
Symmetry and stability of the geomagnetic field

R. S. Coe1 and G. A. Glatzmaier1

Received 22 August 2006; revised 5 October 2006; accepted 9 October 2006; published 8 November 2006.

[1] Computer simulations of the geodynamo reveal a strong
inverse correlation between stability and equatorial
symmetry of the simulated field. This result is consistent
with the paleomagnetically inferred degree of symmetry of
Earth’s magnetic field during the past 150 Ma, which
reversed polarity more frequently when it was more
symmetrical. A geodynamo simulation with solid inner
core much smaller than it is today produced an exceptionally
antisymmetric field, raising the possibility that reversals may
have been much less common in the distant geologic past
than more recently. Paleomagnetic evidence suggests that this
might well be true. Citation: Coe, R. S., and G. A. Glatzmaier

(2006), Symmetry and stability of the geomagnetic field, Geophys.

Res. Lett., 33, L21311, doi:10.1029/2006GL027903.

1. Introduction

[2] The average reversal rate has varied enormously over
the long term, from around 5 reversals per Myr during the
past 10–20 Myr to as low as 0.05/Myr during the interval
from about 125 to 84 Ma that includes the Cretaceous
Normal Superchron (CNS) [Ogg et al., 2004]. What could
be the reason for such great differences in long-term geo-
magnetic field stability? Scientists have long suggested that
reversals would occur less frequently during periods of
greater dipolarity, that is, when the axial dipole field is larger
on average relative to the non-axial-dipole (NAD) field (the
rest of the field) [Cox, 1969]. This condition would be
signaled in the rock record by smaller paleomagnetic secular
variation, defined as angular dispersion with time of paleo-
magnetic directions about the AD field direction or, equiv-
alently, by dispersion of virtual geomagnetic poles (VGPs)
about the geographic pole. Indeed, such appears to be the
case: estimates of angular standard deviation of VGP are
significantly smaller around CNS time than before and after
when the reversal rate was much higher [Irving and Pullaiah,
1976;McFadden et al., 1991]. This may be due mainly to a
stronger AD component during the CNS rather than
weaker NAD components. Indeed, recent paleointensity
studies in the 0–160 Ma time interval suggest that the
average field may have been systematically stronger when
the reversal rate was lower [Tarduno et al., 2002; Tauxe
and Staudigel, 2004; Tarduno and Cottrell, 2005].

2. Symmetry and 0–150 Ma Reversal Rate

[3] McFadden et al. [1991] demonstrated a more subtle
but very strong relation between reversal frequency and the

latitudinal dependence of VGP dispersion, S(�), a relation
thatMerrill and McFadden [1988] had predicted three years
earlier. They showed that the simple relation S = {a2 +
(b�)2}1/2, where a and b are empirical constants, provides a
good fit to the hemispherically averaged VGP dispersion of
0–5 Ma lava flows collected between latitudes � = 0 to ± 70�
[McFadden et al., 1988]. Fitting this relation to the VGP
dispersion from lava flows older than 5 Ma, they found a
correlation between reversal rate and the ratio b/a. The maxi-
mum in b/a occurs during a window that includes the CNS
when the reversal rate was lowest, and the minimum occurs
around 15Ma when the reversal rate was highest (see Figure 1).
A more recent analysis of VGP dispersion specifically during
the CNS supports their original finding [Tarduno et al., 2002].
[4] The motivation for this prediction came from prop-

erties of spherical harmonic terms in the expansion of the
geomagnetic potential, V, where the geomagnetic field is
given by B = �rV. Above Earth’s core,

V ¼ RE

X1
n¼1

Xn
m¼0

RE=rð Þnþ1
gmn tð Þ cos mfð Þ
�

þ hmm tð Þ sin mfð Þ
�
Pm
n qð Þ;

where r, q, f and t are radius, colatitude, longitude and time,
respectively, and Pn

m(q) are the Schmidt quasi-normalized
Legendre functions. These terms divide according to symme-
try into two non-interacting ‘dynamo families’ for a class of
idealized dynamomodels [Roberts, 1971;Gubbins andZhang,
1993]. The terms associated with gauss coefficients gn

m and
hn
m are antisymmetric about the equator when (n + m) is odd
and are symmetric about the equator when (n +m) is even. At
the equator, only the even terms contribute to the VGP
dispersion because the contribution by the odd terms must be
zero. Thus a is a measure of the field arising from gauss
coefficients with (n + m) even. Because the VGP dispersion
from even harmonics of the modern field averaged around
circles of latitude is almost independent of latitude, Merrill
and McFadden [1988] argued that b is a measure of the field
arising from gauss coefficients with (n + m) odd (excluding
the axial dipole term g1

0, which contributes nothing to VGP
dispersion). In support of this assumption, they pointed out
that S(j�j) of the longitudinally averaged modern field is not
significantly different from that derived from the temporally
averaged 0–5 Ma field [McFadden et al., 1991]. More
recently, Tauxe and Kent [2004] have successfully modeled
VGP dispersion with a giant gaussian process. By introdu-
cing a parameter that prescribes the ratio of antisymmetric to
symmetric harmonics for each degree n, they also are able to
represent the variation of dispersion with latitude.

3. Symmetry and Stability of Geodynamo
Simulations

[5] Computer simulations of the magnetohydrodynamic
processes in Earth’s core that generate the geomagnetic field
provide another way to assess which conditions may be
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