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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 0f 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 O0C 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 ofthis 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 ofthe 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 offar 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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YKEP CLUK1H1C1 OLIALTAPBIHbLL LLAMBINTACYbIHA
CY[bll, 0CEP1

AHHoTauusa. Makanaga »ep CLULLLIC CaHbIHbIH reorpaManbiK KeHAiKneH 6alifaHbICbiH TY CIHAIPETIH runoTesa
ACblHbINaAbl. TepeH ¥HroiManapAbl O67proinay HITWXKECIH Tangay rpaHUT X3He 6asaibT  KabaTTapbiHbIH
LUeKapacbiHAa KabbligaHraH CelicMUKablK TOMKbIHAAPAbIH KepiHIC Liekapanapbl HerisiHeH rpaHuT KabaTbiHbIH
KEYEKTIr MeH MWUKPOXApbITblHbIH ~NTaroblHa 6aNaHbICTbl XKbIHLICTbIH Thirbi34a/ly aiMarbiMeH 6aiinaHbICTbIrbIH
KepceTn. >KapblK cyra Tay XXbIHbICTapblHbIH LILIE eHiM, KbiCbinadbl 3pi Kbi3adbl. Ecentey 6apbicbiHAa
KepcenareHge, 30 KM TepeHmKre Temnepatypa 460 rpagyc, an 42 kunomeTpge (Kep KbIpTbICbIHbIH TYGIHAE)
580 rpagyc 6onybl Tvic. Ocbl TepeHgKren KoicbiM TiciHwe 3000 x3He 4200 atmoctepaHbl K¥paiigbl. Temnepartypa
374,3 rpagyc Llenbcuiire »xasHe 221 aTMocgepara XXeTKEHAE CY CblHaK KYWire ayblcagpl. B\n xarfganga cy epekiue
KacveTke, atan aiTkaHaa, TYPAi 3aTTapAblH Xorapbl epyi MeH TOTbIry KabineTiHe ve. On OTTENMEH, CyTeriMeH XaHe
KeMipcyTekTepMeH apasnacafpbl. TinTi, KbiCbIM MeH TemnepaTypaHblH G0NMalLbl e3repici KesiHge Ae TOMbIK epLu
HEMECe KepraHLle, OKCUATEP MeH TpAapAblH Weryi MYMKIH. Aca CbIHW Xarganra XeTy YLiH KKEeTTi KbICbIM
2,2 KWUNIOMETP TepeHKTe, KaXeTTi Temnepartypa 20-25 KWIOMETP TepeHpKTe >KeTedi. Anaiifa, MarManblK OLLaK
ayfaHjapblHAa MyHAan TemnepaTypara anTapnblKTai a3 TepeHmKTe KON XeTKizyre 6onagbl. Tay XbIHbICTapbIHbIH
epyi ceb6ebiHeH KapcTpasibiK ChIHAbI KybICTap mainga 60ybl MYMKIH, ofapabiH KYMOe3a€epiHiH K¥naybl CEeMCMUNKabIK
«Liereniep» fen atanaTbiH XXep CINKIHICI TMnoopTabliKTapblHbIH Cy6BEpPTUKa/IbAbl TONTaHybIHA kenedi. COHbIMEH
6ipre Xep acTblHAa Ko3ranaTblH cyra Kopuonuc KYLWi acep eTyi Tuic, eHAL KOCUHYCbIHA nponopumoHangsl. KarTbl
Xep ankKLliC OLWAaKTapbiHbIH Tapanybl ONapAblH KeHAIK LenHLW, YLWiHWi A3pexxeciHe nponopuuoHanibl KeHAiri
apKblbl KypT asaiiraHblH KepceTei. KenTipinreH ecentey >KymbICTapbl KePCETKEHAEW, Xep CiNIKIHICTEPIHIH caHbl
KeH4Te TeKLle TambIpbIMEH >KaKCbl KOppenauusanaHagbl. OpekeT eHfikke Tayengi 60naTblH KOCbIMLIA (hakTop
(hMIOMATEP KO3r&UIbICblHA Tay XXbIHbICTapbIHbIH KefepriCiH a3aiiTbin X3He 0napAblH KO3ranbiC KblAamabIrbiH
apTThIpaTbIH KEHZIK KBaApaTbiHa MPOMOPLIMOHaN 3KBaTOPra ~NrasTbiH XbIHbICbIHAATbI KEYEK €CYi MYMLLH.

TYWiH cesgep. YKep cLuLlLua, Xep CinKiHici owarbl, haongTep

B.T. XXymab6aesl /.B.Bacunwes2 U.4.Ko3nH2 U.H. deagynnHa2

IMHeTHTYT noHocepbl AO «HLIKINT», Anvatel, KaszaxcTaH;
2CKTB «["paHut», Anmarsl, KasaxcraH

BJIMAHWE BOAbl .
HA ®OPMWUPOBAHWME OYATI OB 3EMJIETPACEHUIN

AHHoTauusa. lMNpegnaraetca runotesa, O6BACHAIOLLAA CBA3b KOAMYECTBA 3eMETPACEHUIA C reorpaduyeckoi
LUIMPOTOA. AHanM3 pesy/nbTaToB OypeHus CBepXryO60KMX CKBXMH MNOKasan, UTO rpaHulbl OTPaXKeHus
CENCMMYECKMX BOJH, KOTOPble MPUHMMAaIACh 3a rpaHuLy MeXAy FpaHWTHbIM U 6a3anbTOBbIM CI0AMU, HA CaMOM
[iene cBs3aHa C 30HOW pasynaoTHEHWA MOPOS 13-3a YBENUYEHMS NOPUCTOCTU U MUKPOTPELLMHOBATOCTM B OCHOBHOM
rpaHWTHOM crioe. OTW TPELMHbI MO3BOMAIOT BOAE MPOHMKATb BHYTPb TOPHbLIX MOPOL, MpW 3TOM TMOLBeprasch
OKAaTUIO W HarpeBy OAHOBPEMEHHO. PacyéTbl MOKasbiBalOT, YTO Ha rybmHe 30 KM TemnepaTypa JO/mKHa 6biTb
460 rpagycos, a Ha 42 kunometpax (y OCHOBaHUS 3eMHOI Kopbl) - ye 580 rpafgycoB. [aBneHue e Ha 3Tux
rnybuHax coctasnsier 3000 n 4200 atmocep COOTBETCTBEHHO. [pu JoCTudkeHWUM Temnepatypbl 374,3 rpagyca
Llenbcusa v 221 atmoctiep Bofa NepexXofuT B CBEPXKPUTUYECKOE COCTOSHME. B 3ToM cocTosHWM Boda o6nagaet
0COObIMM  CBOCTBAMM, B YaCTHOCTWM, MOBbILIEHHON PacTBOPSEMOCTBIO Pa3/INYHLIX BELLECTB U BbICOKOW
OKUCUTENbHO CNOCOBHOCTBIO. OHa HEOrpaHMYeHHO CMELLMBAETCA C KACI0POA0M, BOAOPOAOM 1 YI1eBOLOPOAAMM.
[Jaxe npy HeGOMbLIOM W3MEHeHUW [OaBNeHWs WU TeMMnepaTypbl MOXET MPOWUCXOAWTL MOMHOE PacTBOPEHWE W,
Haob0pOT, OCaX/EHWE OKCMAOB W coneil. Heobxoaumoe ans AOCTUXXEHUS COCTOSAHUSA CBEPXKPUTUYHOCTY AaBneHuve
[OCTUraeTca yxe Ha rnybuHe 2,2 kunometpa. Heobxogumasa Temnepatrypa [OCTUraeTcd Ha rybuHax
20-25 knnomeTpoB. OfHaKoO B pailoHax MarmMaTW4ecKuMX 04aroB, Takas Temmepatypa MOXET 6biTb AOCTUrHyTa Ha
CYLLECTBEHHO MeHbLUMX [flybuHax. PacTBOpeHWe TFOpHbIX MOPOJ MOXET NPUBOAMTL K 06pa3oBaHWMI0 NOMOCTeit
Hanofobve KapcTPoBbIX, 06PYLLUEHME CBOJOB KOTOPLIX MPUBOAUT K 0OPYLLIEHWIO 6O/MBLIMX MacCUBOB rOPHLIX MOPOL,



News ofthe National Academy ofsciences ofthe Republic ofKazakhstan

¢ 06pa3oBaHMEM HOBbIX MOMOCTEN Haf 3acbiNaHHOM MOMOCTbIO, MPUBOAA K (HOPMMPOBAHMIO CyBBEPTUKA/IbHBIX
CKOM/IEHWA TUMOLEHTPOB 3eMMETPSACEHWIA, Ha3blBaeMbIX CEACMUYECKNMU «TBO3A4AMU». B TO ke Bpems Ha
OBWXYLLYIOCS TOA 3eMNéi Bogy AO/MKHA [AelicTBOBaTb cuia Kopuonuca, MponopuyoHaibHas KOCUMHYCY LUMPOTHI.
PacnpefienieHe 04YaroB CU/bHBIX 3eMIETPSCEHNI MOKa3biBaeT 60/ee Pe3KOe YMEHbLUEHWE WX C  LUMPOTOIA,
MPOMOPLMOHANIbHOE TPETLE CTEMEHM KOCWMHYCA LUMPOThl. MprBeLEHHbIE PACcUETbI MOKa3bIBAIOT, YTO KO/IMYECTBO
3EMJIETPACEHMIA [OCTATOYHO XOPOLIO KOPPENMPYETCS C KOPHEM KyGMYECKUM OT LUMPOTbl. JlOMOMHUTENbHBIM
(haKTOpOM, [eiiCTBME KOTOPOrO TAKXKE 3aBUCUT OT LUMPOTBI, MOXET CMYXXMTb POCT TPELUMHOBATOCTY MOPOA, KOTopast
YBENIMUMBAETCS K 3KBATOPY MPOMOPLMOHA/IBHO KBAApaTy LIMPOThl, YMEHbLUAs COMPOTMB/IEHWE TOPHbIX MOPOA
OBVKEHWIO (OIHOVA0B 1 NPYBOAS K YBEIMYEHWHO CKOPOCTU UX [BUKEHUS.

KntoueBble C0Ba: 3eM/IETPSCEHNME, OYar 3eMETPSICEHUS, (ONbI.
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