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Abstract. The wesiward drift of the South Atlantic
Magnetic Anomaly (SAMA) has long been known.
Recent computations based on an eccentric geomag-
netic dipole, as compared with archeomagnetic data
obtained in South America, seem to indicate that the
SAMA region has a periodic movement around the
Earth with a period of about 2 300 years. We think
that this evidence may contribute to a better under-
standing of the complex physical processes occurring
in the Earth's liquid core, where the magnetic field
originates.

Introduction

The westward drift of the main features of the Earth’s
magnetic field has long been known. In particular, Halley
(1692) found evidence that the South Atlantic Magnetic
Anomaly (SAMA) was moving westward with a drift ve-
locity of approximately 0.5 /year. The SAMA (see Fig. 1)
is a region of low magnetic field intensity in the South
Atlantic ocean and in the South American continent, rec-
ognized as a major sink for radiation belt particles
trapped in the Earth’s magnetic field (Pinto and Gonza-
lez, 1989a). This feature of the field can be reasonably
explained by the concept of an eccentric dipole. This con-
cept, spectfied by the dipole and quadrupole terms of the
multipole expansion of the geomagnetic field, accounts
for about 90% of the surface lield (Parkinson, 1983).

In this century, based on a more accurate analysis of
the geomagnetic field, the westward drift has been estab-
lished quantitatively in various ways, such as the move-
ment of the eccentric dipole (Vestine, 1953; Nagata, 1962;
Pudovkin and Valuyeva, 1967) or the drilt of the non-
dipole ficld on a planetary scale (Yukutake, 1962; Adam ¢!
al., 1964). However, recent investigations (¢.g. Dawson
and Newitt, 1982) seem to show that the dip poles, that is,
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the poles of the observed field, have had a predominant
northward motion, at least since 1850, On the other hand,
Kawai and Hirooka (1967) have shown that this result
would be very different if we consider only geomagnetic
data from observatories inside the SAMA region, In this
case, the motion is predominanily westward. Neverthe-
less, these results are not necessarily contradictory. In the
last decade there has been evidence supporting the idea
that particular features of the field may have different
movements. In fact, it is now widely accepted that they
have a very different origin, namely, they could be related
to different reverse flux leatures, known as core spots, in
the core-mantle boundary due to magnetic diffusion driv--
en by temperature variations at the core surface (Blox-
ham and Gubbins, 1985),

We have studied the movement of the SAMA over
several years. Firstly, we used eccentric geomagnetic
dipole data o calculate the position of the SAMA region
since 1600. Then we compared the results with archeo-
magnetic data obtained in the South American region
(Nagata er al., 1965; Kitazawa and Kobayashi, 1968), in
order to study the movement of the SAMA at previous
fimes.

Results

Using the data catalogued by Fraser-Smith {1987) we
determined the coordinaies of the magnetic center, that
is, the origin of the eccentric-dipole system since 1600
{Roederer, 1972} From them, we determined the approx-
imate position of the center of the SAMA region as the
point where the line connecting the magnetic center with
the center of the Earth intersects the Earth’s surface, Ex-
cept for the minor angular dependence contained in the
standard expression of the dipole hield, this point corre-
sponds to & minimum f{ield point (Pinto and Gonzalez,
1989 b),

Figure 2 shows the approximate positions of the cen-
ter of the SAMA for some years since 1600. In this figure
one can identify both a westward drift and a southward
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Fig. 8. Geostrephic velocities, relative to maximum observed depihs. along the Cretan Arc straits, September ~October 1987

Figore 8§ demonstrates a strong geosirophic outflow
(up to 28 cm/s) in the Kasos Strait. An inflow of less
significance was calculated in the deeper layer in this
strait.

A strong surface outflow (up to 32 cm/s) was calculat-
ed in the Antikithira Strait (Fig. 8). Figure 8 shows a
significant inflow below 70 m in the southeastern part of
the strait,

The geostrophic flow pattern and the associated ther-
mohaline fluxes through the straits are important factors
determining the distribution and the hydrographic char-
acteristics of the Cretan Sea water masses.

Conclusion

Five different water masses were identified during the
sampling period: (1} surface water with maximum salinity;
(2) north Aegean Sea surface water with minimum salini-
ty; (3) subsurface NAW of minimum salinity; {4} LIW of
maximum salinity; and (5) Cretan Sea deep water with
high values of salinity and temperature relative to the
bulk of the East Mediterranean Sea deep water masses.

The late summer hydrographic conditions of the Cre-
tan Sea provide evidence for the prevailing meandering
flow moving from NW to E and the seasonal reversing of
the main current system of the Cretan Sea. The compli-
cated entry/exit system through the Cretan Arc straits
seems to contribute to the generation of the two cyclonic
and three anticyclonic flow regions in the Cretan Sea
during summer.
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Fig. 1. The total intensity of the Earth’s magnetic field at the surface (in n'T) using the lnternational Gec{pmagnetic Reflerence Field (IGRF)
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Fig. 2. The approximate position of the center of the SAMA rezion
for some vears in the interval 1600 - 1983
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Fig. 3. Intensily ratio B/Bg of the geomagnetic ficld in the South
American continent from ancient 1imes (o the present obtained by
archeomagnetic data (hlack dors) and considering a drift model for
the SAMA region {curre)

drift. The center of the SAMA region, which now lies in
the South Atlantic ocean, near the coast of Brazil, has
moved there from the African continent during the last
200 years. In order to extend these calculations to even
earlier times, we need to compute the coordinates of the
magnetic center at those times. Unfortunately, such infor-
mation is not avaitable. However we can infer, at least
gualitatively, the location of the SAMA for the past as-
suming, as suggested by several authors (e.g. Vestine,
1953; Nagata, 1962; Pudovkin and Valuyeva, 1967), the
rotation of the eccentric dipole around the Earth. Based
on such an approach, we should expect a periodic move-
ment of the SAMA region around the Earth, during a
timescale {considering our results since 1600 and assum-
ing an average constant velocity) of about 2 300 years.
In order to test the approach, we compared the above
resuits with archeomagnetic data obtained by measuring
the natural remanent magnetization of potieries from Bo-
livia, Peru and Ecuador, on the South American conti-
nent {Nagata et al., 1963; Kitazawa and Kobayashi, 1968).
These potteries cover the period from about 2000 B.C. to
A.D 1400. Figure 3 shows the intensity ratio B/B, of the
geomagnetic field in ancient times to that of the present.
In this figure, we have also plotted a curve of the intensity
ratio B/B, assuming that the SAMA region rotates in the
westward direction maintaining the same latitude as at
present. We can see that, even considering this simple
assumption, there exists a reasonable agreement between
this curve and the archeomagnetic data. It is worth noting
that the archcomagnetic data also suggest a periodic
vanation of the ancient geomagnetic field in the South
American region with a period of about 2 000 years, in
clear contrast with the general tendency of monotonic



O. Pinto Jr. et al.- The wesiward drift of the South Aulantic Magnetic Anomaly 241

decrease in the Earth’s dipole moment during the last
3 000 years, which is now accepted by most of the investi-
gators. However, most of the data supporting this general
tendency (related to the dipole field) have been obtained
from other continents. It is possible that in the South
American region, the tendency might be screened out by
the non-dipolar field responsible for the SAMA.

Cenclusion

We have computed the approximate position of the SA-
MA since 1600 and compared the results with archeo-
magnetic data obtained in the South American region.
We have found evidence that the SAMA region has a
periodic movement around the Earth with a timescale of
about 2 300 years. Nevertheless, until we attain a better
understanding of the time variation of the non-dipole
components of the lield, such evidence can not be consid-
ered as definitive. However, we do feel that this evidence
should be considered in any attempt to associate different
physical phenomena with the SAMA over a long time
interval.
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