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Morphology and Variation of Geomagnetic Field:
Time-averaged Field and Paleosecular Variation

Tadahiro HATAKEYAMA " and Hidetoshi SHIBUYA""

Abstract

0 00 Paleomagnetism has been applied to tectonics studies on the basis of the geocentric axial di-
polell GADL field hypothesis. However, the applicability of the GAD hypothesis is still under in-
vestigation in the paleomagnetic community. It is directly connected to the precision of the tecton-
ic movements derived from paleomagnetism, so that the the morphology of the geomagnetic field
should draw wide attention among Earth scientists. The morphology of the long term geomagnetic
features is often represented by the time-averaged fieldD0 TAFO and the paleosecular variation

0 PSVO They are extracted from the paleodirections of lavas erupted during the past 5 My.

0 O The recent TAF and PSV models indicate following ;[0 10 the GAD hypothesis is not strictly
accurate,[] 200 the geocentric axial quadupolel g5 field exists in the TAF and it cannot be ne-
glected, and(] 30 the inclination anomaly calculated from the averaged paleomagnetic data
consists also of the apparent effect of the PSV, which additionally cannot be ignored. These com-
ponents should be paid close attentions to specially in the case of detailed tectonics such as high-
resolution plate motion. The inclination anomaly due to g% in the TAF and the effect of the PSV

would produce a mistake of the paleolatitude, which becomes totally up to several degrees.

Key words[] geomagnetic field fluctuation, time-averaged geomagnetic field, paleosecular varia-
tion, paleomagnetic direction data, geocentric axial dipole hypothesis, tectonics
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Fig. 1010 a0l Schematic diagram of the geocentric di-
poled right halfll and the offset dipole
[ left halfl]
0 b0 Site latituded horizontal axis vs. in-
clination[] vertical axis[l
Crosses express the averaged paleomagnetic inclina-
tions during the past 5 My calculated from the da-
tabase by Johnson and Constable[] 199601 The solid
line shows an inclination due to the GAD field by
equationl] 10 and the broken line indicates inclina-
tion due to the offset dipole which shifted northward
from the GAD inclinations.
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Fig. 20 Inclination anomalies of the paleomagnetic datall McElhinny et al., 1996al]
and TAF models.
The horizontal axis shows the site latitude and the vertical axis indicates the inclina-
tion anomaly(] AI(] by subtracting the GAD-inclination from the averaged inclination
in the latitudinal bands.OJ il The TAF model by McElhinny et al.00 1996al] includes
g%,8%50 430 g%, 850 1.70 g% and very small g. TheAI by Hatakeyama and Kono
[J 2002[1] ii[] is divided into the inclination anomaly due to the true TAFO iiiJ and the
aparent effect due to averaging the direction datall ivll The latter component draws
similar aspects, anti symmetric features with respect to the equator, to g4 components
in the TAF, and the apparent g§ component of the TAF variation is hardly attributed
to the geomagnetic field.
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ASDs are calculated from the database by Johnson

and Constablel] 199601 ASD is low in low-latitude

sites and is higher in high-latitude regions. The
lowest zone of ASD is located on the northern hemi-
sphere, conistent with the shift of the geomagnetic

equator due to g% in the TAFO Fig. 101
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Fig. 50 Shapes of some elements of the spherical harmonics represented by the Gauss coeficients used in the text.
These figures are projected from the oblique position and the standard meridian is located on the left anterior of the
sphere. In such case that each coefficient is a positive value, the magnetic field lines upwell from the domains of* 0"

and sink into the domains of* 0 ".
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