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Abstract

The authors seek to correlate geomorphological and archaeological markers in order to trace the evolution of

the Croatian shoreline over the past two thousand years. In the limestone along the Adriatic Sea coast of
mainland Croatia from Porec to Zadar as well as on the islands of Cres, Rab and Pag, a submerged tidal notch
between 0.5 m and 0.7 m below sea-level exists. The only exception is in Bakar Bay, where the notch reaches 1.15
m below present sea-level. Numerous archaeological remains in the same area indicate a sea-level change of 1.0-
1.5 m during the past two millennia. In the Zadar-Sibenik region, archaeological remnants reveal a submersion
of at least 1.5 m. At numerous sites, no notches were found; therefore, in that part of the coast the obtained
results could not be correlated with a geomorphological marker. As far south as Korcula and Dubrovnik, notches
occur only sporadically and unfortunately no appropriate archaeological markers were found there. Data were
further correlated with recent tectonic movements and tide gauge measurements.

Keywords: Sea-level, Notch, Archaeological remnants, Croatian coast

Introduction

The Croatian shoreline was recognized long ago
as one that has undergone submergence at an
earlier date (Gnirs, 1908'Andrija§evic 1909). Late
Pleistocene-Holocene sea-level rise preoccupies
numerous authors, such as Segota (1982), Benac
and Juracic (1998), and Suric et al. (2005). Many
historians and archaeologists have attempted to
estimate the degree and rate of the two millennia of
sea-level change from submerged archaeological
remains. For example, Degrassi (1955) estimated a
change of at least 1.5 meters. Vrsalovic (1979) and
later Kozlicic (1986) proposed a change of 2.0 m.
Segota and Filipcic (1991) calculated that Iron Age
sea level was 3.1 to 1.96 m below the present level.
The study of tidal notches as indicators of sea level
change along the Croatian coast was initiated by
Pirazzoli (1980). Later, Benac (1989, 1992, 1994)
studied the presence of a notch in Rijeka Bay.
Pirazzoli (1980) and Benac et al. (2004, 2008)
mentioned the possible coseisimic submergence of
the notches. Submerged marine notches, as well as,
the archaeological remains along the Istrian coast
also recently have been studied by Antonioli et al.
(2004, 2007).

Geology of the Adriatic area
GeoActa, Special Publication 3 (2010), pp. 125-133.

Since 1999, we have been gathering data con-
cerning the evolution that has occurred in the
Croatian shoreline over the last two thousand
years. In our work we seek to systematically cor-
relate geomorphological and archaeological mar-
kers from various points along Croatia’s Adriatic
coast (Fouache et al., 2000, 2004, 2005; Faivre and
Fouache, 2003). The main geomorphological
marker used is the tidal notch, which is considered
one of the best indicators of sea-level change
(Pirazzoli, 1986), particularly in low-tide seas such
as the Mediterranean. Such a geomorphological
marker can be correlated with man-made shore-
front structures found in the archaeological re-
cord. Combined, the history of sea level change
can be deduced.

Methods

A series of dives have been carried out to detect
potential fossil submerged notches in limestone
cliffs. The creation of such notches primarily is
due to bioerosion at the tidal zone, which reveals
where shorelines existed in the past. Following the
methodology developed by Flemming (1979-80)
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Fig. 2 - Submerged notch in Porozina Bay, Cres Island.
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and Pirazzoli (1980), from Degrassi (1955) and
Vrsalovic (1979) submerged archaeological re-
mains were selected which were related to the
ancient marine environment, such as jetties, har-
bours, and fish-ponds and referring whenever
possible to archaeological sources. The areas
concerned then were surveyed and evidence of
ancient sea-levels was sought. In order to correct
our measurements to present mean sea-level,
daily tidal range curves were used.

Results

About seventy locations along Croatia’s
Adriatic coast were explored. As a result of those
investigations, we roughly divide the Croatian
coast into three major regions: the Istrian Pe-
ninsula and Kvarner coastal regions from Porec to
Zadar (Istria-Kvarner); the coastal region be-
tween Zadar and Sibenik (Zadar-Sibenik); and
the coastal region between Sibenik and the Pre-
vlaka Peninsula (Fig. 1). This paper will address
each of these areas in turn and discuss our find-
ings in each.

The Istria-Kvarner region

Work began at Catoro Peninsula on the Istrian
Peninsula in 1999. A submerged notch 0.5 to 0.7 m
below present sea-level was found at many dive
sites between Porec and Zadar, as well as on the
islands of Krk, Cres (Fig. 2), Losinj, Rab and Pag.
In the Istria-Kvarner region the submerged notch
is quasi-continuous. The only exception is the area
between Kostrena and Bakar Bay where the notch
is 0.7 to 1.1 m deep (Benac er al., 2004). It is im-
portant to note that the notches display different
morphologies depending on exposure and lithol-
ogy.

Fortunately, the Istrian Peninsula is character-
ized by numerous Roman-era archaeological re-
mains. The most important for sea-level in-
vestigations are those which have a direct con-
nection with the sea, such as remnants of ports
and fish ponds. The remains of the Roman harbor
at Sveti Ivan Bay (Fig. 3) reveal that the founda-
tions of the Roman jetties go down more than five
meters. Their top parts are now at 1.0 m below
sea-level. It is particularly important that the
connections of these jetties to the mainland, a few
meters away from the present shore, are now be-
neath 0.4 m of water. It is possible to infer from
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this that the average sea level rise from the first
century C.E. cannot have highly exceeded 1.0 m.

The situation is similar in Valeta Bay (Fig. 4).
Despite drastic human reshaping of the shoreline,
following Degrassi’s (1955) descriptions we iden-
tified one submerged Roman-era jetty consisting
of large limestone blocks totaling 35.0 m in length
and 10.0 m in width. It begins 5.0 m from the shore
at a depth of -0.75 m. These stone blocks probably
represent the basement; of course, the jetty was
higher.

The third jetty was discovered in Busuja Bay
(Fig. 5). It is 27.0 m in length and only the base-
ment blocks are preserved today. Their upper
portions are now -1.4 m below sea level (Fouache
et al., 2004).

The second type of archeological remains pre-
sent in the area is fish ponds. In 2002 the Kupanja
fish pond, which consists of a few basins, was in-
vestigated. The in situ blocks closest to the shore
were -0.6 m below sea level (Fig. 6). The deepest
point did not exceed -2.7 m. The same values were
obtained at the Katoro fish pond (Fouache et al,
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Fig. 4 - Submerged jetty in Valeta Bay.
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2000) as well as at the fish pond in Verige Bay on
Brijuni Island (Fig. 7). Well preserved remains of

a Roman jetty also were discovered in Verige Bay
(Fig. 8).

The Zadar-Sibenik region

Down the coast from Zadar the geomorpholo-
gical context changes: the slopes are gently in-
clined and the relief is low. In this area no trace of

either present or submerged notches were found.
In the whole region of northern Dalmatia, the
markers of corrosion and biocorrosion which
could be used as sea level indicators are absent.
However, submerged Roman remains dating from
the first and second centuries C.E. are abundant.
The positions and depths of these numerous ar-
chaeological remnants point to a submersion of at
least 1.5 m.

Particular significance has been assigned to fish
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Fig. 8 - Submerged remains of the Roman fishpond and jetties in Verige Bay on Brijuni Island.

ponds. Unfortunately, no marker was derived
from one located at the foot of the Roman villa of
Mala Proversa because it was almost entirely de-
stroyed during the digging of the navigation
channel. The second one on SvrSata Island is re-
latively well preserved (Fig. 9). The archaeological
topographical measurement of its outline shows
that the depth at which the breakwater structures
(which protected the fish pond) join the shore are
today between -1.3 and -1.4 m beneath sea level
(Fig. 10). This indicates submersion of at least 1.5
m.
The port jetties at the Kumenat and Polacine
sites east of the island of Pasman, provided similar
indications. The jetty structures begin to appear at
a depth of -1.4 m in the Kumenat area and at -1.6
m in the Polacine area. The latter is particularly
interesting because of a long wall built on land
which presently is -1.2 m under the sea (Fouache
et al., 2005).

The Sibenik-Previaka region

South of Sibenik there is a complete lack of
appropriate archaeological markers useful for the
reconstruction of past sea-levels. Therefore, geo-
morphological markers were sought. Seventeen
sites in the region from Split to the Prevlaka Pe-
ninsula were explored and two interesting loca-
tions were found. The most intriguing was on the
island of Korcula, where the coasts primarily are
formed in Cretaceous limestone beds that have a
steep inclination, often in excess of thirty degrees.
We investigated seven sites: two on the north
shore of the island and five on the south shore. In
the northern sites no notches were identified, but
in the southern ones a submerged notch was
found at -0.4 m = 0.1 m below present mean sea
level (Fig. 11).

Further to the south, from Dubrovnik to the
Prevlaka Peninsula, a few dives have been carried
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Fig. 9 - Photo of the submerged Roman fishpond on Svrsata Island.

out, but no submerged notches were located.
However, a recent notch was found near Du-
brovnik, which makes it the only area along the
entire eastern Adriatic coast where a well devel-
oped recent notch has been discovered (Fig. 12).
It is 0.44 m high and indented about 0.2 m, fitting
precisely the data of the average tide. If the rates
of marine corrosion of limestone in the intertidal
zone proposed by Torunski (1979) - 0.7 to 1.0 mm
per year — are taken into account, the approximate
age of this notch can be calculated and an estimate
of two hundred to three hundred years of sea level
stability can be surmised. The recent notch was
also observed and measured in few points at the
nearby Lokrum Island.

FI%J. 10 - Submerged Roman fish pond on Svréata Island (modified
after Vrsalovic, 1979).
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Discussion

The development of the significant submerged
notch shows that the Istria-Kvarner region has
undergone a rather long phase of sea level stabi-
lization. A very slow sea level rise could also be
envisaged, as indicated by Benac et al (2004,
2008). Taking into account the rate of biocorro-
sion in the limestone rock (Torunski, 1979), this
stabilization or very slow sea-level rise lasted at
least five hundred years. It was followed by a quick
subsidence; otherwise the notches would be de-
stroyed or deformed. At present, the variation
among measured points of depths of the notch is
0.2 m. The only important exception is in Bakar
Bay where the notch reaches a depth of -1.1 m.
Taking into account this depth, the variation is 0.6
m. This is probably due to the position of Bakar
Bay on the active regional fault. The abundant
archaeological remnants in the Istria region show
different values for the depth of the structure
points closest to the land. Consequently, it is dif-
ficult to establish a general conclusion for the
whole area. According to the evidence at Sveti
Ivan Bay, Valeta Bay, and the Kupanja fish pond,
the mean value of those connections is -0.56 m.
Because these structures must have been above
sea-level at the time of construction, sea-level at
that time could not have much exceeded -1.0 m. In
Busuja Bay and at the Verige jetty, those con-
nection points are deeper. So the variations are
present among the archaeological remains as well.

The Zadar-Sibenik region displays relatively
homogeneous properties. Here no notches were
found, but there are abundant archaeological re-
mains. Comparing the depth of the closest points
of jetties to the land it is apparent that Frmic Is-
land is at -1.3 m, Kumenat is at -1.4 m, Polacine is
at -1.6 m, and Svrsata fish pond is at -1.4 m — an
average depth of -1.4 m. These results indicate
that sea-level change over the past two thousand
years in the Zadar-Sibenik region was greater
than 1.5 m. The absence of fossil and recent not-
ches may point that there has been no sea-level
stabilization for the last two millennia.

In the Sibenik-Prevlaka region there are no
appropriate archaeological markers which can be
used for reconstruction of past sea-levels. The
geomorphological markers in the area show
varying and sporadic properties. The notch in the
Korcula area is situated along a fault and is only
locally present. The well developed recent notch
in the Dubrovnik-Lokrum area points to the re-

Fig. 11 - Submerged notch on Korcula Island.

cent stabilization of relative sea level, which is in
accordance with the tide gauge data. Calculating
sea-level trends using the second degree poly-
nomial for the four tide gauge stations at Rovinj,
Bakar, Split, and Dubrovnik, Orlic and Pasaric
(1997, 2000) concluded that over the last forty
years, the values (correcting for local meteor-
ological conditions) show 1.0 mm per year of sea
level rise for the northern part of the Adriatic Sea,
while in the southern part it is nearly stable.
Comparing the results here with global posi-
tioning system (GPS) measurements obtained
between the years 1994 and 1996 at fifteen points
in Croatia (Altiner, 1999), some general agree-
ment may be noted. For the computation of the
station absolute coordinates and the velocity field,
four International GNSS Service stations (Wett-
zel, Matera, Graz, and Zimmerwald) were in-
volved in the processing, fixing their coordinates
and velocities. This model indicates uplift for the
majority of points in Croatia, but subsidence on
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Fig. 12 - Recent notch in the Dubrovnik area.

the western side of the Istrian Peninsula (Kopar,
Rovinj, and Pula), in the Zadar area, and at the
islands of Vis, Hvar and Lastovo. In the relative
model, station velocities were determined relative
to the fixed coordinates and velocities of the sta-
tion of Graz, Austria. In this case, all measured
points show an increase of elevation. Because the
variance between the two models is rather large,
only the relative difference between the measured
points can be considered.

Conclusion

Taking into consideration all of the results ob-
tained along the Croatia’s portion of the eastern
Adriatic Sea, it is necessary to conclude that none
of these sites, taken individually, allows the es-
tablishment of sea-level in the Roman era with
absolute certainty. However, considered as a
whole, it is possible to infer that sea level in the
first and second centuries C.E. in the Istria-
Kvarner region was probably between 1.0 and 1.5
m below present mean sea level and in the Zadar-

Sibenik region at least 1.5 m below present mean
sea level. In order to explain the difference be-
tween the regions, we suggest a possible phase of
five hundred years of stabilization of the land-sea
relationship — the time needed for the notch to be
curved in the Istria-Kvarner region. This stabili-
zation was not observed in the Zadar-Sibenik re-
gion over the same time period. The Sibenik-
Prevlaka region shows local lowering in the Kor-
cula area, and local stability is discernable in the
Dubrovnik-Lokrum area.

Comparing our results with those of Orlic and
Pasaric (1997, 2000) concerning crustal uplift and
the GPS measurements (Altiner, 1999) taking into
account only the values of relative movement, it is
clear that the results fit into a general trend. It is
hoped that further research will provide more
precise indicators.

Acknowledgements

Ministry of Science, Education and Sport of Republic of
Croatia partly supported this research (Project 119-1191306-
1305). We would like to thank Dr. David S. Hardin for English
corrections and his helpful suggestions.



‘ File: L:/3b2/RIVISTE /GeoActa,/9430_Sp3,/125-134_Faivre.3d — Pagina: 133

Geomorphological and archaeological indicators of Croatian shoreline evolution over the last two thousand years

References

ALTINER Y. 1999. Analytical surface deformation theory for de-
tection of the Earth’s crust movements. Springer Verlag, Berlin,
Heidelberg, New York.

ANDRUASEVIC N. 1909. O vertikalnom pomicanju obalne crte u hi-
storicko doba na sjeveroistoku jadranskog mora. Zagreb.

AntoNIOLI F., CARULLI G.B., FUrRLANI S., AURIEMMA R. and Ma-
rocco R., 2004. The enigma of the submerged marine notches
in the northern Adriatic sea. Quaternaria nova 8, 263-275.

AnNtONIOLI F., ANziDEI M., LAMBECK K., AURIEMMA R., GaDpDI D.,
FurLant S., Orru P., SoLinas E., Gaspart A., KAriniA S., Ko-
vacic V. and Surace L., 2007. Sea level change during the
Holocene in Sardinia and in the northeastern Adriatic (central
Mediterranean Sea) from archaeological and geomor-
phological data. Quaternary Science Reviews 26, 2463-2486.

BeNAc, C., 1989. Morphogenesis of very steep and vertical coast in
the area of Kvarner. Pomorski zbornik 27, 485-495.

Benac C., 1992. Recentni geomorfoloski procesi i oblici u po-
drucju Rijeckog zaljeva. Geografski glasnik 54, 1-18.

Benac C., 1994. Inzenjerskogeoloske osobitosti obalnog pojasa i
podmorja Rijeckog zaljeva. PhD Thesis, Rudarsko-geolosko-
naftni fakultet. Zagreb.

Benac C. and Juracic M., 1998. Geomorphological indicators of
sea level changes during upper Pleistocene (Wiirm) and Ho-
locene in the Kvarner region (NE Adriatic Sea). Acta Geogra-
phica Croatica 33, 27-45.

Benac C., Juracic M. and Bacran-Petriciorr T., 2004. Submer-
ged tidal notches in the Rijeka Bay NE Adriatic Sea: indicators
of relative sea-level change and of recent tectonic movements.
Marine Geology 212, 21-33.

Benac C., Juracic M. and Braskovic 1. 2008. Tidal notches in
Vinodol Channel and Bakar Bay, NE Adriatic Sea: Indicators
of recent tectonics, Marine Geology 248, 151-160.

DEGRrasst A. 1955. I porti romani dell’Istria. Anthemon. Firenze,
119-169.

Farvre S. and Fouacse E. 2003. Some tectonic influences on the
Croatian shoreline evolution in the last 2000 years. Zeitschrift
fiir Geomorphologie 47, 521-537.

FrLemming N.C., 1979-80. Archaeological indicators of sea level.
In: Les indicateurs de niveaux marins, séminaire du 2 décembre
1978. Océanis. Fasc. Hors-Série 5, 149-166.

FouachE E., FAIVRE S., DUFAURE J-J., Kovacic V. and Tassaux
F. 2000. New observations on the evolution of the Croatian
shoreline between Porec and Zadar over the past 2000
years. Zeitschrift fiir Geomorphologie N.F. Suppl.-Bd. 122, 33-
46.

FouacHE E., FAIVRE S., DUFAURE J-J., Kovacic V., Tassaux F. and
TroNcHE P., 2004. Morska razina u rimsko doba na podrucju

Istre. Vjesnik arheoloskog muzeja u Zagrebu, 3.s., XXXVII 173-
190.

FouacHg, E., FAIVRE, S., GLUSCEVIC, S., Kovacic, V., Tassaux, F.,
and DurAURE, J-J., 2005. Evolution of the Croatian shore line
between Porec and Split over the past 2000 years. Archaelogia
Maritima Mediterranea 2, 116-134.

GnIRrs A., 1908. Beobachtungen uber den Fortschritt einer saku-
laren Niveauschwankung des Meeres wahrend des letzten zwei
Jahrtausende. Mitteilungen des k.u.k. geographische Gesellschaft
in Wien 51, 1-56.

JuriSic M., 1997. Anticki ribnjak u uvali Verige na Brijunima.
Prilog poznavanju antickih ribnjaka i srodnih objekata na Ja-
dranu. Izdanja HAD 18, 163-168.

Kozricic M., 1986. Anticka obalna linija Istre u svjetlu hi-
droarheoloskih istrazivanja. Izdanja Hrvatskog arheoloskog
drustva 11, 135-165.

Oruic M. and Pasaric M., 2000. Sea-level changes and crustal
movements recorded along the east Adriatic coast. Il nuovo
cimento 23, 351-364.

Oretic M. and Pasaric M., 1997. Seven decades of the tide-gauge
measurements at Bakar. Prirodoslovna istrazivanja Rijeckog
podrucja, 201-210.

Prazzour P., 1980. Formes de corrosion marine et vestiges ar-
chéologiques submerges: interprétations néotectonique de
quelques exemples en Grece et Yougoslavie. Annales de I'In-
stitut océanographique 56, 101-111.

PirazzoL1 P., 1986. Marines notches. In: O. Van de Plassche Ed.,
Sea-Level Research: A Manual for the Collection and Evaluation

. of Data, 361-400.

Secota T., 1982. Razina mora I vertikalno gibanje dna Jadran-
skog mora od Ris-Wurmskog interglacijala do danas. Geoloski

. Vvjesnik 35, 93-109.

SeGora T. and FiLipcic A., 1991. Archaeologic and geologic proofs
for Holocene sea level position on the east Adriatic littoral.
Rad Hrvatske Akad. Znanosti i Umjetnosti 458/25, 149-172.

Suric M., Juracic M., HorvaTtincic N. and Kraicar Bronic 1.,
2005. Late Pleistocene-Holocene sea-level rise and the pattern
of coastal karst inundation: records from submerged speleo-
thems along the Eastern Adriatic Coast (Croatia). Marine
Geology 214, 163-175.

Torunskr H., 1979. Biological erosion and its significance for the
morphogenesis of limestone coasts and for nearshore sedi-
mentation (Norther Adriatic). Senckenbergiana maritime 11,
193-265.

VRwsarovic D., 1979. Arheoloska istrazivanja u pomorju istocnog
Jadrana. Unpublished Ph.D. Thesis, University of Zagreb,
Zagreb.

133



‘ File: L:/3b2/RIVISTE /GeoActa,/9430_Sp3,/125-134_Faivre.3d — Pagina: 134


https://www.researchgate.net/publication/285784716

