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The time span between two successive reversals appears to be ran-
dom. Many statistical analyses were aimed at detecting periodicities
or recurrent features, which would be hidden behind the succession
of reversals. The succession of polarity intervals is closely approxi-
mated by a Poissonian distribution or at least by a gamma process
if one assumes that short events have been missed in the reversal
sequence. One can always consider that subsequent refinement of the
reversal sequence can change this view. A critical aspect is the pre-
sence of field excursions which large deviations from the geocentric
axial dipole during periods of very-low-field intensity. Excursions
and reversals share common characteristics, which suggest that they
could be treated as manifestations of similar processes within the core.
In fact many authors proposed that excursions must be seen as aborted
reversals whereas others regard them as intrinsic secular variation in
presence of a weak dipolar field. In the first case, they should be trea-
ted at the same level as reversals in the statistics, which would provide
a very different picture of the field. A critical point to answer these
problems would be to determine whether excursions existed during
the superchrons.

Dating reversals and estimating their duration

The age of the successive reversals is critical for analyzing their suc-
cession. As described earlier most reversals were dated by extrapolat-
ing the ages of the recent reversals after combining the spreading rates.
Very significant progress was accomplished during the past 20 years
with the discovery that carbonated sediments revealed the succession
of the orbital cyclicities of the Earth (23 ka). The ages of the Pliocene
and Pleistocene reversals were refined by using this independent
method (Shackleton et al., 1990; Tauxe et al., 1992, 1996; Channel
and Kleiven, 2000) which relies on correlating climate proxies (such
as oxygen isotope ratios, susceptibility or density variations .. . or sim-
ply counting the astronomical cycles recorded in continuous sedimen-
tary sequences) with calculated variations of the Earth’s orbit. Using
seafloor spreading rates for five plate pairs, Wilson (1993) has shown
that the errors in the astronomical calibration are not greater than 0.02
Ma (which corresponds to a precessional cycle of the Earth’s orbit) and
also that spreading rate can remain constant for several million years.
A critical question that comes to mind is how long it takes for the
field to reverse from one polarity to the other. Before dealing with this
aspect, it is important to determine when a reversal starts and when it
ends. There are many observations showing successions of large oscil-
lations (Hartl and Tauxe, 1996; Dormy et al., 2000) preceding or fol-
lowing polarity changes, and it is not clear whether or not they should
be incorporated in the reversal process. Such oscillations can be linked
to enhanced secular variation in presence of low dipole field. Alterna-
tively, they can be considered as successive attempts by the field to
reverse. Important also is the definition of a transitional direction,
which must exceed the normal range of secular variation (i.e., the
range of the field variations during periods of polarity). Limits on
the virtual geomagnetic pole (VGP) latitudes have been mostly used
since it is rare that VGPs reach latitudes lower than 60°, although a
strict definition should be restrained to positions lower than 45° (epi-
sodes of large secular variation can occasionally reach these latitudes).
The sharp transition between magnetic anomalies of opposite pola-
rities, the very narrow thickness of the intervals recording sedimentary
columns as well as the small number of lava flows with directions
being unambiguously identified as “intermediate” between the two
polarities were rapidly convincing and strong evidences that reversals
are short phenomena on a geological timescale. The data recorded
from the best continuous and documented sedimentary sequences indi-
cate that the jump between the two polarities is shorter than one pre-
cessional cycle (23 ka). If we refer to radiometric dating (e.g., K—Ar
or Ar—Ar techniques) of lava flows, the problem is delicate because
of the sporadic succession of the flows characterized by pulses of erup-
tions occurring over a short period and long intervals without any
magmatic event. A direct consequence is that sequences of lavas

provide only very partial records of one or several phases of the rever-
sal but not the entire process. Finally and even more critical is the fact
that uncertainties on the ages cannot be ruled out as this is clearly illu-
strated by the large number of studies performed on the last reversal
(Brunhes—Matuyama). The compilation of K—Ar and/or Ar—Ar dating
(Quidelleur et al., 2003) for 23 volcanic records indicates an age of
789 + 8 ka (total error). The tuning of the §'%0 records from sedimen-
tary sequences to orbital forcing models gives an age of 779 + 2 ka
(Tauxe et al., 1996). Recently, Singer et al. (2005) mentioned that the
astronomical determination is close to the age of the lavas from Maui
(Hawaii) (776 + 2 ka), and therefore that the other volcanic records
are related to the onset of the transitional process. Consequently they
deduce that a field reversal would require a significant period. One
can oppose that there is no reason to consider that the onset of the rever-
sal was initiated at the same time everywhere but above all if we con-
sider the total uncertainties on the ages, there is no significant
difference. Actually this uncertainty leaves doubts as to the possibility
of constraining the duration of the transition with precision. There is
also no reason to consider that all reversals have the same duration.
Most studies converge to estimates between 5 and 10 ka but durations
as short as 1 ka or as long as 20—30 ka have been proposed also. Clem-
ent (2004) recently analyzed the four most recent reversals recorded in
sediments with various deposition rates and found a mean average dura-
tion of 7 ka for the directional changes (Figure G42). An interesting
characteristic is that the mean duration seems to vary with latitude, as
expected from simple geometrical models in which the nondipole fields
are allowed to persist while the axial dipole decays through zero and
then builds in the opposite direction.

The reversing field

Recorded by sediments

There has been a great deal of speculations concerning the processes
governing field reversals. In order to decipher the mechanisms it was
important to focus on the morphology of the field during the transition
from one polarity state to the other. The first major step was to deter-
mine whether this “transitional” field would keep its dipolar dominant
character. To achieve this goal, the paleomagnetists took advantage of
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Figure G42 (a) Geographical distribution of Matuyama—Brunhes
transitional VGPs derived from a selection of sedimentary records
of the last reversal (from Clement, 1991). (b) Longitudinal
distribution of transitional VGPs plotted as the number of
transitional VGPs in a sliding 30° wide longitude window. Note
the presence of two peaks over the American and Asian
continents.
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the concept of the VGP, which defines the position of the pole assum-
ing that the field is dominantly dipolar. The idea was very simple. If
the field remained dipolar, then any vector at the surface of the Earth
would point toward the same pole following the rotation of the dipole
with its north (south) pole passing to the (south), while in the opposite
situation the poles would be different at any site. Using the first
records from sediments, it was rapidly shown that the field was not
dipolar during reversals (Dagley and Lawley, 1974; Hillhouse and
Cox, 1976). In the meantime the first records of paleointensity estab-
lished that the field intensity was systematically very low during the
transitions. This decrease in dipole intensity is necessary before directions
depart significantly from dipolar ones (Mary and Courtillot, 1993) and
therefore consistent with the concept of a nondipolar field. The nature of
this nondipolar field is one of the major questions to elucidate.

Two objectives were pursued in order to provide some answers
to this question—the first one relied on the acquisition of multiple
records of the same transition. It was proposed that because the Earth’s
rotation keeps a major role in field regeneration the transitions would
be dominated by axisymmetrical components (quadripolar or octupo-
lar). This suggestion could be tested at least at the first order by refer-
ring again to the useful concept of the VGPs. Indeed to satisfy the
axial symmetry, the VGPs always follow the great circle passing
through the observation site (or its antipode), which implies to study
the same reversals at different sites. Records from sediments were
appropriate because the transitions can be identified without ambiguity
and thus correlated from widely separated sites. In the meantime the
development of cryogenic magnetometers was very helpful as they
provided the possibility of measuring weakly magnetized sediments.
The results established that the VGP trajectories were effectively con-
strained in longitude but in many cases 90° away from the site meri-
dian rather than centered above it.

The second objective was to investigate whether successive rever-
sals were characterized by some recurrent or persistent features. This
required studying sequences of reversals at the same site. Again long
sequences of marine sediments were appropriate for this kind of study
as well as the use of VGP paths, despite the dominance of nondipolar
components. The most appealing observation emerged from a selec-
tion of sedimentary records (Clement, 1991; Tric ef al., 1991), which
were all showing VGP paths within two preferred longitudinal bands,
over the Americas and eastern Asia. Going one step further Laj et al.
(1992) noted that these areas coincide with the cold circum Pacific
regions in the lower mantle (outlined by seismic tomography), thereby
suggesting that density or temperature conditions in the lower mantle
could control the geometry of the reversing field. However, this obser-
vation was controversial because it relied on a selection of records.
Another intriguing characteristic (Valet et al., 1992; McFadden et al.,
1993) was the fact that these VGP paths were also found 90° away
from the longitude of their sites despite their relatively wide geo-
graphic distribution (Figure G43), which could suggest some artifacts
in the recording processes. Several studies effectively questioned the
fidelity of sediments as recorders of the field variations, particularly
during periods of low field intensity. Many factors (compaction, align-
ment of the elongated particles) reduce the inclination of the magneti-
zation, a process that moves the VGPs paths far away from the
longitude of the observation sites (Rochette, 1990; Langereis et al.,
1992; Quidelleur and Valet, 1994, 1995; Barton and McFadden,
1996,). There is also some indication that for some sediments the
magnetic torque generated by a weak field is too low to provide
accurate orientation of the magnetic grains, leaving in this case a promi-
nent role to the hydrodynamic forces. These problems suggest that sedi-
ments could not be as appropriate as it was originally thought to study
reversals.

Recorded by volcanic lava flows

One must thus turn toward volcanic records keeping in mind that in
this case we are faced to the very discontinuous character of the
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Figure G43 Distance between the mean longitudes of the virtual
geomagnetic poles (VGPs) and their site meridian. Note that most lie
90° away from their site longitude.

eruption rates. Following the presentation of preferred longitudinal
bands, Prévot and Camps (1993) compiled all volcanic records with
VGPs latitudes lower than 60°, considering only one position for poles
that were identical or very close to each other. They observed that no
preferred longitudinal band emerged from this database. Love (1998)
questioned this interpretation, arguing that similar directions from suc-
cessive flows should not be averaged, because they do not necessarily
result from a very rapid succession of eruptions. Instead he treated
each individual flow as a single time event (implying no correlation
between successive flows (Figure G44), or identically that the duration
between flows was larger than the typical correlation times of secular
variation). Because VGPs obtained from volcanics can reach latitudes
as low as 45-50° during episodes of large secular changes (and of
course excursions), it is also important to restrain the analysis to the most
transitional directions, i.e., those with VGP latitudes less than 45°.
Unfortunately in this case the number of points becomes too small to per-
form any robust analysis. This illustrates the difficulties of finding
detailed records of reversals but also implies and confirms that indeed
transitions occur very rapidly.

Using another selection of records, Hoffman (1991, 1992, 1996)
pointed out the existence of clusters of VGPs in the vicinity of South
America and above western Australia. Because of the apparent longevity
of these directions they were interpreted as indicating the existence of a
persistent inclined dipolar field configuration during the reversal pro-
cess. This is an attractive suggestion, which would establish some link
between the sedimentary and the volcanic records but limited to a selec-
tion of data.

It is striking that these interpretations depend on the chronology of
the lava flows. Volcanism is mostly governed by short periods of
intense eruptions alternating with quiet intervals. It is usually admitted
that the active periods can be very short with respect to the intervals of
quiescence. An indirect “magnetostratigraphic” indication has been
given by three parallel sections of Hawaii (Herrero-Bervera and Valet,
1999, 2005), which are not distant, by more than a few kilometers.
They all recorded the same reversal but do not show the same succes-
sions of transitional directions. Clusters of similar directions can be
present in one section without being recorded 2 km away. Similarly
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apparent rapid changes can be observed in detail in one case and be
absent 2 km away. In the first case, the field remained in the same
position during a period short enough for not being recorded in the
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Figure G44 (a) Map of gray-scale histogram of the VGPs from
volcanic lava flows with latitudes that are low enough for being
considered as transitional (from Love et al., 1998). (b) Histogram
showing their longitudinal distribution. All lava flows were
considered and thus not necessarily incorporated within a
sequence of overlying flows. The similar directions that could
be linked to a phase of rapid volcanic eruptions were considered
as a result of a random process and thus were all taken in
consideration. The database is strongly dominated by Icelandic
lava flows.

nearby section. In the second case, the field variations occurred either
over a short time interval or the field moved very rapidly and was thus
recorded only at a single location. Thus we cannot rule out that the
apparent concentrations of VGPs close to South America and western
Australia can be purely coincidental so that it cannot be considered yet
as certain that long-lived transitional states represent an actual charac-
teristic of the reversing field.

Another approach is to rely exclusively on volcanic records with
well-defined pre- and posttransitional directions and a sufficient num-
ber of intermediate directions. These records are more significant in
terms of transitional field characteristics because they are not asso-
ciated with uncertainties about the origin of the directions and their
stratigraphic relation. The distribution of poles extracted from this lim-
ited database does not display any preferred location, nor does it show
any evidence for systematics in the reversal process (Figure G45).
Note also the presence of clusters at various longitudes and latitudes.

Despite the difficulties inherent to the interpretation of sedimentary
and volcanic transitional directions, the two kinds of data may share
some common characteristics. We already noted a possible link
between the volcanic clusters and the preferred VGP paths in sedi-
ments but outlined some difficulties in reconciling these two aspects.
Another important issue is that the two kinds of records are associated
with very different timing in the acquisition of their magnetization, the
almost instantaneous cooling of the lavas being almost opposite to the
slow processes governing the lock-in of magnetization in sediments.
It is thus more justified to attempt a comparison by considering sedi-
ments with very high deposition rates in order to reach a better resolu-
tion (for magnetization acquisition) thus closer to the volcanic
characteristics. A few detailed sedimentary records with deposition
rates exceeding 5 cm per 1 ka have been published (Valet and Laj,
1984; Clement and Kent, 1991; Channell and Lehman, 1997). A domi-
nant and common characteristic is that they display a complex structure
with large directional variations preceding and/or following the transi-
tion which reminds the features seen in the volcanics (Mankinen et al.,
1985; Chauvin et al., 1990; Herrero-Bervera and Valet, 1999). These
large loops share similarities with the secular variation of the present
field. This observation reinforces the simplest model initially sug-
gested by Dagley and Lawley (1974) of a rather complex transitional
field which would be dominated by nondipole components following
the large drop of the dipole field (Valet et al., 1989; Courtillot et al.,
1992).
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Figure G45 Positions of the VGPs derived from the most detailed volcanic records of reversals published so far. In contrast with
Figure G44 no Icelandic sequence of superimposed flows met the selection criteria. Note also the large number of clusters

(surrounded by circles) at various locations of the globe.
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Fast impulses during reversals?

The existence of fast impulses during the 16 Ma old reversal recorded
at the Steens Mountain in Oregon (Mankinen ef al., 1985) was sug-
gested from a puzzling progressive evolution of the paleomagnetic
directions in the interiors of two transitional lava flows (Coe and Pré-
vot, 1989; Camps et al., 1999). Each lava unit recorded a complete
sequence of directions going all the way from that of the underlying
flow to the direction of the overlying flow. In the absence of any clear
evidence for anomalous rock magnetic properties, these features have
been interpreted in terms of very fast geomagnetic changes, which
would have reached 10° and 1000 nT per day. For comparison values
typical of the present-day secular variation of the field (of internal ori-
gin) are of the order of 0.1° and 50 nT per year, i.c., some 10* times
slower. In this specific case the timing of these fast changes can be
constrained by estimates of the cooling times of individual flows.
However, such rapid changes do not seem to be compatible with
accepted values of mantle conductivity (Ultré et al., 1995). As a con-
sequence this interpretation of the magnetization generated exciting
controversy. Additional detailed investigations have been conducted
in order to see whether this situation could not have arisen because
of remagnetization of the flows. Remagnetizations of lava flows, yield-
ing complex or unusual directions, have been detected at several loca-
tions where reversals have been recorded. A first interesting example
was given by Hoffman (1984) from Oligocene basaltic rocks. Valet
et al. (1998) observed the coexistence of both polarities (with similar
characteristics as for the directions recorded at Steens Mountain)
within flows marking the last reversal boundary (0.78 Ma) at the Can-
ary Islands, and also in a lava flow associated with the onset of the
upper Réunion subchron (2.13 Ma) in Ethiopia. In these cases, a
purely geomagnetic interpretation would imply that a full reversal took
place in only a few days. Similarly to the Steens Mountain, there is no
striking difference between the rock magnetic properties of these units
and the rest of the sequence, but a scenario involving thermochemical
remagnetization is not incompatible with the results. Thermochemical
magnetic overprinting can be particularly serious when it affects a flow
emplaced at a time of very low field intensity, sandwiched between
flows emplaced at a time of full (stable polarity) intensity. Recent
investigation of additional flows at Steens did not shed more light on
this problem but rather casts doubts on a geomagnetic interpretation
of the paleomagnetic directions (Camps et al., 1999). Therefore, the
existence of very large and rapid changes that have been documented
from a single site by a unique team remains controversial. In the mean-
time no alternative explanation has been completely accepted yet.

Field intensity variations across reversals

Variations in field intensity accompanying the reversals provide impor-
tant and unique information concerning the transition itself but also the
evolution of the dipole prior and after the reversals. We mentioned ear-
lier that a significant decrease of the dipole was reported since the ear-
liest studies. It is well established, based on all sedimentary as well as
volcanic records that field intensity drops significantly and in most
cases these changes last longer than directional changes (see e.g.,
Lin et al., 1994; Merrill and Mc Fadden, 1999). Note that similar
drops have been mentioned in all records of excursions with one
exception (Leonhardt ez al., 2000). Initially, the records were restrained
to the transitional interval or to a few thousand years preceding and
following the reversal. Several long records of relative paleointensity
have now been obtained using sequences of deep-sea sediments, which
make possible to observe the evolution of the field over a long period.
These independent records from sediment cores in different areas of
the world can be stacked together to extract the evolution of the geo-
magnetic dipole moment (Guyodo and Valet, 1996, 1999; Laj et al.,
2000). There is a remarkable consistency between the first stacks pub-
lished for the past 200 and 800 ka and a similar approach performed
from field measurements immediately above bottom seafloor magnetic
anomalies (Gee et al., 2000). There is also a good agreement with the

cosmogenic isotopic records (Frank et al., 1997; Baumgartner et al.,
1998; Carcaillet et al., 2003, 2004; Thouveny et al., 2004). Apart
many other interesting observations a dominant feature is the existence
of a large drop of intensity about every 100 ka, which coincide with
excursions reported from various sequences in the world.

The most recent curve of relative paleointensity was extended to the
past 2 Ma (Valet et al., 2005) and is in good agreement with the abso-
lute dipole moments derived from volcanic lavas, which were used for
calibration. It shows that the time-averaged field was higher during
periods without reversals but the amplitude of the short-term oscilla-
tions remained the same. As a consequence, few intervals of very
low intensity and thus less instability are expected during periods with
a strong average dipole moment, whereas more excursions and reversals
are produced during periods of weak field intensity. Prior to reversals,
the axial dipole decays during 60 to 80 ka, but rebuilds itself in the
opposite direction in a few thousand years at most (Figure G46).
The most complete volcanic records confirm that recovery following
a transition is short and culminates to very high values. The detailed
volcanic records including determinations of absolute paleointensity
provide support for such an asymmetry. Strong posttransitional field
values have been reported in a Pliocene reversal recorded at Kauai
(Bogue and Paul, 1993) and in the upper Jaramillo (0.99 Ma) subchron
recorded from Tahiti (Chauvin et al., 1990) as well as for the lower
Mammoth reversal (3.33 Ma) from Hawaii. The same characteristics
emerge also from the 60 Ma oldest record obtained so far in Greenland
(Riisager and Abrahamsen, 2000), from the 15 Ma old Steens Mountain
reversal (Prévot et al., 1985) and from the last reversal (0.78 Ma)
recorded from La Palma in the Canary Islands (Valet et al., 1999).

Conclusion and perspectives

Several hundreds reversals have been documented from geological
records and it is not unlikely, yet not demonstrated, that reversals
always accompanied the existence of the geomagnetic field. Their
internal origin neither makes any doubt. Many numerical models for
the Earth’s dynamo were produced during the last decade, including
three-dimensional self-consistent dynamos that exhibit magnetic rever-
sals. However, mostly for computation difficulties the parameters used
remain far away from the Earth. This demonstrates the importance of
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Figure G46 Field intensity variations across the five reversals
occurring during the past 2 Ma. In this figure we superimposed
the changes in dipole moment during the 80 and 20 ka time
intervals, respectively preceding and following each reversal.
Note the 60-80 ka long decrease preceding the reversals, and the
rapid recovery following the transitions.
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accumulating data. For about 30 years the paleomagnetists attempted
to acquire as many detailed records as possible using the magnetic
memory of sediments and lava flows. One of the first objectives was
to determine whether the field keeps its dipolar character when rever-
sing. The complexity of the directional changes shown by the detailed
records and the large decrease of the field intensity indicates that the
dipolar component strongly decreases by at least 80%, if not vanishing
completely. One of the major constraints is the rapidity of the reversal
process. There is no clear estimate for reversal duration, which may
vary. Indeed it seems easier to isolate transitional directions for some
reversals than for some others. There is no estimate for a lower limit
of the duration of a transition which could be as short as a few hun-
dreds years, if not less. It is reasonable to consider that the upper limit
does not exceed 20 ka. After many years the suitability of sedimentary
records (which have the advantage of preserving continuous informa-
tion on field evolution) has been heavily questioned because their
direction of magnetization can be affected by other factors (climate,
alignment of the magnetic grains, postdepositional reorientations),
particularly in presence of low field intensity. It is thus wise to turn
also toward volcanic records despite their intrinsic limits in terms of
resolution and dating. If we refer to the existing volcanic database, dif-
ferent views are presently defended regarding the field configuration
during the short transitional period. Some claim that there is a domi-
nance of the pole positions within preferred longitudinal bands, parti-
cularly within the American and Australian sectors, while others
oppose rock magnetic artifacts and defend that the distribution of the
transitional directions is typical of a nondipole field that would be
similar to the present one. These two views have different implications
and impose different constrains. The first one assumes that the lower
mantle exerts some control on the reversal processes while the alterna-
tive interpretation defends that the transitional field would result from
intrinsic processes linked to the dynamic of the core fluid. Another
aspect is the existence of precursory events. The complexity of the field
evolution prior to reversals depicts some “excursions” of the directions
that are interpreted as precursory events. This observation can be
linked to the long-term decay of the dipole component prior to the
reversal, which is responsible for the complexity of the directional
changes observed at the surface. Under this scenario the “precursory”
excursions simply reflect the dominance of the nondipole part of the
field, which will then prevail during the transition. Finally, a fast and
strong recovery takes place immediately after the transition. The
amplitude of this restoration phase is certainly critical as recent obser-
vations suggest that the dipole field strength could be a dominant fac-
tor controlling the frequency of reversals.

Jean-Pierre Valet
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GEOMAGNETIC SECULAR VARIATION

Introduction

The term secular comes from the Latin Seculum which means the
duration of the influence of a powerful family becoming steadily less.
The Romans accounted 100 years for that, why it also was synon-
ymous for century. In context of geomagnetism it implies a long-term
variation of the Earth’s magnetic field.

The observed temporal variations of the Earth’s magnetic field
cover timescales from milliseconds to a few million years and origi-
nate in two distinct (external and internal) source regions with respect
to the Earth’s surface. With this respect the fluctuations of the external
field ranges from milliseconds to a few decades, where the longer per-
iods are related to variations of the solar magnetic field, e.g., the turn-
over of solar magnetic field (about 22 years). Changes of the internal
field are of the order of a few years to millions of years. This variation
results from the effect of magnetic induction in the fluid outer core and
from effects of magnetic diffusion in the core and the mantle. Here, we
distinguish geomagnetic secular variation and paleomagnetic secular
variation, where the latter includes temporal changes longer than sev-
eral hundreds of years, such as reversals (see Reversals, theory). The
overlap of periods of internal and external sources in the range of a
few years to decades can be separated in internal and external contri-
butions applying spherical harmonic analysis (see Internal external
field separation).

The geomagnetic secular variation was first noticed by Gunter and
“Gellibrand” in 1635, who collected measurements of magnetic decli-
nation made at Limehouse near London between 1580 and 1634. This
component gradually changed over the period of 350 years from 11°E
to 24° W in 1820, before turning eastward again. Figure G47 shows the
declination measured in London and Danzig (Gdansk) for about 350
years. Whereas the main field is dominated by its dipolar nature, the
secular variation is clearly nondipolar, which is reflected in regions
of different magnitudes of secular variation. For example, in the paci-
fic region the secular variation appears to be crestless. However, the
(geomagnetic) secular variation has been observed to be the feature
of the main field and not of the local field.

One other prominent feature of the secular variation is the tendency
of isoporic foci (areas of maximum secular variation) to drift west-
ward. Analyzes by Vestine et al. (1947) and Bloxham et al. (1989)
found an averaged drift rate of about 0.3°y~!.

In addition to the slowly varying secular variation event-like fea-
tures appear, the so-called geomagnetic jerks. Such jerks show up as
a change of sign in the slope of the secular variation, a discontinuity
in the second time derivative of the field, most clearly seen in the east
(Y) component of the geomagnetic field. For the last 100 years at least

seven jerks have been reported (1912, 1925, 1969, 1978, 1983, 1991,
and 1999), some of them of global extent. The 1969 event (first
described by Courtillot et al., 1978) was widely investigated; on the
basis of observatory records. Courtillot et al. (1978) and Malin and
Hodder (1982) showed its global extent, although it was not evident
in all field components. This fact and the coincidental occurrence
of jerks and sunspot maxima set off a lively discussion between
Alldredge and McLeod in the 1980s (Alldredge, 1984; McLeod, 1985;
Backus et al., 1987) about the causative processes of jerks. The gen-
eral understanding is that jerks are of internal origin, mainly because
of two reasons: First, the potential of the solar cycle has approximately
the form of zonal spherical harmonics, therefore any contribution
to the East component would be small. Jerks are most clearly visible
in the East component of European observatories. The second argu-
ment is based on a comparison of the strength of the solar maxima
adjacent to the 1969 jerk, 1958 and 1980. At both epochs the solar
maxima were more pronounced than in 1969, so we would expect
two jerks at those epochs, but nothing obvious happened in 1958
and the jerks around 1978 and 1983 do not fit well to the solar max-
imum in 1980 (see also entry on Geomagnetic jerks).

Determination of secular variation models

Before considering the generation of secular variation and its link to
other observables of processes in the Earth’s core, we shall first
describe a modeling approach to map the secular variation at the
source region, the core—mantle boundary (CMB).

In principle, the magnetic field and its variation can be separated in
parts due to external and internal sources by spherical harmonic analysis
(Gauss, 1839). The geomagnetic field is then represented by the so called
Gauss coefficients (see entries on Internal external field separation and
Main field modeling). The variations of the internal field can be modeled
by expanding the internal Gauss coefficients in a Taylor series in time
about some epoch, 7, e.g.,

(t — 1)
2!

g'(1) = g'(te) + &' (1) (1 — e) + &' +-- (Ea D

where the first time derivative g/" is the secular variation and the sec-
ond time derivative g;" the secular acceleration. The determinations
usually have been truncated after some derivatives. The GSFC(12/
66) model (Cain et al., 1967) included second time derivatives and
the GSFC(9/80) model of the magnetic field between 1960 and 1980
by Langel et al. (1982) included third time derivatives. These
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Figure G47 The declination at London and Danzig (Gdansk).
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