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Distribution of Pleistocene glaciolacustrine deposits in
southwestern Croatia

Ljerka Marjanac and Tihomir Marjanac

Pleistocene lacustrine fresh-water sediments are found throughout Croatia, although
in its northern part they were revealed only by drilling (Sercelj 1969, Sokac 1976,
Babi¢ et al. 1978, Sokac et al. 1982). In this short review the emphasis is given to
south-western Croatia where many extensive outcrops of typical glaciolacustrine
sediments occur (Fig. 1). Recently, studied sites (1 to 6 in Fig. 1) are located along
the northeast and southwest coasts of the Velebit Channel and along the southwest
coast of the Novigrad Sea and represent remnants of Middle Pleistocene proglacial
lacustrine sediments. Other sites (7 to 12 in Fig. 1) are presented upon the data from
General Geological Maps of Yugoslavia and respective explanation books (Majcen &
Korolija 1973, Ivanovi¢ et al. 1976 and 1978, Grimani et al. 1976, Sokac et al. 1976),
and upon the data published until the 1990ies. Most of these deposits were
recognized as “Neogene Susswasserbildungen” (Neogene freshwater sediments)
and marked on the Austro-Hungarian Geological Maps of Croatia (Schubert 1905,
1907, 1912), and breefly reviewed in Table 1.

Karst poljes Kninsko polje, Mokro polje, Zegarsko polje and Ervenicko polje are filled
with glaciolacustrine sediments which were successively deposited following the
retreat of the Middle Pleistocene glaciers. The age attribution is based on ostracod
assemblages studied by Malez & Soka¢ (1968), Malez et al. (1969) and Sokac
(1975), and mammal findings reviewed by Malez (1968). The early Pleistocene
(Villafranchian) was also documented in Kninsko polje and Strmica (Fig. 1, localities
11 and 12; Malez et al. 1969, Simuni¢ 1970). Malez (1968) compared the lacustrine
succession of Strmica with the Leffe basin in Italy.

Nevertheless, much greater significance for the reconstruction of Pleistocene
environmental and climatic changes as well as for the extent of the Dinaric glaciation
(Marjanac et al. 2008), have the glaciolacustrine deposits at Novigrad Sea (Fig. 1,
locality 5; Fig. 2C) described by Marjanac et al. (1990) and Marjanac & Marjanac
(2004, 2006), varved sediments at Zdrilo (Fig. 1, locality 4; Fig. 2A) that are currently
studied (master thesis in preparation by I. AdZi¢), and glaciolacustrine sediments in
alternation with proglacial deltaic conglomerates at Seline (Fig. 1, locality 2; Fig. 2D).
Their age is 350 ky at minimum as achieved by Uranium series dating of secondary
calcite cement sampled in the overlaying ground moraines at the Zdrilo locality. This
leads to the conclusion that the sediments were deposited before or partially during
the Mindel/Elster glaciation (MIS 12), which will hopefully be shown by detailed future
studies. These glaciolacustrine sediments (Fig. 1, locations 1-6) are found above and
below the present sea level (Table 1) and have been greatly destroyed and disturbed
by the advancing ice, which is documented by overlaying ground moraines visible at
locations Kusaéa cove, Zdrilo and Novigrad (Fig. 1, locality 1, 4 and 5).

Further detailed studies of varved sediments at Zdrilo and varve-like sediments at
Seline and Novigrad will greatly improve our knowledge about glaciations and climate
changes in the Mediterranean region. The age of moraines and the assumed age of
glaciolacustrine sediments with well preserved fossil leaves of cold climate flora
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(Adzi¢ et al., this volume) are new documents of the extensive glaciation of the
Dinarides in the Middle Pleistocene, which call for reconsideration of our perception
of climatic and paleogeographic conditions in the Mediterranean during the
Pleistocene.

References
Babi¢ Z., Cakarun I., Soka¢ A. and Mraz V. (1978): O geologiji kvartarnih naslaga
porjecja rijeke Drave. GeoloS$ki vjesnik, 30/1, 43-61.

Malez M. (1968): O razvoju kvartara na podrucju vanjskih Dinarida. Prvi kolokvij o
geologiji Dinaridov, I. del, Ljubljana 1966, 203_210.

Malez M. (1969): Donjopleistocenske faune vertebrata na podruéju Dinarskog Krsa.
U: lll simpozij Dinarske asocijacije (eds.: L. Nikler, A. Taksi¢, S. BoziCevic), 73-
80.

Malez M., Sokac B. (1968): New conceptions on the age of the freshwater deposits
of Ervenik and Zegar fields in Dalmatia. Bull. sci. Cons. Acad. Yougosl., (A),
13/11-12, 370-371.

Malez M., Soka& A., Simunié A. (1969): The palaeontologic characteristics and age
of the lake chalk at Kninsko Polje (northern Dalmatia). Bull. sci. Cons. Acad.
Yougosl., (A), 14/7-8, 216-217.

Malez M., Sokaé A., Simuni¢ A. (1975): Kvartarne naslage Krbavskog polja u Lici
(Quartarablagerungen des Krbavsko polje in der Lika). Acta Geologica, VIII/23
(Prirodoslovna istrazivanja, 41), 413-440 (1-28).

Marjanac T., Marjanac Lj., Oreski E. (1990): Glacijalni i periglacijalni sedimenti u
Novigradskom moru. Geol. vjesnik 43, 35_42, Zagreb.

Marjanac Lj., Marjanac T. (2004): Glacial history of the Croatian Adriatic and Coastal
Dinarides. In: Quaternary Glaciations - Extent and Chronology, J. Ehlers and P.
L. Gibbard (eds.), 19-26, Elsevier.

Marjanac Lj., Marjanac T. (2006): Pleistocene sediments at Novigrad Sea - evidence
of glaciation of coastal Adriatic (northern Dalmatia, Croatia). INQUA-SEQS
Quaternary Stratigraphy and Evolution of the Alpine Region in the European
and Global Framework, Milano 11.-15.9.2006, Volume of Abstracts (eds. Pini
R. & Ravazzi C.), 119-120.

Marjanac Lj., Marjanac T. & Hughes P.D. (2008): Dinaric glaciation - a formal
proposal of a new model. INQUA-SEQS 2008 (Differences and similarities in
Quaternary stratigraphy between Atlantic and continental Europe) 22.-
27.9.2008. Rennes, Conference abstracts (eds. Monnier J.-L., Lefort J.-P- &
Danukalova G.) Travaux du Laboratoire d'anthropologie de Rennes 45 (2008),
29-30.

Soka¢ A. (1975): Pleistocenska ostrakodska fauna u podrucju Dinarskog krsa
(Pleistocene ostracod fauna of the Dinaric karst). Geoloski vjesnik, 28, 109-118.

Sokac A. (1976): Pleistocenska fauna ostrakoda iz nekih buSotina u isto¢noj Slavoniji
(sjeverna Hrvatska) (Pleistocene ostracod fauna from the boreholes in eastern
Slavonija (north Croatia)). Geolo$ki vjesnik, 29, 159-172.

Sercelj A. (1969): Palinoloske raziskave staropleistocenskih sedimentov iz severne
Hrvatske (Pollenanalytische untersuchungen der Altpleistozanen Ablagerungen
aus Nordkroatien). Razprave, XlI/6, SAZU, 243-255.

Simunié A. (1970): Kvartarne naslage Kninskog polja. VII kongr. geol. Jug. Zagreb, 1,
361-371.



3" PAGES Varves Working Group Workshop, Manderscheid 61

Austro-Hungarian Geological Maps
Schubert R. J. (1905): Geologische Spetzialkarte Novegradi und Benkovac. K. und K.
Geologische Reichsanstalt, Wien.

Schubert R. J. (1907): Geologische Spetzialkarte Medak und Sv. Rok. K. und K.
Geologische Reichsanstalt, Wien.

Schubert R. J. (1912): Geologische Spetzialkarte Knin und Ervenik. K. und K. Geologische
Reichsanstalt, Wien.

Explanation books of General Geological Maps of Yugoslavia

Grimani 1., Jurisa M., Siki¢ K., Simuni¢ A. (1972): Tumag za list Knin L 33-141.
Savezni geoloski zavod, Beograd, pp 61.

Soka& B., Séavnitar B., Veli¢ I. (1976): Tumaé za list Gospié K 33-127. Savezni
geoloski zavod, Beograd, pp 64.

Ivanovi¢ A., Sakac¢ K., Sokac¢ B., Vrsalovi¢-Carevic I. (1976): Tumac za list Obrovac L
33-140. Savezni geoloski zavod, Beograd, pp 61.

lvanovi¢ A., Sikirica V., Saka¢ K. (1978): Tumal za list Drni§ K 33-9. Savezni
geoloski zavod, Beograd, pp 59.

Fig. 1: Location of south-western Croatia where glaciolacustrine sediments are found
at 12 locations listed in Table 1. The map at the top right corner shows the possible
extent of glacial lakes.
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Tab. 1: Review of most important occurrences of Pleistocene lacustrine deposits in
south-western Croatia. Most of them were first recognized as Neogene freshwater
sediments, and by later studies were interpreted as of Middle Pleistocene age.

Sediments / paleoenvironment / stratigraphy

Registered on Austro-
Hungarian geological

Registered on General geological

Locations maps of Croatia in map of Yugoslavia in scale

(Fig. 1) the scale 1:75.000 1:100.000 Recent study, largely unpublished

1 - Kusaea Neogene freshwater not registered glaciolacustrine sediments, Middle

Cove sediments (Schubert Pleistocene, under study

0-10ma.s.l. 1907)

2 - Seline Neogene freshwater not registered proglacial lake sediments (proximal

coastal cliff sediments (Schubert varved-like deposits; proglacial

0-6mas.l. 1907) deltaic conglomerates), Middle
Pleistocene, under study

3 - Provalija Neogene freshwater not registered poorly preserved Seline-type

1-2mas.l. sediments (Schubert sediments, under study

1907)
4 - Zdrilo Neogene freshwater not registered varved sediments (clay/silt/sand) of
0-10m as.l. sediments (Schubert proglacial lake, Middle Pleistocene,
1905) under study

5 - Novigrad Old Quaternary not registered varve-like unit with dropstones (silt

coastal cliff sands and marls and clayey silt) and ripple laminated

0-20mas.l. | (Schubert 1905) unit (sands, silt, rarely dlay),
proglacial lake deposits in
association with moraines and
glaciofluvial deposits, Middle and
Upper Pleistocene; still under study
(Marjanac et al. 1990, Marjanac &
Marjanac 2004)

6 - Karin not registered not registered laminated clayey silt deposits,

0-40ma.s.l. glacial lake, Middle Pleistocene,
under study

7 - Bilisane Neogene freshwater Middle Pleistocene (Riss glacial) revision in plan

20-90ma.sl. | sediments (Schubert lacustrine marls and clays

1905)

(Ivanovic et al. 1973)

8 - Ervenieko
polje

Neogene freshwater
sediments (Schubert
1912)

Middle Pleistocene (Riss glacial)
lacustrine marls and clays
(Ivanovi¢ et al. 1973)

revision in plan

9 - Zegarsko Neogene freshwater Middle Pleistocene (Riss glacial) revision in plan
polje sediments (Schubert lacustrine marls and clays
50-90 m a.s.l. 1912) (Ilvanovic et al. 1973)
10 - Mokro Neogene freshwater Middle Pleistocene (Mindel - Riss) revision in plan
polje sediments (Schubert lacustrine marls and clays (Malez
200 m a.s.l. 1912) & Sokac, 1969)
11 - Strmica Neogene freshwater Lacustrine chalk and swamp- revision in plan
sediments (Schubert lacustrine sediments with mamals
1912) and gastro-pods (Villafranchian,
Mindel glaciation), clay with
gastropods of Mindel-Riss
interglacial (Grimani et al. 1972)
12 - Kninsko Neogene freshwater Lacustrine chalk and swamp, revision in plan
polje sediments (Schubert lacustrine sediments with mamals

1912)

and gastropods (Villafranchian,
Mindel glaciation), clay with
gastropods of Mindel-Riss
interglacial (Grimani et al. 1972)
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Fig. 2: Outcrops of Middle Pleistocene glaciolacustrine sediments in southwestern
Croatia. A) Varved sediments with fossil flora and fauna (distal facies) at location 4 -
Zdrilo; B) Laminated silt/clay sediments disturbed by overlaying ground moraine at
location 1 - Kusa€a cove; C) Varve-like sediments with dropstones at the coastal
section of location 5 - Novigrad; D) Varve-like sediments with gastropods and bivalve
moulds (proximal facies) at the coastal section of location 2 - Seline; E) Laminated
clayey silt sediments disturbed by overlaying ground moraine at location 6 - Karin; F)
Clayey silt lacustrine sediment covered with paleosol and younger glacigenic
deposits, exposed at location 9 - Zegarsko polje.



