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Abstract. The Hydride Earth model predictions of geoneutrino flux and intrinsic Earth heat
flux are discussed. The geoneutrino flux predicted by the model can be adjusted to the
experimental one. The predicted intrinsic Earth heat flux is significantly larger than model
dependent experimental value obtained under assumption that the main heat transfer
mechanism is a thermal conductivity. We introduce an additional mechanism of heat transfer in
the Earth’s crust, namely the energy transfer by hot gases produced in the Earth crust at great
depths. The experimental data supporting this idea, in particular the temperature profiles
measured in the Kola super deep borehole, are discussed.

1. Introduction

So far there are only two detectors, Borexino [1] and KamLAND [2], which reported registration of
geoneutrino signals. Geoneutrinos are electron antineutrinos produced in beta-decays of radioactive
elements in natural families of 2®U, 22Th and “°K, accumulated inside the Earth. Geoneutrino flux on
the Earth surface depends on the amounts of ®*U, #*Th and “°K in the Earth and their distribution with
the depth.

Amounts of 22U, %°Th and “°K in the Earth and their distribution are different in existing models of
the Earth. The theory most popular at the moment is called the Bulk Silicate Earth (BSE) [3, 4]. Its
main idea is that element abundances are the same as in meteorites. Based on this idea the amounts of
238 232Th and “°K were obtained for the Earth:

Mase(PPU) = 0,81-10% kg, Mgse(***Th) = 3,16-10"" kg and Mase(°K) = 5,73-10" kg. (1)

These masses are distributed mainly in the Earth crust and partially in its mantle, but they are
absent in its core. Experimentally observed antineutrino flux is in agreement with U and **Th
amounts from (1) under the assumption that they are distributed in the crust and in the upper mantle
[1] only.

Each radioactive decay accompanied by a definite thermal energy emission. If we know the total
amounts of 22U, *?Th and “°K in the Earth, the value of radiogenic heat flux can be predicted and it
can be compared with experimentally measured one.

The Earth thermal flux on continents in boreholes is explored by the measurement of the
temperature gradient at depths of ~500 meters. The thermal flux in oceans is measured by dedicated
apparatus which penetrates to the bottom floor by several meters and measures the temperature
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gradient. To calculate the value of thermal flux one uses the idea that the main thermo-transfer
mechanism is a thermal conductivity. Presently the value obtained from experimental measurements
assuming the foregoing point of view is 47+2 TW.

The calculated inner Earth thermal flux appears to be equal to 17.5 TW. In this calculation the total
masses of *U, ***Th and “K in the Earth were taken from (1). Comparison of this value with
experimental one did not confirm correctness of the BSE basic assumptions. Researches started to
look for additional heat sources.

In this paper we will use an alternative Earth model, so called the Hydride Earth model (HE) [5],
and discuss how predictions of geoneutrino and thermal fluxes are correspond to the observed data.

2. Hydride Earth model and geoneutrinos

The main idea of the HE model is the following: a planet element composition depends on the distance
from the Sun. That is why the Earth’s element composition should differ from composition of
asteroids in the asteroid belt which is the source of meteorites. Vladimir Larin [5] proposed and used
for element composition calculations the following equation:

(XMl Xsi)earth = (X Xsi)sun = F(Eip(M)), 2

where Xy — the share of element M in the Earth mass, Xg; — the share of Silicon in the Earth mass,
F(Ep(M)) — the mass share of chemical element M from the mass of this element in the Sun that
existed at the Earth’s orbit at its formation, E;p(M) — the ionization potential of element M.

In [6] the function F was proposed as an exponential one:

F(Er(M)) = A- exp{=B- Ep(M)}, ®)

where coefficients A and B were chosen from the known element composition of the Sun and
Earth’s crust.

We can estimate the total masses of 22U, ?*Th and “°K in the Earth using a method of calculation
proposed in [7] and quoting the value of E;p(M) and function F(E;p(M)) from [8] and [6] respectively:

Mugz (U) = 3,18:10" kg, Mygs (Th) = 1,0-10* kg and Myex(K) = 2,6-10" k. 4)

It is noteworthy that the use of function F(E;s(M)) as in [6] results in the values of **U and #*Th
masses roughly three times less than in (4) = Mg (U) = 1.1-10" kg, My (Th) = 3.6:10" kg.

As it is shown above, predictions of the HE model depends strongly on the F(Ep(M)) function,
which is known in its turn rather crudely. It is of fundamental importance that the HE model leaves
room for larger values of the total masses of 2°U, ??Th and “°K in the Earth as well as allows
considering *®U, ?**Th and “°K present in the Earth core in the primordial amount, i.e. at the moment
of the Earth formation. In particular, the total mass of potassium is much more than predicted by the
BSE model because of its small ionization potential.

In our previous paper [9] an attempt was done to estimate the maximal values of U, #*Th and
K masses in the Earth which are allowed by the modern experimental data on geoneutrino fluxes and
the Earth thermal flux. Our analysis provided the following results:

Muez (U) = 1,7-101 kg, Mygz (Th) = 6,7-10* kg and Myeo(K) = 1,2-10% kg. (5)

In the estimates we expanded potassium abundance known for the Earth‘s crust to the Earth whole
volume.

Comparing estimates made by the HE and BSE models, (5) and (1) respectively, one can conclude
that they are rather close, although the HE values are slightly larger.

Taking into account that the HE model predicts the total masses of **U, **Th and “°K in the
Earth’s core in primordial abundances experimental arrays for U and **Th geoneutrino flux
detection should have substantially larger events statistics in comparison with the present arrays in
order to have capabilities to distinguish those two models.

The total mass of “°K predicted by the HE model is more than two orders of magnitude larger than
the mass predicted by BSE model. In [10] the capability to detect the large geoneutrino flux due to “K
flux by modern detectors was analysed. The conclusion is done that sensitivity of presently operating
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detectors is not sufficient for such a purpose. But for next generation detectors with significantly lower
background and larger target possibility to measure geoneutrino flux due to “K should be
conspicuously high. It is also important to have independent measurements of CNO cycle neutrinos
spectrum, which is rather close to the spectrum shape of “°K neutrinos.

3. Hydride Earth model and thermal flux of the Earth

One can calculate steady thermal flux of the inner Earth heat knowing the value of the heat energy
released per radioactive decay. Thermal flux corresponding to the foregoing mass values of *®U, #*Th
and “K in case of the HE model (5) turns out to be 304 TW. This huge amount of heat is the
consequence of the larger amount of potassium in the Earth predicted by the HE model.

At first glance, comparison of the HE value with the experimentally measured one of 47 TW leads
to the idea that the HE model is wrong. Indeed, the large amount of potassium follows from the basic
HE postulates claiming that ionization potential determines a share of chemical element mass which
existed in a planet’s orbit at the moment of its formation. If to assume that the HE model is correct
than it is necessary to bring forward arguments allowing understanding of so large difference between
values of thermal fluxes predicted by the HE model and measured experimentally in boreholes by the
temperature gradient method.

Furthermore let’s consider here the experimental data of the Earth thermal flux different from the
value in 47 TW.

The results of the temperature profile measured in super deep boreholes are rather easy to
understand in the framework of the HE model. But, on contrary, the results were not predicted by the
BSE model at all.

Scientific results of the Cola super deep borehole were published in [11]. The depth of 12 262
meters was achieved there. In fact all ideas of the Earth’s core structure obtained from the
measurements in the borehole were inconsistent with expectations. With the deepening the rocks do
not get denser and their porosity does not decrease as it was expected earlier. On the contrary, the
rocks at the multi-kilometer depth are penetrated by multiple pores and broken by cracks.

It was a sensation that there existed hydrogen and hydrogen-containing gases, in particular water, at
high depth where the pressure reaches hundreds of atmospheres.

Finally, it appeared that the Earth is significantly hotter than it was assumed earlier. At the depth of
5 km the temperature exceeds 70°C and passes 120°C and 220°C at 7 km and 12 km depths
respectively. The latter is 100°C more than the temperature extrapolated from the value measured at 1
km depth.

The HE model predicts element composition of the primordial Earth. Hydrogen should constitute
about 18% of mass and it could be accumulated in the hydride form. Radiogenic heating of the Earth’s
core results in the production of free hydrogen at the border between the core and mantle. The HE
model predicts existence of degasification processes from the Earth’s surface, basically by hydrogen
containing gases, e.g. water vapor. Gases should be produced at high depth where appropriate
temperatures could exist. The gases provide production of multiple cracks and pores in rocks at high
depth.

These gases could be the main carrier of thermal energy. Cracks and pores allow gases to move up
to the surface. The heat could bypass the thermometers measuring the temperature gradient at the
depths of about 500 meters or at the ocean bottom by two ways. The first one is absorption of thermal
energy during gas production process. Thermal energy is transferred to the internal energy of gas
molecules which is released later by exothermic decomposition reactions at small depths. The second
one is transfer of thermal energy to the Earth surface by narrow jets of hot gases. These jets should
have substantial distances between them. Existence of such vertical jets leads at large depths to the
emergence of horizontal component of gas velocity. Therefore, only a fraction of heat at the depths of
about 500 meters takes part in the process of vertical heat transfer by thermo-conductivity mode. The
most part of heat energy is carried out by hot gases. We note that boreholes do not drilled at outlets of
gas jets because on continental platforms gas outlets look like lakes or swamps. Volcanoes are gas
outlets too.

The existence of the forgoing heat transfer mechanism, additional to thermo-conductivity, allows
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an understanding of unexpected high temperatures at large depths. It also helps to resolve
contradiction between the large heat flux predicted by the HE model and results of temperature
gradient measurements.

The ARGO experiment published recently interesting results showing temperature increasing of the
world ocean in 2005-2010 [12]. Despite that period has been the period of the minimum of solar
activity, the world ocean has been warming up. To provide such heating there is a need to have
additional energy flux of 0.58 + 0.15 W-m > for 6 years. If to multiply this value by the Earth surface
area we will get the Earth thermal flux of 300 + 80 TW.

In the context of the HE model, this experimental fact could be explained by an increase of gases
outcome into the ocean and existence of exothermic reactions with gases in the ocean volume. The
model includes an idea that the gas flux is not stable but cyclic. We can consider the present ocean
heating is observed due to an increase of the Earth’s internal heat flux during of the Earth’s exit from
the small ice age. The value of the heat flux necessary for the observed ocean heating does not cause
surprise in frame of the HE model.

It is noteworthy to mention studies done at the Lebedev Physical Institute of the Russian
Academy of Sciences (LPI) [13]. In that study the Moon thermal flux was measured by detection of
radio wave emission from the Moon. The authors of the paper consider that the heat flux comes from
deep interior of the Moon and has the same radiogenic nature as on the Earth. Basing on the idea that
the Moon and Earth have the same element composition we can calculate the Earth heat flux using
some scaling factor:

Hearth = Himoon * Mearth / Mimoon = 170 TW. (6)

Where: Hoon — the measured heat flux at the Moon, Mgaih and Migon — the Earth and Moon masses
respectively. It is necessary to note that on the Moon, according to the HE model, degasification
process finished because of its small size and practically all radiogenic energy comes out of the Moon
by thermo-conductivity way. The heat flux value calculated using (6) supports the correctness of the
HE model. It is important to note that the Moon thermal flux measurements by the radio wave
emission method average the Moon thermal flux on the visible Moon surface and gives us the mean
value.

In two different points on the Moon surface measurements of thermal flux were done by drilling
boreholes during Apollo 15 and Apollo 17 missions. Basing on the Apollos data and using equation
(6) it is possible to recalculate the Earth thermal flux. The resulting values are 43 and 65 TW. It is
believed that these data do not contradict to LPI measurements because in that Apollo missions
landing places the thermal fluxes should be significantly less than the mean value. It is supported by
the Moon pictures made by the infrared telescope installed on board of the NASA satellite Lunar
Reconnaissance Orbiter in 1996 during the full lunar eclipse.

Finally, let’s estimate the upper limit of the Earth thermal flux. There are certain places on the
Moon surface which are never illuminated by the Sun. The places have always constant temperature.
We can assume that only radiogenic internal heat determines their temperature. So, the energy flux
emitted by the Moon surface unit can be estimated according to the Stephan-Boltzmann law. Then it is
possible to calculate the total thermal flux of the Moon. The Earth thermal flux recalculated using (6)
is 420 TW. The value is obtained taking into account the temperature of 40°K in places never
illuminated by the Sun at the Moon’s South Pole region. The value of 420 TW for the Earth thermal
flux can be regarded as an upper limit. This upper limit shows that the *®U, %*Th and *°K masses in
the Earth presented in (4) are too large. Whereas the masses shown in (5) result in the Earth thermal
flux of 304 TW. The last value is smaller than the upper limit.

4. Conclusion

1. The HE model is a convenient tool for analysis of events taking place on the Earth. We
demonstrated in the framework of the HE model that many complicated phenomena could find
explanations in a natural way basing on just one model. Those are the geoneutrino fluxes, temperature
profiles of super deep boreholes and experimentally observed increase of the ocean temperature.
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2. It was shown that the HE model introduces the large concentrations of ®*U, **Th and “°K in the
Earth and allows their existence in the Earth core in primordial amount with correction for the
elements decay. The most prominent amount appeared to be for potassium in comparison with the
Bulk Silicate Earth model prediction due to its small ionization potential.

3. An assumption was done that the modern value of the Earth thermal flux resulting from the
temperature gradient measurements does not take into account significant amount of heat transferred
by hot gases. The Hydride Earth model predicts production of gases at high depths. The existence of
this kind of heat transfer mechanism, additional to thermal conductivity, allows understanding of high
temperature existing at big depths in deep boreholes on continents and in oceans.
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