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AB STRA CT
The Island of Brusnik, located in the Central Adriatic Sea, is mainly known for its Triassic igneous rocks. However, 
it also contains Pleistocene conglomerates, limestones and Neptunian dikes, as well as Holocene rock debris, soil, 
and beach gravels. Quaternary sediments unconformably overlie tectonically disturbed Triassic basement. The ma-
jority of Pleistocene limestones, as well as the matrix of the conglomerates, are predominantly bioclastic grainstones 
and rudstones. Gastropod shells in these sediments retain their original aragonite mineralogy, and may also display 
their original colours. The majority of the conglomerates and limestones originated in lower beachface and shoreface 
environments. Similar sediments have not been identifi ed in the surrounding area and the Dinarides in general. Some 
of the Pleistocene sediments originated during MIS 5e of the Last Interglacial based on radiometric evidence. The 
island experienced uplift of about 30m during the Middle and Late Pleistocene and this process probably continued 
in the postglacial period. The combination of uplift and cyclic sea-level changes is envisaged to have resulted in an 
overall downstepping pattern of the Pleistocene deposits. 

Keywords: Central Adriatic Sea, Late Pleistocene, Brusnik Island, conglomerates, bioclastic limestones, tectonic 
uplift

Uplifted Pleistocene marine sediments 
of the Central Adriatic Island of Brusnik

�
Ljubomir Babić1, Marta Crnjaković2 and Yemane Asmerom3

1 Department of Geology, Faculty of Science, University of Zagreb, Horvatovac 102a, 10000 Zagreb, Croatia; 
(ljubomir.babic@zg.htnet.hr) 

2 Croatian Natural History Museum, Demetrova 1, 10000 Zagreb, Croatia; (marta.crnjakovic@hpm.hr)
3 Department of Earth & Planetary Sciences, University of New Mexico, 2000 Yale Blvd., NE, Albuquerque, 
NM 87131; (asmerom@unm.edu)

doi: 104154/gc.2012.13

Geologia Croatica 65/2 223–232 10 Figs. 1 Tab. Zagreb 2012

Geologia CroaticaGeologia Croatica

1. INTRODUCTION

Initial data on the features and age of poorly known Quater-
nary sediments of Brusnik Island are presented, and dis-
cussed, regarding the implications for their origin. Brusnik 
Island is located within the foreland zone which separates 
two orogens: the Apennines to the SW and the Dinarides to 
the NE (MORETTI & ROYDEN, 1988; BIGI et al., 1990; 
DE ALTERIIS, 1995; among others), (Figs. 1 and 2).  As the 
foreland area of the Central Adriatic Sea including Brusnik 
Island is almost completely covered by sea, only the islands 
provide an opportunity to study the exposed rocks of this 

zone. Hence, understanding of the Brusnik sediments may 
contribute to the understanding of the geological evolution 
of this complex and tectonically unstable area. The Brusnik 
sediments are unique as no comparable deposits have been 
reported from the surrounding areas, including the sea bed 
and islands, or from the eastern Adriatic mainland. We show 
that besides conglomerates which have been reported previ-
ously (HAUER, 1867; KIŠPATIĆ, 1892; MARTELLI, 
1904), there are also limestones and limestone dykes, all of 
which store data regarding the island’s history. Initial radio-
metric dating of the Brusnik sediments is also provided. 
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2. GEOLOGICAL SETTING AND PREVIOUS WORK

The island is about 300x200 m in size, 30 m high, and dis-
plays a rocky, rugged topography. It is located in the Central 
Adriatic Sea (coordinates: 43000’24’’N, 15048’02’’E), in the 
foreland area separating opposite verging Apenninic and Di-
naridic orogens (Figs. 1 and 2) (MORETTI & ROYDEN, 
1988; BIGI et al., 1990; KRUSE & ROYDEN, 1994; ROY-
DEN et al., 1987). The foreland is a complex unit, which didn't 
behave uniformly and includes a variety of tectonic structu-
res (ROYDEN et al., 1987; DOGLIONI et al., 1994; KRU SE 
& ROYDEN, 1994; DE ALTERIIS, 1995; AR G NA NI & 
FRUGONI, 1997; GRANDIĆ et al., 1997, 2001, 2002, 2010; 
BERTOTTI et al., 1999, 2001; GRANDIĆ & MAR KULIN, 
2000; OLDOW et al., 2002; GELETTI et al., 2008; BEN-
NETT et al., 2008; KORBAR, 2009; among others). 

Figure 2 shows the location of Brusnik Island within the 
area bounded by the frontal thrusts of the Dinarides to the 
NE, and the outer (SW) margin of the persistent Dinaric car-
bonate platform. The sedimentary succession of the wider 
area of Brusnik consists of Permian–Lower Triassic red beds 
with evaporites, Triassic rift successions which comprise va-
rious facies deposited in grabens and on horsts also includ-
ing evaporites, and thick Upper Triassic to Lower Eocene 
shallow-marine carbonates with evaporites (GRANDIĆ et 
al., 1997, 2001, 2002). These carbonates may be overlain by 
Palaeogene, Neogene and Quaternary clastics. Tectonic stru-
ctures of the area include SW-vergent compressional struc-
tures, wrench faults and diapirs (Figs. 2 and 3; GRANDIĆ 
et al., 1997, 2002, 2010; GRANDIĆ & MARKULIN, 2000; 
GELETTI et al., 2008).  Tectonic deformation in the area has 
continued until the present (ALJINOVIĆ et al., 1987; FAV-
ALI et al., 1993; KUK et al., 2000; OLDOW et al., 2002; 
PRE LOGOVIĆ et al., 2003; HERAK et al., 2005; BENNETT 
et al., 2008; see also faults in Fig. 2 based on HERAK et al., 
2005). 

The Island of Brusnik largely consists of igneous rocks 
which are regarded to be genetically related to those exposed 
on the neighbouring islands of Vis and Jabuka, i.e. to Trias-

sic rifting processes (KIŠPATIĆ, 1892; GOLUB & VRA-
GO VIĆ, 1975; MAMUŽIĆ & RAFFAELLI, 1977; BALOGH 
et al., 1994; GRANDIĆ et al., 2001, JURAČIĆ et al., 2004). 
Besides the igneous rocks, there are peculiar conglomerates 
containing marine fossils which display their original col-
ours (HAUER, 1867, 1882; KIŠPATIĆ, 1892; MARTELLI, 
1904; MA MUŽIĆ & RAFFAELLI, 1977; CRNJAKOVIĆ, 
1998). HAUER (1867) was the fi rst to report on a conglom-
erate sample brought to him from Brusnik, which consisted 
of a cobble of an igneous rock, and carbonate matrix with 
biogenic particles including a bivalve Spondylus gaederopus 
LINNÉ. The bivalve partly retained its original reddish col-
our, and after this author, the conglomerate is of an “offenbar 
ganz recenten Ursprungs” (i.e. obviously of fully recent or-
igin). Recent molluscs in conglomerate matrix, as well as 
the “very recent” age of its origin and subsequent uplift, have 
also been mentioned by KIŠPATIĆ (1892) and MARTELLI 
(1904). More recently, CRNJAKOVIĆ (1998) reported on 
fi ssures in igneous rocks which are fi lled by limestone. 

3. LABORATORY PROCEDURE FOR U-SERIES 
DATING

The 234U–230Th dating was done at the Radiogenic Isotope 
Laboratory, the University of New Mexico, USA. Samples 
were spiked with a mixed 229Th–233U–236U spike. U and Th 
were separated using conventional anion exchange chroma-
tography. U and Th isotopes were measured using a Ther mo 
Neptune multi-collector inductively coupled plasma mass 
spectrometer (MC-ICPMS) which was optimized for U-se-
ries analytical work as described by ASMEROM et al. 
(2006). 234U was measured on a secondary electron multi-
plier with high abundance fi lter, while the other isotopes of 
uranium were measured on Faraday cups with amplifi ers that 
had mixed 1010, 1011 and 1012 ohm resistors for 233U and 236U, 
235U and 238U, respectively. Mass fractionation was moni-
tored using the 236U/233U ratio, while the SEM/Faraday gain 
was set using sample standard bracketing. A similar proce-
dure was used for Th isotope measurements. We used an ini-

Figure 1: Tectonic sketch showing the Adriatic-Apulian foreland 
and neighbouring orogens (from BIGI et al., 1990), as well as the 
location of Brusnik Island. Location of the Dinaridic front is after 
GRANDIĆ et al. (2001). Framed area is shown in Fig. 2. 
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Figure 2: Main structural features of the Central Adriatic Sea. Simplifi ed after GELETTI et al. (2008). Note the position of Brusnik (asterisk) within a diapir-
related structure. Dashed line A–A' indicates the position of the cross-section in Fig. 3. For details see text.

Figure 3: Generalized, SW-NE cross-section located close to Brusnik Island (after GRANDIĆ et al., 2002). Note the character of the „Jabuka-Komiža Salt 
Wall“ (Komiža is located in the W part of Vis Island). Not to scale. For location see Fig. 2. For further explanation see text. 
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tial 230Th/232Th atomic ratio of 4.4x10–6 assuming a source of 
Th with a bulk earth 232Th/238U ratio of 3.8. The age errors in 
Table 1 refl ect analytical errors and uncertainties in the value 
of the initial ratio (± 50%). The laboratory U and Th proce-
dural blanks range from 10–40 pg and 5–20 pg, respectively 
and were not analytically signifi cant. The CRM145 U iso-
tope standard was measured with the samples obtaining the 
conventionally accepted δ234U value of –36.5±0.5‰ 
(CHENG et al., 2000).

4. DESCRIPTION OF SEDIMENTS

4.1. General data

The most widely encountered sediments on Brusnik Island 
are conglomerates (KIŠPATIĆ, 1892) which occur in small 
patches covering Triassic igneous rocks. They occur from 0 
to >25m above sea-level (a.s.l.). Small limestone outcrops 
are observed locally and seem to represent erosional rem-
nants. Limestones also fi ll fi ssures in igneous rocks. The 
sedimentary succession could not be observed clearly due to 

the isolated character of the smaller outcrops and common 
surface cover by rock debris. However, there are indications 
of a close stratigraphic relationship between the conglomer-
ates and limestones. First, the limestone matrix of the con-
glomerates displays the same features as the majority of the 
limestones. Furthermore, there are transitional types ranging 
from igneous clast conglomerates without limestone matrix, 
to conglomerates with a few molluscs, to conglomerates rich 
in limestone matrix, to limestones rich in igneous clasts, and 
fi nally, to limestones with only rare igneous clasts. In addi-
tion, a small outcrop was observed showing a limestone in-
tercalation (possible erosional remnant) in conglomerates 
(location 1 in Fig. 4). 

The sediments cover the irregular igneous basement. 
The NNE part of the island includes a rather fl at surface, 
gently inclined towards the west which could represent a 
marine terrace. This feature and its relationship to the Qua-
ternary sediments deserves further study. 

Aside from the magmatic basement and sediments men-
tioned above, the island also displays screes, rock debris, soil 
and coastal gravels. 

4.2. Conglomerates 

The conglomerates mostly appear massive, and locally dis-
play indistinct bedding (Fig. 5). They show a clast-supported 
fabric, consist of igneous clasts and matrix represented ei-
ther by smaller igneous clasts with or without minor bio-
genic particles (Fig. 6), or are of bioclastic limestone with 
rare igneous particles. Several specimens of the gastropod 
Cerithium vulgatum BRUGUIERE (based on RIEDL, 1983), 
exhibiting their original brown colours have been identifi ed 
in the conglomerate matrix. The clasts are usually pebble to 

Figure 4: Location of outcrops and samples on Brusnik Island (1–4) men-
tioned in text and presented in Figs. 5–10. The map has been produced by 
enlargement of the Topographic Map 1/25000 of the Republic of Croatia 
(sheet Otok Svetac). Smaller numbers are heights a.s.l. and depth below 
sea-level (in metres). Crosses in the sea are rocks. Dotted area is a recent 
gravel beach.

Figure 5: Poor bedding in conglomerates. Long diameter of the boulder 
to the right is 40 cm. Loc. 2 in Fig. 4. About 5m a.s.l. Photo by J. VRANIĆ.

Table 1: Uranium-series data for a bivalve taken from the limestone matrix of a conglomerate (loc. 3 in Fig. 4).
238U (ng/g) 232Th (pg/g) 230Th/232Th 

activity ratio

230Th/238U activity 
ratio

measured δ234U 
(‰)

initial δ234U (‰) uncorrected age 
(yrs BP)

corrected age 
(yrs BP)

227 ± 1.2 157 ± 42 3513 ± 931 0.793 ± 0.005 140 ± 2 200 ± 3 125162 ± 1568 125146 ± 1568

All errors are absolute 2σ. Subsample powder sizes range from 60 to 160 mg. Initial 230Th/232Th atomic ratio used to correct ages is 0.0000044 (activity 
ratio = 0.81) ± 100%. Yrs BP = years before present, where present = AD 2009.
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cobble-sized, and clasts attaining 0.5 m in diameter are lo-
cally present (Fig. 5). Besides, an exceptionally large, angu-
lar clast of igneous rock 4 m in diameter has been observed 
(close to loc. 1, Fig. 4). The conglomerates may consist ei-
ther of well-rounded clasts, or sub-angular to angular clasts. 
The limestone matrix closely resembles the limestones which 
are described below. 

4.3. Limestones

The limestone outcrops hitherto studied in our investigations 
occur in the northern part of the island (e.g. 4 in Fig. 4), and 
are mainly represented by bioclastic grainstones and rud-
stones. Biogenic constituents include gastropods, bival ves, 
bryozoans, corallinaceans, and echinoids (CRNJA KO VIĆ, 
1998), as well as rare smaller benthic foraminifera and at-
tached foraminifera. Using RIEDL (1963, 1983) and MI LI-
ŠIĆ (1991), who described the recent Mediterranean and 
Adriatic fauna and fl ora, it was possible to identify Gibbula 
euxinica ANDRJAVSKI (Fig. 7) and Bittium reticulatum DA 

Figure 6: Igneous clast conglomerate containing many fragments of gas-
tropod tests and debris of other fossils. Largest gastropod is a Cerithium. 
Its preserved portion is 3 cm long. Loc. 1 in Fig. 4. About 3m a.s.l. Photo 
by J. VRANIĆ.

Figure 7: Gastropod Gibbula euxinica ANDRJAVSKI in bioclastic lime-
stone. The test is 8.5 mm wide. Loc. 4 in Fig. 4. About 11m a.s.l.

Figure 8: Gastropod Bittium reticulatum DA COSTA in bioclastic lime-
stone. The test is 3.5 mm wide. Loc. 4 in Fig. 4. About 11m a.s.l.

Figure 9: Isopachous, acicular cement lining skeletal particles, including 
a corallinacean (left) and a gastropod (right). Note voids which remained 
empty after cementation. Thin section, plane polarised light. Loc. 4 in 
Fig. 4. About 11m a.s.l.

COSTA (Fig. 8)  among several other gastropod species. 
There was also a limpet, and an oyster. Some gastropod 
specimens display their original colours, as do the echinoid 
spines. Igneous clasts are variably present in the limestones 
and may be rare to common.

After treatment with Fiegl's solution (MILLER, 1988), 
it was discovered that sections of several gastropod shells 
displayed their original, aragonite mineralogy. Primary 
voids, both interskelatal and intraskeletal, are lined by iso-
pachous, acicular fringes of calcite (Fig. 9), which was iden-
tifi ed by staining with Alizarin red S, and Fiegl's solution 
(MILLER, 1988).

4.4. Neptunian dykes 

Neptunian dykes in igneous rocks may be observed at sev-
eral places (Fig. 10). The sedimentary fi ll of the fractures 
either consists of limestone containing gastropods and other 
biogenic particles, or contains various proportions of bio-
genic particles and igneous clasts. 
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5. RADIOMETRIC DATA

Table 1 presents radiometric dating results for a bivalve test 
extracted from the limestone matrix of the conglomerate 
found at locality 3, occurring about 9m a.s.l. (Fig. 4). 

6. DISCUSSION

6.1. Origin of the sediments

The mollusc species identifi ed in the limestones and con-
glomerates are known to inhabit the shallow bottoms of the 
present Adriatic Sea (RIELD, 1963, 1983; MILIŠIĆ, 1991), 
while the other organisms observed may also inhabit these 
environments. The dominant grainstone to rudstone textures 
of the limestones suggest reworking of skeletal material by 
agitated waters, and deposition within a shallow-water en-
vironment, above fair-weather wave base (CRNJAKOVIĆ, 
1998). The occurrence of angular igneous clasts in lime-
stones may be related to the vicinity of the rocky coast com-
posed of igneous rocks. The remains of shallow-water or-
ganisms in the conglomerates, together with the inferred 
close relationship between these and the limestones, is inter-
preted as indicating a similar, shallow marine setting for the 
conglomerates (see also below). 

Isopachous, acicular calcite fringes indicate a phreatic 
environment, are typically marine, but may also be precipi-
tated from meteoric waters (TUCKER & WRIGHT, 1990). 
It is suggested, that a meteoric origin of this cement may be 
excluded, as fresh waters would have probably caused dis-
solution of gastropod skeletal aragonite, which is not ob-
served. Calcite cements, such as those in the Brusnik lime-
stones, are more common in cooler waters in contrast to 
aragonite cements, as lower temperatures favour calcite pre-
cipitation (e.g. BURTON & WALTER, 1987). This is in ac-

cordance with the current mid-latitude position of Brusnik 
which was also the case during the Pleistocene. A “cool-wa-
ter” character for the Brusnik carbonates is also supported 
by the dominance of gastropods, bivalves, bryozoans, and 
corallinaceans in the composition of the bioclastic limestones 
(review in JAMES, 1997).

Based on the above data and discussion, it is proposed 
that the origin of clast-supported conglomerates is related to 
gravels initially formed within a high-energy, wave-domi-
nated beachface, after which most were mixed with carbon-
ate bioclastic material on the beach and in the upper shore-
face zone. As shallow-marine biota which produced skeletal 
material, i.e. carbonate sediment, presumably dominated the 
adjacent offshore area, small changes in relative sea level, 
and/or the local wave patterns may have caused shifts in the 
shoreline which resulted in the alternation of conglomerates 
and limestones. The commonly occurring isopachous ce-
ment, suggests fi nal deposition was below sea-level. Some 
of the igneous clasts may have been brought to the shoreface 
zone dominated by biogenic production by storm-related 
processes, becoming a subordinate component of the lime-
stone. The processes discussed above refl ect a close relation-
ship between the relevant environments which resulted in a 
close association of lithologic types, as well as in the simi-
larity between the limestone matrix of the conglomerates and 
limestone sediment. Conglomerates containing large, angu-
lar clasts of igneous rocks may have been deposited in the 
vicinity of rocky, rugged coasts consisting of igneous rocks. 

The constituents of the infi lls of open fractures now rep-
resenting Neptunian dikes correspond to the composition of 
the sediments discussed above, which suggests that the open-
ing of the fractures and their fi lling occurred at the time when 
conglomerates and limestones were deposited at the relevant 
locations. 

6.2. A tentative Quaternary evolution of the 
island 

Radiometric dating provided an age of 125146 ± 1568 years 
BP which corresponds to Marine Isotope Stage (MIS) 5e. 
This stage (or Substage) is of global importance for the time 
correlation of sedimentary, tectonic and eustatic processes 
based on a variety of evidence collected world-wide (CHAP-
PEL & SHACKLETON, 1986; MARTINSON et al., 1987; 
BARD et al., 1990; HOOGHIEMSTRA & MELICE, 1994; 
PETIT et al., 1999; LYLE et al., 2001; LAMBECK et al., 
2002; SHACKLETON et al., 2003; MARTRAT et al., 2004; 
among others). MIS 5e lasted some 18000 years, corre-
sponds to a warm interval, with its warmest part lasting 
about 12000 years (SHACKLETON et al., 2003) and em-
braces the measured date above. The conglomerate includ-
ing the dated bivalve was probably deposited in the upper 
shoreface, as discussed previously, and was discovered 
about 9m a.s.l. If the depositional depth is assumed at -1m, 
the relative rise of the island amounts to about 10m. As the 
MIS 5e sea-level is thought to had been several metres 
higher than today (CHAPPEL & SHACKLETON, 1986; 
BARD et al., 1990; WAELBROECK et al., 2002; FER-

Figure 10: Neptunian dyke of limestone seen as a light diagonal stripe 
in igneous rock. The dyke is up to 13 cm thick. Loc. 2 in Fig. 4. About 5m 
a.s.l. Photo by D. LACKOVIĆ.
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RANTI et al., 2006), and assuming MIS 5e sea-levels at +6m 
and +3m, respectively, the conglomerate has been uplifted 
for some 4–7 m in the last 125000 years. This corresponds 
to an average uplift rate of between 0.032 and 0.056 mm/
year.

Limited data do not allow for direct generalisation of the 
above data concerning all Pleistocene sediments of Brusnik 
Island. However, the patchy occurrences of similar but 
poorly known facies up to >+25m could suggest that higher 
parts of the island show older Pleistocene sediments presum-
ably deposited during longer and shorter highstand periods 
and mainly during MIS 7, MIS 9 and possibly MIS 11. It is 
believed that the oldest deposits occur at the highest portion 
of the island and that deposition subsequently occurred lower 
and lower, being younger and younger in the same direction, 
thus representing an overall downstepping pattern related to 
overall relative sea-level fall. Deposits younger than MIS 5e 
might be those occurring in the lowermost part of the island. 
This would imply a total Pleistocene uplift corresponding 
approximately to the highest position of Pleistocene sedi-
ment, which is +25m. Patches of Pleistocene sediments may 
be regarded as representing relics which remained after 
weathering, which started after each highstand depositional 
period, and increased in extent at lower altitude due to the 
increasing subaerial surface of the island. Poorly recogniz-
able erosional surfaces at the base of some conglomerates, 
as well as the fl at surface in the NNE part of the island may 
represent remnants of marine terraces related to different 
relative sea-levels. 

The rise of Brusnik Island may be explained by its struc-
tural position within an uplifting structure as mentioned 
above. The uplift may have been accompanied by exten-
sional deformation and earthquakes responsible for the open-
ing of fractures hosting limestone fi lls. Another island in the 
Central Adriatic Sea, Velika Palagruža, displays certain sim-
ilarities to Brusnik in its geological history, related to its po-
sition within an uplift structure which may have resulted ei-
ther from compression (BERTOTTI et al., 2001) or from 
diapirism (GRANDIĆ & MARKULIN, 2000; Fig. 2). Velika 
Palagruža shows probable marine straths and beach deposits 
at about +75m and +13m, respectively (KORBAR et al., 
2009). Also pelagosite, which otherwise grows on wet rocky 
shores, has been found at different heights, including 6500 
year old examples at +6m (based on U/Th dating) (MON-
TANARI et al., 2007; KORBAR et al., 2009). These features 
resulted from a recent uplift of this island. Marine straths 
and beach deposits of Velika Palagruža may possibly corre-
late with some parts of the Pleistocene evolution of Brusnik. 
However, this does not imply precise synchroneity in the 
tectonic activity and uplift of the two islands as they belong 
to different structures located rather far apart (Fig. 2). 

While the Brusnik data provide direct outcrop evidence 
for a recent uplift trend, the areas surrounding the Adriatic 
behaved variously during the relevant time period. For ex-
ample, the NE and NW Adriatic coasts (including islands) 
are known to have subsided (FERRANTI et al., 2006; AN-
TONIOLI et al., 2007, with references; SURIĆ & JURAČIĆ, 
2010, with references), while the SW Adriatic coast displays 

uplift related to compressional deformation (FERRANTI et 
al., 2006; ANTONIOLI et al., 2007). This and other differ-
ences in the tectonic evolution of the NE and SW Adriatic 
belts may be regarded as refl ecting the different characteris-
tics of Apenninic versus Dinaric styles of subduction of the 
Adriatic slab (DOGLIONI, 1994; see also discussion by 
FERRANTI et al., 2006 and references therein). 

6.3. Alternative interpretation for some of the 
Brusnik sediments?

The data on Pleistocene sediments of Brusnik Island are 
scattered and only of locally documented character, espe-
cially regarding the upper part of the island. In light of this, 
alternative interpretations of depositional processes for some 
parts of these sediments may be discussed. Given the diffi -
culties encountered while searching for the type(s) of organ-
isation, fabrics and structures of Brusnik sediments, together 
with the apparent disorder in the distribution of conglomer-
ates, igneous rocks and limestones, possible deposition by 
exceptionally high storm waves and tsunami waves is appro-
priate to be included here. Such processes include sudden, 
energetic resedimentation event(s), by which shallow-ma-
rine, carbonate particles, and the gravel from the bea ch face 
and shoreface, are picked up from their original depositional 
settings, moved, partly mixed together, and displaced to their 
fi nal depositional sites which may be located onshore, off-
shore or both. This could occur during one or several, rapid 
short term depositional events. Storm waves may be dis-
counted as it is unlikely that different parts of the subaerial 
island surface could have been covered in this way. How-
ever, a storm-related origin for modest, locally occurring 
parts of this detritus might be possible. In contrast, some 
coarse-grained sediments may have been deposited below 
sea-level by storm-related processes, as discussed above. 

It is known that tsunamis may result in erosion, and 
transport of sediments from different environments, dis-
placement of large blocks, and deposition of this detritus 
both below sea level and/or onshore, up to considerable dis-
tances and heights (e.g. SHIKI & JAMAZAKI, 1996; FU-
JINO et al., 2006; BONDEVIK et al., 1997; NICHOL et al., 
2003; SCHEFFERS & KELLETAT, 2005; NANAYAMA & 
SHIGENO, 2006). Deposition of large clasts and the mixing 
of igneous clasts and skeletal particles on Brusnik bear some 
similarity to the features resulting from tsunami events. Be-
sides, the unique occurrence of these sediments on Brusnik 
makes them “anomalous”, which is a feature characterising 
tsunami deposits compared to “normal” sediments. Alterna-
tively, consideration of a tsunami interpretation should be 
coupled with the question of whether a tsunami of an appro-
priate intensity could have occurred in the Adriatic Sea at 
the relevant time (Middle-Late Pleistocene). This question 
is relevant as the present Adriatic is a small, semi-closed ba-
sin, in contrast to the oceanic domains, where the great ma-
jority of tsunamis has been reported including the examples 
cited above. Even during sea-level highstands of the Pleis-
tocene, the Adriatic was not considerably larger and deeper. 
Available data from different parts of the Adriatic, for the 
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last 2000 years, include tsunamis of different intensities 
(TINTI et al., 2004; PAULATTO et al., 2007), and although 
some of them caused heavy damage and human losses, their 
intensities were below those of tsunamis known from oce-
anic domains. This is due to the lower seismicity and shal-
lower water of the Adriatic basin compared to the oceans 
(PAULATTO et al., 2007). However, the Brusnik sediments 
are older than the tsunami records, hence, extrapolating these 
records to earlier, much longer periods, may not be appro-
priate. The possibility of large tsunami events, which could 
have occurred during these earlier times, may be supported 
by tectonic processes which operated, and are still operating, 
in the Adriatic area. The overall situation includes three sur-
rounding orogens; the Dinarides, Alps, and Apennines, all 
of which are characterised by tectonic transport towards the 
Adriatic, which is active in both the onshore and offshore 
zones, especially along the NE and SW Adriatic coasts (e.g. 
BIGI et al., 1990; BENNETT et al., 2008). Consequently, 
numerous tectonic displacement events and earthquakes may 
be envisaged to have occurred in these areas during the Qua-
ternary, beyond the extent of available records. Active tec-
tonic boundaries and epicentres located close to Brusnik Is-
land (ALJINOVIĆ et al., 1987; FAVALI et al., 1993; KUK 
et al., 2000; OLDOW et al., 2002; PRELOGOVIĆ et al., 
2003; HERAK et al., 2005; BENNETT et al., 2008) may be 
relevant for tsunamogenic potential. 

Tsunamogenic processes in the Adriatic may have also 
been related to large-scale, submarine sliding. Such proc-
esses are known to have occurred in the SW Adriatic in the 
Pleistocene, and are taken as an indicator for possible, future 
large slides and related tsunamis (MINISINI et al., 2006). 

The possibility that important tsunami waves did hit 
Brusnik Island cannot be excluded based on this discussion. 
However, onshore deposition by tsunami(s) for a part of 
Brusnik sediments is unlikely. This is because an extremely 
high tsunami run up would be required to transport large 
clasts to heights above 20 m (and much more during periods 
of sea-level lowstands) where they occur at present, and be-
cause tsunami deposits have not been observed on neigh-
bouring islands where they would be expected in the case of 
a large tsunami(s). 

7. SUMMARY AND CONCLUSION

Aside from the Triassic igneous rocks, the Island of Brusnik, 
Central Adriatic, displays Pleistocene conglomerates and 
limestones, as well as Holocene rock debris, soil and beach 
gravels. Pleistocene sediments unconformably overlie tec-
tonically disturbed Triassic basement igneous rocks, and also 
occur as Neptunian dykes. Based on radiometric evidence, 
some of the Pleistocene sediments originated during MIS 5e. 
The conglomerates were predominantly deposited on a high-
energy beachface below sea-level, and in the uppermost 
shoreface, while the limestones accumulated within the same 
environments and in the shoreface. The limestones, as well 
as the limestone matrix of the conglomerates are predomi-
nantly composed of bioclastic grainstones and rudstones. 
Gastropods occurring in the limestones and conglomerate 

matrix retain their original skeletal aragonite and may show 
original colours. Cementation in most limestones, as well as 
the limestone matrix of the conglomerates occurred in phre-
atic conditions and resulted in acicular, isopachous calcite 
fringes. The island experienced uplift of about 30m during 
the Middle and Late Pleistocene and uplift process probably 
continued in the postglacial period. It is proposed that the 
combination of uplift and cyclic sea-level changes produced 
an overall downstepping pattern of Middle and Late Pleis-
tocene deposits. 
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