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Summary. There are several viewpoints about the relationship of mud volcano eruptions with
earthquakes, or earthquake occurrences with mud volcano eruptions. This paper demonstrates
evaluation of dynamic strains triggered by Caspian earthquakes which occurred on the 25™ of No-
vember, 2000, south of Baku city with Mw 6.1 and 6.2. Consequently, we researched the relation-
ship between seismic regime and mud volcano eruptions in Azerbaijan located in Shamakhi-
Gobustan-Absheron. We investigated over 30 mud volcanoes with over 100 km distance from near
epicentres of Caspian earthquakes in terms of time within five years before and after Caspian
earthquakes in 2000. As a result of computation, dynamic strain demonstrates that all the volca-
noes in the study area are affected mostly by Caspian earthquake-induced transient strain. A larger
number of mud eruptions occurred at a distance greater than 50-60 km from the 2000 Caspian epi-
centres. Mud volcanoes were erupted within 2-3 years at the range of 40 and 110 km from the epi-
centres. After three years from earthquake occurrence in Caspian Sea, mud volcanoes were erupted
at the distance more than 70 km. The largest number of eruptions occurred within two years from
the earthquakes, in particular the highest frequency is within six months. In particular, several
eruptions occurred within 8 months from the shock, after this period the number of eruption for
months is more scattered and discontinuous The comparison made us conclude that dynamic
stresses are predominantly interlinked with triggering demonstrating higher magnitude, and conse-
quently eruptions are favored up to 1-2 years following the earthquakes.

© 2019 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

irov, Mukhtarov, 2004; Aliyev etal., 2009;

The relationship between mud volcano erup-
tions and earthquake occurrences has been studied
for years. Researches demonstrate that mud volca-
noes erupt quickly or periodically after earthquakes
occur with the epicenters locating closely (Manga et
al., 2009). Many studies were done researching the
triggering mechanism of magma eruptions by earth-
guake (Linde and Sacks, 1998; Nostro et al., 1998;
Walter and Amelung, 2007; Eggert and Walter,
2009; Walter et al., 2009; Watt et al., 2009; Bonali
et al., 2013) and this effect was observed also in
terms of mud volcanos in recent years (Mellors et
al., 2007).

Azerbaijan is well-known worldwide with 190
mud volcanoes on land, a few tens of kilometers
from the capital Baku, and other 150 offshore in the
Caspian Sea (Guliyev and Feyzullayev, 1997; Kad-

Feyzullayev, 2012; Babayev et.al., 2014; Aliyev et.
al., 2015). Azerbaijan mud volcanoes are preserved
as natural phenomenon in line with representing a
threat to the infrastructure in Baku, small villages
nearby Baku city, roads, critical objects (e.g., pipe-
lines) and buildings. Mud volcanoes have been
considered to be linked to the ongoing tectonics for
what concerns both fault activity which may guide
the rate of mud extrusion (Kopf, 2008) and the state
of stress that dictates the volcano shape and vent
distribution (Bonini and Mazzarini, 2010; Bonini,
2012). Theoretically mud volcanoes are mostly lo-
cated in compressional belts, have several morpho-
logical and structural similarities with lava volca-
noes and thus represent a good proxy to analyze the
feeding systems under contractional tectonics (Gu-
liyev and Feyzullayev, 1997; Kadirov, Mukhtarov,
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2004; Aliyev et.al., 2009; Feyzullayev, 2012; Ba-
bayev et.al., 2014; Aliyev et. al., 2015). For all
these reasons the study of the relationships between
tectonics and mud volcanism is an important recent
task of research and more work is still necessary to
unravel the complex picture (Tibaldi, 2008; Tibaldi
etal., 2010).

The principal aim of the present study was to
research the relationship between seismic regime
and mud volcano eruptions in Azerbaijan located in
Shamakhi-Gobustan-Absheron,  following  two
earthquakes with My, 6.1 and 6.2 occurred in the
Caspian Sea on November 25, 2000, south of Baku
city (Fig. 1). For that we applied the influential
mechanism of dynamic strain changes triggered by
those Caspian earthquakes on the activity of volca-
nos close to the earthquake epicenters.

/\ Mud volcano

Mud volcano
with eruption

Fig. 1. Study area with distribution of mud volcanoes and loca-
tion of the studied earthquakes of November 25, 2000

Seismicity

The study area Shamakhi-Gobustan-Absheron
is close to the epicentres of Caspian earthquakes.
Greater and Lesser Caucasus is the main orogen
(Alizadeh et. al., 2017) of the Azerbaijan earth-
quake-prone country. Azerbaijan itself is situated in
the active continent collision of the Arabian-
Eurasian plates and involved in dynamics of litho-
spheric structural units of those plates. The Arabian-
Eurasian collision continues to be accommodated by
lithospheric shortening and lateral displacement of
lithosphere out of the collision zone along the right-
lateral strike-slip faults (Reilinger et. al., 2006; Kad-
irov et. al., 2012; Alizadeh et. al., 2017). These re-
gional tectonic processes give rise to earthquakes
that have devastated the Caucasus region (Babayev
et.al., 2014). Since earthquakes result from stress
concentrations at zones of weakness, one approach
to advance the level of hazard assessment is to per-
form geodynamic numerical models to compute
stress concentrations within the crust.The ongoing
regional tectonic processes and lithosphere defor-
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mations produced earthquakes that have devastated
the Caucasus region also during recent historic times
(e.g. the 1902 Shamakhi earthquake; Veber, 1904).
The Absheron peninsula together with its offshore
part (the Azerbaijan sector of the Caspian Sea) is
located in the south-eastern extremity of the Greater
Caucasus, where the orogenic active processes still
occur (Babayev et.al., 2014). Earthquakes in the re-
gion migrate along the Alpine-Himalayan seismic
belt (Ismail-Zadeh, 1996) and are associated with
the fault zones located in the Absheron peninsula
(Fig. 1). Whereas the Gobustan zone can be consid-
ered even aseismic based on the available data, the
Absheron peninsula is affected by low-magnitude
but frequent earthquakes (Telesca et. al., 2012). The
larger potential threat to the Absheron peninsula
comes from the earthquakes originating under the
Caspian Sea. The Caspian Sea in fact is another
seismically-active zone of Azerbaijan; the seismicity
is mostly crustal (depths typically <30 km), although
events as deep as 80 km have been reported and may
represent incipient subduction across the mid-
Caspian (Jackson et al., 2002). November 25, 2000
earthquakes of My 6.2 band 6.081, which occurred
in the Caspian Sea close to Baku city (Fig. 1), were
characterized by focal depths of 40 and 33 km re-
spectively (Jackson et al., 2002).

Eruptions following the November 25, 2000

earthquakes

After the two earthquakes of 2000, 33 eruptions
occurred at 24 different mud volcanoes within a
maximum distance of 108 km from the epicentres

(Fig. 2).
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Fig. 2. Eruptions occurred in the five years following the studied
earthquakes: time-gap versus averaged distance from the 2000
earthquake epicentres

A larger number of mud eruptions occurred at a
distance greater than 50-60 km from the epicentres
(Fig. 3A). The largest number of eruptions occurred
within two years from the earthquakes, in particular
the highest frequency is within six months (Fig. 3B).
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It is also possible to see that 6 eruptions occurred
within 1.5 year from the earthquake at a distance
<40 km (Fig. 2). Eruptions within 2-3 years occurred
at a distance between 40 and 110 km from the epi-
centres, on the contrary eruptions after 3 years oc-
curred only at a distance greater than 70 km (Baba-
yev et al., 2014). In particular, several eruptions oc-
curred within 8 months from the shock, after this
period the number of eruption for months is more
scattered and discontinuous (Fig. 4).
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Fig. 3. Frequency of eruptions occurred in the five years follow-
ing the studied earthquakes plotted versus (A) distance from the
epicentres and (B) time-gap. The data have been classified in 10
classes

Method for dynamic strain

An earthquake generates also dynamic pertur-
bations (Hill et al., 2002; Manga and Brodsky,
2006). Seismic waves travel at great distances
without losing much of their energy (Hill et al.,
2002) and dynamic stress change decreases more
slowly than static stress change (Hill and Prejean,
2007). We estimated the peak transient strain ap-
plying the formula ¢ = PGV / Vs, where ¢ is strain
amplitude and Vs is the shear wave velocity (Man-
ga et al., 2009) assumed equal to 2500 m/s (Kanno
et al., 2006) and PGV is the Peak Ground Veloci-

ty, although we are aware of some uncertainty of
this method because it does not account for the
earthquake focal mechanism (Babayev et al.,
2014) or the effect of directivity and approximates
rupture location by the hypocenter (Manga et al.,
2009).
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Fig. 4. Eruptions occurred in the five years following the studied
earthquakes: it is reported the number of eruptions per month
(blue) and the cumulative number per month/number of months
(yellow)

The PGV values for the studied mud volcano
region have been estimated using the relationship
between moment magnitude of the events (My6.1
and My6.2) and the epicentral distance R (in km).
The equation by Akkar and Bommer (2010) was
derived from the data of Europe, Mediterranean
and Middle East. The selected equation for PGV is
well-suited for our study area with soft to hard bed-
rocks, typical for the site conditions of the Shama-
khi-Gobustan-Absheron region of Azerbaijan (Ba-
bayev et. al., 2010). Using the PGV values at bed-
rock as the seismic input motion parameters, all
dynamic parameters of both subsurface soil and the
surface PGA (Peak Ground Acceleration) can be
determined (Babayev et al., 2010). Site effects, de-
tailed surface geology, the amplification factor and
the seismic response of subsurface soils have been
analyzed to illustrate the influence of the site-
effects terms and determine the surface motion ve-
locity for the mud volcanoes in the study area (Ba-
bayev et al., 2014).

Results

Computation of dynamic strain demonstrates
that all the volcanoes in the researched area are af-
fected by Caspian earthquake-induced transient
strain (Fig. 5). The magnitude of dynamic effects
decreases with distance from the epicenters (Fig.
5A), while the time-gap increases with a decrease in
earthquake-induced dynamic strains (Fig. 5B).
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Fig. 5. Cumulated dynamic strain demonstrating the dependency
of the distance from the epicentres (a) and the time delay (b).
The dots represent mud volcanoes in the study area

Discussion

Theoretically dynamic stress changes also de-
crease more slowly with distance making them a
more effective triggering agent at long distances
(Mellors et al., 2007). Mud volcanoes are commonly
thought to be sourced from deep, highly overpres-
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sured shales (e.g., diapirs), liquefaction of clays, or
shallow overpressured gas, hydrate, or water-rich
sequences (Brown, 1990; Galli, 2000; Kopf, 2002).
A trigger effect is the final step that precedes the
manifestation or the initiation of an eruption (Maz-
zini et al., 2009). Based on our results, in the 5 years
following the two 2000 Azerbaijan earthquakes, 33
eruptions occurred at a maximum distance of about
108 km from these seismic events. The first eruption
occurred after 6 days and 19 eruptions occurred
within 2 years (Babayev et al., 2014). Out of 33 mud
volcano eruptions researching in the current study 26
mud volcanoes are implied to be dynamically-
triggered by Caspian earthquakes, and the rest seven
eruptions are triggered not only by dynamic stress
change.

Conclusion

In conclusion it can be stated that after two earth-
guakes of 2000, 33 eruptions occurred at 24 different
mud volcanoes within a maximum distance of over
100 km from the epicentres, while a significant number
of mud eruptions occurred at a distance larger than 50-
60 km from the epicentres. In addition, the largest
number of eruptions occurred within two years from
the earthquakes, in particular within six months. After
this period the number of eruption for months is scat-
tered and discontinuous, although a large number of
eruptions occurred 13 months after the earthquake.
Dynamic strain is observed in all researched eruptions.
Besides, the analysis of the research revealed that the
eruption was intensified within five years after the
Caspian earthquake occurrences in 2000. This time
delay might happen due to the complexity and various
mechanisms that are manifested in the substratum at
the plumbing system in the mud volcano.
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JUHAMHWYECKWUA TPUTTEPHBINA SOOEKT MPOSIBJIEHUS I'PSI3EBBIX BYJIKAHOB ASEPBAMIKAHA,
BbI3BAHHBIN KACHUIACKUMHA 3EMJIETPSICEHUSIMH

Babaes I'.!, Kagupos ®.!, Tudaasau A.2, Bonanu ®.2, Anues 5.1
YUnemumym 2eonozuu u 2eogusuxu Hayuonanwioti Axademuu nayx Asepbaiioscana
AZ1143, Baky, Azepbaiioscan, npocn. I'. [Picasuoa, 119: babayev74@gmail.com
2Vuusepcumem Munan-Buxoxka
4, IMuayya oenna Cuensza, Munan, 20126, Umanus

Pe3tome. CyniecTByeT HECKOJIBKO TOUEK 3PEHHS O CBSI3M U3BEPIKCHHI TPSI3EBBIX BYJIKAHOB C 36MJICTPSICEHHUSMH WITH MTPOSIBJICHHUN
3CMJ'IeTp$[CeHPII\/'I C U3BCPIKECHUAMU T'PA3EBLIX BYJIKAHOB. Cratbst MOCBJAIICHA OICHKE TUMHAMHUYCCKUX Hal'[pﬂ)KGHI/II\/'l, BbI3BAHHBIX 3€MJIC-
TpsicenusiMu Ha Kacniuu, kotopsie mpousomuu 25 Hos0ps 2000 roga k tory ot ropoaa baxy ¢ marautynamu Mw 6.1 1 6.2. MbI uc-
CJICIOBAITH CBS3b MEXKIY CEHCMHUECKUM PEXKUMOM U H3BEPIKSHHUSIMH I'PS3EBBIX BYJIKAHOB B A3epOaiipkaHe, pacioyioKEeHHBIX B 30HE
[amaxsI-I'oOycTan-Aobmepon. Taxke poBeNy aHaIN3 JUHAMUKY H3BepxkeHHs 6oiee 30 rpsA3eBhIX BYJIKAaHOB HA PACCTOSIHUM Ooliee
100 xM ot OmmxHEX >rMneHTpoB Kacrmiickux 3emieTpsiceHnii BO BpeMEHHOM HHTEpBaAJle — B TEUEHHE IISITH JIET JI0 M IOCTIe TAKOBBIX
2000 roxa. Pacders! nruHaMpudeckoil qeopManuy OKa3bIBAIOT, YTO U3BEPIKEHHS BCEX BYJIKAHOB B HCCIIEyeMOH 30HE ITPOU30ILIN B
OCHOBHOM B pe3yibTare TpurrepHoro ¢ dekra Kacnmiickoro 3emierpsiceHus. bosbliee Koan4ecTBO M3BEPKEHUN I'PSA3EBHIX BYJKa-
HOB IIPOU30LLIO Ha paccTosHun 6omee 50-60 kM ot snunenTpos Kacnuiickoro 3emnerpscenns 2000 roga. B Teuenue 2-3 et rpsise-
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BBIE BYJIKAQHBI H3Bepraiichk Ha paccTossHA 40 u 110 kM ot snuneHTpoB. Yepes Tpu roja nocie NposiBIeHNs 3eMieTpsicenns Ha Kac-
IINX TPSA3EBBIE BYJIKAaHBI M3BEPraNCch Ha paccrosHuM Oonee 70 kM. HamGosbiee koanm4ecTBO M3BEpP)KEHUH MPOU3ONUIIO B TEUECHHE
JBYX JIET TOCHE 3eMJIETpsICEHHs ¢ HauOobleil yacToToi MposiBIeHHs B IIecTh MecseB. OCOOEHHO HaJjo OTMETHUTh, YTO HECKOIIBKO
U3BEP)KEHUIT IPOU3O0LIIN B TeUeHHE 8 MeCsILEB OT TPUTTEPHOro 3¢ deKTa; mocie ITOro Neproa KOIUIecTBO U3BEPKEHUI B TEUEHHUE
psifa MecsIIeB UMEET PACCEsTHHYIO U HENEepHOANYHYIO 9acToTy. CpaBHEHHE MO3BOJIMIO CAETATh BBIBOM, YTO JMHAMHUYECKUE HAMps-
KEHUS NPEUMYIIECTBEHHO CBSA3aHBI C TPUITEPHBIM 3()PEKTOM, CO3IAIONMINM YCIOBHS JUIS NPOSBICHUS COOBITHH ¢ GoJiee BBICOKOM
MAarHuTyIOH, U, CIIEJOBATEIILHO, H3BEPIKEHHS HAOIIONAIOTCS B TeUeHHUE 1-2 JIeT Tocie 3eMIIeTPSICeHHI.
Knrouesvie cnosa: semnempsacenue, mpueeepHulil 3ghgpexm, epsazesoll 8yIKaH, OUHAMUYEcKoe HanpadiceHue, Azepbaiiodcan

XOZOR DONIZi ZOLZOLOLORDON OMOLO GOLON AZORBAYCANIN
PALCIQ VULKANLARI TOZAHURUNUN DiINAMIK TRIGGER EFFEKTI

Babayev Q.%, Qadirov F.%, Tibaldi A.?, Bonali F.2, Qliyev Y.!
1Geologiya va geofizika Institutu, Azarbaycan Milli EImlar Akademiyast
AZ1143, Baki, Azarbaycan, H. Cavid prosp. 119: babayev74@gmail.com
2Milan-Bikokka Uuniversiteti
4, Piazza della Scienza, Milan, 20126, Italiya

Xiilasa. Pal¢iq vulkanlarinin piiskiirmasinin zalzslo ilo slagssi vo ya zoalzalolorin bag vermasinin palgiq vulkanlarinin piiskiirmosi
ilo baglilig1 barasinds bir ne¢o nozar noqtesi méveuddur. Magals, Baki soharinin conubunda 25 noyabr 2000-ci ilde Xoazar danizinda
bas vermis Mw 6.1 vo 6.2 magnitudali zslzalslorin yaratdigi dinamik gerginliyin giymetlondirilmasine hasr olunub. Bu baximdan,
seysmik rejimlo Azorbaycanin Samaxi-Qobustan-Abseron arazisinds yerlason palgiq vulkanlarinin piiskiirmasi arasinda olan slaganin
todgigatin apardiq. 2000-ci ildo bag vermis Xozar zalzalalorindan avval va sonraki bes il miiddst arzinds homin zslzalslarin epimor-
kozlorindon 100 km masafods olan 30-dan artiq pal¢iq vulkaninin piiskiirmos dinamikas: tohlil olunmusdu. Dinamik deformasiyalarin
hesablamalar1 gostordi ki, todgigat orazisinds olan biitiin vulkanlarin piiskiirmasi, asason, Xozar zalzalalorinin trigger effekti notice-
sinds bag vermigdi. Palgiq vulkanlarinin daha gox piiskiirmesi 2000-ci il Xazar zalzalosin epimarkazindon 50-60 km-don artiq mosa-
fodoa miigahido olunub. Pal¢iq vulkanlar epimarkazdon 40 vo 110 km mosafads 2-3 il orzinds piiskiiriirdii. Xozor donizinds bag vermis
zolzalodan tig il sonra iss, 70 km-dan artiq mosafods palgiq vulkanlarinin piiskiirmasi geyds alinmigdi. ©n ¢ox piiskiirma zalzalodan
sonra iki il orzindo, on yiiksok tezliklo — alt1 ay arzinds bas vermisdi. Xisusilo,geyd etmok lazimdir ki, triger effekti naticosinds bir
neg¢a piiskiirmo 8 ay arzinds bas vermisdir, vo bu miiddstdon sonra piiskiirma say1 bir nego ay orzinds daha daginiq vo geyri-periodik
xuisusiyyat dasiyirdi. Miigayisali tohlil noticasinds belo gonasto golmak olar ki, dinamik garginliklor trigger effekti ilo olagodardir. Bu
da 6z névbasinds seysmik hadisslorin yiiksok magnituda ilo bag vermasi tigiin gorait yaradir va piiskiirmalor zslzalolordon sonra 1-2 il
arzinds miisahido edilir.

Acar sizlar: 20l201a, trigger effekti, pal¢iq vulkan, dinamik garginlik, Azarbaycan
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