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Annotation
As a result of an experiment carried out in February-April 2010 on registration of thermal and fast neutrons and gamma radiation, flows of particles were registered, apparently related to the strong earthquake in Chile on February 27 with magnitude Mw =8,8 and the eruption of Eyjafjallajökull volcano  in Iceland in April, 2010. The earthquake continued a list of strong earthquakes, typical for the beginning of a new secular cycle of endogenous activity of the Earth. Both monotonous-continuous increase of particles’ flows, starting approximately three weeks before the earthquake and the volcano eruption and separate short-time spikes with amplitude of several thousand percent, were observed. Flows of neutrons and other particles, registered at a significant distance from the site of event, increased before the earthquake and eruption. This fact can be used as a precursor. It would be expedient to install devices for registration of thermal and fast neutrons in different geodynamic zones of Northern and Southern hemispheres. It was supposed that a mechanism of primary generation of neutrons was related to nuclear reactions. 

1. Introduction
As it is known, as a result of interaction of space radiation with air atoms' nucleuses neutrons in wide energy range are formed in the atmosphere: from thermal energy to energy of primary space particles. Another source of neutrons’ generation is the Sun. Neutrons can be formed during solar flares at interaction of accelerated particles with different nucleuses of solar atmosphere. For registration of space radiation and proton flows, generated by strong flares, a network of neutron monitors was set up in the fifties of the 20th century [1]. A number of experimental observations over the last years have shown that seismic activity can generate neutrons [2-4].  Observations by artificial  satellites and ground observations  have established that variations of space rays, registered by neutron monitors on Earth during  disturbances in interplanetary medium, were determined not only by processes, occurring in the Sun, but also by phenomena, taking place in geological medium during earthquakes. In other words, neutron monitors set up on Earth register particles not only of space and solar, but also of terrestrial origin. The energy spectra of these neutrons range from thermal to fast neutrons. A conclusion about terrestrial neutrons was confirmed in the work of Japanese scientists [5]. It was shown that before earthquakes and volcanic eruptions flows of neutrons grew several times compared to control measurements, taken in relatively calm geodynamic area. As a result of the research carried out over several years in the Earth’s atmosphere with sounding balloons by the D. V. Skobeltsin Scientific Research Institute of Nuclear Physics of the Moscow State University (SRINP MSU), anisotropy of flows of thermal neutrons was discovered [6]. It turned out that at heights up to  3—5 km a flow of neutrons, moving from the Earth, significantly exceeded a flow moving towards the Earth (the average value of anisotropy for these heights was  0,6 ( 0,2). The given facts allowed the authors to conclude that a field of thermal neutrons exists near the Earth’s crust, parameters of which are determined by seismic activity of the Earth. 

2. Facts, Methods and Objectives of Research
The facts included the results of registration of thermal and fast neutrons and gamma radiation. They were registered by special equipment, installed in an experimental pavilion of the space rays department of N.V. Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation of RAS (IZMIRAN), in Troitsk, Moscow region   in February - April 2010. The devices for registration comprised 15 gas-discharge counters of SI - 19 N, with diameter of 3 cm and length of  22 cm, filled with helium-3 mixed with argon at pressure of  405,3 kPa (figure 1). 
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Fig. 1 General view and construction of thermal neutrons monitor.

The equipment for registration of fast neutrons consisted of two blocks.  Each included 23 two-ranked helium proportional counters of thermal neutrons of  PD 631 type (length ~ 1m), surrounded by 15 cm thick polyethylene panels (figure 2).
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Fig. 2.General view and construction of fast neutrons monitor.

The efficiency of registration of thermal neutrons was 80%.
 Gamma radiation detector Ø63×63GD consisted of scintillation detector based on crystal scintillator NaJ(Tl) with size Ø63×63 mm3 (figure 3).
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Fig.3. General view and construction of gamma radiation detector.

 All those devices worked in permanent regime since 2006.
One of the objectives was the study of flows of neutrons and gamma radiation in relation to a strong earthquake with magnitude Mw=8,8, which occurred on  27 February 2010 at 6:34 UT near the Chilean coastline,  90 kilometers from the town of  Concepción  at a  depth of  35 km  (coordinates of the earthquake: latitude - 35,93S,  longitude -  72,78W) [7].  After this earthquake in Chile in February-March recurring underground shocks took place, and magnitude of some shocks reaching  М=7.  The second objective of research included the study of neutrons’ flows and gamma radiation related to the eruption of Eyjafjallajökull volcano  in Iceland in April 2010 (coordinates of the volcano: latitude - 63,38N, longitude – 19,37W). The volcano is covered by the ice cap. The volcano’s height is 1666 m. diameter of the crater 3‑4 km, ice cover – about 100 km2. The last previous eruption of Eyjafjallajökull was registered in 1821.  On 21 March 2010 the  Eyjafjallajökull volcano woke up after 200 years of sleep, and the main phase began on 14 April. The eruption was so impressive ,  that an emergency regime was introduced in Iceland. 

The volume of ejected ashes according  preliminary data for 14-18 April was 0,25 km3 This is - one of the largest eruptions since 1993 (Global Volcanism Program, Volcanoes of the 3 World) [8, 9].
The authors [4] and [10,11] analyzed the data on seismic and volcanic energy, erupted all over the globe in the period from 1680 to 2007, compared to solar activity. On the basis of these data secular cycles of solar activity, seismicity and endogenous activity of the Earth lasting over 100 years, i.e. including volcanic activity, were established.  In the beginning of each cycle of XVIII, XIX and XX centuries the seismic and volcanic activity had maximal values, and the values of Wolf numbers, characterizing solar activity, were minimal. Thus, a significant negative correlation of global seismicity and volcanism with solar activity was observed. In other words, the greatest seismic and volcanic activity was observed at low solar activity, and vice versa. According to our data, the third (starting from 1680)   secular cycle began in 1890 and finished at the end of XX century.   In the 90s of the last century a new secular cycle began, at the beginning of which (similar to the previous cycles) relatively low solar activity and vice versa, strong seismic and volcanic activity must be observed. Strong seismic and volcanic activity should remain during approximately the first third of the secular cycle. Earthquakes in Indonesia on 26.12.2004 with magnitude М=9 and 28.03.2005 with  М = 8.6,   earthquakes in 2006 and  2007 with   М>8, and also the last data on seismicity for 2008-2010 confirm this conclusion. The earthquake in Chili with M=8,8, which occurred on 27 February 2010,  continued the list of strong earthquakes, which, as it was predicted, were supposed to take place at the beginning of the coming secular cycle. The data on a strong volcanic eruption in April 2010 also confirm this conclusion.
3. Results of Observations of Neutron Flows and Gamma Radiation
Analysis of variations of neutrons’ flows and gamma radiation in February-April 2010 is given below. The purpose was to find out if the supposition was correct that seismic and volcanic activity of the Earth could generate neutrons and other particles. A growth of these flows before an earthquake and a volcanic eruption can be observed at a considerable distance from the event’s site. Figure 4 shows the minute and hourly average intensity values of thermal and fast neutron flows, gamma radiation and the magnitude of earthquakes in February-April 2010. Intensity of flows of particles  I,  expressed as a percentage, was determined by the following expression: I = (Ni-Nf)/Nf×100%, where Ni – minute and hourly average values of particles flows, Nf – background value of particles flows, observed on 5 February.  
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Fig. 4. Time variations for February-April 2010 (on X-axis – date, expressed in дата, expressed in decimal parts of a month): (a) – earthquakes magnitude (M); (b) – intensity of thermal neutron flows (minute values T_01 – left scale; hourly average values T_60 – right scale); (c) – intensity of fast neutron flows (minute values F_01 – left scale; hourly average values F_60 – right scale)   (d) – intensity of gamma radiation (minute values X_01 – left scale; hourly average values X_60 – right scale). All data provide minute and hourly average values.

Figure 4 shows that almost from the very beginning of February (from 6 February) the neutron flows (thermal and fast) and gamma radiation continuously increased. About six days before the earthquake on 27 February the amplitudes of thermal neutrons (T_60), fast neutrons (F_60), gamma-radiation (X_60), calculated by hourly average data,  have reached respectively 15%, 30%, 15%. The range of ordinate axis values on diagrams of hourly average values (right scale) was chosen to observe the gradual changes in particles flows. It’s worth to be mentioned that continuous-monotonous increase of thermal neutrons flows continued till the beginning of April.
 Figure 4 also shows that approximately two days before the earthquake on 27 February, i.e. at the end of 24 – beginning of  25 February,  considerable outbursts of neutron flows began:  of thermal and fast neutrons and gamma radiation (see figure 4b-d). Figure 4 gives the flows’ minute values from 22 February to 8 April.  Intensive outbursts of particles were observed not only before the earthquake on 27 February, but later, up to 10 March.
The maximal amplitude of thermal neutrons in that period according to the minute data reached about 5000%,  fast neutrons  - about 2500%, gamma radiation about 800%.

 In the second half of March separate outbursts with lower amplitude occurred. Therefore, the processes, responsible for generating particles flows in the lithosphere and the earthquake on 27 February, lasted for a sufficiently long period. They began on 5 February, i.e. three weeks before the earthquake, and continued after it.  Figure 4a also showed that seismic activity after the earthquake on 27 February diminished slowly. Outbursts of neutron flows and gamma radiation at the end of March probably indicated that seismic activity would continue. In fact,  on 4 and  6 April the earthquakes with magnitudes 7,2 and 7,8 accordingly took place – the strongest after  the earthquake on 27 February.
Figure 5 presented the minute values of intensity of outbursts of flows of thermal and fast neutrons and gamma-radiation, observed on 27 February 7 hours after the earthquake’s occurrence. 
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Fig. 5. Time variations of intensity of outbursts of flows: a-thermal neutrons; b- fast neutrons; c – gamma radiation on 27 February, calculated by minute values.

 In these outbursts the maximal amplitude of minute values of neutron flows was: of thermal neutrons about 5000%, fast – about 2500%, gamma radiation – about 700%. It’s clear from Figure 5 that each outburst lasted for approximately 4 minutes and in this outburst a flow’s maximal value was observed during one minute. The outbursts’ amplitude diminished with time.  Thus, the main characteristic feature of outbursts in the event was their high amplitude and short duration.
Let us mention that short-time outbursts of thermal neutrons were registered before by a device, developed in SRINP MSU [12]. Measurements were taken in continual interval. Flows of neutrons, coming to and from the Earth, were registered. According to the data for 1994, short-time outbursts were observed, lasting for several minutes, and the anisotropy coefficient of the flows varied from – 0,9 to 0,8, i. e. in separate periods the flows coming to and from the Earth were observed. 
Figure 6 shows the minute and hourly average values of intensity of flows of thermal and fast neutrons, gamma radiation and the magnitude of earthquakes in April 2010. 
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Fig. 6. Time variations for April 2010 (on X-axis – date, expressed in expressed in decimal parts of a month): (a) – earthquakes magnitude (M); (b) – intensity of thermal neutron flows (minute values T_01 – left scale; hourly average values T_60 – right scale); (c) – intensity of fast neutron flows (minute values F_01 – left scale; hourly average values F_60 – right scale)   (d) – intensity of gamma radiation (minute values X_01 – left scale; hourly average values X_60 – right scale). All data provide minute and hourly average values. Red arrow in figure 6b marks the time of beginning of the main phase of volcano’s eruption.

 The figure shows that maximal amplitude of earthquakes in that period had maximal values 6,8 - 6,9, on 11 and 13 April. It also shows that starting from 7 April the gradual increase of intensity of fast neutron flows was observed (figure 6c). At the beginning of the main phase of Eyjafjallajökull volcano’s eruption on 14 April their amplitude according to hourly average data was approximately 15%. Then the further increase of their flows was observed, on 17 April it reached about 20%. No gradual increase of thermal neutron flows from 7 April was observed, in contrast to an event, related to the Chilean earthquake on  27 February. It was possibly connected to the fact that in this case thermal neutrons were absorbed by an ice cap, which covers the volcano. Intensity of flows of gamma radiation increased on 17 April approximately by 10%. 
Figure 6 also shows that, from 8 to 21 April significant outbursts of neutron flows occurred: thermal and fast neutrons and gamma-radiation ( see figure 3b-d). The figure shows minute values of the flows.  Intensive outbursts of particles were observed not only before the eruption, but later. The most intensive outbursts took place on 18 April, i. e. during the volcano’s maximal activity [8].
The maximal amplitude of thermal neutrons in that period according to the minute data was about 1800%, of fast neutrons - about 800%, gamma radiation about 400%.

Thus before a strong earthquake and a strong volcano eruption both phenomena were observed -  a continuous monotonous increase of particles flows, beginning around three weeks before the events, and separate short-time outbursts with amplitude of several thousand percent, according to minute data, registered at a considerable distance from the place of events.
4. Discussion of Results

The above mentioned facts allow us to conclude that seismic and volcanic activity of the Earth  and generation of  flows of neutrons and other particles could be interrelated processes. These flows’ increase before earthquake was observed even at a considerable distance from the site of events.  To explain the possible mechanisms of neutrons’ generation it’s necessary to pay attention to the following.
 It is known that strong earthquakes, like the one in Chile on  27 February 2010 and on 28 December 2004 in Sumatra, led to a change of day length and orientation of the Earth’s axis [13].  Apparently, in case of strong earthquakes disturbances occur in all geospheres of the Earth. Perhaps, similar disturbances reflect the Earth core’s drift and its forced oscillations in relation to the visco-elastic  mantle of the Earth [14, 15]. At the present time many scientists tend to explain  fluctuations of the rate of rotation of the Earth by the effects of correlation of the mantle and core. It is considered an established fact in geophysics that the core rotates around the mantle at a speed of about 0,2° a year. The core’s drift and intensification of its cyclical shifts are followed by elastic deformations of the mantle and corresponding rapid changes in stress-strain and thermodynamic state of all of its layers. As it was established [16, 17], a body’s internal energy increases at deformations and it transforms into a qualitatively new activated state. Then reactions and processes, impossible under usual circumstances, can occur. Therefore, in the process of mechanic influence, realized in a plastic area, rock can transform into activated-ionized state. Observed outbursts of neutrons and other particles, lasting for several minutes, allow us to come to a conclusion that particles generating processes inside the Earth, tend to proceed very quickly. That means that at seismic hypocenter and center of volcanic eruption short-term increase of temperature and pressure can take place, caused by nuclear reactions in 
Earth’s interior.  The study of  isotopic composition of helium from diamond deposits in metamorphic  complexes of North Kazakhstan,  which emerged , according to the data [18] as a result of paleoearthquakes, showed that ratio 3Не/4Не reached unexampled large values, up to 7 х 10-1 [19]. Concentrations of helium isotopes – 3Не~2.8 х10-7cm3/year, 4Нe~9.2х10-7cm3/year are also abnormally high for diamonds.  Values of helium isotopic ratio in 27 South-African diamond kimberlite deposits reach 3.2 х 10-4 [20],  which is considerably higher than the planetary ratio (1.42 х 10-4) and close to solar helium (4 х 10-4).

Thus, paradoxical as it might seem, during earthquakes and volcanic eruptions, conditions might be implemented, essential for execution of nuclear reactions, including the presence of such elements as deuterium and 3Не [21]. The study of low-temperature nuclear synthesis has also shown that  decrepitation of strongly hydrogenated substances  was accompanied by nuclear reactions between light elements with outbursts of energetic particles:  (-quanta, neutrons, protons and formation of tritium nuclei, helium isotopes and other light elements [22]. The work [23] tells about the flows of hydrogen, coming out of the Earth’s core. It is also known that before earthquakes and eruptions the content of radon, hydrogen and helium sharply, by an order more, increases in the composition of groundwater gases and thermal sources, and general radioactivity and content of radioactive elements also increase. Helium in ionized state looks like alpha-particles, which generate neutrons during interaction with the matter of the upper mantle [24].

However a question might arise – how can neutrons, generated in this way, n reach the surface of the Earth, without decaying? According to the contemporary view, geophysical medium consists of blocks of different sizes: from very large to very small [25], i.e. it does not represent a continuum, it’s hierarchically discrete. The system is open to energy exchange with the environment and is capable of storing elastic energy, which makes it possible to consider it as a dynamic energy storing medium. Activity is the main quality of such medium. Temporal changes of rock are not related to transfer of substance, but mainly to a change in the geophysical medium’s stress-strain state. As a result, energy is transferred from one structural element to another in different directions. At the time of strong events this process can embrace the whole globe. At a certain moment it can reach the Earth’s surface, when a spreading front of disturbances causes redistribution of tensions. The work [26] tells about a front of deformations, spreading in the Earth’s crust in different directions. An observed deformations’ front spreading in the geophysical environment can be viewed as a process of sequential transfer of tectonic overload from one structural element of geophysical medium to another at a finite speed [25]. The nature of deformation wave is unknown.  It can be supposed that in case of disturbances of separate structural elements gravitation waves can emerge in geophysical medium, which at spreading can consequently generate neutrons and other particles, providing their transmission and appearance near the Earth’s surface. 
The fact that both seismic and volcanic activity of the Earth can generate neutrons and other particles directly reveals the inner unity of tectono-magmatic process. The growth of these particles’ flows before an earthquake and eruption can be observed at a considerable distance of the events and can be used for their predicting.  For this purpose it would be expedient to install devices for registration of thermal and fast neutrons in several active zones of Northern and Southern hemispheres. As a result seismic and volcanic activity of our planet can be evaluated in advance and a sufficient number of installed devices could provide information about the area of emerging seismic events.

5. Conclusions
Thus, the study has established:

1. As a result of the ground experiment of registration of thermal and fat neutrons and gamma radiation, carried out in Troitsk of the Moscow region, flows of neutrons were registered, apparently related to apparently related to the strong earthquake in Chile on February 27 with magnitude Mw =8,8 and eruption of Eyjafjallajökull volcano  in Iceland in April, 2010. 

2. Both monotonous-continuous increase of particles’ flows, starting approximately three weeks before the earthquake and volcano eruption and separate short-time spikes with amplitude of several thousand percent, according to the minute data, were observed. 

3. It was suggested that a mechanism of primary generation of neutrons was related to nuclear reactions in Earth’s interior at rock’s transformation into activated-ionized state. Their registration at Earth’s surface at a significant distance from earthquake’s epicenter was probably related to their transmission by elements of active hierarchically structured geophysical medium with wave nature.  

4. The fact that seismic and volcanic activity of the Earth can generate neutrons and other particles and a growth of these flows can be observed at a considerable distance from the site of events and can be used as precursor for their prediction.  For this purpose it would be expedient to install devices for registration of thermal and fast neutrons in several active zones of Northern and Southern hemispheres.
5. The earthquake in Chili with M=8,8, which occurred on 27 February 2010,  continued the list of strong earthquakes. Those earthquakes, as it was established by the authors in their previous works, were supposed to take place at the beginning of the new secular cycle of endogenous  activity, beginning now on the Earth. The latest data on seismic and volcanic activity confirm the growth of endogenous activity of the Earth. In this relation a question about neutron and gamma precursors acquires great importance. 

In conclusion the authors wish to express their gratitude for carrying out the experiment of registration of neutrons and gamma radiation to V. G. Yanke, V. G. Kartyshov and other scientists of the space rays department of N. V. Pushkov Institute of Terrestrial Magnetism, Ionosphere and Radio Wave Propagation of RAS (IZMIRAN), in Troitsk, Moscow region.
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