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This study es ti mates the res er voir prop er ties of the Car bon if er ous de pos its in the south east ern part of the Lublin Ba sin
based on diagenetic and se quence strati graphic pat terns. Depositional se quences dis tin guished rep re sent the fol low ing en -
vi ron ments/pro cesses: shal low clay and car bon ate shelves, deltaic, flu vial, and hyperconcentrated flow while para -
sequences (cyclothems), max i mum re gres sion-ini tial trans gres sion sur faces (T), max i mum flood ing sur faces (MFS) and
also lowstand (LST), transgressive (TST) and highstand (HST) sys tems tracts have been re cog nised. Se quences rec og -
nized may be linked to the global strati graphic di vi sion of the Car bon if er ous, thus pro vid ing a time frame work and en vi ron -
men tal con text for petrographic and petrophysical ex am i na tions. The res er voir prop er ties were found to be clearly con trolled
by depositional en vi ron ment, diagenetic his tory and burial. The best prop er ties were rec og nized in sand stone lithosomes
formed in braided, me an der ing and anastomosed flu vial chan nels and hyperconcentrated flows which fill the in cised val leys
and be long to the LST. They are char ac ter ized by good po ros ity reach ing up to 15.1%. The TST and HST de pos its are rep re -
sented chiefly by claystones, mudstones and lime stones that formed in a shal low shelf and deltaic en vi ron ment, be ing seal -
ing in ter vals. The diagenetic his tory of sand stones com prises eo-, meso- and telodiagenetic phases. The ma jor pro cesses
act ing dur ing the first of these were me chan i cal com pac tion, dis so lu tion of min eral grains, for ma tion of pre dom i nantly quartz
overgrowths around the quartz grains, and crys tal li za tion of kaolinite. Dur ing mesodiagenesis, ce men ta tion with quartz,
kaolinite and car bon ates con tin ued along with the for ma tion of dickite and fi brous illite; more over, min eral grains were dis -
solved and chem i cal com pac tion set in. The ef fects of telodiagenetic pro cesses were feld spar dis so lu tion and pre cip i ta tion of 
kaolinite. Dur ing diagenesis the max i mum tem per a ture af fect ing the Car bon if er ous de pos its was ~120°C. Com pac tion and
ce men ta tion were the main fac tors re spon si ble for the re duc tion of po ros ity by ap prox i mately 55 and 38%, re spec tively. One
of the ma jor diagenetic pro cesses was dis so lu tion re sult ing in the for ma tion of sec ond ary po ros ity. The Serpukhovian and
Bashkirian sand stones from se quence 11 show good res er voir po ten tial, while those from se quences 6, 9, 10, 12–14 only
fair po ten tial.

Key words: diagenesis, se quence stra tig ra phy, res er voir qual ity, Car bon if er ous, Lublin Ba sin.

INTRODUCTION

Pre vi ous ex am i na tions of res er voir prop er ties of the Car -
bon if er ous in the Lublin Ba sin have been con fined to the
lithostratigraphic units (Koz³owska et al.,1998; Koz³owska,
2003, 2009) dis tin guished by Porzycki and ¯elichowski (1977
fide Porzycki, 1979) and geo phys i cal in ter pre ta tions
(Kaczyñski, 1984; Chabiera, 1997a, b; Helcel-Weil and
Dziêgielowski, 2003). In ves ti ga tions car ried out by Waks -
mundzka (2008b) re vealed that the bound aries of these units
are diachronous and their age and time span is dif fer ent in var i -
ous parts of the Lublin Ba sin, thus re duc ing their cor re la tive

value. How ever, the use of se quence stra tig ra phy en ables pre -
cise cor re la tion where the strati graphic frame work is based on
isochronous sur faces (Waksmundzka 2007a, b, 2008a, b,
2010a, b, 2012a, b, 2013, 2014, 2018). It is also ex tremely help -
ful for re con struc tion of depositional en vi ron ments and their
evo lu tion with time, which has greatly in flu enced the burial
diagenetic evo lu tion path ways of res er voir qual ity in sand -
stones (Morad et al., 2000, 2012; Reed et al., 2005).

The pres ent work, es ti mat ing the res er voir prop er ties of the
Car bon if er ous strata in the SE part of the Lublin Ba sin (Fig. 1),
is based on diagenetic and se quence strati graphic anal y ses.
The lat ter was par tic u larly fo cused on the po ten tial of sand stone 
res er voir lithosomes and pro vided a tem po ral and palaeo -
environmental con text for petrographic and petrophysical ex -
am i na tions. The re sults en abled re con struc tion of the
diagenetic suc ces sion and its ef fect on the for ma tion of pore
space in the sand stones in re la tion to fa cies de vel op ment and
depositional ar chi tec ture.
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GEOLOGICAL SETTING

The Lublin Ba sin is lo cated in SE Po land (Fig. 1), its ex ten -
sion in Ukraine be ing the Lviv–Volyn Coal Ba sin. The pres ent
bound ary of the Lublin Ba sin is de fined by the sub-Me so zoic ex -
tent of the Car bon if er ous strata and by ma jor tec tonic zones in
the NW and SW (¯elichowski, 1969a, 1972). The ba sin axis
runs NW–SE. The NE part of the ba sin is gently in clined to -
wards the SW, this be ing as so ci ated with the re gional dip of the
East Eu ro pean craton base ment, while the steep in cli na tion of
the west ern edge is con trolled by the tec tonic bound ary
(Krzywiec et al., 2017). A NE–SW fault sys tem has been found
to oc cur in the ba sin along with trans verse (¯elichowski,1972;
¯elichowski and Porzycki, 1983) and E–W faults (Tomaszczyk
and Jarosiñski, 2017). In the NW and cen tral part of the ba sin
there runs a ma jor tec tonic zone called the Kock Fault. The
over all tec tonic style of the Lublin Ba sin is de fined by less-in -
tense thin-skinned de for ma tion (Krzywiec et al., 2017;
Tomaszczyk and Jarosiñski, 2017; Kufrasa et al., 2019) and its
pres ent shape is due to tec tonic in ver sion (Narkiewicz et al.,
2007; Krzywiec, 2009).

In its SE part the Car bon if er ous de pos its rest, with a strati -
graphic gap, on the De vo nian and are over lain by ei ther Cre ta -
ceous or Ju ras sic de pos its. The Car bon if er ous thick ness is
vari able – from 515 m (Bia³opole IG 1 bore hole) to 1,430 m
(Ruskie Piaski IG 2 bore hole), the shal low est oc cur rence of its
top has been found in the east, but it dips no ta bly to wards the
NW, SW and S. The suc ces sion is built of claystones,
mudstones, siltstones, sand stones, con glom er ates, lime -
stones, Stigmaria soils and coals, with oc ca sional vol ca nic and
bauxitic rocks in its low er most part. Ac cord ing to Musia³ and Ta -
bor (1979, 1988) and later Porzycki and Zdanowski (1995) the
Car bon if er ous suc ces sion is of up per Visean–Westphalian D?
age. How ever, age de ter mi na tions of bas alts in di cate the old est 
rocks of the ba sin to be late Tournaisian (Pañczyk and
Nawrocki, 2015). Thus in terms of the global chronostratigraphy 
the Car bon if er ous suc ces sion is rep re sented by the up per
Tournaisian–lower Moscovian (Waksmundzka, 2008b, 2013,
2018). The lithostratigraphy es tab lished by Porzycki and
¯elichowski (1977 fide Porzycki, 1979) com prises the fol low ing
four for ma tions: Huczwa, Terebin (Korczmin and Komarów
mem bers), Dêblin (Bug and Kumów mem bers) and Lublin,

Fig. 1. Geo log i cal-struc tural map of the Lublin Ba sin (mod i fied af ter Waksmundzka and Bu³a, 2017), 
with lo ca tion of the bore holes stud ied

https://gq.pgi.gov.pl/article/view/13880
https://gq.pgi.gov.pl/article/view/25743
https://gq.pgi.gov.pl/article/view/25743
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while the youn gest, i.e. the Magnuszew For ma tion, is miss ing.
Both the Dêblin and the Lublin for ma tions are partly or com -
pletely eroded away (Fig. 2).

Low er most in the suc ces sion is the tri par tite Huczwa For -
ma tion with lime stones pre vail ing in the lower and up per parts
and more abun dant mudstones with sand stone in ter ca la tions in 
the mid dle. The Terebin For ma tion is built pre dom i nantly of
claystones and mudstones and less fre quent lime stones and
sand stones. The Dêblin For ma tion is dis tinc tive through a
higher share of sand stones which con sti tute the Bug and
Kumów mem bers. Higher in the sec tion oc cur the coal-bear ing
de pos its of the Lublin For ma tion rep re sented by claystones and 
mudstones with coal and sand stone in ter ca la tions.

The lithofacies de vel op ment and se quence stra tig ra phy re -
vealed the clearly tri par tite na ture of the Car bon if er ous suc ces -
sion in the Lublin Ba sin (Waksmundzka, 2013). The low er most
part com pris ing se quences 1–10 (up per Tournaisian–lower
Bashkirian) orig i nated in a mostly ma rine and dis tal deltaic
depositional re gime (ex clud ing the close-to-bot tom in ter val).
The mid dle part cor re spond ing to se quences 11–16 (lower and
mid dle Bashkirian) was formed in a deltaic-flu vial re gime,
whereas the up per most part cor re spond ing to se quences
17–22 (mid dle Bashkirian–lower Moscovian) con tains ex clu -
sively con ti nen tal strata laid down in a flu vial en vi ron ment with
ma ture swamps, lakes and lake del tas on al lu vial plains. In the
study area there oc cur only the lower and mid dle parts of the
Car bon if er ous suc ces sion com pris ing se quences 1–16 (up per
Tournaisian–up per Bashkirian), while the up per most part is ab -
sent through ero sion.

MATERIALS AND METHODS

The pres ent stud ies are based on geo log i cal data and wire -
line logs from 8 bore holes lo cated in the SE part of the Lublin
Ba sin (Fig. 1). Two of them (Komarów IG 1 and Tyszowce IG 1)
were fully cored, while from oth ers core re cov ery was in com -
plete. All bore holes have pen e trated the en tire Car bon if er ous
suc ces sion.

The sedimentological in ves ti ga tions via the use of
lithofacies anal y ses have been fo cused on in di vid ual lithofacies 
(Read ing, 1978; Walker, 1992), lithofacies as so ci a tions and
cyclothems. These were de scribed ac cord ing to the lithofacies
code in tro duced by Miall (1977, 1978), Rust (1978), Zieliñski
(1992a, b, 1995) and Gradziñski et al. (1995) with later mod i fi -
ca tions by Waksmundzka (2012b, 2013). In dex lithofacies of
great est thick nesses have been dis tin guished and thick ness
re la tion ships de ter mined within the as so ci a tions were also
coded. The method de vised by Baldwin and But ler (1985) was
used, for cal cu la tion of the thick ness re duc tion ra tio whose
value in creases with depth, this ap proach hav ing been tested
by Waksmundzka (2013) in pre vi ous sedimentological Car bon -
if er ous in ves ti ga tions.

Sim i lar to Read and Dean (1976) and Allen (1965, 1970)
the cyclothem bound aries were set at the tops of the phytogenic 
for ma tions (coal, car bo na ceous claystone) and in the ab sence
of these lithofacies at lev els of rapid changes in grain size. To
de fine the bedforms, pro cesses, sub-en vi ron ments and
depositional en vi ron ments within the over all palaeoenviron -
mental ar chi tec ture (Miall, 1985, 1988) the in ter pre ta tion re -
quired a ge netic ap proach to lithofacies, their as so ci a tions and
cyclothems.

In ves ti ga tions into the fa cies de vel op ment of the Car bon if -
er ous suc ces sion and its depositional ar chi tec ture, and the lat -
eral ex ten sion of sand stone lithosomes in par tic u lar, have been

based on litho-fa cial cor re la tion and se quence stra tig ra phy.
Due to a full core re cov ery and good biostratigraphic con -
straints, se quence strati graphic di vi sions could be adopted
(Waksmundzka, 2018) in ex am i na tions of the Car bon if er ous in
the SE part of the ba sin. The Car bon if er ous sec tions were com -
piled on the as sump tion that the fau nal lev els and the cor re -
spond ing lo cal max ima of the gamma ray curve
(Waksmundzka, 2010a, 2013) are isochronous ho ri zons i.e.
Posidonia corrugata I, Posidonia corrugata II and Dunbarella
papyracea (Musia³ and Ta bor, 1988). In lithofacies and se -
quence strati graphic schemes the as sumed ref er ence ho ri zon
is the lo cal max i mum of the gamma ray curve cor re spond ing to
the Dunbarella papyracea level found in bore holes (Marynin
IG 1, Ruskie Piaski IG 2). For the re main ing bore holes with
poorer cor ing rep re sen ta tion the ref er ence ho ri zon was as -
sumed to be the bot tom of the youn gest se quence 12 pres ent in 
all bore holes. Two cor re la tion schemes have been con structed
in which data from three bore hole sec tions i.e. Busówno IG 1,
Komarów IG 1 (Waksmundzka, 2007a, 2014) and Grabowiec
IG 4 have been in cluded for better re li abil ity (Fig. 1):

  I – ap pli ca ble to the NE part of the study area, and dis -
tinc tive through smaller Car bon if er ous thick nesses, with
a tran si tion to the zone of larger thick nesses;

  II – cut ting the study area far ther in the SW, and ap pli ca -
ble to the tran si tion zone from smaller to larger and lo -
cally much larger thick nesses.

In the sec tions ex am ined, 16 depositional se quences were
de fined fol low ing Michum (1977) and us ing se quence strati -
graphic meth ods de scribed in de tail by Waksmundzka (2010a,
2012b, 2013). The depositional se quences are of type I sensu
Vail and Todd (1981) as they are bounded by type I subaerial
un con formi ties. Within the se quences, max i mum re gres sion
sur faces were dis tin guished, which also proved to be the ini tial
trans gres sion sur faces, to gether with max i mum flood ing sur -
faces and lowstand, transgressive and highstand sys tems
tracts. The sys tems tracts show a cy clic struc ture and are built
of coars en ing-up ward, non-gradational and fin ing-up ward
cyclothems (Waksmundzka, 2010a, 2012b, 2013) which cor re -
spond to parasequences (Van Wag oner, 1985). The se quence
strati graphic di vi sion was cou pled with the global and West Eu -
ro pean Car bon if er ous chronostratigraphic di vi sions, thus pro -
vid ing a chronostratigraphic frame work for de tailed diagenetic
stud ies and es ti ma tion of res er voir prop er ties in the sand stone
lithosomes.

264 thin sec tions sat u rated with blue resin to en able dis tinc -
tion of pore spaces were ex am ined us ing a po lar iz ing
Optiphot 2 mi cro scope man u fac tured by Nikon. In 115 sam ples, 
mainly of sand stones, the grain size dis tri bu tion was de fined by
count ing 300 points with the use of a Prior uni ver sal stage
(Jaworowski and Juskowiak, 1973). The microlithofacies di vi -
sions were based on Dott’s clas si fi ca tion mod i fied by Pettijohn
et al. (1972) with fur ther changes by Jaworowski (1987). Sim i -
larly to arenites, wackes were sub di vided into sublithic and
subarkosic types. To de fine the types of car bon ate ce ment, 102 
un cov ered thin sec tions were stained with Evamy’s so lu tion.

40 sand stone sam ples have been sub jected to
cathodoluminescence anal y sis us ing the CCL 8200 mk 3 model 
with cold cath ode made by Cam bridge Im age Tech nol ogy Ltd.

Fluid in clu sions have been ex am ined on 20 dou -
ble-side-pol ished thin sec tions on the Linkam heat ing and
freez ing THMS600 equip ment with 1°C ac cu racy rel a tive to the
com monly used SYNFLINC stan dards.

Sam ples were scanned us ing two types of elec tron mi cro -
scope – pro duced by JSM-35 JEOL and LEO 1430. Both co op -
er ate with the EDS ISIS en ergy dispersive spec trom e ter man u -
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Fig. 2. Chronostratigraphic di vi sions, lithostratigraphy and se quence stra tig ra phy 
of the Car bon if er ous suc ces sion in the south east ern Lublin Ba sin 

(mod i fied af ter Waksmundzka, 2018) with pro spec tive res er voir qual ity
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fac tured by Ox ford In stru ments. 42 chip sam ples dusted with
car bon and then with gold were ana lysed. Ex am i na tions of 27
pol ished un cov ered thin sec tions yielded back scat tered elec -
tron im ages (BEI). The chem i cal com po si tion of 39 car bon ate
sam ples was also de fined us ing scan ning elec tron mi cros copy
(SEM) with an en ergy dispersive X-ray analyser. All quan ti ta tive 
re sults have been re cal cu lated to mo lec u lar com po si tion.

The X’Pert PW 3020X-ray diffractometer man u fac tured by
Philips with a Cu Ka ra di a tion and semi con duc tor de tec tor was
used for X-ray ex am i na tions. The po si tion of peaks and their
com par i son with the JCPDS stan dards (Joint Com mit tee on
Pow der Dif frac tion Stan dards) en abled def i ni tion of the phase
com po si tion. Clay min er als <0.2 µm in size sep a rated from
sand stones ac cord ing to the method de scribed by Moore and
Reynolds (1989) were iden ti fied. Air-dried ori ented sam ples
have been glycolized and heated in the an gu lar range of
0–30°2q and 19–34°2q.

In fra-red ex am i na tions were con ducted in a sin gle-beam
FT-IR FTS135 spec trom e ter within the range from 400 to
4000 cm–1, fo cus ing on the 3000–4000 cm–1 range (in ter val of
stretch ing vi bra tions for the OH group). Sam ples were pre pared 
by the pel let method.

Iso to pic val ues of ox y gen and car bon in car bon ate min er als 
were ob tained for 33 sand stone sam ples. Ex am i na tions were
con ducted on gas eous CO2 from car bon ate sam ples in ac cor -
dance with stan dard pro ce dures for the re ac tion of phos pho ric
acid with pure car bon ates (McCrea, 1950) and car bon ate mix -
tures (Al-Aasm et al., 1990). The mea sure ments were com -
pleted us ing a mod i fied M11305 spec trom e ter (Ha³as, 1979;
Durakiewicz and Ha³as, 1994) with an ac cu racy of ±0.08 %.
The d13C re sults ob tained are shown on the PDB scale and the
d18O val ues on the PDB and SMOW scales.

Ef fec tive po ros ity, per me abil ity and pore space pa ram e ters
were de ter mined for 40 sand stone sam ples. A he lium
pycnometer has been used for po ros ity co ef fi cient mea sure -
ments and the per me abil ity co ef fi cient has been cal cu lated
from the Darcy equa tion (Pirson, 1950) con sid er ing the cor rec -
tion for gas com press ibil ity. Ex am i na tions of pore space (bulk
den sity, porosimeter po ros ity, size of the av er age cap il lary,
spe cific sur face, num ber of pores >1 µm, thresh old di am e ter
and hys ter esis) were con ducted with the use of a mer cury
porosimeter.

The fi nal es ti ma tion of the res er voir po ten tial was based on
a com pre hen sive re view of re sults yielded by sedimentological,
se quence strati graphic, petrographic and petrophysical ex am i -
na tions. These per mit ted the dis tinc tion of 3 types of res er voir
po ten tial of sand stone lithosomes for con ven tional hy dro car -
bons, con sid er ing such pa ram e ters as thick ness, lat eral ex tent, 
seal and petrophysical fea tures (Ta ble 1). A thick ness equal or

ex ceed ing 10 m, the pres ence of a seal, ef fec tive po ros ity >5%
(af ter Jenyon, 1990) and per me abil ity ex ceed ing 1 mD (fol low -
ing the clas si fi ca tion by Levorsen, 1967) are con sid ered pre req -
ui site for res er voir po ten tial.

RESULTS

LITHOFACIES, THEIR ASSOCIATIONS AND CYCLICITY

In the Car bon if er ous core sec tions a num ber of lithofacies
were dis tin guished, the char ac ter is tics of which are given in Ta -
bles 2 and 3 along with in ter pre ta tion of bedforms, pro cesses,
depositional subenvironments and en vi ron ments in which they
orig i nated. The most typ i cal lithofacies are il lus trated in Fig -
ures 3 and 4. A dis tinc tive fea ture of the Lublin Car bon if er ous
suc ces sion is its depositional cyclicity, un der stood as a mul ti ple
rep e ti tion of lithological as sem blages with a de fined suc ces sion 
of fea tures which con sti tute a cy clic depositional unit
(Gradziñski et al., 1986). On the ba sis of the clas si fi ca tion by
Waksmundzka (1998, 2010a, 2012b, 2013) fin ing-up ward,
coars en ing-up ward and non-gradational cyclothems have been 
iden ti fied. The lithofacies oc cur ring within the fin ing-up ward
cyclothems have been grouped into as so ci a tions which has en -
abled the iden ti fi ca tion of depositional en vi ron ments and
subenvironments (Ta bles 2 and 4). A sin gle lithofacies as sem -
blage can cor re spond to a fin ing-up ward cyclothem, but usu ally
the lat ter em braces two lithofacies as so ci a tions. As for the re -
main ing lithofacies (Ta ble 3) oc cur ring in the in ter vals with
coars en ing-up ward and non-gradational cyclothems, a di vi sion
of lithofacies as so ci a tions proved un nec es sary.

FINING-UPWARD CYCLOTHEMS

Fin ing-up ward cyclothems oc cur in all the bore hole sec tions 
ex am ined. Three ma jor types have been re cog nised: I, IIa, and
IIb (Ta ble 5). Mod er ately fre quent sin gle-part cyclothems of
type I are dis tinc tive by the pres ence of a sin gle lower
coarse-grained part and the lack of an up per fine-grained part
(Fig. 5). The up wards fin ing of grains is con nected with the
grad ing of con glom er ates and coarse-grained sand stone into
me dium- and fine-grained sand stones. In type I cyclothems, the 
high-en ergy lithofacies Gm, Sm, Ss, Sh2, Sl are pre dom i nant.
The thick ness of these cyclothems ranges from 2 to 5.8 m.

The most fre quent is the other type of fin ing-up ward IIa
cyclothem, which is bi par tite (Figs. 5–7). The grad ing is of con -
glom er ates and coarse-grained sand stones through to me -
dium- and fine-grained sand stones and then into mudstones.
Sev eral kinds of lithofacies suc ces sions have been iden ti fied. In 
the lower coarse-grained parts, high-en ergy lithofacies i.e. Gs,
Ss, Sm, Sh2, and Sl are prev a lent, while lower-en ergy
lithofacies are less fre quent. In the up per, fine-grained parts
there oc cur lithofacies Fm or Fh, de pos ited from sus pen sion.
The IIa cyclothems can reach up to 10 m thick and their lower
and up per parts up to 6.9 and 3.4 m, re spec tively.

Less fre quent are type IIb fin ing-up ward cyclothems
(Figs. 5 and 6). The grad ing is of fine-grained sand stones
pass ing into mudstones and/or into clayey Stigmaria soils.
Pre dom i nant in the lower part, with thick nesses only up to
0.9 m, are low-en ergy lithofacies i.e. Sr, Sf and Sh1. The up per 
fine-grained parts show a mod er ate thick ness reach ing up to
9.1 m and con tain ei ther lithofacies Fm, Fh, de pos ited from
sus pen sion, or lithofacies Fn, FSw, formed at a very low flow
en ergy. At the top of some IIb cyclothems, muddy and clayey
Stigmaria soils R oc cur.

Prospectives 
of res er voir

qual ity

Pa ram e ter

Thick ness
=/>10 m

Lat eral 
con tin u a tion Seal

Petrophysic
Po ros ity >5%
Per me abil ity

>1 mD

Good + + + +

Fair + – +/+? +

Poor – – – –

+ pres ence; +? sup posed pres ence; – ab sence

T a  b l e  1

Adopted cri te ria of pro spec tive res er voir qual ity of the Car -
bon if er ous suc ces sion in the south east ern Lublin Ba sin
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T a  b l e  2

Char ac ter is tics of the lithofacies pres ent within fin ing-up ward cyclothems, and in ter pre ta tion their depositional en vi ron ments
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T a  b l e  3

Char ac ter is tics of the lithofacies oc curred within coars en ing-up ward and non-gradational cyclothems,
and in ter pre ta tion of their depositional en vi ron ments
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Fig. 3. Ex am ples of coarse-grained lithofacies

A – lithofacies Sp: me dium-grained pla nar cross-strat i fied sand stone, at the bot tom lithofacies Fh: hor i zon tal lam i nated mudstone; Terebin
IG 1 bore hole; depth 738.64–738.77 m; LST of se quence 10; Bashkirian; B – lithofacies Se: me dium-grained sand stone in ero sional scours
with clasts of grey claystone and brown sid er ite nod ules; Terebin IG 1 bore hole; depth 737.04–737.12 m; LST of se quence 10; Bashkirian;
C–  lithofacies Sh2: coarse-grained hor i zon tally strat i fied sand stone; Tyszowce IG 1 bore hole; depth 892.80–892.87 m; LST of se quence 13; 
Bashkirian; D – lithofacies Sh1: fine-grained hor i zon tally lam i nated sand stone with lam i na tion ac cen tu ated by abun dant fine plant de tri tus;
Terebin IG 1 bore hole; depth 803.91–804.04 m; LST of se quence 8; Bashkirian; E – lithofacies Sr: fine-grained rip ple cross-lam i nated sand -
stone; Tyszowce IG 1 bore hole; depth 1,027.13–1,027.26 m; LST of se quence 11; Bashkirian; F – lithofacies Sl: fine-grained low-an gle
cross-strat i fied sand stone; Tyszowce IG 1 bore hole; depth 1,036.08–1,036.22 m; LST of se quence 11; Bashkirian; G – lithofacies Sm:
fine-grained mas sive sand stone; Terebin IG 1 bore hole; depth 775.29–775.45 m; LST of se quence 9; Bashkirian; H – lithofacies Gs: con -
glom er ate with scour-and-fill struc tures with clasts of grey claystone and black car bo na ceous mat ter; Korczmin IG 3 bore hole; depth
778.00–778.23 m; LST of se quence 7; Serpukhovian; I – lithofacies St: fine-grained trough cross-strat i fied sand stone; Tyszowce IG 1 bore -
hole; depth 906.28–906.50 m; LST of se quence 12; Bashkirian; units on scale bar = 1 cm
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Fig. 4. Ex am ples of fine-grained and phytogenic lithofacies

A – lithofacies R: clayey Stigmaria soil; slickenside-re lated com pac tion (ar rows) and black plant de tri tus are ob serv able; Terebin IG 1 bore -
hole; depth 560.75 m; TST of se quence 11; Bashkirian; B – lithofacies Fm1: black mas sive claystone with goniatites (ar rows); Marynin 1
bore hole; depth 992.3 m; MFS of se quence 7; Serpukhovian; C – lithofacies Fm3: dark grey mas sive mudstone with black plant de tri tus;
Marynin 1 bore hole; depth 1,007.6 m; HST of se quence 6; Serpukhovian; D – lithofacies C: coal; Marynin 1 bore hole; depth 1,135.4 m; T of
se quence 6; Serpukhovian; E – lithofacies FSd: sandy siltstone dis turbed by plant roots (ar rows) with brown sid er ite nod ules; Ruskie Piaski
IG 2 bore hole; depth 1,441.0-1,441.1 m; HST of se quence 13; Bashkirian; F – lithofacies L: lime stone with white fau nal de tri tus; Marynin 1
bore hole; depth 1,063.20-1,063.27 m; TST of se quence 6; Serpukhovian; G – lithofacies Fh2: hor i zon tally lam i nated mudstone; Ruskie
Piaski IG 2 bore hole; depth 1,347.73-1,347.84 m; TST of se quence 14; Bashkirian; H – lithofacies FSw: wavy lam i nated sandy siltstone;
Terebin IG 1 bore hole; depth 835.57-835.68 m; HST of se quence 7; Serpukhovian; I – lithofacies Fm5: grey mas sive mudstone with com mon 
spheru lites of sid er ite in the place of plant roots (ar rows); Ruskie Piaski IG 2 bore hole; depth 1,749.68-1,749.78 m; LST of se quence 8;
Bashkirian; units on scale bar = 1 cm
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Bore hole Lithofacies as so ci a tion Se quence
stra tig ra phy Chronostratigraphy

Hyperconcentrated flow

Tyszowce IG 1
Sm 920.1–927.7 m 11

Bashkirian
Sm (Ss) 1085.2–1094.6 m 9

Braided river

Tyszowce IG 1

Sh2 (Sl) 750.9–752.05 m
15

Bashkirian

Sl (Sm) 752.05–754.05 m

Sl (Sm, Sh2) 1074.4–1077.4 m

10Sl, Sh2, Sr 1077.4–1082.2 m

Sm, Sr (Gm) 1082.2–1085.2 m

Korczmin IG 3

Sm (Sx, Fm) 775.5–778.6 m 7 Serpukhovian

Gs (Sh2) 1352.8–1354.1 m 1
Tournaisian

GSm 1354.8–1355.2 m 1

Me an der ing river

Tyszowce IG 1

St, Fm (Sh2) 750.1–750.9 m 15

BashkirianFm (Sp, Sl) 890.5–893.1 m
12

Fh (FSw, Sf, Sh1) 895.3–901.5 m

Fm (R) 1227.2–1231.2 m
7 Serpukhovian

Sm (Sl, Sr, St) 1231.2–1238.3 m

Marynin IG 1
Fm 1314.0–1317.0 m

3 Visean
Sm, Sx (Ss, Sl) 1317.0–1321.7 m

Terebin IG 1 Sx, Sf (Sr, Sh2) 502.2–522.1 m 13 Bashkirian

Anastomosing flu vial sys tem

Tyszowce IG 1

Fm (R) 734.8–747.9 m
15

Bashkirian

Sh2 (Sr) 747.9–750.1 m

Fm, Fh (Sf) 768.9–787.1 m

14Fn (Sf, Sx) 787.1–798.8 m

Fh, Fm (FSw, Sf) 798.8–806.6 m

C (Sm, St) 887.8–890.5 m 13

Fm, Fh (R) 909.7–920.1 m 12

Fm (R, C) 1010.3–1024.2 m
11

St, Sx (Sr) 1024.2–1029.8 m

Fh (Fm) 1062.5–1071.7 m
10

Sm (Sl, Ss) 1071.7–1074.4 m

Fm 1565.8–1572.1 m
4

Visean

Sh2 (Sf) 1572.1–1574.8 m

Marynin 1

C (Fm) 1304.0–1311.24 m
3

Sr (Sx) 1311.24–1314.0 m

Fm (R) 1353.0–1360.2 m
2

Sh1 (Sm, Sr) 1360.2–1362.0 m

Terebin IG 1
C (Fh, Fm) 522.1–523.7 m

12

Bashkirian

Sm (Ss) 523.7–525.5 m

Korczmin IG 3

Sr (R, Fm) 449.8–455.6 m 12

Fm (R, Fh) 553.5–588.8 m
11

Sr 588.8–595.6 m

Fm, Fh 628.7–640.1 m
10

Sl (Sm) 640.1–646.7 m

Fm (R) 767.9–773.6 m
7 Serpukhovian

Sh2 (Sm) 773.6–775.5 m

Fm (Sl) 1349.8–1351.4 m 2 Visean

T a  b l e  4

Lithofacies as so ci a tions de vel oped in braided and meanderind rivers, anastomosing 
flu vial sys tems, as well as hyperconcentrated flow de pos its with ref er ence to se quence

stra tig ra phy and chronostratigraphy



COARSENING-UPWARD AND NON-GRADATIONAL CYCLOTHEMS

On the ba sis of lithofacies suc ces sion and de gree of com -
plete ness, coars en ing-up ward cyclothems of type Ic, IIc, IId
have been iden ti fied and shown to be the less com plete
non-gradational cyclothems of type IIIc and IIId (Figs. 8 and 9;
Ta ble 3). The com plete ness of cyclothems has been ana lysed
within the suc ces sion of ge net i cally re lated clayey and clastic
lithofacies with a no ta ble in crease in  grain size (parts: 1, 2, 3)
man i fested by the grad ing of claystone into mudstones, sandy
siltstones and fi nally sand stones.

In the sec tions ex am ined, there are nu mer ous type Ic
coars en ing-up ward cyclothems within which parts com posed of 
char ac ter is tic lithofacies oc cur from the bot tom up wards:

  part 0: lime stones and dolomites L, marls M;

  part 1: claystones Fm1, Fh1, mudstones Fm3;

  part 2: mudstones Fh2, Fn and sandy siltstones FSw,
FSd;

  part 3: fine-grained sand stones Sh1, Sf, Sd;

  part 4: claystones Fm2, mudstones Fm4, Fm5, Fh2, Fn
and sandy siltstones FSw, FSd, Stigmaria soil R and
coals C.

Type Ic is rep re sented by com plete coars en ing-up ward
cyclothems with the 0®1®2®3®4 suc ces sion from the base
up wards. Cer tain lithofacies are de void of lime stones and
dolomites L, marls M (part 0) and/or Stigmaria soils R and coals
C (part 4). The pres ent thick ness of the type Ic cyclothems is
1–34 m.

Dis tinc tive among the coars en ing-up ward cyclothems is the 
in com plete IIc type lack ing lithofacies of parts 2 or 3, which in -
clude the fol low ing suc ces sions: 0®1®2, 1®2®4 or 1®3®4.
Usu ally part 0 does not oc cur within type IIc and oc ca sion ally
even part 4 is miss ing. The thick ness of these cyclothems can
at tain 47 m.

Within the non-gradational IIIc type cyclothems, there oc cur 
0®1®4 part. There is no growth of min eral grains, as they
com prise only claystones or mudstones in their lower parts and
soils and phytogenic for ma tions at higher lev els. The pres ent
thick ness of these cyclothems is 0.7–12.6 m.

A com plete coars en ing-up ward type Id cyclothem as re -
ported from other parts of the Lublin Ba sin (Waksmundzka,
2013) was not found in the sec tions ex am ined. How ever, rarely
oc cur ring type IId cyclothems show ing a 1®4 suc ces sion
(Fig. 9) have been de scribed (Waksmundzka, 2013). Their
pres ent thick ness at tains 1.8 m. Claystones grade up wards into 

mudstones. The fol low ing parts built of char ac ter is tic lithofacies
oc cur from the bot tom up wards:

  part 1: claystones Fm2 grad ing into mudstones Fm4,
Fm5, Fh2, and sandy siltstones FSw;

  part 4: clayey and muddy Stigmaria soil R.
Among the type IIId non-gradational cyclothems, mem ber 1

is rep re sented ex clu sively by mudstones and the suc ces sion of
parts is 1®4. Its thick ness at tains 9 m.

INTERPRETATION

DEPOSITIONAL ENVIRONMENTS AND PROCESSES

FINING-UPWARD CYCLOTHEMS

In the Car bon if er ous sec tion of the SE part of the Lublin Ba -
sin fin ing-up ward cyclothems oc cur with fea tures in dic a tive of
their flu vial prov e nance (Figs. 5–7; Ta bles 2 and 4). Be low, the
en vi ron ments are de scribed in which fin ing-up ward cyclothems
orig i nated, from high est to low est en ergy.

Hyperconcentrated flows. As so ci a tions formed in this en -
vi ron ment and known from the Tyszowce IG 1 bore hole are dis -
tinc tive by an ero sional sur face at the bot tom over lain by
high-en ergy sand stones Ss with abun dant car bo na ceous,
clayey and muddy clasts. Higher in the sec tion there oc cur thick
in ter vals of mas sive sand stone Sm. As a rule the as so ci a tions
are monolithofacies with oc ca sional thin in ter vals of Sx, Sl, Sh2
lithofacies (Fig. 6). The pre vail ing mas sive struc ture points to
rapid de po si tion (Ar nott and Hand, 1989) un der con di tions of
hyperconcentrated flow de vel oped in in cised flu vial val leys
(Svendsen et al., 2003) where a strong sed i ment over load
(20–50% ac cord ing to Pierson and Costa, 1987) hin dered bot -
tom trans port. The hyperconcentrated flow moved along the en -
tire width of the val ley un der cut ting its slopes, which col lapsed
and sup plied large amounts of sandy ma te rial (comp.
Martinsen, 1994). Such pro cesses can be ac tive in the early
phases of in cised val ley infill (Martinsen, 1994) and con glom er -
ates ly ing at their bot tom are termed “lowstand basal con glom -
er ates” (for ex am ple Plint, 1988). Within this as so ci a tion the fin -
ing up ward pat tern has been noted along with a tran si tion from
coarse- and me dium-grained to fine-grained sand stones which
sub se quently grade into mudstones which, in turn, are clas si -
fied into a higher as so ci a tion. This type of suc ces sion has been
in cluded into the type IIa fin ing-up ward cyclothem. The lower
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Cyclothem 
type

Lithofacies succesion Thick ness [approx. m]

lower part up per part lower part up per part to tal

I

Gm®Sm+Sl®Sr

Ss®Sm+Sl+Sh2

Sl+Sr+Sh2+St®Sh2

ab sent 2–5.8 ab sent 2–5.8

II

a

             Gs®Ss®Sm+Sr+Sl®

                    Ss®Sm+Sx®

                       Se+Sl+Sm®

                           Sh2®Sl®

Sm+Sp+Sl+Sf®Sh1®Sr+St®

St+Sx+Sr®

Fh

Fh

Fh

Fh

Fm®R

Fm+R+C

1.8–6.9 0.7–3.4 4.3–10

b
Sr+Sf+Sm+Sh1®

Sd+Sh1®

Fm+Fh+FSw+Fn

Fh+FSw+Fd+Fm®R
0.2–0.9 0.1–9.1 0.3–10

T a  b l e  5

Char ac ter is tics of typ i cal fin ing-up ward cyclothems type I, IIa and IIb



part of this cyclothem con sists of high-en ergy lithofacies i.e. Ss,
Sm and Sx de pos ited dur ing hyperconcentrated flow, while the
up per one com prises Fh lithofacies de pos ited from sus pen sion
af ter the wan ing of the flow. Also pres ent are sin gle-part
cyclothems type I with a fin ing-up ward pat tern in volv ing tran si -
tion from coarse- to fine-grained sand stones, re sult ing from
slow ing of the hyperconcentrated flow.

Braided rivers. From the Tyszowce IG 1 and Korczmin
IG 3 bore holes, 8 lithofacies as so ci a tions have been de scribed,
char ac ter ized by a clear pre dom i nance of high-en ergy sand -

stone lithofacies Sh2, Sl, Sm, Gm and the lack or mi nor share
(9–21%) of fine-grained lithofacies such as Fm and Fh (Fig. 5).
Blakey and Gubitosa (1984) re ported a <5% share of mud/clay
in braided river de pos its, while Rust (1978) found this pro por -
tion, though in clud ing fine-grained sand stones, to be 10–15%.
Most prob a bly these as so ci a tions orig i nated in sand-bed
braided chan nels (cf. Moody-Stu art, 1966; Miall, 1996) with
rapid bed aggradation. Re duc tions in cur rent ve loc ity re sulted
in the for ma tion of the low-en ergy Sr lithofacies and sub se -
quently the de po si tion of Fm and Fh lithofacies from stand ing
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Fig. 5. Lithofacies as so ci a tions and fin ing-up ward cyclothems de pos ited from braided river and anastomosing flu vial sys tem
en vi ron ments, Tyszowce IG 1 bore hole, LST of se quence 10, Bashkirian



wa ter on braidplains The ab sence of these lithofacies sug gests
highstand de po si tion and the lack of low-en ergy con di tions.

In this lithofacies as so ci a tion the nor mal grad ing is ex -
pressed by the grad ual tran si tion from con glom er ates to me -
dium-grained sand stones or coarse- to fine-grained sand -
stones. These are type I fin ing-up ward cyclothems con tain ing
solely high-en ergy coarse-grained de pos its ac com pa nied by
lower-en ergy lithofacies. The or i gin of fin ing-up ward
cyclothems is re lated to the de creas ing ve loc ity and sed i -
ment-bear ing ca pac ity of the flow, and the fill ing of sand-bed
braided chan nels.

The sec ond type of the IIa fin ing-up ward cyclothem con -
tains high-en ergy lithofacies mainly in its lower part while
lower-en ergy ones oc cur higher in the suc ces sion. Such
cyclothems orig i nate due to the fill ing and hence dis use of
chan nels, as well as to clayey-muddy de po si tion from sus pen -
sion on braidplains fol low ing the fall of high-wa ter. Fin ing-up -
wards cyclothems from de pos its of sim i lar prov e nance have
been re ported by nu mer ous au thors e.g., Gradziñski (1973),
Rust (1978), Cant and Walker (1978), Rust and Gibling (1990),
and Zieliñski (1997).

Me an der ing rivers. 8 lithofacies as so ci a tions have been
rec og nized in the Tyszowce IG 1, Marynin 1 and Terebin IG1
bore holes with fine-grained and phytogenic lithofacies, at
50–70%, pre vail ing over sand stones. The fin ing up wards and
tran si tion from coarse-grained sand stones, through me dium- to 
fine-grained are in dic a tive of de po si tion in a me an der ing river
en vi ron ment (Fig. 7; cf. Allen, 1963, 1970; Miall, 1977; Bridge
and Gordon, 1985). In the sand stone as so ci a tions, the high-en -
ergy lithofacies Sh2, Sl, Sm oc cur mod er ately fre quently sug -
gest ing rapid aggradation, as op posed to typ i cal me an der ing
rivers in which ero sion and de po si tion al ter nate. Less nu mer ous 
are lower-en ergy lithofacies SI, St, Sp, Sr.

At the top the sand stone as so ci a tions grad u ally pass into
low-en ergy lithofacies Fm and phytogenic Stigmaria soils R.
These lithofacies are typ i cal of the floodplain of sand-bed me -
an der ing rivers. They sedimented by sus pen sion in stand ing
wa ter, and were sub se quently veg e tated. Soil-form ing pro -
cesses have con trib uted to their de vel op ment.

Within the de pos its of me an der ing rivers there oc cur type IIa 
fin ing-up ward cyclothems where sand stones lithofacies grade
into fine-grained and phytogenic ones. The for ma tion of
cyclothems is re lated to autocyclic pro cesses such as the drop
in flow ve loc ity and sed i ment-car ry ing ca pac ity and the lat eral
mi gra tion of me an ders, as well as to allocyclic events such as a
de crease of flow ve loc ity and re sul tant fill ing of chan nels due to
base sea level (BSL) rise. Type IIb cyclothems have been en -
coun tered in fine-grained as so ci a tions de pos ited on
floodplains. Their lower parts are built of sand stones com pris ing 
low-en ergy sand stone lithofacies typ i cal of wan ing flow in cre -
vasse splays. The up per parts com prise claystone and
mudstone lithofacies typ i cal of a floodplain where de po si tion
took place mainly in lakes in which Stigmaria soils R formed af -
ter over grow ing with veg e ta tion. Fin ing-up ward cyclothems
have been de scribed also from me an der ing rivers by many au -
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Fig. 6. Lithofacies as so ci a tions and fin ing-up ward cyclothems
de pos ited from hyperconcentrated flow and anastomosing flu -
vial sys tem en vi ron ments, Tyszowce IG 1 bore hole, LST of se -
quence 12, Bashkirian

Fig. 7. Lithofacies as so ci a tions and fin ing-up ward cyclothems 
de pos ited from a me an der ing river en vi ron ment,

Tyszowce IG 1 bore hole, LST of se quence 7, Serpukhovian
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thors e.g., Allen (1964), Jack son II (1978), Radomski and
Gradziñski (1981), Nemec (1984).

Anastomosing flu vial sys tem. The most abun dant
lithofacies as so ci a tions of this kind are rec og nized in the
Tyszowce IG 1, Marynin 1, Terebin IG 1 and Korczmin IG 3
bore holes. Some con tain only sand stone lithofacies Sr, Sx
formed in vari able hy dro dy namic con di tions with pre dom i nant
low en ergy flow. Such con di tions could have oc curred in shal -

low low-en ergy chan nels with aggradational sed i men ta tion.
The vari a tions of en ergy from high to low and the pe ri odic lack
of flow fa voured the for ma tion of as so ci a tions con tain ing
lithofacies Sh2, Sr, Sf, Sh1, Sm. Their de po si tion oc curred in
chan nels of vary ing en ergy with and dom i nated by bed
aggradation. The other sand stone as so ci a tions with pre vail ing
lithofacies Sm, Sl, Ss, Sh2 orig i nated in high-en ergy chan nels
with very strong bed aggradation. How ever, river chan nels ac -

Fig. 8. Sche matic ex am ple of coars en ing-up ward cyclothems types Ic and IIc and non-gradational cyclothems types IIIc 
with their depositional en vi ron ments, Tyszowce IG 1, dp – delta plain

Fig. 9. Sche matic ex am ples of coars en ing-up ward cyclothems types IId and non-gradational cyclothems types IIId with their
depositional en vi ron ments, Tyszowce IG 1
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tive in the anastomosed flu vial sys tem showed ex cep tion ally
high aggradation rates (Figs. 5 and 6). Sim i lar fea tures of chan -
nel de pos its of the anastomosing flu vial sys tem have been de -
scribed from the Ca na dian Car bon if er ous by Rust (1984) and
Nadon (1994). Also, thick ness re la tion ships be tween sand -
stone as so ci a tions and the over ly ing low-en ergy as so ci a tions
con tain ing solely fine-grained lithofacies Fm, Fh and
phytogenic R and C are in dic a tive of such an en vi ron ment.
Their thick ness makes up 74–97% of the to tal thick ness of both
as so ci a tions.

The anastomosing flu vial sys tem is char ac ter ized by the
pres ence of two or more in ter con nected chan nels of dif fer ent
pat terns and a flood plain sit u ated be tween them (cf. Smith,
1983; Gradziñski et al., 2000, 2003; Makaske, 2001). On the
prox i mal floodplain, cre vasse splays are formed (Sm, Sf),
whereas at a dis tance from the chan nels there are lakes ac cu -
mu lat ing clay and mud (Fm, Fh) along with peat marshes ac cu -
mu lat ing or ganic mat ter (C). Stigmaria soils R oc cupy over -
grown ar eas.

These anastomosing flu vial suc ces sions com prise type IIa
fin ing-up ward cyclothems built of a lower sand stone partly laid
down in the chan nel and of an up per fine-grained part de pos -
ited on a flood plain. This kind of cyclothem re flects the fill ing
and wan ing of chan nels caused by avul sion and BSL rise as
well as de po si tion on a flooded floodplain over grown by veg e ta -
tion fa vour ing the de vel op ment of marshes. Type IIb
cyclothems have also been de scribed re sult ing from cre vasse
splays.

COARSENING-UPWARD AND NON-GRADATIONAL CYCLOTHEMS

A spe cific fea ture of the Car bon if er ous suc ces sion from the
SE part of the Lublin Ba sin, en abling the re con struc tion of
depositional en vi ron ments and sub-en vi ron ments, is the fre -
quent oc cur rence of coars en ing-up ward and ge net i cally re lated 
non-gradational cyclothems (Figs. 8 and 9). Such cyclothems
may be typ i cal of delta as well as flu vial de pos its (Scruton,
1960; Fisher et al., 1969; Elliot, 1974, 1975, 1976a, b, 1978;
Coleman and Wright, 1975). This per mit ted their iden ti fi ca tion
within the Lublin Car bon if er ous suc ces sion and, con sid er ing
ear lier mod els, the re con struc tion of del tas in which they
formed (Figs. 10 and 11). The progradation of delta lobes when
sed i ments of the in di vid ual subenvironments in vade both each
other and the prodelta, cou pled with in creas ingly coars en -
ing-up ward pat terns ar ranged in cyclothems, are autocyclic
phe nom ena (Elliot, 1975, 1976b). In a re versed com plete type
Ic cyclothem the suc ces sive parts in di cate a shal low shelf en vi -
ron ment and such deltaic sub-en vi ron ments as prodelta, slope,
mouth bar and delta plain (Fig. 8). Fm1 and Fh1 claystones
found within part 0 were de pos ited in at least two en vi ron ments. 
Those con tain ing a goniatite fauna and dis tinc tively very high
ra dio ac tiv ity lev els re corded as max ima on gamma-ray logs
have been rec og nized as typ i cal of a clayey shal low shelf sit u -
ated in the delta fore land (comp. Collinson, 1988; Hampson,
1995; Hampson et al., 1999). In the cen tral part of the ba sin
(Waksmundzka, 2010a) as well as in the study area these
lithofacies are most typ i cal of the Posidonia corrugata I,
Posidonia corrugata II and Dunbarella papyracea fau nal lev els
(Musia³ and Ta bor, 1988). Most prob a bly, the re main ing
claystones de void of fauna and ex hib it ing lower ra dio ac tiv ity are 
re lated to the most dis tal delta part, the prodelta.

Oc ca sion ally, within the 0 part there are L lime stones or M
marls formed also in the delta fore land on a ramp-type shal low
car bon ate shelf, the model of which has been de signed by
Flügel (2004). For the Lublin Car bon if er ous this en vi ron ment

has been de scribed in de tail by Skompski (1988, 1995a, b) and
Waksmundzka (1998, 2010a, 2013).

Allocyclic fac tors such as BSL vari a tions have a mod i fy ing
ef fect on the for ma tion of var i ous types of coars en ing-up ward
and non-gradational cyclothems and their strati graphic suc ces -
sions. Ac cord ing to Waksmundzka (2013) base level rise is re -
spon si ble for the orig i na tion of dis tal vari a tions of type IIc coars -
en ing-up ward and type IIIc non-gradational cyclothems in a ret -
ro grad ing delta sys tem and its fore land. Oc ca sion ally they are
seen to con tain MFS. How ever, at a high BSL, the prograding
delta lobes en tered a shal low shelf where thin car bon ates or
clays had been de pos ited. As a re sult, a prox i mal va ri ety of type
Ic coars en ing-up ward cyclothems was formed, equiv a lent to
the Brit ish Yoredale cyclothems (Leeder and Strudwick, 1987;
Tucker, 1991).

The typ i cal lithofacies suc ces sion within the type IId coars -
en ing-up ward and type IIId non-gradational cyclothems in di -
cates that they were laid down on a delta plain (Fig. 9). Part 1
con tains sed i ments de pos ited in lakes or lake del tas, while the
Stigmaria soils of part 4 formed in lakes over grown by veg e ta -
tion with con tri bu tion from soil-form ing pro cesses.

The dis tinc tive lithofacies de vel op ment of the Car bon if er -
ous in the SE part of the Lublin Ba sin and the pres ence of
coars en ing-up ward cyclothems sug gests that they may have
formed within a flu vial-dom i nated shal low-ma rine delta with a
delta plain of type D (deltaic sys tem model no. 8) ac cord ing to
the  clas si fi ca tion by Postma (1990, 1995). The best re cent ex -
am ple of this delta type is the Mis sis sippi delta (Coleman,
1988). Ac cord ing to the delta clas si fi ca tion by Porêbski and
Steel (2003), con sid er ing the re la tion ship be tween the po si tion
on the shelf and the BSL state, the Lublin Car bon if er ous del tas
have been clas si fied into the group of in ner-shelf del tas in which 
progradational and aggradational growth takes place dur ing a
high BSL (Waksmundzka, 2010a, 2013). The pa pers cited
above in clude vi su al iza tion of the de vel op ment and vari abil ity of 
the deltaic en vi ron ments and sub-en vi ron ments in the Car bon if -
er ous of the Lublin Ba sin, de pend ent on the BSL.

SEQUENCE STRATIGRAPHY

SEQUENCES 1–3

LST: The lower un con formity of se quence 1 is equiv a lent to
the Car bon if er ous base (Figs. 10 and 11). In the ma jor ity of
higher suc ces sions, thin sand stones oc cur that formed in
strongly aggradational high-en ergy flu vial chan nels. These are
over lain by thick mudstones de pos ited on floodplains
(Korczmin IG 3, Tyszowce IG 1, £opiennik IG 1). These chan -
nels likely func tioned within an anastomosing flu vial sys tem and 
their fill ing and wan ing was con trolled by BSL rise. At the base
of se quence 1 there oc ca sion ally oc cur Stigmaria soils de pos -
ited on floodplains (Terebin IG1) whereas prodelta or shal low
clayey shelf sed i ments have been rec og nized in Terebin IG 4
and Ruskie Piaski IG 2. All the above in di cates that ma rine de -
po si tion set in as early as in LS time. By con trast, in the
Marynin 1 bore hole, thin vol ca nic rocks oc cur.

The lower un con formity of se quence 2 runs be low thin
sand stones formed in chan nels of the anastomosing flu vial sys -
tem (Korczmin IG 3, Tyszowce IG 1, £opiennik IG 1, Marynin 1). 
But only in the vi cin ity of the Marynin 1 sec tion does the lower
bound ary of se quence 3 run be low thin sand stones de pos ited
by me an der ing rivers. Above this floodplain mudstones oc cur,
fol lowed by thin chan nel sand stones and claystones laid down
on the floodplain of an anastomosing flu vial sys tem. In the other 
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Fig. 10. Cor re la tion scheme I – lithofacies and se quence stra tig ra phy of the Car bon if er ous suc ces sion of the NE part 
of the south east ern Lublin Ba sin

For details see online verision
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sec tions the LST se quence 3 is rep re sented by thin Stigmaria
soils formed on a delta plain (Korczmin IG 3, Terebin IG 4,
Tyszowce IG 1). Thus, only in the north ern part of the study
area the for ma tion of se quence 3 was pre ceded by strong ero -
sion re sult ing in the orig i na tion of river chan nels, while in the re -
main ing area ero sion was not so strong or was lack ing com -
pletely and the shelf was ex posed subaerially.

Within the LST se quences 1–3 chan nel sand stone
lithosomes are rare and have a small thick ness of low hy dro car -
bon po ten tial.

TST: Within se quence 1 these de pos its are rep re sented by
claystones and mudstones laid down on an in ner-shelf delta
and shal low clayey shelf, in ter ca lated with lime stones and
marls in dic a tive of a car bon ate ramp on a shal low shelf
(Terebin IG 4 and Ruskie Piaski IG 2).

For ma tions of TST se quences 2 and 3 are sep a rated from
the LST by the T sur face man i fested at the base of the first delta 

or shal low shelf car bon ate de pos its. The claystones and
mudstones of an in ner-shelf delta and shal low clayey shelf in -
ter ca late with nu mer ous very thick car bon ate ramp lime stones.
Rare thin sand stones were formed in delta mouth bars (e.g.,
Terebin IG 4), distributary chan nels (e.g., Tyszowce IG 1,
Ruskie Piaski IG 2) and Stigmaria soil lev els (e.g., Korczmin
IG 3, Tyszowce IG 1) which mark mi nor BSL fluc tu a tions re sult -
ing in the ap pear ance of short-lived con ti nen tal de po si tion.

MFS sur faces of se quences 1–3 run within the gamma ray
log max ima or their con for mity cor re la tives, in claystones orig i -
nated in a clayey shal low shelf.

HST: HST de pos its of se quence 1, en coun tered only in the
Terebin IG 4 and Ruskie Piaski IG 2 bore holes, are de vel oped
sim i larly to its TST. HST se quences 2 and 3, how ever, pres ent
in ev ery bore hole sec tion ex am ined, are anal o gous to TST sed -
i ments of these se quences, the only dif fer ence be ing a lesser
thick ness and rarer pres ence of car bon ate banks.

Fig. 11. Cor re la tion scheme II – lithofacies and se quence stra tig ra phy of the Car bon if er ous suc ces sion of the SW part 
of the south east ern Lublin Ba sin

For details see online verision



Diagenesis, se quence stra tig ra phy and res er voir qual ity of the Car bon if er ous de pos its of the south east ern Lublin Ba sin... 439

Se quences 1–3 show a dis tinct thick ness pre dom i nance of
de pos its of a car bon ate ramp on a shal low shelf, shal low clayey
shelf and dis tal parts of an in ner-shelf delta; their depositional re -
gime can be de fined as a ma rine-deltaic one. Se quences of sim i -
lar qual i ties have been de scribed by Smith Jr. and Read (1999,
2001) from the Up per Mis sis sip pian of the Il li nois Ba sin, USA.

SEQUENCES 4–10

LST: Some of the lower un con formi ties run at the base of
the Stigmaria soils de pos ited on delta plains (Figs. 10 and 11),
while oth ers are con nected with strong flu vial ero sion, which led
to the for ma tion of in cised val leys of se quences 4–6 in the SW
cor ner of the study area. Sub se quently these were filled with flu -
vial sed i ments which in the Tyszowce IG 1 bore hole orig i nated
in an anastomosing flu vial sys tem. Far ther to the east the in -
cised val leys are ab sent and de po si tion took place on delta
plains or close to mouth bars.

No sed i ments ac cu mu lated dur ing LS se quence 7 in the
north and north-east, but far ther to the south de po si tion took
place in me an der ing rivers (Tyszowce IG 1) and braided rivers
grad ing ver ti cally into the anastomosing flu vial sys tem
(Korczmin IG 3). LST se quence 8 in cludes thin Stigmaria soils
and coals of a delta plain and sand stones of distributary delta
chan nels or mouth bars. Only in the vi cin ity of the Terebin IG 1
bore hole does an in cised val ley ap pear, filled with de pos its of
hyperconcentrated flows. Higher, there are thick floodplain de -
pos its of an anastomosing flu vial sys tem. Ex cept ing the NE part 
of the ba sin, LST se quences 9 and 10 are mostly rep re sented
by al lu via fill ing in cised val leys. In the vi cin ity of the Terebin
IG 1, Tyszowce IG 1 and Korczmin IG 3 bore holes, the val leys
are filled with hyperconcentrated flow de pos its of braided and
anostomosed sys tem chan nels. These are over lain by
mudstones and flu vial floodplain sand stones.

Within the LST there are com monly chan nel sand stone
lithosomes with prom is ing thick nesses at tain ing 12–33 m but of
lim ited and dis con tin u ous lat eral ex tent. These have been en -
coun tered in se quences 4–7 and 9–10 in the fol low ing bore -
holes: Ruskie Piaski IG 2, Komarów IG 1, Terebin IG 1, Terebin
IG 4, Korczmin IG 3, Tyszowce IG 1 and £opiennik IG 1.

TST: These de pos its com prise mainly claystones and
mudstones de pos ited on a clayey shal low shelf, prodelta and
in ner-shelf delta slopes. Sep a rate thin lime stones of a car bon -
ate ramp formed on a shal low shelf are also oc ca sion ally en -
coun tered. The TST also in cludes thin sand stones of mouth
bars and distributary chan nels along with Stigmaria soils and
coal that formed on delta plains. MFSs run at the bases of some 
lime stones or within the gamma ray logs max ima.

HST: The de vel op ment and prov e nance of HST de pos its
are sim i lar to those of the TST. Typ i cally their thick ness is re -
duced by ero sion ac tive dur ing the suc ces sive LS.

TST to gether with HST suc ces sions rep re sented by
claystones and mudstones have large thick nesses reach ing up
to 20–200 m and pro vide good seal ing for sand stones of LST
se quences 4–7 and 9–10.

A dis tinct pre dom i nance of large thick nesses in in ner-shelf
delta de pos its sug gests a deltaic depositional re gime for se -
quences 4–10. Sim i larly de vel oped se quences are re ported
from the Car bon if er ous of Eng land by Davies and McLean
(1996) and Tucker (2003) as well as from the Penn syl va nian of
Kan sas, USA by Maynard and Leeder (1992).

SEQUENCES 11–16

LST: These suc ces sions are typ i cally de vel oped as very
thick flu vial chan nel sand stones, claystones, mudstones,
Stigmaria soils and coals laid down on flood plains (Figs. 10 and 

11). They fill val leys which were in cised over the en tire study
area dur ing the suc ces sive low BSL with con tri bu tion from
strong flu vial ero sion. LST se quence 11, rec og nized in the
Tyszowce IG 1 bore hole, was formed via hyperconcentrated
flows in me an der ing and anastomosing river sys tems whereas
de pos its from the vi cin ity of Korczmin IG 3 rep re sent an
anastomosing flu vial sys tem only. Dur ing LST se quences
12–15 me an der ing rivers were pre dom i nantly ac tive (Tyszowce 
IG 1, Terebin IG 1) to gether with anastomosing flu vial sys tems
(Tyszowce IG 1, Korczmin IG 3, Terebin IG 1), and less com -
monly braided rivers (Tyszowce IG 1).

Within the LST, chan nel sand stone lithosomes of prom is ing 
thick nesses be tween 15–40 m are com mon, show ing a con tin -
u ous lat eral ex tent at a km scale and pres ent in se quences
11–16 of all the sec tions ex am ined. An ex am ple of vari a tion in
the pres ent-day thick ness of LST se quence 11 sand stones and 
in ferred di rec tion of in cised val ley axes is il lus trated in Fig -
ure 12A.

TST: Se quences 11–16 com prise mainly claystones and
mudstones de pos ited in clayey shal low shelf ar eas, and the
prodelta and slope of in ner-shelf del tas. There are spo radic thin 
car bon ate units rep re sen ta tive of car bon ate ramps on a shal -
low shelf and oc ca sion ally sand stones of mouth bars and
distributary delta chan nels as well as Stigmaria soils and delta
plain coals. As com pared with TST se quences 4–10, they have
larger thick nesses and are much more fre quent. MFS run within 
the gamma ray log max ima, or dis tal deltaic or clayey shal low
shelf lithofacies.

HST: The de vel op ment and prov e nance of these suc ces -
sions are sim i lar to those of the TST. Usu ally their thick ness
was re duced by ero sion ac tive dur ing the suc ces sive LS and by
post-Car bon if er ous ero sion.

Se quence 11 of TST and HST to gether has a large thick -
ness at tain ing 40–100 m (ex cept ing the Komarów IG 1 bore -
hole) which can pro vide good seal ing (Fig. 12B) for the po ten tial 
sand stone res er voir lithosomes pres ent in the LST of this se -
quence (Fig. 12A). In the re main ing se quences 12–16, TST
and HST de pos its are char ac ter ized by smaller thick nesses
(ten to sev eral tens of m) pos si bly con trib ut ing to lo cal seal ing.
How ever, the prox im ity of the Car bon if er ous top be ing a ma jor
ero sional sur face cou pled with the wedg ing out of lithosomes
un der the Me so zoic over bur den re duce the seal ing qual ity.

The abun dance of very thick flu vial de pos its ad ja cent to an
in ner-shelf delta sug gests a flu vial-deltaic depositional re gime
for se quences 11–16. Se quences anal o gous in their lithofacies
de vel op ment and thick ness re la tion ships be tween sys tems
tracts have been de scribed from the Penn syl va nian in Eng land
(Martinsen at al., 1995), Ger many (Süss et al., 2001), Ukraine
(Izart et al., 2003a, b) and Rus sia (Briand et al., 1998).

CORRELATION OF SEQUENCE STRATIGRAPHY
WITH THE CHRONOSTRATIGRAPHIC SCHEME

The se quence strati graphic scheme es tab lished for the
sec tions ex am ined (Figs. 10 and 11) has been cor re lated to the
West Eu ro pean (Ramsbottom, 1977, 1978) and global Car bon -
if er ous chronostratigraphic di vi sions (Davydov et al., 2012;
Fig. 2). This cor re la tion is based on the model es tab lished by
Waksmundzka (2010a, 2013, 2018) where three max i mum
flood ing sur faces with re li able biostratigraphic dat ing based on
goniatite and cono dont fau nas (Musia³ and Ta bor, 1988;
Skompski, 1996, 1998) have been taken into ac count.

The age of se quence 1 has been de ter mined via the dat ing
of bas alts from the NE part of the Lublin Ba sin which were found
to be of up per Tournaisian age (Pañczyk and Nawrocki, 2015).
Thus, ac cord ing to the pres ent state of art, the es ti mated age of

https://gq.pgi.gov.pl/article/view/13880
https://gq.pgi.gov.pl/article/view/8128


se quence 1 and se quences 2 to the lower part of se quence 5
can be in ferred as up per Tournaisian–mid dle Visean and up per
Visean re spec tively. Se quences 5–7 have been as cribed to the
Serpukhovian and se quences 8–16 to the Bashkirian (Fig. 2).

Sim i larly to other parts of the Lublin Ba sin, a strati graphic
gap cor re spond ing to the Lower Bashkirian has been noted in
the sec tions ex am ined (Waksmundzka, 1998, 2010a).

At its top the Car bon if er ous shows vary ing de grees of ero -
sional re duc tion, be ing great est in the vi cin ity of the Komarów
IG 1, Korczmin IG 3 and £opiennik IG 1 bore holes. This is less
pro nounced in the Bia³opole IG 1, Terebin IG 1, and Terebin
IG 4 bore holes. In these bore holes the Car bon if er ous com -
prises se quences from 1 to 11–13, equiv a lent to the in ferred
up per Tournaisian–lower Bashkirian. In the re main ing bore -
holes the suc ces sion is more com plete, al though partly re -
duced as it in cludes se quences from 1 to 16 thus reach ing up to 
the up per Bashkirian.

PETROGRAPHY

The Car bon if er ous suc ces sion ex am ined is built chiefly of
clastic, with sub or di nate car bon ate, com po nents.

The sand stones are rep re sented by lo cally nu mer ous fine-
to coarse grained subarkosic, quartz and sublithic arenites as
well as wackes – most of ten very fine-grained and fine-grained,

subarkosic, quartz and sublithic, less fre quently lithic or arkosic
(Figs. 13–15). The sand stones show ei ther a ran dom or an ori -
ented tex ture ac cen tu ated by ar range ment of or ganic mat ter,
sid er ite and mica flakes. At the top of the Car bon if er ous in bore -
holes Korczmin IG 3, £opiennik IG 1 and Marynin 1 there oc cur
volcanoclastic sand stones, from fine- to coarse-grained
sublithic or lithic arenites and wackes.

Usu ally siltstones and sandy siltstones have an ori ented tex -
ture ac cen tu ated by a par al lel ar range ment of clay min er als and
mica flakes com monly ac com pa nied by or ganic mat ter and sid -
er ite. The min eral com po si tion of the siltstones is iden ti cal with
that of the sand stones. The groundmass is built of clay min er als
(kaolinite, illite, chlorites, mixed-lay ered min er als illite/smectite,
with the amount of illite av er ag ing 90%) and sil ica.

In the claystones and silty and sandy claystones the tex ture
is ei ther hap haz ard or ori ented, ac cen tu ated by the ar range -
ment of or ganic mat ter, clay min er als, mica flakes, sid er ite and
bioclasts. Claystones are com posed mainly of clay min er als,
silt-size grains of quartz and lo cally calcititic micrite. The most
abun dant clay min er als are kaolinite and illite ac com pa nied by
vary ing amounts of chlorite and mixed lay ered min er als
illite/smectite, the amount of illite av er ag ing 90%. Lo cally there
oc cur quartz grains, mica flakes, bioclasts (brachi o pod and
foraminifer frag ments), sid er ite spheru lites and py rite.

The con glom er ates are rep re sented by polymictic
paraconglomerates known only from the Korczmin IG 3 bore -
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Fig. 12A – vari a tion in re cent thick ness of the po ten tial sand stone res er voir lithosomes of LST se quence 11 and in ferred
di rec tion of in cised val ley axes; B – vari a tion in pres ent to tal thick ness of TST and HST se quence 11 de pos its which can

pro vide good seal ing for the po ten tial sand stone res er voir lithosomes pres ent in the LST of this se quence

Data re gard ing of other bore holes is from Waksmundzka (2005, 2010b, 2012c)



hole (se quence 7). The space be tween clasts of acid vol ca nic
and si der it ic rocks and mono- and polymictic quartz is filled with
ma trix which is a mix ture of sand and ce ment of quartz, kaolinite 
and scarce an ker ite.

The organodetrital lime stones (grainstones, less of ten
packstones and wackestones) are recrystallized to vary ing de -
grees (Dun ham fide Jaworowski, 1987), and built of bioclasts,
the amount of which can reach up to 80 vol.%, ce mented by cal -
cite or lo cally do lo mite. Among the bioclasts frag ments of
foraminifers, echinoderms, bryo zoans, al gae, cor als and
molluscs have been iden ti fied, of ten pyritized and their voids
filled with kaolinite or chal ce dony. Terrigenous ad mix tures are
rare and usu ally rep re sented by clay min er als, or ganic mat ter,
iron hy drox ides and quartz frag ments.

FRAMEWORK COMPOSITION OF THE SANDSTONES

The ma jor min eral com po nent of the frame work com po si -
tion of the sand stones is quartz av er ag ing ~50–60 vol.% of the
rock. Monocrystalline quartz grains pre vail over polycrystalline
grains which usu ally con sti tute 5–20 vol.% of the to tal quartz
grains. Frag ments of quartz ite, quartzitic schist and chert have
been clas si fied within the polycrystalline quartz group (Pettijohn 
et al., 1972). The amounts of feld spars are vari able – 5 vol.% on 
av er age, the max i mum value ex ceed ing 10 vol.%. K-feld spars
pre vail over plagioclases. K-feld spars sub jected to cathodo -
luminescence anal y sis show a blue col our (Fig. 14A), spo rad i -

cally yel low-brown and yel low-green. Plagioclase lu mi nesces
green. Most fre quent are feld spar grains af fected by dis so lu tion
(Fig. 14B), trans for ma tion or re place ment by sec ond ary min er -
als. Also vari able is the con tent of micas, mainly mus co vite and
bi o tite, as well as chlorite which is of ten a trans for ma tion prod -
uct of bi o tite. In arenites it usu ally com prises up to 5 vol.% but
reaches 20 vol.% in wackes. Very of ten the mica flakes are bent 
due to me chan i cal com pac tion. The heavy min eral as sem -
blages con sists of zir con, ap a tite, ti tan ite and rutile.

A sig nif i cant com po nent of the min eral frame work are
lithoclasts, the con tent of which is usu ally 5 vol.% though with a
max i mum of 42.7 vol.%. These are rep re sented by mag matic
rocks with vol ca nic pre vail ing over plutonic rocks. Acid rock
clasts and frag ments of vol ca nic glass have been noted.
Among the plutonic rocks granitoids are pre dom i nant. Clasts of
meta mor phic rocks are com mon, mainly of quartz-mica schist.
Lo cally pres ent are frag ments of sed i men tary rocks, chiefly
claystones, siltstones, sand stones and si der it ic rocks.

Most of ten the de tri tal ma te rial is semi-rounded and well
sorted. In arenites point con tacts pre dom i nate, con cave-con -
vex and straight ones be ing scarce. In wackes, solely point con -
tacts oc cur, or these are lack ing com pletely.

The pore spaces be tween the de tri tal grains are fully or
partly filled with ma trix and/or ce ment. Usu ally the ma trix com -
prises clay min er als, com monly mixed with quartz silt, while the
ce ment con sists of diagenetic min er als among which the most
abun dant are quartz, clay min er als and car bon ates.
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Fig. 13. Car bon if er ous sand stones ac cord ing to clas si fi ca tion tri an gles of Pettijohn et al. (1972)

Q – quartz, F – feld spar, L – lithoclasts
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Fig. 14. Pho to graphs of sand stones taken us ing a po lar iz ing mi cro scope (PL), cathodoluminescence (CL) 
and scan ning elec tron mi cro scope (SEI, BEI)

A – frag ment of subarkosic arenite, CL im age, blue lu mi nes cence of po tas sium feld spars (Fs), some al tered to al bite (Ab) with brown lu mi -
nes cence, Terebin IG 4 bore hole, depth 501.0 m, LST of se quence 12, Bashkirian; B – sec ond ary po ros ity (ar rowed) in dis solved grains of
po tas sium feld spar (Fs) and lithoclast (L) and microporosity in kaolinite (Kl) in subarkosic arenite, sam ple im preg nated with blue resin, PL –
plane po lar ized light, Terebin IG 1 bore hole, depth 518.0 m, LST of se quence 13, Bashkirian; C – sid er ite crys tals (ar rowed) at the con tact
be tween quartz grain (Qd) and quartz overgrowths (Qa) in sublithic arenite, pri mary po ros ity (Pp), sam ple im preg nated with blue resin, PL –
plane po lar ized light, Tyszowce IG 1 bore hole, depth 1,060.6 m, LST of se quence 10, Bashkirian; D – sam ple shown in Fig ure C, CL im age,
dark blue lu mi nes cence of authigenic quartz (Qa) and brown and blue of quartz grains (Qd); E – frag ment of quartz arenite, CL im age, no lu -
mi nes cence of authigenic quartz (white ar row) and brown and blue of quartz grains (Qd), red lu mi nes cence of cal cite (Ca) ce ment re plac ing
authigenic quartz (yel low ar row), Tyszowce IG 1 bore hole, depth 1,597.8 m, TST of se quence 3, Visean; F – authigenic quartz crys tal (Qa),
book let kaolinite (Kl) and cal cite (Ca) in pore space of subarkosic arenite, Tyszowce IG 1 bore hole, depth 926.0 m, SEI im age, LST of se -
quence 11, Bashkirian; G – book let kaolinite (Kl) over grown by authigenic quartz (Qa) in pore space of sublithic arenite, Tyszowce IG 1 bore -
hole, depth 1,026.7 m, SEI im age, LST of se quence 11, Bashkirian; H – frag ment of quartz arenite, CL im age, dark blue lu mi nes cence of
kaolinite (Kl) en gulfed by cal cite (Ca) of yel low-or ange lu mi nes cence, Marynin 1 bore hole, depth 1,359.1, LST of se quence 2, Visean
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Fig. 15. Pho to graphs of sand stones taken us ing a po lar iz ing mi cro scope (PL) and scan ning elec tron mi cro scope (SEI, BEI)

A – fi brous illite grow ing on flaky illite in subarkosic arenite pore space, Terebin IG 1 bore hole, depth 530.0 m, SEI im age, LST of se quence
12, Bashkirian; B – frag ment of chlorite rim (Chl) on quartz grain, over grown by authigenic quartz (Qa) in sublithic arenite, Terebin IG 4 bore -
hole, depth 501.0 m, SEI im age, LST of se quence 12, Bashkirian; C – rhom bo he dra of an ker ite (Ak) en gulfed by cal cite ce ment (Ca) in
subarkosic arenite, Terebin IG 4 bore hole, depth 490.8 m, PL – crossed polars, LST of se quence 12, Bashkirian; D – frag ment of sam ple
shown in Fig ure C, BEI im age, zoned rhom bo he dra of an ker ite, cal cite  re plac ing an ker ite (ar rowed), 1, 2 – points of chem i cal anal y ses (Ta -
ble 6); E – cal cite (Ca) and sid er ite (Sd) ce ments in sublithic arenite, Tyszowce IG 1 bore hole, depth 780.9 m, PL – crossed polars, LST of se -
quence 14, Bashkirian; F – cal cite (Ca) and bar ite (Ba) ce ments in quartz arenite, Tyszowce IG 1 bore hole, depth 1,758.0 m, PL – crossed
polars, LST of se quence 2, Visean; G – sid er ite (Sd) and authigenic quartz (Qa) in subarkosic arenite pore space, Tyszowce IG 1 bore hole,
depth 1,060.0 m, SEI im age, LST of se quence 10, Bashkirian; H – py rite (Pi) framboids in subarkosic arenite pore space, Terebin IG 1 bore -
hole, depth 503.5 m, SEI im age, LST of se quence 13, Bashkirian



SANDSTONE CEMENTS

Quartz ce ment oc curs as syntaxial overgrowths around the
quartz grains, partly or lo cally com pletely (Fig. 14C–F) fill ing the 
pore spaces. The quartz ce ment con tent is usu ally 1–10 vol.%
and 23 vol% at the max i mum. Lo cally the amount of quartz ce -
ment in creases with depth (Ruskie Piaski IG 2, Tyszowce IG 1). 
On the ba sis of the cathodoluminescence anal y sis of sand -
stones one gen er a tion of authigenic quartz overgrowths could
be iden ti fied char ac ter ized by dark brown, dark blue or ab sent
lu mi nes cence (Fig. 14D, E) clearly op posed to quartz grains lu -
mi nesc ing in blue-vi o let, brown, green or red. Lo cally in the
overgrowths two or more shades of brown are noted, which in -
di cates that the ce men ta tion with quartz was an un sta ble pro -
cess. In places the bound ary be tween de tri tal quartz and
overgrowths is marked by the pres ence of in clu sions or early
sid er ite (Fig. 14C). Authigenic quartz also fills grain frac tures
sug gest ing that sili ci fi ca tion was pre ceded by me chan i cal com -
pac tion. In the sand stones, re place ment by car bon ates
(Fig. 14E) and spo rad i cally by bar ite has been ob served. As in -
di cated by the pres ence of small one-phase in clu sions
(Goldstein and Reynolds, 1994) the min i mum tem per a ture of
the for ma tion of authigenic quartz is es ti mated to be <50°C. In
the rare two-phase in clu sions the ho mog e ni za tion tem per a ture
were found to range be tween 83.9 and 179.0°C, these val ues
be ing in agree ment with ear lier re sults ob tained by Koz³owska
and Jarmolowicz-Szulc (2009).

Among the clay min er als the kaolinite sub group pre dom i -
nates over illite, sub or di nate chlorite and mixed-lay ered
illite/smectite. The kaolinite sub group is rep re sented chiefly by
kaolinite and less fre quently dickite. As shown by in fra red ex -
am i na tions (Koz³owska, 2011) kaolinite and dickite inter -
growths are com mon, the kaolinite con tent be ing 20–80%. Typ -
i cally, the kaolinite sub group con tent is ~3 vol.% but can reach
up to 17 vol.%. The size of authigenic kaolinite and dickite crys -
tals usu ally falls within the 1–20 µm range. Com monly these
show a char ac ter is tic book let struc ture (Fig. 14F, G). As ear lier
ob served by Koz³owska (2004, 2009, 2011) kaolinite is most
fre quently vermicular, while dickite shows a blocky struc ture.
The pres ence of both mor pho log i cal kaolinite types has been
rec og nized in sand stones through out the Car bon if er ous suc -
ces sion. In the CL im age the kaolinite sub group min er als lu mi -
nesce in dark blue (Fig. 14H). On sites where feld spar grains
and mica flakes have been dis solved, trans formed kaolinite en -
ters pore spaces. This min eral also forms inter growths with
authigenic quartz. More over, it is re placed by an ker ite and
Fe-cal cite and trans formed into fi brous illite. Dickite crys tals of -
ten form inter growths with kaolinite or oc cur in di vid u ally.

In the sand stones, acicular and fi brous illite over grows illite
laths (Fig. 15A), authigenic quartz, car bon ates and kaolinite
form ing within the pore spaces. Pres ent in all bore hole pro files,
illite is most abun dant in sand stones of Ruskie Piaski IG 2,
Tyszowce IG 1, Marynin 1, Terebin IG 1 and Terebin IG 4. K-Ar
age de ter mi na tions of diagenetic illite rang ing from 286.5 ±3.4 to
257.7 ±2.6 Ma in di cate that its crys tal li za tion in the SE part of the
Lublin Ba sin be gan in Perm ian times (Koz³owska, 2009, 2011).

Chlorites, mainly ferruginous, form rims on quartz grains
(Fig. 15B) and fill pore spaces in sand stones from the Terebin
IG 1, Terebin IG 4 and Tyszowce IG 1 bore holes.

X-ray ex am i na tions re vealed the pres ence of mixed-lay ered 
illite/smectite, the illite con tent ex ceed ing 85%, in the Ruskie
Piaski IG 2 and Tyszowce IG 1 bore holes (Koz³owska, 2009,
2011).

The car bon ate min er als are rep re sented by: Fe-cal cite,
Fe-do lo mite, an ker ite, sideroplesite, sid er ite and rhodochrosite. 
Their amount in sand stones reaches 48 vol.%. Usu ally Fe-cal -

cite forms pore-fill ing ce ment, but oc ca sion ally also the ba sic
infill of inter- and intra-gran u lar pore spaces (Figs. 14E, F, H
and 15C–F). More over, it re places feld spar grains, lithoclasts
and quartz as well as ce ments: quartz (Fig. 14E), kaolinite
(Fig. 14H), sid er ite and an ker ite. The chem i cal com po si tion of
cal cite is as fol lows: 88.9–99.2 mol% of CaCO3, 0.3–6.6 mol%
of FeCO3, 0–2.0 mol% of MgCO3 and 0–8.6 mol% of MnCO3 

(Ta ble 6 and Fig. 16). De pend ing on the amount of iron and
man ga nese con tents it lu mi nesces red, red-or ange, or -
ange-yel low or yel low (Fig. 14E, H). Fluid in clu sion ex am i na -
tions yielded ho mog e ni za tion tem per a tures of 75.3–119°C
which are in agree ment with ear lier re sults ob tained for the Car -
bon if er ous Lublin Ba sin (Koz³owska, 2005, 2009; Koz³owska
and Jarmo³owicz-Szulc, 2009). Iso to pic re sults for Fe-cal cite
are given in Ta ble 6. The d18O val ues fall within the –17.65 to
–3.48‰PDB range, av er ag ing 13.23‰PDB while the d13C val -
ues vary from –19.45 to +1.22‰PDB and av er age 6.12‰PDB
(Fig. 17). The d13C val ues sug gests that cal cite was formed in
the ther mal zone of decarboxylation of or ganic mat ter or lo cally
in the zone of mi cro bi o log i cal methanogenesis (Morad, 1998).

Fe-do lo mite and an ker ite com monly oc cur as iso lated
euhedral rhombohedral crys tals (Fig. 15C, D) or as a mas sive
spar ce ment. The crys tals’ com po si tion is: 10.4–26.5 mol% of
FeCO3, 17.3–31.2 mol% of MgCO3, 53.5–59.8 mol% of CaCO3

and 0.1–2.2 mol% of MnCO3 (Ta ble 6 and Fig. 16). Most are
ankerites with only spo rad i cally Fe-dolomites. Some crys tals
have a zonal struc ture due to vari able iron/mag ne sium pro por -
tions dur ing crys tal li za tion (Fig. 15D). Be cause of a con sid er -
able Fe+2 con tent, the an ker ite shows no lu mi nes cence on the
CL im ages. Parts of the crys tals show a wide un du la tory ex tinc -
tion which can in di cate the pres ence of sad dle do lo mite (an ker -
ite; Radke and Mathis, 1980; Spötl and Pitman, 1998). An ker ite
re places feld spars, quartz and lithoclasts and some com po -
nents of the ce ment such as authigenic quartz, sid er ite and
kaolinite. In turn, this min eral it self is re placed by Fe-cal cite
(Fig. 15D) and was lo cally sub jected to dis so lu tion. Ear lier stud -
ies of fluid in clu sions in an ker ite yielded ho mog e ni za tion tem -
per a tures rang ing from 74 to 117°C (Koz³owska, 2005;
Koz³owska and Jarmo³owicz-Szulc, 2009) which cor re sponds
to its min i mum crys tal li za tion tem per a ture. For two sam ples
d18O and d13C val ues have been found to be –12.30‰PDB and
–11.78‰PDB and –1.48‰PDB and –0.14‰PDB, re spec tively
(Ta ble 6 and Fig. 17). They fall in the range of re sults ob tained
from ear lier mea sure ments: d18O from – 16.22 to – 6.90‰PDB
and d13C from – 8.35 to –0.09‰PDB (Koz³owska, 2005, 2009).
The d13C val ues in di cate that an ker ite formed in the zone of mi -
cro bi o log i cal methanogenesis and lo cally in the zone of ther mal 
decarboxilation of or ganic mat ter (Koz³owska, 2005, 2009).

Sideroplesite and sid er ite be long to the iso mor phic sid er -
ite-magnesite se ries con tain ing 75–100 mol% FeCO3. The min -
er als ana lysed have 76.6–96.2 mol% of FeCO3, 1.3–18.5 mol% 
of MgCO3, 1.5–9.3 mol% of CaCO3 and 0.6–4.3 mol% of
MnCO3  (Ta ble 6 and Fig. 16). These min er als oc cur ei ther as
very fine grains or ag gre gates (Fig. 15E) or spheru lites, ei ther
sep a rate or ag gre gated. Lo cally sideroplesite and sid er ite en -
ve lope de tri tal grains and in places even sep a rate quartz grains
from the authigenic quartz overgrowths (Fig. 14C), or else fill
the orig i nal pore space (Fig. 15G). These min er als re place feld -
spars, lithoclasts, micas, but are them selves re placed by an ker -
ite and Fe-cal cite. Sideroplesite and sid er ite be long to early
gen er a tion min er als. Late gen er a tion sideroplesite, com mon in
sand stones of the NW part of the Lublin Ba sin (Koz³owska
1997, 2001, 2004) and lo cally in the cen tral part (Koz³owska,
2007), has not been ob served. The d18O val ues fall within
–14.48 to –4.30‰PDB av er ag ing –10.35‰PDB, while the d13C
val ues range from –7.55 to + 1.85‰PDB, and av er age
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Bore hole
Depth

[m]
Point of
anal y sis

CaCO3

%mol.

MgCO3

%mol.

FeCO3

%mol.

MnCO3

%mol.
d13C

‰PDB

d18O

‰PDB

Ho mog e ni za -
tion tem per a -

ture
Car bon ate type

Bia³o pole
IG 1

849.5 –1.48 –12.30 an ker ite

1018.2 1 94.2 0.4 1.6 3.8 Mn/Fe-cal cite

2 92.9 1.2 2.4 3.5 Mn/Fe-cal cite

Korczmin
IG 3

455.1 1 5.4 1.3 89.0 4.3 sid er ite

2 96.7 0.7 1.8 0.8 –7.27 –16.57 Fe-cal cite

592.1 1 55.7 23.3 20.2 0.8 an ker ite

2 4.0 6.1 88.3 1.6 sideroplesite

903.7 1 59.6 17.3 22.1 1.0 ankeryt

2 97.4 0.1 1.7 0.8 –2.35 –14.82 Fe-cal cite

3 2.3 18.5 76.6 2.6 –1.27 –14.48 sideroplesite

1350.8 –19.45 –9.78 cal cite

1353.0 1 91.0 2.0 6.6 0.4 Fe-cal cite

2 88.9 1.4 1.1 8.6 Mn-cal cite

3 92.4 0.7 6.0 0.9 Fe-cal cite

4 91.9 0.9 3.0 4.2 Mn/Fe-cal cite

5 5.1 0.0 2.4 92.5 rhodochrosite

£opiennik
IG 1

1494.6 1 96.2 0.0 1.4 2.4 –8.87 –13.44 Mn/Fe-cal cite

2 2.5 0.8 94.7 2.0 –7.55 –11.45 sid er ite

Marynin 1

733.8 +1.85 –4,30 sid er ite

1311.0 –1.72 –9.55 sid er ite

1313.7 –5.89 –13.52 cal cite

+0.47 –7.65 sid er ite

1322.4 1 1.8 1.1 94.1 3.0 –1.83 –9.96 sid er ite

2 94.4 0.9 3.1 1.6 –5.69 –13.75 Fe-cal cite

1337.5 1 97.2 0.4 1.3 1.1 –7.15 –13.85 Fe-cal cite

2 6.4 2.0 88.8 2.8 –1.37 –10.16 sid er ite

1339.3 –6.86 –14.11 cal cite

1350.1 94.7 0.2 0.9 4.2 –0.56 –11.33 Mn/Fe-cal cite

1359.1 –8.31 –13.68 117.0 cal cite

1361.2 1 5.3 4.4 87.1 3.2 –5.29 –11.07 sid er ite

2 971 0.0 1.9 1.0 –6.12 –12.26 Fe-cal cite

1363.4 –3.34 –10.46 119.0 cal cite

Ruskie
Piaski IG 2

1209.2 1 1.5 1.7 96.2 0.6 –4.67 –9.70 sid er ite

2 4.7 7.5 87.0 0.8 sideroplesite

1317.0 97.3 1.5 1.2 0.0 +0.24 –6.46 Fe-cal cite

1560.5 –5.19 –8.99 sid er ite

1851.5 –10.06 –16.95 cal cite

2374.5 75.3; 75.3;
80.0 cal cite

2382.7 96.2 1.3 1.5 1.0 –0.81 –15.16 Fe-cal cite

2390.7 –2.28 –14.82 cal cite

–3.61 –12.37 sid er ite

Terebin
IG 1

643.0 –6.13 –16.02 cal cite

–2.13 –13.53 sid er ite

805.0 95.7 0.0 2.1 2.2 –7.64 –17.65 Fe-cal cite

945.0 1 5.2 9.7 82.1 3.0 –2.76 –11.52 sideroplesite

2 5.7 5.4 87.6 1.3 sideroplesite

Terebin 
IG 4

490.8 1 99;2 0.0 0.8 0.0 –16.39 –3.48 Fe-cal cite

2 56.2 31.2 10.4 2.2 an ker ite

652.3 1 9.3 2.0 85.1 3.6 sid er ite

2 97.6 0.0 2.2 0.2 Fe-cal cite

T a  b l e  6

Chem i cal com po si tions from microprobe anal y ses, car bon and ox y gen iso to pic data and ho mog e ni za tion tem per a ture 
of the car bon ates
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–2.36‰PDB (Ta ble 6 and Fig.17). The lat ter sug gest that
sideroplesite and sid er ite orig i nated in the zone of mi cro bi o log i -
cal methanogenesis (Morad, 1998).

Rhodochrosite has been iden ti fied in a sand stone sam ple 
from the depth of 1353.0 m in the Korczmin IG 3 bore hole. Its
chem i cal com po si tion is as fol lows: 92.5 mol% of MnCO3,
5.1 mol% of CaCO3 and 2.4 mol% of FeCO3  (Ta ble 6). This
min eral fills the fis sures in quartz grains and partly also the
pore space be tween the grains. In CL im ages it shows no lu -
mi nes cence.

Other sub or di nate diagenetic min er als are bar ite, celestine,
py rite, phos phates and glauconite. The av er age con tent of
each of these is ~1 vol.%. Bar ite fills the inter gra nu lar spaces in
the sand stone (Fig. 15F) and lo cally re places de tri tal grains and 
car bon ate ce ments and kaolinite. Most of ten it is met in the top

parts of Car bon if er ous pro files. Chem i cal anal y sis re vealed the
pres ence of stron tium in its com po si tion. Py rite oc curs as sep a -
rate crys tals and grains, com monly en vel oped by early-gen er a -
tion sid er ite. In di vid ual py rite framboids are com mon (Fig. 15H). 
Phos phates form very fine ag gre gates and lu mi nesce in
milky-pink in CL im age. Green oval glauconite grains are pres -
ent be tween those of the min eral frame work. Lo cally it is re -
placed by Fe-cal cite.

ORGANIC MATTER

The or ganic mat ter most com mon in the Car bon if er ous suc -
ces sion is humic in na ture. The con tent of macerals of the
vitrinite group is ~70% of the to tal or ganic mat ter in the rock
(Grotek, 2005, 2008). The ther mal ma tu rity cor re sponds to the
main phase of oil gen er a tion with re flec tivity vary ing from 0.57
to 1.20% Ro (Grotek, 2005, 2008). The low est Ro val ues re -
ported from the SE part of the Lublin Ba sin sug gest that a
palaeotemperature of ~80°C af fected the Car bon if er ous strata.
The Ro val ues in crease to wards the south-west in di cat ing a
max i mum palaeotemperature of ~120°C.

Bore hole
Depth

[m]
Point of
anal y sis

CaCO3

%mol.

MgCO3

%mol.

FeCO3

%mol.

MnCO3

%mol.
d13C

‰PDB

d18O

‰PDB

Ho mog e ni za -
tion tem per a -

ture
Car bon ate type

Tyszowce
IG 1

780.9 1 5.7 4.0 86.8 3.5 –4.14 –9.75 sideroplesite

2 95.6 0.0 1.4 3.0 –7.99 –10.93 Mn/Fe-cal cite

846.0 –14.95 –8.66 cal cite

898.3 –4.13 –17.49 cal cite

–3.08 –12.08 sid er ite

921.4 4.7 2.4 91.4 1.5 sid er ite

926.0 96.4 0.4 1.6 1.6 Fe-cal cite

991.4 –7.78 –17.15 cal cite

–1.40 –13.71 sid er ite

1574.4 –4.71 –16.39 cal cite

–1.59 –13.69 sid er ite

1597.8 –2.36 –16.12 cal cite

1670.0 1 59.8 20.2 18.6 1.4 –0.14 –11.78 an ker ite

2 53.5 19.9 26.5 0.1 an ker ite

1758.0 98.1 1.6 0.3 0.0 +1.22 –12.66 cal cite

Tab. 6 cont.

Fig. 16. Tri an gle di a gram of the car bon ates, chem i cal
com po si tion at mol%

n – anal y sis num ber

Fig. 17. d18O‰PDB ver sus d13C‰PDB plot 
of the car bon ate ce ments



POROSITY AND PERMEABILITY

Lab o ra tory tests per formed on sand stones re vealed that
their ef fec tive po ros ity var ies from 0.6 to 15.1% (Ta ble 7) and
de creases with depth. For the Bashkirian, Serpukhovian and
Tournaisian–Visean these val ues are 4.8–15.1 (av er ag ing
9.5%), 0.6–11.6 (av er ag ing 5.9%) and 1.2–6.5 (av er ag ing 4%)
re spec tively. Ac cord ing to Jenyon (1990) such re sults per mit
clas si fi ca tion of the ma jor ity of the ex am ined rocks to de pos its
of good po ros ity. Val ues ex ceed ing 10% have been found in the 

fol low ing bore holes: Korczmin IG 3 – se quences 6, 9, 10;
Terebin IG 1 – se quences 7, 9, 12, 13; Terebin IG 4 – se quence 
12; Tyszowce IG 1 – se quences 10, 14.

Po ros ity de ter mined in thin sec tions at tains 13 vol.% and is
~5 vol.% on av er age. The sand stones are char ac ter ized by
both pri mary and sec ond ary po ros ity, the for mer be ing prev a -
lent. As a re sult of me chan i cal com pac tion and ce men ta tion,
po ros ity has been strongly re duced. How ever, its par tial pres er -
va tion is due to the pres ence of early orthochemical ce ment at
the time of in com plete fill ing of inter gra nu lar space (Fig. 14C).
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Bore hole
Se quence

stra ti g ra phy
Depth

[m]

Grain
den sity 
[g/cm

3
]

Ef fec tive
po ros ity

[%]

Bulk
den sity
[g/cm

3
]

Porosi -
meter

den sity 
[g/cm

3
]

Porosi -
meter
po ros -
ity [%]

Av er age 
cap il lary 

[um]

Spe cific
sur face
[m

2
/g]

Pores
>1 um

[%]

Thres h old 
di am e ter

[um]

Hys ter -
esis 
[%]

Permea-
bility
[mD]

Korczmin 
IG 3

11   455.10 2.65 5.22 2.6  2.47 4.97 0.09 0.94   9 0.4 61 n.p.

11   486.60 2.65 9.08 2.58 2.36 8.49 0.26 0.55 56 3 64 0.10

10   643.90 2.64 13.8   2.53 2.21 12.43 0.3  0.67 71 25 47 15.08

9   645.60 2.64 13.92 2.59 2.25 13.26 0.4  0.55 74 30 49 14.79

6   777.60 2.63 11.46 2.56 2.29 10.71 0.57 0.33 76 40 33 45.24

5   903.70 2.69 6.27 2.62 2.46 5.86 0.05 1.78 14 0.3 64 n.p.

4   987.10 2.71 1.21 2.72 2.69 1.22 0.04 0.47 30 0.06 70 n.p.

1 1350.80 2.7  1.21 2.73 2.69 1.25 0.05 0.36 33 0.2 63 i.d.

£opiennik 
IG 1

1 1494.60 2.69 6.46 2.69 2.51 6.46 0.06 1.65 11 0.8 54 i.d.

1 1509.60 2.66 7.59 2.64 2.45 7.44 0.05 2.68   8 0.6 55 i.d.

1 1511.40 2.67 7.26 2.59 6.42 6.72 0.03 3.21 11 1 64 i.d.

Ruskie
Piaski 
IG 2

16 1172.50 2.72 5.75 2.71 2.56 5.69 0.05 1.81 16 0.4 55 i.d.

15 1317.00 2.67 4.82 2.64 2.52 4.68 0.09 0.86 17 1 48 i.d.

7 1851.50 2.67 0.61 2.65 2.64 0.6  0.09 0.1  56 0.1 26 0.10

6 2036.00 2.63 3.42 2.61 2.52 3.35 0.05 1.11 20 0.3 54 i.d.

6 2350.30 2.67 4.65 2.65 2.53 4.56 0.05 1.58 15 1 47 i.d.

3 2363.50 2.69 3.04 2.67 2.59 2.98 0.04 1.15 24 0.4 49 i.d.

3 2374.50 2.64 3.58 2.6  2.51 3.44 0.07 0.82 24 1 48 i.d.

3 2382.70 2.7  1.64 2.68 2.63 1.61 0.06 0.42 33 0.4 36 i.d.

3 2390.50 2.68 3.17 2.65 2.56 3.08 0.04 1.31 11 0.2 48 0.10

Terebin
IG 1

13   503.50 2.64 10.24  2.6  2.35 9.85 0.13 1.34 29 2 56 1.16

12   530.00 2.65 15.08  2.59 2.22 14.23  0.18 1.4  59 80 44 i.d.

9   740.50 2.63 13.26  2.55 2.24 12.28  0.33 0.67 71 5 46 i.d.

8   776.00 2.66 9.26 2.66 2.41 9.26 0.1  1.6  17 2 55 i.d.

7   805.00 2.67 3.48 2.6  2.52 3.25 0.05 1.05 20 0.2 46 i.d.

6   870.00 2.64 11.65  2.56 2.28 10.79  0.3  0.63 62 4 63 1.80

Terebin
IG 4

12   496.00 2.68 13.59  2.64 2.29 13.07  0.24 0.94 57 10 65 1.21

12   505.50 2.72 11.85  2.68 2.38 11.39  0.06 3.24   8 1 70 i.d.

Tyszowce 
IG 1

14   780.90 2.67 5.56 2.64 2.5  5.4  0.07 1.3  14 0.4 58 i.d.

14   804.30 2.71 11.34  2.67 2.4  10.9  0.1  1.65 14 0.7 55 i.d.

12   889.10 2.62 7.73 2.63 2.42 7.81 0.17 0.75 26 3 85 1.10

11   926.00 2.65 7.41 2.63 2.44 7.26 0.11 1.11 12 1 59 i.d.

11 1026.70 2.65 8.74 2.6  2.38 8.32 0.12 1.16 33 2 59 0.27

11 1052.30 2.62 6.42 2.58 2.42 6.17 0.11 0.92 31 3 64 0.10

10 1060.60 2.65 10.09  2.62 2.36 9.8  0.16 1.03 62 30 44 14.81

9 1081.20 2.67 8,00 2.7  2.47 8.25 0.07 1.8  15 2 65 0.10

8 1170.20 2.65 8.7 2.61 2.39 8.37 0.1  1.4    9 1 45 i.d.

3 1597.80 2.66 3.38 2.56 2.48 3.07 0.08 0.59 41 i.d. 40 0.10

3 1602.20 2.64 5.69 2.6  2.49 5.47 0.11 0.78 11 0.6 62 0.31

2 1758.00 2.84 1.95 2.79 2.74 1.86 0.09 0.31 27 1 40 i.d

n.p. – no per me abil ity, i.d. – in de ter mi nate

T a  b l e  7

Petrophysical fea tures of se lected Car bon if er ous sand stone sam ples



The early ce ments form ing rims are: chlorite, sid er ite,
sideroplesite and quartz. The sec ond ary po ros ity re sulted due
to the dis so lu tion of feld spars (Fig. 14B) and subordinately
lithoclasts (Fig. 14B), while the dis so lu tion of ce ments (Fe-cal -
cite and an ker ite) was of mi nor sig nif i cance. Microporosity
among crys tal lites of authigenic clay min er als, mainly kaolinite,
is com mon (Fig. 14B).

Mea sure ments of porosimetric po ros ity, the amount of
pores >1 µm, thresh old di am e ter and hys ter esis (Ta ble 7) in di -
cate that the best res er voir pa ram e ters are in the Bashkirian
and Serpukhovian sand stones from those bore hole sec tions
with good ef fec tive po ros ity. These pa ram e ters de te ri o rate
down wards and are poor est in the Tournaisian–Visean. In the
Bashkirian sand stones the dy namic po ros ity is ~10%. The con -
tent of pores >1 µm var ies from 9 to 74% and av er ages ~50% in 
the bore holes Korczmin IG 3 and Terebin IG 1 and only ~30%
in Terebin IG 4 and Tyszowce IG 1. The thresh old di am e ter falls 
into the 0.4–80 µm range but usu ally does not ex ceed 10 µm.
The av er age hys ter esis value is ~60%. For the
Tournaisian–Visean and Serpukhovian sand stones the re spec -
tive pa ram e ters are: dy namic po ros ity – ~7% and 2%, av er age
con tent of pores >1 µm – ~30% and 20%, thresh old di am e ter -
~2 µm and <1µm and hys ter esis – ~45% and 50%.

In the Ruskie Piaski IG 2 bore hole, ex am ined only in some
sec tions be cause of poor core re cov ery, there are sand stones
with low fil tra tion pa ram e ters char ac ter ized by: dy namic po ros ity
– ~4%, av er age con tent of pores >1µm – ~20%, thresh old di am -
e ter – <1 µm and hys ter esis ~45%. Like wise, from the £opiennik
IG 1 bore hole only Tournaisian-Visean sand stones (se quence 1) 
with poor fil tra tion pa ram e ters have been ex am ined.

The per me abil ity of the sand stones ranges from 0 to
45.24 mD (Ta ble 7). The value of this pa ram e ter is con trolled by 

po ros ity and depth of oc cur rence (Koz³owska, 2003). Ac cord ing 
to Levorsen’s clas si fi ca tion (1967) most of these sand stones
be long to the group of poor <1 mD or fair 1–10 mD per me abil ity. 
In di vid ual sand stone sam ples with good per me abil ity from 10 to 
100 mD have been re ported from the Bashkirian and
Serpukhovian from the bore holes Korczmin IG 3 – se quences
6, 9, 10 and Tyszowce IG 1 – se quence 10.

DISCUSSION

DIAGENETIC HISTORY

Fig ure 18 sum ma rizes the paragenetic se quence of the
Car bon if er ous sand stones of the SE part of the Lublin Ba sin.
Eo-, meso- and telodiagenetic phases have been dis tin guished. 
The tem per a ture of 50°C has been as sumed as the bound ary
be tween eo- and mesodiagenesis in the sand stones stud ied
(Koz³owska, 2004).

From the be gin ning of the diagenetic pro cess, me chan i cal
com pac tion set in. The slightly acidic pore wa ters caused the
de com po si tion of un sta ble de tri tal min er als con tain ing iron
which un der ox i diz ing con di tions pre cip i tated as he ma tite or
iron ox ides. Usu ally, en rich ment in iron oc curs at tem per a tures
of ~50°C (Mücke,1994).

Lo cally the en rich ment of pore wa ter with phos pho rus re -
sulted in the crys tal li za tion of authigenic ap a tite crys tals. Pos si -
ble sources of phos pho rus in clude dis solved K-feld spars (Lon -
don, 1992).

The de crease of ox y gen con tent in the pore wa ter caused a
change from ox i diz ing to re duc ing con di tions in the sed i ment.
Grad u ally, with the de com po si tion of some min eral com po nents 
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Fig. 18. Syn op tic paragenetic se quence of the Car bon if er ous sand stones
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and trans for ma tion of the or ganic mat ter, the pore wa ters were
af fected by acid i fi ca tion. Un der such con di tions, chlorite, sid er -
ite and sideroplesite, py rite and glauconite pre cip i tated.

Chlorites form rims on the min eral grains and the ini tial tem -
per a ture of their for ma tion is es ti mated at 20–40°C (Grigsby,
2001). Most prob a bly Fe-chlorite pre cip i tated as berthierine,
which at the tem per a ture of ~70°C is trans formed into
chamosite (Jahren and Aagaard, 1989). Lo cally Mg-chlorite oc -
curs as rims or in pore spaces. The pres ence of Mg-chlorite
whose or i gin is con sid ered due to diagenetic chloritization of
trioctahedral smectite pre ceded by an in ter me di ate corrensite
phase, is in dic a tive of max i mum palaeotemperatures >100°C
(Œrodoñ, 1996).

Early gen er a tions of sideroplesite and sid er ite have formed
in such poorly oxi dised en vi ron ments as lakes and marshes on
floodplains, at low con cen tra tions of dis solved sulphates, in
sed i ments rich in re ac tive min er als with a de tect able iron con -
tent (Brown and Kingstone, 1993; Morad, 1998). The pos si ble
source of mag ne sium in the iron car bon ates may have been de -
tri tal Mg-min er als such as bi o tite or some heavy min er als trans -
formed due to in fil tra tion of me te oric wa ter into the pore space
(i.a., Hawkins, 1978; Machemer and Hutcheon, 1988). On the
other hand, the el e vated Ca con tent in min er als can sug gest a
ma rine in flu ence. As sum ing the crys tal li za tion tem per a ture of
sideroplesite and sid er ite to be 15–40°C (Baker et al., 1995;
Rezaee and Schulz-Rojahn, 1998) the d18O value has been de -
ter mined for the pore wa ter from which this min eral had pre cip i -
tated (Fig. 19). The ob tained d18O val ues fall into the range of
~–9.0 to –3.0‰SMOW. The ma jor ity of siderites and
sideroplesites crys tal lized from pore wa ter with a d18O value
<–10‰SMOW which in di cates that the me te or itic wa ter must
have been strongly im pov er ished in 18O.

Py rite formed where the amount of H2S pro duced by sul -
phate-re duc ing bac te ria was higher than the amount of re duced
iron (Postma, 1982; Pye et al., 1990). Its gen e sis can be re lated
to sul phate ions de rived from ma rine pore wa ter (de Souza et al.,
1995). The near-delta ma rine shelf pro vided con di tions ne c es -
sary for the for ma tion of glauconite (Bolewski, 1982).

Dur ing the eodiagenesis, K-feld spar and mica grains were
sub jected to strong dis so lu tion by me te oric wa ter (BjÝrlykke,
1989). Giles and de Boer (1990) con sider this wa ter to be
slightly acid due to CO2 dis so lu tion and or ganic ac ids pro duced
in the soil pro file. Alu mi num and sil ica ions re leased in these
pro cesses, in the acid en vi ron ment, en abled crys tal li za tion of
vermicular kaolinite (Osborne et al., 1994; Van Keer et al.,
1998). The d18O de ter mi na tions for the vermicular kaolinite in di -
cate that it crys tal lized from me te oric wa ter im pov er ished in 18O
(Koz³owska, 2004, 2011).

At the end of eodiagenesis quartz overgrowths be gan to
form. The prin ci pal sources pro vid ing sil ica for the quartz ce -
ment were both me te or itic pore wa ters con tain ing sil ica and dis -
so lu tion of feld spars and their trans for ma tion into kaolinite. The
ini tial crys tal li za tion tem per a ture of quartz is es ti mated at
~40°C (Koz³owska, 2004, 2009).

Dur ing mesodiagenesis, me chan i cal com pac tion and dis -
so lu tion of K-feld spars con tin ued along with the for ma tion of
authigenic quartz, which over grew pore spaces and in places
filled them com pletely, by the same to ken con sid er ably re duc -
ing po ros ity. Ex am i na tions of ho mog e ni za tion tem per a tures of
two-phase in clu sions in the quartz ce ment point to crys tal li za -
tion within the 60–180°C range (Koz³owska, 2004; Koz³owska
and Jarmo³owicz-Szulc, 2009). An iden ti cal tem per a ture range
for quartz has been re ported from many other depositional bas -
ins (Walderhaug, 1994). The source of sil ica for the quartz ce -

Fig. 19. Plot of d18O pore wa ter ver sus tem per a ture for early sid er ite ce ment (Carothers et al., 1988)



ment was the dis so lu tion of de tri tal feld spar grains and their
trans for ma tion into kaolinite, while at greater depths pres sure
dis so lu tion of quartz grain con tacts, illitization of kaolinite or re -
place ment of quartz and feld spars by car bon ates may have
been key pro cesses (Koz³owska, 2004).

The vermicular kaolinite was sub sti tuted by its blocky va ri -
ety which orig i nated dur ing the dis so lu tion-pre cip i ta tion pro cess 
(Ehrenberg et al., 1993; Beau fort et al., 1998; Hassouta et al.,
1999). More over, part of the blocky kaolinite pre cip i tated di -
rectly from pore so lu tions cir cu lat ing in the sed i ment and con -
tain ing alu minium and sil ica ions re leased dur ing feld spar dis -
so lu tion (McAulay et al., 1993). Macaulay et al. (1993) and
Osborn et al. (1994) sug gest that this min eral orig i nated within
the 50–80°C tem per a ture range and iso to pic re sults in di cate
that it crys tal lized from me te or itic wa ter en riched in 18O, as
com pared with the wa ter from which the vermicular va ri ety pre -
cip i tated (Koz³owska, 2004, 2011).

The trans for ma tion of smectite into illite pro duced the
illite/smectite mixed-layer min eral which is re garded as a
paleothermometer. Dis so lu tion and pre cip i ta tion are re spon si -
ble for the in crease of illite con tent in the illite/smectite struc ture
(Boles and Franks, 1979), par tic u larly marked within the
60–80°C tem per a ture range (Hartman et al., 1999). The
mixed-lay ered illite/smectite has a >85% illite con tent and a
highly or dered tex ture (R = 3 and R ³ 3) which sug gests that the 
tem per a ture af fect ing the de pos its ex am ined was ~160°C
(Œrodoñ, 1996).

Dur ing mesodiagenesis, albitization of some plagioclases
took place. So dium nec es sary for the for ma tion of authigenic
al bite was prob a bly sup plied by the dis so lu tion of plagioclase
(Strong and Milodowski, 1987; Morad et al., 1990) and trans for -
ma tion of smectite into illite (Aagaard et al., 1990). Albitization is 
the re sult of dis so lu tion-re place ment which oc curred within the
75–100°C tem per a ture range (Boles, 1982; Morad et al.,1990).

The very be gin ning of mesodiagenesis was ac com pa nied by
suc ces sive pre cip i ta tion of car bon ate ce ments: Fe-do lo mite, an -
ker ite, Fe-cal cite and rhodochrosite. The crys tal li za tion tem per a -
ture of Fe-do lo mite and an ker ite has been de fined at 80–90°C
(Koz³owska, 2004) on the ba sis of ex am i na tions of ho mog e ni za -
tion tem per a tures in fluid in clu sions and of iso to pic re sults. As -
sum ing that the tem per a ture of an ker ite pre cip i ta tion cor re -
sponds to the ho mog e ni za tion tem per a ture of fluid in clu sions in
the 70–120°C range, the d18O val ues for pore wa ter have been
es ti mated at –10 to –5‰SMOW. Ac cord ing to Boles and Franks
(1979) the Mg2+, Fe2+, Mn2+ and Ca2+ cat ions  for car bon ates
sup plied dur ing the late diagenetic stages could have come from
trans for ma tion of de tri tal clay min er als (illite/smectite) caused by
ther mal al ter ation of clay sed i ments. De Souza et al. (1995) as -
sume that the rhombohedral forms of do lo mite and an ker ite are
in dic a tive of crys tal li za tion from so lu tion rather than re place ment
of an ear lier car bon ate ce ment e.g. cal cite.

Fe-cal cite crys tal li za tion suc ceeded that of authigenic
quartz and an ker ite ce ment and, as re vealed by ho mog e ni za -
tion tem per a tures of fluid in clu sions (Koz³owska, 2005;
Koz³owska and Jarmo³owicz-Szulc, 2009), oc curred at
75–130°C. The de pend ence be tween the tem per a ture of cal -
cite for ma tion and the d18O value il lus trated on the plot by Fried -
man and O’Neil (1977) shows that cal cite pre cip i tated from pore 
wa ter with d18O val ues fall ing in a wide range of –8 to
12‰SMOW (Fig. 20). Most prob a bly, Ca needed for the for ma -
tion of cal cite was de rived from so lu tion and trans for ma tion of
var i ous kinds of plagioclases into al bite or from lo cal
volcanoclastic com po nents (Gi rard, 1998; Milliken, 1998;
Morad, 1998). On the other hand, ac cord ing to Boles and Frank 
(1979) and Hesse and Abid (1998) a po ten tial source of cal -
cium, and ad di tion ally of iron for cal cite ce men ta tion in sand -

stones, can be the trans for ma tion of smectite into illite. Late
gen er a tion cal cite which crys tal lizes at 80–100°C has been de -
scribed by Gar cia et al. (1998), Gi rard (1998) and
Schulz-Rojahn et al. (1998).

Iso to pic ox y gen anal y ses for an ker ite and cal cite re vealed
their crys tal li za tion from mod i fied pore wa ter of a com po si tion
cor re spond ing to that of me te or itic wa ter which, com pared with
early diagenetic sid er ite and sideroplesite, was en riched in 18O.
Such en rich ment can re sult from wa ter-sed i ment re ac tions dur -
ing burial (Fisher and Land, 1986; Longstaffe and Ayalon,
1987). Lo cally, rhodochrosite pre cip i tated and bar ite formed
later or syn chro nously with car bon ate ce men ta tion.

Dur ing mesodiagenesis me chan i cal com pac tion was re -
placed by chem i cal com pac tion and dis so lu tion of car bon ate
ce ments com monly took place. The later gen er a tion of
Fe-chlorite was formed in con nec tion with kaolinite
chloritization. This pro cess can com mence at tem per a tures be -
tween 90 and 100°C (BjÝrlykke and Aagaard, 1992) and its in -
ten sity can de pend on fac tors in clud ing the amount of iron and
mag ne sium sup plied by dis so lu tion of car bon ate ce ments
(Hutcheon et al., 1980).

The last diagenetic stage con sisted of trans for ma tion of
kaolinite into dickite and of crys tal li za tion of fi brous illite. Dickite
re garded as a po ten tial palaeothermometer orig i nated at a tem -
per a ture of ~120°C (Ehrenberg et al.,1993). The for ma tion of fi -
brous illite is con nected mainly with the trans for ma tion of
kaolinite and recrystallization of de tri tal clay min er als within the
ma trix (Amireh et al.,1994). Po tas sium needed for illite crys tal li -
za tion was re leased by dis so lu tion of K-feld spars (BjÝrlykke and
Aagaard, 1992; Hassouta et al., 1999) and com pac tion of clay
sed i ments (Bur ley and MacQuaker, 1992; Berger et al., 1997).
With the prog ress of diagenesis the al ka lin ity of pore wa ters in -
creased due to kaolinitization of K-feld spars and micas. Un der
con di tions close to neu tral, illitization of kaolinite took place
(Kantorowicz, 1984; Van Keer et. al.,1998). Fi brous illite was the
last min eral to crys tal lize in the Early Perm ian at a tem per a ture
which might have reached 160°C (Koz³owska, 2009, 2011).

Dur ing mesodiagenesis, mi gra tion of hy dro car bons might
have been pos si ble, as in tense oil gen er a tion is known to take
place at tem per a tures be tween 60 and 150°C (Hunt, 1979) and
ex am i na tions of hy dro car bon in clu sions from the NW part of the 
ba sin (the Stê¿yca area) have yielded the ho mog e ni za tion tem -
per a ture to be ~60°C (Koz³owska, 2004). Such a con clu sion is
best cor rob o rated by the pres ence of oil and gas fields in the
Car bon if er ous found in the vi cin ity of Stê¿yca, Wilga,
Minkowice and Œwidnik (Fig. 1; ¯ywiecki et al., 1997;
Helcel-Weil and Dziêgielowski, 2003; Helcel-Weil et al., 2007;
Waksmundzka, 2008b, 2019).

Late Penn syl va nian–Ju ras sic/Createous up lift and ero sion
re sulted in the telodiagenesis of Car bon if er ous de pos its which
were ex posed to me te oric wa ter. Feld spar dis so lu tion and pre -
cip i ta tion of ver mi form kaolinite were the main telodiagenetic
pro cesses.

INFLUENCE OF DIAGENETIC PROCESSES ON SANDSTONE POROSITY

Com pac tion and ce men ta tion be long to those diagenetic
pro cesses which ex erted the stron gest in flu ence on sand stone
po ros ity, while dis so lu tion, re place ment and trans for ma tion
played a less sig nif i cant role.

Usu ally me chan i cal com pac tion mark edly re duces pri mary
po ros ity. The pos si ble fac tors re strict ing its ef fect were the prev -
a lence of hard grains over plas tic ones and the for ma tion of
early rim ce ments (de Souza et al., 1995). Me chan i cal com pac -
tion ac counts for a denser pack ing of the min eral frame work,
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bend ing of micas and plas tic rock frag ments and frac tur ing of
hard grains such as quartz and feld spars. Ad vanced me chan i -
cal com pac tion man i fested by the rare pres ence of con -
cave-con vex con tacts be tween the grains was of no no ta ble
sig nif i cance in the lithification pro cess, prob a bly due mainly to
early authigenic quartz ce men ta tion (Sommer, 1978). Ac cord -
ing to Ehrenberg (1989) pri mary po ros ity in the sand stones re -
duced com pac tion by ~55% on av er age (Fig. 21). In the Car -
bon if er ous se quences it var ies from 35.7% (Marynin 1) to
67.7% (Terebin IG 4). A stron ger com pac tion ef fect was no ticed 
in the Bashkirian and Serpukhovian suc ces sions (~58%) and is
much weaker (~41%) in the Tournaisian–Visean.

Ce men ta tion con trib uted to the re duced sand stone po ros -
ity. How ever, early ce ments form ing rims on de tri tal grains such
as Fe-chlorite, sid er ite, sideroplesite and quartz stiff ened the
sed i ment, thus im ped ing me chan i cal com pac tion (Koz³owska,
2004). As a re sult, part of the pri mary po ros ity in the Car bon if er -
ous sand stones may have been pre served (Fig. 14C). The later 
com mon de vel op ment of ce ments, both in the form of grow ing
quartz overgrowths or car bon ates such as sid er ite,
sideroplesite, an ker ite and Fe-cal cite fill ing pore spaces, had a
neg a tive ef fect on po ros ity. On the other hand, the kaolinite ce -
ment with vis i ble microporosity be tween the grains may be only
partly re spon si ble for po ros ity re duc tion (Fig. 14B). Due to its lo -
cal oc cur rence, the bar ite ce ment was of a neg li gi ble sig nif i -
cance. Fi brous illite over grow ing inter- and intragranular as well
as intracrystalline spaces (Fig. 15A) neg a tively in flu enced both
po ros ity and per me abil ity. It has been found that po ros ity de -
creases with an in crease in car bon ate ce ment amount, while
most of ten the pres ence of authigenic quartz fa vour ably af fects
po ros ity (Koz³owska, 2003). Occasionaly kaolinite ce ment,
which pre cip i tates in as so ci a tion with feld spar dis so lu tion, can
im prove po ros ity.

The amount of pri mary po ros ity elim i nated in the sand stone
by ce men ta tion (Ehrenberg, 1989) is 38% on av er age (Fig. 21).
Val ues ob tained for these suc ces sions range from 18.4%
(Terebin IG 4) to 57.8% (Marynin 1). More pro nounced ce men -
ta tion re sult ing in ~56% po ros ity re duc tion has been ob served
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Fig. 20. Plot of d18O pore wa ter ver sus tem per a ture for cal cite ce ment (Fried man and O’Neil, 1977)

Fig. 21. Di a gram mod i fied from Houseknecht (1987) and
Ehrenberg (1989) show ing the ef fect of com pac tion and ce men -
ta tion on orig i nal po ros ity in the Car bon if er ous sand stones



in the Tournaisian–Visean, though is re spon si ble for only 34%
re duc tion in the Bashkirian and Serpukhovian.

The ap pear ance of sec ond ary po ros ity due to dis so lu tion of
grains and ce ments con trib uted to the growth of the  to tal po ros -
ity in the sand stones. This pro cess in cluded both grains such as 
feld spars and lithoclasts (Fig. 14B) and ce ments, par tic u larly
an ker ite and Fe-cal cite. Dis so lu tion is caused by acid me te oric
wa ters, or ganic ac ids and CO2 re leased dur ing mat u ra tion of
the or ganic mat ter (Meshri, 1986; Crossey et al., 1986;
BjÝrlykke, 1989).

Re place ment could also have been re spon si ble for the de -
crease in sand stone po ros ity. Most of ten feld spar and quartz
grains, subordinately lithoclasts, though also the quartz (Fig. 14E)
and kaolinite (Fig. 14H) ce ments have been re placed by car bon -
ates. Lo cally the ear lier car bon ate is dis placed by a youn ger one,
while bar ite has only sel dom re placed the car bon ates.

De pend ing on the na ture of its end prod uct, trans for ma tion
could ei ther re duce or in crease the po ros ity and per me abil ity of
the sand stones (Koz³owska, 2004). These pro cesses in cluded:
kaolinization of micas and K-feld spars (Fig. 14B), chloritization
of micas, K-feld spars and lithoclasts, as well as illitization of
K-feld spars, lithoclasts and kaolinite. Lo cally plagioclases have
been trans formed into al bite (Fig. 14A), kaolinite into illite,
smectite into illite and kaolinite into dickite.

RESERVOIR QUALITY OF SANDSTONES

The sand stone res er voir qual ity is in flu enced by both
depositional en vi ron ment and diagenesis (i.a., Morad et al.,
2000, 2012; Reed et al., 2005; Gaupp and Okkerman, 2011;
Beyer et al., 2014).

The ma jor ity of the Car bon if er ous sand stones have been
de pos ited in braided, me an der ing or anastomosing rivers, and
by hyperconcentrated flows which filled in cised val leys and be -
long to the LST. Sev eral sam ples of sand stones de pos ited in
deltaic mouth bars and distributary chan nels have been also
ex am ined.

Sand stones of river chan nels and hyperconcentrated flows
rep re sent a microlithofacies of quartz, subarkosic and sublithic
from fine- to coarse-grained arenites. The main com po nents of
their ce ment are authigenic quartz to gether with a silty-clayey
ma trix. Ad di tion ally, kaolinite and car bon ates (cal cite, sid er ite,
sideroplesite and an ker ite) oc cur in vary ing amounts. Po ros ity
ranges up to 15.1% (Terebin IG 1 – se quence 12) av er ag ing
~8%. The high est po ros ity val ues have been found in
Serpukhovian and Bashkirian sand stones from the fol low ing
bore holes: Korczmin IG 3 – se quences 6, 9–11, Terebin IG 1 –
se quences 9, 12, 13, Terebin IG 4 – se quence 12 and
Tyszowce IG 1 – se quences 9–11, 14 (Ta bles 7 and 8; Fig. 2).
Sand stones of se quences 9 and 11 have been de pos ited from
hyperconcentrated flows, se quences 6, 10–13 in
anastomosing, se quences 11–13 in me an der ing and se quence 
10 in braided chan nels. But in the LST se quences 10–13 a ver -
ti cal tran si tion of en vi ron ments is ob served of higher- into lower
en ergy ones e.g. of a braided or me an der ing river into an
anastomosing flu vial sys tem. Oc ca sion ally this phe nom e non as 
pre ceded by the high est-en ergy hyperconcentrated flow.

In sim i lar en vi ron ments, res er voir sand stone lithosomes
orig i nated in the cen tral and NW part of the Lublin Ba sin, where
oil and gas fields as well as res er voir in ter vals are as so ci ated
with sand stones of the fol low ing LST se quences: 6 (Œwidnik
field), 9 and 12 (Stê¿yca field), 12, 16, 17 (Wilga field; Fig. 1;
Waksmundzka, 2008b, 2010a, 2019; Kombrink et al., 2010 see
chap ter 6.3.6). A pos si ble hy dro car bon oc cur rence in the SE
part of the Lublin Ba sin has been sug gested by oil and gas
shows (¯elichowski, 1969b; Mi³aczewski, 1969; £¹cka, 1987;
Sieciarz, 2014) noted in se quences 3–7 (Visean–Serpu -
khovian) from the Komarów IG 1 bore hole as well as in one or
two se quences of this in ter val and also in se quence 8 (low er -
most Bashkirian) in the Terebin IG 1, Terebin IG 4, Tyszowce
IG 1 and Marynin 1 bore holes. Oil shows have been also de -
scribed (Narecki, 1971) from se quences 12 and 16 (Bashkirian) 
from the Ruskie Piaski IG 2 sec tion. Gen er ally speak ing, the
amount of hy dro car bon shows in crease from neg li gi ble in the
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Chronostratigraphy Sequence
stra tig ra phy

Prospectives of res er voir qual ity 

Thick ness

=/> 10 m
Lat eral 

con tin u a tion Seal
Petrophysic

Po ros ity >5%
 Per me abil ity >1 mD

Bashkirian

16 + + +? -

15 + + +? -

14 + + +? +

13 + + +? +

12 + + +? +

  11* + + + +

10 + – + +

9 + – + +

8 – – – –

Serpukhovian
7 + – + –

6 + – + +

Visean
5 + – + –

4 + – + –

Tournaisian–Visean 1–3 – – – –

For ex pla na tion see Ta ble 1; * for data re gard ing pres ent thick nesses of the po ten tial sand stone res er voir
lithosomes of the LST and pres ent sum mary thick ness of the TST and HST of se quence 11 de pos its see Fig ure 12

T a  b l e  8

Pro spec tive res er voir qual ity of the Car bon if er ous suc ces sion in the south east ern Lublin Ba sin 
with ref er ence to se quence stra tig ra phy and chronostratigraphy
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north to the most abun dant in the south (Komarów IG 1 and
Terebin IG 1).

Sand stones of the deltaic mouth bars and distributary chan -
nels be long to the microlithofacies of quartz-rich and subarkosic 
and lo cal sublithic arenites from very fine-grained to me -
dium-grained. These de pos its are bound mainly by a
silty-clayey ma trix and by ce ments: car bon ates (cal cite, an ker -
ite, sid er ite and sideroplesite), quartz, kaolinite and lo cally bar -
ite. Po ros ity can at tain 9.1 vol.%, but is usu ally <3 vol.%. The
high est po ros ity val ues have been found in sand stones of
distributary chan nels of se quences 3 (Tyszowce IG 1) and 11
(Korczmin IG 3).

The res er voir qual i ties of sand stones are clearly con trolled by 
the depositional en vi ron ment, and their diagenetic his tory and
burial. Flu vial sand stones show con sid er ably better res er voir
qual i ties than those de pos ited in the deltaic en vi ron ment. A sim i -
lar de pend ency has been rec og nized by Koz³owska (2009) in the 
Car bon if er ous sand stones of the cen tral part of the ba sin (vi cin ity 
of Lublin). Pore space pa ram e ters were shaped dur ing
diagenesis. In the course of eodiagenesis, me chan i cal com pac -
tion has sig nif i cantly re duced the po ros ity of the sand stones, but
it had only a lim ited ef fect on those con tain ing early ce ment rims
(chlorite, quartz, sid er ite and sideroplesite) which stiff ened the
sed i ment lead ing to the par tial pres er va tion of pri mary po ros ity. It
seems that dur ing eodiagenesis, pro cesses sup port ing pri mary
po ros ity pre vailed over those re duc ing po ros ity.

In the course of mesodiagenesis, how ever, pro cesses re -
duc ing po ros ity pre dom i nated over those hav ing a fa vour able
ef fect. Also, sec ond ary po ros ity in K-feld spar grains and in car -
bon ate ce ment could have con trib uted to its growth. On the
other hand a con sid er able re duc tion in po ros ity was caused by
ce men ta tion with car bon ates, mainly an ker ite and Fe-cal cite
and crys tal li za tion of fi brous illite. Com pared with ce men ta tion,
com pac tion had a stron ger ef fect on po ros ity re duc tion. To -
wards the base of the Car bon if er ous suc ces sion, there are
clearly no tice able drops in me chan i cal com pac tion in creases in
ce men ta tion. In the Bashkirian and Serpukhovian sand stones,
com pac tion usu ally pre vailed over ce men ta tion, be ing 58 and
34%, re spec tively, while in the Tournaisian–Visean the sit u a tion 
is re versed. In the course of telodiagenesis, dis so lu tion of feld -
spar may have en hanced the po ros ity that, how ever, may have
been par tially re duced due to pre cip i ta tion of kaolinite.

The low est po ros ity <5% oc curs in the old est low er most
bur ied part of the Car bon if er ous (Tournaisian–Visean).

CONCLUSIONS

1. In the SE part of the Lublin Ba sin the fol low ing deposi -
tional en vi ron ments and pro cesses have been re con structed:
shal low clayey and car bon ate shelves, deltaic, flu vial and
hyperconcentrated flow. The Car bon if er ous sec tion is dis tinc -
tive by its cy clic na ture and the pres ence of var i ous kinds of
cyclothems such as fin ing-up ward, coars en ing-up ward and
non-gradational, each of them be ing equiv a lent to a re spec tive
parasequence.

2. 16 depositional se quences have been dis tin guished
bounded by subaerial un con formi ties. The pos si ble age of se -
quence 1 has been es ti mated at up per Tournaisian–mid dle
Visean and of se quences 2 to the lower part of se quence 5 at
up per Visean. Se quences 5–7 have been as cribed to the
Serpukhovian, whereas 8–16 to the Bashkirian. As in other
parts of the Lublin Ba sin, the pres ence of an intra-Car bon if er -
ous strati graphic gap cor re spond ing to the lower Bashkirian has 

been re cog nised. The Car bon if er ous top is, to a vary ing de -
gree, af fected by ero sion.

3. Within the LST suc ces sions there are sand stone
lithosomes laid down in braided and me an der ing rivers as well
as anastomosing flu vial sys tems, with hyperconcentrated flows
ac tive in in cised val leys. Sand stones are ac com pa nied by
claystones, mudstones, Stigmaria soils, and coals de pos ited on 
floodplains.

4. LST se quences 4–7 and 9–10 com prise chan nel sand -
stone lithosomes of prom is ing thick nesses of 12–33 m but with
small lat eral and dis con tin u ous ex tent, but in se quences 11–16
lithosomes of prom is ing thick nesses of 15–40 m have a con tin -
u ous lat eral ex tent on the scale of km.

5. TST and HST se quences 1–3 orig i nated in a ma -
rine-deltaic en vi ron ment. De pos its of deltaic and shal low clayey
and car bon ate shelves pre dom i nate. In TST and HST se -
quences 4–16 de pos its of deltaic prov e nance are most fre quent,
while above se quence 10 the grow ing share of delta plain de pos -
its in di cates a lon ger du ra tion of con ti nen tal de po si tion.

6. TST and HST se quences 4–11 rep re sented by
claystones and siltstones are dis tinc tive by large thick nesses
reach ing up to 20–200 m and good seal ing of sand stones of
LST se quences 4–7 and 9–11 (ex clud ing those from the
Komarów IG 1 bore hole). In se quences 12–16 the TST and
HST de pos its are thin ner (~ten to sev eral tens of metres) which
lo cally can pro vide a seal ing ef fect. Fac tors re spon si ble for the
de te ri o ra tion of seal ing qual ity are the prox im ity of the Car bon if -
er ous top be ing a ma jor ero sional sur face and the wedg ing out
of sand stone lithosomes un der the Me so zoic over bur den.

7. Three stages have been dis tin guished in the diagenetic
his tory of the Car bon if er ous sand stones: eo-, meso- and
telodiagenesis. The ma jor eodiagenetic pro cesses are as fol -
lows: me chan i cal com pac tion, dis so lu tion of feld spar grains
and mica flakes, the for ma tion of early chlorite rims, sid er ite and 
sideroplesite, quartz overgrowths, and the pre cip i ta tion of ver -
mi form kaolinite. Dur ing mesodiagenesis the me chan i cal com -
pac tion trans formed into chem i cal change where feld spar
grains con tin ued to be dis solved along with ad di tional dis so lu -
tion of ce ments. The most sig nif i cant ce ments were found to be
quartz, kaolinite, dickite, car bon ates (an ker ite and Fe-cal cite)
and fi brous illite. The ef fects of telodiagenetic pre cesses were
feld spar dis so lu tion and pre cip i ta tion of kaolinite.

8. As in di cated by the val ues of the re flec tivity in dex for
vitrinite, the pres ence of dickite and of fi brous illite cou pled with
ho mog e ni za tion tem per a tures of fluid in clu sions in ce ments,
the max i mum tem per a ture af fect ing the Car bon if er ous de pos its 
dur ing diagenesis was ~120°C.

9. Some Car bon if er ous sand stones have a good po ros ity
at tain ing 15.1% and av er ag ing ~8%. Pri mary and sec ond ary
po ros ity has been dis tin guished – the for mer of an inter gra nu lar 
na ture, the lat ter formed due to dis so lu tion of feld spar grains
and ce ments. Com pac tion and ce men ta tion are the two ma jor
fac tors re duc ing po ros ity by ~55 and 38%, re spec tively. The ef -
fect of com pac tion on po ros ity de creases with depth, whereas
ce men ta tion be comes more and more ef fec tive. One of the sig -
nif i cant diagenetic pro cesses is also dis so lu tion re spon si ble for
the for ma tion of sec ond ary po ros ity.

10. The good po ros ity of the Car bon if er ous sand stones is
due to: pre cip i ta tion of early rim ce ments which hin dered me -
chan i cal com pac tion and to the for ma tion of sec ond ary po ros -
ity. The ma jor fac tors which con trib uted to the re duc tion of po -
ros ity of some sand stones are me chan i cal com pac tion, strong
ce men ta tion with quartz and car bon ates, pre dom i nantly with
an ker ite and Fe-cal cite, but also crys tal li za tion of fi brous illite.



11. The Car bon if er ous sand stones are dis tinc tive by their
vari able res er voir qual i ties. As com pared with the delta de pos -
its, the flu vial sand stones show better res er voir prop er ties. The
high est po ros ity val ues have been found in Serpukhovian and
Bashkirian sand stones of se quences 6, 9–14 in bore holes sit u -
ated far thest to the SE. Sand stones of se quences 9 and 11
have been de pos ited by hyperconcentrated flow, of se quences
6 and 10–13 in anastomosing chan nels, of se quences 11–13 in 
me an der ing and those of se quence 10 in braided rivers.

12. This in te grated anal y sis has re vealed that sand stone
lithosomes of se quences 11 have a good res er voir po ten tial,
those of se quences 6, 9, 10, 12–14 a fair one, while the re main -
ing se quences are poor. Fac tors re duc ing the res er voir po ten -
tial are: a lim ited lat eral ex tent, a smaller thick ness of seal ing in -
ter vals, the prox im ity of the Car bon if er ous top which is also a
sig nif i cant ero sional sur face and, fi nally, the wedg ing out of
sand stone lithosomes un der the Me so zoic over bur den.

Ac knowl edge ments. This pa per is a part of the pro ject No. 
N307 031 31/2521 fi nanced by the Min is try of Sci ence and
Higher Ed u ca tion and No. 61.2901.0702.00.0 of the Pol ish
Geo log i cal In sti tute-Na tional Re search In sti tute. The au thors
are grate ful to the re view ers Prof. R. Gaupp and L. Leœniak for
their sug ges tions and com ments that im proved this pa per. The
au thors thank K. Jarmo³owicz-Szulc for fluid in clu sion stud ies.
XRD anal y sis was per formed by W. Narkiewicz and the SEM
and EDS ex am i na tion by L. Giro. IR anal y sis was made by the
team of Prof. M. Michalik at the Jagiellonian Uni ver sity in
Krakow. Iso tope anal y ses were con ducted by the team of Prof.
S. Ha³as at the Maria Cu rie-Sk³odowska Uni ver sity in Lublin.
The team of Prof. P. Such at the Oil and Gas In sti tute-Na tional
Re search In sti tute in Krakow car ried out the petrophysical stud -
ies. We are deeply in debted to W. Mizerski for en cour ag ing us
to write this pa per.

REFERENCES

Aagaard, P., Egeberg, P.K., Saigal, G.C., Morad, S., BjÝrlykke,
K., 1990. Diagenetic albitization of de tri tal K-feld spars in Ju ras -
sic, Lower Cre ta ceous and Ter tiary clastic res er voir rocks from
off shore Nor way, II. For ma tion wa ter chem is try and ki netic con -
sid er ations. Jour nal of Sed i men tary Pe trol ogy, 60: 575–581.

Al-Aasm, I.S., Tay lor, B.E., South, B., 1990. Sta ble iso tope anal y -
sis of mul ti ple car bon ate sam ples us ing se lec tive acid ex trac -
tion. Chem i cal Ge ol ogy, 80: 119–125.

Allen, J.R.L., 1963. Henry Clifton Sorby and the sed i men tary struc -
tures of sands and sand stones in re la tion to flow con di tions.
Geologie en Mijnbouw, 42: 223–228.

Allen, J.R.L., 1964. Stud ies in fluviatile sed i men ta tion: six
cyclothems from the Lower Old Red Sand stone, An glo-Welsh
Ba sin. Sedimentology, 3: 163–198.

Allen, J.R.L., 1965. Fin ning-up wards cy cles in al lu vial suc ces sions. 
Liv er pool and Man ches ter Geo log i cal Jour nal, 4: 229–246.

Allen, J.R.L., 1970. Stud ies in fluvialite sed i men ta tion: a
comparision of fin ing-up wards cyclothems, with spe cial ref er -
ence to coarse-mem ber com po si tion and in ter pre ta tion. Jour nal 
of Sed i men tary Pe trol ogy, 40: 298–323.

Amireh, B.S., Schnei der, W., Abed, A.M., 1994. Diagenesis and
burial his tory of the Cam brian-Cre ta ceous sand stone se ries in
Jor dan. Neues Jahrbuch für Geologie und Palaöntologie
Abhandlungen, 192: 151–181.

Ar nott, R.W.C, Hand, B.M., 1989. Bedforms, pri mary struc tures
and grain fab ric in the pres ence of sus pended sed i ment rain.
Jour nal of Sed i men tary Pe trol ogy, 59: 1062–1069.

Baker, J.C., Kassan, J., Ham il ton, P.J., 1995. Early diagenetic sid -
er ite as in di ca tor of depositional en vi ron ment in the Tri as sic
Rewan Group, South ern Bowen ba sin, east ern Aus tra lia.
Sedimentology, 43: 77–88.

Baldwin, B., But ler, C.O., 1985. Com pac tion curves. AAPG Bul le -
tin, 69: 622–626.

Beau fort, D., Cassagrabere, A., Pe tit, S., Lanson, B., Berger, G.,
Lacharpagne J.C., Johansen, H., 1998. Kaolinite-to-dickite re -
ac tion in sand stone res er voirs. Clay Min er als, 33: 237–316.

Berger, G., Lacharpagne, J.C., Velde, B., Beau fort, D., Lanson,
B., 1997. Ki netic con strains on illitization re ac tion and the ef fect
of or ganic diagenesis in sand stone/shale se quences. Ap plied
Geo chem is try, 12: 23–35.

Beyer, D., Kunkel, C., Aehnelt, M., Pudlo, D., Voigt, T., Nover, G.,
Gaupp, R., 2014. In flu ence of depositional en vi ron ment and
diagenesis on petrophysical prop er ties of clastic sed i ments
(Buntsandstein of the Thuringian Syncline, Cen tral Ger many).

Zeitschrift der deutschen Gesellschaft für Geowissenschaften,
165: 345–365.

BjÝrlykke, K., 1989. Sedimentology and Pe tro leum Ge ol ogy.
Springer, Berlin.

BjÝrlykke, K., Aagaard, P., 1992. Clay min er als in North Sea sand -
stones. SEPM Spe cial Pub li ca tion, 47: 65–80.

Blakey, R.C., Gubitosa, R., 1984. Con trols of sand stone body ge -
om e try and ar chi tec ture in the Chinle For ma tion (Up per Tri as -
sic), Col o rado Pla teau. Sed i men tary Ge ol ogy, 38: 51–86.

Boles, J.R., 1982. Ac tive albitization of plagioclase, Gulf Coast Ter -
tiary. Amer i can Jour nal of Sci ence, 282: 165–180.

Boles, J.R., Franks, S.G., 1979. Clay diagenesis in Wilcox sand -
stones of South west Texas: im pli ca tions of smectite diagenesis
on sand stones ce men ta tion. Jour nal of Sed i men tary Pe trol ogy,
49: 55–70.

Bolewski, A., 1982. Mineralogia szczegó³owa (in Pol ish). Wyd.
Geol., Warszawa.

Briand, C., Izart, A., Vaslet, D., Vachard, D., Makhlina, M.,
Goreva, N., Isakova, T., Kossovaya, O., Jaroshenko, A.,
1998. Stra tig ra phy and se quence stra tig ra phy of the Moscovian, 
Kasimovian and Gzhelian in the Mos cow Ba sin. Bul le tin de la
Société Géologique de France, 169: 35–52.

Bridge, J.S., Gordon, E.A., 1985. Quan ti ta tive in ter pre ta tion of an -
cient river sys tems in the Oeonta Fm., Cats kill Magnafaces.
GSA Spe cial Pa pers, 201: 163–181.

Browne, G.H., Kingston, D.M., 1993. Early diagenetic spherulitic
siderites from Penn syl va nian palaeosols in the Boss Point For -
ma tion, Mar i time Can ada. Sedimentology, 40: 467–474.

Bur ley, S.D., MacQuaker, J.H.S., 1992. Authigenic clays,
diagenetic se quences and con cep tual diagenetic mod els in con -
trast ing ba sin-mar gin and ba sin-cen ter North Sea Ju ras sic
sand stones and mudstones. SEPM Spe cial Pub li ca tion, 47:
81–110.

Cant, D.J., Walker, R.G., 1978. Flu vial pro cesses and fa cies se -
quences in the sandy braided South Sas katch e wan River, Can -
ada. Sedimentology, 25: 625–648.

Carothers, W.W., Adami, L.H., Rosenbauer, R.J., 1988. Ex per i -
men tal ox y gen iso tope frac tional be tween sid er ite-wa ter and
phos pho ric acid lib er ated CO2 – sid er ite. Geochimica et
Cosmochimica Acta, 52: 2445–2450.

Chabiera, A., 1997a. Analiza w³aœciwoœci zbiornikowych utworów
karbonu w obrêbie struktury Stê¿ycy (in Pol ish). Mat. Konf. XXX
lat dzia³alnoœci geologicznej Oddzia³u Poszukiwania Nafty i
Gazu w Wo³ominie, Pu³tusk: 29–34.

454 Aleksandra Koz³owska and Maria I. Waksmundzka



Diagenesis, se quence stra tig ra phy and res er voir qual ity of the Car bon if er ous de pos its of the south east ern Lublin Ba sin... 455

Chabiera, A., 1997b. Wp³yw œrodowiska depozycyjnego i procesów
diagenetycznych na w³aœciwoœci zbiornikowe utworów karbonu
w obrêbie struktury Stê¿yca (in Pol ish). Mat. Konfer. VI Krajowe
Spotkanie Sedymentologów, Lewin K³odzki: 1–3.

Coleman, J.M., 1988. Dy namic changes and pro cesses in the Mis -
sis sippi River delta. GSA Bul le tin, 100: 999–1015.

Coleman, J.M., Wright, L.D., 1975. Mod ern river del tas: vari abil ity
of pro cesses and sand bod ies. In: Del tas, Mod els for Ex plo ra -
tion (ed. M.L. Broussard): 99–150. Hous ton Geo log i cal So ci ety.

Collinson, J.D., 1988. Con trols on Namurian sed i men ta tion in the
Cen tral Prov ince bas ins of north ern Eng land. In: Sed i men ta tion
in a Synorogenic Ba sin Com plex the Up per Car bon if er ous of
North-west Eu rope (eds. B.M. Besly and G. Kelling): 85–101.

Crossey, L.J., Surdam, R.C., Lahann, R., 1986. Ap pli ca tion of or -
ganic/in or ganic diagenesis to po ros ity pre dic tion. SEPM Spe cial 
Pub li ca tion, 38: 147–156.

Davies, S.J., McLean, D., 1996. Spec tral gamma-ray and
palynological characteryzation of Kinderscoutian ma rine bands
in the Namurian of the Pennine Ba sin. Pro ceed ings of the York -
shire Geo log i cal So ci ety, 51: 1–35.

Davydov, V.I., Korn, D., Schmitz, M.D., 2012. The Carbonifeous
Pe riod. In: The Geo logic Time Scale (eds. F.M. Gradstein, J.G.
Ogg, M.D. Schmitz and G.M. Ogg): 603–651. Elsevier, Am ster -
dam.

De Souza, R.S., De Ros, L.F., Morad, S., 1995. Do lo mite
diagenesis and po ros ity pres er va tion in lithic res er voirs:
Carmópolis Mem ber, Sergipe – Alagoas Ba sin, North east ern
Brazil. AAPG Bul le tin, 79: 725–748.

Durakiewicz, T., Ha³as, S., 1994. Tri ple col lec tor sys tem for iso tope
ra tio mass spec trom e ter. IF UMCS Sci en tific Re port 1994:
131–132.

Elliot, T., 1974. Interdistributary bay se quence and their gen e sis.
Sedimentology, 21: 611–622.

Elliot, T., 1975. The sed i men tary his tory of a delta lobe from a
Yoredale (Car bon if er ous) cyclothem. Pro ceed ings of the York -
shire Geo log i cal So ci ety, 40: 505–536.

Elliot, T., 1976a. Sed i men tary se quences from the Up per Lime -
stone Group of Northumberland. Scot tish Jour nal of Ge ol ogy,
12: 115–124.

Elliot, T., 1976b. Up per Car bon if er ous sed i men tary cy cles pro -
duced by river-dom i nated, elon gate del tas. Jour nal of the Geo -
log i cal So ci ety, 132: 199–208.

Elliot, T., 1978. Del tas. In: Sed i men tary En vi ron ments and Fa cies
(ed. H.G. Read ing): 97–142. Ox ford, Blackwell Sci en tific Pub li -
ca tions.

Ehrenberg, S.N., 1989. As sess ing the rel a tive im por tance of com -
pac tion pro cesses and ce men ta tion to re duc tion of po ros ity in
sadndtones: dis cus sion; Com pac tion and po ros ity evo lu tion of
Plio cene sand stones, Ventura Ba sin, Cal i for nia: dis cus sion.
AAPG Bul le tin, 73: 1274–1276.

Ehrenberg, S.N., Aagaard, P., Wil son, M.J., Fra ser, A.R., Duthie,
D.M.L., 1993. Depth-de pend ent trans for ma tion of kaolinite to
dickite in sand stones of the Nor we gian Con ti nen tal Shelf. Clay
Min er als, 28: 325–352.

Fisher, R.S., Land, L.S., 1986. Diagenetic his tory of Eocene Wilcox
sand stones, South-Cen tral Texas. Geochimica et Cosmo -
chimica Acta, 50: 551–561.

Fisher, W.L., Brown, L.F., Jr., Scott, A.J., McGowen, J.H., 1969.
Delta sys tems in the ex plo ra tion for oil and gas. Texas Bu reau of
Eco nomic Ge ol ogy, 78.

Flügel, E., 2004. Microfacies of Car bon ate Rocks Anal y sis, In ter -
pre ta tion and Ap pli ca tion. Springer.

Fried man I., O’Neil J., 1977. Com pi la tion of sta ble iso tope frac tion -
ation fac tors of geo chem i cal in ter est. U. S. Geo log i cal Sur vey,
Pro fes sional Pa per, 440-K: 1–12.

Gar cia, A.J.V., Morad, S., De Ros, L.F., Al-Aasm, I.S., 1998.
Palaeo geo graphi cal, palaeoclimatic and burial his tory con trols
on the diagenetic evo lu tion of res er voir sand stones: ev i dence
from the Lower Cre ta ceous Sevraria sand stones on the Sergipe
– Alagoas ba sin, NE Brazil. IAS Spe cial Pub li ca tion, 26:
107–140.

Gaupp, R., Okkerman, J.A., 2011. Diagenesis and res er voir qual ity 
of Rotliegend sand stones in the North ern Neth er lands – a re -
view. SEPM Spe cial Pub li ca tion, 98: 193–226.

Giles, M.R., de Boer, R.B., 1990. Or i gin and sig nif i cance of
redistributional sec ond ary po ros ity. Ma rine and Pe tro leum Ge ol -
ogy, 7: 378–397.

Gi rard, J.P., 1998. Car bon ate ce men ta tion in the Mid dle Ju ras sic
Oseberg res er voir sand stone Oseberg field, Nor way: a case of
deep burial – high tem per a ture poikilotopic cal cite. IAS Spe cial
Pub li ca tion, 26: 285–307.

Goldstein, R.H., Reynolds, T.J., 1994. Sys tem at ics of fluid in clu -
sions in diagenetic min er als. SEPM Short Course, 31.

Gradziñski, R., 1973. Wyró¿nianie i klasyfikacja kopalnych osadów 
rzecznych (in Pol ish). Postêpy Nauk Geologicznych, 5: 57–112.

Gradziñski, R., Kostecka, A., Radomski, A, Unrug, R., 1986.
Zarys sedymentologii (in Pol ish). Wyd. Geol., Warszawa.

Gradziñski, R., Doktor, M., S³omka, T., 1995. Depositional en vi -
ron ments of the coal-bear ing Cra cow Sand stone Se ries (up per
Westphalian), Up per Silesia, Po land. Studia Geologica
Polonica, 108: 149–170.

Gradziñski, R., Bary³a, J., Danowski, W., Doktor, M., Gmur, D.,
Gradziñski, M., Kêdzior, A., Paszkowski, M., Soja, R.,
Zieliñski, T., ¯urek, S., 2000. Anastomosing sys tem of the up -
per Narew River, NW Po land. Annales Societatis Geologorum
Poloniae, 70: 219–229.

Gradziñski, R., Bary³a, J., Doktor, M., Gmur, D., Gradziñski, M.,
Kêdzior, A., Paszkowski, M., Soja, R., Zieliñski, T., ̄ urek, S.,
2003. Veg e ta tion-con trolled mod ern anastomosing sys tem of
the up per Narew River (NW Po land) and its sed i ments. Sed i -
men tary Ge ol ogy, 157: 253–276.

Grigsby, J.D., 2001. Or i gin and growth mech a nism of authigenic
chlorite in sand stones of the Lower Vickburg For ma tion, South
Texas. Jour nal of Sed i men tary Re search, 71: 27–36.

Grotek, I., 2005. Al ter ation of the coalification de gree of the or ganic
mat ter dis persed in the Car bon if er ous sed i ments along bor der
of the East-Eu ro pean craton in Po land (in Pol ish with Eng lish
sum mary). Biuletyn Pañstwowego Instytutu Geologicznego,
413: 5–80.

Grotek, I., 2008. Charakterystyka petrologiczna oraz dojrza³oœæ
termiczna rozproszonej materii organicznej (in Pol ish with Eng -
lish sum mary). Pro file G³êbokich Otworów Wiertniczych
Pañstwowego Instytutu Geologicznego, 123: 176–185.

Ha³as, S., 1979. An au to matic in let sys tem with pneu matic change -
over valves for iso tope ra tio mass spec trom e ter. Jour nal of
Phys ics E: Sci en tific In stru ments, 18: 417–420.

Hampson, G., 1995. Dis crim i na tion of re gion ally ex ten sive coals in
the Up per Car bon if er ous of the Pennine Ba sin, UK us ing high
res o lu tion se quence strati graphic con cepts. Geo log i cal So ci ety
Spe cial Pub li ca tions, 82: 79–97.

Hampson, G., Stollhofen, H., Flint, S., 1999. A se quence strati -
graphic model for the Lower Coal Mea sures (Up per Car bon if er -
ous) of the Ruhr dis trict, north-west Ger many. Sedimentology,
46: 1199–1231.

Hartmann, B.H., Juhász-Bodnár, K., Ramseyer, K., Mat ter, A.,
1999. Ef fect of Permo-Car bon if er ous cli mate on illite-smectite,
Haushi Group, Sul tan ate of Oman. Clays and Clay Min er als, 47: 
131–143.

Hassouta, L., Bautier, M.D., Potolevin, J.L., Liewig, N., 1999.
Clay diagenesis in the sand stone res er voir of the Ellon Field
(Alwyn) North Sea. Clays and Clay Min er als, 47: 269–585.

Hawkins, P.J., 1978. Re la tion ship be tween diagenesis, po ros ity re -
duc tion, and oil em place ment in late Car bon if er ous sand stones
res er voirs, Bothamsall Oil field, E Mid lands. Jour nal of the Geo -
log i cal So ci ety, 135: 7–24.

Helcel-Weil, M., Dziêgielowski, J., 2003. Lublin Ba sin – pe tro leum
pros pect ing re sults and their im por tance for fu ture ex plo ra tion
(in Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 51:
764–770.

Helcel-Weil, M., Dziêgielowski, J., Florek, R., Maksym, A., S³yœ,
M., 2007. The Lublin Ba sin: pe tro leum ex plo ra tion re sults and
their im por tance for fu ture pros pects (in Pol ish with Eng lish



sum mary). Biuletyn Pañstwowego Instytutu Geologicznego,
422: 51–62.

Hesse, R., Abid, I. A., 1998. Car bon ate ce men ta tion – the key to
res er voir prop er ties of four sand stone lev els (Cre ta ceous) in the 
Hiberian Oil field Jeanne d’Arc Ba sin, New found land, Can ada.
IAS Spe cial Pub li ca tion, 26: 363–393.

Houseknecht, D.W., 1987. As sess ing the rel a tive im por tance of
com pac tion pro cesses and ce men ta tion to re duc tion of po ros ity
in sand stones. AAPG Bul le tin, 71: 633–642.

Hunt, J.M., 1979. Pe tro leum Geo chem is try and Ge ol ogy. W.H.
Free man and Com pany, San Fran cisco.

Hutcheon, I., Oldershaw, A., Ghent, E.D., 1980. Diagenesis of
Cre ta ceous sand stones of the Kootenay For ma tion at Elk Val ley 
(southestern Brit ish Co lum bia) and Mt Allan (south west ern Al -
berta). Geochimica et Cosmochimica Acta, 44: 1425–1435.

Izart, A., Le Nindre, Y., Stephenson, R., Vaslet, D., Stovba, S.,
2003a. Quan ti fi ca tion of the con trol of se quences by tec ton ics
and eustacy in the Donets Ba sin and on the Rus sian Plat form
dur ing Car bon if er ous and Perm ian. Bul le tin de la Société
Géologique de France, 174: 93–100.

Izart, A., Stephenson, R., Vai, G.B., Vachard, D., Le Nindre, Y.,
Vaslet, D., Fauvel, P.J., Süss, P., Kossovaya, O., Chen, Z.,
Maslo, A., Stovba, S., 2003b. Se quence stra tig ra phy and Cor -
re la tion of the Late Car bon if er ous and Perm ian in CIS, Eu rope,
Tethyan area, North Af rica, China, Gond wana land and USA.
Palaeo ge ogra phy, Palaeoclimatology, Palaeo ec ol ogy, 196:
59–84.

Jahren, J.S., Aagaard, P., 1989. Compositional vari a tions in
diagenetic chlorites and illites and re la tion ships with for ma -
tion-wa ter chem is try. Clay Min er als, 24: 157–170.

Jack son, R.G. II, 1978. Pre lim i nary eval u a tion of lithofacies mod els 
for me an der ing al lu vial streams. Ca na dian So ci ety of Pe tro leum 
Ge ol o gists Mem oir, 5: 543–576.

Jaworowski, K., 1987. Kanon petrograficzny najczêstszych ska³
osadowych (in Pol ish). Przegl¹d Geologiczny, 35: 205–209.

Jaworowski, K., Juskowiak, M., 1973. Metoda punktowa analizy
geometrycznej na tle podstawowych zagadnieñ opisu ska³ (in
Pol ish). Instrukcje i metody badañ geologicznych, 22. Wyd.
Geol., Warszawa.

Jenyon, M.K., 1990. Oil and Gas Traps. As pects of their
seismostratigraphy, mor phol ogy and de vel op ment. John Wiley
and Sons.

Kaczyñski,J. 1984. Per spec tives of search for oil and gas in the
Lublin re gion (in Pol ish with Eng lish sum mary). Przegl¹d
Geologiczny, 32: 330–333.

Kantorowicz, J.D., 1984. The na ture, or i gin and dis tri bu tion of
authigenic clay min er als from Mid dle Ju ras sic Ravenscar and
Brent Group sand stones. Clay Min er als, 19: 359–375.

Kombrink, H., Besly, B.M., Collinson, J.D., den Hartog Jager,
D.G., Drozdzewski, G., Dusar, M., Hoth, P., Pagnier, H.J.M.,
Stemmerik, L., Waksmundzka, M.I., Wrede, V., 2010. Car bon -
if er ous. In: Pe tro leum Geo log i cal At las of the South ern Perm ian
Ba sin Area (eds. J.C. Doornenbal and A.G. Stevenson): 81–99.
EAGE Pub li ca tions, Houten.

Koz³owska, A., 1997. Car bon ate ce ments of the Car bon if er ous
sand stones in NW part of the Lublin Graben (east ern Po land) (in 
Pol ish with Eng lish sum mary). Przegl¹d Geologiczny, 45:
301–304.

Koz³owska, A., 2001. Syderyty magnezowe w piaskowcach
górnokarboñskich œrodkowej Polski (in Pol ish). Przegl¹d
Geologiczny, 49: 343–344.

Koz³owska A., 2003. The in flu ence of diagenesis on the res er voir
qual ity of the Up per Car bon if er ous sand stones in the re gion be -
tween War saw and Dêblin (cen tral Po land) (in Pol ish with Eng -
lish sum mary). Przegl¹d Geologiczny, 51: 777–782.

Koz³owska, A., 2004. Diagenesis of the Up per Car bon if er ous sand -
stones occurring at the bor der of the Lublin Trough and the War -
saw Block (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 411: 5–70.

Koz³owska, A., 2005. Charakterystyka petrologiczna a ewolucja
w³aœciwoœci zbiornikowych utworów karbonu (in Pol ish). In:

Budowa geologiczna i sys tem naftowy rowu lubelskiego (ed. M.
Narkiewicz). PIG, NAG, Nr. 856/2006, Warszawa.

Koz³owska, A., 2007. Wyniki badañ petrograficznych (in Pol ish with 
Eng lish sum mary). Pro file G³êbokich Otworów Wiertniczych
Pañstwowego Instytutu Geologicznego, 119: 126–134.

Koz³owska, A., 2009. Diagenetic pro cesses af fect ing pore space in
Car bon if er ous sand stones of the Lublin re gion (in Pol ish with
Eng lish sum mary). Przegl¹d Geologiczny, 57: 335–342.

Koz³owska, A., 2011. Clay min er als in the Car bon if er ous sand -
stones of the south east ern part of the Lublin Ba sin as
paleotemperature in di ca tors of diagenesis (in Pol ish with Eng -
lish sum mary). Biuletyn Pañstwowego Instytutu Geologicznego, 
444: 99–112.

Koz³owska, A., Jarmo³owicz-Szulc, K., 2009. Geo chem i cal and
min er al og i cal ex plo ra tion of sand stones in the Lublin Car bon if -
er ous Ba sin, SE Po land. Pro ceed ings of the 24th IAGS, Fred er -
ic ton, Kanada, 1: 365–368.

Koz³owska, A., Such, P., Koby³ecka, A., 1998. Evo lu tion of pore
space in the Car bon if er ous de pos its of the Radom-Lublin area
bas ing on se lected bore holes (in Pol ish with Eng lish sum mary).
Prace Pañstwowego Instytutu Geologicznego, 165: 167–176.

Krzywiec, P., 2009. De vo nian-Cre ta ceous re peated sub si dence
and up lift along the Teisseyre-Tornquist zone in the SE Po -
land-In sight from seis mic data in ter pre ta tion. Tectonophysics,
475: 142–159.

Krzywiec, P., Mazur, S., G¹ga³a, £., Kufrasa, M., Lewandowski,
M., Malinowski, M., Buffenmyer, V., 2017. Late Car bon if er ous
thin-skinned compressional de for ma tion above the SW Edge of
the East Eu ro pean craton as re vealed by seis mic re flec tion and
po ten tial field data – cor re la tion with the Variscides and the Ap -
pa la chians. GSA Mem oir, 213: 353–372.

Kufrasa, M., Stypa, A., Krzywiec, P., S³onka, £., 2019. Late Car -
bon if er ous thin-skinned de for ma tion in the Lublin Ba sin, SE Po -
land: re sults of com bined seis mic data in ter pre ta tion, struc tural
res to ra tion and sub si dence anal y sis. Annales Societatis
Geologorum Poloniae, 89: 175–194.

Leeder, M.R., Strudwick, A.E., 1987. Delta-ma rine in ter ac tions: a
dis cus sion of sed i men tary mod els for Yoredale-type cyclicity in
the Dinantian of North ern Eng land. In: Eu ro pean Dinantian En vi -
ron ments (eds. J. Miller, A.E. Ad ams and V.P. Wright): 115–130.

Levorsen, A.I., 1967. Ge ol ogy of Pe tro leum. Free man and Comp.,
San Fran cisco.

Longstaffe, F.J., Ayalon, A., 1987. Ox y gen-iso tope stud ies of
clastic diagenesis in the Lower Cre ta ceous Vi king For ma tion,
Al berta: im pli ca tions for the role of me te oric wa ter. Geo log i cal
So ci ety Spe cial Pub li ca tions, 36: 277–296.

Lon don, D., 1992. Phos pho rous in S-type magma: the P2O5 con tent 
of feld spar from peraluminous gran ites, pegmatites, and
rhyolites. Amer i can Min er al o gist, 77: 1–2.

£¹cka, M., 1987. Dokumentacja wynikowa odwiertu
poszukiwawczego: Marynin 1. PIG, NAG, Nr. 130291,
Warszawa.

Macaulay, C.I., Fallick, A.E., Haszeldine, R.S., 1993. Tex tural and
iso to pic vari a tions in diagenetic kaolinite from the Magnus Oil -
field sand stones. Clay Min er als, 28: 625–639.

Machemer, S.D., Hutcheon, J., 1988. Geo chem is try of early ce -
ments in the Cardium for ma tion, Cen tral Al berta. Jour nal of Sed -
i men tary Pe trol ogy, 58: 136–147.

Makaske, B., 2001. Anastomosing rivers: a re view of their clas si fi -
ca tion, or i gin and sed i men tary prod ucts. Earth-Sci ence Re -
views, 53: 149–196.

Martinsen, O.J., 1994. Evo lu tion of an in cised-val ley fill, the Pine
Ridge Sand stone of South east ern Wy o ming, U. S. A.: sys tem -
atic sed i men tary re sponse to rel a tive sea-level change. SEPM
Spe cial Pub li ca tion, 51: 109–128.

Martinsen, O.J., Collinson, J.D., Holdsworth, B.K., 1995. Mill -
stone Grit cyclicity re vis ited, II: Se quence stra tig ra phy and sed i -
men tary re sponses to changes of rel a tive sea-level. IAS Spe cial 
Pub li ca tion, 22: 305–327.

Maynard, J.R., Leeder, M.R., 1992. On the pe ri od ic ity and mag ni -
tude of Late Car bon if er ous glacio-eustatic sea-level changes.
Jour nal of the Geo log i cal So ci ety, 149: 303–311.

456 Aleksandra Koz³owska and Maria I. Waksmundzka



Diagenesis, se quence stra tig ra phy and res er voir qual ity of the Car bon if er ous de pos its of the south east ern Lublin Ba sin... 457

McAulay, G.E., Bur ley, S.D., Johnes, L.H., 1993. Sil i cate min eral
authigenesis in the Hutton and NW Hutton fields: im pli ca tions
for sub-sur face po ros ity de vel op ment. In: Pe tro leum Ge ol ogy of
North-west Eu rope: Pro ceed ing of the 4th Con fer ence (ed J.R.
Parker): 1377–1394. Geo log i cal So ci ety, Lon don.

McCrea, J.M., 1950. On the iso to pic geo chem is try of car bon ates
and a paleotemperature scale. Jour nal of Chem i cal Phys ics, 18: 
849–857.

Meshri, I.D., 1986. On the re ac tiv ity of car bonic and or ganic ac ids
and gen er a tion of sec ond ary po ros ity. SEPM Spe cial Pub li ca -
tion, 38: 123–128.

Miall, A.D., 1977. A re view of the braided-river depositional en vi ron -
ment. Earth-Sci ence Re views, 13: 1–62.

Miall, A.D., 1978. Lithofacies types and ver ti cal pro file mod els in
braided river de pos its: a sum mary. Ca na dian So ci ety of Pe tro -
leum Ge ol o gists Mem oir, 5: 597–604.

Miall, A.D., 1985. Ar chi tec tural-el e ment anal y sis: a new method of
fa cies anal y sis ap plied to flu vial de pos its. Earth-Sci ence Re -
views, 22: 261–308.

Miall, A.D., 1988. Ar chi tec tural el e ments and bound ing sur faces in
flu vial de pos its: anat omy of the Kayenta For ma tion (Lower Ju -
ras sic), south-west Col o rado. Sed i men tary Ge ol ogy, 55:
233–262.

Miall, A.D., 1996. The Ge ol ogy of Flu vial De pos its Sed i men tary Fa -
cies, Ba sin Anal y sis, and Pe tro leum Ge ol ogy. Springer-Verlag.

Michum, Jr. R.M., 1977. Seis mic stra tig ra phy and global changes of 
sea level, Part 1: Glos sary of terms used in seis mic stra tig ra phy.
AAPG Mem oir, 26: 205–212.

Milliken, K.L., 1998. Car bon ate diagenesis in non-ma rine fore land
sand stones at the west ern edge of the Alleghanian overthrust
belt, South ern Ap pa la chians. IAS Spe cial Pub li ca tion, 26:
87–105.

Mi³aczewski, L., 1969. Dokumentacja wynikowa otworu
wiertniczego Terebin IG 4. PIG, NAG, Nr. 93595, Warszawa.

Moody-Stu art, M., 1966. High- and low-sin u os ity stream de pos its,
with ex am ples from the De vo nian of Spitsbergen. Jour nal of
Sed i men tary Pe trol ogy, 36: 1102–1117.

Moore, D.M., Reynolds, R.C. Jr., 1989. X-Ray Dif frac tion and Iden -
ti fi ca tion and Anal y sis of Clay Min er als. Ox ford Uni ver sity Press.

Morad, S., 1990. Mica al ter ation re ac tions in Ju ras sic res er voir
sand stones from the Haltenbanken area, off shore Nor way. Clay
and Clays Min er als, 38: 584–590.

Morad, S., 1998. Car bon ate ce men ta tion in sand stones: dis tri bu tion 
pat terns and geo chem i cal evo lu tion. IAS Spe cial Pub li ca tion,
26: 1–26.

Morad, S., Bergan, M., Knarud, R., Nystuen, J.P., 1990.
Albitization of de tri tal plagioclase in Tri as sic res er voir sand -
stones from the Snorre Field, Nor we gian North Sea. Jour nal of
Sed i men tary Pe trol ogy, 60: 411–425.

Morad, S., Ketzer, J.M., De Ros, L.F., 2000. Spa tial and tem po ral
dis tri bu tion of diagenetic al ter ations in siliciclastic rocks: im pli -
ca tions for mass trans fer in sed i men tary bas ins. Sedimentology, 
47: 95–120.

Morad, S., Ketzer, J.M., De Ros, L.F., 2012. Link ing diagenesis to
se quence stra tig ra phy: an in te grated tool for un der stand ing and
pre dict ing res er voir qual ity dis tri bu tion. IAS Spe cial Pub li ca tion,
45: 1–36.

Musia³, £., Ta bor, M., 1979. Stratygrafia karbonu Lubelskiego
Zag³êbia Wêglowego na podstawie makrofauny (in Pol ish). In:
Stratygrafia Wêglonoœnej Formacji Karboñskiej w Polsce (ed. T.
Migier). II Sympozjum Sosnowiec, 4–5 maja 1977: 35–43.

Musia³, £., Ta bor, M., 1988. Stratygrafia karbonu na podstawie
makrofauny (in Pol ish with Eng lish sum mary). Prace Instytutu
Geologicznego, 122: 88–122, 232–233.

Mücke, A., 1994. Postdiagenetic ferruginization of rocks (sand -
stones, oolitic iron stones, ka olins and bauxites) – in clud ing a
com par a tive study of the red den ing of red beds. De vel op ments
in Sedimentology, 51: 361–423.

Nadon, G.C., 1994. The gen e sis and rec og ni tion of anastomosed
flu vial de pos its: data from the St. Mary River For ma tion, south -
west ern Al berta, Can ada. Jour nal of Sed i men tary Re search,
B 64: 451–463.

Narecki, Z., 1971. Dokumentacja wstêpna otworu Ruskie Piaski IG
2. PIG, NAR, Nr. 111948, Warszawa.

Narkiewicz, M., Jarosiñski, M., Krzywiec, P., Waksmundzka M.I., 
2007. Re gional con trols on the Lublin Ba sin de vel op ment and
in ver sion in the De vo nian and Car bon if er ous (in Pol ish with
Eng lish sum mary). Biuletyn Pañstwowego Instytutu
Geologicznego, 422: 19–34.

Nemec, W., 1984. Wa³brzych Beds (Lower Namurian, Wa³brzych
Coal Mea sures): anal y sis of al lu vial sed i men ta tion in a coal ba -
sin (in Pol ish with Eng lish sum mary). Geologia Sudetica, 19:
7–73.

Osborne, M., Haszeldine, R.S., Fallick, A.E., 1994. Vari a tion in
kaolinite mor phol ogy with growth tem per a ture in iso to pi cally
mixed pore - flu ids, Brent Group, UK North Sea. Clay Min er als,
29: 591–608.

Pañczyk, M., Nawrocki, J., 2015. Tournaisian 40Ar/39Ar age from al -
ka line bas alts from the Lublin Ba sin (SE Po land). Geo log i cal
Quar terly, 59 (3): 473–478.

Pettijohn, F.J., Pot ter, P.E., Siever, R., 1972. Sand and Sand stone. 
Springer, New York.

Pierson, T.C., Costa, J.E., 1987. A rheologic clas si fi ca tion of
subaerial sed i ment – wa ter flows. GSA Re views in Engeneering
Ge ol ogy, 7: 1–12.

Pirson, S.J., 1950. El e ments of Oil Res er voir En gi neer ing. McGraw 
– Hill Book Comp., New York.

Plint, A.G., 1988. Sharp-based shoreface se quences and „off shore
bars“ in the Cardium For ma tion of Al berta: their re la tion ship to
rel a tive changes in sea level. SEPM Spe cial Pub li ca tion, 42:
357–370.

Postma, D., 1982. Py rite and sid er ite for ma tion in brack ish and
fresh wa ter swamp sed i ments. Amer i can Jour nal of Sci ence,
282: 1151–1183.

Postma, G., 1990. An anal y sis of the vari a tion in delta ar chi tec ture.
Terra Nova, 2: 124–130.

Postma, G., 1995. Causes of ar chi tec tural vari a tion in del tas. In:
Ge ol ogy of Deltas: 3–16. Brookfield, A.A. Balkema, Rot ter dam.

Porêbski, S.J., Steel, R.J., 2003. Shelf-mar gin del tas: their strati -
graphic sig nif i cance and re la tion to deep water sands.
Earth-Sci ence Re views, 62: 283–326.

Porzycki, J., 1979. Litostratygrafia osadów karbonu Lubelskiego
Zag³êbia Wêglowego (in Pol ish). In: Stratygrafia Wêglonoœnej
Formacji Karboñskiej w Polsce (ed. T. Migier): 19–27. II
Sympozjum, Sosnowiec. Wyd. Geol., Warszawa.

Porzycki, J., Zdanowski, A., 1995. South east ern Po land (Lublin
Car bon if er ous Ba sin). Prace Pañstwowego Instytutu
Geologicznego, 168: 102–109.

Pye, K., Dick son, J.A.D., Schiavon, N., Coleman, M.L., Cox, M.,
1990. For ma tion of sid er ite–Mg-cal cite–iron sul phide con cre -
tions in intertidal marsh and sandflat sed i ments, north Nor folk,
Eng land. Sedimentology, 37: 325–343.

Radke, B.M., Mathis, R.L., 1980. On the for ma tion and oc cur rence
of sad dle do lo mite. Jour nal of Sed i men tary Pe trol ogy, 50:
1149–1168.

Radomski, A., Gradziñski, R., 1981. Fa cies se quences in the Up -
per Car bon if er ous al lu vial coal-bear ing de pos its, Up per Silesia,
Po land. Studia Geologica Polonica, 68: 29–41.

Ramsbottom, W.H.C., 1977. Ma jor cy cles of trans gres sion and re -
gres sion (mesothems) in the Namurian. Pro ceed ings of the
York shire Geo log i cal So ci ety, 41: 261–291.

Ramsbottom, W.H.C., 1978. Namurian mesothems in South Wales
and north ern France. Jour nal of the Geo log i cal So ci ety, 135:
307–312.

Read, W.A., Dean, J.M., 1976. Cy cles and sub si dence: their re la -
tion ship in dif fer ent sed i men tary and tec tonic en vi ron ments in
the Scot tish Car bon if er ous. Sedimentology, 23: 107–120.

Read ing, H.G., 1978. Fa cies. In: Sed i men tary En vi ron ments and
Fa cies (ed. H.G. Read ing): 4–14. Blackwell Sci ence.

Reed, J.S., Eriksson, K.A., Kowalewski, M., 2005. Cli ma tic,
depositional and burial con trols on diagenesis of Ap pa la chian
Car bon if er ous sand stones: qual i ta tive and quan ti ta tive method. 
Sed i men tary Ge ol ogy, 176: 225–246.



458 Aleksandra Koz³owska and Maria I. Waksmundzka

Rezaee, M.R., Schulz-Rojahn, J.P., 1998. Ap pli ca tion of quan ti ta -
tive back-scat tered elec tron im age anal y sis in iso tope in ter pre -
ta tion of sid er ite ce ment: Tirrawarra sand stone, Coo per Ba sin,
Aus tra lia. IAS Spe cial Pub li ca tion, 26: 461–481.

Rust, B.R., 1978. A clas si fi ca tion of al lu vial chan nel sys tems. Ca na -
dian So ci ety of Pe tro leum Ge ol o gists Mem oir, 5: 187–198.

Rust, B.R., 1984. Prox i mal braidplain de pos its in the Mid dle De vo -
nian Malbaie For ma tion of east ern Gaspé, Que bec, Can ada.
Sedimentology, 31: 675–695.

Rust, B.R., Gibling, M.R., 1990. Braidplain evo lu tion in the Penn -
syl va nian South Bar Fm., Syd ney Ba sin, Nova Sco tia, Can ada.
Jour nal of Sed i men tary Pe trol ogy, 60: 59–72.

Schulz-Rojahn, J., Ryan-Grigor, S., An der son, A., 1998. Struc -
tural con trols on seis mic-scale car bon ate ce men ta tion in hy dro -
car bon-bear ing Ju ras sic flu vial and ma rine sand stones from
Aus tra lia: a com par i son. IAS Spe cial Pub li ca tion, 26: 327–362.

Scruton, P.C., 1960. Delta build ing and the deltaic se quence. In:
Re cent Sed i ments, North west Gulf of Mex ico (eds. F.P.
Shepard, F.B. Phleger and T.H. van Andel): 82–102. AAPG
Tulsa.

Sieciarz, K., 2014. Objawy wêglowodorów (in Pol ish with Eng lish
sum mary). Pro file G³êbokich Otworów Wiertniczych
Pañstwowego Instytutu Geologicznego, 139: 134.

Skompski, S., 1988. Lime stone microfacies and fa cies po si tion of
Up per Visean sed i ments in north-east ern part of the Lublin Coal
ba sin (in Pol ish with Eng lish sum mary). Przegl¹d Geologiczny,
36: 25–30.

Skompski, S., 1995a. Tec tonic frame work and de vel op ment of sed -
i men ta tion at the mar gin of the East Eu ro pean Plat form. XIII
Inter. Congr. Car bon.-Perm ian, Kraków, Exc. Guide A-2: 5–9.

Skompski, S., 1995b. Suc ces sion of lime stone microfacies as a
key to the or i gin of the Yoredale-type cyclicity (Viséan/Na -
murian, Lublin Ba sin, Po land). XIII Inter. Congr. Car bon.-Perm -
ian, Kraków, Abstr.: 133.

Skompski, S., 1996. Strati graphic po si tion and fa cies sig nif i cance
of the lime stone bands in the subsurface Car bon if er ous suc ces -
sion of the Lublin Up land. Acta Geologica Polonica, 46:
171–268.

Skompski, S., 1998. Re gional and global chronostratigraphic cor -
re la tion lev els in the late Viséan to Westphalian suc ces sion of
the Lublin Ba sin (SE Po land). Geo log i cal Quar terly, 42 (2):
121–130.

Smith, D.G., 1983. Anastomosed flu vial de pos its: mod ern ex am -
ples from West ern Can ada. IAS Spe cial Pub li ca tions, 6:
155–168.

Smith, L.B. Jr., Read, J.F., 1999. Ap pli ca tion of high-res o lu tion se -
quence stra tig ra phy to tid ally in flu enced Up per Mis sis sip pian
car bon ates, Il li nois Ba sin. SEPM Spe cial Pub li ca tion, 63:
107–126.

Smith, L.B. Jr., Read, J.F., 2001. Dis crim i na tion of lo cal and global
ef fects on Up per Mis sis sip pian stra tig ra phy, Il li nois Ba sin, U. S.
A. Jour nal of Sed i men tary Re search, 71: 985–1002.

Sommer, F., 1978. Diagenesis of Ju ras sic sand stones in the Vi king
Graben. Jour nal of the Geo log i cal So ci ety, 135: 63–67.

Spötl, C., Pitman, J.K., 1998. Sad dle (ba roque) do lo mite in car bon -
ates and sand stones: a re ap praisal of burial – diagenetic con -
cept. IAS Spe cial Pub li ca tion, 26: 437–460.

Strong, G.E., Milodowski, A.E., 1987. As pects of the diagenesis of 
the Sherwood sand stones of the Wes sex Ba sin and their in flu -
ence on res er voir char ac ter is tics. Geo log i cal So ci ety Spe cial
Pub li ca tions, 36: 325–337.

Süss, M.P., Schäfer, A., Drozdzewski, G., 2001. A se quence strati -
graphic model for the Lower Coal Mea sure (Up per Car bon if er -
ous) of the Ruhr dis trict, North West Ger many. Sedimentology,
48: 1171–1179.

Svendsen, J., Stollhofen, H., Krapf, C.B.E, Stanistreet, I.G.,
2003. Mass and hyperconcentrated flow de pos its re cord dune
damm ing and cat a strophic break through of ephem eral rivers,
Skel e ton Coast Erg, Namibia. Sed i men tary Ge ol ogy, 160: 7–31.

Œrodoñ, J., 1996. Clay min er als in diagenetic pro cesses (in Pol ish
with Eng lish sum mary). Przegl¹d Geologiczny, 44: 604–607.

Tomaszczyk, M., Jarosiñski, M., 2017. The Kock Fault Zone as an
in di ca tor of tec tonic stress re gime changes at the mar gin of the
East Eu ro pean Craton (Po land). Geo log i cal Quar terly, 61 (4):
908–925.

Tucker, M.E., 1991. An In tro duc tion to the Or i gin of Sed i men tary
Rocks . Sed i men tary Pe trol ogy, 2.

Tucker, M.E., 2003. Mixed clastic-car bon ate and se quences: Qua -
ter nary of Egypt and Car bon if er ous of Eng land. Geologia
Croatica, 56: 19–37.

Vail, P.R., Todd, R.G., 1981. North ern North Sea Ju ras sic un con -
formi ties, chronostratigraphy and sea-level changes from seis -
mic stra tig ra phy. In: Pe tro leum Ge ol ogy of the Con ti nen tal Shelf
of North West Eu rope (eds. L.V. Illing and G.D. Hob son):
216–235. John Wiley and Sons/In sti tute of Pe tro leum.

Van Wag oner, J.C., 1985. Res er voir fa cies dis tri bu tion as con -
trolled by sea-level change. SEPM Mid-Year Meet ing Ab stracts,
Golden, Col o rado: 91–92.

Van Keer, I., Muchez, P.H., Viaene, W., 1998. Clay min er al og i cal
vari a tions and evo lu tions in sand stones se quences near a coal
seam and shales in the Westphalian of the Campine Ba sin (NE
Bel gium). Clay Min er als, 33: 159–169.

Waksmundzka, M.I., 1998. Depositional ar chi tec ture of the Car -
bon if er ous Lublin Ba sin (in Pol ish with Eng lish sum mary). Prace 
Pañstwowego Instytutu Geologicznego, 165: 89–100.

Waksmundzka, M.I., 2005. Karbon (in Pol ish). In: Budowa
geologiczna i sys tem naftowy rowu lubelskiego (ed. M.
Narkiewicz). PIG, NAG, Nr. 856/2006, Warszawa.

Waksmundzka, M.I., 2007a. Karbon. Litologia, stratygrafia i
sedymentologia (in Pol ish with Eng lish sum mary). Pro file
G³êbokich Otworów Wiertniczych Pañstwowego Instytutu
Geologicznego, 118: 124–130.

Waksmundzka, M.I., 2007b. Karbon. Litologia, stratygrafia i
sedymentologia (in Pol ish with Eng lish sum mary). Pro file
G³êbokich Otworów Wiertniczych Pañstwowego Instytutu
Geologicznego, 119: 112–116.

Waksmundzka, M.I., 2008a. Karbon. Litologia, sedymentologia i
stratygrafia (in Pol ish with Eng lish sum mary). Pro file G³êbokich
Otworów Wiertniczych Pañstwowego Instytutu Geologicznego,
123: 161–166.

Waksmundzka, M.I., 2008b. Cor re la tion and or i gin of the Car bon if -
er ous sand stones in the light of se quence stra tig ra phy and their
hy dro car bon po ten tial in the NW and Cen tral parts of the Lublin
Ba sin (in Pol ish with Eng lish sum mary). Biuletyn Pañstwowego
Instytutu Geologicznego, 429: 215–224.

Waksmundzka, M.I., 2010a. Se quence stra tig ra phy of Car bon if er -
ous paralic de pos its in the Lublin Ba sin (SE Po land). Acta
Geologica Polonica, 60: 557–597.

Waksmundzka, M.I., 2010b. Lithofacies-paleothickness and
worm’s eye maps of Car bon if er ous. Plates 21–24, 33–35 (in
Pol ish with Eng lish sum mary). In: Paleogeological At las of the
sub-Perm ian Pa leo zoic of the East-Eu ro pean Craton in Po land
and neigh bour ing ar eas (ed. Z. Modliñski). PIG-PIB, Warszawa.

Waksmundzka, M.I., 2012a. Karbon – litologia, sedymentologia i
stratygrafia (in Pol ish with Eng lish sum mary). Pro file G³êbokich
Otworów Wiertniczych Pañstwowego Instytutu Geologicznego,
134: 90–98.

Waksmundzka, M.I., 2012b. Braided-river and hyperconcentra -
ted-flow de pos its from the Car bon if er ous of the Lublin Ba sin (SE 
Po land) – a sedimentological study of core data. Geologos, 18:
135–161.

Waksmundzka, M.I., 2012c. Charakterystyka formacji
geologicznych odpowiednich do sk³adowania CO2 (karbon) (in
Pol ish). In: Rozpoznanie formacji i struktur do bezpiecznego
geologicznego sk³adowania CO2 wraz z ich programem
monitorowania (ed. A. Wójcicki). https://skladowanie.pgi.
gov.pl/twiki/ bin/view/CO2/WynikiPrac/I-1.

Waksmundzka, M.I., 2013. Car bon if er ous coars en ing-up ward and
non-gradational cyclothems in the Lublin Ba sin (SE Po land):



palaeoclimatic im pli ca tions. Geo log i cal So ci ety Spe cial Pub li ca -
tions, 376: 141–175.

Waksmundzka, M.I., 2014. Karbon – litologia, sedymentologia i
stratygrafia (in Pol ish with Eng lish sum mary). Pro file G³êbokich
Otworów Wiertniczych Pañstwowego Instytutu Geologicznego,
139: 77–82.

Waksmundzka, M.I., 2018. Karbon – litologia, sedymentologia i
stratygrafia (in Pol ish with Eng lish sum mary). Pro file G³êbokich
Otworów Wiertniczych Pañstwowego Instytutu Geologicznego,
149: 53–59.

Waksmundzka, M.I., 2019. Karbon – litologia, sedymentologia i
stratygrafia (in Pol ish with Eng lish sum mary). Pro file G³êbokich
Otworów Wiertniczych Pañstwowego Instytutu Geologicznego,
157: 92–99.

Waksmundzka, M.I., Bu³a, Z., 2017. Mapa geologiczna Polski bez
utworów kenozoiku, mezozoiku i permu. In: At las Geologiczny
Polski (eds. J. Nawrocki and A. Becker). PIG-PIB, Warszawa:
28–29.

Walderhaug, O., 1994. Tem per a tures of quartz ce men ta tion in Ju -
ras sic sand stones from the Nor we gian Con ti nen tal Shelf - ev i -
dence from fluid in clu sions. Jour nal of Sed i men tary Re search, A 
64: 324–333.

Walker, R.G., 1992. Fa cies, fa cies mod els, and mod ern strati -
graphic con cepts. In: Fa cies Mod els: Re sponse to Sea Level
Change (eds. R.G. Walker and N.P. James). Geo log i cal As so ci -
a tion of Can ada, St. Johns: 1–14.

Zieliñski, T., 1992a. Mar ginal mo raines of NE Po land – sed i ments
and depositional con di tions (in Pol ish with Eng lish sum mary).
Prace Naukowe Uniwersytetu Œl¹skiego, 1325: 7–95.

Zieliñski, T., 1992b. Proglacial val leys fa cies of the Silesian Up land
– ge netic fac tors and their sedimentological ef fects. Geologia
Sudetica, 26: 83–118.

Zieliñski, T., 1995. Kod litofacjalny i litogenetyczny – konstrukcja i
zastosowanie (in Pol ish). In: Badania osadów czwartorzêdo -
wych, wybrane metody i interpretacja wyników (eds. E. Myciel -
ska- Dowgia³³o and J. Rutkowski): 220–235.

Zieliñski, T., 1997. Cyklicznoœæ w osadach rzek roztokowych (in
Pol ish). Geologia (Prace Naukowe Uniwersytetu Œl¹skiego), 14: 
68–119.

¯elichowski, A.M., 1969a. Karbon (in Pol ish). In: Ropo- i
gazonoœnoœæ obszaru lubelskiego na tle budowy geologicznej – 
czêœæ I: Budowa geologiczna obszaru lubelskiego (ed. S.
Depowski). Prace Geostrukturalne IG: 70–85.

¯elichowski, A.M., 1969b. Dokumentacja wynikowa otworu
wiertniczego Terebin IG 1 (in Pol ish). PIG, NAG, Nr 93593,
Warszawa.

¯elichowski, A.M., 1972. Evo lu tion of the geo log i cal struc ture of the
area be tween the Góry Œwiêtokrzyskie and the River Bug (in Pol -
ish with Eng lish sum mary). Biuletyn Instytutu Geologicznego,
263: 7–97.

¯elichowski, A.M., Porzycki, J., 1983. Mapa strukturalno-
 geologiczna bez utworów m³odszych od karbonu (in Pol ish). In:
At las geologiczno-surowcowy obszaru lubel skiego (eds. A.M.
¯elichowski and S. Koz³owski). Instytut Geologiczny,
Warszawa.

¯ywiecki, M., Kopczyñski, R., Rochewicz, A., 1997. Rozwój i
dystrybucja porowatoœci w osadach klastycznych – przyk³ady ze 
z³ó¿ karbonu Lubelszczyzny (in Pol ish). Mat. Konfer. XXX lat
dzia³alnoœci geologicznej Oddzia³u Poszukiwania Nafty i Gazu
w Wo³ominie, Pu³tusk: 53–58.

Diagenesis, se quence stra tig ra phy and res er voir qual ity of the Car bon if er ous de pos its of the south east ern Lublin Ba sin... 459


	Aleksandra KOZ£OWSKA and Maria I. WAKSMUNDZKA – Diagenesis, sequence stratigraphy and reservoir quality of the Carboniferous deposits of the southeastern Lublin Basin (SE Poland) 422

