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Abstract: Lower Cretaceous epicontinental deposits have been documented in several exploration wells drilled in
the Sedziszéw Matopolski—Debica—Pilzno region. These are marine deposits of Valanginian age, developed in a
clayey-carbonate facies. They are only found in the areas of the thickest and most stratigraphically complete
Upper Jurassic deposits, ranging in age from Oxfordian to Kimmeridgian. The Lower Cretaceous deposits occur
beneath sediments of Late Cretaceous (Cenomanian and Turonian) age, forming small isolated caps on top of the
Upper Jurassic surface. The whole region was ori ginally completely covered by Lower Cretaceous deposits, as the
Early Cretaceous sea invaded the whole area. An abundant alpine fauna recovered from the Lower Cretaceous
indicates that the sea had open connections with the Tethys as well as with the epicontinental sea of the Polish
Lowlands. The Sedziszéw-Pilzno region was situated on the western slope of that basin.

Abstrakt: Epikontynentalne utwory dolnokredowe stwierdzono w rejonie Sedziszowa Matopolskiego—Debicy—
Pilzna, w kilku otworach wiertniczych. Sg to morskie utwory walanzynu, wyksztalcone w facji ilasto weglanowej.
Wystepuja one wylacznie w strefie o najwigkszej migzszosci utworéw gornojurajskich, w kontakcie z najmtod-
szymi utworami kimerydu. Osady dolnokredowe leza pod utworami gérnokredowymi (cenoman—turon), tworzac
na powierzchni gérnojurajskiej niewielkie wystapienia w formie ograniczonych platéw. Pierwotnie obszar ten

S

przykryty byl catkowicie utworami dolnokredowymi, gdyz w dolnej kredzie byt w catosci zalany morzem. Liczna
fauna alpejska stwierdzona w tych osadach $wiadczy, ze przez obszar ten dochodzito do polaczenia oceanu Tetydy
z epikontynentalnym morzem Nizu Polskiego. Obszar Sedziszowa-Pilzna znajdowat si¢ na zachodnim skfonie

tego basenu.
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INTRODUCTION

Epicontinental Lower Cretaceous deposits in the south-
ern sector of the Carpathian Foredeep have been discovered
in the Debica-Pilzno region in the Stasiéwka-1 well
(Geroch et al., 1972), and in the Wola Wielka-2 well (Kija-
kowa & Moryc, 1991). In the latter study, the probable oc-
currence of Lower Cretaceous was also reported from the
Pilzno-21 and Zaréwka-1 wells. In these two wells, the
Lower Cretaceous was not properly documented because
the interval was not cored, but similarities in the log profiles
allow comparisons to be made.

In all the above wells, the Lower Cretaceous occurs be-
neath sediments of Cenomanian to Turonian age, forming
small localised caps which under favourable circumstances
survived the middle Cretaceous and post-Late Cretaceous
erosion. The Lower Cretaceous sediments are developed in
a clayey-carbonate facies, and correlate with the upper

Valanginian. These sediments rest upon Kimmeridgian
limestones, and are associated with areas where the Upper
Jurassic deposits reach their maximum thickness.

The most recent drilling results reveal that the Lower
Cretaceous is present in at least two additional - wells:
Nawsie-1 and Zagérzyce-6 (Fig. 1). As in the Stasiowka-1
and Wola Wielka-2 wells, they occupy a similar structural
position between the Upper Cretaceous and the Kimmerid-
gian, and again occur as isolated erosional caps. The occur-
rence and shape of these deposits was mentioned by Moryc
(1995, 1996), who also pointed out that they are found fur-
ther toward the east than had previously been mentioned.
Both these wells were drilled as part of a new hydrocarbon
exploration programme carried out in the Rzesz6w—Sedzi-
sz6w—Szufnarowa—Pilzno region.

The wells are located 10~15 km south of Sedziszéw
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Fig. 1. Sketch map showing the locations of boreholes with
Lower Cretaceous epicontinental deposits in the Pilzno-Rzeszéw
region: / — boreholes; 2 — boreholes with Lower Cretaceous depos-
its; 3 — boundary of the Carpathian overthrust. Names of the
boreholes are given in Figure 7

Matopolski, and 20-22 km southeast of Debica (Fig. 1).
They were drilled on the Skole Unit of the Carpathian flysch
in the northern part of the Strzyzéw Depression. In both
wells, after drilling through the flysch and the thin Miocene
cover, an interesting profile of Mesozoic and Paleozoic sedi-
ments was documented which extends downwards into the
Silurian graptolitic shales. The geological structure of the
Miocene was the subject of a separate publication (Moryec,
1996), presenting the geology of the entire region between
Pilzno and Sedziszéw Matopolski. This study presents a
summary of the Cretaceous of that area. The general geo-
logical relationships in the pre-Miocene substratum in the

study area is illustrated using examples from two selected °

wells.

The task of reconstructing the stratigraphy of the Creta-
ceous deposits (especially the Lower Cretaceous) in the two
exploration wells is an exceptionally difficult one. The
problem stems from the sparse sampling from the two key
wells, as well as from the limited occurrence of index fauna.
It was unusually difficult to determine the base of the Creta-

Fig.2.  Stratigraphical profile in the Zag6rzyce-6 borehole: / —
clays and claystones; 2 — marls; 3 — claystones with fragments of
spongiolites; 4 — limestones; 5 — mudstones; 6 — downhole geo-
physical logs; 7 — dip of beds; LLD — Laterolog Deep Resistivity;
MSFL ~ Micro-Spherically Focused Log; PG — Gamma Ray; PNG
— Compensated Neutron Log

W.MORYC

ceous, as it occurs within an uncored interval that possessed
a poorly differentiated geophysical log signature. As a con-
sequence of this and the spot coring, estimates of the depth
of the Upper Jurassic surface and the thickness of the Creta-
ceous are subject to some degree of uncertainty.

THE CREATACEOUS PROFILE IN THE
ZAGORZYCE-6 WELL

The Zagorzyce-6 well drilled an outlier of Cretaceous
sediments found south of Sedziszéw Matopolski (Fig. 1).
The Cretaceous was driled in the interval between 2690 and
2788 m. The portion of the interval between 2690 and 2750
m consists of the Upper Cretaceous deposits, and 2750—
2788 m was assigned to the Lower Cretaceous (Fig. 2). Me-
chanical coring has been severely limited, and as a result the
Cretaceous stratigraphy of the well is based on geophysical
log interpretation and the study of drill cuttings. Addition-
ally, the downhole logs from the Wola Wielka-2 well (Ki-
jakowa & Moryc, 1991), which documented Lower Creta-
ceous sediments resting directly on Upper Jurassic limesto-
nes, were used for comparison. '

Beneath the Carpathian flysch deposits in the Zagérzy-
ce-6 well, a 7-m-thick layer of clayey sediments was found.
By analogy to the Nawsie-1 well, this horizon was corre-
lated to the Miocene (Badenian).

Below this level, Upper Cretaceous marly limestones
were found at a depth of 2690 to 2750 m. Two cores were
cut from the upper portion of these deposits (2695-2701 m
and 2704-2705 m), and one core was taken from the lower
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LOWER CRETACEOUS IN THE CARPATHIAN FOREDEEP

part (2749-2755 m). The upper 1.3 m of this core recovered
Upper Cretaceous, while the lower part sampled Neocomian
deposits.

In the two upper cores, greyish-beige hard marls, often
brecciated, with opoka and fragments of inoceramids were
recovered. The brecciated part of the marls is cemented with
a greyish-green ilastic substance.

Both the microfaunal analyses and the lithological char-
acteristics of these marls indicate a Turonian age. The mi-
crofaunal assemblage (determined by B. Olszewska) con-
tains Marginotruncana cf. marginata (Reuss), M. aff. bul-
loides (Vogler), Whiteinella baltica Douglas et Rankin,
Guembelitria cf. cretacea Cushman, Globigerinelloides sp.,
Pyramidina sp., Hedbergella? sp., Spiroplectammina sp.,
Lenticulina sp., Gerochammina sp., and calcispheres, in-
cluding Calcisphaerulina innominata Bonnet, Pithonella
ovalis (Kaufmann). Additionally, numerous sponge spicules
and rare radiolarians were found.

The underlying deposits (to a depth of 2749 m) were not
cored, but cuttings samples indicate the occurrence of typi-
cal Upper Cretaceous sediments. In the cuttings, light-grey
marly limestones with opoka were recovered to a depth of
2730 m, and below this to a depth of 2760 m greyish-green
marls and marly limestones were found which are similar to
the ones occurring higher in the hole.

The next core was cut from a depth of 2749-2755 m,
with full recovery from the cored interval. In the upper part,
130 cm of greyish-green noncalcareous claystone with
stringers of quartz sand was recovered. In places scattered,
dark grains of quartz 1-2 mm to 1 c¢m in diameter were
found. In this material, numerous fragments of white non-
calcareous highly porous rocks were observed that resemble
sponges with irregularly smooth surfaces. According to pre-
liminary investigations of A. Kranc, these are probably
spongiolites. Altogether, the lithology appears to be a spon-
ge conglomerate containing numerous fragments of a white
rock of similar type, probably derived from the mechanical
destruction of larger elements. The small fragments are of
various size to 1 cm, and larger fragments are up to 3—-5 cm.
Their surfaces display a pattern of irregularly smoothened
bumps, suggesting an organic origin.

Micropaleontological analyses of the claystones were
carried out by J. Godawska, and reveal a foraminiferal as-
semblage with Rotalipora cushmani (Morrow), Rotalipora
cf. reicheli Mornod, Hedbergella brittonensis Loeblich et
Tappan, H. delrioensis (Plummer), H. simplissima (Magne
& Sigal), Gavelinella cf. cenomanica (Brotzen), Linguloga-
velinella globosa (Brotzen), Valvulineria lotterlei (Tappan),
V. lenticula (Reuss), Globorotalites cf. multisepta (Brot-
zen), Praeglobotruncana cf. stephani (Gandolfi), Dicari-
nella cf. imbricata (Mornod). In addition, there are uniden-
tified species of the genera: Heterohelix, Marssonella, Mar-
ginotruncana, and Schackoina as well as numerous co-
prolites, sponge spicules, and a mass occurrence of radio-
larians. This assemblage indicates a Cenomanian age.

Previous micropalaeontological investigations carried
out by Heller (Heller & Moryc, 1984) have noted that the
occurrence of coprolites is a characteristic feature of Ceno-
manian sediments from the Carpathian Foredeep. Quartz
pebbles and conglomeritic material occurring in these clay-
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stones provide further evidence that these basal sediments
were formed during the Cenomanian transgression.

Below the noncalcareous greyish-green fossiliferous
claystones (Core at 2749-2755 m), calcareous sediments
were recovered. These consist of approximatelly 4 m of
grey limestones, greyish-green in places, finely detritic,
with scattered fine oolites and rather common crinoid frag-
ments. Streaks of greenish clays were observed in places.
Within these limestones, fissures were found which are in-
filled with material similar to the overlying sediments.

Beneath the 4 m-thick limestone layer to the bottom of
the core, a light-grey, pelitic limestone of the opoka type
with, fine interbeds of dark-grey and dark greenish-grey
clays was recovered. In this unit, small almost vertical fis-
sures were observed, that are infilled with a dark-grey marly
clay material.

The lower part of the profile in Zagérzyce-6 from a
depth of 2755 to 2791 m was not cored. This section was
documented on the basis of cuttings samples and downhole
logging. At a depth of 2760-2770 m (Fig. 2), the cuttings
contain dark marly clay(stone), almost black in colour, and
below this to 2780 m similar claystones are observed among
pieces of grey limestones. Deeper in the well, similar lime-
stones without clays were recovered.

The cuttings samples from 2760-2770 m were given to
Prof. Geroch with the hope of verifying the correlations
based on lithological characteristics. Prof. Geroch found the
occurrence of common, but rather poorly preserved forami-
nifera belonging mainly to the epistominid and lenticulinid
groups. In this assemblage the following forms were identi-
fied: Epistomina caracolla (Roemer), Lenticulina nodosa
(Reuss), L. cf. cultrata (Montfort), L. cf. muensteri (Roe-
mer). This assemblage confirmed the Early Cretaceous
(probably Late Valanginian) age of the deposits. Addition-
ally, Prof. Geroch remarked that the assemblage is rather
poor in comparison to assemblages recovered from the Sta-
siéwka-1 borehole (Geroch ef al., 1972). In fulfillment of a
request for further samples submitted by Prof. Geroch, some
additional material from the 2760-2770 m interval in the
well was provided, as well as samples from the core col-
lected from 27492755 m.

I delivered the samples to Prof. Geroch, but the sudden
and unfortunate loss of our dear colleague meant that the in-
vestigation could not be completed. Samples were later in-
vestigated by S. Kijakowa, who was unable to find any ad-
ditional species from the dark mudstones described above.

However, from the calcareous sediments sampled in the
upper portion of the core collected from 2749-2755 m, S.
Kijakowa was able to find a number of additional Lower
Cretaceous forms, including Trocholina burlini Gorbatchik,
T. paucigranulata Moullade, T cf. paucigranulata, Tro-
cholina sp., Lenticulina sp., Patellina cf. subcretacea Cush-
man et Alexander, Patellina sp., Spirillina sp., Planularia
sp., echinoderm spines, and numerous fragments of macro-
fauna. The age of this unit fits within the interval from
Valanginian to Hauterivian, but the correlation with the Sta-
siowka-1 well (Geroch ef al., 1972) and the Wola Wielka-2
well (Kijakowa & Moryc, 1991) suggests a Valanginian,
and most probably a Late Valanginian age. In thin sections
made from these limestones, B. Olszewska identified the
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following taxa: Haplophragmium sp., Haplophragmoides
sp. Trochammina sp., Recurvoides sp., Trocholina sp-,
Dorothia sp., Lenticulina sp., as well as fragments of cri-
noids, bryozoans, blue-green algal lumps, and oolites.

The above analyses in combination with the downhole
logging data enable us to place the depth of the contact be-
tween the Cenomanian and Valanginian deposits in the
Zagorzyce-6 well at 2750 m. The infillings observed in the
fissures in the upper part of the Lower Cretaceous limestone
unit are interpreted as representing traces of the basal Upper
Cretaceous deposits formed by the encroaching Cenoma-
nian sea.

The lower boundary of the Lower Cretaceous in this
well was determined based on the occurrence of Upper Ju-
rassic deposits recovered from a core cut at 2791-2795 m
(Fig. 2), as well as from the downhole logging results.

In the core, 3 m of rusty-yellow, beige, detritic, oolitic,
crinoidal limestone was recovered. This contains rare clasts
or rounded fragments (1-2 cm) of pelitic, beige limestone
that was probably redeposited. In these limestones, fissures
infilled with a micritic calcareous material are observed.
These may have been derived from the Lower Cretaceous
transgressive deposits. A Late Jurassic age for these detritic-
oolitic limestones has been assigned based on the occur-
rence of corals of the family Latomeandridae (determined
by E. Morycowa). In thin sections, B. Olszewska deter-
mined unidentified species belonging to the genera Haplo-
phragmoides, Recurvoides, and Trocholina, which were un-
fortunately unable to provide a more precise age for the unit.

My identification of the contact between Jurassic (Kim-
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meridgian) and the Cretaceous (Valanginian) at 2788 m is
based upon correlation with the Wola Wielka-2 well (Kijak-
owa & Moryc, 1991), and esspecially the similarity between
the downhole logging results. In the latter well, the Lower
Cretaceous limestones are also in direct contact with Upper
Jurassic limestones.

Therefore, the Lower Cretaceous (Valanginian) depos-
its in the Zagorzyce-6 well occur between 2750 and 2788 m,
although their lower boundary may actually extend a little
deeper. However, this does not present an major problem for
the purpose of this discussion.

Within the Lower Cretaceous calcareous-ilastic lithofa-
cies (Fig. 2), it is possible to separate two units that are
dominated by calcareous rocks (2750-2772 m and 2777—
2788 m) separated by a 5 m thick mudstone layer.

THE CRETACEOUS PROFILE IN THE
NAWSIE-1 WELL

Cretaceous deposits in the Nawsie-1 well were distin-
guished at a depth of 3003—3101 m. The Upper Cretaceous
occurs to a depth of 3069 m, and below this to 3101 m the
Lower Cretaceous was found (Fig. 3). The Cretaceous was
only spot cored, and as a result drill cuttings and downhole
logging was used to additionally subdivide the sequence.

Only three cores were recovered from the Upper Creta-
ceous sequence, from depths of 3020-3021 m, 3032-3034
m, and 3040-3042 m. Each core recovered about 1 m of
sediment. These consist of beige, often marly, limestone of

the opoka type, as well as
grey and creamy-grey
brecciated marls contain-
ing clasts of hard beige

PNG limestone. The clasts ap-
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Fig. 3. 3. Stratigraphical profile in the Nawsie-1 borehole: / — clays and claystones; 2 — marls and macrofauna found in the
limestones; 3 — marls and limestones with chert nodules; 4 — limestones; 5 — oolitic, detritic limestones; Nawsie-1 well consists of
6 — mudstones; 7 — downhole geophysical logs; 8 — dip of beds; PO — Electrical Logging. Other inoceramian fragments.

explanation as in Fig. 2

Micropalaeontological
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analyses carried out independently in two laboratories have
confirmed the Turonian age of the recovered sediments. Ac-
cording to B. Olszewska, the microfauna observed in this
section contains Textularia sp., Dicarinella sp., Heterohelix
sp., Hedbergella aff. delrioensis (Carsey), H. planispira
Tappan, ?Rotalipora sp. (recrystallized), and the calcisphe-
res Calcisphaerula innominata Bonnet (common) and
Pithonella ovalis (Kaufmann). In washed samples, J. Go-
dawska identified Lingulogavelinella cf. globosa (Brotzen)
and Dicarinella sp. Owing to the lack of further cores, the
cuttings samples and downhole logs were used to determine
the boundaries of the unit. In the cuttings, material from the
Carpathian flysch was found to a depth of 3010 m (Fig. 3),
below this to 3090 m chips of marl and limestone of the Up-
per Cretaceous variety were found. In the lowermost sam-
ples containing material from the flysch (with an abundant
Upper Cretaceous flysch-type fauna), J. Godawska also
found a lower Badenian microfauna that contains Orbulina
suturalis, “Biorbulina” bilobata, Globigerinoides bispha-
ericus, G. trilobus, Globigerina diplostoma, G. concinna,
Turborotalia mayeri, T. bykovae, among others. This indi-
cates that traces of the Miocene sediments occur between
the Flysch and the underlying Upper Cretaceous. According
to the logs, this Miocene is probably about 8 m thick in the
interval between 2995 m and 3003 m. They are probably
tectonically disturbed.

Based on the results from the Zagorzyce-6 well and the
similarities between the downhole logs, the lower boundary
of the Upper Cretaceous deposits has been placed at 3069 m.
In the Zagérzyce-6 well, Cenomanian sediments were docu-
mented in their lower part by means of microfauna (Fig. 2).
Similar sediments have been determined in the 30633069
m interval in the Nawsie-1 well based on similarities be-
tween the downhole logs (Fig. 3). Unfortunately no cores
were collected from this interval, and the cuttings do not
provide us with unambiguous information.

While the hole was being drilled, I carried out core de-
scriptions and collected cuttings samples. I noted the occur-
rence of black (dark) marly claystones and mudstones in the
cuttings from a depth of 3090-3100 m which suggested
Lower Cretaceous lithologies. The cuttings were delivered
to Prof. Geroch, who found a foraminiferal assemblage that
was quite abundant, though low in diversity. The assem-
blage contained Epistomina cf. caracolla (Roemer), Len-
ticulina cf. nodosa (Reuss), and rare indeterminate species
of Trocholina. The assemblage indicates an Early Creta-
ceous age, and probably more precisely correlats with the
upper Valanginian (Bartenstein & Bettenstaedt, 1962; Rie-
graf & Luterbacher, 1989; Bartenstein, 1977).

Samples of the claystones given to J. Jaminski for pa-
lynological analysis revealed that the organic material is
comprised of about 75% amorphic material and 25% woody
fragments. Rare dinocysts belonging to the genera Avelloi-
dinium, Surculosphaeridium, and Spiniferites suggested a
probable Early Cretaceous age.

Cuttings samples from the same interval were inde-
pendently analyzed in the Micropalaeontological Labora-
tory of Polish Oil and Gas Company in Jaslo, by J. Go-
dawska. A Lower Cretaceous foraminiferal assemblage with
Lenticulina nodosa (Reuss), L. munsteri (Roemer), Episto-
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mina cf. caracolla (Roemer), Trocholina cf. infragranulata
Noth, Astacolus sp., and one Lower Cretaceous ostracod
species, Mandocythere frankei (Triebel) was determined.
Although the assemblage is poor in species, it compares
well with the assemblage from the Wola Wielka-2 well (Ki-
Jjakowa & Moryc, 1991) and Stasiéwka-1 (Geroch et al.,
1972).

The Gamma ray and N-gamma logs (Fig. 3) allow us to
more precisely determine the depth of the claystone unit
from which the cuttings samples were derived. This was ob-
served between 3090 m and 3098 m. The unit correlates
with the claystone observed between 2772 m and 2777 m in
the Zagoérzyce-6 well. As in the previous well, it separates
two calcareous units: the first occurring between 3069 m
and 3090 m and, the second between 3098 m and 3101 m.
The 2.5 m of oolitic detritic limestone recovered in the core
cut at 3108-3111 m was assigned to the Upper Jurassic,
based on its lithology.

The micropalaeontological analyses carried out by Prof.
Geroch revealed rare Trocholina, Miliolidae and other cal-
careous benthic foraminifera, but index forms were lacking.

The analyses carried out on both of these wells revealed
important similarities between the Lower Cretaceous depos-
1ts.

DISTRIBUTION OF LOWER
CRETACEOUS DEPOSITS

The epicontinental Lower Cretaceous deposits in the
southern part of the Carpathian Foredeep are preserved as
small caps, preserved on the Upper Jurassic erosional sur-
face (Fig. 4). The caps are generally small, as their areal dis-
tribution is delimited by boreholes in which the Lower Cre-
taceous is absent. The caps do not reflect the original extent
of Lower Cretaceous sediments in the study area, as the
whole region was once covered by the Early Cretaceous sea.
Their present-day distribution only reflects those areas that
were sheltered from erosion. Perhaps the erosional remnants
were preserved in depressions, or in somewhat higher areas
that were later isolated by erosion.

In the study area, the Valanginian was documented in
the boreholes Stasiéwka-1 (Geroch et al., 1972), Wola
Wielka-2 (Kijakowa & Moryc, 1991) as well as in the
Nawsie-1 and Zago6rzyce-6 wells (Fig. 4). Additionally, the
probable occurrence of Lower Cretaceous deposits has been
determined in the Zaréwka-1 and Pilzno-21 wells. There is
a questionable occurrence of Lower Cretaceous in the
Pilzno-20 and Pilzno-40 wells, since at the (uncored) Juras-
sic-Cretaceous contact the downhole logging registered a
thin claystone unit, similar to the ones from the Pilzno-21
and Zaréwka-1 wells.

It is noteworthy that the Lower Cretaceous deposits
were only preserved in the areas with the thickest Upper Ju-
rassic sediments, and at the same time in areas with the
youngest Jurassic deposits (Kimmeridgian age) (Fig. 4).
This indicates that the pre-Valanginian erosion of the Upper
Jurassic was not as great in these areas, but it was neverthe-
less present. A striking example is the difference in the
thickness of the Malm (about 140 m) between two wells
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Sub-Miocene map of the occurrence of Lower Cretaceous epicontinental deposits in the Pilzno-Debica—Sedziszéw Malopolski

region, with thickness of Upper Jurassic deposits: / — Lower Cretaccous; 2 — Kimmeridgian; 3 — Oxfordian; 4 — pre-Upper Jurassic
deposits; 5 — extent of the Upper Cretaceous deposits: @ — boundary fault delimited: 6 — isopachs of Upper Jurassic deposits, in metres; 7
— boreholes that completely penetrated the Upper Jurassic, with thickness; 8 — boreholes that drilled into the Upper Jurassic; 9 — boreholes
lacking Upper Jurassic; /0 — faults; // — boundary of the Carpathian overthrust; /2 — current extent of the Upper Jurassic deposits (Zero

isopach). Explanations to boreholes are given in Figure 7

drilled not far from one another, the Nawsie-1 and Zagé-
rzyce-6 wells.

However, at the time of the Early Cretaceous transgres-
sion, the region must not have been morphologically differ-
entiated to any great extent, as the Lower Cretaceous in all
the boreholes is generally of similar age and thickness.

The above relationships suggest that the Early Creta-
ceous history of the basin was linked with that of the pre-ex-
isting Late Jurassic basin (Niemczycka & Brochwicz-Le-
winiski, 1988), preserved most probably in the Lower San
Anticlinorium, which was the southeastern extension of the
Mid-Polish Trough. This area was transitional between the
epicontinental seas and the southern seas that were influ-
enced by Mediterranean environmental conditions. This is
suggested by the influence of alpine fauna in the Lower Cre-
taceous of Debica, Lubaczéw, and many other localities in
the Polish Lowlands (Marek, 1988).

The Debica—Pilzno region was located in the western,
marginal part of the Lower Cretaceous basin. In this area,
the transgression did not occur until the Valanginian, and

most probably the Late Valanginian, and formed clayey,
muddy, and carbonate sediments. In the region, no sedi-
ments of Hauterivian age were encountered. These may
have been removed by the pre-Late Cretaceous erosion. At
this time, some parts of the Lower Cretaceous (Valanginian)
erosional remnants preserved beneath the Cenomanian and
Turonian deposits must have assumed their present-day
form.

However, the Lower Cretaceous deposits were also
eroded during a later stage. A striking example is the pre-
Badenian palaeovalley (Figs. 4, 7) drilled in the Laczki Ku-
charskie-1 well, which completely cuts through the Creta-
ceous and Kimmeridgian deposits and bottoms in the upper
part of the Oxfordian. Such erosion resulted in the isolation
of the (originally continuous) Cretaceous of the Stasiéwka
region from that of the Nawsie-Zagorzyce area. It is also
possible that, in contrast to the results presented in Figures 4
and 7, the Lower Cretaceous of the two areas may once have
been continuous. '
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GEOLOGICAL STRUCTURE OF THE
PRE-MIOCENE SUBSTRATUM

The structure of the Palacozoic—Mesozoic basement in
the Pilzno-Dgbica—-Sedziszéw region is rather complicated.
This has been the subject of a separate study (Moryc, 1996),
which covered the material in greater detail. To provide a
general overview of the geological structure, several typical
profiles from deep boreholes in the region are presented in
Figures 5 and 6. These illustrate the general mutual relation-
ships between the geological systems.

The oldest deposits in the region are Precambrian
clayey metaargilites drilled in the Debica-2 and Zagorzyce-
1 wells (Fig. 6) and in the Wola Ociecka-1 well (Fig. 7).

Cambrian deposits are not known from the area, and
probably do not occur. The oldest paleozoic rocks are of Or-
dovician and Silurian age, which form a separate, differenti-
ated, sedimentary-structural unit (Figs. 5, 6).

Devonian deposits have not been encountered in the
study area. There are reasons to believe that Devonian sedi-
ments were originally present over the region, but these
have been completely removed by the subsequent post-Bre-
tonian erosion (Moryc, 1992). The Carboniferous sea prob-
ably encroached on the area comparatively late. In the
northern region, the transgression was of a Tournaisian and
early Visean age, whereas the southern region was elevated
for a longer period of time, and the transgression did not
take place until the mid to late Visean. At that time carbon-
ates were deposited, and later the more clastic Kulm facies
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developed.

During the long sedimentary hiatus, which lasted from
the later part of the early Carboniferous, through the entire
Permian, until the Bunter times, the region was subjected to
intense erosion of the Paleozoic cover. The Carboniferous
deposits were especially removed. In many areas the Kulm
facies was removed completely, and even the lower Carbon-
iferous carbonates may be missing (e.g., the Pustkéw-1 and
Wola Ociecka-1 wells; Fig. 7). As a result, the Triassic and
Jurassic deposits (and partly even Miocene sediments de-
posited after the Alpine erosion) rest upon Paleozoic depos-
its of various age, or partly even lie directly upon the Pre-
cambrian metamorphics.

The Triassic of the region is developed either as a
Bunter sandstone facies, or in the western part of the study
area, as lower Muschelkalk (e.g., in the Nieczajna Dolna-3
well).

The Jurassic deposits are represented by clastic Dogger
sediments (Bajocian to Callovian) with a maximum thick-
ness of 200-250 m. Upon this, a limestone unit comprising
the Oxfordian to Kimmeridgian is developed. In the study
area this unit reaches a thickness of 1330 m (e.g., the
Nawsie-1 well).

The Cretaceous facies are most interesting in light of the
Early Cretaceous history of the area. As mentioned above,
they are found in the areas of the thickest Upper Jurassic de-
posits (Fig. 4). In addition, the overlying Upper Cretaceous
deposits played an important role in preserving these depos-
its (Fig. 7). These shielded the Lower Cretaceous from ero-
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sion. We observe this in the Pilzno—-Dgbica area, as well as  laterally continuous cover on the Upper Jurassic limestones.
in the Nawsie—Zagorzyce cap (Figs. 5-7). The Laczki Until the Nawsie-1 and Zagodrzyce-6 wells were drilled,
Kucharskie-1 well is situated between these two areas with  the eastern limit of the Cretaceous deposits was believed to
Cretaceous deposits, which must have originally formed a  be located southeast of the Stasiowka-1 well, but west of the
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Laczki Kucharskie-1 well. The current results significantly
extend the known areal occurrence of the Cretaceous to-
wards the east, and also document their occurrence as iso-
lated erosional outliers that are separated from the main
body of Cretaceous deposits (in the Debica—Pilzno-Niecza-
Jjna Dolna region) by small incised valleys. In the study area,
it is quite possible that additional erosional remnants of Cre-
taceous deposits exist which have not yet been documented
by drilling.

The lithological development of the Lower Cretaceous
deposits has been described in the preceding section. Upper
Cretaceous deposits are developed in a facies that is typical
of the whole Carpathian Foredeep region (Heller & Moryc,
1984). These are (from their base) Cenomanian sandstones
and Turonian—Coniacian marls, opokas, and limestones
formed during the early transgression of the Late Cretaceous
sea; and Santonian-Maastrichtian marly limestones of the
later Late Cretaceous marine transgression. These display
transgressive and unconformable nature with respect to the
underlying Jurassic and lower part of Upper Cretaceous de-
posits. The Santonian is itself transgressive, and partly lies
directly upon various Jurassic sediments (e.g., in the Wy-
goda-36, -41, and Debica-7 wells). The transgressive nature
of the Turonian is also observed with respect to the Cenoma-
nian sandstones, which are only found within depressions
and in the incised valleys. One of these links the Cenoma-
nian of Smegorzéw—Swarzéw in the Dabrowa Tarnowska
region, with the deeply incised valley filled with Cenoma-
nian at Krzyz-Szczurowa—t.akta area (Heller & Moryc,
1984). It is possible that the occurrence of Cenomanian in
the Zagérzyce-6 well was in some way connected with the
Cenomanian of the Smegorzéw-Swarzéw valley, but this
presumed connection developed towards the north was lo-
cated in an area where Cretaceous sediments were sub-
sequently eroded.

The Cretaceous facies in the Pilzno-Dgbica—Sedziszow
region (Fig. 7) are completely analogous to the coeval sedi-
ments that are found in the whole southern part of the Car-
pathian Foredeep, and its eastern extension into the
Miechéw Trough.

Acknowledgements

The author is deeply grateful to Prof. Stanistaw Geroch for the
original biostratigraphical information concerning the age of the
Lower Cretaceous deposits in the Nawsie-1 and Zagorzyce-6

pa

wells. The author also thanks Assist. Prof. Barbara Olszewska
(Polish Geological Survey, Carpathian Branch, Krakéw) and
Stanistawa Kijakowa, Janina Godawska and Alicja Kranc (Polish
Oil and Gas Company in Krakéw & Jasto), and well as Jacek
Jaminski (currently at the University of Cincinnatti, Ohio), for the
micropalaeontological analyses used in this study.

REFERENCES

Bartenstein, H., 1977. Stratigraphic parallelisation of the Lower
Cretaceous in the northern hemisphere. Zonation with ben-
thonic foraminifera. News/, Stratigr., 6, 1: 30-41.

Bartenstein, H. & Bettenstaedt, F. (eds.), 1962. Marine Unter-
kreide (Boreal and Tethys). In: Leitfossilen der Mikropalin-
tologie, 7: 225-297.

Geroch, S., Jednorowska, A. & Moryc, W. 1972. The Lower
Cretaceous sediments in the southern part of the Carpathian
Foreland. Rocz. Pol. Tow. Geol., 42: 409-421 (in Polish with
English summary).

Heller, I. & Moryc, W. 1984. Stratigraphy of the Upper Creta-
ceous deposits in the Carpathian Foreland. Biul Inst. Geol.,
346: 63—116 (in Polish with English summary).

Kijakowa, S. & Moryc, W. 1991. New site with the epicontinental
formations of the Lower Cretaceous in the area of Debica.
Kwart. Geol., 35: 421-436 (in Polish with English summary).

Marek, S. 1988. Palaeothickness, lithofacies and palaeotectonics
of the epicontinental Lower Cretaceous in the area of Debica.
Kwart. Geol., 32: 157-174 (in Polish with English summary).

Moryc, W. 1992. Geological structure of Miocene substrate for-
mations in Sedziszéw—Rzeszéw region and their prospects.
Nafia-Gaz, 9-10: 205-223 (in Polish with English summary).

Morye, W. 1995. Terrestial formations of Paleogene in the area of
Carpathian Foredeep. Nafta-Gaz, 5: 181-195 (in Polish with
English summary).

Moryc, W. 1996. The geological structure of Miocene substratum
in Pilzno-De¢bica—Sedziszow Mip. region. Nafta-Gaz, 12:
521-550 (in Polish with English summary).

Niemczycka, T. & Brochwicz-Lewinski, W. 1988. Evolution of
the Upper Jurassic sedimentary basin in the Polish Lowland,
Kwart. Geol., 32: 137-156 (in Polish with English summary).

Riegraf, W. & Luterbacher, H., 1989, Benthonische Foraminiferen
aus der Unterkreide des “Deep Sea Drilling Project” (Leg
1~79). Geol. Rundschau, 78, 3: 1063—1120,

Y

Fig. 7. Structure of the pre-Miocene basement
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Lower Cretaceous (Valanginian); § - Kimmeridgian; 9 — Oxfordian; /10— Dogger; /7 ~Lower Carboniferous; /2 - Precambrian; /3~ limit
of the Cenomanian: a — primary at the base of the Turonian, b — erosional, ¢ ~ presumed in the area of complete removal by subsequent
erosion; /4 — isobaths of the sub-Paleogene surface; /5 — boreholes in which the substratum was drilled; /6 — boreholes that drilled
epicontinental Lower Cretaceous deposits: a — verified by faunal evidence, b - probable; /7 ~ faults; /8 — boundary of the Carpathian
overthrust. Symbols of boreholes: B — Bedziemysl; Be - Bedzienica; Bobr. — Bobrowa; Bo. — Borowa; Br, — Braciejowa; Cz, P, — Czarna

Pilzno; Cz. - Czudec; D. — Debica; G. — Golemki;
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¢ki Gorne: Nag. —Nagoszyn; Na. - Nawsie; N. D. —Nieczajna Dolna;

P. —Pilzno; Po. - Podborze; P. W. — Pogérska Wola: Pus, — Pustk6éw; Ra. — Radomysl; Rop. — Ropezyce; R, —Réza; Se. - Sepnica; S. —

Sedziszow; St. — Stasiowka; Staw. — Stawiska; Sz, ~ Szufnarowa; Wi.

— Wiewiorka; W. O. — Wola Ociecka; W. Rz, — Wola Rzedzinska;

W. W. —~ Wola Wiclka; W. — Wygoda; Zag. — Zagbrzyce; Zal. — Zalasowa; Zas. — Zaséw; Zd. — Zdziarzec: 7. — Zaréwka; Zu. — Zukowice,
Arabical numbers following the symbols sign the number of the boreholes
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Streszczenie

KREDA DOLNA W PODLOZU MIOCENU
POLUDNIOWEJ CZESCI PRZEDGORZA KARPAT

Wiadystaw Moryc

Epikontynentalne utwory dolnokredowe w potudniowej czgs-
ci przedgorza Karpat zostaly dotychczas znalezione w rejonie De-
bicy—Pilzna, w otworach wiertniczych Stasiowka-1 i Wola Wiel-
ka-2. Prawdopodobnie utwory tego wieku wystepuja réwniez w
otworach Pilzno-21 i Zaréwka-1 oraz Pilzno-20 i Pilzno-40. Jed-
nakze z braku rdzeni nie zostaly one udokumentowane fauna, a ich
wiek zostal wyznaczony na podstawie podobienstwa wykresow
geofizyki wiertniczej.

Najnowsze wyniki wiercet wykonanych w tym rejonie wyka-
zaly wystepowanie epikontynentalnych utworéw dolnokredowych
przynajmniej jeszcze w dwdch otworach wiertniczych, Zagoérzy-
ce-6 i Nawsie-1. Otwory te odwiercone zostaly okoto 20 km na
potudnie od Rzeszowa i okoto 20 km na potudniowy wschod od
Debicy (Fig. 1). Zlokalizowane one zostaty na obszarze Karpat fli-
szowych w obrebie jednostki skolskiej, w pétnocnej czgsei depre-
sji strzyzowskiej.

W obydwu otworach (Fig. 2 & 3), po przewierceniu osadéw
fliszowych i cienkiej pokrywy miocenskiej stwierdzono utwory
kredy gornej (cenoman—turon), a nastgpnie morskie osady wy-
ksztatlcone w facji ilasto-weglanowej kredy dolnej. Wystgpujaca w
tych osadach mikrofauna $wiadczy o ich walanzynskim (? gor-
nowalanzynskim) wieku. Miazszo$¢ tych osadéow wynosi 32-38
m. Pierwotna migzszo$¢ byla zapewne wieksza, gdyz czg$¢ osa-
dow, w tym prawdopodobnie réwniez utwory hoterywu, zostaty
przed cenomanem erozyjnie zredukowane.

Utwory dolnej kredy zachowaly si¢ wylacznie w strefie naj-
wiekszej miazszosci osadow gornojurajskich i rownoczesnie w
strefie wystgpowania osadow najmlodszych tego podsystemu, ut-
wordw kimerydu (Fig. 4). Utwory dolnokredowe wystepuja dzis w
postaci niewielkich platéw, ograniczonych wierceniami, w
ktorych osadow tych brak. Pierwotnie jednak, caly ten obszar byt
zalany przez morze dolnokredowe i na calej jego powierzchni
wystepowaly utwory neokomskie. Pézniejsza, przedgornokre-
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dowa erozja doprowadzita do znacznego ich zniszczenia, a po-
jedynczo zachowane platy stanowig ich niezerodowane resztki.

Przez obszar Pilzna—Debicy, ktéry we wczesnej kredzie zaj-
mowal zachodnia, brzezng strefg basenu, przebiegato bezposred-
nie potaczenie morza potudniowego z morzem epikontynental-
nym. Swiadczy o tym fakt znacznego oddziatywania srodowiska
medyteranskiego, przejawiajacy si¢ alpejskimi wpltywami faunis-
tycznymi w osadach dolnej kredy w rejonie Debicy, Lubaczowa i
wielu punktach Nizu Polskiego.

Utwory dolnokredowe byly niszczone réwniez w pozZniej-
szym okresie. Ulegaly one erozji laramijskiej wraz z nadleglymi
osadami kredy gornej i nizejlegla seria weglanowa goérnej jury.
Jednym z przykladéw takiego niszczenia jest przedbadeniska pa-
leodolina przebiegajaca przez otwér Laczki Kucharskie-1 (Fig. 4
& 7). Rozcina ona catkowicie utwory kredowe i kimerydu i wcina
si¢ w gorne partie osadéw oksfordu. Wcigcie to doprowadzito do
izolacji faczacych si¢ pierwotnie utworéw kredowych z rejonu
Debicy—Stasiowki, z utworami kredowymi w rejonie wiercef
Nawsia-1 i Zagérzyc-6, zachowanymi tam w formie ptlatu.

Budowa geologiczna podmiocenskiej pokrywy mezo-paleo-
zoicznej rejonu Pilzna—Se¢dziszowa Malopolskiego jest bardzo
zréznicowana i zlozona. Ilustruje to korelacja utworéw z kilku
wazniejszych otworéw wiertniczych (Fig. 5 & 6). Wskazuje ona
na szereg niezgodnosei stratygraficznych poszczegdlnych syste-
moéw geologicznych. W wyniku szeregu postorogenicznych $cigé
erozyjnych czesci, a nawet catosci, utworéw danego systemu,
wystepuje na tym obszarze wiele luk stratygraficznych. Ujaw-
niaja si¢ one réwniez na mapie geologicznej przedmiocenskiej po-
wierzchni erozyjnej (Fig. 7), nie tylko jako powierzchnia niezgod-
nosci utworéw réznych systeméw (np. spagu jury), ale rowniez
niezgodnym przebiegiem réznych utworéw jednego systemu (np.
niezgodnos¢ przedsantonska, $cinajaca powierzchnig starszych ut-
wordw kredowych i jurajskich).

Wyniki wiercen Nawsie-1 i Zagorzyce-6 wykazaly réwniez
znaczniejszy, niz dotychczas znano, wschodni zasieg utworow
kredowych. Swiadczy to zarazem o mozliwosci wystgpowania
tych utworéw jako oddzielnych, izolowanych platéw, odcigtych
erozyjnie niewielkimi ,,przetomami” od zasadniczej pokrywy kre-
dowej rejonu De¢bicy—Nieczajny Dolne;j.




