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Abstract: Our study was focused on the active tectonics of the southern slope of the Greater Caucasus within Azerbai-
jan. The study area is the zone of under-thrusting (pseudosubduction) interaction between Southern and Northern
Caucasus continental microplates, which caused the tectonic stratification of the Alpine formations into various al-
lochthonous and parauthochthonous thrust slices of southern vergency between the Middle Bajocian and Quaternary
periods. These slices are grouped into the nappe complexes that form the modern structure of the trough in the study
area. The large linearly stretched tectonic units (megazones) correspond to the axis of the Alpine marginal sea basin,
the consolidated crust of which is subjected to destruction and thinning. The trough’s Alpine cover was compressed in
the underthrust zone and pushed southwards. As a result, an accretionary prism formed allochthonously overlapping
the northern side of the Southern Caucasus microplate by the system of gently dipping overthrusts. During the conti-
nental stage of Alpine tectogenesis (starting from the end of Miocene), intensive lateral compression process was
caused by intrusion of the frontal wedge of the Arabian indenter into the buffer structures of the southern frame of
Eurasia. This is evidenced by the GPS monitoring data on modern geodynamic activity, which demonstrates the
Southern Caucasus block’s intensive (up to 29 mm/year) intrusion in the northern rhumbs as compared to the rela-
tive stability of the Northern Caucasus microplate (0-6 mm/year). This, in turn, is a reflection of the ongoing pseudo-
subduction regime (continental subduction or S-subduction) at the band of collision junction of these microplates. It is
suggested that this process caused historically observed seismic activity in the study area, wherein the earthquakes
occurred mainly in the southern slope’s accretionary prism area and the adjacent strip of the Southern Caucasus mi-
croplate. In this article, we analyze and correlate the whole range of seismic events that occurred in the study area
until 2017 and the focal mechanisms of the recently recorded earthquakes (2012-2016). It is established that earth-
quake foci are confined either to the intersection nodes of variously trending ruptures with the faults of different di-
rections or to the planes of deep tectonic ruptures and lateral displacements along the unstable contacts between the
material complexes with different competence. The focal mechanisms of seismic events reveal various, mostly
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near-vertical, planes of normal and strike-slip faults. However, the earthquake foci are generally confined to the inter-
section nodes between the Caucasus and anti-Caucasus-striking rupture dislocations. The results of our studies are
interesting in terms of their real-time application for drawing a regional summary of causes for both geodynamic and
seismic activity of the Greater Caucasus system and the adjacent areas of Alpine-Himalayan fold belt.
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T'EOAUHAMUKA, AKTUBHBIE PA3/IOMbI U MEXAHU3MBbI OYAT'OB
3EMJIETPAACEHHMH B 30HE IICEBAOCYBAYKLIMOHHOTI'O
B3AMMO/JENCTBUS KOHTUHEHTAJ/IbHBIX MUKPOIIJIUT
H02KHOTr0 M CEBEPHOI'0 KABKA3A (I0XKHBIY CK/IOH
B0oJ1b1I0T0 KABKA3A, ASEPBAW/IKAH)

T. H. Kenrepsaul, ®. A. Kagupos?, I'. I. Erupmuinz, ®. A. Anuesn?,
C. 3. Ka3umoBa?, A. M. Asues3, P.T. Cagpapon?, Y.TI. Baxa6os!

L UHcmumym zeos102uu u 2eodpusuxku HayuoHasbHoli akademuu Hayk AsepbatidxcaHa, baky, Asepbaiioxcan

2 Pecny6aukaHcKull yeHmp celicmoi02udeckotl cayxc6bl HayuoHaibHoll akademuu HayK A3epbatidxicaHa,
baky, Azep6atioxcaH

3 [Jlenmp eeoako102uvecko20 MoHUMOpUHaa HayuoHabHoll 2eonozuveckoli cayxicbvl nhpu MuHucmepcmase
3K0/102UU U npupodHbix pecypcos, baky, Asepbatidxcan

AHHoOTanusa: 3ydasace akTHBHAs TEKTOHHKA I0KHOTO ckyoHa Bosbimoro KaBkasa Ha Tepputopun Pecriy6imku Azep-
6aii/pxaH. PalloH HccieoBaHM NpeAcTaB/IsAeT cO60H 30HY NOAABUTrA (TICeBAOCYOYKLMH), I/ie B3aUMO/EHCTBYIOT KOH-
THHEHTa/bHble MUKPOIIUTHI H0xxHOro 1 CeBepHoro KaBkasa, 4To MPUBOAUT K TEKTOHUYECKOMY PACC/I0EHHIO abIIUH-
cKHX ¢opManuil Ha pa3HOO6Gpa3Hble a/VIOXTOHHbIE U NAPAaaBTOXTOHHbIE HAJ[BUTOBBIE ILJIACThl I0’KHOM BepreHTHOCTH
MeX[y CpeJHUM 6all0CKUM U YeTBEPTUYHBIM NepHOoJjaMu. ITH IJIACThI CIPYNNHAPOBaHbl B TOKPOBHbIE KOMILJIEKCHI, 06-
pasyoliye COBpeMeHHYI0 CTPYKTYpy mporuba B U3y4aeMoM paioHe. Bosiblive TMHEHHO pacTsAHYTble TEKTOHUYECKHe
eJMHUIb] (Mera3oHbl) COOTBETCTBYIOT OCH a/IbIIMMCKON KpaeBOM MOPCKOH BNaJMHBI, KOHCOJH/MPOBaHHas Kopa KOTO-
po¥i mozBepraeTcs paspylieHHIo, YTPauyuBaeT CBOI MOIIHOCTL (T.e. yTOHseTcs). AJBIUMCKUM MOKPOB MoJBepracs
COKaTHIO B 30He MOJJIBUTA U CABUHYT B I0)KHOM HallpaBJIeHUH. B pe3ysibTaTe 3TOro akKpeljMoHHast npusMa chopMHUpo-
BaJlach KaK a/IJIOXTOH, TepeKpbIBAIOINN ceBepHY10 cTOpoHY H)kHO-KaBKa3cKoi MUKPOIUIMTEI B BUJIe CUCTEMBI [10JIOTO
Na/lalIuX B30POCO-HAJABUIOB. Ha NMpOTSKEHUM KOHTHHEHTAJIBbHOHM CTaiMU a/lbIIMHCKOrO TEeKTOreHe3a (HauMHas C
KOHIIa MHOLIEHa) NPOLIeCC UHTEHCUBHOIO JIATEPAJIbHOTO CXKAaTHs 6bLI BbI3BaH BTOP)KEHHEM (POHTAIBHOrO KJIMHA
Apab6ckoro nHAEHTOpA B 6ydepHble CTPYKTYPHI 0’KHOW oKpauHb! EBpa3uu. 06 3TOM CBUAETENbCTBYIOT JaHHbIE MOHH-
TOPHHIA COBPEMEHHOH re0JMHAMUY€eCKONW aKTHUBHOCTH MOCPEICTBOM TeXHOJI0rui GPS: ycTaHOBJIEHO HHTEHCUBHOE (10
29 MM/roz) BTOp:KeHHe H0xHO-KaBka3ckoro 6/0ka B CeBEpHBIX PyMGax B CPaBHEHHH C OTHOCHUTEJIbHOM CTaGU/IbHO-
crbio CeBepo-KaBkazckoit MUKpomiuThl (0-6 MM/ros). 3TO, B CBOIO O4epe/ib, SIBJISIETCS OTPAXKEHUEM PeXHMa IICeBJI0-
CyOAYKUUM (KOHTUHEHTAJIbHOM CyOAYKLUHUU WU S-CyGAYyKLMHU), KOTOpPbIA NpOJOJKaeT AeHCTBOBATh B II0OJIOCE, TAe
CTAJIKMBAIOTCA M B3auMoZeicTBytoT l0xHOo-KaBkasckas u CeBepo-KaBkasckass MUKpoILIMThL [Ipeamnosaraercs, 4To
3TOT INPOLECC ABJAJICA NPUYUHOW CeICMHUYECKOW aKTHUBHOCTH B IIEPHUOJ MCTOPHYECKUX HAG/IIOJEHUH B H3ydyaeMoM
paiioHe, rie 3eMJIeTPACEHUS NPOUCXOAMIIN TJIaBHBIM 06pPa30oM B 30He aKKPELIMOHHOM MPU3MbI I0’KHOI'0 CKJIOHA U IPH-
Jeraroieii nosoce l0xxHo-KaBkasckol MUKpPOMJIMTEL B JaHHOM cTaTbe MPOBeZieH aHAIU3 U KOPpeJISLMs BCEro CeKTpa
celCMUYEeCKHUX COOBITHH, TPOU30LIeIINX B U3y4aeMoM paioHe Ao 2017 r., a Takke POKaJbHBIX MEXAaHU3MOB He/IJaBHO
3aperucTpUpPOBaHHBIX 3eMyieTpsiceHnd (2012-2016 rr.). YcTaHOB/IEHO, YTO OYaryu 3eMJIeTPsSICEHUH MPUYPOYEHBI JIMOO0 K
y3/1aM Tepece4eHHi pa3pbIBOB Pa3HOTrO MPOCTUPAHUSA C pa3/IOMaMH pa3HbIX HaNpaBJeHUH, TM60 K MJIOCKOCTAM I1y60-
KHUX TEKTOHHYECKHUX Pa3pbIBOB C GOKOBBIMU CMELEHUSIMU B/I0JIb HEYCTONYHMBBIX KOHTAKTOB MaTepHaIbHbIX KOMILIEK-
coB pasHoro 3aseraHus. [lo pokanbHBIM MeXaHH3MaM CEHCMHYECKUX COOBITUH yCTAaHOBJIEHBI pa3HOOGpa3Hble, B OC-
HOBHOM CyOBepTHKaJIbHBIE, TIJIOCKOCTH C6POCOB U CABUTOB. [Ipy 3TOM BBISIBJIEHO, YTO OYard 3eMJIeTPsICEHUH, Kak Mpa-
BUJIO, TPUYPOYEHbI K y3/1aM IepecedeHHs] MeX/y pa3pbIBHBIMHU AUCIOKALUSAMHY, IPOCTUPAIOIUMHUCS B KKAaBKAa3CKOM» 1
«IIPOTHBOKABKAa3CKOM» HalpaBJ/eHUsX. Pe3ysbTaThl HAIKX UCCIeA0BAaHUM UHTEPECHHI B IJIaHE WX IPUMEHEHUs B pe-
aJIbHOM BpeMeHH /IS perMoHaJbHOro 0630pa NMPUYMH KaK re0AMHAMHYECKOH, Tak U CeMiCMUYeCcKOM aKTHUBHOCTH CH-
creMbl bosibiioro KaBkasa v npueramimyx paioHoB AlbIUHACKO-I'MMaialicKoro CKJ1a4aToro nosca.

Kio4yeBsle cioBa: 3eMJIeTpsACEHUE; celCMOTEeKTOHHYecKast 30Ha; (bOKaJ'IbeIl‘/‘l MeXaHHW3M; re0JUHaMHKa; aKKpelHusd;
HOKpOBHbII:I KOMIIJIEKC
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1. INTRODUCTION

According to established ideas [Khain, 1984, 2001;
Akhmedbeyli et al, 2002; Khain, Alizadeh, 2005; Kan-
garli, 2012], the present tectonic setting of the Cauca-
sus has formed during the Alpine stage of tectogenesis
within the south side of the Eurasian continent, the
Lesser Caucasus offset Meso-Tethys and the northern
side of the Central Iranian microcontinent (Fig. 1). It’s
widely believed that compression of the Caucasus
neck’s territory in a collisional zone of mentioned litho-
sphere plates determines its’ modern geodynamics and
seismic activity. Wherein, the southern slope of the
Greater Caucasus system remains one of the most seis-
mically active areas with periodically occurring large
seismic events accompanied by spontaneous large-
scale energy release. The area’s seismic activity is con-
nected with an ongoing intensive structural plan re-
construction with considerable amplitudes of latest
and modern movements. Earthquake focuses are nor-
mally confined to boundaries of the earth crust’s large
geotectonic elements and to the intersections of diffe-
rently striking faults. Seismological and paleoseismo-
tectonic studies as well as seismic and seismotectonic
zonation activities carried out in different seismic re-
gions of the Caucasus (including the territory of Azer-
baijan), all stand for the assumption that a core zone of
the earthquakes is controlled by a network of “general-
Caucasus” and “anti-Caucasus” striking faults with dif-
ferent types of displacements. However, modern seis-
mic activity is generally caused by the horizontal
movements of the different-scale tectonic blocks com-
pressed in a collisional interaction zone between Afro-
Arabian and Eurasian continental plates!.

! Presently, a group of researchers (E.A. Rogozhin, A.V. Gorbatikov,
V.B. Zaalishvili, M.Yu. Stepanova, N.V. Andreeva, Yu.V. Kharazova,
AN. Ovsyuchenko and others ) on the basis of the results of the
application of microseismic sounding method in combination with
other geological and geophysical methods, the essential role of in-
ternal causes in the processes of orogenesis and folding in the
Greater Caucasus without taking into account the processes of la-
teral compression under the influence of lithosphere plates mo-
tion is defended. Such interpretation is based on the position of
the now departed V.V. Belousov on the generation of internal de-
formations and orogenesis under the influence of the processes of
differentiation of matter in the earth interior and advective move-
ments in the upper layers of the lithosphere. However, a large
amount of geological and geophysical information (at least, for the
whole territory of Azerbaijan and the Caspian Sea, seismic explo-
ration data from MOGT (Fig. 9) and recent GPS data (Fig. 15)
clearly defend) allow one to defend the plate-tectonic nature of
the formation of the Greater Caucasus, and the entire Alpine-
Himalayan folded belt.

2. METHODS

Geological-tectonic structure of the Azerbaijani part
of Greater Caucasus was studied using the well-known
geological mapping methods of complexly built nappe-
thrust structures in combination with deep geological
mapping through geophysical methods (CMRW - Cor-
relation Method of Refracted Wave, RWM - Reflected
Waves Method, MSDP - Method of Separate Deep Point,
MEEW - Method of Earthquake Exchange Wave, MTS -
Magneto-Telluric Sounding, DS - Dipole Sounding and
transformation of the geophysical fields), and the deep
well and remote sensing data. This allowed us to pre-
cisely describe the structure and composition of the
Alpine complex, characterize behavior of the pre-
Jurassic basement’s surface, and trace correlation be-
tween structural elements from different levels of the
earth crust [Kangarli, Akhundov, 1988; Khain, Alizadeh,
2005; Kangarli, 2012].

Horizontal present day crustal motion velocities
were determined according to records of the stationary
GPS surveying network through using the software
package of GAMIT-GLOBK. Velocities were assessed
within the framework of global reference frame, sup-
ported by the International Reference Frame (ITRF) as
applied to the Eurasian plate.

In recent years, it became possible to build focal
mechanisms by using specially developed software. In
this paper, we used the outcomes of earthquake focal
mechanism calculations, registered by a network of
digital seismic stations. These focal mechanisms were
calculated at the Republican Centre of Seismological
Survey, using «FPIT» Software developed by “Kinemet-
rics”. This software used the signs of initial P-wave ar-
rivals to the digital stations located within the epicen-
ter distance interval of 15-350 km with fairly even azi-
muthal distribution [Rzayev et al, 2013; Yetirmishli et
al, 2016].

3. RESULTS

Critical analysis of the space-time distribution of vi-
olent earthquake focuses during the instrumental mo-
nitoring period in Azerbaijan leads to a conclusion that
the hypocenters have concentrated mainly within the
exocontact parts of the seismotectonic zone of the
Southern slope of Greater Caucasus. Being a part of the
Alpine-Himalayan fold belt, the zone had formed du-
ring the Alpine stage of tectogenesis under the geody-
namic environment of lateral compression peculiar to
the area of pseudo-subduction interaction between the
Northern and Southern Caucasus continental micro-
plates. Its’ present structure was formed as a result of
the horizontal movements of different phases and sub-
phases of the Alpine tectogenesis (Late Cimmerian -
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S.I. Dotduyev; modified after [Dotduev, 1986]. 1 - boundaries of the territories shown in Fig. 14 and 17; 2 - locations of the

‘ Fig. 1. Location of the accretion prism within the structure of the Greater Caucasus of the Caucasus Isthmus. Compiled by

sections shown in Fig. 2, 3, 4, 9, and 10.

tesab: C.U. lorayes; no [Dotduev, 1986] c uaMeHeHUsIMH). 1 — TpaHHULbl TEPPUTOPHUH, TOKA3aHHBIX Ha puc. 14 u 17; 2 - me-

‘ Puc. 1. MecTtonosioxkeHue aKKpeLMOHHOM Npu3Mbl B cTpykType Bosbinoro KaBkasa KaBkasckoro nepelueiika (coctaBu-

CTOMOJIOKEHH e pPa3pe30B, MOKa3aHHbIX Ha puc. 2, 3,4, 9 u 10.

Wallachian), and is generally regarded as a zone where,
along Zangi (Kbaad-Zangi) dislocation (to eastern part
of Krasnopolyansk thrust in North-East Caucasus), the
insular arc formations of the northern edge of Southern
Caucasus microplate have underthrusted beneath the
Meso-Cenozoic substantial complex contained in the
facies of Greater Caucasus marginal sea [Dotduev, 1986,
1989; Baranov et al, 1990; Kangarli, 1999, 2005, 2012;
Khain, Alizadeh, 2005; Kangarli et al, 2018]. The latter
was in turn thrusted under the Northern Caucasus con-
tinental margin of the Scythian-Turanian plate (epi-
Hercynian platform) along the Major Caucasus fault,
forming an accretionary prism jammed between the
aforesaid dislocations (Fig. 2).

Outcomes of geology-geophysical investigations of
the territory of Azerbaijan and its’ Caspian Sea sector,
conducted in the last quarter of the past - the begin-
ning of this century [Kangarli et al, 1994, 2018; Kan-
garli, 1999, 2012; Khain et al, 2007; Mamedov, 2008,
2010]; say for a pseudosubduction (C-subduction) in-
teraction between the Southern and the Northern Cau-
casus microplates, resulting in tectonic stratification of
the Alpine formations of continental slope, marginal
sea and insular arc into different south-vergent scale
plates combined into the nappe complexes (Fig. 3, 4).

Thus, the Northern Caucasus edge of the Scythian-
Turanian plate (Daryal-Shahnabad-]Jimi complex of the

Side range of Greater Caucasus) presents itself as an
allochthonous cover, while the Alpine complex of the
northern side of Southern Caucasus microplate appears
as an autochthonous (parautochthonous) basement of
the accretionary prism. Autochthonous bedding of the
Southern slope’s accretionary prism is represented by
a Meso-Cenozoic complex of the northern Kakheti-
Vandam-Gobustan margin (megazone) the Southern
Caucasus microplate. Mentioned complex is in turn
crushed and lensed into the southward shifted tectonic
slices which gently overlap the northern flank of Kur
depression along Ganikh-Ayrichay-Alat overthrust.
Tectonic stratification of the accretionary prism is
clearly revealed in structure of the Azerbaijani part of
Greater Caucasus mountains, which consists of the dif-
ferent-scale and heterochronous nappe slices detected
and studied in different years by a number of domestic
scientists [Khain, 1937; Vassoyevich, Khain, 1940; Shar-
danov, 1953; Voskresensky, 1958; Voskresensky et al,
1963; Shurygin, 1967; Mirchink, Shurygin, 1972, Isaev et
al, 1981; Kangarli et al, 1994, 2018; Khain, Alizadeh,
2005; Kangarli, 2006, 2007, 2011, 2012]. According to
latest compilations, these slices included into five (Tu-
fan, Sarybash, Talachay-Duruja, Zagatala-Dibrar and
Govdagh-Sumgayit) nappe complexes [Khain, Alizadeh,
2005; Kangarli, 2006, 2007, 2011, 2012]. In general,
these complexes correspond to the eastern fragments
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Fig. 2. Transfrontier profiles across the Greater Caucasus, and sections of the assumed deep structure by Georgia-Dagestan
(I-I' in Fig. 1). Compiled by S.I. Dotduyev; modified after [Dotduev, 1986].

Puc. 2. TpaHcrpanuyHble npoduiu yepe3 Bosbmoit KaBkas u npejnoJiaraeMas riiyOMHHas CTPYKTypa paspe3oB ['pysus-
[JarecraH (I-I' Ha puc. 1) (cocraButenn: C. U. lorayes; no [Dotduev, 1986] c u3MeHEHUSIMH).

of transregional tectonic slices, western segments of
which were mapped in the territories of Georgia and
Northern Caucasus region of Russia [Vassoyevich, 1940;
Gambkrelidze P.D., Gamkrelidze LP., 1977; Dotduyev, 1986;
Baranov et al, 1990; Panov, 2002]. Their position in the
regional structure is shown a tectonic scheme (Fig. 5)
and synthesized geology-geophysical sections (Fig. 3, 4,
6, 7) of the Azerbaijani part of Greater Caucasus. Brief
characteristics of slices are provided in Table.

The accretionary prism of Greater Caucasus extends
naturally into the territory of Absheron Peninsula and
the Caspian Sea, gets buried in the structure of Ab-
sheron threshold and possibly the Near-Balkhanian
zone of uplifts in the Transcaspian region [Khain et al,
2007; Green et al, 2009; Kangarli, 2011, 2012]. This
statement is evidenced by results of latest seismic sur-
veys implemented in the Azerbaijani sector of Caspian
Sea, geological interpretation of which clearly reflects
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I Fig. 3. Synthesized geological-geophysical section of the crust along the Goychay-Yalama traverse (II-II' in Fig. 1 and 5).
Compiled by T.N. Kangarli; modified after [Kangarli et al,, 1994; Kangarli, 2007].

Puc. 3. CuHTe3UpOBaHHbIN reosoro-reopru3ndecKkuil paspe3 3eMHOU Kopbl no ['éivaii-Anamunckomy tpasepcy (II- II' Ha
puc. 1 u 5) (coctaButesnb: T.H. KeHrepsiy; no nepepaboranHusiM AaHHbIM [Kangarli et al.,, 1994; Kangarli, 2007]).
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Fig. 4. Synthesized geological-geophysical section of the crust along the Padar-Shabran traverse (III-III' in Fig. 1 and 5).
Compiled by T.N. Kangarli; modified after [Kangarli et al., 1994].

1 - Pleistocene - Holocene; 2 - Upper Pliocene - Eopleistocene (Akchagil and Absheron regiostages); 3 - Middle Miocene - Lower Plio-
cene; 4 - Middle - Upper Miocene; 5 - Oligocene - Lower Miocene; 6 — Paleocene - Eocene; 7 - Upper Cretaceous; 8 - Lower Cretaceous; 9
- Upper Jurassic and Lower Cretaceous; 10 - Upper Jurassic; 11 - Middle Jurassic; 12 - Lower - Middle Jurassic; 13 - Lower Jurassic; 14 -
intrusions; 15 - pre-Jurassic basement; 16 - fractures: a — on the tectonic step, boundaries of the consolidated crust (IKh - Imamgulukend-
Khachmaz; AG - Axty-Nugadi-Gilazi (Major Caucasus); KZ - Kbaad-Zangi; GA - Ganykh-Ayrichay-Alat); b - other dislocations; 17 -
boundary velocity of seismic waves; 18 - wells.

Puc. 4. CuHTe3UpOBaHHBIN reosioro-reopusndeckoil paspes 3eMHoi kopsl no Ilagap-lllabpanckomy TpaBepcy (III-III' Ha
puc. 1 u 5) (cocraButenn: T.H. KeHrep.siy; no nepepaboTaHHbIM JJaHHbIM [Kangarli et al., 1994]).

1 - n1eHCTOLEH — TOJIOLEH; 2 — BEPXHUM IJIMOLEH — 30IJIEUCTOLEeH (aKYaruJbCKUM U alllIepOHCKUI pernosipychl); 3 — cpeJHUN MUOLEH —
HIDKHUH IJIMOLEH; 4 - cpeJHUN — BEpXHUN MUOLIEH; 5 - OJIUTOLEH — HXKHUUM MUOLEH; 6 — NaJleolleH-30LeH; 7 — BEpXHUN MeJl; 8 — HIK-
HUH MeJi; 9 - BepxHsisl 0pa U HIDKHUHM MeJt; 10 - BepxHss w0pa; 11 - cpefHss 10pa; 12 - HIKHASA - cpeJiHss opa; 13 - HWkHAA opa; 14 -
UHTPY3UH; 15 - npeblopckuil dyHAaMeHT; 16 — pa3/IOMbl: @ — HA TEKTOHUYECKHUX YCTYINax, FPAHULAX KOHCOJUANPOBAHHOM 3eMHOMN KO-
pb! (IKh - Umamrynykeng-Xaumasckuit; AG - Axtei-Hyreau-T'unssubickuii (bonbioi KaBkas); KZ - K6aag-3anrunckuii; GA - FaHbIx—

the process of intercontinental accretion accompanied
by underthrusting (pseudosubduction) of the Southern
Caucasus microplate (Southern Caspian megazone as
its’ offshore extension) under the Scythian epi-Hercy-
nian platform (Fig. 8-10).

The autochthonous complex, northern wing of
which is buried beneath the accretionary prism, con-
sists of complexly interrelated Mesozoic-Cenozoic sedi-
mentary and volcanic formations. In surface structure
the complex is represented by two structural zones:
Kakheti-Vandam zone in the west, and Shamakhy-Go-
bustan zone in the east [Khain, Alizadeh, 2005].

First zone corresponds to a marginal uplift of the
Southern Caucasus microplate - contemporaneous
with the Gagra-Java zone of Georgia. Within the boun-
daries of Azerbaijan, revealed are the fold-complicated
crest and near-crest part of the northern limb of the
uplift built by Middle Jurassic volcano sedimentary to
Paleogene terrigenous formations. In its’ remaining
parts in the west, the uplift gets leveled by Eopleisto-
cene-Quarternary continental molasse of Ganikh (Ala-

Avipnyaii-Ansatckuil); b - apyrue guciokanuy; 17 - rpaHUYHasi CKOPOCTb CEHCMUYECKUX BOJH; 18 — CKBOXKHHBI.

zani)-Ayrichay superimposed depression, while in the
east it buries under the Shamakhy-Gobustan zone’s Pa-
leogene deposits. Further in the west (Kakheti, Eastern
Georgia), parautochthone pack of tectonic slices pro-
trudes in front of the accretionary prism (Fig. 11)
formed by Middle Jurassic-Eocene deposits in the “van-
dam” facies [Gamkrelidze P.D., Gamkrelidze L.P., 1977].

Shamakhy-Gobustan zone is revealed on the eastern
plunge of Kakheti-Vandam Mesozoic complex and
mainly composed of Paleogene-Neogene clayey forma-
tions. It is characterized by complex fold-nappe struc-
ture and represented on surface by three packs of the
differently rooted thrust sheets [Khain, Alizadeh, 2005;
Kangarli, 2005, 2012]. Parautochthonous slices of the
northern strip are represented by homologues of the
Kakhetian parautochthonous pack of tectonic sheets
protruding in front of Govdagh-Sumgayit nappe com-
plex of the accretionary prism (see Fig. 4).

Thus, the presented information speaks for an allo-
chthonous nature of the region’s alpine structure, with
predominantly southward displacement of rock mass.
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Fig. 5. Schematic tectonic map of the Azerbaijan part of Greater Caucasus. Compiled by T.N. Kangarli [Kangarli, 2005].

Boundaries between the structures: 1 - tectonic boundaries between zones (a - traced on surface; b - buried); 2 - tectonic boundaries
between subzones (a - traced on surface; b - buried); 3 - boundaries of tectonic slices; 4 - stratigraphic boundaries; 5 - assumed bounda-
ries; 6 - distribution boundary of modern sediments in the Ganykh-Ayrichay superposed depression; 7 - Basgal nappe; 8 - synthesized
geological-geophysical sections ( see Fig. 3,4, 6, 7, and 8).

Structures: Gusar-Davachi megazone, including zones: Kh - Khachmaz; G - Guba. Side range megazone, including zones: U - Ulluchay;
Bb - Baybulag; T - Tahirjal; S - Sudur; ShKh - Shahdagh-Khizy; GG - Guton-Gonagkend. Southern slope megazone (accretionary
prism), including zones: ST - Speroza-Tufan; ZG - Zagatala-Govdagh; Ab - Absheron (western segment of the Absheron-Pribalkhan
zone); subzones: Tf - Tufan; JD - Jikhikh-Dindidagh; MS - Mazim-Saribash; M - Megikan; GR - Galal-Rustambaz; ZD - Zagatala-Dibrar; TD -
Talachay-Duruja; GS - Govdagh-Sumgqayit; tectonic slices: jt - Jurmut-Tunsaribor; kh - Khalakhol; r - Rokhnor; b - Boskal; j - Jikhikh; kk -
Kasdagh-Kasmala; fa - Filizchay-Attagay; kg - Katekh-Gumbulchay; dy - Dibrar-Yashma; bb - Balakan-Babadagh; zb - Zagatala-Burovdal.
Kakheti-Vandam-Gobustan megazone, including zones: V - Vandam; ShG - Shamakhy-Gobustan; subzones: DL - Dashaghil-Lahij; GD -
Gulluk-Dadagunash; A - Ayrichay; J - Jangichay; KSh - Keyvandi-Shahgaya; LA - Langabiz-Alat.

Faults: 1 - imamgulukend-Khachmaz; 2 - Khazra-Guba-Kuchay; 3 - Ashagy Maku; 4 - Tendi-Keydi; 5 - Tahirjal; 6 - Uruj-Khnov-Siyazan;
7 - Shahdagh-Gonagkend; 8 - Bash Qafqaz (Major Caucasus); 9 - Khuray-Malkamud; 10 - Joakhor-Gudurdagh; 11 - Khalakhol; 12 -
Kasmaldagh; 13 - Machkhalor; 14 - Jikhikh-Chugak; 15 - Kohnamadan; 16 - Hamzagor-Saribash; 17 - Suvagil; 18 - Gamarvan; 19 -
Megikan; 20 - Altyagaj; 21 - ilisu-Aladash; 22 - Gaynar-Gozluchay; 23 - Mamrux-Galajig; 24 - Zangi-Garajuzlu; 25 - Dashaghil-Mudrisa;
26 - Muju; 27 - Shambul-Ismayilly; 28 - Galabughur-Jangichay; 29 - Sangachal; 30 - Ganikh-Ayrichay; 31 - Ajichay-Alat.

Puc. 5. TekToHUUecKkas cxeMa azepbaiaxkaHckol yactu bosabioro KaBkasa. CoctaButens: T.H. Kenrepsu [Kangarli, 2005].

I'paHMIbI MeXAY CTPYKTYpaMu: 1 — TeKTOHHUYECKHE IPaHULbl MeXAY 30HaMH (a — Ipoc/ieXrBaeMble Ha MIOBEPXHOCTH, b - morpe6eH-
Hble); 2 — TEKTOHUYeCKHe TPaHUIIbl MeXAY I030HaMU (a — MpocJieXKuBaeMble Ha MOBEPXHOCTH; b — morpeGeHHbIe); 3 — rpaHULIbI TEKTO-
HUYECKHUX NJIACTOB; 4 — cTpaTurpaduyeckrie rpaHULbl; 5 — YCIOBHbIE TPaHUIIbL; 6 — TPAHUIA PACIPOCTPAHEHUs] COBpeMeHHBIX 0CaZIKOB B
aHbIX-AWpUYaKCKON HaJIOXKeHHOU BIajiHe; 7 — bacrajJbCKUM MOKPOB; 8 — MECTOMNOJIOXKEHHE CUHTE3UPOBAHHBIX Te0JIoro-reopusmnye-
CKHUX pa3pe30B (cM. puc. 3,4, 6,7 u 8).

CTpykKTypsl: [ycap-/leseuurckas meza3oHa, B ToM uncie 30Hb: Kh - Xaumacckast; G - 'y6uHckas. Mezazona 60kog8020 xpebma, B TOM
yucie 3oHbl: U - Yinydaiickas; Bb - bai6ynakckas; T - Taupmkanbckasi; S - Cyaypckas; ShKh - laxpar-Xei3er; GG - T'yToH-
F'oHarkeHAcKass. Me2a30Ha HHCHO20 CK/AOHA (akkpeyuoHHasi hpusma), B ToM uucie 30Hbl: ST - Cnepo3a-Tydanckas; ZG - 3araTtana-
Topgarckas; Ab - AmuepoHckas (3amafHblii cerMeHT AmmepoH-IIpu6anxaHckod 30HbI); moasoHel: Tf - Tydanckas; JD - Huxuk-
Junpuparckas; MS - MasbimM-Capbli6auickasi; M - MerukaHckasi; GR - Tanan-Pycramb6acckas; ZD - 3ararana-/Zlubpapckas; T4 - Tana-
yaii-JlypymxuHckas; GS - Topaar-Cymrautckasi; TekToHUYeckue maacThl: jt — OpmyT-TyHcapubopckuil; kh — Xanaxonbckuii; r - Pox-
Hopckul; b - Backanbckuli; j - Jkuxuxckull; kk — Kargar-Kocmanuuckuli; fa - @uianvaii-Arraraiickui; kg - Katex-I'ym6y1uaiickui;
dy - Jubpap-AmmuHckuii; bb - Banaken-babagarckuil; zb - 3arartana-byposaanckuit. Kaxemusi-Bandam-I'o6ycmaHckas me2a3oHa, B
TOM yucJsie 30HbI: V - Banaamckast; ShG - llamaxei-T'o6ycTaHckast; noasoHbl: DL - Jlamaresui-Jlaxuuckast; GD - T'ysuyk-/lagarioHenickas;
A - Alipuyaiickas; | - [xxkanruvaiickas; KSh - KeiiBanu-1llaxraiickas; LA - JleHre6u3-AnsTckas.

Pasznombl: 1 - Umamrynykena-Xaumasckuii; 2 - Xaspa-I'y6a-Kyuaiickuit; 3 - Amaru-MakyHckuii; 4 - Tenau-Kepunckuii; 5 - Tanp-
JKaJNbCKUH; 6 - Ypymx-XHoB-Cusasanckuii; 7 - Waxpar-I'onarkengckuii; 8 — iaBHOKkaBKa3ckui; 9 — Xypai-Mankamynckuid; 10 - [bxo-
akxop-T'yaypaarckuii; 11 - Xanaxonbckuii; 12 - Kaamangarckuii; 13 - Mauxanopckuii; 14 - pxuxux-Yyrakckui; 15 - KoxHamazaHckuii;
16 - Xamsarop-Capubauickuii; 17 - CyBarunbckuii; 18 - lamapBaHckui; 19 - Merukanckuii; 20 - Antsradckui; 21 - Wiaucy-
Anapamickuii; 22 - laitnap-To3ayqaiickuii; 23 - Mampykc-Tanampxurckuii; 24 - 3anru-Tapampxysnyickuii; 25 - Jamarua-Myapuickui;
26 - Mymxyiickuii; 27 - lam6yn-Ucmanuiickuil; 28 - Tanabyryp-/xanruyaiickuii; 29 - Canradanbckuii; 30 - MaHux-Alpudaiickuii;
31 - Amxuvyai—-AnaTCKUH.
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Fig. 6. Synthesized geological-geophysical section (along the Matsekh-Jurmut rivers’ traverse passing through the nappe
complexes of North-Western Azerbaijan (VI-VI' in Fig. 5). - Compiled by T.N. Kangarli [Kangarli, 2012].

1 - Pleistocene-Holocene; 2 - Eopleistocene (Absheron regiostage); 3 - Upper Cretaceous; 4 - Lower Cretaceous; 5 - Upper Jurassic; 6 -
Middle Jurassic (Aalenian stage); 7 - Lower-Middle Jurassic (volcanogenic-sedimentary formation of the Vandam zone); 8-9 - Lower
Jurassic: 8 - Toarcian stage; 9 - Sinemurian and Pliensbachian stages; 10 - surface of the pre-Jurassic basement; 11 - Guton intermediate-
basic intrusion (according to the geophysical field interpretation); 12 - faults: a - Major Caucasus thrust; 6 - Kbaad-Zangi (Mamrukh-
Galajig) thrust; B - other faults, including overthrusts: M - Megikan; G - Gamarvan; HS - Hamzagor-Saribash; K - Kokhnamadan; JCh -
Jikhikh-Chugak; JG - Joakhor-Gudurdagh; KhM - Khuray-Malkamud.

Puc. 6. CHHTe3UpOBaHHbBIN reosioro-reopru3nveckuii paszes no Tpasepce pp. Manex-KypmyT, npoxo/siel yepe3 moKpoB-
Hble KoMIsieKchl CeBepo-3anaiHoro Asep6aimkana (VI-VI' Ha puc. 5). CocraButens: T.H. Kenrepau [Kangarli, 2012].

1 - JIEHCTOLEH-TOJIONEH; 2 — H0TJIEHCTOIEH (aNIepOHCKUN PEruospyc); 3 - BepXHUU MeJT; 4 — HIDKHUE MeJT; 5 — BepxHsd 10pa; 6 - cpefi-
HAAs 1opa (aasleHCKu# spyc); 7 — HIKHAS-CpeAHss opa (ByJKaHOTeHHO-0CaJlouHOoe o6pa3oBaHHe BaHjaMckol 30HEI); 8-9 — HUXKHAA
1opa: 8 - ToapcKui sApyc; 9 - CHHEMIOPCKUH M IJIMHC6AXCKUH sipychl; 10 - MOBEPXHOCTh Npeatopckoro pyHgamenTta; 11 - I'yToHckas
Cpe/iHe-OCHOBHasl UHTPY3us (B COOTBETCTBUM C UHTepHpeTalnuell reopusnyeckux mnoser); 12 - passomsl: a - ['y1aBHbIM KaBkasckuit
HaBuT; 6 - K6aaj-3anrukickuil (MamMpyx-T'anafkurckuit) HalBUT; B — Apyrye pas3/jioMbl, B TOM YKcie HaABUTK: M - Merukanckuii; G -
l'amapBaHckuit; HS - Xamsarop-Capu6amckuit; K - Koxnamagauckuii; JCh - Jxuxux-Uyrakckuit; JG - Moaxop-Tyaypaarckuit; XM -

Xypaii-MasikaMyACKHA.

This fact is confirmed by results of deep geological
mapping by geophysical methods (CMRW, RWM-MSDP,
MEEW, MTS, zoning and transformation of the geo-
physical fields), indicating that the observed tectonic
zonality is reflected in the structure of region’s alpine
cover and pre-Jurassic basement, but with well pro-
nounced southern vergence of the structural zones and
their framing deep faults. This is particularly evidenced
by spatial location of the foundation’s blocks that cor-
respond to the structural zones of surface: when pro-
jected onto the horizontal plane, they become located
far north of the observed position of zones on erosional
truncation [Kangarli, Akhundov, 1988; Khain, Alizadeh,
2005; Kangarli, 2012].

The fault tectonics, that constructs a structural plan
of the region, like for the entire Caucasus, is extremely
complex. According to the morphology and type of dis-
placements, fault dislocations are divided into: 1 — deep
faults at the boundaries of structural megazones; 2 -

faults at the boundaries of structural zones and sub-
zones; 3 - longitudinal thrusts, upthrust-overthusts,
thrusts, (in some cases with a strike-slip component),
complicating the internal structure of structural zones
as branches of disjunctive dislocations of the first and
second order; 4 - transverse and diagonal flexures,
normal faults and strike slip faults, rarely thrust-strike-
slip faults, controlling the transverse block divisibility
of the Earth's crust.

1. Deep faults at the boundaries of structural
megazones represent large disjunctive dislocations
that penetrate to the pre-Jurassic basement and deeper
horizons of the earth's crust (up to the Moho surface)
and are expressed on the surface by zones of closely
spaced subparallel, often mutually replacing each other
sharp upthrusts and upthurst-overthrusts of south ver-
gency. Within the study area, they include the Main
Caucasian, Kbaad-Zangin and Ganikh-Ayrichay-Alat
dislocations.
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Fig. 7. Synthesized geological-geophysical section along the Ilisu-Gara Samur rivers’ traverse passing through the nappe
complexes of North-Western Azerbaijan and Mountainous Dagestan (VII-VII' in Fig. 5). Compiled by T.N.Kangarli [Kangarli,
2012].

1 - Upper Cretaceous (Vandam zone); 2 - Lower Cretaceous (Vandam zone); 3 - Lower Cretaceous (Berriasian and Valanginian stages); 4-5
- Upper Jurassic: 4 - upper substage of the Oxfordian stage, Kimmeridgian and Tithonian stages; 5 - lower substage of the Oxfordian stage; 6
- Lower-Middle Jurassic (volcanogenic-sedimentary formation of the Vandam zone); 7-10 - Middle Jurassic: 7 - Callovian stage; 8 - upper
substage of the Bajocian stage; 9 - Upper Aalenian stage and the lower substage of the Bajocian stage; 10 - lower Aalenian stage; 11-12 -
Lower Jurassic: 11 - Toarcian stage; 12 - Sinemurian and Pliensbakhian stages; 13 - surface of the pre-Jurassic basement; 14 - faults: a -
Major Caucasus thrust; b - Kbaad-Zangi (Mamrukh-Galajig) thrust; c - other faults, including overthrusts: GG - Gaynar-Gozluchay; 1A -
flisu-Aladash; G - Gamarvan; HS - Hamzagor-Saribash; KhM - Khuray-Malkamud; TF - Tlagda-Falfan; UKh - Uruj-Khnov.

Puc. 7. CuHTe3upoBaHHbBIH reoJioro-reopusndeckuil paszes no Tpasepce pp. Uaucy-I'apa - Camyp, npoxojsilei yepes mno-
KpOBHbIe KoMIIeKchl CeBepo-3amnaiHoro Azep6aikaHa u ['opHoro Jlarectana (VII-VII' va puc. 5) CoctButens: T.H. KeH-
repau [Kangarli, 2012].

1 - BepxHuit Mes (Bangamckasi 30Ha); 2 — HIDKHUH MeJ1 (Banzamckas 30Ha); 3 - HOKHUE Mest (6eppracCKUi U BaJlaHXKUHCKUH Ipychl); 4-5
- BepxHsd 10pa: 4 - BepxHUHU nog-s1pyc Oxcdopackoro spyca, KUMMepPHUPKCKUM U THTOHCKUH SIPYChl; 5 — HIDKHUH nog-sapyc Oxcdopackoro
spyca; 6 — HIKHASI-CpeAHss 1opa (ByJIKaHOreHHO-0CaZlouHoe o6pa3oBaHue BaHgaMckol 30Hb1); 7-10 - cpefHsd 10pa : 7 — KeJJIOBEeHCKUI
ApyC; 8 — BEpXHUH NMOJ-spyc 6a0CCKOro spyca; 9 — BepXHUH aaIeHCKUH SIPYC ¥ HIKHHUH NoA-sIpyc 6alocckoro sipyca; 10 — HIKHUHN aaseH-
CKU# spyc; 11-12 - HwxkHAA opa: 11 - Toapckuii apyc; 12 - CMHEMIOPCKUH U MJIMHCOAXCKUU ApYychl; 13 — MOBEPXHOCTh NMPEAIOPCKOTO
¢dyHgaMenTa; 14 - passioMbl: a — ['1aBHbl KaBkasckuil HaaBur; b — K6aag-3anruiickuit (MamMpyx-T'anakUurckuii) HafiBUT; ¢ — pyTHe
passioMbl, B TOM 4uciae HajgBuru: GG - TaitHap-To3nyyaiickui; 1A - Wnucy-Anapamckuii; G - 'amapBanckuif; HS - Xamsarop-Capu6ari-

2. Faults at the boundaries of structural zones
and subzones represent large disjunctive dislocations,
often penetrating into the pre-Jurassic basement and
expressed by upthrust-overthrust and upthrust type
zones having south vergency. Within the study area,
they include Khuray-Malkamud, Gamarvan, Dashaghil-
Mudrisa and Shambul-Ismayilly dislocations.

3. Longitudinal ruptures that complicate the in-
ternal structure of structural zones and subzones are
presented by elementary upthrusts at the base of the
tectonic wedge scales of the accretionary prism, and
also complicate the structure of folded dislocations of
various orders in a form of axial and wing upthrusts,
upthrustes-overthrusts, rarely strike-slip and normal
faults.

4. Disjunctive dislocations of the “anti-Cauca-
sian” direction reflect the transverse and diagonal
zoning of the study area. They are also well expressed

ckuit; KhM - Xypaii-Mankamyackuii; TF - Tnarga-®anedanckuit; UKh - Ypymx-XHoBCKHIM.

in geophysical anomalies at considerable depths, pro-
bably controlling the divisibility of the crystalline base-
ment at deeper levels than longitudinal dislocations.
Forms of manifestation and the direction of the “anti-
Caucasian” disjunctives differ with huge variety and
complexity. These are usually ruptures of normal, rare-
ly upthrust nature faulting type with a right-, less often,
left-lateral component. In separate, each rupture usual-
ly has a short length, but enters a long-length echelon-
like row. Single discontinuities of considerable length
are also observed.

Disjunctives of the north-eastern stretch have clear-
ly expressed displacement planes or are closely spaced
fracture zones, often accompanied by ruptured micro-
folding, narrow crushing and limonization zones, veins
of calcite.

The north-west and north-north-west disjunctives,
clearly expressed in space images, control the rocking
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Fig. 8. Synthesized geological-geophysical section along the Shahgaya-Sumgayit traverse (IV-IV' in Fig. 1 and 5). - Compiled
by T.N. Kangarli [Kangarli, 2012].

1 - Pleistocene-Holocene; 2 - Eopleistocene (Absheron regiostage); 3 - Upper Miocene (Pontian regiostage) - Pliocene (except Pontian
regiostage on the offshore); 4 - Tarkhanian, Chokrakian stages and Diatomian suit (including Pontian regiostage on the offshore); 5 -
Paleocene-Lower Miocene; 6 - Upper Cretaceous; 7 - Lower Cretaceous; 8 - Lower Cretaceous and Upper Jurassic; 9 - Upper Jurassic; 10 -
Lower-Middle Jurassic; 11 - surface of the pre-Jurassic basement: a - geophysically determined; b - assummed; 12 -faults.

Puc. 8. CuHTe3upoBaHHbIH reosioro-reopusndeckuit paspes (IV-IV' Ha puc. 1 u 5) no llaxraisg-CyMmranTckoit TpaBepce.
CocraBuresnn: T. H. Kenrepnu [Kangarli, 2012].

1 - NIeNCTOLeH-TOJIOLEH; 2 — 30IJIEUCTOLEH (alIepOHCKUN peruospyc); 3 - BepXHUi MUoLeH (MIOHTUHCKUI peruosipyc) — IvoneH (3a
UCKJ/IIOYEHUEM NTIOHTUHCKOTrO pervosipyca Ha uesbde); 4 — TapXaHCKUH, YOKPAKCKUN APYChI M JUATOMCKasi CBUTA (BKJ/IIOYas MOHTUHCKUN
peruosipyc Ha weJsbde); 5 - najeoneH-HIMKHUNA MUOLEH; 6 — BEPXHUU MeJl; 7 — HIXKHUHN MeJ1; 8 — HIDKHUE MeJT U BepxHsis 10pa; 9 — Bepx-
HAA 10pa; 10 - HWKHAA-CpeHAA 10pa; 11 - NOBEPXHOCTb NpelopcKoro GyHAaMeHTa: a — yCTAaHOBJIeHHas 10 reopU3UIecKUM JaHHBIM; b

- npeanoJsiaraeMas (ycaoBHas); 12 - pa3/jioMbl.

arrangement and closure of individual folds and alloch-
thonous scales in the geological structure, as well as
flexure curves in the general strike of folding and are
represented by extended right shifts or their zones in-
tersecting diagonally study area. The largest of zones of
right-lateral dislocations one of the northwest strike in
the South-Eastern Caucasus is the West-Caspian fault
zone with 35-40 km wide, which is clearly mapped by
a complex of geological and geophysical methods
[Khain et al, 1966; Kangarli, Akhundov, 1988] and con-
tinues within East-Dagestan diagonal flexures zone.

Near longitudinal discontinuous dislocations occupy
an intermediate position between NE and NW dis-
junctives and are usually represented by right-lateral
strike-slip faults of significant amplitude.

Formation of a fold-nappe structure of the Greater
Caucasus accretionary prism was studied in the context
of geodynamic models which were based on a primacy
of tangential forces and thrust fault mechanism during
the formation of modern orogenes [Khain, 2001; Khain,
Alizadeh, 2005; Kangarli, 2011, 2012; Kangarli et al,
2018] i.e in direct relation with the process of intracon-
tinental C-subduction (pseudosubduction). Forming of
the described nappe complexes is directly confined to a
time interval of Late Bajocian - Quaternary, corre-
sponding to transitional (Late Aalen - Middle Miocene)
and continental (Late Miocene - Quaternary) stages of
the Caucasia’s Alpine Geology, marked by Late Cimme-

rian and following phases of tectogenesis [Gamkrelidze
P.D., Gamkrelidze LP., 1977; Khain, 1984; Dotduyev,
1986; Baranov et al, 1990; Kangarli, 1999, 2005, 2012;
Khain, Chekhovich, 2006; Khain, Alizadeh, 2005; Kan-
garlietal, 2018].

Continental stage of tectogenesis is directly related
to injection of the frontal wedge of Afro-Arabian in-
denter to the south and, as a consequence, reanimation
of the lateral compression process in the pseudosub-
duction interaction zone of Southern and Northern
Caucasus microplates at the territory of Caucasus neck.
This process is accompanied by secondary stretching
efforts occurred on the intender’s eastern and western
flanges, generating strike-slip dislocations with an anti-
Caucasian orientation. Such orogeny formation mecha-
nism is proposed by different researchers for the
Greater Caucasus and the entire Caspian-Caucasus-
Black Sea region [Aliyev, 2014; Allen et al,, 2004; Philip
et al, 1989, Kopp, 1997, 1999; Khain, 2001; Akhmedbeyli
et al, 2002; Jackson et al, 2002; Khain, Chekhovich,
2006; Vincent et al,, 2007; Kangarli, 2012; Kadirov et al.,
2015; Aliyev et al, 2018]. Namely, the process of C-sub-
duction defines geological-tectonic and geodynamic
background for the southern slope’s seismic activity
within and outside of the Azerbaijan’s territory.

This phenomenon reflects a consecutive accumula-
tion of the elastic deformations within the zones of
pseudo-subduction interaction between structures of
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I Fig. 9. Submeridional seismic section across the Absheron Threshold (V-V' in Fig. 1) (a) and its interpretations by T.N. Kan-
garli (b).

Puc. 9. Cy6MepuirioHaIbHBIN ceicMUYecKUi pa3pes yepe3 AnmepoHckuit nopor (V-V' Ha puc. 1) (a) u ero uHTepnpeTa-
nuu (coctaBuresb: T.H. Kenrepuu) (b).

the northern flank of Southern Caucasus microplate  distribution (hypocentral depths of 2-6, 8-12, 17-22
(Kakheti-Vandam-Gobustan megazone) and the Grea- and 25-45 km): earthquake focus distribution analysis
ter Caucasus accretionary prism. Continued pseudo- speaks for a presence of structural-dynamic interrela-
subduction is indicated by seismicity’s uneven by depth  tion between seismic focuses on one side and the sub-
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Fig. 10. Tectonic balanced cross-section (see Fig. 9, a) (a) and the reconstruction for the Middle and Southern Caspian areas
[Green et al., 2009] (b).

Puc. 10. TekToHU4YeCcKHMH cHaJaHCUPOBAHHBIN MonepevyHbld pa3pe3 (cM. puc. 9a) (a) U peKOHCTPYKIus depe3 paroHBI
Cpennero u l0xHoro Kacnius [Green et al., 2009] (b).
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Fig. 11. Geological section along the Patara Liaxvi river in Kakhetia (Eastern Georgia). Compiled by LP. Gamkrelidze
[P.D. Gamkrelidze, I.P. Gamkrelidze, 1977].

1 - Meotian and Pontian conglomerates (Dusheti suite); 2 - Sarmatian sandstones and clays; 3 - Middle Miocene sandstones; 4 - Oligo-
cene-Lower Miocene clays and sandstones (Maikopian series); 5 - Upper Eocene (olistostromes); 6 - Upper Eocene (normal-sedimentary
suite); 7 - Paleocene- Middle Eocene (sandstone-siltstone flysch); 8 - Maastrichtian (Orbitoid suite); 9 - Cenomanian-Campanian (sand-
stone-siltstone and limestone flysch and marls); 10 - Lower Cretaceous (sandstone-siltstone flysch); 11 - Upper Jurassic-Lower Creta-
ceous (flysch); 12 - Middle Jurassic (volcano-sedimentary deposits); 13 - Lower and Middle Jurassic (sandy-argillaceous suite); 14 -
thrusts; 15 - pre-Jurassic crystalline basement of the Georgian block.

Puc. 11. T'eosorudeckuii paspes no p. [latapa-J/Inakceu B Kaxetuu (Boctounas I'pysus). CoctaButenn: U.IL. 'eMkpennzze
[P.D. Gamkrelidze, .P. Gamkrelidze, 1977].

1 - MEOTCKUH U MOHTHUHCKUN KOHIJIOMepaThl (AyLIeTcKasi CBUTA); 2 — capMaTCKUe NeCYaHUKHU U TJIMHBL 3 - CpeZiHe-MHUOLIEHOBBIE Necya-
HUKHY; 4 — OJIUTOLleH-HU>KHEe-MHUOL€HOBBIE TJIMHbI U TIeCYaHUKU (MaWKOICKas CBUTA); 5 — BepXHUU 30LleH (OJIUCTOCTPOMBI); 6 — BEpXHUH
301eH (cOpoco-0caZiloyHas CBUTA); 7 — MaJEOLeH — CPeJHUM 301eH (eCUaHUK-aleBpOJUTOBbIA Guinil); 8 - MaacTpUXT (OpOUTOUACKAS
cBUTA); 9 - ceHOMaH-KaMnaH (HecYyaHUK-aJeBPOJIUTOBblEe U U3BECTHSAKOBble GJMILM U Meprenu); 10 - HWKHUH Mes (HecYaHUK-
aJIeBpOJIMTOBBIN ¢uini); 11 — BepxHsis Iopa — HWKHUN Mes (dau); 12 - cpenHss opa (ByJIKaHO-0CaZ0YHbIE OTI0XKeHUs); 13 — HIKHSSA
U cpeJiHAA lopa (necyaHo-TJIMHUCTas CBUTA); 14 - HaABUTH; 15 - NIpelopCKUM KpUCTa/indeckuil GyHaMeHT ['py3snHCKoro 6s10Ka.
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Fig. 12. Schematic map showing the fault tectonics and the pattern of earthquake focal zones at the level of the Pre-Jurassic
basement.Compiled by T.N. Kangarli, F.A. Aliyev and A.M. Aliyev [Kangarli et al, 2017al].

1 - longitudinal blocks of the first order: a - Tufan (T), b - Kakheti-Vandam-Gobustan (KVG), ¢ - Chatma-Ajinohur (ChA); d - Middle Kur
(MK); 2 - transverse blocks of the first order: I - Zagatala, II - Shaki, Il - Gabala-Shamakhy, IV - Gobustan; 3 - faults at the boundaries of
the longitudinal blocks of the first order: KZ - Kbaad-Zangi, GA - Ganikh-Ayrichay-Alat; NK - Northern Kur; 4 - ruptures limiting the longi-
tudinal blocks of the second order, including: DM - Dashaghil-Mudrisa, ShI - Shambul-Ismayilly; 5 - faults at the boundaries of the trans-
verse blocks of the first order: Sl - Salavat, SA - Samur-Aghdash, PN - Pirsaat-Neftchala; 6 - other ruptures of the “anti-Caucasus” direc-
tion, including: KK - Khimrikh-Khalatala, BV - Bulanligchay-Verkhiyan, B - Balakan, Z - Zagatala, GS - Gokhmug-Salyakhan, F - Fiy, US -
Ujar-Saribash, D - Damiraparanchay, G - Girdimanchay, S - Sighirly; 7 - focal zones of M>3 earthquakes recorded in 2012-2016: a - men-
tioned in this article: I - Balakan, II - Zagatala, III - Shaki, IV - Oghuz, V - Gabala, b - other; 8 - state border.

Puc. 12. CxeMaTHYeCKast KapTa TEKTOHHUYECKHUX Pa3JIOMOB M paclpe/ie/ieH s 30H 04aroB 3eMJIETPSICEHU I Ha YPOBHE 1010P-
ckoro ¢ynpamenTa. CoctaBuresnu: T.H. Kenrepsu, ®.A. AnueB u AM. Anues [Kangarli et al, 2017a].

1 - npozosbHBIe 6JI0KK nepBoro nopszaka: a — Tanckuii (T), b - Kaxeru-Bangam-Tobycranckuii (KVG), ¢ - YaTMa-ADKUHOYPCKUN
(ChA); d - Cpeapne-Kypunckuit (MK); 2 - nonepednsle 6j10ku nepBoro nopsiaka: I - 3aratanbckuii, 11 - llekunckuii, 11l - Ta6ana-
[llamaxuHckui, IV - T'obycTaHCcKui; 3 — pa3/ioMbl Ha IPaHUIAX MPOJOJIbHBIX 6JI0KOB NepBoro nopsiaka: KZ - K6aag-3anrunckuii, GA -
laneix-Apuuaii-Anarckui; NK - CeBepo-KypuHckui; 4 - pa3pbiBbl, OTpaHUYMBAIOIIMeE POLOJbHbIE 6J0KY BTOPOTO NMOPsSAJKa, B TOM
yucne: DM - Jamarsii-Mygpucusckuit, Shl - llam6yn-WcMaunnnHcKui; 5 - pas3/ioMbl Ha FpaHULAX MONEpPeYHbIX 6JOKOB MEPBOTO
ypoBHs: Sl - CanaBaTckuii, SA - Camyp-Argauickuii, PN - [lupcaar-HedTuanuHckuii; 6 — Apyrue paspblBbl, IPOCTHUPAIOIINECS B «aHTHU-
KaBKa3CKOM» HanpasJyieHUH, B ToM yuciae: KK - Xumpux-Xanatanbckuid, BV — Bysiannuryaii-Bepxuanckuid, B - banakanckui, Z - 3aka-
Tasckul, GS - Toxmyr-Canaxancku, F - @uiickuit, US - Ypxap-Capoibaumickuii, D - /lamupanapanyaiickuii, G - ['upauMaH4anckul, S -
CUTHUpJMHCKUH; 7 - 30HbI 04aroB 3emJieTpsiceHui (M23), 3apeructpupoBaHHbiX B 2012-2016 rr.: a — yKka3aHHble B cTaTbe: | - basnakaH-
ckoe, Il - 3aratanbckoe, 111 - lllekuHckoe, IV - Orysckoe, B - ['abainHcKoE, 6 — Ipovue; 8 - rocyapCcTBEHHAs IpaHULa.

vertical and subhorizontal contacts in the earth crust
from another [Kangarli, Veliev, 1988; Kangarli et al,
2016, 2017a; Telesca et al, 2017; Aliyev et al, 2018].
Horizontal and vertical seismic zonality can be explain-
ned from the viewpoint of block divisibility and tecto-
nic stratification of the earth crust. Within the crust’s
structure, earthquake focuses are confined mainly to
the intersection knots between differently oriented
rupture dislocations, or to the planes of deep tectonic
failures lateral displacements along the unstable con-
tacts between the material complexes with different
competency [Kangarli, Veliev, 1988; Alizadeh et al,
2013; Kangarli et al, 2016, 2017a, 2017b; Aliyev et al,
2018].

Based on the space-time focus distribution analysis
of all M=3 earthquakes recorded through a period of

instrumental observations (1902-2017), we traced the
seismic activity dynamics within the southern slope
zone’s frontiers (Fig. 12, 13) and came to the following
conclusions:

1. Using the outcomes of geophysical data reinter-
pretation and the region’s resultative tectono-magmatic
scheme [Kangarli, Akhundov, 1988; Kangarli, 2012], fol-
lowing 4 blocks separated by the anti-Caucasus striking
fault zones may be distinguished in the west-to-east
direction, all with different characteristics of seismic
activity: Zagatala, Shaki, Gabala-Shamakhy and Gobu-
stan. First two blocks belong to the eastern, and the
other two to the southeastern segments of Greater Cau-
casus system (see Fig. 12). The boundary between these
two segments is determined by Samur-Aghdash left-
lateral strike-slip fault. Herewith, the vertical seismic
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Fig. 13. Histogram of the vertical distribution pattern of earthquake foci (M=3) in the crustal blocks of the southern slope of
the Greater Caucasus within Azerbaijan (1902-2017). Compiled by F.A. Aliyev.

Puc. 13. ['ucTorpaMMa BepTUKaJIbHOI'O paclpejie/ieHus] 04aroB 3eMJIETPsICEHUHM ¢ M23 B 6JI0KaX 3eMHOU KOPbI I03KHOTO
cknoHa Bosbioro KaBkasa B Azep6aiimkane (1902-2017 rr.). CocraBuTtenb: ©.A. Anuves.

focus distribution indicates a regular distribution of
most earthquake hypocenters within 12-30 km depths
of the pre-Jurassic basement (Fig. 13, 14).

2. First two blocks are distinguished for their lower
seismic activity recorded throughout the entire period
of observations (see Fig. 13):

- until 1980, 12 seismic events occurred within the
Zagatala block’s frontiers, confined to the consolidated
crust’s upper segment. Absolute majority of focuses
(11) is located at depths of 12-30 km. Since 1980 until
present, 66 events were recorded, with 9 events
sourcing from the sedimentary cover, and 57 - from
5-30 km depths of the consolidated crust;

- 14 seismic events have occurred in Shaki block un-
til 1980, 3 of which were confined to 3-5 km deep
parts of the alpine cover, and the rest were located in
the consolidated crust’s upper segment (5-30 km). In
1981-2017, the number of events increased to 65, 3 of
which took place in the sedimentary cover, 61 - in the
consolidated crust (58 in the upper and 3 in the lower
segment), and 1 - below the Moho discontinuity.

3. Gabala-Shamakhy and Gobustan blocks have been
more active throughout the entire period of observa-
tions, but there were also the leaps of seismic activity
recorded in last quarter of XX century:

- until 1980, the total 29 seismic events have been
registered within the block’s structure, including the
Alpine cover (14) and the consolidated crust’s upper

segment (14 events at depths of 5-30 km, and 1 event
below the Moho disgontinuity). In the following period,
the block’s seismic activity increased to 219 events, 46
of which occurred in the sedimentary cover, 171 - in
the consolidated crust (141 - 5-30 km, 30 - 31-45
km), and 8 - below the Moho discontinuity;

- 23 seismic events have occurred in Gobustan block
until 1980. 8 events were confined to the Alpine cover,
11 - to the upper (5-30 km), and 4 - to the lower seg-
ment (31-45 km) of the consolidated crust. During
1981-2017, the number of events increased to 196, 30
of which occurred in the sedimentary cover, 187 - in
the consolidated crust (139 in the upper and 48 in the
lower segment), and 9 - below the Moho discontinuity.

4. Even with allowances made to potential errors of
earthquake registration technology and methods of the
first half of XX century, it has to be stated that the cer-
tain rise in the area’s seismic activity is generally ob-
served since 1980 (see Fig. 14). Within the zone’s east-
ern segment, active is the upper part of the consolidat-
ed crust. In the southeastern segment, seismic activity
affects an entire earth crust and even the uppermost
part of the mantle. Majority of deep seismic focuses is
located in the zone of submeridional Western Caspian
fault (north-west oriented right lateral dislocations in
Eastern Caspian zone), to the east of which observed is
a stepped dipping of the consolidated crust towards the
Caspian hollow.
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Fig. 14. Histogram showing changes in seismic activity (M23 earthquakes) in space (depth) and time in the Azerbaijan part
of the southern slope of the Greater Caucasus for the period 1902-2017.Compiled by F.A. Aliyev.

Puc. 14. l'ucrorpaMma, nmokasblBalolLlasi NMPOCTPAaHCTBEHHbIE (MO IJIyOMHE) U BpeMeHHble U3MEHEeHHUs CelCMHUYeCcKOU
aKTHUBHOCTH (3eMiieTpsiceHUs: ¢ M>3) B A3epO6aii;>kaHCKOM YacTU H0KHOTO ckjoHa Bosbmioro KaBkasa 3a nepuog 1902-

2017 rr. CoctaBuTesb: ®.A. Anues.

5. Observed seismic activity is generally consistent
with data on lateral movement velocities produced
since 1998 by GPS monitoring of the region’s modern
geodynamics [Kadirov et al, 2008, 2009, 2015, 2017,
2018; Kadirov, Safarov, 2013; Telesca et al, 2017]. By
2014, lateral movement velocities of the most monito-
ring stations have increased by 2-8 mm/year as com-
pared to a baseline of 2004 (Fig. 15). Meanwhile, simi-
lar-to-seismic transverse zonality is observed in the
velocity distribution: thus, the velocities average at 8-
10 mm/year to the west and exceed 13 mm/year (13-
29 mm/year) to the east of Samur-Aghdash dislocation.

Simultaneously, a longitudinal zonality is observed
in the distribution of horizontal movement velocities,
which correlates with the territory’s “general-Cauca-
sus” tectonic zonality.

Described process continues also at a contemporary
stage of alpine tectogenesis, as demonstrated by real-
time GPS surveying of regional geodynamics. Analysis

of data on the distribution of vectors of the lateral
movement velocities (produced in 1998-2014 by GPS
geodesic stations in Azerbaijan and adjacent territories
of Iran) indicates considerable (up to 29 mm/year) ve-
locity of the north-northwestward movement of the
southwestern and central parts of the Southern Cauca-
sus microplate, including territory of Lesser Caucasus
southeastern segment, Kur depression and Mountai-
nous Talish. At the same time, vectors reduce to 6-13
mm/year within the microplate's northeastern flange
confined to Kakheti-Vandam-Gobustan megazone of
Greater Caucasus, and become as low as 0-6 mm/year
(data of 2010-2014) further in the north, on a hanging
wall of Kbaad-Zangi deep underthrust, i.e. directly
within the accretionary prism’s boundaries. In general,
the belt's earth crust shortening rate is estimated as
4-10 mm/year.

The aforesaid is confirmed by the earth surface
movement directions and velocities registered in Azer-
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Fig. 15. GPS velocities of horizontal movements in the territory of Azerbaijan and the adjacent areas in 2004 (a) and 2014
(b). Compiled by F.A. Kadirov and R.T. Safarov.

1 - main structural zones (longitudinal tectonic blocks): I - Gusar-Shabran, II - lateral ridge of the Great Caucasus, III - the southern slope
of the Greater Caucasus, IV - Kakheti-Vandam-Gobustan, V - Kura, VI - Atrvin-Garabagh, VII - Talish, VIII - Araz; 2 - deep faults at the
boundaries of the structural zones; 3 - Samur fault.

Puc. 15. CKopoCTH rOpU30HTa/NbHbIX JABMXXEHUH 3eMHON Kopbl 110 GPS-1aHHBIM Ha TeppuTOpuM A3epbaii/kaHa U NpuJie-
ratomux paiioHoB B 2004 r. (a) u 2014 r. (b). CocraButenu: ®.A. Kagsipos u P.T. Cadapos.
1 - OCHOBHBIE CTPYKTYpHbBIe 30HBI (IPOJ0/IbHbIE TeKTOHUYecKHe 6J10KH): | - T'ycap-Illa6pan, II - 6okoBo# xpebeT Bosbiunoro Kaskasa, 111

- 100KHBIH ckyIoH Bosbmoro Kaekasa, IV - Kaxeru-Bangam-T'o6ycran, V - Kypa, VI - ArpBun-Kapa6ax, VII - Tanbim, VIII - Apas; 2 - riy-
OOKMe pa3/IOMbl Ha 'PAHUIIAX CTPYKTYPHBIX 30H; 3 — CaMypCKUH pas/ioM.

baijan and its’ adjacent territories based on the out- northeastward motion of the earth surface. One feature
comes of GPS observations implemented in 2015 (Fig.  of the velocity field is clearly demonstrated by the de-
16). Velocity field clearly demonstrates the north-  veloped diagrams. It consists in a contrasted decrease

Fig. 16. GPS velocities of horizontal movements in the territory of Azerbaijan and the adjacent areas (2015), and the graphs
of parallel components of GPS rates along sections A-a, B-b, and C-c. Compiled by F.A. Kadirov and R.T. Safarov [Kadirov et
al, 2015, 2017).

Puc. 16. CKOpoCTH rOpU30HTAIbHBIX ABWKEHUH 3eMHOH Kopbl 1o GPS-maHHBIM Ha TeppuTOpuM A3epbaiipkaHa U IpuUJie-
raromux paoHoB (2015 r.) u rpaduku napassiesbHbIX KOMIIOHEHTOB cKopocTed no GPS-manHbIM 1o paspesam A-a, B-b u
C-c. CoctaButenu: ®.A. Kagpipos u P.T. Cadapos [Kadirov et al, 2015, 2017].
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I Fig. 17. Tectonic stress distribution pattern according to the mechanisms of M23 earthquakes recorded in 2003-2017.

Compiled by G.J. Yetirmishli, and S.E. Kazimova.

Puc. 17. Cxema pacnpejiesieHUs] TeKTOHUYECKUX HANPSKeHUH M0 JaHHBIM O MeXaHHW3Max 3eMJieTpsiceHUH ¢ M3, 3aperu-
ctpupoBaHHbIX B 2003-2017 rr. CoctaButenu: I'Jl. ETupmuiiu u C.3. Kasumosa.

of velocity observed by the stations from the southern
flank of Zangi overthrust, as compared to velocities of
Kura and other more southern zones (see Fig. 15, 16).

This phenomenon reflects gradual accumulation of
the elastic lateral compression deformations within the
zone of pseudosubduction interaction between struc-
tures of the northern side of Southern Caucasus micro-
plate (Kakheti-Vandam-Gobustan megazone) from one
side and the accretionary prism of Greater Caucasus
from another.

Real time effects of the tangential stresses are also
indicated by focal mechanisms of M=3 earthquakes oc-
curred in the region for the period of 2003-2017 (Fig.
17). Distribution analysis of the compression and ex-
tension axes speaks for predominance of lateral com-
pression oriented in submeridional and NE-SW direc-
tions.

Types of focal mechanisms of the southern slope
zone of Greater Caucasus generally correspond to a no-
tion of geodynamics of the microplates’ convergent
borders [Rzayev et al, 2013; Alizadeh et al, 2013;
Yetirmishli et al, 2014, 2016; Kangarli et al, 2016,
2017a, 2017b; Aliyev et al, 2018], where the entire
range of focal mechanisms, from normal-fault to thrust
faulting is observed (Fig. 18).

Space-time distribution analysis of the strong earth-
quake focuses in the Azerbaijani part of Greater Cauca-
sus region leads to a conclusion that at present stage of
tectogenesis most seismically active are structures on
the northern flank of Southern Caucasus microplate
(both the structures that are buried under the accre-

tionary prism in the north, and the structures that get
revealed in a central segment or get covered by a qua-
ternary cover on the southern part of Kakheti-Vandam-
Gobustan zone), located in the following two areas:

- zone controlled by a “general-Caucasus” striking
Ganikh-Ayrichay-Alat deep overthrust (corresponds to
a border of Kakheti-Vandam-Gobustan and Middle Kur
tectonic megazones), in the west of the Azerbaijani part
of the Greater Caucasus;

- complex tectonic node located in the east of de-
scribed region within the boundaries of Talish-Samur-
Makhachkala submeridional seismotectonic zone: cor-
responding to an intersection of two faulting zones:
1) northwest striking Western Caspian zone bordered
by Pirsaat and Sighirly elementary deep strike slips
from the northeast and southwest), and 2) northeast
striking Girdimanchay-Shamakhy zone represented by
Basgal-Khashi, Aghsu-Khaltan and J]alair-Dibrar dislo-
cations.

Under lateral compression environment, small-scale
blocks that constitute the region's earth crust trigger
the emergence of transpressive deformations, which
combine the shear displacements along framing trans-
verse deformations with the compression structures
like “general-Caucasus” ruptures. Such regime leads to
an emergence of multiple concentration areas of the
elastic deformations confined to the mentioned dislo-
cations and their articulation knots. It is just the ex-
ceeded ultimate strength of the rocks that causes an
energy discharge and brittle destructions (according to
stick-slip mechanism) in such tectonically weakened
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Fig. 18. Fault plane solutions of M=>3 earthquakes for the period of 2003-2017. Compiled by G.J. Yetirmishli, and S.E.

I Kazimova.
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regions of the southern slope of the Azerbaijani part of
Greater Caucasus (see Fig. 12).

The aforesaid is particularly evidenced by the fol-
lowing seismic events that occurred in the Northwes-
tern part of Azerbaijan during 2012-2016 (Fig. 19, 20).

Zagatala focal zone became seismically active
in 2012-2014. Major seismic events occurred in
May-June 2012, when three shocks were registered
with M=5.27-5.69 (07.05.2012), one with M=5.02
(20.06.2012) and numerous aftershocks with M=3.0-
4.4. The vast majority of hypocenters are located at the
pre-Jurassic basement of the frontal part of Kakheti-
Vandam-Gobustan zone within the depths of 5-20 km
(Fig. 20, section I-I'). The only exception is the after-
shock (M=4.4, H=5 km) occurred in an alpine cover
(07.05.2012, 05 h 40.30 sec.) outside of the source zone
(on the zone’s southeast in Kvemo-Kedi village’s (Geor-
gia) vicinity), and confined to a plane of Ganikh-
Ayrichay-Alat thrust fault that gently plunges in the
northern rhumbs at its’ intersection with northeast
striking Zagatala transtensional fault. In general, the
focal zone represents a complex disjunctive knot inside
the pre-Jurassic basement’s upper segment, consisting
of the elementary intersections of differently striking
tectonic deformations to which the earthquake hypo-
centers are confined (see Fig. 12, 19). Approximate
volume of a rock mass to which the hypocenters of all
M=>3 events are confined, reaches 3400 km3. Seismic
events were mainly related with Zagatala transverse
fault’s activation which have caused an intensification
of connected “general-Caucasus” and “anti-Caucasus”
deformations. Earthquake mechanisms can help indi-

cate fault slip along active fault zones. An example
of this would be the May 7, 2012 earthquake that
had a large number of aftershocks (Fig. 21, I and II).
First shock (M=5.61, H=9 km) was characterized by
near-lateral (PLp=10°) compressive and stretching
(PLt=14°) stresses. The type of movement along both
steep (DP1=87°, DP,=72°) planes is a dextral shift. NP1
plane has northeastern (STK1=125°), and NP2 plain has
southwestern (STK,=216°) strike. Comparing nodal
plane strikes with fault lines demonstrates their com-
pliance with the Shambul-Ismayilly fault (rear scale of
Ganikh-Ayrichay-Alat thrust fault) of a “general-Cau-
casus” strike (NP1) and the Zagatala fault with an “anti-
Caucasus” strike (NPI1). Second shock (M=5.7, H=12
km) occurred due to an impact of near-lateral stret-
ching stresses (PLt=1°). Type of movement along both
relatively gentle (DP1=48° DP,=50°) planes is down-
throw. NP1 has southeastern (STK1=130°), and NP2 has
northwestern (STK;=340°) strikes. The strike of the
nodal planes is correlated with that of the Shambul-
Ismayilly “general-Caucasus” (NP1) and Bulanigchay-
Verkhiyan “anti-Caucasus” (NPZ2) tectonic deformati-
ons. Data analysis allows considering the NP1 plane as
the event’s major acting component. Mechanisms of the
majority of aftershocks points at strike-slip movements
within the focal zone’s structure with subordinate
amount (5 events) of upthrust displacements confined
to a plane of Ganikh-Ayrichay-Alat thrust fault and its’
rear scales.

Balakan focal zone was active in 2012, 2013 and
2016. Seismic events of October-November, 2012,
manifested themselves through a series of earthquakes
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with a maximum Mw of 5.60 (14.10.2012). Events of the
following years were characterized by relatively low
magnitudes of 3.1-4.4. Like in the previous case, the fo-
cal zone is confined to a complex intersection of diffe-
rently striking tectonic deformations with earthquake
hypocenters (depth interval of 4-13 km) is located at
pre-Jurassic basement, as well confined to surface of the
basement and bottom of the Alpine cover of Kakheti-
Vandam-Gobustan zone (Fig. 20, section II-II"). Approxi-
mate volume of a rock mass to which the hypocenters of
all M = 3 events are confined, reaches 500 kms3. Seismic
events are mainly related with activation of Khimrikh-
Khalatala (2012) and Balakan (2013 and 2016) faults
with an “anti-Caucasus” strike. Seismic energy discharge
occurred in the most crumble zones which correspond
to the intersections of these deformations between each
other and with “general-Caucasus” faults. Earthquake

mechanisms in the focal zone point at a prevalence of
downthrow and fault dislocations with subordinate role
of the upthrust type shifts. In particular, October 14,
2012 earthquake (see Fig. 17) with M=5.6 and H=8 km
was characterized by the lateral (PLp=0°) southwest
trending stretching and the near-vertical northwest
trending compressive (PLt=48°) stresses (Fig. 21, III).
Type of movement along both (DP=57°) planes is a fault.
NP1 plane has a southeastern (STK:=115°) and NP2
plane has a northern strike (STK>=2°). Comparing nodal
plane strikes with fault lines speaks for a compliance of
NP1 with Shambul-Ismayilly latitudinal fault, and NP2 -
with Khimrikh-Khalatala diagonal deformation.

Shaki focal zone has relatively little seismic activity
(M=3.00-4.07) in 2012-2013. Earthquake hypocenters
are located in the upper part of the pre-Jurassic base-
ment of the frontal part of Kakheti-Vandam-Gobustan



Geodynamics & Tectonophysics 2018 Volume 9 Issue 4 Pages 1099-1126

Georgia | Azerbaijan

Fagli PMlang Solutiony

50

1 - Strikr iy faslt; 3 Normal fask;

2 - Tl Fauit; 4 - CHsligue Taabl

zone within the depth interval of 5-9 km (see Fig. 20,
section III-III"). The focal zone is confined to Gokhmug-
Salyakhan northeast striking transverse deformation.
Seismic energy discharge occurred alternately in the
latter’s intersection northwest striking rupture disloca-
tions. Earthquake mechanisms of the studied period
point at a prevalence of faulting dislocations. Example
to this would be the May 14, 2012 earthquake (M=4.1,
H=6) which was characterized by sublateral stretching
(PLp=7°) stresses with southeastern orientation, as
well as compressive (PLt=14°) stresses with south-
western orientation (Fig. 21, IV). Movement type along
both steep (DP=85-74°) planes is a fault. NP1 plane has
northwestern (STK1=342°), and NP2 has northeastern

Fig. 20. Geological and geophysical sections across the
Zagatala (I-I' in Fig. 19), Balakan (II-II' in Fig. 19) and
Shaki (III-IIT" in Fig. 19) focal zones of earthquakes. Com-
piled by T.N. Kangarli, F.A. Aliyev and A.M. Aliyev [Kan-
garli et al, 2017a]. Faults: 1 - Ganikh-Ayrichay-Alat; 2 -
Zangi; 3 - Shambul-Ismayilly; 4 - Dashaghil-Mudrisa; 5 -
other longitudinal fractures; 6 - ruptures of the “anti-
Caucasus” direction.

Puc. 20. l'eonoruyeckue u reopusndeckrie paspesbl ye-
pe3 3araTtanbckywo (I-I' Ha puc. 19), Banakanckytwo (1I-1I'
Ha puc. 19) u llekunckyrwo (III-III' Ha puc. 19) 30HBI
ouaroB 3emJjieTpsiceHud. CoctraButenu: T.H. Kenrepsiu,
®.A. AnueB u AM. Anues [Kangarli et al, 2017a]. Pazno-
Mbl: 1 - TlaHux-Alpuvai-AnaTckuii; 2 - 3aHTHUCKUH;
3 - lllambyn-Ucmannnuiickuii; 4 - Jamarua-MyaprcuH-
CKWH; 5 - ApyrHe NMpojoJibHblEe Pa3JyioMbl; 6 — Pa3phIBbI,

npocTHparwigrecd B KaHTH-KaKa3CKOM» HallpaBJI€HHUH.

(STK,=251°) strike. Comparing nodal plane strikes with
fault lines (mapped through geology-geophysical me-
thods) speaks for their compliance with Shin (NP1) and
Gokhmug-Salyakhan (NP2) “anti-Caucasus” rupture dis-
locations. As indicated by the analysis and comparison
of the geology-geophysical material, described seismic
event is confined to a complex triple intersection of the
“general-Caucasus” Shambul-Ismayilly and the “anti-
Caucasus” Shin and Gokhmug-Salyakhan ruptures along
the tectonically complicated exocontact of Shaki intru-
sive massif.

Ismayilly focal zone was active in October-Novem-
ber 2012. The event’s main shock magnitude equaled
5.27 (07.10.2012) whereas the following shocks had
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Fig. 21. Focal mechanisms of Zagatala (1, II), Balakan (III),
Shaki (IV), Ismayilli (V), Gabala (VI) and Oghuz (VII, VIII)
earthquakes. Compiled by S.E. Kazimova.

Puc. 21. ®okanbHble MexaHW3Mbl 3aratajibckoro (I, II),
Banakanckoro (III), [ekunckoro (IV), UcMauanuHckoro
(V), Tabanuuckoro (VI), u Orysckoro (VII, VIII) 3emneTtps-
ceHuil. CocraButesnn: C.J. Kasumosa.

the magnitudes of 3.0-3.5 (02-12.11.2012). The zone is
confined to a complex intersection knot between
Sighirly northwest and Girdimanchay northeast stri-
king cross faults from one side and Ganikh-Ayrichay-
Alat deformation from another. The zone’s earthquake
mechanisms confirm strike-slip and slip component of
movements along Sighirly fault. They also characterize
its’ high seismic activity and deep reach. Source mecha-
nism of the Ismayilly earthquake (M=5.27, H=41 km)
was characterized by near-lateral stretching stresses
(PLt=21°) with southwestern and near-vertical com-
pressive (PLp=46°) stresses with southeastern orienta-
tion (Fig. 21, V). Movement type along both (DP=75-
409) planes is a downthrow with faulting elements.
NP1 has south-southeastern (STK1=172°), and NP2 has
west-northwestern (STK>=280°) strike. Comparing no-
dal plane strike with fault lines speaks for their con-
formity with Sighirly (NP1) and Ganikh-Ayrichay-Alat
(NP2) deep rupture dislocations.

Gabala focal zone became active in September -
beginning of October, 2014. The event consisted of two
sensible shocks with M=5.0-5.5 followed by several
weak aftershocks. The focus zone is controlled by
Damiraparanchay northeast striking dextral slip that
complicates a line of an underthrust conjunction be-
tween the Kakheti-Vandam-Gobustan zone and the ac-
cretionary prism of Greater Caucasus. The focal zone is
characterized mainly by shear displacements along the

rupture’s plane, as exampled by 29.09.2014 earthquake
(M=5.5) which occurred at a depth of 13 km within the
Kakheti-Vandam-Gobustan zone’s pre-Jurassic base-
ment. Mainly near-vertical (PLp=48°) compressive
stresses prevailed in the seismic focus, oriented in sub-
latitudinal and submeridional directions (Fig. 21, VI).
Type of movement along both steep (DP1=64°,
DP,=53°) planes is a fault. Sublatitudinal (STK1=265°)
NP1 plain is associated with Dashaghyl-Mudrisa up-
throw-thrust fault with the “general-Caucasus” strike.
NP2 plane has the northeastern strike (STK;=17°) and
directly corresponds to the Damiraparanchay defor-
mation.

Oghuz focal zone was active through two moderate
earthquakes in September (M=5.9) and October
(M=4.0), 2015. It is confined to a complex intersection
between Fiy northeast and Ujar-Saribash northwest
striking cross faults from one side and Ganikh-
Ayrichay-Alat “general-Caucasus” deformation on the
southern border of Kakheti-Vandam-Gobustan zone
from another. September 4 and 13 earthquakes were
impacted by the almost equivalent stretching and com-
pressive stresses occurred at a depth of 16 km in the
upper part of pre-Jurassic basement (Fig. 21, VII and
VIII). Compressive stresses were near-lateral (PLp=
=0-7°) with northeastern orientation, whereas the ho-
rizontal stretching efforts (PLt=0-2°) had west-north-
western trend. Type of movement along both subver-
tical displacement planes (DP1=86-90°, DP,=83-90°)
is a fault with left-hand horizontal component. First
nodal plane of NP1 strikes southeastwards
(STK1=153°) and dips towards the southwest. NP2 has
the northeastern orientation (STK>=33°) and dips to-
wards the southeast. Comparing nodal plane strikes
with the region’s rupture tectonics speaks for their
conformity with Ujar-Saribash (NP1) and Fiy (NPZ2)
“anti-Caucasus” rupture dislocations.

Other seismic events of the described period were
characterized by weak magnitudes of less than 4.5.
Their focuses were mainly grouped in the upper part
and surface of pre-Jurassic basement, and subordinate-
ly within the Alpine cover’s structure.

4. CONCLUSIONS

In our study, we correlated the space-time swarm
sequence of the different-magnitude seismic events in
each seismofocal zone of the Northwestern Azerbaijan.
The correlation results bring us to the following con-
clusions:

- The spatial distribution of the epicenters demon-
strates that most seismic events are confined to trans-
verse (northwest, northeast and submeridional stri-
king) disjunctive dislocations. However, the epicentral
zones generally have the ‘general- Caucasus’ strike
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along and to the north of Ganikh-Ayrichay-Alat deep
upthrust. Both transverse and longitudinal dislocations
were mapped by the complex of seismic and electrical
survey methods as the natural southern extension of
the faulting and strike-slip disjunctive zones. The latter
outcrop in the mountainous area where complexes of
the accretionary zone and its parautochthone bedding
come to the ground surface.

- The complication of these complexes by the men-
tioned anti-Caucasus dislocations speaks for quite a
young age of the latter, suggesting that they formed or
were activated minimum during the post-Rodanian
stage of tectogenesis, which is one of the factors to de-
termine today’s activity of these dislocations.

- In separate groups, the focal mechanisms reveal
different, mainly subvertical, planes of normal, strike-
slip and diagonal-slip movements in the earthquake
foci. Only in four cases strictly upthrust and upthrust-
thrust movements were established.

- The major hypocenters (M=4.5-5.7) as well as the
absolute majority of the aftershocks are confined to the
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