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THE INFLUENCE OF WATER ON THE FORMATION
OF EARTHQUAKE SOURCE

Abstract. A hypothesis is proposed to explain the relationship between the number of earthquakes and
geographical latitude. Analysis of ultra-deep well drilling results showed that the boundaries of seismic wave
reflection that were taken beyond the boundary between the granite and basalt layers were actually related to the rock
decompression zone due to increased porosity and microcracking in the main granite layer. These cracks allow water
to penetrate the rocks while being compressed and heated at the same time. Calculations show that at a depth of
30 km the temperature should be 460 degrees, and at 42 kilometers (at the base of the Earth 's crust) - already
580 degrees. The pressure at these depths is 3000 and 4200 atmospheres, respectively. When the temperature reaches
374.3 degrees Celsius and 221 atmospheres, the water changes to a supercritical state. In this state, water has special
properties, in particular, increased solubility of various substances and high oxidative capacity. It mixes freely with
oxygen, hydrogen, and hydrocarbons. Even with a small change in pressure and temperature, complete dissolution
or, conversely, precipitation of oxides and salts can occur. The pressure required to achieve the supercritical state is
already reached at a depth of 2.2 kilometers. The required temperature is reached at depths of 20-25 kilometers.
However, in areas of magmatic hearths, this temperature can be reached at significantly lesser depths. The
dissolution of rocks can lead to the formation of cavities like karst, the collapse of the arches of which leads to the
collapse of large arrays of rocks with the formation of new cavities over the filled-in cavity, leading to the formation
of sub-vertical clusters of earthquake hypocenters, called seismic "nails". At the same time, a Coriolis force
proportional to the cosine of latitude must act on the water moving underground. The distribution of the centers of
strong earthquakes shows a more sharp decrease in their latitude, proportional to the third degree of the cosine of
latitude. These calculations show that the number of earthquakes correlates fairly well with the cubic root of latitude.
An additional factor, which also depends on latitude, may be the increase in rock treadiness, which increases towards
the equator in proportion to the square of latitude, reducing rock resistance to fluid movement and resulting in an
increase in the speed of movement of the rocks.
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In 1927, as a result of the analysis of the locations of the epicenters of 1551 major earthquakes from
1903 to 1920, Moran established a relationship between the number of earthquakes and geographical
latitude, these data were subsequently summarized by Polycarpov [1]. However, to date, there are no
sufficiently convincing hypotheses explaining the nature of this relationship. Statistical analysis of a wider
range of observational data (205311) from 1973 to 2014, added to the NEIC global seismological
catalogue for earthquakes with magnitude greater than 4.5, showed a structural correspondence between
the geographical location of seismically active zones and the geometry of the main geomagnetic field [2].
The reason for this dependency was not identified. The emergence in 2014 of work [3], which justified the
connection of the main geomagnetic field of the Earth with the rotation of polarized silicon dioxide
molecules, which form the basis of the Earth 's crust and mantle substance, allowed to put forward a
hypothesis on the influence of water on the formation of earthquake sources.

The inner structure of Earth has now been studied very little. Analysis of the results of drilling of
ultra-deep wells [4] showed that no ultra-deep well confirmed the geological cut that was expected before
drilling began. And that the boundary of seismic wave reflection that was taken beyond the boundary
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between the granite and basalt layers is actually related to the rock decompression zone. Decompression
has been associated with increased porosity and microcracking in the base granite layer. These cracks
allow water to penetrate the rocks.

Starting from depths of about 6-7 kilometers the strength of rocks is violated very much and it is not
possible to keep the vertical of wells in practice. The deepest well in the world Kola (12261 meters)
deviated from the vertical by 840 meters. The KTB-Oberpfalz well (Bavaria, Germany) remained the most
vertical in the world to a depth of 7500 m, but then deviated 300 meters, reaching a depth of 9901 m. Due
to high temperatures and high pressure, drill strings were repeatedly destroyed. At a depth of 12 km, the
Kola well recorded a temperature of 212 degrees Celsius. Calculations show that at a depth of 30 km the
temperature should be 460 degrees, and at 42 kilometers (at the base of the Earth 's crust) - already
580 degrees. The pressure at these depths is 1200, 3000 and 4200 atmospheres, respectively.

At depths of more than 4.5 km, even plastic clays are transformed into brittle argyllites prone to
cracking and permeable to liquids and gases. Crack systems form subvertical fluid migration channels [5].

Thus, water penetrating through the fractured channels into the Earth 's interior under the influence of
gravity is heated. It can be seen from the water phase diagram (Fig.1) that when the temperature of the
647.3 OK and the pressure of 22.1 MPa (374.3 degrees Celsius, 221 atmosphere) are reached, the water
must become supercritical. In this state, water has special properties, in particular, increased solubility of
various substances and high oxidative capacity.
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Figure 1

The pressure required to achieve the state of supercriticality is already reached at a depth of
2.2 kilometers. The necessary temperature - on average reached only at depths of 20-25 kilometers. In
areas of magmatic hearths, such temperatures can be reached at substantially lesser depths. Thus, a
temperature of 223 °C was recorded on the Tyrnyauz well (North Caucasus, Russia) at a depth of only
4001 meters. This well was drilled to build a geothermal station [4]. And the solubility of various
substances in supercritical liquids is primarily influenced by temperature. It has been shown in [6], that
even at pressures 4 times higher than supercritical, the best solubility of the substances is observed near
the supercritical temperature. The results of the experiments published in [7] show that supercritical water
is indefinitely mixed with oxygen, hydrogen and hydrocarbons. Even with a slight change in pressure and
temperature, complete dissolution or, conversely, precipitation of oxides and salts may occur. Of the
30 ceramics studied, only pure alumina and alumina with zirconium oxide were not corrosive by
supercritical water. At the same time, despite the high concentration of dissolved substances, the electrical
conductivity of water in the supercritical state remains quite low and can vary significantly even with
small variations in temperature and pressure.

If we accept the presence of water in a sub-and supercritical state in the depth of the earth and its
circulation, the dissolution of rocks can lead to the formation of cavities like karst, which are well known
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for their ability to collapse with the formation of karst craters. The collapse of the vaults of such cavities in
the depth of the earth does not directly lead to the formation of craters, but only to the collapse of large
masses of rocks with the formation of new cavities over the filled-in cavity. The sub-vertical clusters of
earthquake hypocenters were described in detail in [8], in which they were called the seismic "nail". Such
hypocentres are typical mainly for earthquakes with small magnitudes (2-3). The epicentral projection of
such "nails" has a diameter of 5-10 kilometers. The time of their formation is from a few days to a month.
The authors of this work assumed the connection between the formation of these "nails" with fluids.

In [8] it was shown (from the earthquake analysis for the period 1900-2004) that there are several
depths at which severe earthquakes occur most frequently. The figures given in this work show that at a
depth of 25 kilometers earthquakes occur most often, although there are several more depths where
statistically they are more frequent (10, 33, 40 and further up to 250 km every 10 km). As depths increase,
the vertical dimensions of the blocks increase. The data presented in [8] show that, within a century cycle,
the accumulated energy is gradually transferred from the deeper layers of the Earth 's substance to the
upper layers.

But if there is a circulation of water under the ground, then the Coriolis force must act on this water.
Under the influence of this force on the surface of the earth, rivers shift their channels, washing away one
of the banks. When water (fluids) moves from the earth's surface to its center, the maximum value of the
Coriolis force will be at the equator, but it will be absent at the poles. The Coriolis force for vertically
directed fluids decreases from the equator to the poles in proportion to the cosine of latitude. And the
distribution of centers of strong earthquakes shows a sharp decrease in their latitude. We will use the data
of Moran 's statistics [1] from the work of Polycarpov mentioned at the beginning of the article. It
analyzed 542 earthquakes from 1914 to 1920 and 1009 earthquakes from 1903 to 1910.

Table 1 - Distribution of the number of earthquakes by latitude

Latitudes, Number of Average Cosine of Cosine Estimated number Deviation, %
degrees earthquakes latitude, degrees | average latitude cube of earthquakes
0-10 450 5 0,996 0,988 450 0
10-20 329 15 0,966 0,901 410 20
20-30 244 25 0,906 0,744 339 29
30-40 258 35 0,819 0,549 250 3
40-50 152 45 0,707 0,353 161 6
50-60 87 55 0,574 0,189 86 1
60-70 21 65 0,423 0,076 35 40
70-80 9 75 0,259 0,017 8 12
80-90 1 85 0,087 0,001 0 -

The table shows that the number of earthquakes correlates fairly well with the cosine of the third
degree of latitude. So, in addition to the Coriolis force, there must be some other factors that also depend
on latitude.

In 2016, a paper [9] was published to explain the causes of vertical cracking of rocks at great depths,
which contributes to the penetration of fluids into the earth's interior. It has been calculated tangential
mass forces (TMS) and shows that the power of stress horizontal stretching and shear depend on the
square of latitude and decrease from the equator to the poles. If we accept this hypothesis and assume that
the fracturing of rocks increases to the equator in proportion to the square of latitude, then, accordingly,
the resistance of rocks to the movement of fluids should decrease, leading to an increase in the speed of
their movement. This may be the additional factor leading to an increase in the Coriolis force, and thus the
pressure of fluids on the rocks in the horizontal direction.

The work was carried out on the RBP-008 "Development of space technologies for monitoring and
forecasting natural resources, man-made changes in the environment, creation of space technology and
ground space infrastructure, research of objects of far and near space” within the framework of the topic
"Development of statistical models of spatial and time variations of seismicity characteristics in
connection with variations of the structure and dynamics of the radiation belt of the Earth (2018-2020),
registration number (RN). 0118RK00797
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'KEP CLIKIHICI OIIAKTAPBIHBIH KAJIBITITACYBIHA
CY/JIbIH O9CEPI

AnHOTanusi. Makanazia ’ep CUIKIHIC CaHBIHBIH reorpadusuIblK KeHAIKIIeH OaiIaHbIChIH TYCIHAIPETIH TUIIOTE3a
YChIHBIIaAbl. TepeH yHFpIManapabl Oyprbulay HOTIKECIH Tajlay TpaHUT >KoHe Oas3anbT KabaTTapbIHBIH
IIeKapachlHla KaObUIJaHFaH CEHCMUKAIIBIK TOJIKBIHIAP/ABIH KOpIHIC IIeKapajapbl HETi3iHEH TI'paHUT KaOaThIHBIH
KEYEKTIiI'lT MEH MHUKpPOXKapbIFbIHBIH YJIFAlObIHA OalIaHBICTHI JKBIHBICTBIH THIFBI3JANY aiiMarbIMeH OaiIaHbBICTHIFBIH
kepcerti. JKapblK Cyfa Tay O KbIHBICTApBIHBIH IIIiHE €HIiN, KbICBUIAABl opi Kbi3aapl. Ecenrtey OapbichiHzIa
kepcerinrenael, 30 kM TepeHuikre Temneparypa 460 rpamyc, an 42 xkwiomerpae (3kep KbIPTHICHIHBIH TYOiHIE)
580 rpaxyc 60uysl Tric. Ockl Tepenaikreri KpichiM THicinme 3000 sxone 4200 atmocdepansl Kypaiasl. Temmneparypa
374,3 rpanyc Llenbcuiire sxone 221 armocdepara KeTKeH/E Cy ChIHAK KyWre aybicaabl. by skarmaiiza cy epekiue
KacHeTKe, aTall aiTKaH/a, TYPJl 3aTTapIbIH >KOFaphl epyl MeH TOTHIFy Kabinerine ue. O OTTeriMeH, CyTeriMeH oHe
KeMipcyTeKTepMeH apayacaibl. TinTi, KbICBIM MEH TEMIIepaTypaHblH OOJIMalIbl e3repici Ke3iHae Ie TOJIBIK epill
HeMece KepiciHIle, OKCHATEp MEH TY3JIapAblH HIeTyi MYMKiH. Aca CHIHM >KarAaifa >KeTy YILIH KaKETTi KbICHIM
2,2 KWJIOMETp TEpeHJIKTe, KaKeTTi Temreparypa 20-25 KmioMeTp TepeHJikTe kereni. AJaina, MarMaiblK OIIaK
ayJaHAapblHIa MYHIAll TeMieparypara alTapibIKTaid a3 TepeHIIKTe KOJ )KeTKizyre Oomazapl. Tay >KbIHBICTAPBIHBIH
epyi cebebiHeH KapcTpalbIK CHIH/BI KybIcTap Maiaa 00irybl MyMKiH, OJap IbIH KYMOe3IepiHiH KyJlaybl CEHCMHKAIbBIK
«Ieresiepy el aTalaThlH JKep CUIKIHICI THIIOOPTaIBIKTapbIHBIH CyOBEpTHKAJIbIBI TONTaHybIHA oKejei. COHbIMEH
Oipre »ep acTelH/a KO3FanaThiH cyra Kopronmc Kymri acep eTyi THic, eH/IiK KOCHHYChIHA IPONopIHoHapl. KarTel
JKep CUIKIHIC OIIaKTapbhIHBIH Tapajaybl OJapAbIH KEHMIIK INETiHIH YIIIHIII Jope)XeciHe MPONOPLUOHANABl KeHJIr1
apKbUIBl KYPT a3aiifaHblH Kepcereni. KenTipuireHn ecenrey >KyMmbIcTapbl KOPCETKEH/IEH, JKep CUIKIHICTEpiHIH CaHbI
KEHJIIKTE TEKIe TaMbIPbIMEH >KaKChl KOppeJsIIUsUIaHabl. OpEeKeT eHMIKKe TayenIi OoJaThIH KOochIMIIa (hakTop
(hmronaTep KO3FAJBICHIHA TAy S>KBIHBICTAPBIHBIH KEIEPTICIH a3alThIN JKOHE OJapJblH KO3FAIbIC >KbUIJaMIbIFBIH
apTTHIPAThIH KeHJIIK KBaIpaThIHA IIPONOPLMNOHAI SKBAaTOPFa YJIFasThIH )KbIHBICBIHIAFBI KEYEK 6CYy1 MYMKIH.

Tyiiin ce3aep. XKep cinkiHici, xxep ciIKiHici omarsl, Gronarep
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BJIMSAHUE BO/IbI
HA ®OPMHUPOBAHUE OUYAT'OB 3EMJIETPSICEHUI

Annotanus. [Ipemaraercs runoresa, OOBSCHSIOMIAS CBSI3b KOJIMYECTBA 3eMIIETPsICEHHH C reorpaduieckon
IMIAPOTOH. AHaNmM3 pe3yiabTaToB OypeHWs CBEpXIIIyOOKMX CKBaXMH II0Ka3aj, 4YTO TPAHHUIBl OTPaKCHUS
CeiCMHYECKHUX BOJH, KOTOPbIE NMPUHUMAIACh 332 TPAHUILy MEXTy T'PaHUTHBIM U 0a3ajJbTOBBIM CJIOSIMH, Ha CaAMOM
Jiesie CBA3aHa ¢ 30HOU pa3yIUIOTHEHUS MOPOJ U3-3a YBEIUUEHHs TIOPUCTOCTH U MUKPOTPEIMHOBATOCTH B OCHOBHOM
TPaHUTHOM cJ0€. OTH TPELIMHBl MO3BOJSIOT BOJAE MPOHMKATh BHYTPb TOPHBIX MOPOJ, MPH ITOM MOABEPrasich
C)KaTHIO U HarpeBy OJHOBPEMEHHO. Pacyérsl mokaspiBailoT, 4yTo Ha riayomHe 30 KM TemmepaTypa JOJDKHA OBITh
460 rpanycos, a Ha 42 xwioMerpax (y OCHOBaHMS 3eMHOW Kopwl) — yxke 580 rpamycos. JlaBieHue ke Ha 3THX
riryounax cocrasisier 3000 u 4200 atmoctep coorBercTBeHHO. Ilpu nmoctikennu temmneparypsl 374,3 rpamyca
Henscust u 221 arMocdep Boja MEPEXOJUT B CBEPXKPUTHYECKOE COCTOSHUE. B 3TOM cocTosiHMm Boja obOiamaer
0COOBIMH CBOMCTBAMHM, B YAaCTHOCTH, IIOBBIIICHHONW pacTBOPSIEMOCTBHIO PpA3IMYHBIX BEIIECTB M  BBICOKOU
OKHCIIUTENBHON cIOCOOHOCTHI0. OHa HEOTPAaHWYEHHO CMEIINUBAETCSI ¢ KUCIOPOAOM, BOJIOPOIOM U YIIIEBOAOPOIaMHU.
Jaxe npu HeOONBIIOM W3MEHEHHWHW JABJICHUS M TEMIIepaTypbl MOKET IPOMCXOAMTH MOJHOE PAcTBOPEHHUE HIIH,
HA000pOT, OCaXKJEHNE OKCHUIOB U coiieil. HeoOXxoaumMoe it JOCTHKEHHSI COCTOSIHUSI CBEPXKPUTHYHOCTH JIaBIICHHE
JocTHTaeTcs yxe Ha riyomne 2,2 kwiomerpa. HeoOxoammas Temmeparypa JJOCTHraeTcsi Ha TIIyOMHax
20-25 knnomerpoB. OfHAKO B paiioHaX MarMaTHMYECKUX OYaroB, Takas TEMIIEPAaTypa MOXKET OBbITh JIOCTHIHYTa Ha
CYIIECTBEHHO MEHBIIMX TIIyOMHaxX. PacTBOpeHHE TOpHBIX HOPOJ MOXKET MPUBOAUTH K OOpa3oBaHUIO IOJIOCTEH
Haro1001e KapcTpOBhIX, OOpYIIEHHE CBOJOB KOTOPBIX IMPUBOJUT K OOPYIIEHHIO OOJBIINX MAacCCHBOB FOPHBIX TOPOJ
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¢ oOpazoBaHMEM HOBBIX IIOJIOCTEH HaJ 3aCHIIAHHOW MOJOCTHIO, MPHUBOAA K (HDOPMHPOBAHUIO CYOBEPTHKAIBHBIX
CKOIUVICHUM THIOLIEHTPOB 3EMJIETPSICEHUM, Ha3bIBAEMbIX CEHCMHUYECKUMHU «TrBO3IAMU». B TO ke BpemMsa Ha
JIBIDKYIIYIOCS TIOX 3eMJIEN BOAy MOJDKHA NeiicTBoBaTh cmia Kopmonmca, mpomopunoHanbHas KOCHHYCY HIMPOTHL
Pacripenenenne o4yaroB CHJIBHBIX 3EMIICTPSICEHHI TMOKa3plBaeT 0oJjiee pPE3KOe YMEHBLIGHHE HX C IIUPOTOM,
[IPONIOPLIMOHAIBHOE TPEThEH CTENEHU KOCUHYca WMPOTHI. [IpuBenéHHBIE PacU€Thl MOKA3bIBAIOT, YTO KOJIUYECTBO
3eMJICTPSICEHUI JTOCTATOYHO XOPOIIO KOPPEIUPYETCsl C KOPHEM KyOWYeCKUM OT MIMPOTHL. J{OMOJHHUTEIHHBIM
(hakTOpOM, JAEHCTBHE KOTOPOTO TAKXKE 3aBUCHUT OT IIUPOTHI, MOXKET CIIY>KUTHh POCT TPEIIMHOBATOCTH MOPOI, KOTOpast
YBEJIMYMBAETCSI K JKBATOPY MNPOMOPHHMOHAIBHO KBAaApaTy IIHUPOTHI, YMEHBINAs COMPOTHUBICHHE TOPHBIX ITOPOJ
JBIDKEHUIO (IIFOUIOB U IPUBOIS K YBEIIMIEHUIO CKOPOCTH UX JBIDKEHHS.

Ki1oueBble c10Ba: 3eMJICTPSICEHUE, OYar 3eMJIeTPsICeHNUs, (DITIONIbI.
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