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U radu je prikazano istrazivanje u podmorju Sjevernog Jadrana i priobalja Juzne Dalmacije unutar naslaga
pliocena, pleistocena i holocena. Njime su opisane postojee litostratigrafske jedinice u talozinama rijeke Po
u Hrvatskoj i odredene takve jedinice u prostoru talozenja rijeke Neretve. Oba talozna prostora bila su pod
utjecajem promjena razina mora, posebice tijekom kvartara, $to se znatno odrazilo u smanjivanju dubine mora i
poveéanju povrsine kopna tijekom oledaba, posebice u Sjevernom Jadranu. U hrvatskom dijelu Padske depresije
navedene su dvije formacije — Istra (pliocen) i Ivana (pleistocen, holocen). U formaciji Ivana opisana su tri ¢lana,
poimence Anamarija, Katarina i Izabela. Dalje prema jugu, u priobalju Juzne Dalmacije, imenovana je nova
formacija Neretvanski kanal (za talozine pliocena, pleistocena i holocena). Ona je zatim podijeljena u pijeske
Neretva (koji mogu biti ekvivalent i cijele formacije) te ¢lan Malostonski zaljev (kvartarne starosti). Iskljucivo
pliocenski tipski litotip nije opisan.

Kljuéne rijeci: litostratigrafija, pliocen, pleistocen, holocen, Jadran, Hrvatska

Exploration of Pliocene, Pleistocene and Holocene deposits in of the Croatian Northern Adriatic and Southern
Dalmatia (coastline) offshore is presented in this paper. It was a way to describe the existing lithostratigraphic
units in Croatian Po River sediments and to determine such units in the depositional area of Neretva River. Both
systems have been influenced by sea-level fluctuations during the Quaternary, resulting in significantly decreased
sea depths and increased subaerial exposure during glacial periods, especially in the Northern Adriatic. In the
Croatian part of Po Depression, two new formations were mentioned — Istria (Pliocene) and Ivana (Pleistocene,
Holocene). Three new lithostratigraphic members were described within Ivana Formation, namely Anamarija,
Katarina and Izabela. Further south, in the Southern Dalmatia shallow offshore, Pliocene, Pleistocene and
Holocene deposits were named the new Neretva Channel Formation. This formation was further divided into
Neretva Sands (sometimes equivalent for entire formation) and the (Quaternary) Mali Ston Bay Member. No
typical Pliocene lithotype has yet been recognised.

Keywords: lithostratigraphy, Pliocene, Pleistocene, Holocene, Adriatic, Croatia.
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Uvod

Istrazivano podrucje hrvatskoga priobalja
priblizno prekriva veéi dio Sjevernoga i mali dio
Srednjega Jadrana. Povijest istrazivanja jadranskog
podmorja seze u sedamdesete godine prosloga
stoljeca. Najstarije stijene u tom prostoru opisane
su kao karbonski i permski klastiti i karbonati, ¢ije
su litologije, talozni okolisi i fosilni sadrzaj opisani u
nekoliko radova na temelju izdanaka i busotinskih
podataka (npr. SOKAC 1 DR., 1976.; ALjiNOVIC,
SREMAGC, 1997.; SREMAC, 2005., 2012.; VELIC I DR.,
2015.). Nedavno su opisane Cetiri megasekvencije
unutar hrvatskoga Jadrana (VELIC 1 DR., 2015.):
(1) pretplatformska sukcesija od kasnoga karbona
(srednji pensilvanijan: moskovijan) do rane jure
(rani toarcij; formacije BruSane i Baske Ostarije);
(2) platformska megasekvencija od rane jure do
kasne krede (formacija Mali Alan); (3) paleogenska
do neogenska postplatformska megasekvencija
(formacija Rasa); (4) neogenska do kvartarna
(pliocensko-holocenska) megasekvencija (formacije
Istra i Ivana).

Talozine pliocenske, pleistocenske i holocenske
epohe nalaze se gotovo u pravilu diskordantno
iznad starijih stijena. One su ujedno taloZene u
»suvremenom® Jadranskom moru. Iako se nalaze
uglavnom kontinuirano duz priobalja, njihova
regionalna korelacija je vrlo teska, pa i nemoguca,
jer su talozene unutar zasebnih delti, prodelti i
estuarija koji su se tijekom geoloske proslosti
pomicali, a povremeno bili i neaktivni. Stoga je
nemogucénost korelacije izravna posljedica njihova
maloga prostiranja te posljedi¢no reducirane plitke
bazenske, uglavnom pelitne, sedimentacije koja se
odvijala u njihovoj okolici.

Znacajan doprinos u postavljanju hrvatskih
litostratigrafskih formacija talozina Sjevernoga
Jadrana nacinili su J. Veli¢ i T. Malvi¢ (2011.).
Opisalisu prostorstalozinama pliocena, pleistocena
i holocena najvece debljine u hrvatskom podmorju,
nastalim djelovanjem rijeke Po u proslosti. Nakon
toga ostala je potreba daljnje razrade tih formacija
u Sjevernom Jadranu na ¢lanove, ali i primjene istih
nacela u odredivanju litostratigrafskih jedinica
unutar najvecega rijeCnog sustava na hrvatskoj
obali, onoga rijeke Neretve. Rezultati istrazivanja
opisani su u ovome radu.
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Introduction

The studied area of the Adriatic Sea is located
in the Republic of Croatia and roughly covers
roughly most of the Northern Adria and a small
part of the Middle Adria. A long history of
offshore geological exploration dates back to the
1970s. The proven oldest rocks are Carboniferous
and Permian clastics and carbonates, whose
lithologies, depositional environments and fossils
are described in several papers based on surface
outcrops as well as in several deep offshore
wells (e.g., SOKAC ET AL., 1976; ALJINOVIC AND
SREMAC, 1997; SREmac, 2005, 2012; VELIC ET
AL, 2015). Starting with Late Carboniferous
four megasequences (VELIC ET AL., 2015) were
identified as follows: (1) a pre-platform succession
ranging in age from Late Carboniferous (Middle
Pennsylvanian: Moscovian) to Early Jurassic
(Early Toarcian; BruSane and Baske Ostarije
Formations); (2) an Early Jurassic to Late
Cretaceous platform megasequence (Mali Alan
Formation); (3) a Paleogene to Neogene post-
platform megasequence (Rasa Formation); and (4)
a Neogene to Quaternary (Pliocene to Holocene)
megasequence (Istra and Ivana Formations).

Deposits of Pliocene, Pleistocene and
Holocene epochs lie unconformably over these
rocks in many places. The latter were formed in
the geologically contemporary Adriatic Sea area.
Although these sediments are found continuously
along the most of the Croatian shallow offshore,
their correlation in some deltas, prodeltas
and estuaries is problematic due to temporary
movement and inactivity of such environments.
This is the foremost characteristic of the smaller
estuaries where only reduced (shallow) basin
pelitic sedimentation could be described.

Significant work was done by J. Veli¢
and T. Malvié, (2011) in defining Croatian
lithostratigraphic formations in the Northern
Adpriatic deposits. These are the thickest deposits,
due to the significant sediment input by palaeo-
Po River. However, there was a need to finish the
task, including the same approach for the largest
river system on the Croatian coast —Neretva
River. The results are given in this paper.
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Zemljopisni smjestaj istrazivanog podrudja

Istrazeno podrucje hrvatskoga priobalja u
ovome radu prikazano je na slici 1. Istrazene su
najmlade talozine isto¢noga dijela Padske depresije
te dio priobalja Juzne Dalmacije u podrudju
djelovanja delte i prodelte rijeke Neretve.

Jadransko more zatvoreno je, epikontinentalno
more. Dio je Sredozemnoga mora. Nastalo je u
miocenu (prije oko pet milijun godina), a svoj
danasnji oblik priblizno je poprimilo nakon
flandrijske transgresije (COLANTONI I DR., 1979.;
FAIRBANKS, 1989.; STANLEY, 1995.). Danas se
smatra predgorskim bazenom smjeStenim izmedu
Alpi, Dinarida i Apenina (npr. D’ARGENIO,
HorvatH, 1984.; MINISINI I DR., 2006.),
te prekriva dio Jadranskog bazena koji jos
ukljucuje i kopneni dio Padske depresije. Bazen
se razvio iznad Jadranske mikroploce okruzen
navedenim gorjima (npr. ANDERSON, JACKSON,
1987.; CHANNELL, HORVAT, 1994.; WARD, 1994.;
NocQUET, CaLais, 2003.).

Podijeljen je wu zasebne
su oblikovane u  miocenu:  Dugotocna,
Juznojadransko-albanska i Moliska (SI. 1.). U
pliocenu je stvoreno jos njih Sest: Venecijanska,
Padska, Marche-Abruzzi, Srednjojadranska,
Bradano i Jadransko-jonska (SI. 1.). U Hrvatskoj
se nalaze Dugoto¢na, najisto¢niji dio Padske,
Srednjojadranska te sjeverni dio Juznojadransko-
albanske depresije (PRELOGOVIC, KRANJEC,
1983.).

depresije.  Tri

Talozine u njima nalijezu preko karbonatne
podine koja pripada Jadranskoj ili Apulijskoj
karbonatnoj platformi (Sl. 1.). U Hrvatskoj su ti
karbonati dio Jadranske karbonatne platforme
(koja je postojala od donje jure do kraja krede).
Ime platforme uslo je u opéu uporabu nakon
2. medunarodnog simpozija o Jadranskoj
karbonatnoj platformi (Some aspects of the
shallow..., 1991.), na kojem su izneseni brojni
rezultati istrazivanja koji su poduprli njezino
postojanje (npr. PoLSak, 1965., 1981.; JELASKA,
1973.; TISLJAR, 1983.; OGORELEC, 1987.; VELIC 1
DR., 1987.; BUSER, 1989.; GUSIC 1 JELASKA, 1990;
DRAGICEVIC 1 VELIC, 1994.; TISLJAR 1 DR., 2002.;
VLAHOVIC I DR., 2005.).
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Geographical location of the explored area

The youngest sediments in the eastern region
of Po Depression and area lying off Neretva delta
in the Southern Dalmatia (shown in red in Figure
1) were explored. Both areas belong to shallow
Croatian offshore.

The Adriatic Sea is a closed, epicontinental part
of the Mediterranean Sea. It was formed in the late
Miocene (5 Ma); its present-day margins formed
approximately after the Flandrian transgression
(COLANTONI ET AL., 1979; FAIRBANKS, 1989;
STANLEY, 1995) and today represent a foreland
area among the Southern Alps, the Dinarides
and the Apennines (e.g., D’ARGENIO, HORVATH,
1984; MINISINI ET AL., 2006). Today the Adriatic
Sea covers part of the Adriatic Basin, which also
includes the inland region of Po Depression. The
Adriatic Basin overlies the deep basement formed
by the Adriatic Microplate, and is surrounded by
said mountain ranges (e.g., ANDERSON, JACKSON,
1987; CHANNELL AND HORVAT, 1994; WARD,
1994; NocQUET AND CaLAIs, 2003).

The basin has been divided into discrete
depressions  separated by  palaeogeographic
borders. There were three depressions formed in the
Miocene: Dugi otok, Southern Adriatic—Albania,
and Molise Depressions (Fig. 1). Later, in the
Pliocene the Veneto, Po, Marche-Abruzzi, Middle
Adpriatic, Bradano and Adriatic-lonian Depressions
started to form (Fig. 1). Dugi otok Depression is
located in the Croatian part of the Adriatic Sea
as well as the easternmost parts of Po and the
Middle Adriatic Depressions, and the northern
part of the South Adriatic — Albanian Depression
(PRELOGOVIC, KRANJEC, 1983).

Deposits that filled the depressions above
overlie a carbonate basement that belongs to
Adriatic and Apulian Carbonate Platforms (Fig.
1). Carbonates in Croatia mostly belong to the
Adriatic Carbonate Platform (from the Lower
Jurassic to end of the Cretaceous), term highly
adopted after the 2nd International Symposium
on the Adriatic Carbonate Platform (Some aspects
of the shallow..., 1991), where the results from
numerous previous researches that supported such
paradigm were elaborated (e.g. PoLr$ak, 1965,
1981; Jeraska, 1973; TiSLjar, 1983; OGORELEC,
1987; VELIC ET AL., 1987; BUSER, 1989; GuSIC,
JeLAskA, 1990; DRAGICEVIC, VELIC, 1994; TiSLjAR
ET AL., 2002; VLAHOVIC ET AL., 2005).
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Slika 1. Miocenske i pliocensko-pleistocensko-holocenske naslage Jadranskog bazena

Izvor: prema VELIC, MALVIC, 2011.

Figure 1 Miocene and Pliocene-Pleistocene-Holocene depressions in the Adriatic Basin

Source: according to VELIC, MALVIG, 2011

Cijela karbonatna sekvencija hrvatskih krskih
Dinarida moze dosti¢i 8000 metara (TiSLJAR
I DR., 2002.; VELIC 1 DR., 2002.). Starost toga
karbonatnog slijeda krece se od srednjeg perma do
eocena (VELIC 1 DR., 2002.). Dugo vremena cijeli taj
niz litostratigrafski vodio se kao formacija Dinaridi,
posebno kod istrazivanja ugljikovodika, S$to je
ocito predstavljalo pogresno pojednostavljenje.
Tako heterogena i debela sekvencija mora imati
sva svojstva jedinice razine grupe ili supergrupe ili,
pak, treba biti pazljivo podijeljena u vise formacija.
Rezultati takvoga zadatka nedavno su objavljeni
u VELIC 1 DR. (2015.), gdje su uvedene nove
formacije BruSane, Baske Ostarije i Mali Alan,
koje su zamijenile formaciju Dinaridi. Takoder je
kenozojska formacija Susak u Sjevernom Jadranu
ponovno opisana i preimenovana u formacije
Rasa, Istra i Ivana.

The entire carbonate sequences in Croatian
Karst Dinarides can reach up to 8000 m (TISLJAR ET
AL.2002; VELIC ET AL. 2002). The whole carbonate
stratigraphic interval ranges from the Middle
Permian to the Eocene (VELIC ET AL., 2002), and
although was long time was reffered to as Dinaridi
Formation, especially in petroleum exploration, it
is obviously used by mistake. Such heterogeneity
and thick sequence has all the properties of
lithostratigraphic group or even supergroup, or
need to be carefully divided into more formations.
This task has recently been published in VELIC
ET AL. (2015), introducing new Brusane, Baske
Ostarije and Mali Alan Formations as substitution
for the Dinaridi Formation. Moreover, the
Cainozoic Susak Formation in the Northern Adria
was been completely redescribed and renamed into
Rasa, Istra and Ivana Formations.
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Prethodna istrazivanja i metode

Brojni su prethodno objavljeni rezultati
regionalnih studija i litologije istrazivanog
podrudja objavljeni u proslosti, npr. P. Colantoni i
dr. (1979.), G. Muttoni i dr. (2003.), M. Ghielmi i
dr. (2009.), J. Veli¢ i T. Malvi¢ (2011.), D. Bali¢ i
T. Malvié, (2013.).

Od 1970. kada se pocelo s istrazivackim
busenjem u hrvatskom dijelu Jadrana pa do 2000.
nacinjeno je 116 buSotina i snimljeno 75 000
kilometara seizmickih profila. Veéina aktivnosti
bila je usmjerena na dobivanje podataka o
karbonatnoj podini, no neki su podaci takoder
obuhvatili pliocenske i mlade klasti¢ne talozine
(npr. MALvVIC 1 DR., 2011.; VELIC 1 DR., 2015.).
Opcenito ti su podaci omogudili odrediti vremena
oledbi koje su se Sirile iz Alpi prema Jadranskom
moru te rekonstruirati pomicanje paleodelte
i prodelte rijeke Po. Znatno manje podataka
bilo je dostupno u Juznoj Dalmaciji, posebice
busotinskih. Tamo je glavnina zakljucaka o
paleogeografiji dobivena iz najduze postojece
seizmicke sekcije (oko 100 kilometara) te jedne
duboke busotine (BaLié, MaLrvié, 2013.), te iz
jedne plitke busotine nacinjene u inzenjersko-
geolosku svrhu (BULJAN 1 DR., 2012.).

Prikazano istrazivanje je sinteza prethodno
objavljenih busotinskih i seizmickih podataka
prikupljenih u Sjevernom Jadranu i Juznoj

Dalmaciji. Oni su prouéeni u skladu sa
Sjevernoamerickim  stratigrafskim  kodom,
posebno tamo gdje su odredene nove

litostratigrafske jedinice.

Talozni okolisi i litostratigrafska svojstva
pliocenskih, pleistocenskih i holocenskih talozina
analiziranog dijela hrvatskog Jadrana

Tektonska evolucija cjelokupnoga
perimediteranskog  prostora  posljedica  je
kontinentalne riftne faze koje je zapocela u trijasu
i donjoj juri te se nastavila kolizijom u gornjoj
kredi i traje jos danas (npr. BENNETT 1 DR.,
2008.). Najveca regionalna pliocensko-pliocenska
depresija je ona Padska, smjeStena na zapadu
Jadranskog bazena, a debljine u njoj dosezu
nekoliko tisuéa metara (npr. VELIG, MALVIC,
2011.).
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Previous explorations and methods

Numerous  regional  studies  of  the
palaeogeography and lithology specific to the
explored areas were published, e.g. P. Colantoni et
al (1979), G. Muttoni et al (2003), M. Ghielmi et al
(2009), J. Veli¢ and T. Malvi¢ (2011), D. Bali¢ and
T. Malvié, (2013).

Exploration drilling commenced in the Croatian
Adriaticin 1970. By 2000, 116 wells had been drilled
and 75,000 km of 2D seismic exploration had been
completed. Most of this work was conducted for
the purpose of studying the carbonate basement,
but some of the data was obtained for describing
Pliocene and younger, non-platform, sediments (e.g.
MALvIC ET AL., 2011; VELIC ET AL., 2015). Overall,
the data made it possible to determine periods of
glaciation that began in the Alps, extended over the
Adriatic Sea, and to reconstruct palaeo-Po delta and
prodelta movement completely. Significantly fewer
datasets were available for the Southern Dalmatia
than for the north, especially from wells. The main
conclusions regarding the palaeogeography were
inferred from the longest seismic sections (up to 100
km) and one deep well (BaL1¢, MaLvi¢, 2013), and
from one shallow borehole drilled specifically for
civil engineering purposes (BULJAN ET AL., 2012).

Presented research had been done as synthesis
of previously published well and seismic data in the
Northern Adria and Southern Dalmatia. They were
studied according the North American Stratigraphic
Code, especially where the new lithostratigraphic
units were defined.

Depositional environments and related
lithostratigraphic properties of the Pliocene,
Pleistocene and Holocene in the analysed
Croatian Adriatic Sea

The tectonic evolution of the entire peri-
Mediterranean area consisted of continental
rifting beginning in the Triassic to Lower Jurassic
and continuing until the collision that began in
the Upper Cretaceous and is still ongoing (e.g.,
BENNETT ET AL., 2008). The largest regional
Pliocene-Pleistocene Po depression in the Adriatic
Basin is today located along the west coast, reaching
thicknesses of several thousand metres (e.g. VELIC
AND MaLvié, 2011).



T. Malvi¢, J. Veli¢, M. Cvetkovi¢, M. Vekié, M. Sapina

Geoadria 20/2 (2015) 85-108

Banja.Luka

BOSNIA
AND
HERZEGOVINA

= SARAJEVO

Slika 2. Podrugje Jadranske karbonatne platforme
Izvor: prilagodeno prema ViaHOVIC 1 DR.., 2005.
Figure 2 The area of the Adriatic Carbonate Platform
Source: modified after VLanovic€ T AL., 2005

Evolucija podine pliocenskib, pleistocenskib
i holocenskib taloZina hrvaiskoga dijela
Jadranskog bazena

Jadranska karbonatna platforma (S 2.)
zasebni je paleogeografski entitet koji se odvojio
od ruba Gondwane u donjoj juri te kao takav
postojao do kraja krede. U kenozoiku, dio
platformskih sedimenata, izdignuo se u Dinaride
(VLaHOVIC T DR., 2005.).

Danas su Vanjski Dinaridi smjesteni izmedu
Jadranske obale i Unutarnjih Dinarida koji
¢ine juznu granicu Panonskog bazenskog
sustava. S druge strane, jugozapadna granica
Jadranske karbonatne platforme prekrivena je
Jadranskim morem i ujedno predstavlja granicu
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Evolution of the basement of Pliocene, Pleistocene
and Holocene deposits in the Croatian part of the
Adriatic Basin

The Adriatic Carbonate Platform (Fig. 2) is
defined as a separate palaeogeographic entity,
isolated from other former Gondwana platforms,
and developed from the Lower Jurassic until the
end of the Cretaceous. During the Cainozoic, the
large massif of the Dinarides was uplifted from

a part of platform sediments (VLAHOVIC ET AL.,
2005).

The Outer Dinarides have recently been located
between the Adriatic coast and the Inner Dinarides
that form the southern margin of the Pannonian
Basin  System.  Present-day  south-western
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dosega talozenja pliocenskih, pleistocenskih
i holocenskih talozina donaSanih u Jadran s
hrvatske strane.

Evolucija hrvatskog dijela Jadranskog bazena
tijekom pliocena, pleistocena i holocena

TaloZenje u Jadranskom bazenu u kvartaru
snazno je bilo obiljezeno glacijalima i
interglacijalima. Tijekom hladnih razdoblja ledeni
pokrov sirio se Cak dijelovima Velebita (VELIC
I DR., 2011.). Svaka oledba bila je povezana
sa snizavanjem morske razine. Tako se ve¢ u
kasnom miocenu globalna razina mora spustila
zbog antarkticke oledbe i opCeg Sirenja leda (npr.
MERCER, SUTTER, 1982.). Volumen leda bio je
znatno veCi negoli danas te ...eustaticki pad razine
mora bijase djelomice odgovoran za izolaciju
Mediteranskog bazena (KENNETT, 1977.), a zbog
odvajanja toga prostora od Atlantskog oceana u
podrucju Gibraltara. Pocetkom pliocena dolazi
do porasta razine mora i Jadransko more poprima
danasnje obrise no uz znatno vecu povrsinu koje
je prekrilo. Slikovit primjer dan je, npr., u VELIC,
Mavrvic¢ (2011.).

Tijekom pliocena (5,332 — 2,588 mil. god.) u
hrvatskom dijelu Sjevernog Jadrana uglavnom su
talozeni peliti. Planktonske i benticke foraminifere
ranog pliocena upucuju na toplu klimu te talozenje
u okoliSima otvorenoga mora (vanjskog selfa), uz
veliku raznolikost vrsta (Turk, 1971.; CiTA, RYAN,
1973.). No, kasni pliocen obiljezen je manjom
raznolikoséu i brojem planktonskih foraminifera
(Karac, 2008.), $to je posljedica umjerene do
hladne klime tijekom bibera (%2,5 mil. god.).
Debljina pliocena veca je u talijanskom podmorju,
§to zbog blizine izvornog podrudja detritusa, a
§to zbog brzeg tonjenja prostora tijekom kasnog
pliocena (R10 1 DR.., 1997.), te nastanka strmijih
podmorskih padina uz koju je sediment bogat
organskom tvari bio prenasan s kopna.

U pleistocenu volumen leda na Zemlji bio je i
tri puta veci nego $to je danas, dok su velike ledene
ploce u prosjeku bile debljine 2 kilometra, a opca
razina mora niza za oko 105,5 — 123,4 metara
tijekom Zadnjeg oledbenog razdoblja (DoNN 1
DR.., 1962.). Sli¢nu vrijednost od 130 metara
naveli su M. Nakada i K. Lambeck (1988.) te Y.
Yokohama i dr.. (2001.) daju vrijednost 137,4 —
159,3 metra tijekom trece oledbe. Nasuprot tomu,
tijekom meduledenih razdoblja, razina mora je
rasla pa katkad dosegla i nekoliko metara vise
razine od danasnjih. Jadransko more u danasnjim
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boundaries of the Adriatic Carbonate Platform,
now covered by the Adriatic Sea, marks where most
of the Pliocene, Pleistocene and Holocene clastics,
transported from Croatian coast, were deposited in
the Adriatic Basin.

Evolution of the Croatian part of the Adriatic
Basin during the Pliocene, Pleistocene and
Holocene

The sedimentation in the Adriatic Basin during
the Quaternary was strongly influenced by glacial-
interglacial cycles. During the cold periods, ice
sheets extended even over parts of the Velebit
Mountain (VELIC ET AL., 2011). Each glacial was
associated with lowered sea levels; in the latest
Miocene, for example, global sea levels dropped
due to the Antarctic glacial that caused a large
extension of ice sheets (e.g. MERCER AND SUTTER,
1982). Ice volumes increased beyond those of the
present day, and “...an eustatic sea level drop that
may have been partly responsible for the isolation
of the Mediterranean basin” (KENNETT, 1977). As
result, during this period the Atlantic Ocean was no
longer linked to the Mediterranean Sea at Gibraltar.
At the beginning of the Pliocene, the sea level was
higher and the Adriatic Sea was much larger but
started to adopt a similar shape as we know it
today. Examples of the depositional conditions in
the early Pliocene Adriatic Sea have been given in,
e.g. VELIC, MALvIC (2011).

During the Pliocene (5.332-2.588 Ma)
mostly or exclusively pelites were deposited in
Croatian Northern Adria. Planktonic and benthic
foraminifera community composition found in the
early Pliocene sediment indicated a warm climate
and deposition in deeper environments of the open
sea, in this case the outer shelf with high diversity
of forms (Turk, 1971; Cita AND Ryan, 1973).
However, the late Pliocene is characterised by less
diversity and quantities of planktonic foraminifera
(Karac, 2008) which resulted from a moderate-to-
cold climate during the Biber (%2.5 Ma). Pliocene
sediments are thicker along the Italian offshore part
of the Adriatic, not only because of the proximal
depositional environment, but also due to the
rapid subsidence during the late Pliocene (R10 ET
AL., 1997) causing steeper slopes and abundant
sediment rich in organic matter to be transported
from inland.

In the Pleistocene global ice volume was about
three times higher than it is today, with ice sheets 2
km thick on average and the global sea-level lower
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granicama priblizno je oblikovano nakon zadnjeg
glacijala Wiirma u kojem je zadnji put tijekom
kvartara danasnje jadransko morsko dno na
velikoj povrsini bilo izlozeno kao kopno (npr.
CORREGGIARI T DR., 1996.). Danas se vremena
oledbi/meduoledbi takoder opisuju morskim
izotopnim razdobljima (engl. Marine Isotope
Stages, skr. MIS) kojima se opisuju topla i hladna
razdoblja te mogu biti korelirani s nazivima oledbi
i meduoledbi, poput onih utvrdenih u alpskom
podrudju (npr. Ivy-OcHs 1 DR., 2008.).

Progradacija rijeke Po prema moru, odnosno
jugoistoku, jako je ovisila o oledbama koje su
stvarale novo kopno, a na kojem je onda mogla
biti prenoSena i odlagana velika koli¢ina pjes¢anog
i siltnog detritusa u (novooblikovanim) deltama i
prodeltama. Turbiditi su bili glavni mehanizam
takva prijenosa kojim se detritus mogao odlagati
i do 200 kilometara jugoisto¢nije od danasnje
obalne linije. Drugi rijeCni sustav, onaj rijeke
Neretve, progradirao je tijekom oledbi uglavnom
prema zapadu i to nekoliko desetaka kilometara
(prema SIKORA 1 DR., 2014., progradacija je
iznosila 136 kilometara).

Litostratigrafske jedinice i njihova korelacija

Vrlo detaljna litostratigrafska razradba i
korelacija nacinjena je u prostoru Padske depresije
zbog otkrica niza plinskih lezi$ta u pliocenskim i
pleistocenskim talozinama. Danas su te jedinice
razli¢ito imenovane u hrvatskom i talijanskom
podmorju. Njihov detaljan odnos prikazan
je u VELIG, MArvi¢ (2011.), a temelji se na
razli¢itoj strukturnoj i taloznoj povijesti. Tipi¢ne
litologije, a time i litostratigrafija, pliocenskih i
mladih taloZina u hrvatskom Sjevernom Jadranu
ukljucuju (SI. 3.):

a) U pliocenu: pretezito ili potpuno nepropusne
talozine (npr. Karac, 2008.). Pjeskoviti
detritus talozen je isklju¢ivo na talijanskoj
strani iz prodelti, dok je u ostatku prostora
dominirala hemipelagi¢ka sedimentacija. U
Hrvatskoj su te taloZine nazvane formacija
Istra (VELIC, MaLvIC, 2011.), koja je priblizan
bo¢ni ekvivalent formacija Canopo, Corsini,
Porto Garibaldi te veéine formacije Santerno
imenovanih u Italiji.

U pleistocenu: opcenito su to slabo
konsolidirane ili nekonsolidirane talozine.
Tijekom te epohe u hrvatskom dijelu sjevernog
Jadrana talozeni su slojevi pijeska i silta debljine
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than today about 105.5 to 123.4 during the Last
Glacial Stage (DONN ET AL., 1962). Similar value of
130 m was given by M. Nakada and K. Lambeck
(1988) and Y. Yokohama et al. (2001) calculated
it was 137.4 — 159.3 m during the Third Glacial.
Conversely, some of the interglacials have resulted
in sea levels several metres higher than today. The
Adpriatic Sea was formed within approximately its
present borders following the last, Wiirm, glacial
when exposed land was significantly larger (e.g.,
CORREGGIARI ET AL., 1996). Today, Marine Isotope
Stages (marine oxygen-isotope stages, MIS) are used
extensively to describe warm and cool periods and
could be correlated with glacials or interglacials
like in Alps (e.g., Ivy-OcHS ET AL., 2008).

Po River system prograded seaward to the
south-east during glacial periods, transporting
and depositing large quantities of sandy and silty
detritus in deltas and prodeltas; turbidites were
initiated from these river delta accumulations. Such
progradation extended as far as 200 km as the
coastline migrated toward southeast. Oppositely,
Neretva River system could prograded mostly
toward west and about few tens km over exposed
glacial land (according to SIKORA ET AL., 2014,
progradation was 136 km mostly westward).

Lithostratigraphic units and their correlation

An extensive lithostratigraphic correlation was
conducted in Po Depression to obtain a detailed
description of gas reservoirs in Pliocene and
Pleistocene sediments. At present, formations in
the Croatian and Italian parts of the subsurface are
known by different names. The detailed relationship
was given in VELIC, MALvi¢ (2011) based on a
different structural and environmental evolution.
The typical lithologies and lithostratigraphy of
the Pliocene and younger deposits in the Croatian
Northern Adria include (Fig. 3):

a) Pliocene:  Predominantly or  completely
impermeable deposits (e.g. Karac, 2008).
Sandy detritus was deposited exclusively on the
Italian side seaward from prodeltas; in other
part hemipelagic sedimentation dominated.
In Croatia these are named (VELIC, MALVIC,
2011) Istria Formation (could be considered
as approximate lateral equivalent of Canopo,
Corsini, Porto Garibaldi and the most of
Santerno Formations in Italy).

Pleistocene: Generally very slightly compacted
or unconsolidated sediments are recognised in

b)
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nekoliko metara unutar delte i prodelte rijeke
Po (npr. Karac, 2008.). Stoga je taj litofacijes
obiljezen izmjenom propusnih i nepropusnih
sekvencija, tj. pijeska, siltnog pijeska, gline,
glinjaka i glinovitog lapora. Tipski lokalitet
nalazi se u plinskom polju Ivana pa se te
talozine imenovane formacijom Ivana (VELIC,
Mawvié, 2011.), a koja je priblizno bocni
ekvivalent formacija Carola, Ravenna te
najmladeg dijela formacije Santerno u Italiji.

Pliocenske,  pleistocenske i  holocenske
litostratigrafske formacije u Sjevernom Jadranu
prikazane su na slici 3. te prvobitno korelirane
s debljinama priblizno istovremenih talozina u
podrudju rijeCnog sustava Neretve (SI. 3.). Taj
sustav je jedini na hrvatskoj obali Jadrana koji je
tijekom pliocena, pleistocena i holocena prenosio
znacajne kolicine detritusa u priobalje.
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entire area. In this epoch, few meters thick beds of
sand and silt were also deposited on the Croatian
side of the Adriatic Sea, in palaeo-Po delta and
prodelta environments (e.g., Karac, 2008). As
a result, this lithofacies comprises alternating
permeable and impermeable deposits, mostly
of sands, silty sands, clays, claystone and clayey
marls. The type locality was described in Ivana
Gas Field and consequently those deposits have
been named Ivana Formation (VELIC, MALVIC,
2011). They could be considered as approximate
lateral equivalent of Carola, Ravenna and the
uppermost part of Santerno Formations in Italy.

The Pliocene, Pleistocene and Holocene

lithostratigraphic formations in the Northern
Adriatic are reviewed in Figure 3, along with
correlations
with Neretva River system, which was the only
Pliocene, Pleistocene and Holocene system carrying

regarding thickness comparisons
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Slika 3. Usporedba debljina pliocena, pleistocena i kvartara istalozenih u podrudju hrvatskoga sjeverno- i
srednjojadranskog priobalja, a temeljena na nazivima formacija utvrdenih u Sjevernom Jadranu (BaLi¢, MALVIC,
2013.). Formacija Susak nedavno je preimenovana, a fm. Dinaridi podijeljena u tri nove (VELIC 1 DR., 2015.).
Figure 3 Comparison of thicknesses of Pliocene, Pleistocene and Holocene deposits along the Croatian Northern
and Middle Adriatic shallow offshore, based on formations named in the northern part (BALIC AND MALvIC, 2013).
The Susak Fm. is recently renamed, and Dinaridi Fm. divided into three new ones (VELIC ET AL., 2015).
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Jedinice prikazane na slici 3., koje ukljuc¢uju
miocenske 1 starije stijene, nedavno su bile
ponovno opisane te su izdvojeni novi tipski
lokaliteti i odredeno njihovo vremensko trajanje
(VELIC T DR., 2015.). Time je uglavnom prostor
cijeloga hrvatskog dijela Jadranskog bazena
ponovno litostratigrafski imenovan i odreden.

Litostratigrafske jedinice pliocena, pleistocena i
holocena u Sjevernom Jadranu

Pliocenski, pleistocenski i holocenski sedimenti
u Sjevernom Jadranu, kako je prikazano na slici
3., podijeljeni su u dvije litostratigrafske jedinice
ranga formacija, Istra i Ivana (VELIC, MALVIC,
2011.).

Formacija Istra

Ta formacija obuhvaca klasti¢ne sedimente
talozene na predgorskoj, bazenskoj rampi tijekom
pliocena. Lokalno vrlo sliéna sedimentacija
mogla se nastaviti i u ranom pliocenu. Pretezitu
litologiju te formacije Cine (sivi do zeleni) lapori
i gline. U njima se mogu nacdi lece siltne gline, no
nisu opazene krupnije frakcije, poput pijeska.
Donja granica te formacije predstavljena je
transgresivnim taloZinama, dok gornju ¢ini pojava
sedimenata formacije Ivana. Debljine formacije
varira unutar Padske depresije, a znatno je veca
u talijanskom dijelu. U mikrofosilnom sadrzaju
dominiraju planktonske foraminifere. Kako je
formacija litoloski vrlo homogena nije podijeljena
na ¢lanove.

Formacija lvana

Tijekom ranog i srednjeg pleistocena klastiti
turbiditnog podrijetla taloZeni su preko formacija
Istra, oznacavajui pocetak nastanka formacije
Ivana. Kontakt je opcenito transgresivan, uz
mjestimine  pojave  diskordancija  (Maric
burekovic, 2011.). Formacija ukljucuje izmjenu
glina i siltnih pijesaka unutar kojih su otkrivena
glavna plinska lezista Sjevernog Jadrana.
Debljina joj je 400 — 1900 metara, $to ovisi o
paleoreljefu na koji je taloZena, te tektonskoj
i klimatskoj povijesti tijekom pleistocena i
holocena (Mari¢ Durekovié, 2011; VELIC,
Marvié, 2011.) Unutar formacije nacinjena
je detaljna sekvencijsko-stratigrafska analiza
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considerable amounts of sediment material into the
Croatian offshore region.

The units shown in Figure 3, which include
Miocene and older rocks, are currently (VELICET AL.,
2015) being re-described by selecting new typical
locations and providing new chronostratigraphic
spans. As a consequence, most of the Croatian
Adriatic Basin is to be again lithostratigraphically
renamed and determined.

Lithostratigraphic units of Pliocene, Pleistocene
and Holocene ages in the Northern Adria

Pliocene, Pleistocene and Holocene sediments
in the Northern Adria, as shown in Figure 3, have
been divided in two units of rank of formation.
According to VELIG, MALVIC, 2011, these are Istria
and Ivana Formations.

Istria Formation

Istria Formation comprises clastic sediments that
were deposited in the foreland basin ramp during
the Pliocene, and locally in the early Pleistocene.
The dominant lithology in this formation consists
of grey or green marls and clays. Lenses of silty
clay are observed but no coarse-grained (i.e., sand)
fractions are found. The lower boundary of the
formation is marked by a transgressional deposits
and upper with turbiditic sediments of the Ivana
Formation. The thickness of Pliocene sediments is
variable throughout the Po Depression, increasing
towards the Ttalian side of the Adriatic. The
microfossil assemblage consists of planktonic
fauna. Istria Formation is generally homogeneous
and no members have been defined.

Ivana Formation

During the early and middle Pleistocene, clastics
of turbiditic origin were deposited onto Istria
Formation and defined to belong to Ivana Formation.
Generally the contact between the two formations
is transgressive, with only local discordance being
observed (Mari¢ Durekovié, 2011). Ivana
Formation comprises intercalated, fine-grained
clays and silty sands. The main gas accumulations
in the northern Adria are found in Ivana Formation
sands. The thickness is between 400 and 1900 m,
depending on palaeo-relief, tectonics and climate
changes during the Quaternary (MArRIC DUREKOVIC,
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kojom su odredene Cetiri sekvencije Cetvrtoga
reda. To su Q1 i Q2 priblizno donjopleistocenske
starosti, Q3 srednjopleistocenske i Q4 srednjo- do
gornjopleistocenske i holocenske starosti (MaRrI¢
burekovic,2011.). Na temelju litoloskog sastava,
izvora materijala (SI. 4.) i opazenih facijesa (Sl. 5.),
tj. na temelju spomenutih sekvencija, formacija
Ivana podijeljena je na ¢lanove.
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2011; VELIG, MALVIG, 2011). A detailed sequence-
stratigraphy analysis was performed on sediments
of Ivana Formation; four fourth-order sequences
were determined as Q1 to Q2 of approximate early
Pleistocene age, Q3 of middle Pleistocene age and
Q4 of middle to upper Pleistocene and Holocene
ages (Mari¢ Durekovié, 2011). Based on the
lithological composition and observed sedimentary
sources (Fig. 4) and facies (Fig. 5), Ivana Formation
was subdivided into members.

Delta front sands

Clays of delta plain

Sands of subageous
fans

Palaeo transport
direction

Slika 4. Podrijetlo detritusa unutar Padske depresije u sekvencijama Q1-Q3

Izvor: MARI¢ DUREKOVIC, 2011.

Figure 4 Origins of sediment influx in Po Depression for sequences Q1-Q3

Source: MARIC DUREKOVIC, 2011
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Izvor: Mari¢ Durekovic, 2011.

Figure 5 Sedimentary facies of Ivana Formation, indicating the members

Source: MARrIC DUREKOVIC, 2011

Clan Anamarija

Clan Anamarija formacije Ivana taloZen je u
distalnom dijelu podmorske lepeze te obuhvada
sekvencije Q1-Q3 (SI. 4.). One su istalozene u
turbiditnim lobovima kao dijelu distalnog dijela
podmorske lepeze na bazenskoj ravnici. Prema
Bouminoj klasifikaciji, sastoji se od sekvencija T¢
— Te u kojima je ukupni odnos debljina propusno/
nepropusno (skr. ss/sh) manji od 1. Taj odnos
raste prema mladim dijelovima, a $to je posljedica
progradacije taloznog sustava. Izvor materijala
za sekvenciju Q1 bili su Apenini, a oplenito su
sve sekvencije Q1-Q3 izgradene (i) od klastita
prenosenih iz Juznih Alpi.

Clan Katarina

Clan Katarina formacije Ivana odreden je
talozinama proksimalnog dijela podmorske lepeze/
rampe. Sastoji se od gornjega dijela sekvencije Q3
i donjega sekvencije Q4 (SI. 5.). Ceste promjene
litofacijesa unutar ¢lana posljedica su talozenja
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Anamarija Member

Anamarija Member of Ivana Formation belongs
to distal submarine fan facies and comprises
sequences Q1-Q3 (Fig. 4) that were deposited in
turbidite lobes in the distal arc of the submarine
fan and in the basin plain. It is interpreted as
dominantly Bouma sequences Tc — Te with a
sandstone/shale ratio (of thickness, abbr. ss/sh) of
less than 1. The ss/sh ratio increases upwards as
a result of the influence of the progradation of the
sedimentary system. The sources of the material are
the Apennines for the Q1 sequence, and mainly the
Southern Alps for the Q1-Q3 sequences (Fig. 4).

Katarina Member

Katarina Member of Ivana Formation is defined
as a proximal submarine fan/ramp which comprises
the upper part of sequence Q3 and the lower part
of sequence Q4 (Fig. 5). The frequent change of
lithofacies within this member tends to confirm
that it is indeed a proximal area of sedimentation.
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u proksimalnog dijelu lepeze, gdje pjeskoviti
detritus preteze unutar lobova i kanalnih ispuna.
Talozenje se najveéim dijelom odvijalo iz vrlo
gustih turbidita te povremeno debritnih i muljnih
tokova. Kako se ono nastavljalo cijeli, prostor je
opli¢avao §to se moze pratiti u sedimentima, koji
u najmladem dijelu potjecu iz podmorske rampe
na koju je detritus donasan deltom. Materijal
uglavnom potjece iz Venecijanske, te dijelom i iz
Padske depresije (S. 4.).

Clan Izabela

Clan Izabela formacije Ivana sastoji se od
sekvencije Q4 koja je istalozena u deltnom
i prodeltnom okolisu (SI. 5.). Sastoji se od
glinovitih siltova prodelte, u kojima su povremeno
“umetnuti” pijesci i gline taloZeni na deltnoj
ravnici (MARIC DUurekovic, 2011.). Novoopisane
litostratigrafske jedinice pliocena, pleistocena i
holocena Padske depresije (Sjevernog Jadrana)
prikazane su na Sl. 6. i temeljeni su na rezultatima
objavljenim u VELI¢, MaLvi¢ (2011.) te MARIC
Dburekovic (2011.) Imenovane su prema imenima
tipskih lokaliteta u Sjevernom Jadranu, na kojima
su opisane karakteristicne litologije koje su ih
odredile.
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The sand facies dominate in proximal lobes and
channel fills. The sediment material was presumably
deposited mostly from high-density turbidity
currents and occasionally from debris- and mud
flows. As sedimentation progressed, the area
showed shallowing-upwards sequences, implying
that the upper material represents a delta feed
submarine ramp. The source of the sedimentary
detritus is predominantly in the Venice Depression
and partially from the Po Depression (Fig. 4).

Izabela Member

Izabela Member of Ivana Formation consists
of sequence Q4 which belongs to the sediments of
the delta and prodelta system (Fig. 5). It comprises
clayey silts of prodelta facies, with occasional
delta front sands and intercalated sands and clay
of the delta plain (MAR1¢ Durekovié, 2011). The
newly established lithostratigraphic divisions of
the Pliocene, Pleistocene and Holocene sediments
of the Northern Adriatic Po Depression is shown
in Figure 6 and is based onto results published
into VELIG, MALvVIC (2011) as well as Maric
burekovi¢ (2011). The members are named
according typical localities in the Northern Adria,
where are determined typical lithologies that
defined each particular member.
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Slika 6. Nova litostratigrafska podjela pliocenskih, pleistocenskih i holocenskih talozina u hrvatskom dijelu Padske

depresije

Figure 6 Newly established lithostratigraphic division of the Pliocene, Pleistocene and Holocene sediments in the

Croatian part of the Po Depression
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Nove litostratigrafske jedinice pliocena,
pleistocena i holocena u priobalju Juzne
Dalmacije

Na temelju prethodnih rezultata analize
pliocenskih, pleistocenskih i holocenskih talozina
u Neretvanskom i Korculanskom kanalu ocito
je znacajan dio klastita donoSen i istalozen
djelovanjem rijeke Neretve u proslosti (BaLiC,
Marvié, 2013.). No ukupne debljine takvih
taloZzina su znacajno manje negoli istodobnih
u Padskoj depresiji. Zajednicko je $to su u svim
tim podrud¢jima pjescani i siltni detritus prenoseni
djelovanjem u deltama i prodeltama.

Formacija Neretvanski kanal

Nekoliko istrazivanja (JURINA, Ivanié, 2011;
Burjan 1 DR., 2013.) pruzilo je dovoljan broj
mjerenja i interpretacija kako bi se u prostoru
Neretvanskog (posebice Malostonskog zaljeva) i
Korculanskog kanala uspostavile nove pliocenske,
pleistocenske i holocenske litostratigrafske
jedinice. U tim prostorima morski ili slatkovodni
okolisi talozenja bili su povremeno popunjavani
klastitima talozenim u delti ili prodelti rijeke
Neretve. Pri tomu je poluotok Peljesac (SI. 7.)
bilo markantno geomorfolosko uzdignuée koje
je utjecalo na progradaciju rijeke Neretve u
more, tj. u prostor Neretvanskog kanala, a time
i Malostonskog zaljeva kao najisto¢nijeg dijela
toga prostora, ali i dalje prema zapadu u prostor
Korculanskog kanala. Sve je to bilo razlogom da
se cijela pliocensko, pleistocensko, holocenska
sekvencija, sastavljena pretezito od gline te
dodatno silta i pijeska, s vrlo malo sljunka,
imenuje formacijom Neretvanski kanal. Unutar
nje mogu se nadi talozine marinskog, braki¢nog i
slatkovodnog podrijetla, no u svima njima moguce
je nadi klastite istaloZzene djelovanjem rijeke
Neretve. TaloZine te formacije jasno se litoloski
razlikuju od karbonatne podine (miocenske ili
starije). Debljina im se kreée izmedu 100 i 400
metara, $to je prikazano na Sl. 7. na kojoj se
moze ocitati okomita skala u milisekundama.
U prikazanom slucaju vrijedi sljedece pravilo
pretvorbe: 1,5 m odgovara 1 ms u morskoj vodi,
a2 m 1 ms u klastitima ispod nje (kod gline vrijedi
1 -2,5 m/ms, kod “mokrog” pijeska 1,5 — 2,0 m/
ms).
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The new lithostratigraphic units in the Pliocene,
Pleistocene and Holocene in the Southern
Dalmatia offshore

Based on previous reports on Pliocene,
Pleistocene and Holocene deposits in Neretva
and Korcula Channels, significant amount of
clastics had been transported in palaco-Neretva
environments (BALIC, MaLvi¢, 2013). However,
total sediment thicknesses are significantly lower
than in Po depressions. In both areas, the sandy and
silty components were transported through deltas
and prodeltas.

Neretva Channel Formation

Several reports (JuriNa, Ivanié, 2011;
Burjan ET AL., 2013), have provided sufficient
measurements and interpretations in Neretva
Channel (especially Mali Ston Bay) and Korcula
Channel to establish new Pliocene, Pleistocene and
Holocene lithostratigraphic division characteristics
for this area. In those locations, marine or fresh-
water environments were periodically influenced
by the palaco-Neretva delta and prodelta. Peljesac
Peninsula (Fig. 7) was one the most imposing
geomorphological features of the region during the
Pliocene, Pleistocene and Holocene, directing the
Neretva River system seaward from the present
coastline, i.e., into the Neretva Channel, including
the easternmost edge of the Mali Ston Bay, and
Korcula Channel. All of those reasons determined
the need for the entire Pliocene, Pleistocene and
Holocene clastic sequence — (predominantly) clay,
silt and sand, with very sporadic gravel — to be
named Neretva Channel Formation, as the area
where all lithotypes of marine, brackish, freshwater
and, especially, lithotypes formed by Neretva River
are found. The clastics of this formation are clearly
different and recognisable from the carbonates of
the Miocene (or older) basement. The approximate
formation thickness varies from 100 to 400
m, as shown in Figure 7 (down). The scale is in
milliseconds (ms), but the equivalent depth and
thickness may be easily calculated from the
following velocities in different materials: 1.5 m/ms
in seawater, and about 2 m/ms in clastics (clay =
1-2.5 m/ms, wet sand = 1.5-2.0 m/ms).
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Slika 7. Podrudje talozenja rijeke Neretve tijekom pliocena, pleistocena i holocena

Izvor: prilagodena prema Bavri¢ 1 MaLvic, 2013.

Figure 7 The depositional area of Neretva River during the Pliocene, Pleistocene and Holocene

Source: modified after BALIC, MAaLvIC, 2013

Clan Malostonski zaljev

Clan Malostonski zaljev predstavlja tipi¢nu
pleistocensko-holocensku  izmjenu  glinovitih,
morskih talozina s povremenim klastitima
kopnenog podrijetla. Sekvencija je opisana u
radu BULjAN 1 DR. (2012.), gdje su autori istrazili
geoloska 1 geomehanicka svojstva kvartarnih
talozina na mjestu bududeg mosta kopno -
Peljesac (Peljesacki most). Te talozine prekrivaju
eocenske i mezozojske karbonate (dio Jadranske
karbonatne platforme) u podini. Oko 12,5
kilometara sjeverno-zapadno od buduéeg mosta
nalazi se danasnje usée rijeke Neretve (Sl. 8.), koje
je donosilo veéinu pjeskovitog detritusa u podrudje
Neretvanskog kanala. Tijekom kvartarnih oledbi
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Mali Ston Bay Member

Mali Ston Bay Member: This is a typical
Pleistocene-Holocene succession of clayey marine
deposits with occasionally intercalated terrigenous
clastics. It was described in BULJAN ET AL. (2012),
where the authors investigated the geological and
geomechanical properties of the thick Pleistocene
and Holocene deposits for the construction of
the future large “Mainland-Peljesac” bridge
(“the Peljesac Bridge”). The sediments overlie the
Eocene and Mesozoic carbonate basement of the
Adriatic Carbonate Platform. Also, about 12.5 km
to the north-west from the future bridge lies the
present-day Neretva River mouth (Fig. 8) which
transported most of the sandy clastics in Neretva
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Slika 8. Geoloska karta, izvorno 1:100 000, listovi Ploce i Ston (MAGAS 1 DR., 1979.; Ra1¢ 1 DR., 1980.), s naznacenim
smjestiStem buduceg mosta, odnosno podrucjem uzorkovanja u Malostonskom zaljevu (BULjaN 1 DR., 2012.)

Figure 8 Geological map, originally 1:100 000 scale, Ploce and Ston sheets (MAGAS ET AL. (1979; Ra1€ ET AL. 1980),
with the future bridge site as the sampled area in Mali Ston Bay (BuLjaN ET AL., 2012)

takav prijenos odvijao se znatno dalje na zapad,
u podrucje Korculanskog kanala, a rezultati
nekih istrazivanja otvaraju moguénost da je
utjecaj rijeke Neretve mogao dosedi ¢ak i prostore
danasnjeg otoka Visa (npr: SURIC 1 DR., 2005.;
CrMARIC, 2009; Suric, 2009.; Bari¢, MaLvic,
2013.; SIKORA 1 DR., 2014.).

Unutar Malostonskog zaljeva BULJAN I DR.
(2012.) opisali su tipske litoloske i geomehanicke
jedinice (SI. 9.). Najmlada jedinica A sadrzi vrlo
mekane i viskozne holocenske talozine, prosjecne
debljine 28 metara (najvise do 38 metara). U njima
su pronadene slatkovodne i marinske Skoljke i
puzevi Ciji fragmenti mogu ¢initi ¢ak do 20%
sadrzaja sedimenta. BULJAN 1 DR. (2012.) naglasili
su snazan utjecaj delte rijeke Neretve u njihovu
nastanku te dominaciju karbonatnih minerala u
odnosu na smektit i vermikulit.

Jedinica B sastavljena je od mekanih do ¢vrstih
taloZina, uglavnom vrlo plasti¢ne gline i silta, s
proslojcima pijeska. U donjem dijelu pronadene
su kalcitne konkrecije promjera priblizno 1
centimetar, a opcenito dominiraju karbonatni
minerali. BurLjaN 1 DR. (2012.) taloZenje tih

Channel, and during the Quaternary glacials
possibly far away in the Korcula Channel. Some
results indicated that prodelta could reach present
day Vis Island (e.g. SURIC ET AL., 2005; CRMARIC,
2009; Suric, 2009; Bari¢, MaLvic, 2013; SIKORA
ET AL., 2014).

BurjaN ET AL. (2012) described typical
lithological and geomechanical units in Mali
Ston Bay (Fig. 9). The youngest (unit A) includes
very soft and viscous Holocene sediment with an
average thickness of 28 m (max. 38 m), including
both freshwater and marine bivalves and gastropod
fragments comprising up to 20% of the content.
BuLjaAN ET AL. (2012) stressed the strong influence
of Neretva River delta, and the predomination of
carbonate minerals compared with smectite and
vermiculite.

Unit B is composed of soft to firm sediments,
mainly highly plastic clay and silt, with sandy
intrabeds. Calcite concretions about 1 cm in
size are found in the lower sediments. BULJAN
ET AL. (2012) described the sediment deposition
in a predominantly shallow low-energy marine
environment. Carbonate minerals prevail. The
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Izvor: BUuLjAN 1 DR., 2012.

Figure 9 Schematic engineering geological cross-section
exaggeration is 10 times.
Source: BULJAN ET AL., 2012

sedimenata svrstali su unutar plitkog, morskog
okolisa, niske energije. Debljina se krece izmedu
25 1 38 metara, a granica prema krovini je
postupna. Starost ¢lana je pleistocenska, osim
najmladeg dijela koji je holocenski.

Jedinica C sastoji se od Cvrste, plasti¢ne gline
s kalcitnim konkrecijama (¢ine vise od 10%
masenih udjela). Debljina moze doseci 40 metara,
a ¢lan ukljucuje tri povremena proslojka pijeska
i §ljunka (svaki je debljine oko 3 metra). Granice
prema krovini (jedinici B) i karbonatnoj podini
(jedinica D, opisana nize) su o$tre. Od minerala
dominira kvarc, a fosili foraminifera ukazali su na
okolis otvorenog mora (PAVELIC, 2005.).

Jedinica D sastavljena je od karbonata gornje
krede i vapnenaca donjega eocena, povremeno
rekristaliziranih i dolomitiziranih te Cesto
frakturiranih.

showing simplified bridge construction. Vertical scale

thickness is 25-38 m, with a gradational boundary
with unit A. The top of the member is presumed
Holocene, but the rest belongs to the Pleistocene.

Unit Cis firm plastic clay with calcite concretions
(more than 10% by mass) with variable thickness
up to 40 m, and includes three sporadic 3 m-thick
beds of sandy and gravelly detritus. Boundaries
with unit B and the carbonate basement (unit D; see
below) are sharp. Quartz dominates; the mineral
and foraminiferal content implies an open marine
environment (PAVELIC, 2005).

Unit D is made of carbonate rocks of Upper
Cretaceous and lower Eocene limestones, locally
recrystallized, dolomitised and frequently very
fractured.

Mali Ston Bay Member includes two clearly
lithologically different components. Units A and
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Clan Malostonski zaljev ukljuéuje dvije
litoloski razlidite cjeline. Jedinice A i B sastoje
se od glinovitog, mekanog do vrlo mekanog,
detritusa, talozenog u plitkoj vodi. No jedinica C
sastavljena je od ¢vrstih, plasti¢nih glina talozenih
u “otvorenom” morskom okolisu, koje sadrze
i relativno deblje proslojke pijeska i Sljunka,
kalcitnih konkrecija te vapnenackog detritusa.
Nadalje, sve ove tri jedinice obiljezene su
dominacijom pelitnog detritusa — razliCitih glina
s karbonatnom komponentom te povremenim
intervalima s dominacijom silta, pijeska ili §ljunka.
Sve opisani litofacijesi odredili su kvartarnu
litologiju kao tipican litostratigrafski ¢lan, jasno
razlikovan od svoje podine.

Pijesci Neretva

U opisu kvartarnih talozina Malostonskog
zaljeva BULJAN 1 DR., 2012., 236, su ustvrdili
kako su nedavno oblikovanje i prostorna svojstva
sitnozrnatib, morskih taloZina blisko povezani
s prijenosom kopnenog materijala obliznjom
rijekom Neretvom, zatim stalnom tektonskom
aktivnoséu koja je prouzrocila izdizanje juinog
dijela brvatske obale te promjenama razine
mora u Mediteranu, a time i Jadranu, tijekom
gornjeg pleistocena i holocena. OCcito je detritus
prenoSen i taloZzen u razlicitim paleookolisima
rijeke Neretve oblikovao brojna pjeskovita i siltna
tijela tijekom pliocena, pleistocena i holocena
unutar Malostonskog zaljeva te Neretvanskog
kanala, ali i Korculanskog kanala vjerojatnom
progradacijom prodelte na zapad/jugozapad. Ti
propusni intervali nisu regionalno prepoznati
izvan toga prostora, odnosno njihovo prostiranje
nije veCe od nekoliko kilometara (JuriNa, IVANIC,
2011.). To ocrtava ¢injenicu kako pelitni detritus
(tj. glina) dominira u prostoru jo§ od donjega
pliocena, a maksimum njezina taloZenja bio je u
morskim (tek katkad braki¢nim i slatkovodnim),
plitkim okolisima gornjeg pleistocena i holocena.

Nadalje, lako je raspoznati, prema
granulometriji, zrna taloZena u prostorima usca,
delte ili prodelte Neretve, od onoga detritusa
talozenog bez utjecaja rijeke, a posebice onoga u
kojima klastita gotovo i nema. Po tom kriteriju,
JuriNa, Ivani¢ (2011.) lako su razvrstali talozine
unutar Neretvanskog kanala i to na one u kojima
dominira pjeskoviti silt talozen djelovanjem
Neretve od talozina u kojima pjeskoviti detritus
nedostaje te su opisane (SHEPARD, 1954.) siltne
gline. Isti autori su ispitali uzorke holocenskih
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B include very soft to soft mostly clayey detritus,
deposited in shallow water, whereas unit C
comprises firm, plastic clay of an open marine
environment, with relatively thick interbeds of
sand and gravel, calcite concretions and limestone
detritus. However, all three units are proven to
be dominated by pelitic detritus — clays with
a carbonate component but also with sporadic
intervals of increasing silt, sand or gravel detritus.
All of those properties have defined this Quaternary
lithology as a typical lithostratigraphic member,
clearly different from the bottom.

Neretva Sands

In the descriptions of Mali Ston Bay Quaternary
deposits BULJAN ET AL., 2012, 236, stated that: “The
Recent formation and spatial setting of marine fine
clastic deposits is closely related to: transport of the
terrigenous material by the nearby Neretva River;
permanent tectonic activity causing the uplift of
the south part of Croatian Adriatic coast; and to
oscillating sea level in the Mediterranean including
the Adriatic Sea sedimentary basin during the
Upper Pleistocene and Holocene.” It is obvious
that detritus transported in different palaeo-
Neretva environments formed numerous silty and
sandy sections during the Pliocene, Pleistocene and
Holocene throughout Mali Ston Bay and Neretva
and Korc¢ula Channels, probably with the prodelta
far on the west/south-west. Silts and sands are
not regionally extended. The size of such section
is usually not larger than few kilometres (JURINA,
Ivanié, 2011). This implies that pelitic detritus, i.e.
clay was the dominant component since the early
Pliocene, deposited mainly in marine environments
during the Upper Pleistocene and the Holocene,
sometimes in brackish and fresh, shallow water
environments.

It is easy to distinguish grain size deposited by
the Neretva River mouth, delta or prodelta from
those in which either no clastics, or perhaps a
minor portion, were transported by the river. Thus,
JurINA, IvaniC (2011) easily classified deposits from
the present-day Neretva River system as sandy silts,
while other deposits in the Neretva Channel are
missing the coarser-grained sandy detritus, and are
described as silty clays (SHEPARD, 1954). JURINA,
IvaNIC (2011) examined core samples up to 50 cm
long from 19 locations in the Neretva River system
and 31 in the channel with the presumption that
Holocene samples were collected.
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jezgara do 50 centimetara duzine, uzete na 19
smjestiSta unutar podrucja djelovanja rijeke
Neretve te na dodatnom 31 mjestu unutar
Neretvanskog kanala.

Tijekom  kvartarnih  glacijala  kopneni
prostor znatno se rasirio jadranskim podrucjem
(npr. VELIG, MaALvié, 2011.) te je posljedicno
doslo do progradacije rijeke Neretve unutar
Neretvanskog i Korculanskog kanala, pa mozda
i dalje (npr. BALIG, MALvIG, 2013.). Progradacija
je uzrokovala taloZenje uglavnom pjescanih tijela
koja su nastajala od ranoga pliocena pa sve do
danas. Stoga u tom prostoru vrijedi opéenito
pravilo kako na mjestima gdje udjel pijeska,
siltnog pijeska, pjeskovitog silta i silta prelazi
50% volumena, takva litoloska jedinica se moze
imenovati pijescima Neretva.

Nove jedinice u priobalju Juine Dalmacije
(podrudje djelovanja rijeke Neretve)

Sve novoopisane formacije i ¢lanovi u tom
podrucju prikazani su na slici 10., zajedno s
njihovim prosjecnim debljinama i litologijama.
Tipski pliocenski litotip nije bilo moguce opisati,
iako se u tom razdoblju pretpostavila pretezito
pelitna, bazenska sedimentacija (morska, braki¢na
ili slatkovodna). Na temelju postojecih podataka
takvo talozenje nastavljeno je i kasnije, no uz
sporadi¢ne slojeve krupnije zrnatog detritusa
(silta, pijeska, $ljunka). Pliocenski litofacijesi
mogli bi biti nalik na najstarije kvartarne
talozine Malostonskog zaljeva, no za njihovu
litostratigrafsku odredbu trebaju biti prikupljeni
dodatni podatci.

Pijesci Neretva mogu boc¢no biti ekvivalent
cijele formacije Neretvanski kanal (SI. 10.). No
takva pojava moze se oCekivati samo u slucajevima
(a) kada su talozine starije i mlade od pijesaka
Neretva odnesene erozijom; (b) tamo gdje su
talozine rijeke Neretve neprekinuto odlagane
od donjega pliocena do danas. Taj ¢lan razvijen
je lokalno, sto je posljedica relativno maloga
prostora zahvacdenog djelovanjem rijeke Neretve
(usce, delte, prodelte), koji se uz to s vremenom
pomicao, pa lokalno nisu ni mogli biti istaloZene
vece koli¢ine psamita.
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During the glacials the land mass extended along
the palaeo-Adriatic in the Quaternary (e.g. VELIC,
Marvié, 2011) and the consequent progradation
of the Neretva River delta and prodelta out from
Neretva Channel into Korcula Channel and even
further (e.g. Bari¢, Marvic¢, 2013) resulted in
predominantly sandy depositional bodies. Such
lithologies have been sporadically deposited
since the early Pliocene until recently. Therefore,
all localities where it has been proven that the
proportion of sand, silty sand, sandy silt or silt
is more than 50% of the total volume belong to
lithostratigraphical unit named the Neretva Sands.

The new units in the Southern Dalmatia offshore
(area of the Neretva River activity)

All newly proposed formations and members
are shown in Figure 10, which also presents their
average thicknesses and lithologies. There is still
not described Pliocene type location characterised
by predominantly or pelitic basin sedimentation
(marine, brackish, fresh water) in the wider area
of the Neretva River system. Based on available
reports and interpretations, in those areas of
predominantly pelitic (clayey) lithofacies and some
coarser-grained detritus (silt, sand or gravel) were
transported sporadically covering relatively small
areas. Pliocene lithofacies might be very similar
to the oldest Quaternary lithology in Mali Ston
Bay locality, but this needs to be confirmed before
naming of lithostratigraphic units.

Neretva Sands can laterally completely replace
Neretva Channel Formation, as shown in Figure
10. However, it is valid only for specific cases
(a) where older and younger basin deposits from
Neretva Sands were carried away by erosion; and
(b) where the Neretva depositional environments
continuously existed from the early Pliocene until
recently. However, this member is developed
locally, due to the relatively small area covered
by sediments deposited in Neretva River mouth,
delta and prodelta depositional environments that
migrated in space over time. It is why it is unlikely
that large quantities of pure sand accumulated
there.
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Middle Adriatic/Southern Dalmatia
(the Neretva River sediments)
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Slika 10. Odnos izmedu novoimenovanih litostratigrafskih jedinica u plitkom moru Juzne Dalmacije (Neretvanski i

Korculanski kanal)

Figure 10 Relationships between the newly named lithostratigraphic units in the shallow offshore sea in Southern

Dalmatia (Neretva and Korcula Channels)

Zakljucak

Pliocenski i  pleistocenski sedimenti u
hrvatskom dijelu Padske depresije sadrze velike
rezerve biogenog metana, a ukupna debljina
doseze im 6000 metara. U tom dijelu prvo su
imenovane nove formacije Istra i Ivana, postujuci
¢injenicu da talozni okoli§ ima svoje posebnosti
u odnosu na talijanski dio. To je ucinjeno prema
pravilima  Sjevernoamerickoga  stratigrafskog
kodeksa. Nakon toga je u formaciji Ivana slijedilo
imenovanje triju novih c¢lanova: Anamarija,
Katarina i Izabela.

Dalje prema jugoistoku, stupanj istrazenosti
hrvatskog priobalja znatno je nizi. Nekoliko
je razloga tomu. Prvi je $to duz hrvatske obale
tijekom pleistocena i holocena nisu postojali
“vedi” rijecni, deltni talozni okolisi pa su takve
talozine relativno malih debljina. Zbog toga
tamo nisu trazena leziSta ugljikovodika pa
nije ni dosegnut stupanj istrazenosti koji prati
takva otkri¢a. No bilo je ispitivanja druge vrste,
posebice u talozinama koje pripadaju deltnim
i prodeltnim okolisima rijeke Neretve. Jedno
takvo je seizmicCka interpretacija pliocenskih,
pleistocenskih i holocenskih sedimenata u
podrudju Neretvanskog i Korculanskog kanala.
Drugo je opis pleistocenskih i holocenskih

Conclusions

Pliocene and Pleistocene deposits in the
Croatian part of Po Depression include large
reservoirs of mostly biogenic methane. The total
thickness of PI-Q deposits is up to 6000 m. New
formations Istria and Ivana have recently been
proposed for the Croatian region, respecting the
specific depositional environments compared with
Italian side and instructions for inclusion in the
North American Stratigraphic Code. Such division
was extended by new members, namely Anamarija,
Katarina, Izabela, in the Ivana Formation.

Further to the south-east along the Croatian
coast, the level of exploration has been lower
due to several factors. Large deltaic systems did
not exist during the Pliocene, Pleistocene and
Holocene, and such sediments are relatively thin.
Consequently no hydrocarbon accumulations are
to be expected, which is reflected on the level of
exploration. However, some other research was
conducted on contemporary and past deposits of
Neretva River past delta and prodelta depositional
environment. It included seismic interpretations
of Pliocene, Pleistocene and Holocene deposits
of Neretva and Korcula Channels. Moreover,
interpretation of the Pleistocene and Holocene
deposits with regard to future location of the
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talozina na buducoj lokaciji Peljesackog mosta.
Uz pomo¢ tih podataka nacinjena je potpuno
nova litostratigrafska nomenklatura  toga
prostora. Uspostavljena je formacija Neretvanski
kanal koja ukljucuje pliocenske, pleistocenske i
holocenske naslage u plitkom moru analiziranog
prostora Juzne Dalmacije. One se jasno razlikuju
od svoje karbonatne podine. U nekim dijelovima
te formacije, ili ¢ak kao njezin potpuni boéni
ekvivalent, prepoznati su pretezito pjeskovito-
siltni intervali imenovani pijescima Neretva,
postujuéi nazivom izvor materijala. Nadalje,
tipi¢ne kvartarne naslage talozene u morskom,
braki¢nom ili slatkovodnom okolisu bez (gotovo)
ikakva utjecaja rijeke Neretve u proslosti
nazvane su ¢lanom Malostonski zaljev. To su
glinovite naslage s mjestimi¢nim karbonatnim
konkrecijama, karbonatnim  detritusom ili
izmjenom pijeska, silta i rijetko $ljunka. Tipski
pliocenski litofacijes zasad jos nije moguce opisati
1 imenovati.
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the Peljesac Bridge was carried out. Completely
new lithostratigraphic nomenclature at the rank
of formation was established. Neretva Channel
Formation includes all Pliocene, Pleistocene and
Holocene deposits in the explored shallow offshore
along Southern Dalmatia coast. Those deposits are
clearly recognisable when compared to the older
carbonate basement. If some parts of this formation,
or even entire formation as lateral equivalent,
were recognised as intervals of sand domination
they were named Neretva Sands, respecting the
name of source of such detritus. Moreover, typical
Pleistocene and Holocene sediments deposited
in marine, brackish or continental freshwater
environments, without (almost) any influence
of palaeo-Neretva River, have been named Mali
Ston Bay Member. Those are clayey deposits with
sporadic carbonate concretions, carbonate detritus
and alternations of sand, silt, and sometimes
gravel. The typical Pliocene lithofacies has yet to be
described, and consequently this part has not been
named as a discrete member within the explored
area.
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