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Geomagnetic excursions
and climate change

KENT' has demonstrated rather convine-
ingly that the intensity of natural
remanent magnetism (NRM) in deep-sea
sediments is sensitive to changes in sedi-
ment type, and hence is not an accurate
indicator of the true strength of the
geomagnetic field. Thus, reported corre-
lations between NRM intensity and
climatic parameters in deep-sea cores
may be largely or entirely a function of
climatically induced changes in core
lithology.

This explanation is not, however,
directly relevant to suggested correlations
between climate change and other aspects
of the geomagnetic field. For example,
excursions of the Earth’s magnetic field,
as recorded in sediments, have been cor-
related with climate fluctuations and with
variations in the eccentricity of the Earth’s
orbit>™, These excursions appear to rep-
resent changes in magnetic inclination
and/or declination and do not necessarily
involve variations of NRM intensity. The
recorded excursions are not readily
explained by changes in lithology and
magnetic mineral content, although some
workers have suggested that excursions in
sediment cores are the result of disturb-
ances of the deposits before, during or
after sampling™®. The discovery of several
of the excursions in non-sedimentary
materials, such as lava-flow sequences and
ocean-floor magnetic striping, lends sup-
port to the idea that these events were
real fluctuations of the geomagnetic
field” .

The proposed connection between
geomagnetic excursions and climate may
come about through a direct cause and
effect relationship involving fluctuations
in field strength that can accompany
reversals and excursions™'’, atmospheric
effects of variations in geomagnetic pole
position'’, or perhaps some other
mechanism'?. It is possible that excursions
and climate are only secondarily related
and that orbital variations are the driving
force for both phenomena. Seven of the
reported excursions during the last
700,000 yr seem to correspond to peaks
in the approximately 100,000-yr eccen-
tricity cycle'®. These excursions are some-
times, but not always, correlated with
changes in NRM intensity in cores?.
Therefore, although Kent’s work casts
doubt on the significance of correlations
of climate with NRM measurements of
field strength, it does not offer an alterna-
tive explanation for the proposed connec-
tions between excursions, climate and
orbital parameters.
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KENT REPLIES—Rampino is correct
in stating that, unlike NRM intensit
fluctuations observed in some cores’,
anomalous NRM directions interpreted
as geomagnetic excursions are not readily
explained by changes in lithology and
magnetic mineral content. The question
of excursions, particularly their temporal
and spatial distribution, can be argued at
length (see, for example, ref. 2). Here I
will simply illustrate some of the associ-
ated problems by considering the record
of purported excursions in a single critical
core, V20-108, which provides an impor-
tant basis for several contributions seek-
ing a link between geomagnetism and
climate®~.

Although Wollin et al.® are sometimes
cited®* for the palaeomagnetic record of
V20-108, the original data were pub-
lished in an early and now classic paper
on magnetic stratigraphy by Ninkovich et
al.®. Comparison of the original inclina-
tion record® with later versions of the
same data®” shows some important dis-
crepancies relevant to this discussion—for
example, there are only three intervals of
anomalous negative inclination, all in the
upper 300 cm of the core (see Fig. 7 of
ref. 6), rather than five intervals, extend-
ing to 500cm (for example, Fig. 1 of
ref. 4),

A closer look at the original data
reveals that the inclinations below 300 cm
in the 1,671-cm long core fall close to the
expected dipole value of 63.5° positive
for normal and negative for reversed
polarity. This indicates that the geomag-
netic field is accurately recorded in this
section of the core and supports the corre-
lation of the reversals to the geomagnetic
polarity time scale (for example, the 0.73-
Myr Brunhes/Matuyama at 792 cm). In
contrast, within the upper 300 cm, rep-
resenting about 40% of the Brunhes, the
inclinations are anomalous in two
respects: first, regardless of sign, the incli-
nations are invariably shallower than the
dipole value; and second, intervals of
negative inclination occur, These intervals
of anomalous negative inclination (or
their facsimiles in ref. 5) have been seized
upon as records of geomagnetic excur-
sions and as such used to make various
correlations with the Earth’s climate or
eccentricity of orbit*™>,

I argue that these intervals, and in fact
the magnetic data from the entire upper
300 cm of V20-108, are unlikely to be a
representation of the geomagnetic field.
In two nearby cores—V20-107 taken
227 km to the south and V20-109 taken
only 208 km to the north of V20-108—
the magnetic data are of high internal
consistency and no such anomalous incli-
nations are observed in the Brunhes®.
Such localized occurrence of large depar-
tures from an axial dipole field direction
is difficult to explain with sources in the
Earth’s core and is more likely attribu-
table to a distorted record. Indeed, analy-
sis of the Lamont coring and curatorial
logs for V20-108 reveals that at least the
upper 300 cm of the sediment was drawn
through a bent pipe during coring, a con-
dition that could easily lead to disturbance
of the sediment and the magnetic record.
The same logs moreover show that the
sediment core was broken in several
places on board the ship, in particular at
298 cm to facilitate transport and at
460 cm where coring pipes were un-
coupled; single-sample measurements of
anomalous magnetic inclination closely
correspond to these levels. In view of
these observations, the interpretation of
anomalous inclinations in V20-108 as
records of geomagnetic field excursions
and their correlation to global phenomena
is highly dubious.

This illustration is not meant to imply
that all geomagnetic excursions or short-
polarity intervals reported in the litera-
ture are artefacts of poor or distorted
records; several, such as the Mono Lake
excursion recorded in sediments”® and the
Cobb Mt microchron in lavas®'®, appear
to be well documented. Rather, this
unfortunate choice of data suggests that
a more critical and conservative attitude
should be taken in the documentation of
geomagnetic field behaviour, considering
the numerous and more mundane sources
of anomalous palacomagnetic data. A
much improved knowledge of geomag-
netic excursions and short-polarity inter-
vals is required not only to provide a
legitimate basis for comparison with the
far better established record of Pleis-
tocene climate change but also to gain a
more fundamental wunderstanding of
the entire spectrum of geomagnetic
phenomena'’,

This work was supported by grant
OCE 81-19695. Lamont-Doherty Geo-
logical Observatory contribution 3452,

D. V. KENT

Lamont-Doherty Geological Observatory
and Department of Geological Sciences,

Columbia University,

Palisades, New York 10964, USA

1. Kent, D. V. Nature 299, 538--539 (1982).

2. Verosub, K. L. & Banerjee, 8. K. Rev. Geophys. Space
Phys. 18, 145-155 (1977).

3. Rampino, M. R, Geology 7, 584-587 (1979).

4. Rampino, M. R. Geophys. Res. Lett. 8, 1047-1050 (1981),

1983 Macmillan Journals Ltd



	Geomagnetic excursions and climate change

