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Abstract

This article presents a further development of the hypotheses concerning the
possibility of predicting (“tectonic”) earthquakes [1]. Those hypotheses are
based on the conversion of all types of released energy into heat and active
chemical substances. One of the important sources of this phenomenon is the
release of the latent energy trapped and stored during the Earth’s accretion.
The latent energy of primordial hydrogen and helium escaping from the
Earth’s core and lower mantle causes degassing processes [2] [3]. This latent
energy converts into totally different types of chemical, electromagnetic and
thermal energies of active compounds that are responsible for the major en-
dogenic terrestrial processes. The dominating theories in seismology and
volcanology are that an earthquake results from a sudden slip of a tectonic
fault and that only magma and the gases contained in magma supply the vol-
canic energy resulting in the conclusions that earthquakes and eruptions are
unpredictable. Volcanic eruption is considered herein to be a special case of
the earthquake-process in which earthquake hypocenters rise to the Earth’s
surface. A possible solution is proposed ([1] and herein) based on the analys-
es of the physicochemical processes as participants in earthquake and erup-
tion preparations (foreshocks - major shock - aftershocks - volcanic erup-
tions) and on the characteristic rates of reflection of these processes on the
Earth’s surface. Influences of Sun-Moon-tides and volcanic (“harmonic”)
tremors are analyzed from physical-chemical point of view. The case of the
1980 eruption of Mount St. Helens and the proposed monitoring of the rec-
ommended additional data provides a way of selecting a complex of reliable
earthquake and volcanic eruption precursors.
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Precursors, Electromagnetic Field Monitoring

1. Introduction

Earthquakes and volcanic eruptions are described in most studies separately and
explained differently. However, they are related in space (Figure 1) and time.
Earthquakes precede and accompany volcanic eruptions, but not every earth-
quake culminates in a surface eruption. Most of them situate in deep-seated
faults at plate boundaries, rifts, and transform faults. The classical Reid’s [4]
model of the “earthquake as a result of rock displacement under accumulated
elastic stress” cannot help with earthquake prediction [5] and cannot explain the
observed earthquake-cycle, foreshocks - main shock - aftershocks of the strong
earthquake, as well as from where comes the monstrous energy of great earth-
quakes and volcanic eruptions [2] [3]. There are clear demonstrations that the
reasons for most of the “tectonic earthquakes” are natural underground explo-
sions, which often cause in their epicenters, the acceleration in the vertical direc-
tion that exceeds the acceleration of gravity ([6] and Table 1).

The elastic energy of “semi-solid mantle and lithosphere” breaks cannot cause
such motion or the energy release in principle [7]. The energy release and the
dominant vertical component of Earth’s surface motions [8] [9] [10] support the
claim that explosion is a basic mechanism of earthquake. The clue to its energy
source is the anomalous flow of the Earth’s core lower mantle hydrogen and he-
lium (Figure 2, Figure 3), enriched by its light isotope *He [2] [3] [11]. This
flow accompanies earthquakes and volcanic eruptions as well as provides the
evidence that volcanic eruption is a variety of “tectonic earthquake” wherein its
hypocenter rises to the earth-surface [2] [3]. The additional evidence, the ability
of earthquake to generate heat, is effectively demonstrated by the 1994 Bolivian
earthquake (Mw = 8.3, focal depth = 635 km), which should be more appro-
priately viewed as a thermal process rather than a mechanical process. That
earthquake observed as seismic waves, was only a small part of the whole
process. Its thermal energy of 1.35 x 10'® ] was comparable to the total thermal
energy released during large volcanic eruptions such as the 1980 Mount St He-
lens eruption [12].

Many additional cases of monstrous generations of heat before a major shock
were described recently [e.g. [13], figure 2, references there]. Furthermore, large
earthquakes sometime trigger other large earthquakes thousands of kilometers
away, or induce thermal anomalies at active volcanoes at a distance of thousands
of kilometers away with a delay of only 1 to 21 days [14]. Charles Darwin ob-
served a similar phenomenon on February 20, 1835 in Valdivia, Chile, where the
great earthquake activated several Chilean volcanoes and came to the conclusion
that great earthquakes and volcanic eruptions have unknown chemical reactions

as their common energy source [15].
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Figure 1. Computer-generated surface map of the planet Earth showing plate margins
(blue lines), illustrating a good correlation of active volcanoes (red triangles) with earth-
quake epicenters (yellow dots) (Compiled after Internet data, mainly provided by USGS
Smithsonian Institution sites and NOAA/NGDC).

Table 1. Ground motion database for some of the earthquakes epicenter-areas.

Kathmandu, Nepal International Seminar on
November 29-30, 2009 Hazard Management for Sustainable Development

Event Station (Mw) Hor-1(g) Hor-2(g) Ver(g) V/H

Gazli, Uzbekistan 1976 Karakyr (6.8) 0.71 0.63 1.34 1.89
Imperial Valley, USA 1979  El Centro Array 6 (6.5) 0.41 0.44 1.66 3.77
Nahanni, Canada 1985 Site 1 (6.8) 0.98 1.1 2.09 1.9
Morgan Hill, USA 1989 Gilroy Array#7 (6.2) 0.11 0.19 0.43 2.25
Loma Prieta, USA 1989 LGPC (6.9) 0.56 0.61 0.89 1.47
Northbridge, USA 1994 Arleta Fire Station (6.7) 0.34 0.31 0.55 1.61
Kobe, Japan 1995 Port Island (6.9) 0.31 0.28 0.56 1.79
Chi Chi, Taiwan 1999 TCU 076 (6.3) 0.11 0.12 0.26 2.07

In this article, tectonic earthquake and eruption processes are discussed as a
series of chemical explosions caused by physicochemical processes, partly re-
flected on Earth’s surface in which a volcanic eruption is argued as a special case
of earthquake where the hypocenter rises to the Earth’s surface, forming a vol-
canic chamber at a shallow depth [2] [3]. Explosives (reactive gases) are pro-
duced by the flow of primordial H and He from the core and the lower mantle,
where the pressure-temperature (PT) can exceed 1,000,000 atm. and 5000 K, into
the atmosphere and furthermore into the plasmosphere (Figure 2, Figure 3,
Table 2). This flow is undeniably a major energy source and can be easily trans-
ferred from mantle plume along major faults, quickly concentrated, focused and
explosively released, thus producing very high velocities of energy release and all
the geophysical and geochemical anomalies typical of earthquakes.

Concentrations of highly explosive clusters are responsible for the observed
intermediate “quakes” (foreshocks - major shock - aftershocks) within their
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Figure 2. Hydrogen in the Exosphere is clearly identifiable in ultraviolet images. Figure 2
is one of the first images of the geocorona which was taken in 1972 by astronaut John
Young while on the Moon. The Apollo 16 mission carried a U.S. Navy ultraviolet camera
that observed the stars and also produced this striking photo (far left) of hydrogen in the
plasmasphere around the Earth. It was colorized (left) to show brightness variations
(https://science.nasa.gov/science-news/science-at-nasa/1999/ast16feb99_1/). Taken from
the site

https://malagabay.wordpress.com/2013/04/11/terrestrial-degassing-of-hydrogen-and-heli

um/.
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Figure 3. Helium in the Exosphere is also clearly identifiable in
ultraviolet images. Earth’s plasmasphere at 30.4 nm. This image
from the Extreme Ultraviolet Imager was taken at 07:34 UTC on
24 May 2000, at a range of 6.0 Earth radii from the center of
Earth and a magnetic latitude of 73 N. (From Sandel, B. R,, et al,
Space Sci. Rev., 109, 25, 2003.) http://euv.lpl.arizona.edu/euv/.
Taken from the site

https://malagabay.wordpress.com/2013/04/11/terrestrial-degassi

ng-of-hydrogen-and-helium/.
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Table 2. Specific latent energy of helium and hydrogen (taken from [2]).

Depth Pressure Temperature Specific energy (J/mol)
(km) (Gpa) (K) Helium Hydrogen
0 0 300 12,480 8652
10 0.3 500 20,800 14,420
100 3.4 1800 74,880 51,912
500 18 2000 83,200 57,680
1000 40 2500 104,000 72,100
2000 88 3500 145,600 100,940
3000 160 5500 228,800 158,620
4000 238 5800 241,280 167,272
5000 321 6000 249,600 173,040
6000 358 6200 257,920 178,808

ascending hypocenters. Cold nuclear synthesis (fusion) and natural fission reac-
tions are also under consideration as the major internal energy sources. The
whole assemblage of hypocenter preparation processes is accompanied by the
generation of electromagnetic fields, which in contrast to other processes, are
instantly reflected on the Earth’s surface.

The conclusions of many of the last years’ studies are that geodynamics of the
high-seismicity regions and the nature of great earthquakes are related more to
the mantle plumes and not to movements along the particular faults [16].
Moreover, the slowing of Africa’s motion between 67 and 52 million years ago
and the synchronously unusually rapid motion of the Indian plate, its push to
collision with Eurasia causing huge scale seismicity and eruptions of the Deccan
flood basalts, were all convincingly related to the force of the Reunion plume
head [17].

Mantle plumes, the hypothetical thermal diapirs that are supposed to solve the
energy problems of the theory of plate tectonics, are supposed to do this by car-
rying heat from the liquid core upward to the lithosphere in narrow rising col-
umns supposedly driven by convectional heat exchange and independent of
plate motions. However, their formation on the liquid core to lower mantle
boundary and the driving force cannot be explained by the hypothetical temper-
ature difference between the uppermost liquid core and the lowermost mantle.
The big difference between the magma’s specific heat capacity (0.35 cal/g degree)
and it’s heat of fusion (120 - 165 cal/g under atmospheric pressure) for melting
magma, demands an amount of energy higher than for heating it to 400°C; thus,
being 300°C - 400°C hotter than the surrounding rock as the only energy re-
source at the core-mantle boundary, these plumes cannot melt-through the al-
most 3000 km thick solid mantle. Even more doubtful is the possibility that their
plume head could provide (described above) additional energy supply on a pla-
netary scale [17]. We will try to show herein that the additional mentioned
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above energy sources can solve the unresolved energy lack problem of the man-
tle plumes, earthquakes and volcanic eruptions (Chapter 2 and 3).

The authors call the readers’ attention to the role of Sun-Moon tides as earth-
quake triggers ([1] and Chapter 4) as well as to the physico-chemical mechan-
isms of volcanic (“harmonic”) tremors, which have been always noticed as a part
of preparation of the volcanic eruption (Chapter 5). The cases of regional earth-
quakes supplying energy through mantle plumes and liquid core and in such a
manner triggering other earthquakes and enhancing volcanic eruptions are dis-
cussed in Chapter 6. Chapter 7 contains the case story of the 1980 eruption of
Mount St. Helens and its discussion. Monitoring of additional data provides a
way of selecting a complex of reliable earthquake and volcanic eruptions pre-
Cursors.

Principles and results of forecasting of the regional imminent seismic activity
based on the analysis of one minute of INTERMAGNET geomagnetic field data
and NASA codes for Sun-Moon tides - Geomagnetic Quake (GQ) are also de-
scribed. Examples of prediction of the period, magnitude, depth, and coordi-
nates of the hypocenter of an impending earthquake are based on the Inverse
Problem Method for the analysis of monitoring data variations of geoelectro-
magnetic fields. The necessary and sufficient conditions for the existence of a
solvable inverse problem are formulated based on the Dubna method for disco-
vering the hidden dependences. The accuracy of prediction will depend on the
values of depth, coordinates, time, magnitude of the impending earthquake,
number of monitoring points, geology of the region, and on the ill-posed quality
of the received over determined non-linear algebraic system [1] [18] [19] [20]
[21].

2. Degassing Energy Flows and their Effects: Mantle Plumes,
Earthquakes, Volcanic Eruptions

The authors of references [2] [3] have proposed a conceptual system of hypo-
theses, which explains that during Earth’s accretion, primordial hydrogen and
helium (enriched in *He) were trapped and stored in the planet’s interior as He-
and H-interstitial solutions and compounds, stable only under ultrahigh
PT-conditions, which were discovered in recent experiments. The endothermic
reactions of their generation provided effective cooling of the planet and pre-
vented its evaporation, where the end products of those reactions were more
compact than the initial gases. Since stabilization of our planet, exothermic
processes of H and He degassing became dominant, releasing the energy in-
vested in their generation.

The specific energy of the core-lower mantle H and He was calculated with
’He serving as a unique measuring transformer correlative to the internal heat
flow. Multiplying its flow from the lower mantle by the highest coefficient of
correlation results in 5.12¥10%° J/year, an amount of energy five-fold greater than
the entire energy loss involved in all earthquake and volcanic activity ([2] [3]
references there). In distinction to the five of the Earth’s other main sources of
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the internal energy (cold fusion nuclear reactions, natural fission reactions, ra-
dioactive decomposition of U, Th and *K, gravitational differentiation in the
Earth’s liquid core and the energy of lunar tides), the chemical energy can be
carried by the reactive “volcanic” gases, and concentrated and focused in the
mantle-plumes, generating great earthquakes and volcanic eruptions. This ener-
gy is: a) quasi-constantly released during billions of years of the Earth’s existence
and practically limitless; b) can be quickly concentrated and focused; c) is of very
high density; d) offers very high velocities of energy release; e) has small losses
during transportation over long distances [2] [3].

This mass transfer related energy, in contrast to energy from traditional
sources, generates convection in the Earth’s liquid core and produces liquid
magma in the mantle and supplies energy to rising plumes. It can be easily
transferred from the plumes along major faults and their branches, quickly con-
centrated and explosively released, thus producing very high velocities of energy
release and all the geophysical and geochemical anomalies typical of earth-
quakes. Concentrations of highly explosive clusters are responsible for the ob-
served intermediate “quakes” (foreshocks - major shock - aftershocks) within
their ascending hypocenters. Whole assemblage of hypocenter preparation
processes is accompanied by generation of electromagnetic fields, which in con-
trast to other processes, are instantly reflected on the Earth’s surface.

In summary: H- and He-sublimation from the solid and convection in the lig-
uid core with flux melting the solid mantle generates gas-liquid scavenging
plumes. H- and He-release are accompanied by an intense release of their stored
specific (latent) energy (Table 2). Their ionization and incorporation into dif-
ferent chemical compounds are followed by decomposition due to local and
gradual PT-changes. Ongoing compressions-decompressions (foreshocks - ma-
jor shock - aftershocks) within an upward moving hypocenter (up to the magma
chamber), accompanied by additional releases of energy, cause release of ele-
mental H, O, C, S, Cl, F etc. This process induces explosive or combustive syn-
theses of H,0, SO,, H,SO,, CO,, H,S, HCL, HF and other compounds in accor-
dance with local changes of PT and energy, in accordance with the Principle Le
Chatelier-Braun “The Equilibrium Law” (“whenever a system in equilibrium is
disturbed the system will adjust itself in such a way that the effect of the change
will be nullified”.).

The present volcanological paradigm postulates that only magma and its con-
tents are responsible for all the energy supply of the plutonic processes. Howev-
er, we know many cases of volcanic eruptions which only produce tremendous
amounts of gases. The common observation is that the total amounts of chemi-
cals released to the atmosphere by volcanic activity is usually many-fold greater
than that which could be contained in the extruded amounts of lava or ash ([2]
[3] references there). As an example, Fedotov [22] calculated the heat-power of
the burning gas-eruption column of the northern Tolbachinsk (Kamchatka) fis-
sure-eruption (6.7.1975 - 10.12.1976), which erupted for 72 days with about 0.68
km® of small-size pyroclastics, which was 3.52*10" cal/sec = 1.47*10° Mw”; for
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comparison, “the power of all the USSR power-stations in 1976 was 228,000
Mw”, or 2.28%10° Mw [22]. We think that this is a case of a separate from magma
three-dimensional reactive gas transfer, and there is no correlation between vo-
lumes of magma and erupting gases.

The pathways of magma through the crust, via magma chambers to eruption
are inaccessible to direct observation and hence poorly understood. Thus Jaggar
[23] reported the results of temperature measurements of the Kilauea boiling la-
va lake surface to be roughly 1140°C, with a depth of 131 m to a depth of zero
(when the lake was practically dry), and finding that there was no conduit sup-
posedly connecting the lava lake with the mantle, only fractures. However, the
lake somehow received its energy from the mantle. The same results were en-
countered by Tazieff [24] when Nyiragongo Volcano in Zaire empted in 1977
during an earthquake the bowl of its crater, flooding during 25 minutes 2000
hectares with 1100°C basanite lava pouring forth through fractures that sudden-
ly opened in the lava lake. There were no vertical conduits with convecting lig-
uid magma in the empty crater, and not even a large but empty one, only frac-
tures. Similar results were obtained lately [25], using a joint local and teleseismic
earthquake P-wave seismic inversion revealing a basaltic lower-crustal magma
body and a few km thick fractured rock that provides a magmatic link between
Yellowstone mantle plume and the previously imaged upper-crustal magma re-
servoir [25, figure 3 and figure 4].

Huang, H.H,, Lin, F.C., Schmandt, B., Farrell, J., Smith, R.B. , Tsai, V.C. [25]
state that “seismic images depict characteristics of the entire Yellowstone mag-
matic system from the upper mantle to the crust in which the
west-northwest-dipping plume is the magmatic source that generates the maf-
ic/basaltic partial melts that intrude into lower crust to produce more silicic
magma, and then intermittently ascend to shallower depth to form the rhyolithic
reservoir at depths of 4 to 14 km beneath the Yellowstone caldera.” However,
there are no conduits, connecting mantle plume with the upper basaltic and
rhyolitic partial melt reservoirs (2% to 9% of partial melts estimation) as they are
separated by 10 km and 5 km thick solid rocks containing dikes and fractures.
Partial melts cannot pass through cooler few-kilometers-thick barriers of solid
rock without an additional influx of energy provided by reactive gases of the
mantle plume. For an example of a gas-energy-release by volcano, the 1815
Tambora eruption blew out (among ash and other chemicals) about 52 x 10° t of
sulfuric acid [26], whose synthesis from primary elements could produce energy
equivalent to 96 megatons of TNT. The synthesis of 50 x 10° t of water from a
hydrogen-oxygen mixture (“detonating gas”) could produce the energy equiva-
lent of 150 megatons of TNT. Erupted chlorine and fluorine gases mix with the
water-steam and form acids. The processes of mass and energy transport, de-
scribed in [2] [3] and in part herein, are self-focusing, depending on the kinetics
of these processes and on the matter-viscosity conditional to phase transition

and the movement of shock-wave fronts (see beneath). Self-focusing causes a
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decrease in the internal energy of an open system, which is well known in phys-
ics and electrochemistry.

The proposed sequence of mutually induced reactions supplies active reagents
and highly energized mantle gases to the lithosphere, where their heat-producing
reactions melt the asthenosphere and the upper mantle. The melting and ac-
companying explosions bore conduits and chambers for generated magma
which rise through the brittle rocks and provide the energy for igneous activity
and volcanic eruptions with all their manifestations. We regard the “tectonic
earthquake” as a chain reaction, as cumulative chemical explosions of active
compounds, which result in multistage degassing with the mantle of He, H, O,
H,0, SO,, CO, etc. These explosions are often accompanied by hypocenter
movements along faults and fault-zones rising from higher to lower pressure, up
to the very shallow depths (volcanic chamber). The volcanic tremor does not ac-
company an eruption but participates in its generation by series of heat-producing
explosions (see Chapter 4).

The main processes of mass-energy-transfer include the following:

1) Cold nuclear synthesis (fusion reactions), which are accompanied by gen-
eration and release of energy, where *He, “He, *H and earth neutrinos [27]-[33]
dissociate “stable” compounds and catalyze new fission and fusion reactions.

2) The natural fission nuclear reactors with fast neutrons on the boundary of
Earth’s solid/liquid core, and possibly, liquid core/mantle [34] [35] [36]. The
capacity of those reactors depends on the Sun-Axions flow-intensity [37]. Solar
activity cycles modulate radiogenic processes in the Earth that promote the cyc-
lic seismic and volcanic activity of the planet.

3) Convective transport of the hydrogen, hydrides, and other gas-liquid sub-
stances by plumes which include:

a) Possibility of the cold fusion during this transport;

b) Step by step transport of energy (dissociation of compounds due to ther-
mo-catalytic activity of rock on the surface which may be during tidal wave mo-
tion - reaction on the front of the shock waves);

¢) Thermo-diffusional separation of the helium, hydrogen and oxygen, chlo-
rine, fluorine, etc.

4) The formation of cracks and porous mantle structures which provides an
accumulation of the separate potentially active matter. This is possible due to the
“brittle” behavior of the solid, semi-liquid and liquid matter at high velocity of
loading. The velocity of the loading increases with increase of channels trans-
missivity which simultaneously decreases temperature, pressure and solubility of
hydrogen and helium in the mantle matter; gas fills pores and cracks. Brittle sol-
id properties of the mantle matter at high velocity of loading are favorable to the
formation of the block structure of the mantle and self-focusing of the chemical,
thermochemical and electrokinetic processes on the block boundaries.

5) An earthquake future center has a relatively large volume which is filled by

active substances due to diffusion through the mantle, convective and similar to
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airlift transport by plumes and injection effect, which provide enriching of
plume matter by active substances from the surrounding mantle. This process
may include substances, which are produced by catalytic processes on the boun-
dary of the plume-mantle due to shock waves, thermo-catalysis, and electro-
chemical reactions (piezoelectricity and electrokinetic phenomena). Each type of
chemical chain-reaction explosion has a specific rate of detonation and critical
volume-cross-section which causes self-ignition and propagation.

6) The gradients of surface potentials (upper versus bottom surfaces of cracks,
size of the rocks, gradients of temperature and stress-piezoelectric phenomena,
local rate of stream and sedimentation) contribute to a separation and accumu-
lation of possible reagents.

7) Oversaturation of the earthquake hypocenter by defects and active sub-
stances leads to joining together of the micro-cracks and formation of the critical
size chambers. Before the main earthquake shock relatively small explosions
(foreshocks) are often observed. Energy of these explosions will be absorbed by
the surrounding matter and structures. Endothermic processes of the dissocia-
tion or splitting of the compounds of hydrogen, oxygen, sulfur and others are
the natural way of fast absorption of energy and preparation of the major earth-
quake.

8) Enlargement of the bigger critical cavities and cracks are accompanied by
formation of the following currents:

a) Electrochemical processes of dissolving and transportation of matter
through growing cracks (Glikman effect).

b) Electrochemical processes of oxidation and reduction of the mantle com-
pounds due to the gradient of temperature and rock surface potentials.

¢) Electrokinetic processes of flow of the melts and melt-based suspension and
gas bubbles.

d) All these processes are accelerated by shock waves which are created by tid-
al waves or minor explosions.

e) Part of the released energy may be stored as active substances in surround-
ing zones of the mantle and/or as a zone of the increased crack concentrations as
a precursor of aftershocks.

9) Combination and linking together of the relatively small explosions by
mutual induction is possible at critical concentrations of cavities and cracks.
This causes a chain reaction of explosions - the major earthquake.

10) Part of the energy of those processes will be stored in the mantle as clus-
ters of cracks and cavities close to blocks boundaries. These ill became natural
centers of accumulation of hydrogen, helium and active substances which are
transported by plumes and by diffusion in the preparation stages of the next
earthquake.

This comprehensive model may help find solutions to practically all enigmas
and questions related to the lack of a plausible energy source for the mantle

plumes, earthquakes and volcanic eruptions.
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3. The Hypothetical Physical Chemistry of the
Earthquake-Hypocenter - Volcanic-Eruption
Preparation as a Basis for Their Prediction

The possible solution of the short-term earthquake prediction problem is pro-
posed herein based on the analysis of the physicochemical processes as partici-
pants in earthquake preparation and on the characteristic rate of reflection of
these processes on the Earth’s surface. This proposed solution provides a way of
selecting a complex of reliable earthquake precursors using the Inverse Problem
Method for earthquakes which will occur in the region around the monitoring
point (radial distance = 700 km) in the next seven day period [1].

Semenov already declared [38] that the trains of chemical explosions are
chemical branched chain-reactions. This declaration is supported by a compari-
son of seismograms from earthquakes and nuclear explosions where the com-
plexity of natural events (earthquake) is higher than that of artificial events (ex-
plosions). Micro- or macro-foreshocks are forerunners of the major shock.
Natural earthquakes are more complex than nuclear explosions at teleseismic
distances and the difference between them is obvious. This difference is observed
very clearly in the relationship of solids to surface-wave amplitudes [39]. The
nuclear weapons test is just an explosion sometimes followed by aftershocks,
whereas earthquake is the superposition of the totality of explosions which are
distributed in space and time.

Prerequisites for the chemical explosions are the critical concentrations of
reactants and their ratio which depends on PT-conditions [38] [40] [41]. The
critical concentration of the reactants and critical size of the explosive substances
cluster is the first necessary condition of the local explosion [42]. The possibility
of explosion propagation (or detonation) to other clusters depends on the dis-
tance between clusters or on the cluster volume concentration. The critical or
more than critical concentration of ready to detonation volume of explosive
substance clusters is the second condition of earthquake. Too large a distance
between clusters limits propagation of detonation possibility due to the local ex-
plosion’s energy being absorbed by the surrounding matter. This absorption
causes local heating of matter and formation of the chemically active substances
[43].

Relatively small concentrations of the explosive clusters before an earthquake
produce foreshocks, which prepare an earthquake’s major shock. Combustion of
most of the clusters during the earthquake process decreases their concentration
and generates aftershocks, (which take part in the rising hypocenter) and cause
the relaxation of the surrounding matter.

Formation and accumulation of the explosive substances cluster, and prepara-
tion of the earthquake, is a totality of process. The hypocenter is an open ther-
modynamic system which uses all of the possible degrees of freedom. This sys-
tem is non-linear due to a principally different rate of separate processes: The
diffusion and filtration of molten matter through porous rock and cracks, heat-

ing and cooling, and stress and strain flow. An earthquake may be described as a
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bifurcation, which returns part of the mantle - lithospere system to their main
trajectory of development, which corresponds to minimal internal free energy of
the system and maximal rate of entropy production in the macrosystem. In the
comparison of possible energy sources for earthquake and volcano eruption,
consideration must be given to the fact that from all the known natural means of
transmitting the needed energy, its transportation by chemical reactions is 2 - 3
fold more effective than the convective transportation by mass of the
heat-carrier. The following possible reactants participate in earthquake explo-
sion: hydrogen - oxygen; hydrogen - halogens; hydrogen - sulfur; alkanes (me-
thane, etc.) - oxygen; alkanes - halogens; alkanes - nitrates, etc.

Explosive substances are produced and accumulated due to the energy which
is released in the earth’s core, mantle, and lithosphere, by the five main sources
listed below [1]:

1) The cold nuclear synthesis (fusion reaction) is an important source of
energy, and a source of additional flow of *H, *He, *‘He and earth neutrinos as
shown by experiments of cold fusion on boundaries Fe-Ni and melt of alumi-
num silicates, iron and nickel compounds and oxides eutectics [27]-[33].

2) The natural fission nuclear reactors with fast neutrons on the boundary of
Earth’s solid/liquid core, and possibly, liquid core/mantle [34] [35] [36]. Capac-
ity of those reactors depends on the Sun-Axions flow-intensity [37].

3) Tidal waves cause dissipation of energy and stimulate the physical-chemical
processes in the Earth’s core, mantle, lithosphere, and in the near-to-earth side
of the Moon’s interior [44].

4) Gravitational differentiation promotes the solid core formation and plumes
activity [45].

5) Earth’s degassing of hydrogen and helium [2] [3] [45] [46] [47], is the main
source of energy of the mantle plumes, earthquakes and volcanic eruptions and
generate anomalies of these gases in the vicinities of active faults. Earth’s de-
gassing forms a halo of hydrogen and helium surrounding our planet and com-
prising its exosphere. Physical-chemical processes are the most effective way of
transformation, transportation, and accumulation of energy into the earthquake
hypocenter or volcanic chamber.

Total heat losses of the earth are 46 + 3 TW [48], including about 20 TW of
the released radiogenic heat. According to neutrino flow measurements radi-
ogenic component in heat losses would be near 19.9 £ 9 TW [27] [36], or 30% -
50% of the global internal heat-flow of the Earth. Heat from the core is about 8
TW [[48], table 11]. Heat flow from the convective mantle, including gravita-
tional differentiation and degassing, is about 39 TW ([2] [3] [48], table 11]). Av-
erage annual energy of earthquakes is about 0.44 TW and the energy of tidal
wave dissipation is about 0.1 TW [[48], table 13]. Total energy of earthquakes
and volcanic eruptions is about 1 TW, all of which has to be transported and
accumulated in hypocenters/volcanic chambers as latent chemical energy. This is

the only possible way.
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Heat and radiation produced by the nuclear reactions cause dissociation and
increase of reactants temperature, which create thermal currents due to the See-
beck effect. Partial or complete melting of solid matter generates electrochemical
processes on phase boundaries and corresponding galvanic currents. Local
heating increases the local pressure and accelerates the movement of semi-melt
or melt matter through porous rock and cracks, creating the streaming potential,
sedimentation potential, and corresponding currents. Temperature gradient of
the heat flow causes electric gradient or electrode potentials on phase bounda-
ries, which create electrophoresis and electroosmosis. Hydrogen, oxygen, sulfur,
halogens, carbon, nitrogen, aluminum, and alkaline metals are possible partici-
pants in the energy transport due to their chemical activity. The presence of he-
lium increases the flexibility and rate of stream of solids and melts [46] [49] [50].
Moreover, hydrogen, lithium and boron may take part in nuclear fusion reac-
tions [27] [28] [30] [31] [51] [52]. Movement of the matter creates triboelectric-
ity [53] due to friction between boundaries of the mantle-fragments and of
gas-liquid plume and mantle, and also promotes electrokinetic phenomena

(electrophoresis and electroosmosis).

4. Sun-Moon Tides as the Most Important Triggers for
Earthquakes

Tidal waves cause dissipation of energy in the mantle and lithosphere, periodic
stress - strain waves create peristaltic effect and increase the rate of the rising of
plume matter. Velocity of tidal waves in the lithosphere (460 m/s) is higher than
the critical rate of brittle cracks propagation, so that cracks are generated. Cracks
and cavities are filled by melt, steam, gas, suspension, etc. The Coexistence of the
liquid and solid phases provides “adiabatic” heat transport with maximal effica-
cy. The latent heat capacity during a phase transition is two orders of magnitude
higher than for a mixed liquid and solid phase due to the latent heat of the heat
transition ([1], references there). Therefore the solid-liquid state is thermody-
namically preferable for the mantle matter and for the earthquake hypocenter
heat transport.

Most of these processes are accompanied by electromagnetic phenomena. The
rate of the magnetic field propagation is ~300,000 km/s which means that geo-
magnetic signal approaches the Earth’s surface without any delay. However, the
time taken for relaxation processes, for creating electrical currents, and for
changing the local geomagnetic field is much longer than that of magnetic field
propagation. Rate of detonation at atmospheric pressure varies from 3 to 11
km/s (more than the velocity of sound) whereas the rate of the longitudinal and
transverse waves in the solid mantle varies from 8 to 13.5 km/s for P-waves and
from 4.5 to 7 km/s for S-waves. The rate of all other processes may be much
smaller. For example, the rate of plume matter movement, of diffusion or filtra-
tion through fractured or porous rock, may be very low also. Thus, processes of

earthquake-hypocenter preparation comprise a multi-parametric non-linear
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system, which compensates differences in times of response or relaxation of dif-
ferent processes by bifurcation (explosion).

Only electromagnetic phenomena and compressional waves reflect the
processes of earthquake-hypocenter preparation in the real time. All the rest of
the precursors related to mass-heat transport arrive at the Earth’s surface with a
delay depending on the depth of the hypocenter and of the local geophysical
conditions reflecting the rate of reactants accumulation in the hypocenter. This
means that the probability of earthquake can be estimated in accordance with
the alterations of the maturing earthquake hypocenter susceptibility to the tidal
waves. Our concern is with the alterations of the compressibility of the hypo-
center medium with the passage of tidal waves, possible changes of the forms of
tidal waves, variations in infrared radiation, and release of gases during tidal
waves passage and correlation of these processes with the condition of the io-
nosphere. The Ionosphere is influenced by the electromagnetic fields of the hy-
pocenter and of its feeder area, and also by the processes of brittle cracks propa-
gation and generation which can be accompanied by the radio-frequency elec-
tromagnetic radiation and outbursts of high energy particles.

The monitoring system has to use parameters with a characteristic time of re-
sponse equal or shorter than the duration of hypocenter matter relaxation.
Moreover, the time it takes for measurement of these parameters has to be
shorter than the time of earthquake preparation. Time and the rate of the
processes involved are variable and may accelerate toward earthquake or bifur-
cation. It means that a relatively short-time reliable prediction may be based on-
ly on monitoring the changes of the electromagnetic fields and viscous-elastic
waves as response to tides only [1].

For the longer time prognosis, other reliable precursors have to be included.

5. Volcanic (“Harmonic”) Tremor

Spasms of volcanic (“harmonic”) tremor have always been noticed as a part of
the preparation of the volcanic eruption and are usually explained by the move-
ments of magma in the volcanic conduits, the venting of volcanic gases from
magma, or both. The tremors are described as a type of continuous, rhythmic
ground shaking which is different from the discrete sharp jolts characteristic of
earthquakes and explosions, and characterized by special seismic signatures
(Figure 4). However, very often tomography of the underbelly of a volcano
shows an absence of any major conduit, where the solid rock contains only dikes
and fractures passable only to the gaseous matter that is the feeder of its activity
(e.g. Yellowstone, Chapter 2). We think that volcanic tremors (and shallow
earthquakes) are generated by the reactive “volcanic” gases streaming into the
volcanic chamber ahead of magma.

As is usually observed, the harmonic tremor is accompanied by the increasing
activity of tectonic-like and shallow volcanic earthquakes. The generating them
movement of the medium includes phase transition through parallel channels or

local resistances (e.g. liquid - gas - liquid) can lead to pulsations (cavitation),

DOI: 10.4236/ijg.2019.104022

390 International Journal of Geosciences


https://doi.org/10.4236/ijg.2019.104022

A. L. Gilatetal.

Four Major Types of Seismograms
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Figure 4. Four major types of seismograms, or seismic signatures, from
https://en.wikipedia.org/wiki/Harmonic_tremor.

since completely different mass flows correspond to the accompanying pressure
drops and rises. Pulsations of flows cause vibrations which increase rate and
transport of the matter. There is possible an interrelated increase of tremor and
volcanic chamber (hypocenter) preparation and enhancement of instability.
Volcanic tremors can be explained by the following processes: a) pulsation
caused by adiabatic expansion (drosseling) of reactive gases exiting from frac-
tured rocks into a larger space of a volcanic chamber (H and He do not cool
when expanding under Earth’s internal temperatures); b) when (if) volcanic
chamber energy is supplied by the reactive gases (mainly, the mixture of H and
O, known as detonating gas) at an inadequate rate, or of concentration less than
critical for explosion, they may be repeatedly (pulsatory) concentrated to the
critical mass by adsorption at the interfaces; c) oscillations of the Belou-
sov-Zhabotinsky type of chemical reactions, where as a result of minor explo-
sions and a related buildup of pressure, parts of compounds dissociate absorbing
explosion energy. Products of dissociation bounce apart owing to their mass dif-
ferences and electrophoresis and concentrate back preparing the next explosion
(explosions); d) by solution or extraction of Cl, Br, F and other potential reac-
tives from the volcano’s rocks, in this case the rate of tremor explosions will be
dictated by the rate of reactants extraction. These processes are characterized by
a very high intensity of energy generation from the internal sources and their
quick repetition is conceivable when reactions between some of the gases begin
as combustion and develop as a chemical chain reaction culminating in the ex-

plosion.
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Active reagents—free atoms and radicals—in the course of that chain devel-
opment also react with molecules of the initial gases and with the end products,
generating new active centers. The mixture of oxygen and hydrogen explodes
when hydrogen concentrations reach between 6% and 95% (volume). When
even small amounts of water vapor are present, explosion occurs at a tempera-
ture of about 600°C. The water is a catalyst accelerating explosive reactions a
thousand-fold. Most of water steam expelled by volcanoes is a product of those
reactions, and the source of most of the hydrogen and oxygen are from the man-

tle plumes as a main part of Earth’s degassing [2] [3] [26].

6. Regional Earthquake Triggering Other Earthquakes and
Enhancing Volcanic Eruptions

Answering the question whether a regional earthquake can trigger another
earthquake at a distance of thousands of kilometers [[12], p. 1429], or enhance
volcanic activity, requires a systematic measure of volcanic activity. One such
measure is heat flux. Donne et al [14] used the availability of a satellite derived
heat flux inventory for global volcanism for the exploration of how earthquakes
and volcanic activity may be linked. Examination of 7 years of global volcanic
heat flux data revealed 37 volcanic responses to regional earthquakes. Each re-
sponse was expressed by an increase in heat flux within 1 - 21 days of the trig-
gering earthquake. Of these responses, 22 (59%) occurred at volcanoes where ac-
tivity was ongoing at the time of the earthquake with the remaining 15 cases
recorded at volcanoes that started to erupt only after the earthquake had oc-
curred. A three-stage heat-flux response was defined firstly by recording a steady
level of low-heat fluxes or no fluxes at all prior to an earthquake. Secondly, a
sudden but short-lived increase in heat-flux shortly after the earthquake, and the
third, the response was completed by a return to low heat-fluxes of the
pre-earthquake level. The authors of reference [14] found that whether a volcano
responds depended on the earthquake magnitude (higher magnitude generated
longer responses), distance to the epicenter and orientation of the earthquake
fault, and is within 30° with respect to the volcano azimuth. Of the 7 global ma-
jor increases of seismic energy recorded during 2000-2006, 4 were followed by a
global volcanic heat-flux increase where the largest response (300% increase)
followed the greatest 2004 Sumatra earthquake, M,, = 9.3. Within 21 days of this
event responses were realized at 4 volcanoes: Kilauea (delay 1 day, distance =
12,000 km), Anatahan (Mariana Islands; delay = 11 days, distance 5800 km),
Popocatepetl (Mexico; delay = 13.2 days, distance = 17,000 km), and Kluchevs-
koi (Russia Kamchatka; delay = 21 days, distance = 8300 km). However, there
were many cases where erupting volcanoes in the vicinity of a regional earth-
quake did not respond, and of the seven events of major seismic energy increase,
two were not associated with a global heat flux response. This selectivity in re-
sponse can be explained, possibly, by the existence of the Earth’s resonance sys-

tem, which results from interference of the voluminous and surface waves pass-
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ing through lithosphere, mantle, and core, contemporaneously with sur-
face-waves passing through the lithosphere and the upper mantle. For the prog-
noses of response, additional research will need to be done studying the quality
of energy-relation links which is inversely related to the resistance or to the
energy dissipation to the surroundings. The energy-relation links also can work
as triggers of the enormous peristaltic pumps, working through the earthquake
mantle plume - liquid core - mantle plume of the rejuvenated volcano. In any
case the documented by authors [14] facts evidence the incredible rate of the

energy transfers through the internal channels of our Planet.

7. The Case of the 1980 Eruption of Mount St. Helens

As we have already noted (Chapter 2) earthquakes precede and accompany vol-
canic eruptions, but not every earthquake culminates in a surface eruption. As
an example of the latter case where the main earthquake hypocenter rises to
near-earth-surface and transforms into volcanic eruption, we shall cite the
well-studied 1980 eruption of Mount St. Helens.

Facts and dates are taken from information supplied by the Mount St. Helens
National Volcanic Monument, including some films, and publications with our
commentary shown in parentheses.

March 16-20—series of very small, M < 3 earthquakes; (foreshocks).

March 20—Magnitude 4.2 earthquake; (the major deep preliminary shock,
which opened a part way for the magma gas-liquid stream from asthenosphere
to the anomalous zone between about 4 and 14 km below sea level (BSL), cha-
racterized by high seismic Vp/Vs ratios and low Vp values, is inferred to
represent an Upper Crustal Magma Reservoir. Maximum melt fractions of 10% -
12% are inferred at 4 - 6 km BS [54] [55] [56]. This earthquake marked the be-
ginning of the “second boiling process of magma that had resided in the reser-
voir for centuries to millennia” [56]).

March 20-25—increase of small earthquakes activity; (aftershocks).

March 25-27—174 shocks with M > 2.6 accompanied by many hundreds of
smaller earthquakes; (foreshocks, forerunners of the major shock of the March
27).

March 27—Thunderous explosion, ash and steam, ash column rose to about
6000 feet above the volcano. The initial explosions formed a 250-foot-crater
within the larger, pre-existing summit crater, and new fractures broke across the
summit area; (the major shallow preliminary earthquake beneath the volcanic
chamber that marked the opening of the conduit and the beginning of forceful
intrusion of gas-liquid magma into the volcanic chamber. There could not be
“phreatic steam-blasts”, the cooler water existing at that depth’s pressure could
not have penetrated the hotter than their boiling temperature rocks or partially
melted magma reservoir, it would have evaporated previously. (Anybody tried to
put some water into the red-hot iron?) Steam of the explosion was very probably

generated by the explosions of the magmatic detonating gas, a mixture of hy-

DOI: 10.4236/ijg.2019.104022

393 International Journal of Geosciences


https://doi.org/10.4236/ijg.2019.104022

A. L. Gilatetal.

drogen and oxygen.)

March 27 - May 18—Ejection of ash and steam in bursts lasting from a few
seconds to tens of minutes. Ash derived from the 350-year-old summit dome,
shattered and pulverized by phreatic (steam-blast) processes driven by the ex-
plosively expanding, high-temperature steam and other gases. No magma was
present during initial eruptions. Intense earthquake activity persisted at the vol-
cano during and between visible eruptive activities [[54] p. 7]. (Periodical
steam-bursts and mini-explosions could be forerunners of harmonic tremor.
The emission of flaming gases from the new crater, visible in the evening light to
many observers, was a remarkable evidence of magmatic gas-eruption).

March 31 - May 16—Occasional spasms of volcanic tremor, a type of conti-
nuous, rhythmic ground shaking different from the discrete sharp jolts characte-
ristic of earthquakes. Visible eruptive activity ceased temporarily in late April
and early May. Small steam-blast eruptions resumed on May 7, continued in-
termittently for the next several days, and ceased again by May 16. During this
interval, the forceful intrusion of magma into volcano continued with no respite,
as was shown by intense seismic activity and visible swelling and cracking of the
volcano; (volcano was not closed hermetically; see also Chapter 5).

The swelling was measurable and affected a large area on the north face of Mt.
St. Helens. This area became known as the “bulge”, the initial growth of which
probably began during the first eruption (March 27) or perhaps even a few days
before. Through mid-May about 10,000 earthquakes were recorded. The earth-
quake activity was concentrated in a small zone less than 1.6 miles directly be-
neath the bulge on the north flank of Mount St. Helens. By May 12 certain parts
of the bulge near the summit were more than 450 feet higher than before the
magma intrusion began. Repeated measurements begun in late April with pre-
cise electronic instruments that shoot a laser beam to reflector targets placed on
and around the bulge showed that it was growing northward at an astonishing
rate of about 5 feet per day. The movement was predominantly horizontal - clear
evidence that the bulge was not simply slipping down the volcano’s steep slope.
As the bulge moved northward, the summit area behind it progressively sank,
forming... graben. These changes in the volcano’s shape were related to the
overall deformation that increased the volume of the mountain by 0.03 cubic
miles by mid-May. This volume increase presumably corresponds to the volume
of gas-liquid magma that pushed into the volcano and deformed its surface [[54]
p- 8l

A separate volatile phase was likely accumulated in magma beneath Mount St.
Helens prior to the climactic eruption. The highly volatile contents likely sup-
ported magma ascent, where the rise of magma appears to have been rapid dur-
ing a period of less than two months. (10,000 earthquakes-explosions busy
melting local rocks and heating melts for the “second boiling” in the volcanic
chamber; accumulation of reactive gases and explosive clusters during prepara-

tion stage of the major earthquake hypocenter only 1 mile beneath volcano!)
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About 20 seconds after 8:32 a.m. PDT May 18, apparently in response to a
magnitude-5.1 earthquake about 1 mile beneath the volcano, the bulged, unsta-
ble north flank of Mount St. Helens suddenly began to collapse. What happened
within the next few seconds was described by geologists Keith and Dorothy
Stoffel, who at the time were in a small plane over the volcano’s summit. Among
the events they witnessed, they... “noticed landsliding of rock and ice debris in-
ward into the crater... the south-facing wall of the north side of the main crater
was especially active. Within a matter of seconds, perhaps 15 seconds, the whole
north side of the summit crater began to move instantaneously. The nature of
movement was eerie... The entire mass began to ripple and churn up, without
moving laterally. Then the entire north side of the summit began sliding to the
north along the deep-seated slide-plane, and in another few seconds a huge ex-
plosion blasted out of the detachment plane. We neither felt nor heard a thing,
even though we were just east of the summit at this time.” [[54] p. 11] (That was
the opening of the M = 5.1 earthquake-hypocenter on the depth of 1.0 - 1.6
miles! The major chemical explosion of the magmatic gases).

This explosion produced a lateral “pyroclastic density current”. Most geolo-
gists refer to it simply as “the blast”, though some prefer the term “surge”, con-
tending that it was not really an explosion. The blast cloud accelerated as it
spread, drawing heat energy from the fragmented magma it contained. Inside
the cloud were ash, pumice, lava blocks, snow, ice from the overlying glaciers,
tree fragments, soil swept from the ground, and boulders as big as cars. It ex-
panded at speeds of hundreds of miles per hour, but in a particular way... The
avalanche created an amphitheater-shaped gouge in the mountain, and this
gouge channeled the blast to the northwest, north and northeast. ...The front of
the cloud was magnificent. It was like an immense oncoming waterfall with great
blocks of earth and ice cascading from far overhead.” [[57] p. 147].

According to [[54] p. 15] “Calculations have shown that the blast’s initial ve-
locity of about 220 miles an hour quickly increased to about 670 miles an hour...
the near-supersonic lateral blast, loaded with volcanic debris, caused widespread
devastation as far as 19 miles from the volcano. The area affected by the blast can
be subdivided into three roughly concentric zones: 1) direct blast zone... aver-
aged about 8 miles in radius, an area in which virtually everything, natural or
manmade, was obliterated or carried away. For this reason, the zone also has
been called the “tree-removal zone”. The flow of the material carried by the blast
was not deflected by topographic features in this zone (Figure 5). 2) Channe-
lized blast zone, an intermediate zone, extended out to distances as far as 19
miles from the volcano, an area in which the flow flattened everything in its path
and was channeled to some extent by topography. In this zone, the force and di-
rection of the blast are strikingly demonstrated by the parallel alignment of top-
pled large trees, broken off at the base of the trunk as if they were blades of grass
mown by a scythe. This zone was also known as the “tree-down zone.” 3) Seared

zone, also called the “standing dead” zone, the outermost fringe of the impacted
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Figure 5. View of Mount St. Helens from the Mount St. Helens Na-
tional Volcanic Monument area, the direct blast, or the “tree-removal
zone.” (photograph by E. Gilat-Feigenberg, May 2017.)

area, a zone in which trees remained standing but were singed brown by the hot
gases of the blast (Figure 6).

8. Discussion about the mechanism of the 1980 Eruption of
Mount St. Helens

Our (the authors) conclusion differs from that of the most of the USGS geolo-
gists (e.g. [54]): earthquake triggered landslide-avalanche that “triggered the al-
most instantaneous expansion (explosion) of high-temperature - high-pressure
steam present in cracks and voids in the volcano and of gases dissolved in the
magma that caused the bulge of the cryptodome. The abrupt pressure release, or
“uncorking”, of the volcano by the debris avalanche can be compared in some
ways to the sudden removal of the cap or a thumb from a vigorously shaken bot-
tle of soda pop or to punching a hole in a boiler tank under high pressure.” [[54]
p. 14].

From the short description of the preliminary stages of the Mt. St. Helens May
18, 1980 eruption (above) is clearly seen that the “high pressure boiler tank” was
“punched” by the volcano’s preceding eruptive activity (“The ash blown out be-
tween March 27 and May 18 was derived entirely from the 350-year-old summit
dome, shattered and pulverized by phreatic (steam-blast) processes driven by the
explosively expanding, high-temperature steam and other gases. No magma
(molten rock and contained gases) was tapped during initial eruptions.” [[54] p.
8]. In this connection the 1980 eruption of Mount St. Helens was not different
from the Tambora, 1815; Krakatoa, 1883; Pinatubo, 1991; and many other erup-
tions, where the main explosions came from the open chambers and were gener-
ated by reactive volcanic gases where hydrogen with some oxygen (detonating
gas producing water steam) were dominating ([2] [3] references there). Mount

St. Helens May 18 M = 5.1 super-shallow high-intensity earthquake hypocenter
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Figure 6. The singed brownish-black tree from the “standing dead”
zone from the Mount St. Helens National Volcanic Monument’s
training exhibition (photograph by A. Gilat).

culminated in a monstrous surface explosion-eruption. The eruption triggered
phenomenon was a single 9 hour long process where the chemical reactions did
not stop acting during the “near-supersonic” lateral blast, which caused wide-
spread devastation and a seared zone as far as 19 miles from the volcano. It was a
chemical explosion of magmatic gases and not a steam blast; it is not surprising,
then, that “major inflammation was prevented by lack of oxygen consumed in
oxidation”; steam is nonflammable and can’t consume oxygen. This process
continued generating an eruptive column to an altitude of more than 12-miles
with at least 17 separate pyroclastic flows. We do not have any doubt that the
beginning of energy transmission from the nearest branch of a mantle-plume
and its accumulation which prepared this eruption, was marked off by its deep
forerunner magnitude 4.2 earthquake on March 20, 1980. This was preceded by
smaller foreshocks, following aftershocks, and small-scale eruptive activity. The
shallow forerunner major quake of March 27, was followed by harmonic tremors
and a series of small earthquakes (the phase of energy accumulation) in late
April-early May, and from May 16 up to the tens-seconds-long main explosion
(which is comparable to the length of M = 8 - 9 great earthquake) of the earth-
quake-eruption of May 18 and its further developments. All together it was a
single, combined physical-chemical process extending over a two month period,
which released on May 18, 1980, 24 Mt. of thermal energy, 7 by blast, with the
rest through the release of heat (https://pubs.usgs.gov/fs/2000/fs036-00/). That’s
about half of the energy released by Tsar Bomba—the largest thermonuclear
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weapon ever tested. From where can such an immense amount of energy come
from? From injection of magma into an upper crustal reservoir? Could this
magma rise since March 20 into an edifice without generating seismicity deeper
than 2.5 km beyond the volcano? It is very, very doubtful. Only reactive gases
were able to cope with such a problem—they succeeded with the release of 2.7
Gigatons of energy-equivalent during the 1960 Valdivia earthquake (Chile),

without any magma involved [3].

9. Conclusions and Description of the Proposed Monitoring
of Reliable Precursors

All of the described above for Mount St. Helens, 1980 is a very typical seismic
activity including inflow of volcanic gases and flames of the burning gases which
are usually marked by enrichment in *He, perturbations in ionosphere, high
heat-flow, and electromagnetic field fluctuations (Chapter 5 and [1]). Most of
the seismic processes are preceded by much publicized ground deformations and
fluctuations of ground water levels and chemical composition of the volcanic
gases. However, the latter ones do not provide a clear forecasting possibility.

Among the possible changes of the state of the volcanic chamber are their in-
ternal pressures, solid-liquid to gas ratio, average density, intensity of the chem-
ical and electrochemical reactions, etc. that would cause a change of its compres-
sibility and domain response to tidal waves. Its response may be observed as a
change of shape of the surface tidal waves and perturbation of the Earth mag-
netic fields and ionosphere. The multiparametric analysis may improve reliabili-
ty and accuracy of prediction. So, we will briefly review the additional “hottest”
methods as follows.

Paonita et al. [11] described their success with a high resolution 12-yr-long
time series of *He/*He ratio measurements in gases emitted from peripheral
vents around the Mount Etna volcano (Italy), which revealed variations with
strong correlations over both time and a broad spatial scale. The main eruptive
episodes are preceded by increases in *He/*He, making this ratio a unique tracer
for monitoring volcanic activity. Sano et al. [58] wrote that this tracer was the
only one capable of providing clues about increasing activity of the Mount On-
take eruption in Japan over a timescale of years. This approach is widely appli-
cable, because time-dependent He-isotope mixing between primitive and more
radiogenic end members appears to be common in active volcanoes [59]. Paoni-
ta et al [11] recommended a long-lasting time series with sufficiently frequent
samplings and high precision He/*He measurements in air-free volcanic gases,
“since even small isotope variations (fractions of 1 Ra unit) can reflect important
volcanic processes”. We have to remind that remarkable correlations between
mantle helium-3 concentrations and internal heat-flows, found by many re-
searchers in sea-floor hydrothermal flows since 1970s (e.g. [60]), and numerous
subsequent articles (e.g. [61], may be another direct indication for this connec-

tion, and highly recommend the *He/*He measurements in volcanic gases as a
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valuable indicator for eruption forecasting, together with the direct heat-flow
monitoring from satellites.

Donne et al, [14] successfully used for a similar purpose the moderate resolu-
tion imaging spectroradiometer (MODIS) sensor flown aboard the National
Aeronautic and Space Administration’s Terra and Aqua satellites. The MODIS
sensors on these two satellites pass over every point on the planet four times a
day, allowing detection of thermal anomalies associated with ongoing volcanic
activity. The MODVOLC detection algorithm allows automated global hotspot
detection in MODIS data and provides a global inventory for volcanic hotspots
dating back to February 2000 [62]. Spectral radiance data recovered for hotspots
detected by MODVOLC can be converted to heat flux for all terrestrial eruptions
[63].

Ouzounov ef al, [13] used the M9 Tohoku Japan earthquake of March 11,
2011 related data, retrospectively analyzing the temporal and spatial variations
of four different physical parameters outgoing long wave radiation (OLR),
GPS/TEC, Low-Earth orbit tomography and critical frequency foF2, and came to
conclusion that the joint analysis of atmospheric and ionospheric parameters
during the M9 Tohoku earthquake has demonstrated the presence of correlated
variations of ionospheric anomalies implying their connection with the moni-
toring data before the earthquake.

The approach proposed for solving the problem of “how, where and when” of
an earthquake’s prediction does not except the commonly accepted investiga-
tions based on seismology, geology, geoelectromagnetism and JPS data. Pre-
sented in ([1] and also in [18] [19] [20] [21]) is a new approach for forecasting of
the regional weekly seismic and volcanic activity based on the analysis of the
INTERMAGNET geomagnetic field and NASA code for Sun-Moon tides data,
Geomagnetic Quake approach. The results are based on the inverse problem
method for analysis of the geomagnetic field which instantaneously reflects ter-
restrial currents in hypocenter. The necessary and sufficient conditions for the
existence of a solvable inverse problem are formulated on the basis of the exis-
tence of reliable precursors.

So, a real time data acquisition system for researching the reliability of earth-
quake precursors, formulation, and solution of the overdetermined inverse
problem for the magnitude, depth, and coordinates of the epicentre of impend-
ing earthquake must include the following additional types of monitoring:

a) Increase of helium 3, 4 and radon surface concentration;

b) Increase of the local heat flows through the earth (and sea) surface;

¢) The water-level in boreholes and steam and flames released into the at-
mosphere;

d) Change of the ionosphere height, conductivity for the radio waves and me-
teorological conditions;

e) Appearance of low frequency waves in the atmosphere and the Earth’s

crust, which are not observed by nuclear test monitoring;
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f) Variations in Schumann resonance;

g) An inverse problem could be solved for prediction time (+2.7 days), mag-
nitude, depth and epicenter coordinates of an upcoming earthquake with 4 pa-
rameters.

This method requires at least 4 monitoring points in a region (radial length
700 km) to formulate the solvable over determined algebraic system. A combi-
nation of the geomagnetic measurements and of the above listed additional reli-
able precursors is bound to allow getting an over determined algebraic system.
The solution of such a multi-parametric system will provide the possibility for
estimating an earthquake’s magnitude and epifocal coordinates’ prediction ac-
curacy and will be very useful for further research of the nature of the tectonic
processes.

There are possible current changes of the volcanic chamber state such as: in-
ternal pressure, solid-liquid to gas ratio, average density, intensity of the chemi-
cal and electrochemical reactions, etc. that would cause a change of its compres-
sibility and domain response to tidal waves. This response may be observed as a
change of shape of the surface tidal waves and perturbation of the Earth’s mag-
netic fields and ionosphere. The multiparametric analysis may improve the re-

liability and accuracy of prediction.
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