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Magnetic reversals
The Earth’s magnetic field has reversed polarity hun-
dreds of times. That is, at different times in Earth's
past, a compass would have pointed south instead
of north. Recognition that the geomagnetic field has
repeatedly reversed polarity played a key role in the
revolution that transformed the geological sciences
in the 1960s—the acceptance of the theory of plate
tectonics. It is generally accepted that the geomag-
netic field is generated by motion of electrically con-
ducting molten metal in Earth’s outer core. However,
the mechanism by which the field decays and re-
verses polarity remains one of the great unknowns in
geophysics. See GEOMAGNETISM; PLATE TECTONICS.
The last magnetic field reversal occurred long be-
fore humans were aware of the geomagnetic field
(780,000 years ago; Fig. 1), so it is necessary to
study geological records to understand the process
by which the field reverses. The ability of rocks to
act as fossilized compasses, which record a perma-
nent “memory” of Earth’s magnetic field at the time
of rock formation, makes them suitable for detailed
studies of ancient geomagnetic field behavior. See
PALEOMAGNETISM; ROCK MAGNETISM.

Brunhes Chron (0-0.78 Ma)

Jaramillo Subchron

Matuyama Chron (0.78-2.58 Ma)
Olduvai Subchron
Réunion Subchron

__——FKaena Subchron
Gauss Chron (2.58-3.58 Ma)
T ———Mammoth Subchron

age, million years before present

Cochiti Subchron

Nunivak Subchron

Gilbert Chron (3.58-5.89 Ma)

5 ———— Sidufjall Subchron
Thvera Subchron

Fig. 1. Time scale of reversals of Earth’s magnetic field for
the last 5 million years (Cande and Kent, 1995). Color
intervals represent periods when Earth's magnetic field was
in the same state as the present field (called the normal
polarity state) when a compass would point north. White
intervals represent periods when Earth’s magnetic field
was in the opposite state as the present field (called the
reversed polarity state) when a compass would point south.
The boundaries between these polarity intervals represent
short periods of geological time. Long intervals of nearly
constant polarity are termed chrons, while shorter periods
of opposite polarity within a chron are termed subchrons.
The last four chrons are named after famous contributors
to geomagnetism (Brunhes, Matuyama, Gauss, and
Gilbert), while the subchrons in these intervals are named
after the locations at which they were first discovered.

Magnetic reversals

geographic north

Fig. 2. Position of the magnetic pole plotted as it
progresses through a reversal. (a) In a purely dipole field,
such as that produced by a bar magnet, paleomagnetic
data from any site on Earth's surface will describe a single
pole (Fuller et al., 1996). (b) An example of a series of poles
determined from a detailed paleomagnetic study of a
polarity transition (Tric et al., 1991). When a number of such
records were plotted together, the majority of poles plotted
over a longitudinal band across the Americas (Laj et al.,
1991), which indicated that the transitional field was
dominantly dipolar.

In order to understand the mechanism of field
reversal, it is necessary to develop a realistic view
of the geometry of the field during polarity transi-
tions. The interval of time required for the field to
switch polarity is between about 5000 and 10,000
years. In a typical sedimentary rock unit, a polarity
transition is recorded across a thin interval of strata,
generally less than a meter thick. Many detailed stud-
ies have been undertaken from closely spaced sam-
ples through such intervals. During the early 1990s,
a compilation of existing records indicated a distinct
pattern in the way the field behaves during rever-
sals. In particular, if the position of the magnetic
pole was plotted as it progressed through a rever-
sal (Fig. 2), it secemed that a large proportion of
the poles tracked across a longitudinal band through
the Americas. A second set of poles followed a path
on the other side of the Earth (180" from the first)
through western Australia and east Asia. This compi-
lation suggested that the transitional field was dom-
inantly dipolar and that biased field configurations
may have persisted for several reversals during the
last 10 million years. The time constants of convec-
tive motion in Earth’s fluid outer core are a great deal
shorter than in the solid overlying mantle. The per-
sistence of these patterns over such long time inter-
rals therefore suggested that fluid motion in the core
is strongly affected by Earth's mantle and that the
proposed bias may reflect long-term characteristics
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of deep-Earth dynamics. The coincidence in the
location of transitional geomagnetic poles and other
geophysical observations, such as anomalously cool
lower-mantle temperatures, fluid flow patterns at the
top of Earth’s outer core, and significant features in
the present geomagnetic field, excited a great deal
of interest. As a result, the nature of transitional ge-
omagnetic field behavior became one of the most
hotly debated issues in geophysics in the 1990s.
See EARTH, CONVECTION IN.

When observations concerning transitional geo-
magnetic field behavior were subjected to more rig-
orous statistical analysis, it was concluded that it is
premature to accept the hypothesis of lower-mantle
control of the geodynamo. Despite the compilation
of many polarity transition records, there is an un-
even distribution of sites around the world from
which polarity transition records are available. A
much wider distribution of sites is required for ade-
quate testing of current hypotheses concerning tran-
sitional field behavior. In addition, there is consider-
able concern about the ability of some geological
materials, particularly sediments, to record the geo-
magnetic field during periods when the field is ex-
tremely weak (such as during a reversal when the
field decays to about one-tenth of its nontransitional
value). Thus, rigorous methods must also be devel-
oped for assessing the reliability of the records used
to make inferences about transitional field behavior.
See GEODYNAMO.

Major advances in understanding geomagnetic
field behavior have recently been made using nu-
merical models that require thousands of hours of

super-computer processing. The models provide
fairly realistic simulations for how the geomagnetic
field is generated, and a polarity reversal has been
simulated. This simulation displays many features in
common with paleomagnetic records of reversals,
but much more work is needed to get a more realistic
match. Paleomagnetic observations of polarity tran-
sitions are still required from widely distributed sites
around the world. Debate concerning geomagnetic
ficld behavior during polarity transitions is therefore
far from settled and is likely to rage for some time to
come. Andrew P. Roberts
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