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New GPS and Seismic Data, Position of the Main
Trans-Caucasian Fault and Implications for
Seismic Hazard
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ABSTRACT. The new geological and geophysical studies exclude existence of the left-sinistral
major Borjomi-Kazbegi Fault (BKF) in the position, which was suggested in the earlier model of
Philip et al. At the same time, the new GPS data show clearly, that the Western and Eastern blocks
of the South Caucasus have different velocities of NE drift, with much higher velocities of the Eastern
block. This means that the Main Trans-Caucasian fault should exist, but its trace should be different
from that of Borjomi-Kazbegi fault, suggested earlier by Philip et al. We presume that the trace of
the Major Trans-Caucasian fault is parallel to the presumed BKF zone, but is located approximately
150-200 km to the East of it. Conditionally we named it Kars -Thilisi- Agrakhan Fault (KTAF) zone.
In addition to GPS data there are instrumental and historic seismological data, confirming activity
of the KTAF zone. Analysis of the catalogs show that there are no deep EQ-s in the Western
Caucasus, but EQ with deep hypocenters (60-150 km) are recorded in the East Caucasus, to the East
of 45-th latitude. The KTAF fault zone should not be a straight line: it can contain different
sections/segments with different length and different focal mechanisms. It is necessary to perform
detailed additional geological, geophysical and GPS investigations along KTAF line to resolve finally
the Caucasian tectonic paradox. Confirmation of existence of such active fault will change the seismic
hazard assessments of the South Caucasus significantly: the KTAF trace is close to one of the largest
cities of the Caucasus - Tbilisi. © 2018 Bull. Georg. Natl. Acad. Sci.
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The Eastern Mediterranean Belt, including the

Caucasus demonstrates complex pattern of

continental collision. One of the Caucasian
tectonics’ paradoxes is the problem of the Main
Trans-Caucasian Fault (MTCF). The dramatic story
of MTCF begins with the paper of French geologist
H. Philip et al [1] “The Caucasus: an actual
example of the initial stages of continental
collision”, which postulates:” Microtectonic data

confirm the recent activity and the sinistral

character of the Borjomi-Kazbegi strike-slip fault
(BKF)”.

Authors of above paper presumed that the
displacement took place during last 5-3.5 million
years with velocity 1.8-2.5 cm/year. Recently, the
group of Georgian and American geologists and
geophysicists leadership carried out detailed survey
(geomorphological, geological, geophysical and
geodetic field research) along the presumptive
“Borjomi-Kazbegi fault” zone. They did not
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discover any sign of the strike-slip motion at least
in the neighboring 10 km zone to the both sides of
the presumed BKF trace [2].

Fig.1. Caucasus tectonics according to Fhilip et al [1]:
1-recent volcanos; 2- relative motion with respect to
Eurasia; 3- major strike-slip faults; 4- thrust faults; 5-
oceanic or intermediate crust; 6 continental crust; 7 —
main sedimentary basin; 8- recent folding at the border
of Arabian plate.

At the
geological/seismological data and especially, the
last decades’ space geodetic GPS data [3 - 5]. That

same time, there are new

points to the possible existence of MTCF zone with
different from the BKF location (see Figs. 2-3).

et al. [6]
interpreted the multi-scale space images of

Geological data: Koronovskii
Caucasus, looking for lineaments. According to this
work, to the East of BKF there is another large
Trans-Caucasian Fault: authors call it Agrakhan-
Thilisi-Kars fault. The authors guess that this fault
can have the continuation to South, forming large
Agrakhan-Thbilisi-Kars-Levant

North-Caucasian section of this zone, delineated by

mega-fault. The

Koronovsky, is very likely, continued to the South
by Assa-Aragvi strike-slip zone, where the Eastern
block is displaced to the North relative to the
Western one [7]. Recently discovered Thilisi fault
[8] is, possibly, further continuation of Assa-Aragvi
fault to the South.

It should be noted that the cited geological data
are not enough for final decision on the location of
MTCEF zone.

Geophysical methods, namely, Geographic
Positioning System (GPS) and seismic data allow

resolving the MTCF problem in a quantitative way.

Fig.2 a, b. (a) Blocks, delineated in this paper by the direction and intensity of drift, using GPS data of [3, 4].
1-1 is the trace of presumable Kars-Tbilisi-Agrakhan Fault (KTAF) zone. White line 2-2 corresponds to Philip’s
(1989) Borjomi-Kazbegi fault trace. The arrow 3 in the lower right shows the strain 15 mm/y. (b). Schema of
tectonic blocks of South Caucasus [3], 1-2 is the trace of the extended LKJKTA fault zone and 3-3 to BKF zone.
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GPS data. The GPS data [3 - 5] clearly show
that there is active deformation in the last decades
in the South Caucasus with a strong gradient along
the line, dividing Eastern and Western blocks (Fig.
2a). Fig. 2 b presents the scheme of tectonic blocks
of the region, according to Reilinger et al [3]. Our
version of KTAF zone, separating Western and
Eastern blocks, is shown by the line 1-1: it
coincides with Reilinger’s line [3] in the South, at
the Karlova Triple Junction (KTJ) and deviates
from it in the Northern part by approximately
150 km.
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Fig. 3 a, b. (a). The map of earthquake epicenters of
magnitudes 4-7 from 1964 to 2001, compiled by
International Seismological Center , ISC; 1-1 line shows
the KTAF zone, line 2-2 marks shows possible
continuation of KTAF zone to Levant; white line 3-3
shows position of BKF; rectangle X-X’ is the swatch
profile from [10]; (b). Vertical axis shows the depth of
earthquake foci in the Western and Eastern blocks of
the Great Caucasus area inside the swatch profile X-X’
(marked as a rectangle on the Fig. 3a) and on the
horizontal axis — the distance from the left edge of
rectangle [10].
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The recent paper of Sokhadze et al [5] generally
confirms the results, shown in Fig. 2a, namely, the
strong increase of strains to the East of Tbilisi.

Seismological data: The map of epicenters of
instrumentally recorded earthquakes (EQs) of
magnitudes 4-7 from 1964 to 2001, produced by
International Seismological Center, ISC (Fig. 3a)
shows that the whole trace of presumable KTAF
zone (1-1) is seismically active, as well as possible
continuation of KTAF zone to Levant (line 2-2).

In addition, close to the KTAF trace there are
the epicenters of many historical earthquakes,
strong 1275 A.D. Mitskheta EQ.
According to [9], the magnitude of Mtskheta EQ
was M=6.5 (AM=+0.5) and the intensity in the
epicentre — [=8-9 (Al,==*1).

The seismic patterns of Western and Eastern

including

blocks are very different: as follows from Fig. 3 b,
there are no deep events in the Western Caucasus, but
EQs with deep hypocenters (60-150 km) are recorded
in the East Caucasus, precisely, to the East of 45-th
latitude [10]. The border between these areas follows
approximately KTAF zone. The earthquakes in the
KTAF zone manifest oblique-slip (left-lateral reverse
slip) focal mechanism [3], which is in agreement with
the GPS data. This pattern changes to reverse dip-slip
in the Northern Caucasus.

All mentioned new GPS and seismic data
favour the hypothesis on the existence of the Main
fault, which
approximately Kars-Tbilisi-Agrakhan line. The

Trans-Caucasian follows
KTAF fault zone should not be a straight line: it can
contain different sections/segments with different
length and different

Confirmation of existence of such active fault will

focal mechanisms.
change the seismic hazard assessments of South
Caucasus significantly: the KTAF trace is close to
one of the largest cities of Caucasus - Thbilisi.
Strong Mtskheta EQ of magnitude 6.5 occured in
1275 close to the KTAF, which means that the

seismic potential of this lineament can be very high.
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39530035

3BOEOo 29MaM5530ve0 3MmBoEoMmboMmgdol LolEgdol (GPS)
@5 Bgoldm®Mo dmbo399900, 353500 FEMLbL3s335L0EMO
03930l 3mBoE0s: 360dzbgermds Lgolidwm®mo
15d0dMOMYGOOLIMZOL

o. 39e0dg

335009000b 93630, 8. braosl bsb. ggmanobozol obbdodedo, 0dorolo, bsgstozgerm

5bsEno 39MEMYOMMHO ©d 3gMBRoHBOIMGO IMbs3gdgdo dmfjdmdl, Hmd gMsbyo ggmemyols 3.
BoEo30L 35050, HM3 dmMYMI-gsBdYRoL dstbgbs bsfiggol MM3gzs MOl dmsgz5GMO BHEMBL-
3933bomMo GM393s, 5 Tggbsdsdgds Lobsdgowmgl. dogh FoMdmpagbowo  @gddmbogzmdo
dmEgo. 99539 ©OML, dmmMEMMobEgwo mbsdgboghmmo GPS dmbszgdgdo 58356Md@
330839690, Gmd LsdbMgom 393356006 EsLZEgOL ©s SMIMBSZEgMOl BENMIGOO SIS-
3090056 BMHom-500mbsgargmols dodsmmegdom dsenby gsliblbgsggdmemo LoBdstoom:
5@amMbsgemgmol dewmgol boBdshy ao3owgdom dg@os, 30Mg EsLsggmols. g 3o bodbsgls,
63 393500 GMIbL-35335B0wMMo MMZ935 Mbs sOLYdMdEIL, B5gMs0 obo SEYOMIEYDdIMYIMDS
mbs gsblbzsggdmmgl 3. goodol dogh fFoMmdmpagbowo 3mboroosb. Bggbo sBHom,
00053500  GMblL-35335B0mMmo  HE3930L:  YsOLO-mBdOEOLO-53Mobsbols bsbo  JsGsemgem@os
oMMy md-gsbdgaol Dbmbols @y  3obesggdmmos  Bolysb  swdmlLsgmwrgmom  150-200 30
©5mMgd0m. 9Ms GPS-obs, d@Msgsemo  oblGMmMIgbG Mo ©s obGmMommo Lgoldmeo
0mbsggdgdo dmfjdmdl, Gmd gs@Lo-000olo-s3Mobsbol bmbs GHgd@mbogzmms sg@om®os.
30600m@, JsHoemmygdol sbswobo gbosygmal, GMmI EsLsgmgm 3933580530 SO MOl METs
30fjoldgmgdo, bam s@dmbsgmgm 3s33ob0s80 45° aMmdgol s0mbsgagoom SOMOEbYEos
dmgmgbgdo w®mds (60-150 30) 39Mgdom. 3bsEOs, MM gosOlO-MdOMOLO-53MbBOL Bmbs o6
0d6905 LfimGbsbmzgsbo: ol s3gdmmo Mbs ogml Lbgs@slbgs asblbgsggdmmo LogMdol ©s
09gds60Bdgdol 3gmby Lodgogdom/bgdGmegdom. dmdsgserdo sMEowrgdms dopagsBbos gs@lo-
000gol0-53M5bsbol Bmbols G MOmO TSGHIOOMO Fgmemyom®o, 39muobogmHo s GPS
33939000 Bo@sMgds, Goms gs@s3Mom odbgl 35335b00L Ggd@mbogmmo dstsmgbo. sgmo
©OEO 5JBHoMmmo GE3930L sMLYOIMOOL sEILGMMYds d60dgbgermabs Bga3wol LsdbMgom
393900l gobidwMo 58odMMmYdOL Tgxsligdgdl. LsgmMsmgdms, MHm3 3930l bsBo sbanmbiss
Lsdbego 3o339B00L 9Hm-9MHm ©OE Joemsgdorsh - mdoEwolimsb.
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