GEODYNAMICS & TECTONOPHYSICS

PUBLISHED BY THE INSTITUTE OF THE EARTH’S CRUST
SIBERIAN BRANCH OF RUSSIAN ACADEMY OF SCIENCES

2015 VOLUME 6 ISSUE 3 PAGES 345-364

http://dx.doi.org/10.5800/GT-2015-6-3-0185

GEODYNAMICS AS WAVE DYNAMICS OF THE MEDIUM COMPOSED
OF ROTATING BLOCKS

A. V. Vikulin

Institute of Volcanology and Seismology, Far East Branch of RAS, Petropavlovsk-Kamchatsky, Russia

Abstract: The geomedium block concept envisages that stresses in the medium composed of rotating blocks have
torque and thus predetermine the medium's energy capacity (in terms of [Ponomarev, 2008]). The present paper de-
scribes the wave nature of the global geodynamic process taking place in the medium characterized by the existence
of slow and fast rotation strain waves that are classified as a new type of waves. Movements may also occur as rheid,
superplastic and/or superfluid motions and facilitate the formation of vortex geological structures in the geomedium.

Our analysis of data on almost 800 strong volcanic eruptions shows that the magma chamber’s thickness is gene-
rally small, about 0.5 km, and this value is constant, independent of the volcanic process and predetermined by pro-
perties of the crust. A new magma chamber model is based on the idea of 'thermal explosion’/‘self-acceleration' mani-
fested by intensive plastic movements along boundaries between the blocks in conditions of the low thermal conduc-
tivity of the geomedium. It is shown that if the solid rock in the magma chamber is overheated above its melting point,
high stresses may occur in the surrounding area, and their elastic energy may amount to 1015 joules per 1 km3 of the
overheated solid rock. In view of such stresses, it is possible to consider the interaction between volcano’s magma
chambers as the migration of volcanic activity along the volcanic arc and provide an explanation of the interaction
between volcanic activity and seismicity within the adjacent parallel arcs.

The thin overheated interlayer/magma chamber concept may be valid for the entire Earth's crust. In our hypothe-
sis, properties of the Moho are determined by the phase transition from the block structure of the crust to the non-
block structure of the upper mantle.
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TEOJAMHAMMKA KAK BOJIHOBAS JUHAMHUKA BJIOKOBO#M
BPAILIAIOLIENCA CPEJDI

A. B. Buky/simH
Hucmumym sysakaHosnozuu u ceticmonozuu [JBO PAH, [lemponasaosck-Kamuamckutl, Poccus

AnHoTanus: B pa6oTe pa3BuBaeTcs KOHIENIUsA 6JIOKOBOU reoCpe/ibl IPUMEHUTENbHO K reoJMuHaMU4YecKoMy (ceit-
CMHUYECKOMY U ByJIKAHU4YeCcKOMY) mpoueccy. PaboTy, B LieJI0M, MOXXHO NPeACTaBUTh B BU/le YeThIpeX YyacTel: ggede-
HUsl, wecmu pasde08, KPaTKO OMUCHIBAOLIMUX pa3paboTaHHY0 paHee aBTOPOM POTALMOHHYI0 MOJiesib CEHCMOTEKTO-
HUYECKOTro Mpoliecca, mpex pa3des08, NOCBSILEHHbIX Pa3BUTHUIO 6J10KOBON KOHUENLUU IPUMEHUTENbHO K BYJIKAHU-
YeCKOMY MPOLEeCCy, U 06CyHc0eHUs pe3y1bmamos.

Bo s8edeHuu Ha nmpuMepe aHaJM3a UCCJIeL0BaHUH, IPOBOJAUMBIX B TeYeHUE NOCAEJHUX AeCATUIETUH COTPYLHU-
kamu UHCcTHTYTa 3eMHOM Kopbl CO PAH, nokaseiBaeTcs, YTO KOHLeNIUs TeKTOHOU3WYECKOTo nporiecca balikaib-
CKOHM pudTOBOH 30HEI, pa3pabaThiBaeMasi B paMKax Pa3/JIOMHON TEKTOHUKH HAa PETMOHA/JIbHOM YPOBHE, HE T03BOJISIET
BU/IETD BCI0 KaPTHHY B IeJI0M. PernoHasbHble KOHIENIINY CYI[eCTBEHHBIM 06pa30M ONMPAIOTCS Ha MpeJCTaBIeHUs
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0 pasJyioMax, pe/iCTaBJIeHUsI 0 6JIOKOBOM Cpejie UCMOJIb3YIOTCA YUCTO GopMasibHO. Y, HecMOTps Ha GoJiblIMe YCIeXH
[Sherman, 2014], y»xe Ha nepBbIX 3TanaxX NOCTPOEHUSI PETMOHATBLHON MO/IEJIH yUeHble BbIHYK/€Hbl BBOJUTh B3aUMO-
CBSI3M MEX/y ee MapaMeTpaMH, TEM CaMbIM PE3KO OTPaHUYMUBAsT BO3MOXHOCTH UHTepPIpeTalii MOJEIH Ha 3aKJII0-
YUTEeJIbHBIX 3TaNax ucciesoBaHust. OTMedaeTcs, YTo npuHUun CeH-BeHaHa B MIpUMeHEHUH K 33/lauaM CEHCMOJIOTUH
Y re0JUHAMUKU He MOXKET PACCMaTPUBAThCA KaK GpyHaMeHTalbHbIH.

B paszene «HanpsiyceHuss ¢ MOMEHMOM CUJ/Ibl» IPOBOAUTCS NMOCTPOEHHE MeXaHUYeCKH OUYEeBUAHOM MOJIe/U JABU-
JKeHUs GJI0Ka, SIBJISIIOLIErocsl YacThlo Bpallalolleiics cpefbl — reocpesbl. [lokaseiBaeTcs (puc. 1), 4To B 6J0KOBOH
Bpallaloleiics U nepeJBUraoleics BJj0JIb TOBEPXHOCTH 3eMJIU reocpefie reHepUupyeTcs yIPyroe mnoJie ¢ MOMeHTOM
CHUJIBI, KOTOpPOE JIeHCTBYET Ha OGJIOKHU Yepe3 UX NOBEepPXHOCTU. Takue CBOWCTBA YIPYTroro MoJis SIBJSAITCS CJe/[CTBUEM
3aKOHa COXpPaHEHHs MOMEHTA KOJIMYeCcTBa JIBIKeHUs. [[BloKeHHe 6JI0Ka BO Bpallalolleiics cucTeMe KOOpPAUHAT Me-
XaHUYEeCKHU SKBUBAJIEHTHO JBIKEHHIO GJI0Ka B HeBpaujawolulelics (MHepLHUaJbHONM) cUCTeMe KOOPAWHAT HOJ JAei-
CTBHEM COGCTBEHHOTO MOMEHTA CUJIbI (CIIMHA), KOTOPBIN B OKPYKaKLeM 6JIOK IPOCTPAHCTBE CO3JaeT YIPYroe noje
C MOMEHTOM cuJibl. Takue HamnpsiKeHUs1 B Teocpesie HAKaIJIMBAIOTCS, UTO U MOXKeT OO'bSICHUTb ee U3BECTHOe CBOU-
CTBO — 9HEpProHacChIleHHOCTb [Ponomarev, 2008].

B pazgene «bauskodelicmeue u dasavHodelicmeue pomayuoHHO20 ynpy2020 NO/si» TIOKA3bIBAETCs, YTO IMOJIe YIIpy-
IUX HAaPSKEHUH C MOMEHTOM B reocpe/ie OMMMChIBAETCA CHMMETPUYHBIM TEH30POM HanpspkeHUH. OHO XapaKTepu3y-
eTcst 6JIM3K0JIeCTBUEM — K MOMEHTHBIM» B3aUMO/IEICTBHEM PsIZIOM PACIOJI0XKEHHBIX 6JI0KOB, U JaJlbHOAEHCTBUEM —
«3HepreTUYeCKUM» B3auUMoJeHcTBHEM BceX 6JIOKOB CelCMUYeCKOro Iosca, MPOTATUBAIOILErocs Ha AeCITKU ThICIY
KHUJIOMETPOB, YTO MOXET SIBJSATBCSA OTpakeHHeM 061ero ¢pusanyecKoro NpUHLHMNA — KOPIYCKYJIsIPHO-BOJHOBOTO
JAyanusMa. B poTanoHHON KOHIENIMU He TpebGyeTcs NpUBIeKaTb MoJesb Koccepa, kKoTopas siBasieTcsl MaTeMaTH-
YeCcKoU, He PU3UIECKOM.

B pasgenax «0 pomayuoHHbIX 801HAX 8 6/10K08bIX 8paujarowuxcs 2eocpedax» v «Hoewlll mun 2eoduHamuyeckux Ko-
/1e6aHuli» ONMHChIBAeTCs pa3paboTaHHAasi paHee aBTOPOM B paMKax 6JIOKOBOM KOHIENIIMU reocpefibl Mojiesib poTa-
LMOHHOTO celicMoTeKTOHNYecKoro npouecca [Vikulin, 2011]. XapakTepHbIMH CKOPOCTSIMH BOJIHOBOM MO/IeJU SIBJISIIOT-
csico=y+VrVs, cp=1—10 cm/c (8) u (9) u Vs=1-10 xkM/c (10). 3HaueHUE NEPBOH ¢y — «COJUTOHHOU» NpefebHON
CKOPOCTH — OTIpe/ieJISIeTCsl TOJIbKO YTJI0BON CKOPOCThIO BpallleHUs1 3eMJIM BOKPYT CBOEH OCH, OTKY/la U Ha3BaHUe MO-
JleJid — poTaluoHHas. Bropas V,, — «3KCUTOHHAasI» Mpe/ieJibHasi CKOPOCTh — SIBJISIETCS CKOPOCThIO YIPYTHUX celicMuye-
CKUX BOJIH. OTMeuaeTcs, YTO TaKue XKe, 10 CyTH, AedopMaliuoHHble BoJiHbl [Khachai 0.A., Khachai 0.Yu, 2012; Khachai
et al, 2013] ©UHCTpYMeHTAJIbHO 3apPerUCTPUPOBAHBI B IIaxTax. [[pOBOAUTCS COMOCTaBJIeHUE TEOPETUUECKUX MO/IEJb-
HBIX pelleHHH C JJaHHBIMU O CKOPOCTSIX MUTPALMH 04aroB 3eMsieTpsiceHUH. OTMedaeTcss U KaueCTBEHHOe U KOJInye-
CTBEHHOE COBIIaZieHHe C TAKUMH K€ U PellleHUsIMU U 3Ha4eHUSIMU XapaKTePHbBIX CKOPOCTeH, cCooTBeTCTBeHHO. Popmy-
JINPYeTCsI BBIBOJ, O TOM, UYTO POTALOHHbIE BOJIHBI — 3TO HOBBIW THII BOJIH, SIBJISTIOLUINXCS JJ151 6JI0KOBBIX BPAIIAIOLIUXCS
CpeJi TAKVMH >Ke XapaKTepPHBIMH, KaK U TPOJIOJIbHBIE U NTOIlepeYHble ceiCMUYeCKre BOJIHBI.

B paszene «Peudnble ceolicmea 2eocpedbl» OTMEYEHO, YTO Me/lJIeHHble POTAlMOHHbIE BOJHOBBIE JIBIDKEHHS MO-
I'yT 6bITb OTBETCTBEHHBIMHU 33 CBEDPXIJIACTHYHBbIEe TedeHUs [Leonov, 2008] reocpennl - ee peupnHsie [Carey, 1954]
cBouictBa [Vikulin, Ivanchin, 2013a]. OTMe4aeTcs, 4TO PU3UIECKUM aHAJOTOM TAKOTO JIBUXKEHUS MOXKET SABJATHCS
CBEPXTEKYYeCTb.

B pasgesnie «PomayuoHHble u MAsAMHUKOBbIE 80/IHLI» TTOKA3bIBAETCS, YTO OMKCAHKE BOJHOBOIO re0IMHAMHUYeCKO-
ro mporecca B paMKaxX pOTallMOHHON MoOJiesiu 6JIM3KO TaKOMY e, 110 CyTH, 6JIOKOBOMY ONMCAHUIO C NMO3UIUU KOH-
IENIUHU «KOMIO3WLMH U JAEeKOMIIO3UIIMKU BellecTBa 3eMmun» [Oparin et al, 2010]. 9To M03BOJIsIeT POTALMOHHbIE U
MasTHUKOBBIE, a TakkKe U JepopmanuonHsble [Khachai 0O.A.,, Khachai 0.Yu., 2012; Khachai et al., 2013] BOJTHbI OTHECTH
K OIHOMY KJIAcCy SIBJIEHHH — B3aMMOJEHUCTBHIO GJIOKOB reocpeibl MeX/Ay C060i MoCpeACTBOM YIPYToro ImoJist ¢ Mo-
MEHTOM CHUJIBL.

B pasgene «ba0kosas zeocpeda u 8y/1KAHU3M» OTMeUYaeTCs], YTO OTPAXKeHUEM BJIOKOBOTO CTPOEHUS CPeJibl MOXKET
SIBJISIThCSI MarMaTH4eCKUH o4ar, MUTAOLUMH U3BEPXKEeHU 1eCTBYIOLIEro ByJIKaHa.

B pasgene «0 napamempax mMazmamu4eckux 04az08» C UCI0JIb30BaHUEM G0JIbIIOTO 06'beMa JJAHHBIX 06 U3BEpIKe-
HUSX BYJIKAHOB IJIAHETHI MOKA3bIBAETCsl, YTO TOJILIMHA MAarMaTU4YeCKOT0 o4ara siBJisieTCsl HHBapHaHTOM HaubGoJiee
0o0LIMX CTAaTUCTUYECKUX paclpejieJIeHUH, XapaKTepU3yIlUX ByJKaHUYeCcKUi npouecc (puc. 3 u 4), U, Kak cien-
CTBHE, MaJIo U3MeHsollelcs BennynHol A4h=0.5+0.1 kM (19). 3To No3BOJIAET TOJIHUHY MarMaTHYeCKOT0 ovyara pac-
CMaTpHUBaTh KaK MOCTOSIHHYIO BEJIUUKUHY, HE 3aBUCSLIYI0 OT BYJIKAHUYECKOTO MPOLecca, KOTopasi ONpe/esisieTcs reo-
JMHAaMHYeCKUMU [TapaMeTpaMH 3eMHOU KOpBI, ee 6JI0KOBLIM cTpoeHHeM. [Ipu pasMmepax Kanbzep fo D=10-15 kM u
6oJiee popMa oyara 6s1M3Ka 6JIMHO06pa3Hoi: D>>Ah.

B paszene «Mazmamuueckuli o4az kak cocmosiHue 3eMHOU Kopul» i1 6JIOKOBOH reocpefibl, BLOJb IPaHUL, KOTO-
pO¥ BO3MOXHBI MHTEHCHUBHbBIE IJIaCTHYecKHe AebopMauuu [Magnitskii et al, 1998; Turcotte, Schubert, 1985], ¢ uc-
M0JIb30BaHHEM DPa3paboOTaHHOHW B MaTepHUaOoBeJleHUH KOHLEMNLUU «TelJIOBOr0 caMoyckopeHusi» [Ivanchin, 1982]
MPOBOJIUTCS MOCTPOEHHE MOJEN «TOHKOro» (6JIMHOO6pa3HOro) MarMaTUYeCcKoro odara. B nmpeziesax 3eMHOU KOpPBI
B pe3yJibTaTe MaJo{ TENJIONPOBOAHOCTHU FOPHBIX IOPOJ U MHTEHCUBHOH IJIacTHYecKkol fedopmanvu BAOJIb IpaHU-
bl 3aJleraHus KpUcTa/uiMdeckoro ¢yHAaMeHTa Ha riy6uHe 6 kM (KamMuaTka) MoXeT peasn3oBaTbCs COCTOSIHUE
MeperpeToro Bbillle TOYKH IMJIaBJEHHUs BELIECTBA, HaXOsANErocsi B TBepaoi ¢a3se. [Ipu JIOKaJbHBIX MJIABJEHUSAX B
oyare ¥ yBeJIMYEHUH ero 06beMa B OKPY»KaIlolllel ovar 3eMHOUM KOpe CO3/Jal0TCsl yIpyrue HamnpspKeHUs, BeJIMYUHA
KOTOpbIX MOXKeT AocTuraTb 1015 Ik Ha 1 kM3 neperpeToii mopozsl. Takyve HanpsKEHUS CONOCTABUMBI C HANPSXKeHH-
MU B Oo4yarax CHUJIbHEHIINX TEKTOHHYECKUX 3eMJIeTPSICEHUH C MarHUTYJaMU OKoJio 8 u 6osiee. «JHEpreTUIecKasi»
6JIM30CTh MarMaTU4YeCKUX U CEHCMHYECKHX PAZO0M PACIO0XKeHHBIX 09aroB B paMKax Mo/JieJid 6JIOKOBOH recopejbl
M03BOJIAET O6'bSICHUTD U B3aUMOJeHCTBHE BYJIKAHOB MeX/y CO60H (MUIpanyio ByJIKaHNYecKol akTuBHOCTH [Vikulin
etal, 2010, 2012, 2013]), v B3auMoOJeHCTBYE ByJIKaHU3Ma, CEHCMUYHOCTH U TeKTOHUKH [Vikulin, 2011; Vikulin et al,
2013]. Pa3BuTble NpeACTaBJEHHs PACIPOCTPAHAIOTCA Ha rpaHuny Moxo. @opMyaupyeTcs rumnoTesa, COrJacHO Ko-
TOpPOH MoAOIIBA 3eMHOH KOPbI MOXET NPeACTaABJIATh c060H $a30Byr0 MOBEPXHOCTh, HMKEe KOTOPOH reocpejia He
SIBJISIETCS] 6JIOKOBOM, CIIOCOOHOMN K C/IBUTOBOMY Te€YEHHIO.
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B paspzesnie «06cyscdeHue pe3y16mamog» paccMaTPUBAETCS PsiJi BO3MOXHOCTEH poTallMOHHON MoJeu. [Ipo6iema
B3aMMOCBSI31 3HEPrOHACHILIEHHOCTH, PEUTHOCTH U CIOCOGHOCTH JABUTAThCsl BUXPEBBIM CIOCOG0OM, C OJJHOW CTOPOHBI,
Y CUJIbHOW HEJIMHEWHOCTH reocpejibl — C pyroi, chopMmyinpoBaHa Kak GpyHJaMeHTalbHas 33iauya reo0UHAMUKHU U
TeKTOHO(U3UKHU. CBOHCTBO 3HEPrOHACHIIIEHHOCTHU Fe0CPe/Ibl, €€ HAX0XK/JeHHe B HAMIPSXKEHHOM coCTosiHuU [Rykunov
et al, 1979], cnoco6HOM ee pa3pywuTb [Bogdanovich, 1909; Ponomarev, 2008], N10Ka3bIBalOT, YTO 3eMJIETPSICEHUE,
CKOpee BCero, MPOMUCXOAUT He B COOTBeTCTBUM C Teopued . Pelijja, T.e. He B pe3yJibTaTe CO3JaHUS JIOKAJbHbBIX
HamnpsDKeHWH B o4yare OYAyIIero 3eMJeTPsICEHUs] U MPeo/j0JIeHHs Mpejiesia IPOYHOCTU TOPHBIX MOPOJ. 3eMyeTpsice-
HUe B paMKax pa3BHBaeMOU aBTOPOM POTAIMOHHOM KOHIIENIINH SIBJSIETCS Pe3yJIbTaTOM JIaIbHOIeCTBYIOLIEro B3a-
HMOJIEHCTBHUS BCeX 6JI0KOB 3eMHOW KOPBI U CO3/jaHHUsl B 06J1aCTH o4yara 6y IyLiero 3eMJeTPsICEHUsI U IPUJIETAOIUX K
Hell 6JIOKOB YCJIOBUH JJIs1 UX 6JIU3KO/eCTBYIOLIEr0 B3aUMO/IeCTBUS, KOTOPOE MOKET CONPOBOXK/AAThCsl 06pa3oBa-
HUeM CBOGOJHOHM MOBEPXHOCTH pa3phbiBa M U3Jy4YeHHEM CeMCMHUYECKUX BOJIH. B paMKaxX poTalMOHHOW KOHLEeNIUH
MeXaHU3M «3alleNJeHH sI» 6JIOKOB U IJIUT APYT 3a Apyra U «BbIJeJeHHUsI» TellIa 3a CYET TPEHUS UX IPaHUIL| CTAHOBHUT-

CA MaJIOBEPOATHDBIM.

KioueBble ci0Ba: reogMHaMHUKa, MOMEHT CUJIbl, DPOTAllUOHHbIE BOJIHbI, peHIHOE T€Y€HHE, TPABUTALlUOHHbIE

BOJIHBI.

1. INTRODUCTION

The Baikal region and its neighbouring territories
are the best studied among many areas subject to tradi-
tional geodynamic studies, including comprehensive
geological and geophysical observations with regards
to tectonophysical concepts. The research team under
the leadership by Prof. S.I. Sherman from the Institute
of the Earth's Crust, SB RAS has conducted detailed
studies in this region for several decades. They have
proposed and developed a tectonophysical model of
the deep structure of faults in Central Asia [Sherman et
al, 1992, 1994]. Results of their pioneering studies in-
clude the following:

- Large faults in lithosphere extension zones are
physically modelled, and quantitative parameters of

There is no “relativity of rotation.” A rotating system
is not an inertial frame, and the laws of physics
are different.

R. Feynman [Feynman et al, 1964]

OTHOCUTENILHOCTH BpallleHUs He CyL|eCTBYeT.
BpauatesnbHas cucTeMa — He UHepyuUa/1bHasl CACTEMa,
Y 3aKOHbI PU3UKU B Hell ipyTHe.

P. @etinmaH [Feynman et al, 1964]

Geological time scale is close to the scale of the Universe.
Geologists own chronicle, which recorded the events
of history of the Earth, as well as the Universe.

D.V. Nalivkin [Nalivkin, 1969]

MacmTab reosioruieckoro BpeMeHu 6JIM30K K MacuItady
BcesienHoit. ['eosioru BiaieloT JIETONUCHIO, B KOTOPOH
3anucaHbl COOBITHS UCTOPHUH 3eMJIH, a TAKXKe U BcesieHHO.

/I.B. HanusekuH [Nalivkin, 1969]

deformation in zones of large faults are established
[Sherman et al., 2001];

- An original geodynamic model is developed to
show how rift basins in Pribaikalie and Transbaikalie
develop in space and time [Lunina et al., 2009];

- A seismic zone is modelled in terms of tectonophy-
sics [Sherman, 2009]; the model shows that sources of
rare strong earthquakes are clustered in linear or arc-
shaped systems [Sherman, 2013] and migration veloci-
ties of earthquakes K212 (M=4-5) range from 1 to 100
km per year [Sherman, 2013; Sherman, Gorbunova,
2008]; according to [Vikulin et al., 2012a, 2012b], these
values do not contradict with the relevant global data;

- According to above-mentioned model, faults are
activated by slow strain waves of excitation which are
generated by interplate and interblock movements of
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the lithosphere [Sherman, Gorbunova, 2008] and can
also occur in zones wherein seismicity is slowly migra-
ting [Sherman, 2009, 2013; Sherman et al, 2011]; a ge-
neral assumption is that LI, wherein L is strain wave
length and [ is length of a fault activated by strain
waves [Sherman et al., 2008];

- It is revealed that two major fault zones in the
Baikal rift zone and the Amur River region are related;
active faults are identified in both regions; it is estab-
lished that the fault activation is manifested by seismi-
city and caused by trigger mechanisms with the leading
role of slow strain waves [Sherman, 2013; Sherman et
al, 2011].

The above-mentioned tectonophysical model of the
wide geodynamic zone, including Central Asia and the
Amur River region, is based on the concept of the fault-
block geomedium and the assumption that faults are
activated in real time by slow strain waves, and the
fault activation is accompanied by seismic events that
sequentially take place along the faults. It is believed
that developing the tectonophysical model of the seis-
mic process can “give an insight to regularities of
earthquake location in space and time and facilitate
seismic forecasting” [Sherman, 2009]. The current
model is based on commonly accepted geological, geo-
physical and tectonophysical concepts of the geody-
namic process. In general, it seems promising and
compliant with the major concepts that are interna-
tionally accepted in modern geoscience. Undoubtedly,
this model is an important contribution to the Earth
sciences.

The above-mentioned research results are consoli-
dated in [Sherman, 2014]. S.I. Sherman and his col-
leagues have proposed and develop the tectonophysi-
cal concept of the Baikal rift zone development. In his
book, S.I. Sherman states that their concept does not
depend on physical concepts of seismicity (p. 6) and is
thus universally applicable.

However, a review of the tectonophysical model of
Central Asia with respect to the planetary scale [Vikulin
et al., 2012b] reveals a seemingly insignificant incon-
sistency and raises a number of important questions.

As mentioned above, the model estimates of veloci-
ties of earthquake sources migration along the faults
are generally consistent with the global data. Nonethe-
less, the detailed analysis of migration velocities in ge-
odynamic settings of all active zones of the Earth
[Vikulin et al, 2012a] shows that this is not exactly the
case. The model estimates of velocities of earthquake
sources migration along the faults in Central Asia do
not contradict with similar plots constructed for the
Pacific margin and the Alpine-Hymalayan belt (i.e.
compression zones), but are in conflict with the plots
constructed for the Middle Atlantic ridge (i.e. extension
zone). Thus, the earthquake migration estimates for
Central Asia at the regional level are contradicting with

the estimates at the planetary level. Otherwise, it has to
be accepted that the studied region of Central Asia is
not a rift, or it should be clarified that the earthquake
migration estimates for the Baikal region refer to one
of its flanges rather than to the entire rift zone. This
poses the questions: — Which flange in particular? -
What is the difference between the flanges? The re-
gional model fails to provide answers to these ques-
tions.

In the regional tectonophysical models, including
the model of Central Asia, the concept envisaging the
block structure of the geomedium is applied formally
or 'rhetorically’ - such models are typically constructed
with reference to boundaries between the blocks and
block length values rather than blocks themselves and
their volumes, and the models thus consider waves
propagating along the boundaries between the blocks
(i.e. along the faults), but not the waves propagating
inside the block medium. This terminological ‘swap-
ping’ - ‘speaking about blocks, while thinking about
faults’- is not just a habitual use of ‘fault’ as a common-
ly accepted term with a ‘standard’ reference to the
local stress accumulation mechanism (according to
H. Rheid) and its modifications. In the regional tectonic
models, the accumulated energy is not released - it is
redistributed in the form of slow strain waves, while in
seismic models, the energy is released by slow strain
waves. The notions are substituted ‘automatically’ or
‘by analogy’ as a result of ignoring the major conse-
quence of the geomedium block concept which states
that stresses are redistributed in the geomedium's vol-
ume (p. 193-197, 332-334 in [Sadovsky, 2004]). The
idea of stress redistribution is supported by detailed
seismic monitoring data obtained recently in mining
projects in Russia [Mulev et al.,, 2013]: “While a com-
bined machine is moving inside the mine, the seismic
energy release plot is changing; once the machine is
stopped, the corresponding isolines in the plot are im-
mediately ‘frozen’ in real time”. In other words, even
when an insignificant rock volume is ‘extracted’ from
the massif, stresses are significantly redistributed?!. The
'volume' mechanism of stress redistribution in the ge-
omedium is in conflict with the tectonophysical (actual-
ly, 'fault-based') interpretation of the data obtained for
Central Asia. In fact, an obscure issue is how a non-
radiating fault, being only activated [Sherman, Gor-

! It follows from the instrumental seismological data published in
[Mulev et al, 2013] that the Saint-Venant's principle (being local,
according to [Sedov, 1973], p. 364-365) is not applicable to solving
the geophysical problems. Seismologists and geophysicists consider
the Saint-Venant's principle as fundamental (page 11 in [Rizni-
chenko, 1985], though a sufficient justification of this approach is
lacking. This problem is discussed in detail in [Vikulin, 2014a]. Be-
low in the present paper, a geodynamic justification of the Saint-
Venant's principle is provided under the rotation concept, and it is
suggested that long-range interaction takes place between the
geomedium blocks.



bunova, 2008], can 'be aware' of the length of the wave
passing through this fault.

The geomedium block structure is a challenging
subject for both the Earth sciences and practical appli-
cations, and the key problem is to specify what part of
the geomedium should be regarded as a block and what
part is a boundary of this block. At the conference held
in Irkutsk in August 2014, the report on this problem
[Tveritinova, Vikulin, 2014] sparked off a dispute that
was lively, although not completed by any specific con-
clusion, and the participants agreed that the definitions
need to be sorted out.

The seismic and geodynamic setting of the entire
Baikal-Amur River zone as a global interplate boundary
[Sherman et al, 2011] has not been fully clarified
yet, and the knowledge is mainly based on the regional
and hypothetical conclusions that are 'cross-linked'
only with regard to some separate ideas. With account
of the current uncertainties, ‘paving a pathway to
regional earthquake forecasting’ [Sherman, 2009,
2014; Sherman, Gorbunova, 2008; Sherman et al, 1992,
1994, 2001, 2011] may appear not that straight for-
ward.

The 'regional’ approach fails to provide a compre-
hensive view, and relationships between model param-
eters have to be introduced to design a model, which
means setting up strong limitations on potential inter-
pretations of consequences following the model at the
final stage of modelling which is most important for
geodynamics. A more general approach can facilitate
finding original pathways to reviewing and solving ge-
odynamic problems in the Earth sciences [Vikulin et al,
2012a, 2012b].

2. STRESSES WITH FORCE MOMENTUM IN THE GEOMEDIUM
COMPOSED OF BLOCKS

An important scientific achievement of the past de-
cades is the justification of the hypothesis of the block
structure of the geological medium [Peive, 1961] / geo-
medium (p. 5-20 in [Nikolaev, 1987]) / geophysical
medium (p. 332-334 in [Sadovsky, 2004]).

The Earth crust is subject to motions and changes as
the crustal blocks and plates migrate on the Earth sur-
face (Fig. 1). Properties of the crust are predetermined
by the Earth rotation and its structure composed of the
blocks that are subject to translational motions at the
Earth surface [Vikulin, 2010, 2011; Vikulin, Ivanchin,
2013a].

The coordinate system, that is fixed for the body (i.e.
the Earth), rotates with angular velocity Q that does
not depend on the coordinate system as it is - in the
given moment of time, all systems of the kind are ro-
tating around axes (that are parallel to each other) with
absolute velocity Q [Landau, Lifshitz, 1973]. Thus, re-
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gardless of its size, any block/plate is characterized
by impulse momentum M that is independent of the
block/plate size and origin and directed parallel to the
body's (i.e. Earth's) rotation axis: M = 1Q, where I is
inertia momentum of the block/plate. As shown in
Fig. 1, a, crustal movements from position M1 to po-
sition M2 lead to changes in the direction of momen-
tum, M1—M: because of the rigid relationship between
the block and the Earth that rotates with angular
velocity Q. Under the impulse momentum preservation
law, when the direction and, consequently, value
of M is changed, the block is subject to force momen-
tum K.

The value and direction of force momentum K can
be estimated theoretically as follows. It is assumed that
the block is a uniform ball-shaped body that is stopped
in position M2 and subject to elastic stresses with force
momentum P (see Fig. 1, b). Then elastic stresses with
force momentum P, are applied to rotate the block to
its initial state with momentum M. With the assump-
tion that kinetic energy of the block's rotation is con-
verted to elastic stresses and vice versa without any
loss of energy (|P1| = |P2| = |P|), the cosine law is ap-
plied to force momentum K:

|K| = 2|P|sinf/2. (1)

It should be noted that elastic stresses with force
momentum K are applied to the block across its surface
from the side of its surrounding crust and lithosphere
[Vikulin, Ivanchin, 2013a].

Therefore, in the rotation model [Vikulin, 2009,
2010, 2011; Vikulin, Ivanchin, 2013a; Vikulin et al.,, 2010,
2013], the block's movement with angular velocity Q is
mechanically equivalent to its movement in the non-
rotating/inert system of coordinates under the impact
of its own force momentum K that generates an elastic
field with force momentum (equation 1) in the medium
surrounding the block (as a consequence of the im-
pulse momentum conservation law).

The 'internal' and/or own [Peive, 1961] momentum
M, that is actually a macrospin (p. 146-148 in [Sedov,
1973]), has a specific feature — under the impulse mo-
mentum conservation law, the geomedium cannot be
'deprived’ of it by any means, including plastic defor-
mation. Thus, as a result of the translational motion of
the block along the Earth surface (due to increasing
block rotation angle § and constancy of the angle «,
Fig. 1), rotation stresses with force momentum (equa-
tion 1) occur in the crust. The accumulation of such
stresses provides an explanation [Vikulin, Ivanchin,
2013a] of such a property of the crust as energy capaci-
ty (in terms of [Ponomarev, 2008]). In fact, a similar
conclusion was drawn by geologists at the end of the
19th century and in the early 20th century on the basis
of observations of auto-destruction of rock samples
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Fig. 1. While the crustal block moves from position M; to position M (i.e. rotates by angle f8) (a), stresses with force mo-
mentum K are 'generated’ in the crust and the lithosphere, force momentum K is applied to the block from its surrounding
medium (b). & - the angle between the momentum M and the vertical to the Earth surface, which remains constant during

the block movement. See explanations in the text.

Puc. 1. /IBmkeHue 6JI0Ka 3eMHOM KOPBI U3 MOJIOXKEHHUSI C MOMEHTOM uUMIyJibca M1 B nojioxkeHue My (oBopoT 6Ji0Ka Ha
yroJ ) (a), conpoBoxAaroleecs «reHepaleii» B 3eMHOU Kope U JinTochepe HaNpsKEeHUH ¢ MoMeHTOM cuJibl K, npukina-
JbIBaeMbIM K GJIOKY CO CTOPOHBI OKpYy»Katolieii ero cpeasl (b). [lossicHeHUs B TEKCTE.

extracted to the ground surface [Bogdanovich, 1909].
Besides, the fact that the Earth's crust is permanently
subject to stresses is confirmed by the available geo-
physical data obtained by instrumental measurements
[Rykunov et al, 1979; Nikolaev, 2003; Chebotareva,
2011; Khachai O.A., Khachai 0.Yu., 2012].

3. SHORT- AND LONG-RANGE IMPACTS OF THE
ROTATIONAL ELASTIC FIELD

The rotation concept (p. 124-136 in [Vikulin, 2011])
is applied to solve the following two-point boundary-
value problem: a ball-shaped block has radius Ry; its
own momentum is given by equation 1 for the inert
non-rotating spherical system of coordinates (r, ¢, 6)
with the starting point (r=0) in the block's centre; angle
@ is calculated in the plane located perpendicular to the
block's rotation axis (6=m/2); displacements at the in-
finite are zero; the non-zero-value force momentum
does not depend on the block's size. According to theo-
retical estimations for the geomedium surrounding
the block (i.e. r > Ro) [Vikulin, 2010], the stress field
is estimated as follows:

Orp = Opr = 4QR§7‘_3\/§ sin@sinf/2 (2)

(values of other components are zero). The stress field
. : : 16 .

is symmetrical2. Its energy is W, = EanzRgsmzﬁ/Z,
and the force momentum/ seismic momentum is

K, = —8n3/’QR} %sinﬁ/Z, where p=3 g/cm3 and

G=101! n/m2 are density and shear modulus of the
crust, respectively, 0=7.3-105 rad/sec is angular ve-
locity of the Earth rotation around its axis, Ry is
typical size of the block/earthquake source with
M = 8, and suffix number (0) refers to the block's 'own'
energy and torque.

In [Vikulin, 2010, 2011], the model is applied to stu-
dy the interaction between any two blocks with sizes
Ro: and Ry, which are located at distance I from each
other. The interaction energy and force momentum are

? A fundamental role of ‘stress tensor symmetry’ for mechanics of
continua, including the geomedium, is discussed in [Vikulin,
Ivanchin, 2013a]. They also draw attention to the fact that the non-
physical character of the model proposed by Cosserat E. and F.
[Cosserat E. et F., 1909] was noted immediately after its publication
(p. 26 in [Hirth, Lothe, 1968]).



. 3 _
estimated as follows: W, = EanZRglezl 3cos¢, and
3 . .
Kipe = —anQzRglezl‘351n¢, respectively. In case of
equal-size blocks (Ro:=Ry2), interaction energy Wi, and
force momentum K, become similar to their own en-
ergy Wy and own force momentum Ko (Wine=Wp, and

Kine=Ko [Vikulin, 2010]) at distances Iow and lox esti-
mated in [Vikulin, Ivanchin, 2013a] as follows:

Ing102R0, (3)
IOKzRo. (4)

Equation (3) shows that the interaction between the
blocks, which controls their energy exchange, is mani-
fested across large distances exceeding the block sizes
and can be thus termed the long-range3 interaction. In
seismology, such interaction is well-known and evi-
denced by the migration of earthquake sources along
seismic belts for long distances amounting to dozens of
thousand kilometres [Vikulin et al, 2012a, 2012b], as
well as by remote fore- and aftershocks [Prozorov,
1978] and coupled earthquakes (p. 119-123 in [Vikulin,
2011]).

The instantaneous interaction between the blocks
controls their momentum exchange and, according to
equation (4), propagates to small distances not excee-
ding the block sizes. It can thus be called the short-range
interaction. Such interaction is also well-known and ev-
idenced by strong earthquakes, including coupled and
multiple earthquakes with long-length sources (1000
km and more). Their sub-sources (with lengths ranging
from 100 to 300 km) are involved in the instantaneous
interaction and generate intensive own oscillations of
the planet (p. 244-258 in [Vikulin, 2011]).

The above-mentioned theoretical solutions obtained
for stress field o, elastic energies Wy and W, and mo-
mentums Ky and Ki,; are applicable to any block and
any couple of the geomedium blocks. The summary of
the stress fields may show the planet’s elastic field that
is ‘self-congruent’ and predetermines a rotation com-
ponent in motions of each geomedium block. The stress
fields may vary by scale and have variable complex
shapes in various geodynamic polygons due to the ir-
regular structure of the geomedium and different mo-
des of the geomedium block motions. In view of the
above, the block rotation pattern in Central Asia is cha-
otic and multi-directional (Fig. 2). In other regions
studied in other scales with insignificant local incon-
sistencies, stress field patterns may seem regular and
manifested in geophysical fields by vortex, ring-shaped

3 As noted above, with account of the long-range interaction be-
tween the geomedium blocks, the local Saint-Venant principle be-
comes inapplicable to solving the problems of geodynamics. Flexur-
al-torsional strain problems cannot be solved on the basis of this
principle either (p. 33 in [Bezukhov, 1953]).
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and other non-linear geological structures (see Figures
1, 2, 7 and 8 in [Vikulin, 2010]).

In physics, short- and long-range actions are often
related to corpuscular and wave interactions taking
place across boundaries of particles and across the me-
dium wherein the particles are located, respectively.
Under the geomedium block concept, the blocks can be
viewed as 'elementary’ particles. Therefore, in terms of
physics, the geodynamics of block interactions in the
rotation model can be viewed as a manifestation of the
general physical principle of corpuscular-wave dua-
lism envisaging that movements of geophysical blocks,
tectonic plates and geological structures have both
corpuscular and wave features, as discussed below.

4. ROTATION WAVES IN THE GEOMEDIUM COMPOSED
OF ROTATING BLOCKS

For the block that generates an elastic field with
force momentum (1) and interacts with elastic fields
generated by other blocks of similar sizes in a mass
chain, the movement law is established as the sine-
Gordon equation (p. 85-95 in [Vikulin, 2011]). In this
case, a seismic belt is modelled by a unidimentional
chain of the crustal blocks/earthquake sources inter-
acting with each other. Each block is characterized by
inertia momentum I and volume V = 4/3(mR}).

The block motion can be given by the following

. a? .
equation: I—f = Ky + K;, where K is force momentum
at

corresponding to the elastic stress field generated by
an individual block; K; is force momentum controlling
the interaction of the block with other blocks included
in the chain. It is generally assumed that X, is propor-
tional to both the elastic energy accumulated due to
2
motions of the corresponding block (V 375, where z is
distance along the chain of mass/blocks) and the elas-
tic energy of other blocks included in the mechanical
chain. The block motion can be thus given by the fol-

lowing dimensionless equation:

%0  9%0 .
Z af sing, (5)

where 8 = /2, &£ = kyz and 1 = vyk,yt are dimension-
less coordinates, and t is time. Taking into account that
the wave length is close to the block size (A=Ro), and
wave number is k, = 2n/R,, the following equation is
obtained for process development velocity v, typical of
the motion (equation 5):

15 G ’x/ﬁ >
m QRO\/; =~ WVRVS = 0.2 VRV ) [6)

Vg =
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Fig. 2. GPS data obtained at 323 observation points in Central Asian polygon in the period from 1995 to 2005 [Kuzikov,
Mukhamediev, 2010].

Dots show the observation points. a - displacement vectors of the entire polygon; b - differentiated rotation of blocks (viewed as rigid

bodies), according to data from clusters of observation points characterised by zero horizontal displacements against each other.

Puc. 2. [lanubie 323 nyHkToB GPS-HabmoaeHuil Ha LeHTpasibHO-A3uaTCcKoM nosuroHe B 1995-2005 rr., 0603HaYeHHBIX
ToukaMHu [Kuzikov, Mukhamediev, 2010].

a — BEKTOopa CMe].LleHI/Iﬁ BCero MnoJIMroHa, B 1ieJioM; b - ,ELI/I(l)(bepeHLLl/lpoBaHHble BpallleHUud 6JIOKOB KaK »KeCTKHUX OﬁpaBOBaHHﬁ, B KaXXJ0OM
6JI0Ke BbISIBJIEHHbIE 110 TAKUM COBOKYIIHOCTAM Ha6J]lO,£LaTeJ'II:HbIX MMYHKTOB, UMEIOIHX HYyJIeBble TOPU30HTAJIbHbIE IepeMellleHud Apyr

OTHOCUTEJIbHO Apyra.

where Vp = QRjy, and Vs = 4 km/sec is velocity of a
transversal seismic wave.

The form of equation (5) is predetermined by
equation (1) used to estimate the force momentum of
the elastic field generated by an individual block. It is
thus assumed that sine-Gordon equation (5) and its
right part (sin6) can be viewed, in terms of mathema-
tics, as the law of impulse momentum preservation in
wave processes. This is a principal assumption - when
applied to the rotation problem of interrelated blocks
arranged in a chain, it allows us not to consider any in-
teraction between blocks due to friction along their
boundaries, while the interaction needs to be consi-
dered in the elasticity theory (as shown, for example, in
[Nikolaevsky, 1996]). Logically, this approach facilitates a
physically 'transparent’ interpretation of the typical
velocity (equation 6) of the geophysical process de-
scribed by sine-Gordon equation (5), if the rotation
problem of stress fields around the block, that is rotating
due to its own momentum, is solved under the classical
theory of elasticity [Landau, Lifshitz, 2003] with a
symmetric stress tensor (equation 2).

Equation (6) shows that if physical parameters G, p
and Ry are fixed, velocity v, depends only on angular
velocity Q (via inertia momentum / and volume V of the

block). This means that the actual cause of such strain
is Earth rotation (p. 237-243 in [Vikulin, 2011]). This is
why the model introduced in [Vikulin, 2011] is called
“rotation model”. Given the above-mentioned parame-
ters of the crust, the typical velocity is vy = 10 — 10°
m/sec.

In this case, we analyse a chain of irregularly rotating
blocks characterised by deviations of force momentums
that diverge from those in equilibrium positions (). In
general, such a chain corresponds to the seismic process
in nature. Friction ¢ along the block boundaries is
taken into account, though it is viewed not as a mecha-
nism of interaction between the blocks due to their
'hitch-up' to each other (as envisaged in the elasticity

theory), but as a dissipative factor that hinders the ro-
tation interaction between the blocks. Based on the
above, the law of block motions in the chain can be thus
shown by a modified sine-Gordon equation (p. 237-
243 in [Vikulin, 2011]):

00 _ 90 _ ind + ap 22 + us(€)sind 7)

&  af fog T H :

A numerical solution of equation (7) is found by the
McLaughlin-Scott method. In this case, §(§) is the Dirac



function. In the model, initial conditions are given with
regard to an average strain velocity in seismically active
regions, and coefficients of friction a; and inhomogenei-
ty u correspond to those of real faults. If blocks/earth-
quake sources are interacting mainly due to creeping
(i.e. in case of the slowly developing seismic process),
an asymptotic value of rotation strain transfer velocity is
cp = 1—10cm/sec (p.237-243 in [Vikulin, 2011]).
Under the model envisaging that the non-linear geo-
medium is composed of blocks, it is acceptable that
velocity {vy, ¢y}, that is typical of the transfer of soli-
tonic rotation strain (i.e. stress with torque), can be
estimated as follows [Vikulin, Ivanchin, 2013a]:

co =¥~/ VrVs, co =1 —10cm/sec, (8)

where y = k™I = 10™* is non-linear parameter cha-
racterising a chain of blocks/cluster of earthquake
sources that make up a seismic belt; the block/cluster
is variable in size; its rotation is irregular due to
friction; k = 104(103 - 105) is geomedium non-linea-
rity coefficient that is equal to the ratio between elastic
constants of the third order and elastic constants of the
second order, i.e. linear moduli of elasticity [Nikolaev,
1987].

It is noteworthy that instrumental records in mines
have also revealed 'slow' and 'fast’ strain waves [Kha-
chai et al, 2013] and oscillation waves (u-waves)
[Oparin et al., 2010].

5. A NEW TYPE OF GEODYNAMIC OSCILLATIONS

In our study, we compare experimental data on the
migration of earthquake sources [Vikulin et al.,, 2012aq,
2012b] and theoretical solutions of the sine-Gordon
equation (p. 124-136 in [Vikulin, 2011]) [Davydov,
1982] and find two solutions that correspond to limi-
ting energies [Vikulin, 2010], i.e. slow solitons (sol) and
fast exitons (ex) (in terms of [Davydov, 1982])* The
slow solitons control the global migration of earth-
quake sources within an entire seismic belt (i.e. ‘long-
range action of energy’) with the following limiting ve-
locity:

Vsr <co=1-10 cm/sec. (9)

The fast exitons control the local migration of fore-
and aftershocks in sources of strong earthquakes (i.e.
‘instantaneous’ short-range interaction) with a limiting
seismic (s) velocity as follows:

co<Ve<Vs=1-10km/sec. (10)

4 Definitions of exitons differ in the literature [Davydov, 1976; Zim-
an, 1974, and others]. In this paper, solitons and exitons are viewed
as excitations according to [Davydov, 1982].
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The slow solitons (9) and fast exitons (10), as a re-
flection of the general physical principle of wave-
particle duality, are, in fact, a new type of geodynamic
fluctuations. They are characteristic of the block ro-
tating medium /geomedium in the same way as longi-
tudinal and transverse seismic waves for a ‘normal’
body.

Based on plate dimensions and movement velocities
of plate boundaries, two relationships are established
between plate boundary length L and its movement
velocity V, L12(V) (p- 313-316 and 317-322 in [Vikulin,
2011]). Relationship LgL; = (0.7 + 0.3)LgV; is close to
LgL = LgV that characterizes spreading and subduc-
tion [Zharkov, 1983; New Global Tectonics, 1974] and
actually corresponds to the ‘long-range’ soliton action
(9). The second relationship LgL, = (0.4 + 0.2)LgV, is
close to LgL = 0.3LgV that determines fault activation
in Central Asia [Sherman, Gorbunova, 2008]. In our
opinion [Vikulin, 2010], it corresponds to ‘instantane-
ous action’ (10). Tectonic solitons and exitons, as exci-
tations corresponding to relationships L;(V), control
changes of the tectonic activity at the Earth surface,
while seismic disturbances (9) and (10) predetermine
the seismic activity migration along the belts.

The conclusion about the existence of “a new type of
solitary waves” with “limiting velocity values” is also
stated for non-local elastic solids [Pamyatnykh, Ursulov,
2012]. The idea of a ‘slow’ mode “propagating with a
velocity that is much lower than the velocity of sound
in liquids, solid granules and gas” is theoretically and
experimentally supported by results of theoretical and
experimental studies [Rudenko et al,, 2012]. “The slow
dynamics” and its impact on “the elastic properties of
materials” are specified in [Korobov et al., 2013]. The
idea of the new type of rotation waves [Vikulin, 2010,
2011], as the consequence of the concept envisaging
that the geomedium is composed of rotating blocks, is
consistent with results of theoretical and instrumental
acoustic studies of ‘normal’ solids [Korobov et al,, 2013;
Pamyatnykh, Ursulov, 2012; Rudenko et al, 2012].

6. RHEID PROPERTIES OF THE GEOMEDIUM

There is much evidence of movements at the Earth's
surface from earthquake focal areas which are mani-
festted by ‘humps’ and often accompanied by rotation
[Vikulin, 2008]. Such a case is described in [lonina, Ku-
beev, 2013] - during the catastrophic earthquake in
China on 16 December 1920, “a missionary had to put
his legs wide apart like a drinker trying to remain
steady on his feet as he experienced strong rotational
movements underneath” (p. 124). In 1930s, geophysi-
cal and geological data on ‘slow’ movements of the
geomedium (typically lasting for 10-1013 sec) were
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consolidated, and terms of ‘rheid deformation’ [Geolog-
ical Dictionary, 1978; Carey, 1953] and ‘superplastic
deformation’ of the Earth were introduced to denote “a
flow of the material in the solid state” [Leonov, 2008]. It
is shown below that the above-described state of the
geomedium is a direct consequence of its motions due
to rotation.

A review of definitions of the rheological properties
of the Earth [Vikulin, 2009] shows that the Debye tem-

perature @, of the geomedium can be given as follows
[Zharkov, 1983]:

6q = 10V (H)[p(H), (11
where V is average velocity of excitations in the geome-
dium, cm/sec; p is density of the geomedium, g/cm3; H
is depth, km. If an average velocity (determined by lon-
gitudinal and transverse seismic velocities) for the li-
thosphere and upper mantle ranges from 1 to 10
km/sec, the Debye temperature is high enough. If
H=100 km, 6; = 660 °C = 1000 °K, and these values
correlate well with the common model of the Earth
physics [Zharkov, 1983].

The situation radically changes in case of transition
to rotation mode co (equation 8) that is determined by
motions of the geomedium blocks, tectonic plates and
geological structures in the aggregates. According to
equation 8, limiting velocity value co is at least five or-
ders lower than the longitudinal and transverse seis-
mic velocities, and the Debye temperature (equation
11) is thus very low:

6, ~ 107%K.

This provides for potential quantum, frictionless
superfluid motions of the geomedium [Vikulin, 2013],
i.e. its rheidity [Vikulin, Ivanchin, 2013a] and/or super-
plastic flow in the solid state [Leonov, 2008; Carey,
1953].

The Debye temperature is proportional to the max-
imum possible frequency of oscillations of the complete
set of particles composing the medium [Ziman, 1974]
or a set of mesovolumes of a solid body or all the geo-
medium blocks, tectonic plates and other geological
structures of the Earth. According to [Vikulin, 2011]
(p- 244-258), in case of the Earth, the frequency is
given by Chandler frequency typical of the aggregate

5 The Earth crust is a solid body. Therefore, applying the Debye
theory to geodynamic problems is reasonable in terms of physics,
to prove a possibility of transition under the Debye theory to rota-
tion mode cy, a transition from elastic phonons to tectonic solitons
(equation 9). An elastic phonon is a quantum of the interaction be-
tween ‘point-size’ atoms (i.e. atoms of zero size, without elastic own
momentum) in the crystal lattice. A tectonic soliton is a carrier of
the geodynamic interaction between (rotating) blocks of the geo-
medium. It has a considerable size and, respectively, its own torque.

oscillation of all the blocks in the seismotectonic belt.
Actually, the oscillation of the entire belt is determined
by the energy of 'zero' oscillations, i.e. energy E, (see.
Fig. 6 in [Vikulin, 2010]).

7. ROTATION WAVES AND OSCILLATION (1) WAVES

Under the geomedium block approach, considering
fracturing and “composition and decomposition of the
Earth material” as the major processes [Oparin, Vost-
rikov, 2010], oscillation (1) waves in the geomedium are
viewed as waves that predetermine geodynamic pro-
cesses [Oparin et al., 2010]. Velocities of both oscillation
(1) and rotation waves are lower than velocities of lon-
gitudinal waves. To experimentally substantiate the
existence of u-waves, oscillation is analysed in chains of
rigid massive blocks that are analogous to the chain of
blocks in the rotation model. Two types of waves are
revealed in both the rotation model and the chains
[Oparin et al, 2007]. According to estimations based on
laboratory experiments [Oparin, Vostrikov, 2010], velo-
cities of oscillation (1) waves amount to 102-103 m/sec
and are close to seismic wave velocities. Oscillation (u)
wave velocities measured on site range from 1 to 10
cm/sec [Oparin, Vostrikov, 2010] and are close to the
typical rotation wave velocity, ¢y (equation 8).

As shown above, in the framework of the wave
geodynamics, both the approach based on the rotation
concept [Vikulin, 2009, 2010, 2011; Vikulin, Ivanchin,
2013a] and the approach considering “composition
and decomposition of the Earth material” [Oparin,
Vostrikov, 2010; Oparin et al., 2007, 2010] yield similar
results, while being developed independently of each
other. Therefore, the rotation and oscillation (u)
waves can be considered as a phenomenon of one and
the same class - interaction between the geome-
dium/rotating medium blocks in the field of elastic
stresses with a force momentum. The methods used to
study the oscillation (1) waves [Oparin et al., 2007]
and strain waves [Khachai et al., 2013] may prove use-
ful for developing a technology to ensure proper re-
cording of the rotation waves, which are currently de-
tected (similar to tectonic waves [Bykov, 2005]) by
indirect methods, and instrumental methods for this
purpose are still lacking.

8. THE BLOCK GEOMEDIUM AND VOLCANISM

The above concepts of waves that occur during the
seismotectonic process in the block geomedium seem
to be applicable to volcanic processes. In fact, volcanic
belts of the Earth, as well as seismically active zones
are the largest linear structures of the planet. They oc-
curred in the Early Cretaceous and developed in quite a



synchronous pattern (p. 460 in [Krasny, 2004]). In stud-
ies of the three most active volcanic belts of the Earth -
Pacific, Alpine-Himalayan and Mid-Atlantic belts, it is
revealed that the volcanic activity migration, as well as
the migration of seismic/tectonic activity, is a manifes-
tation of the wave geodynamic process [Vikulin et al.,
2010, 2012].

A reflection of the ‘block character’ of the volcanic
process and a ‘quantum’ characteristic of a single vol-
canic eruption is a magma chamber feeding the volca-
nic eruption which is an analogue of an earthquake in
the seismic process. Several definitions of a magma
chamber /reservoir/ are given in [Vlodavets, 1984]. Ac-
cording to the most general definition that is not con-
tradicting with the others, a magma chamber is an iso-
lated volume feeding the volcano [Geological Diction-
ary, 1978]. Processes taking place in the magma cham-
ber have not been fully clarified yet [Vlodavets, 1984;
Luchitsky, 1971; Macdonald, 1975]. Nevertheless, in ca-
se of a sufficiently intense volcanic eruption when a
large volume of volcanic material is conveyed to the
ground surface, the size of a magma chamber can be
estimated from the size of a caldera, i.e. a large circular-
shaped area (with a diameter of 10 to 15 km and more)
of the volcanic depression with sloping walls (that can
be several hundred metres high) which formed due to
eruption (p. 123 in [Vlodavets, 1984]).

Many notions in volcanology have not been clearly
defined yet, and a precise definition of ‘caldera’ is also
lacking (p. 123-129 in [Viodavets, 1984]). The available
data on calderas are reviewed in many publications,
including [Luchitsky, 1971; McDonald, 1975; Leonov,
Grib, 2004; Laverov, 2005; Vikulin, Akmanova, 2014;
Vikulin, Ivanchin, 2015]. In our study, without going in-
to detail, we refer to the above-mentioned general def-
inition of ‘caldera’.

Our attempt to ‘incorporate’ the volcanic process in
the geomedium block concept under the rotational ap-
proach is described below.

9. THE PARAMETERS OF MAGMA CHAMBERS

Plotting the numbers and sizes of volcanic eruptions
of the recent Kuril-Kamchatka volcanoes. In the region
under study, the most complete and regionally con-
sistent database, including numbers of recent (past 200
thousand years) eruptions and sizes of volcanic forms,
is available for the Kuril-Kamchatka arc [Vikulin, Ak-
manova, 2014]. Based on the data on 70 volcanoes that
erupted 676 times (N) in the past 9.5 thousand years,
the eruption repeatability is given in the range of vol-
canic explosivity indices 2<W<7 [Siebert et al., 2010] as
follows [Vikulin et al., 2012a, 2012b]:

LgN=3.60-(0.48+0.06)W. (12)
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With account of the relationship between the ‘ener-
gy’ characteristics of eruption and the volume of erupt-
ed material (W and V, respectively): W=LgV+5, [V]=km3
[Siebert et al., 2010], the eruption repeatability (equa-
tion 12) can be given in terms of ‘volume”:

LgN=1.15-(0.48+0.06)LgV, [V]=km3. (13)

By applying the mid-square method to analyse the
data from [Laverov, 2005] on recent volcanic forms,
including calderas and large craters on cones and flat
tops of underwater volcanoes (N=287), the following
distribution of volcanic form numbers N by square are-
as Sisyielded:

LgN=(2.32%0.16)-(0.47+0.14)LgS, [S]=km?2. (14)

The above equations show that the ‘inclination
angle’ of the ‘energy’ and/or ‘volume’ distribution (W
and V in equations 12 and 13, respectively) amounts to
0.48+0.06, which is practically coincident with the ‘in-
clination angle’ of the distribution of the volcanic form
numbers by their square areas S (equation 14):
0.47+0.14. It should be noted that the volcanic erup-
tions number (N=676) and the volcanic forms number
(N=278) are statistically significant. The energy range
and the sizes of calderas in equations (12), (13) and
(14) cover the whole spectrum of volcanic eruptions,
including those with maximum values, Wpnau=7,
Vmaxx100 km3, and Smax=20x25 km?2,

Essentially, equations (12), (13) and (14) show fair-
ly general statistical distributions that are typical of the
volcanic process taking place in a wide region within a
large time period. The similar inclination angles of the
energy (12) and/or volume (13) and square area (14)
distributions suggest the following hypothesis: the ra-
tio of erupted material volume V to area S of the result-
ant volcanic form (that is large enough) is constant:

V/S=Ah=const. (15)

Being actually an invariant of more general statisti-
cal distributions, hypothetical equation (15) has a fun-
damental importance for volcanology [Vikulin,
Akmanova, 2014].

Eruptions of volcanoes of the planet. The inclination
angle of the volcanic eruption recurrence plot [Vikulin
etal, 2012a] is given as follows:

LgN=~-(0.52+0.05)W. (16)

It is equal to the inclination angle of a similar plot
constructed for the Kuril-Kamchatka volcanoes (equa-
tion 12). With reference to the data on volcanoes of the
planet [Vikulin, Ivanchin, 2015], the volcanic eruption
numbers are plotted against the areas of resultant cal-
deras and volumes of erupted material.
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Fig. 3. Numbers of calderas (points) (N=373) and large
craters on cones (triangles) (N=175) versus areas S (km?).

Puc. 3. Pacnpegenenue uncen N=373 kanabaep (TOYKH) U
KPYMHBIX BOPpOHOK N=175 Ha KoHycax (TpeyroJibHUKH) 10
BeJIMYMHAM UX Iowajieit S (kM%), o06pa3oBaHHBIX HA BYJI-
KaHaX IIJIAHETBHI.

Figure 3 shows a plot of numbers of calderas versus
their areas: LgN=f{LgS), N=373. In Figure 4, numbers of
eruptions are shown versus erupted volumes:
LgN=f(LgV), N=125. The mid-square method is applied
to analyse relationships shown in Figures 3 and 4 and
given by equations (17) and (18), respectively (see be-
low); correlation coefficients are 0.9 and 0.7, respec-
tively. Intervals for averaging the initial values of S and
IV are increased with increasing values of S and V in or-
der to provide a sufficiently uniform spacing of ave-
raged values in the logarithmic scale.

LgN=(1.86%0.11)-(0.49£0.05)LgS, [S]=km?,  (17)

LgN
1.6 1
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Fig. 4. Numbers of eruptions versus material volumes V
(km3) erupted by volcanoes of the planet (N=125).

00beMOB BbIGpOIIEHHOT0 MaTepHasa V (km3), N=125, nmpu

Puc. 4. PacripesiesieHre YKces U3BePKEHUN KaK QYHKIUSA
W3BepKeHUSX BYJIKAHOB IJIaHETHI.

LgN=(1.41£0.19)-(0.42+0.09)LgV, [V]=km3.  (18)

Parameters of calderas - diameter D, area S, and
erupted material volume V - are variable in wide rang-
es: D=2+150 km, $=2+4.648 km?, ’=0.3+3000 kms.
Nonetheless, it is established that the inclination angles
of the plots showing the distribution of areas S (equa-
tion 17) and erupted material volumes V (equation 18)
are similar, and the statistically significant reliability
is high, minimum 0.7. This finding is actually similar
to the conclusion that the ratio is constant in a wide
range of scales of I and S.

Thus, the available data on the volcanic eruptions
in the past 33 Ma support the hypothesis that Ah=const
(equation 15), i.e. does not depend on parameters of
the volcanic process.

Thickness of a magma chamber. Based on the above,
it is possible to estimate a magma chamber thickness
from parameters of a volcanic eruption. For this pur-
pose, equation (15) is used with data on volcanic erup-
tions with known values of S and V (N=125). The vol-
umes of volcanic eruptions of the planet are recalculat-
ed by the method proposed by LV. Melekestsev,
taking into account the fact that densities of magma at
different focal depths and densities of eruption pro-
ducts on the ground surface are different [Laverov,
2005]. It is shown that equation (15) is valid [Vikulin,
Akmanova, 2014]:

Ah=0.5%£0.1 km. (19)

Minimum and maximum values of magma chamber
thickness estimated from data on 125 volcanic erup-
tions (each with known caldera area S and erupted ma-
terial volume V) range from a few meters to a few kil-
ometres. These values do not contradict with thick-
nesses of molten granitoid layers formed while the
rocks were irreversibly deformed during folding of the
crust in the Pamirs [Magnitskii et al., 1998].

For a caldera with an average diameter D ranging
from 10 to 15 km, a magma chamber which thickness is
estimated from (19) is represented by a thin ‘pancake-
shaped’ layer: D>>4h.

Noteworthy are the following 'coinciding’ features.
Firstly, thicknesses of magma chamber 4h are close to
heights of caldera sides h, and the minimum and maxi-
mum thickness values are generally close (4hxh),
which gives grounds to consider this fact in support of
the hypothesis of a thin magmatic chamber with a
permanent thickness. Secondly, as shown in Fig. 3, ana-
lytical equation (17) cannot be significantly changed
by data on large craters on cinder cones (marked
by triangles) (N=175, i.e. almost a half of the number
of calderas, N=373). As such, distinctions between
large craters on cinder cones and calderas are eli-
minated under the thin magma chamber concept, as



shown in equations (15) to (19). In other words,
the very concept of a caldera-generating eruption
viewed as a 'specific’ class of eruptions becomes mea-
ningless.

Equation (19) is based on analyses of different data
sets including (1) data on the entire planet and indi-
vidual regions, specifically the Kuril-Kamchatka arc,
Kamchatka, Kuril Islands and individual volcanoes
located in the Kuril Islands and Kamchatka; (2) data
covering different time periods, specifically data on
volcanic eruptions of the Earth during the period of
33 Ma, and recent volcanic eruptions in the Kuril-
Kamchatka region; (3) data from regions with different
geotectonic settings; and (4) data on different types of
volcanoes and different eruptions. Thus, there are
grounds to consider that the small thickness of the
magma pocket in equation (19) is a constant that does
not depend on the volcanic process [Vikulin, Akmanova,
2014].

10. A MAGMATIC CHAMBER AS THE STATE OF THE CRUST

The model of a ‘pancake-shaped’ thin magma cham-
ber in the crust. Recent instrumental geophysical stud-
ies conducted at volcanoes in the Kuril-Kamchatka re-
gion show that their magma chambers are generally
located at depths from 5 to 30 km [Anosov et al,, 1990;
Balesta, 1981; Fedotov, 1984; Ermakov, Shteinberyg,
1999; Fedotov, Masurenkov, 1991], i.e. within the crust
composed of blocks. Therefore, the magma chamber
thickness, which is independent of the volcanic pro-
cess, may depend only on geodynamic movements of
the blocks.

The following data can provide prerequisites for a
statement of the problem. Heat generation in the crust
due to mechanical movements of the crustal blocks was
described in general terms by P.N. Kropotkin [1948].
Potential melting of the material in fault zones due to
dissipative heating during shifting of the crustal blocks
was noted in many publications on geodynamic model-
ling (for instance, p. 308-310 in [Turcotte, Schubert,
1985]). The first quantitative model of granitoid mel-
ting in the crust as a result of its intensive deformation
during folding (a case of the Pamirs) was proposed in
[Magnitskii et al., 1998]. It should be emphasized that
under this approach it is not required to refer to the
fluid concept in discussion of melting. The potential
existence of polingenic magma chambers in the crust
was substantiated in [Ermakov, 1977] and confirmed
by results of instrumental geophysical observations
[Balesta, 1981].

The thin ‘pancake-shaped’ magma chamber model
is based on principles established in the material sci-
ence of solids with intensive plastic deformation;
in case of low heat transfer, the plastic deformation
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zone can become considerably heated under the impact
of such deformations and even destroyed [Ivanchin,
1982].

The main provisions of the model [Vikulin, Ivanchin,
2015] are as follows. Local plastic deformation ¢
may be high (ex1) in sliding bands and low outside
the bands (ex0). As the strain rate is exponentially
dependent on stress and temperature, the temperature
in the area subject to plastic deformation may increase
due to heat emission. In case of a small thermal con-
ductivity factor, when heating is not compensated,
the temperature in the zone of intensive plastic de-
formation may continuously grow until transition
to the thermal self-acceleration mode, which typically
results in partial destruction of the deforming body,
and in many cases such destruction results from
melting.

A heated band may form under the following physi-
cally transparent conditions: on the one hand, deforma-
tion should be fast enough not to give time for the ge-
nerated heat to be removed by thermal conductivity;
on the other hand, it should be slow enough to provide
a sufficient time for the plastic deformation rate and
the specific heat capacity to decrease due to stress
relaxation.

With account of the low thermal conductivity of the
crust, thermodynamic calculations are obtained for the
following conditions: a magma chamber is a solid that
is heated to the temperature above its melting point; it
is located at the depth of the crystalline basement
boundary, H=5-6 km (Kamchatka) and composed of
aluminium which thermal properties are similar to
those of magma. (All the thermodynamic parameters of
aluminium and their dependence on temperature and
pressure are known). Based on the thermodynamic
calculations, it is shown that when local melting takes
place and the magma chamber's volume is increasing,
an additional pressure is generated around the magma
chamber and the field of elastic stresses occurs; its en-
ergy is about 1015 joules per 1 km3 of the overheated
rock. Considering the elastic energy accumulated
around magma pockets, overheated magma chambers
of relatively strong (W>4; V>0.1 km3) eruptions appear
to be similar to sources of the strongest earthquakes
(M=8 and above) which lengths range from 100 to
200 km and above. In the block geomedium model, the
similarity of the neighbouring magma chambers and
seismic sources in terms of energy can be viewed as an
explanation of both the interaction between volcanoes
(i.e. migration of volcanic activity according to [Vikulin
etal, 2010,2012a,2012b]) and the interaction between
volcanism, seismicity and tectonics [Vikulin, 2011;
Vikulin et al., 2013].

The above general conclusion is supported by data
on the three adjacent large cones of the northern erup-
tion of the Tolbachik volcano in Kamchatka, which

357
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formed one after another during the eruption in 1975
and 'migrated’ along the entire Tolbachik zone of cin-
der cones [Fedotov, 1984]. It is also supported by data
on calderas (D=10 km and above) that migrated along
the 500-km long Snake River valley in the USA; the cal-
deras were formed during eight strongest eruptions
(W=6-7; V=210-100 km3) in the past 16 Ma [Koro-
novsky, 2012], data on volcanoes that migrated along
the central Pacific Ocean for distances from 800 to
1000 km and formed the chain of Hawaii Islands
[Mcdonald, 1985], and data on volcanic activity migra-
tion at the Earth surface [Luchitsky, 1971].

The Mohorovicic discontinuity (Moho). It is stated in
[Peive, 1961] that the “most important conclusion of
modern tectonics, which forces us to review our con-
cepts, is that the crust ... is partitioned into blocks not
only by a system of steeply dipping and vertical tecto-
nic surfaces but also by gently dipping and horizontal
surfaces. ... Deep tangential tectonic zones located in
areas of high pressures and temperatures are zones
with ‘plastic flow’ ... and primary magma chambers. ...
Mechanical movements of the crustal material are the
main source of this energy”. According to [Peive, 1961;
Magnitskii et al., 1998], mechanisms of plastic flow in
thin layers along surfaces of the blocks are quite real
and can be applied to other tectonic boundaries in the
crust.

Among all the layers within the upper mantle, only
the Moho is quite reliably established in all the regions
of the Earth. Therefore, the concept of an overheated
transition layer, which depth is constant, sounds rea-
sonable with reference to the Moho, in the first in-
stance.

It is not known whether the upper mantle located
below the base of the crust is composed of blocks. We
can only be certain that the crust has the block struc-
ture. Under the p-T conditions at the Moho, it can be
expected that the geomedium below the crust may not
be composed of blocks. In this case, another reason
against the block structure is the assumption that a
volume flow [Leonov, 2008] is more typical of the sub-
stance below the Moho than a shear flow. Under the
concepts of the rotational mechanics of the block ge-
omedium [Vikulin, 2011; Vikulin et al, 2013] and the
model of 'thermal explosion' and 'thermal self-acce-
leration' [Ivanchin, 1982; Vikulin, Akmanova, 2014;
Vikulin, Ivanchin, 2015], it can be assumed that the base
of the Earth's crust is represented by a phase surface,
below which the geomedium (including the lithosphere
and upper mantle) is not composed of blocks, and
the shear flow cannot occur in it or may occur but to a
lower extent than in the crust [Vikulin, Ivanchin,
2013b]. Our approach described above is close to the
Moho model described in [Pavienkova, 2013].

Thus, the conclusion, which is fundamental for both
volcanology and geodynamics, is that a magma pocket

is a thin layer, and its thickness depends on properties
of the crust. Our conclusion makes it possible within
the framework of the rotation model [Vikulin, 2011;
Vikulin, Ivanchin, 2013b; Vikulin et al., 2013] to consist-
ently ‘mate’ the views on the volcanic process [Vikulin,
Akmanova, 2014; Vikulin, Ivanchin, 2015], the block ge-
omedium concept and the idea of the wave geodynamic
process.

11. DISCUSSION OF RESULTS

Our review shows that the regional tectonophysical
studies of the Baikal fault zone [Sherman, 2014] have
some major shortcomings. In the reviewed regional
studies and analyses, the fault structure of the geome-
dium was mainly referred to, while the block geomedi-
um concept was not actually applied. The migration of
earthquake sources was taken into account in the
tectonophysical modelling of the regional processes,
and an important conclusion was stated: “Deforma-
tion/strain waves should be introduced in the scope of
the geophysical medium concept and viewed as its
dynamic parameter” (p. 283 in [Sherman, 2014]).
However, in the cited publication, the strain wave pro-
cess was considered mainly on the basis of the fault
tectonics concept without any reference to the me-
chanism of stress redistribution in the geomedium's
volume.

The present paper describes the rotation concept
that can be useful for eliminating the difficulties associ-
ated with the need to take into account both the block
structure of the geomedium and the wave process
taking place in the geomedium. It is shown that the
geomedium is a body composed of rotating blocks, and
stresses with torque are generated in the geomedium.
As a consequence of the momentum conservation law,
such stresses predetermine the energy capacity (in
terms of [Ponomarev, 2008]) of the geomedium. In our
study, the new type of rotation waves is reviewed, and
it is shown that slow and fast strain waves (and/or tec-
tonic waves [Bykov, 2005] and/or oscillation () waves
[Oparin, Vostrikov, 2010] and/or strain waves [Khachai
et al, 2013]) can occur in the geomedium composed
of rotating blocks as a consequence of the wave-
particle duality. The fast and slow strain waves are as
typical for the geomedium composed of rotating blocks
as longitudinal and transverse seismic waves for the
‘normal’ solid.

In the geomedium, movements can also take place
as rheid and/or super-fluid flow [Vikulin, 2013] and/or
super-plastic flow [Leonov, 2008; Carey, 1954] which
is most probably associated with the energy capacity
of the geomedium and its ability to generate vortex,
ring-shaped and other non-linear geological structures
[Vikulin, 2014b]. In terms of physics (p. 5-20 in



[Nikolaev, 1987], this state of the geomedium corre-
sponds to its geometric rotational-structural nonli-
nearity.

In geodynamics and tectonophysics, a fundamental
challenge and experiment crucis, i.e. crucial/critical ex-
periment [Vikulin, 2013, 2014a, 2014b], is to reveal the
relationship between the geomedium's energy capaci-
ty, rheidity and vortex motion ability, on the one hand,
and it’s clear nonlinearity [Nikolaev, 1987], on the other
hand.

Considering the geomedium's energy capacity
[Ponomarev, 2008] and its state of stresses [Nikolaev,
2003; Rykunov et al.,, 1979], which can destroy the ge-
omedium [Bogdanovich, 1909; Ponomarev, 2008], it can
be suggested that an earthquake is most likely to occur
out of compliance with the Raid theory, i.e. not as a
result of local stresses in the future earthquake
source in excess of the tensile strength of rocks. Under
the rotation concept proposed by the author, an earth-
quake in the energy-saturated medium (ready for
destruction) can result from the long-range interaction
between all blocks of the crust through a long/geo-
logical time span. Besides, it can occur as a conse-
quence of specific conditions in the future earthquake
source and its adjacent blocks which provide for the
short-range interaction between the blocks and may be
accompanied by the formation of a free surface of a
fault and emission of seismic waves.

Magma chambers feeding volcanic eruptions are a
reflection of the ‘block character’ of the volcanic pro-
cess. Our analysis of the data on almost 800 strong
volcanic eruptions, that were followed by the for-
mation of calderas and the transition of large volumes
of volcanic material to the ground surface, shows that
the magma chamber's thickness is generally small,
about 0.5 km, and this value is constant, independent of
the volcanic process and predetermined by properties
of the crust.

We propose the new magmatic chamber model
based on the ideas of ‘thermal explosion’ and ‘thermal
self-acceleration’. It can supplement and develop the
well-known concepts of potential heat generation in
the crust [Kropotkin, 1948; Ermakov, 1977; Turcotte,
Schubert, 1985; Magnitskii et al., 1998]. The model en-
visages intensive plastic movements along the bounda-
ries of the blocks in conditions of the low thermal con-
ductivity of the geomedium. If the solid material in the
magma chamber is heated to the temperature above
the melting point, elastic stresses with energy up to
1015 joules per 1 km3 of the overheated rock can be
accumulated in the area around the magma chamber.
Such stresses are comparable to stresses in the sources
of the strongest earthquakes. This can provide an ex-
planation of the interaction between volcanoes (mani-
fested by the migration of volcanic activity along the
volcanic arc) and the interaction between the volcanic
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and seismic processes taking place in the adjacent and
parallel belts.

Under the above concepts, the magma chambers are
viewed as ‘normal’ blocks of the crust which have the
same rotational properties as the blocks/earthquake
sources.

This idea of thin overheated interlayers/volcanic
chambers is valid for the entire crust of the Earth. In
our hypothesis, it is stated that properties of the Moho
are determined by the phase transition from the block
structure of the crust to the non-block structure of the
upper mantle.

12. CONCLUSIONS

Our conclusions [Vikulin et al, 2012b], that are
based on the physical and mathematical models deve-
loped by the author and his colleagues, are of funda-
mental importance for geodynamics. A brief review of
the conclusions is given below.

1. In geodynamics, a currently popular idea envisa-
ges the mechanism of 'hitching' of blocks and plates
with each other and heat 'emission’ due to friction at
their boundaries. However, it becomes 'useless' under
the rotation concept - this mechanism is unlikely to
occur. It is suggested by models of ‘thermal explo-
sion’/‘self-acceleration’ and intensive deformation due
to geological processes [Magnitskii et al, 1998] that
overheated areas may occur in the crust, and phase
transitions (from solids to liquids with free gas separa-
tion) may take place in such areas.

2. The concept of the geomedium composed of rota-
ting blocks can facilitate solving the problems of geo-
dynamics without any need to employ the currently
popular models of magma ascent from the mantle
(possibly, core) depths.

3. The problem of the Earth thermals and ‘hot spots’
can be considered from other positions. Within such
zones, the kinetic energy generated by the rotation of
the geomedium blocks and plates is partially converted
into elastic stresses with torque (equation 1). It can be
released not only by earthquakes, volcanic eruptions
and tectonic plate movements, but also by the genera-
tion of heat that is redistributed inside the Earth and
brought to the ground surface by various mechanism,
including rotation waves with specific wave velocity ¢y
(equation 8).
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