Glossary of magnetic terms

anhysteretic remanent magnetisation (ARM)
The remanence produced during the smooth decay
of a strong alternating field in the presence of a weak
steady field.

anisotropy of susceptibility The variation of
magnetic susceptibility with direction. Only found
in recent sediments if a fabric is present. Dominated
by the shape of ferrimagnetic grains, e.g. align-
ment of elongated magnetite grains in tills.

antiferromagnetism A  type of magnetic
behaviour arising from crystals having lattices in
which adjacent atoms have antiparallel spins. The
susceptibility is very low and the remanence
zero. Exhibited by MnO and FeO, Antiferro-
magnetic material becomes paramagnetic above
the Néel temperature.

blocking temperature The critical temperature at
which thermal energy is just sufficient to cause
spontaneous reversals of magnetic moment. On
cooling, a magnetic grain acquires a spontaneous
magnetisation at the Curie temperature.
However, at such elevated temperatures, thermal
energy is generally able to reorientate the magnetic
moment and the moment is not stabilised until the
grain is cooled below the blocking temperature.
Superparamagnetic grains, on account of their
small volumes, have blocking temperatures below
room temperature.

blocking volume The threshold volume which
separates superparamagnetic and stable single-
domain behaviour. Grains smaller than the
blocking volume have lower magnetic energies than
thermal energies and their magnetisation
consequently fluctuates in the same way as in a
paramagnetic gas. Chemical growth through the
blocking volume locks in the average magnet-
isation of an assemblage of grains as a stable
remanence.

canted antiferromagnetismm  An imperfect form of
antiferromagnetism in which the spins are not
quite antiparallel. Can result in weak but very stable
remanences, €.g. haematite.
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chemical remanent magnetisation (CRM) The
remanence acquired when a magnetic material is
chemically formed or crystallised in a magnetic
field.

coercivity or coercive force (B;)c The reverse
field required to reduce the magnetisation to zero
from saturation.

coercivity of remanence (8;); The reverse field
required to reduce the remanent magnetisation
to zero after saturation.

Curie temperature or Curie point (7;) The
temperature above which a ferromagnetic or
ferrimagnetic substance becomes paramagnetic.

declination (D) The angle between geographical (or
true) north and a magnetic remanence or magnetic
field. A westerly variation is recorded as a positive
declination, an easterly variation as negative.

demagnetisation The process of depriving a
specimen of its magnetisation.

(a) Alternating field. Demagnetisation is achieved
by subjecting a specimen to an alternating
magnetic field which smoothly decreases to
zero.

Thermal. Demagnetisation is achieved by

cooling a specimen from above its Curie

temperature in zero magnetic field.

detrital remanent magnetisation (DRM) The
remanence found in sediments in which the
magnetic particles have inherited a remanence
from the material from which they have been eroded
and have tended to be aligned in the geomagnetic
field as the sediment formed.

diamagnetism (cross-magnetism) A phenomenon
occurring in all substances, due to a change in
orbital motion of electrons about the nucleus in an
applied field. Causes a rod of material, when
suspended between the poles of a magnet, to
arrange itself across the line joining the poles.
Results in a weak negative susceptibility which is
often masked by the much greater effect of para-
magnetism or ferromagnetism. Exhibited by
quartz, feldspars, calcite.

(b)
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dipole field The magnetic field pattern associated
with, for example, a small bar magnet. On the
surface of the Earth (or any sphere of radius )
surrounding a magnetic dipole (of moment m):

(a) the total field intensity (F) is related to the
distance (7/2 — A) from the pole position by
the equation F=m (1 +3 sin)}/a%;

(b) the inclination (/) of the field is given by the
equation tan /=2 tan 4;

(c) the declination (D) of the field is 0° by

definition.

domain A region of parallel atomic magnetic
moments in a crystal, which behaves as a unit
during change in magnetisation. Domains form
because they minimise the potential energy
associated with a magnetised sample.

excursion A change in direction of the geo-
magnetic field in which the virtual geomagnetic
pole migrates through more than 45° for some 102
to 10* years and then returns to its original
polarity. Such changes have not yet been
demonstrated to be worldwide phenomena.

ferrimagnetism A phenomenon similar to ferro-
magnetism but where the exchange interactions
favour both parallel and antiparallel alignment of
the magnetic moments of groups of atoms. A net
magnetisation is observed. Exhibited by spinel-
structured minerals, e.g. magnetite, maghaemite.

ferromagnetism A  phenomenon of some
crystalline substances due to unbalanced electron
spins combined with an ionic spacing such that very
large forces, called exchange interactions, cause
coupling and alignment of all the individual
magnetic moments of millions of atoms to give
highly magnetic domains. Results in positive and
relatively large susceptibilities and large
remanence and hysteresis. Exhibited by iron and
some other metals.

field (B,) The magnetic field of force resulting from
the presence of either a permanent magnet or an
electric current in the neighbourhood. The free
space induction, measured in tesla. By=p A.

frequency-dependent susceptibility (x,) The
time delay between the application of a field and
the magnetisation response causes suscepti-
bility to vary with frequency. At vanishingly low
frequencies (in static measurements) magnet-
isation and field remain in phase. At higher
frequencies relaxation phenomena result in a
decrease in susceptibility and in associated energy
losses which appear as heatin the sample.
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geocentric axial dipole field The field due to a
dipole situated at the centre of the Earth and
aligned along the Earth’s axis of rotation. This is a
good approximation to the time average of the
geomagnetic field over a period of about 106 years.

geomagnetic field The magnetic field associated
with the Earth. A good approximation of the present
geomagnetic field is that of a dipole, situated at the
centre of the Earth, inclined at 11§’ to the Earth’s
rotation axis.

hysteresis A physical phenomenon where the
magnetisation produced by an applied field lags
behind the field, with a consequent energy loss.

inclination (/) The angle between the horizontal
plane and a magnetic remanence or magnetic
field. A downwards dip of the north-seeking pole is
recorded as a positive inclination and an upwards
orientation as negative.

induction (B) The induction of magnetism in a
medium by an external magnetic field.

intensity The magnitude of a magnetic
remanence (M) or the magnitude of a magnetic
field (B).

intensity or excitation (H) The strength of a
magnetic field measured in ampere per metre.
Defined through Ampere’s law. Rarely used alone
in the SI system.

isothermal remanent magnetisation (IRM) The
remanence grown by the application and
subsequent removal of a magnetic field. (The
ordinary sense of magnetisation.)

magnetic moment (m) The couple exerted on a mag-
net placed at right angles to a uniform magnetic field
with unit flux density. Measured in ampere metreZ

magnetisation (M) The magnetic moment per
unit volume of a magnetised body. Measured in
ampere per metre. Generally made up of two
components:

(a) the remanent magnetisation (which remains
after removal of the external field),
(b) the induced magnetisation (which dis-
appears after removal of the field).
multidomain A magnetic grain which contains
more than one domain. Large grains divide into
more than one domain in order to reduce their total
energy. Multidomain grains have much lower
remanences and coercivities than stable single-
domain grains.

natural remanent magnetisation (NRM) The
residual magnetisation possessed by rocks and
other in situ materials.
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Néel temperature The critical temperature below
which the atomic moments of an antiferromagnet
or ferrimagnet are arranged alternately parallel
and antiparallel.

paramagnetism (parallel-magnetism) A pheno-
menon occurring in substances with unpaired
electrons. Causes a rod of the substance in a
magnetic field to arrange itself parallel to the
magnetic field. A small positive susceptibility
arises from the alignment of the magnetic
moment of individual atoms of the substance in an
applied field. Displayed for example by substances
with rare earth or transition series members, e.g.
clays, pyroxenes, amphiboles.

permeability of a vacuum (free space) (1) The
ratio of the magnetic flux density, B, in a vacuum to
the external field intensity, H. ie. yy=B,/H. The
exact value of [, is 47 x 10-7 henry per metre.

polarity reversal A geomagnetic field change in
which both the declination and inclination move
through 180° and then remain stable. Polarity
reversals are worldwide phenomena.

pole position The point of intersection of the
extension of a dipole axis and the Earth’s surface.
Two pole positions result, named the north and
south poles.

(a) geomagnetic pole position Associated
with the Earth’s present geocentric dipole
field. The north geomagnetic pole lies in
north-west Greenland at 78}'N, 70°W.

remanent magnetisation or remanence The
magnetisation remaining in the absence of an
external magnetic field.

saturation isothermal remanent magnetisation
(Mg or ggg or SIRM) The maximum remanence
attainable. It is produced by the application and
removal of a powerful magnetic field. We use the
symbol SIRM for remanent magnetisations
produced in the strongest readily available
laboratory field (often 1 tesla). We recognise that
our SIRM will fall short of the true saturation
remanence (0ps) of the physicist when high
coercivity, antiferromagnetic minerals are
incorporated in our samples.

saturation magnetisation (Mgorag) The strongest
possible magnetisation which can be produced in a
specimen by applying a powerful field.

secular variation Geomagnetic field fluctu-
ations of smaller angles than are involved in
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excursions but of a similar timescale of 10'-10*
years. Such field changes are recognisable over
regions of ‘continental extent’.

specific magnetisation (0) The magnetic
moment per unit mass of a magnetised body.
Measured in A m? kg'.

specific susceptibility (¥) Magnetic suscepti-
bility expressed in terms of unit mass. We measure
specific susceptibility in units of m? kg,

spinel An oxide mineral with cubic symmetry with
the general formula R*Q.R}Q, where R is a
divalent metal and R* a trivalent metal. Magnetite
(Fe?*O.Fe}*O;) forms a continuous series with
ulvospinel (Fe,>*Ti*Q,).

stable single-domain grain A magnetic grain
with just one domain which at normal
temperatures is capable of retaining its remanent
magnetisation unaltered for millions of years.

superparamagnetism The phenomenon of the
rapid decay in remanence of magnetic grains.
Superparamagnetic behaviour occurs in ferro- and
ferrimagnetic grains below a critical size. For
spherical magnetite grains the critical diameter is
about 104 m. Superparamagnetic grains are also
characterised by a noticeably high susceptibility
and by zero coercivity.

susceptibility (k) A measure of the degree to which
a substance can be magnetised. The ratio of the
magnetisation (M) produced in a substance to the
intensity of the magnetic field (H) to which it is
subject. k = M/H. With this convention, suscepti-
bility defined using unit volume is dimensionless.

thermoremanent magnetisation (TRM) The
remanence a sample gains by cooling from above
the Curie temperature in a magnetic field.

viscosity The change of magnetisation with time.
In natural materials viscous magnetisation
changes are generally produced by thermal effects
which cause changes in domain wall positions or
domain alignment or else cause reversal in
magnetisation direction of single-domain
grains close to the critical superparamagnetic
grain-size boundary. Viscous magnetisation and
remanence changes are normally proportional to
the logarithm of time and to the intensity of the
ambient field.

viscous remanent magnetisation (VRM) The
remanence produced by a weak magnetic field
applied over a long period of time.
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