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There is a detailed picture of the geomagnetic field
polarity behavior for the last 165 Ma [1]. The distribu-
tion of temporal field inversions is characterized by the
existence of an extensive zone with a constant polarity,
which is often related to a new regime of the geomag-
netic field generation, in the Cretaceous. At present
there exist numerous contradictory statements and
interpretations of the geodynamo theory from this
standpoint (see the review [2]). Therefore, using the
model of 

 

αω

 

-dynamo as an example, we attempted to
perform a consecutive analysis of possible regimes of
the geomagnetic field generation and examine the cor-
relation between regularities in the distribution of field
intensity inversions, processes in the Earth’s liquid
core, and processes in the 

 

D

 

''

 

 layer. A comparatively
new statistical method, namely, the wavelet-analysis
[3], was used for analyzing evolutionary characteristics
of the geomagnetic polarity scale (GPS).

The process of geomagnetic field inversions can be
described in the framework of determinate solutions of
the MHD equations in partial derivatives. The number
of unknowns in these equations exceeds two. There-
fore, at a supercritical value of the parameter responsi-
ble for the convection intensity, the (magnetohydrody-
namic) MHD equations can have random solutions.
This statement is in compliance with the observation of
inversions [4]. The described determinate mechanism
of inversions does not rule out the “catastrophic” mech-
anism of inversions based on the cardinal rearrange-
ment of currents in the liquid core [5, 6], however, in
our opinion, it seems to be simpler and does not require
any external influences. Without going into the fine
structure of inversion distribution and its evolution, the
GPS as a whole can be described in terms of fractals
(see, for instance, [7, 8]) reflecting the ideas of self-
similarity.

Since the geodynamo processes are closely con-
nected with the core–mantle thermal regime, convec-

tion in the mantle, and, in particular, the thermal bound-
ary layer 

 

D

 

''

 

 [9], it would be logical to expect a modu-
lation of these processes that is expressed in the
existence of periodicities in the number of inversions,
field intensity, etc. The application of a comparatively
new spectral method, the wavelet-analysis [3], has
proved to be convenient for analyzing nonstationary
temporal sequences. This method allows us to analyze
both the data with omissions [10] and the piecewise
continuous functions, such as the signal of geomag-
netic polarity [11]. By definition, the wavelet-transfor-
mation of the time series 

 

f

 

(

 

t

 

)

 

 is specified by the relation-
ship

where 

 

a

 

 is the scale parameter, 

 

ψ

 

(

 

t

 

)

 

 is the analyzing
wavelet, whose choice depends on the problem being
solved; the coefficient before the integral is chosen in
such a way that 

 

w

 

 is proportional to the number of mag-
netozones with the duration 

 

a

 

. The Morle wavelet

 

ψ

 

(

 

t

 

) = 

 

 having a good spectral resolution is
used in this work.

Figure 1 illustrates the evolution of the spectrum

 

 

 

for the polarity signal of the type

 

0…0…1…1

 

 with the step 

 

∆

 

t

 

 ~ 10

 

4

 

 yr. Note that the
geomagnetic field polarity signal was for the first time
analyzed in the work [11], where the polarity signal
spectrum was shown to be connected with other char-
acteristics of the field, for instance, its intensity. The
obtained spectrum demonstrates the absence of distinct
periodicities, probably with the exception of the pro-
cess with 

 

a

 

 ~ 25

 

 Ma for the 20–130 Ma time interval.
The wavelet-diagram may be arbitrarily divided into
four regions: A (118–165 Ma), B (25–83 Ma), C (0–
25 Ma), and D (83–118 Ma). Regions A and C repre-
sent the intervals with the continuously filled spectra;
region B is characterized by a large inhomogeneity of
the spectrum in the range of small scales (

 

a

 

 < 1 Ma);
and finally, region D represents the interval of the
superchron.

Figure 2 depicts the dispersion
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where 

 

 = (

 

a

 

, 

 

t

 

)

 

dt

 

 is the average (in time)

for the three regions A, B, and C. The behavior of dis-
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persions is characterized by two regimes. The first
regime is small-scale (

 

a

 

 < 1 Ma): all three plots have
approximately the same slope; however, the dispersion
value for interval B after the superchron exceeds the
dispersion values for quiet regions A and C by a factor
of 2–3. The second regime has 

 

a

 

 > 1 Ma; here, the dis-
persion weakly depends on 

 

a

 

 and does not undergo any
noticeable changes during the superchron passage.
Hence, at small time scales (

 

a

 

 < 1 Ma), the GPS spec-
trum contains information regarding the superchron
after the superchron interval as well. Note that the char-
acteristic time of the memory (the duration of interval B)
about the superchron (D) substantially exceeds not only
the characteristic magnetohydrodynamic times (

 

~10

 

4

 

 yr)
but also the duration of the superchron itself (D).

It should be remembered that the conclusion on the
similarity of regions A and C in the GPS was also made
in [12] on the basis of analyzing the durations of mag-
netozones with a constant polarity. However, the
obtained similarity should be regarded with caution.
Since the information concerning the field polarity does
not reflect the whole state of the geodynamo system,
additional characteristics of the field must be used. As
such, we considered the behavior of the geomagnetic
field paleointensity taken from the work [13] and pre-
sented in Fig. 3. It clearly follows from the figure that
the modern field intensity (interval C) exceeds its char-
acteristic value up to the superchron (A) more than
twice. Let us turn to geodynamo theory fundamentals
for possible interpretation combining the similar
behavior of spectra and paleointensity.

From the standpoint of long-period characteristics
of the field, the 

 

αω

 

-models of geodynamo are best stud-
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Fig. 2.

 

 Dependence of dispersion 

 

σ

 

(

 

a

 

)

 

: (A) 118–165 Ma;
(B) 25–83 Ma; (C) 0–15 Ma.
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ied (see, for instance, [14]). The solution properties
depend on the dimensionless amplitudes of 

 

α

 

-

 

 and 

 

ω

 

effects:

where 

 

α

 

 = 

 

τ〈

 

v

 

r

 

ot

 

v

 

〉

 

/3; 

 

L

 

 is the dimension of the con-
vective shell; 

 

Ω

 

 is the angular velocity of the differen-
tial rotation; 

 

η

 

m

 

 and 

 

η

 

t

 

 (~

 

l

 

v

 

/3)

 

 are the coefficients of
molecular and turbulent magnetic diffusions; 

 

τ 

 

(

 

∼

 

l

 

/

 

v

 

), l,
and v are the time of the turbulent vortex revolution, its
spatial scale, and the velocity amplitude, respectively.
The generation threshold in the approximation of αω-

models, where  ~ Rω, depends on the amplitude of
the dynamo-number � = RαRω. For universally
accepted distributions of the α effect, the critical

Rα
αL

ηm η t+
------------------ Rω, Ω 'L2

ηm η t+
------------------,= =

Rα
2

dynamo-number is �0 ≈ 5600. There is reason to
believe that the � sign determining the motion direc-
tion of dynamo-waves is positive for the Earth: the
waves move from the equator poleward [14]. At � >
�0, the solution is at first periodic (with the period T0 ~
104 yr) and has a zero average in time. Since the field
alters its polarity during each such oscillation, we can
identify these oscillations with frequent inversions.
With the � increase (≈14000), a new mode with a non-
zero average appears in the solution [14]. This regime
corresponds to the regime without inversions. A further
increase of the � value (� > 36 000) leads to the bifur-
cation of the third mode, and the solution becomes cha-
otic; inversions appear again. The Rα and Rω values in
turn depend on the regime of the thermal flux at the
core–mantle boundary and the regime of the D'' layer.
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Fig. 3. Evolution of the paleointensity.
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Considering, as a first approximation, the linear depen-
dence of Ω and v on the buoyancy Θ, which is propor-
tional to the temperature gradient deviation from the
adiabatic value, in the Earth’s liquid core, we have the
following dependence:

where C ~ ηm. Since ηt ~ ηm [15], both of the terms in
the denominator are of the same order of magnitude,
and, as can be easily verified, at small changes of Θ
� ~ Θ. The Θ value in turn depends on the state of the
thermal boundary layer D". The presence of the stable
boundary layer results in a heat emission decrease and
in convection weakening. Since the boundary layer
itself can be convective, and due to convection in the
core and lower mantle, the layer can decay (possibly
locally), reducing the temperature at the external core
boundary by the jump value in the layer (~103 °C) and
thereby increasing convection. Without regard for con-
vection in the D" layer, the evaluation of the character-
istic time for the thermal signal transit through the layer
yields ~δ2/k = 102 Ma, where δ = 102 km is the D" layer
thickness, k = 4 × 10–6 m2 s–1 is the coefficient of its ther-
modiffusion. The introduction of convection into D"
can reduce the characteristic times of processes. These
thermal instabilities in D" can modulate geodynamic
processes and can be recorded as changes in inversion
frequencies, paleointensity values, and dispersion in
the geomagnetic field direction.

In accordance with these notions, one can propose
the following scenario for the geodynamo process dur-
ing the last 165 Ma. Within interval A, the system was
in a weakly excited state � < 14000 with a small field
intensity. At this moment, the D" layer had the greatest
thermal conductivity, and, accordingly, the thermal flux
through the layer was minimum. Further, partial
destruction of the D" layer occurred that resulted in the
convection intensity increase (� > 14 000). The latter
led to the bifurcation in the solution of induction equa-
tion for the magnetic field and to the appearance of a
new mode with a nonzero average. This state (D) is
characterized by the complete absence of inversions
and a field paleointensity increase. The next two inter-
vals (B and C) reflect the further destruction of the D"
layer and correspond to the state with an increased
intensity of convection and field. Note that, according

to [14], the intensity increase is proportional to .
The beginning of interval B coincides with the appear-
ance of chaotization in the solution (� > 36 000) and is
characterized by increased dispersion. As a result of the

convection intensity increase, the “chaotic” mode ampli-
tude grows and becomes comparable with the ampli-
tude of the mode with the nonzero average in time, and
inversions become frequent again (interval C).

In conclusion, it should be noted that the considered
scenario is not unique. The analysis based on α2ω-mod-
els, which unfortunately are less studied at present, can
serve as an alternative scenario.
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