercivity spectrum
having a maximum at coetcive forces below 100 Oe was selected for this
study. The used basalt comes from the Tertiary “Rauher Kulm”, Get-
many. Magnetic and mineralogical properties of this basalt have been
described by Refai (1960); Petersen (1966); Soffel (1968); Cteer and Petet-
sen (1969); Creer, Petersen and Petherbridge (1970). Investigations of
static uniaxial compression effects on magnetic properties of the RK-basalt
have been carried out by Schmidbauer and Petersen (1968) and Zinsser
(1970). Some additional measutements have been made in this study. A
summary of different magnetic and mineralogical properties is given in

Table 1 and in Figs. 1 and 2.
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Fig. 1. Ac-demagnetization and coercivity spectra of the strong field isothermal
remanent magnetization (IRM), the weak field thermoremanent magnetization
{(TRM) and the natural remanent magnetization (NRM, see also Fig. 11) for the
Rauher Kulm (RK)} basalt
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Fig. 2. Isothermal remanent magnetization (IR M) for the RK-basalt as function of
the applied magnetic field

The carriers of remanence in the RK-basalt are both single domain
(SD) and multi-domain (MD) grains. The mixed SD and MID behaviour
was investigated by microscopic analysis of the magnetic domain structure
by Soffel (1968). He showed that remanent magnctizations with coercive
forces H, smaller than about 200 Oc are located in MD grains and that
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remanent magnetizations with coercive forces higher than about 200 Oe,
especially the stable TRM component, are located in SD grains. The mixed
SD and MD behaviour is also suggested by applying the Lowrie and Fuller
(1970) criterion (see also Dunlop, Hanes and Buchan, 1973). The normalized
ac-demagnetization curves of low field TRM and high field IRM (Fig. 1)
are nearly identical for H~ <200 Oe. For H~> 200 Oe the TRM curve is
above the IRM curve indicating a SD behaviour in this H,-region. The ac-
demagnetization of natural remanent magnetization (Figs. 1 and 11) also
shows that the NRM of the RK-basalt consists both of an unstable, prob-
ably viscous component (Creer, Petersen and Petherbridge, 1970) and a
stable TRM component (Soffel, 1968). The samples used in this study were
taken from unoriented boulders which have probably been lying in the
Earth’s magnetic field with an orientation different from their original in
situ orientation for several hundred years.

4. The Effect of Repeated Impacts

A characteristic feature of shock magnetization and demagnetization is
that for a given peak stress intensity a final steady state of magnetization is
not achieved by a single impact but that it is gradually approached with an
increasing number of shocks. For low stresses this was shown by Gerlach
(1949), Shapiro and Ivanov (1966) and Nagata (1971). The experimental
results of magnetizing igneous rocks by repeated stress waves can empiri-
cally be represented in exponential laws (Shapiro and Ivanov, 1966). The
remanent magnetization obtained in low magnetic fields after # impacts is
given by

Je(®) = Jr(0) (1 — e7om). M

Jr(00) denotes the resulting final state of magnetization after a great number
of impacts. The residual remanent magnetization after » impacts in non-
magnetic space is given by

Jr(m) = Jr(0) — (Jr(0) — Jo) e72" @

Jo denotes the initial remanent magnetization.

The experiments described in this study indicate that these relations
can also be applied for stresses up to 10 kbar. Fig. 3 shows the remanent
magnetization acquired by repeated impacts in a low field. Demagnetization
curves are shown in Figs. 7 and 8.

The coefficient « indicates how rapidly the final steady state is apptroach-
ed. « can be estimated by comparing the normalized experimental curves
with a set of standard curves. It is generally impossible to use numerical or
geometrical methods because of the small number of experimental points
and their rather high scatter. « depends on numerous parameters, such as
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Fig. 3. Aquisition of shock remanent magnetization (SRM, [ {FHt5, He, ...,
H+ 5§, H¢)} and dependance on the number of impacts and the applied magnetic

field

material properties, stress wave characteristics and intensity and direction
of the applied magnetic field. In demagnetization experiments the particular
type of initial remanence must also be considered. For the RK-basalt and
stresses between 2.5 and 10.5 kbar, « varics from 0.8 to about 2. The final
steady state of magnetization is generally approached to more than 959
after 3 or 4 shocks. Although no definite conclusions can be drawn due to
the scatter of the experimental results, it seems that o increases with higher
magnetic fields applied in magnetization experiments. No correlation was
found between z and the peak stress intensity. The rclations between a
and the applied magneric ficld and the peak stress intensity may be some-
what obscured by the fact that the determination of « strongly depends on
the rate of the magnetization obtained after the first shock relative to the
final state of magnetization after # shocks.

5. Shock Remanent Magnetization {SRM)

The relationship between the shock remanent magnetization J,(H+ 5; F°,
HrSsHe, ..., H* 5y H¢), the peak stress intensity and the intensity and
direction of the applied magnetic field (<< 10 Oe) was investigated (Figs. 3,
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Fig, 4. Shock remanent magnetization [ {HY H, ..., At 5, H*), piczo-re-

manent magnetization J (A" P+ PP H") and isothermal remanent magnetization as

functions of the applied magnetic field. For the SRM final steady state values
obtained after several impacts are ploreed

4 and 5). Prior to the magnetization experiments the samples were demag-
netized in an ac-ficld of 1500 Oe. In the Earth’s magnetic field the samples
acquired a viscous magnetization of about 0.2 mG after several minutes,
which is however small in comparison with the produced SRM and can
therefore be neglected. The SRM is always parallel to the applied magnetic
held,

Fig. 4 shows that for stresses from 2.5 to 10 kbar the SRM (final steady
state values achieved after scveral impacts) increascs almost linearly with
the applied field H. These results correspond to those of Shapiro and Iva-
nov (1966} and of Nagata (1971) in the low stress range (<1 kbar). For
comparison the dependance of a piezo-remanent magnetization [/,
(M P+ PO Fey and of the isothermal remanent magnetization on the applied
tield are also shown in Fig. 4. The PRM is proportional to /4, whereas the
IRM curve has a slight curvature corresponding to the Rayleigh-relationship
between IRM and F/ (~ H2, sec also Fig. 2), The magnetic field was applied
parallel to the propagating direction of the stress wave (longitudinal mag-
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netization) and perpendicular to it (transverse magnetization). The longi-
tudinal remanent magnetization was in most cases slightly higher than the
transverse remanent magnetization, but the scatter of the intensities does
not allow to determine a quantitative difference. The trend of the differ-
ence however confirms similar results for PRM and SRM in the lower
stress range (Nagata, 1971).

The dependance of the final steady values of SRM on the peak stress is
shown in Fig. 5. The remanent magnetization increases with increasing
stress, but the rate of increase diminishes at higher stresses. The final SRM
values may well be lying on the continuation of the curve obtained by
experiments with static uniaxial compression, which is also shown in Fig. 5.
The static experiments could only be made up to stresses of 1.8 kbar beyond
which the samples crushed. The diminution of the rate of increase of the
SRM at high stresses can in part be explained by the coercivity spectrum
of the RK-basalt, if we assume that with increasing stress grains with in-
creasing cocrcive forces can be magnetized. A quantitative analysis can
not yet be made as the relation between the peak stress and the coercive
forces is not well enough known.
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Fig. 6. Ac-demagnetization of shock remanent magnetization (normalized) ac-
quired at different peak stress intensities

The produced SRM is not very stable against ac-demagnetization (Fig.
6). Peak ac-ficlds of about 100 Oec erase more than 909, of the SRM pro-
duced with stress intensities up to 10 kbar. There is only a slight indication
that SRM produced at higher stresses has a greater stability. Shock de-
magnetization however shows clearly that with increasing stress intensity
remanent magnetizations with higher coercive forces can be demagnetized
(Section G).

6. Shock Demagnetization of IRM, TRM and NEM

The demagnetizing effect of stress waves was studied for high field
IRM (~ saturation remanent magnetization), low field TRM and NRM of
the Rauher Kulm basalt (Figs. 7—11). The rock samples were impacted in
non-magnetic space and the residual remanent magnetization was meas-
ured afrer each impact. Generally a final steady state of magnetization was
obtained after 4 or 5 impacts. The values found for the coefficient  are in
most cases slightly higher than in magnetizing experiments, but the scatter-
ing of the results does not allow to give a quantitative relationship.
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Fig. 7. Shock demagnetization (open circles} and ac-demagnetization (full trian-

gles) of strong field isothermal remanent magnetization. Ac-demagnetization of

the residual IRM (open triangles) after shock demagnetization with peak stress
intensities of 8 kbar

The demagnetization by stress waves was carried out for remanent mag-
netizations parallel and perpendicular to the propagating direction of the
stress waves, but no systematic difference could be found.

To obtain an idea about the coercive forces of the remanent magneti-
zations that can be crased by a certain peak stress amplitude the demagneti-
zation by shock can be compared to the ac-demagnetization experiments.
Ac-demagnetization of a residual remanent magnetization after impacting
can give similar information. By applying ac-demagnetization to such a
residual remanent magnetization, the remanence generally decreases only
slightly until a certain peak value of the alternating field is reached, where
it then decreases approximately as in ac-demagnetization of the original
remanent magnetization of the same type. Because the residual remanent
magnetization is not constant at low ac-fields (of the order of 100 Oe,
Figs. 7 and 8), we must assume that magnetic grains with low coercive
forces have not been completely demagnetized by the applied stress waves.
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2.5 kbar

On the other hand the ac-demagnetization curves of the residual remanent
magnetization always lie below the ac-demagnetization curve of the original
remanent magnetization. Therefore also grains with high coercive forces
must have been affected by the stress waves.

The influence of the peak stress intensity was studied in two different
ways. In one series of experiments the samples having the original remanent
magnetization were impacted several times with the same velocity, begin-
ning with a low velocity, until a certain final steady state was achieved. Then
the sample having the residual remanent magnetization was impacted several
times with a higher velocity, and so on (Fig. 7). In another series of ex-
periments the demagnetization was made by impacting samples having
always the original remanent magnetization with different velocities. Both
experimental procedures gave similar results.

Fig. 7 shows shock demagnetization and ac-demagnetization of IRM
produced at room temperature in a magnetic field of 1000 Qe, For com-
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parison the demagnetization by static uniaxial compressive stress of an
IRM produced at 400 Oe in the same rock is shown (Zinsser, 1970). The
difference of the magnetizing ficlds in both cases is not significant as in the
used stress range both shock and static stress demagnetization hardly affect
magnetizations of grains with coercive forces higher than 200 to 300 Oe.
From Fig. 7 it can be seen that peak stresses of 2.5 kbar correspond to a
demagnetizing ac-field of about 100 Oe, 5.5 kbar to about 200 Oe and 8.0
kbar to about 250 Oe. An extrapolation of the demagnetization rates ob-
tained by static experiments to the stresses used in the dynamic experiments
leads approximately to the same values (Figs. 7 and 9).

Results of shock demagnetization and ac-demagnetization of a TRM
produced in a field of 1 Oe are shown in Fig. 8. Demagnetization of TRM
by static uniaxial compression is shown in Fig. 9 (Zinsser, 1970). The RK-
basalt has a low Curie-temperature of about 220 °C. TRM can therefore be
produced several times without major alterations of the samples due to
heating, provided the heating time does not exceed a few minutes (Creer,
Petersen and Petherbridge, 1970). TRM produced several times in the same
sample has the same value and the coercivity spectra are also identical, We
can therefore assume that no important changes have occured in the homo-
geneous titano-magnetites by the heating operations. — The shock de-
magnetization of strong field IRM and weak field TRM is very similar.
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This corresponds to the similarity of the ac-demagnetization of strong
ficld IRM and weak field TRM. As in the case of IRM, the extrapolation of
static demagnetization experiments leads to the demagnetization values
obtained by shock demagnetization of TRM (Figs. 8 and 9).

Shock demagnetization and ac-demagnetization of the natural remanent
magnetization of the RIK-basalt are shown in Fig. 10 (intensity) and Fig. 11
(direction). The NRM consists of both an unstable, viscous component and
a stable TRM component (Softel, 1968). In the demagnetization curves
showing the decrease of intensity scattering is rather high. This is mainly
due to a viscous magnetization of about 0.2 to 0.3 mG acquired by the
samples in the Earth’s field in a few minutes which is about 109, of the
NRM intensity. Thus a relationship between the demagnetization effect
and the peak stress used can not be obtained from these demagnetization
curves. The comparison of the changes of the direction of the NRM with
ac-demagnetization and shock demagnetization however shows clearly
that with increasing peak stress the final stable direction is approached
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i

RK-13-2, AC DEMAGNETIZATION RK-13-1, SHOCK DEMAGNETIZATION
PEAK ALTERMATING FIELD IN Oe IMPACT NUMBER n, o = 2.5 kbar

W

RK-13-8, SHOCK DEMAGNETIZATION RK-13-3, SHOCK DEMAGNETIZATION
o= 55 kbar o = 8.0 kbar

Fig. 11. Shock demagnetization and ac-demagnetization of NRM showing changes

of the direction. The grid intervall is 10 degrees. A common zero original de-

clination was chosen as the samples were not orientated. Full squares: upper
hemisphere, open squares: lower hemisphere

asymptotically. From Fig. 11 it follows that 2.5 kbar correspond to a peak
ac-field of about 50—=75 Qe, 5.5 kbar to about 75—125 Oc and 8 kbar to
about 150—200 Oe (see also Fig. 7).

7. Conclusion

In the preceeding sections the main features of the magnetizing and
demagnetizing effect of stress waves with peak stress intensities between
2.5 and 10 kbar have been described for a basaltic rock from the Rauher
Kulm. The characteristics of shock magnetization and shock demagneti-
zation in the high stress range are similar to those in the low stress range
and also to those of experiments with static uniaxial compressive stress. It
is thus probable that existing theories for static experiments can be applied
to dynamic experiments, taking into account the short duration of the stress
impulse and the effect of repeated shocks. Nagata (1971) applied the theory
of Nagata and Carleton (1969), which was established for static experiments,
to his dynamic experiments in the low stress range. In this theory it is as-
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sumed that the changes of remanent magnetization are due to irreversible
movements of 90° domain walls. The results in the high stress range agree
in general with this theory but as the RK-basalt shows both single-domain
and multi-domain behaviour, it is probable that in the stress range from
2.5 to 10 kbar both irreversible displacements of 90° domain walls and
irreversible rotations of spontaneous magnetization contribute to changes
of the remanent magnetization (Dunlop, Ozima and Kinoshita, 1969;
Nagata, 1970; Stacey and Johnston, 1972). Theories for single-domain
particles must also be considered. — In the future more detailed in-
vestigations of the stability of SRM and the relation to the coercivity
spectrum are desirable, using materials with selected spectra of coetcive
forces and remanent magnetizations within a defined coercive force inter-
vall. The effect of the duration of the stress impulse and a possible relation
with the viscous remanence properties of the material also deserve more
detailed investigations. The advanced shock effect (Nagata, 1971) which is
described by /(5§ H+H¢) has not been investigated in this study. It will
be dealt with in a further study in connection with measurements of the
magnetic after-effect on the RK-basalt.
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