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Abstract: Relevance. Mud volcanoes are the main mechanism that creates the process of migration of
hydrocarbons in a three-dimensional geological environment. At the same time, eruptive channels of mud vol-
canoes and tensile cracks created by the process of formation of diapiric structures serve as migration chan-
nels. If we take into account that almost all oil fields located in the territory of mud volcanism development are
complicated by eruptive channels of mud volcanoes associated with Maikop deposits, then the mechanism of
filling reservoirs of the productive stratum due to vertical migration of hydrocarbons is proved very convincingly,
which is relevant for our country. The aim of this article was to study the eruptions of the Lokbatan Mud Volcano
— which is one of the most famous mud volcanoes in the world due to its frequent fiery eruptions. Methods. Due
to the high resolution of digital seismic equipment manufactured by Kinemetrics (USA) of the Republican Seismic
Survey Center at ANAS (RSSC), records of mud volcano eruptions were recorded and analyzed. In addition, in
2022, within the framework of the international project “Expansion of the seismic network in the Caucasus and
Central Asia”, 22 seismic stations manufactured by Nanometrics (Canada) were installed in Azerbaijan. For the
first time in the world, in order to study the dynamics of mud volcanoes, 12 such stations were installed around
the mud volcanoes Lokbatan and Otman-Bozdag. Results. Thus, it was found that the eruption of the Lokbatan
volcano in 2012 during the day was characterized by 3 periods of activation. The first one occurred in the morning
at 04:59:17.7 (eruption duration 7 minutes, focus depth 5 km, E=0.64x107 J), the next ones at 09:14:40 (eruption
duration 4 minutes, focus depth 5.5 km, E= 0.70x107 J) and at 09:23:00 (duration of eruption 12 minutes, focus
depth 1.2 km, E=3.15x107 J).
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Pe3stome: AKTyanbHOCTb paboTbl. [pA3eBbIe BYNKaHbI ABNATCA OCHOBHLIM MEXaHU3MOM, CO3JatoLLUM Npo-
Llecc Murpauuu yrneso4oposioB B TPEXMEPHON reonornyeckoin cpefe. MNpu aTom KaHanamm Murpaumm cnyxar
3PYNTUBHbIE KaHaNbl rPA3EBbIX BYKAHOB U TPELUMHbI PACTSKEHUS, CO3[aHHbIe NPOLEeccoM (DOPMUPOBAHUSA
ANanupoBbIX CTPYKTYP. ECNU MPUHATD BO BHUMaHUE, 4TO MPaKTUYeCKN BCe He(PTAHbIE MECTOPOXJEHMS, pac-
MOJSIOXKEHHbIE HA TEPPUTOPUM PA3BUTUSA FPA3EBOr0 BYNIKAHW3MA, OCMIOXHEHbI 3PYNTUBHLIMMW KaHanamm rpizesbIx
BYJIKAHOB, CBA3AHHbLIX C MAKOMCKUMU OTIOXKEHUAMM, TO MEXaHW3M 3anofIHeHUS Pe3epByapoB NPOAYKTUBHON
TONLM 3a CYET BEPTUKANbHOA MUrpaLun yrnesoJopoAoB [0Ka3biBAETCA BeCbMa yOeAUTENbHO, Y4TO ABNAETCA
aKTyaNibHbIM AN Halen cTpaHbl. Llenbo JaHHON CTaTbi ABNANOCH U3YHeHWe U3BEPXKEHWA TPA3EBOro ByIKaHa
JNok6ataH, ABNAIOLLEr0CA OLHUM W3 CaMbIX U3BECTHbLIX MPA3EBbLIX BYNKAHOB BO BCEM MUpPE M3-32 €ro 4acTblX
OTHEHHbIX n3BepxeHuii. MeTtofbl paboTbl. bnarogaps BbICOKOW paspeluatoLlen cnocobHOCTH LUpoBO ceic-
MMWYeCKOM annaparypbl Npou3soacTea «KuHemeTpukce» (CLUA) Pecny6nmkaHCKOro LeHTpa CencMonornyeckon
cnyx6bl npu HAHA (PLICC) 6binu 3aperucTpupoBaHbl U NpoaHanm3npoBaHbl 3anucu U3BEPXXeHWA rpsa3eBbix
BYNIKaHOB. Kpome T0ro, B 2022 r. B pamkax MexayHapoAHOro npoekra «PaclumpeHne cemcMmnyeckon Ceti Ha
KaBskase 1 B LieHTpanbHOn A3uu» Ha Tepputopui A3epbaiigxaHa 6binu YCTaHOBIEHbI 22 CEACMUYECKUX CTAHLIMIA
npoussopcTea Nanometrics (Kanaga). Bnepsble B MUpe ¢ Lienbio UCCNe0BaHNS AUHAMUKUA MPA3EBbIX BYIKAHOB
12 TaKkux CTaHUWIA 6bINN YCTAHOBEHbI BOKPYT rPA3EBbIX BYNKAHOB «Jlok6aTaH» u «0TmMaH-bosgar». PesynbTa-
Tbl paboTbl. TakuM 06pa3oMm, 6bI10 YCTAHOBMEHO, YTO U3BEPXEHWE BynkaHa Jlok6ataH 2012 r. B Te4eHue AHA
XapakTepu3oBanoch Tpems nepuogamu aktmemsauuu. Mepsoiit nponsowwen ytpom B 04:59:17.7 (ANUTENLHOCTD
N3BEPXKEHUs 7 MUHYT, My6uHa oyara 5 km, E=0,64x107 [x), nocnenytouie B 09:14:40 (anuTenbHOCTL U3BEP-
XXEHUS 4 MUHYTBI, Ty6uHa o4ara 5,5 km, E=0,70x107 [x) v B 09:23:00 (ANNUTENbHOCTb U3BEPXEHNS 12 MUHYT,
rny6uHa ovara 1,2 km, E=3,15x107 [x). 2 mas 2017 r. 08:55:51 npou30LLno 04epesHoe CHNbHbIE H3BEPXKEHNE
ByNkaHa Jlok6aTaH. [InUTeNbHOCTb W3BEPXKEHUS cocTaBuna 4 MUHyThI, rmy6uHa o4ara 4 km. BoigenusLuasncs
aHeprus coctasuna E=1,12x107 [x. MocneaHee n3BepxxeHue JaHHOrO BynkaHa npousowwno 11 arycra 2022 r.
Tonwmua nanueLuerocs nokposa rpsan cocrasuna 80-90 cm. 3eepxxeHue Hayanocb yTpom B 09:36:35.
Mmy6uHa N3BepXeHus cocTaBina 3 KM, a Bblaenuswascs aHeprus 0,6x107 k. Ouaru pa3Butus rpssesbix
BYJIKAHOB pacronaratoTca NpenmyLLecTBEHHO Ha ry6uHax 1-5 KM, T.e. pa3BuTUe rps3eBbIX BYSIKAHOB CBA3AHO C
AKTUBHbLIMU BHYTPEHHUMU NPOLIECCamm, NPOTEKAKLLMMN NPENMYLLIECTBEHHO B 0CA04HOI TOSLLE 3EMHOI KOPbI.

KnioueBble cnoBa: [ps3eBoii BynkaH Jlok6ataH, rpssesoit BynkaH OTmaH-bosgar, uudposble cencmuye-
CKMWe cTaHuuu.

Ina yutuposanus: Etupmuwnu T.1., Kasbimosa C.3. V13BepxeHue rpsa3eBoro BynkaHa «Jlok6araH». feo-
siorusi n reogpuaunka tora Poccnn. 2023. 13(1): 22-33. DOI: 10.46698/VNC.2023.14.41.002.
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Infroduction

Although studies of the nature of mud volcanoes in Azerbaijan have always been
topical, the problems of their spatio-temporal relationship with seismicity have not been
widely discussed. The first catalog of recorded eruptions of mud volcanoes in Azerbaijan
for the period 1810-1974 was published 45 years ago. Then the data on the eruptions
of mud volcanoes in Azerbaijan were summarized in the work of Rakhmanov R.R. In
addition, information about the eruptions of mud volcanoes in the whole world in 1982 was
also collected in the catalog given in the work of Rakhmanov R.R. (1987). In 2009, Aliyev
A.A., Guliyev LS. and Rakhmanov R.R. the catalog of eruptions of mud volcanoes of
Azerbaijan for 1810-2007 was created. In 2015 Aliyev A.A., Guliyev L.S., Dadashev F.G.
and Rakhmanov R.R. The Atlas of Mud Volcanoes of the World was published [Aliyev et
al., 2009; Yusubov, Guliyev, 1971].

The works [Ahmedbeyli, 1975; Panahi, Rakhmanov, 1993; Aliyev et al., 2002] Aliyev
2004-2009, Guliyev, 2018, etc.) note the connection between mud volcanism and oil and
gas accumulation processes, where it is indicated that the patterns of their distribution and
structural localization are one of the important criteria for the selection of priority objects
for prospecting and exploration for oil and gas in the depression zones of mobile belts.
Hazardous processes are currently being investigated by a variety of methods [Zaalishvili et
al., 2014a, b; 2016]. Obviously, this problem is of great scientific and practical importance.
From a fundamental point of view, such studies are necessary to understand the conditions
and mechanism of formation of mud volcanoes. From a practical point of view, they are
of interest in connection with the problem of seismic hazard assessment, which includes
general seismic zoning, detailed seismic zoning, and microzoning. This topic is of particular
importance at the present stage, when the intensive development of oil and gas fields, the
development of the agro-industrial complex and urban agglomerations of Azerbaijan are
planned. Lokbatan is one of the settlements located not far from Baku. Since 1810, 26
eruptions have been recorded. One of its largest eruptions occurred in 1977. A strong
emission of dirt and gas was observed. The eruption began in the early morning when the
surroundings resounded with a roar. A powerful explosion soon followed. A column of
fire 350 m high rose above the top of the volcano. This ignited a gas jet escaping from the
depths of the earth. The volcano threw out a huge amount of volcanic mud that covered
the surrounding area. Due to its size and activity, the volcano has been a candidate for
inscription on the UNESCO World Heritage List since 1998. It is important to note that
Azerbaijan ranks first in the world in terms of the number of mud volcanoes. However, it
is the mud volcano Lokbatan that is closely associated with the oil industry.

Eruptions of mud volcanoes of Azerbaijan

Mud volcanoes in East Azerbaijan are located within 6 oil and gas regions: Caspian-
Guba, Shamakhi-Gobustan, Absheron (including the Absheron Peninsula and the Absheron
archipelago), Low Kura and in the Baku archipelago (fig. 1).

The highest intensity of mud volcanic activity, excluding events on marine mud
volcanoes, was observed in the Shamakhi-Gobustan region, on the Absheron peninsula
and the Baku archipelago, which is about 86% of the total number of recorded eruptions in
Azerbaijan [Dadashev et al., 1995]. It should be noted that in these areas of development
of mud volcanism, the thickness of Maikop deposits is more than 1000 meters (1000-
2300 m).
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Fig. 1. Location map of mud volcanoes in Azerbaijan [Aliyev et al., 2015]: 1 — Identified volcanoes;
2 — Suspected volcanoes.
Oil and gas prospect zones: I — Caspian-Guba; Il — Shamaxi-Gobustan, Il — Absheron, IV — Low Kura,
V — Baku archipelago; VI — Southe Caspian

Morphologically, mud volcanoes are hills of various heights, having a regular shape
of a truncated cone. Volcanic manifestations are extremely diverse in size: from the larg-
est hills hundreds of meters high with large fields of mud volcanic breccias, in some cases
reaching 40-60 sq. km in area (Kelany, Akhtarma-Pashaly), to small ones, often not dis-
tinguished in the relief hill fields and represented by groups of griffins andsalz, with a
total area of several hundred square meters. Otman-Bozdag (404 m) and Toragay (399 m)
volcanoes located in the eastern part of Central Gobustan are the highest mud volcanoes in
the world [Aliyev et al., 2009, 2015; Planke et al., 2006].

During the eruptions of mud volcanoes, an underground rumble or a thunderous roar
is heard, after which an explosion occurs, the release of mud volcanic breccia to the sur-
face and spontaneous combustion of hydrocarbon gases with the formation of a flame col-
umn up to 50-200 m high. The combustion temperature at this time reaches 1000-1200°.
Around the small particles of rocks turn into slag. Periodically, as if in separate “portions”,
along with fire high into the sky through the vent connecting the crater with the volcano, a
huge amount of breccia is ejected. Having reached its apogee at a height of about 80-200
m, the entire mass of erupted breccia covers the crater of the volcano. If gases and water
are able to make their way (when the volcano channel is not clogged with breccia), then
over time, microforms appear — active gryphons and salses, mainly associated with the
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apophyses of the volcano’s vent. Similar structures are found on the Dashgilmud volcano
[Kopf et al., 2010; Mazzini et al., 2009].

e

Fig. 2. Numerous griffins of the mud volcano Dashgil

Mud volcano “Lokbatan”

Lokbatan is one of the most famous mud volcanoes worldwide due to its frequent fiery
eruptions. It is located about 30 km southwest of Baku in the Absheron region. It is located
within the anticlinal structure of Lokbatan Put, which also hosts other mud volcanoes
(including Shongar, Akhtarma, Kushkhana). Lokbatan has an elongated shape, coinciding
with the direction of the anticline axis, and its mud breccia flows cover an area of about 5
km?. For 199 years (1824-2022), 102 eruptions were recorded on 13 volcanoes on the Ab-
sheron Peninsula. At the same time, almost half of them fall on the Lokbatan and Keireki
volcanoes. Since the beginning of recording the activity of mud volcanoes, about 25 of
its eruptions have been recorded. In 1888, Yalmer Sjogren published the first information
about the eruption of the mud volcano Lokbatan. According to [Aliyev et al., 2002, 2009,
2015; Mazzini et al., 2021], almost all of its eruptions are accompanied by the release of
a large amount of mud volcanic breccia with a volume of about 250 thousand m? [Aliyev
et al., 2009] onto the day surface, a powerful gas column with its subsequent ignition (fig.
3). The height of the flame is estimated at 100 to 300 m. Ejections of the mud volcano are
mainly represented by clays of the Maikop series, fragments of overlying sandstones and
limestones make up only 7-8% of the total volume of igneous rocks. Naturally, the mud
volcanic breccia may contain fragments of rocks younger than the Oligocene age, because
the vent is in contact with them along the entire height of the vent. The presence of rocks
older than the Oligocene in the composition of the volcanic breccia is due to the removal
of terrigenous material from the territories adjacent to the Maikop sedimentation basin,
that is, they are allochthons.
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MV Lokbatan

Fig. 3. Location of the mud volcano Lokbatanon the geological map and deep seismic section
[Aliyev et al., 2015]

One of the most spectacular eruptions occurred on October 21, 2001 [Mukhtarov
et al., 2003; Planke et al., 2006; Stogny et al., 2022] with a strong release of burning
methane, followed by a massive mud breccia flow that covered the surface with an area
of ~0.1 km?. On the margins of the main crater, depressions several meters in scale were
observed, which were interpreted as impacts of large mud breccias ejected during this
latest eruption. Large fragments (up to 0.5 m in size) can be observed everywhere in mud-
flows. The main flow extends to the NW and is framed by vertical displacement walls, the
direction and orientation of which coincide with the direction and orientation of the axis
of the anticline containing Lokbatan and other mud volcanoes. This tectonic control deter-
mines the elongated shape of the mud volcano [Bonini, 2012]. Huge blocks of mud breccia
are also present within the stream. Planke et al. [Planke et al., 2006] also suggested that
this collapse is tectonically controlled by fold orientation and volumetrically dependent
on post-eruption deflation of the shallow chamber. Field observations indicated that this
deflation was still ongoing in the crater between 2005 and 2006, as evidenced by signs of
progressive collapse within the crater. After the 2001 eruption, burning methane vents and
diffuse seepage were observed for several years [Etiope et al., 2004, 2009; Planke et al.,
2003], but their intensity decreased over time. No burning vents were observed in 2005,
and portable methane sensors did not register concentrated and corresponding gas plumes.
Lokbatan is one of the most active M Vs that periodically erupt with a cycle of ~5-8 years.
The first documented eruption of Lokbatan dates back to 1829. Other major eruptions have
been documented in 1829, 1864, 1887, 1890, 1900, 1904, 1915, 1918, 1923, 1926, 1933,
1935, 1938, 1941, 1954, 1959, 1972, 1977, 190,20,20 2012, 2017, 2018, 2022 [About the
eruption of the mud volcano Lokbatan, 1938; New awakening of Lokbatan volcano...,
1978; Aliyev et al., 2015] (Fig. 4). The high rate of eruptions and the apparent absence of
significant seeps suggest that Lokbatan is able to block the main overpressure that occurs
at depth and promote a shorter and stronger eruption [Mazzini et al., 2021]. The eruption
on September 20, 2012 was no exception for the volcano, and despite the fact that only
2 years have passed since its previous eruption (February 4, 2010), it surpassed it both in
strength and power.
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Fig. 4. Eruption of the mud volcano Lokbatana. (4) Eruption of mud volcanic breccia after the eruption
on August 11, 2022. b) Google Earth image on October 22, 2022. Red arrows indicate fused fragments
of older cones and young craters

The satellite image obtained by Google Earth shows an elongated shape with the last
debris flow extending to the west (darker colored mud breccia). The elongated structure
of the graben frames the mudflow with numerous production wells located in the environ-
ment. According to ArcGIS10.8.1. and Surfer10, a three-dimensional model of the Lok-
batan mud volcano was built (Fig. 5). The volume of the mud volcanic structure of the
Lokbatan mud volcano according to GIS data is 997-10- km?.
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Fig. 5. Mud volcano Lokbatan 3D model

Field observations show the presence of large (up to ~50,000 m?®) layered blocks,
which were originally part of a large crater cone. These blocks were fused > 1 km from the
vent over mud breccia flows. [Koronovsky, 2018; Veliev, 2021; Mazzini et al., 2021]. The
presence of large cohesive blocks is not unique to the Lokbatan Mud Volcano and has been
documented in other large-scale structures both onshore and offshore.
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Methods of determination of the parameters of the mud
volcano Lokbatan

Along with the development of scientific and practical issues of mud volcanism, seri-
ous attention was paid to mud volcanic eruptions, their fixation, with the characteristics of
the natural process, as well as the study of volcanic ejecta products (breccias, fluids). Each
eruption of a mud volcano is new information, “news” about the processes taking place in
the bowels. Unfortunately, due to the short duration of the process of mud volcanic erup-
tion, it is practically not always possible to observe and trace the entire mechanism of this
phenomenon from beginning to end. Usually, geologists find out about this with some de-
lay and on the volcano, especially if it is located far from settlements, they come after the
end of the eruption. And how this process took place is mainly described from the words
of eyewitnesses.

Thanks to the high resolution of digital seismic equipment manufactured by Kinemet-
rics (USA) of the RSSC, since 2008 it has become possible to record and analyze records
of mud volcano eruptions, namely, to determine the time and duration, the number of
phases, and the focus depth and the energy of a mud volcano eruption. To date, there are
35 digital seismic stations on-line in Azerbaijan and 10 strong motion stations located
within the Absheron Peninsula.

In addition, 17 new digital seismic stations were installed in 2017 as part of a joint
international project of the RSSC, the University of Missouri (USA) and the Ukrainian
Scientific and Technical Center “Caucasus Transect” to study the velocity inhomogene-
ities of the earth’s crust.

In addition, in 2022, within the framework of the international project “Expansion of
the seismic network in the Caucasus and Central Asia”, implemented with the support of
the Ukrainian Scientific and Technical Center, 22 seismic stations manufactured by Nano-
metrics (Canada) were installed in Azerbaijan. For the first time in the world, in order to
study the dynamics of mud volcanoes, 12 such stations were installed around the mud
volcanoes Lokbatan and Otman-Bozdag (Fig. 6).
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Fig. 6. Location map of digital seismic stations and active mud volcanoes in Azerbaijan
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Thus, according to the data of seismo-telemetric stations, the process of eruption of
the mud volcano Lokbatan was registered.

Results

Note that the first digital data of the Lokbatan volcano eruption were recorded in 2010.
Compared to the previous ones, the February 4, 2010 eruption was much weaker. It began
in the morning with an underground rumble, as always with an explosion, but without gas
ignition, and a short-term release of volcanic breccia onto the earth’s surface, which, flow-
ing down the slope, covered an area a little over one hectare. The eruption of the volcano
during the day was characterized by 4 phases of activation recorded only by one nearby
seismic station “Gobu”. The first one took place in the morning, at 9:30 am (which lasted
4.5 minutes), followed by 1:10 pm, 4:30 pm and 8:05 pm (about 5 minutes long). 09:47:05 —
09:50:15 and 12:48.10 — 12:52:00 respectively. In addition, on the night of February 5,
another, as it were, instantaneous activation of volcanic activity was established at the time
of 00:08:49 — 00:08:50.8. Due to the lack of sufficient material, the depth of the eruption
and the released energy could not be determined.

On September 20, 2012, the next 24th eruption of this volcano occurred. It was re-
corded by seismic stations “Gobu”, “Nardaran”, “Gala”, “Gobustan”, “Ali-Bayramly”,
“Altyagach”, “Pirgulu” and “Siyazan”. The eruption began with the release of steam and
breccia, at first to a small height, and then the process became more intense, fluids and
breccia were ejected to a height of about 100 m. The phase ended with the ignition of the
main plume (Fig. 7).

Fig. 7. Fire torch during the eruption of the mud volcano “Lokbatan”

The volcanic eruption of 2012 during the day was characterized by 3 periods of acti-
vation. The first one occurred in the morning at 04:59:17.7 (eruption duration 7 minutes,
focus depth 5 km, E=0.64x107 J), the next ones at 09:14:40 (eruption duration 4 minutes,
focus depth 5.5 km, E= 0.70x107 J) and at 09:23:00 (duration of eruption 12 minutes, fo-
cus depth 1.2 km, E=3.15x107 J).

On May 2, 2017 at 08:55:51 another strong eruption of the Lokbatan volcano oc-
curred. The duration of the eruption was 4 minutes, the depth of the focus was 4 km. The
released energy was E=1.12x107 J.

The last eruption of this volcano occurred on August 11, 2022. In fig. Figure 8 shows
the wave record of the eruption obtained at the new digital stations of the SeisComp4
system. The thickness of the outflowing cover of mud was 80-90 cm with an area of up to
4 hectares. The eruption began in the morning at 09:36:35. The depth of the eruption was
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3 km, and the released energy was 0.6x107 J. As can be seen in fig. The duration of the
eruption was 5 min. 12 sec.
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Fig. 8. Lokbatan mud volcano eruption on 11 August 2022

Analysis of the spectrograms of wave images of the Lokbatan mud volcano eruption
for 2010, 2012,2017 and 2022 obtained at the Gobu digital station showed that the eruption
fluctuates in the frequency range f=0.3-3.0 Hz.

The results of the work and their discussion

Inrecent decades, many scientists, conducting research, began to realize the connection
between mud volcanism and seismicity. Significant results in this matter are presented in
the works. Considering the relationship between mud volcano eruptions and earthquakes,
F.S. Ahmedbeyli (1975) [Ahmedbeyli, 2004] argued that seismic shocks create favorable
conditions and can contribute to the eruption of mud volcanoes. It is also noted that in
some cases, mud volcano eruptions and earthquakes coincide in time, and sometimes the
interval between events is several days.

Despite the fact that before the eruption of the mud volcano Lokbatan on August 11,
2022, no earthquakes were observed within a radius of 50 km, however, a day later, on
August 12, an earthquake with a magnitude of 3.5 occurred in the Caspian Sea, 60 km NE
from the volcano. After analyzing the source mechanism data for 2022, the Lode-Nadai
stress state coefficient was calculated. It was found that both the Lokbatan volcano and
the earthquake source are in a zone of stressed state of compression. Based on Kulikov’s
theory that the change in the hydrodeformation field manifests itself where the earth’s
crust is under compression and its volume is reduced, resulting in an increase in the water
level in the wells, it can be assumed that the geodynamic situation of the study region,
characterized by compression in 2022, has become caused both the eruption on August 11,
2022, and the earthquake on August 12, 2022.
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Conclusions

Thus, summing up the research, it was found that the eruption of the mud volcano Lok-
batan in 2012 was characterized by 3 periods of activation at a depth of 4 km. The released
energy was E=1.12-107 J. The depth of the eruption on May 2, 2017 is 4 km. The last erup-
tion of this volcano, which occurred on August 11, 2022, was characterized by a depth of
3 km, and the released energy was 0.6-107 J. Analysis of the spectrograms of wave images
of the Lokbatan mud volcano eruption for 2010, 2012, 2017 and 2022 obtained at the Gobu
digital station showed that the eruption fluctuates in the frequency range =0.3-3.0 Hz.
Based on the above data from the analysis of igneous rocks, registration by telemetry sta-
tions of seismic events that occurred during the eruption, as well as geophysical studies. In
[Kazimova et al., 2012], a conceptually new model of the internal structure was proposed
— a multi-chamber structure of the Lokbatan mud volcano. In addition, the idea about the
stage-by-stage process of the formation of mud volcanic breccia and its final formation in
the near-surface zone, which was expressed earlier, was confirmed. It has been suggested
that at least two mud volcanic chambers are located at depths of 1.2-3 km and 4-6 km and
practically coincide with the above seismic sources. The upper one corresponds (depth
1.2 km) to the Pleistocene deposits of the Quaternary system (Absheron stage), and the
second corresponds to the Pliocene deposits (productive stratum) of the Neogene system
(5 km), saturated with hydrocarbons. This may well explain the presence of such a large
amount of gas that ignites during all recorded eruptions of the Lokbatan mud volcano, in-
cluding the eruption of September 20, 2012 and May 2, 2017. The centers of development
of mud volcanoes are located mainly at depths of 1-6 km, i.e. the development of mud
volcanoes is associated with active internal processes occurring mainly in the sedimentary
strata of the earth’s crust.

Referenses

1. About the eruption of the mud volcano Lok Batan. Izv. AZFAN USSR. 1938. No.3. p. 109.
158. (In Russ.)

2. Ahmedbeyli F.S. Modern activity of mud volcanoes in the eastern part of Azerbaijan and
its connection with seismicity. Report AN Azerbaijan. 1975. Vol. 31. No. 8. pp. 61-64. (In Russ.)

3. Ahmedbeyli F.S. Neotectonics and some aspects of the late orogenic geodynamics of
Azerbaijan. ANAS, Institute of Geology. Bib-ID vtls000110488. Baku: Nafta-Press, 2004. 269 p.

4. Aliyev Ad.A., Guliev LS., Belov 1.S. Catalog of recorded eruptions of mud volcanoes
(1810-2001). Baku. Nafta-Press, 2002. p. 94.

5. Aliyev Ad.A., Guliev L.S., Rakhmanov R.R. Catalog of Azerbaijan mud volcano eruptions
(1810-2007). Baku. Nafta-Press, 2009. p. 110.

6. Aliyev Ad.A., Guliyev L.S., Dadashev F.G., Rakhmanov R.R. Atlas of mud volcanoes of
the world. Baku. Nafta-Press, 2015. 322 p.

7. Bonini M. Mud volcanoes: indicators of stress orientation and tectonic con-trols. Earth-
Sci. Rev. 2012. Vol. 115(3). pp. 121-152.

8. Dadashev F.G., Guseynov R.A., Aliev A.I. Map of Mud Volcanoes of the Caspian Sea.
Academy of Sciences of Azerbaijan Republic, Geology Institute. 1995. 15 p.

9. Etiope G., Feizullayev A.A., Baciu C.L., Milkov A. Methane emission from mud volcanoes
in eastern Azerbaijan. Geology. 2004. Vol. 32. No.6. pp. 465-468.

10. Etiope G., Feyzullayev A., Milkov A.V., Waseda A., Mizobe K., Sun C.H. Evidence of
subsurface anaerobic biodegradation of hydrocarbons and potential secondary methanogenesis in
terrestrial mud volcanoes. Marine and Petroleum Geology. 2009. Vol. 26. No.9. pp. 1692-1703.

11. Kazimova S.E., Khasayeva A.B., Huseynov A.R. Earth sciences Definition of the mud



Geology and Geophysics of Russian South 13(1) 2023 ['eonorvs u reoguanka fOra Poccim 33

volcanoes- eruption focuses by data of records of the digital seismic stations. Reports of ANAS.
2015. Vol. LXXI. No.3. pp. 59-62

12. Kopf A., Delisle G., Faber E., Panahi B., Aliyev C.S., Guliyev I. Long-term in situ moni-
toring at Dashgil mud volcano, Azerbaijan: a link between seismicity, pore-pressure transients and
methane emission. Int. J. Earth Sci. 2010. Vol. 99(1). pp. 227-240.

13. Koronovsky N.V. Keli volcanic highland (Central Greater Caucasus). Geology and geo-
physics of the South of Russia. 2018. No.l. pp. 56-68. DOI: 10.23671/VNC.2018.1.11248 (In
Russ.)

14. Mazzini A., Akhmanov G., Manga M., Sciarra A., Huseynova A., Guliyev 1. Explosive
mud volcano eruptions and rafting of mud breccia blocks. Earth and Planetary Science Letters.
2021. Vol. 555. p. 116699.

15. Mazzini A., Svensen H., Planke S., Guliyev 1., Akhmanov G.G., Fallik T., Banks D. When
mud volcanoes sleep: insight from seep geochemistry at the Dashgil mud volcano, Azerbaijan.
Mar. Pet. Geol. 2009. Vol. 26(9). pp. 1704-1715.

16. Mukhtarov A., Kadirov F., Guliyev 1., Lerche 1., Feyzullayev A. Temperature variations
in the Lokbatan mud volcano crater (Azerbaijan) after the eruption in 25 October 2001. Energy
Exploration and Exploitation. 2003. Vol. 21. pp. 187-207. DOI: 10.1260/014459803769520043

17. New awakening of Lokbatan volcano. No.3, p. 74-75. 156. A new island in the Caspian
Sea. Gas. “Sev. pchela”, 1861. 1978. No.131. p. 157. (In Russ.)

18. Panahi B.M., Rakhmanov R.R. Mud volcanic earthquakes. Volcanology and seismology.
1993. No.2. pp. 98-103.

19. Planke S., Mazzini A., Svensen H., Akhmanov G.G., Malthe-Sorenssen A. Mud Volcanoes
in Azerbaijan. In: Implications for Sediment and Fluid Migration in Active Piercement Structures.
Publisher: Springer. 2006. pp. 205-214.

20. Planke S., Svensen H., Hovland M., Banks D., Jamtveit B. Mud and fluid migration in
active mud volcanoes in Azerbaijan. Geo-Marine Latters. 2003. Vol. 23. pp. 258-268.

21. Stogny V.V., Zaalishvili V.B., Kanukov A.S., Ponomareva N.L. Modern geodynamics and
seismicity of the North Caucasus: problems of monitoring. Geology and Geophysics of Russian
South. 2022. Vol. 12. No.2. pp. 34-52. DOI: 10.46698/VNC.2022.25.32.003. (in Russ.)

22. Veliev G.O. The role of geodynamic stress in the formation of oil and gas structures in the
Caspian Sea (on the example of the Shah Deniz, Umid, Babek, Bulla Deniz fields). Geology and
Geophysics of Russian South. 2021. Vol. 11. No.2. p. 36-50. DOI: 10.46698/VNC.2021.68.77.003
(In Russ.)

23. Yusubov N.P., Guliyev I.S. Mud volcanism and hydrocarbon systems of the South Caspian
depression. Baku. Elm, 2022. 168 p.

24. Zaalishvili V.B., Nevskaya N.I., Mel'kov D.A. Instrumental geophysical monitoring
in the territory of northern Caucasus. Izvestiya, Physics of the Solid Earth, 2014a. Vol. 50(2).
pp. 263-272.

25. Zaalishvili V.B., Mel’kov D.A. Reconstructing the Kolka surge on September 20, 2002
from the instrumental seismic data. Izvestiya, Physics of the Solid Earth, 2014b. Vol. 50(5).
pp. 707-718.

26. Zaalishvili V., Melkov D., Kanukov A., Dzeranov B. Spectral-temporal features of seismic
loadings on the basis of strong motion wavelet database. International Journal of GEOMATE.
2016. Vol. 10(1). pp. 1656—-1661.


https://www.sciencedirect.com/journal/earth-and-planetary-science-letters
https://www.sciencedirect.com/journal/earth-and-planetary-science-letters/vol/555/suppl/C

	_Hlk32490615
	_Hlk121664637
	_Hlk105707148
	_GoBack
	_Ref343122689
	_Hlk125934843
	_Hlk89197012



