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Abstract

During the last hundred years, the period of instrumental recording of earthquakes, there has been a high seis-
mic activity in the territory of Bulgaria. There are reasons to believe that similar activity had been demon-
strated during the historical and geological periods. This is retrieved by the traces on archaeological monu-
ments and their geological surrounding, left by violent earthquakes. The present article considers examples of
destruction and deformations on sites dating from different historical periods, Thracian tumuli and dwellings,
antique and medieval as well as from the time of the Renaissance. There is an area of common interest involv-
ing problems that can be solved by mutual co-operation. The findings of such studies could be beneficial to all
three sciences.

Key words  Bulgaria — paleoseismicity — archaeol- 20th century B.C. (Catalogue of Earthquakes,
08y — geomorphology 1974). The natural geographic locations of the
country’s territory suggest that strong earth-
quakes were observed and have been caused
by local factors both within the limits of pre-
sent-day Bulgaria and in neighbouring territo-
ries. This means that in order to assess objec-
1.1. Modern and ancient seismicity tively the historical and the present seismic ac-
in Bulgaria tivity in the region, it is necessary to consider
the entire central part of the Balkans, i.e. an
The territory of Bulgaria as a part of the area that is approximately four times larger
Balkan Peninsula is in a complex geodynamic than the size of Bulgaria today.

1. Introduction

situation. More than 60 types of destructive The historical part of the catalogue of earth-
processes on Earth have influenced the mate- quakes in Bulgaria and the neighbouring lands
rial culture and the living environment of soci- (Catalogue of Earthquakes, 1974; Grigorova

ety. Earthquakes are among the phenomena and Christoskov, 1974) (Central Balkan Penin-
with the most significant consequences sula) covers a total of 175 earthquakes for the

throughout the entire territory of Bulgaria, be- period from 479 B.C. until 1891, the earliest
cause the Balkan Peninsula is one of the most documented local earthquake being from the
seismically active areas in Europe. Earthquakes Ist century B.C. in the region of the town of
have been known here since remotest antiquity, Kavarna (ancient Bizone) on the Black Sea. It

the most ancient earthquake being dated to the is believed that for strong earthquakes with a
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magnitude M > 7 this catalogue is representa-
tive since the beginning of our era, for the
magnitude interval M = 6-7 — since the 4th
century, and for M = 5-6 documented at pre-
sent — after the 10th century. In practice, these
are the earthquakes which may have caused
damage and destruction to archaeological mon-
uments and buildings. The evaluation of the
seismic activity involves a number of specific
research areas related to the detection investi-
gation and analysis of historical evidence and
documents (Christoskov, 1987). Contemporary
and historical seismic activity for the period af-
ter 50 B.C. is reflected on the map of the epi-
centres, and the most probable distribution of
the seismic source zones of the strong earth-
quakes on the country’s territory is given also
in fig. 1. For the moment, these maps are the
only sources of background information about
the distribution of the seismic activity in the
territory of the country.

1.2. Ancient remains as potential sources
of seismic information

The only sources of background information
about the seismic activity in the country during
the early historical periods for which historical
evidence is scarce or lacking altogether, can be
found in the traces of that activity on archaeo-
logical monuments and their geological envi-
ronment. This type of source data can be sup-
plemented both by studying newly-discovered
monuments and by reinterpretation of known
ones. The possibilities of using the archaeolog-
ical source basis depend both on the character
of individual categories of archaeological sites
and on the subjective interest of researchers.
The Bulgarian lands during the 1st millennium
B.C., to which the earliest evidence has been
dated, are characterised by the domination of
tumuli containing impressive stone tombs,
whereas the settlements and the urban centres
have been less investigated and seldom had
more massive construction in them. Joint ar-
chaeological, seismological studies on archaeo-
logical monuments and their environment, on
the deformations and reconstruction with a
view to reconstructing earlier historical or nat-
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ural processes, are of equal importance for
completing the database on the country’s seis-
mic activity, as well as in connection with the
more correct interpretation of historical events,
and — last but not least — for solving the prob-
lems of the protection of the archaeological
heritage.

The principle of co-operation and mutual
control on the observations of individual spe-
cialists in palaeoseismic studies guarantees the
maximum objectivity of the scientific conclu-
sions. In this connection, it would be expedient
for all evaluations of damage and destruction
in archaeological monuments and sites to take
into account the observed and the predicted
fields of the seismic activity in the country
(fig.1), together with the geological conditions.
These fields are the most probable areas, as lo-
cation and intensity of the earthquakes, which
can, or rather which could have caused the de-
struction of certain archaeological monuments,
depending on their distance from the seismic
sources. Among the numerous archaeological
sites in Bulgaria bearing traces of seismic im-
pacts, the present study presents only some
cases in which it was possible to engage in
more in-depth studies and to extract new data
in the sphere of palaeoseismic studies.

2. Vaulted graves at Sveshtari
and Vurbitsa

2.1. General information

Data on possible seismic manifestations,
known from the Late Iron Age by the destruc-
tion observed in the tumuli containing tombs
near the village of Sveshtari (Gergova et al.,
1993), can be further expanded by the observa-
tions on the tomb under a tumulus near the vil-
lage of Vurbitsa, dated to the 5th-4th century
B.C. (excavation of G. Atanasov) and located
about 80 km to the South.

The region in which the tumuli near
Sveshtari and Vurbitsa are located forms a part
of the hilly Danubian Plain, built of Lower
Cretaceous karstified and fissured limestone,
covered by about 10-30 m thick loess sedi-
ments. The limestone and the loess contrast
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Fig. 2a-f. Tombs near the village of Vurbitsa (5th-4th century B.C.) and in the Sveshtari Necropolis
(2nd half of 4th and the beginning of the 3rd century B.C.). a-c) The tomb in Vurbitsa bears traces of a weaker
seismic impact with respect to the ones observed at Sveshtari necropolis (about 80 km nearest to Doulovo
scismogenic area). In this tomb one observes only block displacement; no [laking, no breaking otf, no destruc-
tion. AL the top of fig. 2d-I: a plan of preserved tomb No. 13 at Sveshtari (the least damaged among the ones
already excuvated in this funerary complex), [rom the point of view of photos 2d. 2¢ and 2f. d. ¢) Symmetrical
flaking of the roof blocks and lateral opening of the chamber (see arrows), both due to the born high vertical
pressure. ) Opening of the blocks in the roof of the same tomb forecast its fall.
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Fig. 2g. The tomb under tumulus No. 12 at Sveshtari. that were completely destroyed with a semi-preserved
posterior wall.

sharply in their physico-mechanical properties
including acoustic stiffness, forming a two-
layer geomechanical model of the terrain on
which the tumuli have been built, With such a
geological structure and relatively flat relief,
the deformations of the construction and of the
surrounding terrain may be caused by sinking
of the loess produced by seismic impacts.

2.2, Description of the graves

The tumuli in Sveshtari, dated in the second
hall of 4th and the beginning of the 3rd cen-
tury B.C., were built in observance of certain
ritual construction principles, A comparison of
the proportions of the size of the tombs and
mounds shows that they formed a single com-
plex: the length of the sepulchre is one fourth
of the tumuli radius. The tombs are located in
the third quarter of that length in the south-
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eastern parts of the mounds (Gergova, 1992).
The shape of the tumuli containing the dam-
aged and studied tombs at Sveshtary and Vur-
bitsa, is pseudo-conical with an elliptical base
and main axe oriented NW/SE (as a large part
of the Bulgarian tumuli), with a height ranging
between 6 and 17 m. The tumuli were built on
a layer of well compacted grey clay. which
was probably obtained from the leached layer
of the recent soils. The compaction was very
good since dry density (1.90 gfcc) can be
reached only after considerable compaction
work (Evstatiev et al., 1993). The embank-
ments of the tumuli show an interlayered struc-
ture of compacted loess and clay. sometimes
containing thin layers obtained by accurately
disposed stone flat fragments. The four investi-
gated Hellenistic tombs in Sveshtary and the
tomb in Vurbitsa are similar in shape and size;
they have a rectangular plan, small dimen-
sions (6-20 m*) and a semi-cylindrical vault
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(figs. 2a-g). The thickness of the walls is about
0.50 m for the transverse wall and it ranges be-
tween 0.80 and 1.50 m for the longitudinal
ones (Gergova et al, 1993). The tombs in
Sveshtari are built of limestone blocks ar-
ranged in two vertical rows, with a filling of
crushed stones of the same material; the tomb
in Vurbitsa is built of sandstone blocks that are
surrounded by a lens of fluvial pebbles, com-
ing relatively far from the site and constituted
by the same arenaceous material. The tomb
blocks are well or rough finished only in their
internal faces.

2.3. Deformation of graves

Of the four investigated tombs in Sveshtari
two proved to be strongly deformed and the
other two almost entirely destroyed. Tomb
No. 12 in Sveshtary was discovered to have a
destroyed vault with the part facing the north-
western lunette and two parallel blocks from
the south-western corner having fallen in
(fig. 2g). The fallen stone blocks were cleared
away, and the tumulus above it was restored
again in the destroyed part. In tumulus No. 30
only part of the walls has been preserved; the
conical fissures on half a remaining column
suggest that they had been subjected to strong
vertical pressure. The other remaining two in-
vestigated tombs in Sveshtary, that have been
completely preserved, show large deforma-
tions, in horizontal block shifting, twisting,
cracks and shock-type deformation, symmetri-
cal and systematic flaking of the vault-blocks
as unambiguous consequences of a sudden
high vertical pressure (Gergova er al., 1993)
(fig. 2d-f). Similarly, the tomb in Vurbitsa
shows light displacements and twisting of
blocks, at the entrance and in the first chamber
(fig. 2a-c).

The restoration of the tumular embank-
ments, after the ruins of the destroyed tombs
have been cleared and the existence of rein-
forcing braces in one of them, suggest that the
hypothetical proposed earthquake took place
soon after they were built, or even at the time
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when some of them were still open for certain
rites to be performed in them.

The possible causes of all observed defor-
mation are, theoretically, the natural ageing of
the limestone, possible settling of the ground-
basement and seismic impacts. Nevertheless,
looking at the characteristics of the observed
deformation that denote significant horizontal
stress and sudden high pressure, we have to as-
sume a different rule for the above hypotheti-
cal causes, attributing to the seismic impacts
the main visible effects and damage and to the
other destabilizing factors only a secondary
importance.

3. Chirakman Cape - The ancient city
of Bizone

3.1. Destruction of the city

Among the few Thracian centres investi-
gated, special interest is aroused by the city of
Bizone located on the easternmost part of Chi-
rakman Cape, close to the present-day town
Kavarna on the Northern Black Sea coast. Its
catastrophic destruction by an earthquake has
been mentioned by many ancient authors.

In the «Catalogo dei Terremoti» (Gui-
doboni, 1989), the end of Bizone has been
attributed — following the written indications
given by Posidonio — to sinking caused by
earthquake; this sinking happened in an uncer-
tain age, between the Bura earthquake (373
B.C)) and the 1st century B.C. (the time of
Demetrio di Callatis who gave the information
of such event to Strabo). In the «Catologo dei
Terremoti» the date of the sinking is orienta-
tively assigned to the 3rd century B.C. In the
same book the sentence of Strabo is reported
as follows: «between and Apollonia there is
Bizone that was almost entirely swallowed up
by earthquakes».

The actual observation on the morphology
of the site clearly denotes that the end of the
city was caused by a fall-type landslide, sunk
in the sea. On the basis of archaeological data
collected in Bulgaria the abandonment of the
ancient city dates back to the Ist century.
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Fig. 3a,b. The town ol Balchik (ancient Dionisiopolis) built on an inter-layered system with dominant lime-
stone in the upper part, over a sequence of marly and clayey levels at the base. The massif is affected by seri-
ous slidings. susceptible to remobilization by seismic shock and today showing a continuous creep aclivity.
a) View of the coast north of Balchik.
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3.2. Physiography and geology of the area

The tall Chirakman Cape rises 120 m above
sea level in its eastern part. It is built entirely
of middle Sarmatian horizontal layers. As a
mechanical model, this is a stratified sandwich-
type system, consisting of white, porous, soft,
marly limestone, intercalated by relatively hard
and fractured limestone, less frequently by
clayey layers. Marly limestone predominates in
the visible part of the profile above the level
of the sea. It has a low volume density of
1.30 x 10* n/m* and high porosity up to 54%.
Its cohesion is 8 x 10° N/m’, the angle of inter-
nal friction is 30 ¢ and the velocity of the lon-
gitudinal waves 1400 m/s. With such parame-
ters, this massif has a low wave resistance,
high brittleness, and is hence susceptible to de-
struction and deformations caused by seismic
shocks (figs. 3a,b and 4a), all the more that
ground and underground waters, where exist-
ing, also have a strong negative influence on
the physico-mechanical properties of rocks of
this type.

3.3. Landslides

Geological and archaeological research has
shown that Bizone was located at the end of
Chirakman Cape, where ceramic fragments are
found to this day. The southern part of the
Cape collapsed, together with a part of the city,
and sank into the sea, where ceramic frag-
ments, remnants of walls, etc. have been found,
chaotically mixed with rock masses below sea
level (figs. 4b,c).

The morphology of Chirakman Cape on the
sea front side denotes an evolution by falls,
whose cause is in relation to the combined ac-
tion of seismic activity and sea abrasion. Previ-
ous studies have pointed out the rule of seismic
shock on the landslide mobilisation in this
area, where — from a geotechnical point of
view — the outcroppings are constituted by
brittle materials (Evstatiev and Rizzo, 1984;
Kamenov er al., 1972). As a recent example
we recall the landslide of Momcil, about 15 km
south-western from the site), caused by a fall
following the earthquake at the beginning of
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this century, that moved down, in a similar
slope, about 20 million cubic meters (Evstatiev
and Rizzo, 1984) (fig. 4a).

The result of seismic activity can still be
seen in the frontal part of the cape, towards the
sea, by the open fissures running parallel to the
angle of the front of the cape, where we can
observe recurrent slidings below them. The
landslide-bodies at the base of Chirakman
Cape have been destroyed by abrasion; they
have been preserved in the lateral side, where
one can observe the rounded relief typical of
this material. The landslide that tore off the
frontal part of the cape so that it fell in the di-
rection of the valley and in the present-day
harbour (the right side in figs. 4b,c), is of great
interest. The terrain has been subsequently sta-
bilised and new industrial buildings were later
erected there. By causing abrasion of the shore,
the sea has exposed the transverse profile of
the landslide and it is possible to see the typi-
cal landslide elements, destroyed rock blocks,
sloping layers, disturbed zones, a steep sliding
surface which distinguishes the immobile mas.-
sif with horizontal layers from the strongly dis-
turbed landslide body.

4. Discussion

From the maps of the epicentres and the fo-
cal zones (fig. 1), it can be seen that the
Doulovo seismic source zone is the closest one
to the two investigated vaulted grave sites;
Sveshtari is localised in immediate proximity
to the western end of that zone, while Bizone
is localised near another closest seismogenic
area.

The damage and destruction in Sveshtari
bear traces of strong impacts (displacements of
heavy stone blocks, fissures in them, collapsed
vaults, etc.) (figs. 2d-g); while the effects near
Vurbitsa, 80 km to the South, are weaker,
probably by one intensity degree according to
MSK macroseismic scale, hence they can be
associated with longer-lasting impacts (open
joints in the construction elements, displace-
ment of blocks, rare appearance of cracks, no
collapsed roofs) (fig. 2a-c). This picture sug-
gests that the damage and destruction of two
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Fig. 4a,b. The Black Sea Coast near Chirakman Cape. a) Geomorphology of the Coast between Balchik and
Kavarna, at the border of Misia Platform, showing wide spreading of landslides and related sea erosion
(marked by triangles) (from Kamenov et al., 1972; modified by Evtatiev and Rizzo, 1984). b) Geomorphologi-
cal sketch showing the landslides that destroyed the Cape and the ancient town of Bizone during an earthquake
(within the second half of 4th and 1st century B.C.).
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Fig. de. The Black Sea Coast near Chirakman Cape. Current view of Chirakman Cape showing reeent cracks
(arrows) and remains of the ancient landslide-bodies containing archacological fragments (dotted arca; the big
arrow shows the probable provenience of the slided material that involved the ancient town of Bizane).

archacological sites were caused by one and
the same earthquake, most probably coming
from the Doulovo source area, bearing in mind
that the zone can gencrate earthquakes with a
magnitude of up to M = 7.5 of the Richter
scale. This means that Sveshtari earthquake
(upproximately M = 7.0) can prove to have
been of an intensity 9 (MSK scale) and even
higher on the carth’s surface (40-35 km radius
for intensity 9), Vurbitsa being of intensity 8
(65-100 km radius). We have also taken into
account the fact that both archaeological finds
belong to the category of underground archae-
ological sites, hence the impacts on them
would have been weaker than the on anything
built overground, which lends support 1o the
hypothesis of the proximity to the source of
seismic waves.
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Altributing the destruction in both sites to
the same earthquake could also be supported
by the fact that the average — and hence the
most probable — interval between two earth-
quakes of a similar intensity, in our opinion.
exceeds 300 years, which is beyond the
chronological framework within which the
cited archaeological sites are examined.

The coincidence between historical evi-
dence on the fate of Bizone and current
geomorphological observation of that place
(fig. 4b,c) suggests that the destruction of a
large part of the cape in a southern and castern
direction caused by massive landslides was in-
duced by strong earthquakes, in a period be-
tween the 1st and the 4th century B.C. During
the same events the town of Dionisiopolis (mod-
crn Balchik) was probably damaged. This last
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town was an ancient city not yet well investi-
gated from the geoarchaeological point of
view, sited on a prehistoric landslide, still ac-
tive today and susceptible to seismic remobi-
lization (Evstatiev and Rizzo, 1984). In any
case, we cannot exclude that the damage ob-
served in the Sveshtary area might be related
with landslidings at Bizone.

The hypothesis launched about a possible
earthquake in the Doulovo seismic zone in the
period between the Sth and 3th century B.C.
cannot be verified through other archaeological
sources for the time being, because no archaeo-
logical evidence dated to that period has been
discovered yet. This does not mean that there
were no such events, but rather that there are
no data or observations for their reliable docu-
mentation. In the course of future studies in the
region of north-eastern Bulgaria (100 km ra-
dius around Sveshtari) it would be particularly
important for the newly-discovered archaeo-
logical sites from that period to be very care-
fully investigated with a view to detecting pos-
sible traces of damage or destruction caused by
earthquakes. Among the other archaeological
sites which currently provide information on
seismic impacts, but still require more detailed
exploration, one should also mention the Thra-
cian tomb near Strelcha in Southern Bulgaria
(excavation of G. Kitov), the Roman towns of
Novae Nicopolis at Istrum in Northern Bul-
garia, as well as the Termae of Nicopolis at
Nestum, along the Mesta River, in Southern
Bulgaria, destroyed by an earthquake in the be-
ginning of the 4th century A.D., which affected
other urban centres of the Macedonian
province as well.

The examples cited above, as well as the ar-
chaeological sites marked for further more de-
tailed observations and research, suggest the
importance of joint studies, uniting the poten-
tial of the three scientific domains, for recon-
structing historical and natural processes in the
past, for discovering phenomena that have not
been familiar so far and for adding new infor-
mation to the evidence contained in the written
sources.

Other Mediterranean countries (Turkey,
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Greece, Italy and Spain) are also characterised
by such intensive occurrence of archaeological
monuments and seismic activity. Therefore,
closer contacts in this respect are more than
desirable, with a view to comparing the evi-
dence on seismic phenomena that had a simul-
taneous impact on the territory of these coun-
tries, as well as with a view to introducing
more sophisticated methods for paleoseismic
research.
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