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Investigation of the relation between cyclic geomag-
netic and geotectonic processes plays an important role
in estimating the rate of energy transfer from the core–
mantle boundary to the Earth’s surface layers and in
studying mechanisms governing the dynamics of the
lithosphere. The data on the magnetic polarity regime
are used as a characteristic of the Earth’s magnetic
field. The characteristic times of the reversal of mag-
netic polarity regimes and associated geotectonic pro-
cesses are tens and hundreds of millions of years. The
spectrum of variations in paleointensity (geomagnetic
field intensity) characterized by periodicities from thou-
sands to hundreds of million years undoubtedly con-
tains more information about the processes related to
the generation of the geomagnetic field. The analysis of
the correlation between paleointensity and geotectonic
processes opens new opportunities in the study of pro-
cesses, whose characteristic times are smaller than the
reversal rate in the magnetic polarity regime. However,
at present, paleointensity is the least studied characteristic
of the Earth’s magnetic field. This hampers the investiga-
tion of the correlation of paleointensity with processes in
the lithosphere. The appearance of new determinations of
paleointensity based on sedimentary rocks [1–3] and vol-
canogenic material presented in the database (DB)
[http:/wwwbrk.adm.yar.ru/palmag/index/html] allowed
us to analyze for the first time the correlation of pale-
ointensity with the cyclicity of ash volcanism during
the Pleistocene and the activity of riftogenesis in the
Mesozoic–Cenozoic.

We used the data about the behavior of the geomag-
netic field intensity (curve Sint 800 in [1]) to study the
relation of volcanic activity with the dynamic of pale-
ointensity during the last 800 ka (Fig. 1). The diagram
of interlayer distribution of volcanic tephra in the sedi-

mentary cover of the Pacific Ocean and related
Shachleton–Opdyke oxygen-isotope diagram was
adopted from [4]. According to the results in [4, 5], the
Pleistocene volcanic activity at the boundaries of the
Pacific increased during oxygen-isotope stages with
even numbers.

It is worth noting that the cores of sediments, in
which variations in the magnetic and mineralogical
composition (and tephra) are minimal, are used in the
investigation of the behavior of paleointensity. Thus,
the behavior of paleointensity and variations in volca-
nic tephra are determined using different cores of sedi-
ments. At the same time, regardless of the goal of the
study, sediment levels are dated using the same meth-
ods (including those based on the concentration of 
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O
in foraminifera). This makes it possible to compare
with high accuracy the time boundaries of geomagnetic
and geotectonic events even if they were determined
from different cores.

As seen from comparison of the data in Fig. 1, all
maxima of the geomagnetic field intensity correspond
either completely or partially to the even oxygen-iso-
tope stages (positive values of 
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O). In four cases (oxy-
gen stages 2, 4, 6, and 10), the maxima of magnetic
field intensity coincide exactly with the activation of
volcanism. In the other four cases, the activation of vol-
canism occurs during an increase (stages 8 and 12) or
decrease (stages 16 and 18) of the paleointensity. At the
same time, the mean values of paleointensity corre-
sponding to the even stages of the oxygen curve also
appear higher than in the neighboring odd stages. Only
at oxygen-isotope stage 14, i.e., 520–560 ka ago, did
activation of volcanism occur at relatively low values of
paleointensity.

Based on the results shown in Fig. 1, it is possible to
obtain an approximate estimate (~100 ka) of the volca-
nic activation periodicity and corresponding intensity
of the geomagnetic field. Previously, a similar periodic-
ity (close to 100 ka) was distinguished in the spectra of
time variations in 
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O in the sediments of the Pacific
and paleointensity (Sint 800), whose analysis was car-
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ried out to investigate the correlation between geomag-
netic and climatic processes [7].

In the analysis of world data on the module of the
ancient geomagnetic field [8], the authors noticed that
the mean values of paleointensity in the interval of 70–
800 ka B.P. based on volcanogenic material appeared to
be greater than those based on sedimentary rocks. The
authors did not give any explanation for this fact. The
revealed coincidence between the volcanism activation
and maxima of the geomagnetic field intensity allows
us to explain the causes of this difference: (1) the vol-
canogenic material formed nonuniformly and produc-
tivity of volcanism increased at high values of paleoin-
tensity; (2) the accuracy of radiometric measurements
of the age of volcanogenic material in the majority of
cases does not allow us to estimate the nonuniform
character of their formation. Thus, reconstructions of

paleointensity based on the volcanogenic material
mainly yield overestimated values. In general, these
values do not adequately characterize the geomagnetic
field intensity, which existed in the time interval con-
sidered here (70–800 ka B.P.).

We analyzed for the first time the data on volcano-
genic and sedimentary rocks to reconstruct the dynam-
ics of paleointensity behavior in the last 200 Ma. The
results of paleointensity determination based on magne-
tized rocks (volcanogenic rocks) were obtained from
the DB. We determined the fragments of paleointensity
behavior in the Cretaceous and Jurassic periods on the
basis of sedimentary rocks of the Russian Plate, North-
ern Caucasus, and Subpolar Ural regions [2, 3]. A frag-
ment of the reconstruction of paleointensity behavior
during the Maestrichtian (65–70 Ma B.P.) and the data
on its mean values in the Callovian–Bathonian (160–
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Fig. 1. 

 

Correlation between (a) the behavior of paleointensity during the last 800 ka  [1] and (b) the activity of ash volcanism

[4]. Even stages of the Shachleton–Opdyke oxygen-isotope diagram [6] corresponding to volcanism activation are denoted with
dark boxes.
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170 Ma B.P.) are published for the first time. Samples
from the reference section in the Settlement of
Pudovkino (Saratov region), Saratov, and Rybinsk were
used to determine paleointensity during the Maestrich-
tian and Bathonian–Callovian. Paleointensity in the
Maestrichtian and Bathonian–Callovian was recon-
structed based on the method used in [2, 3].

The existence of epochs of riftogenesis and folding
remains a debatable issue. However, the data on the
intensity of volcanogenic material formation indicate
that this was a nonuniform process consisting of cycles
with different durations [9]. Figure 2 allows us to com-
pare the data on riftogenesis cyclicity [10] with the data
on paleointensity in the last 200 Ma based on the volca-
nogenic material (DB) and sedimentary rocks. We
determined the trend in paleointensity using the DB
over the entire age interval analyzed here and calcu-
lated its mean values within the time boundaries corre-
sponding to individual phases of riftogenesis.

As seen from the graph, the geomagnetic field inten-
sity increased during the last 200 Ma. Activation of rif-
togenesis occurred at relatively high mean values of
paleointensity. Riftogenesis activity decreased when
paleointensity decreased. A distortion from this regu-
larity (only a decrease in the rate of decrease instead of
a decrease in the mean values) was observed at the Cre-
taceous–Paleogene boundary (60–70 Ma B.P.).

The mean values of paleointensity based on both
sedimentary rocks and the volcanogenic material were
determined within the same time boundaries. Recon-
struction of paleointensity in the Cretaceous based on
rocks confirmed that variations in its mean values are
consistent with the cyclicity of riftogenesis. Relatively
high mean values of paleointensity corresponded to all
stages of riftogenesis activation (Fig. 2).

As was shown above, paleointensity determined
from sedimentary and volcanogenic rocks can differ for
the same time intervals. However, in the time interval
considered here (Jurassic–Cretaceous, 65–200 Ma
B.P.), the form of the curve of paleointensity variations
and its correspondence to the riftogenesis cycles did not
depend on the genesis of rocks used for these purposes.
During the Cretaceous and Jurassic periods (excluding
the Maestrichtian), no significant differences were
found between the mean values of paleointensity deter-
mined from volcanogenic and sedimentary rocks. It is
likely that the phase correspondence between the volca-
nic activity and variations in paleointensity changed
many times during the epochs of riftogenesis.

Figure 3 shows fragments of paleointensity behav-
ior during different phases of the Cretaceous riftogene-
sis. Phases of active riftogenesis corresponded to the
fragments of paleointensity obtained from Barremian
(zone M1) [2], Albian [2], and Santonian [3] rocks.
These intervals were characterized by relatively high
values of paleointensity (0.8
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, where 
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 is the intensity
of the present-day magnetic field of the Earth). The
amplitude of variations in the geomagnetic field intensity
was not constant. Variations in paleointensity of relatively
small amplitude alternated with bursts. During the bursts,
paleointensity increased several times (up to 3
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).

Paleointensity of low riftogenesis activity is shown in
the examples of the fragments of its behavior obtained
from Hauterivian [3], Cenomanian [3], and Maestrich-
tian (Fig. 3) rocks. Its mean values were equal to 0.5
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, respectively. During low riftogenesis
activity, significant variations in paleointensity were
always observed, but the bursts were either absent or
had low amplitude (up to 2
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). Among the paleointen-
sity fragments considered here, the maximal amplitude
of its variation was found in the Maestrichtian rocks.
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Fig. 2. 

 

Correlation between geomagnetic field intensity and riftogenesis cyclicity. Dots denote all determinations of paleointensity
in the last 200 Ma based on the DB. Slope line denotes time trend of paleointensity. Average (over phases of riftogenesis) values of
paleointensity determined from volcanogenic material and sedimentary rocks are shown with circles and triangles, respectively.
Gray color along the abscissa axis highlights the phases of riftogenesis activation [10].
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The investigation showed the existence of general
periodicities (~100 ka and 10

 

n

 

 Ma long) in the geotec-
tonic and geomagnetic processes. The character of time
correlation between geomagnetic and geotectonic pro-
cesses depends on the duration of their variation periods.

Variations in paleointensity and volcanic activity
with a duration of ~100 ka lack permanent phase corre-
spondence. In the time interval of 0–800 ka, activation
of volcanism in most cases corresponds to increased
paleointensity.

A good correlation is observed between the riftoge-
nesis cyclicity and behavior of paleointensity (pro-
cesses up to tens of million of years long). Riftogenesis
cycles have different durations, but the phases of their
activity coincide with the variations in the mean values
of the geomagnetic field intensity. Such coincidence is
a serious argument in favor of the existence of the
genetic relation between the generation mode of the
Earth’s magnetic field and processes in the lithosphere.
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Fig. 3. 

 

Fragments of paleointensity behavior in the Cretaceous during different phases of riftogenesis obtained from sedimentary
rocks. Phases of active riftogenesis with age boundaries adopted from [10] are shown below the abscissa axis.

 

H

 

0

 

H



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


