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Abstract 
The currently accepted theory of self-exciting dynamo generating magnetic field of the Earth and 
its shortage of energy is critically reviewed. Based on thermodynamic approach, a new hypothesis 
of the Earth’s magnetic field, created by thermo-electrochemical processes of the Earth’s degass-
ing, gravitational differentiation and their energy, is proposed. The ion-exchange, extraction and 
solidification are sources of the ionic currents on solid core and lower mantle boundaries. These 
currents are carried by thermo-chemical flows, which create the primary exciting magnetic field. 
This field is amplified mostly by thermoelectricity generated by heat flow thus improving the heat 
and matter transport from the Earth’s core and lower mantle to surface. Migration of the solidifi-
cation zones and inner core precession are the main causes of changes of the main magnetic field 
intensity and reversals of its polarity. 
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1. Problems with Geodynamo Paradigm 
According to the existing paradigm, the Earth’s magnetic field is generated in the fluid outer core by a self-ex- 
citing dynamo process, wherein electrical currents flowing in the slowly moving molten iron generate the mag-
netic field [1]-[3]. Supplementary numerical models were reviewed and analyzed by Thompson [4], Stern [5] and 
Glatzmaier [6]. In addition to energy-sources in the Earth’s core, the magnetic field observable at the Earth’s 
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surface has some sources in its crust and in the ionosphere and magnetosphere. Satellite measurements of these 
currents were used by Geeta Vichare and R. Rajaram for comparison of different models of Geomagnetic Field 
(GMF) [7].  

Herndon [8] noted that probability of the natural heat convection is very small in the outer core because of the 
high viscosity and the little difference of density, which is less than 3%, and that such a convection as a power 
source of the geodynamo formation and maintenance would be insufficient.  

The relatively full analysis of a self-excited induction generator was proposed by Ofualagba and Ubeku [9]. 
The residual magnetization as a main source of the rotor currents generation was proposed by Sohre and Nippes 
[10]. Sohre patented riding brushes to control these currents [11]. Our studies of spontaneous self-exciting rotor 
currents in turbine [12] [13] as well as the results of Kirschner and Moon [14] allowed suggesting the following 
necessary conditions for its work: the initial or residual critical level of magnetization, fast speed of relative mo-
tion and high conductivity of the rotor-stator spontaneous “exciting” circuit [9] [12] [13], existence of the per-
manent magnets on rotor (stator) of a generator, or formation of a special exciting circuit [14]. The references 
cited above demonstrate the principal impossibility of the self-excited geodynamo existence because the Earth’s 
interior does not correspond to the known conditions of a self-exciting generator. 

The observed reversibility of the main magnetic field is also an unsolved problem. Any dynamo converts 
mechanical energy into electrical; thus its operation is accompanied by significant mechanical losses and change 
of the field polarity demands corresponding changes of the matter flows and compensation of the inertia.  

Generation of the main geomagnetic field by outer core currents or by thermo-chemical convection needs a 
very high intensity of convection and that of the density of currents. Such a process would not accelerate trans-
port of energy and matter from core to surface, and this is inconsistent with the thermodynamic laws.  

The improved physico-mathematical models were proposed for explanation of the Earth’s magnetism varia-
bility and reversibility [15] [16], however these models cannot propose an unambiguous solution of GMF prob-
lems. The self-exciting dynamo theory has to include the mathematical model of the natural heat convection, 
which provides self-organization of the flows. According to Glatzmaier [6], “The system of equations represents 
conservation of mass, momentum, energy, and magnetic flux, an equation of state, and the magnetic induction 
equation. A computer solves this system of equations, one numerical time step at a time for typically millions of 
time steps, to provide the time evolution of the three components of the fluid velocity, the three components of 
the magnetic field, and the thermodynamic perturbations in a three-dimensional (3D), rotating, spherical shell of 
electrically conducting fluid. The numerical solutions are self-consistent in the sense that all of these variables 
are part of the 3D time-dependent solution and that convection and magnetic field generation are driven only by 
the heat flux through the boundaries.”  

All the known models of geodynamo, the Earth’s core and mantle convection are based on the observed phe-
nomena: the Earth’s magnetic field and continental plates’ motility. In a common case, such a system of equa-
tions cannot be solved. Any geo-dynamo model is heuristic, based on separate formal calculations of separate 
aspects of interaction of the cyclonic convective motions with toroidal field [4].  

It is easy to agree with Herndon’s conclusion [17]: “As is the case for the Earth’s mantle, justification for the 
Earth-core convection cannot be obtained by calculating the Rayleigh number because the Earth’s core is neither 
incompressible nor of uniform density. Although the Earth’s core is liquid, it is ‘bottom heavy’, i.e. its density at 
the bottom is about 23% greater than at its top. The potential decrease in density by thermal expansion, less 1%, 
cannot make the core ‘top heavy’ as described by Chandrasekhar; thus convection is not to be expected.” Hern-
don [17] also rejected heat convection as a motive force of geodynamo and energy transport from the core to the 
Earth surface.  

In its place he proposed a planetary nuclear reactor as the main source of energy of the magnetic field [8]; he 
proposed also “mantle decompression thermal tsunami” in combination with plumes, which he named “heat 
channeling”, as a basic mechanism of the matter and energy transport [17].  

The conclusion about the impossibility of free heat convection in the Earth’s core and mantle emerges from 
the known laws of heat and mass transfer, which are used for calculation of circulation in chemical apparatuses 
[18], steam boilers [19] and nuclear reactors [20].  

As it may be expected, the surface friction and hydraulic impedance are very serious problems for reliable 
cooling of any apparatus or reactor. Significant difference of water and steam-water mixture densities and care-
ful flow organization are necessary conditions for maintenance of free heat convection [18] [19].  

In addition, it is difficult to agree with the natural nuclear fission reactor hypothesis. The Gabon rich uranium 
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deposits formed about two billion years ago in a marine sandstone layer in the Franceville Basin. The hydro-
thermal water was carrying uranium into sandstone thus forming and cooling core. This water acted as an effec-
tive neutron moderator. The abundance of the fissile isotope 235U was 3.1% of the natural uranium 1.7 billion 
years ago, which is close to the enrichment used in some of today’s reactors. Because 235U has a shorter half-life 
than 238U, it decays more rapidly, and the current abundance of 235U in natural uranium is about 0.7%. Water 
stream prevented long-time poisoning of this reactor by fission product. There can be observed a fingerprint of 
fission process that allows estimating reactor power about 100 kW pulse operation of 30-minute-long with an 
interval about 2.5 hours for reactivity restoration [21] [22]. It is difficult to perceive existence of anything simi-
lar in the Earth’s core.  

The conclusion must be that formation and stable operation of any type of geodynamo are impossible under 
terrestrial conditions because of the laws of electrical engineering.  

The free heat convection and geodynamo cannot improve energy and matter transport from the Earth’s core to 
its surface also because of common thermodynamic laws (Figure 1).  

The natural heat convection—free convection—is a heat machine. The maximal efficacy of such a machine is 
limited by Carnot cycle and depends on the difference of temperatures between heater and cooler. The motive 
force of such convection is a difference of matter density. The well-known sample of such convection is natural 
circulation in a boiler, a chemical and a power reactor, etc. Any generator is a machine for conversion of me-
chanical energy into electrical. Such a conversion is accompanied by dissipative losses which must be compen-
sated by energy source. 

As it is shown in Figure 1 the total dissipative losses include: an internal and boundary friction of the moving 
flows, an electromechanical interaction between flows and magnetic field, Joule heating of the conductive mat-
ter flow (Ohm law), and inductive generation of the eddy current into the surrounding matter and additional 
losses for it.  

It is evident that the geodynamo paradigm proposes the way of heat energy conversion that increases heat 
production and internal energy level; thus it would decrease heat transport and entropy production rate which 
contradicts to the laws of thermodynamics.  

In 2005-2012 we put forward a conceptional system of hypotheses to explain the conservation of energy dur-
ing the Earth’s accretion, its quasi-stable release by primordial H- and He-degassing and of the crucial role of 
the energy of degassing-comprising-reactions in endogenic processes [23] [24]. Specific mechanisms and 
chemical processes were proposed for the gas-liquid mantle plumes melting through the solid mantle using heat- 
energy released in reactions of their metamorphic and chemical transformation under gradual decrease of pres-
sure and temperature; volcanic gases were put forward as energy carriers. The 3He performance as a unique 
measuring transformer correlative to the internal heat flow was used for calculation of energy release by de-
gassing; it equals to 5.12 × 1020 J/year, an amount of energy five-fold greater than the entire energy loss in-
volved in earthquake and volcanic activity. 

2. The Proposed Hypothesis: Thermoelectric-Electrochemical Model of the GMF 
This proposed herein hypothesis presents the magnetic field explanation as a “side effect” of the Earth evolution, 
which includes:  

1) The physicochemical processes of solidification of the inner core and extraction of substances from the 
lower mantle causing ionic currents;  
 

 
Figure 1. Diagram of the energy conversion in geodynamo model.                                                
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2) Gravitational differentiation creates thermo-chemical flows, which also carry ionic currents;  
3) The fast rotation deflects thermo-chemical flows by Coriolis forces thus creating exciting magnetic field;  
4) Amplifying of the exciting magnetic field by electrical currents generated by thermoelectric processes ac-

companying the significant heat flow from core to surface and space, which comprise primordial H- and He- 
degassing of the Earth [23] [24].  

2.1. Chemical Reactions Generate Ionic Currents on the Boundaries of the Liquid Core 
Solidification and growth of the solid core take place at the temperatures that are very close to melting points of 
the matter under the pressure given there. However, the homogeneous solidification is possible only in condi-
tions of significant over-cooling, that may be observed on the magma solidification fronts according to Bruce D. 
Marsh [25]. Such a condition is difficult to imagine on the solid-liquid cores boundary. “Seismic data on the 
structure of the inner core reveal a bewildering degree of complexity. Most surprising is the observation that 
seismic properties differ between the eastern and the western half of the inner core” noted Bruce A. Buffet [26]. 
Deuss A. et al. [27] described experimental observations, which showed a strong anisotropy on the western and 
relatively little anisotropy on the eastern hemisphere of the inner core. Monnereau et al. [28] concluded that the 
inner core growth proceeded with lateral material motion within it. According to their analysis, the transport of 
the inner core’s matter is sufficiently fast, melting and solidification should occur in the opposite hemispheres. 
Mattesini et al. [29] wrote that the Earth’s inner core has an axisymmetric anisotropic structure with seismic 
waves traveling ≈3% faster along polar paths than along equatorial directions. 

Solidification of the inner core along the boundary with outer core occurs under shear-compression at the liq-
uid-solid interface, a process that favors the development of oriented iron crystal. There is at least a permissive 
evidence for seismic discontinuity within the inner core, which allows separating zones of the oriented iron 
crystal, mushy zones with high attenuation and zones of possible discontinuity, which may be a phase change 
([1], page 182-185).  

Duess et al. [27], and Mattesini et al. [29] wrote that observed hemispherical differences in seismic properties 
may be explained by differences in average crystal sizes. The solidification and melting would be accompanied 
by redistribution of compounds between solid and liquid phase according to Zhang and Yin [30], Ricoplleau et 
al. [31], Tsuno et al. [32]. It was proposed by Shun-ichiro Karato that “Maxwell stresses squeeze in the inner 
core toward the rotational axis, moving material from region of high stress (the outer part of the inner core) to 
the region of low stress (near the rotational axis). Material that reaches the low stress region will melt and flow 
outward replacing the material lost from the high-stress region” [33]. The Robertson-Glickman model of liquid 
metal embrittlement describes the other mechanism of the fast transport redistribution and localization of the 
“dissolving” and deposition zones [34] [35]. The main accelerating factors are considered to be 1) fast diffusion 
of metals in liquid phase that enables the fast mass transfer out of the crack tip and 2) wetting-induced surface 
reconstruction. There is also a spontaneous process of the Mullins grooving dramatically accelerated by blunting 
the tip due to the local plastic strain [36]. The motive force of the transport includes electromigration [37]. Elec-
trochemical processes including solute transport and deposition of the materials through melt or electrolytes are 
well known and used in industry. Rate and efficacy of these processes are much more than Maxwell stress 
squeezing.  

It seems reasonable to expect that physicochemical processes on the boundaries of the liquid core with the 
solid core and the lower mantle generate ionic currents. Juzeliúnas and Hinken [38] observed magnetic field 
generated by such current on the liquid-solid boundary during solidification of pure metal. There are good rea-
sons to expect that the current’s density at solidification from mix of salts (silicates, alum silicates, oxides, etc.) 
and selective solutes from mantle will be much higher than at pure metal phase boundary.  

2.2. Thermo-Chemical Flows as a Natural Carrier of Ionic Currents 
Keondjan [39] wrote that gravitational differentiation provides extraction of the high density compounds from 
mantle into outer liquid core, their transport and decomposition on the surface of inner core and simultaneous 
extraction and transport from inner core to the Earth’s surface of low density compounds and gases. Research 
done by Kohlstedt and Holtzman [40] resulted in conclusion that tidal waves cause periodical deformations 
which accelerate matter transport and extraction from the mantle and solid core. These processes are accompa-
nied by phase transitions and according to Parmentier [41] may cause superplastic deformation of the mantle.  
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The above listed processes lead to the creation of thermo-chemical flows or thermo-chemical convection first 
of all in the liquid core, and, secondly, in mantle plumes. These were studied and described on the basis of la-
boratory experiments, observations and theoretical analyses by Aubert et al. [42], Gonnermann [43], Gonner-
mann et al. [44], Jellinek et al. [45]. Aubert et al. [42] also note that existence of thermo-chemical flows must be 
inevitable and that coupling of heterogeneity of the core with heterogeneity of the low mantle is also inevitable.  

Furthermore, results of Gonnermann et al. [44] proposed a scaling law that quantifies the fraction of core heat 
flow associated with plate-scale mantle flow, as well as the lateral heterogeneity in core-mantle boundary (CMB) 
heat flux. Gonnermann and Mukhopadhyay suggested recycling and mixing of noble gases in the convecting 
mantle, thereby decreasing the rate of mantle degassing and leaving significant amounts of noble gases in the 
processed mantle [46].  

Along with the cited above considerations, it should be noted that degassing process and interaction of the 
thermo-chemical flows with inner and outer core medium will be influenced by the shear strains caused by dif-
ferential rotation of the core; strains accelerate redistribution of chemical substances and compounds. Difference 
of the rotation rate is 1 ± 0.2 deg/y ([1], p. 185). There are inclinations of the Earth rotation axis and the Moon 
orbit in relation to the ecliptic plan causing the complete structuring of tidal waves. The tidal waves cause 
high-rate strains in the core and mantle, which also accelerate the different physicochemical reactions.  

Phase transitions [41] and matter-saturation by hydrogen and helium cause dramatic decrease of the mantle 
and rock viscosity [47] [48], thus promoting localization of deformations and auto-focusing of the matter-heat 
flows.  

Primordial hydrogen-helium degassing processes include consequences of the mutually induced chemical 
reactions accompanied by energy release [23] [24]. These, in their turn, also decrease local viscosity and prevent 
fast cooling of the ascending flow by the relatively low-temperature ambient matter.  

2.3. Coriolis Forces Cause Deflection of the Thermo-Chemical Flows with Ionic Currents 
Thus Creating Exciter in Outer Core 

The gravitational differentiation and degassing create thermo-chemical flows in the outer liquid Earth’s core. 
The Earth’s rotation causes horizontal deflection of the vertical (radial) flows, vertical deflection of the horizon-
tal motion and horizontal deflection of the horizontal motion. The history of their discoveries was described by 
Persson [49]. There is a combination of the gravitational, rotational and frictional formation of the flows of hel-
ical or spiral structure, which have an opposite direction in the northern and southern hemisphere: those are 
known as Ekman’s spirals and flows [49]. The same rules were applied to the Earth’s liquid core by Aubert et al. 
[50], who proposed an explanation of the secular variation of the geomagnetic field by two mechanisms relying 
on the inner core: first is the gravitational coupling, which alings the inner core with the mantle, forcing the flow 
of liquid in the outer core into a giant, westward drifting; second is the differential inner core growth. Thus, 
Sreenivasan and Jellinek [51] proposed an explanation of the Martian magnetic field as created by the helical 
structure of Tharsis plume deflected by Coriolis forces.  

The differential inner core growth causes an asymmetric buoyancy release in the outer core as it was shown 
by Prior [52]. Centrifugal and Coriolis forces assist in the formation of thermo-chemical flows, which bear the 
ionic currents creating the corresponding magnetic field. These currents generated in the northern and southern 
hemispheres create opposite directions of the magnetic field. There are inevitable currents between solidification 
and dissolving (melting) zones of mantle and solid core, which cause descending flows in the polar zones due to 
decreased centrifugal forces there. A full range of these flows creates a dipole and non-dipole (quadrupole, etc.) 
components of the exciting magnetic field in the outer core.  

It must be emphasized that ionic currents are generated by electrochemical processes on the solid core and 
lower mantle according to the proposed herein hypothesis.  

There is a temporal variation of this field due to precession of the solid core and migration of the solidifica-
tion zone.  

This may be more understandable from the sketches on the Figure 2 and Figure 3.  
The primary source of the ionic current is the electrochemical process of solidification of the inner core and 

extraction of the fusible components from the mantle. The Earth’s core magnetic field (GMF’s exciter) is a re-
sult of the physicochemical processes on the solid core—the liquid core and the boundaries between liquid core 
low mantle generating ionic currents, of thermo-chemical flows bearing these currents and of the Earth rotation 
causing deflection of these flows.  
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Figure 2. Local solidification process causes asymmetry of the 
thermo-chemical flows and ionic currents in equatorial plane.      

 

 
Figure 3. Ionic current and thermo-chemical flows create exciting 
magnetic field, which is amplified by thermoelectric and chemical 
processes in the mantle. H- and He-degassing release the latent 
energy of power plumes, earthquakes and volcano activity.         

2.4. Thermoelectricity Creating the Main Magnetic Field 
The geodynamo theory assumes that the main magnetic field of the Earth is generated by liquid core current  
(97% - 99%), crustal field (1% - 2%), and external field (1% - 2%) [7]. Thus it means that dipole ingredient at 
the core-mantle boundary is a factor about 8 times stronger than at the surface. It also means that all field har-

Hawaii

Sumatra

Chili, Valdivia

W

Solidification zone

E

Mantle
Outer liquid core
Inner solid core

Descending flows

Ascending flows

Electrical currents and electro-migration in solid
core and it’s surface

MP

Afar

NP

Reunion

SP

Equator

Ecliptic

Inner solid core
Outer liquid core

Thermoelectricity

Descending flows

Ascending flows



A. Vol 
 

 
1225 

monics of order n are a factor n 22 +≈  stronger than at the surface [53]. Generation of such currents in the liquid 
core demands a very intensive convection, which is impossible [8]. According to the geodynamo theory, the 
mantle cannot create magnetic field due to high viscosity and the impossibility of fast convection [54]. However, it 
does not take into account the very significant flow of heat from the core to the surface generating thermoelec-
tricity due mainly to the degassing process.  

This proposed herein hypothesis suggests the mantle thermoelectricity as the main generator of geomagnetic 
field (GMF), which amplifies the magnetic field of the core. The core exciter may create a relatively small 
magnetic field, which would control the formation of the main GMF. The main field may be several orders 
stronger than the field generated by the solid-liquid core-mantle galvanic and convective currents. The amplifi-
cation of the core field and acceleration of the matter and heat transport by thermoelectric phenomena decreases 
free energy of the system and increases the rate of entropy production thus corresponding to the basic thermo-
dynamic principles.  

The heat and matter flows from the Earth’s core to its surface create thermoelectricity mainly at the phase 
boundaries. Self-focusing of the matter and heat transport leads to formation of mantle-plumes and hot-spots 
distributed as described by Jellinek et al. [45]. Plumes activity is accompanied by the local thermo-galvanic 
phenomena and correspondingly by local magnetic anomalies. The thermodynamics of the thermoelectric phe-
nomena was described by Goupil et al. [55]; the certain thermoelectric phenomena at the solid-liquid interface 
of silicon were studied by Rötzer et al. [56]. Many thermoelectric devices and systems use these phenomena for 
control of temperature and heat flow [57] [58]. The thermoelectric transducers converse into electricity of more 
than 0.1% of the heat flow at a relatively small heat flow density [55] [58].  

Following is the estimation of thermoelectricity we need for GMF generation: 
The total Earth’s magnetic field energy and its losses were estimated by Humphreys [59]: 

• the total magnetic field energy is about 7 × 1018 J; 
• the observed dipole and non-dipole energy losses are about 364 × 1015 J per 30 years. 

This value corresponds to average intensity of losses about 1.4 × 1011 W. The total heat flow through the 
Earth surface is about 46.7 × 1012 W ([60], Table 7). Thus, generation of thermoelectricity that provides GMF, 
accounts for less than 0.3% of the Earth’s heat flow. Formation of thermoelectricity is a spontaneous phenome-
non, which accelerates energy and matter transport.  

The simplest diagram of the proposed main GMF formation is shown below. The GMF’s oscillations of in-
tensity and direction, as well as of the local magnetic anomalies, are the natural results of the matter and heat 
transport from solid core to surface (Figure 4).  

Hydrogen and helium degassing through the mantle includes their interaction with the surrounding. Implanta-
tion of hydrogen and helium in the matter increases concentration of defects: pores, vacancies, Frenkel-pairs, 
dislocations, etc. [61]-[63]. These defects enhance gas and heat transport. Moreover, gas flows increase the rate 
of electrochemical processes on the phase boundaries and may take part in thermo-electrochemical processes 
(hydrogen electrode is a good example), thus generating additional electrical currents and corresponding mag-
netic fields.  

The Earth’s degassing [23] [24] causes also formation and collapse of gas bubbles, which generate shock 
waves and dramatically accelerates chemical reactions. Certain parameters of the reactions on the shock waves 
front were described by Liberman et al. [64], the most used and known example of this phenomenon being de-
tonation of explosives.  
 

 
Figure 4. The energy conversion according to the proposed model.                                       
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The following conditions are necessary for GMF generation: existence of the source of ionic (electric) cur-
rents, relatively fast rotation of the planet and energy flow generating thermoelectricity; presumably these gen-
erate magnetic fields also on some other planets and larger moons (Table 1).  

The data listed in Table 1 validate the proposed hypothesis. The Jupiter, Saturn, Uranus and Neptune have 
strong magnetic fields. The Mercury and Venus have mass and heat flow similar to the Earth’s, however the 
magnetic field of the Mercury is smaller than that of the Earth by factor 103 and the Venus has no detectable 
magnetic field. This may be explained by their smaller than the Earth’s rotation rate by a factor ≈59 and 243 
correspondingly.  

The Jupiter moons generate their own magnetic field depending on their mass, rotation rate and heat flow 
density. The solidification and dissolution processes generate ionic currents and thermo-chemical flows. Fast 
rotation causes deflection of these flows. The tidal waves cause the internal friction, which releases significant 
part of energy flow liberated from the moon surface.  

3. Variability and Reversibility of the GMF 
One of the weak points in the geodynamo paradigm is its liability in explaining the changing in intensity of 
GMF and reversals of its polarity. Geodynamo converts mechanical energy to electricity thus any reversibility of 
field needs reversibility of motion with corresponding overcoming the inertial forces, which is out of the question.  

The proposed herein hypothesis explains these processes as follows: for changing intensity and polarity of 
GMF it is enough to change the parameters of its exciter. The typical power of exciter is from 3% to 0.5% from 
 
Table 1. Properties of solar planets, their moons and magnetic fields.                                               
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Mercury 0.330 4879 5427 1407.6 30 - 50*  0.011 300** [65], *[75], **[67] 

Venus 4.87 12,104 5243 −5832.5 16100 521 0 0 [65] 

Earth 5.97 12,756 5514 23.9 81* 32.7 1 31,000** [65], *[1] p 27, **[72] 

Moon 0.073 3475 3340 655.7 22 - 31*  0 0 [66], *[70] 

Mars 0.642 6792 3933 24.6 0 0 0 0 [65] 

Jupiter 1898 142,984 1326 9.9  33 20,000* 428,000* [65], *[72] 

Io 0.0893 3644 3530 42.5 2240*   1850** [66], *[71], **[74] 

Europa 0.048 3122 3010 85.2 267*   410** [66], *[71], **[74] 

Ganymede 0.148 5262 1942 171.72 30*   719** [66], *[71], **[74] 

Callisto 0.108 4820 1830 400.5 20*   10** [66], *[71], **[74] 

Titan 0.1345 5152 1881 382.7 74*   0** [66], *[71], **[74] 

Saturn 568 120,536 687 10.7  61.8 600* 22,000* [65], *[72] 

Uranus 86.8 51,118 1271 −17.2  14.8 50* 23,000* [65], *[72] 

Neptune 102 49.528 1638 16.1  26.4 25* 14,000* [65], *[72] 

Pluto 0.0131 2390 1830 −153.3  7.7 ? ? [65] 

Notes: ΔT ˚K characterizes energy flow through surface; it may be estimated by comparison of the effective surface temperature [68] with the ob-
served one [69]; Galilean satellite energy flow is estimated as summary of tidal dissipation (Tidal) and internal energy release (Rad) from ([71], Table 
7.1); Galilean magnetic field according to ([73], Table 5).  
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the power of the main generator for small and big electrical machines correspondingly. Ionosphere electricity 
causes change in GMF with amplitude about 1% so this value may be used as first approximation.  

The exciter field intensity and polarity depends on the ratio of the solidification mass flows in the northern 
and in the southern hemispheres, which is governed by migration of the solidifications zones. If the ratio is close 
to one, the intensity of GMF will be close to zero. Predominance of thermo-chemical flows in one hemisphere or 
the other will dictate GMF’s polarity. Thus a reverse of the main GMF does not need any dramatic change of 
thermo-chemical flows direction and the corresponding compensation of their inertia. Energy demand for re-
verse of thermoelectric currents is negligible.  

Physicochemical reactions generate ionic currents and thermo-chemical flows connecting anode and cathode 
zones of solid core and mantle. These flows are deflected by Coriolis forces thus creating the exciting magnetic 
field. Coriolis forces act in the equatorial zone ±60 latitudes thus determining the main dipole of GMF.  

The matter, mainly silicates, of the mantle is an ideal medium for thermoelectricity generation on the all phase 
boundaries. Thermoelectricity improves heat and matter transport. The spatial orientation of thermoelectric 
loops always corresponds to external magnetic field because it decreases free energy of the system. It is princi-
pally important that thermoelectric loops amplify magnetic field of exciter. Contrary to that, the induced currents 
always decrease the magnetic field inducing them. The ionosphere currents and magnetic storms are good ex-
amples of such an action.  

4. Conclusions 
The proposed herein thermo-galvanic model of the Earth’s magnetic field, based on the energy of the Earth’s 
degassing, explains all the observed magnetic field properties. Every point of considerations, including: galvanic 
phenomena at selective solidification, formation and deflection of thermo-chemical flows, generation of ther-
moelectricity at heat flow in mantle etc. can be checked or repeated at easily available conditions.  

The proposed model suggests the following necessary conditions for the planetary magnetic field generation: 
1) running chemical or mechanical processes of the ionic current generation, 2) release of significant heat flows 
due to degassing, gravitational differentiation and to tidal dissipation, 3) deflection of the thermo-chemical flows 
due to fast rotation. The proposed model does not contradict any known data.  

As it was mentioned in the Section 1, the primordial H- and He-degassing processes are the source of major 
energy release equal to 5.12 × 1020 J/yr—half of the present rate of the heat flow from the Earth’s surface [23] 
[24]. The Earth’s degassing is discussed also in: Sandel et al. [76], report NASA [77], Gonnermann and Muk-
hopadhyay [78], Gonnermann and Houghton [79] and on other planets, for example, on the Mercury, in Hern-
dorn [80]. 
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