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Lithospheric studies

Lithospheric structure at the contact of the Dinarides and 
the Pannonian Basin in the area of Croatia

Franjo SUMANOVAC*, Jasna ORESKOVIC*, Sasa KOLAR*, and 
ALP2002 Working Group

Two-dimensional interpretation of the ALP07 profile, as a part of the ALP2002 project was 
carried out in order to define the contact between the Dinarides and the Pannonian segment. The 
profile ALP07 stretches in Croatia in the WSW-NNE direction from Istra to the Drava river at 
Hungarian-Croatian border.

Four layer model was established based on a tomographic inversion by using the Hole method. 
This model was used as initial model for forward seismic modelling by the Ray Tracing method and 
final seismic model was defined. A two-dimensional gravity modelling along the profile was also 
performed due to reducing the ambiguity of geophysical interpretation.

Geological model was constructed based on both models, seismic and gravimetric. Two types 
of crust are defined, the Dinaridic and the Pannonian crust, between which there is a relatively wide 
Transition zone. Troughs in seismic model at the level of Mohorovicic discontinuity are interpreted 
as major breaks in the lithosphere. The Dinaridic crust is divided into two parts: upper and lower 
crust. Upper crust is characterized by low seismic velocities and densities, but lower crust by high 
velocities and densities. The Pannonian crust can be seen as unique layer characterized by low 
seismic velocities and densities.

Keywords: Pannonian Basin, modelling, tectonics, inversion, ray tracing

1. Introduction

The Alps, particularly their eastern part together with the Carpathian 
range, Pannonian Basin and the Dinarides form very complex tectonic 
relations, whose explanation is attempted to explain through the system of 
tectonic plates. They are considered the southern edge of the relatively 
stable European lithosphere. The Dinarides and the SW part of the 
Pannonian Basin are located in the edge part of the exploration area of the 
ALP2002 Seismic Experiment [BRÜ C KL et al. 2007], where key data can
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be obtained only through 2-D interpretation. For this reason, a profile 
which nearly vertically crosses the Dinaridic range and also covers a part of 
the Pannonian Basin was formed in order to define one of the most 
important contacts in the exploration area, i.e. the contact between the 
Dinarides and the Pannonian Basin. The profile is marked as ALP07, with 
its full length located in Croatia (Fig. 1).

Seismic modelling, both forward and inverse was performed on the 
profile, for purposes of determining the structure of the Earth’s crust and 
upper mantle, and the relation of the Adriatic microplate and the Pannonian 
Basin of the Eurasian plate. Additionally, a 2-D gravity modelling along 
the profile was performed as well for purposes of reducing the ambiguity of 
geophysical interpretation.

Figure 1. Locations of the receivers and shot points along ALP07 profile 
1. ábra. Az észlelési pontok és a robbantópontok helyzete az ALP07 szelvény mentén

2. Data acquisition and processing

Texan instruments with geophones are placed in prior determined and 
checked microlocations. Microlocations are carefully selected to reduce 
natural noises. On the profile, there are 72 installed receivers in relatively 
dense distribution, at distances from 3 to 4 km, and four shot points: in
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Hungary, along the border with Croatia (38070), at Ivanic Grad (32070), in 
Tribalj at Crikvenica (37020) and in the area of Koromacno in Istra (31160). 
Measurements were conducted during three nights, from 2 to 5 July 2002.

It can be generally stated that higher quality data were obtained from 
the shot points located in the Pannonian Basin (38070 and 32070) than 
from the points located in the Dinarides (37020 and 31160), as expected 
prior to the measurements. Namely, from the earlier deep refraction 
exploration projects it is known that shot points located in carbonates, i.e. 
generally mountain massifs, give more modest data than those located in 
clastic deposits, i.e. sedimentation basins. The shot point in Hungary 
(38070) gives the most complete data on the deep structures and the 
Mohorovicic discontinuity, considering that it was somewhat distanced 
from the first receivers and served as the main support for seismic 
modelling {Fig. 2).

SW Distance along profile (km) NE

Fig. 2. Forward ray-tracing modelling of the seismic record for SP 38070. Marked are the 
main seismic phases Pg (refracted waves from the crust), Pn, PmP (refracted and reflected 

waves from the Mohorovicic discontinuity); reduction velocity is 8 km/s 
2. ábra. A 38070 sz. robbantópont szeizmikus szelvényének sugárkövetéses módszerrel 

végzett előremodellezése. Jelöltük a Pg (a kéregről beérkező refraktált hullámok), Pn, PmP 
(refraktált és reflektált hullámok a Mohorovicic diszkontinuitásról) fő szeizmikus 

fázisokat; a redukciós sebesség 8 km/s
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3. Seismic and gravity modelling

In the first interpretation phase, automatic tomographic inversion was 
performed by using the Hole method based only on first arrivals [HOLE 
1992]. Four layer model was established which was used as initial model 
for forward seismic modelling by the Ray Tracing method [CERVENY, 
PSENCIK 1983]. At the very beginning of interpretation by forward 
modelling, it was evident that the relief of the underlying clastic deposits, 
i.e. bedrock, and applied velocity function strongly influence the 
interpretation of the deeper horizons in the crust. Therefore, the boundary 
was defined on the basis of data obtained in the framework of petroleum 
geology explorations [SAFTIC et al. 2003].

On the seismic model of the ALP07 profile, the depths of the 
Mohorovicic discontinuity are the deepest in the area of the Dinarides and 
equal about 40 km (Fig. 3). The depths in the area of the Pannonian Basin 
range from 30 to 20 km, and are the smallest at the profile’s end. The 
boundary depth changes suddenly, thus making evident the uneven relief. 
The uplift on the profile in the positions about 140 km is defined by clear 
jPn-arrivals at the beginning of the profile, in the positions up to 110 km 
(Fig. 2). A very sharp trough in the positions about 245 km is defined by 
reflected rays from the Mohorovicic discontinuity (PwP-arrivals).

Low seismic velocities were generally obtained in the upper crust, 
about 6 km/s, but with lateral velocity changes. Thus, a very shallow 
anomaly with high seismic velocities at the beginning of the profile in the 
area of Istra and Adriatic coast stands out, and also a deeper anomaly in the 
positions 145-210 km, which is located under the Sava depression. These 
anomalies are also observed on the tomographic profile. The boundary of 
the Conrad discontinuity, the boundary between the lower and upper crust, 
is located at the depths from 12 to 17 km. Its depth gradually increases from 
the beginning to the middle of the profile, only to disappear as a clear 
boundary at the profile’s end in the area after Ivanic Grad, in the position 
220 km.

In the lower crust under the Dinarides, there are relatively high seismic 
velocities (6.6-7.1 km/s), whereas the velocities in the area of the 
Pannonian Basin at the profile’s end are very low, only about 6 km/s. The 
velocities’ distribution on the profile actually shows that there is no need to 
divide the crust in the area of the Pannonian Basin into two parts, the lower 
and the upper part, but rather consider it as a unified zone. On the profile
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Fig. 3. Two-dimensional velocity model along the ALP07 profile obtained from forward 
seismic modelling. Shot point locations are marked by red triangles.

3. ábra. Kétdimenziós sebességmodell az ALP07 szelvény mentén szeimikus 
előremodellezéssel. A robbantópontokat piros háromszögek jelzik
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ALP02, whose final part stretches through the Pannonian part of Croatia, a 
multi-layer crust was interpreted [BRÜCKL et al., 2007]. However, the 
profile stretches along the edges of the ophiolite zone, thus the profile 
ALP07, which stretches approximately vertically to the ophiolite zone, 
offers more representative data.

Two-dimensional gravity modelling was performed along the seismic 
profile ALP07 by using the software based on the Talwani method 
[TALWANI et al. 1959]. The data for the gravity profile were taken from the 
gravity map of the SFRY [FEDERAL GEOLOGICAL INSTITUTE 1972]. The 
main purpose of gravity modelling was to reduce ambiguity in geophysical 
interpretation. It was expected that gravity modelling would assist in the 
definition of the characteristics of individual layers and zones determined 
by seismic modelling. However, some phenomena on the seismic profile 
attained a new meaning, so it was proven very useful for the determination 
of the final geophysical and geological model.

Considering that seismic data have a much higher resolution, the 
boundaries of individual layers and lateral boundaries of the initial model 
were taken from the seismic model. The densities were also determined on 
the basis of seismic velocities, mostly by using experience and empirical 
formulas. In order to achieve an acceptable conformity between measured 
and theoretical gravity data, densities of individual layers, but also within 
the layers, were changed. The greatest changes were in the area of deter
mination of lateral changes of densities in the upper crust. In the Pannonian 
part of the model the greatest changes were necessary. The results showed 
that there was no need to change the depth of boundaries determined by 
seismic forward modelling.

Gravity modelling confirmed that in the area of the Dinarides the crust 
consists of two parts, and that the lower crust is characterized by high 
densities (2.84 g/cm3). In the area of the Pannonian Basin, at the profile’s 
end, the crust is virtually unified, with relatively low densities 
(2.43 g/cm3). The trough in the Mohorovicic discontinuity in the position 
245 km was also confirmed. Already the seismic model showed the 
existence of a transition zone, which was much more evident in the model 
of densities, where it can be placed in the positions from 130 to 255 km.
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4 . Geological model

Based on the both, the seismic and the gravity modelling, two types of 
crust can be defined: the Dinaridic and the Pannonian (Fig. 4). The 
Dinaridic crust is comprised of two parts, the lower and the upper crust, 
whereas the Pannonian crust is virtually unified. The Dinaridic upper crust 
is characterized by low seismic velocities (about 6 km/s) and low densities 
(about 2.6 g/cm3), while the lower crust has high seismic velocities 
(6.5-7.1 km/s) and high densities (2.84 g/cm'). The Pannonian crust is 
characterized by similar seismic velocities as the upper Dinaridic crust, but 
still lower densities (2.43 g/cm3). Between these units there is a relatively 
wide transition zone, i.e. contact zone. On the gravity model, it is some
what wider than on the seismic model, but due to the clearer picture of the 
lateral boundaries, the gravity model was used as the basis for deter
mination of the zone’s width, thus the boundaries were set on the positions 
from 130 to 255 km, therefore the width equals 125 km. The southern 
boundary of the zone corresponds with the southern marginal fault of the 
Pannonian Basin, and the northern boundary (255 km) with the Drava fault 
(Fig. 4). The faults in the Sava depression are related to the appearance of 
rocks of the highest densities in the transition zone.

The troughs in the Mohorovicic discontinuity are obtained by seismic 
forward modelling. They probably indicate to breaks of the crust and the 
upper mantle. Three main breaks on the Mohorovicic discontinuity were 
analysed, at the contact of the core and the upper mantle. The first one is 
located in the position 125 km, and shows the highest jump in comparison 
to all breaks. The other two breaks are located under the Sava ( 182 km) and 
Drava (258 km) depressions, and are characterized by lower jumps.

Based on geometric relations and the fact that the Adriatic microplate 
is thrusting into the Eurasian plate, as confirmed by the data from geodetic 
and geodynamic measurements, it can be concluded that the Adriatic 
microplate at the level of the Mohorovicic discontinuity subducts under the 
Pannonian segment. The results of both types of modelling indicate the 
conclusion that there are different velocities of movement as a result of 
different viscosities of individual parts of the lithosphere, the upper and 
lower crust and the upper mantle. Thus such a great width of the transition 
zone as a contact point of the two crusts with substantially different 
characteristics, in which there are the greatest changes in seismic velocities 
and densities.
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Fig. 4. Two-dimensional geological model o f the crust and upper mantle along
the ALP07 profile

4. ábra. Kétdimenziós sebességmodell az ALP07 szelvény mentén szeimikus
előremodellezéssel
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A litoszféra szerkezete Horvátország területén a Dinaridák és a Pannon
medence találkozásánál

Franjo SUMANOVAC, Jasna ORESKOVIC, Sasa KOLAR, Alp2002 munkacsoport

Az ALP 2002 projekt részeként az ALP07 szelvény kétdimenziós értelmezését, azért készí
tettük el, hogy meghatározzuk a Dinaridák és a Pannon szegmens közti határvonalat. Az ALP07 
szelvény Horvátországban NyDNy-EEK irányban Isztriától a magyar-horvát határt képező Dráva 
folyóig terjed.

A Hole módszer használatával tomografikus inverzión alapuló négyréteges modellt készítet
tünk. Ezt a modellt használtuk kiinduló modellként a sugárkövetéses módszerrel végzett előre-
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modellezésnél, és meghatároztuk a végső szeizmikus modellt. A kétdimenziós gravitációs modelle
zést szintén elvégeztük a szelvény mentén annak érdekében, hogy csökkentsük a geofizikai 
kiértékelés bizonytalanságát.

A geológia modellt mind a szeizmikus, mind a gravitációs modell alapján megszerkesztettük. 
A kéregnek két típusát határoztuk meg, a Dinarid típusú és a Pannon kérget, melyek között egy 
relatív széles átmeneti zóna van. A szeizmikus modellben a Moho diszkontinuitás szintjén a 
vetődéseket a litoszférában húzódó fő törésekként értelmeztük. A Dinarid típusú kéreg két részre 
osztható, felső és alsó kéregre. A felső kérget kis szeizmikus sebesség és sűrűség jellemzi, míg az 
alsó kérget a nagy sebesség és sűrűség. A Pannon kéreg egységes rétegnek tekinthető, amit kis 
sebesség és sűrűség jellemez.


