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Subsidence and inversion in the western part of Polish Basin
— data from seismic velocities
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Seismic interval velocities in the Baltic Formation (Triassic— Lower Bunter)
have been used to calculate the scale of Mesozoic subsidence, latest Creta-
ceous/Palaeogene inversion and erosion in the western part of the Polish
Basin. The study has been concentrated on the reconstruction of thickness of
the Upper Cretaceous sediments which have been removed from vast areas
aftertheir inversion. The data enable a rough estimation only and a qualitative
comparison of these processes in different areas. Their value is also limited
in the territories affected by salt tectonics. It is suggested that the axial zone
of the northwestern (Pomeranian) zone of the Mid-Polish Trough (MPT)
started to rise at the end of Turonian. As a result, a thin cover of the Upper
Cretaceous sediments was deposited here and removed later in the last stage
of regional inversion of the MPT — its transformation into the Mid-Polish

Swell. Farther to the south-east — but still within the Pomeranian segment
— the local Zechstein salt displacements interfered with the regional uplift
and caused the differentiation of the Upper Cretaceous thickness. Northwest-
ern branch of the Mid-Polish Swell (Kotobrzeg Anticline) inverted rather in
asingle pulse, at the end of Cretaceous. Along the southern slope of the Polish
Basin (Fore-Sudetic Monocline) the primary Upper Cretaceous thickness
increased to the north and west reaching the maximum of more than 1000 m
at the Polish-German boundary. In the area of the present pre-Cretaceous
subcrops the Upper Cretaceous cover was thinner (300 m and less). The
investigations should be continued including more reliable data from sonic
logs which are scarce so far.

INTRODUCTION

One of fundamental problems in the sedimentary basin
analysis of the Polish Basin is the scale of subsidence and
inversion in its axial zone and in its southwestern periphery.
The first area, called Mid-Polish Trough (MPT) was formed
in the Late Permian (time of the Upper Rotliegend deposition)
and has subsided since then till the Late Cretaceous when —
as aresult of its inversion — the Mid-Polish Swell (MPS) was
formed (Fig. 1). It is divided into two segments: the Pomera-
nian Swell in the north-west and the Kuiavian Swell in the
south-east. The second area, lying north of the Sudetes Mts.
at the southern slope of the Polish Basin, and called the
Fore-Sudetic Monocline (FSM) was uplifted twice: before the
(Late?) Cretaceous and simultaneously with the MPS.

The scale of subsidence is commonly estimated basing on
shale compaction. The depth related changes of compaction
and of other physical properties of rocks (density and seismic
velocity) are irreversible. Sediments which were buried and

later uplifted retain their properties acquired in time of maxi-
mum subsidence and burial. Therefore the sections which
have subsided continuously and have never been uplifted may
serve as reference sections. Other sections may be compared
with the reference ones and their scale of uplift may be
estimated.

Shale compaction is preferably examined by the use of
sonic logs (e.g. K. Magara, 1976; A. Henk, 1992; O. Michel-
sen, L. H. Nielsen, 1993). Since these logs are by now avail-
able from rather scarce boreholes in Poland, the
measurements of seismic velocities have been used instead
(L. Y. Faust, 1951). Because these measurements are less
accurate than sonic logs, the results presented in this paper
should be treated with caution, particularly their numerical
values. This is rather a general approach to the problem
showing qualitative relationships between specific areas.
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Fig. 1. Geological setting of the analyzed boreholes
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The analysis of seismic interval velocities has been limited
to the western part of the Polish Basin because the data from
its central and eastern parts are insufficient. The lowermost
part of the Lower Triassic Buntsandstein (so-called Baltic
Formation— A. Szyperko-Teller, 1982) has been selected for

this analysis. This formation is the equivalent of the Bunter
Shale in the North Sea area which was investigated from the
same point of view (J. P. P. Marie, 1975). The advantages of
these deposits are following:
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— they occur in the entire area; they were nowhere up-
lifted so much as to be eroded and they are accessible in many
boreholes;

— they are characterized by a very uniform shaly devel-
opment which eliminates the random changes of seismic
velocities;

— their average thickness is 350 m (275-433 m in inves-
tigated boreholes); it means that 15-25 measurements could
be made within every borehole section which increases the
reliability of average velocity values.

The main shortcoming of the Baltic Formation is that it
overlies directly the Zechstein salts and therefore in the areas
where salt tectonic was active (southeastern part of the Pomer-
anian Swell — see Fig. 1) it does not represent the regional
trend of subsidence. Above salt structures it did not subside
sodeeply as in depressions among them. Simplified cross-sec-
tion in Figure 2 shows the subsidence history of the Baltic
Formation in the area of salt tectonics. Salt displacements
started at the end of the Muschelkalk deposition (Ladinian —
Fig. 2a). The distance between the Baltic Formation and the
Zechstein base was then equal along the whole cross-section.
Due to salt outflow from point A and its accumulation in point
B during successive time intervals (Figs. 2b and c) till the end
of Cretaceous (Fig. 2d) the subsidence of the Baltic Formation
in point A was more than 50% greater than in point B. It is
comparable with the regional subsidence of the Zechstein
bottom in point A only.

From this point of view the Rotliegend shales (the Note¢
Formation — J. Pokorski, 1981) lying below the Zechstein
base would be more adequate. However, this formation occurs
along the axis of the MPT only; on both slopes of the MPT it
is replaced by sandy formations. So, there are no reference
sections in the same facies to compare the non-inverted with
inverted areas.

Several methods of calculation of the interval velocities
have been tested. First, they were calculated on the basis of
the average time recorded at specific depths for different
shotpoints. Second, the interval velocities presented in tables
and diagrams have been used. Third, the average mean veloc-
ities for the top and bottom of the Baltic Formation have been

Table 1
Reference curve boreholes
Borehole V[erlr?/(;l]ty Borehole V;l:/(;l]ty
Darlowo 4 (Dr) 2420 |Myslibérz 1 (Mb) 4080
Dretyri 1 (Dt) 2740 |Bielica 1 (B1) 4110
Trzebielino 1 {Tb) 2780 |Gradzanowo 2 (Gd) 4120
Stupsk IG 1 (Sp) 2870 |Stargard 1(Sg) 4180
Koscierzyna IG 1 (Kc) 3070 |Banie 1 (Bn) 4200
Wierzchocina 1 (Wc¢) 3120 |Ptorisk IG 2a (Ps) 4250
Lutom 1 (Lt) 3400 |Unistaw IG 2 (Un) 4310
Grudziadz 2 (Gr) 3620 | Wierzchowo 4 (Wr) 4370
Tuchola IG 1 (T¢) 3770 |Bodzanéw IG 1 (Bd) 4390
Polik IG 1 (P]) 3860 |Bielica2 (B2) 4410
Babilon 1 (Bb) 3870 |Toruni 1 (Tr) 4570
Nadarzyn [G 1 (Nd) 3920 |Mszczonéw IG 2 (Mn) 4730
Ciechanéw 1 (Ch) 4060
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Fig. 2. Development of subsidence of the Baltic Formation (black) versus
subsidence of the Zechstein base (bold line) in the area of salt tectonics

Rozwdj subsydencji formacji baltyckiej (czarne) i spagu cechsztynu (gruba
linia) w obszarze tektoniki solnej

calculated by interpolation between the nearest measurement
points. Since the differences between these three methods
appeared to be great, the fourth method has been applied for
this work, namely the usage of the velocity curve: travel times
of seismic waves at the top and base of the Baltic Formation
have been read from the curve and the mean velocity has been
calculated by dividing its thickness by the difference of travel
times.

Travel times have been read from the curve with accuracy
of 10 ms. Assuming the average thickness of the Baltic
Formation = 350 m — it is sufficient for calculation of mean
velocities with accuracy of about 50 m/s which — projected
on the reference curve — equals the difference of about 100
m of subsidence or uplift.

Reference curve (Fig. 3) has been constructed with the
least square method on the basis of 25 boreholes (Tab. 1) with
full, uninterrupted Mesozoic sequence topped by Maastrich-
tian, located in the depressions rimming the MPS (Fig. 1). It
is assumed that the present position of Baltic Formation in
these profiles is the deepest one attained by it during geologi-
cal evolution.

The weaknesses of this curve (Fig. 2) are twofold:

— significant dispersion of reference points;

— the fact that only 3 boreholes are situated in the
Szczecin Trough (Fig. 1) adjacent to the MPS from the
south-west and at the same time lying between the MPS and
FSM uplifted areas; remaining boreholes are located in the
northeastern (Pomeranian and Warsaw Troughs), partly in
Central Poland. More data from further reference boreholes
will probably change the shape of reference curve and, con-
sequently, the estimate of the subsidence and uplift. For exa-
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Sejsmiczne predkosci interwatowe a glgboko$¢ formacji baltyckicj

mple, a change of 1° in the inclination of reference curve
causes — at depths of more than 3000 m — the differences
of about 150 m/s and, consequently, of 300 m of subsidence
or uplift. That is the main reason of the qualitative character
of our study.

In conclusion, the errors derived from the averaging of the
velocity curve, the accuracy of the travel time reading and the
precision of the reference curve are the main sources of errors
of the method.

Apart from the reference boreholes, the velocity data from
145 boreholes were at our disposal at the start of our work.
They were divided into two groups: that with measurements
made every 50 m (= 67 measurement points in the Baltic
Formation) and that with the interval of measurements every
15-25 m (12-25 points). The first group (36 boreholes) was
eliminated because of small accuracy. In the next step almost
a half of the remaining boreholes was also eliminated for
following reasons.

First, there are some records which may be suspected of
being disturbed by undercompaction of sediments. The main
uncertainty in the estimation of shale compaction is the possi-
bility of undercompaction caused by overpressure of fluids
(see K. Magara, 1976). Unfortunately, this problem was not
investigated separately in the area in question. However, there
are groups of boreholes located on a single structure with
significant differences in velocities. The best exampie are the
boreholes on the Buk Anticline: three of them with higher
velocity values indicated the uplift of 550-650 m while the
remaining three — of only 300-350 m. The latter were
rejected because the sediments are supposed to be undercom-
pacted.

Second, the whole set of 30 boreholes situated in the
strongly tectonically involved Koszalin—Chojnice zone (Fig.
1) and characterized by highly dispersed velocity values has
been rejected.
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Table 2
Boreholes used for estimating the subsidence and uplift
Num- Baltic Formation | .. - Max. Num- Baltic Formation | s - Max.
ber Velo- . ber Velo- .
rement . estimated rement . estimated
of Borehole interval city subsidence of Borehole interval city subsidence
bore- top | bottom [m/s] bore- top | bottom | VAL /)

o [m] ml | e [} [}
1 [Barkowo 1 2326.0 | 2740.0 20 4340 3450 33 |Lus6éwko 1 2274.0 | 2661.0 15 4060 2820
2 |[Benice 3 2045.0 | 2412.5 15 4270 3260 34 |Miedzych6d 2 2342.5 | 2734.0 15 4190 3080
3 |Brzozéwka 2 2176.0 | 2510.0 15 4020 2750 35 |Miedzychdd 3 2318.0 | 2698.0 15 4010 2730
4 [Buk6 1941.0 | 2289.0| 20 3970 2660 36 |Objezierze IG1 | 2608.0 | 2895.0 15 4520 3960
5 [Buk7 2096.0 | 2445.0 15 4060 2820 37 |Olszanowo 1 2735.0 | 3083.5 15 4180 3060
6 |[Buk8 2084.0 | 2425.0 15 4100 2900 38 |O¢nolG2 1871.5 | 2190.0 15 4200 3100
7 |[Czaplinek IG1 | 2242.5(2635.0 15 4700 4650 39 |PitalG1 2716.0 | 3099.0 15 4540 4040
8 |Czaplinek1G2 | 1729.0 | 2140.5 15 4590 4220 40 |Pniewy 2 2251.5|2595.0 15 4120 2940
9 |[Czamme 3 2142.5 | 2500.0 15 4080 2860. 41 |Poznard 1 2262.0 | 2628.0 15 4010 2730

10 |Czame 5 1905.5 | 2256.0 15 4000 2720 42 |Resko 1 1922.0 | 2320.0 15 4360 3500
11 |[DebrznoIG 1 2267.0 | 2607.0 15 4100 2900 43 |Rokietnica 1 2540.0 | 2815.0 15 4090 2880
12 |Drogomin 2 2068.0 | 2434.0 15 4070 2840 44 |Rokietnica 3 2305.0 | 2635.5 20 4030 2770
13 {Dusin 1 1895.0 | 2245.0 15 4190 3080 45 |Siekierki Wk. 1 |2509.0 | 2866.0 15 4420 3660
14 |Gardomino 1 2280.5 | 2626.0 15 4340 3450 46 |Sokole 1 2493.5 | 2831.0 15 4130 2960
15 |Gadkéw Wk. 1 1693.0 | 2035.0 25 3800 2380 47 |Staropole 1 1747.5 | 2078.0 25 3910 2550
16 |Golczewo 1 2322.5 1 2690.0 15 4320 3400 48 |Steszew 1 1997.0 | 2337.5 15 4000 2720
17 |Gorzystaw 2 1947.5 | 2289.0 15 4400 3600 49 |Steszew 2 1990.0 | 2328.5 20 4000 2720
18 |Gorzysiaw 8 2045.5 | 2373.0 15 4480 3840 50 |Steszew 4 2000.5 | 2340.0 15 4060 2820
19 |Gorzystaw 9 2035.5 | 2372.0 15 4400 3600 51 |Strzezewo 1 2202.0 | 2524.0 15 4090 2880
20 |Gorzystaw 10 1980.5 | 2328.0 15 4380 3540 52 |[Sulecin3 1924.0 | 2246.0 15 4040 2790
21 |Gryfice 1 2307.5 | 2665.5 15 4330 3420 53 |Sulecin 5 1897.0 | 2225.0 15 3990 2700
22 |Jarocin 1 2165.0 | 2471.0 25 4210 3120 54 |Szubin 1G 1 1717.0 | 2149.5 15 4070 2840
23 |Jarocin 3 2273.0 | 2590.0 15 4530 4000 55 |Swierzno 1 1992.0 | 2334.0 15 4180 3060
24 |Kaleje 3 2175.0 | 2506.5 15 4340 3450 56 | Witkowo 1 2064.0 | 2432.5 25 4060 2820
25 |Kaleje 4 2249.0 | 2584.0 20 4360 3500 57 |Wrzosowo 1 2006.0 | 2336.0 20 4080 2860
26 |Kaleje 7 2125.0 | 2457.5 20 4440 3720 58 |Zabartowo 1 2108.5 | 2505.0 15 4690 4600
27 (Kamied Pom.3 | 1681.0 | 2037.5 15 4110 2920 59 |Zabartowo 2 2763.5 | 3158.0 15 4760 4950
28 [Kleka la 2159.0 | 2495.0 25 4230 3160 60 |Zbaszynek IG2 | 1757.0 | 2105.0 15 3980 2680
29 |Klegka7 2076.0 | 2399.0 20 4390 3570 61 |Zbaszynek IG3 | 1855.0 | 2210.0 15 4020 2750
30 |Kleka 14 2087.0 | 2406.0 15 4410 3630 62 |Zbaszyh 2 1593.5 | 1955.0 15 3880 2500
31 |Kornik 1 2505.0 | 2841.0| 20 4270 3260 63 | Ziotéw 2 2105.0 | 2497.0 15 4520 3960
32 |Krzykosy 1a 2324.0 | 2659.0 15 4310 3370 64 |Z6twino 1 2108.0 | 2448.5 20 4130 2960
RESULTS

64 boreholes which remained after this selection are
presented in Table 2 and on the diagram showing the relation-
ships between the interval velocities and the depth to Baltic
Formation (Fig. 3).

Asaresult of the Late Cretaceous/Early Tertiary inversion
of the MPT and its later erosion, predominantly Lower Juras-
sic strata occur presently on the sub-Cainozoic surface in the
Pomeranian segment of the MPS. Locally there are also the
Triassic subcrops in this area. Reconstruction of the primary
thicknesses of the Jurassic and Lower Cretaceous series is
rather simple since the younger Jurassic and even Lower
Cretaceous strata escaped erosion in local grabens as well as
in abroader depression between the Pomeranian and Kuiavian
segments of the MPS. Jurassic and Lower Cretaceous iso-
pachs run obliquely to the present erosional subcrop of the
Upper Cretaceous bottom because their thicknesses decreased
northwestwards along the MPT. Their course can be easily
extrapolated into the area from where the strata were removed
by later erosion,

The interpretation of the Upper Cretaceous is more diffi-
cult. Its isopachs on both sides of the MPS are post-erosional;
they run parallel to the post-erosional subcrop of the Upper
Cretaceous bottom. The Upper Cretaceous thickness
preserved in depressed areas bordering the MPS is variable:
the greatest values approach 1500 m north-east of the Pomer-
anian segment of the MPS, and 2200 m south-west of it. What
was the thickness in the area of the MPS itself? If the MPS
began to rise up at the end of Late Cretaceous, the thickness
in the MPT could be intermediate between the both values
mentioned above or even greater assuming increased tectonic
subsidence along the MPT axis. However, it is more probable
that the uplift started as early as during the Coniacian (R.
Dadlez, 1980). This supposition is supported: (1) by the
Turonian shaly and carbonate facies pattern which is inde-
pendent from the erosional boundaries of the MPS (M. Jasko-
wiak-Schoeneichowa, A. Krassowska, 1988); (2) by the local
clastic input to the neighbouring troughs in the Coniacian and
Campanian; and (3) by the regional comparisons with other
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inverted structures in Central and Western Europe (P. A.
Ziegler, 1990).

The uplifting MPS was eroded first in the submarine and
then in the subaerial environments. The clastics shed from the
MPS may have appeared in the surrounding areas only then
when the erosion removed the carbonate-marly deposits of the
Upper Cretaceous and reached the sandy beds of Lower
Cretaceous and Jurassic. During the Palacogene the clastics
were probably transported predominantly far to the south,
towards the active Carpathian margin.

In the FSM the Upper Cretaceous deposits escaped ero-
sion in several, narrow grabens, being surrounded by Jurassic
or even Triassic. Therefore, we know that the Upper Creta-
ceous covered the whole area but we do not know the thick-
ness of this cover. Lower Cretaceous does not occur here or
its thickness is very small. The estimate of the Jurassic thick-
ness is more difficult than in the MPS area because we are
here on the flank of the basin, where the thickness decreases
gradually to the south-west. The isopachs are parallel to the
post-erosional boundaries. Therefore, the analysis has been
limited to the external parts of the FSM where — in the zone
of Jurassic subcrops — thé thickness from neighbouring
boreholes could be easily extrapolated.

Because of these reasons our study of the amount of
subsidence and uplift has concentrated on the reconstruction
of the pre-erosional Upper Cretaceous thickness. However —
since the data are not very precise (see introduction) — it was
too risky to draw a map of these primary thicknesses.

Interpretation of the data presented in Table 2 has been
made along the following principles. The interval velocity of
the Baltic Formation was transformed into its maximum sub-

sidence (e.g. 4020 m/s = 2750 m, 4030 m/s = 2770 m, 4040
m/s = 2790 m efc. — see Table 2)*. Then the present depth of
the formation midpoint has been subtracted from the maxi-
mum subsidence (e.g. 2770-2470=300 m) giving the amount
of uplift. If the Upper Cretaceous occurs in the investigated
borehole (e.g. 200 m of preserved Upper Cretaceous) its
present thickness has been added to the above value giving
500 m of its primary thickness. If, however, the uppermost
Jurassic was encountered below the Tertiary, then the recon-
structed 100 m of the Lower Cretaceous thickness is sub-
tracted from the subsidence value, giving the primary Upper
Cretaceous thickness =200 m. Figures 4-9 show the selected
results of these calculations.

KOLOBRZEG ANTICLINE

MPS bifurcates near the Baltic coast into two branches:
northern Kotobrzeg Anticline and northwestern Kamien Anti-
cline, separated by the Trzebiatéw Syncline (Fig. 1). The
western limb of the Kolobrzeg Anticline is a zone of steep
dips, flexures and locally also faults. The eastern limb is
characterized by rather gentle dips. Boreholes analyzed (17,

'In order to obtain the subsidence of the Zechstein base — but only in the
areas not affected by salt tectonics — one must simply add to this value the
cumulative thickness of the Zechstein and the part of Baltic Formation below
its midpoint.
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19 and 20)2 are located in the axial zone where the Lower
Jurassic strata appear at the sub-Quaternary surface, contrast-
ing sharply with the Upper Cretaceous filling in the adjoining
syncline. Maximum subsidence of the Baltic Formation was
about 3600 m (Tab. 2) in comparison with its present depth
of about 2100-2200 m. It gives the amount of uplift = 1400~
1500 m (Figs. 4 and 10). Assuming the cumulative thickness
of the eroded part of the Lower Jurassic together with the
Middle Jurassic, Upper Jurassic and Lower Cretaceous at
about 700-800 m we obtain 600-800 m of the eroded Upper
Cretaceous (Figs. 4 and 11).

KAMIEN ANTICLINE

This branch of the MPS is rather symmetric, with the
uppermost Lower Jurassic appearing in its hinge zone at the
sub-Cainozoic surface, locally also (in transversal graben)
with the Middle Jurassic. Middle and Upper Jurassic and
Lower Cretaceous subcrop along the limbs of the anticline.
Maximum subsidence (3400 m) was noted in the axial zone
and on the southern limb. The same zone is characterized by
the strongest uplift reaching 1100 m; along the northern limb
it was 500-700 m and along the southern limb — 700-900 m
(Figs. 5 and 10). Taking into account the average thicknesses
of the eroded strata up to the Upper Cretaceous base, there

Numbers in brackets refer to numbers given in Table 2.

remains about 100-200 m for the non-existing Upper Creta-
ceous cover along the northern limb (boreholes 51 and 57)
and about 300 m along the axis of the anticline (boreholes 27,
55,21 and 1), while in the southern limb (boreholes 13, 2, 14,
16 and 64) the appropriate number amounts from 500 to 700
m (Figs. 5 and 11). All these values suggest that the uplift of
the Kamien Anticline — contrary to its present symmetric
form — may have been asymmetric: the northern limb and
hinge zone uplifted earlier (during the Late Cretaceous) and
the southern limb — later, as was the case with the Kotobrzeg
Anticline.

POMERANIAN SWELL

Central part. This is a tectonic block which was not
affected by salt tectonics (Fig. 1) similarly to both anticlines
discussed above. Therefore, the reconstruction of the primary
thicknesses of the eroded strata is more reliable than in the
southeastern area of the MPS. However, there are two records
only in this area (boreholes 42 and 8). Subsidence and uplift
seem to increase southeastwards along the MPS axis from
3500 to 4200 m and from 1400 to 2300 m, respectively (Fig.
10). If the Jurassic through Lower Cretaceous thickness in the
first borehole were like that from the Kamieni Anticline, then
the thickness of the removed Upper Cretaceous would be
about400 m. In the second borehole — in spite of calculations
pointing to thicker cover of this age — this value may have
been of the same order (Fig. 11) because the Jurassic-Lower
Cretaceous thicknesses are supposed to increase along the
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axis of the former MPT to the south-east. This estimation
points to the early uplift of this segment of the MPT, similar
to that of the Kamieri Anticline.

Northeastern slope. This area is located on both sides of
the boundary between the MPS and the Pomeranian Trough
and — simultaneously — at the northern limit of the territories
involved in salt tectonics (Fig. 1). Relatively clear picture
appears from a group of several boreholes (10, 9,3, 11,46 and
37 — see Fig. 6), aligned obliquely to the northeastern slope
of the Pomeranian Swell, partly within this unit and partly in
the neighbouring Pomeranian Trough filled in with the Upper
Cretaceous. Cumulative subsidence in this zone is about
2700-3000 m. Various stratigraphic formations crop out on
the sub-Cainozoic surface: from the remnants of the Upper
Jurassic (100 m thick) at the western end of this line to the
relatively thick Upper Cretaceous (nearly 600 m) at its eastern
end. Consequently, the amount of uplift is estimated, respec-
tively, at more than 600 to barely 150 m. The primary thick-
ness of the Upper Cretaceous was from 700 m in the lowered
western part to 200 m in the uplifted eastern part (Fig. 11).
Since some boreholes are located above salt pillows (Fig. 1),
the influence of salt movements on the Upper Cretaceous
thickness is very probable.

Southeastern part. Subsidence was there the greatest
noted in the whole area (4000—5000 m, see Table 2, boreholes
7, 39, 58, 59, 63). However, the interpretation is here very
difficult because of the advanced salt tectonics (compare Fig.
2). A single borehole only (59) is situated in the centre of a
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syncline from beneath of which the Zechstein salts were
squeezed out (the present Zechstein thickness decreases here
to 350 m). The remaining boreholes lie on the limbs of vast,
strongly uplifted salt pillows (Fig. 1), where the Zechstein
thickness is from 1200 to 1700 m. According to the reflection
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seismic data the maximum thickness in their crests exceeds
2000 m. So, the borehole 59 only may represent the regional
subsidence (5000 m) and uplift (about 2300 m). Yet, it is
situated on the former slope of the MPT. In the axial zone the
subsidence might have reached 6000 m (or more?). The
reconstructed Upper Cretaceous cover in borehole 59 was
about 1100 m thick. The neighbouring borehole 58 reveals the
coeval cover of 400 m only. This difference indicates once
more the mobility of salts during the Late Cretaceous and may
be a measure of its differential movements. It is characteristic
that the last mentioned value is similar to that in the boreholes
along the northeastern slope (see above), also affected by salt
tectonics.

In the remaining boreholes (7, 63, 39) the comparison of
the scale of uplift (and inferred scale of erosion) = 1100-1900
m with the Jurassic-Lower Cretaceous thicknesses which can
be assumed from the surrounding areas = 1500-2500 m,
leaves no space for a significant part of those series, let alone
the Upper Cretaceous cover. It indicates that the actual thick-
ness above salt pillows must have been smaller whereas the
Upper Cretaceous cover was thin, if any. It implies that in the
southeastern part of the MPS the Zechstein salts were active
during the Late Cretaceous. The deposits of this age may have
reached significant thicknesses between salt pillows and may
have been strongly reduced (or even missing) above these
structures. This is confirmed by the extreme situation in the
borehole 54, located near the top of the most strongly uplifted
salt pillow (Zechstein thickness = 2700 m) in the southeastern
periphery of the area. It encountered the Lower Jurassic strata
below the Cainozoic. Here, about 900 m of eroded strata must
have contained at least the uppermost part of the Lower
Jurassic, the Middle and Upper Jurassic and the Lower Cre-
taceous. They must have been strongly reduced due to salt

uplift, because the regional thickness of the coeval part of the
sequence is estimated in the depressed zones of the area at
more than 2500 m. It is possible that this structure was devoid
of the Upper Cretaceous cover. Such a situation is even more
probable farther to the south-east — in the Kuiavian segment
of the MPS — where the salt tectonics is more intense.

FORE-SUDETIC MONOCLINE

Western region. In the eastern part of this region which
in general is situated along the southern slope of the former
MPT (Fig. 1), the sequences are reduced but there are no
greater gaps in the sections. Westwards, a disconformity
appears below the Upper Cretaceous strata which lie pene-
cordantly upon older rocks. The gap increases to the west and
at the western end the Upper Cretaceous overlies Lower
Jurassic. It is a result of a slight pre-Late Cretaceous uplift of
this part of the monocline.

An exceptional position is taken here by the borehole 38
(Fig. 7) which shows the reconstructed Upper Cretaceous
thickness of 1400 m. The remaining boreholes can be divided
into three groups (Figs. 7-9) each of them aligned roughly in
the N-S direction, perpendicular to isopachs and to present
Mesozoic subcrops. The trends of the Upper Cretaceous
thickness chan- ges recorded along these lines are very simi-
lar.

The western line (boreholes 12, 52, 53 and 15 — Fig. 7)
shows the reconstructed thickness decreasing southwards
from about 1000 m to more than 600 m (Figs. 7 and 11). Along
the middle line (Fig. 8) the boreholes 35, 34, 61 and 60 record
a fairly uniform Upper Cretaceous thickness of 800-900 m
while the southernmost profile (62) — a rapid decrease to
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about 500 m (Fig. 11). The last point is situated in the belt of
the sub-Tertiary Lower Jurassic subcrop. In the eastern group
of boreholes (Figs. 9 and 11) the northernmost one (40)
reveals the primary Upper Cretaceous thickness of 700 m.
Southeastwards it decreased to 400-500 m (boreholes 44, 43,
33 and 41). In the belt along the subcrop of the Upper
Cretaceous base (boreholes 5 and 6) the thickness was perhaps
slightly greater (?500-600 m) and farther to the south it
decreased again to 300-400 m (boreholes 4, 49, 48 and 50).
In general, the magnitude of uplift in this region decreased
to the south-east in the western group of boreholes from 1000
to 500-700 m (Fig. 10). Along the middle line it decreased to
the north towards the areas which were not inverted at all. The
reconstructed Upper Cretaceous thickness decreases east-

Upper Cretaceous thickness
before inversion and erosion
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resent extent of the 200
pper Cretaceous

o

Fig. 11. Sketch of reconstructed Upper Cretaceous thickness
For letter symbols see Fig. 10

Szkic odtworzonych miazszo§ci kredy gérne;j
Symbole literowe patrz fig. 10

wards and southwards. Along the present, post-erosional
boundary of this series its primary thickness was of the order
of 300-500 m, and probably decreased towards the centre of
the FSM.

Eastern region. The results are here differentiated and
ambiguous. This is because of tectonic structures of two types.
A few synsedimentary grabens exist in this area and a partly
pierced salt diapir is located at its northeastern end. The
stronger tectonic involvement may have caused both the
differentiation of data and the possible overpressure of rocks
which disturbed the results (as in the case of boreholes 22, 28,
31 and 32). The amount of uplift seems to be significantly
greater than in the western region, in some cases reaching
even 1500 m. Borehole 36 with fairly thick Upper Cretaceous
(reconstructed thickness — nearly 1300 m — Fig. 11) lies in
the rim syncline of the mentioned diapir and seems to evi-
dence its growth during this time interval.

CONCLUSIONS

1. Inversion of the axial zone of the Mid-Polish Trough
in its northwestern segment — together with the Kamied
Anticline — started during the Late Cretaceous (after the
Turonian?). Its maximum magnitude in the axial zone was

about 1000 m near the Baltic coast and increased to more than
2000 m in the central part of the MPS. It resulted in the
relatively thin cover of the Upper Cretaceous rocks. At the
same time thicker sediments accumulated northeast of this in-
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cipient uplift. The Kolobrzeg Anticline, located in this area,
inverted rather in a single pulse, at the end of Cretaceous. Its
scale of inversion was about 1500 m.

2. In the southeastern part of the Pomeranian Swell the
local growth of salt pillows in the latest Cretaceous probably
interfered with the regional inversion of the entire MPS. This
is a complicated process which should be modelled in future,
beginning with areal balancing of the primary Zechstein
thickness and reconstruction of the successive stages of tec-
tonic salt displacements.

3. Western region of the Fore-Sudetic Monocline was
characterized by differential uplift which increased generally
towards the west and south from 200-400 to 800 and 1000 m.
It was covered by fairly thick Upper Cretaceous thickening
significantly to the west towards the German province of
Brandenburg. In the northern peripheries of the FSM a cover
800-1000 m thick existed, decreasing to 400-500 m to the
south. Considerable part of this cover (up to 600-700 and

300-400 m, respectively) has been removed after the Creta-
ceous. Along the present Jurassic subcrops this cover was
thinner (300 m or less). In the eastern region the results are
ambiguous but the amount of uplift seems to be generally
greater than in the western region: 1500 m or more.

4. The method applied has a limited accuracy and makes
possible a rough estimate only of subsidence, uplift and
erosion. However, it gives an overall orientation in the scale
of these processes. The data should be continuously collected
and interpreted. The growing number of sonic logs should be
an independent source of information as well as should serve
for verification of the results.

Acknowledgements. Sincere thanks are due to Dr. Marek
Narkiewicz and Dr. Jan Szewczyk for valuable suggestions
which improved the text, and to Jan Turczynowicz who was
responsible for drafting the figures.

Translated by Ryszard Dadlez

REFERENCES

DADLEZ R. (1980) — Tectonics of the Pomeranian Swell (NW Poland) (in
Polish with English summary). Kwart. Geol., 24, p. 741-747, no. 4.
FAUSTL.Y. (1951) — Seismic velocity as a function of depth and geologic
time. Geophysics, 16, p. 192-206, no. 2.

HENK A. (1992) — Michtigkeit und Alter der erodierte Sedimente im
Saar-Nahe-Becken (SW-Deutschland). Geol. Rdsch., 81, p. 323-331,
no. 2

JASKOWIAK-SCHOENEICHOWA M., KRASSOWSKA A. (1988) —
Palaeothickness, lithofacies and palaeotectonics of the epicontinental
Upper Cretaceous in Poland (in Polish with English summary). Kwart.
Geol., 32, p.177-198, no. 1.

MAGARA K. (1976) — Thickness of removed sedimentary rocks, paleopore
pressure and paleotemperature, southwestern part of Western Canada
Basin. Am. Ass. Petrol. Geol. Bull,, 60, p. 554-565, no. 4.

MARIE J. P. P. (1975) — Rotliegendes stratigraphy and diagenesis. In:
Petroleun and continental shelf of north-west Europe (ed. A. W. Wood-
land), 1 — Geology, p. 205-213. Appl. Sc. Publ. Ltd.

MICHELSEN O., NIELSEN L. H. (1993) — Structural development of the
Fennoscandian Border Zone, offshore Denmark. Mar. Petrol, Geol., 10,
p. 124-134.

POKORSKI1J. (1981) — Formal lithostratigraphic subdivision proposed for
the Rotliegendes of the Polish Lowlands (in Polish with English sum-
mary). Kwart. Geol., 25, p. 59-66, no. 1.

SZYPERKO-TELLER A. (1982) — Lithostratigraphy of the Buntsandstein
in the Western Pomerania (in Polish with English summary). Kwart.
Geol., 26, p. 341-367, no. 2.

ZIEGLER P. A. (1990) — Geological atlas of western and central Europe.
Shell Intern. Petr. Maatsch. B. V.

SUBSYDENCJA I INWERSJA W ZACHODNIEJ CZESCI BASENU POLSKIEGO
— DANE Z PREDKOSCI SEJSMICZNYCH

Streszczenie

Dokonano préby oceny skali subsydencji, inwersji i poinwersyjnej erozji
w zachodniej czgéci basenu polskiego, wykorzystujac dane o interwatowych
predkosciach sejsmicznych formacji battyckiej (piaskowiec pstry). Sa one
miarg kompakcji osad6w ilastych, a zatem maksymalnego pograzenia forma-
cji. Poniewaz stopieri kompakcji, osiagnigty w momencie tego pograzenia,
jest niecodwracalny, zatem przez poréwnanie go z obecna glebokos$cia wyste-
powania mozna oceni¢ wielko$é inwersji, odnoszac go do stopnia kompakcji
w profilach, ktére inwersji nie podlegty. Dane obarczone sg do§¢ duzym
btedem, zatem pozwalaja tylko na ogélng oceng i na jakosciowe poréwnanie
skali wspomnianych proces6w w réznych regionach obszaru. Oprécz tego,
w obszarze dziatania tektoniki solnej ocena nie dotyczy catkowitej subsyden-
cji kompleksu cechsztyfisko-mezozoicznego, poniewaz formacja battycka
lezy nad solami cechsztyriskimi. Analize skoncentrowano na rekonstrukcji

pierwotnych miazszo$ci kredy gérnej, dzisiaj usunigtych z rozlegtych obsza-
éw.

Dane te sugeruja, Ze osiowa strefa p6tnocno-zachodniego (pomorskiego)
segmentu bruzdy $rédpolskiej zaczeta si¢ dZwigaé pod koniec turonu. Wiel-
ko$é podniesienia w osi oceniono na ponad 1000 m w obszarze nadbattyckim.
Ku SE zwigksza si¢ ona do ponad 2000 m w centralnej czg§ci watu pomor-
skiego. W rezultacie utworzyla sie tutaj tylko cienka pokrywa skat gérmokre-
dowych (200-400 m), ktéra zostata pézniej usunigta w ostatnim stadium
regionalnej inwersji bruzdy i jej przeksztatcenia w wat §rédpolski. Dalej ku
potudniowemu wschodowi, ale jeszcze w granicach segmentu pomorskiego
bruzdy, lokalne przemieszczenia tektoniczne soli cechsztyriskich, rozpoczete
w p6Znym trasie, powodowaly zr6znicowanie miazszosci gérnej kredy i
interferowaty z regionalnym wypietrzaniem. P6inocno-zachodnia gataZ watu
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érédpolskiego (antyklina Kotobrzegu) odznaczata sig silnym wypigtrzeniem
(rzedu 1500 m), grubsza pokrywa gérnej kredy (600-800 m) i podlegata
inwersji raczej w jednym pulsie pod koniec kredy.

Wzdhuz potudniowego stoku basenu polskiego (monoklina przedsude-
cka) wypietrzenie byto — jak si¢ zdaje — ogdinie silniejsze w czesci
wschodniej (na wschéd od Poznania— rzgdu 1500 m) niz zachodniej. W tym
ostatnim obszarze bylo ono najwigksze na zachodzie i malato ku péinocy i
wschodowi. Tutaj tez pierwotne miazszosci gérnej kredy wzrastaty ku pét-

nocy i zachodowi do maksymalnych warto§ci ponad 1000 m. W strefie
obecnego podkenozoicznego zasiggu tego oddziatu miazszosci byty znacznie
mniejsze (300 m fub mniej).

Gromadzenie danych i ich interpretacja powinny byé kontynuowane.
Nalezy je uzupetnia¢ danymi z pomiaréw akustycznych w otworach wiertni-
czych, ktérych liczba jest obecnie niewielka, ale ktére sq powszechnie
wykorzystywane w tym sarnym celu i zapewne dokladniejsze.



