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Evolution of the Holy Cross segment of the Mid-Polish Trough 
during the Cretaceous 
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Facies and thickness pattern of consecutive Cretaceous stages have been interpreted in the Holy Cross segment of the Mid-Polish Trough. 
The study has been based on detailed analysis of available materials concerning stratigraphy and lithology of the h t aceous  deposits. 
Regions characterised by similar vertical lithofacies succession for each Cretaceous stage have been distinguished and can be related to 
different depositional environments. An axial part of the basin has been d e f i ,  the locarion and role of synsedimentary faults have been 
determined and variability of the basins transversal asymmetry has been characterised. The importance of the sandy material influx in the 
uppermost Cretaceous has been analysed. Main tectonic pulse, leading to an increase of subsidence rate and controlled by the fault activity, 
took place in the Turonian. 
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INTRODUCTION 

The region described in the present paper slightly exceeds 
area bordered by Wisla and Pilica rivers (Fig. IA). The 
Cretaceous deposits fill three synclines, evolved during the 
Laramide inversion: the Warsaw-Lublin Syncline in the 
north-east, Miech6w Syncline in the south-west and Toma- 
sz6w Syncline in the north-west. During the Cretaceous de- 
positional cycle, since the Late Albian, these areas have been 
included into a single depositional basin. Recently, due to the 
Laramide inversion and related epigenetic erosion, Toma- 
sz6w andMiech6w synclines are separated from the Warsaw- 
Lublin SyncIine by the Mid-Polish Swell with its Holy Cross 
segment. 

The aim of this paper is to establish a depositional evol- 
ution and subsidence history of the mentioned area during the 
Cretaceous by means of thickness and facies analysis of 
particular stages. Input data on Cretaceous stratigraphy and 
lithology was derived from papers of the following authors: 
R. Chlebowski et al. (1977), S. CieSlifiski (1959a, b, 1976),S. 

Cielliriski, W. Potaryski (1970), B. Don (1973), S. Geroch et 
al. (1972), R. Gradziriski (1960), M. Hakenberg (1969,1978, 
1986), I. Heller, W. Moryc (1984), M. Jaskowiak-Schoenei- 
chowa (1972), M. Jaskowiak-Schoaneichowa, A. Krassow- 
ska (1983, 1988), A. Krassowska (1989, 19971, J. Kutek 
(1967, 1968, 1994~1, b), J. Kutek et al. (1987), J .  Kutek, R. 
Marcinowski (1996), W. Machej (1970), R. Marcinowski 
(1974), R. Marcinowski, S. Rudowski (1980), R. Marcinow- 
ski, A. Radwafiski (1983, 1989), R. Marcinowski, I. Wa- 
taszczyk (1985), S. Marek (1983, 1988, 1997), W. Moryc 
(1996), W. Moryc, J. Wdniowska (1965), K. Mrozek (1975), 
W. Poiaryski (1938, 1948, 1966), A. Raczyfiska (1979), J. 
Rutkowski (1965, 1976), E. Senkowicz (1959), J. Uberna 
(1967), I. Walaszczyk (1992), and A. Witkowski (1969). 
Archival and published descriptions of deep well sections 
(Profile gfgbokich otwordw wiertniczych.., 1973-1988) have 
been also used, as well as, for the area of the Miech6w 
Synciine, explanations of 14. sheets of the Detailed Geologi- 
cal Map of Poland (scale of 1 :50 000). The early history of 
studies of the Cretaceous deposits is presented in the paper by 
S. CielIiAski and W. Poiaryski (1970). 
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Fig. 1.  Thickness pattern of Neocomian deposits (A - location of investigated area) 
1 - Palaeozoic, 2 -Triassic and Jurassic 

Rozklad rniahzogci osad6w neokomu (A - lokalizacja obszaru badatl) 
I - paleozoik, 2 - trias i jura 
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From the palaeotectonic point of view the discussed area 
was situated in three distinctly different regions. The first of 
them was connected with the south-east extension of axial and 
near-axial part of the Mid-Polish Trough. Here, both sub- 
sidence and sediment-thicknesses were considerable in the 
Permian and Mesozoic, and depositional breaks and erosional 
episodes were few and short-lasting. The two other zones 
were located on opposite flanks of the trough and recently 
they are occupied by the areas of the Miech6w and Warsaw- 
Lublin synclines. They are both characterised by opposite 
tendency in terms of depositional conditions, when compared 
to the Mid-Polish Trough area (J. Glazek, J. Kutek, 1970; R. 
Dadlez, 1987,1989; M. Hakenberg, J. Swidrowska, 1996; A. 
Morawska, 1996; M. Hakenberg, J. Swidrowska, 1997). 

The above differences became pronounced i.a. near the 
Jurassic/Cretaceous boundary which is characterized by 
stratigraphic gaps of various magnitude. In the Miechdw 
Syncline the gap may range from ca. 45 Ma near Przedb6rz 
(Upper Albian on Upper Kimmeridgian- J. Kutek, 1968; M. 
Hakenberg, 1978) to ca. 60 Ma in some localities near Krak6w 
(Santonian on Oxfordian - R. Gradziriski, 1960). A consid- 
erably smaller stratigraphic gap has been identified on the area 
of Warsaw-Lublin Syncline. It can be estimated to span about 
9 Ma in the Raducz IG 1 deep well (Upper Valanginian on 
Upper Volgian - S .  Marek, 1983) to ca. 15 Ma in the 
BiaIobrzegi IG 1 deep well (Upper Valanginian on Lower 
Kimmeridgian - S. Marek, 1983). In the part of the investi- 
gated area situated closer to the axis of the Mid-Polish Tmugh 
(TomaszBw Syncline) the depositional gap between the Juras- 
sic and Cretaceous is in the order of merely 5 Ma (Upper 
Berriasian on Middle Volgian - A. Witkowski, 1969; J. 
Kutek, 1994b; 5. Kutek et al., 1987). 

Neocomian deposits crop out in the Tomasz6w Syncline 
and in the northeastern margin of the Holy Cross Mountains 
between Nowe Miasto and Chwalowice near Ilia (S. Ciei- 
liriski, W. Poiaryski, 1970). North of this line Lower Creta- 
ceous deposits were reached by wells in the Warsaw-Lublin 
Syncline (S. Marek, 1983). They have been also detected in 
wells in both flanks of the Upper San Anticlinorium in the 
vicinity of Debica (S. Geroch et al., 1972; W. Moryc, 1996) 
and LubaczBw (W. Moryc, J. Wainiowska, 1965). 

Facies and thickness patterns in the Neocomian are diffi- 
cult to characterise, due to a variable sequence of depositional 
and erosional processes, combined with a small subsidence 
and often with lack of biostratigraphic documentation. Upper 
Berriasian and Hauterivian (probably Lower) are represented 
by a highly discontinuous stratigraphic record with gaps de- 
tected at the following boundaries: (1) Middle Volgian- 
Upper Bemasian, (2) Upper Berriasian-Lower Valanginian 
(Platylenticeras), (3) Lower Valanginian (Polyptichites)- 
Upper Valanginian, (4) Hauterivian-Barremian (J. Kutek et 
al., 1987). Transgressive pulses with increasing range are 
recorded in Upper Berriasian, Lower Valanginian, and Upper 
Valanginian. The duration of erosional episodes, changingthe 

extent of Berriasian and Lower Valanginian, was relatively 
short, as it was limited by consecutive transgressions (Fig. 2). 
Only the extent of Upper Valanginian and Hauterivian be- 
tween Radom and the Wisla river is mainly erosional, as 
undated Pag6rki and Goplo Members, considered conven- 
tionally as Barremian and Aptian (S. Marek, 1983). have a 
considerably smaller extent (Fig. 3) and occur north of Pilica 
river. Lower and Middle Albian deposits are also missing in 
this region, which indicates a long-lasting period of erosion 
in a vast area. 

Earliest Cretaceous deposits are of Late Berriasian age, as 
documented by fauna described by A. Witkowski (1969) in 
three wells in the northern and northeastern part of the Toma- 
szdw Syncline (Debniak 1, Lazisko 1 and Zarzecin 2). In their 
lowermost part quartz pebbles occur sometimes accompanied 
by cemented coquinas overlain by clays with pyrite (non-cal- 
careous and without sandy fraction). The upper part of the 
section is composed of mudstones with ferruginous oolites 
and sphaerosiderites (section a in Fig. 2). In three other wells 
clays with siderites were not documented biostratigraphically, 
but are similarly developed (Swolszowice, Wiaderno and 
Bronislaw6w). Deposits considered as Upper Berriasian have 
a thickness slightly exceeding 7 m, and rest on marine lime- 
stone-dolomitic mudstones without fossils, or on VoIgian 
limestones belonging to the Zaraiskites scyticus Zone with 
commonly occurring reworked Jurassic fauna Both top and 
bottom boundaries are erosional surfaces underIined by the 
occurrence of limestone pebbles documenting intraforma- 
tional erosion (J. Kutek et al., 1987). 

Best documented Lower Valanginian section (Platylen- 
tlceras), with a hckness of about 4.3 m, occurs in Wqwal (J. 
Kutek er al., 1987; J. Kutek, R. Marcinowski, 1996), south of 
the Pilicariverin Tomaszdw Syncline, in the areajust affected 
by a transgression. The section is composed of: (1) limestone 
conglomerates, (2) sands and muds, (3) clays with sideritic 
concretions and ferruginous oolites (section a in Fig. 2). The 
aerial extent of the Lower Valanginian deposits seems to 
include also the Tuszyn region (see K. Mrozek, 1975), where 
sandstones constitute greater part of the section (section b in 
Fig. 2). Present area of occurrence of theBerriasian and Lower 
Valanginian deposits is similar and limited to a narrow and 
short strip in the northwestern part of the whole study area and 
its southwestern boundary is almost perpendicuIarIy cut by 
the line limiting epigenetic post-Cretaceous erosion (Fig. 2). 
This suggests a possibility of palaeogeographic continuity of 
coeval deposits in the southeastern direction, which is further 
suggested by the fact, that occurrence of Tethys ammonites is 
connected with both Early Cretaceous transgressions, the later 
fauna missing in contemporaneous deposits in Germany (J. 
Kutek et al., 1987). 

Acceptance of the connection with the Tethys approxi- 
mately along the subsidence axis of the Late Jurassic trough 
(vide J. Kutek et al., 1987) leads to a conclusion, that the link 
must have been quite narrow, along the line Piotrk6w Trybu- 
nalski-KielceMielec, in order not to exceed the zone of 
epigenetic erosion and not to embrace the area of Zag6rze and 
Nawsie near Dqbica, where Upper Valanginian deposits have 
been discovered (S. Geroch et al., 1972; W. Moryc, 1996). 
Thus, an outline of a narrow and elongated graben emerges. 



242 Maciej Hakenberg, Jolanta ~widrowska 

NEOCOMIAN 

-51° 

wl - . .  sandstones 
00 cherts 

mudstones - - 
bioclasts 

1 claystones 
O ferruginpus ooids 

I=] clayey and silty 
sandstones * pyrite 

E{ ilrnestones S siderites 

sandy limestones and - stratigraphic gaps 
calcareous sandstones 

x - x extent of Upper Berriasian: 
marly limestones 

--v--V extent of Lower Valanginian 
clayey maris 50% 

P spkm.. and Early Valanginian 

- boundaries of facies regions 

hypothetical paleoextent of tectonic -500p74 opokas . V . v graben during the Late Berriasian 

2P". 220 
* 

Fig. 2. Facies pattern of Neocomian deposits 
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Fig. 3. Thickness and facies patterns of Barnmian and Aptian deposits 
Bxplanations see Figs. 1 and 2 

Rozkhd miq2szohci i wyksztalcenie facjalne osad6w bammu i aptu 
Objdnienia na fig. 1 i 2 

Occurrence of such structum trending NW-SE is known (M. 
Bac-Moszaszwili, A. Morawska, 1975; S. Marek, 1988) from 
the central part of the trough and from the area of the East 
European Craton (Plofisk, ~uromin  and Dabe grabens)'. 

Upper Valanginian, developed similarly as underlying 
deposits, is found with a stratigraphic gap embracing the 
Polyptichites Zone. In the Tomasz6w Syncline it is developed 
as clays with sideritic concretions, overlain by mudstones 
with limestone concretions and with skeletal detritus of bi- 
valves and boreal ammonites (section a in Fig. 2). Hauterivian 
was poorly documented by J. Lewifiski, and due to revision 
of the species Dichotomites bidichotornus (J. Kutek et al., 
1987) it lacks credible documentation. Hauterivian age is 
considered for mudstones and sandstones with glauconite, 
lying in continuity with the uppermost Valanginian and 
underlying the sandstones without glauconite and fragmented 
fauna. 

Upper Valanginian and Lower Hauterivian display much 
greater extent towards the NE, where they rest on various 
Kimmeridgian deposits (S. CieSliliski, W. Pozaryski, 1970), 

'1t is characteristic, that within the grabens open marine finecl~stic 
focies occur: Beniasian clays in the Tomasdw Syncline, or even limestones 
with bivalve and gastropod faunas (in the Warsaw Syncline). In lower 
Valanginian finer deposit fraction is observed in grabens than on their flanks. 
Therefore, considering these grabens as strictly synsedimentary is difficult to 
be accepted, as with such a small width versus lenght ratio, facies pattern 
should beopposite: thegrabens would be filled withcoarserfractions, &rived 
from the shoulders. High water turbulence of bottom c m n t s  in narrow 
depressions would also preclude deposition of low-enorgotic facies. Only 
assuming, that the troughs developed after Berriasian. during regression, we 
can explain such facies pattern. Development of grabens could save from 
erosion small fragments of originalIy very vastly spread depositional cover 
(M. Bac, pers. comm.). In early Valanginian higher subsidence existing over 
a buried tectonic trough couId result in greater water-depth and in deposition 
of finer fractions. 

and towards the SE in the Debica region (S. Geroch st al., 
1972; W. Moryc, 1996). Erosion preceding the Late Vdangi- 
nian have caused stronger denudation in the SE, and therefore 
evidencing probably more intensive uplift transverse to the 
trough's axis there. Similar tendencies have been noted to- 
wards the end of Jurassic (J. Kutek, 1994~). Facies pattern is 
quite complex pig. 2), which could result from the superim- 
posed activity of two faults transverse to each other: Toma- 
sz6w Mazowiecki-Nowe Miasto Fault (downthrown 
northern limb) and Nowe Miasto-Mom-Ria zone (down- 
thrown SW limb). Earliest Lower Cretaceous transgressive 
deposits preserved between Gr6jec. Radom and Wisla river 
are of shaIlow-water type - they represent a zone of carbo- 
nate platform with more turbuIent deposition in the south 
(winnowings, ooids, biocIasts, high clastic material contents 
- section c in Fig. 2). In the Gr6jec Fault area limestones lose 
their sandy admixture whereas clay material content increases 
(section d in Fig. 2). In the northern periphery strongly sandy 
facies occur, indicating existence of currents coming down 
from relativeIy elevated East European Craton into the Mid- 
Polish Trough in the Mszczon6w region (section e in Fig. 2). 

Siliciclastic fine-grained deposits (clays, mudstones) 
occur in the central part of the trough and approximateIy 
correspond to the areas of greater thickness (Tuszyn area, 
Tomaszdw Syncline, area south and south-west of Radom). 
Sideritic concretions, ooids, cherts and spongiolitic inter- 
layers occur there. On one hand such a pattern indicates the 
proximal occurrence of shallow-water areas, perhaps even 
land, on the other, is an evidence of relativeIy deeper deposi- 
tionaI environment (fine-clastic facies, spongiolites, cherts). 

Total thickness of Neocomian deposits is small, reaching 
80 m in the Tomasz6w Syncline (Fig. 1). South of Pilicariver 
the main subsidence axis approaches the Nowe Miast+IIia 
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line, suggesting activity of this tectonic zone (see M. Haken- 
berg, J .  Swidrowska, 1997). 

Hauterivian deposits constitute a regressive member of the 
Lower Cretaceous succession, preceding another period of 
denudation, which embraced most of the region in the Barre- 
mian and Aptian (Fig. 3). In the northern part of the investi- 
gated area, between presumed Hauterivian and Upper Albian 
rocks, stratigraphicalIy undocumented cIastic deposits were 
recognised (A. Witkowski, 1969; B. Don, 1973; K. Mrozek, 
1975; A. Raczyfiska, 1979; R. Marcinowski, S. Rudowski, 
1980; S. Marek, 1983). In the Polish Lowlands, where these 
deposits occur in analogous position in the section, they have 
been ascribed to the Mogilno Formation. It is divided into 
following members (from the bottom): sands - Pag6rki 
Member, mudstones and sands - Goplo Member, and sands 
- Kruszwica Member (A. RaczyAska, 1979; S. Marek, 
1983). The age of whole formation is thought to be Barremian 
to Middle Albian (op. cit.). 

In the investigated area all three members of the Mogilno 
Formation have been found only in few wells near Tuszyn and 
north of Mogielnica (K. Mrozek, 1975; S. Marek, 1983). In 
the Tomasz6w Syncline, between probable Hauterivian and 
Upper Albian rocks, only sand series was recorded. These are 
so-called Biala G6ra sands (A. Witkowski, 1969). According 
to R. Marcinowski and S. Rudowski (1980) they belong to the 
upper (Kruszwica) member of the Mogilno Formation and are 
of Middle Albian age, possibly ranging also to Lower and 
Upper Albian. According to this and to the opinion of A. 
Raczyriska (1979) the Pag6rki and Goplo Members of the 
Mogilno Formation are in this paper considered to fall into 
the Barremian-Aptian age interval. 

ALBIAN 

Transgressive Albian deposition started in the investi- 
gated area in different time. The Middle Cretaceous transgres- 
sion could have started in the TomaszBw Syncline area 
already in Early Albian (R. Marcinowski, S. Rudowski, 
1980), and following an extension of the Mid-Polish Trough 
towards the south-east, they could spread simultaneously 
outwards towards the present Holy Cross Mountains on one 
side, and towards the Warsaw-Lublin Syncline on the other. 
In the northeastern margin of the Holy Cross Mountains there 
is evidence (Rach6w section) of at least Middle Albian age of 
this transgression (J. Samsonowicz, 1925; S. Cieilifiski, 
1959a, b, 1976; S. CieSliAski, W. Poiaryski, 1970; R. Marci- 
nowski, A. Radwariski, 1983,1989; R. Marcinowski, I. Wa- 
lsrszczyk, 1985). 

Latest of all - in Late Albian and in some places even in 
Early Cenomanian, the transgression occurred in the south- 
western margin of the Holy Cross Mountains (S. Cieililiski, 

1959a; M. Hakenberg, 1969, 1978; R. Chlebowski et al., 
1977) and in the Krak6w-Cz~stochowa flank of the Miech6w 
Syncline (S. Z. RGiycki, 1937,1938; W. C. Kowalski, 1948; 
R. Marcinowski, 1974). 

Albian deposits consist mainly of sands and non-calcare- 
ous sandstones. Only in the northeastern margin of the Holy 
Cross Mountains and in the Tomasz6w and Warsaw synclines 
the sandstones are marly in the uppermost part of the Albian, 
and less commonly in the whole section. Other components 
are: common glauconite, interlayers of siliceous rocks 
(gaizes, spongiolites, sandstones with siliceous matrix) and 
phosphorites in upper part of the sections. 

Distribution of these components, resulting from their 
spatial relationship with the source areas and regions of vari- 
ous subsidence, makes it possible to distinguish two major 
facies regions: 1 - shallower, situated nearer the shore-line, 
and 2 -deeper, located further seawards. When considering 
this problem, it must be remembered that the Albian deposits 
were sedimented during a transgressive cycle, which implies 
i.a. that all the sections contain near-shore sediments in their 
lower parts. 

In the first of the distinguished regions proximal deposits 
were sedimented in a shallow-water area with a small sub- 
sidence Their thickness is small (Fig. 4, setion I), which 
probably resulted among other factors from shorter period of 
deposition (end of Late Albian) in the near-shore part of the 
basin. In this region (the area of the present Miech6w Syn- 
cline) subordinate facies zones can be distinguished with the 
sedimentation of: (la) sands and non-calcareous sandstones 
with glauconite, deposited close to the shore-line, in a belt 
located around peninsular area without Albian deposits, in 
environmental conditions rather unsuitable for faunal devel- 
opment, and (lb) sands and non-calcareous sandstones with 
glauconite and phosphorites. The latter zone is also located 
near the shore-line, although conditions for faunal develop- 
ment were better than in the previous area. 

Two further subregions characterised by the occurrence of 
admixture of calcium carbonate occur in the NE margin of the 
Holy Cross Mountains and in the Warsaw-Lublin Syncline. 
These are: (Ic) marly sandstones with glauconite and phos- 
phorites - facies surrounding a small area lacking Albian 
deposits south-east of Kazimierz, with small sediment thick- 
nesses (up to 5 m) and with suitable conditions for faunal 
development, and (Id) sands and non-calcareous sandstones, 
with glauconite and phosphorites in the upper part of the 
section, and with sandy mads topped by phosphorites, de- 
posited further from the shore, in an area with greater sub- 
sidence in the north-west part of the subregion (Fig. 4). 

The second region (2) is characterised by the occurrence 
of silica within gaizes, spongiolites, siliceous sandstones and 
spicules of siliceous sponges. Abundant occurrence of spon- 
ges indicates greater distance from a shore-line and increased 
depth (J. Uberna, 1967; M. Hakenberg, 1969, 1978). Three 
subordinate facies zones have been distinguished here: (2a) 
in the outer fringe of apeninsula area, with sands and non-cal- 
careous sandstones with (or rarely without) glauconite, with 
sponges and interlayers of gaizes, spongiolites and quartzitic 
sandstones, and (2b) in the NE margin of the Holy Cross 
Mountains and in the Warsaw Syncline, with sections similar 
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to those in the subregion 2a, but additionally with phos- 
phorites and sandy marls at the top (Fig. 4). An area of the 
Albian occurrence has been distinguished also in the Toma- 
sz6w Syncline (2c), with fine-grained, poorly cemented, hori- 
zontally or obliquely bedded sandstones with gravel horizons 
in the lowermost part of the section (so-called BiaIa Gdra 
sands), overlain by spongiolitic sandstones with phosphorites, 
and- higher in the section -by gaizes and gaizy sandstones, 
with marly sandstones with glauconite at the top (A. Witkow- 
ski, 1969; S. Ciellifiski, W. Poiaryski, 1970). Wells Tuszyn 
1,2,3,5 and 9 also belong to the 2c region. In the bottom part 
of the sections sandy deposits with small amount of glauconite 
(probably equivalent of the Biala Gdra sands) occur, and the 
Upper Albian is developed as clayey marls with phosphorites 
in the bottom (K. Mrozek, 1975). 

It can be assumed, that during the Albian initially a shal- 
low, near-shore siliciclastic shelf environmentprevailed, with 
periods of non-deposition (phosphorites), later followed by 
deeper siliciclastic shelf with gaizes and spongiolites. 

CENOMANIAN 

Near the AlbianJCenomanian boundary, uplifting move- 
ments took place, at least in the present outcrop areas on both 
flanks of the Miech6w Syncline. They are indicated by the 
occurrence of conglomerate facies in the bottom part of the 
Cenomanian in numerous sections in this region (R. Marci- 
nowski, 1974; M. Hakenberg, 1978, 1986). This pulse was 
relatively short-lived, and was followed by subsidence and 
resumed Middle Cretaceous transgression. 

Cenomanian deposits have a sandy-calcareous develop- 
ment (only exceptionally non-calcareous), with glauconite 
and in places with phosphorites. The amount of sandy materi- 
al, glauconite and phosphorites usually decreases towards the 
top. Interlayers and concentrations of siliceous rocks of 
biogenic origin, opokas, gaizes and flints, are common. 

Comparison of thickness maps of Albian and Cenomanian 
deposits (Figs. 4 and 5) shows continuity of the general 
tendencies in the northeastern part of the investigated area 
(northeastern Mezozoic margin of the Holy Cross Mountains 
and the Warsaw-Lublin Syncline) and drastic, even opposite 
changes in the southeastern area (Miech6w Syncline with its 
both flanks and the Radomsko Elevation) (M. Hakenberg, 
1986). 

The areas of the Warsaw-Lublin Syncline and the north- 
eastern margin of the Holy Cross Mountains represented, 
similarly as during the Albian, a zone of smaller sediment- 
thicknesses (lower subsidence). A subordinate elevated struc- 
ture emerges here, corresponding spatially to large extent to 
the northwestern part of the Radom-Krdnik Elevation. In its 
southwestern flexural flank, gradient of a deposit-thickness 
increase is much more evident than in the north-east wing. An 
area of lowest subsidence (la) has been distinguished here 
(Fig. 5), with relatively strong input of detrital quartz (S. 
CieSlifiski, 1959b; I. Walaszczyk, 1987; R. Marcinowski, A. 
Radwahski, 1989). It is a shallow-water area with numerous 

fauna (inoceramid shells and phosphorites) and slow se- 
dimentation (phosphorites). 

In another facies area (lb), surrounding the former one 
from the north, west and south, the deposition occurred in 
greater water-depths. Cherts and flints with sponge spicules 
commonly occur here in predominantly marly limestones 
with smaller input of detrital quartz (A. Krassowska, E. 
Witwicka, 1983; A. Krassowska, 1989). Sedimentation was 
not fast, with environmental conditions suitable for some 
organisms (numerous phosphorites and abundant debris of 
inoceramid shells). 

Facies zone located northeasternmost (lc) was charnc- 
terised by a low subsidence (Fig. 5) and (excluding the bottom 
part of the sections) almost completely lacking sandy materi- 
al. Sedimentation was slow (occasionally appearing phos- 
phorites) and accompanied by abundant occurrence of 
inoceramids. It took place in smaller water-depths than in the 
previously described zone (lack of sponge remains). 

The area of the present Miech6w Syncline was occupied 
in the end of Albian by a peninsula, whose northwestern 
extension reached Gidle and whose base hides beneath the 
marginal Carpathian Overthrust (M. Hakenberg, 1978,1986). 
In the beginning of the Cenomanian this peninsula was rela- 
tively quickly cut along its axis by a narrow, but active 
S-shaped zone of subsidence with considerable thickness of 
Cenomanian deposits (M. Hakenberg, 1986). In the southern 
part of the former Albian peninsula four areas remained free 
from deposition also during the Cenomanian. Together with 
the zones of small sediment thicknesses they constitute two 
relatively close regions of low subsidence, separated by the 
above-mentioned zone of higher subsidence. Shallow-water 
conditions, favouring development of biotas, and low sub- 
sidence were characteristic forthe region Id, surrounding four 
southern areas devoid of sedimentation (Fig. 5). 

Slightly increased water-depths, documented by the oc- 
currence of gaizes and flints, can be ascribed to the facies 
region l e  (from G6rki through Sobk6w to Bolmin), although 
the subsidence and rate of deposition were slightly higher then 
in the previously described region (Id), and the conditions of 
organic development, mainly inoceramids, echinoderms and 
foraminifers, were similar. 

Common feature of the foIlowing facies region If is a lack 
of carbonate content and relatively monotonous sediment 
development. The section is composed of sands and poorly 
cemented sandstones with glauconite, often cross-bedded 
with traces of deposit-feeders activity (Chondrites), devoid of 
other faunal remains. These rocks have been recognised in 
outcrops along the southwestern margin of the Holy Cross 
Mountains between Brzegno and Pnedb6rz and in the south- 
ern part of the Radomsko Elevation (M. Hakenberg, 1978). 
Completely non-calcareous development of the deposits in 
the described facies region is very unusual for the Cenoma- 
nian sediments not only in Poland but even in a broader scale. 
It may be related to some degree with the completely non-cal- 
careous development of the Albian sandstones (and their 
substrate) on which the Cenomanian sands were deposited, 
but this is not a sole explanation. It seems, that some other 
factors must have been involved here, that created unsuitable 
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Fig. 6. Thickness and facies patterns oFTumnian deposits 
Explanations see Figs. 1,2 and 4 
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conditions for development of organisms with calcareous 
shells, or prevented their fossilization. 

Subsidence and resulting deposit thicknesses were rather 
low in the southeastern part of the investigated area, and very 
low (thicknesses between 2 and 6 m) in the zone north-west 
of Gruszczyn. Due to a clear decrease of sediment thickness 
towards the north in the last of the above listed sections 
(Jezowiec - 10 m, Brzostek - 6 m, G6ra Majowa near 
PrzedbBrz - 2 m) occurrence of a zone with zero thickness 
of the Cenomanian deposits is considered possible north of 
Przedberz and west of Molaesz. A zone north of Pnedb6rz 
to a large extent would represent the highest known thickness 
of Albian deposits (exceeding 100 m). This phenomenon can 
be considered as another manifestation of the subsidence 
inversion in Cenomanian versus Albian, only with the oppo- 
site effect, than it was in the central part of the Miechdw 
Syncline. 

In the northwestern part of the investigated area, a facies 
zone l g  without sandy terrigenous material was recognised, 
where organodetrital limestones with interlayers of calcare- 
ous clays were deposited (K. Mrozek, 1975) in a relatively 
shallow-water basin (lack of sponge-derived silica) and in 
conditions of relatively slow subsidence. 

Two of the above regions of relatively low subsidence (Id 
and If) were constituting relatively stable frames of a narrow 
S-shaped zone with higher subsidence, located in the central 
part of the present Miech6w Syncline. In this zone (2a) the 
lithological development indicates, that the deposition oc- 
curred in a deeper marine environment (numerous gaize in- 
terbeds), in the conditions of rapid sedimentation, unsuitable 
for the development of benthic organisms with calcareous 
shells. 

Two other zones of higher subsidence and faster sedimen- 
tation in deeper-water conditions are related to the peripheral 
areas of the Holy Cross segment of the Mid-Polish Trough 
(Fig. 5). The Cenomanian sections of the Tomaszdw Syncline 
(2b) (vicinity of Zarzecin and Swolszowice -A. Witkowski, 
1969; B&6w 1 well - K. Mrozek, 1975) indicate arelative- 
ly high subsidence (large sediment thickness) and an early 
stage of sedimentation in deeper-water conditions (cherts and 
flints), although initially with the supply of sandy material. 

Second region, neighbouring from the north-east the hy- 
pothetical area of highest subsidence (with subsequently 
eroded Cenomanian deposits), is a facies zone 2c, ranging 
from north of Nowe Miasto to Ostrowiec Swietokrzyski (Fig. 
5). In this region sedimentation took place in relatively deep 
environment, as indicated by large amounts of sponge- 
derived silica, forming one of components of gaizes and 
opokas (J. Uberna, 1967; S. Ciegliriski, W. Poiaryski, 1970). 
Subsidence was here higher than in the area neighbouring 
from the NE. The conditions were suitable for development 
of some organisms, with a relatively slow deposition as evi- 
denced by abundant debris of inoceramid shells and phos- 
phorites. 

When characterising the spatial pattern of sedimentary 
environments, it must be stressed, that the central part of the 
Miechdw Syncline became an area of sedimentation as late as 
in the Cenomanian. The deposition began in an environment 
of a shallow siliciclastic-carbonate shelf with organodetrital 

material which changed due to a rapid subsidence into deep 
siliciclastic shelf with gaizes. The zone was limited from the 
NE and SW by shallow-shelf environments, spatially related 
to the four areas situated in the south and devoid of sedimen- 
tation during thecenomanian. At the turn of the AlbianlCeno- 
manian a short-lived regressive pulse occurred evidenced by 
conglomerate interbeds in the bottom part of the Cenomanian. 
These were siliciclastic-carbonate shelf systems with a con- 
siderable accumulation of organodetrital material. The only 
exception was a siliciclastic shelf between Nida and Pilica, 
located relatively close to the hypothetical area north of 
Przedb6rz without sedimentation in the Cenomanian. Further 
towards the north-east, a deep siliciclastic-carbonate shelf 
was recognised. In the East European Craton area it passed 
into a carbonate shelf almost devoid of terrigenous quartz. 

The area of prevailing denudation (or perhaps only non- 
deposition) stretches as a narrow strip in the south-west, 
between MilianBw and Niepolomice (Fig. 6). The facies pat- 
tern consists of clear belts trending NW-SE, controlled by the 
subsidence rate, which indicates, that it did not keep pace with 
the accumulation rate. Increased accomodation space is ex- 
pressed by the development of deeper-water facies. 

Shallower marine facies (1) were deposited in the vicinity 
of the afore-mentioned sediment-source area in the south- 
western part of the investigated region, and on the other side, 
in its northeastern part (Fig. 6). Deeper-water facies are lo- 
cated towards the centre of the Holy Cross segment of the 
trough, being there characterised by the occurrence of rocks 
of the opoka type (2). Turonian deposits display carbonate- 
siliceous development, in places with the admixture of detrital 
quartz in the bottom part of the sections. 

The shallowest-water sequences (la) surround the region 
originally devoid of deposits, and reach a thickness of adozen 
or so metres. The sections most commonly are composed of 
sandy, biogenic (inoceramid remains) limestones, with strati- 
graphic gaps and often observed winnowing surfaces. At the 
boundary with the Cenomanian a hardground occurs. Strati- 
graphic gaps have been documented in the bottom of the 
Turonian, between the Turonian zones fubiatus and Eamarcki 
and in the top of the Turonian (I. Walaszczyk, 1992). The 
sections in the eastern and western slopes of the Turonian 
peninsula slightly differ. In the east the limestones are clearly 
biogenic and more commonly devoid of sandy admixture. In 
their upper part flints occur, possibly indicating deepening of 
the basin. It is the area named by I. Walaszczyk (1992) the 
Krak6w Swell. 

In the northeastern margin of the area located behind the 
line of the Wisla river another shallow-water zone stretches 
(lb), where the lithological variability in the section is rela- 
tively small. The sequence consists of limestones and chalk- 
like marly limestones with cherts in the bottom part 
containing scattered fibres of inoceramids (A. Krassowska, 
1989). They were deposited in stable conditions of low sub- 
sidence (thickness up to 100 m). 
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Fig. 7. Thickness and fades patterns of Cnniacian deposits 
Explanations see Figs. 1,2 and 4 
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The area stretching from Gr6jec to Pulawy (lc) with the 
Turonian thickness of 1W150 mis characterised by a tri-par- 
tite section: Lxtwer Turonian is developed as marly inoce- 
ramid-oligosteginid limestones (labiatus Zone) with 
abundant glauconite, phosphorite concretions and hard- 
grounds, overlain by oligosteginid-inoceramid limestones, 
passing towards the top into marly limestones with cherts 0. 
Walaszczyk, 1992). 

It can be assumed, that in the successively distinguished 
facies zones (2) sedimentation took place in deeper-water 
conditions, which is indicated by the occurrence of opokas in 
the higher part of the sections. First of these zones (2a) 
represents the northeastern margin of the Holy Cross Moun- 
tains between Radom and Annopol, where the thickness of 
Turonian deposits changes between 150 and 300 m. The 
sequence begins with sands and calcareous sandstones with 
glauconite and phosphorite concretions, lying with a gap on 
the Cenomanian (hardground). Higher, with a gap between 
the zones labiatus and lamarcki, a series of opokas occur, 
more or less marly or silicified with cherts and weII- or 
poorly-bedded chalcedonites. There is thus some similarity 
between this zone and zone 1 a expressed in the occurrence of 
the same stratigraphic gaps (I. Walaszczyk, 1992) and in the 
occurrence of siliciclastic deposits and glauconite in the bot- 
tom part. The only differences consist in occurrence of lime- 
stones and phosphorites. The earlier trend of relatively low 
subsidence prevailing in the Albian and the Cenomanian was 
continuing during the Early Turonian. 

For a long time the existence of synsedimentary T d b w  
Graben (Fig. 6) has been noted in this region (J. Samsonowicz, 
1934; W. Pozaryski, 1938,1948), limited from the east by the 
Wisia dislocation, and from the west by the Ozar6w flexure. 
The TarI6w Graben in Early and partly in Middle Turonian is 
characterised by continuous sedimentation, while on its 
shoulders stratigraphic gaps occur (I. Walaszczyk, 1992). 
Here, the opoka lithofacies appear at its earliest, as early as in 
the labiatus Zone. Later on, the facies are rather uniform, 
however, until the end of Turonian clear sediment-thickness 
differences are noted. The exception is an occurrence of a 
unique detrital bryozoan limestones in the eastern part of the 
graben in Middle and Upper Turonian (op. cit.). 

Next zone of sedimentation (2b) embraces northeastern 
part of the present Miechdw Syncline and the SW-margin of 
the Holy Cross Mountains, and is characterised by sediment- 
thickness of dozen to about 100 rn. The transition from 
Cenomanian to Turonian is relativeIy continuous; within car- 
bonate-sandy or clayey deposits (M. Hakenberg, 1978). The 
bottom part of the Turonian is commonly characterised by 
higher amount of sandy admixture and by glauconite grains 
(M. Hakenberg, 1978; I. Walaszczyk, 1992). These deposits 
are overlain by limestones without sand, commonly orga- 
nodetrital (in Skotniki - inoceramid-crinoid) and by marls 
and opokas. In the middle part of the section layers with cherts 
and flints are common. Towards the top, marly opokas 
become more important component of the section, with less 
numerous flints; beds of detrital limestones are atso present. 
Triplicity of the section is clear: limestones, Iimestones with 
marly opokas with cherts and flints, marly opokas. 

The beginning of the Turonian sedimentation is repre- 
sented by a large lithological variability across the discussed 
facies zone. Following lithofacies can be traced along the 
outcrop belt in the SW-margin of the Holy Cross Mountains 
(from NW): marly limestones (as far as Wola Swidzidska), 
clays, in places with flints (from Krasocin to Bneino), sands 
with glauconite or calcareous sandstones (between Brzedno 
and Korytnica), clays (Pysk, G6rki) and limestones (Skotniki) 
(M. Hakenberg, 1978). There is thus a subordinate transversal 
facies variability. 

In the central part of the basin (2c), about which one can 
infer mainly on the base of data from the Piotrk6w Trybunal- 
ski region, thickness of Turonian deposits in the Holy Cross 
segment of the trough considerably exceeded 200 m (probably 
ranging to about 300 m), and in the h w a  segment could have 
exceeded even 400 m. Similarly as in the above described 
zone triplicity of the succession can be recognised, but with 
lesser proportion of limestones in favour of opokas and clayey 
material. The section is composed of marly days, thin-bedded 
limestones interlaying with opokas and marly opokas with 
flints (K. Mrozek, 1975). 

In the south, in the area of Debica and Sgdzisz6w, the 
triplicity disappears, with the occurrence of marly opokas 
with flints and marly intercalations, and slightly further to the 
north (in the Stefan6w area) opokas with cherts (W. Moryc, 
1996). 

Summarising the sedimentation history in terms of presu- 
mable depositional environments it can be stated that in the 
southwestern part of the investigated region, areas of shallow 
carbonate shelf systems persisted, with predominant amount 
of organodetrital components, detrital quartz admixture d e  
creasing towards the north-east and increasing content of 
biogenic silica. Similarly stable depositional environments 
occur in the northeastern part of the area, located on the East 
European Craton. The main differences are lack of sandy 
terrigenous material and increased content of biogenic silica 
towards the south-west. The middle part, located in the exten- 
sion of the Mid-Polish Trough, with higher subsidence, is 
occupied by deeper-water pelagic depositional environments 
with substantial admixture of sponge-derived silica. 

Area devoid of the Coniacian deposits extends in the 
southwestern part of the investigated region, between Boch- 
nia and Radomsko (Fig. 7). Its occurrence and eastern limit 
were deduced mainly on the basis of papers by I. Heller and 
W. Moryc (1984) and I. Walaszczyk (1992). The western 
boundary of the area is not clear due to epigenetic erosion. 

Thickness of the Coniacian deposits in the Holy Cross 
segment of the Mid-Polish Trough gradually increases to- 
wards its axis, up to about 100 m in both outcrop belts 
contacting with the area of epigenetic erosion (Fig. 7). In the 
Rawa part of the trough greatest thickness (about 220 m) is 
observed in the area north-west of Tomasz6w Mazowiecki, 
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Fig. 8. Thickness and facies patterns of Santonian deposits 
Explanations see Figs, 1,2 and 4 
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with a second zone of increased thickness (up to about 70 m) 
located north-west of Gr6jec. 

Shallower-water facies (I), deposited closer to the source 
area, have been recognised in extremely outer, relative to the 
Holy Cross segment of the trough, parts of the region: l a  - 
in close proximity to the afore-mentioned area without Conia- 
cian deposits, lb and l c  - in the northeastern part of the 
discussed area (NE of Radom), located on a stable substrate 
of the East European Craton. In the latter case, marly lime- 
stones were deposited in subregion located more outward and 
marly limestones and marls developed in the area closer to the 
trough (M. Jaskowiak-Schoeneichowa, A. Krassowska, 
1983). Probably, these deposits represent pelagic, carbonate 
sedimentary environments. Similar facies, although with a 
substantial admixture of detrital quartz (I. Heller, W. Moryc, 
1984; M. Jaskowiak-Schoeneichowa, A. Krassowska, 1983) 
occur also in two places closer to the probable trough's axis: 
Id - west of Mielec and 1e -north-west of Mogielnica pig. 
7). 

Part of the Coniacian sections belonging to the facies zone 
l a  (located close to the sediment-source area), whose earlier 
stratigraphic position (R. Marcinowski, 1974) has been 
moved by I. Walaszczyk (1992) from Early Turonian to 
Middle Coniacian, consists of sandy glauconitic limestones 
with thickness not exceeding one metre. In other sections of 
this facies region, marls and marly limestones occur. 

Facies considered as representing deeper marine condi- 
tions (deeper pelagic facies) and with higher subsidence (2) 
occur symmetrically, closer to the trough's axis. These are 
opokas, marly limestones and marls differing from the pre- 
viously described deposits mainly by the presence of silica 
content and siliceous sponge remains. 

In the Santonian the area without deposition, located north 
of KrakBw (Fig. 8), decreased when compared to the Conia- 
cian one. The deposit thickness increase concentrically to- 
wards the trough. In  the southern part of the investigated area, 
between Bochnia and D~bica, this simple pattern is compIi- 
cated by the occurrence of two zones with greater thickness 
(up to 16&180 m), separated by an elongated area with 
thickness decreasing to 50 m (Fig. 8). 

Shallower-water facies (1)- marls andmarly limestones, 
similarly as earlier, are located either in the vicinity of the area 
north of Krak6w devoid of Santonian deposits (la), or on the 
slope of the East European Craton (lb). Additionally, in the 
southeastern part of the present Miech6w Syncline near Boch- 
nia and between Tarn6w, Dgbica, Mielec and the inlet of Nida 
river into Wisla, facies with increased amount of terrigenous 
material have been recognised (I. Neller, W. Moryc, 1984; W. 
Moryc, 1996). Marls occur nearTarn6w (lc) and sandy marls 
west of Mielec (ld) and north-east of Bochnia (le). 

Facies deposited closer to the basin axis (2a. 2b and 2c) 
are characterised by the occurrence of gaizes and opokas 
within marly deposits. It is interpreted that silica, being one 

of the rocks components, is of sponge origin, thus indicating 
a deeper-water sedimentation. 

The distribution of Santonian deposits containing dekital 
quartz, as well as other facies (Fig. 8), precludes (similarly as 
in the Coniacian) the possibility of transport direction from 
the north-east - from the East European Craton. It seems, 
that in the north and central parts of the Miech6w Syncline 
the detrital components were derived from the west and 
south-west-from the Krak6w Swell towards the Mid-Polish 
.Trough (see also I. Walaszczyk, 1992). Source areas of the 
detrital quartz in the southern part of the Miech6w Syncline 
(vicinity of Bochnia and west of Mielec) could have been 
located south-west of Bochnia - actually a region beneath 
the Carpathian thrusts, and east of Stasz6w-Mielec line, in the 
area of the present Lower San Anticlinorium, respectively. 

Detrital material reached the zone of the present north- 
eastern margin of the Holy Cross Mountains from the direc- 
tion of the contemporary Mid-Polish Trough pig. 8). 

During the Campanian the deposit thickness was still 
increasing in both flanks of the trough towards its axis (Fig. 
9). Also the facies are arranged centripetally. Shallower-water 
areas (I) occur closer to the Krak6w Swell ( la  - marls and 
marly limestones) and near the edge of East European Cra- 
ton (Ic - mads and marIy limestones). Further east chalk 
was being deposited (Ib). Additionally, in the region west of 
Mielec, closer to the trough, similarly as in the Coniacian and 
Santonian, a zone Id has been distinguished, in which sandy 
marls were being deposited (W. Moryc, 1996). 

Deeper-water facies (2), forming closer to the Mid-Polish 
Trough in its both flanks, are developed as marls, opokas and 
gaizes in some places (2a and 2b). North of J~drzej6w a 
multiple, cyclic interlaying of marls and opokas has been 
observed (W. Machej, 1970). South of TarnBw occurs a zone 
of deposits originated in deeper-water conditions (2c -marly 
limestones with fIints and opokas) (I. Heller, W. Moryc, 
1984). 

Location of source areas, indicated by the occurrence of 
sandy quartz fraction, has changed when compared to the 
Santonian. The source of sandy terrigenous material in the 
areasouth-west of Bochnia has disappeared. In all other cases, 
the location of sediment-source areas and probable transport 
directions of sandy material seem to be similar. 

The depositional environments were similar to those dis- 
tinguished in the Coniacian and Santonian. The only dif- 
ference was that during the Campanian the sedimentation 
extended over the whole area. 

Due to a later epigenetic erosion the Maastrichtian sec- 
tions are not complete. In comparison to older stages of Late 



Fig. 9. Thickness and facie6 patterns of Campanian deposits 
Explanations see Rgs. 1.2 and 4 
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Fig. 10. Thickness and facies patterns of h tr i cht ian  deposits 
Q - Quaternary, A-B - cross-sections line of Figs. 11 and 12; other explanations see Figs. 1.2 and 4 

Rozklad miqiszoici i wyksztatcenie facjalne osaddw mastrychtu 
Q - czwartrzed, A-B - linia pnekoj6w przedstawionych na fig. 11 i 12; powstah objahienia na fig. 1,2 i 4 
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Fig. 11. Chronostratigraphic diagram of Iithofaaes and sedimentary environments characteristic for Holy Ctoss segment of the Mid-Polish Trough 
Lithologicd explanations see Figs. 2 and 4 

Diagram chronostratygaficmy litofacji i brodowisk sedymentacyjnych charakterystycmych dlaiwigtokrzyskiego fragmentu bruzdy Src5dpolskiej 
Litologia jak na fig. 2 i 4 

Cretaceous (except for the Cenomanian) the amount of sandy 
detrital material reaching the depositional basin has increased 
considerably (Fig. 10). According to J. Rutkowski (1965, 
1976) in the central area of the Miech6w Syncline the sandy 
material was, in its western part (vicinity of Miech6w), trans- 
ported from the south-west, and in the eastern part (vicinity 
of Motkowice) from the direction of the Mid-Polish Trough. 
The latter transport direction of the detrital material in this part 
of the basin has not been observed so far. On the other hand, 
the dispersal of sandy material in the Coniacian, Santonian 
and Carnpanian, west of Mielec, has ceased. 

In the Maastrichtian three areas with various depositional 
development have been distinguished. During the Early 
Maastrichtian in the area of the present Miechdw Syncline 
gaizes, opokas and calcareous sandstones were prevaiIing (E. 
Senkowicz, 1959; I. Heller, W. Moryc, 1984). This region 

(2a) can be interpreted as a deep-water siliciclastic-carbonate 
shelf, periodically undergoing shallowing and with evidence 
of winnowing (erosional surfaces). 

In the north-east, in the Warsaw-Lublin Syncline (the 
depositional development after M. Jaskowiak-Schoenei- 
chowa and A. Krassowska, 1983) it was possible to distin- 
guish two regions, that repeat the Santonian and Carnpanian 
pattern: region 2b, where marly limestones with rare inter- 
bedded opokas were deposited, and region 2c closer to the 
hitherto axis of the trough, where mainly opokas were formed. 

In the Late Maastrichtian only the regions 2b and 2c can 
be compared. It can not be excluded that palaeobathymetric 
conditions have been reversed: near Radom (2c) large influx 
of sandy material is obsewed with relatively smaller biogenic 
silica content, and in the region 2b the pelagic chalk facies 
have appeared, forming up to then further to the north-east. 
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SUMMARY 

SUCCESSION OF DEWSlTIONAL ENVIRONMENTS 

Overall lithofacies development and the succession of 
depositional environments is shown in the chronostrati- 
graphic diagram (Fig. 11) compiled along a line extending 
from the springs of Pilica river through Radom to Kozienice. 
Two sedimentary megacycles are observed here: fragmentar- 
ily preserved regressive phase of the Jurassic-Early Creta- 
ceous megacycle (J. Kutek, 1994a), represented by the 
deposits of Upper Valanginian and Lower Hauterivian, and 
the main Cretaceous cycle containing in this part deposits 
between MiddIe Albian and Maashichtian. Subordinate se- 
dimentary cycles, detected by biostratigraphic documentation 
of stratigraphic gaps accompanied by detailed lithological 
analysis, are age equivalents of Albian, Cenomanian, lower 
part of Lower Turonian, upper part of Lower Turonian up to 
Upper Turonian and finally from Coniacian to Maastrichtian, 
respectively. They could not be shown on the diagram due to 
its simplified form. 

The sedimentation development proceeded from the envi- 
ronments of shallow siliciclastic shelf (mainly in the Albian) 
through deeper siliciclastic shelf with increasing content of 
sponge-derivedsilica (in thecenomanian depocenters), silici- 
clastic-carbonate shelf (in some places in the Cenomanian and 
Turonian) and carbonate platform with organodetritd se- 
dimentation (in marginal belts of the Turonian basin) finally 
ranging to pelagic environments. The latter were charac- 
terised by influx of finest terrigenous fractions (marls and 
opokas). Facies of this type appeared in the trough's centre in 
the Turonian and later expanded successively towards the NE 
and SW. Last member in this succession of sedimentary 
environments is represented by pure carbonates lacking ter- 
rigenous material, which resulted in formation of chalk de- 
posits. Superimposed on the described synthetic vertical 
succession of sedimentary environments, is the clear trend of 
earlier occurrence of the upper members in the north-east 
region, with smaller content of temgenous material, and with 
increased carbonate productivity instead. 

Disappearance of areas undergoing denudation, as well as 
those devoid of sedimentation was taking place parallel with 
the occurrence of progressively deeper sedimentary environ- 
ments and smaller content of terrigenous material. All these 
features reflect a development of the transgression. It reached 
its maximum in the Campanian. Until Campanian an outward 
migration of boundaries between the presumed sedimentary 
environments was continuing progressively larger area was 
being covered by pelagic facies, and areas of shailow shelf 
were disappearing. Maastrichtian deposits represent the re- 
gressive phase of the Cretaceous megacycle. 

The chronostratigraphic scheme (Fig. 11) is merely an 
attempt to look at facies changes from the temporal point of 
view. The level of biostratigraphic documentation of the 
successive stage boundaries differs very much. It reflects a 
long-lasting habit of locating the stage boundaries in the 
intervals of lithological changes, identifying thus the lithos- 
tratigraphic boundaries as the chmnostratigraphic ones. Not 
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having the possibility of correcting the stratigraphy, the auth- 
ors only wish to emphasise, that, for example, stair-shape 
character of the boundary of deep siliciclastic shelf environ- 
ment in the SW part of the basin (Fig. 11) may in fact not 
indicate trangressive pulses at the stages boundaries, if the 
biostratigraphic boundaries are diachronous relative to the 
lithofacies. 

BASIN ZONATION AND SYNSEDIMENTARY 
ACTIVITY OFTHE SUBSTRATE 

Frequently stressed parallel trends of facies mnes and the 
longitudinal axis of the Mid-Polish Trough are expressed (Rg. 
If) in the occurrence of an axial zone with an area of earliest 
onset of sedimentation and earliest appearance of deep silici- 
clastic shelf environments, and following pelagic sedimenta- 
tion. Only during the Albian the two marginal zones in the NE 
and SW display some symmetry in sedimentary development. 
In other stages the SW slope of the trough was characterised 
by larger content of terrigenous material, long-lasting occur- 
rence of eroded areas (or only those lacking deposition), 
higher variability of sedimentary environments up to the 
Turonian, and, generally also during this time interval - by 
higher energy of depositional environments. In the Campa- 
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nian the differences vanished, but already in the Maastrichtian 
they became accentuated again during the regression and the 
beginning of the trough's inversion. 

Chronostratigraphic diagram reveals, the existence of par- 
ticular zones, where boundaries of various sedimentary envi- 
ronments were persistently present within different stages. 
Repeated occurrence of such boundaries during a long time 
in some zones suggests that the basins depth was influenced 
by different rate of subsidence of the basin substrate, related 
to the occurrence of tectonic discontinuities. One can distin- 
guish two fault zones (Fig. 1 I) defining the axial part of the 
trough and its marginal parts. 

First of fault zones runs SW of Radom, where the boun- 
daries between various environments are located in the Hau- 
terivian and since the Albian to the Santonian, constituting the 
northeastern limit of the trough's axial zone. The effects of 
higher subsidence rate are evidenced by the fact, that Valan- 
ginian deposits were preserved in this area, and by earlier 
occurrence of the Middle Albian transgressive deposits during 
the next sedimentary megacycle. Another evidence is the 
appearance of deeper-water facies by the end of Albian and 
by the end of Cenomanian, which became widespread only 
during the upper stages of the Cretaceous. In the Coniacian 
and Santonian bigger organic silica content and the temge- 
nous quartz influx are the only expressions of differences in 
sedimentary conditions. These may be reIated to the activity 
of the Nowe Miasto-Ilka Fault, which during the Triassic and 
Early to Middle Jurassic formed the NE-limit of the trough 
(M. Hakenberg, J. Swidrowska, 1997). During the Cretaceous 
its role was smaller, as it is not reflected in large thickness 
gradients. The facies seem to be a longer-lasting and more 
sensible indicator of the subsidence variability in the basin. 

Second fault zone, active since the Albian to the Turonian 
(Fig. 1 I), runs close to the present southwestern contact of the 
Mesozoic with the Palaeozoic of the Holy Cross Mountains. 

In the Turonian it was also accompanied by substantial thick- 
ness gradients (Fig. 6). It can be supposed, that a major 
synsedimentary fault limiting the trough from the south-west 
have been active here. Its maximum activity occurred in the 
Turonian. It would coincide with the zone of intensive tec- 
tonic deformations of the Mesozoic rocks, related to the 
trough's inversion (E. Stupnicka, 1970; W. Poiaryski, 1971). 

Asymmetry of the basin observed in the transversal cross- 
section up to the Turonian, resulted from the activity of these 
discontinuities: initially, until the Cenomanian the deposi- 
tional axis was located near the NE border of the trough, later 
in the Turonian it has moved towards SW trough boundary. 
Since the Coniacian the role of limiting faults has been de- 
creasing and up to the Carnpanian the asymmetry is difficult 
to interpret. When concluding about the subsidence during the 
Maastrichtian, one should take into account in addition to the 
deposits thickness also the probable increase of the water 
depth towards the NE, where pelagic lithofacies of opokas and 
chalk have appeared. 

PROBLEM OF DATING THE ONSET OFTHE INVERSION 

Local occurrence of sandy admixture in the deposits, 
observed since the Coniacian to the Maasrrichtian, enables 
one to suppose that two directions of terrigenous material 
dispersal existed. The dispersal pattern is not related to the 
sediment-thicknesses. First direction, from the south-west, 
i.e. from the areas frequently lacking deposits, does not rise 
any interpretation problems. The second direction, from the 
central part of the trough appears when in the southern part of 
the area large sediment-thickness variability exists and the 
general pattern of izopachs changes from the NW-SE to 
latitudinally trend. Sandy material admixture occurs in Conia- 
cian, Santonian and Campanian in the vicinity of Mielec 
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(Figs. 7,8 and 9) and in Santonian and Carnpanian in the area 
SW of Radom (Figs. 8 and 9). 

Higher sandy admixture in the deposits is accompanied 
neither by decrease of their thickness nor by a general change 
in the depositional conditions. With the opoka-marly litho- 
facies still prevailing, it may be suggested, that the sandy 
material was derived from beyond the limits of the investi- 
gated basin - probably from the S and SE - and was 
dispersed by marine currents to the environments of pelagic 
deposition. Distribution of terrigenous material alone can not 
be a sufficient proof of the inversions onset on this area. 

The process of the basin shallowing and increasing input 
of clastic material is observed onIy in the Maastrichtian. It 
proceeded asymmetrically and was more pronounced and 
occurred earlier in the southwestern zone of the basin. On one 
hand it is suggested by the fact of occurrence in the Miech6w 
Syncline of the Lower Maastrichtian deposits only, on the 
other by the appearance in northeastern flank of chalk facies, 
indicating lack of temgenous material influx. 

SUBSIDENCE RATB 

In order to compare subsidence rates, or, strictly speaking 
rates of preserved sediment accumulation, which can be con- 
sidered proportional to the rate of subsidence, cross-sections 
have been prepared (Fig. 12), showing degree and mode of 
deflection of a direct substrate of consecutive Cretaceous 

stages, inferred the thickness of the deposits filling the 
basin. The cross-sections have been localised along the same 
line as the chrostratigraphic diagram (Fig. 10). 

For every stage average sediment thickness has been 
calculated. Basing on this, the average subsidence curve has 
been drawn (Fig. 13). Comparison a results using two time 
scales (G. S. Odin, C. Odin, 1990; F. Grandstein et al., 1995) 
reveals, that the differences between them do not affect con- 
clusions concerning the subsidence curves. The only import- 
ant suggestion is, that due to differences in time of duration 
of Coniacian and Santonian, these stages should be con- 
sidered as a single time interval. One change has been made 
in respect to the thickness maps, by including the Lower and 
MiddIe Albian to the distinct time-interval characterised by 
numerous gaps. Upper Albian, as a horizon of rapidly develo- 
ping transgression, was treated separately. 

After long-lasting and repeated uplifting of the area close 
to the Jurassic/Cretaceous boundary (S. CieSlifiski, 1976; J. 
Kutek, 1994a) the subsidence became faster in the beginning 
of the Late Albian transgression. However, the rate of deposi- 
tion in the Albian did not reach high values (Fig. 13). The 
increase of subsidence rate in the Turonian is related to 
considerable rate of sediment accumulation, which combined 
with the observation of a synsedimentary activity of the SW 
zone of the limiting fault, indicates important role of tectonic 
subsidence. 
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