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Chronostratigraphic significance of seismic reflections

Seismic reflections are generated by physical surfaces in the reck, mainly acoustic 
velocity impedance contrasts along bedding, planes of stratal surfaces or unconfor
mities. Therefore primary seismic reflections can be used as stratigraphic markers. 
The resolution of bedding units is limited by the resolution of the seismic waves.

The pysical surfaces that separate groups of strata within a sequence are essentially 
synchronous, so the seismic reflectors can be assumed to be time markers.

The unconformities can be identified according to the systematic terminations 
of reflections. The seismic reflections are chronostratigraphically significant because 
rocks above stratal or uniformity surface are younger than those below it (Fig. 1/A, B).

Neogene seismic features in the Pannonian Basin

The Pannonian Basin is a Neogene —Quarternary system consisting of relatively 
narrow deep depressions 4 to 8 km depth that alternate with ridges of relatively high 
position 0.5 km to 2 km (K őrössy, 1980; Pogácsás, 1980; 1985; K ilényi and Rump
ler, 1985). Fig. 2 reproduced from Kilényi and Rumpler (1985) illustrates the depth 
of the pre-Tertiary basement.

Based on the seismic stratigraphic and tectonic features the following stages can 
be distinguished in the Neogene evolution and subsidence of the Pannonian Basin.

In the Early and Middle Miocene elongated depressions or troughs developed. 
Detrital sediments with nearby sources were deposited, and synsedimentary listric 
faults played a dominant role in controlling the structure of the troughs (H ámor, 
1984; Pogácsás, 1984).

It can be seen fairly well in the seismic profile intersecting the Kiskun depression 
(Fig. 3) that due to the backward moving of the listric faults the subsidence proceeded 
in several phases. The half grabens that are filled by folded and faulted Miocene 
sedimentary and volcanic rocks are characterized by different reflection pattern, 
truncated reflectors and diffractions. On the base of these reflectors it may be possible 
to distinguish between Miocene sedimentary units of different tectonic styles and thus 
to investigate the mechanisms responsible for the subsidence and sediment filling 
(see Fig. 3).

These formations (units 3 to 10 on Fig. 3) are overlain unconformably by Upper 
Miocene and Pannonian strata, sometimes with a large stratigraphic gap across the 
unconformity. This unconformity (Fig. 4) is very important from CH point of view 
(see Molnár et al. in this volume).

The second phase of basin formation was characterized by rapid (Pannonian) 
subsidence of new depressions that were wider and less elongated than those of the
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Fig. 2. Location map of the presented profiles

Fig. 3.
1—2 Pre-Tertiary, 3—4 Karpatian—Lower Badenian, 5—10 Upper Badenian—Sarmatian (?), 11—15 Sarmatian (?),

Pannonian, Pleistocene formations
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Fig. 4. General theoretical scheme of Neogene basin evolution and sediment filling of the Pan
nonian basin (modified after Gajdos et al., 1983)

Middle Miocene phase. The trend of these new depressions bears little resemblance 
to that of the older depressions or to that of the pre-Neogene basement. At first the 
isolated depocenters subsided most rapidly and further on they became united. The 
several kilometers thick sedimentary sequence deposited during this phase. Different 
facies can be distinguished representing a great river dominated delta system (see 
P ogácsás and R évész in this volume). In almost all Pannonian depocenter of the Pan
nonian Basin the seismic facies (representing different phases of the basin filling by 
prograding delta system) overlie each other in the same sequence. Nevertheless there 
are differences in the thickness, mode of occurrence and the number of seismic sub
facies in the individual depressions.

Based on the lithostratigraphic units and subsequently overlying seismic facies 
the following main phase of palaeogeography and sediment filling can be stated.

In the area of deep depressions filling sedimentation took place in the Middle 
Miocene which continued also in the Early Pannonian (seismic facies A and B, Fig. 
1/C). The Early Pannonian is characterized by gradual transgression (seismic facies 
C on Fig. 1/C). The transgression formations are overlain by regression sequences 
(seismic facies D and E on Fig. 1/C). The picture of seismic facies D characterized by 
prograding reflections reminds one of a delta front—delta slope and that, of facies E 
of a delta—plain and lagoon sediments.

This prograding sequence is present in most parts of the Pannonian Basin, but the 
unit is not continuous from one subbasin to the next. Outbuilding of sediments pro- 
graded from the marginal parts of the Pannonian Basin. Thus in the central part of 
the basin unit D, is younger that in more marginal areas.
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Rapid filling of the Pannonian Basin terminated with the end of deposition of unit 
D. It is overlain by unit E, which may represent a partly contemporaneous delta plain 
facies, and indicates that a relatively even depositional surface had been established. 
This unit has characteristics typical of the third phase of basin subsidence (seismic 
facies F on Fig 1/C) that is fluvial and marshy sedimentation.

Within the Neogene sequence overlying the pre-Neogene basement by erosion 
gap generally four unconformities can be identified according to the systematic ter
mination of seismic reflections (Pogácsás, 1984) (Fig. 4).

i. The first unconformity separates the lower part of the Karpatian —Badenian 
sequence being tectonically deformed and constituting the starting member of the 
Neogene sequence, from the upper depositional unit represented by a seismic picture 
showing the original stratification of sedimentary origin.

ii. A marked unconformity surface is related to the bottom of the Pannonian 
formations except the deep depressions characterized by continuous deposition where 
this unconformity shows transition to correlative conformities.

iii. In the course of Pannonian delta filling the prograding delta front is accom
panied by unconformity phenomena in the seismis profiles relating to local sub- 
aquatic redeposition and sediment removal.

iv. The fourth unconformity surface lies along the base of the Upper Panno
nian—Pleistocene lacustrine—fluviatile formations.

Based on regional seismic profiles it can be stated that older depositional units of 
the Upper Miocene subside gradually into the depth form the marginal to the central 
parts of the basin, moreover, in many cases are downlapping on the dipping pre- 
Neogene basement surface.

The seismic features were compared with the published data of radiometric 
(Balogh et ah, 1983) and magnetostratigrapic measurements (Rónai and Szemethy; 
Rónai) in oder to investigate the chronostratigraphic position of the seismic units and 
the unconformities identified on seismic profiles.

The depth values of the radiometrically studied core samples were recalculated 
to seismic two way time data by using seismic velocity measurements.

The location of the wells providing the K/Ar and magnetostratigraphic data as 
well as location of the presented seismic profiles are seen in Fig. 2.

1 The first K/Ar datum is the 18.25 + 0.3 Ma (Balogh K. et al., 1983) determined 
in the depth of 1664 m in the boreholes Kisújszállás-NE-1 (Fig. 5).

The thin Miocene older than the Pannonian is overlain by the onlapping Pan
nonian sequence.

The 18 Ma age of the core samples at the base of the erosion hiatus gives a tem
poral limit but does not fix the start of the Pannonian transgression. Seismic profile 
fairly well shows a left lateral strike slip fault zone. This fault was still active during 
the deposition of unit F.

2 The basalt from borehole Ruzsa-4 overlies the Badenian sequences with 
unconformity and is covered by Lower Pannonian sediments (Fig. 6). The depth of 
the studied basalt sample is 2657 m its age being 10.4+ 1.8 Ma (Balogh K. et al., 
1983) The thickness of the Badenian sequence is close to the seismic resolution in 
borehole Ruzsa-4.

The age datum of borehole Ruzsa-4 is valuable since it fixes the completion of 
the half-graben evolution developed along the listric fault southwest of the borehole. 
Nevertheless,the question remains open whether the listric faults bounded half grabens 
filled by Middle Miocene of the other parts of the country characterized by similar
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tectonics are synchronous or not. The formations of the prograding delta sequence 
between 1300 and 1600 msec were deposited fairly well after the eruption of basalt 
lava of 10 million years.

Fig. 7.

Seismic profile on Fig. 7 connects the Dévaványa and Vésztő boreholes drilled in 
eastern Flungary and studied by magnetostratigraphic method (Rónai and Szemethy, 
1979; Rónai, 1981). In the Vésztő borehole the horizon of 5.26 Ma denoting the 
Miocene —Pliocene boundary is in a depth of 1250 m. Based on the seismic reflections 
the strata of the Vésztő boreholes can be fairly well correlated with the corresponding 
strata of the Dévaványa borehole. Based on the seismic correlation of the individual 
strata the Dévaványa borehole seems to explore the same formations in higher 
structural position. The seismic profile clearly demonstrates that the horizon of 5.2 
Ma identified by magnetostratigraphic method lies by about one kilometre above 
the prograding delta sequence. The ages of 10.4 and 9.6 Ma fixed by the basalts in the 
boreholes Ruzsa-4 and Kiskunhalas-W-3 provide an upper limit to the age or the 
unconformity surface related to the base of the Pannonian. The prograding delta 
sequence showing characteristic seismic picture is obviously younger than 8.8 Ma 
in region of the profile.

3 The next composite seismic profile (Fig. 8) gives possibility to compare the 
Kaskantyu-2 exploration well studied by magnetostratigraphic method (Hámor et 
al., 1985) with the K/Ar data of borehole Kiskunhalas-W-3.

The age of the basalt traversed in a depth of 1162 m in borehole Kiskunha
las-W-3, has been determined to be 9.61 + 38 Ma (Balogh et al., 1983). The coin
ciding reflexion horizonts with the first purely sedimentary sequence overlying the 
sequence consisting of the alternation of basalt lava, pyroclastics and sedimentary 
formations, can be fairly well followed in the depression lying in the centre of the 
profile, but it is wedged in its opposite emerging slope. Having correlated the in-
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complete reflections coinciding with the basalt of 9.61 Ma it can be seen that this 
horizon lies also above the unconformity surface coinciding with the base of the 
Pannonian.

As was stated by H ámor et al. (1985) a formation group of 8.8 Ma is in a depth 
of 865 m in borehole Kaskantyú-2 . The seismic reflection coinciding with this depth 
can be correlated in total length of the profile and can be traced up to borehole Kis- 
kunhalas-W-3. The seismic profile clearly indicates that the horizon of 9.6 Ma is 
wedged in the surface of the trench-filling pre-Pannonian Miocene formations showing 
compressional structure.
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