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Abstract 
Mizuno et al. recently published a paper in this journal describing a new hypothesis that accounts for pre-earthquake 
ionospheric disturbances that have been reported in earlier studies, although the reliability of these reports is debated. 
According to their hypothesis, the origin of the ionospheric disturbances is frictional heating along the fault by pre-
earthquake slip. Due to this heating, the water in the fracture layer becomes supercritical, and electrical charge is stored 
inside the layers. The stored charge generates a difference in the electric potential (voltage) across the upper and lower 
sides of the layer, which in turn induces changes in the electric field between the Earth’s surface and the ionosphere. 
Based on simple calculations and experiments, they propose that this scenario is realistic; however, their analysis includes 
fundamental flaws. Their estimate of the temperature increase is erroneous, as they ignore the thermal diffusion; 
consequently, they overestimate the temperature increase by a large margin. Moreover, Mizuno et al.’s explanation for 
the generation of the electrical field is unrealistic. They assume that the charge inside the fracture layer generates a voltage 
across the layer; however, this claim ignores basic electromagnetic theory. In summary, the scenario described in Mizuno 
et al.’s paper is implausible, although their experimental results are valid.  
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1. Introduction 
 
Mizuno, Kao, and Umeno recently published a paper in this journal ([1]; herein referred to as MKU24) in 
which they presented a new hypothesis that might account for the downward drift of the ionosphere before 
earthquakes. Pre-earthquake electromagnetic phenomena, including ionospheric disturbances, have been 
reported previously [e.g., 2–6], although the reliability of the reports of these precursory phenomena is debated 
and opposing views have also been published [e.g., 7, 8]. If these precursory phenomena really exist, a major 
problem is understanding the mechanisms that generate them. To date, no mechanisms for precursory 
electromagnetic phenomena have been accepted widely.  
 MKU24 assumes that the pre-seismic downward drift of the ionosphere is caused by the following 

mechanisms:  
 The electrification in the supercritical state generates a difference in electrical potential across the 

fracture layer, which changes the electrical field and causes the downward drift of the ionosphere 
(sections 2.2–2.4 of MKU24).  

To support this scenario, MKU24 performed a preliminary experiment to demonstrate that electrification 
occurs in a clay–water mixture at high temperatures and pressures (section 3 of MKU24). In conclusion, 
MKU24 state in the second paragraph of section 4 that “Using several assumptions, we have estimated the 
charge and energy stored in the fractured layer are sufficient to cause the downward drift of the ionosphere for 
20 km”.  
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However, this conclusion is based on major errors. Even if their experimental result is correct, 60 their 
theory cannot account for the downward drift of the ionosphere. Below, I list the two main 61 problems with 
their hypothesis. 
Frictional heating due to fault slip generates high temperatures in the fracture zone on 49 a fault plane (fracture 
layer), resulting in supercritical water in the layer (section 2.1 of 50 MKU24). 
 
 
2. Major issues  
 
2.1 Incorrect estimate of the temperature rise inside a fracture layer  
 
MKU24’s theory begins with the hypothesis that frictional heating due to pre-slip (i.e., slow, subtle slip on a 
fault before large earthquakes) causes a marked rise in temperature, which transforms the water in the fracture 
layer into a supercritical state. To confirm their hypothesis, they use the example of a segment with area, S, of 
1 m2 that slips 1 × 10−2 m. The width of the fracture layer, d, was assumed to be 1 × 10−5 m. Using these values, 
they estimated that the corresponding frictional heat per unit area, Q, is ~4 × 105 J m−2. They further estimated 
that the temperature increase in a volume S × d (1 × 10−5 m3) due to this heat energy is >1000 °C, which is 
sufficient to produce supercritical water.  
 Although not explicitly described in their paper, MKU24 appear to estimate the temperature increase (𝑇mku) 
as follows: 
 
   𝑇୫୩୳ = ொௌ஼ఘௌௗ                  (1) 

 
where C is the specific heat capacity and ρ is the mass density. The values of C and ρ are needed to estimate 
the temperature increase when the heat is specified. If we assume that C is 4 × 103 J kg−1 K−1 and ρ is 1 × 103 
kg m−3, which correspond to liquid water, and assume the other parameters are the same to those used by 
MKU24, 𝑇mku is ~10,000 K (10,000 °C), which is sufficient to produce supercritical water, as described by 
MKU24.  

However, the above calculation does not give the correct temperature increase because it ignores the 
thermal diffusion. A more realistic estimate of the increase in temperature (𝑇correct), considering the thermal 
diffusion, is as follows: 

 
  𝑇ୡ୭୰୰ୣୡ୲ ≅ ொඥ௞஼ఘ௧బగ                 (2) 

 
where 𝑘 is the thermal conductivity coefficient and 𝑡0 is the duration over which the heating occurs. The 
derivation of this equation is presented in the Appendix. Eq. (2) yields a much smaller estimate of the 
temperature increase than Eq. (1), which shows that the temperature increase calculated by MKU24 is greatly 
overestimated. For example, assume that t0 is 0.5 s and k is 0.6 J s−1 m−1 K−1, although not very accurate. Then 
the ratio is approximately  

 

  ౙ்౥౨౨౛ౙ౪்ౣౡ౫ = ௗඥ஼ఘඥ௞௧బగ  ~ 2 × 10ିଶ              (3) 

 
Note that the actual value of the thermal conductivity k would be much larger [e.g., 9], giving a smaller 

value of the ratio. This demonstrates that the actual temperature increase is two orders of magnitude smaller 
than that suggested by MKU24. If we assume a larger value of d, this ratio becomes larger; however, 𝑇mku 
becomes smaller. In any case, 𝑇correct rarely reaches 1000 K, and the parameters assumed by MKU24 do not 
give rise to supercritical water as a result of pre-slip. 
 MKU24 and the discussion above assume the fault parameters corresponding to pre-slip. If we assume 
fault parameters that correspond to the main shock, the estimated temperature increase is much larger than that 
obtained in the calculation above and can possibly account for a supercritical state; however, the conclusions 
of MKU24 were related to pre-earthquake phenomena. 
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2.2 Implausible mechanism for generating a voltage across a fracture layer 
 
MKU24 assumed that positively charged particles are generated in the supercritical fluid in the fracture layer. 
The situation assumed by MKU24 is illustrated in Fig. 1 (a). MKU24 stated that “Existence of charged particles 
inside the fractured layer causes a voltage across the layer” (first sentence of the last paragraph of section 2.2 
of MKU24; see also the first sentence of their section 2.3).  

However, MKU24’s explanation for the generation of potential difference due to the positive charges is 
not plausible. Charges inside a fracture layer cannot cause a voltage across that layer (Fig. 1 (a)). Likewise, 
positive charges inside a fracture layer and negative charges outside the layer do not cause a potential 
difference across the layer (Fig. 1 (b)), only between the inside and outside of the layer. A voltage across the 
layer is only generated by a separation of charges on either side of the layer; i.e., positive charges on one side 
and negative charges on the other (Fig. 1 (c)).  
 MKU24 assumed positive charges on the upper side of the fracture layer and negative charges on the lower 
side (Fig. 1 (c); Fig. 1 of MKU24), without any explanation of how or why the positive and negative charges 
are separated this way; they only describe how the charged particles are generated inside the layer. An 
experiment described in section 3.1 of MKU24 demonstrates that supercritical fluids can generate positive 
charges inside the fracture layer (and negative charges. outside the layer); however, this experiment only 
demonstrates the possibility of the situations shown in Fig. 1 (a) or (b), not that shown in Fig. 1 (c). Therefore, 
MKU24’s discussion in their sections 2.2 and 2.3, which is based on charge separation as illustrated in Fig. 1c, 
is not supported by evidence.  
 In addition, MKU24’s theory is flawed even if charge separation occurs. Because of the conductivity of 
the Earth’s crust (typically 10−1 to 10−4 S m−1), separated charges should dissipate very quickly. Johnston 
estimated that the relaxation time of charge in the Earth’s crust with an electrical conductivity of 10−3 S m−1 is 
10−6 seconds [10]. MKU24 suggests that high resistivity due to the supercritical fluid would make it possible 
for the charge to persist for a sufficient duration (second paragraph in their section 4); however, even if we 
assume that the fracture layer becomes a perfect insulator in the supercritical state, discharge should occur 
through the margin of the fracture layer because the area of the fault is finite. Indeed, MKU24 state that “The 
generated charge is discharged directly within the fractured layer and through the surrounding quasiconductive 
crust” (last paragraph of their section 2.3). This means that, even if an electrical field is generated as MKU24 
describe, the field should disappear rapidly and therefore would not result in a downward drift of the ionosphere. 

 

 
Fig. 1. Three possible distributions of electrical charge. The “+” and “−” symbols represent 
positive and negative charges, respectively, and the dotted area represents the fracture layer around 
a fault. (a) Positive charges inside the fracture layer. (b) Positive and negative charges inside and 
outside the fracture layer, respectively. (c) Positive and negative charges on the upper and lower 
sides of the fracture layer, respectively. 
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3. Conclusion 
 
Key components of MKU24’s scenario are implausible. Frictional heating cannot generate the high 
temperatures required to generate supercritical water. Even if a supercritical state is reached and the 
supercritical fluid generates a charge in the fracture layer, it cannot generate an electric field that would drive 
a downward drift of the ionosphere.  

In summary, MKU24’s conclusions about the mechanism that generates pre-earthquake ionospheric 
anomalies are unsupported, although their experimental results on charge generation under supercritical 
conditions may be valuable. Theories based upon their conclusions should be corrected based on an appropriate 
understanding of seismology and electromagnetic theory. 
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Supporting Information 
 
 
Appendix: Estimate of the temperature rise  
 
Consider a uniform medium in which a time-varying heat source, 𝑞(𝑡), exists on a plane expressed by 𝑥 = 0 
that illuminates a fault in the Earth’s crust. The temperature, 𝑇, is a function of location, 𝑥, and time, 𝑡, and 
obeys the one-dimensional thermal conduction equation: 
 
   డడ் 𝑇ሺ𝑥, 𝑡ሻ = 𝑎 డమడ௫మ 𝑇ሺ𝑥, 𝑡ሻ                    (A1) 
 
with the following boundary conditions: 
 
   𝑘 డడ௫ 𝑇ሺ𝑥 = ±0, 𝑡ሻ → ∓𝑞ሺ𝑡ሻ and              (A2) 
 
   𝑇ሺ𝑥 = ±∞, 𝑡ሻ = 0                 (A3) 
 
 
where 𝑎 = 𝑘/𝐶𝜌, 𝑘 is the thermal conductivity coefficient, 𝐶 is the specific heat capacity, and 𝜌 is the mass density. 
We wish to know the heat generated by the frictional force during slip on a fault. If the slip occurs during 0 ≤ 𝑡 < 𝑡଴ 
with a constant speed, and if the frictional force is also constant during the slip, the heat, 𝑞, is given by 
 

   𝑞ሺ𝑡ሻ = ൜𝑄/𝑡଴, 0 ≤ 𝑡 < 𝑡଴0. 𝑡଴ ≤ 𝑡                (A4) 

 
 
 Note that Q is the heat per unit area, whereas q is the heat per unit area per unit time; therefore, Q corresponds to 
that in Eqs. 1–2 in the main text. The solution of Eq. (A1) under these conditions [Eqs. (A2)–(A4)] is given by 
 

   𝑇ሺ𝑥, 𝑡ሻ = ொ஼ఘ௧బ × ൜ 𝐹ሺ𝑥, 𝑡ሻ 0 ≤ 𝑡 < 𝑡଴𝐹ሺ𝑥, 𝑡ሻ − 𝐹ሺ𝑥, 𝑡 − 𝑡଴ሻ 𝑡଴ ≤ 𝑡          (A5) 

 
where the function 𝐹 is defined as 
 
   𝐹ሺ𝑥, 𝜏ሻ = √ఛ√గ௔ exp ቀ− ௫మସ௔ఛቁ + ௫ଶ௔ erf ቀ ௫ଶ√௔ఛቁ − ௫ଶ௔  sgnሺ𝑥ሻ         (A6) 
 
and sgn is the sign function. It is straightforward to confirm that this function satisfies the governing equation and the 
boundary conditions. 
 Near the fault plane, 𝑇ሺ𝑥, 𝑡ሻ reaches a maximum at 𝑡 = 𝑡଴, which is the time that slip ends. The maximum value is 
 
   𝑇ሺ𝑥 = 0, 𝑡 = 𝑡଴ሻ = ொඥ௞஼ఘ௧బగ               (A7) 
 
 This is the same as Eq. (2). Note that the thermal diffusion in a three-dimensional case is faster than that in one 
dimension; therefore, this estimate is an upper bound on the temperature increase. 
 


