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Abstract

The imbricated margin of stable Adria, which belongs to the External Dinarides, comprises a
chain of islands, which follow the dominant NW-SE Dinaric trend in the northern segment,
while the dominant tectonic orientation changes to WNW-ESE in the central Adriatic area,
near Split. The new paleomagnetic results documented in this paper are from the islands of
the latter and can be interpreted in terms of tectonics together with already published robust
data sets from the Northern Adriatic Islands and stable Adria, respectively. The problems
addressed are the proposed extra CCW rotation in the central Adriatic area relative to the rest
of the Dinarides, the differences in the tectonostratigraphic models of the offshore External
Dinarides, the relationship to Stable Adria and the reason for the arcuated shape of the thrust
front between stable and imbricated Adria.

From the five largest Central and Southern Adriatic Islands over 1000 independently oriented
cores, representing 98 Upper Tithonian — Paleocene carbonate localities, were subjected to
standard laboratory processing of the natural remanent magnetization, component analysis,
and statistical evaluation on locality and between locality levels. The results lead to the
conclusion that these islands moved in close co-ordination with both, the Northern Adriatic
Islands and stable Adria, at least from the Albian on. The different tectonic trends
characterizing the islands and reflected also in the arcuated shape of the thrust front between
Stable and Imbricated Adria is explained by the dominance of one of the Late Cretaceous and
younger compressional strain fields. The structures due to the Late Cretaceous strain field are
dominant in Cres island (N-S trend), the ones formed during the Late Eocene-Early Oligocene
prevail in the Northern Adriatic islands (NW-SE trend), SE of Cres. The WSW-ENE general
orientation of the structures in the Central Adriatic area is due to the strong neotectonic

deformation.
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Highlights

There is no evidence for post-Aptian relative movement between the Adriatic
islands

The changing tectonic trend of the islands reflect differently oriented strain
fields

The Adriatic 1slands moved in close co-ordination with stable Adria after the
Aptian

The arcuated thrust front SW of the islands matches the tectonic trend of the

1slands



Introduction

The NE imbricated margin of stable Adria is considered as belonging to the Dinarides,
which is a tectonically complex area between stable Adria in the SW and Europe in the NE.
The tectonic evolution and the paleogeography of the Dinarides have been the subject of
numerous studies, reviewed e.g. by Dimitrijevi¢ (1982) and with the incorporation of
subsequent observations and data, interpreted in terms of plate tectonics e.g. by Herak (1986),
Pami¢ et al. (1998), Tari (2002), Schmid et al. (2008), Korbar (2009). The Dinarides comprise
the Inner and the Outer or External Dinarides. The boundary between them is defined
differently by different authors (e.g., Pami¢ et al., 1998, Tari, 2002, Vlahovi¢ et al., 2005
Tomljenovi¢ et al., 2008). The External Dinarides are further subdivided into units which are,
in their turn, differently named and interpreted from tectonostratigraphic point of view. There
seems to be, however, a general agreement about an important tectonic boundary within the
External Dinarides, which is a complex system of fold and thrusts named North — Eastern
Adriatic Trough by Korbar (2009), running in NW-SE direction, following the Adriatic
coastline (Grandi¢ et al., 2013). The Adriatic islands belong to a belt situated SW from this
thrust front and are subdivided into a northern, a central and a southern segment.

The northern segment is characterized by a general N-S, the central segment by NW-
SE trend and the southern segment by E-W tectonic trend (Fig. 1). Vertical axis
counterclockwise (CCW) rotation was offered to explain the deviation of the latter from the
general Dinaridic tectonic trend (Aljinovi¢ et al., 1987). However, Marinci¢ (1997) strongly
opposed such model. When studying the tectonic structures on the island of Hvar in detail he
came to the conclusion that deformations related to the Dinaridic orogen in the Late
Cretaceous (known as Laramian phase) and Late Eocene (Pyrenean phase) andneotectonic
activities (Miocene to recent times) resulted in the formation of folds with differently oriented
axes (N-S, NW-SE and E-W respectively). In subsequent years, a number of papers published
about Adriatic offshore dealt with the complexity of the deformation affecting the Adriatic
islands (e.g., Prtoljan et al., 2007, Grandic¢ et al., 2013, Safti¢ et al., 2019, Kastelic and Carafa,
2012). Although they expressed different views, they agreed that the structures in the External
Dinarides formed through multiple stages of active compression.

As a results of systematic paleomagnetic studies from stable Adria and from the

Northern Adriatic islands (Méarton and Moro, 2009, Marton et al., 2008, 2010, 2011, 2014,



2017) a substantial data base allows us now to address the problem of the different tectonic
trends in the Adriatic islands and their relationship to stable Adria, as the paleomagnetic
method has the power to confirm or exclude the possibility of relative rotations. In order to
facilitate direct comparison between the different segments of the archipelago, we shall
present and document new result from Bra¢, Hvar, Korcula and Mljet islands and include
earlier published data from Bra¢ ((Marton et al., 2003, with updated stratigraphic ages) and
Vis (Marton et al., 2014) islands.

The total number of studied localities from the Central and Southern Adriatic islands
amounts to 98 of which 65 yielded good paleomagnetic directions. This is a relatively high
proportion regarding the weak NRM intensities, characteristic of the shallow-water
limestones of the Adriatic Carbonate Platform (e.g., Marton et al., 2008, 2014). The
“reference” frame for checking the possible vertical axis CCW rotation of the Central and
Southern Adriatic islands relative to stable Adria (Fig. 1, Adige embayment and stable Istria)
and the Northern Adriatic islands (Fig. 1, Cres, Ist and surroundings islets, Dugi otok),
respectively, is provided by published paleomagnetic results (Marton and Moro, 2009, Méarton
et al., 2008, 2010, 2011, 2014, 2017).

Geological settings

The Dinarides, stretching from the Southern Alps to the Albanides/Hellenides became
a part of the Alpine orogenic system by the closure of (Neo)Tethys Ocean realm and
associated basins from late Jurassic to Quaternary. The Dinarides are subdivided in two main
tectonostratigraphic units, the External and the Internal Dinarides (e.g. Vlahovi¢ et al., 2005).
The first is mainly built of Mesozoic shallow-water carbonate succession with subordinate
occurrences of pelagic sediments, the second is ophiolite bearing with a complex succession
of deep-water origin.

The Central Adriatic area, comprising the Central and Southern Adriatic islands,
belongs to the External Dinarides, the site of very complex Mesozoic and Cenozoic
geodynamic evolution (e.g. Pami¢ et al., 1998, Tari, 2002, Schmid et al., 2008, 2020, Korbar,
2009) recorded within a several kilometres thick sedimentary succession (e.g. Vlahovi¢ et al.,
2005) starting from the Triassic rifting phase to the latest stage of the Alpine orogeny.
Paleogeographically, the Central Adriatic area is considered as a part of the Adriatic

carbonate platform, characterized by the dominance of shallow-water carbonates of Jurassic



through Paleocene—Eocene age. The platform sedimentation was punctuated by episodes of
subaerial exposure or pelagic drowning. The most important events are the Early Aptian
partial subsidence of the platform which correlates well with an anoxic oceanic event, Late
Aptian-Early Albian sea-level fall, causing regional emersion which was followed by partial
drowning of the platform until the end of the Santonian (Husinec and Jelaska, 2006, Prtoljan
et al. 2007, Moro and Cosovi¢, 2013). The most prominent change in depositional regime
took place during the Cretaceous-Paleogene sub-areal exposure recorded by regional
unconformity, which was followed by flysch deposition during the Eocene—Oligocene
foreland stage (Korbar, 2009; Cosovié et al., 2018).

The Central Adriatic area is characterized by limestones and in less portion, dolomites,
of Upper Jurassic through Mid-Eocene age. Upper Jurassic sediments crop out on Mljet island
only. Lower Cretaceous carbonates, sometimes strongly karstified and very often barren in
fossils are known in Mljet, Kor¢ula, Hvar and Vis islands. The Upper Cretaceous sediments,
widespread on Bra¢, Hvar, Korcula and Vis islands, record facies differentiation (shallow-
water and slope deposits). Paleogene sediments (ranging in age from K/Pg boundary to
Middle to Late Eocene) with confined distribution, occur on Bra¢ and Hvar islands.

The great portion of the island of Brac¢ is made of carbonate deposits of Cenomanian
through Maastrichtian age (Fig. 2). The Upper Cretaceous rock complex, up to 1500 m thick,
is subdivided into six lithostratigraphic units based on benthic foraminifera and rudists
remains (Gusi¢ and Jelaska, 1990). Turonian deposits, well-bedded limestones and dolomites,
crop out near Bol. The medium thick-bedded Coniacian and Santonian-Campanian limestones
with dolomite intercalations are widely distributed over the island, whereas the youngest
(Maastrichtian) deposits are confined to the north-western coast. The Paleogene deposits with
the record of the K-Pg tsunami (Korbar et al., 2017) crop out along the north-western and, as
scattered outcrops, along the south-eastern coast of the island. According to the geological
maps of Borovi¢ et al. (1976), Marinci¢ et al. (1971, 1975, 1976), the main structure is an
asymmetric fold that stretches practically from the western to the eastern coast. The northern
fold limb dominating the island consists of horizontal to gently dipping beds, whereas the
southern fold limb is steeper. Locally overturned beds do occur in the central part of the
anticline near Bol.

On the island of Hvar, the Cretaceous rocks are mostly shallow-marine limestones
with some intercalations of limestones with pelagic influence (near the Cenomanian/Turonian
boundary and in the Santonian/Campanian) and late-diagenetic dolomites. The middle Eocene

sediments deposited above the karstified surface containing some bauxite pockets of the



Maastrichtian-Paleocene rocks (Korbar et al., 2015) are composed of foraminiferal
limestones, transitional marls and flysch (Schweitzer et al., 2007). The island is elongated in
the W-E direction (Fig. 3). The main tectonic features are the WNW- ESE trending
anticlines, with very steep southern limbs at places (e.g., localities H11, and H12) which are
even thrusted over the Middle Eocene deep-water sandstones and marls, close to Hvar town.
In the northern limb, the Cenomanian to Campanian strata are generally gently dipping
towards north to northwest. The most prominent fault is a thrust/reverse fault with E-W
orientation starting from Stari Grad and running sub-parallel with the axis of the anticline
towards the E-SE. In addition, a system of NW-SE transverse faults are running through the
island.

The island of Korcula is tectonically highly disturbed (Fig. 4) as indicated by intense
folding (S and SW vergent structures) and faulting (main faults run in W-E direction).
Generally, the island is an anticline with asymmetric limbs (overturned in the W part of the
island, Prtoljan et al., 2007). The anticline core is made of Valangian-Hauterivian dolomites,
while Barremian-Albian, Cenomanian and Turonian shallow water limestones are in the
limbs.

The island of Mljet consists of a thick pile (1800 m) of Kimmeridgian/Tithonian and
Cretaceous (up to late Santonian) shallow-water limestone, dolomite, intra-formational
breccia, signifying higher energy environment or subaerial exposure. Quaternary “lake”
deposits are known from the NW part of the island (Fig. 5). The Upper Jurassic carbonates,
which are mainly dolostones with rare occurrences of inter-layered limestones, crop out on
the southern half of the island. Barremian - Albian deposits cover transgressively the Upper
Jurassic sediments and form a near-parallel belt with them. The Albian limestones are
extremely rich in fossils, unlike the intercalated dolomite layers. Upper Cretaceous deposits
extend all along the northern coast of the island. They are lithologically very similar to the
Lower Cretaceous deposits but can be distinguished by micro- and macrofossil content. The
structural build-up of Mljet is basically simple: it is a monocline dipping toward NNE, which,
however, is probably the northern limb of an overturned anticline (Fig. 5) with an axial plane
off the SW shore of the island, i.e., the whole overturned southern limb is submerged under
the sea. A prominent marginal thrust fault is situated south of the island which interpreted as
the contact with the stable Adria (Korbar, 2009).

The characteristic structure of Vis is an ENE plunging anticlinorium (Fig. 6). The core
is built of clastic sediments, gypsum and anhydrite in associations with pyroclastics, spilites

and diabase of Upper Ladinian-Upper Norian age (Koch and Belak, 2003). Lower Cretaceous



(including age defined Barremian-Albian deposits) and Cenomanian shallow-water platform
carbonates (limestones and dolomites) are in the limbs. The Turonian — Coniacian limestones
are confined to the northern and southern coasts. The youngest deposits are of Quaternary age
and are exposed in local depressions, karst poljes and beach sand dunes. From the uplifted
core of the anticlinorium a system of radial faults runs towards east. The axis of the
anticlinorium gently plunges (angle is about 7°) towards east (Borovi¢ et al., 1968). Faults

(presented as fault zones) are mainly sub-parallel to the long axis of the island.

Sampling

The paleomagnetic samples were drilled from a number, preferably mud supported,
well-bedded, and moderately tilted limestone beds with a gasoline powered drill. The cores
were oriented with a magnetic compass. However, the geological conditions were not always
ideal. Thus, in order to cover the sampling area as much as possible with geographically
distributed sampling localities, we sometimes sampled steeply tilted beds (e.g., localities H11,
H12, Table 1) or strata with textures different from the mud-supported type (Supplementary
Table 1). At each locality, the geographic co-ordinates were taken with a GPS and the
bedding attitude of the sampled strata was determined from several tilt measurements.

The geological maps used during the field-work were published in the 1970"™ (sheets
of the Basic geological map of former Yugoslavia, scale 1: 100,000, Borovi¢ et al., 1976,
Marinci¢ et al. 1971, 1975, 1976, Korolija et al., 1975a,b, Rai¢ et al., 1980). As we were
aware of changes in some age attributions or sedimentological interpretations since the 1970s,
we collected hand samples from each bed drilled for paleomagnetism, in order to check the
fossil content and the texture of the sediments. The microscopy examination of thin sections
cut from the hand samples concerned the biostratigraphic ranges of some foraminiferal
species, in a manner of more precise age attribution. Apart from the general need for updating
ages, re-interpretation of ages in the Borak/Likva section of Brac¢ island (Fig. 2. localities
Bla-¢) was provoked by the discovery of tsunamites (Korbar et al., 2017). This concerned the
beds sampled in the geologically very important section in the 1990s (Marton et al., 2003)
which even that time had been thought to contain Cretaceous-Paleocene boundary strata. That
time the tsunamite layers were not recognized and the boundary had been placed within the
beds containing foraminifera Fleuryana adriatica De Castro, Drobne & Gusi¢ (De Castro et

al., 1994), as an index fossil. Subsequent studies revealed that Paleocene foraminifera occur



below these beds and the K/Pg boundary was allocated to a bed which was interpreted as
tsunamite. Therefore, the stratigraphic range of the above-mentioned species was re-defined
as being Campanian up to Maastrichtian (Schlagintweit and Rashidi, 2017; Moro et al., 2018).
This development induced us to re-visit the Borak/Likva section in 2017 and 2018 for taking
GPS co-ordinates and hand samples for biostratigraphic study of the earlier sampled beds
(Supplementary Table 1), drill the tsunamites and neighbouring beds. We also sampled new
localities in Bra¢ island which are Cenomanian-Turonian through Maastrichtian age and
represent mostly mud-supported platform carbonates, with the exception of one locality which
rocks were deposited on a slope (Supplementary Table 1).

On the island of Hvar, the paleomagnetic sampling localities are fairly well covering
the area, except the southern shore. The reason is no access from land to the steeply dipping
strata of the southern shore or the complicated tectonics, characterising the vicinity of Hvar
town. Most of the sampled localities are of Cenomanian through Campanian age. As the
Lower Cretaceous deposits are massive carbonates, often dolomitized and highly karstified, it
was only taking a chance when we sampled two localities (H18 and H19) on both sides of the
anticline in the vicinity of Jelsa (Supplementary Table 1 and Table 1).

On Korcula island, exploration for suitable localities was quite discouraging.
Eventually we drilled Aptian through Maastrichtian limestones from 11 localities
(Supplementary Table 1). Except two localities, they are situated near-shore, for the outcrops
in the central part of the island were either strongly tectonized/re-crystallized or weathered or
both.

Paleomagnetic sampling on Mljet island was greatly helped by permission to sample
in protected areas, but restricted by frequent slumping or limited access from the land to
outcrops (especially on the south coast). Thus, we were able to drill only three Jurassic
(lowermost Cretaceous) localities, despite of the fact that Jurassic carbonates are the most
widespread in the island (Fig. 5). In addition, the accessible outcrops were mostly dolomites,
without intercalated limestone beds. This was unfortunate because of the unique occurrence
of the Jurassic sediments on Mljet (and the not easily accessible Lastovo) among the Dalmatic
islands. The Cretaceous sediments were sampled at a larger number of localities and were

intended to make a “paleomagnetic bridge” between Mljet and the other Adriatic islands.

Methods of the laboratory investigations



Standard thin sections were used for sedimentological analysis and interpretation
following the descriptive terminology for carbonate rocks is after Dunham (1962) and Embry
and Klovan (1971). The biostratigraphic framework is based on various descriptions of
benthic foraminifera (Veli¢, 2007; including the newest papers like Schlagintweit, 2008;
Consorti et al., 2017; Schlagintweit and Rashidi, 2017, Moro et al., 2018, Granero et al.,
2019) and planktonic foraminifera (Premoli Silva and Varga, 2004). Because the
biostratigraphic range of some the identified species were modified from the time when the
geological maps were issued, the discrepancies in age interpretation are indicated in
Supplementary Table 1.

For the paleomagnetic measurements standard size specimens were cut in the
laboratory from the drill cores. The natural remanent magnetization (NRM) of the specimens
was measured with JR-4 and JR-5A magnetometers (AGICO, Brno) and the magnetic
susceptibility using a KLY-2 kappabridge (AGICO, Brno). Next, pilot specimens were
demagnetized in several steps from each locality, either by stepwise alternating field (AF)
demagnetization (LDA-3A, AGICO and Demag0179, Technical University Budapest) or by
thermal demagnetization (TSD-1, Schonstedt Instrument Company, Reston). Susceptibility
was monitored during thermal demagnetization. According to the behaviour of the pilot
specimens, the remaining samples from each locality were demagnetized with the method
which was the most efficient in defining the NRM components. The demagnetization curves
(Zijderveld, 1967) were analyzed for linear segments (principal component analysis,
Kirschvink, 1980). Statistical evaluation on locality/site level was based on Fisher (1953)
method. The components involved in the statistical evaluation were calculated typically from
4-8 demagentization steps the components were characterized by 5° MAD and the linear
segments were anchored to the origin.

In order to identify the ferrimagnetic minerals, magnetic mineralogy experiments were
carried out on selected specimens. These included, IRM acquisition experiments (Molspin
Pulsmagnetizer) and the stepwise thermal demagnetization of the 3-component IRM (Lowrie,

1990), accompanied by susceptibility monitoring.

Paleomagnetic results

The magnetic mineralogy experiments revealed that the dominant ferrimagnetic

mineral was magnetically soft. Medium hard or hard components were typically absent or



10

subordinate (Fig. 7). Even when present in larger proportions (e.g., B10, K8, Fig. 7), they
decayed by the Curie point of magnetite or at a bit higher temperature on stepwise thermal
demagnetization of the 3-component IRM. Susceptibility monitoring on thermal
demagnetization of the 3-component IRM often suggested the presence of an iron sulphide,
probably pyrite, which converted into magnetite or maghemite, as indicated by the often
dramatic increase of the magnetic susceptibility from 400°C on.

The magnetic susceptibility was negative for all the studied localities (Fig. 8), positive
values were measured only for one bed each from localities H13 and M7. At the same time
the average intensity of the NRM in the natural state was very variable. It was too weak for
providing reliable paleomagnetic signals for 33 localities (Supplementary Table 2). Extreme
weakness of the NRM occurred also at localities otherwise providing good paleomagnetic
signals (Table 1, lower number of evaluated than collected samples). NRM intensity could be
extremely different between beds of the same locality or even within a single bed, which can
be explained by variable conditions during deposition and the changing concentration of the
fossil content.

Based on the experience with the pilot specimens, stepwise AF demagnetization was
more often applied to the majority of samples than the thermal method as the former
efficiently revealed the components of the NRM during the complete decay of the NRM
signal (typically achieved by max. 45mT, see Fig. 9), while avoiding the risk of creating new
ferrimagnetic mineral on heating (Fig. 7).

Following stepwise demagnetization, the components decaying towards to origin of
the Zijderveld diagrams were combined for each locality and a locality mean direction
computed. Based on them, overall-mean paleomagnetic directions were calculated before and
after tilt corrections for one of the following age groups: 1 Latest Maastrichtian-Paleocene
(confided to Brac island), 2. Campanian-Maastrichtian, 2. Turonian-Santonian, 3. Albian-
Cenomanian, 4. Barremian-Aptian, 5. Tithonian-Berriasian (confined to Mljet island). The
groups were defined so that they match as precisely as possible those already available for
stable Adria and the Northern Adriatic islands. They are of different quality from statistical
point of view, from the response of the ChRM to fold/tilt test and the extent of geographical
distribution. Fortunately, the 2" and 3" groups, which are the best from paleomagnetic point
of view represent all or the majority of the Central and Southern Adriatic islands.

Despite of statistically acceptable results, some localities were omitted from the
evaluations on between-locality level (Table 2). The reason was mainly the closeness of the

paleomagnetic direction, before tilt correction, to that of the present or to the Late Neogene-
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Pliocene Earth magnetic dipole field direction at the sampling area (Table 1, localities B11,
K4, H12, V16). Locality M7 (Table 1) was also disregarded because of the obviously
secondary origin of the NRM (remagnetization during Late Cretaceous due to long exposure
to surface weathering indicated by bauxite filling the karstic holes in the limestone). Finally,
locality H11 was rejected because the thick and thin strata yielded widely different, although
individually well-defined results (Fig. 10). At this locality the characteristic remanent
magnetizations (ChRM) must be composite and none of the observed directions make sense

either before or after tilt corrections for the Late Cretaceous in the Adriatic realm.

Discussion

The offshore External Dinarides are bordering stable Adria in the NE. This belt
comprises the Adriatic islands and is subdivided into a northern, a central and a southern
segment. From the northern segment high quality paleomagnetic results are available from
Cres, Ist plus surrounding islets and Dugi otok islands which had been combined with those
from Vis island (Marton et al., 2014), which does not belong to the northern group. In order to
compare the past relative positions of the Northern and the more southern Adriatic islands, we
now recombined the data relevant only to the Northern Adratic islands (Fig. 11, Table 2). The
data from Vis island, relevant to the central Adriatic area, are interpreted together in terms of
tectonics with the results of the present study from Bra¢, Hvar, Korcula and Mljet islands
(Fig. 12, Table 2). The tectonic models briefly described below, will be discussed in relation
to these data sets and to the one available for stable Adria (Marton et al., 2017)

According to Herak (1986) and Tari (2002), the whole coastal Dinaridic area is one
unit, named Adriatic and Imbricated Adria, regarded by both authors as parts of the Adriatic
Carbonate Platform. Schmid et al. (2008) separated the Northern Adriatic islands from the
more southernly ones. The former were considered to belong to the High Karst Unit,
overthrusting stable Adria, whereas the central and southern islands to the Dalmatian Zone,
clearly separated from the High Karst Unit. More recently Schmid et al. (2020) modified the
previous subdivision and outlined a Dalmatian Zone comprising all the Adriatic islands,
except the NE part of Cres island. In Korbar’s model (2009), the Northern Adriatic islands are
parts of the Dinaridic Unit/High Karst, the islands Bra¢, Hvar and Korcula are included in the
Dalmatian Zone/Dalmatian Karst (Adriatic NE unit), whereas the islands of Mljet and Vis

belong to the Adriatic SW unit. Some authors subdivide further the SW unit, regarding Vis
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island as being outside of the area affected by neotectonic deformation, while Mljet island as
affected by it (Safti¢ et al., 2019, Prtoljan et al., 2007, Grandi¢ et al., 2013). The question is if
large scale relative movements between the units separated by the different authors have taken
place during or after the Cretaceous..

The principal differences between the above models require to evaluate the
paleomagnetic results from the Adriatic islands in different combinations. According to
Korbar’s model (2009), Bra¢, Hvar and Korcula islands form one group, while Mljet and Vis
another. Such separation, however can not mean large scale relative movements between the
two groups for post-Aptian times, since the overall-mean paleomagnetic directions for the
Albian—Cenomanian (Central islands 327°/46° ags 7.2°, Southern islands 324°/47° ags 7.2°)
on one hand and for the Turonian-Santonian (Central islands 331°/41° alpha 8°, Southern
islands 336°/49° ays 9.5°), on the other hand are statistically identical.

The models placing the Northern Adriatic islands to the High Karst unit and the others
to the Dalmatian zone can also be tested by comparing the high quality Turonian-Santonian
and the Albian-Cenomanian overall-mean paleomagnetic directions for Bra¢, Hvar, Korcula,
Mljet and Vis with those from the Northern Adriatic islands. In this case, the lack of large
scale latitudinal or rotational differences between the Northern and more Southern Adriatic
Islands is also clear (Figure 13), at least from the Late Albian on. It is interesting to note that
the new kinematic model by Hinsbergen et al. (2020) is in line with Marton et al.,(2014) and
with the conclusions of Marton and Cosovié (2017, published as an abstract and fully
documented paleomagnetically in the present paper) concerning the tectonic relationship of
the chain of the Adriatic islands to stable Adria.

The lack of significant relative movement has an important implication for post-
Santonian times. Namely that the CCW rotation indicated by the results from geographically
localized areas (Table 2, Campanian-Maastrichtian from Hvar and Bra¢ islands and latest
Maastrichtian-Paleocene from Brac island, Table 2) must have involved the whole offshore
External Dinarides.

All the above paleomagnetic results are representing sediments which were deposited
after the most important Early Cretaceous tectonic event in the Adriatic realm, a regional sea-
level fall manifested in regional emergence (Veli¢ et al., 1989, Prtoljan et al., 2007) or
subaqueous erosion (Marton et al, 2010). The regionally significant sedimentary hiatus is
attributed to the interplay of regional tectonism and the global sea-level fall close to the
Aptian-Albian boundary (e.g., Prtoljan et al., 2007). The time before this event is represented

by paleomagnetic results for Tithonian-Berriasian sediments from Mljet island and
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Barremian-Aptian sediments from Hvar, Korcula, Mljet and Vis islands (ChRMs maybe of
late Cenomanian age) and from Cres (ChRMs must be of pre- Late Aptian age) of the
Northern Adriatic islands. These data, are not suitable to decide about the relative position of
the islands, but useful in relation to stable Adria and to the bordering large plates (Fig. 13).

The Tithonian results from Mljet island are interpreted as of pre-Valanginian age and
are in line with the paleolatitudinal as well as the declination trends of stable Adria and are
close to expected values in an African framework (Fig. 13). The Barremian-Aptian primary
magnetization obtained for Cres island implies an important northward shift and CCW
rotation between Berriasian and Aptian. From this time on the paleolatitudes for stable Adria
and the Adriatic islands are stabilized at near-African latitudes, around 28°N. This is in line
with the interpretation from independent observations, according to which the shallow water
carbonates in this area were formed in warm oligotrophic seas where the production rate in
the carbonate factory was very high (Schlager, 2000; Reimjer, 2016).

The paleo-declinations suggest systematic and moderate CCW rotation with respect to
Africa (Fig. 13). In the light of the about 25° post-mid Eocene CCW rotation, the systematic
deviation of the “Adriatic declinations* from expected African values can be due to a small
CW rotation of stable Adria and the Adriatic islands with respect to Africa followed by a
CCW rotation after the mid-Eocene. Such scenario had been outlined earlier for stable Adria
(Mérton et al., 2017) and now supported by new data for the Adriatic islands (Fig. 13). This is
true despite the fact that the post-Campanian sediments from the Adriatic islands have
magnetizations of post-tilting age (Table 2), as a rotation always postdates the age of the
magnetization. The high paleolatitude characterizing the Paleocene-Eocene sediments from
Brac island can be conceived as an additional argument for considering the CCW rotation as a
very young tectonic process.

The above results document that large scale displacements are not evidenced between
Stable Adria and the Adriatic islands, i.e. the paleomagnetic results support the model by Tari
(2002) who considers all the Adriatic islands as the imbricated margin of Adria. She also
defines an independent Dinaric carbonate platform, which is also supported by paleomagnetic
results (Fig. 14).

The paleomagnetic data from the Adriatic islands (Fig. 15) prove that the structural
orientations of the Central and Southern Adriatic Islands, which are different from the
dominant NW-SE “Dinaric trend” is not the consequence of an extra CCW rotation but is
adequately explained by the dominance of the different orientations of the compressional

deformation field at different times. According to Marinci¢ (1997) the Adriatic islands were
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exposed to intensive E-W compression at the end of the Cretaceous, NE-SW compression in
the Late Eocene-Early Oligocene and finally roughly N-S compression from the end of the
Neogene on and the dominant deformation phase is getting younger from NW to SE. Strike
measurements at the paleomagnetic sampling localities clearly show this trend (Figure 15).
Similarly to the structural pattern of the islands, the arcuate thrust front separating imbricated
and Stable Adria can also be explained by the dominance of one of the above events of

deformation.

Concluding remarks

The new paleomagnetic results presented in this paper cover the Central and Southern
Adriatic islands, which are characterized by WSW-ENE structural trends in contrast to the
dominant NW-SE trend in the External Dinarides. There are ways to account for this
difference e.g. suggesting CCW rotation of the Central and Southern Adriatic area relative to
the mainland (Aljinovi¢ et al., 1987), conceiving it as a distinct tectonostratigraphic unit e.g.
(Schmid et al., 2008) or even separate the Central Adriatic islands from both the Northern and
the Southern Adriatic islands, and consider the latter as parts of stable Adria (Korbar, 2009).
The paleomagnetic results interpreted from the Central and Southern Adriatic islands in terms
of tectonics were obtained from the laboratory processing of over 1000 independently field-
oriented cores representing nearly 100 geographically distributed localities from the five
largest islands. The studied localities were mostly Upper Albian through Paleocene shallow
water carbonates, postdating the most important sedimentary hiatus (Late Aptian-Early
Albian) documented in the NE Adriatic area. Sampling of pre-Late Aptian sediments was
handicapped by their absence in Brac or the heavy karstification /secondary dolomitisation on
Hvar, Korc¢ula, Mljet islands.

The best results were obtained for the Albian - Cenomanian and the Turonian -
Santonian age groups for the Central (Bra¢, Hvar, Korcula) as well as the Southern Adriatic
(Mljet and Vis) islands. They suggest that all these islands formed a tectonic entity from the
Late Albian on, since their coeval overall- mean paleomagnetic directions are statistically
identical.

Similar conclusion can be drawn for their relationship to the Northern Adriatic islands

as well as for stable Adria. This supports the model by Tari (2002) who defined the Adriatic
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islands as the imbricated margin of stable Adria, distinguishing them tectonically from the
Dinaric Carbonate Platform of the mainland.

The different tectonic orientations of the Adriatic islands, which also outline the thrust front
between stable and imbricated Adria, can be explained by the dominance of differently
oriented structures. These were formed during the Late Cretaceous, the Late Eocene —Early
Oligocene and a neotectonic phase, respectively, resulting in dominantly N-S (e.g. Cres
island), in NW-SE (Ist and surrounding islets, Dugi otok island) and in WNW-ESE (Central
and southern Adriatic islands) oriented structures.

Post-Santonian paleomagnetic results from Bra¢ and Hvar islands are in line with those from
stable Adria confirming that the Adriatic Carbonate Platform must have rotated in the CCW

sense after the Eocene.
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Figure captions

Fig. 1 Simplified tectonic map of the Dinarides and adjacent regions, showing the subdivision
of the Dinarides (modified after Placer et al., 2010) and the areas of the paleomagnetic
investigations (Published results are from Adige embayment and stable Istria (Méarton
et al., 2017) , from Cres, from Ist and surrounding islets and from Dugi otok, all
belonging to the Northern Adriatic islands (Marton et al., 2014) and the targets of the
present study: Bra¢, Hvar, Korc¢ula, Mljet and Vis islands of the Central Adriatic area.

Fig. 2 Simplified geological map of the island of Bra¢ (modified after Borovi¢ et al., 1976;

Marinci¢ et al., 1971, 1975, 1976) with the locations of collected paleomagnetic cores
and biostratigraphic samples.
Keys: 1a - h= Borak/Likva at Sutivan, 2= Postire, 3= Mirca, 4= Sumartin, 5= Splitska,
6= NereZiS¢a, 7= road to PuciS¢a quarry, 8 a - d= PuciS¢a quarry; 9= Gracisce, 10=
Planica, 11= Huncac, 12= Grska bay, 13= Grizev promontory, 14= Milna (Olive
grove), 15= Vidova gora, 16= Bol (Sv. Duh), 17= Maslinova Milna, 18= Zagvozd.
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The tectono-stratigraphic legend: 1 E;», Lower — Middle Eocene; 2 Pc, E Paleocene,
Eocene; 3 K3, Campanian; 4 K3, Santonian; 5. K*, Turonian; 6 Local faults; 7 Faults;
8 Traces of axial planes of major anticlines; 9 Strike and dip of strata.

Fig. 3 Simplified geological map of the island of Hvar (modified after Borovi¢ et al., 1976;

Fig. 4

Marinci¢ et al., 1971, 1975, 1976) with the locations of collected paleomagnetic cores
and biostratigraphic samples. Keys: 1= Perna bay; 2= Zaglav, 3= Poljica — Stiniva
(close to the road), 4= Poljica — Stiniva, 5= Nova Crkva, 6= Lozna bay, 7= Maslinica
bay, Vrbovska, 8= Brusje, Stiniva bay, 9= Vira I bay, 10= Vira Il bay, 11= Gromin

Bristova, 18= Jelsa, 19= Pitve.

The tectono-stratigraphic legend: 1 E,3; Middle — Upper Eocene; 2 E;, Lower —
Middle Eocene; 3 *K*, Maastrichtian; 4 K>, Coniacian and Santonian- Campanian; 5
K22 Upper Turonian; 6 K" 22 Cenomanian-Turonian; 7 2K1 Albian; 8 1K1 Lower
Cretaceous; 9 Traces of axial planes of major overturned anticline and anticline; 10
Fault; 11 Strike and dip of strata.

Simplified geological map of the island of Korcula (modified after Korolija et al.
1975a, b) with locations of collected paleomagnetic cores and biostratigraphic
samples. Keys: 1 = Samograd — Racis¢e, 2 = Prizba, 3 = Karbuni-2, 4 = Blaca-2, 5 =
Grscica, 6 = Karbuni-1, 7 = Gornja Potira, 8 = Zavalatica, 9 = Blaca, 10 = Babina, 11
= Babina Smokva.

The tectono-stratigraphic legend: 1 Quaternary; 2 K*, Coniacian — Maastrichtian; 3
sz Cenomanian — Turonian; 4 K22 Turonian; 5 Klz Cenomanian; 6 K3'51 Barremian -
Albian; 7 K% Lower Cretaceous; 8 Traces of axial planes of major (synclines and
anticlines); 9 Faults (normal and reverse); 10 Strike and dip of strata.

Fig. 5 Simplified geological map of the island of Mljet (modified after Rai¢ et al., 1980) with

the locations of collected paleomagnetic cores and biostratigraphic samples. Keys: 1 =
Maranovi¢i, 2 = Pozura — 2, 3 = Okuklja bay, 4 = Pozura — 1, 5 = Blato, 6 =
Saplunara, 7 = Paselo, 8 = Vrata Soline, 9 = Sobra, 10 = Pomena 1 + 2, 11 = Punta
Kriza, 12 = Kozarica, 13 = Lokve bay, 14 = Sutmiholjska bay.

The tectono-stratigraphic legend: 1 K* Turonian - Early Coniacian; 2 K', Lower part
of the Upper Cretaceous; 3 K°; Albian; 4 K*; Barremian — Albian; 5 J’; Upper part of
the Upper Jurassic; 6 J**; Upper Jurassic; 7 Faults; 8 Traces of axial planes of major
overturned anticlines; 9 Strike and dip of strata.

Fig. 6 Simplified geological map of the island of Vis (simplified after Korbar et al., 2012)

with the locations of collected paleomagnetic cores and biostratigraphic samples.
Keys: 1 = Titova Spilja, 2 = Mali Hum 1, 3 = Mali Hum 2, 4 = Sv. Mihovil, 5 =
Kupinovac, 6 = Stupisce, 7 = Vis, Hotel Issa, 8 = Vis Town, Bandirica, 9 = Vis Town,
10 = Dragodir, 11 = Vis, Grandovac, 12 = Rogaci¢a, 13 = Parja, 14 = Promontory
Parja, 15 = Uvala Tiha, 16 = Oklju¢na 1, 17 = Oklju¢na 2, 18 = Rukavac 1, 19 =
Rukavac 2, 20 = Srebrna 1, 21 = Srebrna 2, 22 = Srebrna bay, 23 = Tremule, 24 =
Mala Travna Uvala.

The tectono-stratigraphic legend: 1 Quaternary deposits; 2 Turonian-Coniacian
limestones; 3 Cenomanian dolomites and limestones; 4 Lower Cretaceous limestones;
5 Lower Cretaceous dolomites; 6 Triassic volcanogenetic-sedimentary-evaporitic
complex; 7 Faults; 8 Strike and dip of strata.
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Identification of the magnetic minerals (method by Lowrie, 1990) in Cretaceous
platform limestones from Bra¢, Hvar, Mljet and Korc¢ula islands.

From top to bottom: IRM acquisition, thermal demagnetization of the 3-component
IRM, susceptibility after each demagnetization steps. The components of the IRM
were acquired in fields of 1.0 T (squares), 0.36 T (full circles) and 0.12 T (open
circles).

Upper Jurassic through Lower Eocene carbonates of the NE Adriatic Carbonate
Platform. Magnetic susceptibility vs. NRM intensity diagram based on locality mean
values for the Central and Southern Adriatic islands.

Fig. 9 Typical demagnetization curves for platform limestones of Bra¢, Hvar, Korcula and

Mljet islands. Key: Zijderveld diagrams (Zijderveld, 1967) in geographic system. In
case of AF demagnetization they are accompanied by intensity (circles) versus
demagnetizing field diagrams, and by NRM intensity (circles)/susceptibility (dots) v.s.
temperature diagrams, when the method is thermal (TH) demagnetization. In the
Zijderveld diagrams full dots are the projections of the NRM vector onto the
horizontal; circles: into the vertical.

Fig. 10 Gromin Dolac (locality H11): ChRM directions from thin (squares) the thick

(diamonds) beds before (a) and after (b) tilt correction. Stereographic projection, full
symbols: positive, empty symbols: negative inclinations. C and d are the results of
magnetic mineralogical experiments on samples with widely different NRM
intensities. The ChRMs of the thin beds are probably the resultants of a CCW rotated
remanence overprinted during a reversed polarity Chron, post-dating the CCW
rotation (see the ChRMs of relatively close localities: K4 and H12), and eventually
overprinted in the present Earth magnetic field. The ChRMs of the thick beds (over
one meter) must be the resultants of a normal and reversed polarity remanence. For
key see Fig.7).

Fig. 11 Fold/tilt tests for the Northern Adriatic Islands Paleomagnetic locality mean directions

(squares) and the overall-mean direction (dot) with as on stereographic plots (positive
inclinations: full, negative inclination: empty symbols) before (left) and after (right)
tilt corrections, accompanied by the results of the tilt test (in the middle) for the
Turonian-Santonian (11 a-c), for the Albian-Cenomanian (11 d-f) and for the
Barremian-Aptian (11 g-i).

Fig. 12 Fold/tilt tests for the Central and Southern Adriatic islands. Paleomagnetic locality

mean directions (squares) and the overall-mean direction (dot) with ows on
stereographic plots (positive inclinations: full, negative inclination: empty symbols)
before (left) and after (right) tilt corrections, accompanied by the results of the tilt test
(in the middle) for the Campanian-Maastrichtian (12 a-c), for the Turonian-Santonian
(12 d-f) and the Albian-Cenomanian (12 g-i) carbonates. The test is indeterminate for
the first and third age groups which were affected by well-documented syn-
sedimentary tectonics during the Late Cenomanian and the Maastrichtian,
respectively, while the deposition of the Turonian-Santonian carbonates took place
during a tectonically quiet period (Prtoljan et al., 2007).
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Fig. 13 Paleolatitudes and paleodeclinations for the NE part of the Adriatic region (stable
Adria, Marton et al., 2017, Northern Adriatic islands, Marton et al., 2014, Central and
southern Adriatic islands, present study) compared with those expected for stable
Europe and Africa (Global APWP, Torsvik et al., 2012), respectively. The error bars
for the paleomagnetic results are based on number of independently oriented samples
(left side) and alternatively on the number of localities (right side). The error bars
were computed based on Butler (1992). The geological age groups in the coloured bar
are 1 = Priabonian — Lutetian, 2 = Paleocene — Ypresian, 3 = Campanian—
Maastrichtian, 4 = Turonian—Santonian, 5 = Albian—Cenomanian, 6 = Barremian—
Aptian, 7 = Valanginian—Hauterivian, 8 = Tithonian—Berriasian, 9 = Oxfordian—
Tithonian, 10 = Callovian—Oxfordian, 11 = Bajocian-Bathonian. Lighter squares
represent magnetization of post tilting age.

Fig. 14 Comparison of paleomagnetic overall-mean directions for Middle Jurassic-Earliest
Cretaceous for stable Adria and for Mljet island, on one hand, and for rocks of similar
ages from the High Karst between Rijeka and Zadar (stereographic plot, lower
hemisphere).

Fig. 15 The general tectonic subdivision of the NE part of the Adriatic region after Tari
(2002) with Turonian-Santonian paleomagnetic declinations (arrows with statistical
errors) illustrate the lack of relative movements between the islands and with respect
to stable Adria, which is proved by all paleomagnetic data after the Late Aptian-Early
Albian tectonic event. The arcuate shape of imbricated Adria is explained by the
dominance of one of the three main compressional regime of different orientations,
getting younger from NW to SE (Marinc¢i¢, 1997). The rose diagrams based on our
strike measurements in the field are presented to show that the tectonic strikes reflect
in Cres island the dominance of the uppermost Cretaceous Laramian (N-S), in Ist and
Dugi Otok islands the mid-Eocene-Oligocene (NW-SE) and (in the Central and
Southern Adriatic the neotectonic phase (WNW-ESE) tectonic structures.

Tables

Table 1. Bra¢, Mljet, Korcula, Hvar and Vis islands. Summary of locality mean

palacomagnetic directions based on the results of principal component analysis
(Kirschvink 1980), except localities B17, H5, H10 and V23, where combination of
stable end points and demagnetization circles was used (McFadden and McElhinny
1988).
Key: Lat.N, Lon.E: Geographic coordinates (WGS84) measured by GPS, n/no:
number of used/collected samples (the samples are independently oriented cores); D, |
(Dc, Ic): declination, inclination before (after) tilt correction; k and oos: statistical
parameters (Fisher 1953); Paleo lat: paleolatitude; Pole lat and Pole long: coordinates
of the paleopole; 6m, &p: statistical parameters of the palacomagnetic pole. *: post-
tilting magnetization, pole calculated from directions before tilt correction; **:
rejected from tectonic interpretation, very young remagnetization, poles not
calculated.

Table 2. Summary of the overall mean paleomagnetic directions before and after tilt
corrections, results of direction correction tilt test (Enkin, 2008) and paleomagnetic



25

poles with statistical parameters. Key as for Table 1. but N is the number of localities.
* E/I corrected (Tauxe and Kent, 2004).

Supplementary Table 1. The complete list of sampled locations on Bra¢, Hvar, Kor¢ula and
Mljet islands. Each location is correlated with the location number, the age attribution
(after geological maps and references Veli¢, 2007; Schlagintweit, 2008; Consorti et
al., 2017; Schlagintweit and Rashidi, 2017; Moro et al., 2018; Granero et al., 2019)
and the sedimentary texture (after Dunham, 1962, modified by Embry and Klovan,
1971) and Fliigel (2010).

Supplementary Table 2. List of the localities providing no paleomagnetic result, mainly due to
extremely weak NRM.
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Fig. 1 Simplified tectonic map of the Dinarides and adjacent regions, showing
the subdivision of the Dinarides (modified after Placer et al., 2010) and the
areas of the paleomagnetic investigations (Published results are from Adige
embayment and stable Istria (Marton et al., 2017) , from Cres, from Ist and
surrounding islets and from Dugi otok, all belonging to the Northern Adriatic
islands (Marton et al., 2014) and the targets of the present study: Bra¢, Hvar,
Korc¢ula, Mljet and Vis islands of the Central Adriatic area.

Fig 1.



Fig 2.

Fig. 2 Simplified geological map of the island of Bra¢ (modified after Borovi¢ et al., 1976; Marinc¢i¢ etal., 1971,
1975, 1976) with the locations of collected paleomagnetic cores and biostratigraphic samples.
Keys: la - h=Borak/Likva at Sutivan, 2= Postire, 3= Mirca, 4= Sumartin, 5= Splitska, 6= Nerezis¢a, 7=
road to Pucis¢a quarry, 8 a - d= Puciséa quarry; 9= Graciscée, 10=Planica, 11= Huncac, 12= Grska bay,
13= Grizev promontory, 14=Milna (Olive grove), 15= Vidova gora, 16=Bol (Sv. Duh), 17=Maslinova
Milna, 18=Zagvozd.
The tectono-stratigraphic legend: 1 E,, Lower — Middle Eocene; 2 Pc, E Paleocene, Eocene; 3 'K,
Campanian; 4 °’K’, Santonian; 5. K°, Turonian; 6 Local faults; 7 Faults; 8 Traces of axial planes of major
anticlines; 9 Stike and dip of strata.
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Fig. 3 Simplified geological map of the island of Hvar (modified after Borovi¢ etal., 1976; Marinci¢ etal., 1971,
1975, 1976) with the locations of collected paleomagnetic cores and biostratigraphic samples. Keys: 1=
Perna bay; 2= Zaglav, 3= Poljica — Stiniva (close to the road), 4= Poljica — Stiniva, 5= Nova Crkva, 6=
Lozna bay, 7= Maslinica bay, Vrbovska, 8= Brusje, Stiniva bay, 9= Vira I bay, 10= Vira II bay, 11=
Jelsa, 19=Pitve.
The tectono-stratigraphic legend: 1 E,,Middle — Upper Eocene; 2 E,, Lower — Middle Eocene; 3 'K,
Maastrichtian; 4 "“K°, Coniacian and Santonian- Campanian; 5 K*, Upper Turonian; 6 K"?,
Cenomanian-Turonian; 7 °K, Albian; 8 'K, Lower Cretaceous; 9 Traces of axial planes of major
overturned anticline and anticline; 10 Fault; 11 Strike and dip of strata.
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Fig. 4 Simplified geological map of the island of Korcula (modified after Korolija etal. 1975a, b) with locations

of collected paleomagnetic cores and biostratigraphic samples. Keys: 1 = Samograd — Racisce, 2 =
Prizba, 3 = Karbuni-2, 4 = Blaca-2, 5 = Gr$¢ica, 6 = Karbuni-1, 7 = Gornja Potira, 8 = Zavalatica, 9 =
Blaca, 10 =Babina, 11 =Babina Smokva.
The tectono-stratigraphic legend: 1 Quaternary; 2 K, Coniacian — Maastrichtian; 3 K'*, Cenomanian
— Turonian; 4 K?, Turonian; 5 K', Cenomanian; 6 K, Barremian - Albian; 7 K'” Lower Cretaceous;
8 Traces of axial planes of major (synclines and anticlines); 9 Faults (normal and reverse); 10 Strike
and dip of strata.
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Figure 5: Simplified geological map of the island of Mljet (modified after Rai¢ et al., 1980) with location of
collected paleomagnetic cores and biostratigraphic samples. Keys: 1 = Maranovi¢i, 2 = Pozura — 2, 3
= Okuklja bay, 4 = Pozura — 1, 5 = Blato, 6 = Saplunara, 7 = Paselo, 8§ = Vrata Soline, 9 = Sobra, 10
=Pomena 1 + 2, 11 = Punta Kriza, 12 = Kozarica, 13 = Lokve bay, 14 = Sutmiholjska bay.
The tectono-stratigraphic legend: 1 K?, Turonian - Early Conacian; 2 K', Lower part of the Late
Cretaceous; 3 K°, Albian; 4 K™, Barremian — Albian; 5 J°, Upper part of the late Jurassic; 6 J*°, Late

Jurassic; 7 Trace of axial plane; 8 Traces of axial planes of major overturned anticlines; 9 Strike and dip
of'strata.
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Fig. 6 Simplified geological map of the island of Vis (simplified after Korbar et al., 2012) with the locations of
collected paleomagnetic cores and biostratigraphic samples. Keys: 1 =Titova Spilja, 2=Mali Hum 1, 3
= Mali Hum 2, 4 = Sv. Mihovil, 5 = Kupinovac, 6 = Stupisce, 7 = Vis, Hotel Issa, 8 = Vis Town,
Bandirica, 9 = Vis Town, 10 = Dragodir, 11 = Vis, Grandovac, 12 = Rogaci¢a, 13 = Parja, 14 =
Promontory Parja, 15=UvalaTiha, 16 =Oklju¢na 1, 17=0klju¢na 2, 18 = Rukavac, 19 =Rukavac, 20 =
Srebrna, 21 =Srebrna, 22 = Srebrna bay, 23 = Tremule, 24 =Mala Travna Uvala.

The tectono-stratigraphic legend: 1 Quaternary deposits; 2 Turonian-Coniacian limestones; 3
Cenomanian dolomites and limestones; 4 Lower Cretaceous limestones; 5 Lower Cretaceous
dolomites; 6 Triassic volcanogenetic-sedimentary-evaporitic complex; 7 Faults; 8 Strike and dip of
strata.
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Fig. 7 Identification of the magnetic minerals (method by Lowrie, 1990) in Cretaceous platform limestones
from Brac¢, Hvar, Mljet and Korcula islands.
From top to bottom: IRM acquisition, thermal demagnetization of the 3-component IRM,
susceptibility after each demagnetization steps. The components of the IRM were acquired in fields
of 1.0 T (squares), 0.36 T (full circles) and 0.12 T (open circles).
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Fig. 9 Typical demagnetization curves for platform limestones of Bra¢, Hvar, Korcula and Mljet islands. Key:
Zijderveld diagrams (Zijderveld, 1967) in geographic system. In case of AF demagnetization they are
accompanied by intensity (circles) versus demagnetizing field diagrams, and by NRM intensity
(circles)/susceptibility (dots) v.s. temperature diagrams, when the method is thermal (TH)
demagnetization. In the Zijderveld diagrams full dots are the projections of the NRM vector onto the
horizontal; circles: into the vertical.
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Fig. 10 Gromin Dolac (locality H11): ChRM directions from thin (squares) the thick (diamonds) beds before (a)
and after (b) tilt correction. Stereographic projection, full symbols: positive, empty symbols: negative
inclinations. ¢ and d are the results of magnetic mineralogical experiments on samples with widely
different NRM intensities. The ChRMs of the thin beds are probably the resultants of a CCW rotated
remanence overprinted during a reversed polarity Chron, post-dating the CCW rotation (see the ChRMs
of relatively close localities: K4 and H12), and eventually overprinted in the present Earth magnetic
field. The ChRMs of the thick beds (over one meter) must be the resultants of a normal and reversed
polarity remanence. For key see Fig.7).
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Fig. 11 Fold/tilt tests for the Northern Adriatic Islands Paleomagnetic locality mean directions (squares) and the
overall-mean direction (dot) with o, on stereographic plots ((positive inclinations:full,, negative
inclination:empty symbols) before (left) and after (right) tilt corrections, accompanied by the results of
the tilt test (in the middle) for the Turonian-Santonian (11 a-c), for the Albian-Cenomanian (11 d-f) and
for the Barremian-Aptian (11 g-1).
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Fig. 12 Fold/tilt tests for the Central and Southern Adriatic islands. Paleomagnetic locality mean directions
(squares) and the overall-mean direction (dot) with a, on stereographic plots (positive
inclinations:full,, negative inclination:empty symbols) before (left) and after (right) tilt corrections,
accompanied by the results of the tilt test (in the middle) for the Campanian-Maastrichtian (12 a-c) , for
the Turonian-Santonian (12 d-f) and the Albian-Cenomanian (12 g-i) carbonates. The test is
indeterminate for the first and third age groups which were affected by well-documented syn-
sedimentary tectonics during the Late Cenomanian and the Maastrichtian, respectively, while the
deposition of the Turonian-Santonian carbonates took place during a tectonically quiet period (Prtoljan
etal.,2007).
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Fig. 13 Paleolatitudes and paleodeclinations for the NE part of the Adriatic region (stable Adria, Marton
etal., 2017, Northen Adriatic islands, Marton et al., 2014, Central and southern Adriatic islands,
present study) compared with those expected for stable Europe and Africa (Global APWP,
Torsvik et al., 2012), respectively. The error bars for the paleomagnetic results are based on
number of independently oriented samples (left side) and alternatively on the number of
localities (right side). The error bars were computed based on Butler (1992). The geological age
groups in the coloured bar are 1 = Priabonian — Lutetian, 2 = Paleocene — Ypresian, 3 =
Campanian—Maastrichtian, 4 = Turonian—Santonian, 5 = Albian—Cenomanian, 6
Barremian—Aptian, 7 = Valanginian—Hauterivian, 8 = Tithonian—Berriasian, 9 =
Oxfordian—Tithonian, 10 = Callovian—Oxfordian, 11 = Bajocian-Bathonian. Lighter squares
represent magnetization of post tilting age.
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Fig. 14 Comparison of paleomagnetic overall-mean directions for Middle Jurassic-Earliest Cretaceous
for stable Adria and for Mljet island, on one hand, and for rocks of similar ages from the High
Karstbetween Rijeka and Zadar (stereographic plot, lower hemisphere).
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Fig. 15 The general tectonic subdivision of the NE part of the Adriatic region after Tari (2002) with Turonian-
Santonian paleomagnetic declinations (arrows with statistical errors) illustrate the lack of relative
movements between the islands and with respect to stable Adria, which is proved by all paleomagnetic
data after the Late Aptian-Early Albian tectonic event. The arcuate shape of imbricated Adria is
explained by the dominance of one of the three main compressional regime of different orientations,
getting younger from NW to SE (Marinci¢, 1997). The rose diagrams based on our strike measurements
in the field are presented to show that the tectonic strikes reflect in Cres island the dominance of the
uppermost Cretaceous Laramian (N-S), in Ist and Dugi Otok islands the mid-Eocene-Oligocene (NW-
SE) and (in the Central and Southern Adriatic the neotectonic phase (WNW-ESE) tectonic structures.



Table 1. Bra¢, Mljet, Koréula, Hvar and Vis islands. Summary of locality mean palaeomagnetic directions based on the results of principal component analysis (Kirschvink 1980), except

localities B17, H5, H10 and V23, where combination of stable end points and demagnetization circles was used (McFadden and McElhinny 1988).
Key: Lat.N, Lon.E: Geographic coordinates (WGS84) measured by GPS, n/no: number of used/collected samples (the samples are independently oriented cores); D, | (Dc, Ic): declination,
inclination before (after) tilt correction; k and a95: statistical parameters (Fisher 1953); Paleo lat: paleolatitude; Pole lat and Pole long: coordinates of the paleopole; dm, dp: statistical
parameters of the palaeomagnetic pole. *: post-tilting magnetization, pole calculated from directions before tilt correction; **: rejected from tectonic interpretation, very young
remagnetization, poles not calculated.

B17

B16

B15

B11

B8

B12

B10

B6

B1a

B2

B3

B4

Locality

w
=
[
(30

Milna, Maslinova
HR2247-258

Bol, Sveti Duh
HR2294-304

Vidova Gora
HR2328-335, 2423-
441

Hunéac **
HR2316-327

Puciséa
SLO1930-942

Vela Grska
HR2350-362

Planica
HR2282-293

Nerezisce
HR2235-246, 2376-
399

Sutivan-Borak *
SLO1317-320

Postire
SLO1726-731

Mirca
SLO1755-762

Sumartin
SLO1321-326

Age

Cenomanian -
Turonian

Lower Turonian

Turonian

Upper Turonian -
Lower Campanian

Upper Turonian -
Lower Campanian

Coniacian -
Campanian

Coniacian -
Campanian

Campanian

Campanian -
Maastrichtian

Maastrichtian

Maastrichtian

Maastrichtian

Lat ()
Lon (°)

43°18'28"
16°27'58"
43°16'02"
16°4200"
43°16'59"
16°37'14"
43°18'19"
16°32'16"
43°21'32"
16°44'39"
43°17'22"
16°28'59"
43°16'16"
16°32'52"
43°19'54"
16°35'54"
43°2319"
16°27'37"
43°22'20"
16°37'07"
43°22'56"
16°29'03"
43°17'08"
16°52'09"

n/no

7112

6/11

7/8

5/14

4/13

9/13

6/12

12/36

4/4

5/6

6/8

4/6

D ()

341.6

313.2

310.1

8.2

331.5

341.6

321.2

2413

116.8

346.6

335.5

339.4

10

+46.7

+42.2

+43.8

+59.4

+50.7

+52.5

-17.4

+82.7

-43.9

+56.6

+69

+55.3

k 0es(’) Dc ()

123.6

18.8

53.8

112.0

61.9

60.6

88.9

20.0

322.3

74.9

67.3

30.2

5.6

15.8

8.3

7.3

6.7

71

10.0

5.1

8.9

8.2

17.0

334.8

327.7

324.2

8.2

341.9

3211

322.1

312.2

128.4

350.1

351.7

331.8

Ic ()

+66.3

+59.9

+40.1

+59.4

+36.5

+67.8

+10.3

+68.9

-28.3

+49.0

+60.9

+66.6

k  oes()
123.6 5.6
18.8 15.8
53.8 8.3
112.0 7.3
60.9 11.9
60.6 6.7
88.9 7.1
20.0 10.0
322.3 5.1
74.9 8.9
67.3 8.2
30.2 17.0

Dip

171/20

107/21

32/16, 16/10,
338/14, 1/35

360/0

340/18, 9/18,
24/15

189/19

169/31

333/20

348/22

8/8

27111

176/12

Paleo
lat (°)

48.7

40.8

22.8

20.3

50.8

5.2

52.3

25.7

29.9

41.9

49.1

Pole
lat (°)

71.8

66.0

54.1

62.4

62.8

39.4

57.3

36.4

74.4

83.7

69.8

Pole
long (%)

312.5

291.9

263.5

235.7

316.2

248.9

319.6

289.0

230.3

276.0

3135

dp () dm ()

7.5

18.0

6.0

8.1

9.3

3.7

14.3

4.0

7.8

9.6

9.2

23.9

10.0

13.8

7.2

16.9

6.4

12.6

28.0



20

21

22

23

24

25

26

B5

B1b

Bic

B1d

Ble

M14

M8

M11

M3

M1

M13

M7

M12

K5

Splitska
SLO1327-334

Sutivan-Borak *
SLO1270-273

Sutivan-Borak *
SLO1748-752

Sutivan-Borak *
SLO1282-287

Sutivan-Borak *
SLO1288-293

Mijet

Sutmiholjska
HR1835-846

Vrata Solina

HR1640-651, 1721-

730

Punta Kriza
HR1731-742

Okuklja Bay *

HR1590-601, 1707-

718
Maranovici

HR1568-579, 1699-

706

Lokve bay
HR1788-797

Paselo *

HR1630-639, 1743-

757, 1798-812

Kozarica
HR1758-767

Korcula

Grscica *
HR1895-908

Maastrichtian

Paleocene

Paleocene

Paleocene

Paleocene

Tithonian

43°22'56"
16°36'09"
43°23'18"
16°27'35"
43°23'22"
16°27'34"
43°23'23"
16°27'30"
43°23'22"
16°27'28"

42°44'08"
17°30'29"

Upper Tithonian - 42°46'03"
Lower Valanginian 17°23'17"

Upper Tithonian - 42°45'59"
Lower Valanginian 17°23'14"

Lower Barremian

Albian

Albian
Upper Albian -
Middle
Cenomanian

Cenomanian

Barremian - Albian

42°43'57"
17°40'10"
42°4324"
17°40'08"
42°47°02"
17°19'58"
42°4402"
17°38'08"
42°46'39"
17°26'60"

42°54'33"
16°44'54"

8/8

4/4

5/5

3/6

4/6

9/12

18/22

12112

19/24

11/20

7112

10/40

13/26

14/14

154.9

159.0

330.0

3221

156.9

333.4

311.1

297.7

329.5

3101

316.7

303.0

263.0

333.7

-562.5

-62.7

+58.0

+79.0

-43.2

+45.7

+34.9

+42.3

+47.7

+59.7

+64.4

+38.7

+50.6

+18.1

86.9

168.7

35.3

99.9

161.6

36.6

216.8

58.2

17.7

30.5

88.0

28.4

12.9

30.0

6.0

71

131

12.4

7.3

8.6

24

5.7

8.2

8.4

6.5

9.2

12.0

7.4

162.5

172.8

322.0

353.8

157.2

334.2

3156.3

305.1

342.0

339.3

322.0

318.0

323.2

304.5

-34.1

-38.9

+48.0

+65.9

-35.2

+32.7

+27.6

+33.3

+16.8

+24.6

+36.7

+11.0

+37.1

+47.6

86.9

168.7

35.3

99.9

161.6

36.6

216.8

58.2

17.7

30.5

88.0

28.4

12.9

30.0

6.0

71

131

12.4

7.3

8.6

24

5.7

8.2

8.4

6.5

9.2

12.0

7.4

2/20

30/19

14/18

16/16

340/8

338/13

357/10

348/13

8/36

7/45

328/28

1/41

12/56

196/50

18.7

33.3

38.7

68.8

25.2

17.8

14.6

18.2

28.8

12.9

20.4

21.8

20.7

9.3

61.3

70.8

67.0

58.0

63.8

56.8

42.6

37.8

61.8

55.2

51.2

38.6

52.2

49.3

232.9

261.8

284.9

351.6

249.9

246.7

264.9

277.0

268.0

234.8

264.3

282.5

263.5

238.8

3.9

6.7

14.2

22.4

5.6

5.5

1.4

3.7

7.0

4.8

44

6.5

8.3

4.0

6.8

9.8

19.2

23.5

9.0

9.7

2.6

6.5

10.7

9.0

7.6

141

7.7



27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

K6

K10

K8

K4

K9

K1

H19

H13

H7

H15

H3

Ha

H5

H14

H16

Karbuni-1
HR1847-865

Babina
HR2021-030

Zavalatica
HR1999-2009

Blaca **
HR1866-878

Blaca

HR2010-020
Racis¢e, Samograd
bay

HR1879-894, 2041-

Hvar

Pitve *
HR2209-215

HR2153-162

Maslinica bay,
Vrbovska
HR2079-094

Basina
HR2175-184

Poljica, Stiniva bay
HR1952-961

Poljica
HR1962-967
Nova Crkva

HR1968-976, 2204-
208

Rudine
HR2163-174

Zavala bay
HR2185-193

Albian

Albian

Cenomanian -
Turonian

Turonian

Turonian

Coniacian -
Santonian

Neocomian

Upper Albian

Cenomanian

Cenomanian

Cenomanian

(Cenomanian-)
Turonian

Turonian -
Santonian

Turonian -
Santonian

Turonian -
Santonian

42°55'17"
16°43'23"
42°57'35"
16°56'59"
42°55'02"
16°56'04"
42°57'26"
16°51'21"
42°57'26"
16°51'21"
42°58'27"
16°59'36"

43°08'37"
16°40'23"
43°08'34"
16°47'18"
43°11'22"
16°40'22"
43°11'51"
16°39'20"
43°09'30"
16°47'11"
43°09'30"
16°46'59"
43°07'30"
16°56'35"
43°11'41"
16°35'565"
43°08'48"
16°59'24"

18/18

4/10

6/11

5/13

10/11

8/21

6/7

7/10

14/16

9/10

9/10

5/6

714

8/12

9/9

349.6

331.1

321.5

180.5

303.6

106.5

297.9

314.5

309.3

320.4

320.2

319.3

335.6

344.8

289.1

+11.9

+55.9

+37.3

-67.5

+66.6

-62.9

+56.1

+48.4

+56.3

+48.9

+53

+28.8

+40

+52.6

26.3

78.6

55.6

52.2

33.5

39.4

314

27.9

32.5

38.7

27.7

101.3

47.9

28.8

26.9

6.9

10.4

9.1

10.7

8.5

8.9

12.1

71

8.4

10.0

7.6

9.4

10.5

10.1

308.9

337.4

322.2

182.6

335.7

143.3

209.4

305.7

336.4

332.3

322.8

329.7

333.5

343.3

323.2

+53.5

+27.6

+57.3

-23.6

+40.1

-32.7

+44.1

+55.7

+38

+38.7

+47.4

+22.8

+26.3

+27.8

+33.4

26.3

78.6

55.6

52.2

33.5

39.4

314

27.9

32.5

38.7

27.7

101.3

47.9

24.8

26.9

6.9

10.4

9.1

10.7

8.5

8.9

12.1

71

8.4

10.0

7.6

9.4

10.1

206/66

348/29

140/20

6/34

2/34

353/42

171/61

173/10

17/30

17/16

343/6

39/22

173/28

359/8, 340/15,
303/15

9/39

34.0

14.6

37.9

22.8

17.8

36.7

36.2

21.3

21.8

28.5

13.9

14.8

18.2

49.7

55.7

61.0

61.5

50.1

43.0

48.4

60.6

58.6

56.8

49.2

52.9

58.2

50.3

201.7

238.2

290.0

249.6

259.4

300.8

296.3

246.1

252.6

273.0

245.9

242.9

228.4

259.9

6.7

6.2

9.7

6.1

5.7

12.6

4.9

5.9

8.4

4.3

5.5

6.8

6.5

9.6

13.2

10.2

10.1

17.5

16.6

8.4

10.0

13.0

8.1

10.2

124



42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

H17

H9

H10

H11

H11

H11

H12

H1

Al

V2

V3

V4

V7

V9

V11

Bristova bay
HR2194-203

Vira 1
HR2106-114

Vira 2
HR2115-125

Gromin Dolac
HR2126-133

Gromin Dolac
HR2134-139

Gromin Dolac
HR2140-142

Uvala Soca **
HR2143-152

Perna
HR1934-943

Vis

*

Titova Spilja
HR1524-538

Mali Hum 1
HR1545-550

Mali Hum 2
HR1562-567

Sv. Mihovil
YM1181-189

Vis, Hotel Issa
HR1500-511

Vis, Town
HR877-886

Vis, Grandovac
HR1482-487

Turonian -
Santonian

Turonian -
Santonian

Turonian -
Santonian

Turonian -
Santonian

Turonian -
Santonian

Turonian -
Santonian

Turonian -
Santonian

Campanian

Early Cretaceous

Albian

Albian

Aptian

Cenomanian

Cenomanian

Cenomanian

43°08'27"
17°00'41"
43°11'21"
16°25'37"
43°11'23"
16°25'50"
43°07'36"
16°44'05"
43°07'36"
16°44'05"
43°07'36"
16°44'05"
43°06'55"
16°56'38"
43°07'24"
17°09'51"

43°01'55"
16°07'22"
43°03'11"
16°06'58"
43°03'02"
16°06'53"
43°02'54"
16°06'49"
43°04'04"
16°11'18"
43°03'52"
16°12'14"
43°03'59"
16°12'17"

9/10

8/9

6/11

8/8

5/6

3/4

9/10

6/10

6/15

5/6

5/6

8/8

8/12

5/10

4/6

303.5

336.7

323.7

344.9

273.3

299.2

210.2

162.1

322.9

307.2

310.2

301.0

338.1

333.8

311.9

+53.1

+53.2

+56.1

+14.4

-13.2

+13.1

-41.7

-18.9

+48.8

+39.5

+48.1

+55

+45.7

+61.3

+59.4

23.7

106.2

75.6

77.4

262.9

122.4

13.6

128.9

48.4

38.3

116.0

26.0

70.2

38.5

40.1

10.8

5.4

9.2

6.3

4.7

14.5

5.9

9.7

12.5

7.1

6.7

12.5

14.7

332.1

340.6

329.9

242.3

278.8

255.7

312.2

165.7

324.2

317.4

326.9

316.4

344.9

333.1

319.8

+53.2

+36.7

+40

+80.6

+6.4

+36.4

-58.0

-40.4

+56.7

+42.4

+44.85

+49.1

+39

+54.3

+51

23.7

106.2

75.6

77.4

262.9

122.4

13.6

146.4

48.4

38.3

116.0

26.0

70.2

38.5

40.1

10.8

5.4

9.2

6.3

4.7

14.5

5.6

9.7

12.5

71

6.7

12.5

14.7

48/21

352/17

346/17

174/79

174/79

174/79

179/67

144/22, 170/26

118/9, 154/8

56/12

37/16

78/10?

30/10

330/7

349/10

33.8

20.4

22.8

7.7

3.2

20.2

231

29.7

245

26.4

30.0

22.0

34.8

31.7

66.4

62.1

57.8

32.8

8.6

3.9

66.7

57.6

50.6

58.4

53.1

65.5

67.6

56.5

273.0

238.0

256.7

357.4

283.0

311.1

232.2

2743

2721

265.2

280.1

231.8

273.7

280.0

10.4

3.7

6.7

2.4

7.6

4.1

8.5

9.5

5.7

9.6

4.7

124

15.0

6.3

12.1

4.7

131

6.7

12.8

15.4

9.0

14.6

7.9

17.6

19.9



57

58

59

60

61

62

63

64

65

V12

V13

V16

V18

V19

V20

V21

V22

V23

Rogaci¢a
HR917-926

Parja
YM1946-955

Oklju¢na **
YM1898-906

*k

Rukavac
YM1925-933

Rukavac
HR859-866

Srebrna
YM1934-945

Srebrna
HR867-876

Srebrna bay
HR939-952

Termule
HR1488-499

Turonian — Lower 43°04'33"
Santonian 16°10'55"

Turonian — Lower 43°04'43"
Santonian 16°10'42"

Turonian — Lower 43°04'26"
Santonian 16°07'22"

Turonian — Lower 43°01'17"
Santonian 16°12'43"

Turonian — Lower 43°01'17"
Santonian 16°12'43"

Turonian — Lower 43°01'15"
Santonian 16°12'19"

Turonian — Lower 43°01'15"
Santonian 16°12'19"

Turonian — Lower 43°01'07"
Santonian 16°12'16"

Turonian — Lower 43°01'06"
Santonian 16°11'29"

3/10

9/10

8/9

8/9

8/8

12/12

7/10

7114

10/12

332.9

325.9

7.0

13.0

337.7

347.9

339.9

309.4

333.2

+57.1

+68.7

+69

+53

+48.1

+44.3

+50.5

+34.7

+57.5

70.8

112.9

173.0

33.0

72.2

117.7

95.1

24.6

56.3

14.8

4.9

4.0

10.0

6.6

4.0

6.2

12.4

6.9

341.0 +41.5
339.7 +41.16
7.0 +30
16.0 +64
336.5 +53.0
343.9 +47.5
3415 +54.3
3109 +38.1
343.1 +65.96

70.8

86.2

173.0

33.0

72.2

117.7

95.1

24.6

56.3

14.8

5.6

4.0

10.0

6.6

4.0

6.2

12.4

6.9

117

352/25

10/38

175/5

165/5

216/5

143/4

99/4

126/10

23.9

23.6

33.6

28.6

34.8

21.4

48.3

65.2

64.3

69.4

70.6

73.5

44.0

771

241.4

2433

266.8

2434

262.7

274.2

316.0

41

6.3

3.4

6.2

8.7

9.1

18.0

6.8

9.1

5.2

8.7

14.7



Table 2.
FOLD/TILT TEST;

PALEOMAGNETIC DIRECTION REVERSAL TEST PALEOMAGNETIC POLE
Based on localities Based on samples
Optimal
N D° 1° k a,’ D¢ I k a,.°  untilting and classification;  Lat. Long. K A95 n lat. Long. K A95

classification of reversal test
Northern islands: Cres, Ist & surrounding, Dugi Otok
Turonian — Santonian

18 0O) 5 3452 171 4.7 39.8 336.4 458 97.0 7.8 107 + 28, positive 64.6 2509 718 9.1 29 649 2532 264 53

’(L\C'bl';";g)e“°ma"'a" 15 3230 477 257 7.7 3341 471 581 5.1 83 + 26, positive 64.0 256.0 439 58 126 64.0 256.8 22.5 2.7

?Sg)em'a"_Apt'a" 7 3354 46.1 405 9.6 337.8 46.9 634 7.6 62 + 49, positive 66.1 250.9 47.0 89 75 656 253.1 22.6 3.5
Southern islands: Brac¢, Mljet, Korcula, Hvar, Vis

Paleocene (B) 5 3248 56.4 204 17.4 332.6 446 162 19.6 -9+199,indeterminate; Ro 63.7 289.4 12.8 22.2 20 63.3 286.7 133 9.3

Campanian -

. 6 337.8 574 119 20.2 341.7 53.9 254 13.6 103+113,indeterminate; Ro 73.7 268.5 21.1 149 41 73.3 276.0 111 7.0
Maastrichtian (B, H)

Turonian — Santonian

B K V) 23 3249 466 134 8.6 3321 435 252 6.1 82 + 27, positive 62.4 260.1 305 56 171 63.5 261.6 185 26
‘(L\hl/lb';"gf/‘;"°ma"'a" 14 3183 522 199 9.1 327.5 427 416 6.2 6617, indeterminate  57.8 2645 425 62 119 57.7 2662 17.1 3.2
Barremian-Aptian 4 323.3 43.6 16.6 23.3 306.1 53.6 3.7 56.1 0 + 138, indeterminate 55.3 271.6 20.2 21.0 45 57.0 2646 133 6.1
Tithonian-Berriasian 3 313.6 41.9 32.4 22.0 318.1 31.8 39.8 19.8 indeterminate 463 2648 32.8 21.9 39 450 266.1 37.4 38

Stable Adria: Istria, Adige embayment
Priabonian — Lutetian 8 3345 557 745 6.5 3334 58.2 754 6.4 51+92,indeterminate;Rb 69.4 275.8 559 7.5 71 70.0 2741 26.6 3.3
(Paleocene) — Ypresian 11 3354 433 30.7 8.4 336.1 45.1 37.6 7.5 85+87 indeterminate;Rb 63.7 2469 329 8.1 77 63.3 251.1 18.7 3.8

Campanian- 7 3393 388 51.1 85 337.2 49.4 4725 2.8  111+32, positive;Ra  66.7 249.6 4823 2.8 42 664 249.0 179.8 1.6
Maastrichtian *

Turonian-Santonian * 21 327.9 37.4 425 49 3307 485 1085 3.1 104 + 38, positive 623 2584 773 3.6 196 62.0 259.5 333 1.8
Albian—Cenomanian * 15 3285 37.6 32.1 6.9 330.6 43.0 131.1 3.4 93 + 27, positive 59.0 252.3 1089 3.7 136 585 2533 402 1.9
Valanginian—

Hauterivian 306.8 420 646 7.6 308.0 429 66.8 7.4 52145 indeterminate;Rc 43.8 2743 501 86 63 43.8 2745 312 33

7
Tithonian—Berriasian 4 3072 414 69.6 11.1 306.1 45.0 1489 7.6 111239, indeterminate; Rb 43.7 277.6 1571 7.4 34 437 2781 584 3.2
Oxfordian-Tithonian 4 301.7 295 121.8 8.4 300.6 29.7 233.6 6.0 67+*125indeterminate;Rb 32.6 270.3 296.0 5.3 30 32.1 2716 584 35
Callovian-Oxfordian 4 3086 387 921 9.6 3071 399 1615 7.3 89+106indeterminate 41.8 271.1 142.0 7.7 217 39.7 2714 141 2.7
Bajocian-Bathonian 9 3252 440 942 53 3204 44.7 206.1 3.6 115 + 50 positive; Ra 53.1 263.6 161.1 41 64 535 263.0 489 26

Table 2. Summary of the overall mean paleomagnetic directions before and after tilt corrections, results of direction correction tilt test (Enkin, 2008) and reversal

test (McFadden and McElhinney, 1990) and paleomagnetic poles with statistical parameters. Key as for Table 1. but N is the number of localities. * E/I



corrected (Tauxe and Kent, 2004). Callovian-Oxfordian date are from Channell et al., 1990, 2010, Muttoni et al., 2013. K was calculated based on the

method by Cox (1970) for Callovian-Oxfordian pole based on samples.



Supplementary Table 1. Description of localities and samples

No in Localities Texture (after Dunham, 1962; Fossil content Age attribution Accepted ages for this
tables Embry & Klovan, 1972) and Fligel after Geological study [revised after
and (2010) map of former YU | Geological map of
maps Croatia (2010%*, **) and
our findings]
B18 Zagvozd (1) Laminated wackestones (1) Ostracods, Coniacian CENOMANIAN -
(2) Grainstones Thaumatoporella parvovesiculifera (Raineri), CONIACIAN
Decastronema kotori (Radoi€i¢) [confided to one layer]
(2) Thaumatoporella parvovesiculifera (Rainert),
miliolids, Nummmuloculina (Pseudonummuloculina) heimi Bonet
B6 Nerezisca Wackestones Planktonic foraminifera: Hedbergella planispira (Tappan), Campanian CAMPANIAN
(quarry) Globotruncana rosetta (Carsey)
B17 Maslinova Milna | Laminated microbial bindstones Thaumatoporella parvovesiculifera (Raineri), Cenomanian — CENOMANIAN-
(bay) irregular globose morphotypes, Turonian
undeterminable miliolids (Istriloculina sp.),
rare fragments of bivalves
B1 Sutivan — Likva 2018: Grainstones 2018: Charae, Late Cretaceous 2018: THANETIAN
bay 2017a: Packstones miliolids (undeterminable), Eocene (Paleocene)
2017: Laminated biomicral Hottingerina lukasi Drobne, 2017: YPRESIAN
bindstones, Lockhartia sp. (SBZ 11 -12),
2017 Borak: Packstones — 2017a: fragments of bivalves, echinoids, miliolids, textulariids and
grainstones indeterminant rotaliids
Coskinolina liburnica Stache,
Lithoporella melobesioides (Foslie)
2017: Thaumatoporella parvovesiculifera (Raineri)
2017 Borak: Idalina sp., Orbitolites sp., small miliolids and rotaliids,
Spirolina sp., Chrysalidina sp., Solenomeris (Gypsina sp,) sp.
B8 Puciséa (quarry) Dolomitized wackestones — Fragments of bivalves Upper Turonian — UPPER TURONIAN -
packstones Lower Campanian CAMPANIAN
B3 Mirca Dolomites Maastrichtian MAASTRICHTIAN
B16 Bol, Sv. Duh Mudstones — wackestones Ostracods, Lower Turonian LOWER TURONIAN
rare Girvanella filaments, undeterminable rotaliids
B9 Gracisce Packstones — grainstones Thaumatoporella parvovesiculifera (Rainert), Upper Turonian - UPPER TURONIAN —
Decastonema kotori (Radoicic), Lower Campanian LOWER
Moncharmontia apenninica (De Castro), CAMPANIAN
undeterminable miliolids
B10 Planica Packstones, rare dolomite grains Thaumatoporella parvovesiculifera (Raineri), Upper Turonian - CAMPANIAN
undeterminable agglutinated benthic foraminifera and miliolids, Lower Campanian | (CONIACIAN —

Moncharmontia apenninica (De Castro),

CAMPANIAN")




Accordiella conica (Farinacci),
Scandonea sp.,

Rotalispira sp.,

Pilatorotalia sp.

B11 Huncac Decastronema wackestones Decastronema kotori (Radoicic), Upper Turonian - LOWER TURONIN -
underminable miliolids (Istriloculina sp.) Lower Campanian | CAMPANIAN
B12 Grska bay Wackestones — packstones Moncharmontia apenninica (De Castro), Upper Turonian — UPPER TURONIAN —
Decastonema kotori (Radoicic), Lower Campanian | LOWER
Thaumatoporella parvovesiculifera (Rainerti), CAMPANIAN
Scandonea sp., (CONIACIAN —
undeterminable miliolids, CAMPANIANY)
ostracods
B13 Grizev Wackestones, rare dolomite grains | Rotalispira vitigliana Consorti, Frijia & Caus, Upper Turonian — CAMPANIAN”
promontory Stensioeina surrentina Torre, Lower Campanian
Decastronema kotori (Radoi€ic),
Thaumatoporella parvovesiculifera (Rainert),
Murgella sp.,
Scandonea sp.,
undeterminable agglutinated foraminifera (Bolivinopsis sp.?),
ostracods
B14 Milna, olive grove | Decastronema wackestones — Decastronema kotori (Radoicic), Upper Turonian - CAMPANIAN
packstones Thaumatoporella parvovesiculifera (Rainerti), Campanian (CONIACIAN-
Moncharmontia apenninica (De Castro), CAMPANIAN")
Girvanella filaments,
Valvulamina sp.,
Fragments of bivalves
B15 Vidova gora Laminated microbial bindstones Thaumatoporella parvovesiculifera (Raineri), Turonian TURONIAN
Nubeculariid foraminifera,
undeterminble miliolids
B7 Road to Pucisca Wackestones with rare dolomite Calcisphaerae Campanian CAMPANIAN
quarry grains
B1b Sutivan-Borak Early dolomitized wackestones Recrystallized rotaliids, small miliolids MAASTRICHTIAN?
Valvulina aff. triangularis d’Orbigny, PALEOCENE?’
undeterminable rotaliids and miliolids
Blc Sutivan-Borak Wackestones Discorbid-type of foraminifera, Laginophora sp., Porochara sp. PALEOCENE
(Charophyta), Valvulina sp. (THANETIAN?)
B1d Sutivan-Borak Wackestones Ostracods, undeterminable rotaliids (some of them are dicorbid-type) PALEOCENE
(THANETIAN?)
Ble Sutivan-Borak Wackestones Undeterminable rotaliids, Valvulina aff. triangularis d’Orbigny, MAASTRICHTIAN?
ostracods PALEOCENE?’
Bla Sutivan-Borak Wackestones Scandonea sp., Textularia sp., Fleuryana sp., Accordiella sp., CAMPANIAN -




fragments of echinoids, ostracods, undeterminable rotaliids and MAASTRICHTIAN
miliolids
B2 Postire Dolomitized laminated microbial Rare fragments of rotaliids and undeterminable numebuculariid
bindstones forms
B3 Mirca Laminated mudstones
Recrystallized mudstones
B4 Sumartin Dolomitized mudstones — Fragments of bivalves, Cuneolina sp. CRETACEOUS
wackestones
B5 Splitska Dolomitized mudstones —
wackestones
B8 Pucisca Laminated microbial bindstones Undeterminable miliolids
Dolomitized mudstones —
wackestones Undeterminable fragments of stomatoporids
M14 Sutmiholjska bay | Oncoidal mudstones Clypeina jurassica Favre, Late Jurassic TITHONIAN
with cyanobacterial sheets, Kurnubia sp.
bindstones
M8 Vrata Solina Mudstones Late Jurassic LATE TITHONIAN —
EARLY VALANGIAN
Mi1 Punta Kriza Dolomitized mudstones Late Jurassic LATE TITHONIAN —
EARLY VALANGIAN
Mo Saplunara Packstones with intraclasts and Fragments of bivalves Barremian - Albian | LATE HAUTREVIAN
peloidal grains —EARLY
BARREMIAN
M3 Okuklja bay Mudstones with peloidal and Albian EARLY BARREMIAN
cryptoalgal grains
M7 Paselo Laminated wackestones, early Nummuloculina (Pseudonummuloculina) heimi Bonet, Late Cretaceous LATE ALBIAN -
diagenetic dolomites Sabaudia sp., MIDDLE
Nezzazata sp., CENOMANIAN
undeterminable miliolids
M1 Maranovic¢i Mudstones alternating with Albian ALBIAN
mudstones with scattered peloidal
grains
MS Blato Wackestones Cuneolina sp., Nummuloculina (Pseudonummuloculina) sp., Albian ALBIAN
ostracods,
fragments of bivalves
Mi13 Lokve bay Laminated peloidal grainstones to Cuneolina pavonia parva Henson, Albian ALBIAN
HR 1788-797 peloidal wackestones Sabaudia sp., Salpingoporella sp., Nummuloculina
(Pseudonummuloculina) sp.,
undeterminable miliolids
M9 Sobra Packstones to grainstones Late Cretaceous ALBIAN?
HR 1652-663 CENOMANIAN?




Mi12 Kozarica, Peloid-miliolid grainstones Nummuloculina regularis Philippson, Barremian - Albian | CENOMANIAN
HR 1758-767, undeterminable miliolids
1813-828
M10 Pomena 1+2, Packstones to grainstones, with Undeterminable miliolids Albian CENOMANIAN
HR 1664-679, peloidal grains
1680-684
M4 Pozura 1, Packstones to grainstones with Spiroloculina sp., Albian CENOMANIAN
HR 1580-589 peloidal grains Nummuloculina (Pseudonummuloculina) sp.
K1 Samograd bay Laminated packstones (biomicrites) | Thaumatoporella parvovesiculifera (Ranieri), Coniacian — CONIACIAN -
Moncharmontia apenninica (De Castro), Maastrichtian SANTONIAN
Cuneolina sp.,
Rotalia sp.,
Bolivinopsis sp.
K2 Prizba Well sorted grainstones Bolivinopsis sp., Barremian — Albian | LOWER APTIAN
(intrabiosparites) Glomospira sp.,
Salpingoporella muehlberger (Lorenz),
Debarina hahounerensis Foucarde, Raoult & Vila
Ko Karbuni Wackestones, partly recrystalized Valdanchella decourti” Decrouez & Moullarde, Barremian — Albian | ALBIAN
Salpingoporella ? turgida RadoiCi¢,
Bacinella-like forms,
Nummuloculina (Pseudonumuloculina) sp.
K9 Blaca Mudstones to laminated mudstones | Thaumatoporella parvovesiculifera (Ranieri), Turonian TURONIAN
with scattered calcite crystals Decastronema kotori (Radoic€ic)
Alternation of micritic laminae with
rare cyanobacterial filaments and
cryptalgal laminae with
cyanobacteral mats
K5 Grscica Mudstones to wackestones Ostracods, Barremian - Albian | BARREMIAN -
Laminated ostracod wackestones undeterminable miliolids ALBIAN
interbedded with grainstones Thaumatoporella parvovesiculifera (Raineri)
K3 Karbuni - 2 Laminated biomicrobial mudstones | Bacinella-like forms, Barremian - Albian | ALBIAN
(bindstones) Thaumatoporella parvovesiculifera (Rainerti),
undeterminable agglutinated small benthic (Mayncina sp.?,
Novalesia sp.?) foraminifera and rotaliids,
rare undeterminable miliolids,
fragments of bivalves, ostracods
K7 Gornja Potira Grainstones, well sorted Fragments of Chondrodonta shells, Cenomanian - CENOMANIAN
(biosparites) Cuneolina pavonia d’Orbigny, Turonian

Nezzazatinella sp.,
Chrysalidina sp.,




Pastrikella (Broeckina) sp.,
Nummuloculina (Pseudonummuloculina) sp.,
undeterminable miliolids

K8 Zavalatica Laminated recrystallized Thaumatoporella parvovesculifera (Raineri), Cenomanian - CENOMANIAN -
biomicrobial mudstones (micrites) undeterminable rotaliids Turonian TURONIAN
K4 Blaca—2 Laminated mudstones, alternation Thaumatoporella parvovesculifera (Raineri), Turonian TURONIAN
of micritic laminae with rare ostracods,
cyanobacterial filaments and undeterminable miliolids,
cryptalgal laminae with Decastronema kotori (RadoiCic)
cyanobacteral mats
K10 Babina Grainstones Undeterminable miliolids, fragments of gastropods, Lower Cretaceous ALBIAN
Thaumatoporella parvovesiculifera (Rainerti), (Barremian -
Nummuloculina (Pseudonummuloculina) heime Bonet Albian)
K11 Babina Smokvica | Mudstones with a lot of sparite Thaumatoporella parvovesiculifera (Raineri), Coniacian — CONIACIAN —
infilled cracks undeterminable rotaliids (Epistomaria sp.?) and miliolids, Maastrichtian MAASTRICHTIAN
fragments of rudist shells
H1 Perna bay Bindstones, changes in density of Senonian CAMPANIAN
micrites
H2 Zaglav Packstones Fragments of rudist shells, undeterminable miliolids Coniacian- SANTONIAN
Campanian
H3 Poljica - Stiniva Wackestones Undeterminable miliolids Senonian CENOMANIAN
Chrysalidina sp.
H4 Poljica — Stiniva Packstones - grainstones Chrysalidina sp., Senonian TURONIAN
(close to the road) Scandonea sp. CENOMANIAN
undeterminable miliolids,
fragments of bivalves
H5 Nova crkva Wackestones Thaumatoporella parvovesiculifera (Raineri), Turonian CENOMANIAN?
Chrysalidina sp., TURONIAN-
Scandonea sp. SANTONIAN
He Lozna bay Early diagenetic dolomites, Dicyclina sp., Coniacian - TURONIAN -
patches of original sediments: undeterminable miliolids, Campanian SANTONIAN
micrite matrix around microfossils | Decastronema sp.
Moncharmontia apenninica (De Castro),
Thaumatoporella parvovesiculifera (Raineri),
Scandonea sp.
H7 Maslinica bay Wackestones to mudstones CENOMANIAN
HS8 Stiniva bay Wackestones Nummuloculina (Pseudonummuloculina) heimi Bonet, Coniacian - TURONIAN
Thaumatoporella parvovesiculifera (Raineri), Campanian SANTONIAN
Decastronema kotori (Radoi€ic) (CENOMANTIAN -
CAMPANIAN)
H9 Vira bay Wackestones Scandonea sammitica De Castro, Coniacian - TURONIAN -




Moncharmontia apenninica (De Castro), Campanian SANTONIAN
Thaumatoporella parvovesiculifera (Raineri)

H10 Vira Il Wackestones Scandonea sammitica De Castro, Coniacian - TURONIAN -
Moncharmontia apenninica (De Castro), Campanian SANTONIAN
Thaumatoporella parvovesiculifera (Raineri)

H11 Gromin dolac Laminated wackestones to Thaumatoporella parvovesiculifera (Rainerti), Coniacian - TURONIAN -

mudstones Decastronema kotori (Radoi€ic) Campanian SANTONIAN

H12 Soca bay Laminated wackestones Accordiella conica Farinacci, Coniacian - TURONIAN -
Dicyclina sp. Campanian SANTONIAN
Moncharmontia apenninica (De Castro),

Rotalispira scarsellai (Torre),
Decastronema kotori (Radoicic)
H13 Krizis¢e - Poljica | Partly washed micritic limestones Thaumatoporella parvovesiculifera (Raineri), Cenomanian - CENOMANIAN
(bimicrites), laminated pelletal Decastronema kotori (Radoicic), Turonian
wackestones to mudstones undeterminable miliolids,
Pastrikella balcanica (Cherchi, Radoi¢i¢ & Schroeder)

H14 Rudine Laminated pelletal wackestones and | Moncharmontia apenninica (De Castro) Cenomanian - TURONIAN -

packstones Turonian SANTONIAN

H15 Basina Laminated packstones to Nezzazata sp., Cenomanian - CENOMANIAN

wackestones Thaumatoporella parvovesiculifera (Rainerti), Turonian
Pastrikella (Broeckina) balcanica (Cherchi, Radoi¢i¢ & Schroeder)

H16 Zavala bay Packstones Thaumatoporella parvovesiculifera (Rainerti), Cenomanian - TURONIAN -
Decastronema kotori (Radoi€ic), Turonian SANTONIAN
fragments of gastropods, bivalves

H17 Bristova Contact between packstones and Thaumatoporella parvovesiculifera (Rainerti), Turonian TURONIAN -

wackestones undeterminable miliolids, SANTONIAN
Murgella sp.
H19 Pitve Wackestones Fragments of bivalves Lower Cretaceous NEOCOMIAN
H18 Jelsa Mudstones Lower Cretaceous BARREMIAN OR
LATE APTIAN -
EARLY ALBIAN

(*) Ostri¢, N, Jelaska, V., Fucek, L., Prtoljan, B., Korolija, B., Gusi¢, 1., Marinci¢, S., gparica, M., Korbar, T., Husinec, A., 2015, Basic geological map of
the Republic of Croatia, Sheet Island of Hvar 1. 50 000, Zagreb, Croatian Geological Survey
(**) Geological Map of the Republic of Croatia at the Scale 1: 300 000, 2010

after: (1) Schlagintweit et al., 2017; (2) Consorti et al., 2017;. And (3) Granero et al., 2019
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Supplementary Table 2. List of the localities providing no paleomagnetic
result, mainly due to extremely weak NRM.

10

11

12

13

14

15

B18

B9

B9

B8

B8

B14

B13

B7

B1f

B1g

B1h

M6

M5

M9

M2

Locality

Brac

Zagvozd
HR2223-228

Grasisce
HR2305-315

Grasisce
HR2452-470
Pucisca
HR2276-281

Pucisca
HR2336-349

Milna, olive grove
HR2410-422

Grizev promontory
HR2363-375

Pugciséa, road cut
HR2442-451

Sutivan
HR2400-409

Sutivan
HR2259-263

Sutivan
HR2264-275

Mijet

Saplunara
HR1622-629, 1685-
698

Blato
HR1612-621

Sobra
HR1652-663

Pozura
HR1580-589

Age

Cenomanian -
Coniacian

Upper Turonian -
Lower Campanian

Upper Turonian -
Lower Campanian

Upper Turonian -
Lower Campanian

Upper Turonian -
Lower Campanian

Coniacian -
Campanian

Campanian

Campanian

Thanetian
(Paleocene)

Ypresian

Ypresian

Upper Hauterivian
- Lower
Barremian

Albian

Albian -
Cenomanian?

Cenomanian

Lat (")
Lon ()

43°17'58"
16°46'39"
43°17'18"
16°42'34"
43°17'19"
16°42'34"
43°21'31"
16°44'31"
43°21'31"
16°44'31"
43°19'02"
16°26'50"
43°17'22"
16°29'23"
43°21'14"
16°44'27"
43°23'20"
16°27'36"
43°23'26"
16°27'05"
43°23'26"
16°27'05"

42°42'31"
17°43'35"
42°46'13"
17°27'58"
42°44'46"
17°35'60"
42°43'42"
17°39'02"

Dip

31/8, 28/10

32/19

20/9

20/21

5/21

197/22

180/19

13/22

23/15

335/23

5/25

26/14

353/54

21/39

12/38



16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

M4

M10

K2

K3

M7

K11

H18

H6

H8

H2

V5

V6

V10

V8

V14

Locality

Pozura
HR1602-611

Pomena
HR1664-684

Korcula
Prizba
HR1778-787

Karbuni-2
HR1977-984

Gornja Potira
HR1985-998

Babina Smokva
HR2031-040

Hvar
Jelsa
HR2216-222

Lozna bay
HR2069-078

Busije, Stiniva bay
HR2095-105

Zaglav
HR1944-951

Vis
Kupinovac
HR896-901
Stupisce
HR887-895

Dragodir
HR1551-561

Vis Town, Bandirica
HR1539-544

Promontory Parja
HR1512-523

Age

Cenomanian

Cenomanian

Lower Aptian

Albian

Cenomanian

Coniacian -
Maastrichtian

Barremian -
Albian

Turonian -
Santonian

Turonian -
Santonian

Santonian

Albian

Cenomanian

Cenomanian

Cenomanian

Turonian — Lower
Santonian
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Lat (°)
Lon (")

42°43'42"
17°38'42"
42°46'51"
17°19'50"

42°54'25"
16°47'22"
42°55'17"
16°43'42"
42°56'03"
16°42'50"
42°58'25"
16°57'31"

43°09'18"
16°40'39"
43°13'23"
16°31'33"
43°12'06"
16°28'04"
43°07'04"
17°03'02"

43°00'06"
16°05'22"
43°00'25"
16°04'20"
43°03'39"
16°05'02"
43°03'45"
16°10'55"
43°04'41"
16°11'05"

Dip

11/34

229/62, 234/54,
348/25

179/50

196/65, 200/61

191/51

333/24

74/16

340/27

347/30

170/45

179/44

138/39

353/43, 346/46

70/11

358/24



Locality

Uvala Tiha
31 V15 1iR911-916
Okljuéna
32 V17 11R902-910

Mala Travna Uvala

33 V24 |1R927-938

Supplementary Table 2, 3/3

Lat (°)

Age Lon ()

Turonian — Lower 43°04'25"
Santonian 16°07'38"

Turonian — Lower 43°04'26"
Santonian 16°07'22"

Turonian — Lower 43°01'12"
Santonian 16°10'45"

Dip

9/52

6/32

156/18
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