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Me so zoic siliciclastic and car bon ate strata, ana lysed in 28 bore holes lo cated in the £ódŸ and Miechów troughs, Po land,
com prise Tri as sic and Ju ras sic rocks ac cu mu lated un der ter res trial and ma rine con di tions, and Cre ta ceous de pos its of ma -
rine or i gin. Siliciclastic rocks (sand stones, siltstones, mudstones and claystones, with sub or di nate con glom er ates) are the
main lithofacies in the Lower and Up per Tri as sic, Lower and Mid dle Ju ras sic, and in the Lower Cre ta ceous. Car bon ate rocks
dom i nate in the Mid dle Tri as sic and Up per Ju ras sic. The Up per Cre ta ceous suc ces sion is rep re sented by si li ceous-car bon -
ate de pos its. These sed i men tary rocks were stud ied in terms of sed i men tary ba sin anal y sis and in par tic u lar as re gards their
res er voir char ac ter is tics, with de tailed petrographic and po ros ity stud ies of these rocks and spe cial em pha sis on the sand -
stones and lime stones. The fo cus was on the ef fects of diagenetic pro cesses and their in flu ence on res er voir prop er ties. The
most im por tant diagenetic pro cesses that af fected the res er voir prop er ties of the rocks were com pac tion, ce men ta tion and
dis so lu tion, and also re place ment in car bon ate rocks. Com pac tion and ce men ta tion have re duced the po ros ity of the sand -
stones by an av er age of ~44% and 29%, re spec tively. The ef fects of dis so lu tion, mainly of feld spar grains and bioclasts, con -
trib uted to the de vel op ment of sec ond ary po ros ity in the rocks. Re place ment pro cesses – dolomitization of lime stones – also
in creased the po ros ity of the rocks. Sand stones with good res er voir prop er ties (po ros ity >15%, per me abil ity >100 mD) are
found in the Lower Tri as sic (Buntsandstein), Lower Ju ras sic and Lower Cre ta ceous. Among the car bon ates, the Mid dle Tri -
as sic (Muschelkalk) de pos its show the best res er voir prop er ties, but most of the po rous (>10%) car bon ate and car bon -
ate-marly rocks are im per me able. The Miechów Trough, by com par i son with the £ódŸ Trough, in cludes better res er voir
prop er ties.

Key words: diagenesis, res er voir prop er ties, Me so zoic sed i men tary rocks, £ódŸ and Miechów troughs.

INTRODUCTION

We de scribe in de tail the petrographic char ac ter is tics of Me -
so zoic rocks oc cur ring to the south-west of the Mid-Pol ish
Swell, in the £ódŸ and Miechów troughs, us ing core ma te rial
from 28 bore holes (Fig. 1 and Ta ble 1), and build ing on ear lier
petrographic stud ies on Me so zoic de pos its in the Pol ish Low -
lands (Maliszewska, 1999; Kuberska et al., 2023). Petrographic 
anal y ses are pro vided of Tri as sic, Ju ras sic and Cre ta ceous
rocks. In the Tri as sic suc ces sion, the Buntsandstein  has been
in ves ti gated by Kuberska (e.g., 1997, 1999; Kuberska et al.,
2019, 2023), the Muschelkalk by Wo³kowicz (e.g., 1999;

Kuberska et al., 2023) and the Up per Tri as sic  by Maliszewska
(e.g., 1972). In the Ju ras sic suc ces sion, the Lower Ju ras sic
was stud ied by Koz³owska (e.g., Koz³owska et al., 2010;
Koz³owska and Kuberska, 2014), the Mid dle Ju ras sic by
Maliszewska (e.g., 1998, 1999; Koz³owska et al., 2021) and the
Up per Ju ras sic by Wo³kowicz (e.g., Po³oñska and Wo³kowicz,
2005). The Cre ta ceous de pos its were stud ied by Po³oñska
(e.g., 1999a, b, 2000, 2007, 2010; Po³oñska and Wo³kowicz,
2005). Petrographic data have been pre vi ously de scribed both
in the con text of the geo log i cal struc ture of the study area and
with re spect to sed i men tary con di tions (e.g., Feldman- Olszew -
ska 1997a, b, 1998a, b, 2012a, b). 

The area of £ódŸ and Miechów troughs has also been pre vi -
ously stud ied, with fo cus on the Up per Cre ta ceous stra tig ra phy
and sedimentology (Jurkowska, 2016), min er al ogy (Jurkowska
and Œwier czewska-G³adysz, 2022) and palae on tol ogy (e.g.,
Œwier czewska- G³adysz, 2016; Œwierczewska-G³adysz and
Jurkowska, 2023).
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Fig. 1. Lo ca tion map of the bore holes in ves ti gated in their tec tonic con text (af ter Stupnicka, 1989 and Narkiewicz and Dadlez,
2008; mod i fied)

Ob. – Oborniki el e va tion
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T a  b l e  1

Study data sum mary for strati graphic units in the £ódŸ and Miechów troughs



The lithological and diagnetic char ac ter is tics of the rocks in
ques tion are im por tant fac tors in con sid er ing the de vel op ment
within them of pore space and res er voir prop er ties. Karnkowski
(1993) noted ev i dence of hy dro car bon-gen er at ing pro cesses in 
the £ódŸ Trough from oil and gas shows in the Ko³o IG 3, Ko³o
IG 4, Ponêtów 1 and Przyby³ów 1 bore holes. This rec og ni tion
has prompted our anal y sis of this suc ces sion, par tic u larly the
sand stones and lime stones, to de ter mine the in flu ence of
diagenesis on the petrophysical prop er ties of the rocks as re -
gards ex plo ra tion for hy dro car bon ac cu mu la tions in the Pol ish
Low lands. De tailed petrographic and po ros ity stud ies of these
rocks were un der taken and com bined with the re sults of pre vi -
ous stud ies, to  de ter mine which of the Me so zoic units stud ied
have the best res er voir prop er ties, and which of the two ar eas
of study are the most pro spec tive for hy dro car bon ex plo ra tion.

GEOLOGICAL SETTING, LITHOLOGY 
AND SEDIMENTARY ENVIRONMENTS

The £ódŸ Trough cov ers the cen tral part, and the Miechów
Trough the south-east ern part, of the Szczecin-£ódŸ-Miechów
Trough (Fig. 1; Stupnicka, 1989; Narkiewicz and Dadlez, 2008). 
The troughs are lo cated on the SW side of the Mid-Pol ish Swell, 
the  NW-SE trend of which is closely re lated to the strike of the
Teysseyre-Tornquist Zone. Evo lu tion of the troughs is re lated
to tec tonic in ver sion of the ax ial part of the sed i men tary ba sin,
i.e. the Mid-Pol ish Trough, which re sulted in the for ma tion of the 
Mid-Pol ish Swell. Filled with Perm ian-Me so zoic strata, the
Mid-Pol ish Trough was up lifted and strongly eroded at the Cre -
ta ceous/Paleogene tran si tion (Late Turonian?/Coniacian-Pa -
leocene; Krzywiec, 2006; Krzywiec et al., 2009). On both sides
of the emerg ing Mid-Pol ish Swell, the Mar ginal Trough and the
Szczecin-£ód¿-Miechów Trough were formed, the bound aries
of which are marked by the pres ent-day limit of Cre ta ceous de -
pos its (Stupnicka, 1989).

The north-east ern bound ary of the £ódŸ Trough is partly
tec tonic in na ture and runs along the K³odawa salt diapir, which
is sep a rated from the £ódŸ Trough by NW–SE-trending fault
zones (Dadlez, 1998). The west ern bound ary of the £ódŸ

Trough (with the Szczecin Trough) runs along the west ern edge 
of the Oborniki El e va tion (Po¿aryski, 1969; Marek, 1977a;
Dadlez, 1997), whereas its south-east ern bound ary with the
Miechów Trough is drawn at an ex ten sion of the Grójec Fault
(Po¿aryski, 1969; Narkiewicz and Dadlez, 2008; Z³onkiewicz,
2006, 2009). The base ment of the £ódŸ Trough is prob a bly rep -
re sented by folded rocks of the Variscan Orogen, whereas the
Miechów Trough is lo cated mostly on the Ma³opolska Block
(Narkiewicz and Dadlez, 2008; Bu³a and Habryn, 2010). The
south ern part of the Miechów Trough is over lain by Ce no zoic
de pos its of the Carpathian Foredeep. Far ther south, it dips be -
neath the Carpathian Overthrust.

Both the £ódŸ Trough and the Miechów Trough are filled
with Perm ian-Me so zoic de pos its, but they dif fer in terms of the
thick ness of the in di vid ual strati graphic units and their age
range (Fig. 2). They also dif fer with re gard to the pres ence or
ab sence of man i fes ta tions of salt tec ton ics. The £ódŸ Trough
area is lo cated in the mar ginal zone of an area of salt pil lows
and diapirs (Dadlez, 1998) com posed of Zechstein de pos its,
ac tive in Late Tri as sic, Early and Mid dle Ju ras sic, and Late Cre -
ta ceous times. Nu mer ous salt pil lows and a salt diapir oc cur in
this area (Marek, 1977a). No signs of salt tec tonic ac tiv ity are
found in the Miechów Trough area. 

De tailed in for ma tion on the li thol ogy and sed i men tary en vi -
ron ments of Me so zoic for ma tions in the £ódŸ and Miechów
troughs are given in Fig ure 2.

The Tri as sic sec tion in the £ódŸ Trough has no strati graphic 
gaps and be gins with Buntsandstein strata (Szyperko-Œliw -
czyñska, 1977; Gajewska, 1977; Dadlez and Franczyk, 1977).
These are rep re sented by red fine-grained siliciclastic de pos its
with interbeds and lenses of marly lime stone (Szyperko-Œliw -
czyñ ska, 1979, 1980; Szyperko-Teller, 1997). In the Miechów
Trough, the Lower and Mid dle Buntsandstein oc cur only in its
north ern and cen tral parts (Jurkiewicz, 1973). The low er most
part is lithologically the same as in the £ód¿ Trough, while
higher in the sec tion there are mainly red sand stones (an in for -
mal “Sand stone” for ma tion) (Szyperko-Teller, 1997; Fi -
ja³ kowska-Mader et al., 2015). The Mid dle Buntsandstein sed i -
men tary ba sin be came more uni form lithologically. In the £ódŸ
and Miechów troughs, the lower part of the sec tion is rep re -
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Fig. 2. Li thol ogy and sed i men tary en vi ron ments of Me so zoic lithostratigraphic units in the £ódŸ Trough and Miechów Trough af ter:
Jurkiewicz (1973), Mrozek (1975), Gajewska (1977, 1978, 1988a, 1997), Marek (1977b, 1997), Szyperko-Œliwczyñska (1977, 1980),
B³aszkiewicz and Cieœliñski (1979), Dembowska (1979), Kopik (1979), Marek and Raczyñska (1979), Senkowiczowa (1979),
Szyperko-Teller (1982, 1997), Deczkowski (1997), Krassowska (1997), Niemczycka (1997), Feldman-Olszewska (1998a, b),
Pieñkowski (2004), Z³onkiewicz (2009), Fija³kowska-Mader et al. (2015)

Fm. – For ma tion, Mb. – Mem ber
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sented by sand stones of the Pomerania For ma tion, while the
up per part is com posed of claystones (an in for mal “Clayey” for -
ma tion) (Szyperko-Œliwczyñska, 1977; Szyperko-Teller, 1982,
1997; Fija³kowska-Mader et al., 2015). De po si tion of the Up per
Buntsandstein oc curred through out both bas ins (Szyperko-
 Teller, 1997). It was char ac ter ized by cy clic stages of stag na -
tion com bined with in creased evap o ra tion and re newed trans -
gres sions. In both troughs, the sec tion is com posed of car bon -
ate rocks with in ter ca la tions of gyp sum, anhydrite and salts
(Röt lithofacies) (Jurkiewicz, 1973; Szyperko-Teller and Moryc,
1988; Szyperko-Teller, 1997).

This type of li thol ogy passes con tin u ously into Mid dle Tri as -
sic lime stones of the Muschelkalk unit  (Senkowiczowa, 1979;
Gajewska, 1988a). De po si tion took place in an epicontinental
ma rine ba sin, pe ri od i cally of el e vated sa lin ity. Dur ing sed i men -
ta tion of the Lower Muschelkalk, the ma rine trans gres sion

reached its peak (Narkiewicz and Szulc, 2004). The Mid dle
Muschelkalk marks a change in lithofacies that re sulted in the
de po si tion of cal car e ous-marly sed i ments through out al most 
the en tire ba sin. The up per most part of the Mid dle Tri as sic is
com posed mostly of sand stones (Lower Keuper de pos its)
(Gajewska, 1978). 

Up per Tri as sic de pos its in the £ódŸ and Miechów troughs
are rep re sented by siliciclastic rocks, pre dom i nantly claystones
of red, green and var ie gated colours with in ter ca la tions of
anhydrite, gyp sum, do lo mite and sphaerosiderite, de pos ited in
a hot, mostly dry cli mate (Gajewska, 1988b, Deczkowski, 1997,
Fija³kowska et al., 2015).

The Lower Ju ras sic sec tion is sig nif i cantly re duced in the
£ódŸ Trough in terms of both the thick ness and the range of its
strati graphic units. This area  was a pos i tive el e ment in re la tion
to ad ja cent ar eas at that time (Dadlez and Franczyk, 1976). In
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its cen tral part there are only sand stones of pre sumed
Pliensbachian age. In more pe riph eral zones, Toarcian de pos -
its also suc ces sively ap pear (Dadlez and Franczyk, 1977; Feld -
man-Olszewska, 2012a). Over most of the £ódŸ Trough area,
Aalenian and Lower Bajocian strata are ab sent, and the Up per
Bajocian sec tion is re duced. These de pos its oc cur only at the
bound ary with the Kuyavian Swell, in a graben of in creased
sub si dence rate (Feldman-Olszewska, 2012b), and in the east -
ern part of the £ódŸ Trough (Dayczak-Calikowska, 1977). The
Bathonian sec tion is dom i nated by ma rine fine-grained
siliciclastic de pos its, while the Callovian suc ces sion is rep re -
sented by car bon ate-siliciclastic rocks. 

In the Miechów Trough, Lower Ju ras sic de pos its oc cur only
in the north ern and cen tral parts (to the Secemin IG 1– W³osz -
czowa IG 1 line in the south). In this area, a geo log i cal sec tion
sim i lar to that in the mar ginal zone of the £ódŸ Trough is ob -
served, with mainly Pliensbachian de pos its over lain by
Toarcian rocks (Mrozek, 1975). In ad di tion, the Hettan -
gian-Sinemurian de pos its, re duced in thick ness, oc cur only at
the bound ary with the £ódŸ Trough. The Mid dle Ju ras sic sec -
tion, as in the £ódŸ Trough, is com posed of Bajocian and
Bathonian siliciclastic rocks and Callovian car bon -
ate-siliciclastic de pos its with a con densed bed of a starved shelf 
in its up per most part (Dayczak-Calikowska and Moryc, 1988;
Feldman-Olszewska, 1997b, 1998b; Z³onkiewicz, 2009). To -
wards the south, the Mid dle Ju ras sic de pos its are in creas ingly
re duced and wedged out.

In the Late Ju ras sic, the sub si dence axis ran across the NE
part of the £ódŸ Trough. This area shows a com plete Up per Ju -
ras sic sec tion en com pass ing sev eral car bon ate and
marly-clayey for ma tions (Dembowska, 1979). In the NE zone of 
the £ódŸ Trough, there is a con tin u ous Ju ras sic to Cre ta ceous
tran si tion (Dembowska, 1977). In the Miechów Trough area,
only Oxfordian and Lower Kimmeridgian car bon ates have been 
pre served, which can be cor re lated with the for ma tions dis tin -
guished in the £ódŸ Trough area (Dembowska, 1979;
Niemczycka, 1997; Z³onkiewicz, 2009).

A fully de vel oped Lower Cre ta ceous sec tion (Berriasian-
 Albian) in the £ódŸ Trough is found only in the NE zone (Marek,
1977b). To the south-west of the zone, the Lower Cre ta ceous
sec tion starts with the Up per Valanginian or Hauterivian. The
ab sence of the lower Lower Cre ta ceous in this area is re lated to
the pres ence of a pos i tive, rigid el e ment in the base ment (ac tive 
also dur ing the Early and Mid dle Ju ras sic). Far ther to the
south-east, the Lower Cre ta ceous de pos its wedge out and only
Albian rocks are pres ent in the Miechów Trough (Hakenberg et
al., 1973; Hakenberg, 1986).

Up per Cre ta ceous de pos its are found over the whole area
of the £ódŸ and Miechów troughs. Through out the en tire £ódŸ
Trough, there are Cenomanian to Campanian de pos its, and the 
Maastrichtian is found in its cen tral part (Jaskowiak-
 Schoeneichowa and Krassowska, 1988; Leszczyñski, 2010).
The Cre ta ceous suc ces sion of the Miechów Trough is rep re -
sented by Cenomanian to Maastrichtian strata (B³aszkiewicz
and Cieœliñski, 1979). The Up per Cre ta ceous rocks form a sin -
gle evo lu tion ary cy cle of a ma rine sed i men tary ba sin with pe -
lagic car bon ate and car bon ate-siliciclastic de po si tion (Kras -
sowska, 1997). More over, in the vi cin ity of the salt diapirs,
siliciclastic-car bon ate suc ces sions com posed of sand stones,
opokas and marls, lo cally also with mudstone interbeds, are ob -
served (Leszczyñski 2000, 2010). These are in ter preted as
sub ma rine fans of grav ity flows gen er ated by up ward move -
ments of Perm ian salt masses.

ANALYTICAL METHODS

The ma te rial for this study co mes from 28 bore holes drilled
in the £ódŸ and Miechów troughs (Fig. 1). About 430 rock sam -
ples were taken, ~150 from Tri as sic, ~160 from Ju ras sic and
~120 from Cre ta ceous rocks. They were roughly equally di -
vided be tween sand stones and car bon ate rocks, and used to
pro duce thin sec tions. Prior to thin sec tion prep a ra tion, some
core sam ples (mainly sand stones) were sat u rated with
blue-col oured resin for sub se quent pore space ob ser va tion.
Com puter im age anal y sis was per formed on 34 such sec tions
to de fine their pore space and to de ter mine their po ros ity level
us ing NIS-El e ments soft ware. The res o lu tion of the im ages
taken for com puter anal y sis was 5 mil lions pix els. The po ros ity
was also mea sured dur ing planimetric anal y ses by count ing
300 points per thin sec tion us ing a po lar iz ing mi cro scope. The
min eral com po si tion of the rocks, their struc tures and tex tures,
as well as the prog ress of me chan i cal and chem i cal com pac -
tion and the ef fects of other diagenetic pro cesses (ce men ta tion, 
dis so lu tion, re place ment, al ter ation and neomorphism), were
de ter mined by thin sec tion anal y sis. Most sec tions were stained 
with Evamy’s so lu tion for the pre lim i nary iden ti fi ca tion of the
chem i cal com po si tion of car bon ates (Migaszewski and
Narkiewicz, 1983). The study was also aided by
cathodoluminescence (CL) anal y sis per formed on ap prox i -
mately 80 thin sec tions, us ing a CCL 8200 mk 3 in stru ment
from Cam bridge Im age Tech nol ogy Ltd, mounted on a Nikon
Optiphot 2 po lar iz ing mi cro scope ta ble. In many cases, the
anal y sis en abled dis tinc tion be tween dif fer ent gen er a tions of
ce ments, al lowed rec og ni tion of the out lines of min eral grains
and bioclasts that had been oblit er ated, for ex am ple, by sili ci fi -
ca tion pro cesses or im preg na tion with iron compounds, and
identification of the zonal structure of some crystals.

Re sults of scan ning elec tron mi cro scope (SEM) stud ies of
the rocks, us ing JEOL JSM-35 and LEO 1430 in stru ments con -
nected with an EDS ISIS en ergy dispersive spec trom e ter, were
also used. 51 rock sam ples and ten thin sec tions were ex am -
ined. The microlithofacies va ri et ies of rocks were de ter mined
us ing the clas si fi ca tion of sand stones by Pettijohn et al. (1972),
mod i fied by Jaworowski (1987) and Ryka and Maliszewska
(1991), and the Folk (1959) and Dun ham (1962) clas si fi ca tions
and their mod i fi ca tions for car bon ates.

In ves ti ga tions of fluid in clu sions in ce ments were per formed 
on four sand stone sam ples in spe cial dou bly pol ished plates.
Fluid Inc. Sys tem equip ment (man u fac tured in the USA)
mounted on a Leitz – Orthoplan po lar iz ing mi cro scope, and a
THMS600 heat ing and freez ing ta ble from Linkam Sci en tific In -
stru ments Ltd. in stalled on a Nikon Eclipse LV100 POL po lar iz -
ing mi cro scope, were used. The heat ing and freez ing of sam -
ples on freez ing and heat ing stages were car ried out at tem per -
a tures rang ing from room tem per a ture (23°C) to +120°C and to
–80°C (oc ca sion ally to –120°C). The mea sur ing ac cu racy for
both stages was cal i brated against SynFlinc stan dards.
FLUIDS soft ware (Bakker, 2003) was used to cal cu late sa lin ity.
In clu sion as so ci a tions were in ter preted based on the pro posal
by Goldstein and Reynolds (1994).

X-ray stud ies were car ried out on a Philips PW 3020 X-ray
diffractometer equipped with an APO 1877 au to mated com -
puter iden ti fi ca tion sys tem. Five mudstone sam ples and one
sand stone and one lime stone sam ple were ana lysed in ori -
ented air-dried prep a ra tions, af ter glycolation and heat ing.
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Porosimetric stud ies and per me abil ity de ter mi na tions on 56 
se lected rock sam ples, mainly sand stones, were car ried out at
the Oil and Gas In sti tute in Kraków. The fol low ing were de ter -
mined: the to tal po ros ity co ef fi cient (ex press ing the ra tio of the
vol ume of all pores (open and closed) to the to tal vol ume of the
rock sam ple stud ied); the ef fec tive po ros ity co ef fi cient (ex -
press ing the ra tio of the vol ume of open con nected pores to the
to tal vol ume of the rock sam ple stud ied); and the dy namic po -
ros ity co ef fi cient (ex press ing the ra tio of the vol ume of pores
from which for ma tion flu ids can be re cov ered to the to tal vol -
ume of the sam ple stud ied). The to tal po ros ity co ef fi cient was
de ter mined us ing the pycnometric method, and the ef fec tive
po ros ity co ef fi cient was cal cu lated by sat u rat ing the sam ple
with a wet ting liq uid. Know ing the den sity of the liq uid used for
the test, the vol ume of open pores was cal cu lated.
Parameterization of the pore space was ob tained by mea sur ing 
cap il lary pres sure curves. This study used the de pend ence of
cap il lary pres sure mag ni tude on the ra dius length, its shape,
and the net work of in ter con nec tions be tween pores of dif fer ent
ra dii. The cap il lary pres sure curves were ob tained us ing the
porosimetric method, i.e. a method of in ject ing mer cury into test 
sam ples. An AutoPore9220 mer cury porosimeter was used.
The ef fec tive per me abil ity co ef fi cient was de ter mined us ing ni -
tro gen.

RESULTS

LITHOFACIES AND MINERAL COMPOSITION

The de pos its ana lysed in this study are dom i nated by
siliciclastic and car bon ate lithofacies. Siliciclastic rocks are rep -
re sented by claystones, mudstones, siltstones, sand stones
and oc ca sional con glom er ates. Car bon ate rocks com prise
lime stones and dolomites, and their marly va ri et ies – marls, or
silicic va ri et ies – opokas  (car bon ate-si li ceous rocks that con -
tain sil ica poly morphs in the form of opal-CT and small amount
<10% of de tri tal quartz and clay) and gaizes (rocks which con -
tain higher >10% con tent of de tri tal quartz com pared to opokas) 
(Jurkowska and Œwierczewska-G³adysz, 2022; Ta ble 1).

TRIASSIC (FIG. 3)

Con glom er ates are a sub or di nate lithofacies in the Tri as sic
sec tion. In the Mid dle Tri as sic, intraformational cal car e ous con -
glom er ates are found at the bound ary be tween the £ódŸ
Trough and the Miechów Trough. In the Up per Tri as sic, con -
glom er ates com posed mainly of do lo mite clasts are re ported.
Con glom er ates are the most com mon lithofacies in the Norian.
These are red finely bed ded clay con glom er ates com posed
mainly of Keuper claystones ce mented by clay (Ko³o IG 4,
Strzelno IG 1), as well as finely bed ded polymictic con glom er -
ates, con ven tion ally re ferred to as the “Lisów Brec cia”
(Maliszewska, 1972). The groundmass in these rocks is com -
posed of quartz, feld spar and mica grains, as well as of clay and 
car bon ate min er als and iron hydroxides.

Sand stones (Fig. 3A–D) are a sig nif i cant lithofacies in the
Lower and Up per Tri as sic. They rep re sent very fine-grained
and fine-grained va ri et ies. Me dium-grained sand stones are
more abun dant in the south ern part of the study area, where
coarse-grained, con glom er atic va ri et ies may also be found. In
view of the min eral com po si tion of the de tri tal ma te rial and the
pro por tion of clayey-muddy ma trix, the Lower Tri as sic sand -
stones are clas si fied as arenites and wackes, quartz and
subarkosic, less fre quently sublithic, in con trast to the Up per
Tri as sic sand stones dom i nated by sublithic va ri et ies (Fig. 4).
The de gree of sort ing of de tri tal ma te rial in the fine-grained

sand stones is good; coarser-grained va ri et ies are char ac ter -
ized by poorer sort ing. The grain point con tacts ra tio usu ally
does not ex ceed 2.5. Straight and point con tacts are most fre -
quent; less fre quent are concavo-con vex ones. The main com -
po nent of all sand stones is mono- and polycrystalline quartz. In
arkosic va ri et ies, feld spars are an im por tant con stit u ent.
Among the lithoclasts, frag ments of sed i men tary rocks, as well
as clasts of ef fu sive and meta mor phic rocks, def i nitely dom i -
nate. These are more common in sublithic varieties of the
sandstones.

In ad di tion, mus co vite and bi o tite flakes (Fig. 3A) and cal cite 
ooids are com mon in the Lower Tri as sic (Kuberska, 1997,
1999). Car bo na ceous plant re mains and dis persed or ganic
mat ter are found in the Up per Tri as sic. The grain frame work
and ma trix are ce mented by car bon ates, quartz, authigenic clay 
min er als and anhydrite. The ma trix con sists of muddy-clayey
ferruginous mat ter and is pres ent in al most all sand stone types.
Car bon ates are com mon in the ce ments; cal cite is more fre -
quent than do lo mite, and an ker ite is lo cally pres ent. An ad di -
tional com po nent of the Up per Tri as sic sand stones is sid er ite.
Cathodoluminescence anal y sis has en abled iden ti fi ca tion of
two va ri et ies of cal cite: non-lu mi nes cent, so-called pure cal cite,
and Mn-cal cite, show ing yel low lu mi nes cence (Fig. 3B). Pure
cal cite, pre vi ously re ported in the Kuyavian re gion (Kuberska,
1999), does not show any ad mix tures of other chem i cal el e -
ments. It was found only in Lower Tri as sic sand stones. The
other cal cite va ri ety is char ac ter ized by the pres ence of Mn2+

ac ti va tor ions in the crys tal lat tice (Sikorska, 1994). Lo cally, this
cal cite con tains ad mix tures of iron, as shown by yel low-red lu -
mi nes cence or a blue-vi o let col or ation of the car bon ate af ter
treat ment of the thin sec tion with Evamy’s so lu tion. In ves ti ga -
tions of fluid in clu sions in cal cite (Lower Tri as sic) in di cate the
pres ence of pri mary and sec ond ary, two-phase and sin -
gle-phase in clu sions. The ho mog e ni za tion tem per a tures are
not highly vari able and range from 90 to 120°C. The re sults of
mea sure ments of ice melt ing tem per a tures of the in clu sions
stud ied in di cate that the flu ids in the in di vid ual sam ples are
com plex, and dif fi cult to ex press in terms of NaCl equiv a lent
val ues. The eutectic tem per a tures close to (–60)°C sug gest the
in clu sions con tain brine sys tems that are more com plex than
the NaCl-H2O sys tem, such as H2O-NaCl-CaCl2-MgCl2
(Bodnar, 1990). Do lo mite oc curs as ei ther subhedral crys tals
fill ing pore spaces or as rhom bo he dra, com monly show ing a
zonal struc ture. An ker ite is rare and mostly forms the mar gins of 
Fe-do lo mite grains. Authigenic quartz (1–22 vol.% of rock) is
also pres ent, cre at ing overgrowths on de tri tal grains or fill ing
pore spaces (Fig. 3C). Ag gre gates of authigenic clay min er als,
kaolinite (Fig. 3D), chlorite, and sub or di nate illite, have also
been iden ti fied. Authigenic feld spar overgrowths are not fre -
quent (up to 1 vol.% of rock). In the ce ments, anhydrite is more
com mon in rocks from boreholes located in the £ódŸ Trough
(Kuberska, 1999) and in the northern part of the Miechów
Trough.

Mudstones and siltstones (Fig. 3E) are com mon in both the
Lower Tri as sic (thick brown ish-red or grey ish-green pack ets in
the top parts, or interbeds in sand stones and claystones) and
the Up per Tri as sic (most abun dant in the Lower and Up per
Gyp sum Beds – Keuper; they have also been re ported from the
Reed Sand stone). They are rep re sented mostly by quartz
siltstones. In ad di tion to the com monly pres ent quartz and feld -
spars, en rich ment in micas, mainly mus co vite and bi o tite, is a
char ac ter is tic fea ture. These grains are ce mented by de tri tal
clay min er als and authigenic com po nents: kaolinite, quartz, cal -
cite, Fe-do lo mite, an ker ite and sid er ite. The siltstones also
contain iron hy drox ides, py rite, or ganic mat ter, coalified plant
de tri tus, and lo cally anhydrite. 
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Fig. 3. Pho to mi cro graphs taken us ing a po lar iz ing mi cro scope (PL) and by cathodoluminescence (CL)

A – mica flakes bent as a re sult of mechnical com pac tion. Brzegi IG 1 bore hole, depth 1496.2 m, Lower Tri as sic, PL, crossed polars; B – cal -
cite ce ment in sublithic arenite; Mn-Ca – man ga nese-cal cite, Ca – „pure” cal cite, Fs – feld spar, Q – quartz. Gomunice 13 bore hole, depth
2264.2 m, Lower Tri as sic, CL im age; C – subarkosic arenite; authigenic quartz (Qa) sur rounded by cal cite (Ca). Gomunice 9 bore hole, depth
1394.8 m, Up per Tri as sic, PL, crossed polars; D – subarkosic arenite; partly dis solved po tas sium feld spar (Fs) and kaolinite (Kl) in pore
space of sand stone. Brzegi IG 1, depth 1529.3 m, Lower Tri as sic, sam ple im preg nated by blue resin, PL, crossed polars; E – po rous sandy
siltstone. Secemin IG 1 bore hole, depth 1411.2 m, Up per Tri as sic, sam ple im preg nated by blue resin, PL, with out an a lyzer; F – grainstone;
do lo mite rhom bo he dra in pore space (blue col our). Gidle 2 bore hole, depth 1740.4 m, Mid dle Tri as sic, sam ple im preg nated by blue resin, PL, 
with out an a lyzer; G – grainstone; voids of dis solved grains (ar rows) and anhydrite ce ment (Ah) are vis i ble. Gidle 2 bore hole, depth 1788.3 m,
Mid dle Tri as sic, sam ple im preg nated by blue resin, PL, with out an a lyzer; H – dolomitized crys tal line lime stone with pores (ar rows, blue col -
our). Secemin IG 1 bore hole, depth 1888.3 m, Mid dle Tri as sic, sam ple im preg nated by blue resin, PL, with out an a lyzer



The claystones are com posed of clay-size de tri tal ma te rial
with a mi nor ad mix ture of silt and sand of quartz and feld spar,
and mica flakes. The min eral com po si tions of the Lower, Mid dle 
and Up per Tri as sic claystones are sim i lar. The Rhaetian
claystones are lo cally interbedded with clayey siderites
(Dadlez, 1973).

Car bon ate rocks (Fig. 3F–H) are the main lithofacies in the
Muschelkalk suc ces sion. They are also found, less fre quently,
in the Lower and Up per Tri as sic. Lime stones are rep re sented

by microsparite and micrite va ri et ies with prom i nent bioclasts,
ooids and de tri tal ma te rial. These are micrite clayey-sandy
lime stones (mudstones and wackestones) and organodetrital
lime stones (packstones and grainstones). Other con stit u ents
in clude bi valve and gas tro pod re mains, com monly pyritized, cri -
noid stems, and echinoderm plates. Allogenic ma te rial is rep re -
sented by grains of quartz and oc ca sion ally of feld spar. Clay
min er als and py rite are also ob served, and peloids and ooids
show ing vary ing de grees of pres er va tion of in ter nal struc ture.
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Fig. 4. Clas si fi ca tion tri an gles of Pettijohn et al. (1972), mod i fied by Jaworowski (1987) and Ryka and Maliszewska (1991), for
the Tri as sic, Ju ras sic and Cre ta ceous sand stones

Q – quartz, F – feld spars, L – lithoclasts; T1 – Lower Tri as sic, T3 – Up per Tri as sic, J1 – Lower Ju ras sic, J2 – Mid dle Ju ras sic, K1 –
Lower Cre ta ceous, K2 – Up per Cre ta ceous; n – num ber of anal y ses



The ce ments in the Muschelkalk rocks are com posed pre dom i -
nantly of cal cite, which is lo cally ad mixed with Mn and Fe. There 
are also do lo mite, Fe-do lo mite, anhydrite, gyp sum, py rite,
sphalerite, bar ium celestine, ha lite, authigenic quartz, and feld -
spar with a com po si tion sim i lar to al bite. In the Kuyavian area,
car bon ate ce ments in the Lower Muschelkalk have a cal cite
and Mg-cal cite com po si tion; do lo mite is a mi nor com po nent,
be ing rarely ad mixed with Fe, or Mn and Fe. In the Up per
Muschelkalk, an ad mix ture of Mn (in ad di tion to Fe and Mg) has
been found in the cal cite ce ments; do lo mite and an ker ite are
also pres ent (Wo³kowicz, 1999).

The lime stones, es pe cially in the Up per Buntsandstein, re -
veal voids and frac tures filled with anhydrite (Fig. 3G). There
are also sty lo lites filled with clay-ferruginous mat ter with an ad -
mix ture of or ganic mat ter. Dolomites (Fig. 3F, H) have been en -
coun tered, for in stance in the Up per Buntsandstein and in the
Keuper. These are micrite and microspar and spar rocks, which
are largely sandy. They con tain quartz and weath ered feld spar
grains, and clasts of quartz schist, si li ceous rocks and micas, as 
well as or ganic mat ter. In di vid ual cal cite grains, pre sum ably
bioclasts, are also vis i ble. Phos phate de bris and anhydrite were 
noted. Do lo mite-anhydrite lenses, in ter ca la tions and interbeds
are pres ent in places (Gidle 2, Gomunice 9, 11, Secemin IG 1,
Wêgleszyn IG 1). Inter gra nu lar spaces are filled with
rhombohedral do lo mite ce ment (Fig. 3F), blocky cal cite ce -
ment, or si li ceous cement.

In the Poddêbice PIG 2 bore hole (Keuper) there are grey
dolomitic marls with fine quartz grains, iron hy drox ides, plant
de tri tus, and py rite.

JURASSIC (FIG. 5)

Con glom er ates are rare and oc cur only lo cally in the Ju ras -
sic strata. In the Lower Ju ras sic, a light grey polymictic/quartz
rudite was found (Poddêbice PIG 2, depth 3621.3 m). It con -
tains ~60 vol.% of rounded gravel grains with a most com mon
di am e ter of 3.0 mm and a max i mum di am e ter of 15.0 mm. In
ad di tion to pale quartz grains (com monly as “vein” quartz),
there are also clasts of grey and black claystone. The
groundmass is com posed of coarse-grained quartz arenite, and 
the ce ment is of authigenic quartz, kaolinite, illite flakes, and
car bo na ceous mat ter. In the Mid dle Ju ras sic sec tion, con glom -
er ates were found in the Bajocian of the Strzelno IG 1 bore hole
(Ryll, 1973). They form lay ers be tween finer-grained rocks, and
their thick ness var ies from 10 to 145 cm, av er ag ing ~30–40 cm. 
They are com posed of el lip soi dal, well-rounded car bon ate and
siliciclastic rock clasts, rang ing in di am e ter from 2 mm to 2 cm,
ce mented pre dom i nantly by sid er ite. The Up per and Mid dle
Bathonian con glom er ates (Madaje Stare IG 1 bore hole) are
largely finely bed ded, with a most com mon gravel di am e ter of
0.5 cm (Maliszewska, 1971). Their main com po nents are peb -
bles of sid er ite-ce mented quartz sand stone con tain ing nu mer -
ous chamosite or berthierine ooids. Some of the ooids are
sideritized. Bryo zoan and serpulid frag ments and bi valve shells
oc cur in the sand stone clasts. Grains of quartz and clasts of
chamosite or berthierine rocks have also been seen in the
psephitic frac tion of the con glom er ates. Quartz and microcline
grains, and ce ment com posed of finely crys tal line sid er ite and
ferruginous do lo mite, were en coun tered in the sandy
groundmass of the con glom er ates. The Up per Callovian con -
glom er ate (Poddêbice PIG 2 borehole) is composed of clasts of 
brown clayey sid er ite, brown ferruginous sand stone with bio -
clasts, grey-brown lime stone, and skel e tal fos sils. Out lines of
the bioclasts are poorly vis i ble due to im preg na tion of the lime -
stones with iron hy drox ides; how ever, they be come more eas ily
rec og niz able by cathodoluminescence anal y sis. Chamosite or
berthierine ooids and goethite ooids have also been re corded.

The Ju ras sic sand stones (Fig. 5A–E) are rep re sented by
fine- to me dium-grained, lo cally coarse-grained va ri et ies and
are cat e go rized as quartz and subarkosic arenites and wackes, 
oc ca sion ally sublithic (P¹gów IG 1 bore hole; Fig. 4). The
arenites are con spic u ous by an unoriented fab ric, while the
wackes com monly show a di rec tional fab ric ac cen tu ated by the
ar range ment of clay min eral and mica flakes, as well as of or -
ganic mat ter and sid er ite. Sand stones, ac com pa nied by
claystones, mudstones or siltstones, are fre quent com po nents
of heterolithic de pos its. A char ac ter is tic fea ture of most of the
sand stones is their rel a tively mo not o nous min eral com po si tion.
The main com po nent of the grain frame work is monocrystalline
quartz that pre dom i nates over polycrystalline quartz, the con -
tent of which usu ally does not ex ceed 10 vol.% of rock (Fig. 5A,
B). The group of polycrystalline quartz grains in cludes also
clasts of quartz ite, quartz schist and chert. The amount of feld -
spars is ~1 vol.% of rock. Higher feld spar con tents (up to 6.0
vol.%) were found in Lower Ju ras sic sand stones of the P¹gów
IG 1 and W³oszczowa IG 1 bore holes. The rocks also host
clasts of quartz-mica schist, granitoid, vol ca nic glass,
mudstone and mica, and fine car bo na ceous de bris and scat -
tered or ganic mat ter. The Mid dle Ju ras sic sand stones of ten
con tain bioclasts rep re sented by bi valve and brachi o pod shell
frag ments, bryo zoan col o nies, cri noid os si cles, and echinoid
spines (Fig. 5D). Chamosite or berthierine and goethite ooids
are pres ent in places (Fig. 5C). Glauconite grains are found in
the Callovian de pos its. Pore ce ment occurs in the arenites,
while contact cement is present in the wackes.

Inter gra nu lar spaces are filled with a ma trix and/or a ce -
ment. Quartz ce ment, ac count ing for ~10 vol.% of rock, plays
the most im por tant role in the Lower Ju ras sic sand stones, while 
in the Mid dle Ju ras sic sand stones, its con tent is usu ally ~2
vol.%. It forms syntaxial overgrowths on quartz grains, fill ing the 
pore spaces par tially or lo cally com pletely (Fig. 5A, B). The
bound ary be tween de tri tal quartz grains and their over growth is
lo cally marked by fluid in clu sions or iron hy drox ides. In the
Lower Ju ras sic sand stones, car bon ate ce ments are rep re -
sented mainly by sid er ite (a min eral in cluded in the sid er -
ite-magnesite iso mor phic se ries) and an ker ite, oc ca sion ally by
cal cite (Ta ble 2). In the Mid dle Ju ras sic sand stones, cal cite pre -
dom i nates over do lo mite. Two gen er a tions have been dis tin -
guished among the siderites: early and late. The early gen er a -
tion ce ment is rep re sented by sid er ite and sideroplesite, which
form ag gre gates of very finely crys tal line grains. The late gen er -
a tion sid er ite is char ac ter ized by a higher MgCO3 con tent than
the early diagenetic one, and is rep re sented by sideroplesite.
Do lo mite and an ker ite oc cur most com monly as iso lated
euhedral rhombohedral crys tals, or they form spar ce ment. Cal -
cite in the ce ments of the sand stones com monly con tains ad -
mix tures of iron and man ga nese. This in di cates that it is a
ferruginous va ri ety of cal cite. Cal cite in the Mid dle Ju ras sic
sand stones of the Kuyavian area con tains small pro por tions of
mag ne sium, man ga nese and iron (Maliszewska, 1998). In a CL 
im age, it shows yel low, yel low-or ange or red dish lu mi nes cence. 
Authigenic clay min er als are rep re sented by kaolinite, illite,
chlorite and illite/smectite mixed-layer min er als. Kaolinite oc -
curs most com monly in the form of platy ag gre gates vis i ble un -
der scan ning elec tron mi cros copy as pseudohexagonal crys -
tals cre at ing a char ac ter is tic book let struc ture. Mi cro scopic ob -
ser va tions in di cate the oc cur rence of ver mi form kaolinite. Illite
crys tal lites oc cur most com monly as fibres. Fi brous illite grows
on platy illite, quartz ce ment, and kaolinite. In places, the min -
eral fills pore spaces in sand stones, re duc ing its per me abil ity.
Authigenic chlorites, which rep re sent a Fe-Mg va ri ety, were ob -
served lo cally (e.g., sand stones from the Gomunice 13, P¹gów
IG 1 and Poddêbice PIG 2 bore holes). Chlorites in rock sam -
ples from the Miechów Trough form rims on quartz grains,
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Fig. 5. Pho to mi cro graphs in a po lar iz ing mi cro scope (PL) and cathodoluminescence (CL)

A – quartz arenite; dark brown lu mi nes cence of authigenic quartz (ar row) and brown and grey-blue de tri tal quartz grains (Qd), and blue lu mi -
nes cence of kaolinite (Kl). Banachów IG 1 bore hole, depth 3338.2 m, Lower Ju ras sic, CL im age; B – quartz arenite; pri mary po ros ity (Pp) and 
microporosity (Mp) be tween kaolinte crys tals. Banachów IG 1 bore hole, depth 3338.2 m, Lower Ju ras sic; sam ple im preg nated by blue resin,
with out an a lyzer; C – berthierine or chamosite ooids flat tened by me chan i cal com pac tion. Poddêbice PIG 2 bore hole, depth 3227.7 m, Mid -
dle Ju ras sic, PL, with out an a lyzer; D – dolomitic sand stone with bioclasts; vis i ble green flakes of chlorite. ¯erechowa 2 bore hole, depth
1159.9 m, PL, with out an a lyzer; E – microfractures (blue col our) in clayey sand stone. Wêgleszyn IG 1 bore hole, depth 1726.8 m, Mid dle Ju -
ras sic, sam ple im preg nated by blue resin, PL, with out an a lyzer; F – mudstone; vis i ble cross-sec tion through a sand-filled an i mal bur row.
Poddêbice PIG 2 bore hole, depth 3919.6 m, Mid dle Ju ras sic, PL, crossed polars; G – mudstone; vis i ble microstylolite zone and a fine crack
(blue col our). Secemin IG 1 bore hole, depth 970.5 m, Up per Ju ras sic, sam ple im preg nated by blue resin, PL, with out an a lyzer; H –
grainstone; vis i ble microporosity within the ooids (blue col our). Jaronowice IG 1 bore hole, depth 754.3 m, Up per Ju ras sic, sam ple im preg -
nated by blue resin, PL, with out an a lyzer



whereas those iden ti fied in sand stones from the £ódŸ Trough
more fre quently fill the pore space. Mixed-layer illite/smectite
min er als have been iden ti fied by X-ray stud ies. They are char -
ac ter ized by illite con tents above 90%, in di cat ing a de gree of or -
der ing of the illite/smectite struc ture – R ³3 (Hor ton, 1985; Drits, 
1997). Py rite and he ma tite oc cur most com monly in as so ci a tion 
with or ganic mat ter and sid er ite in clay laminae. Anhydrite ce -
ments and ag gre gates of a green clay min eral show ing a
chamosite or berthierine com po si tion are found lo cally in the
Mid dle Ju ras sic sand stones. The ma trix is most com monly
com posed of a mix ture of de tri tal clay min er als, quartz silt, iron
hy drox ides, and car bo na ceous mat ter.

Siltstones, mudstones (Fig. 5F) and claystones com monly
oc cur as al ter nat ing lay ers and laminae, form ing heterolithic de -
pos its (es pe cially in the Aalenian and Bajocian). These rocks
are char ac ter ized pre dom i nantly by a di rec tional fab ric, ac cen -
tu ated by the par al lel ar range ment of laminae of clay min er als
and micas, which are com monly ac com pa nied by or ganic mat -
ter and finely crys tal line sid er ite, iron hy drox ides, car bon ized
plant de tri tus, and lo cal py rite. The min eral com po si tion of the
mudstones is the same as that of the sand stones. Lo cally, ra -
dial sid er ite spheru lites and an ker ite ce ment are ob served. On
the ba sis of X-ray anal y sis (Fig. 6), illite, kaolinite and chlorite,
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T a  b l e  2

Chem i cal com po si tions from microprobe anal y ses of the car bon ates

Fig. 6. XRD di a gram of the clay frac tion <0.2 µm of the Lower Ju ras sic mudstone

Chl – chlorite, It – illite, Kl – kaolinite; Q – quartz. Banachów IG 1 bore hole, depth 3301.5 m
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and lo cal illite/smectite mixed-layer min er als con tain ing
85-90% of illite, sim i lar to that found in the claystones
(Krystkiewicz, 2008), have been iden ti fied in the mudstones.

Car bon ate rocks (Fig. 5G, H) dom i nate in the Up per Ju ras -
sic, but oc cur also in the Mid dle Ju ras sic. These are chiefly
lime stones, oc ca sion ally dolomitic and sandy, rep re sented by
grainstones, mudstones, wackestones, packstones, float -
stones, rudstones and boundstones. Do lo mite and sid er ite
rocks are less com mon. Among the gran u lar con stit u ents,
bioclasts (in clud ing de tri tus of ostracods, al gae and fish, brachi -
o pod and bi valve shell frag ments, cri noid os si cles, sponge
spicules), ooids (Fig. 5H), oncoids and de tri tus rep re sented by
quartz silt, small lithoclasts, py rite and glauconite are com monly 
pres ent. Some bioclasts, par tially dis solved, are filled with cal -
cite or do lo mite spar, chal ce dony, py rite, anhydrite and
celestine. Microstylolites and min ute frac tures are com monly
ob served (Fig. 5G). In the car bon ate rocks, isopachous bladed
ce ments and blocky ce ments, fill ing voids in the rock, have
been dis tin guished. Cathodoluminescence anal y sis shows that
these rocks are gen er ally char ac ter ized by weak lu mi nes cence. 
In non-frac tured rocks, only bioclast grains show more in tense
lu mi nes cence against a brown back ground of al most pure cal -
cite. The rocks that are frac tured and healed with blocky ce -
ments com monly show a col oured banded struc ture in
cathodoluminescence, which is due to vary ing con tents of
mainly Mn and Fe ad mix tures. Apart from car bon ate ce ments,
anhydrite and si li ceous ce ments are also ob served. Most of the
dolomites are mas sive, com monly recrystallized, and con tain
barely rec og niz able shell frag ments. Some con tain goethite
ooids and an ad mix ture of mud, silt or sand-sized quarts grains. 
Si der it ic rocks are ob served in the Bajocian and Up per
Bathonian. These are mostly clayey siderites com posed of sid -
er ite micrite and microspar, im preg nated with clay min er als.
Some of them con tain fine quartz grains, organic matter, iron
hydroxides, and pyrite.

CRETACEOUS  (FIG. 7)

In the bore holes drilled in the £ódŸ Trough, con glom er ates
are found in the Hauterivian and Aptian-Albian (Raczyñska,
1979). They are com posed of quartz peb bles and clasts of
clay-ferruginous rocks with a coarse-grained sandy ma trix,
which has a quartz arenite com po si tion (Raczyñska, 1973).
Peb bles of vein quartz, quartz ite and quartz ite schist, and rarely 
of quartz-mica and quartz-feld spar rocks, have also been re -
ported. The groundmass con sists of fine- to me dium-grained
sandy ma trix ce mented by clay min er als, iron hy drox ides and
py rite. In places, there are gravel-sized clasts of lime stone, with
a sandy and cal car e ous ma trix. In the Up per Albian con glom er -
ates, clasts of meta mor phic schist, ef fu sive rocks and poorly
rounded flint frag ments have also been iden ti fied. In ad di tion,
the rocks con tain par tially si lici fied oys ter and brachi o pod re -
mains, spines and plates of echinoids, and cri noid os si cles. The 
Cenomanian con glom er ates are rich in phosphorites, or ganic
re mains, and quartz and glauconite grains, while the Santonian
con glom er ates are com posed of peb bles cov ered with
glauconite, em bed ded in a marly ce ment con tain ing nu mer ous
phosphorite con cre tions and glauconite (Rutkowski, 1965).

The thick est Lower Cre ta ceous sand stone (Fig. 7A–C)
units are found in the Barremian-Mid dle Albian in ter val. In the
Miechów Trough, sand stones oc cur only in the Albian
(Jurkiewicz, 1974a, 1976a, b, 1994). In the Up per Cre ta ceous,
sand stones are found in the Santonian and Campanian of the
£ódŸ Trough and in the Cenomanian and Maastrichtian of the
Miechów Trough. The sand stones are mostly poorly co he sive

fine- to me dium-grained rocks. These are quartz arenites and
wackes, subordinately sublithic arenites (Fig. 4). Monocrysta -
lline quartz grains are the pri mary con stit u ent; polycrystalline
quartz grains are less com mon (Fig. 7A). Very thin
clay-ferruginous rims are lo cally pres ent on the grains.
Lithoclasts are rep re sented by frag ments of quartz ite and crys -
tal line schist, si li ceous rocks, clay-ferruginous rocks, sin gle
peb bles of ferruginous sand stones and mudstones, and
granitoid rocks. Feld spar grains are rare (~2 vol.%). Po tas sium
feld spars are pres ent, mostly of microcline com po si tion, while
plagioclases are much rarer. Abun dant glauconite ag gre gates
are a fre quent com po nent of quartz-glauconitic sand stones
(Fig. 7B). In the Up per Cre ta ceous sand stones from the P¹gów
IG 1 bore hole, the glauconite con tent ex ceeds 20 vol.% of
rocks. Lo cally, very fine-grained sand stones with bi o tite and
chlorite are ob served. Ferruginous ooids, com posed of
chamosite, goethite or he ma tite, less fre quently of sid er ite and
ap a tite, oc cur in places. Bioclasts and small clasts of car bo na -
ceous plant re mains are oc ca sion ally found. The sand stones
con tain a clay-ferruginous ma trix and ce ments. Quartz ce ment
oc curs as overgrowths on quartz grains. The Up per Cre ta ceous 
sand stones of the Miechów Trough are also ce mented by chal -
ce dony. The con tent of si li ceous ce ments is up to 5–6 vol.% of
rock. Car bon ate min er als (Ta ble 2) in the sand stones form pore 
ce ment. The most abun dant cal cite ce ment found in the
Santonian and Campanian sand stones is poikilotopic ce ment
(>30 vol.% of rock) which con tains rel ics of bioclasts. There is
also cal cite, which is or ange and brown in cathodo lumi -
nescence. An other com po nent is sid er ite, de vel oped as highly
elon gated crys tals scat tered in the inter gra nu lar spaces or as
spheru lites. It also forms  pore ce ment. Some of the sand stones 
are ce mented by Fe/Mg-chlorite, most fre quently de vel oped as
rims con sist ing of plates ar ranged per pen dic u lar to grain sur -
faces (Fig. 7C). Clay min er als are rep re sented by kaolinite. Ver -
mi form kaolinite is en coun tered within clay-ferruginous ce ment,
while blocky kaolinite oc curs in intergranular spaces. Phos -
phates are occasionally observed.  

Siltstones and mudstones (Figs. 7D and 8) are com posed
of clay min er als (illite, smectite, kaolinite, chlorite), iron ox ides
and hy drox ides, and gran u lar ma te rial of the clay and silt frac -
tions. Gran u lar com po nents are rep re sented by quartz,
glauconite, mica flakes, feld spars, lithoclasts and rare
ferruginous ooids. Bioclasts (Fig. 7D) are lo cally scat tered and
oc cur as thin lay ers. In ad di tion, par tially pyritized car bo na -
ceous plant de tri tus is found. The rocks con tain cal cite or sid er -
ite im preg na tions. A par tic u lar va ri ety of these rocks is quartz
siltstone ce mented by car bon ate spar. In places, these sed i -
ments show abun dant bioturbation.

Part ing-lineated claystones and clay shales are com posed
of or ganic mat ter im preg nated by clay min er als and sig nif i cant
amounts of iron com pounds, which give them a dark grey and
al most black col our. A spe cial va ri ety is green ish chamosite
claystone (Sarnów IG 1, Ko³o IG 3, Banachów IG 1) con tain ing
ooids.

Ferruginous rocks oc cur mostly in the form of  lay ers and
con cre tions. Their light brown and green ish-brown colours are
due to the pres ence of iron ox ides and hy drox ides. The sid er ite
rocks are com posed of mi cro- and lo cally finely crys tal line sid er -
ite of the sid er ite-magnesite iso mor phic se ries, sideroplesite
and pistomesite (Po³oñska, 1999a), as well as clay min er als
and dis sem i nated iron hy drox ides. These rocks con tain sid er ite
and sid er ite-goethite ooids, ferruginous rock clasts, and rarely
biodetritus. In ad di tion, kaolinite and berthierine have been re -
ported (Po³oñska, 2007).
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Fig. 7. Pho to mi cro graphs in a po lar iz ing mi cro scope (PL) and ascanning elec tron mi cro scope (SEI)

A – polycrystalline quartz grains (in the cen tre of the pho to graph) in coarse-grained sand stone. Poddêbice PIG 2 bore hole, depth 2207.5 m,
sam ple im preg nated by blue resin, Lower Cre ta ceous, PL, with out an a lyzer; B – quartz-glauconite sand stone. Pagórki IG 1 bore hole, depth
1059.0 m, Lower Cre ta ceous, PL, with out an a lyzer; C – chlorite (Chl)  rims and ro settes in sand stones. Banachów IG 1 bore hole, depth
2354.6 m, Lower Cre ta ceous, SEI im age; D – cal car e ous mudstone with bioclasts. M³yny 1 bore hole, depth 840.5 m, Up per Cre ta ceous, PL,
with out an a lyzer; E – organodetrital lime stone; a calcisphere and a foraminifer test are vis i ble. Ko³o IG 3 bore hole, depth 1634.9 m, Up per
Cre ta ceous, PL, crossed polars; F – marly lime stone with a foraminifer test with an in ter nal void (blue col our). P¹gów IG 1 bore hole, depth
387.3 m, Up per Cre ta ceous, sam ple im preg nated by blue resin, PL, with out an a lyzer; G – frag ment of opoka-rock; coccolith (ar row) and opal
CT lepispheres are vis i ble. Poddêbice PIG 2 bore hole, depth 617.9 m, Up per Cre ta ceous, SEI im age; H – opoka-rock with sponge spicules
filled by chal ce dony (ar row). Ko³o IG 3 bore hole, depth 807.6 m, Up per Cre ta ceous, PL, crossed polars



Lime stones (Fig. 7E) are a com mon Cre ta ceous lithofacies, 
com pris ing pelitic and gran u lar va ri et ies. Mudstones are pre -
dom i nant, while wackestones, packstones and rudstones are
found less fre quently. Gran u lar ma te rial is dom i nated by fau nal
re mains, in clud ing ostracod shells, co quina-form ing ac cu mu la -
tions of bi valve and gas tro pod shells, foraminifera (Fig. 7E),
echinoderms, echinoid spines, and fish re mains. Microfossils
are rep re sented by skel e tons of radiolaria and di a toms. Be -
sides bioclasts, there are peloids and intraclasts com posed of
micritic, lo cally ooidal and bioclastic lime stone, and sub or di nate 
calcitic ooids. The lime stones are clas si fied as organodetrital,
peloidal and intraclastic va ri et ies. Microcrystalline cal cite is their 
pri mary con stit u ent. Gran u lar lime stones also con tain cal cite
spar, form ing basal and pore ce ments. In cathodolumi nes -
cence im ages, the cal cite ce ment is or ange or brown ish, in di -
cat ing the pres ence of a ferruginous va ri ety with a small ad mix -
ture of man ga nese. Larger cal cite crys tals re veal a banded
struc ture. Micrite and bladed rims on car bon ate grains are ob -
served. Syntaxial overgrowths on echinoderm re mains are
rare. Do lo mite crys tals oc cur in dis persed form or in larger clus -
ters that form mi nor interbeds and streaks. An ker ite ce ment ac -
counts for a small pro por tion. In places, larger pore spaces are
filled with kaolinite.

Marly va ri et ies of lime stone (Fig. 7F), lo cally si lici fied, have
been en coun tered in some bore hole sec tions. Lo cally, they are
char ac ter ized by a nod u lar tex ture and the pres ence of sty lo -
lites.

Apart from these rock types, there are also marls, opokas
(Fig. 7G, H), gaizes, and sul phate rocks com posed of anhydri -
te, gyp sum and, less fre quently, celestine.

POROSITY

TRIASSIC

Buntsandstein de pos its of the £ódŸ-Miechów Trough are
rep re sented pre dom i nantly by im per me able siltstone, mud -
stone and claystone units. The sand stones oc cur as vari ably
thick in ter ca la tions and interbeds and show in creased po ros ity
and per me abil ity val ues (Ta ble 3). The po ros ity, planimetrically
mea sured in sand stones from some bore holes, ranges from 0
to 27 vol.% of the rock. Po ros ity val ues ex ceed ing 20% were re -
corded in sam ples from the Brzegi IG 1, Gomunice 12 and
P¹gów IG 1 bore holes, and val ues ex ceed ing 10% in the Gidle
2, Gomunice 13 and Secemin IG 1 bore holes. Com puter im age
anal y sis shows that the inter gra nu lar space of the sam ples
stud ied is vari ably de vel oped (Ap pen dix 1).The per cent age dis -
tri bu tion of micropore length re veals that ~98–99% of the pores
are in the 0.001–0.01 mm size range. The width of >99% of the
pores is also in the size range of 0.001–0.01 mm. The
petrophysical data show that the max i mum val ues of po ros ity
and per me abil ity were re corded in the Brzegi IG 1 bore hole -
~17% and >100 mD, re spec tively (Ta ble 3). Other pore space
pa ram e ters of the sand stones from the Brzegi IG 1 bore hole
also show good res er voir prop er ties. The amount of pores
above 1 µm in size is the great est here (~80%), in di cat ing a
macroporous inter gra nu lar space. These sand stones are char -
ac ter ized by the high est thresh old di am e ter value (30 µm)
within the Lower Tri as sic de pos its. The dif fer ences in hys ter esis 
ef fect val ues (26–59%) in di cate a het er o ge neous de vel op ment
of the pore space, while the low est val ues <30% con firm their
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Fig. 8. XRD di a gram of the clay frac tion <0.2 µm of Up per Cre ta ceous cal car e ous mudstone

Chl – chlorite, It – illite, Ka – cal cite, Kl – kaolinite; Sm – smectite, Q – quartz. M³yny 1 bore hole, depth 840.5 m
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Petrophysical fea tures of se lected sand stone and car bon ate sam ples



good res er voir prop er ties. Sand stones from the Gomunice area 
and from the Gidle 2 borehole are characterized by porosity
>10% and permeability of ~0.01–1.5 mD.

In the Mid dle Tri as sic, car bon ate rocks: dolomitized peloidal 
grainstones from the Gidle 2 bore hole, dolomites from the
Gomunice 9 bore hole, and grainstones from the Radzi¹tków 7
bore hole, are char ac ter ized by a to tal po ros ity rang ing from 7 to
26% and are poorly per me able (from 0 to ~0.5 mD; Ta ble 3).
The rocks in the Gidle 2 bore hole have 69% of pores >1 µm,
thresh old di am e ter 10 µm and hys ter esis 84%. Com puter im -
age anal y sis data in di cate that the pores are elon gated (Ap pen -
dix 1). Rocks from the other bore holes are char ac ter ized by
microporous pore spaces and low permeabilities. The amount
of pores larger than 1 µm usu ally does not ex ceed 20%, and the 
thresh old di am e ter val ues are most of ten <1 µm. The hys ter -
esis value is in the range of 71–93%. 

Some beds of the Up per Tri as sic sand stones and sandy
mudstones ex hibit ev i dent pri mary inter gra nu lar po ros ity, but
micropores usu ally pre dom i nate over macropores.Com puter
im age anal y sis shows that the av er age pore length var ies be -
tween 0.00313 and 0.00600 mm and the width is be tween
0.00187 and 0.00198 mm (Ap pen dix 1). The pores, whose
length and width are within a range of 0.01–0.001 mm, ac count
for ap prox i mately 99%. Up per Tri as sic fine-grained sand stones 
from the Gomunice 13 bore hole were sub jected to porosimetric
de ter mi na tions (Ta ble 3). These rocks are char ac ter ized by a
to tal po ros ity rang ing from 1 to ~12%, and a per me abil ity rang -
ing from 0.5 to 4.34 mD. The amount of pores >1 µm is from 9 to 
51%, the thresh old di am e ter reaches a max i mum of 10 µm, and 
the hys ter esis value is ~68%. 

JURASSIC

In the Lower Ju ras sic sand stones the po ros ity mea sured in
thin sec tions ranges from 2 to 31 vol.% of rock, with an av er age
of ~15 vol.%. Com puter im age anal y sis shows that macropores 
(>0.001 mm) dom i nate over micropores (<0.001 mm) in the
pore space of the rocks (Ap pen dix 1). The sand stones with a
po ros ity of around 15% con tain more pores >0.01 mm in length
and width com pared to the sand stones with a po ros ity of less
than 10%. The to tal po ros ity of the sand stones ranges from 5 to 
~27%, and the permeabilities are from 0.582 to 1109.895 mD
(Ta ble 3). The high est po ros ity val ues (>15.0%) were found in
sand stone sam ples from the Gomunice 13, Madaje Stare IG 1,
P¹gów IG 1 and Zgierz IG 1 bore holes. Their porosimetric pa -
ram e ters show that the per cent age of >1 mm pores var ies from
7 to 95% (80–95% for most sam ples). The thresh old di am e ter
is in the range of 1–90 mm; most fre quently around 35 mm. The
hys ter esis value ranges from 4 to 67%, usu ally ~25%.

The Mid dle Ju ras sic sand stones are char ac ter ized by poro -
sities rang ing from 2 to >20%, reach ing in places 30 vol.% of the 
rock, as mea sured in thin sec tions. Com puter im age anal y sis
in di cates that ~97.7–98.6% of pores are 0.01–0.001 mm in
length and width (Ap pen dix 1 ). Sand stones from the Zagoœæ 2
bore hole are char ac ter ized by a to tal po ros ity in the range of 2 -
~8%, and a per me abil ity of 0.1–1.27 mD (Ta ble 3). The per -
cent age of >1 µm pores var ies from 9 to 16%, the thresh old di -
am e ter does not ex ceed 1 µm, and the hys ter esis value is
~45%. Claystones, siltstones and marls are gen er ally poorly
po rous and im per me able. Barely po rous and poorly per me able
rocks are rep re sented by lime stones and clay siderites.

The Up per Ju ras sic car bon ates may be po rous to vary ing
de grees, but their per me abil ity is gen er ally low. The po ros ity of
these rocks mea sured in thin sec tion is usu ally a few per cent
(1–7 vol.% of rock). Petrophysical stud ies of the car bon ates
show very low permeabilities (<0.01 to 0.269 mD) in most sam -
ples, and their to tal po ros ity ranges from 0.61 to 6.94% (Ta -
ble 3). The only sam ple that shows very good fil tra tion ca pac ity,
to tal po ros ity of ~14%, and per me abil ity of 331.41 mD is the one 
from a depth of 768.9 m in the Secemin IG 1 bore hole.
Porosimetric anal y sis showed a high con tent of pores with di -
am e ters larger than 1 µm (55%) and a rel a tively low hys ter esis
value (42%). The thresh old di am e ter value is 4 µm.

CRETACEOUS

The Lower Cre ta ceous sand stones are char ac ter ized
mostly by good po ros ity, while the  arenites with a small amount
of clay ma trix have very good po ros ity. The re sults of
planimetric anal y sis show that the pro por tion of pores in the
arenites range from ~2 to ~20 vol.% of the rock, and in the
wackes it is up to ~11 vol.%. The length and width of the pores
were de ter mined us ing com puter im age anal y sis (Ap pen dix 1).
Most of the pores are char ac ter ized by length and width less
than 0.01 mm. The pore length is oc ca sion ally more var ied than 
the width, which is usu ally <0.02 mm. The petrophysical data
show that the to tal po ros ity of the sand stones var ies from 15.0
to 28.25%, while the per me abil ity val ues range from 114.48 to
587.62 mD (Ta ble 3). Due to the lim ited tech ni cal ca pa bil i ties of
the ap pa ra tus, per me abil ity mea sure ments have not been ob -
tained in poorly com pacted sand stones, which sug gests their
higher fil tra tion ca pac ity. The av er age cap il lary ranges from
0.53 to 3.90 µm, and the spe cific sur face area var ies from 0.09
to 1.14 m2/g. The pro por tion of pores >1 µm is high (51–90%),
and the thresh old di am e ter gen er ally greater than 30 µm,
reach ing 90 µm. The hysteresis typically ranges from 7 to 57%.

Petrophysical stud ies of the Berriasian lime stones show
that their po ros ity is 2–4%, and their per me abil ity >0.507 mD
(Ta ble 3). Ac cord ing to porosimetric stud ies the con tent of
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pores >1 µm ranges from 6 to 28%, with the thresh old di am e ter
from 0.2 to 2 µm. The hys ter esis is high and ranges from 78 to
79%. Porosimetric anal y sis of gaizes, opokas and marls re -
veals microporosity in these rocks and very poor fil tra tion ca -
pac i ties.

The Up per Cre ta ceous sand stones are char ac ter ized by
po ros i ties in the range of 0–38 vol.% of rock, as mea sured from
planimetric anal y sis. The per cent age dis tri bu tion of length and
width val ues, as de ter mined by com puter im age anal y sis,
shows that they clus ter pre dom i nantly within in ter vals of less
than 0.01 mm (Ap pen dix 1). Most of ten, the length val ues vary
more than the width val ues. The re sults of petrophysical stud ies 
of car bon ate-ce mented quartz arenite are given in Ta ble 3. The
rock is char ac ter ized by a to tal po ros ity of 5%, a high hys ter esis
of 73%, and a per me abil ity of ~13.0 mD. The Cenomanian and
Maastrichtian sand stones in the Miechów Trough show po ros i -
ties rang ing from 9 to ~33%, and permeabilities from >100 mD
to a max i mum of 2073 mD (Jurkiewicz, 1974a,b, 1976a,b,
1994).

The car bon ate-marly rocks are rep re sented by lime stones,
marls, and si li ceous car bon ates: opokas and gaizes. They are
char ac ter ized by po ros i ties rang ing from 1 to 39%, and
permeabilities lo cally ex ceed ing 100 mD (Jurkiewicz, 1994).
Gaizes and opokas ex hibit a higher to tal po ros ity of 42% and
23%, re spec tively, than marls (~11%), but their permeabilities
are at the same, very low level of 0.01 mD (Ta ble 3). The
petrophysical pa ram e ters of these rocks are sim i lar, as fol lows:
con tent of pores >1 µm is 1–3%, thresh old di am e ter is
0.1–1 µm, and hys ter esis is from 34 to 70%.

DIAGENETIC PROCESSES

SILICICLASTIC ROCKS

Siliciclastic rocks from the £ódŸ and Miechów troughs show
the ef fects of a num ber of diagenetic pro cesses: me chan i cal
and chem i cal com pac tion, ce men ta tion, re place ment, dis so lu -
tion, al ter ation and neomorphism.

The ear li est post-depositional pro cess is bur row ing. This is
man i fested by dis tur bance of sed i men tary struc tures, most of -
ten seen in fine-grained sand stones and mudstone-sand stone
heterolithic depositss (e.g., clayey mudstones from the
Poddêbice PIG 2 bore hole, Mid dle Ju ras sic). Me chan i cal com -
pac tion started shortly af ter de po si tion and re sulted in a tighter
pack ing of de tri tal ma te rial. This pro cess was re spon si ble for
the oc cur rence of more abun dant inter gra nu lar straight and
point con tacts and for the bend ing and frac tur ing of mica flakes
or clay laminae. Un der pres sure, de for ma tion of more duc tile
grains, such as ferruginous ooids and glauconite ag gre gates,
took place. Chamosite or berthierine ooids, which do not have
rigid cores, were stretched to form spastolites. Glauconite has
lo cally been com pressed be tween the more rigid grains. The ef -
fect of chem i cal com pac tion as concavo-con vex inter gra nu lar
con tacts in the sandstones was observed rarely.

Ce men ta tion in the siliciclastic de pos its was a com mon pro -
cess. Car bon ate ce ments (cal cite, do lo mite, an ker ite, sid er ite)
and quartz ce ments are the most abun dant. Cal cite is a sig nif i -
cant con stit u ent of the car bon ate ce ments. The ear li est man i -
fes ta tion of ce men ta tion pro cesses com prises fine cal cite rims,
which were  found lo cally in the Mid dle Ju ras sic sand stones.
Two cal cite gen er a tions have been dis tin guished: an ear lier,
cal cite ce ment, and a later ce ment, which is rich in Mn com -
pared to the first gen er a tion. Pure cal cite has been iden ti fied
only in the Lower Tri as sic sand stones. Mn-cal cite oc curs in all
Me so zoic siliciclastic de pos its of the £ódŸ and Miechów

troughs. Do lo mite oc curs ei ther as subhedral crys tals fill ing
pore spaces or as rhom bo he dra, com monly show ing a zonal
struc ture. An ker ite is rare and usu ally forms outer parts of
Fe-do lo mite crys tals.The Ju ras sic sand stones also con tain sid -
er ite (a min eral of the sid er ite-magnesite iso mor phic se ries)
rep re sented by two gen er a tions (Koz³owska and Krystkiewicz,
2012; Krystkiewicz et al., 2012). Early gen er a tion sid er ite is rep -
re sented by sid er ite and sideroplesite, while late gen er a tion sid -
er ite, char ac ter ized by a high-mag ne sium con tent, is rep re -
sented by sideroplesite. Sig nif i cant ac cu mu la tion of fine rhom -
bo he dra of sideroplesite resulted in both the local formation of
clayey siderites and sideritic cementation of coquinas.

An other im por tant com po nent of the ce ments, es pe cially in
quartz arenites, is authigenic quartz. It oc curs as overgrowths
on de tri tal quartz grains or it fills pore space. Chal ce dony ce -
ment was also noted in the Albian sand stones of the Miechów
Trough.

In places, anhydrite ce ment is ob served. Anhydrite oc curs
in the form of small plates, oc ca sion ally ar ranged in a fan-like
pat tern, some ac com pa nied by gyp sum plates. Anhydrite is
found most of ten in the Keuper Gyp sum Beds, es pe cially as ag -
gre gates in dolomites and claystones.

Authigenic clay min er als are rep re sented by fre quent
kaolinite, chlorite and illite. Kaolinite oc curs most com monly as
curvilinear ag gre gates called “ver mi form” in pore space.
Chlorites were oc ca sion ally ob served, mainly as rims on de tri tal 
grains or as ag gre gates fill ing pore spaces. Fi brous illite filled
inter gra nu lar, intragranular and intracrystalline spaces in the
sand stones. The Ju ras sic and Cre ta ceous de pos its also con -
tain con cen tra tions of green or brown clay min eral, which is
chamosite and/or berthierine in com po si tion. In ad di tion,
authigenic feld spar overgrowths on feld spar grains are vis i ble in 
the Tri as sic sand stones.

Min eral re place ment is as so ci ated with the ce men ta tion
pro cess in the de pos its. Their metastable com po nents were
most easly re place able by car bon ates. The most fre quently re -
placed grains were feld spars, less fre quently micas, lithoclasts
and quartz. Re place ment of quartz ce ment and authigenic
kaolinite is vis i ble. In places one car bon ate min eral re places
an other.

Within the Mid dle Ju ras sic sid er ite-rich lay ers the re place -
ment of berthierine or chamosite ooids and cal cite bioclasts by
sid er ite or an ker ite were fre quently ob served (Maliszewska,
1998).

In the siliciclastic de pos its, the phe nom e non of diagenetic
dis so lu tion af fected de tri tal grains (feld spar, mica) and ce ments 
(car bon ates). 

Argillization of feld spar grains and mica flakes is the most
com monly ob served ef fect of diagenetic al ter ation. The prod -
ucts of this pro cess are clay min er als such as kaolinite, chlorite
and, to a lesser ex tent, illite. Chloritization of bi o tite and par tial
al ter ation of sid er ite into iron hy drox ides are equally com mon.
Some of the authigenic kaolinite grains in the sand stones may
have been formed fol low ing the al ter ation of feld spars or micas.

CARBONATE ROCKS

The car bon ate de pos its show ef fects of me chan i cal and
chem i cal com pac tion. Me chan i cal com pac tion caused pack ing
and de for ma tion (also frac tur ing) of gran u lar ma te rial and the
for ma tion of nu mer ous com pac tion fis sures. The re sult of
chem i cal com pac tion is de for ma tion of grains at inter gra nu lar
con tacts, and the for ma tion of straight or concavo-con vex con -
tacts. Stylolitization pro cesses in di cate sig nif i cant dis so lu tion of 
the rocks. Sty lo lites can pro vide cir cu la tion paths for so lu tions
caus ing dolomitization (Radlicz, 1966). In the ma te rial stud ied,
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how ever, only some of the sty lo lites proved to be pref er en tial
zones for cir cu lat ing so lu tions. The oth ers ap pear to be com -
pletely sealed by clay matter characteristic of these zones.

Car bon ate ce men ta tion has de vel oped in sev eral stages.
The pre dom i nant car bon ate min eral is cal cite, which forms fine
crys tals, isopachous bladed ce ments and blocky ce ments,
which oc cluded the pore space. Do lo mite, an ker ite and sid er ite
are also pres ent. In ad di tion to car bon ate ce ments, anhydrite
and si li ceous ce ments are ob served. 

In the car bon ate de pos its, re place ment pro cesses, mainly
dolomitization and sili ci fi ca tion, were im por tant. Dolomitization
pro cesses were sig nif i cant in the Muschelkalk car bon ates.
Early diagenetic dolomitization of cal car e ous muds took place
in an evaporitic en vi ron ment. Later dolomitization pro duced
rocks en crusted with do lo mite rhom bo he dra, and, in ex treme
cases, crys tal line dolomites. Parts of bio- and lithoclasts were
sub ject to sili ci fi ca tion. Sili ci fi ca tion pro cesses are ob served
pre dom i nantly in sponge boundstones and gran u lar rocks con -
tain ing sponge frag ments. Other bioclasts, in clud ing bel em -
nites, and frag ments of echinoderm shells or plates, have also
been si lici fied. Sili ci fi ca tion and dolomitization pro cesses over -
lapped re peat edly, es pe cially in the Ju ras sic rocks, be ing re -
ferred to as dolomitization in ter rupted by sili ci fi ca tion (Radlicz,
1972). Calcitization of sponge spicules and crys tal li za tion of
cal cite at the ex pense of do lo mite rhombohedral clus ters were
also ob served. Pyritization is man i fested by the pres ence of py -
rite ag gre gates in bioclasts, and in spar and microspar cal cite
ce ments, or by the re place ment of a part of rock with py rite. The 
ef fect of re place ment of cal cite by anhydrite is also vis i ble.
Dedolomitization pro cesses were also im por tant in the rocks
stud ied. Dolomitic lime stones com monly ap pear to be com -
posed of do lo mite rhom bo he dra, at the ex pense of which large
poikilotopic cal cite crys tals de velop. Con di tions al low ing this
pro cess to take place oc curred most likely af ter the bur ied sed i -
ment was el e vated into the me te oric wa ter zone. Dedo -
lomitization was ob served in a num ber of sam ples from the
Miechów Trough (e.g., Kostki Ma³e 2 bore hole, depths
1085.2 m and 1091.1m; Gidle 2 bore hole, depths 1792.8 m and 
1794.7 m). Among the neomorphic pro cesses, micritization and 
sparitization of both the groundmass and gran u lar com po nents
of car bon ates are im por tant. As a re sult of these pro cesses, the 
tex ture of the rock was of ten blurred, and the grains be came
less vis i ble, es pe cially in peloidal lime stones. This also re sulted
in the for ma tion of micritic ooids and fau nal de bris, and of
micrite coat ings on skel e tal grains. Kaolinite re placed par tially
or com pletely the orig i nal com po nents of iron ooids, con trib ut -
ing to the de vel op ment of inter gra nu lar po ros ity. Siderite
replaced chamosite or bierthierine, and bioclasts and micas.
Pyrite, calcite and apatite are locally found in glauconite
aggregates.

The diagenetic dis so lu tion pro cess af fected bioclasts,
mainly ar agon ite bi valve shells, and ooids. Lo cally, their se lec -
tive dis so lu tion took place, lead ing to the for ma tion of biomolds. 
Some of these were sub se quently ce mented with car bon ates
and kaolinite. Dis so lu tion of ha lite, car bon ates and anhydrite
are also ob served, and signs of etch ing of authigenic quartz are 
vis i ble.

INTERPRETATION AND DISCUSSION

DIAGENETIC PROCESSES AND THEIR EFFECT ON FILTRATION
PROPERTIES OF THE DEPOSITS

SILICICLASTIC ROCKS

Com pac tion, ce men ta tion and dis so lu tion played the great -
est role in cre at ing the pore space of the sand stones.

Me chan i cal com pac tion, and much less so chem i cal com -
pac tion, are pro cesses that sig nif i cantly re duce the pri mary po -
ros ity of sed i men tary rocks. How ever, pre cip i ta tion of early
over growth ce ments on grains (de Souza et al., 1995), par tic u -
larly in the Lower Ju ras sic quartz arenites, was prob a bly the
fac tor that in hib ited me chan i cal com pac tion.

Car bon ate ce men ta tion has re duced the po ros ity of the
sand stones. Early gen er a tion sid er ite crys tal lized in a tem per a -
ture range of 15–40°C (Baker et al., 1995). Late-gen er a tion sid -
er ite in the Mid dle Ju ras sic sand stones crys tal lized un der deep
burial con di tions at >55.0°C (Jarmo³owicz-Szulc and
Koz³owska, 2016). The for ma tion of high-mag ne sium sid er ite
may have been re lated to high con cen tra tions of mag ne sium in
the for ma tion wa ters (Morad et al., 1994). Ac cord ing to
Krystkiewicz (2008), do lo mite crys tal lized af ter sid er ite at a tem -
per a ture of about 75.6–79.0°C in the Lower Ju ras sic sand -
stones. Tem per a ture stud ies of fluid in clu sions in the late
Mn-cal cite ce ment of the Lower Tri as sic sand stones in di cate
that its crys tal li za tion tem per a tures gen er ally did not ex ceed
100°C. Anhydrite ce men ta tion also reduces the sandstones’
porosity.

Quartz ce ment such as overgrowths, if de vel oped at an
early stage, may have in hib ited the ac tion of me chan i cal com -
pac tion and con trib uted to the pres er va tion of some of the pri -
mary po ros ity of the sand stones. The quartz, fill ing the pore
space, has re duced it con sid er ably. Stud ies of fluid in clu sions in 
quartz ce ment of the Lower Ju ras sic sand stones of the Kuya -
vian re gion in di cate its crys tal li za tion tem per a ture in a range of
84.0–104.0°C (Krystkiewicz, 2008).

Crys tal li za tion of authigenic clay min er als in the pore space
of a rock gen er ally has a neg a tive ef fect on its po ros ity. Early
chlorites formed un der re duc ing con di tions pre sum ably at tem -
per a tures ~20–40C (Grigsby, 2001). Kaolinite formed as a re -
sult of the ac tion of me te oric wa ter in an acidic en vi ron ment
(BjÝrlykke, 1989). Ac cord ing to Osborn et al. (1994), ver mi form
kaolinite pre cip i tates at 25–50°C. How ever, kaolinite can also
in crease the po ros ity be cause it forms at the ex pense of po tas -
sium feld spars or micas as these al ter. This is be cause there is
microporosity be tween the kaolinite crys tals. The for ma tion of
kaolinite af ter micas may be ex plained by the co-oc cur rence of
kaolinite and iron com pounds in the pore space (Barczuk,
1979). The po ros ity and per me abil ity of the sand stones were
only slightly re duced by fi brous illite be cause of its lo cal oc cur -
rence.

Diagenetic dis so lu tion caused an in crease in po ros ity. The
ef fect of dis so lu tion of grains and ce ments re sulted in the for -
ma tion of sec ond ary po ros ity. Acidic me te oric wa ters, or ganic
ac ids, and CO2 re leased dur ing the mat u ra tion of or ganic mat -
ter are the fac tors re spon si ble for this pro cess (Meshri, 1986;
Crossey et al., 1986; BjÝrlykke, 1989).

CARBONATE ROCKS

Com pac tion, ce men ta tion, re place ment and dis so lu tion are
the most im por tant pro cesses form ing the pore space in the
car bon ate rocks. Their pri mary po ros ity has been sig nif i cantly
re duced by me chan i cal and chem i cal com pac tion.

Ce men ta tion mainly by car bon ates (cal cite, do lo mite, an -
ker ite and sid er ite) and to a mi nor ex tent by anhydrite and si li -
ceous ce ments gen er ally de te ri o rates the res er voir prop er ties
of the rocks.

Re place ment pro cesses, mainly dolomitization, pos i tively
af fect the fil tra tion pa ram e ters of the rocks due to an in crease in
intracrystalline po ros ity. Per va sive dolomitization is re lated to
fluid flow, re sult ing in lo cal ized min er al iza tion with py rite and
sphalerite (Narkiewicz, 1983). Dur ing more in ten sive
dolomitization, birds eye po ros ity or drusy fab ric are pro duced
(Welton, 1984). Sili ci fi ca tion can help im prove the res er voir
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prop er ties of the rocks. It was found that the si lici fied zones are
both po rous and per me able. Among the neomorphic pro -
cesses, micritization may have im proved the fil tra tion ca pac ity
of the rocks, while aggradational neomorphism re sulted in a re -
duc tion of po ros ity through grain growth and re duc tion of inter -
gra nu lar space.

Diagenetic dis so lu tion, mainly of bioclasts, has led to an in -
crease in po ros ity through the for ma tion of sec ond ary po ros ity.

RESERVOIR PROPERTIES

The re sults of the stud ies on diagenesis of Me so zoic strata
in the £ódŸ and Miechów troughs, linked to the re sults of his tor i -
cal in ves ti ga tions, shed new light on the lithogenesis of the de -
pos its and on the de vel op ment of their res er voir char ac ter is tics.

Ce men ta tion and com pac tion are the diagenetic pro cesses
re spon si ble for re duc ing pri mary po ros ity in the Lower Tri as sic
sand stones, by ~21% and 50%, re spec tively (Fig. 9).
Diagenetic dis so lu tion and al ter ation have con trib uted to a lo -
cal ized in crease in po ros ity in some sand stone beds. Traces of
etch ing in ce ments and grains are par tic u larly clearly vis i ble in
subarkosic arenites, which show in creased po ros ity and per me -
abil ity val ues. In gen eral, the Buntsandstein sec tion, ex clud ing
its low er most and up per most parts, is rep re sented by rocks
con sid ered to be of rel a tively good res er voir prop er ties. Their
thick ness is 20–380 m thick (Fija³kowska-Mader et al., 2015).
Im per me able rocks are rep re sented by mudstones, due to sig -
nif i cant clay con tent. Per me abil ity in the car bon ate rocks is also
close to zero be cause they are com pletely ce mented and con -
tain car bon ate minerals recrystallized during diagenesis.

The Mid dle Tri as sic car bon ate strata were sub ject to
diagenetic pro cesses shortly af ter de po si tion. Nu mer ous
allochems were bound by early cal cite ce ments, of ten micritic,
which pre vented the sed i ment from blur ring. With in creas ing
burial, me chan i cal com pac tion in creased, partly ham pered by
micrite rims on grains, and by the crys tal li za tion of later cal cite
ce ments in the form of spar. Diagenetic pro cesses op er at ing in
the Muschelkalk rocks had both pos i tive and neg a tive ef fects
on the de vel op ment of po ros ity. The dis so lu tion pro cess,
marked es pe cially well in grainstones, was im por tant for the for -
ma tion of sec ond ary po ros ity. Some of these rocks are char ac -
ter ized by very good res er voir prop er ties and mod er ate fil tra tion 
ca pac i ties. The thick ness of these de pos its is 40-250 m
(Fija³kowska-Mader et al., 2015). How ever, in most of the car -
bon ates the per me abil ity is usu ally very low, even in po rous lev -
els, which confirms their poor reservoir properties. 

The Up per Tri as sic siliciclastic rocks show low po ros ity
(<10%) and their per me abil ity is mostly low or zero. Such pa -
ram e ters are mainly due to me chan i cal com pac tion and ce -
men ta tion with quartz and car bon ate min er als. Al though mi cro -
scopic stud ies have re vealed the pres ence of sec ond ary po ros -
ity due to dis so lu tion of un sta ble com po nents, much of the po -
ros ity has been re duced by ce men ta tion. Trans for ma tion of
some of the com po nents into fine-grained clay min er als, es pe -
cially into chlorites, was also of great im por tance. The rea sons
for the lack of po ros ity in the car bon ates are ce men ta tion by cal -
cite, do lo mite and, in places, anhydrite, as well as the
recrystallization of micrite and microspar into spar. The Up per
Tri as sic sec tion is gen er ally represented by non-reservoir
rocks. 

The Lower Ju ras sic sand stones show ef fects of the fol low -
ing diagenetic pro cesses: com pac tion, ce men ta tion, dis so lu -
tion, re place ment and al ter ation. Com pac tion and ce men ta tion
have re duced their pri mary po ros ity by about 45% and 35%, re -
spec tively (Fig. 9). Early over growth ce ments con trib uted to the
pres er va tion of some of the pri mary po ros ity in the rocks. Po -
ros ity was also re duced by car bon ate ce ments, mainly sid er ite

(a min eral of the sid er ite-magnesite iso mor phic se ries) and an -
ker ite. Pri mary po ros ity dom i nates, while sec ond ary po ros ity
(re sult ing from dis so lu tion of grains and ce ments) and
microporosity ac count for a small per cent age. These sand -
stones show good and very good res er voir qual i ties. Their
thick ness is 20–90 m (Feldman-Olszewska, 2009).

Af ter de po si tion, the Middle Ju ras sic rocks were
bioturbated and sub jected to me chan i cal com pac tion. Ce -
men ta tion with sid er ite or cal cite, less fre quently with do lo -
mite, an ker ite or authigenic quartz, also de vel oped. The
com pac tion and ce men ta tion have sig nif i cantly re duced the
po ros ity of the sand stones by ~55 and 35%, re spec tively
(Fig. 9). Some sand stone beds have re tained much of their
inter gra nu lar pri mary po ros ity. Oth ers are dis tin guished by
low inter gra nu lar po ros ity, but they show sec ond ary po ros ity
due to dis so lu tion of grains and de cay of or ganic ma te rial.
The Mid dle Ju ras sic sand stones can be clas si fied into rocks
of good res er voir prop er ties as they show high po ros i ties.
Low-po ros ity rocks in the sec tion in clude siltstones,
claystones, lime stones and siderites.

The dom i nant diagenetic pro cess in the Up per Ju ras sic car -
bon ate de pos its was me chan i cal com pac tion that re sulted in
tighter pack ing of grains, of ten also grain de for ma tion and frac -
tur ing. Among the pro cesses that in creased the po ros ity and
per me abil ity were micritization, dolomitization, sili ci fi ca tion, and 
dis so lu tion of cal cium car bon ate. The ma jor pro cesses that had 
a mark edly neg a tive ef fect on the fil tra tion prop er ties were
sparitization, ce men ta tion by car bon ates, anhydrite and py rite,
and dedolomitization. The Upper Jurassic de pos its are po rous
to vary ing de grees, and show very poor per me abil ity. Very
good res er voir ho ri zons in clude the cav ern ous and po rous
Oxfordian lime stones. Ac cord ing to Jurkiewicz (1973), this is
the re sult of karst developement.

The Lower Cre ta ceous rocks have un der gone diagenetic
pro cesses, mainly com pac tion, ce men ta tion and dis so lu tion.
Due to me chan i cal and chem i cal com pac tion, the sand stones
have re duced their pri mary po ros ity by an av er age of ~65%,
while ce men ta tion pro cesses have caused fur ther de crease of
~15% (Fig. 9). Among the ce ments, quartz rims on de tri tal
grains pro tected the pores from me chan i cal com pac tion, and
led to the pres er va tion of pri mary po ros ity. How ever, car bon ate
ce men ta tion had a neg a tive ef fect on po ros ity. Dis so lu tion pro -
cesses, mainly of bioclasts and feld spars, have led to the de vel -
op ment of sec ond ary pores in the rocks. Some of the sand -
stones can be clas si fied as res er voir rocks with good fil tra tion
prop er ties. Their thick ness de pends on which for ma tion the
sand stones come from and var ies from a few me ters in the
Bodzanowo Fm. to about 125 m in the Mogilno Fm.
(Leszczyñski, 2002). The lime stones are rep re sented by
low-porosity and poorly permeable rocks.

The Up per Cre ta ceous rocks show ef fects of weak me -
chan i cal and chem i cal com pac tion due to dis so lu tion un der
pres sure. In the sand stones, the com pac tion has re duced their
pri mary po ros ity by ~35% (Fig. 9). The ce men ta tion con trib uted 
to pore space re duc tion in the rocks. Due to pre cip i ta tion of
quartz and chal ce dony ce ments, the pri mary po ros ity of the
sand stones has de creased by up to 10% (Fig. 9). In the
siliciclastic rocks, the pre served pri mary po ros ity is ac com pa -
nied by sec ond ary po ros ity that de vel oped due to dis so lu tion of
de tri tal grains, mainly feld spar. In the car bon ates, opal sponge
spicules un der went dis so lu tion. The po ros ity of car bon -
ate-marly rocks in the £ódŸ Trough is high, but they are im per -
me able be cause their microporous struc ture. Most of the sand -
stones are po rous and per me able. The quartz arenites and
wackes found in the Up per Albian of the £ódŸ Trough, and in
the Cenomanian and lo cally in the Maastrichtian of the
Miechów Trough, show macroporosity and are clas si fied as
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very good res er voir and fil tra tion rocks. In con trast, the
Santonian-Campanian cal car e ous quartz arenites of the £ódŸ
Trough are char ac ter ized by poor porosity and show moderate
filtration properties.

CONCLUSIONS

1. The Miechów Trough, by com par i son with the £ódŸ
Trough, is an area where rocks with better res er voir prop er ties
oc cur. Among these, sand stones are char ac ter ized by better fil -
tra tion prop er ties than car bon ate rocks. The sand stones with the
best res er voir prop er ties are rep re sented by arenites, mostly
those of quartz and subarkosic types. Among the car bon ate
rocks, grainstones form the most pro spec tive res er voir rock.

2. The most im por tant diagenetic pro cesses that in flu enced
the pore space de vel op ment of the sand stones are com pac -
tion, ce men ta tion and dis so lu tion. Com pac tion and ce men ta -
tion have re duced their po ros ity by an av er age of ~44% and
~29%, re spec tively. These val ues are sim i lar for the Miechów
and £ódŸ troughs. The most in tense com pac tion oc curred in the 
Lower Cre ta ceous, Mid dle Ju ras sic and Lower Tri as sic
sadstones (>50%). Ce men ta tion has re duced the po ros ity of
the Lower Ju ras sic and Mid dle Ju ras sic sand stones to the
great est ex tent (~35%). Quartz, car bon ates and clay min er als
are the main ce ments that con trib uted to the po ros ity re duc tion.
How ever, the for ma tion of quartz ce ment in the form of
overgrowths on quartz grains in hib ited the ef fect of me chan i cal
com pac tion and caused the pres er va tion of a part of the pri mary 
po ros ity. Dis so lu tion pro cesses, mainly of feld spar grains, con -
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trib uted to the for ma tion of sec ond ary po ros ity in the sand -
stones and to the in crease in po ros ity. This pro cess was more
intense during eodiagenesis than during mesodiagenesis. 

3. Diagenetic pro cesses of com pac tion, ce men ta tion, re -
place ment and dis so lu tion strongly af fected the car bon ate
rocks. Eodiagenetic pro cesses, such as com pac tion and ce -
men ta tion, neg a tively af fected the de vel op ment of pore space
in the rocks. Mesodiagenetic pro cesses, such as re place ment
pro cesses, pre dom i nantly dolomitization, which in creased
intracrystalline po ros ity, had a pos i tive ef fect on the po ros ity.
The in crease in the po ros ity took place also thanks to dis so lu -
tion of bioclasts. In dolomitized grainstones with voids of dis -
solved grains, the po ros ity reaches ~24%. Chem i cal com pac -
tion is re spon si ble for stylolitization pro cesses which had a neg -
a tive im pact on the fil tra tion properties of the rocks.

4. Sand stones of good res er voir prop er ties are found in the
Lower Tri as sic (Buntsandstein) and Lower Ju ras sic of the
Miechów Trough and in the Lower Cre ta ceous of the £ódŸ
Trough. The sand stones are char ac ter ized by a po ros ity of
>15% (max i mum 28%) and a per me abil ity of >100 mD. Their

thick ness is 20–380 m in the Lower Tri as sic, and 20-90 m in the
Lower Ju ras sic. In the Lower Cre ta ceous, their thick ness var ies 
from a few to about 125 m. Among the car bon ates, those of the
Mid dle Tri as sic (Muschelkalk) of the Miechów Trough show the
best res er voir prop er ties. The po ros ity of these rocks is com -
monly around 10%, with a max i mum ex ceed ing 26%. The po -
rous (>10%) car bon ate and car bon ate-marly rocks, 40–250 m
thick, are com monly impermeable.
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APPENDIX 1 

Statistical results of computer image analysis of pore space and porosity of selected sandstone samples 

 

Borehole Eq Diameter Perimeter Mean Chord Length Width Max Feret Min Feret Circularity Elongation Porosity 

Depth [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [%] 

SANDSTONES OF THE LOWER TRASSIC 

  0.0035565 0.020541 0.0025869 0.0094401 0.0020478 0.0048557 0.0030745 0.97849 1.4113 

 
Brzegi IG 1  0.011943 0.24039 0.027762 0.11925 0.00192 0.024606 0.014319 0.096845 0.62121 14.65 

1529.3 m 0.0020424 0.0048535 0.0021205 0.00181 0.0014994 0.00181 0.00181 0.0081873 1 

 
  0.30383 10.272 0.051611 5.122 0.036237 0.66111 0.47747 1 4 

 
  0.0029734 0.011736 0.0024335 0.0051506 0.0019396 0.0037241 0.0023726 0.98254 1.4147 

 
Brzegi IG 1 0.0083885 0.096674 0.0020935 0.047157 0.0014251 0.017827 0.0077542 0.078873 0.64073 11.99 

1558.4 m 0.0020424 0.0048535 0.0021205 0.00181 0.0014994 0.00181 0.00181 0.026638 1 

 
  0.40639 5.3214 0.076577 2.611 0.049678 0.9925 0.38397 1 6 

 
  0.0026992 0.0092071 0.00235 0.00396 0.00187 0.00318 0.00209 0.98428 1.46400 

 
Pągów IG 1 0.0041751 0.06088 0.00091 0.02999 0.00060 0.00833 0.00429 0.06749 0.64432 10.12 

2330.5 m 0.0020424 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.022234 1 

 
  0.16756 3.39610 0.03444 1.68600 0.02484 0.43791 0.19005 1 5 

 
  0.00278 0.01307 0.00235 0.00587 0.00189 0.00335 0.00229 0.98494 1.38890 

 
Pągów IG 1 0.00733 0.20471 0.00101 0.10195 0.00067 0.01562 0.00927 0.06805 0.61351 10.05 

2362.7 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.0071616 1 

 
  0.44527 16.53000 0.03403 8.24610 0.02559 0.98068 0.67040 1 9 

 
  0.00276 0.00973 0.00238 0.00417 0.00191 0.00335 0.00222 0.98105 1.39260 

 
Secemin IG 1 0.00548 0.07555 0.00120 0.03714 0.00081 0.01517 0.00543 0.08135 0.61370 6.41 



1990.8 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.027055 1 

 
  0.31002 5.29400 0.07075 2.62400 0.04632 0.99878 0.32716 1 8 

 
  0.00275 0.00982 0.00237 0.00423 0.00189 0.00324 0.00217 0.98173 1.40630 

 
Secemin IG 1 0.00623 0.10555 0.00125 0.05219 0.00084 0.01165 0.00611 0.08034 0.63755 11.26 

2003.6 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.02466 1 

 
  0.46058 9.21430 0.05680 4.57070 0.03645 0.74779 0.47844 1 7 

 
CARBONATES OF THE MIDDLE TRIASSIC 

  0.00277 0.01067 0.00238 0.00470 0.00188 0.00328 0.00209 0.98392 1.54560 

 
Gidle 2 0.00598 0.13571 0.00151 0.06744 0.00102 0.00951 0.00562 0.05341 0.68057 23.43 

1788.3 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.00321 1 

 
  0.39562 14.07700 0.10825 7.02100 0.07705 0.63356 0.34033 1 6 

 
  0.00259 0.00768 0.00233 0.00325 0.00183 0.00298 0.00191 0.98668 1.5517  

Gidle 2 0.00189 0.03404 0.00040 0.01687 0.00025 0.00371 0.00210 0.04908 0.66477 10.19 

1790.0 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.01240 1  

  0.15144 3.86570 0.02428 1.92350 0.01567 0.29218 0.21927 1 9  

  0.00249 0.00697 0.00229 0.00288 0.00183 0.00275 0.00190 0.98731 1.4429 

 
Radziątków 7  0.00194 0.01677 0.00062 0.00804 0.00041 0.00305 0.00187 0.04470 0.65507 6.33 

2560.0 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.04118 1 

 
  0.13271 1.0019 0.045724 0.49429 0.031151 0.17871 0.12851 1 4 

 
SANDSTONES OF THE UPPER TRIASSIC 

  0.00263 0.00869 0.00233 0.00370 0.00187 0.00303 0.00209 0.98333 1.41630 

 
Gidle 2 0.00312 0.05661 0.00066 0.02804 0.00044 0.00657 0.00376 0.06974 0.63054 10.81 

1618.6 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.00717 1 

 
  0.16368 6.07450 0.02243 3.03030 0.01469 0.43764 0.23979 1 8.6515 

 



  0.00308 0.01350 0.00250 0.00600 0.00198 0.00378 0.00249 0.97716 1.46460 

 
Secemin IG 1 0.00710 0.21003 0.00141 0.10464 0.00099 0.01293 0.00763 0.09038 0.63693 13.78 

1414.6 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.00549 1 

 
  0.47478 20.12600 0.03183 10.04500 0.02137 0.89839 0.49624 1 6 

 
  0.00264 0.00761 0.00238 0.00313 0.00191 0.00300 0.00206 0.98391 1.42780 

 
Węgleszyn IG1 0.00217 0.01444 0.00085 0.00669 0.00061 0.00402 0.00183 0.05742 0.61236 1.55 

2013.6 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.07568 1 

 
  0.08438 0.52847 0.03325 0.24103 0.02320 0.16288 0.05538 1 3 

 
SANDSTONES OF LOWER JURASSIC 

Banachów IG 1 0.00265 0.00846 0.00235 0.00360 0.00186 0.00308 0.00203 0.98488 1.4951 

 
3338.2 0.00441 0.05221 0.00132 0.02551 0.00096 0.00792 0.00454 0.05508 0.68594 7.00 

  0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.01768 1 

 
  0.25259 2.90010 0.06561 1.44180 0.05227 0.41868 0.24616 1 4.2049 

 
Kłokoczyn 1 0.00320 0.01336 0.00251 0.00592 0.00198 0.00413 0.00268 0.97825 1.4543 

 
1049.1 0.00824 0.08909 0.00217 0.04330 0.00149 0.01632 0.00979 0.09160 0.67618 13.2 

  0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.04922 1 

 
  0.2208 2.9688 0.042424 1.4581 0.032593 0.44422 0.28477 1 6 

 
  0.00284 0.01013 0.00240 0.00438 0.00191 0.00340 0.00225 0.98065 1.4446 

 
Pągów IG 1 0.00508 0.06545 0.00131 0.03209 0.00089 0.00962 0.00526 0.07980 0.65737 13.3 

1526.0 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.02564 1 

 
  0.2169 3.8773 0.0326 1.9194 0.0216 0.42508 0.22037 1 6 

 
  0.00407 0.02275 0.00275 0.01043 0.00216 0.00591 0.00358 0.97032 1.4405 

 
Ponętów 2 0.01342 0.16800 0.00344 0.08226 0.00235 0.02781 0.01564 0.12063 0.66632 14.7 

2633.2 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.01251 1 

 



  0.25916 4.4568 0.064668 2.2068 0.04428 0.58255 0.3757 1 7 

 
  0.00318 0.01290 0.00251 0.00571 0.00198 0.00407 0.00255 0.97598 1.5255 

 
Secemin IG 1 0.00810 0.09158 0.00213 0.04463 0.00146 0.01566 0.00880 0.08671 0.71102 13.2 

1374.5 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.02545 1 

 
  0.22187 3.7854 0.059382 1.8772 0.041903 0.49694 0.25193 1 6 

 
  0.0026257 0.0078683 0.0023495 0.0032906 0.0018746 0.003038 0.0020243 0.98307 1.4551 

 
Zgierz IG 1 0.0024746 0.020688 0.00082462 0.0098645 0.0005839 0.0050505 0.0023263 0.06565 0.66557 4.7 

2405.0-2407.0 0.0020424 0.0048535 0.0021205 0.00181 0.0014994 0.00181 0.00181 0.043643 1 

 
  0.089492 0.77595 0.025467 0.37102 0.016953 0.17154 0.078151 1 5 

 
SANDSTONES OF THE MIDDLE JURASSIC 

  0.00521 0.06242 0.00274 0.03028 0.00214 0.00886 0.00535 0.97071 1.43390 

 
Poddębice IG 2 0.02812 0.81641 0.00384 0.40670 0.00256 0.06406 0.04001 0.12696 0.67346 27.19 

3189.0 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.00304 1 

 
  0.69560 27.35600 0.10152 13.65000 0.06600 1.45890 0.99188 1 14 

 
  0.00380 0.01861 0.00273 0.00834 0.00217 0.00529 0.00322 0.97469 1.36040 

 
Ponętów 2 0.01322 0.14641 0.00438 0.07124 0.00311 0.02691 0.01249 0.10611 0.58962 11.38 

2431.5 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.01542 1 

 
  0.31088 5.19690 0.14241 2.58560 0.10344 0.63574 0.23652 1 6 

 
  0.00416 0.02976 0.00267 0.01396 0.00211 0.00622 0.00378 0.96741 1.35790 

 
Żerechowa 2 0.01466 0.30701 0.00257 0.15241 0.00172 0.03285 0.01683 0.13419 0.59482 22.07 

1293.8 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.00963 1 

 
  0.54304 17.38900 0.04910 8.66750 0.03196 1.21890 0.64558 1 5 

 
CARBONATES OF THE UPPER JURASSIC 

  0.00248 0.00675 0.00230 0.00278 0.00183 0.00276 0.00186 0.98904 1.4806 

 



Węgleszyn IG 1 0.00073 0.00575 0.00027 0.00282 0.00015 0.00166 0.00058 0.03745 0.64554 1.59 

1023.6 m 0.00204 0.00485 0.00212 0.00181 0.00150 0.00181 0.00181 0.06096 1 

 
  0.036191 0.45671 0.0084911 0.22376 0.0066132 0.11346 0.047958 1 6 

 
SANDSTONES OF THE LOWER CRETACEOUS 

  0.00061 0.00170 0.00056 0.00071 0.00045 0.00069 0.00045 0.98602 1.52150 

 
Banachów IG 1 0.00027 0.00400 0.00007 0.00198 0.00004 0.00053 0.00028 0.03946 0.70361 2.27 

2354.6 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.02561 1 

 
  0.02529 0.49649 0.00348 0.24620 0.00251 0.04516 0.03142 1 4 

 
  0.00092 0.00450 0.00066 0.00202 0.00052 0.00131 0.00079 0.97019 1.40110  

Cykowo IG 1 0.00250 0.02913 0.00068 0.01421 0.00048 0.00537 0.00271 0.11970 0.62538 16.30 

935.8 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.02248 1  

  0.05468 0.91701 0.01311 0.45520 0.00934 0.12051 0.06389 1 5  

  0.00061 0.00178 0.00056 0.00074 0.00045 0.00068 0.00048 0.98700 1.38530 

 
Koło IG 3 0.00063 0.00542 0.00020 0.00259 0.00014 0.00123 0.00054 0.05285 0.62945 2.44 

1911.6 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.07499 1 

 
  0.02207 0.22273 0.00724 0.10864 0.00490 0.04435 0.02124 1 5 

 
  0.00078 0.00362 0.00060 0.00163 0.00048 0.00102 0.00065 0.97966 1.42980  

Pągów IG 1 0.00222 0.03090 0.00052 0.01520 0.00035 0.00459 0.00246 0.09013 0.65547 19.68 

629.3 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.01536 1  

  0.07706 1.69650 0.01733 0.84271 0.01150 0.18520 0.08737 1 6  

  0.00063 0.00190 0.00057 0.00080 0.00045 0.00072 0.00049 0.98630 1.42540 

 
Poddębice PIG 2 0.00080 0.00757 0.00024 0.00364 0.00016 0.00159 0.00091 0.05495 0.65621 9.22 

2257.6 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.04599 1 

 
  0.03058 0.43166 0.00848 0.21237 0.00563 0.06460 0.05402 1 5 

 



  0.00061 0.00167 0.00057 0.00069 0.00045 0.00068 0.00047 0.98630 1.44850  

Ponętów 2 0.00022 0.00137 0.00009 0.00066 0.00006 0.00046 0.00017 0.04347 0.64991 2.92 

1632.6 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.06345 1  

  0.00780 0.07394 0.00262 0.03621 0.00178 0.01936 0.00734 1 4  

  0.00066 0.00220 0.00057 0.00094 0.00046 0.00077 0.00052 0.98626 1.41290 

 
Sarnów IG 1 0.00163 0.01731 0.00043 0.00840 0.00029 0.00311 0.00166 0.05726 0.65314 7.88 

1741.2 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.04689 1 

 
  0.08256 1.19780 0.02579 0.58982 0.01777 0.18905 0.08753 1 5 

 
  0.00070 0.00286 0.00059 0.00126 0.00047 0.00086 0.00056 0.98342 1.43690  

 Strzelno IG 1 0.00200 0.03540 0.00045 0.01752 0.00031 0.00400 0.00204 0.06893 0.66482 7.73 

1134.2 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.01010 1  

  0.09106 2.12970 0.01527 1.06140 0.00987 0.15563 0.08778 1 10  

SANDSTONES OF THE UPPER CRETACEOUS 

  0.00063 0.00174 0.00058 0.00071 0.00046 0.00071 0.00048 0.98614 1.4604 

 
Koło IG 4 0.00037 0.00215 0.00017 0.00098 0.00012 0.00067 0.00030 0.04050 0.64499 1.22 

827.2m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.24736 1 

 
  0.01519 0.09592 0.00593 0.04383 0.00413 0.02690 0.01222 1 3 

 
  0.00064 0.00196 0.00057 0.00082 0.00046 0.00071 0.00051 0.98611 1.3742  

Pągów IG 1 0.00072 0.00849 0.00022 0.00415 0.00015 0.00137 0.00071 0.05871 0.60092 7.83 

58.3 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.02060 1  

  0.02546 0.52883 0.00821 0.26267 0.00554 0.05599 0.02428 1 4  

  0.00063 0.00203 0.00057 0.00086 0.00046 0.00070 0.00050 0.98661 1.3908 

 
Pągów IG 1 0.00077 0.02162 0.00015 0.01077 0.00010 0.00160 0.00088 0.05081 0.60623 3.90 

173.8 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.0069983 1 

 



  0.05592 2.09980 0.00497 1.04760 0.00337 0.12868 0.07222 1 3 

 
  0.00071 0.00291 0.00059 0.00128 0.00047 0.00089 0.00058 0.98223 1.4011 

 
Pągów IG 1 0.00181 0.03060 0.00041 0.01513 0.00028 0.00456 0.00200 0.07606 0.62972 14.14 

616.3 m 0.00050 0.00119 0.00052 0.00044 0.00037 0.00044 0.00044 0.01838 1 

 
  0.08272 1.78530 0.01104 0.88661 0.00754 0.28112 0.09575 1 4 

 

 

mean standard deviation minimum maximum 

     

 


