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Abstract

We have now known that the time-average of the ‘recent’ geomagnetic field is
a geocentric axial dipole field. As for the continuous time variation of the
dipole moment, it has been reported as several well-known stacked curves
from marine sediments. They are in relative values and cover the last few

million years.

However, geomagnetic field is not solely the dipolar field and there is a not
negligible amount of contributions from the non-dipole components. Both the
dipole and non-dipole components are time-varying and the latter cause local
variations. Thus, for a complete understanding of the global paleomagnetic

field variation, it is important to construct global continuous models.

There have been three such models reported so far, but none of them cover
time scale more than ~ 105 years. Considering the last five million years, a
geologically recent period, average duration of a one geomagnetic polarity
interval 1s about 2x105 years. We think it is important to construct a global
continuous paleomagnetic field model covering more than a time scale of ~

105 years, in order to comprehensively investigate the Earth’s core dynamics.

One of the target periods should be the last few million years. For a
construction of the model, we should need (1) few hundreds of volcanic
paleomagnetic records and (2) few tens of sedimentary paleomagnetic
records from all over the world. They particularly lack in the southern
hemisphere at the moment. Geo-dynamo simulations are considered to be
one of the most rigorous approaches to investigate the Earth’s core dynamics,
and recent advances in these simulations need better continuous global

paleomagnetic field models for verifications of the simulations.



Body Text

Remanent magnetizations of igneous rocks and marine sediments reflect the
past geomagnetic field at their formation or post-deposition. We can retrieve
‘instantaneous’ paleomagnetic field from igneous rocks while ‘continuous’
variation from marine sediments. In terms of the intensity of the
paleomagnetic field (paleointensity), igneous rocks give absolute
paleointensities whereas marine sediments provide relative paleointensities.
Ideally, paleomagnetic records should be obtained both from igneous rocks
and marine sediments and be integrated for a complete understanding of the
ancient geomagnetic field. This understanding is important to investigate

the Earth’s core dynamics.

We have now known that the time-average of the ‘recent’ geomagnetic field is
a geocentric axial dipole field. Although its magnitude estimated from
volcanic rocks is still controversial (e.g. 7.26 x 1022 Am? for 0-1 Ma, Ziegler et
al., 2008; 3.64 x 1022 Am? for 0.5-4.6 Ma, Yamamoto and Tsunakawa, 2005),
continuous time variation of the dipole moment in relative value have been
reported as stacked curves from marine sediments: for example, Sint-800
curve for the last 800 kyr (Guyodo and Valet, 1999), Sint-2000 curve for the
last 2000 kyr (Valet et al., 2005), EPAPIS-3Ma curve for the last 800-3000
kyr (Yamazaki and Oda, 2005), and PISO-1500 for the last 1500 kyr
(Channell et al., 2009). Paleomagnetic records recovered from ODP cores
play important roles on these stacked curves: the Sint-800 and Sint-2000
curves include eight and five ODP records, respectively. Further efforts have
been made to construct longer time series for an older era and

high-resolution stacks for a younger period.

As for the young period, we should also make effort to increase ‘spatial
resolution’. Geomagnetic field is not solely the dipolar field and there is a not
negligible amount of contributions from the non-dipole components. It is
known that both the dipole and non-dipole components are time-varying and
the latter cause local variations. For a complete understanding of the global
paleomagnetic field variation, it is important to construct global continuous
models. There have been three such models reported so far. One of the
models is the CALS7K (Korte and Constable, 2005). This has been
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constructed using both published paleodirection and paleointensity data: the
former data are from lake sediments of 41 areas, and archaeological material
and volcanic rocks of 23 regions; the latter data are from archaeological
material and volcanic rocks of 17 regions. From a view point of the Earth’s
core dynamics, for example, Wardinski and Korte (2008) analyze the
core-surface flow over the last 7 kyr by inversion analyses of this model.
Other two existing global continuous paleomagnetic models are for the last
geomagnetic reversal (around 765-795 ka; Leonhardt and Fabian, 2006) and
for the well-known Iceland Basin geomagnetic excursion event (178-202 ka;
Lanci et al., 2008).

None of the three models cover time scale more than ~ 105 years.
Considering the last five million years, a geologically recent period, average
duration of a one geomagnetic polarity interval is about 2x105 years, based
on the geomagnetic polarity time scale by Cande and Kent (1995). We think
it is important to construct a global continuous paleomagnetic field model
covering more than a time scale of ~ 105 years, in order to comprehensively
investigate the Earth’s core dynamics. One of the target periods should be
the last few million years, because there have been several stacked relative
paleointensity records reported so far (e.g. Sint-2000 and EPAPIS-3Ma)

which have already revealed dipolar variations.

For a construction of the global continuous model, we should need (1) few
hundreds of volcanic paleomagnetic records and (2) few tens of sedimentary
paleomagnetic records from all over the world. There have been relatively
abundant type (1) data, but they are mostly from the northern hemisphere.
We should need to obtain new data mainly from the southern hemisphere. As
for type (2) data, only several ‘usable’ records seem to have been reported and
they are also mostly from the northern hemisphere (e.g. Figure 1). Future
IODP expeditions will collect many sediment cores from whole world. A part
of them is thought to be potentially contributed to the type (2) data and they
will probably accumulate as time advances. However, for a Dbetter
construction of the model, we should probably collect some ‘key’ sediment
cores purposefully from the Pacific and the Atlantic, particularly from the

southern hemisphere.



Geo-dynamo simulations are considered to be one of the most rigorous
approaches to investigate the Earth’s core dynamics. Recent advances in
these simulations (e.g. Takahashi et al., 2005; Kageyama et al., 2008) need
better continuous global paleomagnetic field models for verifications of the
simulations. The paleomagnetic model covering the last few million years

will play an important role.

Figure 1: Map showing the locations of sedimentary cores used for a
construction of the Sint-2000 curve (Valet et al., 2005). Five ODP records
have been included. The curve represents a continuous time variation of the

geomagnetic dipole moment in relative value and covers the last 2000 kyr.
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