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Abstract. A comprehensive earthquake catalogue haslocal scale is a more complicated task and should be per-
been compiled, listing historical and instrumentally recordedformed with great care. Not only because almost 10% of all
earthquakes throughout the Pannonian Region bounded bgarthquakes occur within plate interiors globally, but also as
44.0-50.0N latitude and 13.0-28.0 E longitude. The cataplates continue to move, plate boundaries change over geo-
logue contains more than 20 000 events ranging in date frontogic time and weakened boundary regions become part of
456 AD to 1998 and is considered to be complete for earth-the interiors of the plates. These zones of weakness within
quakes larger than M 6.4 since 1500, for earthquakes largethe continents can cause earthquakes, either in response to
than M 4.7 since 1800 and for magnitudes greater than 3.5tresses that originate at the edges of the plate or in response
since 1880. In combination with the stress data derived fronto local gravitational stresses.

190 focal mechanism solutions for individual earthquakes Nevertheless, the study of the recent tectonics requires in-
these data provide a relatively strong basis for evaluatingy; gata from the seismic activity of the area: if existing
seismic sources and seismotectonic models both within angbctonic features are active in the present, or were active in
surrounding the Pannonian Basin. The most active parts ofhe recent past, this necessarily should be reflected in cur-
the area are the Carpathian and Dinaric tectonic belt and thgant seismicity. Earthquakes represent the sudden release
Vrancea region in t.he'Southeast Carpathians. Seismicity iny slowly accumulated strain energy and hence provide di-
the Pannonian Basin is more moderate compared to the pgect evidence of active tectonic processes. However, low and
ripheral areas, however distribution of the total seismic en-y,qderate seismicity at intraplate areas generally precludes

ergy release indicates current deformation in the basin areggjigpe statistical correlation between epicenters and geolog-
as well. Shallow hypocental depth within the top 20 km of j4 features.

the earth’s crust is principal in the entire region except for
the Vrancea zone where intermediate depth seismicity (from
70 to 160 km) is governing. In the Pannonian Basin area th
majority of events occur between 6 and 15 km. Focal mech

The Pannonian Basin and surrounding orogens (referred
s “Pannonian Region”) are located in the northern sector of
the central Mediterranean region. The Pannonian Basin is
anism solutions show that strike-slip and thrust faulting arebqunded on the north to the e_ast_by the Carpathlan moun-

tain belt, on the south by the Dinarides mountain belt and on

almost exclusive in the Southern Alps and in the Dinarides.th * by the Eastern Albs. Th is tectonically rath
In the Eastern Alps and Western Carpathians focal mecha- € west by the Eastern Alps. 1he area s tectonically rather

nism solutions present exclusively strike-slip character. Incompllcated and has been studied |nten3|yely over the last
twenty years. Development of the Carpathian mountain belt

the Pannonian Basin, thrust and strike-slip faulting seem to . S ) L

bedominant. e eathauakes i e Vranceaare occr 101" PE0ENEn Sesis e o colsarnetueen e
a compressive regime with thrust tectonics. and Middle-Late Miocene (Hoath, 1984, 1988; Royden,
1988). Different authors basically agree that present-day de-
formation in the Pannonian Basin system is controlled by the
1 Introduction northward movement and counter-clockwise rotation of the

o ] ] Adriatic microplate relative to Europe (Bada, 1999; Bada et
Within plate tectonic theory, deformation and consequently;; 1998 1999 Gerner et al. 1999).
seismicity is concentrated along the boundaries of rigid

plates. For that reason seismicity is one piece of informa- The aim of this study is to document the latest results in

tion essential for understanding current tectonics. On theunderstanding the seismicity of the Pannonian Region, based

other hand, the extension of plate tectonics to a regional oPn available earthquake-related information, epicentral and
depth distribution, energy release, magnitude recurrence and

Correspondence td.. T6th (laszlo@seismology.hu) stress data derived from focal mechanism solutions.
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Fig. 1. Seismic activity rate of the Pannonian Region compared to other seismic regions of the world. To be comparable, magnitude
recurrence curves have been normalized to a uniform aresdii® Sources — UK: Ove Arup & Partners (1992); eastern USA: Atkinson
(1989); Pannonian Region and Pannonian Basin: present study; western USA: Atkinson (1989); Greece: Tsapanos (1988); Philippines: Ove
Arup & Partners (1990); Japan: Tsapanos (1988).

2 From early earthquake lists to a comprehensive torical earthquakes was published bgtRly (1952) listing
earthquake data base approximately 800 well-documented events with references.

The first modern computer-based earthquake catalogue

Although very strong (M-7) or catastrophic earthquakes are ith some 5000 entries was compiled byiiDs et al. (1988)
rare in the Pannonian Region, there is a long history of earthyith the aim of providing a complete revision of the pre-
quakes which have caused substantial damage. The firgfioys Iists, a re-evaluation of historical documents and a
earthquake record from the area dates back to 456 AD when gucaiculation of hypocentral data, intensity and magnitude.
quake hit Savaria, a town of the Roman Empire (now Szom-Thjs work led to a comprehensive catalogue of earthquakes
bathely, Hungary) and severely affected large areas (Pleidelizsjros, 2000a) that has been compiled for the Pannonian Re-
1934). gion bounded by 44.0-50.0 N latitude and 13.0—28.0 E longi-

Systematic earthquake data collection in the region startedude using various input sources and integrating several local
in the nineteenth century when the great part of the stud-catalogues. More than one and half millennium of histori-
ied area administratively belonged to Hungary and Aus-cal and instrumental earthquake data, from 456 AD to 1998,
tria. A detailed seismological report written by Kitaibel and give a reasonable quantitative value, indicating moderately
Tomtsanyi (1814) on the great &t earthquake of 14 Jan- active seismicity of the area. The list consists of more than
uary 1810, M5.4, is the first published paper which con-20000 events drawn from over 1400 different scientific and
tains intensity distribution map with isoseismals. Offi- scholarly sources, local catalogues, annual bulletins and indi-
cially organised collection and evaluation of earthquake dataszidual event reports. By its nature, an earthquake catalogue
started in 1881. The first seismograph stations were esean be neither complete nor without errors, especially if it
tablished in 1901, and regular observations started the nexgoes back to historic (pre-instrumental) times. Particularly
year. By the end of 1914, ten seismological observato-for periods prior to the 1800s, reporting of earthquakes is not
ries had been set up in Hungary at the following locations:homogeneous in space or time. Because publications mainly
Budapest, Fiume (Rijeka), Kalocsa, KecslajKolozswar list those earthquakes that have caused death or damage, the
(Cluj-Napoca), Ogyalla (Hurbanovo), Szeged, Teméasv number of reports is dependent on the written history avail-
(Timisoara), Ungar (Uzhgorod), Zgrab (Zagreb). The First  able for a particular region, as well as on the rate of devel-
World War stopped this progress which had gotten off to aopment of population centers and related structures. There-
good start. The most important regional catalogue of his-fore, it is misleading to use the number of earthquakes in an
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Fig. 2. Distribution of earthquake epicenters in the Pannonian Region (44.0-50.0 N; 13.0-28.0 E). The earthquake database of the region
contains more than 20 000 historical and instrumentally recorded events from 456 AD until 1998. Events are excluded from the map if the
epicenter accuracy is less than 50 km. Size of circles are proportional to the calculated magnitudes.

incomplete catalogue to suggest statistically that there haal., 1997), different types of stress information, together with
been an increase in seismic activity for any time period. Thefocal mechanism solutions, have been stored in a standard-
present regional catalogue is considered to be complete fased manner. Even for smaller magnitude local earthquakes,
earthquakes larger than M 4.7 since 1800. regular focal mechanism computation has been started and
The catalogue shows significantly more earthquakes in thgpublished in annual bulletins ¢th et al., 1999) since 1995.
Carpathian and Dinaric tectonic belt than within the Pannon-Until the end of 1998, altogether 190 carefully revised so-
ian Basin itself where the spatial distribution of epicentres islutions are available for different earthquakes in the focal
rather diffuse. Based on all events, the seismic activity can benechanisms database for the studied area.
characterised as moderate. Figure 1 shows the activity rate of From P-wave displacement spectra of high-quality digi-
the Pannonian Region and the Pannonian Basin compared tal seismograms of 12 recent (1995-1997) local earthquakes,
those of a few other seismic regions of the world. Badawy et al. (2001) estimated dynamic source parameters
The first focal mechanism solution for the study areasuch as seismic moment, stress drop, fault length and rela-
was published by Csomor (1966) for the 1956 Dunaharasztiive displacement.
earthquake. Mnus et al. (1988) presented fault plane so-
lutions for six larger earthquakes in the Pannonian Basin.
Toéth et al. (1989) published a well constrained solution for3 Energy release
the Berhida (Hungary) earthquake of 1985 based on 88 ob-
servations. Gangl (1975) studied five focal solutions fromThe Pannonian Region is situated in the territory between
the Vienna Basin. For larger Vrancea earthquakes a numbahe Mediterranean area, which is seismically one of the most
of focal mechanism solutions have been published by differ-active regions in the world, and the East European Platform
ent authors (e.g. Fara, 1964; Ritsema, 1974; Oncescu, 1987Axhich can be treated as nearly aseismic. The first impression
Gerner (1995) catalogued earthquake focal mechanism soluhat the earthquake epicenter distribution map (Fig. 2) of the
tions for the whole Pannonian Region, partly collected fromentire catalogue suggests is that there are significantly more
literature and partly based on new calculations. In the frame-earthquakes in the Carpathian and Dinaric tectonic belt than
work of the international World Stress Map Projecti(Mret  within the Pannonian Basin. Within the Pannonian Basin
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Fig. 3. Historical (456 AD — 1994) and recent (1995-1998) seismicity in and around Hungary (45.5-49.0 N; 16.0-23.0 E) plotted on Bouguer
anomaly map. Yellow bubbles show historical events mostly based on macroseismic effects while solid red circles indicate latest epicentral
locations measured since high sensitivity digital networks came into operation. Heavy lines show tectonic lineaments as definecty F. Horv
and G. Bada, (personal communication).

there also appears to be significant differences in seismicity20.4 E) at least sixteen earthquakes with more than fifty sig-
among different geographical domains. nificant aftershocks occurred over a time interval of some
Along the western edge of the Pannonian Basin and in the’/O years. Korarom and Mr area (47.4-47.8N; 18.2E),
Eastern Alps and Dinarides some well-defined zones of seisJaszbegny (47.5N; 20.0 E), Kecske#h(46.9 N; 19.7 E) and
mic activity can be recognized. Within the Dinaric area, seis-Dunaharaszti (47.4; 19.0 E) also produced significant activity
mic lineaments can be recognized running parallel with theover a certain, but limited period of time. Moderate seismic-
Adriatic coast. These are connected by the very active NEity does not necessarily mean moderate size of earthquakes:
SW trending Medvednica zone near Zagreb. A linear seismideports of major earthquakes often refer to heavy build-

source zone in the Eastern Alps, the Muidd-Zilina line,  ing damage, liquefaction (e.g. 1763 Karom earthquake,
strikes northeast into the southern Vienna Basin and extendi! 6.2; 1911 Kecskert earthquake, M 5.6) and sometimes
as far as the Little Carpathians. the possibility of fault rupture (e.g. 183&rmeliek earth-

The seismicity of the Vrancea region in the Southeastduake, M 6.2). These observations indicate that magnitude
Carpathians is characterized by an amazingly narrow epicer-0-6.5 earthquakes are possible but not frequent in the Pan-
tral region (Oncescu, 1984). The epicentral area is confinedionian Basin. Bisztriény (1978) has illustrated the diffi-

to about 26«60 km, where strong earthquakes:{@) occur  Culty in constructing any meaningful geographical pattern of
quite frequently. epicentral distribution when the statistical significance of the

Seismicity in the Pannonian Basin is more moderate comdata is so low. Using only historical and early instrumental

pared to the peripherals and, at first glance, the distributiorfl@t@, it really has been very challenging to find strong cor-
of earthquake epicenters shows a rather scattered pattern. 'lation between known tectonic structures and earthquakes.
is particularly difficult to decide whether the epicenters occur 1€ recent high quality earthquake observations and loca-
atisolated places or along elongated zones. Csomor and Kidions may change this situation gth et al., 1996, 1997,

(1959) have noted that at several individual locations earth19982, 1999). Preliminary comparison of historical seismic-
quakes occur repeatedly. For example, near Eger (47.9NY with recent events shows that the recent earthquakes, in
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Fig. 4. Spatial distribution of the total seismic energy release in the Pannonian Region. Most dynamic deformation has been taking place in
the Dinarides and the Vrancea zone; but rather intense deformation has been taking place in the Pannonian Basin as well.

general, lie near to clusters of historical activity. Only a few and typical error associated with depth determination has
events are exceptions, in that they appear to be unassociatégen reduced to about 2—4 kmogh et al., 1998b).
with historical activity. However, clusters of stronger present  Distribution of focal depths suggests three depth provinces
day activity have been detected in the north-eastern part ofvhere more than 80% of all events have taken place (Fig. 5).
the Transdanubian Mountain Range, close to the NE coast oBhallow depth within the top 20 km of the earth’s crust is al-
lake Balaton and at the bend of the Danube above Budapeshost exclusive in the whole region except the Vrancea zone
(Fig. 3). in the Eastern Carpathians. In the Pannonian Basin area, the
The spatial distribution of the total seismic energy releasemajority of events occur primarily between 6 and 15 km be-
shows (Fig. 4) that the most forceful deformation has beerlow ground level, with many occurring between 6 and 9 km.
taking place in the Dinarides and the Vrancea zone. How- The earthquakes in the Vrancea region are characterized
ever, the deformation occurring in the Pannonian Basin hady intermediate depth seismicity. Strong earthquakes oc-
been considerably more intense than in the rest of the sureur either in the 70—-110km or 125-160 km depth domains
rounding orogenic belts. The same conclusion was drawrwithin an almost vertical column. Deeper and shallower
earlier by Gerner et al. (1999). Repeated computation basedvents have been recorded, but only with small magnitudes.
on our comprehensive data set has confirmed this, and furthdrevels of low seismicity lie adjacent to the depth interval of
highlights ongoing tectonic activity in the Pannonian Basin. the strong events between 40 and 70 km and beneath 160 km.

4 Focal depth 5 Magnitude

Less than 20% of the earthquakes — some 3700 — in the catdnstrumental seismology is a young science. The first cal-

logue have depth information. Many focal depth values wereibrated instruments to measure seismic waves travelling
estimated from macroseismic dataifds, 1989, 1996), and, through the earth and allowing direct measure of earthquake
whilst being the best information currently available, have magnitude did not appear until the late 1800s. But, because
considerable uncertainty associated with them. It should als®@f the insensitivity of these early instruments they were able

be noted that the focal depth determinations from instrumenio record only large magnitude events.

tal data are also rather uncertain. The situation has improved Richter developed the first magnitude scale for local earth-

since high sensitivity digital networks came into operation, quakes (M) in 1935 using the logarithm of the amplitude
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Fig. 5. Hypocenter depth distribution of earthquakes in the Pannonian Region and its surroundings (44.0-50.0 N; 13.0-28.0 E). More than
80% of all earthquakes occur in three different depth provinces. Shallow depth (6—15 km) in the upper crust is almost exclusive in the whole
region except the Vrancea zone in the Eastern Carpathians, where intermediate depth seismicity is definitive; strong earthquakes occur eithe
in the 70-110 km or 125-160 km depth domains.

of waves recorded by seismographs. Owing to the narrow For the whole Pannonian Region (with the exception of the
dynamic range of early seismographs, it was often impos-Vrancea area):

sible to measure the maximum amplitude of strong seismic

movements, and the magnitude determination by duration = 0.68(£0.02) Io + 0.96(+0.07) logh — 0.91(+0.10)

was a useful and simple way of overcoming this problem. (n=514Ih=Ill —-X,M=06-62h=1—65
Bisztricsany (1958) proposed the use of the duration of the

surface-wave train for the determination of magnitude and For the Vrancea section:

obtained the following formulae for Wiechert seismographs

at the Budapest station, for shallow and deeper shocks reM = 0.52(£0.02) Io +0.55(x0.11) logh — 1.18(+0.20)
spectively: (n=514IL=I —IX,M =24—-73,h=1-200

M — 2.12log(F — eL) + 0.0065A + 2.66 where M is magnitude glepicentral intensity, and h is focal
D= 11.58log(F — ¢L) + 0.0020+ 0.0007h + 4.02 depth in km. Number of observations (n), intensity, magni-
tude and depth intervals are listed in brackets.

where F and el are the end and commencement times in gyatistical relations have been developed between different
minutes of the recorded surface waves,is the epicen- magnitudes

tral distance in degrees andpMs the duration magnitude.

Z'Vr\}ﬁlms:z?g;?;Peen adopted at many seismological statlor}‘%s — 1.03(0.02) M — 0.20(0.10)
In order to estimate the magnitudes for historical earth- {7 =186 M5 =20—-7.0,M =20—-6.8}

quakes relationships have been developed ligog£2000b)

between “macroseismic” magnitude (M) and epicentral in-Ms = 0.97(+0.05) Mp + 0.04(+0.24)

tensity (b). {n =127, Mg =25—-70, Mg = 2.1 — 6.4}
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Fig. 6. Magnitude recurrence relationship for the whole earthquake data set (44.0-50.0 N; 13.0-28.0 E) in the conventional form proposed
by Gutenberg and Richter (1949). The annual number (expressed as a log to the base 10) of earthquakes greater than magnitude M is plotte
as a function of that magnitude.

Mg = 0.86(£0.06) M; + 0.57(£0.27) guakes where both of the above parameters exist, Ove Arup
{n =97, Mg =20—7.0, M, =2.0— 6.6} & Partners (1995) performed a linear regression analysis and

concluded that:
Mg = 1.21(£0.11) Mp1.23(£0.52) My — 0.9710gA;y +0.90(c = 0.29)
(n =27 Mg =23-69, Mp =28-06.5)

A simple linear regression between measured surface

Mp = 0.59(40.05 My + 1.75(£0.22) wave magnitudes (k) and epicentral intensity ¢) for the
{n =259 Mg =2.6—64, M, =2.1— 6.6} whole catalogue events, where botfs Bhd b exist, gives:
Mp = 0.90(£0.08) Mp + 0.20(£0.32)
{n =160 My = 2.6— 6.3, Mp = 3.2 — 6.5) Ms = 0.74lp — 0.28(c = 0.30)
M, = 1.14(0.02) M,0.69(0.06) The estimated macroseismic magnitude (M) and surface

wave magnitude (M) values, calculated either directly from
{n =894 M, = 08—155 Mp =1.4-56} lo or though Ay, are generally quite similar, but tend to de-
where M, Ms, Mg, M, and My are “macroseismic” magni- viate somewhat at higher values.
tude, surface wave magnitude, body wave magnitude, local To estimate the completeness of the catalogue in differ-
magnitude and duration magnitude, respectively. Number ofnt time intervals, magnitude regression has been carried out
observations (n) and magnitude intervals are listed in brackfor all reported events and is displayed in Fig. 6. The cat-
ets. alogue is considered to be complete for earthquakes larger
Instead of using a single intensity valugfbr magnitude  than M 6.4 since 1500, for earthquakes larger than M 5.8
estimation, Ambraseys and Melville (1982) proposed to plotsince 1600, for earthquakes larger than M 4.7 since 1800 and
areas within isoseismal IV (4) against instrumental sur- for earthquakes larger than M 4.2 since 1850. For magni-
face wave magnitudes (c). For those Pannonian Basin earthtudes greater than 3.5 the catalogue appears to be well de-
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Fig. 7. Focal mechanism solutions for the Pannonian Region. Lower hemisphere stereographic projection is displayed with the compressional
quadrants darkened for each mechanism. Summary of solution types such as strike-slip (SS), normal (NF) or thrust fault (TF) are shown in
triangle diagrams for each tectonic domain. PB: Pannonian Basin; VZ: Vrancea zone; SEA-DIN: Southeastern Alps and Dinarides; EA-WC:
Eastern Alps and Western Carpathians; EC-SC: Eastern Carpathians and Southern Carpathians.

fined since 1880. The conventional logarithmic relation be-6 Focal mechanisms
tween the annual number of earthquakes N and the magni-
tude M proposed by Gutenberg and Richter (1949) results inDescribing the type of fault, associated movement and main
logN = 5.27(+0.11) — 1.04(+0.02) M stress direc'Fions for a give_n earthquake focal mechar_ﬂsm So-
lutions provides valuable information for understanding the
{forM =35-7.3} current stress regime and construction of tectonic models of
Based on the magnitude recurrence parameters, altogethan area. The double-couple origin of earthquake motions di-
the Pannonian Region can be characterized as a seismicalljjdes the area around the earthquake focus into quadrants re-
reasonably active area with significant variation of seismicityvealing different directions of motion. Two planes separate
among different tectonic domains. The seismicity rate of thethe quadrants, the real fault plane and an indistinguishable
Vrancea region in the Southeast Carpathians is rather highauxiliary plane. The object of finding an earthquake focal
where strong (M- 6) earthquakes occur quite frequently, with mechanism is to describe the orientations of these planes.
typical ground displacements of 30cm and peak acceleraAlthough there have been attempts to derive focal mecha-
tions on the order of 0.3 g. Within the last two decades threenism information of major historical earthquakes, a reliable
events were detected with magnitudes larger than 6.5, whiléault plane solution inevitably requires good quality records
magnitude 5.0 earthquakes occur on an almost yearly basisat several seismograph stations with azimuthally good cover-
In the seismically less active Pannonian Basin area, acage.
cording to observations since 1880, the return period of Until early 1990s only limited good quality earthquake
magnitude 6 earthquake is about 20 years, while magnitudelata were available to yield reliable focal mechanism solu-
5 events occurs every 3.6 years on average. Based on recortiens in the studied area, due to the relatively low frequency
ings for the last 4 years, the average annual number of magef larger earthquakes, on one hand, and to the rather poor sta-
nitude 3 earthquakes is 2.3, whilst of magnitude 2 events it igion coverage, on the other. In the Pannonian Basin the situ-
8.6 (Toth et al., 1998b). ation was even worse — only a few earthquakes were strong
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Fig. 8. Maximum horizontal stress directions{ax ) derived from earthquake focal mechanism solutions in the Pannonian Region. Rose
diagrams show distribution of directions weighted by a quality factor in each tectonic domain. The applied weighting factors are 1, 1, 0.8,
0.7 and 0.3 for classes A, B, C, D and E, respectively. PB: Pannonian Basin; VZ: Vrancea zone; SEA-DIN: Southeastern Alps and Dinarides;
EA-WC: Eastern Alps and Western Carpathians; EC-SC: Eastern Carpathians and Southern Carpathians.

enough to product focal mechanism solutions. During theRitsema, 1974; Oncescu, 1987).

last decade, with the installation of sensitive local seismic Gerner (1995) catalogued earthquake focal mechanism so-
networks in various countries (e.goth et al., 1998b), the  |,tions for the Pannonian Region, partly collected from the
situation has changed substantially. Nowadays, magnitudgierature and partly based on new calculations. In the frame-
2-3 earthquakes are good candidates, and magnitude 4 evenfs of the international World Stress Map Projecti(iér,
usually result reliable focal mechanism solutions. 1997), different types of stress information, together with fo-
cal mechanism solutions, have been stored in a standardised

In the Pannonian Basin area Csomor (1966) published thg,,, - £\ for smaller magnitude local earthquakes, regular

first focal mechqnism solution for_ the 19_56 Dunaharas_ztifoca| mechanism computation has been started and published
earthquake. Using P-wave polarity readings from 10 iN-in annual bulletins (Bth et al., 1999) since 1995.

adequately distributed stations with 282zimuthal gap he , )

concluded strike-slip mechanism with nearly vertical nodal  1he data set of focal mechanisms used in the present study

planes striking N-S and E-W. Repeated computation basegonsists of those coIIecteq and catalogued from literature by
on 26 more soundly distributed arrivals byokus et al. Gerner (1995), new solutions for events from 198Q to 1993
(1988) resulted basically in the same nodal planes, buta NwPY Gerner et al. (1999) and latest solutions for mainly Pan-
SE principal stress axis instead of the NE-SW given earlier'onian Basin events from 1995 to 1998 bytfi et al. (1996,
Toth et al. (1989) published a well constrained solution for 1997, 1998, 1999).

the Berhida (Hungary) earthquake of 1985 4n7, based on Until the end of 1998, altogether 190 different carefully re-
88 observations and concluded nearly pure strike-slip charvised and qualified solutions are available in our focal mech-
acter with E-W principal stress axis. Gangl (1975) stud- anisms database for the studied area bounded by 44.0-50.0 N
ied five focal solutions from the Vienna Basin. For larger latitudes and 13.0-28.0 E longitudes. The parameters of fo-
Vrancea earthquakes a number of focal mechanism solutionsal mechanisms are given by orientation of nodal planes and
have been published by different authors (e.g. Fara, 1964main axes (angles of strike, dip and rake) followed the con-
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vention by Aki and Richards (1980). Using the Zoback and7 Dynamic source parameters

Zoback (1991) definition for quality designation (A, B, C, D

or E, where A is better quality than E) 1, 4, 26, 24 and 45% Dynamic source parameters derived from P-wave displace-

of the database entries have been ranked to classes A, B, @lent spectra of 12 earthquakes ((Mange from 2.4 to

D and E, respectively. 5.0) in the Pannonian Basin (Badawy et al., 2001) indicate
To summarize and display similarity or diversity of focal "ather low value of corner frequency ranging between 2.5

mechanisms in a tectonic unit triangle diagrams developed@nd 10 ';'Z- The seismic moments range fromxl6*° to

by Frohlich (1992) have been used. This diagram displaysl-3X102 dyne cm, stress drops from Q.25 to 76.75 bar, fault
the fractional portions of thrust-faulting, strike-slip faulting !€ngth from 0.42 to 1.7km and relative displacement from
and normal faulting of each focal mechanism. Based or0-05 to 15.35 cm. The relatively small values of stress_drops
apriory seismicity and seismotectonic information, five re- ¢80 be attributed to the low strength of crustal materials in

gions (the Southeastern Alps and Dinarides, Eastern Alpdh€ Pannonian Basin.
and Western Carpathians, Pannonian Basin, Vrancea zone
and Eastern and Southern Carpathians) have been selectedén
the studied area to characterize faulting mechanisms (Fig. 7).

Largest horizontal stress directiongymx have been cal- A comprehensive earthquake catalogue has been developed,
culated using P, B and T axes of fault plane solutions (Fig. 8) listing of more than twenty thousand historical and instru-
Azimuth of P axes have been taken as the largest horizontahentally recorded earthquakes throughout the Pannonian Re-
stress directions, if the plunge of P is less thahf8dm hori-  gion bounded by 44.0-50.0 N latitude and 13.0-28.0 E lon-
zontal. Otherwise azimuth of T+9@r B is used, depending gitude. The catalogue is considered to be complete for earth-
on the plunge of B and T axes according to Zoback (1992).quakes larger than M 6.4 since 1500, for earthquakes larger
Directions of largest horizontal stresses are summarized fothan M 5.8 since 1600, for earthquakes larger than M 4.7
each of the seven tectonic regions on rose diagrams using since 1800, for earthquakes larger than M 4.2 since 1850 and
quality dependent weighting factor (1, 1, 0.8, 0.6, and 0.2 forfor magnitudes greater than 3.5 since 1880.
classes A, B, C, D and E, respectively). Epicenter distribution map of the catalogue suggests that

In the Southern Alps and in the Dinarides, seismicity is the most active parts of the area are the Carpathian and Di-
rather high, and quite a number of fault plane solutions arenaric tectonic belt and the Vrancea region in the Southeast
available. Strike-slip and thrust faulting is almost exclusive Carpathians. Seismicity in the Pannonian Basin is more
in this region. The maximum horizontal stress direction ob-moderate compared to the peripherals, and the distribution
viously shows N-S and NNE-SSW compression what can bedf earthquake epicenters shows a rather scattered pattern —
explained by the collision of the Adriatic micro plate with however, at several individual locations earthquakes occur
Europe. repeatedly.

Moderately active seismicity is observed in the Eastern Distribution of focal depths suggests three depth provinces
Alps and Western Carpathians. Focal mechanism solution¥/here most of the events have taken place. Shallow depth
are available mostly from the Vienna Basin area, presentingVithin the top 20km of the earth’s crust is almost exclusive
exclusively strike-slip character. The NNW-SSE and N-S di-In the whole region except the Vrancea zone in the Eastern
rections of the largest horizontal stresses are most frequent-arpathians. In the Pannonian Basin area, the majority of
but NE-SW direction has also occurred. events occur primarily between 6 and 15km below ground

In the Pannonian Basin, the picture that can be inferredevel' The earthq.uakes of the Yra_”‘?ea region are character-
from the relatively few available focal mechanism solutions 260 bY intermediate depth seismicity. Strong earthquakes
is more diffuse, however thrust and strike-slip faulting seem®¢c4 either in the 70-110km or 125_16_0 km dePth d‘?ma'”s-
to be dominant. The NNE-SSW and NE-SW directions of nferred _from focal mechamsm s_olut|ons, strike-slip and
maximum horizontal stresses are typical, highlighting signif- ("Tust faulting are aimost exclusive in the Southern Alps and
icant differences from the Western European tectonic domair}" the Dinarides, with the maximum horizontal stress direc-

where the dominant stress direction is exactly perpendicuIaFIons being N-S _and NNE-SSW. In_ the EasFern Alps_ gnd
to this. Western Carpathians focal mechanism solutions exhibit an

exclusively strike-slip character; with NNW-SSE and N-S di-
Srections of the largest horizontal stresses most frequent. In
faulting mechanisms and E-W dominant stresses ﬁqe Paqnonlan 'Basm, thrust and strlke—sllp fau!tlng seem to
. o be dominant, with NNE-SSW and NE-SW directions of max-
_ Most (_)f the gvents in the quncea'area occurin a Compresyy, m horizontal stresses. The very few fault plane solutions
sive regime with thrust tectonics at intermediate depth. They, ~iiaple from the Eastern and Southern Carpathians indi-
fault plane solutions of the large, instrumentally recorded e thryst faulting mechanisms and E-W dominant stresses.

earthquakes show a remarkably similar character. They typistrong earthquakes in the Vrancea area occur in a compres-
sive regime with thrust tectonics. The horizontal stress com-

cally strike SW-NE and dip to the NW. The horizontal stress
ponent demonstrates NW-SE and E-W directions.

Conclusions

Very few fault plane solutions are available from the area
of the Eastern and Southern Carpathians indicating thru

component characteristically displays NW-SE and, in fewer
cases, E-W directions.
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Table 1
List of major (M>5.5) earthquakes in the Pannonian Region (44.0-50.0N; 13.0-28.0E) from 456 A.D. until 1998. References for each
events can be found in Zsiros (2000) where 1453 different sources are listed.

Date Time Location Depth | Magnitude Intensity
No Name
yy mm dd || h m s | Lat(N) Long(E) Q km M EMS
1 456 09 07 47.24 16.62 na 6.3 9.0 >+/-1 |Savaria
2 567 00 00 45.60 15.30  >+/-50km 6.3 9.0 na Croatia
3 984 00 00 47.00 19.00 >+/-50km 5.6 8.0 >+/-1 |Hungary
4 1000 01 00 46.06 14.51  >+/-50km 5.6 8.0 na  |Ljubljana
5 1038 08 15 47.00 19.00 >+/-50km 5.6 8.0 >+/-1 |Hungary
6 1091 00 00 45.70 26.60  >+/-50km 5.9 7.0 na Vrancea
7 1092 07 06 48.00 21.00 >+/-50km 5.6 8.0 >+/-1 |Hungary
8 1097 00 00 45.60 1530  >+/-50km 6.3 9.0 na Croatia
9 1100 00 00 47.00 18.00  >+/-50km 5.6 8.0 >+/-1 |Dunanttl
10 | 1107 02 12|03 45.70 26.60  >+/-50km 5.9 7.0 na Vrancea
11 1122 10 00 45.70 26.60 >+/-50km 5.6 6.5 na Vrancea
12 | 1126 08 08 45.70 26.60  >+/-50km 5.9 7.0 na Vrancea
13 | 1196 02 13 |07 45.70 26.60  >+/-50km 6.4 8.0 >+/-1 |Vrancea
14 | 1201 05 04 |14 47.10 14.20 na 6.6 9.5 na  [Murau
15 | 1230 05 10 |07 45.70 26.60  >+/-50km 6.7 8.5 >+/-1 |Vrancea
16 | 1267 05 08 |02 47.51 15.45 >+/-50km 5.6 8.0 na Kindberg
17 | 1279 04 24 |19 45.93 13.40  >+/-50km 5.6 8.0 na Friuli
18 | 1287 06 23 47.00 19.00 >+/-50km 5.6 8.0 >+/-1 |Hungary
19 | 1323 00 00 45.20 14.70  >+/-50km 6.3 9.0 na Croatia
20 | 1327 00 00 45.70 26.60 >+/-50km 6.4 8.0 na Vrancea
21 | 1343 06 30 44.00 15.00 >+/-50km 6.3 9.0 na Croatia
22 | 1348 01 25 46.50 13.45  <+/-20km 6.6 9.5 na Villach
23 | 1366 06 03 50.00 13.00 >+/-50km 5.6 8.0 na  [Bohemia
24 | 1386 00 00 44.20 17.70  >+/-50km 6.3 9.0 na Bosnia
25 | 1389 08 20 |11 46.43 13.18  >+/-50km 5.6 8.0 na  [Moggio Udinese
26 | 1418 04 07 44.00 15.00 >+/-50km 6.3 9.0 na Croatia
27 | 1443 06 05 48.60 18.86  <+/-20km 5.6 8.0 +/-1 |Zélyom
28 | 1444 08 04 46.26 20.15 na 5.6 8.0 >+/-1 |Szeged
29 | 1446 10 10 45.70 26.60 >+/-50km 6.7 8.5 na Vrancea
30 | 1459 05 20 46.30 16.30 na 6.3 9.0 na Croatia
31 | 1471 08 29 |11 45.70 26.60 na 6.4 8.0 >+/-1 |Vrancea
32 | 1473 08 29 45.60 26.00 na 5.9 7.0 >+/-1 |Barcasag
33 | 1502 03 26|13 45.80 16.10 na 6.3 9.0 na Croatia
34 | 1505 00 00 45.00 15.50 na 6.3 9.0 na Croatia
35 | 1510 00 00 46.10 14.50 na 6.3 9.0 na Croatia
36 | 1511 03 26 |14 46.10 14.00 na 15 7.0 10.0 na I[drija-Cerkno
37 | 1511 06 26 |21 46.00 14.03 na 5.6 8.0 na Idrija
38 | 1511 08 08 46.00 14.00 na 6.3 9.0 na Idrija-Cerkno
39 | 1516 11 24|12 45.70 26.60 na 6.9 9.0 na Mt. Haromszék
40 | 1523 06 09 45.70 26.60 na 5.9 7.0 na Mt. Haromszék
41 | 1543 00 00 45.70 26.60 na 5.9 7.0 na Mt. Haromszék
42 | 1545 07 19 45.70 26.60 na 6.4 8.0 na Mt. Haromszék
43 | 1556 01 24 48.00 15.00 >+/-50km 5.6 8.0 >+/-1 |Western Hungary
44 | 1561 02 12 47.50 19.05 na 5.6 8.0 >+/-1 |Pest-Buda
45 | 1569 08 17 |05 45.70 26.60 na 6.4 8.0 na Mt. Haromszék
46 | 1571 04 10 |07 45.60 26.00 na 5.9 7.0 >+/-1 |Barcasag
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47 | 1571 05 19 |17 45.60 26.00 na 5.9 7.0 >+/-1 |Barcasag

48 | 1574 08 14 45.40 14.10 na 5.6 8.0 na Croatia

49 | 1578 04 01 45.70 26.60 na 5.9 7.0 na Mt. Haromszék
50 | 1585 01 01 47.50 16.30  >+/-50km 5.6 8.0 >+4/-1 |Western Hungary
51 | 1590 08 10 |20 45.70 26.60 na 6.7 8.5 na Mt. Haromszék
52 | 1590 09 15 (23 48.28 16.11  <+/-20km 6.3 9.0 na Katzelsdorf

53 | 1590 09 22 45.60 26.00 na 5.9 7.0 >+/-1 |Barcasag

54 | 1595 04 21|11 45.60 26.00 na 6.4 8.0 >+/-1 |Barcasag

55 | 1596 04 16 45.70 26.60 >+/-50km 5.6 6.5 na Vrancea

56 | 1598 11 22|02 45.70 26.60 na 5.9 7.0 na Mt. Haromszék
57 | 1599 08 04 45.70 26.60 na 5.9 7.0 na Mt. Haromszék
58 | 1599 10 01 |08 47.76 18.12  >+/-50km 5.6 8.0 >+4/-1 |[Komarom

59 | 1604 05 03 |03 45.70 26.60 na 6.4 8.0 na Mt. Haromszék
60 | 1605 12 24 |15 45.70 26.60 na 6.4 8.0 na 'Vrancea

61 | 1606 01 13 (02 45.70 26.60 na 6.2 7.5 na Mt. Haromszék
62 | 1613 11 16 |11 49.22 18.74  >+/-50km 5.6 8.0 >+/-1 |Zsolna

63 | 1620 11 08 |13 45.80 26.60 na 6.7 8.5 na 'Vrancea

64 | 1620 12 00 45.70 26.60 na 6.2 7.5 na \Vrancea

65 | 1628 06 17 |18 4597 1548  <+/-20km 5.6 8.0 na Krsko-Brestanica
66 | 1637 02 01 |01 30 45.70 26.60 na 6.2 7.5 na 'Vrancea

67 | 1640 00 00 45.90 15.60 <+/-20km 6.3 9.0 na Brezice

68 | 1645 06 28 45.60 15.40 na 5.6 8.0 na Croatia

69 | 1648 00 00 44.98 14.90 na 5.6 8.0 na Croatia

70 | 1650 04 19 45.70 26.60  >+/-50km 5.9 7.0 na Vrancea

71 1660 02 08 |01 45.70 26.60 na 5.6 6.5 na \Vrancea

72 | 1666 02 00 45.70 26.60 na 5.6 6.5 na IMt. Haromszék
73 | 1681 08 19 |01 45.70 26.60 na 6.4 8.0 >+/-1 [Vrancea

74 | 1689 03 10 45.97 14.85 na 5.6 8.0 na Slovenia

75 | 1689 05 10 (03 4597 14.85  <+/-20km 5.6 8.0 na Temenice

76 | 1690 12 04 (15 45 46.60 13.80  <+/-20km 5.9 8.5 na \Villach

77 | 1697 03 15 45.63 15.46 na 5.6 8.0 na Croatia

78 | 1699 02 11 45.65 1532  <+/-20km 5.6 8.0 na Metlika

79 | 1701 06 12 |00 45.70 26.60 na 6.2 7.5 na \Vrancea

80 | 1711 10 11 |01 45.70 26.60 na 5.9 7.0 na Mt. Haromszék
81 | 1721 01 12 45.30 14.40 na 6.3 9.0 na Croatia

82 | 1730 00 00 45.70 26.60 na 6.4 8.0 >+/-1 |Vrancea

83 | 1738 06 11 |10 45.70 26.60 na 109 6.7 8.5 na Vrancea

84 | 1739 02 04 44.00 21.30 na 6.3 9.0 na Svetozarevo
85 | 1739 12 20 |15 24 45.19 19.81 na 5.6 8.0 na Ledinci

86 | 1740 04 05 |20 45.70 26.60 na 5.6 6.5 na IMt. Haromszék
87 | 1746 12 07 |01 45.60 26.00 na 5.9 7.0 >+/-1 |Barcasag

88 | 1757 07 08 |03 45.83 17.39 na 5.6 8.0 na Mt. Bilo

89 | 1763 06 28 (04 30 47.76 18.12  <+/-20km 6.3 9.0 +/-1 |[Komarom

90 | 1768 02 27 |01 45 47.82 16.20  <+/-10km 5.6 8.0 na Bécstjhely

91 | 1778 01 18 |05 45 45.70 26.60 na 5.9 7.0 +/-1 |Haromszék

92 | 1778 11 08 |19 30 46.20 16.80 na 5.6 8.0 na Croatia

93 | 1784 03 18 46.02 25.59 na 5.9 7.0 +/-1  [Miklésvar

94 | 1786 02 27 |03 49.70 18.50 na 38 5.7 7.5 na Silesia

95 | 1786 12 03 |16 49.67 19.86 na 42 5.7 7.5 na Poland

96 | 1787 01 18 45.70 26.60  >+/-50km 5.9 7.0 na Mt. Haromszék
97 | 1788 10 20 46.38 13.02 na 5.9 8.5 na Tolmezzo

98 | 1788 11 22 |10 30 45.20 19.90 na 5.6 8.0 >+/-1 |Serbia
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151 | 1918 11 06 |19 26 8 46.17 1437 <+/-10km 5.5 + 5.0 na Slovenia

152 | 1922 03 24 (12 22 14| 4440 20.40  <+/-10km 6 6.0 + 9.0 na Serbia

153 | 1926 01 01 |18 04 3 45.77 14.37  <+/-20km 13 5.6 + 7.5 na Cerknica

154 | 1927 05 15|02 47 22| 44.14 20.50 <+/-10km 9 5.9 + 9.0 na Rudnik

155 | 1928 03 27 {02 32 30| 46.35 13.00 na 6.0 + 9.0 na Friuli

156 | 1929 11 01 {06 57 25| 45.90 26.50 na 160+ 6.2 + 6.5 na Haromszék
157 | 1934 03 29 |20 06 51| 45.80 26.50 na 90 +| 6.6 + 8.0 na Vrancea

158 | 1934 11 30|02 58 16| 44.10 14.00 na 5.6 + na Croatia

159 | 1935 09 05|06 00 45.80 26.70 na 150+ 5.5 6.0 na Vrancea

160 | 1939 09 05|06 02 0 45.90 26.70 na 115+ 59 + na Vrancea

161 | 1940 06 24 |09 57 27| 45.90 26.60 na 115+ 5.5 + 5.5 na Mt. Haromszék
162 | 1940 10 22 |06 36 57| 45.76 26.42 na 122+ 64 + 7.0 na Haromszék
163 | 1940 11 10|01 39 7 45.77 26.73 na 133+ 7.3 + 9.0 na Mt. Haromszék
164 | 1940 11 11 |06 34 16| 46.00 26.80 na 5.6 + 6.0 na Mt. Haromszék
165 | 1940 11 19 |20 27 12| 46.00 26.50 na 5.7 + 6.0 na Mt. Haromszék
166 | 1943 04 28 |20 46 50| 45.80 27.10 na 66+ 5.5 + 6.0 na Moldavia

167 | 1945 03 12 |20 51 47| 45.60 26.40 na 125+ 5.6 + 6.0 na Mt. Haromszék
168 | 1945 09 07 |15 48 26| 45.90 26.50 na 75+ 6.5 + 7.5 na Vrancea

169 | 1945 12 09 |06 08 46| 45.70 26.80 na 80+ 6.1 + 7.0 na Vrancea

170 | 1946 11 03 |18 46 59| 45.60 26.30 na 140+| 5.5 + 6.0 na Mt. Haromszék
171 | 1947 10 17 |13 25 20| 45.70 26.60 na 5.8 + na Mt. Haromszék
172 | 1948 05 29 |04 48 58| 45.80 26.50 na 140+| 5.9 + 6.5 na Mt. Haromszék
173 | 1950 06 20 |01 18 49| 45.69 26.72 na 160+ 5.5 + 6.0 na \Vrancea

174 | 1956 01 12|05 46 9 47.37 19.07 <+/-10km 14+ 5.6 + 8.0 +/-1  |Dunaharaszti
175 | 1960 02 17 |15 32 50| 45.57 1425  <+/-20km 5.5 + 6.0 na I1. Bistrica

176 | 1960 10 13 {02 21 25| 45.70 26.40 na 160+ 5.5 + 6.0 na Mt. Haromszék
177 | 1964 04 13 |08 30 29| 45.26 18.14 na 27 5.6 + 8.0 na Croatia

178 | 1968 05 30 |18 15 47| 45.40 17.00 na 5.8 + na Croatia

179 | 1969 10 27 |08 10 58| 44.85 17.22  <+/-10km 14 5.9 + 8.0 na Bosnia

180 | 1974 04 17 |01 31 34| 4594 21.19  <+/-10km 46+ 5.6 + 6.0 na Varjas

181 | 1976 05 06 |20 00 12| 46.27 13.25 na 20+ 6.2 + 9.5 na Friuli

182 | 1976 09 11 |16 35 1 46.30 13.32  <+/-10km 9+ 5.6 + 9.0 na Friuli

183 | 1976 09 15|03 15 19| 46.27 13.15 <+/-10km 16+ 5.9 + 9.0 na Friuli

184 | 1976 09 15|09 21 18| 46.25 13.20  <+/-10km 21+ 5.8 + 8.5 na Friuli

185 | 1977 03 04 |19 21 54| 45.77 26.76  <t/-5km 94 +| 6.1 + 9.0 na Vrancea

186 | 1981 08 13 |02 58 13| 44.85 17.33  <+/-5km 16+| 5.5 + 8.0 na Bosnia

187 | 1986 08 30 |21 28 36| 45.54 2631  <t/-5km | 137+| 6.6 + 8.0 na Mt. Haromszék
188 | 1990 05 30 |10 40 6 45.85 26.66  <t/-Skm 89+| 6.7 + 8.0 na Mt. Haromszék
189 | 1990 05 31|00 17 48| 45.81 26.77  <t/-5km 90+ 5.9 + na Vrancea

190 | 1991 07 18 |11 56 31| 44.90 2241  <+/-5km 12+| 5.5 + 8.0 na Orsova

Focal depth usually derived from intensity distribution, + indicates network determination

M - magnitude for historical events estimated from intensity, + indicates instrumental value (Zsiros, 2000)
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Table 2

Focal mechanism solutions for the Pannonian Region (44.0-50.0N; 13.0-28.0E). The parameters of focal mechanisms are given by
orientation of 1* nodal plane (angles of strike, dip and rake) and P and T axis (angles of azimuth and plunge) followed the convention
by Aki and Richards (1980). Quality definition is given by quality designation (A, B, C, D or E, where A is better quality than E) as
defined by Zoback and Zoback (1991). Source of data: No. 1 — 162 collected and catalogued from literature by Gerner (1995), new
solutions for events from 1980 to 1993 by Gerner et al. (1999); latest solutions for mainly Pannonian Basin events from 1995 to 1998
(No. 163 — 190) by Toth et al. (1996, 1997, 1998, 1999)

No. Date Time %ﬁ)t L((E;g Plane 1 P axis T axis Qual.
Srike Dip Rake Azim Plunge Azim Plunge
1 1928.03.27  8:32:31 46.42 13.03 298 67 148 351 4 258 38 D
2 1929.11.01 6:57:21 45.90 26.60 171 60 106 249 14 116 70 E
3 1934.01.29 45.70 26.50 71 62  -146 287 43 197 1 E
4 1934.03.24 45.80 26.50 73 61 -145 289 44 199 1 E
5 1934.03.29  20:06:48 45.80 26.50 200 66 129 263 12 157 52 E
6 1934.11.30  2:58:19 44.10 14.00 30 88 -22 343 17 77 14 D
7 1935.07.13 0:03:46  46.00 26.50 33 90 -90 303 45 123 45 E
8 1935.08.13 45.70 27.70 220 S8 74 321 12 92 72 E
9 1938.03.27 11:16:24  46.20 16.80 310 80 90 40 35 220 55 D
10 1940.06.24  09:17:__  45.90 26.60 220 58 94 307 13 143 76 E
11 1940.10.22  6:36:57 45.80 26.40 223 61 87 315 16 125 74 E
12 1940.11.10 1:39:07 45.80 26.70 224 62 75 325 16 104 69 E
13 1940.11.11 6:34:17  46.00 26.80 216 56 94 303 11 140 78 E
14 1945.03.12 45.70 26.80 223 56 -83 159 78 308 11 E
15 1945.09.07 15:48:22  45.90 26.50 224 60 93 312 15 141 75 E
16 1945.12.09  6:08:45 45.70 26.80 134 63 -115 3 63 242 15 E
17 1948.05.29  4:48:55 45.80 26.50 196 48 84 290 3 54 85 E
18 1950.05.01 45.50 26.30 317 49 69 62 2 160 74 E
19 1950.06.20 1:18:47 4590 26.50 260 90  -110 151 42 9 42 E
20 1952.06.03 5:53:22 45.70 26.80 10 54 67 116 6 224 71 D
21 1954.10.01 13:30:__  45.50 27.10 60 70  -101 313 63 158 24 D
22 1955.02.01 21:22: 45.50 26.30 347 o6l 134 47 6 310 52 E
23 1956.01.12  5:46:08 47.35 19.09 8 73 160 133 2 42 26 B
24 1956.04.18 12:52:  46.10 27.40 162 77 74 265 30 53 55 C
25 1956.11.05 46.50 13.08 280 90  -179 145 1 55 1 E
26 1957.12.23  23:38:_ 45.40 26.90 7 56  -112 228 70 112 8 C
27 1959.04.26  14:45:16 46.46 13.00 304 76  -161 168 23 75 3 C
28 1959.05.31 12:15:43  45.70 27.20 149 84  -106 42 48 253 37 E
29 1959.05.31 23:38:_ 45.89 27.39 20 70 -80 307 64 102 24 D
30 1959.06.26  13:44:40 45.86 26.53 80 60 141 137 2 45 48 E
31 1960.01.04 12:21: 44.60 27.00 271 60  -118 133 63 21 11 C
32 1960.01.26  20:27:04 45.80 26.80 332 58 88 63 13 237 77 E
33 1960.10.13  2:21:25 45.70 26.40 343 50 90 73 5 253 85 E
34 1961.11.18 03:18:_  45.50 26.70 165 87 90 255 42 75 48 E
35 1962.02.27 21:34:_ 45.70 26.40 358 80 78 98 34 254 54 E
36 1962.08.30  7:46:00 45.50 26.70 345 65 94 72 20 264 70 E
37 1962.11.09  2:14:52  45.80 26.70 132 47  -108 328 77 234 1 E
38 1963.01.14 18:33:24  45.70 26.60 326 54 -90 236 81 56 9 E
39 1963.02.14 13:18:57 44.33 15.12 235 70 -35 193 39 289 &8 D
40 1963.05.19  10:00:08 46.27 14.53 304 60 91 33 15 217 75 C
41 1963.12.02  6:49:05 48.03 16.20 0 70 90 90 25 270 65 D
42 1964.04.13  08:29:59 45.30 18.10 302 55 101 24 10 247 77 B
43 1964.06.30  12:29:59 47.73 15.92 92 90 -1 47 1 137 1 D
44 1964.10.27 19:46:09 47.85 15.95 245 80 -42 196 36 301 20 D
45 1965.01.10  02:52:25 45.80 26.60 348 50 98 72 5 306 82 E
46 1966.09.04 01:29:29 45.77 26.63 5 90 -106 260 43 110 43 E
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Table 2 (Cont.)

No. Date Time %;;)t L((])Er;g Plane 1 P axis T axis Qual.
Srike Dip Rake Azim Plunge Azim Plunge
47 1966.10.02  11:21:45 45.77 26.50 5 50 90 95 5 275 85 E
48 1966.10.15  06:59:19  45.60 26.40 134 84 93 221 39 48 51 E
49 1966.12.14  14:49:59 45.72 26.39 165 48 90 255 3 75 87 E
50 1966.12.29  06:30:02 45.54 26.48 158 63 65 266 15 27 63 E
51 1967.01.29 4791 14.26 105 71 -84 25 63 190 26 D
52 1967.02.27 21:00:42  44.86 26.69 187 71 -32 145 36 239 8 D
53 1968.01.06 10:23:50 45.76 26.46 160 67 -44 118 47 219 10 E
54 1968.02.09 13:22:54 45.61 26.42 220 62 68 326 14 90 66 E
55 1968.10.20  23:15:04 45.81 26.59 129 60 73 231 13 3 70 E
56 1968.11.20  01:51:15 45.65 26.60 345 80 91 74 35 257 55 E
57 1969.01.15 08:46:29 45.62 26.55 344 55 106 62 8 300 74 E
58 1969.04.12  20:38:41 45.30 25.10 137 83 -31 90 26 188 16 C
59 1969.06.01  23:20:29  47.00 14.20 94 78 159 143 6 50 23 C
60 1969.10.26  15:36:51  44.87 17.28 228 88 12 2 7 94 10 D
61 1969.10.27  2:55:34 44.98 17.04 285 50 90 15 5 195 & D
62 1969.10.27 08:10:58 44.92 17.23 246 90 -1 201 1 291 1 B
63 1969.12.31 13:18:33  44.88 17.23 160 70  -128 28 50 277 16 C
64 1970.07.10 47.90 26.90 193 6l 94 280 16 113 74 D
65 1971.07.18 16:18:22 45.71 26.31 131 58 43 252 2 345 51 E
66 1972.01.05 47.80 16.25 145 80 169 191 1 101 15 D
67 1972.04.16  00:03:31 45.53 26.44 55 74 105 133 28 346 58 E
68 1972.04.16  10:10:03  47.73 16.12 205 90 -20 158 14 252 14 C
69 1972.04.16  11:04:44 47.73 16.02 235 77 26 5 8 100 27 D
70 1973.08.20 15:18:__  45.70 26.50 26 78 71 132 31 274 53 E
71 1973.10.23  10:50:__  45.70 26.50 117 56 70 222 9 338 71 E
72 1973.12.12  0:02:38  47.05 14.10 264 87 160 311 12 218 16 C
73 1974.06.20 17:08:28 46.16 15.57 81 89 -40 29 28 134 26 E
74 1974.06.20 17:08:47 46.20 15.91 358 58 -120 210 64 110 10 C
75 1974.06.20  22:26:31 46.19 15.53 240 51 66 347 3 87 71 C
76 1974.07.17  05:09:__  45.80 26.50 82 72 109 158 24 18 59 E
77 1975.02.08 08:21: 45.10 26.00 144 74 21 275 3 7 26 C
78 1975.03.07 04:13:__ 4590 26.60 237 83 31 6 16 104 26 C
79 1976-1979 46.30 13.25 87 63 98 171 18 14 71 A
80 1976.05.06 19:59:06 46.27 13.31 86 72 104 165 26 17 61 E
81 1976.05.06 20:00:11  46.27 13.27 77 70 103 157 24 7 63 E
82 1976.05.07  0:23:50 46.26 13.32 87 70 121 154 19 35 54 E
83 1976.05.08  3:10:06 46.26 13.19 8 59 95 170 14 7 76 E
84 1976.05.09  0:53:45 46.21 13.30 101 56 99 185 10 40 77 C
85 1976.05.10  4:35:52  46.24 13.15 72 63 94 159 18 352 71 E
86 1976.05.11  22:44:01 46.24 13.04 95 63 107 172 17 38 67 C
87 1976.06.08 12:14:38  46.30 13.24 102 61 127 167 9 63 57 E
88 1976.06.26 11:13:47  46.26 13.13 90 71 119 158 21 36 54 E
89 1976.07.14  5:39:34  46.34 13.29 103 63 128 167 10 62 55 E
90 1976.09.11 16:31:11 46.28 13.21 82 61 113 155 13 35 66 E
91 1976.09.11  16:35:02  46.27 13.26 77 76 98 161 31 358 58 E
92 1976.09.12  19:53:28 46.30 13.21 89 66 98 173 20 14 68 E
93 1976.09.13  18:54:46  46.29 13.20 97 65 127 161 12 54 54 E
94 1976.09.15  03:15:19  46.30 13.19 46 59 63 155 10 268 65 E
95 1976.09.15  4:38:54  46.29 13.16 52 80 101 133 34 335 53 E
96 1976.09.15  09:21:19 46.32 13.13 61 68 61 172 18 292 57 E
97 1976.09.15  9:45:57 46.29 13.29 102 63 135 162 7 63 50 E
98 1976.09.15  19:31:11  46.29 13.18 98 62 115 170 14 51 64 E
99 1976.10.01  17:50:__  45.70 26.50 334 48 80 71 3 178 82 E
100 1977.03.04 19:21:54 45.80 26.80 238 76 106 315 29 168 56 E
101 1977.03.05 00:00:__  45.30 27.10 106 86 37 234 22 336 28 D
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Table 2 (Cont.)

No.

102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

Date

1977.04.03
1977.07.16
1977.09.16
1978.02.20
1978.04.03
1978.04.23
1978.06.22
1978.06.22
1978.10.02
1979.03.06
1979.03.08
1979.03.30
1979.04.18
1979.05.31
1979.06.19
1979.08.14
1979.09.11
1980.03.25
1980.12.08
1981.06.28
1981.07.18
1981.08.13
1982.05.16
1982.06.05
1982.07.01
1983.01.25
1983.02.21
1983.02.26
1983.04.14
1983.04.24
1983.08.05
1983.08.25
1983.12.20
1984.10.25
1984.11.30
1985.08.01
1985.08.15
1986.02.09
1986.04.27
1986.04.27
1986.08.30
1986.11.25
1986.12.16
1988.11.29
1989.01.26
1989.01.27
1989.08.18
1990.05.30
1990.05.31
1991.04.27
1991.07.12
1991.07.14
1991.07.18
1991.07.19
1991.08.14

Time

3:18:14
13:13:31
23:48:08
12:13:34
10:49:46
11:23:04
02:33:

2:57:54
20:28:52
13:46:06

15:19:20
07:20:06
10:03:15
18:58:58
15:36:54

19:51:
06:16:27
00:03:
02:58:11
04:03:
17:54:12

07:34:
18:03:
00:57:
14:52:14
06:56:
15:50:50
23:57:
08:26:47
13:58:53
22:25:
14:35:03
04:28:47
17:51:38
00:04:
00:47:
21:28:35
13:59:42
06:22:49

1:23:38
09:42:57
02:55:03

7:26:25
10:40:06
00:17:47
18:44:53
10:42:21
23:59:31
11:56:30
01:27:33
23:26:

Lat
™)

46.29
46.31
46.25
46.44
46.29
46.08
46.75
46.75
45.70
46.40
47.82
47.68
46.33
45.60
46.28
46.32
45.60
47.50
44.40
45.68
45.70
44.84
45.40
45.70
48.48
45.70
45.30
45.62
47.67
45.68
45.95
45.63
46.30
45.63
45.69
45.80
47.06
46.37
45.50
45.50
45.50
44.14
45.07
45.70
47.03
47.04
45.95
45.87
45.80
46.58
45.35
45.43
44.90
45.34
45.52

Long
(E)

13.16
14.36
13.00
13.27
13.17
13.59
21.13
21.13
26.70
13.02
23.31
23.22
13.31
26.40
13.20
13.04
26.50
20.10
27.20
14.14
26.40
17.31
26.40
14.78
22.23
26.70
27.10
26.43
15.14
26.66
14.07
26.49
13.21
14.33
26.52
26.50
18.11
13.02
27.10
27.10
26.50
16.41
14.83
21.50
16.98
16.87
26.82
26.67
26.75
15.19
20.98
21.12
22.35
21.04
21.22

Plane 1

Srike Dip Rake
142 60 100
348 72 90
92 72 106
95 90 -80
145 57 117
175 81 =72
355 719 -144
266 70 42
316 56 93
293 52 76
24 50 102
108 65 -47
315 61 143
233 80 65
8 72 -53
8 82 43
12 77 86
125 66 137
331 89 45
52 90 -1
92 &9 135
71 83 -31
206 81 -15
124 80 140
140 50 96
323 58 131
234 63 108
258 89 110
67 90 -1
155 66 98
95 90 -39
258 80 107
247 54 52
302 89 -96
245 53 128
200 76 150
224 76 -163
279 63 128
30 47 79
294 62 -115
235 66 82
8 70 83
41 50 61
344 85 -32
77 78 -147
155 50  -121
223 85 169
236 63 101
309 69 106
125 75 90
125 80 40
175 57 -123
58 57 -137
199 77 -163
6 46 98

P axis

T axis

Azim Plunge Azim Plunge

225
78
170
15
216
105
222
29
44
33
106
64
11
344
33
133
105
183
96

147
24
161
178
226
25
311
329
22
239
42
333

206
310
252

88
343
128
161
331
185
151
296
303
358
269
318

27
215
250

30
270

63

90

14
27
25
44

8
51
33
12
11

6

5
50

2
31
49
23
32

9
29

1
29
26
17
20

5

5
16
41

1
21
26
33

2
45

1
10
22
10

2
64
21
25

1
26
32
67

4
17
22
30
19
62
52
21

1

71
257

25
175
107
250
121
130
236
151
349
170
280
116
146
238
277

84
205

97

38
122
253

71

87
288
178
187
112

80
147
188

97

38
218
156
356
238
228

42
131
348
243

35
205
266
178
168
244

35
354
288
179
332
351

73
63
60
44
66
33
16
43
79
77
80

8
46
49
19
36
58
47
31

1
31
16

4
35
83
56
67
42

1
68
26
52
60
44
61
31

1
55
82
13
68
64
68
18
13

1
11
70
63
60
35

;

1

3
84

Qual.
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Table 2 (Cont.)

No. Date Time %Na)t L((;Zn)g Plane 1 P axis T axis Qual.
Srike Dip Rake Azim Plunge Azim Plunge
157 1991.09.01 01:16:03 45.47 26.91 242 74 -143 107 37 7 12 B
158 1991.09.17 03:02:01 44.54 22.42 150 65 -139 10 46 273 7 D
159 1991.12.02 08:49:40 45.48 21.12 194 85 -162 60 16 327 9 C
160 1992.02.21 20:50:32  45.46 14.32 156 60 110 231 13 107 68 D
161 1993.05.23  17:19:23  45.36 25.51 335 90 -10 290 7 20 7 C
162 1993.06.01 19:51:10 46.16 16.46 332 84 129 32 28 277 38 D
163 1995.09.12  22:14:05 47.22 18.14 260 81 30 29 14 127 27 C
164 1995.09.18 8:26:10 47.89 18.87 120 75 -80 44 59 202 29 D
165 1996.01.09 1:07:22  47.96 16.49 169 72 27 298 5 31 31 C
166 1996.03.28 6:31:22  46.91 19.25 90 75 -20 47 25 138 3 C
167 1996.09.29  21:45:53  47.30 21.37 235 81 -95 139 53 329 36 C
168 1996.10.03  22:41:00 46.17 15.11 219 72 27 348 5 81 31 D
169 1996.12.03 0:30:57 47.73 16.10 355 80 -120 234 47 109 29 D
170 1997.01.27  0:46:13 44.86 16.11 320 75 -160 183 25 92 3 D
171 1997.03.08 18:53:39  45.89 15.72 235 90 -20 188 14 282 14 D
172 1997.03.30  4:18:04 47.75 16.17 285 90 -25 237 17 333 17 D
173 1997.05.10 19:29:14  48.09 16.70 321 72 153 12 5 279 31 D
174 1997.05.30  19:28:20 47.72 16.05 310 75 -140 176 38 74 15 C
175 1997.06.03  21:01:59 47.73 15.90 160 80 160 208 7 115 21 D
176 1997.06.17 13:33:45 46.45 20.72 350 55 -130 201 58 107 2 C
177 1997.07.16  20:43:31 47.78 17.30 170 90 -150 39 21 301 21 D
178 1997.09.04 1:45:39  47.71 16.16 132 80 -170 356 14 266 0 D
179 1997.11.27 10:40:56  47.26 19.38 45 55 -110 264 72 149 8 D
180 1998.01.18 7:30:08 46.03 16.93 165 80 150 216 13 119 28 D
181 1998.02.26  12:09:22  44.92 17.92 210 90 -30 161 21 259 21 D
182 1998.03.11 11:33:28 47.93 16.42 120 70 -30 78 35 172 5 D
183 1998.04.12  10:55:36  46.28 13.63 130 85 160 178 10 84 18 C
184 1998.04.15 22:42:11 46.31 13.76 20 80 -140 249 35 145 19 D
185 1998.05.08 4:06:54 47.51 18.93 155 55 130 218 2 124 58 D
186 1998.05.27 12:35:45 46.10 16.71 315 85 -150 183 24 85 17 D
187 1998.06.02  20:46:50 46.59 14.33 150 60 -110 19 68 254 13 C
188 1998.06.28  12:19:40 47.49 18.92 60 75 -80 344 59 142 29 D
189 1998.07.05 3:43:12  47.05 19.67 32 80 107 107 33 322 52 D
190 1998.09.29  22:14:52  44.30 20.03 183 85 -120 65 42 298 33 D
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