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Seismic safety of industrial plants is one of the most pressing problems of geophysics. This fully applies to the Caspian region,
which includes partially territories of Russia, Azerbaijan, Kazakhstan, Turkmenia, and Iran, possesses the dense population, with
widely developed infrastructure and means of communication, large mineral deposits, at first of oil and gas, including marine
platforms in the most seismic active south part of the Caspian Sea, as well as operating and projected nuclear and electric sta-
tions. In our paper, we represent brief overview our investigations in Caspian mining region geodynamics and seismicity,

We carried out our background research by the analysis of geological materials and space images within regions taking into
consideration space-geodetic data in the ITRF System (http;/itrf.ensg.ign.fr/2014), velocities and gradients of Earth’ crust modern

and recent movements in addition. Schemes of regions include the position of active faults within mining enterprises and main
electric stations as well as ore and non-ore mineral deposits, epicenters after NEIC 2014 (http;/earthquake.usgs.gov/regional/neic/)

and CMT 2014 (httpy/www.seismology.harvard.edu/) data with magnitudes 2.99—7.99. Volumes of releasing seismic energy are

shown in the scheme after author’s calculations. We believe that participation of some well-known Iranian geologists and geo-
physics, in the project fulfilling will help in the better understanding the structure and seismicity of the Caspian region south part.

Keywords: seismic activity; tectonic mobility; earthquakes; seismic energy; heat flow; Caspian mining industry region;
safety of industrial plants.

The Vernadsky State Geological Museum together with the Institute of Earthquake Prediction Theory and Mathematical Ge-
ophysics during last year’s carries out the investigation of up-to-date geodynamics and seismicity of different regions in Eura-
sia under the leadership of Academician D. Rundquist and Dr. Yu. Gatinsky. Now we are fulfilling the joint scientific project de-
voted to the same investigation in the Caspian Region. It is the worth to mention that this region including partially territories
of Russia, Azerbaijan, Kazakhstan, Turkmenia, and Iran possesses the dense population, widely developed infrastructure and
means of communication, large mineral deposits, at first of oil and gas, including marine platforms in the most seismic active
south part of the Caspian Sea, as well as operating and projected nuclear and electric stations. All these confirm actuality ful-
filling investigations for appraisal and reducing consequences of modern tectonic movements and earthquakes in the Caspian
region including besides the Russian territory different parts of friendly countries.



dAeKmMpoHHoe HayvHoe u3ddaHue AAbMaHax TTpocmpancmBo u Bpems T. 13. Bein. 1 ¢ 2016 Mpocmpancmbo npocmparncme6:
Kacnuickui Auanoe

Electronic Scientific Edition Almanac Space and Time vol. 13, issue 1 Space of the Spaces: Caspian Dialogue
Elektronische wissenschaftliche Auflage Almanach ‘Raum und Zeit Bd. 13., Ausgb. 1. Raum der Rdume: Kaspischen Dialogs

GATINSKY YU.G., PROKHOROVA T.V. ON THE MATTER OF UP-TO-DATE GEODYNAMICS AND SEISMICITY OF
THE CASPIAN MINING INDUSTRIAL REGION

The Caspian Region, as a whole situated between North Eurasian and Arabian lithosphere plates (fig. 1), in its north half
possess the rather low level of seismic activity (1x10°—1x107 J). Sparse earthquake epicenters with magnitudes (M) 3.99—
5.99 occur in the Lower Volga near Astrakhan and in certain parts of West Kazakhstan. A zone of active north-west faults
stretch from the Lower Amu Darya up to Mangyshlak Peninsula and further it crosses the Caspian aquatoria. The south border
of the North Eurasian plate goes along the north mountainside of the Great Caucasus, the active fault system in the Caspian
bottom and the Kopet Dag Fault. The level of seismic activity sharply increases in the direction to the border up to 1x10°—
1x10% J, epicenters with M 4.99—6.99 have large distribution (single M can reach 7.99). The catastrophic Ashkhabad earth-
quake occurred on this border in October 1948.
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Figure 1. Modern block structure and seismicity of the Caspian Region and adjacent territories. Red lines - active faults after [Trifonov et
al. 2002], blue lines — rivers. Boundaries: dark blue — lithosphere plates, green — blocks [Gatinsky et al. 2007, 2011.a-c]. Instrumental
epicenters (NEIC 2016) with magnitudes: light green — 4.0—4.9, dark green — 5.0—5.9, violet — 6.0—6.9, and black — 7.0—7.9. Each in-

creasing of the olive color intensity corresponds to increasing seismic energy volume on 1x10'—1 or 1x10™* J. Some energy values are
shown in the scheme in joules. Small triangles show large ore deposits. Special symbols show: nuclear power stations operating (1) and

unfinished (2); main hydroelectric (3) and thermal-electric (4) stations; mining (5) and processing (6) enterprises. Numerals in figure:

1 — North Eurasian Plate; blocks: 2 — West Caucasian, 3 — East Caucasian, 4 — Small Caucasian, 5 — South Caspian, 6 — Central Iranian;

7 — Arabian Plate. Note: active faults restrict the majority of blocks
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Farther south the Alpine-Iranian Transitional Zone divides North Eurasian and Arabian plates. The zone includes here some
blocks limited by active faults: West Caucasian, East Caucasian, South Caspian, Lesser Caucasian and Central Iranian
[Gatinsky et al., 2007, 2011.a-c]. The majority of epicenters coincide with active faults on the block boundaries, where the seis-
mic activity level increases up to 1x10°—1x10%'3 J. Thrusts and large slips predominate among faults according to earthquake
mechanisms solution. Trusts with the intensive compression coincide, after CMT data, with the border between the transitional
zone and North Eurasian plate in the Great Caucasus north mountainside, in its south mountainside, and in the Elburz Moun-
tains south the Caspian Sea. Right-side slips predominate along the Kopet Dag Range in Turkmenistan, left side ones — in
northeast transcurrent faults within the Lesser Caucasus. The extension occurs, after CMT data, in the South Caspian deep-
water depression and in the east part of the Kura Trough within Azerbaijan.

Heat-Flow values increase within the North Eurasian plate from 22—55 pW/m™in NW Kazakhstan up to 63—78 pW/m™ ap-
proaching to the south plate boundary in the Stavropol Territory, North Dagestan and Turkmenistan. Maximal Heat-Flow val-
ues up to 88—97 uW/m™2 distribute in the southwest part of the South Caspian deep-water depression and in the Elburz Moun-
tains within Iran. According to GPS vectors in the ITRF system in neighboring territories the North Eurasian plate moves later-
ally with velocities 25—26 mm/y. The moving azimuth changes gradually from 53° NE near Moscow up to 70—72° NE in the
Ural Mountains, corresponding to the plate clock-wise turn. More composite and intensive motions take place in the transition-
al zone where the majority of blocks have their own geokinematic characteristics. Thus, according to ITRF measuring on the
Teheran Station, the Central Iranian Block moves at 53.2° NE with the velocities 32.6 mm/y. resulting in modern compression
deformation in the Elburz Mountains. The azimuth of the Lesser Caucasus Block is 59.0° NE on the Erevan Station with the ve-
locity 33.7 mm/y. The vertical raising fluctuates from 0.8 up to 2.2 mm/y. within the transitional zone.

We believe that participation of Iranian geologists and geophysics, such as Z. Mousavi, F. Tavakoli, H. Nankali, A. Aghamo-
hammadi, Z. Zarifi, F. Nilfouroushan and some others in the project fulfilling will help in the better understanding the structure
and seismicity of the Caspian region south part. Those scholars are well known by their works devoted to up-to-day geody-
namics of Northwest Iran. It should be noted that some original methods we elaborated in the Vernadsky museum for the so-
lution these problems. They include the construction maps of seismic energy distribution and deep seismic profiles, which al-
lows showing changes of the seismic intensity as on surface structures as in their depth using the NEIC and CMT data
[Gatinsky et al. 2009, Gatinsky, Prokhorova, 2015], establishing the connection of the superficial block structure with deep geo-
physical anomalies in the crust and mantle [Gatinsky, Prokhorova 2014].
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B paboTe nsnoxeHbl NpeaBapuTenbHble pe3ynbTaTbl NCCNeA0BaHNA COBPEMEHHOM re0ANHAMUKN N CENCMUYHOCTM Kacnnicko-
rO rOpHOMPOMbILLJIEHHOIrO pernoHa. YCTaHOB/IEH YPOBEHb BbICBOOOXAAOWENCA CEACMUYECKON SHEPTUM U 3HAYEHUS TEMI0OBOro
notoka. MonyyeHHble pe3ysibTaTbl MOMOratoT KOPPEKTHO OLUEHUTb BAIMSIHWE HeraTUBHbIX NOCNeACTBUIA, CBSA3aHHbIX C COBPEMEH-
HOW BHYTPUKOHTUHEHTANbHOM reognHaAMNYECKOM U CENCMMUYECKON aKTUBHOCTbIO, Ha paboTy M NpoOeKTUpoOBaHME FOPHOMPOMbILL-
NEHHbIX NPeaAnpUATUN U SHEPreTUuYecKnx o6 bEeKTOB.

KnroueBble csoBa: CelncMUYecKass aKTUBHOCTb; TEKTOHMYEecKass MOABUXXHOCTb; 3eMJIeTPSCeHUs; CeriCMMYecKas aHeprus;
TennoBoM NoToK; KacnnMmcknum ropHOMpPOMbILWAEHHbIN pernoH; 6e30nacHOCTb NPOMbILWIEHHbIX 06BEKTOB.
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FoCyaapCTBEHHbLIN reonornyecknn mysem um. B.U. BepHaackoro PAH coBMeCcTHO C¢ MIHCTUTYTOM Teopuwn NporHo3a 3eMneTps-
CEeHUN N MaTeMaTmyeckom reodpmsmkm PAH B nocneaHmne rogbl NpoBOAUT N3YUYEHNE COBPEMEHHOM reoAMHaMUKNU N CENCMUYHOCTH
pas/IMYHbIX permnoHoB EBpasnu nog pyKoBOACTBO AOKTOpA reosioro-MmHepanormyeckux Hayk 0.l MaTuHckoro n akagemmka PAH
[.B. PyHakBucta. B HacTosiwee BpeMS Mbl BbIMNOHAEM COBMECTHbIM Hay4HbIW MPOEKT, MOCBSLWEHHbIN TakKoMy M3y4yeHuto Kac-
NMUINCKOro pernvoHa. bonbwas 4acTb 3TOr0 pervoHa, BKAOYaKLWeEro 4YactTuyHo Tepputopumn AsepbanaxaHa, ApmeHuun, pysun,
NpaHa, KazaxctaHa, Poccun, TypKMEHUN, XapaKTepm3yeTCcs BbICOKOW MAOTHOCTbIO HaceneHusl, pa3Buton MHMpPaCTPYKTYpon u
CpeAcTBaMM KOMMYHUKaUMKU. 34eCb pacrnofioXXeHbl KpyrnHble pa3pabaTbiBaeMble MECTOPOXAEHUS MONE3HbIX UCKOMaeMbiX, B TOM
yncne, HedpTU M rasa, BkAKYas Mopckue nnatdopmbl B Hanbonee ceMCMOAKTUBHOWM HOXHOM YacTu KacnmMimckoro Mopsi, a Takxe
aencreyrwowme n npoektupyemble ASC u kKpynHble '2C n TSC. Bcé aTo noaTBEpXAAET aKTyaslbHOCTb NMPOBOAUMBIX MUCCenoBa-
HWU NO OLEHKE M NYTSM CHUXEHUS NOCNeACTBUN COBPEMEHHbIX TEKTOHUYECKUX ABMXEHUIN 1 3eMneTpsceHnin B Kacnnimckom pe-
rMoHe, oXBaTblBaKOLWEM, KpoOMe Tepputopun PO, pasinyHble parioHbl APY>XECTBEHHbIX HAM CTpaH.

Kacnunckmm pernmoH B LenoM pacnonoxeH mexay Cesepo-EBpa3smniickon U ApaBUMMCKON nNUToCdepHbIMM namTamu (puc. 1).
Ero ceBepHas nonoBuHa sBnseTca 4vactbto CeBepo-EBpasnncKon NAUTbl U XapakKTepusyeTcs OTHOCUTENbHO HU3KMM YPOBHEM
celicMMyecKkoi akTuBHoCcTM (1x10°—1x1072 k). Peakue anuUeHTpbl 3eMneTpscenuii ¢ mariutyaamm (M) 3,99—5,99 npuypo-
YeHbl K HU30BbsSIM Bonrn okosno ACTpaxaHu M K oTAesNbHbIM panoHaM 3an. KasaxcrtaHa. 30Ha akTuBHbIX C3 pa3nioMoB NpOTArm-
BaeTcs U3 HM3o0BbeB AMy-[lapbu Ha nN-oB MaHrblilWwiak, rnepecekas ganee akeatoputo Kacnusa. KOxHasg rpaHuua CEMN npoxoauT
BAONIb CeBepHbIX npearopun bon. KaBkasa B [larectaHe, CUCTEMe aKTMBHbLIX pa3/ioMOB Ha gHe Kacnusa n no Konetaarckomy
pa3fioMy. YpoBeHb CENCMUYHOCTN pe3KO BO3pacTaeT MO HamnpaBNEHUIO K 3TOW rpaHuue Ao 1x10°—1x10 Ox, LWMPOKO pacnpo-
CTpaHeHbl anunueHTpbl ¢ M 4,99—6,99, eanHn4Hble Ao 7,99. Ha aTon rpaHuue npomusowso kKaTtactpoduyeckoe Awwxabaackoe
3eMmneTpsiceHme B okTa6pe 1948 r.
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Puc. 1. Cxema coBpeMeHHON reogMHaMnUKM n CENCMNUYHOCTU Kacnmimckoro pernoHa. JIMHUU CUHUE — rpaHuLbl NTMTOCdepHbIX NNT, KpacHble
— aKTMBHble pPa3/I0Mbl. DNULEHTPbI C MarHUTyAon: YepHble — 7,00—7,99, dmnonetosBblie — 6,00—6,99, TéMHO-3enéHble — 5,00—5,99, cBeTno-
3enéHble — 4,00—4,99. M30naxuTbl NoKa3biBaloT 06beMbl BbICBOOOXAAOLLENCA CEACMNYECKOM 3HEePrnm, Kaxaoe usMeHeHne oTTeHKa LuBeTa
oTBeYaeT n3MeHeHMo obbeMa Ha 1x10% A 1x10 ! Ik (noanucaHbl oTAeNbHbIE 3HAaUYEHUS B AXKOYsX). GMONETOBbIMM 3HAYKaMM MoKasaHbl
aencreytowmne ASC n T2C, cnHnmm — MIC, yepHbiMn — TOKuM (B Buae 3asoaa) v gobbiBatome npeanpmsatus (NnepekpeLlumsatowmecs MoIoTKun).

LiBeTHble Mefikne TpeyrosibHMKM — KPYMnHble U CyNnepKpynHble MeCTOPOXAEHUS PYAHbIX U HEPYAHbIX NOAE3HbIX NCKOMaeMbIX

O>xHee pacnonoxeHa Anbnuincko-NpaHckas TpaH3uTHasa 30Ha, pasaenstowas CEMN v ApaBUNCKYO NAUTY. 30Ha BK/OYaeT B
Kacnunckom pervoHe cnegywouwme 6noku: 3anagHo-KaBkasckuii, BoctouHo-KaBkasckuin, ManokaBkasckuni, KOxHO-Kacnmmnckunm
n UeHTpanbHo-UpaHCcKkun [FaTtuHckuii u ap. 2007, 2014]. BONbWWHCTBO 3MNUUEHTPOB 34eCb COBMagaeT C aKTUBHbIMKW pa3fioMaMu
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Ha rpaHuuax 610KOB, rae YpoBeHb CEMCMUYHOCTM yBenuumsaeTcs A0 1x10°—1x10* Ox. Mo AaHHbIM MexaHU3MOB B IMMOLEH-
Tpax (CMT) cpean pasnomos npeobnagatoT C3 HaaBUMM U KPYMHble CABUMM, pa3BUTble Ha CEBEPHbIX N KOXHbIX npearopbsax bon.
KaBkasa 1 B xp. 2nbbypc. NpaBOCTOpOHHME ceBepo-3anajHble CABUIM yCTaHoBAeHbl B Xp. KoneTaar, nonepeyHble ceBepo-
BOCTOYHbIE JIEBOCTOPOHHME — Ha Manom KaBka3se. PacTskeHus oTMedatoTcs B HOxHo-Kacnuiickon rnybokoBoaHOM BnaguHe u
Ha BocTOoKe KypuHCcKkon BnaauHbl B AsepbanaxaHe.

3Ha4yeHusa Tennosoro notoka B npenenax CEMN namenswoTca ot 22—55 MBT/M? Ha C3 KasaxcTaHa 4o 63—78 MBT/M? K H0OXHOW
rpaHuue nautbl B CTaBpononbckom kpae, Ces. [arectaHe u TypKkMeHUcTaHe. MakcuManbHble 3HaYeHns Ao 88—97 mMBT/mM? k 103
yactn lOxHo-Kacnuinckon rnybokoBOAHOW KOTNOBUHbI U K Xp. Dnbbypc B UpaHe. CKOpPOCTb FOPM3OHTANIbHOMO nepeMelieHuns
CEM Ha npwunerawowein Tepputopumn coctaensaeTt 25—26 MMm/r, Bektopa GPS B cucrteme ITRF nsameHsatoTcs ot 53° CB Ha 3anage
Ao 70—72° Ha BocToke B Mpuypanbe, YTO OTBEYAeT NOBOPOTY M/IMUTbI MO YacoBOW cTpenke. bonee CNoXHble U UHTEHCUBHbIE Me-
peMeLleHns MpPoMCXoaaT B TPAH3UTHOW 30He, rae 60nbWKNHCTBO 6n10KOB obnagaer cO6CTBEHHbIMU reOKMHEMATUYECKMMUM XapaKk-
Tepuctnkamu. Tak, LleHTpanbHo-UpaHckuii 610k Ha cTaHunn GPS B TerepaHe aBuxetcs Ha 53,2° CB co ckopocTbio 32,6 MM/T,
pe3ynbTaToM Yyero saBnsTca gedopmaumnm okaTtmsa B Xp. Dnbbypc. ManokaBka3sckuin 610K Ha cTaHuumM B EpeBaHe cMellaeTcs Ha
59° CB co ckopocTbio 33,7 MM/r. BepTuKanbHble NOAHATUS 6/10KOB KONEBNOTCA B TPaH3UTHOM 30He oT 0,8 10 2,2 MM/T.

Mbl nonaraem, 4YTo yyacTme B COBMECTHOM paboTe Hah MPOEKTOM MPAHCKUX reosioroB M reopmusnkos, Takmx Kak Z. Mousavi,
F. Tavakoli, H. Nankali, A. Aghamohammadi, Z. Zarifi, F. Nilfouroushan n HeKkoTOpbIX ApPYyrnx, U3BECTHbIX N0 UX paboTaM, no-
CBSILLEHHbIM COBpeMeHHoN reogmHamuke Cesepo-3anagHoro MpaHa, 6byaet coaencTBoBaTh NyylweMy MOHUMAHUIO CTPYKTYpbl U
CEMCMUYHOCTU tOXKHOM YacTn Kacnunckoro pernoHa. Otmetum, yto B TM PAH pa3paboTaH psa OpurnmHanabHbIX MeETOAMK,
Hanpas/ieHHbIX Ha pelweHne 3Tux Nnpobnem. OHM BKAKOYAKOT CO34aHMe KapT BbICBOOOXAEHMS CENCMUYECKON SHEPTrUM 3eMneTps-
CEHWN N NOCTPOEeHMnEe cencMmmyecknx npodunen, KotTopble NO3BOASKOT NOKa3aTb M3MEHEHME CEMCMUYHOCTU KaK B MOBEPXHOCTHbIX
CTPYKTYypax, Tak u Ha rnybuHe noa HMMM Ha OCHOBEe AaHHbIX M3 KaTtanoroB NEIC wn CMT [Gatinsky et al. 2009; Gatinsky, and
Prokhorova 2015]. B cTtaTbe [Gatinsky et al. 2013] NnoKa3aHa CBA3b MOBEPXHOCTHOM B6N0KOBOW CTPYKTYpbl LleHTpanbHoM A3unmn c
reousanyecKMMmnm aHoManusaMum U € ryObUHHBLIM CTPOEHMEM KOPbl U MAHTUM.
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