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Ab stract: Dur ing the 50-year-long in tense pe tro leum ex plo ra tion of the Palaeozoic–Me so zoic base ment of the
Carpathian Foredeep, more than 20 oil and gas ac cu mu la tions have been dis cov ered. The ba sic and most im por tant 
oil-bear ing lev els in the Me so zoic sec tion are Oxfordian car bon ates and Cenomanian sand stones. The Nosówka,
Zalesie, Trzebownisko–Krasne, Cetynia, Uszkowce and Lachowice hy dro car bon ac cu mu la tions and nu mer ous
hy dro car bon shows have been found in the Palaeozoic ho ri zons. This pa per is fo cused on eval u a tion of res er voir
prop er ties of the en tire Palaeozoic–Me so zoic base ment of the Carpathian Foredeep and mar ginal part of the Outer
Carpathians for find ing new res er voir ho ri zons. 558 rock sam ples from 51 wells in the Kraków–Lubaczów area
were ana lysed. The well log re sults from 20 wells were ad di tion ally used for the as sess ment of petrophysical
prop er ties. The re sults of porosimetry mea sure ments and well logs var ied in all dis cussed Palaeozoic and Me so -
zoic base ment ho ri zons of the Carpathian Foredeep. The best res er voir prop er ties were es ti mated within the
Ju ras sic–Lower Cre ta ceous car bon ate com plex. De spite great vari abil ity, the car bon ate rocks dis play high est
av er age po ros ity and good per me abil ity val ues. The vari abil ity of res er voir prop er ties is mostly a re sult of the
char ac ter of the res er voir-po rous-frac ture space. Good res er voir prop er ties were also es ti mated for the Up per
Cre ta ceous car bon ate rocks. How ever, in most of the ana lysed wells the po ten tial res er voirs were wa tered. The
Palaeozoic com plex dis plays weaker res er voir prop er ties and they mainly re fer only to the De vo nian–Lower
Car bon if er ous ho ri zon. The Lower Palaeozoic rocks dis play weak res er voir prop er ties. Their po ten tial is ad di tio-
n ally low ered by neg li gi ble range of oc cur rence and a small thick ness. Gen er ally, the gas- and oil-bear ing pro-
p er ties of the ana lysed zone can be at trib uted only to the Ju ras sic–Cre ta ceous res er voir ho ri zons. The re main ing
ho ri zons, es pe cially the Up per Palaeozoic com plex, are only sup ple ment to the res er voir po ten tial of the area.
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 IN TRO DUC TION

In the Carpathian Foredeep and mar ginal zone of the
Outer Carpathians, be tween Kraków and Lubaczów, there
are over one hun dred and twenty hy dro car bon ac cu mu la -
tions (Karnkowski, 1999; Myœliwiec et al., 2005; Kotarba et 
al., 2011a). Most of them are gas fields lo cal ized within the
Mio cene strata (Kotarba & Peryt, 2011; Kotarba et al.,
2011a). Oil ac cu mu la tions and some gas ac cu mu la tions are
mainly con nected with the Oxfordian car bon ates and Ceno-
manian sand stones, i.e. the two most oil-bear ing ho ri zons in 
the base ment of the Carpathian Foredeep and mar ginal zone 
of the Outer Carpathians (Maksym et al., 2000; Jawor &
Baran, 2001; Myœliwiec et al., 2005; Kotarba, et al., 2011b;
Wiêc³aw, 2011). Less sig nif i cant as res er voir rocks are the
Up per Cre ta ceous car bon ates and older Palaeozoic com -

plex. The ac cu mu la tions in these strati graphic ho ri zons as -
sume the form of var i ous traps, and dis play dif fer ent res er -
voir prop er ties.

The pa per is fo cused on the char ac ter is tics of res er voir
rocks on the ground of their petrophysical prop er ties,
mainly po ros ity and per me abil ity. These char ac ter is tics are
based on the re sults of lab o ra tory anal y ses and in ter pre ta -
tion of well logs. The porosimetric mea sure ments were per -
formed to de ter mine crit i cal pa ram e ters of res er voir rock,
i.e. po ros ity, per me abil ity and ge netic types of res er voirs,
and also as par a digms for geo phys i cal in ter pre ta tion. The
well logs in ter pre ta tion was used for es tab lish ing petrophy-
sical pa ram e ters in the en tire Palaeozic and Me so zoic sec -
tions, as well as depth in ter vals of best res er voir prop er ties.



The study area cov ers the Palaeozoic and Me so zoic base ment 
of the Carpathian Foredeep and mar ginal part of the Outer
Carpathians, be tween Kraków and Lubaczów (Fig. 1).

GEO LOG I CAL SET TING

The Palaeozoic, Me so zoic, autochthonous Mio cene and 
Carpathian flysch com plex form sev eral struc tural stages.
The Cal edo nian struc tural stage con sists of the Cam brian,
Or do vi cian and Si lu rian strata and is in com plete. As a re sult 
of multiphase ero sion, mainly at the turn of the Si lu rian and
De vo nian, and also at the turn of the De vo nian and Car bon -
if er ous and af ter the Car bon if er ous time, those strata were
strongly re duced both in their thick ness and range of oc cur -
rence (Bu³a & Habryn, eds, 2008; Bu³a & Habryn, 2011).
The Cam brian strata are not pres ent in the west ern part of
the Ma³opolska Block, west of the Lower San River Horst,
prob a bly be cause the ana lysed area was up lifted at that time
(Bu³a & Habryn, 2011). The Or do vi cian strata oc cur in the
area be tween Pilzno and Rzeszów, be tween D¹browa Tar-
nowska–Szczucin–Busko Zdrój and lo cally near Lubaczów
(Bu³a & Habryn, eds, 2008). The range of the Si lu rian strata 
is slightly broader as they are pres ent along the west ern
mar gin of the Ma³opolska Block and in the form of sheets
south of Proszowice, north of D¹browa Tarnowska, be -
tween Pilzno–Rzeszów and near Lubaczów (Bu³a & Ha-
bryn, eds, 2008).

The Cam brian is rep re sented by black, grey or grey-
green claystones and usu ally sandy mudstones, as well as
fine or rarely me dium sorted light gray quartzitic sand -

stones, fre quently interbedded or lam i nated with mudstones 
and claystones (Bu³a & Habryn, eds, 2008). Frag men tary
rec og ni tion of the Cam brian sec tions and its tec tonic in -
volve ment of ten ren ders dif fi cult the de ter min ing of its to tal 
thick ness, which prob a bly ex ceeds 1,000 m (Bu³a &
Habryn, eds, 2008; Bu³a & Habryn, 2011).

The Or do vi cian strata in the lower part of the sec tion
are rep re sented by quartzitic sand stones, black grap to lit ic
shales and lime stones. The Si lu rian strata formed the black
grap to lit ic shales and siltstones (Moryc & Nehring-Lefeld,
1997; Bu³a & Habryn, 2011). The thick ness of the Or do vi -
cian and Si lu rian com plex ranges from tens to over 300 m
(Jawor & Baran, 2004; Bu³a & Habryn, 2011).

The next Variscan struc tural stage was rep re sented by
the Lower De vo nian terrigenous rocks, Mid dle and Up per
De vo nian car bon ates and Lower Car bon if er ous car bon ate-
clastic com plex (Jawor & Baran, 2004). The thick ness of
the above strati graphic ho ri zons was vari able: from sev eral
dozen to about 150 m in the Lower De vo nian strata, and
from sev eral hun dred metres in the east ern part of the study
area to over 1,000 m in the west ern part in the Mid dle and
Up per De vo nian strata. Sim i lar thick ness and vari abil ity
can be found for the Lower Car bon if er ous clastic and car -
bon ate rocks (Jawor & Baran, 2004). The Up per Palaeozoic
strata do not oc cur in the east ern part of the Ma³opolska
Block (Bu³a & Habryn, 2011).

In the west ern part of the Ma³opolska Block, the Kim-
merian struc tural stage is com posed of Perm ian–Tri as sic
terrigenous-car bon ate com plex, Mid dle Ju ras sic clastic
rocks, Up per Ju ras sic–Lower Cre ta ceous and Up per Cre ta -
ceous car bon ates (Dayczak-Calikowska & Moryc, 1988;
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Fig. 1. Sketch tec tonic map of the study area with lo ca tion of main tec tonic units and ana lysed wells. KLFZ – Kraków–Lubliniec Fault
Zone, HCF – Holy Cross Fault, EEC – East Eu ro pean Plat form, Lith. – Lith u a nia



Jawor & Baran, 2004; Moryc, 2006; Krajewski et al., 2011). 
These rock com plexes were dis tin guished as sep a rate units
be cause of struc tural-tec tonic sys tem of the Kimmerian struc -
tural stage.

The Perm ian con glom er ates and sand stones, and the
Tri as sic clastic-car bon ate com plex are sep a rated by an ero -
sional dis con ti nu ity from the clastic Mid dle Ju ras sic rocks.
As a re sult of early Ju ras sic ero sion, the Perm ian–Tri as sic
for ma tions oc cur in the east ern part of the ana lysed area, to -
wards the south of the Pilzno–Dêbica line and to wards the
north of the D¹browa Tarnowska–Mielec line (Bu³a &
Habryn, eds, 2008).

The over ly ing Mid dle Ju ras sic for ma tions oc cur in the
al most en tire area of the west ern part of the Ma³opolska
Block (Bu³a & Habryn, eds, 2008). The Up per Ju ras sic–
Lower Cre ta ceous car bon ates are more wide spread. To -
wards the end of the Early Cre ta ceous pe riod, a shallowing
of the ba sin and up lift and ero sion of the area took place.
The Up per Cre ta ceous com plex be gins with Cenomanian
sand stones, but the re main ing part of the Cre ta ceous sec tion 
con sists of car bon ates and marls (Jawor & Baran, 2001;
Moryc, 2006; Krajewski et al., 2011). The to tal thick ness of 
the Cre ta ceous strata does not ex ceed 800 m (Jawor &
Baran, 2004).

The Me so zoic strata in the Kielce Fold Zone are in com -
plete. Only in the SE part, south of Lubaczów, frag ments of
the Mid dle and Up per Ju ras sic and Cre ta ceous com plex,
tens of metres thick, were drilled (Dayczak-Calikowska &
Moryc, 1988; Bu³a & Habryn, eds, 2008; Krajewski et al.,
2011; Kosakowski et al., in press).

The fi nal struc tural lay out of the Kimmerian stage was
a re sult of the Laramian orog eny. The en tire area was cov -
ered by ma rine Mio cene sed i ments, and in the south ern part
also by the Outer Carpathians flysch.

AN A LYT I CAL PRO CE DURE

Ex am i na tion of den sity, po ros ity and cap il lary
pres sure anal y sis

The co ef fi cient of po ros ity is the ba sic in dex of stor age
vol ume of the po rous layer. The mea sure ment of the po ros -
ity co ef fi cient de pends on the mea sured den sity and vol -
ume, but does not take into ac count the mor phol ogy of pore
space. The parametrization of pore space is ob tained
through the mea sure ment of cap il lary pres sure curves. Ca-
pillary pres sure curves pre sented in this work have been ob -
tained with the use of mer cury porosimetry. Porosimetric
ex am i na tions, be ing in de pend ent of tech ni cal so lu tions, are
based on the cy lin dri cal model of pore space, in which the
pore space is sim u lated as a bunch of cy lin dri cal cap il lar ies
trans port ing res er voir flu ids. The dis tri bu tion of the equiv a -
lent pore di am e ters and their dis tri bu tion in the ex am ined
pore space are ob tained from Washburn’s (1921) equa tion
(1):
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where: d – pore di am e ter, P – ap plied pres sure, j – con tact

an gle be tween the rock and the res er voir fluid, t – sur face
ten sion.

The pro por tional dis tri bu tion of pores of a given di am e -
ter in the pore space is de ter mined by count ing par tial vol -
umes of mer cury in jected to a sam ple. The mea sure ment
con sists in in ject ing mer cury to the ex am ined sam ple un der
a given pres sure, mea sure ment of this pres sure and the vol -
ume of mer cury that has mi grated into the sam ple un der this
pres sure.

Hav ing mea sured the par tial vol umes we can cal cu late
the spe cific sur face of the rock us ing the for mula (2):
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where: A – spe cific sur face, DV – par tial vol umes cor re -
spond ing with the pres sure P.

Two cu mu la tive curves: imbibitions and drain age are
ob tained.

Meth od ol ogy of mea sure ments

Mea sure ment of den sity
The den sity was mea sured us ing a he lium pycnometer.

This ap pa ra tus makes use of the per fect abil ity of he lium to
pen e trate even into small est sub-micropores. Con se quently, 
a pre cise value of skel e ton den sity is ob tained by this mea -
sure ment. Hav ing cal cu lated the vol umes of the rock skel e -
ton of the sam ple and its ex ter nal vol ume, we can com pute
the co ef fi cient of open po ros ity, us ing the for mula (3):
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where: Vb – ex ter nal vol ume (cm3), Vsk – vol ume of rock
skel e ton (cm3).

Porosimetric ex am i na tions
AutoPore IV mer cury porosimeter ap plied in the ex am -

i na tion of pres sure en ables one to ob tain two cu mu la tive
curves drawn for the in creas ing pres sures imbibitions curve
and drain age curve. Porosimetric mea sure ments al low for
the cal cu la tion of the fol low ing val ues:

– po ros ity counted by means of the porosimeter (dy -
namic po ros ity). It dif fers from open po ros ity since we
count the vol ume of non-wet ting fluid that has mi grated into 
the sam ple. This vol ume does not in clude all those sub-
micropores whose di am e ter is too small to al low the pen e -
tra tion of mer cury;

– cap il lary size, which is a stan dard quan tity for eval u a -
tion of the qual ity of res er voir rock. The mean cap il lary size
is cal cu lated as weighted mean av er age, tak ing into ac count
weight of the num ber of pores, not the per cent age of pore
space;

– spe cific sur face, which rep re sents the over all sur face
of pores per vol ume unit of the ex am ined rock, and con sti -
tutes the mea sure of re sis tance of the po rous cen tre against
the trans ported fluid.
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Anal y sis of the shapes of cu mu la tive curves
In the shape of each cap il lary pres sure curve we may

dis tin guish sev eral char ac ter is tic points. The point at which
mer cury starts mi grat ing into the sam ple we de fine as en try
pres sure, and the cor re spond ing di am e ter is de scribed as en -
try di am e ter. This point de ter mines the larg est size of pores
oc cur ring in the sam ple.

The next dis tin guished point is of great phys i cal im por -
tance. In the math e mat i cal cri te ria it is the inflexion point of
the cu mu la tive curve, which, from the point of view of
phys ics, rep re sents a spe cific value of pres sure (or di am e -
ter). When it is ex ceeded, sat u ra tion with mer cury starts
grow ing very fast at slight changes of pres sure. In lit er a ture, 
this point is called thresh old pres sure or thresh old di am e ter
(Webb, 2001; Such et al., 2007).

Ex am i na tion of ef fec tive per me abil ity

Per me abil ity is a prop erty of res er voir rock, based on
the abil ity to trans port res er voir flu ids. It is nu mer i cally
char ac ter ized by the co ef fi cient of ab so lute per me abil ity,
de fined by Darcy’s law (4):
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where: A – size of the cross-sec tion, x – length counted in
ac cor dance with flow di rec tion, q – quan tity of flow, m – dy -
namic flow vis cos ity, DP/Dx – gra di ent of pres sure fall
along the flow di rec tion, c – nu mer i cal con stant de pend ent
on units, k – co ef fi cient of per me abil ity.

The nec es sary con di tions of the cor rect mea sure ment
de pends on the lam i nar flow of res er voir flu ids and 100%
sat u ra tion of the ex am ined sam ple with a given res er voir
fluid dur ing the anal y sis.

WELL LOG GING IN TER PRE TA TION

Res er voir prop er ties, i.e. to tal po ros ity and per me abil -
ity and shaliness, were re con structed with the soft ware
GeoWin and ap pli ca tion of the INTERLOG (Jarzyna et al.,
1999). All ap plied logs have been es tab lished at depth con -
di tions by Geofizyka Kraków Ltd. On such pre pared logs a
com pre hen sive in ter pre ta tion was per formed. In the first
step of this pro cess the vol u met ric min er al og i cal model
used for in ter pre ta tion was as sumed on the ba sis of NPHI-
RHOB cross-plots (when logs were per formed). More over,
the de scrip tions of cores in the out put doc u men ta tion of
wells and pre lim i nary eval u a tion of well logs were used at
this stage. Com pre hen sive in ter pre ta tion of well log ging
was made with the use of re sis tiv ity logs, gamma ray logs,
NPHI logs and acous tic logs. Dur ing the in ter pre ta tion,
stan dard mod els were se lected on the ba sis of rel e vant log
data. On the ground of the above in ter pre ta tion, the po ros -
ity, per me abil ity, wa ter and hy dro car bon sat u ra tions were
eval u ated. The cal cu la tions were made sep a rately for ev ery
lithostratigraphic ho ri zon. Res er voir pa ram e ters were in ter -
preted us ing the INTERLOG (Jarzyna et al., 1999) by se -
lect ing ap pro pri ate mod els and pa ram e ters con nected with

them. The po ros ity was es ti mated on the ba sis of acous tic
logs us ing Wyl lie’s equa tion. The next pa ram e ter, i.e.
shaliness, was de fined as the vol ume con tent of clay min er -
als in the layer. To de ter mine the wa ter sat u ra tion the Archie 
or/and Simandoux equa tion was used. The per me abil ity was 
es ti mated on the ba sis of the Zawisza model. As a re sult the
out put logs were ob tained, giv ing in for ma tion about the
min eral com po si tion of the rock ma trix, po ros ity, per me -
abil ity and value of sat u ra tion in flushed zone and vir gin
zone. On the ba sis of these re sults the suit able plots were
graph i cally worked out.

EVAL U A TION OF PETROPHYSICAL
PA RAM E TERS IN THE PALAEOZOIC

STRATA

The eval u a tion of petrophysical prop er ties of the
Palaeozoic strata were per formed in two ar eas – in the west -
ern part of the Ma³opolska Block and in the Kielce Fold
Zone (Fig. 1). In the first area petrophysical anal y ses were
made in the wells: Dêbica 10, 10K and 11, £¹kta 27,
£owczów 2, Nawsie 1, Nosówka 2, 5, 6, 7, 8, 9 and 12,
Radlna 2, Rajbrot 1 and 2, Ropczyce 7, Tarnawa 1, Trze-
bownisko 3, Zagorzyce 6 and 7, Zalasowa 2, Zawada 8K,
and ¯egocina 1 (Fig. 1). The to tal of 306 of core sam ples
were used for eval u at ing res er voir prop er ties, i.e. po ros ity,
per me abil ity and thresh old di am e ter (Ta ble 1). In the Kielce 
Fold Zone, the to tal of 103 lab mea sure ments of po ros ity
and 34 mea sure ments of per me abil ity were used for eval u -
at ing res er voir prop er ties in the wells: Adamówka 2, Bisz-
cza 1 and 3, Dzików 12 and 13, Luchów 3, Lubliniec 4,
Ksiê¿pol 10, 15 nad 18, Markowice 2, Mo³odycz 1, Rudka
10 and 13, and Wola Obszañska 8, 9, 10, 13, 14, 15 and 16
(Ta ble 1, Fig. 1).

The res er voir rocks were eval u ated sep a rately for spe -
cific strati graphic ho ri zons of the Carpathian Foredeep
base ment. The eval u a tion was per formed us ing the po ros ity, 
thresh old di am e ter and per cent age of pores with di am e ter
greater than 1 µm. These di am e ters and the per cent of
macropores showed to a po ten tial trans port of res er voir flu -
ids through the pore space. The ana lysed strata were
grouped in classes show ing sim i lar res er voir and fil tra tion
prop er ties. The class of sim i lar ity is a group of rocks within
ana lysed geo log i cal ob ject that have char ac ter is tic com mon
fea tures. The proper as sign ment to classes of sim i lar ity for
par tic u lar re gion makes it easy to quickly es ti mate stor ing
and trans por ta tion abil i ties of res er voir flu ids and to de ter -
mine the trends in changes of res er voir prop er ties. The clus -
ter ing of ana lysed rocks into sim i lar ity groups en ables one
to ex trap o late the re sults onto sam ples, for which no com -
plete database of results exists. The description of these
classes is presented in Tables 2 and 3.

Cam brian strata
The Cam brian strata were found only in the mar ginal

zone of the Up per Silesian and Ma³opolska blocks. In the
Cam brian rocks oc cur ring in the Rajbrot 1 (6 sam ples) and
Rajbrot 2 (11 sam ples) wells the petrophysical prop er ties
var ied (Ta ble 1). The po ros ity ranged from 2.81 to 13.6%,
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with me dian equal to 7.9% (Ta ble 1, Fig. 2A). Better po ros -
ity was ob served in the Rajbrot 2 well. The thresh old diam -
eters var ied from 1 to 3 µm, though in the bot tom part of the
strata (4,148.3–4,181.1 m) this pa ram e ter in creased to 6–10
µm (Ta ble 1, Figs 3A, 4A). Such val ues caused non-zero
val ues of per me abil ity, which was con firmed by plug sam -
ples in ves ti ga tions. The Cam brian rocks in these two wells
rep re sented the po rous–frac ture type of resorvoir.

In the Kielce Fold Zone al most all of the ana lysed sam -
ples (87 sam ples) come from the Cam brian strata (Ta ble 1,
Fig. 2B) and for all of the the den sity, po ros ity, as well as
the re sults of the mer cury porosimetry were ana lysed. Per -

me abil ity anal y ses were per formed for 33 sam ples only (Ta -
ble 1). Gen er ally, the ana lysed rocks were po rous. The fre -
quency di a gram of po ros ity is shown in Fig. 2B. The modal
value of po ros ity was found to be be tween 5 and 10% and
the fil tra tion prop er ties ap peared to be poor. Cross-plot per -
me abil ity–po ros ity shows that only 30% of ana lysed sam -
ples dis play a mea sur able per me abil ity (Fig. 5). For these
sam ples the per me abil ity equal to 0.001 mD means no per -
me able sam ple. Mea sured per me abil ity value equal to 55
mD also rep re sents a pure frac ture per me abil ity (Fig. 5).
These rocks are sin gle po ros ity (inter gra nu lar), sin gle per -
me abil ity (frac ture) rocks. The anal y sis of thresh old di am e -
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Ta ble 1

Petrophysical char ac ter is tics of the Palaeozoic strata in the west ern part of the Ma³polska Block and Kielce Fold Zone

* – all re sults have the same value. Range of petrophysical pa ram e ters is given as nu mer a tor; me dian val ues in de nom i na tor, in pa ren the ses: num ber of sam -
ples from wells (nu mer a tor) and num ber of sam pled wells (de nom i na tor)

Fig. 2. Fre quency his to grams of po ros ity range of the Cam brian strata in (A) the west ern part of the Ma³opolska Block and (B) Kielce
Fold Zone, and Si lu rian strata in (C) the west ern part of the Ma³opolska Block and (D) Kielce Fold Zone



ters fre quency di a gram in di cates that the val ues are very
low, the me dian is 0.15 µm, and only 25% of the mea sure -
ments are above 1 µm (Ta ble 1, Fig. 3A). The filtration pro-
perties of the Cambrian sediments are limited to fractures.

Gen er ally, the petrophysical prop er ties of the ex am ined 
strata as sessed on the ba sis of the re sults from two wells
from the west ern part of the Ma³opolska Block and 21 wells
from the Kielce Fold Zone, show that the Cam brian clastic
rocks can be clas si fied as the II class of sim i lar ity (Table 1).

Or do vi cian strata
The Or do vi cian strata were rep re sented only by two

samples from the Nosówka 9 well (west ern part of the Ma³o-
polska Block) (Fig. 1). The mea sured po ros ity was high, i.e.
1.13 and 13.6% (Ta ble 1). The thresh old di am e ters were
found to be 0.03 and 2 µm. The per me abil ity is very low, to
0.001 mD in both sam ples. The re sults are not rep re sen ta tive
for the as sess ment of the Or do vi cian strata char ac ter is tics.

Si lu rian strata
The Si lu rian strata were char ac ter ized by 6 sam ples

from the Zawada 8k well in the west ern part of the Ma³o-

polska Block and 8 sam ples from Markowice 2, Wola
Obszañska 10 and Wola Obszañska 13 wells in the Kielce
Fold Zone (Ta ble 1, Fig. 1). The rocks have low po ros i ties
and microporous char ac ter of pore space (Fig. 2C, D). The
mea sured val ues vary widely, from 0.51 to 11.0% in the
Ma³opolska Block and from 0.53 to 17.1% in the Kielce
Fold Zone, re spec tively (Ta ble 1). The thresh old di am e ters
also vary widely, es pe cially in the Kielce Fold Zone (Ta-
ble 1). The cross-plot of thresh old di am e ter– po ros ity in di -
cated good seal ing prop er ties (Fig. 4B). The per me abil ity
was non-zero, which was at trib uted to the pres ence of mi -
crofrac tures. Mea sured per me abil ity value equal to 63.9 mD 
rep re sents the pure fracture permeability (Table 1).

The Si lu rian rocks can be clas si fied as the III class of
sim i lar ity – low po rous rocks play ing sub or di nate role as
res er voir rocks (Table 2).

De vo nian strata
In the study area, the De vo nian strata oc curred only in

the west ern part of the Ma³opolska Block. The Mid dle and
Up per De vo nian car bon ate com plex was in ves ti gated in the
Hermanowa 1 (4 sam ples from depth in ter val 4,545.6–
4,584.7 m), Nosówka 6 (12 sam ples from depth in ter val
3,980.1–4,019.7 m), Nosówka 9 (4 sam ples from 4,061.5–
4,062.5 m) and Trzebownisko 3 (16 sam ples from 2,010.1–
2,068.5 m) wells. The car bon ates in the en tire area were
low- po rous and non-per me able. The po ros ity widely
ranged from ca. 0.0 to 16.6%, with me dian equal to 3.33%
(Ta ble 1). The mea sured thresh old di am e ters were usu ally
equal to or lower than 2 µm (Figs 3C, 4C, 6A). Only in the
Trzebownisko 3 well the rocks did dem on strate higher po -
ros ity, up to 16.6% (Fig. 6) and higher thresh old di am e ters,
up to 30 µm (Ta ble 1, Fig. 3C). These pa ram e ters in di cate
good fil tra tion prop er ties in classes I –III (Ta ble 2). The per -
me abil ity in the De vo nian car bon ates was mea sured only
for four sam ples, equal ling to 0.001 mD, and 55 mD in the
one case (Ta ble 1).
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Ta ble 2

Classes of sim i lar ity for the Palaeozoic clastic rocks

Type
Porosity

(%)
Threshold diameter

(µm)
Type description

I >10  0.01–12
Very good porosity, double
or fracture permeability

II  5–10  0.01–12
Medium porosity, double or
fracture permeability

III  2–5  0.01–12
Low porosity, double or
fracture permeability

IV <2 <0.2 Sealing rocks 

Fig. 3. Thresh old di am e ter fre quency his to grams in the (A) Cam brian, (B) Si lu rian, (C) De vo nian, and (D) Car bon if er ous strata



Car bon if er ous strata
Like in the De vo nian strata, the Car bon if er ous car bon -

ates oc cur only in the west ern part of the Ma³opolska Block. 
The petrophysical prop er ties of these car bon ates were rep -
re sented by the larg est pop u la tion of sam ples col lected from 
the Palaeozoic com plex. The in ves ti ga tions were per formed 
for 146 core sam ples from wells: Dêbica 10 (3 sam ples,
3,513.3–3,587.05 m), Dêbica 10K (3 sam ples, 3,513.2–
3,587.05 m), £owczów 2 (68 sam ples, 3,470.7–4,066.9 m),
Nosówka 2 (4 sam ples, 3,418.3–3,422.6 m), Nosówka 5 (2
sam ples, 3,582.0–3,582.7 m), Nosówka 6 (22 sam ples,
3,735.8–3,978.5 m), Nosówka 7 (12 sam ples, 3,525.5–

3,573.9 m), Nosówka 8 (2 sam ples, 3,809.4–3,809.9 m),
Nosówka 9 (6 sam ples, 4,061.5–4,062.5 m), Nosówka 12 (4 
sam ples, 3,914.4–3,932.3 m), Rajbrot 1 (1 sam ple, 3,504.2
m), Rajbrot 2 (5 sam ples, 2,796.2–3,680.8 m), Zagorzyce 6
(4 sam ples, 4,520.0–4,591.0 m) and ¯egocina 1 (19 sam-
ples, 3,252.5–3,507.6 m) (Fig. 1).

The ana lysed rocks show very poor res er voir prop er ties.
The po ros ity was lower than 1% for the ma jor part of in ves ti -
gated rocks (Fig. 6B). Only 5% of ana lysed pop u la tion of
sam ples do show a po ros ity higher than 5%. The thresh old
di am e ter widely ranged from ca. 0.01 to 10.0 µm (Fig. 4D).
De spite such vari abil ity, poor sam ples pre vailed. The me dian 
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Ta ble 3

Classes of sim i lar ity for the Car bon if er ous car bon ate rocks

Type
Porosity

(%)

Threshold
diameter

(µm)

% of pores 
(diameter
>1 µm)

Type description

I >15 >20 >80
Very good reservoir and
filtration rocks

II >15 >3 30–60
Very good reservoir,
moderate filtration rocks

III  5 - 10 >4 >50
Good reservoir, poor
filtration rocks

IV  5 - 10  3–4 30–60
Good reservoir, very
poor filtration rocks

V >5  2–3 <50
Moderate reservoir, very
poor filtration rocks

VI  5 - 10 <2 <30
Porous, non permeable
rocks

VII <5 <1 <30
Low porosity, zero
permeability rocks

Ta ble 4

Classes of sim i lar ity for the Me so zoic car bon ate rocks

Type
Porosity

(%)

Threshold
diameter

(µm)

% of pores
(diameter
>1 µm)

Type description

I >15 >20 >80
Very good reservoir and
filtration rocks

II >15 >3 30–60
Very good reservoir,
moderate filtration rocks

III  5–10 >4 >50
Good reservoir, poor
filtration rocks

IV  5–10  3 - 4 30–60
Good reservoir, very
poor filtration rocks

V >5  2 - 3 <50
Moderate reservoir, very
poor filtration rocks

VI  5–10 <2 <30
Porous, non permeable
rocks

VII <5 <1 <30
Low porosity, zero
permeability rocks

Fig. 4. Thresh old di am e ter ver sus po ros ity in the (A) Cam brian, (B) Si lu rian, (C) De vo nian, and (D) Car bon if er ous strata



of the en tire pop u la tion was only 0.2 µm and was the low est
among the Palaeozoic strata (Ta ble 1). The cross-plot of po -
ros ity – thresh old di am e ter in di cated good seal ing prop er ties
(Fig. 4D). Only a small part of the mea sured sam ples does
dis play good res er voir prop er ties. Per me abil ity anal y ses were 
per formed for 53 sam ples. Only for 2 sam ples permeabilities
were greater than 1 mD and frac ture per me abil ity was ob -
served. For other sam ples permeabilities ranged from 0.001
to 0.2 mD (Ta ble 1). The anal y sis of ob tained thresh old di -
am e ters (Fig. 3D) and mea sured val ues of spe cific sur faces
al low us to qual ify the Carboniferous sam ples as non-po -
rous rocks (Ta ble 3).

EVAL U A TION OF PETROPHYSICAL
PA RAM E TERS IN THE ME SO ZOIC

STRATA

The petrophysical prop er ties of the Me so zoic strata
were as sessed on the ba sis of re sults of 292 core sam ples

from 12 wells: Dêbica 10K and 11, Góra Ropczycka 1K,
Lubliniec 2 and 4, £¹kta 27, Nawsie 1, Radlna 2, Rajbrot 2,
Ropczyce 7, Tarnawa 1, Zagorzyce 6 and 7, and Zawada 8K
(Ta bles 1, 2, Fig. 1). The petrophysical prop er ties were de -
ter mined on the ba sis of a class of sim i lar ity pre sented in
Table 4.

Up per Ju ras sic–Lower Cre ta ceous strata
The Up per Ju ras sic and Lower Cre ta ceous car bon ates

cre ate one res er voir ho ri zon and there fore their res er voir
prop er ties will be dis cussed to gether. These ho ri zons were
the best rep re sented, i.e. 210 core sam ples of Up per Ju ras sic 
car bon ates from 12 wells, and 71 core sam ples of Lower
Cre ta ceous car bon ates from Zagorzyce 7 well were ex am -
ined (Ta ble 5, Fig. 7A, B). The re search ma te rial is de rived
from the west ern part of the Ma³opolska Block only. These
strati graphic ho ri zons had the best petrophysical prop er ties
in the en tire Me so zoic sec tion (Dar³ak et al., 2004; Gliniak
et al., 2004, 2005). The Up per Ju ras sic–Lower Cre ta ceous
car bon ates in the whole of the area were low-po rous and
non-per me able (Fig. 8). The mea sured val ues of po ros ity
var ied greatly from 0.0 to 18.3%, with me dian equal to
1.3% (Ta ble 5). In sam ples from the Up per Ju ras sic 50% of
val ues were be low 2% (Fig. 7A), whereas in the Lower
Creataceous sam ples 85% was be low 2wt% (Fig. 7B). Like -
wise, in the Up per Ju ras sic car bon ates the low val ues of
thresh old di am e ter, i.e. be low 2 µm, were about 65% of the
ana lysed pop u la tion, and in the Lower Cre ta ceous they con -
sti tuted 95% of the pop u la tion (Ta ble 5, Fig 9A, 9B). The
ma jor part of the Up per Jurrasic (–Lower Cre ta ceous) strata
was com posed of non-per me able rock (Figs 7A, 7B, 8). The 
mea sured val ues ranged from 0 up to 436 mD (Ta ble 5,
Fig. 8). De spite such vari abil ity, poor sam ples pre vailed and 
the me dian for the en tire pop u la tion was only 0.01 mD (Ta -
ble 5). These per me abil ity prop er ties were of ten up graded
by a sys tem of frac tures. The au thors’ in ves ti ga tions have
shown that fil tra tion prop er ties re sult ing in microporous
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Ta ble 5

Petrophysical char ac ter is tics of the Me so zoic strata in the
west ern part of the Ma³opolska Block

U. – Up per; L. – Lower; n.m. – not mea sured. Range of petrophysical pa -
ram e ters is given as nu mer a tor; me dian val ues in de nom i na tor, in pa ren the -
ses: num ber of sam ples from wells (nu mer a tor) and num ber of sam pled
wells

Fig. 5. Per me abil ity ver sus po ros ity in Cam brian strata in the
Kielce Fold Zone

Fig. 6. Fre quency his to grams of po ros ity range in the (A) De -
vo nian (Trzebownisko 3, Nosówka 6 and Nosówka 9 wells) and
(B) Car bon if er ous strata



struc ture of pore space was crit i cal for the Ju ras sic and Cre -
ta ceous rocks. Only the sam ples grouped in class I did rep -
re sent good res er voir and filtration parameters. However, it
should be noted that the entire database consisted of only 13 
samples (and only 1 in the Cretaceous rocks).

The ana lysed rocks be longed to all classes of sim i lar ity. 
Types I and II were found in the Lubliniec 4 and 9, Radlna
2, Rajbrot 2, Tarnawa 1 and Zawada 8k wells (Ta ble 4). Ad -
di tion ally, type III was found in the Nawsie 1, Ropczyce 7
and Zagorzyce 7 wells. They could store res er voir flu ids but 
the whole trans port must have been re al ized by the frac -
tures. In other words, they were po rous-frac ture res er voir
rocks. Pos si ble ac cu mu la tions of hy dro car bons in such type
of rocks were con nected only with fractures.

Up per Cre ta ceous strata
The Up per Cre ta ceous car bon ates were rep re sented

only by 9 core sam ples from Dêbica 11 and Zagorzyce 7
wells (Ta ble 5, Fig. 7C). The car bon ates show low po ros ity, 
which usu ally does not ex ceed 2% (Ta ble 5). The max i mum 
value of po ros ity – 9.66%, was mea sured in the Zagorzyce 7 
well (Ta ble 5, Fig. 1). Very low val ues are also ob served in
the thresh old di am e ter. The mea sured val ues did not ex ceed
2 µm and the me dian was only 0.03 µm (Table 5, Fig. 9C).

Gen er ally, the re sults show that the Up per Cre ta ceous
car bon ates made up the VI and VII classes of sim i lar ity
rocks (Ta ble 5).

Ac cord ing to the ob tained re sults the ba sic type of res -
er voir in the Me so zoic sed i ment was a po rous–frac ture res -
er voir. Hy dro car bons were stored in pore space, and the
trans port was re al ized by a sys tem of fractures.

RE SULTS OF WELL LOGS
IN TER PRE TA TION FOR

THE AS SESS MENT OF RES ER VOIR
PROP ER TIES

The anal y sis of res er voir prop er ties of Palaeozoic and
Me so zoic strata in ter preted on the ba sis of well logs was
per formed for 20 wells in the Kraków–Lubaczów area (Fig
1). The wells were lo cal ized in the west ern part of the
Carpathian Foredeep, cov er ing its Palaeozoic and Me so zoic 
base ment. The un even dis tri bu tion of ana lysed wells re -
flects the in com plete ness of sed i men tary sec tions and
ranges of spe cific strati graphic ho ri zons in the Palaeozoic
and Me so zoic strata. More over, such a dis tri bu tion hin ders
cor re la tion of specific stratigraphic horizons.

The anal y sis of petrophysical prop er ties was car ried out 
for the Palaeozoic strata, and for Me so zoic strata, sep a -
rately.

Cam brian strata
The Cam brian strata were ana lysed in 4 wells lo cated in 

the Kielce Fold Zone – Dzików 12, Wola Ró¿aniecka 7,
Biszcza 1 and Wola Obszañska 10 wells, and two wells –
Lubliniec 2 and Markowice 2, lo cated in the mar ginal part
of the Kielce–Radom Block (Fig. 1).

In the Wola Ró¿aniecka 7 and Biszcza 1 wells, lo cated
in the north-west ern part of the Kielce Fold Zone, drillings

were per formed in the Cam brian strata rep re sented by
quartz ite sand stones and shales (also dated for the Mid dle
Cam brian). They turned out to be prac ti cally non-po rous
and im per me able (1–1.5 mD). In the Dzików 12 and Wola
Obszañska 10 wells, lo cated south-east of Tarnogród (Fig.
1), the Cam brian claystones and quartz-sand stones also dis -
play poor po ros ity and per me abil ity. The ob tained po ros ity
val ues os cil lated be tween 3 to 4%. In the Lubliniec 2 and
Markowice 2 wells, the Cam brian strata tak ing the form of
quartz ite sand stones and shales, do not re veal res er voir
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Fig. 7. Fre quency his to grams of po ros ity range of the (A) Up -
per Ju ras sic, (B) Lower Cre ta ceous, and (C) Up per Cre ta ceous
strata

Fig. 8. Per me abil ity ver sus po ros ity in the Up per Ju ras sic strata



qual i ties. Both mea sure ments made on cores, and the val ues 
ob tained dur ing the in ter pre ta tion of well log curves support 
this conclusion (Fig. 9).

Or do vi cian–Si lu rian strata
The Or do vi cian and Si lu rian clastic and car bon ate

rocks were ana lysed mainly in the west ern part of the Ma³o-
polska Block. The Palaeozoic strata were also rep re sented
by De vo nian and Car bon if er ous beds in this area. In the
Kielce Fold Zone, only the Si lu rian strata were ana lysed in
one well, i.e. Wola Obszañska 10 well (Fig. 1).

The Lower Palaeozoic in the Ma³opolska Block shows
very low po ros ity and per me abil ity val ues (Figs 2–4). The

Or do vi cian siltstones and sand stones were re cog nised in the 
Hermanowa 1 and Kielanówka 12 wells only. They dis play
weak res er voir pa ram e ters, low po ros ity and high silt ing.
The clayey Si lu rian beds mea sured in the Zagorzyce 6 well
also showed po ros ity be low some per cent and were im per -
me able. Very lim ited range of oc cur rence of Or do vi cian and 
Si lu rian strata in the ana lysed area, ba si cally re duced to the
Pilzno–Rzeszów area and north of D¹browa Tarnowska
(Bu³a & Habryn, 2011), caused that the Lower Palaeozoic
ho ri zons were in ter est ing as po ten tial res er voir rocks.
Mainly the Si lu rian siltstones had the best seal ing prop er -
ties, which in the view of lack of the Cam brian strata and the 
ob served weak source char ac ter of Lower Palaeozoic rocks
(Wiêc³aw et al., 2011; Kosakowski & Wróbel, in press),
also resulted in low evaluation of these stratigraphic
horizons.

De vo nian–Car bon if er ous strata
The Up per Palaeozoic strata cov ered nearly the en tire

ana lysed area of the Carpathian Foredeep base ment (Jawor
& Baran, 2004), and thus were rep re sented by a more nu -
mer ous pop u la tion of wells. The well log ging was per -
formed for a rel a tively more nu mer ous pop u la tion of wells
rep re sent ing zones of most in tense pe tro leum ex plo ra tion.
In the Tarnów re gion there is Radlna 2 well, where Car bon -
if er ous car bon ates con tain ing mo bile hy dro car bons re veal
good petrophysical prop er ties. The lack of cor re la tion with
other wells in that zone made the eval u a tion of petrophy-
sical prop er ties of the Car bon if er ous strata im pos si ble. The
Rzeszów zone was better rep re sented. The petrophysical
prop er ties were ob tained on the ba sis of well logs per -
formed in the Kielanówka 12, Nosówka 6, Hermanowa 1,
and Zagorzyce 6 wells (Figs 1, 11, 12). The re sults ob tained
in wells Zagorzyce 6 and Hermanowa 1 for each layer are
shown in Fig. 13. The Car bon if er ous beds in this zone had
weak res er voir prop er ties. Slightly better res er voir pa ram e -
ters were found only in the near-top parts of the carbona-
ceous complex in the Góra Ropczycka 1K well.

The De vo nian beds were ana lysed in the Kielanówka
12 and Hermanowa 1 wells. Like in Car bon if er ous rocks,
the De vo nian car bo na ceous beds are weakly per me able and
weakly po rous (Florek & Zacharski, 2008). In the Herma-
nowa 1 well, a slightly in creased po ros ity and hy dro car bon
sat u ra tion were lo cally ob served in the Lower De vo nian
strata (Fig. 11).

Up per Ju ras sic–Lower Cre ta ceous and Up per Cre ta ceous 
strata

Sim i lar to the Palaeozoic ho ri zons, the Me so zoic rocks
also re veal high vari abil ity of their res er voir prop er ties. The
Tri as sic strata, ana lysed in the Hermanowa 1, Nosówka 6,
Zagorzyce 6 and £¹kta 2 wells, show weak res er voir prop -
er ties, i.e. low po ros ity and weak per me abil ity (Figs 7, 8,
12). The clastic Tri as sic beds lo cally re vealed good petro-
phys i cal prop er ties in the Pilzno 40 well. Un for tu nately, this 
horizon was watered.

The ob tained geo phys i cal re sults show that the Up per
Ju ras sic–Lower Cre ta ceous and Up per Cre ta ceous strata
dis play the best res er voir prop er ties among the Palaeozoic–
Me so zoic base ment in the Kraków–Rzeszów area. The car -
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Fig. 9. Thresh old di am e ter his to grams in the (A) Up per Ju ras -
sic, (B) Lower Cre ta ceous, and (C) Up per Cre ta ceous strata

Fig. 10. Well logs and re sults of com pre hen sive in ter pre ta tion in 
the Hermanowa 1 well, depth in ter val 4,050–5,080 m
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Fig. 11. Well logs and re sults of com pre hen sive in ter pre ta tion in the Zagorzyce 6 well, depth in ter val 2,700–4,180 m



62  P. KOSAKOWSKI ET AL. 

Fig. 12. Lab o ra tory po ros ity ver sus well log ging po ros ity in Cam brian strata in the Wola Obszañska 10 and Biszcza 1 wells. Ex pla na -
tion of geo phys i cal curves and min er al ogy see Fig. 1



bon ate com plex of the Up per Ju ras sic–Lower Cre ta ceous
shows vari able res er voir prop er ties. In the south ern most
wells, i.e. in the con tact area with the Up per Silesian Block
in the Rajbrot 1 and £¹kta 2 wells, the car bon ate rocks ex -
hibit very low po ros ity and prac ti cally no per me abil ity.
Slightly better prop er ties could be ob served in the Tarnów
area, where in the Up per Ju ras sic car bon ates com plex, ana -
lysed through the Zawada 8K and Radlna 2 wells, the po ros -
ity was even 10–15%, and the per me abil ity was good. The
ob served po ros i ties var ied from some to ten or so per cent in
the Dêbica 10K, Ropczyce 7 and Góra Ropczycka 1K wells
in the Dêbica area and far ther to the east, as well as in the
Wiewiórka 9 well (north of Dêbica). The po ros ity of the
Lower Cre ta ceous beds in the Zagorzyce 6 well was even
20% (Fig. 12). Gen er ally, the Up per Ju ras sic (–Lower Cre -
ta ceous) com plex was well per me able. Un for tu nately, no
sam ples were avail able from the Zagorzyce 6 well cores of
this in ter val. There fore, it is impossible to correlate the
results of the geophysical interpretation of laboratory data.

The Up per Cre ta ceous beds drilled in the Zawada 8K,
Radlna 2, Wiewiórka 9, Zagorzyce 6 (Fig. 12) and Pilzno 40 
wells also dis play vari able res er voir prop er ties. Max i mum
po ros ity of 10–12% was noted in the Pilzno 40 well, though
these res er voirs were wa tered. Sim i larly, in the Radlna 2
well the good res er voir con di tions were ac com pa nied by
wa ter ing. In the re main ing wells the Up per Cre ta ceous beds
re veal weak reservoir qualities.

CON CLU SIONS

The porosimetry mea sure ments and well log re sults re -
vealed high vari abil ity of res er voir prop er ties in all the ana -
lysed ho ri zons of the Palaeozoic and Me so zoic strata of the
Carpathian Foredeep base ment. Well logs in ter pre ta tion
sup ple ments the lab o ra tory tests per formed to de ter mine the 
prop er ties of res er voir rocks. There fore, it was im pos si ble
to cor re late the ob tained re sults. The anal y sis of data and the 
well cores from ad ja cent wells re veals that the val ues ob -
tained in the course of in ter pre ta tion have lower val ues than
those ob tained dur ing lab o ra tory mea sure ments. How ever,
they re tain the same or der of mag ni tude and may pro vide a
re li able source of information on reservoir properties of the
analysed sediments.

The find ings in di cate that the best petrophysical prop er -
ties have car bon ate rocks of the Up per Ju ras sic–Lower Cre -
ta ceous. They have the high est po ros ity, up to 18 %, and the
high est mea sured per me abil ity among the ana lysed strati -
graphic com plexes equal to 436 mD. Un for tu nately, the av -
er age val ues of these pa ram e ters are very low, for po ros ity
the me dian is 1.3% and for per me abil ity only 0.01 mD.
Stud ies has also shown that the fil tra tion prop er ties re sulted
in microporous struc ture of pore space. The per me abil ity
prop er ties were of ten up graded by a sys tem of frac tures.
Sim i lar res er voir prop er ties, though based on a small pop u -
la tion of sam ples, are ob served in the Up per Cre ta ceous
strata. The me dian val ues for po ros ity was 1.5% and sim i lar
for the un der ly ing com plex of the Up per Ju ras sic–Lower
Cre ta ceous. Unfortunately, potential reservoir horizons
were watered in most analysed wells.

Gen er ally, the ob tained re sults re veal that the Me so zoic 
car bon ate rocks in the ana lysed area rep re sented a res er voir
of the po rous–frac ture type.

The Palaeozoic com plex shows weaker petrophysical
prop er ties and is mainly re ferred to the De vo nian–Lower
Car bon if er ous strata. The Lower Palaeozoic ho ri zons dis -
play poor res er voir pa ram e ters and their range of oc cur -
rence was strictly lim ited to nar row zones in the Tarnów and 
Rzeszów ar eas. There fore, these ho ri zons did not have big
reservoir potential.
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