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For almost 100 years the scientific community has
been trying to solve the intriguing problem of the “crit�
ical latitudes” [11]. According to the theoretical stud�
ies in the field of precession, nutation, and the exact
form of the Earth, a stressed state of the planet exists
in the zone of the 35th latitude (in the Northern and
Southern hemispheres). In these zones (±35°) the
main tensions lead to the formation of the deep frac�
ture system and folding in the crust layer [3, 4]. How�
ever, the problem about the reasons and physical
mechanism that cause the fact that the critical lati�
tudes play a special role in the formation of the Earth’s
topography and manifestation of the seismic activity
remains open. The objective of this work is to present
a model describing the development of two symmetric
zones of hydrodynamic instability with respect to the
equator and to show the manifestations of this insta�
bility on the basis of the recent geophysical observa�
tions. These zones are caused by the rotation of the
planet. They are located at mid�latitudes.

V.E. Khain and N.V. Koronovskii [6] wrote that
increased tectonic and magmatic activity of the
Earth’s interior in the band between 30° of the north�
ern and southern latitude is related to the accelerated
rotation of this band relative to the polar regions. They
also showed that this factor was active already at the
early stage of our planet’s development. The analysis
of the accumulated material in geology and geophys�
ics, as well as the modern concepts about the effects of
hydrodynamic instability [5], allowed the authors to
put forward the following hypothesis.

Three characteristic regions are distinguished in
any heavy rotating ball (planet): two symmetrically
located polar regions, each of them occupying the
space from the pole to a specific critical mid�latitude
and one near�equatorial region confined between the
critical latitudes. The difference in the linear velocities

of the particle motions in the near�equatorial and
polar regions (due to the strong difference in the mean
radii of the regions) leads to the appearance of a zone
of hydrodynamic instability at the boundary between
the two neighboring regions with strongly different
velocities of the particle motion. The development of
instability in such zones should be manifested in the
formation of turbulence generating perturbations in
the forming solid shell of the Earth observed as latitu�
dinal systems of fractures and regions of high seismic
activity.

A theoretical model was suggested to justify the
main statements of the hypothesis, and a problem was
considered for calculating the variations in the inertial
moment of a rotating planet as a function of the geo�
centric latitude for the homogeneous Earth and lay�
ered inhomogeneous by the density of the Earth.

Any elastic solid material body rotating around a
given axis can be presented as an infinite sum of rotat�
ing infinitely thin circular disks with thickness dz and
radius r comprising the body. Each of the disks is per�
pendicular to the rotation axis (Fig. 1a). Then, owing
to the additivity property, the inertial moment of the
body would be equal to the sum of the inertial moment
of the rotating disk applied to the case of a rotating
piecewise inhomogeneous elastic Earth.

We shall consider that ellipsoid of revolution is an
approximation of the geoid.

Let us determine the inertial moment and variation
of rotation inertia of this ellipsoid as a function of
height calculated from the equatorial plane to the
pole. In the first stage, we shall consider a model of the
Earth with homogeneous density (ρ).

The inertia moment  of a circular disk with
radius r with constant surface density  is determined
by the following relation:

(1)

where R and H are the equatorial and polar radii of the
Earth, respectively. Then σ = ρdz; compression of the

ellipsoid is ; and the inertial moment of a

( )j z
σ

⎛ ⎞π π= σ = − σ⎜ ⎟
⎝ ⎠

22
4 4

2
( ) 1 ,

2 2
zj z r R

H

−
ε =

R H
R

Hydrodynamic Instability at Mid�Latitudes 
of the Earth Caused by the Rotation of the Planet

Corresponding Member of the RAS B. W. Levina, E. V. Sasorovab, and A. V. Domanskiia

Received November 22, 2010

DOI: 10.1134/S1028334X11050059

a Institute of Marine Geology and Geophysics, 
Far Eastern Branch, Russian Academy of Sciences, 
ul. Nauki 1b, Yuzhno�Sakhalinsk, 693022 Russia
b Shirshov Institute of Oceanology, Russian Academy of Sciences, 
Nakhimovskii prospekt 36, Moscow, 117997 Russia

GEOPHYSICS



642

DOKLADY EARTH SCIENCES  Vol. 438  Part 1  2011

LEVIN et al.

layer with thickness h, 0 ≤ h ≤ H of the ellipsoid of rev�

olution can be written as follows assuming that 

(2)

(3)

where  is the inertial moment of the ellipsoid of rev�
olution with half�axes R and H and density ρ.

We assume that  and the second

derivative is ; therefore, function

 decreases with increasing h. A graph of function 

will have an inflection point . This point corre�
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sponds to latitude ϕ* = 35°15'22'' (Fig. 1a). According
to the construction j(h) = dJ(h); then, the inertial
moment of a thin circular disk has the same inflection
point, in which the value of the inertial moment
changes the negative acceleration of decreasing to the
corresponding positive acceleration.

Thus, the critical geocentric latitude is the inflec�
tion point for the graph of the inertial moment for an
infinitely thin layer of the Earth. In this case, the iner�
tial moment is determined as a function of the distance
from the equatorial plane to a parallel plane, which
crosses the globe at the given latitude.

It is worth noting that this value of the geocentric
latitude coincides with the value obtained using
another method, which is described in [4].

It was assumed in the calculations that the mean
density of the Earth is ρ = 5.5145 · 103 kg/m3, the
equatorial radius is R = 6.378 ⋅ 106 m, and compres�
sion is ε = 0.003353. Then the inertial moment of the
homogeneous Earth is J0 = 9.720 ⋅ 1037 kg m2.

Let us consider the case of a layered inhomoge�
neous Earth presented as n ellipsoid shaped layers of
constant density with the same compression ε (Fig. 1b).
Each such layer is the difference of the volumes of the
two corresponding ellipsoids of revolution. Let us
determine the inertial moment of the rotation of such
a body as the function of height calculated along the
beam from the center of the Earth to the North Pole.

Here, Ri, Hi are the major and minor axes of the
ellipsoids; Rn ≡ R is the equatorial, and Hn ≡ H is the
polar radii of the Earth. The inertial moment of rota�

tion  for an infinitely thin circular disk of density ρi with
thickness dz and radius ri is determined in relation (1).

We shall consider that compressions  in

all layers are the same. Then, the inertia moment of an
infinitely thin ring with inner and outer radii ri – 1 and
ri is

while the total inertial moment js(z) for n of such rings

is determined by equation . After the

change of variables t = , ξ = , β = , γi = , and

integration, we get
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Fig. 1. Illustration of the disk model of homogeneous (a)
and layered�heterogeneous (b) Earth.
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where ρ is the mean density of the Earth and J0 is
determined in (3).

In Eq. (4) the second additive in parenthesis takes
into account the inhomogeneity of the internal struc�
ture of the Earth by the density and thickness of the
layers composing the Earth. Therefore, the critical
geocentric latitude would depend on the number of
layers of different densities and on the relation
between these densities. We note that the value of the
geocentric latitude would also depend in this case on
the degree of compression of the ellipsoid shaped lay�
ers composing the Earth. If γi = 1 for all i = 1, 2, …, n,
then equations (2) and (4) coincide.

The authors considered three models of the density
distribution for the inhomogeneous Earth: the model
of Bullen�Haddon [2, 8], the PREM model [7], and
the model AK135�F [9]. The critical geocentric lati�
tudes ϕ* calculated for these models appeared equal to
26°18'36'', 26°20'16'', and 26°17'24'', respectively.
These values practically coincide.

Figure 2 shows the graphs of dimensionless accel�
eration for the variations in the Earth’s inertia
moment for the cases of homogeneous and heteroge�
neous surface density. The crossings of the abscissa
axis with the graphs in this figure correspond to the
critical geocentric latitudes. We note that the maxi�
mum jump of acceleration from the inertial moment
variation on the graph for inhomogeneous Earth cor�
responds to the boundary between the outer core and
lower mantle at a latitude of ϕ = 33°6'10''. A sharp
density variation in the dz layer is characteristic of this
place.

The previous calculations of the Earth’s inertial
moment as a function of the geocentric latitude of the

planet demonstrated the existence of the critical lati�
tude where the decreasing variation in the inertial
moment changes the acceleration sign from negative
to positive.

The analysis of the distribution of earthquake num�
bers and released energy by latitudes [1, 10] and the
distribution of fractures in the Earth’s crust [3, 4]
demonstrates that increased seismic activity exists
precisely within these limits of the geocentric lati�
tudes.

The results of the analysis of latitudinal and depth
distributions of earthquakes, which the authors per�
formed on the basis of processing the ISC catalogue
(more than 250 000 events with М ≥ 4 since 1964), are
presented in [1]. It was found that the seismic activity
of the planet is almost absent at the poles and polar
caps of the Earth. It has a clearly pronounced maxima
at the mid�latitudes of the northern and southern
hemispheres (30°–50°), and a stable local minimum
near the equator. The stability of the obtained distribu�
tion in time and with the changes in the size of the lat�
itudinal belt is demonstrated. The bimodal form of the
distribution described here is characteristic of deep
and crustal events. It is characteristic of the number of
seismic events and energy released as a result of the
earthquakes.

Figure 3 demonstrates the latitudinal distributions
of the number of seismic events. It is not possible to
explain the results from the point of view of the theory
of lithospheric plate tectonics. Tidal forcing and vari�
ations in the velocity of the Earth’s rotation were pos�
sible causes governing the seismicity increase.

Figure 4 presents the graphs of the variation rate (or
variations in the latitudinal gradient) of the Earth’s
inertia moment. These are bimodal functions with
maxima at latitudes ±35° (in the case of the homoge�
neous Earth) and ±27° (for the inhomogeneous
Earth). Increased seismic activity exists exactly within
the limits of the geocentric latitudes. It follows from
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Fig. 2. Latitudinal dependence of dimensionless accelera�
tion of the Earth’s inertia moment for a homogeneous
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the results of this work that the geometrical form of the
figure and density distribution in the Earth’s interior
can cause the location of hydrodynamic instability and
the associated peculiarity in the latitudinal distribu�
tion of seismicity on the planet.

It is worth noting that the celestial bodies consist�
ing of gas or fluid matter are characterized by so�called
differential rotation when the central part of the body
has a greater angular velocity than the polar regions.
Such a rotation regime was recorded on the Sun, Jupi�
ter, and Saturn. However, this phenomenon expects a
physical explanation.

In the real inhomogeneous Earth [2], the mass of
the solid matter (solid inner core, upper mantle, and
crust) comprise less than 22%, while the proportion of
the fluid and elastic plastic material (fluid core and
lower mantle) is approximately 78%. It is worth noting
that the long process of the Earth’s evolution should
have formed a differential regime of the planet’s rota�

tion as a celestial body with a complex internal struc�
ture. The geological and geophysical observations [6]
repeatedly confirmed that a network of fractures of lat�
itudinal orientation, local structures, and other objects
exist in the lithosphere that evidence the reality of the
existence of the zones of hydrodynamic instability at
mid�latitudes.

ACKNOWLEDGMENTS

The authors thank Yu.N. Avsyuk, N.V. Koro�
novskii, A.A. Slavnov, and A.M. Fridman for fruitful
discussions. This work was supported in part by the
Russian Foundation for Basic Research, project
no. 10�05�00116a.

REFERENCES
1. B. V. Levin and E. V. Sasorova, Dokl. Akad. Nauk 424

(4), 538–542 (2009) [Dokl. 424, 175–179 (2009)].
2. F. Steisi, Fizika Zemli (Physics of the Earth) (Mir, Mos�

cow, 1972) [in Russian].
3. M. V. Stovas, Dokl. Akad. Nauk 135 (1), 69–72 (1960).
4. M. V. Stovas, Nekotorye voprosy tektogeneza. Problemy

planetarnoi geologii (Problems of Tectogenesis. Prob�
lems of Planetary Geology) (Moscow, 1963) [in Rus�
sian].

5. A. M. Fridman, Usp. Fiz. Nauk 178 (3), 225–242
(2008) [Phys.�Usp. 178, (225�242)].

6. V. E. Khain and N. V. Koronovskii, Planeta Zemlya ot
yadra do ionosfery (The Earth Planet from the Core to the
Ionosphere) (KDU, Moscow, 2007) [in Russian].

7. D. L. Anderson, Theory of the Earth (Blackwell Sci.
Publ., Oxford, 1989).

8. K. E. Bullen and R. A. W. Haddon, Proc. U.S. Acad.
Sci 58, 846–852 (1967).

9. J. P. Montagner and B. L. N. Kennett, Geophys. J. Int.
125, 229–248 (1995).

10. W. Sun, Phys. Earth and Planet. Inter 71, 205–216
(1992).

11. Al. Veronnet, J. Mat. Pures et Appl 8 (6) (1912).

0S

1.8

1.2

0.2

0

1

2

1.6

1.4

1.0

0.8

0.6

0.4

N10° 22° 34° 46° 58° 70° 82°−10°−22°−34°−46°−58°−70°−82°

Fig. 4. Latitudinal dependence of the dimensionless veloc�
ity of variation (or latitudinal gradient) of the Earth’s iner�
tia moment (curve 1 for homogeneous Earth; curve 2 for
heterogeneous Earth). The maximum values on the graphs
corresponding to the critical latitudes are denoted with
dashed lines.

SPELL OK



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


