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Abstract:
The coastal area of the eastern Adriatic is characterized with a prevalence of carbonate
rocks and well-developed karst. Present freshwater input into the Adriatic is quite large,
mostly through coastal and submarine springs. However, there are also a number of
rivers debouching in the Adriatic from the eastern coast. Most of them have canyon like
fluviokarstic valleys that were carved dominantly during Pleistocene and were drowned
during post-LGM sea-level rise forming estuaries. These estuaries are filled to a
different extent during Holocene highstand (last 7.500 years). The intraestuarine delta
progradation is rather different in those estuaries depending on the quantity of the riverborne material. Human impact on progradation rate in some of the estuaries has been
shown.
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1. Introduction
Eastern Adriatic coastal area is formed predominantly in Mesozoic carbonate rocks with
well-developed karst (PIKELJ & JURAČIĆ, 2013). Due to prevalent humid climatic
conditions and karst maturation present freshwater input into the Adriatic is large,
mostly through coastal and submarine springs (vruljas). However, there are also a
number of rivers debouching into the Adriatic. These rivers have some common
characteristics, but also differences. Obviously, they have fluvio-karstic valleys which
have been drowned by the sea-level rise during post-Late Glacial Maximum (LGM)
transgression. So formed (karstic) estuaries are gradually filled with river-borne
material. The aim of this paper is to present and discuss common and specific
characteristics and differences of Adriatic karstic estuaries and to indicate a human
influence on their evolution.
2. Evolution of karstic estuaries
Rivers debouching into the Adriatic sea along the eastern coast have lower reaches of
their valleys carved in carbonates (predominately Cretaceous and Eocene limestone),
whereas upper part of their catchment area is formed either in flysch (e.g. rivers
Dragonja, Mirna, Raša, Rječina, Jadro) or in other impermeable rocks (clastics,
magmatic & metamorphic rocks) (e.g. rivers Nerteva, Krka, Zrmanja) (JURAČIĆ,
1998). Therefore the term allogenic karstic rivers can be applied to them.
Most of the rivers in lower reaches have well-developed canyon-like valleys (JURAČIĆ
& PROHIĆ, 1991; JURAČIĆ, 1992). These fluviokarstic valleys were presumably
carved dominantly in Pleistocene (BENAC et al., 2013), while the sea-level was up to
120 m lower than the present one.
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Figure 1. Raša River valley caved in Cretaceous limestone with prograding
intraestuarine delta.
During post-LGM sea-level rise (between 19.000 to 7.500 y BP) the sea drowned these
valleys and karstic estuaries were formed. Example of the Raša River valley carved into
Cretaceous limestone is shown in Figure 1.
3. Intraestuarine delta progradation
After the sea-level rise ceased (7.500 yBP), gradual filling of estuaries with river-borne
material started. This material is predominantly alumosilicate reflecting lithology of the
catchment area. The degree of intraestuarine (“bayhead”) delta progradation
(SEMENIUK & SEMENIUK, 2016) is rather different, depending on the quantity of
the river-borne material. Extreme examples of Krka River estuary without
intraestuaerine delta and Neretva River delta are shown in Figure 2.

Figure 2. Comparison of the Krka River mouth (deep karstic estuary; left) and Neretva
River mouth (intraestuarine deltaic sediments filled former river valley – estuary;
right).
The main factor governing the formation and progradation of the intraestuarine delta is
size and weathering rate of the noncarbonated part of the catchment area on one hand,
and formation and existence of in the river watercourse on the other. For example Krka
and Zrmanja rivers have a rather small part of the catchment developed in noncarbonate
rocks, and have well-developed calc tufa barriers along the watercourse, and therefore
have no intrestuarine delta (JURAČIĆ & PROHIĆ, 1991; JURAČIĆ, 1992), whereas
Mirna and Neretva rivers have their estuaries already almost filled with alluvial
sediments (FELJA et al., 2015; JURAČIĆ, 1998; FELJA, 2017). Progradation of their
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intraestuarine delta has been shown to be very rapid since 7.500 yBP (11 km in the
Mirna River estuary, and up to 25 km in the Neretva River mouth, FELJA, 2017). An
example of the partially filled estuary is the Raša River mouth, where delta progradation
of 2 km in 200 years has been documented (BENAC et al., 1991; SONDI et al., 1995)
(Figure 3). Due to the fact that in the catchment of both Mirna and Raša rivers dominate
flysh with a large share of marl, both intraestuarine deltas are characterized with finegrained muddy sediments (SONDI et al., 1995; FELJA et al., 2015).

Figure 3. The Raša River catchment lithology (a=alluvial sediments; b= flysch;
c=limestone) on the left and Raša intraestuarine delta progradation (after BENAC,
1991) on the right).
4. Anthropogenic impact
Investigation of the sedimentation in karstic river mouths along the Adriatic coast
revealed that human impact on some of them is rather large. In the case of the Mirna
River estuary, its intraestuarine delta progradation was accelerated from 15th to 19th
century due to deforestation and agriculturization of the catchment area, which caused
much faster erosion of flysch terrains (FELJA, 2017). The opposite, deceleration of
Neretva river delta progradation and accumulation of much finer sediments occurred
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during the 20th century due to damming of upper reaches of the river in order to build
hydropower plants (JURAČIĆ, 1998).
4. Conclusions
Karstic character of the eastern Adriatic coast caused the formation of peculiar river
mouths which can be termed karstic estuaries. Their common characteristics are that
fluviokarstic river valleys carved in carbonates were flooded during post-LGM sea-level
rise forming long elongated estuaries. The degree of their filling with prevalently
alumosilicate material depends mostly on the percent of allogenic riverine input.
Therefore these estuaries can remain long narrow estuaries (e.g. Krka and Zrmanja
rivers) be partially filled (e.g. Raša River) or can be almost filled forming large delta
plains (e.g. Mirna and Neretva rivers). Anthropogenic influence on its development can
be substantial.
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