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Fig. 18.	 Structural map of (A) Sb seismic horizon, (B) O seismic horizon, (C) Cm seismic horizon, (D) Pr seismic horizon (Opalino 3D 
seismic survey). Grey dashed lines – seismic section. 1–4 number of fault zones (Kasperska et al., 2017).

an inversion occurred. This is evidenced by the increase in 
the thickness on the side of the hanging wall, observed on 
the map of the Silurian thickness below the Reda Member 
(Fig. 19B). Movements leading to the intensified inversion 
of the structure following deposition of the Reda Member 
(Fig. 19A), but exact dating of them is not possible owing 
to the absence of the youngest Palaeozoic deposits. Perhaps 
the final form of the structure was created by the movements 
shaping the Silurian Basin in the foreland of the Caledoni-
an Orogeny (Poprawa et al., 1999; Nawrocki and Poprawa, 
2006). 

Parallel to the previous one, fault zone no. 2 (Figs 11, 18)  
is composed of normal and reverse faults. It can be divid-
ed by an oblique-slip fault with a NE–SW trend (Fig. 18 
– zone No. 3) into two subzones: northwest and southeast. 
The increase in the thickness of the Cambrian deposits on 

the hanging wall (Fig. 19D) indicates that similarly to the 
previous one, the formation of this dislocation was associat-
ed with the extensive stress field, accompanying the break-
down of Pannotia (Golonka et al., 2017). In the SE part, 
because of strike-slip movement compensation, zone no. 
2 was reactivated and partly inverted already in the early 
Silurian (Figs 11, 19B). On the structural map of the Reda 
Member (Fig. 18A) along the structure No. 2, a series of 
almost parallel normal faults can be observed with a small 
throw, spherically arranged in relation to deeper disloca-
tions. This may indicate a small, clockwise reactivation of 
faults which gave rise to structure no. 2 in the final stage of 
the Caledonian or in the Variscan tectonic cycle. Fault zone 
no. 2, as in the case of zone no. 1, changes towards the NW 
direction in a clear lineament observed on the top of the 
Precambrian (Fig. 19D). This observation indicates that this 
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Fig. 19.	 Time thickness map of (A) Sb–Sst horizons, (B) O–Sb horizons, (C) Cm–O horizons, (D) Pr–Cm horizons. Red, dashed lines – 
seismic sections (Kasperska et al., 2017).

zone was created in a similar way as the previous one – by 
reactivating an older dislocation in the crystalline basement.

Fault zone no. 3 (Fig. 18) was formed by a reverse, strike-
slip fault (Fig. 12) with a NNE–SSW strike. In the northern 
part, zone no. 3 dies out as a horsetail splay, characteristic of 
strike-slip faults (Koprianiuk, 2007). This fault originated 
only in the Lower Silurian as indicated by the lack of signif-
icant changes in thickness (Fig. 19D) in the Cambrian and 
Ordovician sediments (Fig. 19C) and the increase in thick-
ness in the foot wall in the Silurian deposits (Fig. 19B). The 
fault underwent compression (Fig. 19A) in the final stage 
of the Caledonian or the Variscan tectonic cycle (Poprawa 
et al., 1999).

The largest fault zone is located south of the O4 well 
(Fig. 18 – fault zone no. 4). It consists of a reverse fault 
with NE–SW orientation that terminates in the Ordovician, 

passing upwards into the flexure (Figs 11, 12). In the south-
ern part of the Opalino 3D survey, the orientation of this 
fault changes to NE–SW. The reduction in thickness in the 
Silurian sediments in the hanging wall below the Sb hori-
zon (Fig. 19B) and the lack of explicit thickness changes in 
the Cambrian and Ordovician (Fig. 19C) indicate that this 
zone was created as a result of the formation of the Silurian 
basin in the foreland of the Caledonides (Poprawa et al.,  
1999). Flexural type reflections above the Reda Member 
and large thickness increments on the foot wall (Fig. 19A) 
show that, as with the previous structures, this zone was 
active in the late Silurian. Owing to the lack of younger 
Palaeozoic sediments, it is difficult to determine whether it 
was finally formed in the final phase of Caledonian or in 
the Variscan Orogeny. The lack of distinct deformations 
in the Permian–Mesozoic structural stage and the continuity 
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of the reflection at the base of the Zechstein rule out any sig-
nificant activity of faults in zone no. 4, as well as previous 
zones, during the Alpine Orogeny. In the general structural 
plan, the Opalino 3D survey indicates the presence of block 
tectonics in this area. The previously discussed reverse fault 
4 divides the whole area into two blocks: a northern elevat-
ed one and a dropped southern one. Within them, smaller 
blocks separated by faults can be identified (Fig. 18B, C, D).  
This system is most likely a small part of a large block sys-
tem that continues throughout the entire 2D survey area 
(Fig. 19; Kisłow, 1976; Stolarczyk, 1979).

The Lower Palaeozoic faults in the southern part of the 
research area (Kościerzyna–Gdańsk 2D survey) are gen-
erally aligned in a NW–SE direction, and more rarely in  
a NNW–SSE direction (Fig. 21). The largest tectonic zone 
occurs northwest of the Kościerzyna IG-1 well. This bore-
hole lies in the hanging wall (Figs 15, 20 – zone No. 5). This 
zone is rooted in Precambrian sediments and continues in 
the Lower Palaeozoic. It is formed by normal, homothetic 
faults with a throw of up to 400 m. It is highly likely that 
this zone extends beyond the area covered by seismic data. 
The second, a slightly smaller dislocation zone, parallel to the  
previous one, lies to the north of the Wy1 well (Figs 13, 20 – 
zone no. 6). It consists of a set of normal and reverse faults, 
with the same NW–SE orientation as described above, but 
with a much smaller throw. The quality of the seismic data 
does not allow any clear statement of whether both zones 
are connected in the crystalline basement. The increase in 
thickness of the Cambrian deposits in the hanging walls of 
both dislocations indicates that they already were active in 
the Cambrian (Figs 11–13). Similar changes in thickness 
were observed in the Silurian formations below the top of 
the Reda Member (Sb). Accordingly, these zones may be re-
lated to the development of the Silurian basin in the foreland 
of the Caledonian Orogeny (Poprawa et al., 1999; Nawrocki 
and Poprawa, 2006).

The level of the Reda Member (Sb) is inaccurate in rela-
tion to the direction of both the older and younger boundaries 
(Figs 13, 14). The tectonic image of this horizon is formed 
by normal, probably oblique-slip faults with a NW–SE 
 trend, developed over the older deformations with a genesis 
similar to en echelon faults from the vicinity of the Opalino 
3D image (Fig. 18A). Their throw is so small that with the 
poor vertical resolution of 2D data below the Permian, they 
are difficult to identify. These faults occur above or near the 
largest tectonic zones in the basement. This tectonic style 
that is different from that affecting the older deposits may 
indicate an episode related to the reorganization of the stress 
field in the Silurian and the appearance of a strike-slip com-
ponent on older pre-existing faults. The thickness of the 
Sb–O complex varies considerably within the research area, 
the smallest being in its northeastern part (about 600 m), and 
the largest in the southwestern part (about 2100 m).

The seismic image of the zone between the horizons  
O and Sb and that above the Sb, up to the Silurian (S) top, 
does not show the details of the tectonic structure of this 
interval (Figs 11–16). It is composed mainly of silt-clay het-
erolithic deposits, susceptible to deformation, which results 
in failure to isolate clear seismic horizons in these intervals. 
The faults propagating from the crystalline basement through 

Lower Palaeozoic deposits in the Silurian continue or appear 
to continue on the seismic record in the form of flexures  
(Figs 11, 12, 14). This makes it difficult to date these faults.

The Permian–Mesozoic complex has a monocline struc-
ture in the whole region, dipping towards the south. As is 
clearly visible on the map of the top of the Jurassic (Fig. 21),  
the larger dislocation zones are not present here. A similar 
tectonic style is demonstrated by the remaining seismic 
boundaries of this complex. Therefore, neither the Triassic–
Jurassic extension of the Mid-Polish Trough nor its Upper 
Cretaceous–Palaeogene inversion had a major impact on the 
construction of this part of the Baltic Syneclise (Witkowski, 
1989).

CONCLUSIONS
The two seismic surveys Kościerzyna–Gdańsk 2D and 

Opalino 3D and borehole data available in the study area 
were tied and interpreted. The research area is in the western 

Fig. 21.	 Structural map of J seismic horizon, Kościerzyna– 
–Gdańsk 2D seismic survey (Kasperska et al., 2017). 
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part of the Baltic Syneclise and although it does not cover 
the western boundary formed by the Teisseyre-Tornquist 
zone, the processes taking place along this zone had a dom-
inant influence on the tectonic style. This is demonstrated 
by the fact that some of the dislocations resulting from the 
reactivation of old Precambrian faults have a NW–SE trend. 
Thus, it can be stated that in general the current shape and 
structure of the Baltic Syneclise and the development of the 
Palaeozoic sedimentary cover were significantly influenced 
by the structure of the pre-existing crystalline basement.

Four structural stages can be distinguished within the part 
of the Baltic Syneclise discussed: Precambrian, Caledoni-
an, Permian-Mesozoic and Cenozoic. The Caledonian stage 
shows the greatest tectonic complexity. Most of the large 
Palaeozoic dislocations already had been formed in the 
Cambrian. They underwent reactivation and/or inversion in 
the Silurian, or in the final stages of the Caledonian and/or 
the Variscan Orogeny, at the latest.

In the general structural plan, the Opalino 3D survey in-
dicates the occurrence of block tectonics in this area (Figs 
18B–D, 19). This system is a small part of a large block sys-
tem, extending also throughout the entire 2D survey area. The 
dislocations of the Lower Palaeozoic stage are characterized 
by a general NW–SE and NE–SW orientation, where the first 
of these seems to be dominant. The largest Late Cretaceous – 
Palaeogene inversion of the Mid-Polish Trough did not cause 
a major reorganization in the Lower Palaeozoic structural 
complex of this part of the Baltic Syneclise.
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