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15-Myr periodicity in the 
frequency of geomagnetic 
reversals since 100 Myr 

MAZAUD et al. l have recently analysed 
geomagnetic reversal time scales, covering 
the past 100 Myr, and they concluded that 
the geomagnetic reversal rate has a IS-Myr 
periodicity superimposed on a monotonic 
function, which they modelled with a 
lorentzian function. However, because of 
the analysis procedure they used, the 
origin (and hence interpretation) of this 
periodicity must be questioned. The 
reversal frequency as a function of time 
was determined using a fixed-length, rec
tangular, sliding window: the estimated 
reversal rate for each position of the win
dow being the number of reversals appear
ing within the window divided by the win
dow length. Fixed-length sliding window 
techniques such as this are notorious for 
producing spurious frequencies when 
used to analyse time-sequenced data gen
erated by a process which embodies a ran
dom element. This occurs because the ran
dom component typically has a fairly 
broadband spectral representation and the 
fixed-length window acts as a filter which 
allows through only certain frequencies. 

McFadden and Merrill2 have also ana
lysed geomagnetic reversal time scales and 
found no indication of a IS-Myr periodic
ity in the reversal rate. Instead, they con
cluded that the geomagnetic reversal pro
cess is essentially a Poisson process and 
that since the Cretaceous Normal Polarity 
Interval the reversal rate has increased 
approximately linearly with time. Using a 
maximum likelihood method they con
cluded that A, the reversal rate, is given 
approximately by 

A=a+~t (I) 

where a=4.41±0.8S(Myr- l
) and ~= 

-O.OSI ± 0.014 (Myr-2) with t = 0 now and 
increasing backwards in time. A Poisson 
process produces randomly distributed 
interval lengths, T, between events 
(reversals) with probability density, p( T), 
given by 

p(T)=Aexp(-AT) (2) 

Using a random number generator, ran
dom sequences of interval lengths have 
been generated from the distribution of 
equation (2) with A given by equation (I), 
using the point estimates of a(4.41) and 
~(-O.OSI). Analysis of such sequences by 
the method of Mazaud et al. l, using as 
they did a window of 4 Myr, results in 
estimated A curves strikingly similar to 
theirs. Autocorrelation of these A curves 
(after subtraction of a linear component) 
gives periodicities very similar to that of 
Mazaud et al. l 

, yet A contains no periodic 
component. Using a 2-Myr window, a 
similar periodicity is still apparent but 

buried by the (expected) increased noise. 
Using an 8-Myr window the amplitude of 
the periodicity is decreased by the 
increased smoothing of the longer filter. 

Thus, the evidence for the observed IS
Myr periodicity being a real geodynamo 
phenomenon may not be as convincing as 
the claim of Mazaud et al. 1 , and the possi
bility that A has simply increased linearly 
with time and that the observed periodicity 
is merely a by-product of the analytical 
technique must be strongly considered. 
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MAZAUD ET AL. REPLY-McFadden 
suggests that our report of a IS-Myr perio
dicity in the frequency of geomagnetic 
reversals arises from our use of a fixed
length, rectangular window to determine 
the number of reversals per unit time. We 
are well aware that the use of such a win
dow can introduce apparent periodicities 
(even for random data) because the fixed
length window acts as a filter, permitting 
only certain frequencies to be seen. 
However, when such a filter does intro
duce spurious periodicities, the period is 
directly related to the window width. In 
our work, we used windows ranging from 
I to 10 Myr. Although the amplitude of 
our periodicities and the signal-to-noise 
ratio varied somewhat, the period itself 
was confined to the narrow range of 13-
17 Myr. If the period had merely been the 
result of using a rectangular window, we 
would expect a much larger variation in 
its value. 

We now turn to the more important and 
more interesting point of McFadden's 
comment, namely, the periodicity in his 
computer-generated time series. Follow
ing McFadden's method we produced 
over SO different synthetic time series, 
which were then analysed by the fixed
length, rectangular-window method. Our 
goal was to determine whether all of the 
time series resulted in periodic oscillations 
of the same period. In our study, the 
answer was clearly no: while some of the 
time series did give rise to a distinct perio
dicity, this was not the general case. In 
fact, we found an nearly continuous range 
between time series which had well
defined periodicities and those in which 
no clear periodicity could be discerned. 
This result provides additional evidence 
that the periodicity which we observed in 

the reversal frequency did not arise from 
our method of analysing the data. 
However, it also shows that a completely 
random phenomenon can sometimes give 
rise to a periodic one. With regard to the 
frequency of geomagnetic reversals, we 
certainly cannot exclude the possibility 
that in this particular situation, the perio
dicity results from a probabilistic process. 
In this respect, McFadden's criticism has 
contributed to a deeper insight of our own 
data. 

Finally, note that we never expected that 
our work should serve as the final word 
on the nature of the reversal process. The 
fact that McFadden and Merrill have 
reached a different conclusion only 
demonstrates that this is a complex prob
lem whose final resolution requires further 
work. 

ALAIN MAZAUD 
Laboratoire de Stratigraphie (LA 319), 
Universite de Paris VI, 
Tour 15-16, 4 Place Jussieu, 
75230 Paris, Cedex 5, France 

CARLO LAJ 
Centre des Faibles Radioactivites, 
Laboratoire Mixte CNRS-CEA, 
91190 Gif-sur- Yvette, France 

LAURENT DE SEZE 
Service de Physique des Solides 

et Resonance Magnetique, 
CEN-Saclay, 
9f191 Gif-sur- Yvette Cedex, France 

KENNETH L. VEROSUB 
Department of Geology, 
University of California, 
Davis, California 95616, USA 

Matters Arising 
Matters Arising is meant as a vehicle 
for comment and discussion about 
papers that appear in Nature. The 
originator of a Matters Arising 
contribution should initially send his 
manuscript to the author of the ori
ginal paper and both parties should, 
wherever possible, agree on what is to 
be submitted. Neither contribution 
nor reply (if one is necessary) should 
be longer than 500 words and the 
briefest of replies, to the effect that a 
point is taken, should be considered. 


	Matters Arising

