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The Berhida (Hungary) earthquake of 1985
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With 6 Figures and 3 Tables

Received June 8, 1988, revised paper December 5, 1988

Summary

The earthquake on August 15, 1985, in Berhida in Hungary was widely felt and followed by
more than two hundred aftershocks during several months. Isoseismal maps, derived from macro-
seismic observations and attenuation curves are presented. From the maps a focal depth of b =
= 12km and a related attenuation factor of —0.0065 can be estimated. The focal mechanism
solution shows strike-slip faulting with a nearly horizontal compressional stress axis oriented
E-wW.

Key words: seismicity, focal mechanism, Pannonian Basin.

Zusammenfassung

Das Erdbeben von Berhida in Ungarn am 15. August 1985 wurde weithin wahrgenommen.
Im Verlaufe einiger Monate folgten ihm iiber 200 Nachbeben. Es wurden hier aus makroseismischen
Beobachtungen zusammengestellte isoseismische Karten und Dimpfungskurven vorgestellt.
Auf Grund der Karten kénnen eine Herdtiefe von & = 12 km und ein entsprechender Dampfungs-
koeffizient von —0,0065 geschitzt werden. Der Herdmechanismus weist eine Transversalverschie-
bung auf, wobei die Achse der Kompressionsspannung von Ost nach West verliuft.

Pesiome

3emnerpscenne 15 aprycra 1985 roga B Bepxume (BeHrpHs) XajeKo 3aMedaioch.
Emy crnenoBano Goee 200 adTepIIOKOB B TedeHHE HECKOJIbBKHX MECSHIEE. IIpencraBaens
A30CEHCMMIECKHe HapThl, COCTABJIEHHHIE HA OCHOBE MAaKpOCEMCMMYECKMX NAHHHBIX, a
rakiKe KpUBble 3aTyXaHUA. V13 KapT MOKHO [les1aTh BEIBOJ, YTO [NIy0HMHA odara = 12 KM, a
COOTBETCTBYIOINMIT KO3PPULIMEHT 3aTyXaHUA cocTaBiser — 0,0065. OuaroBoii MexaHn3aM
BBIAIBJISICT MOINEpedHblf CABUI C NOYTH TOPH30HTAIBHON OCBI0 CIRUMAONLeit Harpyskn
¢ HanpaBJjeHuem B—3.

Introduection

Hungary represents a region of low seismicity on the average with two-three
shallow earthquakes above 2.5 my, threshold value being recorded annually by the
Hungarian Seismograph Station Network, with the exception of seismic sequences

* Dr. L. Tétr, Geodetic and Geophysical Research Institute, Hungarian Academy of Sciences,
Meredek u. 18, H-1112 Budapest, Hungary.



L. TétH et al., The Berhida (Hungary) earthquake of 1985 313

as in 1985 or 1956, when the relatively strong event was followed by hundreds of
aftershocks. During the last thirty years, the strongest recorded earthquake (Duna-
haraszti 1956) had a magnitude of 5.5 m;,, (CsoMoRr, 1967).

On 15 August, 1985 (04h 28m GMT), an earthquake of magnitude 4.7 m, (NEIC)
occurred in the western part of the Pannonian Basin. So far, it is one of the largest
earthquakes that has taken place in the area during this century. The shock caused
moderate damage in the Berhida-Peremarton area. Slight damage was reported from
Budapest. The quake was felt throughout western Hungary, at Komarno, at Nove
Zamky and Hurbanovo and at Bratislava, Czechoslovakia. It was also felt at Zagreb,
Yugoslavia and in Burgenland and at Vienna, Austria. The maximum intensity has
been estimated VII on the MSK-64 scale.

Earthquakes in the Pannonian Basin are crustal events, sometimes followed by
geries of aftershocks. The relatively strong earthquake near lake Balaton (Fig. 1),
Berhida on August 15, 1985 was preceded by 3 foreshocks and followed by 29 after-
shocks with a magnitude greater than 3.0. A large number of smaller aftershocks
occurred in the area after the major shocks. At least 226 aftershocks were identified
from 15 August, 1985 to 30 July, 1986.

The main shock was well recorded by many stations providing an excellent op-
portunity to study the focal mechanism.

This paper contains three contributions with different topics on this event. In
the first part, macroseismic information is compiled in maps, and derived attenuation
curves are presented. Further on, the historical seismicity, regional geology and
tectonics are examined. Finally, the fault plane solution and the relationship of the
source mechanism and the tectonic situation in the region are discussed.

Macroseismic and instrumental data

The earthquake caused moderate and some heavy damage, deep cracks in walls,
fall of chimneys, tombstones overturned etc. in the Peremarton-Berhida epicentre
region and at some localities on the shore of Lake Balaton. The maximum intensity
has been estimated VII on the MSK scale.

The macroseismic data were collected from 275 localities in Hungary, and the
distribution of felt intensities is shown in Fig. 1.

The isoseismal map strikingly reflects the different propagation of seismic energy
in NW and SW directions (Figure 2).

The focal depth (k) and the absorption coefficient () were estimated by the Koves-
ligethy formula using the mean radii R(I = 5.5) = 23km, R(I = 5) = 53 km,
R(I = 4) = 112 km. The results are # = 12.4 km and « = —0.0065 with a standard
deviation of 2.5 and 0.0051, respectively.

The negative value of the absorption coefficient naturally is not conform with the
physical idea in the case of energy. But in Kovesligethy’s formula « is defined as
coefficient of attenuation of macroseismic effects of earthquakes and from this aspect
the negative value of o reflects the reality in some cases. ProcaAzkova (1982) made an
effort to solve this virtual contradiction on the basis of holding the assumption of
linear relation between log E (where E is seismic energy) and macroseismic intensity
(I). In our understanding we would rather question this explicit relation as macro-
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Fig. 2. Intensity attenuation in two different (SW and NW) directions
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Fig. 3. The epicentre locations and distribution of the 29 greatest aftershocks

seismic effects strongly depend on the spectral distribution of energy and not only on

the total energy itself.

The epicentre location and origin time for the main shock and major aftershocks
(Figure 3) were computed from arrival times at Hungarian stations. Data from
neighbouring countries, from Czechoslovakia, Yugoslavia and Austria were also used.
The calculation yielded a focal depth of 12 km for the main shock which is in excellent

agreement with macroseismic observations.



316 L. TéTr et al., The Berhida (Hungary) earthquake of 1985
Historical seismicity, regional geology and tectonics

Berhida lies just in the Komarom-Balatonkenese line wich is well-known for its
relatively high seismicity (Fig. 4).

The largest earthquake that occurred on this seismic line is the Komérom earth-
quake of June 28, 1763, with an MSK intensity of IX. The second largest event was
the January 14, 1810, Mor earthquake with an MSK intensity of VIII. It was quite
near to Berhida, the distance is only 30 km.
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Fig. 4. Historical seismicity in the region of Berhida. Prior to the 1985 earthquake
sequence some 700 earthquakes were felt along the Komarom-Balatonkenese line
(dotted line) since 1599. The epicentres of the largest events are displayed in the figure

Prior to the 1985 Berhida earthquake sequence, some 700 earthquakes were felt
along this line since 1599. The epicentres of the largest ones are shown in Fig. 4.

The Berhida region lies in the north-west continuation of the Balaton Basin.
The oldest formation that can be found on the surface is on the NW part of the
territory. The Mesozoic basement rock reaches the surface in tracts with a strike of
NE—SW direction in this region. This formation consists of mostly Triassic dolomite
and limestone.

Most of the region is covered by Quaternary sediments. This is partly Pleistocene
river sandy gravel, partly aeolian soil.
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Table 1. Epicentre location and origin time for the main shock and major aftershocks

Origin Time Lat. (N) Long. (£)  Area of localisation
error ellipse (km?)
15 August 1985 4h13m16.1s 47.26 18.07 173 -

4hl16m 9.5s 47.22 18.18 81
4h18m25.2s 47.38 18.21 291
4h28m47.1s 47.06 18.11 50
4h42m34.8s 47.22 18.21 205
4h44m33.5s 47.12 18.12 48
4h51m4l.ls 47.01 18.26 532
5h29m20.5s 47.13 18.13 190
6h12m40.2s 47.12 18.09 148
8h58m58.1s 47.14 18.14 59
9h 4m194s 4713 18.38 570
9h 5m33.7s 47.14 18.11 157
9h54m 6.7s 47.06 18.13 13
10h 53 m18.5s 47.16 18.08 24
21h 10 m 20.8s  47.13 18.13 42
22h 57m 51.1s  47.01 18.17 253
16 August 1985 Oh45m 3.2s 47.14 18.22 127
17h12m 59.9s 47.13 18.22 64
17h25m 14s 47.19 18.15 32
20h 50 m 30.4s 47.15 18.15 18
17 August 1985 8h44m 19s 47.03 18.14 55
18 August 1985 12h 28 m 35.4s  47.03 18.09 85
16 h26m17.8s 47.08 18.07 77
19 August 1985 6h16m29.1s 47.14 18.04 14
11h14m31.8s 47.09 18.14 15
21 August 1985 16 h 33 m 57.58 47.07 18.23 48
29 August 1985 12h36 m59.2s 47.16 18.18 72
4 Sept. 1985 10h04m164s 47.16 18.22 152
10 Sept. 1985 0h38m374s 47.09 18.18 28

The pre-Cainozoic basement has a tract structure in the Berhida region. These
tracts have a strike of NKE —SW direction with congestion zones on their sides. There
is such a striding zone just below Berhida with a NE—SE trend.

The structures of both the Berhida region and the surrounding territory are disrupt-
ed by faults. On aerial photographs and on satellite photos one can clearly see that a
striding zone trends NE, and also a number of faults with perpendicular strikes (Fig. 5)
does so.

Fault plane solution

The conventions for the various parameters used to describe the fault geometry
and focal sphere are the same as defined by Axr and Ricuarps (1980). The strike
directjon is measured clockwise round from north, with the fault dipping down to the
right of the strike direction. The dip direction, is measured down from the horizontal
perpendicularly to the strike. Slip vector u is taken as the direction of the hanging
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Table 2. List of stations used in the focal mechanism determination

319

station azimuth  distance  direction of station azimuth distance direction of
code (in deg)  first arrival code (in deg)  first arrival
SOP 302 1.2 C STU 289 6.2 C
VKA 317 1.7 C LLS 271 6.2 D
ZAG 230 1.9 D PVL 125 6.4 D
JOS 48 2.2 D SLE 280 6.5 D
LJU 249 2.6 D VAY 149 6.6 C
MOA 289 2.7 C ZUL 277 6.6 D
CEY 244 2.8 D KBN 162 6.7 C
VoY 252 3.1 D BUH 287 6.8 D
KRA 22 3.2 D MMB 141 6.8 D
KBA 272 3.2 D KRL 290 6.8 D
SAR 175 3.2 C PLD 134 6.9 D
TRI 247 3.3 D FEL 280 6.9 D
DEV 108 3.3 C MMK 266 7.0 D
KHC 306 3.6 Cc TNS 300 7.1 C
BHG 283 3.6 D LSK 164 7.1 C
PRU 323 3.7 C GWF 289 7.3 D
KSP 343 3.9 C CFR 101 7.3 D
WET 303 4.1 C DIM 130 7.4 D
BRY 175 4.2 C DIX 266 7.4 D
NKY 171 4.3 C KDZ 133 7.5 D
HCY 176 1.6 C ROF 279 7.6 D
BRG 326 4.7 D BGG 298 7.8 D
TTG 169 1.7 C PSN 112 7.9 D
GAP 277 1.8 C - BNS 303 8.2 C
OGA 270 4.8 D STB 300 8.2 C
BCI 162 4.9 Cc GSH 300 8.5 C
CMP 108 5.1 D MEM 299 8.7 D
SDA 168 3.1 C ENN 299 8.8 C
HOF 311 5.2 C cor 340 9.3 c
KKS 161 3.3 C EZN 137 9.4 D
CLL 324 5.4 D DOU 294 9.4 C
0SS 269 5.4 D DST 130 10.7 D
MOX 312 5.6 C APO 351 13.7 C
SKO 153 5.6 C LGR 260 15.3 C
PHP 162 5.6 D ETA 299 16.6 D
VTS 139 5.8 C JER 133 20.1 D
TIiR 167 3.8 D MOI 133 20.2 D
DUI 207 5.9 c EVAL 252 20.6 C
VDL 268 3.9 D LIS 257 21.5 D
SAX 275 3.9 D BNG 179 42.5 D
BD1 243 6.0 D BCAO 179 42.5 D
VRI 98 6.1 D BUL 169 67.5 D
SD1 211 6.2 C RLO 310 77.8 C
1SR 105 6.2 C TUL 311 78.4 C

wall, relative to the foot wall. The rake is the angle between strike direction and

slip.

The first motion of the P-wave displacement was studied on the focal sphere, and
a stereographic projection of the lower hemisphere is displayed. P-wave first motions
shown in Table 2 consist of readings from local, regional and teleseismic distances.
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Table 3. Local crustal model in calculation of angle of emergency

h (km) vp (km/s) vg (km/s)
0—18 5.6 3.2

1826 7.1 4.1

> 26 8.0 4.6

A lot of the data was read by the authors, and other data were derived from bulletins.
For stations at an epicentral distance of more than 20° no ambiguity exists for the
angle of emergency from the focal sphere. However, for epicentral distances of less
than about 20° multipathing in the upper mantle can complicate the calculation of
the appropriate emergent angle. P-wave first motions in the epicentral distance range
from 2° to 10° were considered to be Pn phases. For the calculations the focal depth
was fixed at 12 km.

We had used a simple three-layer crustal model to interpret the propagation path
for Pg and Pn phases observed at local and regional distances (Table 3). Using the
Guinn and Loxne (1977) algorithm to determine all possible regions of P, T and B
axes, the same mechanism was obtained.

The focal mechanism solution shows strike-slip faulting with a nearly horizontal
compressional stress axis oriented E—W. Nodal planes with strikes 227° and 136°
and with respective dips 77° and 76°, as displayed in Fig. 6, fit the observation data.

Fig. 6. P-wave first motions at 88 different stations for the Berhida earthquake of 1985.
Solid circles indicate compression and open circles dilatation. The focal mechanism
solution shows strike-slip faulting with a nearly horizontal compressional stress axis
oriented in E-W direction. A lower hemisphere stereographic projection of the focal
sphere is displayed
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Due to the facts that strikes agree with the two general trends of tectonic lines in
the area, and that the depth of focus is as great as 12 km, we are not able to discrimina-
te between the nodal planes on the basis of surface geology. The plane with a strike
of 227° shows an oblique-normal fault with a slip angle of —166°, close to a pure
dextral strike-slip fault. The second nodal plane with its strike of 136° also gives
oblique-normal faulting with a slip angle of —13°. This is nearly a pure sinistral
strike-slip fault.

Only very limited information on a stress field for the Carpathian Basin is available.
The studies of recent tectonics of the area (HorvarH, 1984, GRUNTHAL and STRO-
MEYER, 1986) suppose dominant compressive stresses directed N —S. However, the
focal mechanism solution presented here resulted in a stress axis oriented E—W.
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