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1. INTRODUCTION

It is known that a change in solar activity causes a
chain of mutually linked phenomena in the interplan�
etary space, magnetosphere, ionosphere, neutral
atmosphere, and the biosphere. The influence of solar
activity on animate and inanimate objects of the Earth
can be represented as follows: disturbance on the Sun
(a powerful flare); disturbance in the interplanetary
space (increase in the concentration and velocity of
the solar wind and changes in magnetic field parame�
ters); disturbance in the magnetosphere and plasmas�
phere (magnetic storm); and, finally, changes in cos�
mic ray paths in the vicinity of the Earth, changes in
the atmospheric circulation, followed by weather
changes and other natural phenomena related to vari�
ations in the intensity and spectrum of terrestrial elec�
tromagnetic fields, which lead to shifts in psychologi�
cal and physiological parameters of organisms
(Shestopalov and Kharin, 2006).

An analysis of publications on the relationship
between solar activity and seismicity has indicated that
conclusions change depending on the quality and
completeness of the catalogs used and the duration of
observations: researchers either claim a correlation
between earthquake energy and Wolf numbers or find
an anticorrelation between them (Sytinskii, 1989;

Georgieva, Kirov, and Atanasov, 2002; Lotsinskaya,
1999). Thus, one of the aims was to compile the most
complete and homogeneous catalogs of earthquakes
for a long�term period in order to assess the relation�
ship between earthquake energy and solar activity.

In addition to seismicity, one of the main manifes�
tation forms of the Earth’s endogenous activity is vol�
canism. It is studied from different aspects in many
publications; the “Global Volcanism” program is car�
rying out (http://www.volcano.si.edu/world/). Spatial
distributions of earthquakes and volcanic eruptions
were considered in (Levin and Chirkov, 1999; Bula�
tova, 2005; Fedorov, 2002; Khain and Khalilov, 2009).

Annual synchronicity in seismicity and volcanism
manifestations with a peak in June–July was revealed
in (Belov, 1986).

In our investigations, on the basis of long�term sta�
tistical data, we studied the relationship between the
endogenous activity of the Earth (earthquakes and
volcanism) and solar and geomagnetic activity (Sobo�
lev, Shestopalov, and Kharin, 1998; Shestopalov and
Rogozhin, 2005; Shestopalov and Kharin, 2006;
Belov, Shestopalov, and Kharin, 2009; Kharin, Belov,
and Shestopalov, 2010; Belov et al., 2010).

These studies are based on the following points:
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(a) The Sun, interplanetary space, magnetosphere,
ionosphere, the Earth’s atmosphere, other geo�
spheres, and the Earth itself with processes in its inte�
riors, leading to earthquakes and other phenomena,
are an entire physical system (i.e., seismic and volca�
nic phenomena are parts of an integrated physical pro�
cess in the Sun–Earth system).

(b) Processes in the Sun–Earth system are interre�
lated, and the state of every component affects physi�
cal and other processes within the system.

(c) Seismic and volcanic phenomena are deter�
mined by both terrestrial and solar processes. Experi�
ments carried out in the outer space and on the Earth
(Hanel, Conrath, and Herath, 1981; Hanel, Conrath,
and Kunde, 1983; Pollack et al., 1986; Pollack,
Hurter, and Johnson, 1993) enabled scientists to dis�
cover that the Earth and other large planets, as well as
the Sun, have their own internal energy sources. This
indicates the presence of natural endogenous activity
of the Earth, mainly manifested as tectonic and seis�
mic processes.

The present work continues this investigation. The
main aim is to verify the recording of neutrons, which
are related to earthquakes and volcanic eruptions, on
the Earth’s surface.

2. CENTENNIAL CYCLES OF SOLAR 
ACTIVITY, TERRESTRIAL SEISMICITY, 

AND VOLCANISM

To investigate the relationship between solar activ�
ity and seismicity and volcanism on the Earth, we ana�
lyzed data on seismic and volcanic energy released
from earthquake foci and volcanic eruptions on the
globe for the period from 1680 until 2010 and com�
pared them with the solar activity cycles.

For the present work, we compiled a catalog of earth�
quakes with Ms ≥ 6 and mb ≥ 5.5, which incorporated the
data from the National Earthquake Information Center,
US Geological Survey (http://neic.usgs.gov), and the
International Seismological Center (http://www.isc.
uk). The earthquake energy was calculated by the for�
mula logE = 11.8 + 1.5Ms for earthquakes the epicen�
ters of which were at depths less than 100 km and
logE = 5.8 + 2.4mb for earthquakes the epicenters of
which were at depths of more than 100 km.

Analyzing the Earth’s volcanism, we used data on
volcanic eruptions from the catalog of the Smithso�
nian Institution’s “Global Volcanism Program”
(http://www.volcano.si.edu/world/). On this basis, we
created a general world database including the vol�
umes of erupted lava and ash (in km3). Since the used
catalog of eruptions did not contain data on eruption
energy, this parameter was estimated on the basis of
the correlation found by the authors when analyzing
the catalog by I.I. Gushchenko (1979); this correla�
tion links the volume of ejected ash and the energy of
an eruption. On the basis of these data, we revealed

centennial cycles (about 100 years long) of solar activ�
ity, terrestrial seismicity, and the Earth’s endogenous
activity (including volcanic activity). At the beginning
of each of three complete centennial cycle (i.e., in the
late 17th–early 18th, late 18th–early 19, and late
19th–early 20th centuries), the seismic and volcanic
activities were maximal, while the Wolf numbers char�
acterizing solar activity were minimal. Thus, there was
an obvious negative correlation between the seismicity
and volcanism of the Earth and solar activity; i.e., the
most intensive seismic and volcanic activity was
observed during insignificant solar activity and vice
versa.

Taking the most complete and valid data for the
period 1888–2010, it is reasonable to consider the ele�
ments of centennial variations in seismic and volcanic
components of terrestrial endogenous activity in more
detail. An example will be the 20th century cycle (Fig. 1).

As is seen, seismicity grew rapidly in the late 19th
century, reached its peak in the early 20th century, and
then decreased gradually in intensity (see Figs. 1b, 1c).
Note that the shape of the curve for variations in the
numbers of М ≥ 8 earthquakes is similar to that of the
curve for the level of energy release during earthquakes.
This is caused by the fact that the total seismic energy is
predominantly determined by great earthquakes. Mini�
mal values of seismic activity had been observed just
before 1990 (i.e., approximately 100 years after intensity
growth started). Solar activity in periods of maximal seis�
mic energy release (in the early 20th century) had the
lowest values during the whole 20th century (see Fig. 1a).
Solar activity gradually intensified throughout the
century, and its highest smoothed values were in the
1950s and 1980s. These solar activity peaks correspond
to a relatively low level of seismic energy release. Gen�
erally, we found a negative correlation between these
parameters with the factor (r) = –0.8. This allows us to
state that the maximal level of seismicity usually takes
place during minimal solar activity and vice versa.

In the present work, on the basis of the created
database, we compared maximal energy releases for
volcanic and seismic events. This comparison leads us
to the conclusion that the maximal level of energy
release occurs when a volcanic eruption exceeds the
maximal seismic energy release by about an order of
magnitude. Therefore, we can assume that the mag�
matic chambers of volcanoes are the most capacitive
energy carriers, i.e., a kind of “heavy artillery” that
“shoots” at late stages of the tectonic–magmatic pro�
cess, as is verified by geological practice.

When seismicity and volcanism graphs are com�
pared, it is remarkable that volcanic activity peaks are
delayed by several years relative to seismicity peaks.
Generally, the centennial volcanism cycle becomes
slightly shifted in time (by approximately one solar
activity cycle). Such a small delay of volcanism relative
to seismicity may indicate that the seismic process is a
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more “short�term response” of the geological medium
to processes in the Earth’s interiors.

It is seen in Fig. 1 that there is generally a negative
correlation between solar activity and the energy of
volcanic eruptions. The figure shows that the highest
negative correlation (r = –0.87) is observed for volca�
nic eruptions, the energy of which is comparable with
the energy release during an earthquake (see Fig. 1e).
For all eruptions, this correlation is much lower.

In addition to the above�said, there is a positive
correlation (r = 0.71) between energy release during
earthquakes and that during volcanic eruptions, so
direct evidence in favor of the natural unity between
tectonic and magmatic processes is obtained.

It had been shown earlier (Shestopalov and
Kharin, 2006) that the 100�year cycle of solar and seis�
mic activity is subdivided into three periods of 33 years
in length (approximately three 11�year solar activity
cycles). It is interesting that the peculiarities of volca�

nic energy release suggest both the presence of a cen�
tennial cycle of volcanism and the subdivision of this
cycle into three analogous periods (see Figs. 1d, 1e).

It was noted in (Shestopalov and Kharin, 2006;
Belov, Shestopalov, and Kharin, 2009; Belov et al.,
2010) that the strongest earthquakes occurred at the
beginning of every centennial cycle. According to our
data, the third (counting from 1680) cycle started in
1890 and ended in the late 20th century. This suggests
that the 1990s were the beginning of a new centennial
cycle, which was to be characterized by a relatively low
solar activity level and intensive seismic and volcanic
activities tending to preserve for approximately the first
third of the cycle. The earthquakes on December 26,
2004 (М = 9), and March 28, 2005 (M = 8.6), near
Indonesia; М > 8 events in 2006 and 2007; and the
recent seismicity of 2008–2011 verify this conclusion.
The М = 8.8 Chilean earthquake on February 27,
2010, and the Tohoku earthquake on March 11, 2011,
continued the list of the strongest events which were
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Fig. 1. Temporal variations in 1890–2010: (a) mean annual values of Wolf numbers (R, left�hand side scale) and smoothed ones
based on 11 values (Rsm, right�hand side scale); (b) the number of M ≥ 8 earthquakes per year (right�hand side scale) and for
10 years (left�hand side scale); (c) summarized annual values of earthquake energy on the globe (right�hand side scale) and those
for 8 years (left�hand side scale); (d) summarized annual values of volcanic eruption energy on the globe (right�hand side scale)
and those for 8 years (left�hand side scale); (e) energy of volcanic eruptions with E < 3 × 1018 J on the globe; (f) mean annual
values of the aa index (right�hand side scale) and the aa index mean values for 10 years (left�hand side scale).
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predicted to occur at the beginning of the new centen�
nial cycle. Note that the trend in the earthquake
energy graph observed around 1890 is similar to the
rapid growth in seismic energy release from a mini�
mum in 1990 to a very high level in 2004–2011.

In fact, as has been mentioned, the centennial
cycles of volcanic and solar cycles are shifted in time
relative to the seismic one by several years. Therefore,
the new centennial solar cycle starts after the 23th
solar activity cycle.

3. GEOMAGNETIC ACTIVITY 
AND SEISMICITY OF THE EARTH

The most representative index of geomagnetic
activity is Ap which describes the average diurnal plan�
etary equivalent amplitude of the terrestrial magnetic
field’s disturbance. This parameter is determined
using a special�purpose network of midlatitude obser�
vatories, but it has been recorded since 1932. There�
fore, we used the aa index, which reflects the average
diurnal equivalent amplitude determined by two
antipodal observatories (Greenwich and Melbourne)
and has been recorded since 1867 (see Fig. 1f).

Figure 1f shows that the aa index and the Wolf
number were growing throughout the whole studied
period, while seismic activity was decreasing. In other
words, there is a negative correlation between the
aa index and seismic activity (r = –0.8) (see Figs. 1b,
1c), while a positive correlation exists between the aa
index and Wolf numbers (r = 0.8) during the studied
period. A high negative correlation between the aa index
and volcanic activity is only observed for eruptions com�
parable with earthquakes in energy (see Figs. 1e, 1f).

Thus, there is a significant negative correlation
between seismic energy and solar and geomagnetic
activity. A negative correlation between volcanic
energy and solar and geomagnetic activity is not
observed for all eruptions.

4. NEUTRONS OF TERRESTRIAL ORIGIN

It is known that the interaction between cosmic
radiation and air atom cores in the atmosphere pro�
duces neutrons in a broad energy spectrum: from ther�
mal to primary space particle energy. Another source
of neutron generation is the Sun. Neutrons can
emerge during solar flares, resulting from interactions
between accelerated particles and different atomic
cores of the solar atmosphere. In order to record cos�
mic radiation and proton fluxes generated during
intensive flares, a network of neutron monitors was
organized on the Earth’s surface in the 1950s (Dor�
man, 1963). A series of experimental observations in
recent years has shown that seismic activity can lead to
the formation of neutrons (Kuzhevskii, Shestopalov,
and Petrov, 1993; Sobolev, Shestopalov, and Kharin,
1998; Shestopalov and Kharin, 2006; Shestopalov
et al., 2011). Based on observations carried out simul�

taneously by satellites and on the Earth, it has been
found that variations in space rays, recorded by neu�
tron monitors on the Earth during disturbances in the
interplanetary medium, are determined by both solar
processes and phenomena in the geomedium during
earthquakes; i.e., neutron monitors installed on the
Earth’s surface record both space and solar particles
and those of terrestrial origin. The energy spectrum of
these neutrons covers a range from thermal to fast. The
conclusion about the presence of terrestrial neutrons
has been verified by S. Yasunaga (1993) who has shown
that neutron fluxes are intensified prior to earthquakes
and volcanic eruptions by several times compared to
reference measurements carried out in relatively quiet
(in the geodynamic sense) areas. The Research Insti�
tute of Nuclear Physics, Moscow State University, has
been carrying out investigations in the Earth’s atmo�
sphere using balloon probes for several years; resulting
from these studies, anisotropy of thermal neutron
fluxes has been revealed (Kuzhevskii, Nechaev, and
Shavrin, 1995). It has been found that at altitudes up
to 3–5 km a neutron flux directed from the Earth
exceeds significantly that directed towards the planet (the
mean value of anisotropy at this altitude was 0.6 ± 0.2).
These results have allowed one to suppose that there is
a thermal neutron field near the Earth’s crust, and the
parameters of this field are likely determined by the
Earth’s endogenous activity.

4.1. Neutron Flux and Gamma Radiation Observation 
Results with Respect to the MW 8.8 Chilean Earthquake 
of February 27, 2010, and the Eyjafjallajökull Volcano 

Eruption in March–April 2010

Experiments that were simultaneously carried out
in Moscow oblast and Kamchatka krai have verified
the recording of earthquake� and eruption�related
neutrons on the Earth’s surface (Belov and Shesto�
palov, 2010; Shestopalov et al., 2011).

(a) Measurements of thermal and fast neutrons, as
well as gamma radiation, were carried out by the instru�
ments installed in the experimental chamber of the
Cosmic Rays Research Division, Pushkov Institute of
Geomagnetism, Ionosphere, and Radiowave Propaga�
tion, Russian Academy of Sciences (IZMIRAN),
Troitsk, Moscow oblast. The technical specifications
of the instruments are given below.

• The installation for recording thermal neutrons
consists of 15 gas discharge counters of the SI�19N
type 3 cm in diameter and 22 cm in length, filled with
helium�3 (argon is added) at 405.3 kPa; this instrument
records thermal neutrons with energies of 0.025 eV with
an efficiency of 0.8.

• The installation for recording fast neutrons con�
sists of two blocks. Each block includes 23 helium pro�
portionate thermal neutron counters of the PD 631 type
(about 1 m in length) arranged in two rows and sur�
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rounded by polyethylene plates of 15 cm in thickness.
The efficiency of thermal neutron recording is 80%.

• Gamma radiation detector 63 × 63GD consists
of a scintillation detector constructed on the basis of
crystalline scintillator NaJ(Tl) of 63 × 63 m3 in size.

• All of these instruments have been operating in
continuous mode since 2006.

(b) The thermal neutron flux was also measured by
an instrument installed at the Karymshina Complex
Geophysical Observatory, Kamchatka Branch, Geo�
physical Survey, Russian Academy of Sciences. The
observatory is situated in the intermontane of the
Karymshina River at a distance of 50 km from Petro�
pavlovsk�Kamchatsky.

The neutron detector was manufactured at the
Research Institute of Nuclear Physics, Moscow State
University. It consists of six standard SI�19N neutron
counters.

4.1.1. Variations in Neutron Fluxes and Gamma 
Radiation in February 2010: Analysis 

of the Measurement Results

An analysis of variations in neutron fluxes and
gamma radiation for February 24–28, 2010, is pre�
sented below. The study was made with respect to the
strong Mw 8.8 earthquake of February 27, 2010, at
0634 UT off the coast of Chile 90 km from the town of
Concepcion (the depth is 35 km; the coordinates 1ϕ =
35.93° S and λ = 72.78° W; http://earthquake.usgs.gov/
earthquakes/eqarchives/). The aim of this study is to
verify the suggestion that the Earth’s seismic activity
can generate neutrons and other particles and the
increase in these fluxes prior to an earthquake can be
observed at great distances from the earthquake focus.
The present work also presents data on geomagnetic
disturbances which were observed during the discussed
period. For this purpose, we used data on the terrestrial
magnetic field from the Intermagnet global network
(about 100 stations; http://intermagnet.org/). Note
that after a long�term period of minimal solar activity
in 2008–2009, 2010 is the first year of the new 24th
solar cycle.

Figure 2 presents values of the Kp index that char�
acterizes magnetic activity on a planetary scale. It can
be seen that all values of this index are small and there
were no magnetic storms in the given period.

The same figure contains minute intensity values
for thermal and fast neutrons; gamma radiation levels
recorded in Troitsk, Moscow oblast; the intensity of
thermal neutron fluxes recorded at the Karymshina
obervatory in Kamchatka; and the magnitudes of
earthquakes that occurred on February 24–28, 2010.
Particle flux intensity I expressed in percentages was
determined by the formula I = (Ni – Nb)/Nb × 100%,
where Ni is the minute values of particle fluxes and Nb
is the background value of the particle flux observed on
February 24.

∅

∅

It is seen in Fig. 2 that approximately two days prior to
the earthquake of February 27 (i.e., on late February 24–
early February 25) significant bursts in the intensity of
thermal and fast neutrons and gamma radiation began
to be recorded in Moscow (Figs. 2d–2f). Here the
minute values of their fluxes are given in Fig. 2. Based
on the minute data, the maximal amplitude of thermal
neutrons for this period was about 5000%; that of fast
neutrons, about 2000%; and that of gamma radiation,
about 800%. It is seen in Fig. 2 that intensive bursts of
particles were observed both prior to the earthquake of
February 27 and after it. It is also seen that the charac�
ters of variations in the intensity of thermal neutrons
are different for Moscow and Kamchatka. The princi�
pal peculiarity of variations in thermal neutrons for
Kamchatka is that the intensity of neutrons began to
grow from several tens of percentage points approxi�
mately a day before the earthquake and this growth
reached its peak (about 100000%) six hours before the
earthquake; i.e., intensity grew from a minimal to a max�
imal value by several orders of magnitude (see Fig. 2c)
and then, after the peak value, the intensity of particles
dropped rapidly, reaching background values when
the earthquake was occurring.

Let us show that the period preceding the Chilean
earthquake was also characterized by disturbances in
the terrestrial magnetic field.

Figure 3 presents variations in the magnetic field
observed on February 24. Variations in the intensity of
thermal neutrons observed in Kamchatka are also pre�
sented here. It is seen that in the first half of February 24
thermal neutron intensity bursts were recorded in
Kamchatka. Also note that growth in neutron fluxes
was not recorded at IZMIRAN at the time.

Let us consider the peculiarities of the character of
variations in the terrestrial magnetic field intensity at
this time. Figure 3 presents variations in the terrestrial
magnetic field (the Bx component) recorded at stations
where significant disturbances were observed in the
period before the Chilean earthquake on February 27
(i.e., approximately three days before the earthquake).
All of these stations were situated in the Western
Hemisphere of the Earth; their codes and geographic
coordinates are denoted in Figs. 3b–3i. The arrows in
this figure indicate disturbance peaks. The maximal
disturbance amplitude (Bx = –690 nT) was observed at
the BLC station, Baker Lake, Canada (64.3° N, 96° W);
the duration of this disturbance was about an hour.
Significant disturbances were also observed at the fol�
lowing stations: YKC, Yellowknife, Canada (62.5° N,
114.5° W; Bx = –178 nT); NAG, Narsarsuag, Den�
mark (61.2° N, 45.4° W; Bx = –160 nT); and FCC, Fort
Churchill, Canada (58.8° N, 94° W; Bx = –267 nT). In
the Southern Hemisphere, the maximal disturbance
amplitude (Bx = –200 nT) was observed at MAW,
Mawson, Australia (67.5° S, 62.9° E). As was noted
above, the situation in the magnetosphere during the
discussed period was quiet (without magnetic storms).
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Nevertheless, in this period, the disturbance ampli�
tude nearly reached the value of an average magnetic
storm. It is supposed that these processes are caused by
endogenous factors, but the external effect is also
probable.

Let us note some other peculiarities associated with
the character of variations in the terrestrial magnetic
field during this disturbance. The arrows in Fig. 3 indi�
cate disturbance peaks. The solid arrows on the curves
in Figs. 3e and 3f, showing the data from the VIC (Vic�
toria, Canada; 48.52° N, 123.42° W) and OTT
(Ottawa, Canada; 45.40° N, 75.55° W) stations,
respectively, indicate that extrema of these curves had
been observed earlier than at high latitudes (in both
Northern and Southern hemispheres). The delay of
disturbances from moderate to high latitudes is
approximately 15 min in both Northern and Southern
hemispheres. It can also be noted that, in this case, a
disturbance of the magnetic field was observed in a
narrow layer. The axis of this layer can be roughly
drawn from approximately 100° W in the Northern
Hemisphere and from the central meridian in the
Southern Hemisphere; i.e., it is tilted relative to the

vertical in the direction away from the Earth’s revolu�
tion axis. The disturbance propagation rate within this
layer can be estimated at 5–20 km/s.

4.1.2. Variations in Neutron and Gamma Radiation 
Fluxes in March–April 2010: Analysis of Measurements

Studies were carried out with respect to the Eyjaf�
jallajökull volcano’s eruption in Iceland (ϕ – 63.38° N,
λ – 19.37° W) in April 2010. The volcano is covered
with an ice cap of about 100 km2; the height is 1666 m;
and the diameter of the crater is 3–4 km. The previous
eruption was reported in 1821. On March 21, 2010, the
volcano awoke from dormancy after 200 years, and the
main eruption phase started on April 14. The eruption
was so powerful that an emergency situation was
declared in Iceland. Based on preliminary data, the vol�
ume of ejected ash on April 14–18 was at least 0.25 km3

(http://en.wikipedia.org/wiki/2010_eruptions_of_
Eyjafjallajökull). This eruption is one of the largest
since 1993 (http://www.volcano.si.edu/world/).
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The time variations in the Kp index, neutron fluxes,
and the gamma radiation in March–April 2010 are
presented in Fig. 4.

It is seen in this figure that both in Moscow oblast
and Kamchatka the particle flux had increased by sev�
eral orders of magnitude several days before the erup�
tion. Based on the IZMIRAN data, intensity bursts of
thermal and fast neutrons and gamma radiation were
recorded at the beginning of March 2010. According
to the data from a station in Kamchatka, growth in the
intensity of thermal neutrons started on March 14. On
March 17, the particle flux reached a value of
3200 pulses per minute, in contrast to several pulses
per minute at the beginning of the month. Thus, the
intensity of the thermal neutron flux increased by
80000% three days before the eruption. Based on the
IZMIRAN data, the maximal intensity of bursts at the

beginning of March 2010 reached ~5000% for thermal
neutrons, ~2000% for fast neutrons, and ~800% for
gamma radiation.

The main (explosive) eruption phase took place on
April 14–18. The neutron and gamma radiation fluxes
for this period are given in detail in Fig. 5. The thermal
neutron flux in Kamchatka on April 14 began to grow
from several to 10000–14000 pulses per minute at the
end of the day; i.e., the intensity of the thermal neu�
tron flux in Kamchatka increased by nearly 300000%
a day (see Fig. 5b). Based on the IZMIRAN data, in
Moscow oblast, the maximal neutron flux was
observed on April 18 (i.e., not at the beginning of the
explosive phase, but at its end). Let us show that geo�
magnetic disturbances took place during this volcanic
eruption similarly to the period of the Chilean earth�
quake. Figure 6 presents data on the variations in the
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magnetic field for the period April 11–16. The varia�
tions in the intensity of the thermal neutron flux
recorded at the Kamchatka and IZMIRAN observa�
tion points are also presented. It is seen that geomag�
netic disturbances were observed prior to and during
the explosive phase of the earthquake both in the
Northern and Southern hemispheres. Figure 6 also
presents variations in the Bx component of the terres�
trial magnetic field, recorded at stations where a sig�
nificant disturbance was detected during the explosive
eruption phase. The maximal amplitude of distur�
bances in the Bx component was ~1500 nT and was
observed at the SOD_X station, Sodankyla, Finland
(67° N, 26° E). The duration of this disturbance was
about an hour. As is seen in Fig. 5f, significant distur�
bances in the magnetic field were also observed in the
Southern Hemisphere.

Thus, during the preparation of strong earthquakes
and large eruptions, disturbances in the terrestrial

magnetic field and neutron generation take place and
neutrons are recorded in areas far from disaster points.

5. DISCUSSION

The reported facts allow us to suppose that the
Earth’s seismic and volcanic activity and the genera�
tion of particle fluxes can be interrelated. An increase
in these fluxes prior to an earthquake is observed even
at great distances from the disaster area. To explain the
probable mechanisms of neutron generation, the fol�
lowing facts should be taken into consideration.

It is known that strong earthquakes, such as the
Chilean (2010) and Sumatran (2004) ones, caused a
change in the duration of the day and the orientation
of the Earth’s revolution axis (http://jpl.nasa.gov/
news/index.cfm); i.e., it is obvious that strong earth�
quakes cause disturbances covering all geospheres of
the planet. These disturbances may reflect the drift of
the core and its induced vibrations with a broad spec�
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trum of frequencies relative to the viscoelastic mantle
(Podobed and Nesterov, 1982; Barkin, 2008). At
present, many scientists believe that fluctuations in the
Earth’s revolution should be searched for in interac�
tions between the mantle and the core. It is established
in geophysics that the core revolves relative to the
mantle at ~0.2° per year. The drift of the core and the
intensification of its cyclic displacements are accom�
panied by elastic deformations of the mantle and
respective abrupt changes of the stress and thermody�
namical state of all its layers. It has been found (Eni�
kopolov, Mkhitaryan, and Karagezyan, 1986; Sharov,
1990) that the internal energy of a body increases dur�
ing deformation and matter transforms into a qualita�
tively new activated state, at which reactions and pro�
cesses impossible under normal conditions can run.
Thus, under a mechanical effect implemented in a
plastic domain, the transition of rock material into an
activated–ionized state can be achieved. The observed
bursts of several minutes in length in fluxes of neutrons
and other particles allow us to conclude that processes
in the Earth’s interior, leading to the generation of
particles, run very fast. This means that short�term

increases in pressure and temperature, caused by
nuclear reactions in the Earth’s interiors, can occur in
an earthquake hypocenter and in a volcanic chamber
prior to an eruption. Investigations of the isotopic com�
position of helium from diamond deposits of metamor�
phic complexes in Central Kazakhstan, which, accord�
ing to these data, were formed due to paleoearthquakes,
have shown that the 3Не/ 4Не ratio reaches unprece�
dented values of up to 7 × 10–1 (Shukolyukov, Plesha�
kov, and Semenova, 1996). Another anomalously high
value for diamonds was indicated with respect to the
concentration of helium isotopes: 2.8 × 10–7 cm3/g for
3He and ~ 9.2 × 10–4 cm3/g for 4He. The values of the
helium isotopic ratio in 27 South African diamond�
bearing kimberlite deposits reach 3.2 × 10–4 (Blyuman,
2003) which is significantly higher than the average
planetary content (1.42 × 10–4) but is close to that of
solar helium (4 × 10–4).

Thus, although paradoxical, earthquakes and vol�
canic eruptions may create favorable conditions for
nuclear reactions, including the presence of deute�
rium and 3He (Perez, Nakai, and Wakita, 1996).
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Hydrogen fluxes from the Earth’s core were reported
in (Larin, 1980). It is also known that radon, hydro�
gen, helium, radioactive element content, and total
radioactivity in groundwater and thermal spring gases
increase sharply by about an order of magnitude prior
to earthquakes and volcanic eruptions. Helium in an
isolated state is represented by alpha particles that
form neutrons when interacting with the material of
the upper crust (Kolyasnikov, 1984).

However, the question arises as to how such neu�
trons reach the Earth’s surface without attenuation?
In terms of modern concepts, the geophysical medium
consists of blocks of different sizes (from very large to
very small) (Sadovskii, Bolkhovitinov, and Pisarenko,
1987); i.e., the medium is not continuous but hierar�
chically discrete. This system is open for energy
exchange with the environment and can bound elastic
energy, and these properties allow one to consider it as
a dynamical energy�containing medium. Activity is

the property of such a medium. Temporal changes in
rock properties are not related to matter motion, but
mostly to changes in the stress–strain state of the geo�
medium. As a result, energy transfers from one struc�
tural element to another in different directions. In the
case of a strong disturbance, this process can involve
the Earth as a whole. The disturbance front that causes
the redistribution of stress reaches the Earth’s surface
at a certain moment. The appearance of a deformation
front that propagates in different directions within the
Earth’s crust was reported in (sobolev, 1993). The
observed distribution of deformation in the geome�
dium can be interpreted as a process of gradual trans�
mission of tectonic load from one structural element
of the geophysical medium to another at a finite rate
(Sadovskii, Bolkhovitinov, and Pisarenko, 1987). The
nature of deformation waves is unknown. We can sug�
gest that the appearance of a disturbed state in certain
structural elements of the geophysical medium pro�
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duces gravity waves that gradually generate neutrons
and other particles in an unknown way; thus, gravity
waves promote the transfer and motion of particles,
making them reach the Earth’s surface.

Since both seismic and volcanic activity of the
Earth is a source of neutrons and other particles, the
natural unity of the tectonic–magmatic process is
directly evidenced. An increase in fluxes of these par�
ticles prior to earthquakes and eruptions can be
observed at significant distances from the event area
and can be used for prediction. For this purpose,
instruments recording thermal and fast neutrons
should be installed in several active zones in the
Northern and Southern hemispheres. As a result, seis�
mic and volcanic hazards can be assessed on a plane�
tary scale and the area of a disaster may be specified if
a sufficient number of instruments is available.

6. CONCLUSIONS

1. The peculiarities of variations in seismicity and
volcanism allow one to suggest the existence of a gen�
eral centennial cycle of the Earth’s endogenous activ�
ity; this cycle is subdivided into three periods of
~33 (30–40) years in length and are related to geo�
magnetic activity.

2. A significant negative correlation between seis�
mic energy and solar and geomagnetic activity has
been found. A negative correlation between volcanic
energy and solar and geomagnetic activity has not
been observed for all eruptions.

3. The previous seismic centennial cycle started in
about 1890 and is thought to have ended in the late
20th century. This suggests that the new centennial
cycle started in the 1990s and intensive seismic activity
is to be observed at its beginning. The centennial vol�
canic and solar cycles are shifted in time relative to the
seismic one by several years. Similarly to seismic activ�
ity, volcanic activity is high at the beginning of a new
cycle, while solar activity is low.

4. The M 8.8 Chilean earthquake of February 27,
2010, has continued the list of strong events which are
to occur at the beginning of the new cycle of terrestrial
endogenous activity. In this sense, the catastrophic
earthquake in Japan supports this suggestion.

5. Ground�based measurements of (a) thermal and
fast neutrons and gamma radiation, carried out in
IZMIRAN, Troitsk, Moscow oblast, and (b) thermal
neutrons at the Karymshina Complex Geophysical
Observatory in Kamchatka have detected particle
fluxes related to the Mw 8.8 Chilean earthquake of
February 27 and the Eyjafjallajökull volcano’s erup�
tion in March–April 2010.

6. During the preparation of strong earthquakes
and intensive volcanic eruptions, disturbances in the
geomagnetic field take place with neutron generation
detected in areas far from the area of a future disaster.

7. It has been suggested that the mechanism of ini�
tial neutron generation is related to nuclear reactions
in the Earth’s core during the transition of rock mate�
rial into an activated–ionized state. The recording of
neutrons at significant distances from the generation
source may be related to neutron transmission by ele�
ments of the active hierarchically partitioned geome�
dium of a wave nature.

8. Since terrestrial seismic and volcanic activity is a
source of neutrons and other particles and increases in
particle fluxes can be observed at significant distances
from their sources, this increase can be used as a pre�
cursor for their prediction. For this purpose, instru�
ments recording thermal and fast neutrons should be
installed in several active zones in the Northern and
Southern hemispheres. However, the problem of
specifying where these catastrophic events will occur is
still to be solved.
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