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The Adri atic Sea is an epicontinental, closed sea, part of the Med i ter ra nean. It formed in the Late Mio cene, and ended struc -
tur ally dur ing the Plio cene and Qua ter nary, when most of its sed i ments were de pos ited. The larger Plio cene and Qua ter nary
de pres sions oc cur mostly by the west ern coast, where the de pos its are sev eral thou sand metres thick, and were sourced
from the Alps and the Apennines. The east coast is characterized by the large and elon gated Dinarides Mts., that have con ti -
nen tal drain age ex tremely close to the shore line and a very small ero sional rate. Con se quently, east ern in flows were and are
very short, in clud ing strongly tidal es tu ar ies that erode only small vol umes of mostly car bon ate de tri tus, ad ja cent to fron tal is -
lands or moun tains, with re stricted depositional ar eas. The Neretva River de pos its make up part of the larg est con tem po rary
delta sys tem on the east ern Adri atic coast, and have been ana lysed in this study us ing three seis mic sec tions and one ex plo -
ra tion borehole. These de pos its are rec og nized in side the Neretva and Korèula chan nels, as sum ing that pro cesses op er at -
ing dur ing Qua ter nary gla cial phases shifted the delta tens of kilo metres to the west in the past on sev eral oc ca sions.
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INTRODUCTION

Re cent sed i men ta tion and dis tri bu tion of sed i ments in the
Adri atic Ba sin can help to re con struct the over all his tory of ba -
sin for ma tion and infill. It is a rel a tively young ba sin, cre ated in
the very Late Mio cene (Messinian) and con tin u ously evolved
dur ing the Plio cene and Qua ter nary, be ing filled with clastic
sed i ments with at least six sea level changes rec og nized
through the Qua ter nary. The term “Adri atic Ba sin” (con sid ered
a de pres sion, or better depressional sys tem) in cludes, gen er -
ally, the Adri atic Sea and the in land part of the Po De pres sion,
and is sur rounded by the mas sifs of the South ern Alps,
Dinarides and Apennines. These orogens are the sources of
the clastic ma te ri als de pos ited dur ing the Late Mio cene, Plio -
cene and Qua ter nary, but are of dif fer ent im por tance due to
their palaeo morphology, al ti tude, length of their river sys tems
and the trans ported vol umes of terrigenous clastic de pos its.

Flu vial sed i ment to day trans ported into the Adri atic Ba sin co -
mes from the west ern coast. Much has come from the
north-west, i.e. from the Al pine hin ter land of the Po and Veneto
de pres sions, be ing trans ported by the Po, Adige, Piave and
other, smaller, river sys tems (en com pass ing delta and pro-del ta

en vi ron ments). How ever, the main source of sed i ment is the
Apennine Mts. This area has sig nif i cantly shorter and weaker,
but more nu mer ous, river sys tems than the Al pine re gion, which
dom i nantly filled the Marche–Abruzzi or Bradano de pres sions at
the west ern coast. Cattaneo et al. (2003), Frignani et al. (1992),
Milliman and Syvitski (1992) and Sorgente (1999) re ported that
on the west ern coast the sed i ment sup ply from east ern Al pine
rivers is 3 ´ 106 t/yr, from the Po River 15 ´ 106 t/yr; east ern
Apennine rivers north of the Gargano prom on tory de liver 32.2 ´
106 t/yr, and only 1.5 ´ 106 t/yr south of that prom on tory.

Mi nor sources are the river sys tems and depositional en vi -
ron ments lo cated at the east ern coast. Their trans port of sed i -
ment is neg li gi ble when com pared to the sys tems in the west,
which also filled the Cro atian part of the Po De pres sion with silty 
and some sandy de tri tus (e.g., Veliæ and Malviæ, 2011). The
sed i ment load of the east ern sys tems has not yet been cal cu -
lated, but prob a bly can be com pared in mag ni tude sim i lar to the 
small est ones on the west ern coast, i.e. river sys tems south of
the Gargano prom on tory. This is why the east ern sys tems can
be re gion ally stud ied only via the ex am ples of the large ones,
and the Neretva River was prob a bly the larg est flu vial sys tem
on the east ern coast dur ing the Plio cene and Qua ter nary. 

Very lit tle clastic de po si tion oc curred on the east ern del tas
due to the li thol ogy of the rocks in the hin ter land (moun tains),
which are al most en tirely com posed of Me so zoic and
Paleogene hard rocks be long ing to the Adri atic Car bon ate Plat -
form (AdCP; e.g., Vlahoviæ et al., 2005), slightly weath ered and
cov ered with very thin soil. It may be sup posed that the east ern
rivers have been very short from the Plio cene to re cent times
due to the lo ca tion of the con ti nen tal drain age line (Fig. 1),
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which is only a short dis tance, of a few to a few tens of kilo -
metres, from the east ern coast of the Adri atic Sea. Also, al most
all the rivers on the east ern coast have tid ally dom i nated del tas, 
i.e. es tu ar ies such as the Raša River in Istra where clay de tri tus
dom i nates (e.g., Sondi et al., 1995) or the Krka River near
Šibenik in Mid dle Dalmatia (e.g., Cukrov et al., 2010).

EVOLUTION OF THE ADRIATIC SEA 
AND IMPORTANCE OF THE NERETVA RIVER

DEPOSITIONAL AREA 

The Adri atic Sea is formed on the base ment of the Adri atic
microplate. The sep a ra tion of this microplate from the Af ri can
macroplate oc curred from the Mid dle Tri as sic to the Mid dle Ju -
ras sic, and char ac ter is tic car bon ate plat form sed i men ta tion ex -
isted in the AdCP to the end of the Late Cre ta ceous (e.g.,
Vlahoviæ et al., 2005). Dur ing the Paleogene, in some ar eas,
sed i men ta tion of car bon ates con tin ued on ex ist ing plat forms.
Me so zoic car bon ate plat form, and later car bon ate, sed i ments
can be found on the Adri atic Sea base ment, off shore of the
Adri atic is lands, but also on shore in the Dinarides and South ern 
Alps. The Paleogene is char ac ter ized by the dis in te gra tion of
the AdCP and the up lift ing and form ing of the Alps and
Apennines. The end of the Mio cene gla cial pe riod in the Ant arc -
tic area caused global sea lev els to de crease by about 50 m.
This caused the con nec tion through to Gi bral tar to be in ter -
rupted, and the Med i ter ra nean was mostly di vided into shal low
en vi ron ments, where large quan ti ties of evaporites were de -
pos ited, as also shown in the Adri atic Sea (Veseli, 1999). Af ter
the Messinian sa lin ity cri sis, the con tem po rary shape of the
Adri atic Ba sin be gan to be es tab lished around the Mid dle Adri -
atic horst, with sig nif i cant vol umes of siliciclastics be ing trans -
ported, es pe cially from Al pine re gions. The thick est Plio cene
and Qua ter nary de pos its in the Adri atic Ba sin are doc u mented
in the Po De pres sion, reach ing ap prox i mately 6 kilo metres or
more. Sed i ment dis tri bu tion was in flu enced by re gional
transpression and up lift, as well as by Qua ter nary glacials.
Gen er ally, dur ing the Plio cene and Qua ter nary, sea level os cil -
la tions and delta progradations caused enor mous quan ti ties of
clastics were trans ported into the Adri atic Ba sin, ac cu mu lat ing
within sev eral Mio cene and Plio cene–Qua ter nary de pres sions

(Fig. 2). In the Early Plio cene, sea level in the Adri atic was
higher than it is to day, and ma rine en vi ron ments cov ered a
much larger area, i.e. ap prox i mately the en tire con tem po rary
Adri atic Ba sin. This has been shown by the pres ence of ma rine
Plio cene strata in the North ern Apennines and the palaeodelta
of the Po River (Veliæ, 2007). In the Cro atian part of the North -
ern Adri atic, plank tonic and ben thic foraminifera have con -
firmed the pres ence of a ma rine en vi ron ment, in di cat ing a warm 
cli mate and sed i men ta tion on an outer shelf (Thunel, 1971). In
the Late Plio cene, the num ber of spe cies be came re duced.
Plank tonic foraminifera (Kalac, 2008) from the epibathyal zone
at 600–1000 m depth dom i nated, mostly on the west ern coast,
where down warp ing was rapid, re flected by the de po si tion of
large quan ti ties of or ganic mat ter (Rio et al., 1997). The cli mate
changed from warm to mod er ately cold. Dur ing the Qua ter nary
sig nif i cant cli mate changes oc curred, al ter nat ing be tween
warm and cold con di tions. Con se quently, in gla cial pe ri ods, ma -
rine en vi ron ments de creased in area, es pe cially in intra-is land
ar eas. This also took place in the area ana lysed which in the
last gla cial phase was ex posed as land. 

Con se quently, sandy and silty sed i ments, dom i nantly
turbiditic, pre vail in the Veneto, Po, Mid dle Adri atic,
March–Abruzzi, Bradano and Adri atic–Ionian de pres sions,
which are also de scribed as Plio cene–Qua ter nary de pres sions
(e.g., Prelogoviæ and Kranjec, 1983; Veliæ and Malviæ, 2011).
Such sand and mud sed i men ta tion in palaeoriver sys tems (i.e.,
del tas and prodeltas) was in ter rupted by the hemipelagic
basinal de po si tion of clay and car bon ate. The ma jor ity of
terrigenous were trans ported and de pos ited from al pine re -
gions, by the streams, del tas and prodeltas of the Po, Adige and 
Piave rivers, into the Po and Veneto de pres sions. Sev eral
smaller del tas from the Apennines ex tended into the
Marche–Abruzzi and Bradano de pres sions, but there was lit tle
or no terrigenous siliciclastic sed i men ta tion along the east ern
coast (Fig. 2).

Pres ent-day flu vial sed i men ta tion along the east ern coast is 
lo cal ized in smaller del tas or es tu ar ies, and is con strained by
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Fig. 1. Re gional drain age lines around the Adri atic Sea 
show ing the larg est rivers

Fig. 2. Mio cene and Plio cene–Qua ter nary de pres sions
 in the Adri atic Ba sin (mod i fied af ter Veliæ and Malviæ, 2011)



geo mor phol ogy. Only from the Bojana (in Al ba nian Bunë or
Buna) River (Fig. 1), at the Al ba nian coast, has a delta ex -
tended into the open lit to ral area be long ing to the South Adri -
atic–Al ba nia De pres sion. The Neretva River (Fig. 3) is the larg -
est siliciclastic depositional sys tem on the east ern coast. It has
a length of 225 km, and the area of the delta is approx. 170 km2, 
which is also con sid ered as an es tu ary due to the strong tidal in -
flu ence. Brack ish wa ter reaches up stream (Gotovac et al.,
2003) as far as the town of Metkoviæ (Fig. 3), which is about 20
km from the mouth of the river (the lo ca tion of “Stari most” is tra -
di tion ally the bound ary be tween fresh and brack ish wa ter).

Based on pre vi ous re search on the in flu ence of Qua ter nary
glacials on shift ing coast lines (Fig. 4), and gla cier ex ten sions
into the east ern Adri atic (e.g., Colantoni et al., 1979;
Correggiari et al., 1996; Kalac, 2008; Veliæ and Malviæ, 2011;
Veliæ et al., 2011), the Neretva palaeo-prodelta is known to
have pos si bly reached the dis tant part of the Korèula Chan nel
(Fig. 3), i.e. sed i ments of the delta and prodelta should be as -
sumed as be ing also in the area of the Neretva, Korèula and
Sæedro chan nels (Fig. 3). The Pelješac Pen in sula had re mark -
able in flu ence on the Neretva sed i ments, es pe cially through
interglacials as well as to day (Fig. 3), di rect ing flow from the
Neretva River mouth. The gen eral shape of seis mic re flec tions
ana lysed seis mic re flexes di rectly re flect of eustatic changes
dur ing inter gla cial and gla cial phases. Ac cord ing to the sche -
matic model of Ad ams et al. (2001), the mostly over ly ing re flec -
tions in di cate prograding del tas where fluc tu a tion in base level
ex ceeds progradation rates, re sult ing in sigmoidal pro files. This 
is the best ev i dence in the ar eas ana lysed of gla cial in flu ence
on eustatic os cil la tions dur ing the Qua ter nary and progradation
of the lo cus of river de po si tion (Würm, Fig. 4A; Early Ho lo cene,
Fig. 4B).

INPUT DATA AND ANALYTICAL METHODS

The study area cov ers about 1500 km2 and has been pri -
mar ily ana lysed us ing seis mic in ter pre ta tion of three se lected
sec tions and one bore hole, lo cated approx. 90 km west from
the mouth of the Neretva River (Fig. 3). The sec tions se lected
were cho sen from 10 avail able in ter preted sec tions (in the ar -
chive of INA-In dus try of Oil Plc.; also pub licly pre sented by the
au thors in 2011 as a poster “First in sights about Plio ce -
ne–Quaternary sed i men ta tion in Neretva River palaeodelta” at
the 1st Cen tral and East ern Eu ro pean in ter na tional Oil and Gas
con fer ence and ex hi bi tion, held in Siofok, Hun gary) along the
area ex plored. The se lec tion was made us ing three cri te ria: (a)
a clearly recognized re gional seis mic bound ary be tween the
Me so zoic and Ce no zoic, (b) clear seis mic re flec tions in the Ce -
no zoic, (c) the sec tions se lected were ar ranged ap prox i mately
trans verse and per pen dic u lar to the depositional area ana -
lysed, i.e. in di cat ing prob a ble progradation. The seis mic cor re -
la tion in cluded sig nif i cant un cer tainty due to the lim ited num ber
of bore holes and time-marker ho ri zons. The youn gest in ter -
preted well e-log marker was the bound ary be tween the Me so -
zoic and Ce no zoic rocks. More over, the Adri atic Ba sin formed
af ter the Mio cene, so the Ce no zoic sed i men tary se quence is of
Plio cene and Qua ter nary age. These Pliocene–Quaternary de -
pos its have not yet been the sub ject of pe tro leum ex plo ra tion in
the Cro atian part of the Mid dle Adri atic.

The Pliocene–Quaternary de pos its ana lysed off shore (part
of the Mid dle Dalmatia re gion) are thin. How ever, the re gional
lithostratigraphy of the area ana lysed has been cor re lated with
units pub lished by Veliæ and Malviæ (2011). The same
lithostratigraphic for ma tions from the Cro atian part of the Po
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Fig. 3. The lo ca tion of delta of the Neretva River and 2D seis mic lines ana lysed



De pres sion can also be as sumed to be pres ent in the Neretva
off shore river sys tem (Fig. 5) be cause, un til now, the
depositional sys tem and con se quent lithostratigraphy in side
the Dugi Otok De pres sion or the Pliocene–Quaternary de pos its 
over the AdCP (Fig. 2) have not been in ves ti gated in the area
ana lysed.

The pur pose of all re gional ex plo ra tion in the past has been
to ob serve the pos si ble ac cu mu la tion of hy dro car bons, so seis -
mic data has been pro cessed to em pha size the sig nals from
Me so zoic rocks, where such dis cov er ies are ex pected. How -
ever, Me so zoic car bon ates, due to pos sess ing highly faulted
and frac tured zones, are un fa vour able me dia for seis mic re flec -
tion, es pe cially in their deeper parts. Most of the noise and mul -
ti ples were re moved dur ing seis mic pro cess ing but some fake
re flec tions, low ver ti cal res o lu tion and “ghost” struc tures can
still be ob served on Fig ures 6–8. The sec ond ary tool cor re -
sponded with re sults ob tained in Pliocene–Quaternary strata
from a bore hole in the North ern Adri atic, ex plored due to the
pres ence of nu mer ous gas res er voirs. 

RESULTS OF SEISMIC INTERPRETATION

The po si tions of the three se lected in ter preted seis mic sec -
tions are shown on Fig ure 3. The sec tion A–A’ is ap prox i mately
100 km long, with sev eral points where sec tion strike had been
changed. Its length re flects the need to seis mi cally fol low the
sec tion through both the Neretva and Korèula chan nels, i.e. in
this case along (pos si ble) sed i ments of the Neretva River, con -
firm ing the read ings with the clos est avail able off shore
borehole. How ever, that bore hole is lo cated out side the Korèula 
Chan nel in a pos si ble prodelta en vi ron ment and was the only
avail able well lo ca tion in the close neigh bour hood of the area
ana lysed. Only e-log bor der depths are pub licly avail able pres -
ently, and con se quently were used in the anal y sis pre sented.
The next two sec tions, B–B’ and C–C’, are lo cated en tirely in -

side the Neretva Chan nel, i.e. they are as sumed to cut the de -
pos its of the Neretva River palaeo-delta. The sec tion B–B’ is
oblique to the chan nel strike, and sec tion C–C’ is trans verse to it 
(Fig. 3), giv ing good in sight into seis mic re flec tion forms (such is 
over lap ping and over ly ing). All three seis mic sec tions have
been in ter preted in a time scale, us ing well-based, time-depth
con ver sion tech niques. How ever, the “top of car bon ate” marker 
be tween the Plio cene and Me so zoic strata is rel a tively shal low,
so the con ver sion ra tio can be as sumed to be 1 (1 ms =
1 metre) for the en tire Pliocene–Quaternary in ter val. How ever,
it was not pos si ble to out line any sin gle e-log marker youn ger
that the top of the Me so zoic.

The in ter pre ta tion of the lon gest seis mic sec tion A–A’
(Fig. 6) showed that there is no sig nif i cant dif fer ence in the
thick ness of Pliocene–Quaternary de pos its from the west ern
part of the Neretva Chan nel to the west ern mar gin of the
Korèula Chan nel (the po si tion of the seis mic sec tion A–A’ is
shown in Fig ure 3, as well as the po si tions of the other two seis -
mic sec tions). It de picts shal low bathymetry dur ing the en tire
Pliocene–Quaternary in ter val, in flu enced mostly by nu mer ous
gla cial phases that strongly re duced the ex ten sion of the Adri -
atic Sea in gen eral (e.g., Correggiari et al., 1996; also re ferred
to in Veliæ and Malviæ, 2011). 

The Me so zoic base ment had a ma jor in flu ence on the Plio -
cene her i tage struc tures, con tin u ing al most to the top of the
Qua ter nary. This is why base ment fea tures (e.g., “bur ied hills”)
have been used as the main cri te rion for de lin ea tion be tween
delta and prodelta plains (Figs. 3 and 6). These “fea tures” were
up lifted forms dur ing the en tire Plio cene and Qua ter nary and
geomorphologically they were places that de creased the flow
ve loc i ties of any streams that came from E/NE, i.e. the Neretva
River mouth in the past. Con se quently, such “bar ri ers” de -
creased cur rent speed, caus ing de po si tion of sus pended de tri -
tus, and re duc ing the vol ume of sand and silt in sus pen sion.

Fur ther more, there are no in ter pret able un con formi ties in
the Pl–Q in ter val, ex cept to the top of the Me so zoic (marked
as “top car bon ates” on Figs. 6–8). All fault zones show dis -
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Fig. 4A – bor ders of the Adri atic Sea dur ing the Würm; B – Early Ho lo cene (mod i fied af ter Corregiari et al., 1996; 
Veliæ and Malviæ, 2011)
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Fig. 5. Com par i son of rel a tive thick nesses of lithostratigraphic for ma tions in the north ern Adri atic Sea 
and in the Neretva River delta 

Fig. 6. In ter preted com pos ite seis mic sec tion A–A’ (time do main)
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Fig. 7. In ter preted seis mic sec tion B–B’ (time do main)

Ex pla na tions as in Figure 6

Fig. 8. In ter preted seis mic sec tion C–C’ (time do main)

Ex pla na tions as in Figure 6



place ment in the Me so zoic, but only a few have faulted the
old est Plio cene de pos its (sec tions B–B’ and C–C’). Us ing the
base ment palaeogeomorphological fea tures, on the trans -
verse sec tion A–A’ for 25–30 km there are de pos its that are
very likely delta de pos its (Fig. 6), and along the next 35–40 km 
of the prodelta (Fig. 6). How the depositional en vi ron ment in -
ter pre ta tion re lates to Me so zoic re lief forms, the ex tent of the
prodelta can be only in ferred us ing the last seis mi cally re cog -
nized Me so zoic forms that are an ex ten sion of the Korèula Is -
land struc ture.

The sec tion B–B’ (Fig. 7) is lo cated ap prox i mately per pen dic -
u lar (Fig. 3) to the con tem po rary delta of the Neretva River. The
Plio cene–Qua ter nary syncline with max i mum stra tal thick ness
can be eas ily ob served in the mid dle of the Neretva Chan nel.

Sec tion C–C’ (Fig. 8) is lo cated obliquely to the Neretva
Chan nel (Fig. 3) and shows that thick nesses in crease to wards
the Hvar Is land. Us ing the sec tion A–A’ in ter pre ta tion of the
prodelta, those re flec tions on C–C’ be long to a delta en vi ron -
ment. The di rec tion of sed i ment trans port and progradation can 
be clearly set from SE to NW.

DISCUSSION

The main topic of dis cus sion, from the anal y sis above, is the 
age of in ferred Plio cene and Qua ter nary strata in the Neretva
and the Korèula chan nels. The Adri atic Sea started to form as a
con tem po rary ba sin af ter the Messinian sa lin ity cri sis, i.e. dur -
ing the Plio cene (5.332–2.588 Ma) and Qua ter nary
(2.588–0 Ma). At the end of the Messinian, the link be tween the
Med i ter ra nean and the At lan tic was re-es tab lished and a new
sed i men ta tion cy cle be gan in the shal lower parts of the Adri atic
Ba sin. This is why it is as sumed that the age of the Neretva
River de pos its is re stricted only to the Plio cene and the Qua ter -
nary, but their in cep tion is im pos si ble to de ter mine from avail -
able data in this mo ment.

The pres ent anal y sis is based on a rel a tively small num ber
of datasets, spe cif i cally from one bore hole and three seis mic
sec tions, which are con sid ered the most rep re sen ta tive,
publically avail able through pre vi ous pub li ca tions (Baliæ and
Malviæ, 2011) and shown in this pa per. The seis mic sec tions
cover an ex plored area that be longs to the Neretva River off -
shore river sys tem in the Plio cene and the Qua ter nary. Un for tu -
nately, only one off shore bore hole was avail able from which to
se lect a chronostratigraphic marker and cor re late re gional seis -
mic data and no core sam ples or for ma tion tests have been
per formed when ana lys ing post-Me so zoic strata. This study
was only made pos si ble by cor re lat ing the data with more ex -
ten sive bore hole data from Plio cene and Qua ter nary de pos its
col lected in the Cro atian part of the North ern Adri atic (Fig. 5),
where the pres ence of large gas res er voirs has per mit ted ex -
ten sive re gional ex plo ra tion in de pos its of the Po De pres sion.
In ves ti ga tions per formed in the hin ter land of the Neretva River
Mouth can not give any in sights into Plio cene–Qua ter nary ma -

rine sed i men ta tion, be cause there of mostly non-de po si tion or
only lo cal al lu vial sed i men ta tion. How ever, gla cial de pos its ob -
served fur ther to the west, at Velebit Mt., sup port the idea that
Biokovo Mt. (above the town of Makarska, Fig. 3) was par tially
gla cier-cov ered, when land ex tended across the area of the
Neretva and Korèula chan nels to wards the west (Fig. 4).

Be cause of sparse data, this re search is re stricted to the
area of the Neretva and Korèula chan nels. Con sid er ing the
geo log i cal and nat u ral pro cesses, one may sup pose that sed i -
ments of the Neretva River once reached the Šæedro and Hvar
chan nels (Fig. 3) and even the area of Vis Is land, es pe cially
dur ing the Würm when the shore line shifted to the SW (Fig. 4A). 
Such an as sump tion may be tested in the fu ture if new seis mic
data be come avail able, or new bore holes are drilled. Also, new
data could help to de fine the bor der be tween deltic and prodeltic 
en vi ron ments of the Neretva River, which is dif fi cult due to con -
tin u ously shal low con di tions dur ing the Qua ter nary. Ac cord ing
to pres ent-day bathymetry, the depth of the Neretva and
Korèula chan nels does not ex ceed 80 metres (Fig. 3). This
means that a typ i cal prodelta en vi ron ment, un af fected by waves 
or tides and where mud and silt ac cu mu late es sen tially from
sus pen sion, can not be de fined pre cisely.

Gen er ally, on the Med i ter ra nean and Black Sea mar gins,
prodelta de pos its are up to tens of metres thick, ex ten sive,
shore-par al lel, and mud-dom i nated (Trincardi et al., 2004).
When viewed on high-res o lu tion re flec tion seis mic pro files,
prodelta en vi ron ments are more com plex, with sub tle but im -
por tant in ter nal dis con ti nu ities and pinch-outs. Such fea tures
can be ob served on seis mic sec tions of many Ho lo cene delta
sys tems, as in the Po delta sys tem where ma jor ac cu mu la tions
of fine-grained sed i ments (>20 m thick) oc cur in the prodelta re -
gion (Trincardi et al., 2004). Nu mer ous pinch-outs and
downlaps along Me so zoic base ment are also in ter preted in the
old est Plio cene de pos its of the Neretva River (Fig. 9).

In the Adri atic Sea, river off shore sys tems can be di vided
into two ma jor groups with (a) rocky and (b) sandy hin ter land.
The main del tas are con nected with sandy and silty de tri tus and
large, on shore plains, such as the Po Plain, with the larg est one. 
But, on the east ern coast, de tri tus is de rived from rocky hin ter -
land with small drain age ar eas. Such smaller, palaeogeogra -
phically lim ited Qua ter nary del tas are well stud ied around the
world due to eas ily col lec tion of sam ples and his tor i cal maps
and re cords. Char ac ter is ti cally they give rise to transgressive-
 re gres sive deltaic se quences where sed i ments grade from
coarse flu vial sand in the val ley axis to fine estuarine mud. In ter -
est ingly, the main source of mud in the delta is also flu vial, as
shown, e.g. by the ex am ple of the Ho lo cene delta in the
Lavaca–Garcetas River Val ley in Cen tral Texas (Wilkinson and
Byrne, 1977), where flu vial dis charge at the head of the delta
com prised about three-quar ters of the to tal mud con tri bu tion.

However, a sub aque ous delta can be de fined also as a
wedge-shaped prograding body that may or may not be linked
to a spe cific to “a spe cific source at the shore line (a delta sensu
stricto) and with rel a tively flat topset re gion oc cur ring in vari able
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Fig. 9. In ter preted seis mic stra tig ra phy in Plio cene–Pleis to cene de pos its (lap ping forms) from the sec tion A–A’



wa ter depths, de pend ing on the lim it ing ocean o graphic re gime”
(Cattaneo et al., 2003). Such a sub aque ous delta off shore is,
e.g., lim ited to the Gargano prom on tory in the Cen tral Adri atic,
which is de tached from any coastal plain and di rect river sup ply. 
This typ i cally pro duces a set of lat er ally con tin u ous mud-dom i -
nated re gres sive wedges, up to sev eral tens of metres in thick -
ness. Such wedges are formed seawards of ma jor del tas on
Med i ter ra nean mar gins af ter the re cent sea level highstand
dur ing the mid-Late Ho lo cene, i.e. the Late Pleis to cene–Ho lo -
cene (approx. 17,000 and 5500 year BC) sea level rise (Fair -
banks, 1989), un der the com bined in flu ence of flu vial sup ply
and ma rine pro cesses (Gensous et al., 1993; Correggiari et al.,
2001; Cattaneo et al., 2003). Toplap is spe cific for such delta
wedges, which are mostly formed in two Adri atic fore land bas -
ins at the west ern Adri atic coast. Toplap can be ob served also
on seis mic se quences of the Neretva River (Fig. 9); how ever,
the youn gest Neretva sed i ments (Ho lo cene?) mostly ter mi nate
up wards cre at ing offlap struc tures. That re sults from prodelta
progradation to wards the deeper part of the sea (Figs. 6 and 9).
The dif fer ence co mes be cause large, off shore mud wedges
are not char ac ter is tic of the east ern Adri atic coast due to the
ab sence of a clas si cal slope, shal low en vi ron ment and a
highly rug ged coastline.

IMPLICATIONS AND CONCLUSIONS

This is one of the first seis mic in ter pre ta tions of the
Pliocene–Quaternary strata on the east ern coast of the Adri atic
Sea. Gen er ally, the east ern river depositional sys tems have
been re gion ally poorly ex plored with seis mic lines and drill ing,
mostly be cause they are thin se quences with out any eco nomic
sig nif i cance as re gards hy dro car bon ac cu mu la tions. Here we
show a seis mic in ter pre ta tion of the Neretva River de pos its,
which is con sid ered to be the river with the larg est delta on the
east ern coast since the Early Plio cene. 

The Neretva de pos its can be eas ily fol lowed on the seis mic
sec tions se lected, as they com prise clear seis mic re flec tions
over the top of the Me so zoic. Only the Mesozoic–Pliocene
bound ary was re gion ally marked in the area ana lysed. It was
hard to dis tin guish the ex tent of the Neretva delta and prodelta,
mostly be cause of the thick ness very grad u ally in creas ing, and
en tire bed se quences mostly over ly ing each other, with out any
char ac ter is tic seis mic strati graphic forms (such as onlap, offlap
etc.). Also, the depositional area was too nar row to form lobes
or shore par al lel wedges, es pe cially of a size that would be
recognized on seis mic sec tions. 

However, if the pres ent-day geo mor phol ogy changed slightly
dur ing the last 5 Ma, it may be as sumed that the Neretva delta
sed i ments have been con tin u ously de pos ited in side the Neretva
Chan nel, and prodelta sed i ments in the Korèula Chan nel. Ac cord -
ing to palaeogeographic re con struc tions the depth of that area
from Early Plio cene prob a bly was not greater than 100 metres.
Con se quently, the in flu ence of Qua ter nary glacials was very
strong and ex tended land area tens or even hun dreds of kilo -
metres to wards the South Adri atic abys sal plain. Gen er ally, the
Adri atic Sea has a very ir reg u lar bathymetry, with a very shal low
north ern part, and the max i mum depth of 1233 m is lo cated in the
South ern Adri atic, i.e. Adri atic–Ionian De pres sion (Fig. 2). That

the deep est part can be con sid ered as typ i cal abys sal plain, even
with ev i dence of sand-silt lay ers in ter preted as deep turbiditites
(van Straaten, 1964). These sed i ments were likely de rived from
rivers lo cated on the south west ern Adri atic coast. The pres ent-day 
larg est river sys tem is the Buna/Bojana River on the Al ba n -
ian/Montenegro coasts. Al though its dis charge ex tends north -
wards along the coast for ap prox i mately one hun dred kilo metres,
as es ti mated from fresh wa ter in flu ence and chlo ro phyll con cen tra -
tions (Marini et al., 2010), the pres ent-day delta is not as so ci ated
with such large vol umes of de tri tus as are river sys tems along the
west ern coast. This re sults from the rocky, car bon ate Dinaric hin -
ter land, with a low ero sional rate. Such river sys tems on the south -
east ern coast of the Adri atic Sea can be eas ily com pared with sys -
tems on the east coast, e.g., the Neretva River sys tem. By con -
trast, river sys tems on the west ern coast are char ac ter ized by sig -
nif i cantly larger dis tri bu tion sys tems and abun dant de tri tus in in put.

The fol low ing may be con cluded: 

– sed i men ta tion in river sys tems along the east ern and
southeast ern Adri atic coast is highly in flu enced by up -
lifted palaeo ge ogra phy, as shown for the Neretva River
sys tem; 

– the rocky, car bon ate hin ter land of the Dinaric Moun tains
has the low ero sional rate; 

– those moun tains de fined the con ti nen tal drain age line
very close to the coast, lim it ing the length of the river sys -
tems, in the pres ent and in the past.

The anal y sis of the Neretva de pos its also showed that the
thick ness of the Plio cene and Qua ter nary se quence rarely
reachs 200 metres. The shape and thick ness of Plio ce -
ne–Quaternary se quence was strongly in flu enced by the shape
of the Me so zoic base ment, es pe cially dur ing the Plio cene, from
which time struc tures are in her ited. Plio cene de pos its are char -
ac ter ized as trun ca tion along the base ment, i.e. downlap and
onlap forms (Fig. 9), a re sult of the highly faulted and lo cally sig -
nif i cantly up lifted Me so zoic car bon ates. By con trast, the Late
Pleis to cene and Ho lo cene se quences of the Neretva River are
flat tened, and offlap only lo cally be rec og nized (Fig. 9) as a re -
sult of progradation to wards west and south-west. 

The fur ther ex plo ra tion of the Neretva and other river sys -
tems along the east ern coast will be con nected with fu ture pro -
jects for re gional geo log i cal and hy dro log i cal ex plo ra tion. Tar -
gets may be pro tec tion of fresh wa ter sources in river del tas, re -
gard ing their im por tance for ag ri cul tural zones and nat u ral wild -
life parks. New drill ing and seis mic anal y sis of Plio cene and
Qua ter nary sands and silts may be di rected to wards on prov ing
pos si ble hy dro car bon gas res er voirs, as proven in the Po and
Venetto de pres sions. How ever, small thick nesses means that
fur ther pe tro leum re search along the east ern coast will prob a bly 
ex plore the Me so zoic base ment rocks as pos si ble tar gets for
hy dro car bon sys tems in the Adri atic Sea.
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