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Abstract The helium bulge in the thermosphere
above the winter pole demonstrates that solar wind strips
helium from the thermosphere into space. The existence of
the bulge shows that helium flows from the interior of the
earth replenish what the solar winds strip away. The
calculations of Lord Kelvin showed that the primordial
heat would have been exhausted within the first 98 million
years of the earth’s existence. There may be as much as 45
times more heat and helium generated by the radioactive
decay of uranium and thorium in the earth’s core than has
been previously estimated. A plausible mechanism to
trigger tectonic movements is the pressure exerted by
helium as it ascends from the earth’s core. In the mantle,
helium pierces the rock and strips its bound water and the
resulting steam intensifies the gas flow. Mathematically,
the vertical thrust of gases per square meter in the
asthenosphere more than equals the weight of a 100 km
high and 1 m? wide column of stone. Basalt in the oceanic
crust diverts a major part of the upwelling flow of gas
below the sea areas to horizontally push the continental
plates. Only a minor part of the flow is liberated through
black smokers. The combined effect of vertical lift and

horizontal thrust of the gases then moves the tectonic plates.

If a tectonic plate moves on one of the poles, it will
accumulate ice, which causes the sea level to drop
dramatically. This occurred when the movement of
Antarctica on the South Pole lowered the sea level by 83 m
from the elevation which prevailed in the early Cretaceous
period 124 million years ago. Variations of the helium flow
may be used as an indicator in assessing the possibility of
volcanic eruptions and earthquakes.
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1. Introduction

Helium is formed by the natural radioactive decay of

uranium and thorium (and in smaller amounts from other
radioactive elements), and by fusion reaction in stars.
After hydrogen, helium is the second most abundant
element (23%) in the known universe.

The presence of helium as a major component in the
earth’s upper thermosphere and lower exosphere was first
inferred in 1961 from the measurements of the Echo 1
satellite orbiting above 1000 km [1]. Helium is the most
important compound in the attenuation of the sharpest edge
of gamma- and X-rays as well as that of the extreme UV
radiation from the sun and the heating of the upper
thermosphere.

Helium is a low-density gas, 1.78 <10 kg/m® at 20 T
[2]. Being lighter than air, helium has buoyancy in the
atmosphere [3]. The principle of buoyance ensures that the
least dense materials eventually find themselves layered
atop the progressively denser materials. As a noble gas,
helium does not react with other elements. That is why it is
a so-called slippery element, escaping even from a hard
stone like zircon [4].

High pressure and heat in the interior of the earth force
helium to migrate into the troposphere and from there it
immediately rises to the thermosphere at the same rate at
which it is emitted from the ground. Finally, it escapes
into space [5].

At sea level, only 5.25 ppm of helium is measured. For
this reason, it is assumed that helium would be a rare
element in the earth. However, the existence of the helium
bulge suggests this issue may not be as unambiguous as is
believed. The helium bulge is a phenomenon in the
thermosphere with much higher helium densities (as many
as 20 times) over the winter pole than over the summer pole
[6].

There is a reason to suspect that the tropospheric
measurements fail to fully account for the amount of
helium from the earth.

Helium is considered an important element in
cutting-edge  technology applications of medical,
manufacturing, astronomical and computer devices [7].
The present demand for helium is currently so high some
fear it may be exhausted at some point [8].



240

Yet some have speculated that the earth itself contains
abundant sources of helium. A Norwegian and British team
found a large deposit of helium close to volcanoes in
Tanzania’s Rift Valley. The research showed that volcanic
activity releases helium from rock formations which is then
trapped in more airtight deposits nearer the surface of the
earth [9].

Because it is harmless, helium is thought to be an
element without any environmental importance. That is
why its’ continuous volumetric measurement in emissions
from volcanoes, geysers, black smokers and during
earthquakes is not standard procedure. Measures are
mainly restricted to the alteration, evolution and
interpretation of helium isotopes from several geothermal
systems [10]. These studies are (at least partly) fuelled by
the idea that helium-3 (°*He) and deuterium may be
potential aneutronic fuels for fusion reactors [11]. For this
purpose, *He is searched for practically everywhere [12].

Recently, however, more attention has been paid to the
amount of helium released during the eruptions of geysers
and volcanoes. Research results from Yellowstone geysers
have shown that the helium flow may be hundreds,
possibly thousands, of times more than expected [13]. One
reason proposed for the observed phenomenon was an
accidental discharge of ‘primordial” helium.

Prior to the 20112012 submarine eruption off the coast
of El Hierro (Canary Islands, Spain), Padrén et al. [14]
observed significant increases in helium emissions from
the soil and in groundwater. As the volcano began to stir,
the crust fractured and helium, mostly from the mantle,
flowed to the surface. As the actual eruption began, gas
flow at the surface increased dramatically, and gas pressure
beneath the island dropped.

Tectonic movements are suggested to be caused by high
internal heat and the upwelling of magma. However, heat
alone cannot physically transport solid or molten material
from one place to another. It causes thermal expansion to
an object which stays stationary. Furthermore, it is difficult
to understand how an upward movement could create a
horizontal vector to push the continental plates in a
horizontal direction. With the aid of gaseous medium,
however, heat can transport physical objects from one
place to another, just as the steam engines in the
locomotives did.

Since the time of Otto von Guernike (1654), it has been
known how tightly the air pressure pushes together two
hollow hemispherical brass shells when the air inside is
removed. The earth’s interior contains extremely high
pressure and temperature conditions. An important yet
little discussed issue is the enormous thrust pressurized gas
possess in these conditions.

The earth’s crust contains 15,000 to 20,000 ppm of water
and the mantle 380 to 2,560 ppm [15]. As it pierces the
stones, helium strips the bound water from the stones [16].
Under high pressure and at high temperatures water
becomes steam, so the nearer the surface the gases rise, the
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more their volume increases. Even though the earth’s
internal pressure and temperature decrease, the thrust of the
gas would remain relatively high.

2. Materials and Methods

2.1. Aims of the Study

The aim of this meta-study is to determine if the
production of helium in the interior of the earth is sufficient
to trigger tectonic movements. For this purpose, the
concentration of helium in the atmosphere is considered.
The pressure caused by helium in plate tectonics is
calculated in the conditions prevailing in the interior of the
earth. Earthquakes by tectonic movements have
momentary effects, while movements on (and over) one of
the poles causes a long-lasting drop (rise) in the sea level.
As an example of this phenomenon, the movement of
Antarctica on the South Pole since the Cretaceous Period
124 million years ago is also addressed.

This study is based on the data available regarding
helium in the atmospheres of the earth and the moon and in
black smokers. Discrepancies in the calculated and
observed amounts of neutrinos from the sun are also
discussed. The helium flow is depicted against the known
structures of the continental and oceanic crusts.

2.2. Formulas Used in Calculations

2.2.1. Effect of Static Pressure

If the static pressure inside the container is pg, then the
gas will exert a force F on the container wall (1):

F=py xA (1)

F is the impact force due to gas collisions in Newtons
(N); A is the area in square meters; and p is the static gas
pressure in pascals (N/m?)

A technical atmosphere (symbol: at) is a non-SI unit of
pressure equal to one kilogram-force per square centimeter.
If the static pressure in pascals is known, it can be
converted (at normal temperature = 293 K) to
kilogram-force per square meter (kgf/m?) via a calculator
[17]. This makes comparison of the area density (kg/m?) of
an object and the gas pressure a straightforward process.

For example, the pressure about 100 km below the
Earth’s surface (in the asthenosphere) is 13,600 atm
(1,378,020,000 Pa) [18]. Using the calculator [17], the
pressure of a gas at this depth (at 293 K) is 1.41 x 10°
kgf/m?.

Charles’s law states that when the pressure is constant,
the volume of a gas varies directly with the temperature
V«T:

—

L= @)

V; and T, are the initial temperature and volume of the

[
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gas, and V, and T, the final values, respectively. It can be
seen that if the temperature is increased, the volume of the
gas will increase as well. In the interior of the earth, the
available free space for gas molecules is more or less
constant. Then, even though the temperature increases, the
gas volume cannot increase. This means that the gas
pressure must increase.

Pressure, temperature and volume are connected with
each other by the equation of the ideal gas law (3).

pV =nRT 3)

Where R is the gas constant (8.3145 JK ‘mol ™), and n is
the number of gas moles

The asthenospheric temperature at a depth of 100 km is
1400 °C (or 1673 K) [19]. Given that the mole amount of
the gas (n) is constant, the effective static gas pressure is
8.05 x 10°® kgf/m? (3). If n increases 10 times, the gas
pressure increases 10 times if other variables remain the
same.

2.2.2. Effect of Dynamic Pressure

When a gas is moving, there is a second component to
the pressure. It is called the dynamic pressure. It is a
pressure exerted perpendicular to the direction of the flow
and is represented by the symbol p. Dynamic pressure is
the kinetic energy of a flowing fluid — liquid or gas per unit
volume — and can be expressed as

Pa = %2 pV’ 4)
where pqis the dynamic pressure in pascals (N/m?), p is
density of gas (kg/m°, or slugs in the British gravitational

system) and v is velocity (m/s).
The total pressure is then

Prot = Pst T Pa )

The force that the dynamic pressure of a hurricane
generates against a wall at a temperature of 20 °C, air
density of 1.2 kg/m® and with a wind speed of 37 m/s is
according to (4): pg = ¥2 x1.2 kg/m® % (37 m/s)? = 821 Pa
(N/m?).

The force acting directly on a wall with area 10 m? is
according to (1): F = pg <A = 821 N/m? x10 m*= 8.2 kN
which is almost the weight of a small car [20].

In terms of the dynamic pressure the steam is more
important than helium. Density of steam, for example at
250 °C and under a pressure of 39.5 atm (40.8 at) is 20
kg/m? [21]. The density of helium at similar conditions is
3.65 kg/m® [22]. Under these conditions steam produces
5.5 times greater dynamic pressure than helium does.
Initially in the core, the mole fraction of helium in the
upwelling gas is ~100%, the higher up the gas is rising the
more the mole fraction of steam increases. Water vapor
can account for 97% or more of total gas emissions from
a volcano [23].

The Antarctic ice sheet contains 3 <10” km?® of ice [24].
The area of the earth’s oceans is 3.6 x<10% km?. The amount
of Antarctic ice is equivalent to an 83 m layer of water in

241

the oceans.

3. Discussion

3.1. Effect of Solar Wind on the Helium in the
Atmospheres of the Earth and the Moon

3.1.1. Helium Bulge in the Atmosphere of the Earth

In 1974, Keating and Prior [25] noted an apparent
enhancement near the winter pole, which they termed the
“winter  helium bulge” with an  approximate
winter-to-summer ratio of 2.5. Later measurements by
Keating et al. [26] showed ratios in excess of an order of
magnitude (see Figure 1).

:
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Figure 1. Vertical profile of the winter-to-summer helium bulge ratio
during solar minimum June (black, 21 Jun 2008) and December (grey, 21
Dec 2008) solstice conditions, the profiles represent the daily average of
the ratio of maximum-to-minimum helium number densities taken along
each meridian, roughly approximating the sampling of a polar-orbiting
satellite [30]

In late December 1975, the Atmosphere Explorer-D
satellite measured the winter helium bulge between the
perigee (about 150 km) and an altitude of 650 km. During
the time the perigee was at the equator, altitudes above
approximately 550 km were located north and south at
latitudes greater than 50< Helium showed, in the winter
hemisphere, densities that were 20 times higher than those
at corresponding altitudes and latitudes in the southern,
summer hemisphere [27].

Recent findings show that solar wind picks up O ions
from the upper thermosphere. When the earth is between
the sun and moon, these ions are then carried to the moon
[28]. He molecules are lighter than O atoms and so are
more prone to ascend in the atmosphere. When they ascend
high enough, they are eventually stripped away by the solar
wind.
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The summer thermosphere receives most of the solar
wind. The higher the latitudes are, the more the winter
hemisphere is protected. For this reason, the winter helium
bulge is centered around the winter pole.

According to Reber et al. [29], there is a strong
correlation of the maximum helium density with the
location of the winter geomagnetic pole. It is known that
solar wind is sensitive to variations in geomagnetism.

The upward flow of helium is so fast that it does not have
time to distribute evenly in the troposphere, stratosphere or
even in the mesosphere. At an altitude of 175 km, the
helium concentration reaches its atmospheric maximum
(see Figure 1). After that it is increasingly exposed to the
solar wind. That is why helium vanishes much sooner than
if the only factor would be its normal escape velocity from
the earth.

In the thermosphere between 40N to 40<S the solar
wind strips the helium away throughout the year. High
emissions of helium from hot spots such as geysers, black
smokers and volcanoes may remain unnoticed because
they are currently not targeted for helium measurements. It
is likely that the present overall atmospheric equilibrium
concentration of helium (5.25 ppm) provides a
significantly underestimated picture of helium emissions
on the earth.

Underestimated helium  concentration ~ means
underestimated uranium and thorium concentrations in the
interior of the earth as well.

3.1.2. Helium Bulge in the Atmosphere of the Moon

The moon has a thin layer of gases. Technically, it is an
exosphere where the gases are so spread out that they rarely
collide with one another. In the moon’s atmosphere, there
are only 100 molecules per cm?® about a thousandth of
trillionth of the earth’s at sea level. The total mass of these
lunar gases is about 25,000 kilograms [31].

During the Apollo 17 moonwalk in 1972, astronauts
deployed the Lunar Atmosphere Composition Experiment
(LACE). The LACE measurements during the 1970s
showed an increase in helium abundance at night. These
findings were corroborated by measurements of the Lunar
Reconnaissance Orbiter, which in 2012 detected helium in
the moon [32].

The moon has two weeks of continuous daylight
followed by two weeks of continuous darkness. The
nightside is protected from the solar wind, so then the
helium outgassed from the interior is able to accumulate.
The moon has a weak, non-protecting magnetic field and
during the daytime the solar wind directly hits the helium
and strips it away. The fact that after 4.5 billion years
helium continues to be emitted from the interior implies
that there is uranium and thorium in the core of the moon.

3.2. Solar Neutrino Problem Suggests the Presence of
Uranium and Thorium in the Sun

The detected number of neutrinos from the sun to the
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earth is only one third of the number predicted by the
Standard Solar Model (SSM), the mathematical model
used to calculate neutrinos from the sun, which treats the
sun as a spherical ball of gas [33].

The discrepancy may be due to the fact that the sun
does not consist entirely of gas, but it contains
considerable amounts of uranium and thorium. Fission
produces 0.7 MeV energy per unit mass whereas fusion
reaction produces 6.2 MeV per unit mass [34]. Neutrinos
have a small mass, so according to Einstein's mass-energy
equation, E = mc? they also have energy. Being less
energetic, the fission reaction generates fewer neutrinos
than a fusion reaction does.

Because part of the sun’s energy is produced by fission,
there are fewer proton—proton interactions and less
production of solar neutrinos than is assumed in the SSM
calculations. A corollary of this hypothesis is that helium in
the sun is formed both via fusion and fission reactions.

The protostar from which the Solar System was formed
had to contain uranium and thorium as well. This means
those compounds would exist in every planet and moon in
our Solar System, including meteorites, therefore it is
unsurprising that the thorium/uranium ratio in meteorites is
3.53 [35] and in bulk silicate Earth it is 4.2 [36].

3.3. Internal Heat of the Earth and the Moon

3.3.1. Moon's Internal Heat

More than 30 years after the Apollo experiments, it was
confirmed that the lunar core is in a liquid state and that it
has a radius of 365 kilometers [37]. Because the moon now
has an extremely weak magnetic field, it is likely that liquid
iron does not contain enough electrons to induce a
substantial magnetic field for (any) celestial body. Iron
most likely needs to be in the plasma state. Then it contains
considerably more free electrons than in a liquid state [38].

A sample of the moon rocks Apollo astronauts brought
back have demonstrated that a powerful magnetic field
surrounded the moon billions of years ago. New research
on the Apollo data shows that this ancient magnetic field
lasted for more than a billion years. At one point, it was at
least as strong as the field generated by the modern earth
[39].

During the first billion years, the heat from the uranium
in the core could keep some iron in a plasma state. After the
first billion years, the 25% reduction in the amount of
uranium lowered its energy production. Subsequently, the
amount of iron in the plasma state decreased so much that
there were no longer enough free electrons to provide a
strong magnetic field. A second critical issue was the
slowing of the moon’s rotation around its axis due to the
tidal friction by the earth. These two factors weakened the
magnetic field of the moon so much that after the first
billion years it was not strong enough to leave strong marks
on the stones.

The interior temperature of the moon was measured by
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electromagnetic sounding during the Apollo 15 mission.
Up to a depth of at least 500 km, it was below 1000 <TC. The
melting point is at a depth between 800 and 1500 km. [40].
Stones start melting at 600 T [41]. The temperature
gradient in the moon is 1.33 and the maximum core
temperature would be 2300 <C.

3.3.2. Earth's Internal Heat

According to present estimates, the maximum core
temperature of the earth is 5000 < [42], meaning the
earth’s would be only two times warmer than the moon’s.
As the mass of the moon is only 1.2% that of the earth, one
would expect a difference greater than only 50%. It is
likely that the internal heat of the earth has been
underestimated.

The earth’s interior temperature increases steadily as a
function of its depth (see Figure 2). The geothermic
gradient is 3.5 /100 m. Let us suppose that this gradient
would be constant throughout to the centre of the earth,
even though it would be an underestimate because the heat
conductivity of iron is ten times greater than that of stone
[43]. The maximum core temperature would be 6,370 km x
35 C/1 km ~223,000 <T. At this temperature, matter is
already in the plasma state [44]. Part of the iron would also
be in a plasma state, providing enough free electrons to
create a substantial magnetosphere.

Primordial heat, generated during the aggregation stage
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of the earth, is considered an important source of heat even
today. It is presumed that once the mantle became mostly
solid, the removal of this heat became sluggish and
inefficient [45].

This reasoning relies on the assumption that stone in the
mantle, being an excellent insulator, would conduct heat
only 400 km in 5 billion years. On the other hand, all stones
studied to date can be considered moderate heat conductors
[46], which is why fireplaces are made from stones.
Suppose one to build a fireplace from mantle stone using 5
cm thick bricks. Heating it up would require 625 years. It is
obvious that the heat conductivity of mantle rocks has been
underestimated.

Based on calculations of the earth’s cooling rate,
assuming a constant heat conductivity, and a thermal
gradient of 1 F per 50 British foot (~0.56 °C/15,3 m or
~3.6 °C/100 m), Lord Kelvin [47] estimated the age of the
earth to be 98 million years. This conclusion was wrong,
but the time span of 98 million years can be considered a
rough estimation of the effective duration time of
primordial heat. The current prevailing theory
overestimates its importance by a factor of 45. The only
possible additional means of heating over time would be
the radioactive decay of a substantial amount of uranium
and thorium. Their amount in the core is 45 times greater
than what has been estimated. This means that the
formation of helium has been similarly underestimated.
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Figure 2. Thermal gradients of ground to the depth of 9 km in the Middle Europe. Red line describes the average of Earth [48]
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3.4. Structure of the Continental and Oceanic Crusts

The earth is covered by a bimodal distribution of thin
oceanic crust (5-15 km) and thick continental crust (30-70
km) (see Figure 3). The average continental crust is
andesitic/granitic in composition while the oceanic crust is
mainly basalt and gabbro. The andesitic/granitic
continental crust appears to be unique within our Solar
System. The oldest areas of continental crust are ~4 Ga old,
with single zircon crystals as old as ~4.4 Ga. The oldest
oceanic crust is less than 250 Ma old [49].

Continental

Crust Sedimentary Oceanic
Deposits Crust
—10 km
Moho
Lithosphere —— 100 km
Plastic Asthenosphere
""""""""""""""""""""""""""""""""""""""" —— 200 km

Upper Mantle

Figure 3. Details of the crust and mantle at the edge of a continent, also
shown are the lithosphere and asthenosphere [51]

Below the continental tectonic plates is the lithosphere,
which itself rests above the fluid-like (visco-elastic solid)
asthenosphere on which the continental plates move (see
Figure 3). The majority of research shows that the tectonic
plates move at average rates between approximately 0.60
cm/a to 10 cm/a [50].

Basalt has a toughness of 2.3 and a hardness of 8 in the
Mohs scale, whereas granite has values of 1.5 and 7,
respectively. Andesite has a composition that is
intermediate between basalt and granite. The values of
gabbro are somewnhat lower those of granite.

Gas is considered ‘lazy,” meaning it always moves along

1‘01 102 10® 10* 195

A
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the easiest route. It is likely that if more than one route is
available, helium would probably travel through the
granite/andesite layer than through the basalt layer.

3.4.1. The Continental Crust

Based on the measurements of the velocities of seismic
waves, the continental crust is thought to be composed of
three layers with a different structure. The upper layer is
suggested to be a granite layer (sial). The intermediate
layer is generally thought to have a mafic composition
(sima). The boundary between this intermediate layer and
the mantle (or the lower layer) is the Moho [52].

Jones [53], using a collocated magnetotelluric (MT)
study, proposed a more detailed model for the continental
crust. It includes a resistive upper crust, a rather conductive
layer in the middle crust and a moderately conductive layer
in the lower crust (see Figure 4). Jdlicke [54] suggested
that the origins of the highly conductive layers proposed
by Jones are in water and graphite.

3.4.2. The Oceanic Crust

In contrast to the thick, buoyant continental crust, the
oceanic crust is comparatively thin and dense. The ocean
crustal structure is astonishingly uniform. This implies that
the process which creates it must also be uniform. It is
thought to be comprised of up to four layers (see Figure 5).

The structure of the uppermost layer (Layer 1) is
interpreted as sediments. Layer 2 represents the volcanic
basalt basement. This upper crust layer is best modeled as a
zone of rapidly increasing velocities. In some cases, a thin
zone with lower velocity gradients caps the uppermost
crust, which is now presumed to represent Layer 2A. Layer
3 is thought to be the major part of the oceanic crust, with
an average depth of 4.6 km. It consists mainly of gabbro.
Below it is the Moho zone and, broadly interpreted, the
uppermost mantle, which contains the lithosphere,
asthenosphere and the proper upper mantle [52].
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Figure 4. General model of the continental crust with a resistive upper crust underline two layers of conductive crust by Jones [53]
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Figure 5. The seismic structure of the Pacific Ocean crust [52].

3.5. Current Theory of the Mechanism of Plate
Tectonics

In the current theory, it is presumed that the interior heat
of the earth is the main reason for plate tectonics. It would
cause convections in the core-mantle boundary (CBM) at a
depth of 2,900 km. These convections would further force
the continental plates to move. As a closer mechanism, it
has been suggested that buoyance would drive these
convections. One source of buoyancy is generated by the
exclusion of incompatible light elements from the solid,
whereas the other is due to latent heat release [45].

At the pressure of the CBM, the liquid appears to be 3%
to 4% denser than the mineral [55]. If the volume increases
or decreases by 3%, the height would increase or decrease
by 1%. If density changes take place within a 200 km zone,
the change in height would be 2 km. This increase would
influence a vertical thrust.

However, the convections would not necessary occur
selectively under the continents. They would rather be
distributed in the proportion of 30 to 70 under the
continents and oceans respectively. It is difficult to see how
there would be generated horizontal thrust which could
move the continental plates.

It is well known that Newcomen’s steam engine, from
1712, was ineffective (1% to 2%) because the liquefaction
of steam consumed much of the released latent heat. The
Watt steam engine from 1765 was much more effective
because it featured a separate steam condenser. The Watt
engine consumed 75% less fuel than Newcomen’s. In the
interior of the earth there are no separate condensers, so
latent heat would be a highly ineffective method of
producing energy.

Convection from the molten magma would carry the
heat from the CBM upward effectively, and heating the
returning cooled magma in the CBM would effectively
consume the heat as well. The interior of the earth would
have cooled eons ago if this mechanism had occurred.

3.6. Pressure of Helium as a Trigger of Plate Tectonics

3.6.1. Ocean Crust Diverts Upwelling Helium to Flow
Horizontally

If it were assumed that helium ascends rather uniformly
throughout the earth’s surface, 70% of it would be emitted
through the oceans and the other 30% through the
continents. The amount of helium flow through the oceanic
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crust should therefore be 2.33 times greater than the flow  active mantle upwelling and at mantle plume hot spots (e.g.
through the continental crust. However, the volcanic Hawaii and Iceland) [57]. In the deepest part of the Pacific
activity distribution is overwhelmingly concentrated on  Ocean there is actually little helium, even an order of
land areas [56] (see Figure 6.) magnitude less than in the hot spots. It is clear that helium

The injection of *He into the ocean waters is shown to  encounters difficulties in penetrating the oceanic crust (see
occur mainly along mid-ocean ridges, that is, at sites of Figure 7).
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Figure 7. Zonal distributions of *He at three latitudes in the Pacific Ocean, the values presented are the dissolved helium *He/*He isotope ratio
anomaly in percent relative to the atmospheric ratio [57]
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Figure 8. Schematic presentation of the long-term evolution of the ocean crust, layer 2A thins significantly and Layer 3 appears to thicken because the
seismic velocities increase in Layer 2. The rocks at the base of Layer 2 take on Layer 3-like velocities. The Moho changes little [52]

Seismic velocity measurements regarding oceanic crusts
of varying ages show that Layer 2A thins significantly over
time (see Figure 8). It was attributed to the mineral
precipitation in the porous extrusive rocks of the uppermost
crust by way of water circulation [58]. Davis et al.
confirmed that the hydrothermal circulation continues in
crust that is several million years old [59].

Basalt in Layer 2 likely directs some of the upwelling
helium and the steam it has stripped to flow in a horizontal
direction. Some of the helium eventually penetrates Layer
2. Nearer the surface pressure and temperature are lower,
so Layer 2A is probably tight enough to divert the flow of
gases in the horizontal direction as well.

Helium likely has a minor gas component at these stages.
Steam is likely the major component. It would be correct to
say that there is now a hydrothermal flow in question. Over
time, these continuous flows consume the lower part of
Layer 2 to a small degree, and that of Layer 2A
substantially.

3.6.2. Interactions of the Upwelling Helium with the
Mantle and Crustal Rocks

Black smokers emit helium along with methane and
hydrogen [60]. It is likely that a major portion of the
hydrogen produced in the subsurface is not consumed
before venting. The total production of methane and
hydrogen is calculated to be about 20 <10° mol a™' and 190
= 10° mol a' respectively [61].

Interestingly, Boschetti et al. [62] did not find hydrogen
in the emissions from hyperalkaline springs in Genova,
Italy. The oceanic crust represents a shorter route than
through the continental crust. There needs to be a
mechanism that consumes the hydrogen during a longer
trip.

According to Chi and Landahl [63], the reaction of
hydrogen with graphite produces methane and acetylene as
the predominant products. The methane-producing
reaction has an activation energy of 24.2 kcal/(g > mole)
while that of the acetylene-producing reaction has 47.8
kcal/(g > mole) [63]. It is likely that in nature selection
overwhelmingly tends towards the formation of methane
due to its low activation energy threshold.

In the upper mantle there is graphite which is not
necessarily converted into diamond. It may have been there
for billions of years [64]. According to J&dicke (1992) [55],
in the continental crust, there may be graphite in as many
as two layers. Itis likely that hydrogen moving through the
continental crust has more chances to react with graphite
and convert to methane than does the hydrogen which
moves through the oceanic crust.

It is likely that hot iron (or hot metals in general)
abstracts oxygen from water molecules in the mantle [65].
This means that part of the steam that helium strips from
the mantle rocks while piercing them is converted to O, and
H, gases. Because 2 moles of H,O(, produces 2 moles of
H, and 1 mole of O, the volume of the gas flow is
additionally intensified.

3.6.3. Horizontal Push inside the Continental Crust

The gas flow diverted by Layer 2 in the oceanic crust
pierces the granite/andesite continental crust. There it
likely creates the moderately conductive layer of the lower
crust.

The gas flow diverted by Layer 2A which contains a
significant amount of steam (because abstraction of oxygen
from H,Oy4 in the middle crust temperature conditions may
not be possible) probably creates the rather conductive
layer of the middle crust.
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These gas flows may actually pass through the entire
continental crust, which would intensify the effect of the
horizontal push. Even though the asthenosphere is partly
liquid, and there is substantial vertical lifting from below
(see section 3.6.4), the movement of the continental plates
has to overcome an enormous amount of friction. It is
likely that the major part of the helium which upwells
below the sea area is diverted horizontally. It guarantees
that the horizontal gas flow possesses enough thrust to
move the tectonic plates.

Convective heat transfer by gases may be 100 to 1000
times less than that of the molten magma and metals,
except for in the upper mantle and especially in the crust
where the gas flow contains a significant amount of steam.
However, the internal heat of the earth at the core and in the
main part of the mantle is consumed only a little due to the
convection by helium.

3.6.4. Amount of the Vertical Gas Pressure (Lift) on the
Continental Plates

The pressure of the earth’s outer core at the CBM
boundary is 1.5 million atmospheres [66]. According to [17]
the helium gas there exerts on an area of 1 m? a thrust of
1.55 % 10" kgf/m? when calculated at the temperature of
293 K. If the CBM temperature is 10 times greater (2930
K), the effective thrust would be ten times greater as well.
Under this kind of thrust, helium pierces solid rocks and
strips some of their bound water as steam. So, while
ascending, and even though the pressure and the
temperature are decreasing, the number of gas moles, n in
equation (3), increases and keeps the pressure high.

The density of the lithosphere is estimated to be 2,700
kg/m?, and that of the crust is 2,670 kg/m>. The weight of a
lithospheric/crust column with a height of 100 km and an
area of 1 m?is 1.0 x10°m x1m? 2.7 x10° kg/m® =2.7 x
108 kg. Subsequently the downward pressure would be 2.7
= 10® kgf/m?. The effective upward gas pressure prevailing
there is 8.05 x 10°® kgf/m® (See section 2.2.1).
Mathematically, it is more than equals the downward
pressure created by this 100 km column.

As the mole fraction of the slippery helium all the time
strongly decreases and that of the steam increases, the
thrust of the upwelling gases is not constant for even every
square kilometre of the continental plate. In some places
the gas flow may be greater, and in other places less. Places
in which this thrust is high are places with a high
probability of volcanic eruptions.

3.7. Hydrothermal Vents

3.7.1. White and Black Smokers

There are several thousand continuously active
hydrothermal vents along the sea bottom. Many of them are
located on slow spreading ridges [67], but they are also
found in rather deep waters [68]. Black smokers are
hydrothermal vents, chimneys formed from deposits of
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iron sulfide, which is black. White smokers are formed
from deposits of barium, calcium, and silicon, which are
white [69].

The helium flow through the hydrothermal vents reduces
the lateral flow inside the oceanic crust which pushes the
continental plates into horizontal movement. This may be
important in slowing down the speed of the tectonic
movement, and so the strength of earthquakes.

3.7.2. Geysers

Most geysers on the earth are concentrated in
Yellowstone National Park (United States), Geyser Valley
(Russia), and El Tatio (Chile). Generally, all geyser field
sites are located near active volcanic areas. However, the
stratovolcanoes in El Tatio geyser field have no history of
volcanic eruptions. Eruption cycles of geysers range from
90 seconds, such as El Jefe (Chile) [70], to a few weeks,
such as Steamboat Geyser in Yellowstone.

It is likely that the accumulation of water determines the
length of the cycle. Once the underground ducts are filled,
the gas pressure (triggered by helium) eventually increases
until eruption occurs. Unfortunately, there are no helium
measurements available for this phenomenon. Water can
only slow down the helium flow, so between the eruptions
there would be some helium flowing, and during eruptions
there should then be more helium.

3.8. Environmental Impacts Caused When a Tectonic
Plate Moves on One of the Poles

Based on the age of the oceanic crust, it can be estimated
that over a period of 250 million years the tectonic plates
move over the whole area of the oceans. It is likely that all
the present continents in their tectonic movements have
moved over the North Pole or the South Pole. At these
moments, the continents enter an ice age. Subsequently, all
of the continents show marks of glaciation. Accumulation
of ice on a continent causes the sea level to drop.

If the continental shelves are considered land, the
percentage of land and ocean areas is equal [42]. In order
for the continental shelfs to be fully exposed, the sea level
needs to drop by approximatelyl80 m. This is possible
when both the South and North Poles are covered by
continental areas having an area of approximately 16
million km? under the ice sheets (comprising both ~3.5 x
10" km? of ice).

3.8.1. Movements of Antarctic Plate during the Last 124
Million Years

Shallow seas are considered typical to the Cretaceous
period [71]. It is likely that during that time there was no
ice in Antarctica.

All of Antarctica, except the Antarctic Peninsula, is
today inside the Antarctic Circle. We may so take 47
latitudinal degrees (~5200 km) as a rough diameter of
Antarctica. At present, the Antarctic plate is moving north
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into the Atlantic Ocean at a speed of 1.2 to 1.4 cm/a. It
started to subduct beneath South America plate 14 million
years ago in the Miocene epoch [72].

Assuming that before it collided with the South
American plate, it was moving south at a speed of 5 cm/a
(500 km in ten million years), it can now be estimated that
in the early Cretaceous period (at the beginning of the
Aptian subdivision), 124 million years ago Antarctica was
located in the Pacific Ocean between the latitudes 15<5 and
62°5. In order to reach its present location, it had to move
5,700 km to the south.

The proper ice sheet of Greenland starts at around 62 N.
It is likely that the southern hemisphere the accumulation
of ice also started when Antarctica passed the 62 <5 latitude
towards the South Pole.

By the early Neogene period (18 million years ago) [73],
Antarctica was between 62 <5 (on the Pacific side) and 715
(on the Atlantic side). Then it more or less contained the
present volume of ice, and the sea level was dropped by 83
m.

3.8.2. Death of the Saharan Whales Corroborates the
Timing of the Movements of Antarctica

The Basilosaurus whales found in the Wadi al Hitan area
(Sahara, Egypt) [74] died during the late Eocene epoch 37
million years ago [75]. By then, Antarctica had moved
4,350 km towards the South Pole. It was then located
between the latitudes of 54 <5 (on the Pacific side) and 795
(on the Atlantic side). Of the area of Antarctica 39
latitudinal degrees, was over the 625 latitude. From its
area 39/47 x100% = 83% was then covered by ice sheets.
This means, that due to the accumulation of ice the sea
level was then dropped by ~69 m.

The Tethys Sea over the present Sahara was probably
already before that isolated from the Mediterranean Sea
being so an inland sea. Then further drop of the global sea
level (0.8 m in a million years) due to the accumulation of
ice on Antarctica did not have influence on its water level.

In a hot and possibly also in a relatively dry climate the
Tethys Sea (in the Eastern Sahara) may not have received
enough water from its catchment basin to compensate for
the water loss due to evaporation. Through this process, a
drop of 0.8 m in the water level may have occurred in
10,000 to 100,000 years. The subsequent increase in the
water’s salt content may have been fatal to the whales.
Ultimately, the overly high salt concentration would have
disrupted the whales’ natural osmoregulation process, the
excretion of urine [76]. It is possible that the excess salt
concentration which finally killed the whales may have
formed even over a few years’ time.

3.9. Dynamic Pressure Caused by Steam Triggers
Volcanic Eruptions and Tsunamis

The main contribution of helium is to free water as steam
from the rocks. However, the more the mole fraction of
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steam increases relative to helium, the more difficulties
steam encounters in following the path of helium. H,O, is
not at all as slippery as helium. Due to this, at certain
locations steam may encounter obstacles which stagnate its
flow while helium is still able to flow. At these points, the
total pressure due to the steam is gradually growing.

It is likely that steam accumulates under a volcano until
the total pressure is so high that fractures form in the crust
material above. This allows steam to flow upwards. The
flow rapidly gains speed, and the dynamic pressure
increases so much that an eruption occurs.

In a pyroclastic flow of volcanic eruptions, the average
speed is 100 km/h (27.8 m/s), but the maximum speed may
be even 700 km/h or 194 m/s [77]. Steam at 370 °C and a
pressure of 210 bar (214 at) has a density of 200 kg/m®
[21].

Steam advancing in these conditions at a speed of 194
m/s is creating a dynamic pressure, which equals the force
of 37,600,000 Pa (N/m?) in an area of 10 m? (4). The force
is 4,600 times stronger than that of a hurricane having a
speed of 37 m/s (see Section 2.2.2).

In a tsunami, the accumulation of the total pressure
probably takes place along long lines. It would cause more
or less long fractures in the layer of 2A of the ocean crust.
Fractures allow the steam to move upwards and rapidly
gain speed.

Due to the dynamic gas pressure, the total pressure may
momentarily increase so high that even a 40-meter rise of
the sea bottom along a 1,500 km distance takes place, as
occurred in the Indian Ocean tsunami in 2004 [78].

4. Conclusions

The solar neutrino problem demonstrates the presence of
uranium and thorium in the sun. Their radioactive decay
produces helium in addition to stellar nucleosynthesis. The
presence of helium in the atmosphere of the moon
indicates the presence of uranium and thorium in its core as
well.

The helium bulge is a phenomenon in the thermosphere
of much higher helium densities over the winter pole than
over the summer pole. During the winter, it is protected
from the solar wind, which subsequently cannot strip the
helium away. Solar wind causes helium to vanish from the
earth much sooner than if the only factor would be its
normal escape velocity from the earth.

The calculations of Lord Kelvin showed that the
primordial heat would have been exhausted within the first
98 million years. Estimates of the amount of heat (and of
helium) generated by the radioactive decay of uranium and
thorium in the earth’s core may be as many as 45 times
smaller than the actual amount.

With simple calculations it is not possible to explain all
aspects of the motions of tectonic plates. However, they
give estimates for the effects of the dynamic and static gas



250

pressures inside the earth.

The earth’s high internal pressure and heat force helium
to ascend. The gas flow intensifies as helium strips water
gas from the mantle rocks along with it. The high
temperature of the mantle means metals are able to abstract
oxygen from some of the steam. The resulting O, and H,
additionally intensify the gas volume. Under continents,
the vertical thrust of the gases per square meter more than
equals the weight of a 100 km deep and 1 m? wide column
from the asthenosphere up to the surface. The basalt of the
oceanic crust diverts the helium flow to push the
continental plates horizontally. The vertical and horizontal
thrusts together cause the plate tectonics. Part of the
vertical thrust is freed via volcanic eruptions.

The movement of a tectonic plate over one of the poles
causes ice to accumulate and a long-lasting drop in the sea
level. The movement of Antarctica on the South Pole
lowered the sea level by 83 m from the elevation which
prevailed in the early Cretaceous period 124 million years
ago. Variations in helium flows from the ground may be
used as an indicator in assessing the possibility of volcanic
eruptions and earthquakes.
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