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Abstract Our work is intended to present the new
macroseismic intensity database for the Republic of
Georgia—hereby named Geolnt—which includes
earthquakes from the historical (from 1250 B.C. on-
wards) to the instrumental era. Such database is com-
posed of 111 selected earthquakes and related 3944
intensity data points (IDPs) for 1509 different localities,
reported in the Medvedev-Sponheuer-Karnik scale
(MSK). Regarding the earthquakes, the Mg is in the
3.3—7 range and the depth is in the 2-36 km range.
The entire set of IDPs is characterized by intensities
ranging from 2-3 to 9-10 and covers an area spanning
from 39.508° N to 45.043° N in a N-S direction and
from 37.324° E to 48.500° E in an E-W direction, with
some of the IDPs located outside the Georgian border, in
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the (i) Republic of Armenia, (ii) Russian Federation, (iii)
Republic of Turkey, and (iv) Republic of Azerbaijan.
We have revised each single IDP and have reevaluated
and homogenized intensity values to the MSK scale. In
particular, regarding the whole set of 3944 IDPs, 348
belong to the Historical era (pre-1900) and 3596 belong
to the instrumental era (post-1900). With particular re-
gard to the 3596 IDPs, 105 are brand new (3%), whereas
the intensity values for 804 IDPs have been reevaluated
(22%); for 2687 IDPs (75%), intensities have been
confirmed from previous interpretations. We introduce
this database as a key input for further improvements in
seismic hazard modeling and seismic risk calculation for
this region, based on macroseismic intensity; we report
all the 111 earthquakes with available macroseismic
information. The Geolnt database is also accessible
online at http://'www.enguriproject.unimib.it and will
be kept updated in the future.

Keywords Seismic hazard - Macroseismic intensity -
Database - Historical earthquake - Instrumental
earthquake

1 Introduction

In present-day practice, seismic hazard studies are con-
ducted in terms of peak ground acceleration (PGA),
spectral acceleration (SA), peak ground velocity
(PGV), and other recorded parameters (e.g.,
Stromeyer and Griinthal 2009; Norouzi et al. 2015;
Shoushtari et al. 2016). Nevertheless, seismic hazard
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assessment is also required to take into account
macroseismic intensity (e.g., Griinthal 1998; Garcia-
Mayordomo et al. 2004; Griinthal et al. 2006;
Tyagunov et al. 2006; Capera et al. 2010; Cua et al.
2010; Zare 2017). Macroseismic intensity databases are
used in seismic hazard assessment because they repre-
sent a fundamental input for calibrating intensity pre-
diction equations, spanning over a longer time window
(e.g., Stromeyer and Griinthal 2009; Bindi et al. 2011).
Particularly, such equations are used worldwide and are
based on post-1900 catalogs, especially where parame-
ters based on recorded data are not available (Cua et al.
2010). Furthermore, macroseismic intensity can pro-
vide information about damage caused by historical
(and recent) events, which is useful for reconstructing
shaking distributions; this, in turn, can enable
performing analyses of ground motion levels over a
longer time window than it would be possible by con-
sidering only events that occurred during the instrumen-
tal era (e.g., Capera et al. 2010; Cua et al. 2010; Asadi
and Zare 2014). In addition, such data are abundant,
whereas strong motion recordings are sparse for such
events (Cua et al. 2010). Finally, several authors used
macroseismic intensity data to estimate the location and
magnitude of earthquakes that occurred recently as well
as prior to the instrumental era. This approach has been
successfully applied worldwide, for instance in the
United States (e.g., Bakun and Wentworth 1997,
Bakun et al. 2003; Bakun and Hopper 2004a 2004b;
Bakun 2006a 2006b; Doser 2009), in Central America
(Hough 2013), in Japan (Bakun 2005), in Europe
(Levret et al. 1994; Hinzen and Oemisch 2001; Bakun
and Scotti 2006), and in Central Asia (Bindi et al.
2014). Moreover, a huge amount of macroseismic in-
tensity data are available online for events that hap-
pened in South America and North America (Askew
and Algermissen 1985a b; Tavera et al. 2002; Tavera
et al. 2007; Onemi 2010).

The foothills of the Caucasus are regarded as one of
the most tectonically active areas of the world (Tan and
Taymaz, 2006): In fact, the Republic of Georgia is cut
by several active faults, which strike mostly parallel to
the mountain range and which can be as long as several
tens of kilometers (Fig. 1) (Tsereteli et al. 2016a). The
observed seismicity in the Republic of Georgia is char-
acterized by 1783 independent earthquakes with Mg
comprised between 2.8 and 7, which took place between
1250 B.C. and 2016 A.D. along the main fault systems
of the Greater and Lesser Caucasus intermountain
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depressions, as well as along active fault-propagation
folds (Fig. 1) (Tsereteli et al. 2016a b; Tibaldi et al.
2017a b). In the present work, we consider 111 of those
earthquakes, shown in Fig. 1 as squares, which represent
a subset of the seismic catalog of the Republic of Geor-
gia (Tsereteli et al. 2016a, b), in order to compile the first
new macroseismic intensity database (here named
Geolnt). The most famous earthquake included in our
database is the Mg 6.9 Racha earthquake that struck on
April 29, 1991, causing about 270 fatalities and 100,000
evacuees. Direct loss in terms of damage was estimated
in the order of 10 billion Rubles (approximately 5.5
billion USD by commercial course and 16 billion USD
by official course for that period) (Varazanashvili et al.
2012). Furthermore, about 20,000 earthquake-induced
landslides hit the affected region (Tatashidze et al. 2000;
Varazanashvili et al. 2012). Since instrumental data are
not sufficient to provide PGA or PGV models for the
Republic of Georgia, the macroseismic intensity data-
base is a key input for any further calibration of intensity
prediction equations (IPEs) and/or the elaboration of a
new probabilistic seismic hazard model. The Republic
of Georgia has a well-documented history and a wide
array of available archeological, historical, and geolog-
ical data. The analysis of this descriptive information
regarding the impacts of past earthquakes since
1250 B.C. in Georgia can be crucial to assessing seismic
hazard and elaborating damage scenarios for possible
future earthquakes. In order to carry out the present
work, we revised all available macroseismic informa-
tion and collected new data from different sources. Such
data and sources are stored in the library of the Institute
of Geophysics in Tbilisi (Georgia) and are in Georgian
and Russian language.

2 Seismotectonic settings

The Republic of Georgia (Sakartvelo) lies between the
Russian Federation to the north, the Republic of Turkey
and the Republic of Armenia to the south, and the
Republic of Azerbaijan to the east (Fig. 1). The main
morphological units in this country are the Greater and
Lesser Caucasus mountain ranges, separated by the
Black Sea-Rioni and Kura (Mtkvari)-South Caspian
intermountain troughs. The tectonics and geological
evolution of Georgia and the Caucasus, or of the Black
Sea-Caspian Sea region as a whole, are mostly influ-
enced by the region’s location between the still-
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Fig.1 Active tectonic faults and seismicity within the Republic of
Georgia and its surroundings (modified after Tsereteli et al.
2016a). The entire Georgian seismic catalog is shown as yellow
dots scaled with magnitude (Ms). Squares represent the earth-
quakes listed in Geolnt, which are a subset of the whole Georgian
seismic catalog, scaled with magnitude as well; white squares
belong to the historical period (pre-1900 A.D.), blue squares to
the early instrumental period (19001955 A.D.) and black squares

converging Eurasian and Africa-Arabian lithosphere
plates, within the wide zone of a continent-continent
collision. According to geodetic data, the convergence
rate is ~ 20-30 mm/year, some 2/3 of which are likely to
be absorbed south of the Lesser Caucasian (Sevan-
Akera) ophiolitic suture, mainly in south Armenia,
Nakhchivan, northwest Iran, and Eastern Turkey
(Reilinger et al. 2000).

Most of the faults in the region strike in the WNW-
ESE to E-W range, thus roughly parallel to Caucasus
mountains, and correspond to compressional thrust
faults (see rose diagram in Fig. 1). In the depression
between the Greater Caucasus and the Lesser Caucasus
(Rioni and Kura foreland basins), E-W to WNW-ESE
structures dominate. In the Kura foreland basin and in
the southeastern Lesser Caucasus, there are NW-SE to
WNW-ESE faults with reverse kinematics and possible
strike-slip components. In part of the Rioni Basin, the
possible active faults have a characteristic horse-shoe
shape in plan view with a southward convex side. This
shape might have resulted from the interconnection of
different faults segments linked with an oblique asym-
metric indentation of an upper crustal blocks moving

to the late instrumental period (1956 A.D.—today). Active faults
are shown as red lines and have been derived from the EMME
Project (Giilen and Team 2010, Giilen et al. 2014). The inset in
the upper right corner shows the location of Georgia. RB, Rioni
Basin; KB, Kura Basin. Rose diagram represents strike of active
faults. Digital elevation model and ocean base are from Esri Base
Map

towards the SSW (Tibaldi et al. 2017¢c). Faults have
been outlined according to the distribution of seismicity,
to the general morphology of the mountain front and to
the offset of lithostratigraphic units (Zare et al. 2014b).
Analysis of the focal mechanism solutions of some
strong earthquakes in Georgia shows that the crustal
blocks located west of the line stretching in the
submeridional direction across the Javakheti volcanic
highland—Ilocated in the SW part of the Lesser Cauca-
sus near the Tabatskuri Lake (Georgia) at (41.621° N,
43.745° E)—have experienced westward lateral escape,
whereas the crustal blocks located to the east of this line
provide evidence of ESE-directed lateral displacement.
These data are well corroborated by recent GPS mea-
surements (Adamia et al. 2017; Tsereteli, et al. 2016a).

3 Introduction to the Georgian seismic database

Seismic observations from the territory of Georgia date
back to 1250 years B.C. (e.g., Varazanashvili et al. 2011;
Tsereteli et al. 2016a). This long-term seismic history is

divided into several periods of observation: (i) historical
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period (HP, from 1250 B.C. to 1900 A.D.); (ii) early
instrumental period (EIP, 1900-1955), which is
subdivided into two stages (1900—1935 and 1936—
1955); and (iii) late instrumental period (LIP, from
1956 until the present), which has three stages (1956—
1995, 19962005, and 2016—present). The stages that
compose the instrumental periods are linked to the de-
velopment of both instrumental unification of seismic
network and political and socio-economic changes that
affected the Republic of Georgia in the XX century. As a
result, the seismic catalog for the Republic of Georgia is
characterized by 1783 earthquakes with Mg comprised
between 2.8 and 7, which occurred along the main fault
systems of the Greater and Lesser Caucasus and inter-
mountain depressions, between 1250 B.C. and
2016 A.D. (Fig. 1). A total of 44 earthquakes belong
to the HP, whereas 285 belong to the EIP and 1454 to the
LIP; the Georgian seismic catalog will be kept updated.

Due to the lack of instrumental data, particularly for
the first half of the XX century (EIP), the location of
some epicenters has been improved also by considering
macroseismic information; the resulting improved epi-
centers are already listed in the official Georgian catalog
(e.g., Tsereteli et al. 2016a). As a consequence of this, in
the present work, we have not further revised any epi-
central locations; all earthquake information for the HP
are taken from Varazanashvili et al. (2011). Magnitudes
have been categorized in terms of surface waves (Ms); in
a few instances, whenever the direct determination of
Mg was impossible, the size of the events has been
estimated through the energy class (K), according to
the K=1.8 Mg+ 4 relationship, based on Rautian
(1964). Following Rautian and Khalturin (1978), it is
accepted that Mg = M, where M is the magnitude
estimated from coda waves. As defined in the above-
cited paper, an earthquake with Mg > 3.5 was estimated
directly by using the regional calibration curve for Ms.
Sometimes My, = Mpy (magnitude estimated from the
vertical component of P waves) was also assumed.
There is an empirical correlation formula between Mpy
and Mg for the hereby considered region: Mpy =2.5+
0.63Ms. Since 2004, because of the reorganization of
the Georgian seismic network, only local magnitude
values (M;) were calculated for recorded earthquakes
(and hardly ever My and M,, values). In this case, the
conversion to Mg magnitude was carried out through the
relationship provided by Kalafat et al. (2009), whereby
M; =1.0553 +0.7782 Mg. The Mg version of the Geor-
gian seismic catalog is part of the new Earthquake
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Model of the Middle East (EMME), until 2006 A.D.,
in the framework of the Global Earth Model (GEM)
(Zare et al. 2014a, b).

4 The first Georgian macroseismic database
(Geolnt)

In this work, we present data related to the HP, EIP, and
LIP, placing more emphasis on earthquakes that oc-
curred during the instrumental period (post-1900 A.D.)
because they are associated with 91% of IDPs. We
selected 111 earthquakes characterized by defined Ms,
location and depth (Table 1). Obviously, earthquake
parameters are better defined for the EIP and LIP than
for the HP; in particular, the focal depth for earthquakes
belonging to the HP has been assigned by using the
Blake (1941)’s formula, the Shebalin (1968)’s equation
and also taking into account the average focal depth of
earthquakes in the area during instrumental period; for
further details of historical parameters, see
Varazanashvili et al. (2011). The accuracy of earthquake
parameters belonging to EIP and LIP periods has been
already discussed in Kondorskaya and Shebalin (1982),
Tsereteli et al. (2012) and Tsereteli et al. (2016a); there-
fore, we prefer avoiding any duplications of already
published work.

For each earthquake, we reported (in Table 1) (i)
earthquake ID, date, and UTC time (whenever avail-
able); (ii) number of intensity data points (IDPs); (iii)
maximum and minimum intensity value (MSK); (iv)
link to the online version of IDPs distribution; and (v)
number of IDPs from the literature, revised and new
ones. Furthermore, references and sources for earth-
quake IDPs information are reported. Earthquake IDs
are composed of the year (first four numbers followed
by a dot), month (two numbers), day (two numbers),
hour (two numbers) and minutes (two numbers); this
was done with the purpose of giving a unique ID to each
event (e.g., Albini et al. 2013 2014).

4.1 Dataset description

The compiled database includes 3944 IDPs, related to
111 earthquakes (from 1250 B.C. to 2012 A.D.). This
subset of earthquakes is represented in Fig. 1 (epicenters
are shown as squares): The events are mostly located
within the Georgian border (with the exception of one
seismic event, located in Turkey) and are characterized



J Seismol

[T0T Te 39 IIAyseuezelep 111 ety 6v Tv 01 08'St 081  0€0081€0°€S8I
JLN 00-:00:1C
10T Te 19 [[IAyseuezeres BSLIBAL €098l S L€ 90 00°€y 09Ty  001TETHO'9P8I
JLN 00-:00:10
[T0T T8 19 [[IAyseuezeles [ BeyeAef YC-S0-S¥81 TS 9t 80 0S¢y 0€I¥  0010¥TSO'SHSI
[10T e 19 lIAyseuezere/ ATSIIQL 8C-C06I81 1S S¥ LO 08vF OLT¥  00008TTO'618I
JLN 00:00:50
[10T e 19 [IAyseuezeIe 11 Beyey [0-10-T181 v'S 0°S 01 0SSy 00Ty  00SOIOTO0TI8I
DLN 00-00:61
[10T e 19 [IAyseuBzeIeA B3I LI0D 12-20-5081 0SS v'v 0T 06'€y 06'TF  00611ZT0°SOSI
OLN 00-00:L1
[10T e 19 IIAyseuBZeIeA IIIREHIENS -01-¥081 +v S°¢ LO 0S¥y OL'T¥  OOLITIOI¥08I
[10T 'Te 19 [IAyseuezere) JIRSHICNN 6C-01-€081 9V 8¢ LO 08y OLT¥  00006Z01°€O8T
10T Te 19 I[IAYSeuBZBIBA Ipawbtuowoys SO-G8LT 8¢S ¢S 01 0I'Ty 06'1F  000000S0°SSLI
[10T e 19 I[IAyseuBZeIeA [Beyoey] 9Ll TS Lv 01 0L°S¥ 06'1¥  00000000°9SLI
[10T 'Te 39 I[IAYSeueZeIe) Hes] -Ip[esseqe] 0SLT 69 69 ST 0LTy 00°€y  T0000000°0SLT
10T Te 19 TIAYSeueZeIeA QR 0SLT 0L 0L SL 06’1y 06Ty 00000000°0SLI
[10T e 19 l[IAyseuBzelep 11 Tp1ARY S0-80-crLl 0L 0L 0T 09°S¥ 0I'Ty  0000S0S0°THLI
JLN 00:0¢-cC
[10T e 19 [IAyseuBzZeIeA [1SqL €1-90-2891 6V ¥ LO 08¥y OL1¥  0€TTEI90TII
[10T 'Te 39 IIAyseuezerep 1ystes], Y191 19 09 0l 08Iy O¥'Ty 00000000191
[10T e 39 I[IAyseuezele) 1dizg 0091 0L 0L ST 00Ty OF'Er  00000000°0091
[10T e 19 I[IAySeuBZeIeA [ IploAR]Y 0EST  6'S LS SL OF'Sy SOTYy  00000000°0€ST
[10T ' 19 IIAyseurzere) DOUBAS-TUWMNYIST 0S¢l 0L 0L ST 0I'ty 0LTy  00000000°0SET
[10T e 39 IIayseuezere) SPIsjues €8¢l 0L 0L ST 0T¢y OL' Ty 00000000°€8TI
[10T e 19 I[IAySeuBZeIBA ERPSIN SLTl S9 €9 SIL OLvy S8I¥  00000000°SLTI
110T ' 39 IIAyseurzerep BINYEQY-BD{SUSN 00IT 0L 0L ST 0€Ty 0I'Ey  00000000°00TT
[10T Te 39 I[IAyseuezelep 15A0ury, ¢C¥0-8801 S99 €9 SI Ov'ey OF'I¥  0000TTH0'880T
(1[91ARESEPRD)
[10T Te 39 I[IAyseuezele) SHIA[) SSeq LiRA[ WL v9 ¥9 81 06'vy Oy 00000000°THL
[10T e 19 I[IAySeuBZRIBA 1sj0doiseqog 0oy 8¢ S°¢ 0l 00'I¥ 06Cr 00000000°00%
[10T T8 19 IIAySeuRZeIBA Istugedg §8 0L 0L S 06ty SOTY 00000000°58
[10T e 39 IIayseuezere) BLMSOI 0s 8¢ ¢°¢ 0l 001 06'CY 00000000°0S
(eIM[BQV-RD[SUDN))
10T Te 19 TIAYSeueZeIeA BIAY 0'd0scl 99 99 01 0T'TH 0L'TF 00000000°0STT —  pouad [eouiosty
(G N CY R O
uoneuLIojul oxenbypIed 10J 0udIRJey  oenbipres Jo oweN owm DI pueareq My Sy wydog uwoT  je] ] 9yenbyuey

7 91qeL. uI payodar oIk SedUIdJar 0} pIeSar Ul s[relop Joyng SJ(J J0f SOOUISJOI (IMA)
Spiom juesard oty Jo Jnsar e se s MU JO IIQUINU PUE SHIOM SNOIAId WOy PIsIALI pue
PodORYd UAAQ SABY YOTYM SJ(I] JO Joquunu (I1A) suonnquysip sd(y Jo dew auruo (1) sddf

Jo Ioquinu (A) ‘uonewLIojul dyenbyles 10J 90UdIRJAI (AI) oyep pue swm DI (1) (M
pue Spy yjoq) opmiuew pue ‘gidop ‘uonedo] renuadids (1r) (qy axyenbypres (1) :papraoid are
s[rejop SuIMo[oJ Y ‘Yoea 10,] "porrad Jeyuowunysur 9je[ (1I1) pue ‘poriad [ejuowuNySUI A[T8d
(1) “pouod [eoLIoISIY (1) OJUI PIPIAIPQNS UJOIL) Ul papraoid soxenbuies Jo sIT | dqeL,

pringer

NS



J Seismol

JLN PEETIE0
7861 UI[BQYS PuE BABYSIOpUO] - 0TH0€161 8S 97 9¢ 09FF 0S Ty  €1€00THOCI6]
DLN LS:8H61
7861 UI[BQYS PUB BABYSIOpUOS] OIBYSJeIYSL TI-01-CI61 €9 €9 8T OL'Sy OF'1v  8¥61TI01°TI6I
DLN 00:6£:+0 porxd
7861 UI[EQYS PuE BABYSIOpUOS] MmanyL 01-CI-8061 €S 8+ T1 00°€y 0€Th  6€¥00ITI8061 [euownnsuI Apreq
OLN 00:05:01
1102 ‘T8 1 1IAUSBURZRIBA DE[e[ePY 1€-T1-6681 T9 19 60 LSSy LST¥  0SOTIETI‘6681
10T [e 3 [[IAUSBUBZBIBA 11 BoyeARf €1-80-8681 6V Tt 0l 0SSk OSI¥  0000S180°8681
OLN 00:00:20
110T ‘T8 1 [[IAYSeURZeIeA 1ppeposer] €0-20-L681 9t 8¢ 01 0S99y 08’ Iv  00T0S0TOL68T
OLN 00:€S:€0
110T ‘T8 W [[IAYseuRZeIeA BaIR ISI[1q TT609681 €9 €9 ST 00SY SO Iy €S€0TT60°9681
OLN 00:0€:01
[10T ‘Te ¥ I[IAYSBURZEIA BRPSIN 6T-11-v681 +'S 0°S vYT 09Fr 06Ty 0SOT6TITb681
OLN 00:0€:81
110T ‘T8 1 [[IAYSeUBZeIeA HEN| LT€01681 1S St 7T 06'Sh 01'Ch  0€81LTEOT681
[10T '[e 39 I[IAYSBURZRIBA apuy 1681 19 09 ST 0ST¥ SO’y 00000000 1681
DLN 00:00:61
1102 Te 33 I[IAYSBUBZEIBA BRPISIN 8T-01-0681 9'S TS 0T 09ty S8I¥ 006182010681
OLN 00:SHLT
10T '[e 39 I[IAYSBuLZRIBA naynoue| 91-L0-L88] V'S 6F T1 SOTh SOTP  SPLIOTLO‘LSSI
DLN 00:00:0T
110T ‘Te 39 [[IAYSBUBZBIBA I [aes| ¥T-80-1881 8+ 0¥ LT 00%F 00TF  000THZSO‘18SI
DLN 00:00:€T
10T 'e ¥ IIAYSBuRZeIBA eare jwofiog 9Z-11-8L81 0'S €+ ST 0SS 06Ty  00STOTIT'SLSI
OLN 00:0€:90
110T ‘T 19 [[IAYSeUBZeIeA eI981 80-80-LL8T 9F 8¢ S0 09°€y 09TF  0£908080°LLST
OLN 00:0€:61
110T ‘Te 39 I[[IAYSeUBZRIBA wofiog STTOVLS] t¥ S€ Tl Ob'Sh 08'1¥  0€61STTOVLS]
LN 00:0€:1
110T ‘Te 1 [[IAYSBUBZRIEA 123Nz 61-L0-0L81 6F TV 01 01Ty 06'Iv  OSPI6ILOOLST
LN 00:0€:91
110T ‘T8 39 [[IAYSBUBZBIBA Lneuese 60-T1-8981 8V 0¥ ST OL¥Y 0€TH  0£9160T1°8981
LN 00:00:LT
110T ‘T8 39 [[IAYSBUBZRIBA 11 BYeAR( 81-20-8981 +'S 6F ST 0SSy 0T1¥  00LISIZ0°8981
DLN 00:00:%0
110T ‘e 1 [[IAYSBUBZRIBA 1100 €1-209S81 ¥t S'¢ 01 00FF 00Ty  00FOSITO9SSI
DLN 00:0€:00
81-€0-€581
(uny) () ()
ﬁou.méo.wdm v&ms_uﬂﬁmo .aom ooﬂuuuwuam u&dﬁ@ﬂt&u .«o QUIBN QEE OLN _uﬁm e >>N\< mg QHQQQ uog Je] QHQMNSUSHHNM

(ponunuod) | 3[qeL,

pringer

al



7861 UI[EqaUS PUE BABYSIOPUOY [ Unysog OW_AY] 8y 0OF L0 06'€y S81¥  9¥L0TITO'ES61
OLN TrSS: 1T

7861 Ul[egays pue eAeSIOpuOI| noysmeIN CO-1I-1S61 96 ¢¢ 91 0€'Sy 0€ch  SSITTOII‘IS6I
DLN €T 1P 1T

L10T !IAySeuezerep - €0-€0-1S61 TS 97 YL Ovvy 06'1F  I¥ITE0E0IS61
DLN 0€:1C:00

7861 UI[EqaUS PUE BABSIOPUOT - LI-10"1S61 6% Tt 91 0L'¢y 0CI¥  1TOOLITO'IS6I
DLN L0:SS00

7861 UI[EqaYS PUE BABSIOPUOT [AEsE(q €1-60-8¥61 0S €V S OF'Th OV'Ty  SS00E160°8161
OLN €0 1170

7861 UI[EqaUS PUE BABYSIOPUOY Lexewepny SI-80-L¥61 8'S S°¢ ST 00Sy 0STy  T1V0SI80°LY61
DLN ¥T:8T 10

7861 UI[EqaYS PUE BABYSIOPUO 1fuay SI-90-I¥61 TS LY 60 01ty 0€Th  8TIOSIO0 161

'sa1sAydoan) Jo mmsug

BIPON ‘N (1S.L 93 JO SOAIYIIY LN ¥1:81:C0

“ejep [eyudwnysur paysiqndun LnejoIqury 9C-60-0v61 ¥¥ S°¢ 0 ST'eh 0STP  81T09T60°0V61
DLN 8:01:¢1

7861 UI[EqaUS PUE BABYSIOPUO Hnysjeqe], 01-L0-0v61 S'S T'S 81 0L'€y 0€I¥  OIEIOILO0V6]
DLN 00:01:61

7861 UI[EqayS Pue eABYSIOpUOT Lnysjeqe], €C-S0-0v6l 81 0¥ 60 08°€y 08'Iv  0I61€CSO0v6I1
DLN 81:€T+TT

7861 UI[EqaUS PUE BABYSIOPUOT Hnysjeqe], L0-S0-0¥61 19 09 91 08¢y OL'I¥  €TTTLOSOOV6I
DN €+:80:0C

7861 ulegays pue eAeysiopuosy - 60-€0-0v61 ¥'S 6% LT 09°¢y OF' 1  800T60E0°061
LN 1€%C01

7861 Ureqays pue eAeysiopuosy - 60-S0-9¢61 S¥ 9¢ €1 oIty 0S'I¥  $20160S0°9€61
NUNYOS-BAYSZ OLN ST:64:00

7861 UI[EqayS Pue eABYSIOPUOT 1ABYS 61-10-S¢61 TS L'V 7T 0607 08°CF  6¥006110°GE61
DLN TS95:50

7861 UIeqays pue eAeysiopuos| 1JOUBAS-0[150WES LO-T1-0€61 €S 8¥ LT 00Ch OL'TF  9SSOLOTI0E61
DLN 00:91:80

7861 UI[EqaYS Pue eABYSIOpUOT - 0C-¥0-8261 TS 9% Y1 0SSt 0I'Th  91800TH0°8T61
OLN LT:1§TT

7861 ulegays pue eAeysiopuosy - €1-60-s¢61l S¢S I'S 81 09'¢h 0’1y  1STTEISOSTOI
OLN ¥T8ELT

7861 UI[EqaUS Pue eABSIOpUOT ueyepry 60-10-S¢61 09 8¢ IT 08Ch 0TI¥  8ELI601I0GTOI
OLN STHy:11

7861 UI[EqaUS Pue eABYSIOPUOT 1T ey 0¢-20-0c61 T9 T9 I1 0I'vy 00Ty ¥¥110TT0°0T61
DLN £7:60:50

7861 UI[EqaYS Pue ABSIOPUOT Ietreq vI-10-S161 LS ¥'S 61 OL¥y 08°CF  60SO¥110°G161

) G G

pringer

NS

uonewLIojur ayenbyiIes 10§ 0ouIofy  oyenbyyes Jo oweN owm DI Pueeq M S wdog uwoT  jel ([ oyenbyueg

J Seismol

(ponunuod) | 3[qeL,



J Seismol

"so1sAydoan) jo apmynsug DLN 80:6€:TC
BIPON ‘JAl (1S.L U} JO SOAIYILY “Bjep [ejuswunysur paysiqndun) [ Istuewiq 80-60-1L61 1'S S¥ 71 86'Sh 6T1F  SETTS060°TL6]
so1sAydoan) jo apmynsug DL 1+:€5:61
BIPON ‘JAl (1S.L S} JO SOAIYIIY “ejep [ejuatunysul paysiqndun) - 8T-90-1L61 8 O LO 0SSy 09TF  €S618T90°TL6T
"so1sAydoan) jo apmnsug DLN 4590
BIPON ‘JAL (1S.L Y} JO SOAIYILY “ejep [ejuawunysur paysiqndun) wofiog €0-10-0L61 TS Lt S0 0S’Ey 08'1F  $S90€010°0L6]
so1sAydoan) jo apmynsug OLN LSHPiL
BIPON ‘JAl (1S.L U} JO SOAIYILY “ejep [ejuatunysul paysiqnduny - ¥1-90-6961 TS 9¥ 71 SS'Eh TETP  YRLIPI90‘6961
DOLN PEE0:ST
7861 UI[EGaYS PUB BABYSIOPUOY] - 61-90-8961 8t 0¥ 0l 96'Ch €CI¥  €0S16190°8961
LN YE:9%:20
7861 UI[EGaYS PUE BARYSIOPUOY dizg €1-50-8961 'S St ST 09°0F 0SSy  9¥TOCISO'8961
"so1sAydoan) jo apmusuy DLN 10:10:€0
BIPON ‘JAl (1S.L U} JO SIAIYILY “Bjep [ejustunysul paysiqnduny - 90-€0-8961 9t L€ YT 00Fy 10T  10£090£0°8961
"so1sAydoan) jo apmnsug DLN ¥:7T:80
BIPON "JA (1S.L 9} JO SIATYOLY “gjep [ejuawnysur paysiqndun) [ lueARIRq 62-90-L961 0'S v 0l 06'Sh LETY  TTS06T90'LI6T
"so1sAydoan) jo symusuy DLN $0:65:60
BIPON ‘JAl (1S.L 9} JO SIAIYIIY “Bjep [ejuswunnsur paysiqndun [ lwyseyy| L1-90-L961 8 0¥ LO SISy SLIY  9S60L190°L961
"so1sAydoan) jo apmnsuy DLN 65:80:00
BIPON "IN (1S.L 9 JO SOAIYOIY “eJep [epuawnysur paysiqndun) - 11-€0%961 1'S S¥ vl ¥8¥r 9Y'TH 80001104961
*so18Aydoan) jo apmusuy DLN PI:LT:81
BIPON “JA (1S.L U} JO SIATYILY “Bjep [ejuawunysul paysiqndup) Eidivte] 91-L0-€961 +9 +'9 01 S9I¥ 8I'€y  LTSIIILO'E96]
OLN 8S:€€€T
7861 UI[BQIYS PuE BABYSIOpUO edejepey 80-C1-6561 L'S V'S 01 98°€h 0TI¥  €EEI80TI6S61
DOLN 9T:6h:61
7861 UI[EqaYS PUB BABYSIOPUOY] BLIND-BIRYZPY 0Z-S0-6561 S'S 1°S 60 SS'I¥ LS Ty  6¥6107S0°6S61
OLN LO:TT:00
7861 UI[BQIYS PuE BARYSIOpUO y3euysig 9Z-11-8S61 TS 9+ 61 06'St 09Iy  TI009TI1‘8S61
DLN LS:S0:20
7861 UI[EGaYS PUB BABYSIOPUOY eIeASIYOY S0-L0-8S61 TS 9t 90 S9'I¥ 0LTF  SOTOSOLO'SS6!
OLN L0:0S:€0
7861 UI[BQIYS Ppue eABySIOpuO - 1€-50-8561 TS LY L1 06'Sh OV’ Iy 0SE0IES0°8S61
*so1sAgdoan) jo aymmsuy OLN 9T 1T T pouad
BIPON "IN (1S.L 9 JO SIATYILY “Bjep [ejuowmnnsul paysiqndun LOYY29500) 62-10-LS61  9'S €§ 11 8€Th THTh  ITSI6TIOLS6]  [eiudwnnsul e
OLN 0E:EH81
7861 UWI[BQDYS PUB BABYSIOPUOY] ofa13oweg owayz STTI-SS61 €S 8 01 STTH €LTY  E¥SISTTISS6I
DLN 9€:STIT
7861 UI[BQIYS pue eAeysIOpuOy 1RIBWOD 11-90-¥S61 TS 9¥ TL OI'vy OV’ Iy STITII90FS6]
OLN TS:9%:L0
T1-20-€561
(uny) () ()
ﬁot&éo.wﬁw v&.mauﬂtmo .hom ooﬂu._m@uam u&dauﬂtmu .«O QUIBN QEE OLN _uﬁm e >>~\< mg Qumoﬂ uog Je] euxdzdaﬁmm—

(ponunuod) | 3[qeL,

pringer

al



pringer

NS

so1sAydoap) jo dymnsuy OLN €1:80:€C

BIPON Al (1S.L 94} JO SPAIYAIY "EJep [ejuaumnsut paysiqndupy 1 TSty v0-€0v661 Lt 6°€ 90 61°St 9L ¥  SOETHOE0 1661
so1sAydoap) jo mnsuy LN ¥H:61:€C

BIPON Al 1S.L 94} JO SIAYOIY "EJep [ejuaumnsut paysiqndupy oypjestieg €2-01-2661 €9 €9 61 66%r 6v'Th  61ETETOITO61
so1sAydoap) jo ymnsuy D10 SH:TT:60

BIPON AL 1S.L 94} JO SPAIYOIY "Bjep [ejuaumnysut paysiiqndury RN 6Tv0-1661 69 69 TL 0Ly sv'Th T1606TH0 1661
$o1sAydoap) jo mnsuy OLN 9€:6HST

BIPON Al (1S.L 94} JO SIAIYIIY "BJep [ejuaunsut paysiqndury - 91-TI-0661 S'S I'S vl LL'EY 9TI¥  SESI9ITI‘0661
so1sAydoag) jo aymnsuy OLN 10:9t:20

BIPON Al (1S.L 94} JO SIAIYRIY "EJep [ejuaumnnsut paysiqndury - TT60-0661 8 I 60 €6'St 68’ 1%  9YTOTTE0'0661
so1sAydoap) jo amnsuy OLN 61:64:L0

BIPON Al 1S.L 94} JO SIAIYIIY "EJep [ejuaumnysut paysiqndun - €1-40-6861 1'S St 91 €L'SY T91Y  6VLOEIH0'6861
DLN 61:20:10

L10T TiAySeuezeres - 60-60-8861 €t €€ S0 06'€r SOTH  TO106060°8861
so1sAydoap) jo aymnsuy OLN 8€:9T:61

BIPON Al (1S.L 94} JO SPAIYOIY "EJep [ejuawnsut paysiiqnduny 19[NqO3| 90-60-8861 TS 9t €1 SLIY 10TH  91619060°8861
sorsAydoan jo ammsug OLN LI:8T:60

BIPON Al 1S.L 94} JO SIAIYOIY "EJep [ejuaumnsut paysiqndun - €0-60-9861 0'S t' 91 TSEr TSIF  8T60L060°9861
OLN 10:7:80

9861 dZpLAgIN], PUE dZPesion 11 fueAeIEq €1-50-9861 8S 9§ Tl 0Lty 8v'Iv  THS0EIS0°9861
so1sAydoan jo aymnsuy DLN 8T:80:50

BIPON “TAL (1S.L 9Y) JO SPAIYIIY "BJep [ejuaunysur paysiiqndun - ¥0-L0-$861 S'S I'S 0€ €9°Sh €0TF  80SOPOLO'S861
sorsAydoan jo aymmsug OLN €5:6T1T

BIPON “TAL (1S.L 9} JO SOAIYIIY "EJep [ejuaunysur paysiqndun - v0-L0¥861 8 O 91 LTI ¥8TF  STITHOLO'P861
so1sAydoag) jo dymnsuy OLN TE€:1T:60

BIPON “TAL (1S.L 94} JO SPAIYIIY "EJep [ejuaunysut paysiqndun - 61-10-4861 8+ O 01 08'€h OEIF  1T606110°4861
sorsAydoan jo aymnsug OLN 0$:€0:20

BIPON “TA (1S.L 9Y} JO SPAIYIIY "BJep [ejuaunsut paysiqndun - vT-10-2861 8 0% 11 LESy 66'TF  €0TOVTIOTS6]
so1sAydoag jo dynsuy OLN 9€:90:+0

BIPON “TA (1S.L 9Y} JO SIAIYOIY "BJep [ejuawunisut paysiqndun 1ZeARD) €2-20-1861 ¥'S 6% 01 06'St 08’ 1%  90Y0ETTO 1861
sotsAydoan jo aymnsuy LN 1§:91:1¢T

IPON “IA (1S.L 9Y} JO SPAIYOIY "Blep [epuauunisut paysiqndun 1P{Yooy LTTI-6L61 0S €% 80 ¥8'1¥ L9Th  9I1TLTTI6L6]
so1sAydoan) jo apmpsuy OLN L1:8¥:TT

BIPON A (1S.L 9} JO SPAIYIIY "EJep [eyuownsur paysijqnduy [ LNYSOg OwoAy] TT80-8L61 0°S €F 01 86'¢h T8I¥  8TTTT80'BLOI
so154ydoan jo aymnsuy OLN 8E:EH €T

BIPON “TA (1S.L 94} JO SIAIYIIY "Jep [ejuaunysut paysiqndun e, 97-60-8L61 9'S €S 91 8¢9 16’1y  E€HEI9TSO'BLOL
OLN 9T1€:90

7861 UI[eqoyS PUE EABNSIOPUOT 11 Istuew( 20-10-8L61 9°S €€ 91 TI¥P TWIv  1€90T010°8L6I
O1N T1:90:51

7861 UI[eqoyS PUE EABYSIOpUOY| eyzog v0:80:7L61  S'S I°S 81 06'St 0TTH  90S1+080°bL61

@) G G
uonewojur aenbypres 10y ouaIafey  oyenbyues jo oweN owm DI puedeq My Sy wpde@  uwo e d] ayenbyueg

J Seismol

(ponunuod) | 3[qeL,



J Seismol

C1oE=pt
“o8ed; arquuurun
0€-8¢ "dd ‘[10T "[e 12 I[IAyseueZEIEA () 0 4 8 68 nodlordimFuomma/:dny 14 10T T& 30 I[IAYSBURZRIBA
£10€=Pp!
~9o3ed; arqruurun
8797 "dd ‘1107 '[e 9 IIAyseueZEIBA () 0 T 016 01-6 olordumSuomma//:dny 4 [10T '[e 1 [[IAYSeueZeIes
Y10E=p!
~o8ed; rqruurun
97—+ "dd ‘1107 'Te 12 1[IAySBURZEIRA 0 0 € 6 6 0olordim3uammmy//:dny € 1102 'Te 12 I[IAUSBURZEIRA
S10€=P!
~a8ed; arqruurun
€2 °d ‘1107 ‘T8 10 I[IAySBURZEIRA 0 0 I 8 8 oolordunguammamy//:dpy I 1102 'Te 1 [IAYSeUBZEIRA
910¢=p!
“o8ed rqruurun
¢ "d ‘1107 'Te 19 1[IAyseuRZRIRA 0 0 I 8 g olordunSuommm,/:dpy 1 110T ' 32 I[IAySeuBZeIeA
L10E=P!
~a38ed; prqruurun
12-02 "dd ‘1107 ‘Te 30 I[IAySBUBZEIBA 0 0 9 8 01-6 7olordun3usmmmy:dny 9 1102 'Te 3 T[IAYSEUBZEIeA
810¢=p!
“o8ed; rqruurun
61 'd ‘1107 T8 10 [[IAySBUBZEIRA 0 0 1 8 g 09fordunSuo-mmm//:dpy I 110T ‘Te 39 1[IAYSeuBZeIeA
610¢=p!
" 98ed; Arqruurun pouad
{1—L1 "dd ‘1107 'Te 10 1[IAySBURZEIRA 0 0 I 01-6 01-6 eloidun3uommmy/:dny I 1102 'Te 3 1[IAUSEURZEIeA [eOLIOISTH
sddl
() - (xewr) 30
Sd] 10] 90UIJOY MON PISIADY  PaNIAYD 1 ] UOISIOA QUITUO AU 0} UI'T  ‘ON uoneuLIOjul oxenbypIes 10J 90UIJIY
OLN Op-1€-€1
L10T MIAYSeuBZeIBA [ eAYSZ 1ABYS €cel-cloc 8S 9¢ SI 80y Ther  I€EIETTITIOT
so1skydoan jo amusug OLN ITIFLI
BIPON ‘Al (1SL 2Y} JO SOAIYOIY "ejep [ejudwnysut paystiqndun ASIIQL ST¥0-C00C TS 9¥ 90 ¥8vy VLY  1¥LISTHO'TO0T
sa1sAydoap jo usuy OLN 9THELT
BIPON "Nl (1SL Y} JO SOAIYOIY "Blep [ejuownysul paystjqndun 111 Tuseysy LTTI-L661 9 €6 0T LUSY LL'TY  ¥ELILTITL66]
sotsAydoan jo aympsug OLN 80-6v-1¢
BIPON ‘Nl 1S.L 9Y} JO SPAIYDIY "elep [eyuownysul paystjqndun 11T tueAeIeq 60-C0-L661 8V IV ve SOvy TEIY  6V1T60T0°L66]
sa1sAydoapn jo musuy DLN 01:08:70
BIPON "INl (1S.L 2Y} JO SOAIYOIY "glep [eudwnysul paystjqndun BUBYSY 8509661 0C €V 90 0I'Cy S6'1F  0SY08TS0O9661
w)
uoyewIojul oyenbyres 10 00u2I0}Y  oyenbyies Jo owreN owm DI puegeq My Sy wdeg uol e A1 oyenbyyrey

(ponunuod) | 3[qeL,

pringer

al


http://www.enguriproject.unimib.it/?page_id=3019
http://www.enguriproject.unimib.it/?page_id=3019
http://www.enguriproject.unimib.it/?page_id=3019
http://www.enguriproject.unimib.it/?page_id=3018
http://www.enguriproject.unimib.it/?page_id=3018
http://www.enguriproject.unimib.it/?page_id=3018
http://www.enguriproject.unimib.it/?page_id=3017
http://www.enguriproject.unimib.it/?page_id=3017
http://www.enguriproject.unimib.it/?page_id=3017
http://www.enguriproject.unimib.it/?page_id=3016
http://www.enguriproject.unimib.it/?page_id=3016
http://www.enguriproject.unimib.it/?page_id=3016
http://www.enguriproject.unimib.it/?page_id=3015
http://www.enguriproject.unimib.it/?page_id=3015
http://www.enguriproject.unimib.it/?page_id=3015
http://www.enguriproject.unimib.it/?page_id=3014
http://www.enguriproject.unimib.it/?page_id=3014
http://www.enguriproject.unimib.it/?page_id=3014
http://www.enguriproject.unimib.it/?page_id=3013
http://www.enguriproject.unimib.it/?page_id=3013
http://www.enguriproject.unimib.it/?page_id=3013
http://www.enguriproject.unimib.it/?page_id=3012
http://www.enguriproject.unimib.it/?page_id=3012
http://www.enguriproject.unimib.it/?page_id=3012

J Seismol

16-0¢ dd ‘1102

0S—6% "dd ‘1102

68t "dd ‘1102

Ly d110T

9p—St "dd ‘1102

vvd 1102

c—1t "dd ‘110C

I#-0t "dd ‘1102

ot—6¢ dd ‘1102

ge—L¢ dd ‘1107

L£-9¢ "dd ‘1107

9¢—¢¢ dd ‘1102

£€-0¢ "dd ‘110T

‘Te 30 I[IAYSBUBZEIBA

Te 10 I[IAYSBUBZEIEA

‘e 39 I[IAYSeuBZEIRA

Te 10 T[IAYSeUBZEIBA

‘e 39 I[IAYSeUBZEIRA

Te 10 T[IAYSeUBZEIBA

Te 10 T[IAYSBUBZEIEA

‘Te 30 I[IAYSBUBZEIBA

‘[ 12 [IAYSBURZRIRA

‘Te 30 I[IAYSBUBZEIBA

‘[ 19 I[IAYSBURZRIRA

‘Te 30 I[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIBA

ol

0I-6 016

L9 L[99

666C=P!
~o8ed; arquuurun

00loxdum3uo mmm,//:dpy

000€=p!
“o8ed; prqruurun

100foxdumSuo-mmm,/:dpy

100€=P!
~98ed; arquuurun

109foxdimSuo mmm,//:dpy

200€=p!
“o8ed; prqruurun

100foxdumnSuo-mmmy/:dny

€00€=p!
~aded; arqrurun

109foxdimSuo mmmy//:dpy

Y00€=P!
~a38ed; arqruurun

00loxdun3ua mmmy//:dny

S00¢=pt
“o8ed; rqruurun

100(oxdum3uo-mmmy//:dny

900€=P!
~938ed; arqruarun

100loxdum3uo mmm,//:dpy

LOOE=P!
~o8ed; arquuurun

100(oxdum3uo mmmy//:dny

800€=P!
“o3ed; prqruumun

100foxdumSuommm,//:dpy

600¢=Pp!
“o3ed; prquuurun

-100foxdrmSuo-mmmy//:dny

010¢=p!
~98ed; arqruurun

100foxdumSuo-mmm,//:dny

[10€=Pp!
“o8ed; prquuurun

“100loxdumSuo-mmmy//:dny

01

110¢

110¢

[10¢

110¢

110¢

110¢

110¢

110¢

110¢

110¢

[10¢

110¢

110¢

‘Te 10 T[IAUSBUBZEIBA

Te 10 T[IAYSBUBZEIBA

‘e 39 I[IAYSeuBZEIRA

Te 10 T[IAYSBUBZEIBA

‘e 39 I[IAYSeUBZEIRA

Ie 10 I[IAUSBUBZELIEA

Te 10 T[TAYSBUBZeIEA

‘Te 10 I[IAUSBUBZEIBA

‘e 19 I[IAUSBUBZRIRA

Te 10 T[IAYSBUBZEIBA

‘e 19 I[IAUSBUBZRIRA

Te 10 T[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIEA

SJ] 10J 2UAIJOY MIN PISIASY PN

(urw) (xew)

I ] UOISIOA SUI[UO Y} 0} JUI']

sddl
Jo
‘ON

uonewLIojul dxyenbyiIes J0] 90UIOFY

(ponunuod) | 3[qeL,

pringer

NS


http://www.enguriproject.unimib.it/?page_id=3011
http://www.enguriproject.unimib.it/?page_id=3011
http://www.enguriproject.unimib.it/?page_id=3011
http://www.enguriproject.unimib.it/?page_id=3010
http://www.enguriproject.unimib.it/?page_id=3010
http://www.enguriproject.unimib.it/?page_id=3010
http://www.enguriproject.unimib.it/?page_id=3009%C2%A0
http://www.enguriproject.unimib.it/?page_id=3009%C2%A0
http://www.enguriproject.unimib.it/?page_id=3009%C2%A0
http://www.enguriproject.unimib.it/?page_id=3008
http://www.enguriproject.unimib.it/?page_id=3008
http://www.enguriproject.unimib.it/?page_id=3008
http://www.enguriproject.unimib.it/?page_id=3007
http://www.enguriproject.unimib.it/?page_id=3007
http://www.enguriproject.unimib.it/?page_id=3007
http://www.enguriproject.unimib.it/?page_id=3006
http://www.enguriproject.unimib.it/?page_id=3006
http://www.enguriproject.unimib.it/?page_id=3006
http://www.enguriproject.unimib.it/?page_id=3005
http://www.enguriproject.unimib.it/?page_id=3005
http://www.enguriproject.unimib.it/?page_id=3005
http://www.enguriproject.unimib.it/?page_id=3004
http://www.enguriproject.unimib.it/?page_id=3004
http://www.enguriproject.unimib.it/?page_id=3004
http://www.enguriproject.unimib.it/?page_id=3003
http://www.enguriproject.unimib.it/?page_id=3003
http://www.enguriproject.unimib.it/?page_id=3003
http://www.enguriproject.unimib.it/?page_id=3002
http://www.enguriproject.unimib.it/?page_id=3002
http://www.enguriproject.unimib.it/?page_id=3002
http://www.enguriproject.unimib.it/?page_id=3001
http://www.enguriproject.unimib.it/?page_id=3001
http://www.enguriproject.unimib.it/?page_id=3001
http://www.enguriproject.unimib.it/?page_id=3000
http://www.enguriproject.unimib.it/?page_id=3000
http://www.enguriproject.unimib.it/?page_id=3000
http://www.enguriproject.unimib.it/?page_id=2999
http://www.enguriproject.unimib.it/?page_id=2999
http://www.enguriproject.unimib.it/?page_id=2999

J Seismol

¥9-¢9 "dd ‘1102

€929 "dd ‘1107

79-19 "dd ‘1107

19-09 dd ‘1102

09 'd ‘1107

65-8¢ "dd ‘1102

86 'd‘110¢

LS d 110T

96 'd 1102

§s-d 1102

¥S—¢6 "dd ‘1102

€6—¢s "dd ‘1107

7s—16 dd ‘1102

‘Te 10 T[IAYSBUBZEIBA

‘Te 10 I[IAYSBUBZEIBA

‘e 30 I[IAYSeUBZEIRA

Te 10 I[IAYSeUBZEIBA

‘e 19 I[IAUSBUBZRIBA

Te 10 T[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIEA

‘Te 10 T[IAYSBUBZEIBA

‘e 19 I[IAUSBURZRIRA

‘Te 10 I[IAYSBUBZEIBA

‘[ 19 I[IAYSBURZRIRA

‘Te 10 I[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIBA

L1

¥86C=P!
~o8ed; prqruurun

00loxdum3uo mmm,//:dny

$86¢=p!
“o8ed; prqruurun

100foxdunGuo-mmmy//:dpy

986¢=p!
~98ed; arqruurun

109foxdimSuommm,//:dyy

L86T=P!
“o8ed; prqruurun

100foxdimSuo-mmmy/:dny

886¢=p!
~o3ed; arqruurun

‘100foxdumSuo-mmamy/:dyy

686C=P!
~a38ed; arqruurun

100loxdun3ua mmmy//:dny

066C=Pp!
“o8ed; rqruurun

100(oxdum3uo-mmmy//:dny

166C=P!
~a8ed; arqruurun

00loxdum3uo mmm,//:dpy

C66C=P!
“o8ed; prquuurun

100(oxdum3uo mmmy//:dny

€66C=P!
“o3ed; prqruumun

100foxdumSuommm,//:dpy

Y66C=P!
“o3ed; prquuurun

-100foxdrmSuo-mmmy//:dny

S66C=P!
~98ed; arqruurun

100foxdumSuo-mmm,//:dny

866C=p!
“o8ed; prquuurun

“100loxdumSuo-mmmy//:dny

Ll

110¢

110¢

110¢

110¢

110¢

110¢

110¢

110¢

[10¢

110¢

[10¢

110¢

110¢

‘Te 10 T[IAUSBUBZEIBA

Te 10 T[IAYSBUBZEIBA

‘e 19 I[IAYSeuUBZEeIRA

Te 10 T[IAYSBUBZEIBA

‘e 19 T[IAUSBUBRZEIBA

Ie 10 T[IAUSBUBZEIBA

Te 10 T[TASBUBZEIEA

‘Te 10 T[IAUSBUBZEIBA

‘e 19 I[IAUSBUBZRIRA

Te 10 T[IAYSBUBZEIBA

‘e 19 I[IAUSBUBZRIRA

Te 10 T[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIEA

SJ] 10J 2UAIJOY MIN PISIASY PN

(urw) (xew)

I ] UOISIOA SUI[UO Y} 0} JUI']

sddl
Jo
‘ON

uonewLIojul dxyenbyiIes J0] 90UIOFY

(ponunuod) | 3[qeL,

pringer

al


http://www.enguriproject.unimib.it/?page_id=2998
http://www.enguriproject.unimib.it/?page_id=2998
http://www.enguriproject.unimib.it/?page_id=2998
http://www.enguriproject.unimib.it/?page_id=2995
http://www.enguriproject.unimib.it/?page_id=2995
http://www.enguriproject.unimib.it/?page_id=2995
http://www.enguriproject.unimib.it/?page_id=2994
http://www.enguriproject.unimib.it/?page_id=2994
http://www.enguriproject.unimib.it/?page_id=2994
http://www.enguriproject.unimib.it/?page_id=2993
http://www.enguriproject.unimib.it/?page_id=2993
http://www.enguriproject.unimib.it/?page_id=2993
http://www.enguriproject.unimib.it/?page_id=2992
http://www.enguriproject.unimib.it/?page_id=2992
http://www.enguriproject.unimib.it/?page_id=2992
http://www.enguriproject.unimib.it/?page_id=2991
http://www.enguriproject.unimib.it/?page_id=2991
http://www.enguriproject.unimib.it/?page_id=2991
http://www.enguriproject.unimib.it/?page_id=2990
http://www.enguriproject.unimib.it/?page_id=2990
http://www.enguriproject.unimib.it/?page_id=2990
http://www.enguriproject.unimib.it/?page_id=2989
http://www.enguriproject.unimib.it/?page_id=2989
http://www.enguriproject.unimib.it/?page_id=2989
http://www.enguriproject.unimib.it/?page_id=2988
http://www.enguriproject.unimib.it/?page_id=2988
http://www.enguriproject.unimib.it/?page_id=2988
http://www.enguriproject.unimib.it/?page_id=2987
http://www.enguriproject.unimib.it/?page_id=2987
http://www.enguriproject.unimib.it/?page_id=2987
http://www.enguriproject.unimib.it/?page_id=2986
http://www.enguriproject.unimib.it/?page_id=2986
http://www.enguriproject.unimib.it/?page_id=2986
http://www.enguriproject.unimib.it/?page_id=2985
http://www.enguriproject.unimib.it/?page_id=2985
http://www.enguriproject.unimib.it/?page_id=2985
http://www.enguriproject.unimib.it/?page_id=2984
http://www.enguriproject.unimib.it/?page_id=2984
http://www.enguriproject.unimib.it/?page_id=2984

J Seismol

‘6T

gz1 dd ‘86| snhg

Il

01

94

1€Cc=p!
~o8ed; prqruurun

100foxdimSuommm,//:dpy

CECT=p!
“o8ed; prqruurun

9¢

7861 UIEGAYS pue BABYSIOPUO

pringer

NS

€Cl—

801~

SL—Ldd ‘110T

€L d 110

L de110T

1L-0L dd ‘110C

0.-69 "dd ‘110z

89—29 dd ‘1107

69 d 1102

£9-99 dd ‘1107

99-69 "dd ‘1102

§9—+9 "dd ‘110T

121 "dd ‘861 snkg

L01 "dd ‘86| snhg

Te 10 I[IAYSBUBZEIBA

‘Te 39 I[IAYSeuBZEIRA

Te 10 I[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIEA

‘Te 10 I[IAYSBUBZEIBA

‘[ 12 I[IAUSBURZRIRA

‘Te 10 T[IAYSBUBZEIBA

‘[ 19 I[IAYSBURZRIRA

‘Te 30 I[IAYSBUBZEIBA

Te 10 T[IAYSEUBZEIEA

0l

LT

[43

€

€91

94

LT

cl

¢t 9

¢  9<

100foxdunGuo-mmm,//:dpy

£ECT=p!
~98ed; prqruurun

“109foxdimSuo mmm,//:dyy

CLOT=P!
“o8ed; prqruurun

100foxdumSuo-mmmy//:dny

€LO6T=P!
~aded; arqrurun

“100foxdimSuo mmm,//:dpy

9L6T=P!
~a3ed; arqruarun

100loxdun3ua mmamy//:dpy

LL6T=P!
“o8ed; rqruurun

100(oxdum3uo-mmm,//:dny

8LO6T=P!
~a38ed; prqruurun

100loxdum3uo mmm,//:dpy

6L6T=P!
~o8ed; arquuurun

100(oxdum3uo mmmy//:dny

086¢=p!
“o8ed; prqruarun

00loxdum3uo mmm,//:dpy

186C=p!
“o3ed; prquuurun

-100foxdrmSuo-mmmy//:dny

86¢=p!
~98ed; arqruurun

100foxdumSuo-mmm,//:dny

£86¢=P!
“o8ed; prquuurun

109loxdumSuo-mmmy/:dny

9

9¢

€91

194

LT

cl

7861 UIeqaYS pue eXeysIopuoy|

7861 UIEGAYS pue BAESIOPUOS

110¢

110¢

110¢

[10¢

110¢

110¢

110¢

[10¢

110¢

110¢

Te 10 T[IAYSBUBZEIEA

‘e 19 I[IAYSeuBZEeIRA

Ie 10 I[IAUSBUBZEIEA

Te 10 T[TAYSBUBZeIEA

‘Ie 10 I[IAUSBUBZEIBA

‘e 19 I[IAUSBUBZRIRA

‘Te 10 T[IAYSBUBZEIBA

‘e 19 I[IAUSBUBZRIRA

Te 10 T[IAYSBUBZEIBA

Te 10 T[IAYSBUBZEIBA

pouad

[eruow

-nsut
Apreq

SJ] 10J 2UAIJOY MIN PISIASY PN

(urw) (xew)

I ] UOISIOA SUI[UO Y} 0} JUI']

sddl
Jo
‘ON

uonewLIojul dxyenbyiIes J0] 90UIOFY

(ponunuod) | 3[qeL,


http://www.enguriproject.unimib.it/?page_id=2983
http://www.enguriproject.unimib.it/?page_id=2983
http://www.enguriproject.unimib.it/?page_id=2983
http://www.enguriproject.unimib.it/?page_id=2982
http://www.enguriproject.unimib.it/?page_id=2982
http://www.enguriproject.unimib.it/?page_id=2982
http://www.enguriproject.unimib.it/?page_id=2981
http://www.enguriproject.unimib.it/?page_id=2981
http://www.enguriproject.unimib.it/?page_id=2981
http://www.enguriproject.unimib.it/?page_id=2980
http://www.enguriproject.unimib.it/?page_id=2980
http://www.enguriproject.unimib.it/?page_id=2980
http://www.enguriproject.unimib.it/?page_id=2979
http://www.enguriproject.unimib.it/?page_id=2979
http://www.enguriproject.unimib.it/?page_id=2979
http://www.enguriproject.unimib.it/?page_id=2978
http://www.enguriproject.unimib.it/?page_id=2978
http://www.enguriproject.unimib.it/?page_id=2978
http://www.enguriproject.unimib.it/?page_id=2977
http://www.enguriproject.unimib.it/?page_id=2977
http://www.enguriproject.unimib.it/?page_id=2977
http://www.enguriproject.unimib.it/?page_id=2976
http://www.enguriproject.unimib.it/?page_id=2976
http://www.enguriproject.unimib.it/?page_id=2976
http://www.enguriproject.unimib.it/?page_id=2973
http://www.enguriproject.unimib.it/?page_id=2973
http://www.enguriproject.unimib.it/?page_id=2973
http://www.enguriproject.unimib.it/?page_id=2972
http://www.enguriproject.unimib.it/?page_id=2972
http://www.enguriproject.unimib.it/?page_id=2972
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230

J Seismol

162-88¢ "dd ‘g6 snkg

88798 "dd ‘gp61 snhg

¥87—78¢ "dd ‘gp61 snkg

08¢—29¢ "dd ‘gp61 snhg

192-65¢ "dd ‘g6 snhg

L€T "d ‘8p61 ‘snhg

97c—¢cg "dd ‘gpe1 snhg

¥07-00T ‘8¥61 snkg

L81-981 "dd ‘8161 snhg

0L1 "d ‘gp61 snhg

L91-991 "dd ‘86| snkg

7S1-st1 "dd ‘gp61 snhg

v€1 "dd gy sndg

14 Sel

Sl 4

0¢

94

€€

99¢

[43

4!

Y

99

4!

4

Y01

S¢

¢ L

¢ 8

¢ 9

¢ 678

¢ 678

81¢T=p!
~98ed; prquuurun

100foxdimSuommmy/:dny

61CC=p!
“o8ed; prqruurun

‘100foxdimSuommmy/:dny

0cce=pt
~aded; Arqrunun

“109foxdimSuo mmm,//:dyy

[¢ce=pt
“o8ed; prquuurun

100foxdimSuo-mmmy/:dny

CTTT=p!
~98ed; arquuurun

109foxdumnSuammamy//:dpy

€CCT=p!
~98ed; arqruurun

100foxdimSuommm,//:dny

YCTT=p!
“o8ed; prquuurun

100loxdum3uo mmmy//:dny

STCT=P!
~98ed; arqruurun

100foxdimSuommm,//:dpy

9TCT=p!
“o8ed; arquuurun

-100foxdrmSuo-mmm,//:dny

LTCT=p!
“a3ed; prqruiun

“100foxdumSuommm,//:dny

8CCC=pt
“o8ed; prquuurun

-100foxdrmSuo-mmmy//:dny

6CCC=p!
~98ed; arquuurun

100foxdumnSuo mmm,//:dny

0€CT=p!
“o8ed; prquuurun

“100lordumSuo-mmmy/:dny

0¢

194

€€

0LE

[43

Sl

6S

99

el

0T

53

[48!

€€

'so1sAydoan) jo aymmsuy
BIPON "N [1S.L 94} JO SIAIDIY
“ejep [eyuownysur paysiqndun

7861 UIeqRYS pue eAeysIopuoy|

7861 UIeGAYS pue BAESIOPUOY

7861 UIeqRYS pue eAeysIopuoy|

7861 UI[EqRUS pue ABNSIOpUO

7861 UIeqRYS pue eAeysIopuoy|

7861 UIBqRYS pue eAesIOpUOY]

7861 UI[eQOYS pue eAesIOpuOy

7861 UI[EQRYS PUr BABISIOPUOT]

7861 UI[eqays pue eAeysiopuosy

7861 UI[EQRYS PUT BABISIOPUOTY

7861 UI[eqayS pue eAeysiopuoy]

7861 UIRGRYS pue eAeysIOpuOY|

SA(] 10J 0UIJY

MON PISIASY  PAYORYD

(urw) (xew)

I ] UOISIOA SUI[UO Y} 0} JUI']

sddl
Jo
‘ON

uonewLIojul dxyenbyiIes J0] 90UIOFY

(ponunuod) | 3[qeL,

pringer

al


http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2230
http://www.enguriproject.unimib.it/?page_id=2229
http://www.enguriproject.unimib.it/?page_id=2229
http://www.enguriproject.unimib.it/?page_id=2229
http://www.enguriproject.unimib.it/?page_id=2228
http://www.enguriproject.unimib.it/?page_id=2228
http://www.enguriproject.unimib.it/?page_id=2228
http://www.enguriproject.unimib.it/?page_id=2227
http://www.enguriproject.unimib.it/?page_id=2227
http://www.enguriproject.unimib.it/?page_id=2227
http://www.enguriproject.unimib.it/?page_id=2226
http://www.enguriproject.unimib.it/?page_id=2226
http://www.enguriproject.unimib.it/?page_id=2226
http://www.enguriproject.unimib.it/?page_id=2225
http://www.enguriproject.unimib.it/?page_id=2225
http://www.enguriproject.unimib.it/?page_id=2225
http://www.enguriproject.unimib.it/?page_id=2224
http://www.enguriproject.unimib.it/?page_id=2224
http://www.enguriproject.unimib.it/?page_id=2224
http://www.enguriproject.unimib.it/?page_id=2223
http://www.enguriproject.unimib.it/?page_id=2223
http://www.enguriproject.unimib.it/?page_id=2223
http://www.enguriproject.unimib.it/?page_id=2222
http://www.enguriproject.unimib.it/?page_id=2222
http://www.enguriproject.unimib.it/?page_id=2222
http://www.enguriproject.unimib.it/?page_id=2221
http://www.enguriproject.unimib.it/?page_id=2221
http://www.enguriproject.unimib.it/?page_id=2221
http://www.enguriproject.unimib.it/?page_id=2220
http://www.enguriproject.unimib.it/?page_id=2220
http://www.enguriproject.unimib.it/?page_id=2220
http://www.enguriproject.unimib.it/?page_id=2219
http://www.enguriproject.unimib.it/?page_id=2219
http://www.enguriproject.unimib.it/?page_id=2219
http://www.enguriproject.unimib.it/?page_id=2218%C2%A0
http://www.enguriproject.unimib.it/?page_id=2218%C2%A0
http://www.enguriproject.unimib.it/?page_id=2218%C2%A0

J Seismol

8¢ 'd ‘¢L61 Traysefeded pue eAexeyys,

LT 'd*¢L61 ayse[eded pue eAexeyysy,

¢

9

620C=p!
~o8ed; prquuurun

100foxdimSuommm,//:dny

10Tc=p!
“o8ed; prqruurun

100foxdumnSuo-mmmy//:dpy

LSOT=P!
~98ed; prqruurun

Sl

33

7861 UIEGAYS pue eAEYSIOPUO

7861 UIeqRYS pue eAeysIOpuoy|

LT 'd*¢L6T TAyse[eded pue eABeUNSL,

666-066'dd ‘¢/61 eAeyeyysL

81-91°dd ‘¢/61 iayse[edeq pue efexeyysy,

€e1-6¢1 “dd *Lg61 ehurereq

01°dd ‘g/61 ‘Miaysefeded pue ekexeyys],

6-8'dd ‘¢c/61 MmiAyseredeq pue eAeseSL,

§-L'dd ‘¢/61 Miayseredeq pue eAexerysy

Ld gLo1 mayseredeq pue ekeerysy,

0¢-Lt "dd ‘zg61 snhg

6v61 ‘ereeyysy, ‘g1—¢[ dd ‘zse| snkg

86796 "dd ‘8161 snhg

0 4! Ort1

¢

¢

¢

¢

¢

9

109foxdimSuo mmm,//:dny

850¢=p!
“o8ed; prqruurun

100foxdumSuo-mmmy//:dny

650C=p!
~98ed; arquuurun

109foxdimSuo mmm,/:dyy

090¢=p!
~98ed; arquuurun

100foxdumSuommm,//:dny

190=p!
“o8ed; prquuurun

100foxdmSuo-mmmy/:dny

290¢=p!
~98ed; arquuurun

100foxdumSuo mmm,/:dny

£€90C=p!
“o8ed; prquuurun

-100foxdrmSuo-mmmy//:dny

¥90T=p!
“a3ed; prqruiun

100foxdumSuo mmm,/:dpy

Slce=pt
“o8ed; prquuurun

-100loxdmSuo-mmmy//:dny

91¢T=pt
~98ed; arquuurun

“100foxdimSuo mmm,/:dny

LITT=p!
“o8ed; prquuurun

109(oxdumSuo-mmmy/:dny

8¢

4!

9¢

€9

4!

68

6V

¥C

Is

011

YT

7861 UIEGAYS pue BAESIOpUOY

so1sAydoan) jo aynsuy eIpoN AL NS.L oY

JO SoATYOIY “Bjep Jejuswnysur paysiqndun

7861 UIeGAYS pur BAESIOPUOS

7861 UIeqRYS pue eAeysIopuoy]

7861 UIRqAYS pue eAeysIOpuOY|

7861 WI[EQOYS pue eAeySIOpUOY

L10T 1MAYSEURZEIEA

7861 UI[eqays pue eAeysiopuoyy

7861 UIEQRYS PuT BABSIOPUOT]

7861 UI[eqayS pue eAeysiopuoy]

7861 UIRQRYS pue eAeysIOpuoy|

pouad

[eruow

-nnsur
e

SA(] 10J 0UIJY

MON PISIASY  PAYORYD

(urw) - (xeur)
] UOISIOA SUI[UO Y} 0} JUI']

I

sddl
Jo
‘ON

uonewLIojul dxyenbyiIes J0] 90UIOFY

(ponunuod) | 3[qeL,

pringer

NS


http://www.enguriproject.unimib.it/?page_id=2217
http://www.enguriproject.unimib.it/?page_id=2217
http://www.enguriproject.unimib.it/?page_id=2217
http://www.enguriproject.unimib.it/?page_id=2216
http://www.enguriproject.unimib.it/?page_id=2216
http://www.enguriproject.unimib.it/?page_id=2216
http://www.enguriproject.unimib.it/?page_id=2215
http://www.enguriproject.unimib.it/?page_id=2215
http://www.enguriproject.unimib.it/?page_id=2215
http://www.enguriproject.unimib.it/?page_id=2064
http://www.enguriproject.unimib.it/?page_id=2064
http://www.enguriproject.unimib.it/?page_id=2064
http://www.enguriproject.unimib.it/?page_id=2063
http://www.enguriproject.unimib.it/?page_id=2063
http://www.enguriproject.unimib.it/?page_id=2063
http://www.enguriproject.unimib.it/?page_id=2062
http://www.enguriproject.unimib.it/?page_id=2062
http://www.enguriproject.unimib.it/?page_id=2062
http://www.enguriproject.unimib.it/?page_id=2061
http://www.enguriproject.unimib.it/?page_id=2061
http://www.enguriproject.unimib.it/?page_id=2061
http://www.enguriproject.unimib.it/?page_id=2060
http://www.enguriproject.unimib.it/?page_id=2060
http://www.enguriproject.unimib.it/?page_id=2060
http://www.enguriproject.unimib.it/?page_id=2059
http://www.enguriproject.unimib.it/?page_id=2059
http://www.enguriproject.unimib.it/?page_id=2059
http://www.enguriproject.unimib.it/?page_id=2058
http://www.enguriproject.unimib.it/?page_id=2058
http://www.enguriproject.unimib.it/?page_id=2058
http://www.enguriproject.unimib.it/?page_id=2057%C2%A0
http://www.enguriproject.unimib.it/?page_id=2057%C2%A0
http://www.enguriproject.unimib.it/?page_id=2057%C2%A0
http://www.enguriproject.unimib.it/?page_id=2201
http://www.enguriproject.unimib.it/?page_id=2201
http://www.enguriproject.unimib.it/?page_id=2201
http://www.enguriproject.unimib.it/?page_id=2029%C2%A0
http://www.enguriproject.unimib.it/?page_id=2029%C2%A0
http://www.enguriproject.unimib.it/?page_id=2029%C2%A0

J Seismol

L10T=p!
~o3ed; arqruurun

so154ydoan) jo amusu] eIpoN Al NS.L oY}

L 'd ‘1661 1Mayseredeq z 9 € 9 oflordunguomma//:dpy 9  JO SOAIYOIY ‘Bjep [eyuswunnsur paysiqndun
810C=Pp!
“o8ed; prqruurun 'so1sAydoan) Jo oymnsuy BIpoN ‘N NS.L U
9 'd ‘1661 1Maysereded 1 61 I 9 oofordun3uammmy/:dpy 61  JO SQAIyory ‘eyep [eyudwnnsur paysiqndun
610C=p!
~98ed; arqruurun 'so1sAydoan) Jo oymusuy BIpON ‘N NS.L 2y
LTd€L61 Te 10 MmAysizeaky LT 18 €¢ L olordum3uommmy/:dng I8 JO SOAIOIY “Ejep [ejuowumysur paysiqndup
0C0C=p!
“o8ed; prquuurun 'so1sAydoan) Jo oymnsuy BIpoN ‘N NS.L oW
8761 "dd ‘cL61 dzpe[quyz(] pue eABYRUSL I 07 t—¢ 9-¢ "wolordunSuommm/ dny (g JO SPAIYOIY ejep [eyuswunysul paysiqndun
120C=pt
“o3ed; rqruurun
£9-96 *dd ‘¢/ 671 mrayseredeq pue eAeeyisy S €1 ¢ S+ weloxdumSuommm/sdny 97 7861 Ueqoys pue eAeysIopuosy
€0CC=p!
~a8ed; prqruurun
L9-96 "dd ‘7,61 1iAyse[eded pue eAexeqys], 4 0T € L-9 welordunSudmmmy/:dny K4 7861 Ul[eqays pue eAeysiopuoyy
TT0T=pt
“o8ed; rqruurun 'so1sAydoan) Jo aymnsuy eIpoN ‘N NS.L U}
66 'd ‘c/61 Maysefedeq pue eAesesy L v € G oolordum3uammmy/:dnyg T JO SQAIYOIY "Blep [ejudwnnsur paysiqndupn
€C0C=p!
~a8ed; arqruurun *so15A1doan) Jo aymusu] BIPON I (1S.L Y}
Se—¢ "dd ‘0L61 Te 10 eAOPage] 1 1€ ¢ (-9 "wolordunuommamy/dpy [€ JO SOAIYAIY "ejep [euownysur paysijqndun
¥20T=p!
~o8ed; prquuurun 'so1sAydoan) Jo aymnsuy eIpoN ‘N NS.L U
€e-1¢ dd “0L61 1IAysepaqreyyy 14 1T €¢ 9 oofordum3usmmany/:dny [T JO SeAIoIY "Ejep [eyuawunysul paysiqndun
SC0C=p!
“oZed; prqruumun 'so15Adoan) Jo aymnsuf BIPON ‘I (1S.L U}
o d ‘c/61 ‘miaysejedeq pue eAesersy 91 ST I 9 ooflordunguommam//:dpy GZ  JO SoAIyory “Bjep [eyudwnmnsur paysiqndun
970T=p!
“o3ed; prquuurun 'so1sAydoan) Jo oymnsuy BIPON ‘N NS.L U
01°d ‘L96T Te 10 eAee[SL 6 IS € 6 wolordumSuommm,/:duy IS JO SOAIYOIY “eiep [ejuownysur paysiqndun
LTOT=P!
~98ed; arquuurun
1€ 'd“¢L61 aysefeded pue eAexeyysy, 81 65 ¢ 8L "woloxdunSuommmydny 68 7861 UI[eqayS pue eAeysiopuoy]
8C0T=pt
“o8ed; prquuurun
67 d ‘¢L61 ITAyse[eded pue eAexeqysy, 6 8 € 8- ‘woloxdunFuommay dny 48 7861 UI[eqaYS pue eAeysiopuoy|
sddl
(urur)  (xewrn) Jjo
SJ] 10J 90UQIJOY MON PIOSIADY  PIOYD 1 [ UOISIOA QUIJUO d) 0} JuI'] 'ON UOIBULIOJUI OXenbyIed 10J 90UdIJoy

(ponunuod) | 3[qeL,

pringer

NS


http://www.enguriproject.unimib.it/?page_id=2028
http://www.enguriproject.unimib.it/?page_id=2028
http://www.enguriproject.unimib.it/?page_id=2028
http://www.enguriproject.unimib.it/?page_id=2027
http://www.enguriproject.unimib.it/?page_id=2027
http://www.enguriproject.unimib.it/?page_id=2027
http://www.enguriproject.unimib.it/?page_id=2026
http://www.enguriproject.unimib.it/?page_id=2026
http://www.enguriproject.unimib.it/?page_id=2026
http://www.enguriproject.unimib.it/?page_id=2025
http://www.enguriproject.unimib.it/?page_id=2025
http://www.enguriproject.unimib.it/?page_id=2025
http://www.enguriproject.unimib.it/?page_id=2024
http://www.enguriproject.unimib.it/?page_id=2024
http://www.enguriproject.unimib.it/?page_id=2024
http://www.enguriproject.unimib.it/?page_id=2023
http://www.enguriproject.unimib.it/?page_id=2023
http://www.enguriproject.unimib.it/?page_id=2023
http://www.enguriproject.unimib.it/?page_id=2022
http://www.enguriproject.unimib.it/?page_id=2022
http://www.enguriproject.unimib.it/?page_id=2022
http://www.enguriproject.unimib.it/?page_id=2203
http://www.enguriproject.unimib.it/?page_id=2203
http://www.enguriproject.unimib.it/?page_id=2203
http://www.enguriproject.unimib.it/?page_id=2021
http://www.enguriproject.unimib.it/?page_id=2021
http://www.enguriproject.unimib.it/?page_id=2021
http://www.enguriproject.unimib.it/?page_id=2020
http://www.enguriproject.unimib.it/?page_id=2020
http://www.enguriproject.unimib.it/?page_id=2020
http://www.enguriproject.unimib.it/?page_id=2019
http://www.enguriproject.unimib.it/?page_id=2019
http://www.enguriproject.unimib.it/?page_id=2019
http://www.enguriproject.unimib.it/?page_id=2018
http://www.enguriproject.unimib.it/?page_id=2018
http://www.enguriproject.unimib.it/?page_id=2018
http://www.enguriproject.unimib.it/?page_id=2017
http://www.enguriproject.unimib.it/?page_id=2017
http://www.enguriproject.unimib.it/?page_id=2017

J Seismol

8CI-LT1 "dd “L661 11ayseredeq

LS61=P!
~oged; Arqruun

'so1sAydoan) Jo aymnsuy IpoN ‘N NS.L U}

‘65—¢sdd ‘1661 ‘T8 30 1IAyseredeq 0 1z 8L I L olordunguomma//:dpy |/  JO SOAIYOTY “Bjep [eyuswnysur paysiyqndun
LOOT=P!
LTI "dd “L66T Trayseredeq ~oBed; arqrumun "so1sAydoan) jo aynsuy eIpoN AL NS.L oG
98-8/ 'dd ‘6861 "Te 19 I[IAYSEURZEIRA 0 6 6¢ ¢ 9-¢ poloidunSuommm,/:dpy 6T JO SOAIOIY “eiep [epudwnysul paysiqndun
600¢=p!
150 ~afed; arqrurun
"dd ‘9861 (‘'spH) ozpeuryory) pue ozpeaeleqg ¢ 4! 49! ¢ 8L ‘wolordunSuommmydny g7 9861 dzpLdQIN], pue oZpesjon
010Z=p!
801,01 "dd “L661 ~oBed; arqrumun “so1sAydoan) Jo aynsuy eIpoN AL 1S.L oW
naysefeded <g/—09 "dd ‘R861 ‘Te 10 BAOIE[RSY 0 01 €€ €7 9-¢ "polordum3uommmy:dny €€ JO SOAIyIIY "elep [euownysul paysigqndun
[10T=P!
9656 "dd *L661 ~98ed; Arquuuun so18Kydoan) Jo ayrunsuy eIpoN A 1SL Ay
naysereded <se—61 "dd ‘28671 ‘Te 10 BAOIR[ESY 0 0 LT I ¢ olordun3uammmy/:dny LT JO SOAIYoIY “Bjep [eyuswnnsur paysiqndun
61T=p!
8818 "dd ‘L661 ~afed; arqrurun so1s4ydoan jo aymusu] IpoN A NS.L oY}
naysefeded <ge—g1 "dd ‘2861 ‘Te 10 eAOIR[RIY 0 0 8¢ ¢ 9—¢ "09lordunuo-mmm//:dpy |€  JO SOAIYOTY “Bjep [eyudwnysur paysiyqndun
681¢=p!
9L 'd“L661 ~o8ed; arqrurun so1sAydoan) jo amusuy eIpoN Al NS.L oY}
naysereded <1—¢1 "dd ‘G861 ‘Te 10 BAOIR[ESY 0 S €T ¢ G 109lordumSuo-mmm,/:dny €7 JO SoAIyory “eiep [eyuswnnsur paysiqndun)
061C=p!
“o3ed; prqruamun *so15A11doan) Jo aymnsu BIPON ‘I (1S.L Y}
L d*p861 ('spa) ozpuesedeN  ( 8 8¢ € L wolordumSuommm/:dny 86 JO SOAIOIY “Ejep [eyuswnysur paysiqndup
Cl1oT=p!
~o8ed; arquuurun 'so1sAydoan) Jo aymmsuy eIpoN ‘N NS.L U}
1€-LT "dd “Z861 e 10 urures| 0 8 8l ¥¢ L wofordum3uommamy/:dny 81 JO SeAIyoIY "ejep [eyuownysur paystjqndupn
€10¢=p!
#5—¢6 dd ‘L66T ‘Tiayseredeq ~oBed; arqrumun "so1sAydoan) Jo aynsuy eIpoN AL NS.L oW
‘61-11 "dd ‘7861 Te 10 11aysejedeq 0 S €L I 9 ofordunguommam//:dpy €L JO SOAIyIIY "eiep [eyuownysul paysigndun
Y10T=p!
€616 "dd “L661 1rayseredeq ~ofed; arqrumun so1sAydoan) jo aymusuy eIpoN Al NS.L oY
'61-11 'dd ‘z861 ‘e 10 [Aysefeded 0 43 201 € 9 1oofordumBusmmmy/dny  ZOT  JO SeAIyory ‘elep [ejudwnpsur paystqndun
S10T=p!
~98ed; arquuurun
61-11 'dd 7861 ‘e 30 iaysereded 0 0¢ 43! € g poloxdumSuommm/dny  zgl 7861 UI[eqaYS PuE eABYSIOPUO]
910T=p!
“o8ed; prquuurun
€z d 1661 ayseeded 0 0 8¢S € L9 wolordun3uommm/:dyy 86 7861 UI[eqayS pue eAeysIopuoy
sddl
(urur)  (xewrn) Jjo
SAC] 10} 20URIRJOY MON PISIARY  PANIYD 1 ] UOISIOA QUIJUO QU 0} JUIT  "ON uoyewLIOjul 9yenbilIes 10J 90UIJNY

(ponunuod) | dqel,

pringer

Ns


http://www.enguriproject.unimib.it/?page_id=2016
http://www.enguriproject.unimib.it/?page_id=2016
http://www.enguriproject.unimib.it/?page_id=2016
http://www.enguriproject.unimib.it/?page_id=2015
http://www.enguriproject.unimib.it/?page_id=2015
http://www.enguriproject.unimib.it/?page_id=2015
http://www.enguriproject.unimib.it/?page_id=2014
http://www.enguriproject.unimib.it/?page_id=2014
http://www.enguriproject.unimib.it/?page_id=2014
http://www.enguriproject.unimib.it/?page_id=2013
http://www.enguriproject.unimib.it/?page_id=2013
http://www.enguriproject.unimib.it/?page_id=2013
http://www.enguriproject.unimib.it/?page_id=2012
http://www.enguriproject.unimib.it/?page_id=2012
http://www.enguriproject.unimib.it/?page_id=2012
http://www.enguriproject.unimib.it/?page_id=2190
http://www.enguriproject.unimib.it/?page_id=2190
http://www.enguriproject.unimib.it/?page_id=2190
http://www.enguriproject.unimib.it/?page_id=2189
http://www.enguriproject.unimib.it/?page_id=2189
http://www.enguriproject.unimib.it/?page_id=2189
http://www.enguriproject.unimib.it/?page_id=2192
http://www.enguriproject.unimib.it/?page_id=2192
http://www.enguriproject.unimib.it/?page_id=2192
http://www.enguriproject.unimib.it/?page_id=2011
http://www.enguriproject.unimib.it/?page_id=2011
http://www.enguriproject.unimib.it/?page_id=2011
http://www.enguriproject.unimib.it/?page_id=2010
http://www.enguriproject.unimib.it/?page_id=2010
http://www.enguriproject.unimib.it/?page_id=2010
http://www.enguriproject.unimib.it/?page_id=2009
http://www.enguriproject.unimib.it/?page_id=2009
http://www.enguriproject.unimib.it/?page_id=2009
http://www.enguriproject.unimib.it/?page_id=2007
http://www.enguriproject.unimib.it/?page_id=2007
http://www.enguriproject.unimib.it/?page_id=2007
http://www.enguriproject.unimib.it/?page_id=1957
http://www.enguriproject.unimib.it/?page_id=1957
http://www.enguriproject.unimib.it/?page_id=1957

J Seismol

(uerg1000) B 9L81=P!
ur) "sorsAydoon) Jo aymusuy eIpoN o3ed; prqruumun
‘N NS.L 9 JO SOAIYOIY "BJep OIUSIOSOIBIN €7 0 0 ¢ (-9 -poloidunSuommmy/:dpy %4 L10T [IAYSeueZeIeA
0881=p!
~a8ed; arqruurun *so1sAydoan) Jo aymusuy BIpoN ‘N NS.L U
6 'd ‘900 'Te 10 TTAYSEPaqERY () S 6T €T L wolordimSuommmy/dny 67 JO SOAIYOIY “Ejep [ejuewnysur paysiqndupn
1881=P!
0STC ~o8ed; arqrumun “so1sAydoan) jo aynsuy eIpoN AL NS.L oY
-dd ‘€00z 11aysereded pue ozpeypnjy 0 S 1T € L9 "odfordunduommm//:dny 11 JO SOAIyoIy "Bjep [eyudwnnsur paysiyqndun
0061=p!
1ccolc ~afed; arqrumun so1sAydoan Jo aymusuy eIpoN N NSL oY
'dd ‘g0z miAysenng pue aysefeded € Ve ¢ ¢ 7oolordumSuommm//:dny  pg  JO SOATYIIY “elep [ejuowmnsur pagsiqndup)
061=p!
“o8ed; prqruurun 'so15Aydoan) Jo dymusu] BIPON ‘N (1SL U}
081-9L1 "dd ‘700z 'Te 10 Iiaysefedeq 0 L (47 € L-9 woloxdunSuommmydny gy JO SOAIYOIY elep [ejuswnpsul paysiqndun
€061=P!
“o8ed; arqruurun 'so1sAydoan) Jo aymmsuy eIpoN ‘N NS.L Y}
61 'd 000z e 10 1Miayseredeq | 9 2 ¢T L9 ‘wolordiumSuommm/sdng €1 JO SOATYOIY “eYep [ejuswnnsur paysiqndupn
¥061=p!
~98ed; prqruun "s01s4ydoan jo aymusuy BIPON ‘Al NSL 24
12C-61T 'dd “L661 Te 1o ozpereqieN | €1 €L € L wolordimSuommm/ dny /L JO SOAIYOIY Ejep [eyuswnysul paysiqndupn
S061=P!
~o8ed; arqruurun 'so1sAydoan) Jo oaymmsuy eIpoN ‘N NS.L U
Sz—81°'dd /661 “Te 10 Miaysefeded 0 6S €1e  €¢ 6 welordunuommmydny  gre  Jo searqory “eiep [ejuswnnsur paystqndupy
9061=p!
“o8ed; prqruarun 'so15A1doan) Jo ymnsu] BIPON ‘I (1S.L Y}
787 'dd ‘9661 “[e 10 azpeIRPEN 0 91 LL ¢ L wolordunSuommm/dny £/ JO SOAIYOIY ejep [eyuswnysur paysiqndupn
LO6T1=P!
“o8ed; prquuurun 'so1sAydoan) Jo oymnsuy IpoN ‘N NS.L U
97+ "dd ‘9661 Miaysexung pue qiaysefeded | € Tl p€ 96 ‘woloxdunuommaydpg €] JO SOATGOIY “ejep [eyudwmnpsur paystqudup
8061=P!
1€1 'd “L661 MAysereded - d8ed;Arqrumun so1s&ydoan Jo aymusuy eIpoN ‘N NSL oW
‘1€ "dd ‘661 ero1e[ESY pue IIAyseedeq 0 0 IS €T S 7wolordunduommm/:dny IS JO SOAIYAIY “ejep [eyuownysul paysijgndun
11Cc=p!
8TI-Lc1 "dd “L661 Miayseedeq ~oBed; arqrumun
80t 'dd ‘1661 Te e iayseieded  © 9 b € 9-¢ 7odlordunSuommmy/:dyy 4% L10T TIAYSeULZEIRA
sddl
(urur)  (xewrn) Jjo
SAC] 10} 20URIRJOY MON PISIARY  PANIYD 1 ] UOISIOA QUIJUO QU 0} JUIT  "ON uoyewLIOjul 9yenbilIes 10J 90UIJNY

(ponunuod) | 3[qeL,

pringer

NS


http://www.enguriproject.unimib.it/?page_id=2211
http://www.enguriproject.unimib.it/?page_id=2211
http://www.enguriproject.unimib.it/?page_id=2211
http://www.enguriproject.unimib.it/?page_id=1908
http://www.enguriproject.unimib.it/?page_id=1908
http://www.enguriproject.unimib.it/?page_id=1908
http://www.enguriproject.unimib.it/?page_id=1907
http://www.enguriproject.unimib.it/?page_id=1907
http://www.enguriproject.unimib.it/?page_id=1907
http://www.enguriproject.unimib.it/?page_id=1906
http://www.enguriproject.unimib.it/?page_id=1906
http://www.enguriproject.unimib.it/?page_id=1906
http://www.enguriproject.unimib.it/?page_id=1905
http://www.enguriproject.unimib.it/?page_id=1905
http://www.enguriproject.unimib.it/?page_id=1905
http://www.enguriproject.unimib.it/?page_id=1904
http://www.enguriproject.unimib.it/?page_id=1904
http://www.enguriproject.unimib.it/?page_id=1904
http://www.enguriproject.unimib.it/?page_id=1903
http://www.enguriproject.unimib.it/?page_id=1903
http://www.enguriproject.unimib.it/?page_id=1903
http://www.enguriproject.unimib.it/?page_id=1902
http://www.enguriproject.unimib.it/?page_id=1902
http://www.enguriproject.unimib.it/?page_id=1902
http://www.enguriproject.unimib.it/?page_id=1900
http://www.enguriproject.unimib.it/?page_id=1900
http://www.enguriproject.unimib.it/?page_id=1900
http://www.enguriproject.unimib.it/?page_id=1881
http://www.enguriproject.unimib.it/?page_id=1881
http://www.enguriproject.unimib.it/?page_id=1881
http://www.enguriproject.unimib.it/?page_id=1880
http://www.enguriproject.unimib.it/?page_id=1880
http://www.enguriproject.unimib.it/?page_id=1880
http://www.enguriproject.unimib.it/?page_id=1876
http://www.enguriproject.unimib.it/?page_id=1876
http://www.enguriproject.unimib.it/?page_id=1876

J Seismol

by depths in the 2 to 36 km range; magnitude values
range from Mg 3.3 to 7 (Table 1). The entire set of IDPs
(with intensity values ranging from 2-3 to 9-10) is
reported in Fig. 2a; it is also available as additional files
or downloadable at http://www.enguriproject.unimib.it,
whereby epicentral and hypocentral distances, together
with IDPs locations, are also reported. IDPs are reported
in the Medvedev-Sponheuer-Karnik intensity scale
(MSK) (e.g., Musson et al. 2010). The areal coverage
of the whole set of IDPs extends from 39.508° N to
45.043° N and from 37.324° E to 48.500° E, with some
IDPs outside the Georgian border, particularly in

Fig. 2 a Distribution of the 3944
IDPs associated with the 111
earthquakes relative to our study,
considering the temporal window
between 1250 B.C. and

2012 A.D. b Distribution of the
348 IDPs (out of 3944) associated
with the 44 earthquakes
belonging to the historical period
(between 1250 B.C. and

1900 A.D.). Filled circles
represent the collected intensity
data points (IDPs). Color code for
IDPs is from Locati et al. (2014)

IDPs (MSK)
2-3

0000000000@0000

38°0'0"E

38°0'0"E

38°0'0"E

38°0'0"E

Armenia, Russia, and Azerbaijan (Fig. 2a). IDPs spatial
distribution for the HP, EIP, and LIP are represented in
Figs. 2b and 3a, b, respectively.

The seclected events that are part of Geolnt have
magnitude values (Ms) ranging from 3.3 to 7; the most
represented ones are between Mg classes 4.5-5.0 and
4.0-4.5 (Fig. 4a). Each class contains the lowest number
but the highest one is part of the upper class. Intensity
values range from 2 to 3 to 9-10 (Fig. 4b); the most
represented class is 4 (characterized by the highest fre-
quency (> 1000)), followed by 5, 3, and 6. Classes 7 and
8 are less represented, and classes 2 and 9 are the least

40°00"E  42°0'0°'E  44°00'E

46°0'0"E 48°0'0"E

42°0'0"E
42°0'0"E

48°0'0°
48°0'0"E
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44°0'0"E

40°0"

E 46°0'0"E
40°0'0"E

46°0'0"E

40°0'0"E 42°0'0"E 44°0'0"E E
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Fig. 3 Distribution of the 3596 38°0'0"E 40°0'0"E 42°0'0"E 44°0'0"E 46°0'0"E 48°0
IDPs belonging to the
instrumental period (post-

1900 A.D.), filled circles
represent the collected intensity
data points (IDPs). a Distribution
of the 1441 IDPs (out of 3596)
associated with the 25
earthquakes considered in our
study, taking into account the time
window between 1900 A.C. and
1955 A.D.—arly instrumental
period. b Distribution of the 2155
IDPs (out of 3596) associated
with the 42 earthquakes
belonging to the late instrumental
period (between 1956 A.D. and
2012 A.D.). Color code for IDPs
is from Locati et al. (2014)

IDPs (MSK)
23

3

3-4

4

45

5

5.6

6-7

0000000000@0000

hf 4

. N s N 5 2 2 ¢
38°0'0"E 40°0'0"E 42°0'0"E 44°0'0"E 46°0'0 48°0'0°

38°0'0"E 40°0'0"E 42°0'0"E 44°0'0"E 46°0'0"E 48°0'0"E

38°0'0"E 40°0'0"E 42°0'0"E 44°0'0"E 46°0'0"E 48°0'0"E

represented ones. Considering the same dataset but from ESE, and SE respectively. Another observation derived
another point of view, we have plotted the frequency of from database analysis is that the greater is the magni-
IDPs in terms of magnitude values (Fig. 4c). The most tude, the wider is the interval of intensities, as shown in

represented magnitude is 4.5-5.0, followed by 6.0-6.5, Fig. 4e. Since the Geolnt database is composed of
5.0-5.5,4.0-4.5,5.5-6.0, and 6.5-7.0. It is worth noting earthquakes belonging to different periods, we present
that magnitude values 3.0-3.5, 3.5-4.0, and 7.0-7.5 are a further analysis focused on the HP and IP (EIP + LIP)

the least represented ones. in the following paragraphs.
The rose plot in Fig. 4d represents the azimuthal
distribution of each IDP with respect to the correspond- 4.2 Dataset description for the historical period
ing epicenter (as listed in the Georgian Seismic
Database, Varazanashvili et al. 2011; Tsereteli et al. A total of 44 out of 111 earthquakes listed in Geolnt
2016a). The most represented azimuths are W, WNW, belong to the HP (epicenters are represented as white

@ Springer
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W
o

Fig. 4 a Magnitude (Ms)
frequency for the 111 events
belonging to Geolnt database. b
Intensity frequency for the entire
macroseismic dataset. ¢
Frequency of magnitude (Ms) for
the 3944 IDPs. d Rose plot shows
the azimuthal distribution of the
whole set of IDPs. For each IDP, 10
we have calculated the azimuth
between the intensity data point
and the corresponding epicenter. e
Plot of intensity range vs.
magnitude
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squares in Fig. 1); they are all located within the Geor-
gian borders and are characterized by a given depth
comprised between 5 and 25 km and Mg values between
3.5 and 7 (Varazanashvili et al. 2011) (Table 1). The 348
IDPs related to such subset of events are plotted in Fig.
2b. The areal coverage of the whole set of IDPs related
to the HP extends from 39.758° N to 43.515° N and
from 39.868° E to 47.430° E, with some IDPs located
outside the Georgian border, in Armenia, Russia, and
Azerbaijan. Intensity values are in the 3 to 9-10 range,
and IDPs with values higher than 8 are mainly located
along the western part of the Greater Caucasus (Fig. 2b).

Figure 5a shows the frequency of magnitude values
(Ms) for the 44 earthquakes: It is worth highlighting that
the most represented values are Mg 4.0-4.5 and 7.0-7.5,
followed by 3.5-4.0, 4.5-5.0, and 6.0-6.5. The intensity
frequency shown in Fig. 5b is characterized by the
predominance of intensity values equal to 4, which
comprises more than 80 IDPs. Figure 5c¢ shows that a
clear majority of IDPs is characterized by Mg 6.0-6.5,
while the rose plot in Fig. 5D shows that the whole set of
IDPs has a predominantly ESE, WNW, and N-S
trending azimuthal distribution with respect to the cor-
responding epicenter. The plot of intensity ranges vs.
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Fig. 5 a Magnitude (Ms) 8
frequency of the 44 events 7L
belonging to the HP. b Intensity
frequency of the entire IDPs
dataset belonging to the HP. ¢
Frequency of magnitude (Ms) for
the 348 IDPs. d Rose plot shows
the azimuthal distribution for the
whole set of IDPs. For each IDP,
we calculated the azimuth
between the intensity data point
and the corresponding epicenter. e
Plot of intensity range vs.
magnitude
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magnitude values in Fig. 5e shows a clear discontinuity
in terms of intensity values with respect to the whole set
that includes also the IP (Fig. 4¢) and does not show a
clear increase in the range of intensities as magnitude
increases.

4.3 Description for the dataset belonging
to the instrumental period

The instrumental period subset includes 3596 IDPs,

related to 67 earthquakes (from 1908 to 2012 A.D.).
Such subset of earthquakes is represented in Fig. 1 (blue

@ Springer

and black squares for EIP and LIP, respectively): They
are mostly located within the Georgian border (with the
exception of one event, located in Turkey) and are
characterized by depths between 2 and 36 km and
magnitude values ranging from Mg 3.3 to 6.9 (Table 1).

The set of IDPs belonging to the IP (intensity ranging
from 2-3 to 9) is reported in Fig. 3: the areal coverage
extends from 39.508° N to 45.043° N and from 37.324°
E to 48.500° E, with some IDPs outside the Georgian
border, in Armenia, Russia, and Azerbaijan. Figure 3a
shows IDP distribution for the EIP, with a total number
of 1441 IDPs related to 25 earthquakes, and Fig. 3b
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shows IDPs distribution for the LIP, with a total number
of 2155 IDPs related to 42 earthquakes.

The EIP is characterized by IDPs with an aerial
coverage that extends from 39.513° N to 45.043° N
and from 39.726° E to 47.117° E. These IDPs are
located mainly within the Georgian territory; some are
scattered between Russia, Turkey, Armenia, and Azer-
baijan (Fig. 3a). The highest intensity values are con-
centrated in a cluster, centered within the topographic
depression that lies between the Greater and Lesser
Caucasus, in the central sector of the country. The whole
set of IDPs belonging to the LIP extends from 39.508°

25 T

N to 45.033° N and from 37.324° E to 48.500° E (Fig.
3b). Some IDPs are located outside the Georgian border
between Russia, Turkey, Azerbaijan, and Armenia. The
IDPs with the highest intensity values are concentrated
in four clusters, located along the front of the Greater
Caucasus and Lesser Caucasus.

The events that belong to the instrumental period and
are part of Geolnt have magnitudes (Ms) ranging from
3.3 to 6.9; the most represented magnitude values are
the Mg classes 4.5-5.0, 4.0-4.5, and 5.0-5.5 (Fig. 6a).
Intensity values range from 2-3 to 9 (Fig. 6b); the most
represented class is 4 (characterized by the highest

Fig. 6 a Magnitude (Ms)
frequency for the 67 events
belonging to the instrumental
period (IP). b Intensity frequency
for the macroseismic dataset (IP).
¢ Frequency of magnitude (Ms)
for the 3596 IDPs. d Rose plot
shows the azimuthal distribution
for the whole set of IDPs. For
each IDP, we have calculated the
azimuth between the intensity
data point and the corresponding
epicenter. e Plot of intensity range
vs. magnitude
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frequency (> 1000)), followed by 5, 3, and 6. Classes 7
and 8 are less represented, and classes 2 and 9 are the
least represented ones. In Fig. 6¢, we show the frequen-
cy of IDPs in terms of magnitude values. The most
represented magnitude is 4.5-5.0, followed by 5.0-5.5,
6.0-6.5, 4.0-4.5, 5.5-6.0, and 6.5-7.0. Furthermore,
magnitude values 3.0-3.5 and 3.5-4.0 are the least
represented ones.

The rose plot in Fig. 6D represents the azimuthal
distribution of each IDP with respect to the correspond-
ing epicenter. The most represented azimuths are W,
WNW, ESE, and SE, respectively. Another observation
derived from the database analysis is that the greater is

Fig. 7 Distribution of IDPs
belonging to the instrumental era,
classified for each value of MSK
intensity, from 2 to 9 (a—h,
respectively). Values that are not
entirely related to the upper class
are represented in the lower class;
for example, values between 8
and 9 (8-9) belong to class 8 (g).
For each class, the number of
IDPs is reported. Color code for
IDPs is from Locati et al. (2014)

0000060000000
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the magnitude, the wider is the interval of intensities, as
shown in Fig. 6e.

Owing to the huge amount of data belonging to the
IP, the distribution of the collected IDPs is mapped for
each entire value of MSK intensity (Fig. 7). As we can
observe, IDPs with intensity values (MSK) of 2 and 2-3
(thus, not entirely 3) are mainly concentrated in the
eastern sector of Georgia, with some IDPs located out-
side the border, mainly in Armenia and Azerbaijan, and
just one in Russia (Fig. 7a). IDPs with intensity values
of 3 and 3—4 mostly cover the whole Republic of Geor-
gia, though some data are located in Russia (to the
north), Azerbaijan (to the east) and Armenia (to the
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south) (Fig. 7b). The above observations are also valid
for intensities 4 and 4-5, 5, and 5-6 (Fig. 7c, d). On the
other hand, intensity values of 6 and 6-7, 7, and 7-8 are
mainly located within Georgian borders (Fig. 7e, f).
More in detail, intensities belonging to class 6 (Fig.
7e) show two main areas of data clustering, respectively,
along the western coast and in the central-eastern part of
the country. In the latter, it is possible to clearly observe
three different concentrations, two of which located
along the Lesser and Greater Caucasus and one within
the Kura Basin area. Intensities belonging to class 7
show two clusters, one located in the central part of
the Lesser Caucasus and one in the central part of the
Greater Caucasus (Fig. 7f). Some data are also present
within the western Greater Caucasus and at its foothills.

Intensities 8 and 8-9 are located in western and
central Georgia, in the Greater and Lesser Caucasus,
respectively, as well as at their foothills (Fig. 7g). The
greatest intensity (9) is represented by points entirely

located along the Greater Caucasus, in the central and
western part of Georgia (Fig. 7h).

A further consideration for the IDPs related to the IP
is relative to their distance from the earthquake focal
source: Each intensity value was plotted versus the
hypocentral distance, whose values range between 2
and 446 km (Fig. 8a). At a general level, the graph
shows an attenuation of intensities with increasing dis-
tance. Furthermore, the intensity values (20 km binned)
are represented by classes and related to the hypocentral
distance (Fig. 8b). Apart from the 0-20 km class, it
is possible to notice that all intensities decrease in
frequency with distance: Intensity 9 is represented
within 40 km, and so is intensity 8; class 7 is
represented up to 60 km. Intensity 6 is present up
to 160 km, intensity 5 is present as far as 200 km.
At greater distances, only intensities 4 and 3 are
present: intensity 4 disappears as far as 280 km
whereas class 3 reaches the maximum distance but

Fig. 8 a Distribution of the 3596 12
IDPs (belonging to the IP) plotted 11

3596 IDPs

versus hypocentral distance. b 10

Frequency distribution of

hypocentral distances (20 km
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bins) for the entire dataset;
intensity values are color-coded.

~

Values that are not entirely related

to the upper class are represented

n

in the lower class: for example,

Intensity (MSK)
O

values between 8 and 9 (8-9)
belong to class 8. Color code for

I

w

IDPs is modified after Locati et al.

N

(014)

10 100
Hypocentral distance (km)

1000

©
8

T
|

Frequency
a D ~ o]
o o o o
o o o o
T T T T

B
Q
o

w
o
(=]

N
o
o

-
o
o

: ||| I,
| 1

T T T T T

3596 IDPs

1 (MSK)
2
3
4
5 —
6
7
I s
[ =

) ol 1

(=]

0

bl |
1
100 200 300
Hypocentral distance (km)

@ Springer



J Seismol

is not represented within the first 20 km from the
hypocenter. Intensity 2 is poorly represented.

4.4 Time window observations

The magnitude values (Mg) of all the earthquakes
comprised in Geolnt, thus including both the HP and
the IP, are represented versus the date of earthquake
occurrence in Fig. 9a. Moreover, Fig. 9b shows the
relation between earthquake occurrence and the num-
ber of IDPs. As we can observe, the number of IDPs,
as well as the Mg range, has dramatically increased
during the IP, which includes the majority of earth-
quakes in our database. Moreover, the number of earth-
quakes in Geolnt has increased over the late instrumen-
tal period (LIP, Fig. 10a)—42 out of 67—as well as the
number of corresponding IDPs (Fig. 10b)—1441 and
2155 for the early and late instrumental periods, re-
spectively. Furthermore, the most powerful earthquakes

during the instrumental period are the 1991, Mg 6.9
event, known as Racha earthquake, and the 1963, Mg
6.4 event, known as Chkhalta earthquake (Fig. 10a and
Table 1). In total, for the IP, six earthquakes have
Mg > 6, 18 events are between Mg 5 and 6 and the
remaining 43 have Mg<5. We have not observed any
relation between date of occurrence and earthquake
magnitude. Regarding the number of IDPs per earth-
quake, the two most represented seismic events are the
1991 Racha earthquake and 1940 Tabatskuri earth-
quake (Table 1), with 313 and 370 IDPs, respectively
(Fig. 10b). Also in this case, there is no relation be-
tween the number of IDPs and the date of occurrence
of the earthquakes.

From another point of view, by considering the lo-
calities that are listed in the database, we noticed that
some cities were struck by a large number of earth-
quakes (Fig. 11a). Such cities are represented as red
and yellow circles, hit by more than 50 and 40-50

Fig. 9 a Plot of earthquake 70 hiistorical period .
magnitudes (Ms) vs. date of ‘ a ‘
earthquake occurrence, 65 4
representing each event in the
database. b Number of IDPs vs. 6.0
date of earthquake occurrence, s
representing each event. Events 55 . °
have been divided into historical
period (HP) and instrumental pe- 50
riod (IP) =4
45
40
35
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Fig. 10 a Plot of earthquake
magnitudes (Ms) vs. date of
earthquake occurrence,
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earthquakes respectively. In particular, the three cities
with the highest frequency of events are Tbilisi (hit 53
times), Gori (hit by 47 earthquakes), and Borjomi (hit by
41 earthquakes).

Furthermore, the sites characterized by the highest
cumulated intensity values (with minimum intensity
values greater or equal to 6) are represented in
Fig. 11b. Those are (i) Tbilisi, with a cumulated value
of 221; (i) Gori, with a cumulated value of 198; (iii)
Borjomi and Akhalkalaki, with a cumulated value of
176 and 175; and (iv) Bakuriani, with a cumulated
value of 174.

Since Tbilisi and Gori are the two Georgian cities that
have been the most affected by earthquakes (hit 53 and
47 times, respectively, and characterized by cumulated
intensity values of 221 and 198, respectively), we plot-
ted the maximum intensity value (MSK) for each earth-
quake (Fig. 12a, b), considering all the events that hit
them from their foundation until present days. Both
cities have been subjected to a maximum intensity value

1920 1980 2000

Year

of 8-9 (1275 M 6.5 Mtskheta earthquake for Tbilisi and
1920 M 6.2 Kartli earthquake for Gori), and in both
cases, we noticed a lack of information in the time
intervals spanning from 450 (year of foundation) to
1682 for Thilisi and from 1100 (year of foundation) to
1805 for Gori. The red line shows the limit above which
damage to buildings is reported, according to Medvedev
et al. (1965), showing that both cities suffered from
damage in the past.

4.5 Macroseismic data collection and revision

In this section, we describe the procedures related to the
collection and selection of macroseismic information:
We looked through all available sources reporting orig-
inal description of macroseismic observations, most of
which are books (listed in Table 2). In these books are
listed: (i) IDPs with assigned intensity and coordinates;
(i1) localities with description but without any assigned
intensity value; (iii) localities with description and

@ Springer
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Fig. 11 a Localities listed in
Geolnt, sized and colored
according to the number of
earthquakes that hit them. Thbilisi
was struck 53 times, Gori 47
times, and Borjomi 41 times. b
Localities with minimum
intensity greater than 5, sized and
colored with cumulated intensity
values. Thilisi cumulated a value
of 221, Gori 198, Borjomi 176 2 A:10
and Akhalkalaki 175, and o 1020
Bakuriani 174 O 2030

O 304

° 150
O 50-100

assigned intensity value but without coordinates; and
(iv) IDPs with assigned intensity and locality but with
wrong name. The latter is due to the fact that many
settlements were renamed several times during the for-
mer Soviet Union. As a result, names of old settlements
were often misinterpreted because of the difficulty to
find their present name. Furthermore, in the former
Soviet Union the exact geographical coordinates of
some settlements were kept secret. Thus, it was difficult
to find the exact geographical coordinates in previous
works. We revised all intensity values by (i) reading
original descriptions and assigning new intensity values
and (ii) finding missing (secret) and wrong localities (in
terms of geographic coordinates). The reevaluation of
IDP values from MCS to MSK scale of intensity has
been performed for only two sources: Byus (1948) and
Byus (1952). As is known, those scales are somehow

@ Springer

Nr. of events

Cumulated |

different, but anyway they yield almost the same inten-
sity estimation (Shebalin 1975). In order to avoid any
possible inaccuracy, we read all descriptions associated
with each intensity value and assigned values in MSK
scale. Finally, during the process of intensity revision,
we did not notice any tendency regarding the over-/
underestimation of intensity values.

The 111 earthquakes we analyzed are characterized
in terms of their location, magnitude, and focal depth
(Fig. 1 and Table 1), and at least one IDP. The IDPs
listed in Geolnt are characterized by a defined location
and intensity assignment (Fig. 2a).

The histogram in Fig. 13a shows that the informa-
tion about the earthquakes belonging to the HP has
been acquired from a previous work (Varazanashvili
et al. 2011), which presents both the methodology for
estimating macroseismic intensity as well as
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Fig. 12 Plot of maximum
intensity value vs. the date of
earthquake occurrence for Tbilisi 8
(a) and Gori (b). The time
window represented for both
cities spans from their foundation
up to today
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earthquake parameters (location, magnitude). Sources
used in the book are as follows: Malinovskiy (1935),
Stepanyan (1942), Byus 1948 1952), Shebalin (1968),
Tskhakaia and Papalashvili (1973), Shebalin et al.
(1976), Jackson et al. (1997), New Catalog of Strong
Earthquakes in the USSR (1977), Shebalin and
Tatevosian (1997), Mushketov and Orlov (1893),
Khromovskikh, and Nikonov (1984), Khromovskikh
et al. (1979, 1984), Makrushina and Shebalin (1982),
Papalashvili and Makhatadze (1984), Varazanashvili
and Papalashvili (1998), and Varazanashvili et al.
(2011). A brief description of the above references is
given in Table 2.

Varazanashvili et al. (2011) focused on the following:
(1) the compilation of all available sources of informa-
tion; (ii) the parameterization of historical earthquakes
based on macroseismic field equations; (iii) the evalua-
tion of the quality and accuracy of the received

parameters; (iv) the use of isoseismal models for earth-
quakes with various magnitudes elaborated for Georgia
over the instrumental period; (v) the reconstruction of
historical earthquakes with few macroseismic data; and
(vi) a thorough analysis of macroseismic, archeological,
seismotectonic, geomorphological, and other types of
data. We need to underscore that, for 61 out of 67
earthquakes belonging to the IP, intensity values have
been revised and newly assigned (Fig. 13a).

Regarding the whole set of IDPs, Fig. 13b shows that
3035 (77%) intensity values have been checked and
confirmed, and 804 (20%) have been revised
(changed); moreover, 105 (3%) intensity values are
totally new.

The earthquakes belonging to the IP have been se-
lected based on the presence of complete and reliable
descriptions of their macroseismic effects and have been
revised. For such earthquakes, comprised between 1900

@ Springer
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Fig. 13 a Histogram showing (i) the total number of earthquakes
listed in Geolnt (111); (ii) the number of earthquakes reporting
IDPs from previous works (110); (iii) the number of earthquakes
reporting revised IDPs (60); and (iv) the number of earthquakes
with brand new IDPs (19). b Pie chart showing the number of
intensity values which have been confirmed in the present work as
well as IDPs that are brand new or revised, belonging to the whole
catalog

and 2012 A.D., the macroseismic intensity was revised
and new IDPs have been identified, totaling 3596 places
with associated intensity values. In regard to earth-
quakes: (i) for 66 events, IDPs were already present in
the literature; (ii) for 60 events, intensity values have
been revised (and changed); and (iii) for 19 events,
brand new IDPs have been identified and added to the
list (Fig. 14a). By considering the EIP and LIP respec-
tively, the number of earthquakes is greater for the LIP;
moreover, there is a greater number of previous works
that focused on the study of macroseismic effects in
Georgia. On the contrary, the number of earthquakes
with brand new IDPs is greater for the EIP (Fig. 14a).
At a general level, considering the whole set of
IDPs for the instrumental era, 105 are new (3%),
whereas the intensity values of 804 IDPs have
been reevaluated (22%); furthermore, for 2155
IDPs (75%), intensity values have been confirmed
from previous interpretations (Fig. 14b). By
distinguishing the IDPs set in EIP (Fig. 14c) and
LIP (Fig. 14d) respectively, we have been able to
notice that (i) 1727 (80%) IDPs for the LIP and
960 (70%) IDPs for the EIP have been confirmed,
whereas (ii) 396 IDPs for the LIP (18%) and 408

IDPs for the EIP (28%) have been revised. In both
cases, new IDPs are present: 73 (5%) for the EIP
and 32 (2%) for the LIP. We wish to emphasize
that, in percentage, the revision process has result-
ed in a greater number of revised IDPs for the
EIP.

In the process of revision of macroseismic
material, we have carefully analyzed all sources
of information and the quality of the relevant
data. The final changes in the intensity estimates
have been performed taking into account the en-
tire set of available data as well as the accuracy
in the determination of the intensity. The date and
time of occurrence of earthquakes have been
checked and refined, mainly based on early, pri-
mary sources that are fully listed and described in
Table 2 (description, original language, hosting
site).

For the HP, all IDPs (348) are from Varazanashvili
et al. (2011). For the EIP, a first set of IDPs (932) was
proposed by Byus (1948) who studied earthquakes until
1943 A.D. (Table 1) and reported intensity values using
the Mercalli-Cancani-Sieberg scale (MCS). We have
reevaluated 331 out of these 932 intensity values (IVs)
and have identified 71 new IDPs.

A total of 161 IDPs are from Byus (1952) and
Tskhakaia, (1949), for the time window 1947—
1948 A.D.; for 18 of these, IVs have been reevaluated.
For the time interval 1951 to 1955 A.D., another 262
IDPs are from Pataraya (1957), Tskhakaya, and
Papalashvili (1973); for 59 of these, intensity values
have been revised.

In regard to the LIP, 2123 IDPs are from previous
works; IVs for 396 IDPs have been revised and 9 new
IDPs have been identified, based on Tsakaya et al.
(1967), Akhalbedashvili (1970), Lebedeva et al.
(1970), Tskhakaya and Papalashvili (1973), Tskhakaya
(1973), Tskhakaya and Dzhibladze (1972), Tskhakaya,
and Papalashvili (1973), Papalashvili et al. (1982), Ka-
linin et al. (1982), Napetvaridze (1984), Agalarova et al.
(1985 1987 1988)Varazanashvili et al. (1989),
Balavadze and Chichinadze 1991 Papalashvili et al.
(1991), Papalashvili (1997), Papalashvili and Agalarova
(1993), Makhatadze et al. (1996), Papalashvili and
Butikashvili (1996), Papalashvili (1997), Papalashvili
et al. (2000), Mukhadze and Papalashvili (2003),
Papalashvili and Butikashvili (2003), and
Akhalbedashvili et al. (2006). Only the 23 IDPs related
to the 2012 earthquakes are based on information from
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Fig. 14 a Histogram showing (i) 80
the total number of earthquakes
listed in the database and
belonging to the instrumental
period (IP) (67); (ii) the number of
earthquakes reporting IDPs from
previous work (66); (iii) the
number of earthquakes reporting
revised IDPs (60); and (iv) the
number of earthquakes with brand
new IDPs (19). b Pie chart
showing the number of intensity
values that have been confirmed
in the present work as well as
IDPs that are brand new or
revised, belonging the IP. ¢, d
Same statistics as in b but with
IDPs belonging to the early and
late instrumental era, respectively
(EIP and LIP)

EIP (1441 IDPs) @
408 (28 %)

——_—

\

73 (5 %)

newspapers and online interviews (Macroseismic data.
Archives of the TSU M. Nodia Institute of Geophysics).

We hereby illustrate two examples: (i) the 1940
Tabatskuri earthquake (ID: 1940.05072223) (Ms=
6.0, lo=8 MSK), belonging to the EIP (Fig. 15)
and (ii) the 1970 Borjomi earthquake (ID:
1970.01030654) (Mg =4.7, lo=7 MSK), belong-
ing to the LIP (Fig. 16). The old distribution of
macroseismic intensity for the 1940 Tabatskuri
earthquake, given by Papalashvili and Makhatadze
(1984), is shown in Fig. 15a. The new IDPs set,
presented here, stems from the revision of the
main data source (Byus 1948) and is shown in
Fig. 15b. Papalashvili and Makhatadze (1984) re-
ported only 149 IDPs out of 380 described in the
main source (Byus 1948). As a result of our revi-
sion process, we are now able to present a total of
370 IDPs (after Byus 1948); moreover, we deter-
mined 4 new IDPs and revised another 135 IDPs;

@ Springer
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in the Geoint database, intensity values for this
earthquake range from 3 to 4 to 8.

The revision of the original macroseismic sources
(Ayvazishvili et al. 1973) relative to the 1970 Borjomi
earthquake, shown in Fig. 16a, has enabled us to find
out that three IDPs, located 10 km east of the epicenter,
are characterized by a greater intensity (now reaching
7 MSK) than previously identified (Fig. 16b). In our
work, 27 out of 81 IDPs have been revised, and the
remaining ones have been confirmed; in Geoint, inten-
sity values for this earthquake range from 2 to 3 to 7.

5 The online version of Geolnt

The Geolnt database can be accessed through a user-
friendly web interface, which grants free access to all
IDPs (http://www.enguriproject.unimib.it/, Fig. 17). On
the right hand side of the page, a menu titled “Geolnt


http://www.enguriproject.unimib.it/?page_id=1874
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Fig. 15 a Older IDPs distribution

related to the 1940 Tabatskuri
earthquake, based on Papalashvili
and Makhatadze (1984). b Our
revised IDPs distribution, after
Byus (1948). The epicenter is
represented as a black square.
Color code from Locati et al.
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Database” allows the user to get access to different
pages. In the “Introduction” page there is a brief
explanation of the content of the database.

In the page entitled “Download Data,” the users
can access all IDPs for free, upon registration; the
IDPs, including epicenters, will automatically be
sent by email. In the “References” page, a full list
of references for earthquakes and IDPs is reported.
In the “Online Catalog” page, the user can access
an interactive map of the 111 selected earthquakes
that took place during the historical and instrumen-
tal era, from 1250 B.C. to 2012 A.D. Epicenters
are shown as squares, scaled as a function of
magnitude. The users may access IDPs data in
two different ways: either by clicking on the cor-
responding epicenter on the map, which can be
zoomed and panned, or by clicking on the chosen

\J T T
42°00'E 44°00'E 46°00°E

earthquake from the list that can be found below
the map. Whenever the user clicks on a given
epicenter on the map, a table pops up, bearing
the following information: name of the earthquake,
ID, latitude, longitude, depth of the hypocenter,
magnitude in terms of Mg and My, date and time
of occurrence, as well as a link to access the
dedicated webpage and the relevant references.
Below the map, all earthquakes are listed in chro-
nological order, from the most recent (2012 A.D.,
Black Sea earthquake) to the oldest one
(1250 B.C., Kvira earthquake): Each link on the
list provides the date and time of occurrence of
the earthquake, the magnitude (M), the area, the
highest intensity (MSK) value and the ID. Epicen-
ters are from Kondorskaya and Shebalin (1982),
Gotsadze and Tutberidze (1986), Varazanashvili
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Fig. 16 a Older IDPs distribution S
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related to the 1970 Borjomi a
earthquake, based on Papalashvili
and Makhatadze, (1984). b Our
revised IDPs distribution, after
Ayvazishvili et al. (1973). The
epicenter is represented as a black
square. Color code is from Locati
etal. (2014)
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(2017) and unpublished data (Archives of the TSU
M. Nodia Institute of Geophysics).

In order to further illustrate our approach, we
provide, as an example, details on the 1991 Mg
6.9 Racha carthquake (Fig. 18). Once the ecarth-
quake is selected, a separate page opens up, fea-
turing all the available information. The top of the
webpage showcases a brief description of the
earthquake, including the hypocentral depth, the
name of the associated fault, the IDPs range and
the location. Below, an interactive map contains
the epicenter together with all the collected IDPs:
by clicking on each IDP, a table shows the name
of the place, latitude and longitude, intensity
(MSK) value and source of the data. Further be-
low, some statistics associated with the earthquake
are provided, including IDPs number, arecal extent

@ Springer
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and the range of hypocentral distances. At the
bottom of the page, a set of graphs enable provid-
ing a more in-depth analysis of the earthquake
(Fig. 19): (1) top left, intensity frequency for the
selected seismic event; (ii) frequency distribution
of hypocentral distances (20 km bins); (iii) bottom
left, rose plot showing the azimuthal distribution
of IDPs with respect to the epicenter; and (iv)
bottom right, distribution of the IDPs plotted ver-
sus hypocentral distance.

6 Discussion and conclusions
As a result of our work, we have been able to set up

the first reliable macroseismic database for the Re-
public of Georgia, hereby entitled “Geolnt.” The
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Home Participants Reportsand publications  About Georgla  Contacts

Geolnt — The Macroseismic Catalogue of The mpmm‘,,
Republic of Georgia Media coverage

Pictures
Hersunder is reportad = set of selected earthquzkes belonging to the Georgian catzlogue,
each one associated with macroseismic intensity datz points (IDPs). Video dips

o Groznyj SIS
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Datl mapga £2017 Googla, GRIDN-ME  Tarminl 52 km 1

Earthquake magnitude (Ms)
w34 mas m5s W67

Interactive map of the 111 earthquake epicentres belongint to Geolnt; click the link ro see
IDPs distribution for each earthquake. 44 out of 111 belong the Historica! Period {1250
B.C.-1300 A.D. - white sguares), 25 belong to the Early Instrumental Period (1300
A.D.-1955 A.D. - blue squares) and 42 belong to the Late Instrumental Period (1356 A.D.-
today - blzck squares). Epicentres are from Kondorskaya and Shebalin [1582), Gotsadze
and Tutberidze [1586), Varzzanashvili et al. (2011), Varzzanashvili (2017), and
unpublished instrumental data {Archives of the TSU M. Nodiz Institute of Geophysics).

Earthquake list (Date and time; M. itude; Area; M.
Late Instrumentz| Period

2012-12-23 13:31:40 UTC; 5.4; Black Sea; 6-7; 2012.12231331;
2002-04-25 17:41:21 UTC; 4.6; Thilisi; 7; 2002.04251741;
1097-11-27 17:34:26 UTC;: 5.5; Khasmi; 6-7; 1997.11271734;
1997-02-09 21:49:08 UTC; 4.1; Paravani; 5; 1997.02092149;
1096-05-28 04:50:10 UTC: 4.3; Askana; 6-7; 1996.05280450;
1094-03-04 23:08:13 UTC; 3.9; Khasmi; 6-7; 1994.03042308;
1692-10-23 23:19:44 UTC; 6.3; Barisakho; 7;: 1992.10232319;
1991-04-29 09:12:45 UTC; 6.9; Racha; 9; 1991.04290912;
1990-12-16 15:45:36 UTC: 5.1; - : 7: 1990.12161543;

ity; ID)

10Q0-NQ-22 N2:4A:01 LITC: 4.1: — = 5-A: 1Q0N.NQA22074A:
Fig. 17 Geolnt webpage (http://www.enguriproject.unimib.it/), from the HP, blue squares are earthquakes from the EIP, and
with the interactive map showing earthquake epicenters as black squares are from the LIP. Below is the interactive list of
squares (belonging to the HP, LIP, and EIP), and scaled the earthquakes, in chronological order. From this page, users can
according to magnitude. White squares represent earthquakes access a detailed page about each earthquake and IDPs distribution
Geolnt database is also available online at updated in the future. This database represents the
http://'www.enguriproject.unimib.it and will be kept key input for further improvements in seismic hazard
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Fig. 18 Example of the webpage
that illustrates the 1991 Mg 6.9
Racha earthquake. The interactive
map shows the earthquake
epicenter, together with the IDPs.
Color code is from Locati et al.
(2014)

Fig. 19 Statistics for the 1991,
Ms 6.9 Racha earthquake. The
graphs can be found at the bottom
of each webpage relative to each
earthquake

@ Springer

1991 M 6.9 Racha earthquake (1991.04290912)

This earthquake occurred on 25/04/1951 at 09:12:45 UTC. It has a given magnitude of 6.9
Ms (6.2 Mw) and an hypocentral depth of 12 km (Unpublished instrumental data. Archives
of the TSU M. Nodia Institute of Geophysics). The IDPs range from 2-3 to 9 (MSK) and are
located between Georgia, Russia, Azerbaijan and Armenia.
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modeling and seismic risk assessment in the country,
thanks to:

i. The calibration of new intensity prediction equations
(IPEs), made possible by taking into account differ-
ent sets of data (e.g., belonging to the EIP and LIP)
and different distances from the seismic source, such
as (a) hypocentral-epicentral distance (e.g., Bakun
and Wentworth 1997; Bakun et al. 2003; Doser
2009; Szeliga et al. 2010); (b) Joyner-Boore dis-
tance; and (c) fault rupture distance (e.g., Serensen
etal. 2010; Ameri et al. 2011)

ii. The calibration of new relationships between
ground motion prediction equation (GMPE) and
intensity (e.g., Wu et al. 2003; Wald et al. 1999;
Zare 2017)

iii. The calculation of probabilistic seismic hazard
based on macroseismic intensity (e.g.,
Papaioannou and Papazachos 2000; Albarello and
D’Amico 2004; Brink et al. 2011)

iv. A new investigation of intensity dependence vul-
nerability curve for Georgian building codes (e.g.,
Dolce et al. 2006; Polese et al. 2013)

v. The calculation of new scenarios, both in terms of
peak ground acceleration (PGA) and macroseismic
effects, using a new hybrid-empirical ground mo-
tion model that has been recently developed for
Georgia (Tsereteli et al. 2016b)

vi. The development of new theoretical correlations
between PGA and intensity for this specific region

vii. The reevaluation of seismic events that affected
the region before the instrumental era (e.g., Bakun
et al. 2002; Bakun 2005; Albini and Rovida 2016)

Apart from the implications regarding seismic hazard
assessment for the Republic of Georgia, we would like
to underscore that the creation of a database for the
whole Caucasus region (including Armenia, Azerbaijan,
Turkey, and Russia) should be of international rele-
vance, because this whole area is seismically active
(e.g., Farahani et al. 2014; Zare et al. 2014a b;
Babayev et al. 2014; Telesca et al. 2017). At present,
information is sparse and not easily accessible
(Ambraseys and Adams 1989; Balassanian et al. 1997;
Noji et al. 1990; Babayev 2006; Gregersen et al. 2007;
Albini et al. 2013; Babayev and Telesca 2014). Further-
more, several key infrastructures are present in the area
of interest, such as the Armenian Nuclear Power Plant
(Nadirov and Rzayev 2017), the Enguri Hydroelectric

Power Plant in Georgia (Telesca et al. 2012; Tibaldi and
Tsereteli 2017), and the Trans-Caspian Gas pipeline
(Soligo Jaffe 2002; Cornell and Ismailzade 2005;
Pasquaré et al. 2011; Maggio 2017). All these structures
are subjected to major seismic hazard, whose assess-
ment should be considerably improved through the cre-
ation of a new seismic hazard model (based on IDPs)
that should date back as far as historical time and be
focused on an area affected by the same geodynamic
forces.
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