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In the Great Caucasus, the Lesser Caucasus and Eastern Turkey, the distribution of Neogene to Quaternary volcanic cluster geometries,
paleo-stress field data of the Lesser Caucasus area (Republic of Armenia) and the P axes of earthquakes focal mechanisms show the scale
and time variability of the stress field since the beginning of the Arabia-Eurasian collision. In addition to the general N-S compression
orientation, two other NW -SE and NE-SW secondary orientations are observed. Both orientations were successively significant for some
period of tectonic activity. The fIrSt one was dominant between the Paleogene and the end of the Lower Miocene and the second one has
prevailed between the Upper Miocene and the Quaternary. On a regional scale the principal stress axes orientations are mainly controlled
by the Arabian-Eurasian plate convergence and have changed with time. Local stress orientations have been significantly influenced by

secondary blocks motions and their geometries.
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Resume

De nouvelles etudes sur la distribution des alignements volcaniques neogenes et quaternaires, les paleo-champs de contraintes du Petit
Caucase et les mecanismes au foyer des seismes dans Ie Caucase et la Turquie orientale permettent de caracteriser des variations spatiale
et temporelle de I'orientation du champ de contrainte depuis la collision Arabie-Eurasie.

Les resultats montrent que la principale orientation de I'axe de compression est N-S et qu'il existe deux autres directions secondaires
NW-SE et NE-SW. Ces deux dernieres sont liees a des periodes d'activite tectoniques successives. La premiere NW-SE a domine la
peri ode comprise entre Ie Paleogene et Ie Miocene inferieur. La seconde NE-SW caracterise la ~riode Miocene superieur a Quaternaire.

A I' echelle regionale I' axe principal de compression est clairement lie a la convergence Arabie-Eurasie et a varie de direction depuis
la collision. Localement les champs de contraintes sont lies a des mouvements de blocs et a leur geometrie.
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1. Introduction

Since Upper Jurassic times, the Great Caucasus, Trans-
Caucasus and Eastern Turkey alpine (s.l.) tectonic evolution
has been controlled by subduction of the Neotethys ocean,
associated obductions of the Neotethys and collisions of
continental blocks [1, 2, 3 and 4]. A result of the last colli-
sion is the indentation of the Eurasian plate by Arabia. Due
to oceanic lithosphere remnants in the Black and Caspian
seas, the collisional deformations are concentrated within
the continental lithosphere of the Caucasus and surrounding
areas (Fig. 1). Consequently, distributed active structures

underlain by subducted lithosphere affect a wide domain
from the peri-Arabic frontal thrusts to the Northern Great
Caucasus (Fig. 2).

The recent stress field has produced a wide range of active
faults in the region under consideration (Fig. 2) [e.g. 5, 6, 7
and 8] in response to N-S to NNE-SSW trending Arabian and
Eurasian plates convergence [5,6,9, 10, 11, 12 and 13]. Four
simultaneously existing types of neotectonic faults are present
comprising: (1) NE striking sinistral strike-slip faults; (2) NW
striking dextral strike-slip faults; (3) E striking thrusts; (4) and
N trending normal faults (Fig. 2). The major active faults form
large top to the North structural arcs.
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CACC : Central anatolian crystalline complex
KM : Kirsehir massif
MM: Menderes massif
SM : Sakarya massif
lABS : Izmir - Ankara - Erzinkan suture
NAF : North anatolian fault
EAF : East anatolian fault
GC : Great Caucasus
LC : Lesser Caucasus
SA : South armenian block
V: Van Lake
S : Sevan Lake
R: Rezaiyeh Lake

D Platform- European margin (Pontides)- European margin including are series

WZLI Pontides and Lesser Caucasus units including ophiolites

[I:1] Metamorphic massifs

Peri arabic units including ophiolites

D Suspected oceanic crust

0 Accreted terranes

,...A-A-~ Strike slip fault Thrust

Fig. 1 Structural map of the Arabia-Eurasia collision area.

Carte structurale de la zone de collision Arabie-Eurasie.



A. Avagyan et aZ. /GeodinamicaActa 18/6 (ZOO5) 401-416 403

ESO"OO' E52.00'F36'OO' E3BOOO' E40.00' E4TOO' E44"OO' E46.00' E4S.00'

All these crustal structures are related to the collisional
evolution of the region and in particular some of them colTe-
spond to the limits of accreted terranes emplaced since the
Upper Cretaceous. Nevertheless in the Lesser Caucasus, the
chronology of deformations and the stress field evolution is
not well constrained during Neogene to Quaternary times.

The aim of this paper is to study the evolution of the stress
field in the Lesser Caucasus and adjacent regions from the
Neogene to the Quaternary in order to determine the chro-
nology of stress regime changes and highlight the role of that
inherited structures play in localising recent deformation.

The study region is enclosed between main rigid blocks
(Arabia, Eurasia), and escaping secondary blocks (Iran and
Anatolia). This region (Armenian highland) due to its central
tectonic position in the central part of a continental collision
is submitted to intense shortening.

A detailed stress field study based on active structures
kinematics, GPS measurements, focal mechanisms, fault
kinematics and volcanic cluster data are evaluated to charac-
terize the change of the stress field in space and time. The
data allow us to examine the influence of inherited structures
and the rheologic behaviour of the crust.

Fig. 2 Active tectonics north of the Arabian plate (modified from Philipet al., 1989,2001; Reba! et al., 1993) location on figure 1. (1) Major strike-slip

faults; (2) major thrust faults; (3) relative motion of blocks with respect to Eurasia; 4. focal mechanisms ofMw >4.8 earthquake (CMT Harvard); (5)
instrumental seismicity of 3 <Mb <4.9 (USGS-NEIC). Ar-Armenia; D-Dagestan; T-Talish; E.A.F.-East Anatolian fault; N.A.F.-North
Anatolian fault; P .S.S.F.-Pambak-Sevan-Sunik fault; Z.F.-Zagros fault; N. T.F .-North Tebriz fault; G.S.F-Geltarechka-Sarikharnish fault.

Carte de la tectonique active du nord de la plaque Arabe (modifiee de Philipet al., 1989,2001; Reba! et al., 1993), (1) principaux decrochements; (2)
principaux chevauchements ; (3) mouvement relatif des blocs par rapport a l'Eurasie; 4. Mecanismes aux foyer des seismes de magnitude Mw > 4.8
(CMT Harvard) ; (5) Seismicite 3 < Mb < 4.9 (USGS-NEIC). Ar: Armenie; D : Dagestan ; T : Talish ; E.A.F. : Faille Est Anatolienne ; N.A.F. : Faille
nord Anatolienne; P.S.S.F.: Faille Pambak-Sevan-Sunik; Z.F.: Faille du Zagros; N.T.F.: Faille Nord Tebriz; G.S.F: Faille Geltarechka-

Sarikhamish.
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2. Kinematic and Geodynamic setting Three main changes in plate motion are known.
(i) The Arabian plate moved to the NW along the Eura-

sian margin with the onset of the Arabian-Eurasian collision
during the Lower Oligocene (35 Ma) [17].

(ii) Zonenshain et al. [15] demonstrate a change from N-S
to NW -SE convergence during the Lower Miocene.

(ill) In the Middle Miocene the movement of the Arabian
plate again became top to the north and in eastern part, top to
the NNE [15]. Since the Middle Miocene the stress field
probably remained relatively constant [e.g. 7].

The Arabian-Eurasian convergence (estimated at
20-30 mm. a-I [28]) resulted continental collision and
tectonic escape of the Anatolian and Iranian blocks. The
central region in front of the Arabian plate experienced a
phase of intense shortening [5, 6, 9, 10 and 11]). The
prevalent carbonate and volcanic series were folded dur-
ing the Neogene collision (Fig. 4) [7, 18 and 29]. In
eastern Anatolia, western Iran, Armenia and the Cauca-
sus, numerous active strike-slip and reverse faults form
large structural wedges bounded by dextral strike-slip
faults on the eastern flank and sinistral strike-slip faults
on the western flank and with tips oriented to the north
and northeast (Fig. 2). The strain field is characterized by
structures such as east-west folds and thrust faults,
oblique strike-slip, and north trending normal faults [7, 13
and 18]. These active tectonics features are produced in
general by N-S compression and E-W extension, charac-
teristic to strike-slip stress regime.

As a result of terrane accretion and Arabian plate
collision, the tectonic evolution of the Lesser Caucasus is
mainly controlled by lithospheric anisotropies such as ophi-
olitic sutures and faults delimiting continental blocks. The
stress field can be locally disturbed by these mechanical

anisotropies.

The Africa-Eurasia convergence started during the Upper
Cretaceous [e.g. 14,15,16,17 and 18] (Fig. 3). Since Early
Upper Cretaceous times the convergence velocity has varied
from 0.9 to 3 cm. a- [15]. The Upper Cretaceous-Lower
Tertiary period was characterized by subduction of
Neotethys ocean beneath the Eurasian active margin, and by
the accretion of the various continental blocks originating at
the Gondwana [e.g. 18 and 19].

Continental rifting in the Red Sea region was initiated at
the Oligocene-Miocene boundary (23 Ma) [20] and was fol-
lowed by separation of the Arabian from the African plate
and by collision of Arabia with the Iranian margin along the
Zagros belt. Northward drift of the Arabian plate was
accommodated by initiation of several crustal strike-slip
faults such as the Dead Sea Fault zone and the North and
East Anatolian faults [9, 10, 18,21,22,23,24 and 25].

The onset of left-lateral motion along the Dead Sea Fault
zone [26] occurred in the mid-Miocene (10-13 Ma). Since its
initiation, the convergence velocity rate of Arabia relative to
Eurasia has increased to 2.5-2.6 cm. a-I [15, 18 and 27] and
the ongoing Arabian northward drift has resulted in tectonic
escape of the Anatolian and Iranian blocks, towards the West
and North-East, respectively.

During the Miocene an intense shortening phase occurred
due to the Arabian-Eurasian convergence, which has led to
crustal thickening and uplift [e.g. 25] and produced the high
elevated Armenian plateau (Armenian highland, about
1800 meters on average).

Because the relative movement velocity and the conver-
gence direction have been variable, it is important in the
stress field analysis to know the evolution of relative motion
between plates (Arabia and Eurasia) controlling the regional
tectonics.

Fig. 3 Geodynamic evolution of the Caucasus region modified fromPhilipet al., (1989), Jr.: Iranian block, An.: Anatolian block.

Evolution g6odynamique du Caucase modifi6e de Philip et al., (1989), Jr. : Bloc lranien, An. : Bloc Anatolien.
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Further, as shown by the GPS strain data (Fig. 5), the
movement of micro-blocks, limited by the main active faults,
is not uniform. In the southern part the dominant motion is
towards the N-NW, while in the northern area mainly NNE
motions are observed. According to GPS measurement the
relative movement of the central part of the studied area
(between latitudes of 4O.00N- 42.00N and longitudes of
44.00E-46.00E in figure 2 and 5) displays a N-NE orientation
with respect to Eurasia. In contrast, the NUVEL lA data pre-
dict a NNW orientation (table 1). This result is obtained using
the UNA VCO Facility (Colorado, USA) plate motion calcu-
lator that allows us to use different models (GSRM vl.2;
REVEL 2000; APKIM2000.0; 1TRF2000; NUVEL lA;
NUVEL 1) to derive motion rates and directions for various
locations [27,28,34,35,36,37 and 38]. These last results are
in agreement with the 4ata of Yunga [39] who studied the
seismotectonic deformation of the Caucasus region based on
the slips defined by in earthquake sources. Yunga [39] pre-
dicted a NNW main compression orientation for the area

3. Recent stress and strain field data

In addition to data from active tectonics (Fig. 2) we have
analyzed recent kinematic data obtained by GPS [24, 30 and
31] and focal mechanisms obtained instmmentally from earth-
quakes [32 and 33]. The calculated P axis orientation and
movement relative to Eurasia by GPS measurements are
shown in figure 5. The P axis data provide evidences for three
dominant compression orientations in the studied area: N-S,
N-NW and NNE (Fig. 5). Testifying for a spatial change in the
stress regime these orientations are observed practically all
over the studied area. Since the static stress field develops in
the upper crust down to the brittle-ductile transition, the
observed variability in P axis orientation can be interpreted as
micro-block movement in response to the stress from variable
distance. It is important to note the influence of active faults
on the P axis orientation. One part of the active faults, formed
at the beginning of the continental collision, are the result of
the initial stress field and local geological anisotropies.

Table I
Calculated relative movement according to NUVEL IA model.
Mouvement relatif calcule d.apres Ie modele NUVEL IA.

Plate
(reference)

Azimuth
(cw from N)

NVel.

nun/yr

EVel.

mm/yr
Speed
mm/yr

Latitude LongitudeModel

44° 24' 16" E
44 . 404444 °

44° 48' 45" E
44.812500°

40° 17' 16" N

40.287778°

41 ° 2' 33" N

41.042500°

Arabia (Eurasia)25.64 -10.2727.62 338.16°NUVEL 1 A

25.94 -10.18 Arabia (Eurasia)28.09 337.43°NUVEL 1 A
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basins [18, 48, 49 and 50]. Since the onset of the continental
collision, volcanism has evolved with bimodal character com-
prising both basaltic and rhyolitic lavas [45]. In AnI1enia two
stages of intracontinental volcanism are identified: one during
Oligocene to Early Miocene and the other from Upper
Miocene to Quaternary. During the latter stage vast volcanic
massifs and cones were formed in all volcanic provinces of the
AnI1enian highland [45]. Continental collision led to crustal
thickening, tectonic uplift and associated extensional struc-
tures causing rise in the geothermal gradient and local crustal
melting and acidic volcanism [45]. The most recent volcanic
activity from Pliocene to Holocene times comprises the vol-
canism of Nemrout, Sipan, Tondourek and Ararat volcanoes
in Eastern Turkey [11, 41, 46 and 51], and in Sunik and
Gegam massif in the Republic of AnI1enia [46, 52, 53]. The
most recent volcanic activity is testified by petroglifs curved
on a volcanic boulder (Fig. 6) representing an eruption of a

limited by latitudes of 4O.00N-38.00N (southern part of the
Republic of Annenia and adjacent regions).

The two opposite motion orientations in the studied
region indicate the complexity of the strain field in that part
of the belt (Fig. 5).

4. Volcanic cluster

4.1. Volcanic setting

In the study area, many studies have been concerned with
volcanism since the Jurassic times and its tectonic origins [e.g.
7,11,40,41,42,43,44,45,46 and 47]. In the LesserCauca-
sus (Republic of Armenia) magmatic activity from Jurassic to
Upper Cretaceous times was mostly arc-type and caused by
the subduction of the Tethys ocean and related marginal

Fig. 5 GPS (Reilinger et al., 1997; McClusky et al., 2000; Vemant, 2003) and P axis data (Tovmassianet al., 1997; Hessami etal., 2003).

Donnees GPS (Reilingeret al., 1997; McClusky et al., 2000; Vemant, 2003) et axes P (Tovmassian et al., 1997 ; Hessami et al., 2003).
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Fig. 6 Petroglifs curved on the basaltic boulder representing a volcanic eruption discovered in 1998 in Sulik area,location on figure5 (Avagyan, 2001;
Karakhanian et at. 2002; Avagyan et ai., 2003). A: the view of the fault scarp (eastern in the B) and Porak volcano; B: satellite image of the Porak
volcano area; C: petroglifs found near the site shown in the photo A, a: basaltic boulder with petroglifs, b and c: petroglif fragments with tooth-paste on it.

Petroglyphes sur un bloc de basalte representant une emption volcanique. Decouvert en 1998 dans la region de Sulik (Annenie) la localisation est
montree sur la figure 5, (Avagyan, 2001 ; Karakhanian et at. 2002; Avagyan et ai., 2003). A: Escarpement de faille (3 rest de rirnage B) et volcan
Porak ; B : image satellite de la zone volcanique de Porak ; C : Petroglyphe trouve pres du site montre sur la photo A, a : bloc de basalte quaternaire
avec les petroglyphes, b et c : Fragments de petroglyphe blanchit pour r observation ( « avec du dentifrice » ).

(Fig. 7, 8, and 9). The volcanic cones in the whole of the
axial part of the Gegarn massif fonD a N-NW trending
(N166°E) cluster of slightly more than 50 kin in length. In
the massif the smaller clusters at a length of 5-10 kin strike
slightly more to the NW (NI46°-N155°E). This provides
evidence for fault depth difference on which clusters of var-
ious lengths are rooted [44, 49 and 50]. Taking into account
a crustal depth in the studied area of about 50 kin [e.g. 18],
we suggest that the geological structures controlling the big
Gegarn and Sunil major~ clusters influence the entire thick of
the crust. This is supported by occurrences of basalt volcan-
ism, probably of mantle origin, within the fissured areas
[46]. On the other hand, within smaller clusters several kin
in length magmas with crustal origin are present [44 and 50].

The orientations of volcanic clusters range from NW -SE
to NE-SW. To the east of the Gegarn axial cluster two small
clusters have a N-S trend and one cluster has a NE-SW
(N62°) orientation. To the east, all observed clusters and
elongated cone groups have NW -SE orientation. Despite the
general E- W orientation of the Vardenis massif, which could
be inherited from Oligo-Miocene structures, the volcanic
clusters have N-S and NW-SE orientations (NI37°
E-N 1 69"E).

nearby volcano in the Sunik area (Fig. 7) [46, 52 and 53] on
the western fault branch south of the Porak volcano (B in
Fig. 6). From the petroglif site the last eruption centres situ-
ated on the continuation of the fault trnce are clearly visible (A
in Fig. 6). The nearest one is not a classic volcanic cone and
has produced lava flows on both sites of the fault.

4.2. New data and interpretations

In our study we have used volcanic alignments of the same
age as indicators of the tectonic regime and stress axis orien-
tation. Such an approach has been used by several researchers
in Armenian highland [e.g. 42] and in other regions [44,54,
55, 56, 57, 58 and 59]. In this prospect we have used satellite
images (SPOT, Corona, Landsat) covering the Republic of
Armenia and adjacent regions to identify linear clusters,
ridges and elongated shapes of Neogene Quaternary volca-
noes (Fig. 7). The data show the importance of extensional
and strike-slip tectonics related to the tensional fractures,
pull-apart, tail-crack or horsetail structures [e.g. 44 and 46].

Most volcanoes in the Republic of Armenia and adjacent
area form clusters of different length from several kilometres
up to 50 km and are clearly rooted on tension fractures
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Fig. 7 Neogene to Quaternary volcanic clusters in the SE of the territory of the Republic of Annenia. Location is shown on figure5, I: Elongated
volcanic cones groups, 2: volcanic clusters well recognized, 3: supposed volcanic clusters, 4: srna11 volcanic clusters, 5: volcanic cones, 6: active faults.

Alignements volcaniques Neogene a Quaternaire dans Ie SE de I' Annenie, localisation de la zone sur la figure5. I : Groupes allonges de c6nes
volcaniques, 2: alignements volcaniques bien reconnus, 3: alignements volcaniques supposes, 4: petits alignements volcaniques, 5: c6nes

volcaniques, 6 : Failles actives.

the Javakhety area) oriented to the North (J in figure 10). It
is important to note that the active faults in the same area
also form similar structural wedges with left-lateral strike-
slip faulting to t4e West and right-lateral faulting to the East
[6]. This means that there is a good spatial correlation
between active faults and volcanic activity. It is also impor-
tant to note that the some clusters are controlled by pull-apart
and tail-crack structures [44 and 46]. The GPS data for the
area showing the N-NE orientation [24 and 30] of the con-
vergence movement are consistent with the NNE-SSW
cluster orientation on the Eastern flank of the volcanic clus-

ter wedge (Fig. 10).

Recent GPS data indicate an extension rate of
2.36 :t 0.9 mIn. a-I with the azimuth of N 550 in the Gegam
and Vardenis massifs area [60].

As shown in figure 7 the big clusters are oriented princi-
pally NW -SE in central and southern parts of the Republic of
Armenia and are either emplaced on deeply rooted faults of
the same orientation or are parallel to them. In the case of
smaller clusters we also have nearly N-S and NE-SW orien-
tations. These general cluster orientations are more
consistent (parallel) with the NUVEL lA model [27, 28, 34,
35, 36, 37, 38 and 39] data and show the same orientation of
relative movements of the area with respect to Eurasia as the
GPS data obtained from NW of Iran [31].

If we consider data for the area including the Republic of
Armenia, Southern Georgia and Eastern Turkey [44] we
observe another permanent cluster orientation of NNE-SSW
sited principally in the West (Fig. 10). Thus the volcanic
cluster in the study area forms a cluster wedge with top (near

5. Fault kinematics analysis

The previous fault kinematics analyses [18, 61, 62, 63 and
64] and new results (about 30 stations) obtained from the
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Fig. 8 Fragment of the Gegam axial cluster, location on figure 7. A: on a Corona satellite image, B: interpretation, I: volcanoes, 2: faults, 3: nonnal

faults, 4: supposed faults.

Fragment de l'alignement volcanique de l'axe de Gegam, localisation sur la figure A: sur une image satellite Corona, B : interpretation, I : volcans, 2 :
failles supposees. ~

The variability of stress orientation is evident when active
faults approached so we collected fault kinematics measure-
ments as far from them as possible. On the other hand, the
high density of active faults does not prevent perturbations
in stress direction. The stress variability in the same blocks
is observed with focal mechanisms (Fig. 5). For paleo-stress
data we have also observed such variability (Fig. 11)
although here the time interval between stress age indicators
could be considerable. We can have also stress field
changes. Figure 12 is an example of paleo-stress data col-
lected in the Azat river area. Preliminary analyses of micro
fault data allow us to separate fault kinematics data groups

Lesser Caucasus area microtectonic stations indicate three
principal orientations of the compression axis: N-S, NE-SW
and NW-SE (Fig. 10). Paleostress axis orientations have
been calculated by inversion of slip vectors measured on
fault planes using the method proposed by Etchecopar et al.
[65]. This method provides the possibility to calculate differ-
ent stress fields corresponding to several groups of fault
striation data. Fault kinematics data are obtained from rocks
of various ages (from Devonian to Quaternary) to resolve
paleo-stress orientations. The paleo-orientation results can
be compared with the earthquake P axis data related to the
present stress field.
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Fig. 9 Ararat cluster between Great and Small Ararat. Location is shown on figure 10. A: on the satellite image, B: interpretation, 1: volcanoes, 2:

faults, 3: strike-slip faults, 4: supposed faults, 5: supposed volcano outlines.

Alignement d' Ararat entre Ie Grand et Petit Ararat, localisation sur la figure 10. A : sur une image satellite, B : interpretation, 1 : volcans, 2 : failles

supposees, 3 : volcans supposes.

region during collisional events. Neogene to Quaternary for-
mations have only been affected by the last stress phases
related to the indentation of the Arabian plate. Consequently,
to analyse the str~ss evolution with time during the last col-
lision events we have distributed the calculated compression
(O'J axis according to the geological formation age. In the
given age formation the latest stress can and the earliest

stress cannot be observed.
On figure 13, we note that compression orientations are

significantly different in the various geological formations;
though being N-S on average. In all cases the above-men-
tioned three stress orientations (N-S, NE-SW and NW-SE)
are present. In the Neogene to Quaternary formations the
dominant directions are NNE-SSW and NE-SW. It is
NE-SW and NW -SE for the Paleogene formations. It is N-S
and NW -SE for the Jurassic to Cretaceous formations and it
is NE-SW with general N-S orientations for Devonian to

Permian formations.

from the same geological formation corresponding to differ-

ent stress orientations [64].
Only at a few sites is nearly uniform compression orien-

tation observed. To the east of the Black Sea (Ion figure 10)
the orientation of the principal stress is NW -SE. More to the
east (2 on figure 10) the orientation is principally NNE-
SSW. Otherwise the stress orientations are dominantly N-S,
NW -SE and NE-SW as we can see in the rose diagram for all
data collected in geological formations from Proterozoic to
Quaternary (Fig. 13). To study the paleo-stress data as a
function of the geological formation ages we took into
account the stations with confident geological ages. Few
measurements (7 stations) have been realized in Paleozoic
formations (Devonian to Permian), 24 stations are measured
in Mesozoic formations, 18 in Paleogene and about 16 in

Neogene to Quaternary formations.
The structures and the finite strain fields are the result of

several stress phases reflecting the tectonics evolution of the
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Fig. 10 Horizontal component of the principal compression stress orientations from microtectonic data and volcanic clusters (microtectonic data from
Philip et al. (1989) for southern Georgia; and clusters data of Adyamanet al. (1998) for Eastern Turkey are also used). 1: compression axis, 2: volcanic

clusters recognized with confidence, 3: supposed volcanic clusters.

Composante horizontale des orientations du principal champ de contrainte a partir des donnees microtectoniques et des alignements volcaniques
(donnees microtectoniques de Philipet al. (1989) pour la Georgie du sud; et alignements volcanique de Ady1lmanet al. (1998) pour I'Estde la Turquie.

1 : axe de compression, 2 : alignements volcaniques bien reconnus, 3 : alignements volcaniques supposes.

sequence of the continental collision. The paleomagnetic
data [e.g. 15, 17,25,66 and 67] show that the sense of rota-
tion is not the same in different blocks of the area. The main
blocks have been affected by rotation during late stages of
the continental collision (Fig. 3). Rotations are clockwise to
the East and anti clockwise to the West from Arabian wedge
tip [e.g. 15 and 25]. A similar situation is observed in the
northern areas of the Armenian structural wedge (Ar on
Fig. 2) formed by indentation of the derived from Gondwana

6. Discussion and conclusion

The stress indicators including Neogene to Quaternary
volcanic cluster orientation, fault kinematics data, focal
mechanisms P axis and GPS data [18, 24, 30, 31, 32, 33, 44,
60,61,62 and 63] show the scale and temporal changes in
stress and strain fields since the Arabian-Eurasian collision.

To interpret the stress evolution from the Neogene to
Quaternary we must consider block rotation effects as a con-
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Fig. 11 Example of fault kinematics change on the same fault plane in the Upper Cretaceous series. location on figure 10. A: - Fault plane in the Upper

Cretaceous pelagic limestones. B:- 5triations 51 and 52 on the slikenside correspond to two kinematics events.

Un exemple de deux mouvements sur un plan de faille dans les calcaires peIagiques do Cretace superieur (localisation sur la figure 10). A : Plan de

faille. B : 5tries 51 et 52 sur Ie plan de rupture materialisant deux mouvements distincts Ie long de la faille.

meridian to NNE-SSW in the East [15]. The NE-SW com-
pression orientation in Paleogene formations can be due to
farther Neogene-Quaternary stress field (Fig. 13).

The volcanic cluster data clearly indicate three compres-
sional orientations in the whole area. In contrast to the fault
kinematics data the volcanic cluster orientation data show
space distribution regularity. They form a wedge with tip to
the North like active fault. This is evidence for the genetic
relationship between active faults and volcanism. One part
of Neogene to Quaternary volcanism is rooted on normal
fault systems or on strike-slip fault pull-apart structures [41,
44,46 and 51].

If we take into account the scarce microtectonic stations
for fault kinematics analyses obtained in the Neogenes series
(14 stations from 16 measured in Quaternary rocks) showing
N-S and NE-SW compression orientation and volcanic clus-
ters suggesting NNW -SSE shortening one (Fig. 7), we can
suppose that Quaternary structures controlling volcanism in
the Lesser Caucasus area are inherited from former NW -SE
Paleogene-Neogene faults. These inherited structures also
influence the farther stress field as shown from GPS exten-
sion data with an azimuth of N 55° in the same area [60].

rigid blocks [66 and 67]. Most of the used fault kinematics
stress indicators of the Lesser Caucasus are situated in the
South Armenian block of Gondwana origin.

According to fault kinematics data, the NW -SE compres-
sive stress orientation is quite significant in the Jurassic to
Palaeogene formations but absent in the Neogene to Quater-
nary ones. Previous fault kinematics results from the EUm$ian
margin (Great Caucasus) show evidence for a NW -SE trend of
compression in the Mesozoic formations mainly due to an
Eocene transpressional stress field [68]. On the other hand our
fault kinematics data are derived from the Lesser Caucasus
area and concern the Gondwanian block and the Mesozoic
Eurasian margin series in the North Lesser Caucasus which
collided together during Paleogene times (Fig. 3). Conse-
quently, we assume that this NW -SE compression direction
characterizes the Paleogene stress field due to the collision
(Fig. 13). The results are consistent with the geological data
indicating NW-SE Arabian-Eurasian convergence since the
beginning of the Lower Oligocene period [17].

Fault kinematics data from the Neogene to Quaternary
series are consistent with a change in the convergence direc-
tion during the Middle Miocene, which became sub-
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N 40°06

Fig. 12 Fault kinematics data in the Azat river area (location is shown on figure 10). Data obtained from 1: Cretaceous formations, 2: Paleogene

formations, 3: Quaternary formations; paleo-stress axes: 4: O"p 5: 0"2' 6: 0"3'

Donnees microtectoniques de la region de la riviere Azat (localisation sur la figure 10). Les donnees ont ere obtenues sur 1 : les formations cretacees, 2 :

les formations paioogenes, 3: les formations quaternaires; paleo-axes des contraintes: 4 : 0"1' 5: 0"2,6: 0"3'

GPS data suggest NNE shortening in the Trans-Caucasian
region (corresponding to main NW -SE trend of the mountain
range). At the same time, on the large scale they show an
extension strike of about N 6()0 E as indicated by Neogene-
Quaternary volcanic clusters and fault kinematics data in the

While an overall N-S shortening orientation can be
derived from fault kinematics/volcanic cluster data, more
secondary NE-SW and NW -SE compression is also noted.
We interpret these two orientations as being the result of two
distinct tectonic phases when they were dominant.
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N South Armenian block (central part of the studied area;
Fig. 1). It coherent with GPS data obtained in Iran by
French-Iranian research group [31] and can be explained by
the role of the relatively smaller blocks.

Our studies show that stress axes orientations have
evolved with time due to geodynamic conditions in the area.
These changes in the stress field are related to the changing
regime imposed by Arabian-Eurasian plate convergence. At
a smaller tectonic scale the stress orientation is influenced by
the dynamics of secondary blocks. Some of block borders
correspond to lithospheric border plates such as the South
Armenia block (Fig. 1) of Gondwana origin. The other bor-
ders correspond to crustal faults probably inherited from the
Meso-Cenozoic tectonic evolution and result from a combi-
nation of obduction and collisions (Gondwanian blocks and

Arabia).
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