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A sharp increase in the velocity of motion of the
geomagnetic pole has recently been detected and at
present it is equal to 40 km per year, whereas almost
prior to the end of the last century the velocity was
equal to about 10 km per year. Furthermore, dur-
ing the last 150 years the magnitude of the Earth’s
dipole moment has noticeably reduced. Such changes in
the dipole motion and in the dipole moment are likely
to point to onset of the inversion of the geomagnetic
field or geomagnetic excursion, when the north geomag-
netic pole can pass into Southern Hemisphere during
the short time and then comes back. It is known that
inversions(excursions) of the geomafnetic field are ac-
companied by a 2-4 fold decrease in the geomagnetic
dipole value. Such changes in the intensity and config-
uration of the geomagnetic field are supposed to lead
to drastic ecological and climatic changes on the time
scale of 100-200 years. We have analyzed the devel-
opment of the ”Etrussia-Sterno”geomagnetic excursion,
which occured 2600-2800 years ago. This excursion has
been detected in 15 sites of the Northern and Southern
Hemispheres in palaeo-and archeomagnetic data. Dur-
ing the ”Etrussia-Sterno” geomagnetic excursion the
north geomagnetic pole moved during 100-200 years to
the Southern Hemisphere and then back along approx-
imately the Greenwich meridian and the intensity of
the geomagnetic field decreased by a factor of 1.5. The
development of the excursion was accompanied by con-
siderable climatic and ecological changes of the global
scale. It has been found that this excursion was char-
acterized by considerable decrease in temperatures at
high and middle latitudes of the Northern Hemisphere
and also droughts at the African continent. A substan-
tial change in the level of the Caspian Sea has also been
reveald. The development of geomagnetic excursion es-
sentially changes the distribution of energetic particle
fluxes ( including cosmic rays) in the magnetosphere,
the ionosphere and the atmosphere on global scale.
Historical chronics poin to the development of coronal
forms of aurora in the lower latirudes during time in-
terval of the ”Etrussia-Sterno”geomagnetic excursion.
Redistribution of energetic particle fluxes during geo-
magnetic excursion produced more extensive radiation
damage for geostationary satellites. Changes of the
structure and intensity of cosmic ray fluxes in the at-
mosphere act on planetary atmospheric conditions and
atmospheric circulation. The work was suppotred by
RFBR ( grants 03-05-65063 and 03-04-48769)
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Concepts of information theory are applied to both
global models (IGRF) of the geomagnetic field B of
the last century and a dynamo simulation including
a reversal. Temporal behavior of information content
of the present observed field suggests that B is in a
chaotic state characterized by timescales close to those
of its westward drift and of the convective overturn
in the outer core. The main implication of these re-
sults is the possibility that a geomagnetic reversal is
currently in progress. Results from a selfconsistent 3d
dynamo simulation have also been examined. This nu-
merical model undergoes nearly periodic reversals with
one reversal period covering roughly one dipole decay
time, i.e. 20,000 years. The temporal behavior of
the information content shows the expected linear de-
crease due to chaotic dissipation on two distinct time
scales. A slow decrease with a memory time of 12,000
years reflects the slow internal reversal process. This
is followed by a fast process with a memory time of
2,000 years, representing the field reversal at the core-
mantle-boundary. The latter is ruled by the advective
overturn time. After the reversal, the system increases
its information content as if energized until it again
reaches the level it had before the start of the process.
Similarities to the behavior of information content in
the observed global field models during the last cen-
tury suggest that the geomagnetic field might be in the
state of fast information decrease. This implies that
the next polarity change might happen within the next
1,000 years.
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In Taiwan, fluctuation in the geomagnetic field as-
sociated with change in tectonic stress is identified as
one facet of the Research on Seismo-Electromagnetic
Precursors of Earthquake program. A new geomag-
netic network of twelve stations equipped with contin-
uous recording systems will be completed before June
2003 by the Institute of Geophysics, National Central
University. All stations are location in areas of high
seismicity or crustal activity except the Kinmen sta-
tion. The geomagnetic observation station on Kinmen
Island will be a reference station in this network. The
accuracy of the instruments will be 0.1 nT, the sam-
pling rate is at 1 minute interval, and apart from be-
ing stored in the hard disks of the observation instru-
ments, the geomagnetic data recorded will be relayed
back to the National Central University Data center by
way of telephone lines daily. In order to detect changes
in geomagnetic field associated with tectonic stress, it
is necessary to eliminate the changes originating from
external sources in the observed data. A simple way is
by using the differences of geomagnetic data between
field stations and the reference station. The goals of
this network will investigate the temporal geomagnetic
variations, as well as their associated with earthquake
occurrences and changes in tectonic stress.
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Essential data on the occurrence and effects of over
12,800 mass disasters in the world from 1900 to 2000
was analysed. The temporal behavior has clear expo-
nential trend since 1970. The existence of modulation
by solar activity is shown. All data are strongly cor-
related with the motion of the North Magnetic Pole,
which has been drastically sped since early 70s (from
9 km/yr up to 40 km/yr). The same is valid for tro-
pospheric heating, CH4 and CO2 growth and strato-
spheric cooling (anti-correlation). The hypothesis is
proposed, that the shift of the pole has been initial-
ized by nuclear tests, as far as atmospheric explosions
shows clear correlation with slight oscillations of the
pole, while intense underground tests in the end of 60s
caused the trigger effect. Consequently, considering the
motion of the magnetic pole as a marker of litospheric
processes, their intensification is suggested, resulted in
modification of the outwards thermal fluxes. Some pos-
sible positive feedbacks are discussed. Work was spon-
sored by Russian Science Support Foundation.
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This work focuses on the study of magma flow
and propagation, using rock magnetic methods on a
group of cross sections of the Foum-Zguid Jurassic dyke
in Southern Morocco. Thermomagnetic analysis show
that Ti-poor titanomagnetite is the main magnetic car-
rier and petrographic analysis shows that the main
Ti phase (ilmenite) can be either as exsolution within
magnetite (core of the dyke) or as isolated grains (dyke
rim). Bulk magnetic properties display distinct behav-
ior according to distance to the dyke rim; grain size of
the main magnetic carrier decreases towards the core
of the dyke, while the natural remanent magnetization
and the bulk magnetic susceptibility increase. Only the
magnetic susceptibility ellipsoid close to the dyke rim
corresponds to that usually found in thin dykes, with
the magnetic foliation parallel to dyke borders. Max-
imum principal axis is in most cases either parallel or
perpendicular to the intersection between the planes of
magnetic foliation and dyke wall. Moreover, when this
axis is perpendicular to the intersection it is associ-
ated with a more oblate magnetic susceptibility ellip-
soid shape, indicating the presence of complex magnetic
fabrics. Magnetic properties show that flow structures
related with dyke propagation are only preserved close
to the fast cooled dyke rims.
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Most studies of the anisotropy of magnetic suscep-
tibility (AMS) of dykes have assumed that the axes
of maximum susceptibility (kmax) should define an
opposed imbrication pointing along the direction of
magma flow, and that this orientation should be pre-
served along the dyke. This assumption is supposedly
based in a model predicting the orientation of ellip-
soidal particles immersed in a moving liquid. However,
this model actually predicts a cyclic movement of the
ellipsoidal particles that has been overlooked without
further justification. By using the complete model of
ellipsoidal movement, we have developed a model of
the expected AMS on different places within the dyke.
A consequence of the cyclic movement of the particles
is that the imbrication of kmax axes is not preserved
along flow direction. Further, depending on the parti-
cle elongation ratio and on the amount of shear, it is
possible to find an imbrication that is pointing in the
wrong direction. Fortunately, by paying attention to
the systematic variations of the orientation of the par-
ticles as predicted by the complete model of particle
movement, it is possible to determine flow directions
confidently. Moreover, our results explain satisfacto-
rily recent observations of variations of AMS along flow
direction in the same dyke, and provide simple expla-
nations for many of the ”abnormal” fabrics reported in
many dyke swarms around the world.
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In order to distinguish the invisible deformation
sense as well as the intensity of deformation of sed-
iments, anisotropy of magnetic susceptibility (AMS)
and paleomagnetic methods have been applied on the
middle Miocene-Pleistocene accretionary sequence in
the Boso and Miura Peninsulas of central Japan. These
peninsulas were formed in an arc-arc tectonic collision
with subdivisions of two contrasting tectonic provinces:
the southern province, which is a highly deformed ac-
cretionary prism and slope basin, and the northern
province, which is a gently deformed forearc basin.
The sequence in the southern province is associated
with abundant synsedimentary deformation structures
of folding and faulting generated in accretionary tec-
tonics. Results of the AMS experiment of the sequence
show the developing of a strong magnetic lineation. It
is conceivable that such lineation had to be generated
during the process of deformation, and in a direction
perpendicular to the shortening of the fabric of the
rock still in an unconsolidated state. Such magnetic
lineations reconstructed by the paleomagnetic declina-
tions reveal a more complicated localized rotation at
the accretionary prism and slope basin area. These
lineations show a consistent pattern in the east-west
direction in each region. It also suggests that the sedi-
mentary sequence was subjected to a north-south com-
pression, although the compressive direction since 3 Ma
ago has been in the northwest direction caused by the
subduction of the Philippine Sea Plate. Our results in-
dicate a northward subduction system of the Philippine
Sea plate during the middle Miocene-Pliocene, and also
a change in the subduction direction at about 3 Ma.
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Indicators of flow direction and sense in lava flows
are often difficult to observe. To overcome this diffi-
culty, anisotropy of magnetic susceptibility (AMS) can
be used. However, a major issue is to know how consis-
tently the axes of magnetic susceptibility (K1, K2 and
K3) correlate with the flow direction.
We carried out a systematically sampling of the base,
the middle part and the top of lava flow for which
the flowing directions are well known. These quater-
nary flows, located in the area of Pézenas (southern
France), are pluri - kilometric long, between 2 and 10
m thick, rather narrow (< 500 m) and characterized by
a weak slope (<10◦). Oriented cores offer an oppor-
tunity to investigate the relationships between flow di-
rection, principal susceptibilities and crystallographic
preferred orientations (shape and lattice orientations)
of rock-forming minerals.
In thin-section, the opaque grains observed in reflected
light are abundant (about 5 percent) and the largest
in size (15-20 µm) are sub-automorphous. Microsonde
analyses and thermomagnetic curves measured in the
range 80 - 900 K indicate that titano magnetite (x =
0.6) is the dominant oxide mineral. FORC diagrams
reveal that the magnetic grain sizes are both PSD-MD
and PSD-SD assemblages. AMS measurements from
180 specimens reveal a tight clustering of the K3 axes
close to the vertical and a weaker degree of clustering
of K1, K2 axes. A significant enhancing of the mag-
netic fabric is observed after demagnetization by ther-
mal treatment. Lattice Preferred Orientation (LPO)
measurements of titano magnetite and plagioclase were
performed using the electron backscattered diffraction
(EBSD) technique. The highest fabric strength is ob-
served from plagioclase measurements and the LPO of

this mineral are correlated to the flow dynamic. For
the samples collected from near the flow base a good
correlation is observed between the AMS ellipsoid axes
and the LPO of plagioclase: the K1 axis is close to the
maximum concentration of the [001] axes, the K2 axis is
close to the maximum concentration of [100] axes and
the K3 axis is close to the preferential orientation of
the (010) poles. The angle between the K3 axes and
the vertical plane define a significant flow related im-
brication of the magnetic foliation that can be used to
infer the flow direction. Determination of relationships
between the AMS axes and the flow related LPO of the
plagioclase may represent a valuable constraints to in-
terpret the ASM signature in lava flows.
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Because of their low degree of anisotropy associated
with a relatively high magnetic susceptibility, AMS
measurements of lava flows often provide scattered re-
sults and a large number of sample is needed to well
define the mean directions. However, the use of com-
plementary AMS methods combined with other technics
allow to infer flowing directions of lava piles. Such a
study was performed on six volcanic sections (9 up to
20 lava flows) from the Kerguelen Archipelago(southern
Indian Ocean) in order to complete regional geological
observations of Nougier (1970) and identify the loca-
tions of the different eruptive centers. Unfortunately,
one of these sequences, the Mont de la Rabouillère,
yielded an unexpected inverse fabric which did not al-
lowed us to undoubtly interpret its flowing direction.
We thus present a detailed analysis of this particu-
lar section including an additional AMS study on the
same samples but at a demagnetized state. To complete
this approach, we determined the anhysteretic rema-
nent anisotropy (ARA) of theses samples to compare
the magnetic fabrics obtained. Also further rock mag-
netic studies were performed. Normal and high reso-
lution FORC analysis of one sample per flow were re-
alized in order to detect eventual characteristic signa-
tures associated with the inverse fabric. Endly, an Elec-
tron BackScattered Diffraction analysis (EBSD) of one
thin section allowed to determine the cristalline ori-
entation of the plagioclases to check its relation with
the magnetic signal. Surprisingly, the [001] axis of the
plagioclase minerals was found to be aligned with the
mean kmax determined using the AMS. The study is
still on progress but our preliminary interpretations in-
dicate that the inverse magnetic fabric can be used to
infer a confident flowing direction for this section. J.
Nougier, 1970. Contribution a l’etude geologique et ge-
omorphologique des iles Kerguelen. C.N.F.R.A., Vol
27, 2 tomes, 440pp and 256pp
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Magnetic anisotropy has been used in numerous in-
vestigations since the 1950’s as an indicator of petro-
fabric. In deformed rocks the anisotropy of magnetic
susceptibility (AMS) has been shown to qualitatively,
and sometimes quantitatively reflect finite strain. In
low-field AMS all minerals contribute to the measured
anisotropy. Over the past years several methods have

been used to isolate different components to the AMS.
Various high-field methods are used to separate the
paramagnetic, diamagnetic and high coercivity antifer-
romagnetic components from the ferrimagnetic compo-
nent. In spite of these advances, our understanding
of the factors controlling the total AMS signal in a
rock remains limited, which has hampered the quan-
titative use of magnetic fabrics in deformation stud-
ies. This is partly due to the limited data available
on the intrinsic anisotropy of single mineral crystals.
Calcite is one mineral whose AMS is well-determined.
Earlier studies have shown that the magnetic fabric in
deformed pure marble can be related to the crystallo-
graphic orientation of the calcite crystals (Owens and
Rutter, 1978, PEPI, 16 2115; deWall et al., 2000, J.
Struct. Geol., 22, 1761). De Wall et al (2000) were
able to model quantitatively the AMS from the min-
eral fabric and AMS of calcite for coarse-grained mar-
bles, but were less successful for fine-grained ones. In
this study we have used low-field AMS and high-field
torque magnetometry to isolate the diamagnetic sig-
nal of Carrara marbles. The magnetic fabric has been
compared with the calcite fabric in the rocks. Prelimi-
nary results will be presented of synthetic calcite aggre-
gates prepared from Carrara marble powder, which was
initially uniaxially cold pressed at different amount of
load, in order to induce a c-axis maximum type of fabric
of various strength, and compare it with the magnetic
anisotropy. This was later Hot Isostatic Pressed at
about 150 MPa and 700◦ C to reduce porosity and in-
crease/homogenize the grain-size. In this way we could
compare a defined deformation (compaction) with min-
eral fabric and AMS. Our project will continue adding
white mica to the Carrara marble powder, in order to
obtain synthetic samples of controlled proportion of
calcite and mica, and controlled fabric. The final goal
will be to show if it is possible to separate the contri-
bution of the mica from that of the calcite to the total
AMS.
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The EPS-1 drilling occurs within the Upper Rhine
Graben and penetrates Variscan granites from 1420 to
2200 m depth. According to studies of Traineau et al.
(1991) two main hydrothermal alteration stages were
determined. An early propyllitic and pervasive alter-
ation took place during cooling and uplift history of
the pluton. The multiphase evolution of the Cenozoic
rift was accompanied by an intense brittle deformation
of the pluton causing a vein alteration within discrete
fault zones and their wall rocks. We present a rock-
magnetic and fabric study of the fresh, pervasive and
vein-altered granite comparing petrofabrics, fracture
patterns and the anisotropy of magnetic susceptibility
(AMS). AMS is caused by the directional dependence
of the magnetic susceptibility based on the distribution
of magnetic minerals, mostly Fe oxides. The magnetic
foliation in the fresh granite is interpreted as a mag-
matic flow fabric which is oriented almost horizontal
in the deeper part and reveal a steeper dip-values in
the upper part according to wrench tectonics (Ziegler,
1986) during Variscan time. The AMS ellipsoids of
the fresh granites show only oblate shapes with rela-
tive high magnetic anisotropy due to the association
of clustered magnetite with Fe-Mg silicates describing
the weak magmatic foliation. The magnetic foliation
in the pervasive altered granite reveals similar orienta-
tions as the fresh granite with steeper dip-values indi-
cating formation in a similar paleostress field. This al-
teration caused a major transformation of magnetite to
hematite, started with the growth of hematite platelets
relative to the {111} planes of magnetite expressed by
low magnetic anisotropies. The magnetic foliation of
the vein-altered granite is randomly oriented according
to the multiphase Cenozoic rifting with successive com-
pressional and extensional paleostress directions. New
formed minerals like hematite show crystal growth in
the veins but also due to the alignment of altered min-
erals. Both pervasive and vein-altered granites display
oblate as well as prolate ellipsoids. The decreasing ef-
fect of magnetite and the increasing influence of new
formed minerals like hematite, illite and Fe carbon-
ates on the shape and orientation of the AMS ellip-
soid will be demonstrated using AMS measurements
performed at different temperatures. Traineau et al.,
1991. Geotherm. Sci. Techn., 3(1-4), 1-29. Ziegler et
al., 1986. Tectonopysics, 126, 303-328.


