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Abstract: The Cretaceous basin of the Lublin area belongs to the SE part of the Mid-Polish Trough and its NE
border extending on the East European Craton. Our study is based on isopach maps of seven time intervals, from
Neocomian to Early Maastrichtian. Several main lithofacies have been distinguished whose areal extents were
plotted on thickness pattern maps. The isopach and lithofacies maps helped to delimit the basin depocenter,
providing information on vertical motions of the basin basement and synsedimentary reactivation of older fault
zones. The areal extents of the siliceous and chalk lithofacies have been shown to be controlled by the positions of
discontinuity zones in the crystalline basement.

Two stages of accelerated subsidence have been established: in Turanian and Early Maastrichtian times.
Regional comparisons of accumulation rates and their accelerations during these time spans gave possibility to
distinguish the roles of eustatic and tectonic factors in the process ofaugmenting the basin capacity. Some remarks
concerning Early Maastrichtian timing of the inversion onset are also presented.
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INTRODUCTION

This study covers the part of Poland comprised between
the boundary with Ukraine in the east and southeast, the ero-
sional limit of Jurassic and Cretaceous outcrops in the
southwest, the meridian of Radom in the west and the paral-
lel of Lukow in the north (Fig. 1). The Mid-Polish Trough
formed along the Teisseyre-Tornquist Zone, above the con-
tact of the West European Palaeozoic Platform with the Pre-
cambrian East European Craton.

The aim of this paper is to present sedimentary evolu-
tion of Cretaceous deposits in the basin ofthe southeast seg-
ment of the Mid-Polish Trough and its northeast margin, ex-
tending over the East European Craton. This analysis of the
pattern of lithofacies and their thickness, and in conse-
quence of subsidence, in the area adjacent from the north-
east to the zone of the proper trough, which extended in the
place of the present Lower San Anticlinorium in late Juras-
sic time (Niemczycka & Brochwicz, 1988; Kutek, 1994;
Hakenberg & Swidrowska, 1997), may serve as a basis for
further considerations on the Cretaceous palaeotectonic
evolution of this area. The deposits of the opposite south
western limb of the basin are partly buried beneath the over-
thrust units of the Outer Carpathians. Where these deposits
were had been encountered by drilling, they were described
in an earlier publication by the present authors (Hakenberg
& Swidrowska, 1998). The purpose and the methods used in

this paper are similar to those used in that paper, dealing
with the area of the Holy Cross Mountains (Géry Swieto-
krzyskie).

From the point of view of the deep geological structure,
the area so defined lies within two major tectonic units (Fig.
1): the Precambrian East European Craton and the Palaeo-
zoic West European Platform (Zelichowski, 1972, 1979;
Ksigzkiewicze/«/., 1977; Znosko, 1979, 1998). A fragment
of the south eastern part of the East European Craton is dis-
tinguished as the Marginal Depression (Zelichowski, 1972).
It is bounded on the northeast by the Kock Fault (see Fig.
10) that lowers the top of the Precambrian basement by 1-3
km (see Znosko, 1998). Farther to the east, within the Wto-
dawa Graben, Kumoéw Elevation and Terebin Depression,
the course of this fault in Precambrian rocks is less well
known. The south western boundary of the Marginal De-
pression (see Fig. 10) is the Ursynéw-Kazimierz Dolny-
Wysokie-Rawa Ruska Fault (Zelichowski, 1972, 1974;
Pozaryski & Dembowski, 1983; Znosko, 1998). The Mar-
ginal Depression is overlain by the Lublin Graben filled
with Carboniferous and Devonian strata and underlain by
older Palaeozoic rocks (Zelichowski, 1972, 1979). The
north eastern boundary of the younger Palaeozoic graben is
the Zelechow-Kock-Wasyléw Fault (Zelichowski, 1972).
To the northeast of it lies the Lukéw-Hrubieszéw Eleva-
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Fig. 1.  Location ofthe study area relative to the major structural
units of Poland. Line with solid triangles - frontal thrusts of the
Carpathians

tion, which forms, together with the Lublin Graben, the Bug
Trough (Porzycki, 1988).

The Jurassic and Cretaceous rocks build a gentle struc-
ture described as the Lublin Syncline, and farther southeast,
in the Podolia area, as the Lwow Syncline (Zelichowski,
1972; Khiznyakov & Zelichowski, 1974; Pozaryski, 1979).
It was formed during the Laramian inversion, when its pres-
ent south western limb formed by uplift of the Holy Cross
part of the Mid-Polish Trough. The limbs of the Lublin Syn-
cline extend beyond the young Palaeozoic Lublin Graben.
In the south western part of the discussed area the Jurassic
and Cretaceous sediments cover the Radom-Krasnik Uplift,
attributed to the Caledonian tectonic storey (Zelichowski,
1972, 1979), and in the north eastern part overlie the margin
of the East European Craton.

Biostratigraphical zonation ofthe Cretaceous sediments
of the Lublin area, based on ammonites, belemnites, inoce-
ramids and foraminifers, was established mainly by: Sam-
sonowicz (1925), Pozaryski (1938, 1948, 1956, 1960), Po-
zaryska (1956), Cieslinski (1959a, 1960, 1965), Witwicka
(1976), Btaszkiewicz (1980), Peryt (1983), Pozaryska &
Witwicka (1983), Walaszczyk (1987, 1992), Gawor-Bie-
dowa (1992).

The lithology and stratigraphy was the subject of papers
by Krassowska (1976, 1977, 1981b, 1982, 1986, 1989),
Wyrwicka (1980) and Marek (1983). Petrography of the
Crataeous rocks of the Lublin area was studied by Sujkow-
ski (1931), Ubema (1967), Harapinska-Depciuch (1972),
Harasimiuk (1975) and Wyrwicka (1977, 1980).

The evolution of sedimentation and palaeogeography in
Cretaceous time were analysed mainly in papers by Ciesli-
nski (1959b, 1976), Marcinowski & Radwanski (1983),
Marcinowski & Walaszczyk (1985), Machalski & Walasz-
czyk (1987), Kutek et al. (1989), Marcinowski & Wied-
mann (1990), Walaszczyk (1987, 1992).

Comprehensive analyses of the Cretaceous deposits
outside the Carpathian part of Poland, including the Lublin
area, are present in the papers by Pozaryski (1962), Jas-
kowiak-Schoeneichowa & Krassowska (1988), Marek
(1988, 1997) and Krassowka (1997). Reviews of earlier
works were presented by Pozaryski (1956) and Cie$linski &
Pozaryski (1970).

Geological structure of the Precambrian and Palaeozoic
basement in the Lublin area was the subject of studies by
Pozaryski (1957), Zelichowski (1972, 1974, 1979, 1984),
Zelichowski & Koztowski (1983), Khizhnyakov & Zeli-
chowski (1974), Porzycki (1988) and Znosko (1979, 1984,
1998). Tectonics of Mesozoic strata was studied mainly by
Pozaryski (1948, 1956, 1957, 1997) and Pawitowski (1961);
many observations on this topic are also included in the pa-
pers by Zelichowski quoted above.

The basic analytical material (logs of exposures and
boreholes) on stratigraphy and lithology of the Cretaceous
strata of the Lublin Syncline, used in this paper, was taken
mainly from studies by Krassowska (1965, 1976, 1977,
1981a, b, 1982,1986, 1989), and also by Cieslifski (1959a),
Lendzion (1960, 1969), Moryc & Wasniowska (1965),
Cieslinski & Pozaryski (1970), Geroch et al. (1972), Kras-
sowska & Witwicka (1983), Kijakowa & Moryc (1991),
Moryc (1996, 1997), Olszewska (1999) and from logs of
deep boreholes drilled by Polish Geological Institute (Pro-
file ..., 1973-1989). Archived descriptions of PIG boreholes
were also used to a large extent. Many of these papers, espe-
cially those by A. Krassowska and S. Cieslinski, include
many valuable data on conditions of sedimentation and
palaeogeography.

The length of time corresponding to the stratigraphical
hiatus at the base of the Cretaceous varies largely over the
area, in consequence of differentiated evolution of individ-
ual pre-Cretaceous tectonic units. The gap is greatest - ca.
230 My - near Hrubieszéw, where Cenomanian strata di-
rectly overlie the Upper Carboniferous (Zelichowski, 1972;
Krassowska, 1976). Over the East European Craton, where
Cretaceous strata directly overlie the Jurassic ones, the gap
corresponds to ca. 54 My (Cenomanian overlying Middle
Oxfordian - Krassowska, 1976; Niemczycka, 1976). In the
area of Debica (Fig. 2), close to the axis of subsidence, the
hiatus disappears, as a continuous transition was observed
there between the Tithonian and Berriasian strata (Olszew-
ska, 1999).

LITHOLOGY AND STRATIGRAPHY

Neocomian strata occur in a narrow belt near the ero-
sional boundary with the Upper Jurassic in the south west-
ern limb of the Lublin Syncline and are known only from a
few boreholes: Szelina, Potok I1G-1, Ruda Janowska, Dyle
1G-1, Jézefow, Narol 1G-1, Narol PIG-2, Babczyn 2 and
Basznia 1 (Fig. 2).

The Neocomian strata are proven by microfauna in
three boreholes: Szelina (Cieslinski & Pozaryski, 1970),
Basznia 1 (Moryc & Wasniowska, 1965) and Narol PIG 2
(Marek & Leszczynski, 1992). Upper Valanginian age was
determined at Narol, Valanginian-Hauterivian at Basznia
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and Neocomian at Szelina. In the other boreholes the Neo-
comian age was attributed on the grounds of the position in
the sequence and lithological analogies to the stratigraphi-
cally documented boreholes. The Neocomian sediments are
sandy-muddy-calcareous with oolites, bioclastic material
and locally glauconite. The north western part of the studied
area, represented by boreholes Szelina and Potok IG 1,
clearly stands out with its higher content of terrigenous ma-

terial. The sections of Neocomian deposits from the area
near Debica, on the south western side of the Lower San
Anticlinorium, have been also taken into account, as the re-
sults of their stratigraphical studies have been recently pub-
lished (Moryc, 1997; Olszewska, 1999). These include:
Wola Wielka 2, Pilzno 21, Stasiowka 1, Nawsie 1,
Zagorzyce 6 (Fig. 2). The sequence of Lower Cretaceous
strata is there tripartite (Fig. 3): the lower and upper units of
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oolitic-bioclastic limestones are separated by a mudstone-
claystone layer rich in organic debris. Microfauna in the
clayey series and the overlying limestones indicates a
Valanginian (Geroch et ai, 1972; Kijakowa & Moryc,
1991), possibly late Valanginian age (Moryc, 1997). A re-
cent study by Olszewska (1999) constrains the age of the
mudstone-claystone series in boreholes Zagorzyce 6 and
Nawsie 1 to the late Berriasian-early Valanginian. This,
combined with the findings of Calpionella alpina in the
lower limestone series, suggests the continuity of Late Ju-
rassic-Early Cretaceous sedimentation (Olszewska, 1999).
It is possible, however, that the Lower Cretaceous strata in
boreholes Wola Wielka 2 and Stasiowka 1 represent the
same time interval, and the Upper Valanginian deposits
were removed during a break in sedimentation that lasted
longer in that area (Fig. 3). The thickness of the Neocomian
strata varies from 0 to 90 m.

The Albian strata (see Fig. 4) are represented by sand-
stones with glauconite, marly and phosphorite-bearing in
the upper part. They include intercalations of spongolites
and gaizes in the south western part of the area. Their thick-
ness varies from 0 to ca. 20 m.

The Cenomanian sediments (see Fig. 5) are clastic
inoceramid-bearing limestones and marly limestones with
some phosphorites, small amounts of glauconite and silici-
clastic material, whose amount decreases upsection and
gradually towards the northeast. West of the Vistula river
cherts appear. The higher parts of the sections in the south-
west include intercalations of opokas and gaizes. The thick-
ness varies from a few to 20 m, over most part of the area

they are around 10 m.

The Turonian sediments (see Fig. 6) in the northeast are
represented by chalk and chalk-like limestones with cherts,
in the central part of the area passing to limestones with
abundant cherts and containing olisteginids and dispersed
inoceramid fibres. These limestones include marly lime-
stone intercalations farther to the southwest. In the south
easternmost part of the area, the mentioned rocks include
also intercalations of opokas and thin layers of sandy lime-
stones at base. The content of broken inoceramian shells de-
creases towards the southeast. The thickness varies from ca.
70 m in the north, to more than 200 m in the south western
part of the area.

The Coniacian and Santonian strata (see Fig. 7) contain
increasing proportions of argillaceous material; marly lime-
stones and marlstones appear as intercalations over the
whole area. Cherts are much less common than in the Turo-
nian sediments. The siliceous lithofacies (gaizes and opo-
kas) enlarged its extent to the southeast, covering the area of
Bilgoraj and Tomaszow Lubelski. The thickness varies
from ca. 60 m in the northeast to ca. 360 m in the south
western part.

The deposits of the Campanian and Early Maastrichtian
stages (see Figs 8, 9) are lithologically similar to those of
the Santonian, and the boundaries of the three lithofacies
zones vary only slightly. The thickness of the Campanian
varies from 50 m in the northeast to ca. 550 m in the south-
west, and of the Lower Maastrichtian from ca. 50 m in the
northeast to ca. 260 m in the southwest.

The Upper Maastrichtian strata are covered with the
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lowermost Palaeoeene, hence their thickness is not altered
by post-Laramian erosion. They occur only along the axis of
the Lublin Syncline near Kazimierz, Putawy, Nateczow,
Deblin, Abramow, Swidnik and Lublin (Harasimiuk, 1980,
1983; Krassowska, 1986). Though these sediments locally
exceed 320 m in thickness (the maximum value among the
all substages - Harasimiuk, 1975), their lateral extent is too
small to permit an analysis of their facies or thickness varia-
tion to a degree comparable with the older Cretaceous units.

COURSE OF SEDIMENTATION
AND FACIES PATTERN

The Neocomian position of the Mid-Polish Trough in
its Holy Cross part was outlined in the papers by Glazek &
Kutek (1970), Kutek & Gtlazek (1972), Raczynska (1979),
Hakenberg (1986), Kutek et al. (1989), Kutek & Marci-
nowski (1996), Marek (1988, 1997), Marek & Pajchlowa
(1997), Moryc (1997), Hakenberg and Swidrowska (1998).
A zone of increased subsidence existed in the south west-
ernmost part of the studied area, which was a prolonagation
of the Holy Cross segment of the Mid-Polish Trough. The
remaining, much larger part of the studied area lied on the
western palaeoslope of the East European Craton and was
subject to subsidence whose rate decreased towards the
northeast and correspondingly, it has stratigraphic gaps, in-
creasing in this directions. The area of deposition of the
Neocomian strata was limited to the axial part of the trough,
so these sediments are now preserved in two narrow zones
on both sides of the Lower San Anticlinorium. Directions of
clastic supply in the Neocomian deposits are difficult to de-
termine because of the narrowness of the zones of their oc-
currence. It is possible that the material was supplied from
the northeast, from the side of the East European Craton
(see Pasternak et al., 1987).

The Hauterivian sediments close the Jurassic sedimen-
tation cycle (Kutek, 1994) which has began in this area in
Middle Jurassic or, exceptionally, in Oxfordian time (Niem-
czycka, 1976). A time section perpendicular to the elonga-
tion of the Mid-Polish Trough (Fig. 3) illustrates deposition
and stratigraphical hiatuses at the break of the two cycles.
The continuity of sedimentation across the Jurassic/Creta-
ceous boundary was probably maintained along the basin
axis, as is indicated by the results of recent studies by
Olszewska (1999), but the precise delineation of the extent
of the Late Tithonian-Berriasian basin is hitherto uncertain.
The youngest sediments (Hauterivian) belonging to the
older cycle occur closer to the East European Craton (Fig. 3)
and there also appear sediments of the new, mainly Late
Cretaceous, sedimentary cycle. It seems thus likely that the
axis of maximum subsidence was situated asymmetrically,
closer to the north eastern margin of the basin.

After a break in deposition, lasting at least ten to twenty
million years (Barremian, Aptian and Early Albian - Fig. 3)
another Cretaceous transgression has began. The lithofacies
regions in the successive younger Cretaceous stages were
distinguished taking into account the proportions of chalk,
siliceous material of sponge origin and terrigenous material
in the sections. These criteria were used to distinguish the

main lithofacies (see Figs 4-9), deemed important for
palaeogeographical interpretations.

The oldest faunistically proven deposits, described as
the Middle Albian, occur in the Annopol section and in Po-
dolia (Samsonowicz, 1925; Kokoszynska, 1931; Cieslinski,
1959a, 1976; Marcinowski & Walaszczyk, 1985; Pasternak
el al., 1987; Marcinowski & Radwanski, 1989; Marcinow-
ski & Wiedmann, 1990). The location of these exposures
between the interpreted position of the Mid-Polish Trough
axis and the areas lacking the Albian sediments indicates
that the Albian transgression spread in the northeasterly di-
rection (see Cieslinski, 1976; Marcinowski & Wiedmann,
1990). Carbonate-free sands were laid down during the Al-
bian transgression in the areas flooded earlier. In the course
oftime and progress of transgression, calcium carbonate ap-
peared in sediments, so that the Albian sediments are
carbonate-free at the lower and calcareous in the upper parts
of the sections (facies region Ib in Fig. 4). As a result, the
Albian sections in the eastern and central regions, originally
lying higher, consist mostly or exclusively of calcareous
sandstones (facies region la in Fig. 4). These regions are ad-
jacent to the areas devoid of the Albian deposits, considered
as the emergent areas with erosion prevailing and found
(Krassowska, 1976, 1989; Pietruszka & Wilgat, 1981) near
Hrubieszéw, north of Wiodawa and between Krasnik and
Lublin (Fig. 4).

Three small areas with reduced thickness of lithofacies
1a, not related to the areas of prevailing denudation, occupy
an exceptional position. They are located along the south
western margin of the post-erosional extent of the Albian
sediments. These areas coincide with the zones where
Mesozoic strata display now stronger deformation, with an-
ticlines, flexures and longitudinal faults along the boundary
between the Jurassic and Cretaceous outcrops. This may
suggest that a group of synsedimentary listric faults were
active in the south western part of the basin, whose hanging
limbs supported zones of shallow water, with higher energy
of water movements.

The occurrence of phosphorites in the Albian sections is
probably related to slower deposition (of hardground type)
and relative abundance of faunal remains in the basin bot-
tom, supplying phosphophorus compounds (Uberna, 1967;
Annopol section - Marcinowski & Radwanski, 1983; Mar-
cinowski & Walaszczyk, 1985; Walaszczyk, 1987).

The rocks of type of non-calcareous gaizes and spongo-
lites that form a small lithofacies region west of the Vistula
(2a in Fig. 4) were laid down in conditions favourable for
sponges, at greater depths than the other sediments.

In Cenomanian time, sedimenation expanded over the
whole studied area (Fig. 5). The facies distribution was con-
trolled by, along with subsidence, the directions of terrige-
nous supply. The least amount of the terrigenous material
was found in the north eastern area (lc in Fig. 5), where the
slightly marly bottom part is overlain by limestones consist-
ing almost entirely of broken inoceramid shells (Krassow-
ska, 1976,1989). The supply of fine argillaceous material to
the central part of the studied area was already noticeable
and numerous intercalations of marly limestones were laid
down among the bioclastic inoceramid limestones (lb in
Fig. 5). A distinctly higher amount of terrigenous material,
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other explanations in Fig. 2 and in the text

including sand, was found in a small area north of the con-
fluence of the San and the Vistula (la in Fig. 5a). This area
underwent little subsidence and possibly had shallower wa-
ters than the surrounding areas. The material could be de-
posited due to transverse transport of sand from deep to
shallower zones, where longitudinal, SE-NW flowing, cur-
rents were active (region 2a). Sediments similar to those in
region Ib occurs in one of the regions lying farther to the
southwest (1d in Fig. 5), which is considered as representing
a deeper part of the basin because of the presence of cherts.
A still deeper part of the basin is represented by region 2a
(Fig. 5), where marly limestones and marls are intercalated
with opokas and gaizes, and the amount of terrigenous ma-
terial - sand and clay - is significant.

The progress of the transgression in Turonian time is
marked by the decrease in the amount of terrigenous mate-
rial. Sand was supplied in small amounts only from the
south western part of the area (2a in Fig. 6). The pattern of
spatial distribution of the facies regions confirms the earlier
suggested direction of terrigenous supply from the south-
west, furnishing material to the marly limestone intercala-
tions in the limestones and bioclastic inoceramian lime-
stones (facies regions Ic and 2a in Fig. 6). The terrigenous
material, even its finest fraction, hardly reached the region
situated in the northeast (la - chalk and Ib - bioclastic
inoceramian limestones in Fig. 6; Krassowska, 1976,1989).
In the farther north eastern region 1a, the scarcity of silici-
clastic material, calm sedimentation and small subsidence,
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all favoured development and accumulation of coccoliths,
which are the main component of the chalk present there.
Sediments rich in silica of sponge origin (cherts in the
whole area and additionally opokas in the south western re-
gion 2a) were found in all lithofacies regions. This suggests
some degree of facies unification, related to the generally
high stand of global sea-level (cf. Hancock, 1989). The dif-
ferences in depth were preserved: the greatest depths in the
south western and the lowest in the north eastern parts ofthe
studied area.

The Coniacian-Santonian, Campanian and Lower
Maastrichtian sections do not reveal the predominance of
biogenic, bioclastic and chert-bearing limestones. One of
the facies characteristics which distinguishes the Cretaceous
stages younger than Turonian is the higher amount of the

Thickness and facies pattern of Cenomanian deposits. Explanations see Figs. 2, 4 and text

fine, argillaceous terrigenous material. It is present in the
marlstones and marly limestones abundant in the central and
south western lithofacies regions (Coniacian/Santonian -
Fig. 7, Ib, 2a; Campanian - Fig. 8, Ib, 2a; Early Maas-
trichtian - Fig. 9, Ic, 2a). The north eastern region (la in
Figs 7-9) was reached by only scarce siliciclastic material
and deposition of chalk and chalk-like limestones persisted
there, similarly as in Turonian time. During the Early Maas-
trichtian (Fig. 9), region Ic (rich in marly rocks) was re-
duced in extent (see also Wyrwicka, 1980), while region Ib
was intermediate between la and Ic, with intermittently in-
creased supply of argillaceous material. During the breaks
in its supply conditions favourable for development of coc-
coliths persisted in the area.

The Campanian and Lower Maastrichtian deposits in
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the central and north eastern facies regions (la, Ib, Ic in
Figs 8 and 9) contain much less cherts. We interpret this as a
result of some shallowing of the basin in these regions. The
farthest south western region (2a in Figs 7-9) remained
deepest relative to the other regions (relatively numerous in-
tercalations of gaizes and opokas).

Beginning from the Turonian, the siliceous lithofacies
steadily expanded towards the northeast. This was probably
related to the eustatic rise in sea level, which could even at-
tain 650 m relative to the Albian level (Hancock, 1989).

It should be noted that lithofacies enriched in biogenic
silica are always thickest, hence they probably were laid
down at locations closest to the axis of maximum subsi-
dence. Another lithofacies characteristic of the Late Creta-
ceous sedimentation - chalk - was typical of the zone of

V'30 (
50°30'
Tomaszow
A Lubelska
226\ \
Ugniew
Lubaczéw

Thickness and facies pattern of Turanian deposits. Explanations see Figs. 2, 4 and text

lowest thickness and was laid down in the north eastern part
of the studied area. Between the two mentioned extremally
situated zones, deposits of calcareous and marly facies were
laid down (Fig. 10). The south western limit of the chalk ex-
tended (from Turonian through Campanian time) near the
Zelechow-Kock Fault Zone, extending southeast to the vi-
cinities of Hrubieszow. The line so defined (see Fig. 10)
was accepted by Pozaryski (1963, p. 7) as the north eastern
boundary ofthe Marginal Syclinorium, understood as a syn-
clinal structure of the Mesozoic cover and related to the
“break in inclination of the platform slope... and sudden in-
crease in thickness towards the southwest with filling in this
direction of the numerous stratigraphic gaps.” Already in
1957 Pozaryski has drawn attention to the deep, related to
crystalline basement, tectonic control of the ofthe chalk fa-



CRETACEOUS BASIN EVOLUTION IN THE LUBLIN AREA 9

CONIACIAN

tukoéw
+SANTONIAN
Wiodawa
51°30’
Radom
m LUBLIN
Chetm
Krasnik
VvV 2 Hrubieszéw,
) >Zamos$¢
Sandomierz
50°30° V.V .0 0
Lithofacies regions / '7S Bitgoraj \ Tomaszéw'®
------- chalk and chalk-like limestones LA \ \'\ Lubelski
la with few cherts, and intercalations
of marly limestones
iTT  limestones and marly limestones with cherts,
marlstone intercalations
opokas with intercalations of marly limestones and marlstones,
gaize intercalations at bottom
Lubaczéw

Fig. 7.

cies extent. An equivalent of the Zelechow-Kock-Hrubie-
szow Fault may be traced on the Ukrainian side as two adja-
cent parallel faults: the Novy Volyn and Krasnograd Faults
(cf. Kruglov & Khizhnyakov, 1985).

The north eastern boundary of the siliceous lithofacies
(from Coniacian through Early Maastrichtian time) runs
through Roztocze, near the north eastern boundary of this
region, controlled by the edge of the lower step in the crys-
talline basement of the East European Craton. This relation
has been already pointed out by Pozaryska & Witwicka
(1983).

The continuous supply of terrigenous material from the
southwest to the area of the north eastern slope of the basin
from Albian through Maastrichtian was the result of cur-
rents flowing transversally to the basin slope. These could

Thickness and facies pattern of Coniacian-Santonian deposits. Explanations see Figs. 2, 4 and text

not be the same currents that supplied material to the basin,
as the position of the trough axis in the southwest is docu-
mented by the earlier appearance of the oldest trangressive
sediments, expansion of the transgressions to the sides of
the trough, a higher thickness and lithofacies laid down in
deeper parts of the basin. The source area for the Late Creta-
ceous supply has been thought in the eastern part of the
Ukrainian Shield (see palaeogeographical maps in Najdin,
1959; Pasternak et al., 1987). Rivers could transport prod-
ucts ofweathering to its southern slopes, from where the ter-
rigenous material could be transported by longitudinal cur-
rents farther to the northwest. The presence of a land barrier
on the margin of the epicontinental area of Europe, that
would separate the studied basin from the Tethys basin can
not be ruled out.
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Sixteen logs of relatively well studied boreholes sec-
tions have been selected along the cross-section lines (Fig.
11) drawn approximately perpendicular to the present-day
tectonic units (Fig. 10). These tectonic units include: (i) the
Kock Fault that separates (ii) the most elevated north east-
ern part of the East European Craton from (iii) the Lublin
Graben in the Palaeozoic structural pattern (prolongation of
the fault towards Wasylow) and in the Mesozoic structural
pattern from (iv) the Lublin Syncline (prolongation of the
Kock Fault towards Hmbieszow); the Lublin Graben is
bounded on the southwest by (v) the Ursynow-Kazimierz
Dolny-Wysokie-Rawa Ruska Fault that separates it from
(vi) the Radom-Krasnik Uplift. A comparison of the three
cross-sections confirms the persistence of the main lithofa-
cies boundaries throughout the whole Late Cretaceous. It
also reveals some more detailed facts that could not be all

24°

Thickness and facies pattern of Campanian deposits. Explanations see Figs. 2, 4 and text

noticed on the maps.

The sections B and C reveal increased thickness of Tu-
ranian limestones in the zone near Leczna 2 and between
the boreholes Grabowiec and Terebin. This takes place near
the Kock Fault and the fault’s influence should also account
for the persistence of limestone lithofacies, characteristic of
Turanian, during Coniacian time (keczna). A probable
cause of the increased carbonate productivity could be the
presence of a submerged ridge above the active Kock Fault
and favourable hydrodynamic conditions; also, increased
fertility of water due to endogenic supply can not be ruled
out.

The sections A and B show that the stable lithofacies
pattern was altered in Early Maastrichtian time. First, the si-
liceous lithofacies expanded to the northeast and then, at the
end of the Early Maastrichtian, it withdrew toward the axis
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of the Holy Cross segment of the trough (to the southwest),
behind which the area of chalk facies was expanding. This
fact may be interpreted as a narrowing of the deeper basin
area, coupled with the expansion of the area deprived of
clastic supply from land. Both these phenomena occurring
at the end of Early Maastrichtian could be caused by a bar-
rier rising between Bakowa and Ciepieléw and between
Stréza and Bystrzyca, which separated the chalk lithofacies
area from the area of the trough proper.

A clear expansion of the siliceous lithofacies to the
northeast occurred along the third cross-section line (C).
Sedimentation of opokas persisted in the zone of the pres-
ent-day Lublin Syncline until the end of the Early Maas-
trichtian. Chalk lithofacies did not increase its extent to the
southwest. This could be due to stronger subsidence in this
part of the basin than in the northwest (cross-sections A and
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Thickness and facies pattern of Lower Maastrichtian deposits. Explanations see Figs. 2, 4 and text

B) and the increased supply of terrigenous material at that
time along the southern margin of the Ukrainian Shield.
This is implied by the presence of sandy gaizes (Narol bore-
hole) and the expansion of the marlstone lithofacies near the
state boundary (Fig. 9).

THICKNESS PATTERN AND
SYNSEDIMENTARY BASEMENT
MOVEMENTS

The presented thickness maps of the Cretaceous stages
(Figs 4-9) indirectly demonstrate how the accumulation
rate varied in any time interval and where zones synsedi-
mentary tectonic movements in the basement could be lo-
cated, based on the increased thickness gradients. Accelera-
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Fig. 10.

Late Cretaceous changes in extent of chalk and siliceous marly lithofacies: 1- Turanian, 2 - Coniacian/Santonian, 3 - Cam-

panian, 4 - Early Maastrichtian; main discontinuity zones in Precambrian (partly after Znosko, 1998; other explanation in the text): a -
Zelechow-Koek-Hrubieszow, b - Ursynow-Kazimierz Dolny-Rawa Ruska

tions in basin subsidence, observed on maps (Figs 4-9) and
expressed in more dense arrangement of isopachs, are at-
tributed to the activity of synsedimentary faults in the base-
ment (cf. Hakenberg & Swidrowska, 1998).

The thickness of the Albian strata is very low (Fig. 4).
An exceptionally stable triangular area may be distin-
guished in the central part, reaching to the Vistula and the
Bug and farther east. In the west, to the line of the Wieprz,
subsidence was controlled by WNW-ESE trending Palaeo-
zoic faults and folds. The sediment-free zone north of Kras-
nik, coincides with the Palaeozoic anticlinal structure Opole
Lubelskie-Niedrzwica-Bychawa; perpendicular directions
can be also discerned. Farther east, between the Wieprz and
the Bug, the influence ofthe basement is less visible, though

the submeridional extent of the zone of zero thickness is
generally parallel to the structural trends in the basement
(from Precambrian through Jurassic - cf. Pozaryski & Dem-
bowski, 1983). The south eastern area features the presence
of active zones of downbending of the basin bottom and its
division into NW-SE oriented parallel zones of lower and
higher subsidence. Subsidence was highest along the
Izbica-Zamosc-Ugniew Fault. The western boundary of
this area lies in the Wieprz valley south of Krasnystaw (Fig.
4), which may be predisposed by a tectonic disturbance in
the basement. It lies in the prolongation of the Swi’cica
Fault (see Fig. 10), active from Early Palaeozoic time,
whose course was reinterpreted using the recent seismic
surveys (Wnuk & Swierczewska, 1994).
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A zone of NW-SE trending longitudinal faults, bound-
ing the axial part ofthe trough, ran probably along the south
western boundary of the studied area.

A thickness pattern similar to the Albian one persisted
through the Cenomanian (Fig. 5) only south of Hrubieszéw
and north of the San and Vistula confluence, where areas of
low subsidence are present (thickness usually below 6 in).
In the south eastern and the western areas, the trends are re-
versed: the Cenomanian depocentres are located in the
zones of thinner Albian sediments. A similar trend was ob-
served in the Holy Cross segment (Hakenberg, 1978, 1986;
Swidrowska & Hakenberg, 2000). Cenomanian sediments
are relatively thick, (up to 30 m) in the western part of the
area, between Krasnik and Lublin. The zones of greatest
subsidence are located in the southeast: near the Izbica-Za-
mos$¢-Ugniew Fault and the NW-SE trending faults north-
east of Lubaczéw. The last depositional centre (60 m) seems
to be deepening towards Ukraine.

The thickness is much greater in Turanian sediments
(Fig. 6): from 70 to 240 m in the south western part of the
area, most frequently 100-140 m. The generally latitudinal
pattern of isopachs changes to a NW-SE trending one east
of the meridional segment of the Wieprz river. Isopachs are
there closer spaced, pointing to the synsedimentary activity
of the Izbica-Zamos$¢-Ugniew Fault. A series of large
transverse faults which delineate the Tartow Graben is also
well discernible.

The thickness of the Coniacian-Santonian strata (Fig.
7) varies from ca. 60 m in the northeast to more than 350 m
near Bitgoraj; on the prevailing area it falls within 80-160
m. The general trend of isopachs is uniform over the whole
area - NW-SE, typical of the Mesozoic structures. Subsi-
dence was markedly accelerated near the fault running be-
neath the inner margin of Roztocze, southwest of Toma-
szOw Lubelski.

The thickness of Campanian strata (Fig. 8) vary from
ca. 50 m in the northeast to more than 550 m near Narol in
the southeast; they usually fall within 100-200 m. Isopachs
in the central part of the Lublin region trend NW-SE, simi-
larly as before. The most variable pattern of isopachs is
present in the southwest, where three segments may be dis-
tinguished in the basin slope. The western segment, down to
the line of the Bystrzyca river, features rejuvenation of the
WNW-ESE trending Palaeozoic structures. The Betzyce-
Niedrzwica structure was depressed. A zone of increased
subsidence in the southwest is not evident here. The eastern
sector, between the Wieprz valley and the state boundary,
comprises a zone of very high thickness gradient- 350 m in
10 km. The middle segment, between the Bystrzyca and the
Wieprz is also a zone ofrapid increase in thickness towards
the southwest, but over a wider area.

The thickness pattern in the Maastrichtian (Fig. 9) is in
clear contrast to those in the older Cretaceous stages, though
the minimum values of thickness are noted in the northeast
(about 50 m) and the maximum ones in the southwest (up to
ca. 260 m), similarly as earlier. A differentiation ofthe basin
appears transversal to the general isopach trend. In the west-
ern segment, between Radom and Krasnik, two elevations
are discernible with thickness below 100 m, which separate
the area of the siliceous lithofacies from the area of the

chalk lithofacies. Eastward of the upper, fault-controlled
(Harasimiuk, 1980) segment of the Bystrzyca, the pattern is
completely different as the 200 m isopach is shifted rela-
tively far to the northeast. The area situated between Janow
Lubelski, Bitgoraj, Krasnystaw, and Ugniew and Toma-
sz6w Lubelski was subject to intense subsidence.

Analysis of the thickness changes in vertical plan (Fig.
11) requires separate discussion of the individual cross-
section lines.

The A-A’ line coincides with the Holy Cross segment
of the trough in its south western part. The thickness gradi-
ents do not indicate the presence of active faults. The East
European Craton as a whole was subsiding faster in the
southwest direction. A departure from the uniform subsi-
dence is discernible only in the Campanian and Lower
Maastrichtian strata, on the grounds of a higher increase in
thickness over the short distance between Ciepieléw and
Bakowa. This fragment of the north eastern margin of the
trough was subsiding faster than the zone situated farther to
the northeast and represented in the cross-section between
Ciepieldw and Radzyn. The stronger downbending of the
south western margin of the craton has began probably ear-
lier, already in Santonian time, as the appearance of sponge
facies in this stage at Bakowa may be interpreted as due to
the basin deepening not compensated by supply of argilla-
ceous and carbonate material. The facies change precedes
here the increased supply of sediment in the axial part of the
trough.

The B-B’ line provides similar data on subsidence: a
steady, slow increase in thickness to the southwest is accel-
erated in the Santonian strata as is shown by the presence of
siliceous lithofacies and in the Campanian, as is shown by
the increase in sediment thickness. The changes in the
Lower Maastrichtian can not be shown here.

Along the C-C’ line a pattern of subsidence is clearly
different than in the other two cross-sections. The north
eastern segment displays an increased gradient in the thick-
ness ofthe Lower Maastrichtian strata between Strzelce and
Terebin, in the prolongation of the Kock Fault, which was
probably reactivated over this segment. Thickness varia-
tions between Terebin and Grabowiec are minimal; rapid in-
creases appear at Ruszéw and Narol, southwest of the
Izbica-Ugniew Fault and another fault parallel to it, running
southwest of Tomaszéw Lubelski. The influence of these
faults is greatest in the Campanian, though even earlier they
became manifest in both, thickness and facies.

RATE OF SUBSIDENCE

An analysis of sediment thickness growth with time,
without taking into account compaction, changes in basin
depth and eustatic changes in sea-level, leads to conclusions
on the rate of accumulation rather than on the rate of subsi-
dence. However, if we accept that this is proportional to the
rate of subsidence (for a stable sea-level) and ifwe treat it as
a relative value used for comparison within one basin, than
such a simplification may be accepted as a substitute.

In order to compare the rates of subsidence at various
times and the variation in subsidence rate with time (accel-
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eration), subsidence curves have been
plotted (Fig. 12). Nine boreholes were
selected, three from each of the three
cross-sections showing facies and
thickness of the deposits, to demon-
strate the subsidence in various palaeo-
tectonic regions, labelled with numbers
1to 3: 1) the north eastern limb of the
trough situated close to the longitudinal
fault zones bounding the proper trough
- boreholes Bakowa, Stréza, Narol, 2)
the East European Craton with its thick
young Palaeozoic sedimentary cover
(Lublin Graben), situated south west of
Kock Fault, where the crystalline base-
ment lies at a great depth - boreholes
Zyrzyn, Lublin and Grabowiec, 3) the
East European Craton northeast of the
Kock Fault, where the crystalline base-
ment lies at shallow depths - boreholes
Radzyn, Krowie Bagno and Strzelce.

The subsidence rate, expressed in
the diagram by the slope of the curve,
in most part of the area (regions 1 and
2) has attained similarly high values
still twice in Late Cretaceous time: in
the Turanian and Early Maastrichtian.
Northeast of the Kock Fault (region 3),
the subsidence rate was greatest in Tu-
ranian, and much lower in Early Maas-
trichtian.

A comparison of the Turanian sub-
sidence rate in various areas (regions 3
and 2, along cross-sections A, B, and C
in Fig. 12) shows that the differences
are very small; only the segments of the
curve corresponding to the south west-
ern region 1 show slightly steeper
slopes. The degree of relative lowering
of the craton which formed the north
eastern limb of the trough, was similar;
only its south western margin was sub-
ject to greater subsidence. This trend is
more clear in the southeast (Narol). The
Kock Fault did not influence the rate of
sediment accumulation.

The subsidence rate in the Early
Maastrichtian changes steadily along
each of the cross-section lines. The
whole studied area was subject to
stronger subsidence in the southwest
(progressive steepening of the curve
from the region 3 to 1), which means
that a uniform cause provoked uneven
response within the basement.

The subsidence curves reveal also
changes in subsidence rate, including
its important accelerations. Accelera-
tion of subsidence is expressed in the
increase in slope of a curve segment,

NE

SW

NE

SW

NE

SwW

Fig. 12. Curves showing changing accumulation rates along the A, B and C cross-
sections (location in Fig. 10); 1, 2, 3 - palaeotectonic realms; dashed lines shown to
enhance the increase in the rate of accumulation manifest in the angular difference
between the adjacent sections of the curves (relative to Cenomanian and Campanian,
respectively); numeric scale after Odin & Odin (1990); other explanations in text



16 M. HAKENBERG & J. SWIDROW SKA

relative to the preceding segment; its measure is the differ-
ence in slope angle between the two segments of the curve.
Acceleration of subsidence occurred twice within each of
the analysed points: in the Turonian and in early Maas-
trichtian; the Turonian one was greater.

The Turonian acceleration was uniform along the whole
cross-section lines - it does not display any variation rela-
tive to the tectonic position. Thus the underlying cause did
not act selectively - the whole area reacted in a similar way.
The reason could be a sea-level rise or a change in general
tectonic regime (for instance a stronger extension), which
nevertheless did not generate faults and did not activate the
old discontinuities. However, a possibility that both causes
were superposed can not be ruled out. A similar acceleration
of subsidence rate in the Turonian over the whole area
seems to indicate a significant role of the eustatic factor in
the enlargement of the basin area and in uniform isostatic re-
sponse of the basin basement.

The Early Maastrichtian acceleration is differentiated
along the cross-sections: it is greatest in the central points
(2) of the cross-sections B and C, that is above the Palaeo-
zoic Lublin Graben. Along the section A it is greatest in
borehole Bakowa situated in the southwest (1). The factor
which caused the acceleration of the sediment accumulation
rate did not evoke then a uniform response - this may imply
either a differentiated response of the basement to a uniform
cause or a regionally differentiated intensity of the causal
factor. The different pattern of subsidence rate in the Early
Maastrichtian suggests that the causal factor could not be of
eustatic nature. Downwarping was greatest in the southwest
(region 1), while greater acceleration occurred above the
axis of the Late Palaeozoic Lublin Graben. As the generally
greater Turonian acceleration in subsidence rate did not
cause a differentiated response in the basement, than the
weaker but regionally differentiated Early Maastrichtian ac-
celeration was probably due to the role of tectonic factor in
the augmenting of the depositional capacity of the basin.
The Lublin Graben area was subject to a stronger down-
bending and after inversion it became the central part of the
Marginal Depression. This seems to be a manifestation of
the beginning of the formation of the Marginal Syncline,
which in turn may be an equally good argument for the be-
ginning of inversion as the difficult to ascertain (because of
later removal of Cretaceous deposits) beginning of the for-
mation of elevation in the central part of the trough. This is
confirmed by the observation at Narol, situated both, near
the area which was uplifted towards the end of Cretaceous
time and close to the area which was subjected to down-
bending in the Early Maastrichtian (Grabowiec on cross-
section C). At Narol, the Early Maastrichtian acceleration is
smallest. We observe areversal in the trend of sediment ac-
cumulation during the Early Maastrichtian, which may be
interpreted as heralding the oncoming process of inversion.

The regional comparison of the values of accumulation
rate acceleration at various times may thus provide opportu-
nity for a distinction between the role played by eustatic
(Turonian) and tectonic (Early Maastrichtian) factors in the
process of augmenting the depositional capacity of the ba-
sin.

CONCLUSIONS

1. The thickness of deposits, both in the Jurassic-Lower
Cretaceous and the Albian-Upper Cretaceous (including
Lower Maastrichtian) megacycles, increases to the south-
west. Therefore, the axis of maximum subsidence lied
southwest of the present-day erosional limit of Cretaceous
deposits.

2. The occurrence of the Middle Albian transgressive
sediments, limited to the extremal southwest part of the
studied area, shows the lowest part of the basin.

3. Siliceous lithofacies appeared in the southwest in Al-
bian time, then spread to the northeast and lasted through
the Early Maastrichtian. Its occurrence, related to the zone
of maximum subsidence and conditions favourable for sili-
ceous sponges (depths of several hundred metres, inclined
slopes), delineate the zone lying closest to the trough axis
relative to the other facies.

4. The supply of terrigenous material to the north east-
ern slope of the basin during the Albian through Maas-
trichtian time interval was from the southwest to the north-
east, that is from the direction of the trough axis (located by
the appearance of transgression, its spreading to the trough
limbs, greater thickness and deeper facies) and was caused
by currents transverse to the basin slope. These currents,
however, can not be considered as the currents supplying
material to the basin from source areas. The proven source
area was the south eastern part of the Ukrainian Shield,
which suggests supply of terrigenous material by longitudi-
nal currents from the southeast in the Polish part of the
trough.

5. Chalk was laid down from Turonian through Early
Maastrichtian time, always farthest from the trough axis, in
the NE part of the studied area, where subsidence was
smallest and terrigenous supply lowest.

6. The limits of extent of chalk facies to the southwest
and siliceous facies to the northeast lie above the zones of
deep faults lowering the top of the crystalline basement of
the East European Craton: one above the Zelechow-Kock-
Hrubieszow Fault Zone which marks the upper escarpment
of the crystalline basement, another above the Kazimierz
Dolny-Wysokie-Rawa Ruska Fault Zone, accepted as the
south western boundary of the craton.

7. The control of the lithofacies pattern by the disloca-
tion course proves the role of tectonic factor in controlling
the basin depth.

8. The rate of sediment accumulation was subject to two
episodes of strong acceleration: in the Turonian and Early
Maastrichtian. A regional comparison of the values of ac-
celeration in sediment accumulation rate in both time inter-
vals implies a greater role of the eustatic factor in the Turo-
nian and of tectonic factor in the Early Maastrichtian in the
augmenting of the depositional capacity of the basin.

9. The Early Maastrichtian acceleration in subsidence
rate occurred along the axis of the present-day Lublin Syn-
cline, which may be interpreted as the beginning of the pro-
cess of inversion.
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Streszczenie

EWOLUCJA BASENU KREDOWEGO NA
OBSZARZE LUBELSKIM WZDtUZ STREFY
TEISSEYRE’A-TORNQUISTA (SE POLSKA)

Maciej Hakenberg & Jolanta Swidrowska

Celem tej pracy jest przedstawienie rozwoju depozycji osa-
déw kredowych w lubelskim basenie sedymentacyjnym na pod-
stawie analizy rozktadu litofacji i migzszosci. Basen ten byl
potozony na pdétnocno-wschodnim skionie bruzdy $rédpolskiej, a
dalej na p6inocny wschéd na jej przedpolu rozciggajacym sie na
kratonie wschodnioeuropejskim. Bruzda $rédpolska powstata
wzdtuz strefy Teisseyre’a-Tomquista ponad strefg kontaktu plat-
formy paleozoicznej a prekambryjskim kratonem wschodnioeuro-
pejskim (Fig. 1).

Postugujac sie istniejacymi publikacjami i materiatami archi-
walnymi zestawiono mapy izopachyt dla siedmiu przedziatéw cza-
sowych od neokomu po wczesny mastrycht (Fig. 2 i4-9). Wyr6z-
nionych zostato kilka gtéwnych litofacji, ktérych granice zazna-
czono ma mapach migzszosci. Analiza migzszos$ci osadéw, nale-
zacych zaréwno do megacyklu jurajsko-dolnokredowego (neokom
- Fig. 2i 3), jak i cyklu albsko-gérnokredowego (wtacznie z dol-
nym mastrychtem - Fig.4-9), wykazata, ze rosng one ku potud-
niowemu zachodowi. Tak wiec 0§ maksymalnej subsydencji byta
potozona na potudniowy zachéd od obecnego erozyjnego zasiegu
wystepowania osadéw kredowych. O potozeniu osi dodatkowo
$wiadczy wystepowanie transgresywnych osadéw $rodkowego
albu, ograniczone do skrajnie potudniowo-zachodniej czesci bada-
nego obszaru. Wyznaczona zostaje w ten sposéb najnizej potozona
cze$¢ dostepnego badaniami basenu.

Doptyw materiatu terygenicznego w strefe NE sktonu basenu
nastepowat konsekwentnie od albu do mastrychtu z SW ku NE, od
strony osi bruzdy (wyznaczonej pojawieniem sie transgresji, jej
rozprzestrzenieniem na skrzydta bruzdy, wiekszymi miazszos-
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ciami i gtebszymi facjami) i byto skutkiem pradéw poprzecznych
do nachylenia dna basenu. Prady te nie moga by¢ traktowane jako
prady dostarczajace materiat klastyczny do zbiornika z obszaréow
alimentacyjnych. Takim denudowanym obszarem byta potud-
niowo-wschodnia czes$¢ tarczy ukrainskiej. Sugeruje to na polskim
odcinku bruzdy dostawe materiatu terygenicznego z potudnio-
wego wschodu pradami podtuznymi. Na potudniowym zachodzie
w albie pojawita sie litofacja krzemionkowa, ktéra nastepnie
rozszerzyta swoj zasieg ku NE i trwata do wczesnego mastrychtu
wiacznie. Jej wystepowanie, zwigzane ze strefg najwiekszej subsy-
dencji i korzystnymi warunkami zycia gabek krzemiokowych
(gtebokosci kilku setek metréw, nachylone stoki), wyznacza strefe
potozona najblizej osi bruzdy w stosunku do pozostatych litofacji.
Inna wazna litofacja - kreda piszaca osadzata sie od turonu do
wczesnego mastrychtu wiacznie zawsze w maksymalnej od-
legtosci od osi bruzdy, w NE czesci opracowywanego terenu (Fig.
10 i 11). Obszar ten charakteryzowat sie najmniejszg subsydencjg i
najmniejszym doptywem materiatu trygenicznego. Potudniowo-

zachodni zasieg litofacji kredy piszacej i pétnocno-wschodni lito-
facji krzemionkowej lezg nad wgtebnymi strefami dyslokacyjnymi
obnizajagcymi strop krystaliniku kratonu wschodnioeuropejskiego:
pierwsza nad strefg dyslokacyjng Zelechéw-Kock-Hrubieszow,
wyznaczajacg gorng skarpe krystaliniku, a druga nad strefg dys-
lokacyjng Kazimierz Dolny-Wysokie-Rawa Ruska, uznawang za
SW granice tego kratonu (Fig. 10). Uzaleznienie rozktadu litofacji
od przebiegu dyslokacji dowodzi roli czynnika tektonicznego w
ksztattowaniu gtebokosci zbiornika.

Tempo akumulacji osadéw dwukrotnie ulegto silnemu przys-
pieszeniu: w turonie i we wczesnym mastrychcie. Regionalne
poréwnanie wielko$ci przyspieszenia tempa trwatej akumulacji
osadéw w tych dwéch przedziatach czasowych sugeruje wiekszy
udziat czynnika eustatycznego w turonie, a tektonicznego we
wczesnym mastrychcie w procesie zwiekszenia sedymentacyjnej
objetosci basenu (Fig. 12). We wczesnym mastrychcie najwieksze
przyspieszenie subsydencji nastapito w osi obecnej synkliny lubel-
skiej, co mozna interpretowac jako poczatek procesu inwersji.



