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As so ci ate Ed i tor: Dariusz Wiêc³aw 

This study eval u ates the sig nif i cance and or i gin of small and rel a tively scat tered Me so zoic hy dro car bon shows in the £ódŸ
Trough, Kujavian Swell and the P³ock Trough, which have long been ne glected in de tail. The de pic tion of hy dro car bon shows 
on newly pre pared maps and di a grams shows their link to Perm ian-Me so zoic geo log i cal struc tures and the min er al iza tion of
for ma tion wa ters. Many bi tu men shows in cores are ob served at the Ju ras sic/Cre ta ceous bound ary; the most com mon hy -
dro car bon in flows oc cur in the Mid dle-Up per Ju ras sic res er voir lev els sam pled. The Tri as sic-Lower Ju ras sic hy dro car bon
oc cur rences are dis trib uted more ran domly, prob a bly be cause of a scar city of bore holes pierc ing those in ter vals. The ma jor -
ity of the ob served hy dro car bon shows are re lated to the Me so zoic cover of salt anticlines or fault zones reach ing the pre-Me -
so zoic base ment. The pres ence of hy dro car bons in Me so zoic rocks over ly ing salt domes and el e vated ar eas of the East
Eu ro pean Plat form char ac ter ized by low ther mal ma tu rity is in ter preted as a re sult of their mi gra tion. The tec tonic in volve -
ment of the Me so zoic strata, re lated to halokinetic move ments and the Late Cre ta ceous-Early Paleogene in ver sion of the
mid-Pol ish Trough, along with the doc u mented scar city of ef fi cient seal ing ho ri zons and halt ing of the pro cess of kerogen
trans for ma tion, have likely pre vented the for ma tion of hy dro car bon ac cu mu la tions. There is, how ever, still in suf fi cient data
on or ganic mat ter con tent and hy dro car bon oc cur rences in Tri as sic de pos its con tain ing po ten tially ef fec tive caprocks. 
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mi gra tory hy dro car bons.

INTRODUCTION

Deeply bur ied Me so zoic strata of the Pol ish Low lands, lo -
cated in the £ódŸ Trough (Synclinorium), Kujavian Swell (Anti -
clino rium) and the P³ock (Warszawa) Trough (Synclinorium),
have at tracted at ten tion from pe tro leum ge ol o gists as po ten tial
source rocks and a prob a ble place of hy dro car bon ac cu mu la -
tions. Early stud ies dis cussed the pos si bil ity of hy dro car bon mi -
gra tion, along fault zones, from older de pos its or their gen er a -
tion in deeply bur ied Tri as sic and Ju ras sic rocks, as well as
pros pects for hy dro car bon ac cu mu la tions in per me able Tri as -
sic, Ju ras sic and Lower Cre ta ceous rocks, sealed by im per me -
able lay ers or con tact ing steep Perm ian salt diapirs (Caliko -
wski, 1970, 1983; Królicka, 1970, 1971; Calikowski et al., 1971;
Depo wski, 1980; Depowski et al., 1983; Wilczek, 1986; So ko³o -

wski, 1990; Bachleda-Curuœ et al., 1992; Bojarski and Soko³o -
wski, 1993; Karnkowski, 1993). 

A few shows of bi tu mens and in flows of gas or gas-cut
brines/min er al ized wa ters from Me so zoic ho ri zons were doc u -
mented from bore holes drilled in cen tral Po land (e.g., Po¿a -
ryski, 1949; Depowski, 1980; Bojarski, 1985, 1986; Skompski,
1985b; Bojarski et al., 2008, 2012a, b; Bojarski and Soko³owski, 
1990; Jaskowiak-Schoeneichowa, 1990a, b, c). Re cent stud ies
have re vealed the low ther mal ma tu rity of the po ten tially most
ef fi cient Up per Ju ras sic source rocks in this area, con tain ing
sig nif i cant amounts of ma rine, oil-prone Type II kerogen (Gro -
tek, 2012; Wiêc³aw, 2016; Wierzbowski and Wierzbowski,
2019). Sim i lar lim i ta tions ex ist in the case of the Lower Ju ras sic
and Mid dle Ju ras sic strata, which con tain early-ma ture, terrige -
nous or ganic mat ter or im ma ture to early-ma ture terrige -
nous/aquatic or ganic mat ter, re spec tively (Zakrzewski et al.,
2022a, b). De spite the scar city of the data, deeply bur ied Tri as -
sic siliciclastic rocks of con ti nen tal to mar ginal ma rine or i gin are
con sid ered as hav ing low or ganic mat ter con tent (cf. Depo wski,
1980; Górecki and Zawisza, 2011; Botor, 2023). The pre dom i -
nance of low to mod er ate wa ter min er al iza tion in Ju ras sic and
Lower Cre ta ceous aqui fers in cen tral Po land, re lated to wa ter
ex change, was ad di tion ally raised as an ar gu ment against the
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for ma tion of hy dro car bon ac cu mu la tions (cf. Bojarski, 1970,
1971, 1983; Bojarski and Soko³owski, 1993; Górecki et al.,
2006; Sowi¿d¿a³ et al., 2020a, b).

We note that con tem po rary struc tural and geo chem i cal
anal y ses of Me so zoic strata of cen tral Po land sug gest a lack of
thick, ef fec tive caprocks, the pres ence of nu mer ous faults, and
the pre sumed halt ing of the pro cess of kerogen trans for ma tion
af ter the Late Cre ta ceous-Early Paleogene in ver sion of the
mid-Pol ish Trough (Górecki and Zawisza, 2011; Botor, 2023).
This lim its the hy dro car bon po ten tial of the Me so zoic rocks of
the Pol ish Low lands and may point to a gen eral re stric tion of
Me so zoic hy dro car bon shows to ex pected zones of hy dro car -
bon mi gra tion. The lack of ef fec tive caprocks also is the main
struc tural dif fer ence be tween the Pol ish Ba sin and the North
Sea Ba sin, which con tains large Me so zoic hy dro car bon res er -
voirs (Górecki and Zawisza, 2011). On the other hand, re cent
mod el ling of hy dro car bon gen er a tion in the Pol ish Ba sin sug -
gests sig nif i cant ther mal ma tu rity and high kerogen trans for ma -
tion of deeply bur ied Tri as sic de pos its of cen tral Po land (Botor,
2023), which, along with high min er al iza tion of Tri as sic brines
(cf. Depowski, 1980; Górecki et al., 2006), raises hope for some 
hy dro car bon ac cu mu la tions. The same may ap ply to the, still
un ex plained, pos si bil ity of the ex is tence of Me so zoic traps for
hy dro car bons mi grat ing from older de pos its. 

Given the un re solved na ture of rel a tively weak hy dro car bon 
man i fes ta tions in the Me so zoic strata of cen tral Po land it is dif fi -
cult to doc u ment their size and spa tial range, and to de duce
their source. Vi su al iza tion of the hy dro car bon oc cur rences on a
struc tural map show ing their at tach ment to par tic u lar strati -
graphic in ter vals or tec tonic units may be help ful in this re gard.
Al though many signs of hy dro car bons in bore holes from the
£ódŸ Trough, Kujavian Swell and the P³ock Trough have been
re ported, they are se lec tive (e.g., Królicka, 1970, 1971; £aszcz -
-Fi³akowa, 1970; Depowski, 1980; Bojarski and Soko³owski,
1993; Górecki and Zawisza, 2011) and de picted on maps of low 
spa tial res o lu tion (Soko³owski and Tomaszewski, 1997).

The pres ent study aims at im ag ing and sum ma riz ing ar chi -
val data on hy dro car bon oc cur rences in Me so zoic rocks in
bore holes in cen tral Po land. The data points gath ered are plot -
ted on a sim pli fied map and geo log i cal cross-sec tions of the
Perm ian-Me so zoic rock com plex to show their re la tion ship to
the tec tonic struc tures, in clud ing Perm ian (Zechstein) salt anti -
clines. The mag ni tude of hy dro car bon signs and their as so ci a -
tion with rocks of spe cific ages is dis cussed in or der to eval u ate
their or i gin and po ten tial im por tance for the Me so zoic pe tro -
leum sys tem. The dis tri bu tion of hy dro car bon signs is com -
pared to the spa tial ex tent of the low er most Cre ta ceous evapo -
rites and to wa ter min er al iza tion at the top sur faces of the Mid -
dle Tri as sic and the Middle Jurassic as well as to the reported
total porosity of the rocks.

We note that the ar chi val char ac ter of the data on hy dro car -
bon oc cur rences and rock po ros ity in cen tral Po land, as well as
the de struc tion of gas eous and liq uid sam ples and many cores,
which were drilled mostly over 50 years ago, pre cludes the con -
duct ing of new, com par a tive geo chem i cal or me chan i cal anal y -
ses. The newly gath ered data has been, in stead, strictly cat e -
go rized and dis cussed on the ba sis of re cent knowl edge of the
geo log i cal ar chi tec ture and tec tonic evo lu tion of the Pol ish Low -
lands, as well as with re spect to re cent find ings on or ganic mat -
ter con tent and its de gree of ther mal trans for ma tion in the Me -
so zoic strata.

METHODOLOGY

This study is based on ar chi val doc u men ta tion of 596 bore -
hole sec tions through the Me so zoic strata of the £ódŸ Trough,
Kujavian Swell and P³ock Trough (cf. Ap pen dix 1; Fig 1) stored
in the Cen tral Geo log i cal Da ta base of the Pol ish Geo log i cal In -
sti tute – Na tional Re search In sti tute (“CBDG bore holes” avail -
able at http://otworywiertnicze.pgi.gov.pl) and its doc u ment re -
pos i tory (“CBDG ar chi val re ports” avail able at
http://dokumenty.pgi.gov.pl/wyszukiwarka/). The data col lected 
doc u ment ob served shows of bi tu mens in drill cores and re -
ported in flows of gas, gas-cut brines/wa ters/drill ing mud or
brines/wa ters/drill ing mud with dis solved light hy dro car bon ga -
ses from in ter vals sam pled dur ing drill ing op er a tions. Eigh teen
thou sand five hun dred ninety-five re sults of mea sure ments of
to tal (open) rock po ros ity from 154 bore hole sec tions, re ported
in the “CBDG bore holes” da ta base, are ad di tion ally de picted on 
di a grams. 

The doc u mented com po si tion of col lected free or dis solved
gases was de ter mined by gas chro ma tog ra phy. The to tal
(open) po ros ity of the rocks was mea sured us ing the den sity
me ter anal y sis, by com par i son be tween the masses of dry and
sat u rated sam ples, ac cord ing the mod i fied Blus and Malik’s
meth od olog i cal in struc tion (cf. Fuliñski, 1982). 

The shows of bi tu mens in cores and re sults of sam pling of
res er voir ho ri zons have been col lated in the form of two sep a -
rated datasets (Ap pen di ces 2 and 3). The bi tu men shows in
cores were di vided, based on vis i bil ity, into two cat e go ries: (1c)
– mac ro scopic bi tu men shows and leaks in core, (2c) – bi tu men 
shows vis i ble un der a UV lu mi nes cence lamp (Wood’s lamp) or
a no tice able smell of bi tu mens or hy dro gen sul phide. The hy -
dro car bon in flows dur ing sam pling of res er voir ho ri zons or
self-ac tive in flows were di vided, based on gas eous hy dro car -
bon con tent, into four cat e go ries: (1s) – in flow of nat u ral (hy dro -
car bon) gas, (2s) – in flow of gas-cut brine/wa ter/drill ing mud
with nat u ral (hy dro car bon) gas or liq uid bi tu mens, (3s) – in flow
of brine/wa ter/drill ing mud con tain ing >15% of dis solved light
hy dro car bon gases, (4s) – in flow of brine/wa ter/drill ing mud
con tain ing <15% of dis solved light hy dro car bon gases.

The cat e gory (4s) com pris ing a hy dro car bon-poor air-gas
mix ture (be low up per flammability limit of meth ane) was ex -
cluded from plot ting on maps and dis cus sion as rel a tively in sig -
nif i cant. Bi tu men shows in cores which may be re lated to doc u -
mented oil spot ting pro ce dures con ducted dur ing drill ing to lu -
bri cate stuck drill col lars were also ex cluded from the list. The
same ap plies to oc cur rences of gas-cut brine/wa ter/drill ing mud 
or brine/wa ter/drill ing mud con tain ing >6.5% of free or dis solved 
hy dro gen (at cat e go ries 2pz and 3pz). Al though hy dro gen can
be of nat u ral or i gin in some cases (es pe cially when it is ac com -
pa nied by he lium) it can also oc cur as a re sult of the re ac tion of
hy dro gen sul phide with drill col lars, steel shav ings and rock de -
bris (cf. Bjornstad et al., 1994). It is well-known that hy dro gen
sul phide can be, in turn, gen er ated by an aer o bic bac te rial fer -
men ta tion, ther mal deg ra da tion or elec tro chem i cal re ac tions
oc cur ring in drill ing flu ids con tain ing non-sta bi lized ligno sulpha -
tes, which were widely used in the early pe riod of drill ing as in -
hib i tors of clay min eral swell ing (Chilingarian and Vorabutr,
1983). As the co-oc cur rence of meth ane fer men ta tion of or -
ganic com pounds of drill ing fluid or the ap pear ance of other
prod ucts of its de com po si tion can not be ex cluded, such hy dro -
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car bon oc cur rences should be treated with cau tion (cf. Le -
szczyñ ski and Marek, 1990). 

The in ter vals of hy dro car bon oc cur rences have been di -
vided into se ries, i.e. the Lower (T1 – “Buntsandstein”), Mid dle
(T2 – “Muschelkalk”) and the Up per Tri as sic (T3 – “Keuper” and 
“Rhaetian”), the Lower (J1), Mid dle (J2) and the Up per Ju ras sic
(J3) as well as the Lower (K1) and the Up per Cre ta ceous (K2),
whose bound aries, al though mostly based on lithostrati gra -
phical data, are rel a tively con sis tent in re ported chrono strati -
graphical di vi sions of var i ous bore hole sec tions (Fig. 2). The
ex cep tions are rel a tively nu mer ous bi tu men shows in cores a
nar row in ter val around the Ju ras sic/Cre ta ceous bound ary (sep -
a rately marked with the J3/K1 short cut), which is re stricted to
the base of the evaporites of the Wieniec Mem ber of the Lime -
stone- Evaporite (Kcynia) For ma tion. The Wieniec Mem ber and
the over ly ing Skotniki Mem ber of the Kcynia For ma tion, which
used to be as signed to the Ju ras sic (cf. Marek et al., 1989;
Niem czycka et al., 1997), are pres ently in cluded into the Cre ta -
ceous (cf. Leszczyñski, 2002; Dziadzio et al., 2004). This ne -
ces si tates the ver i fi ca tion of re ported lithostratigraphical sub di -
vi sions of the bore hole sec tions and jus ti fies the in tro duc tion of
a sep a rate cat e gory of the Ju ras sic-Cre ta ceous bound ary in ter -
val of hy dro car bon oc cur rences. 

The lo ca tion of all bore holes stud ied that pierce the Me so -
zoic strata, as well as in for ma tion of ob served bi tu men shows in 
cores and in flows of gas, liq uid bi tu mens, gas-cut brine/wa -

ter/drill ing mud or brine/wa ter/drill ing mud with dis solved (hy -
dro car bon) gases are plot ted on the struc tural, tec tonic map of
the Zechstein-Me so zoic com plex of the Pol ish Low lands by
Dadlez (1998) as well as the maps of Dembowska (1973) and
Górecki et al. (2006) show ing the spa tial dis tri bu tion of the low -
er most Cre ta ceous evaporites and wa ter min er al iza tion at the
top sur faces of the Mid dle Tri as sic and the Mid dle Ju ras sic se -
ries, re spec tively. Lo ca tion of hy dro car bon oc cur rences is also
vi su al ized on three cross-sec tions (af ter Dziewiñska et al.,
2001), which cut dif fer ent parts of the Kujavian Swell and ad -
join ing ar eas of the £ódŸ and P³ock troughs. In ad di tion, data
gath ered on mea sured to tal po ros ity of the dif fer ent Me so zoic
se ries, as re ported in doc u men ta tion of the bore hole sec tions,
are shown on the di a grams. 

RESULTS

Most of the hy dro car bon in flows and shows in bore hole
cores from the Me so zoic strata are spa tially re stricted to the
sed i men tary cover of deep-rooted salt struc tures in the north -
east ern and east ern parts of the £ódŸ Trough, in clud ing the
Mogilno, Strzelno, Gop³o and the Ponêtów-Wartkowice salt
anticlines, as well as to a geo log i cal an ti cli nal struc ture of the
Radzi¹tków area in the south-east ern part of the £ódŸ Trough,
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Fig. 1. Ma jor tec tonic struc tures of Zechstein-Me so zoic com plex of cen tral Po land 
(sim pli fied map af ter Dadlez, 1998)



form ing the pro lon ga tion of the Suchcice salt anticline (Fig. 1,
Ap pen di ces 4 and 5). Other hy dro car bon oc cur rences in sam -
pled ho ri zons of the £ódŸ Trough, which are mostly as so ci ated
with bi tu men shows in cores, were re ported from sin gle bore -
holes drilled in the close vi cin ity or within the top parts of other
salt domes in clud ing the north ern most part of the Trzem¿al salt
anticline, the south ern most parts of the Poddêbice and Luto -
miersk salt anticlines and the Tuszyn salt anticline (Ap pen di ces
4 and 5). 

Iso lated oc cur rences of hy dro car bons in the sam pled ho ri -
zons, fre quently as so ci ated with bi tu men shows in the cores,
are doc u mented from Me so zoic cover of salt anticlines of the
Kujavian Swell in clud ing the K³odawa-£êczyca, RogoŸno,

Justynów - Zaosie, Ciechocinek, Wojszyce and Je -
¿ów anticlines (Ap pen di ces 4 and 5). The same ap -
plies to the north west ern, west ern and south west -
ern parts of the P³ock Trough in clud ing the Toprzy -
sko and Gostynin-¯ychlin salt anticlines as well as
to the (not de picted on the map) mi nor Pokrzywno
and £owicz- Skierniewice salt pil lows close to the
Kujavian Swell (Fig. 1; cf. Marek and Znosko,
1972).

Sev eral bi tu men shows in Me so zoic cores,
with out no tice able hy dro car bon in flows or leaks,
have been re ported from the cen tral and east ern
parts of the P³ock Trough, which are lo cated on the
thick ened base ment of the East Eu ro pean Plat -
form, out side the ax ial part of the Pol ish Ba sin (Ap -
pen di ces 4 and 5). Sin gle cases of hy dro car bon in -
flows doc u mented from this area (bore holes:
P³oñsk 1, Cieszkowo 1, Kamionki 1) may, how ever, 
be re lated to mi nor salt struc tures or sig nif i cant tec -
tonic fault zones.

The spa tial re la tion ship of other iso lated hy dro -
car bon oc cur rences in the southeast ern part of the
P³ock Trough (Nadarzyn IG 1) and the south west -
ern part of the £ódŸ Trough (Barczew 1, Zakrzyn IG 
1) to the tec tonic struc ture is un clear (Ap pen di ces 4 
and 5). Hy dro car bon shows are also ob served
within deeply bur ied Me so zoic de pos its of the east -
ern part of the £ódŸ Trough, lo cated be tween salt
anticlines in the Damas³awek 22, Ko³o GT 1, Dob -
rów IGH 1 and Poddêbice PIG 2 bore holes.

Hy dro car bon oc cur rences in the southermost
part of the £ódŸ Trough, in clud ing the Radzi¹tków
anticline (Zakrzyn IG 1, Kliczków 1, Barczew 1,
Be³chatów 6 and Radzi¹tków 1, 2A, 3, 4, 5, 7 bore -
holes) were mostly ob served in Tri as sic de pos its
(Ap pen di ces 4 and 5). Hy dro car bon oc cur rences in 
north east ern, east ern and south east ern parts of
the £ódŸ Trough are pre dom i nantly re stricted to
the Mid dle-Up per Ju ras sic and the Ju ras sic-Cre ta -
ceous bound ary in ter vals. From the lat ter ho ri zon,
lo cated di rectly be low the evaporites of the Wieniec 
Mem ber of the Lime stone-Evaporite (Kcynia) For -
ma tion or within its lower part, are re ported nu mer -
ous bi tu men shows in cores. Bi tu mens were, oc ca -
sion ally, ob served in other strati graphi cal in ter vals
in that area, such as the Up per Tri as sic (Trzem¿al
1 and M³yny 2 bore holes), the Lower Ju ras sic
(Dama s³awek 22) and the Cre ta ceous (Cykowo IG
1, Gop³o Geo-4, Poddêbice PIG 2).

Hy dro car bon oc cur rences in the Kujavian Swell 
are doc u mented from Up per Tri as sic and Lower -
-Mid dle Ju ras sic in ter vals (Ap pen di ces 4 and 5),
which may be re lated to the el e va tion of the Me so -

zoic base ment of this tec tonic unit. A few hy dro car bon shows
have been re ported from other strati graphi cal in ter vals of the
Kujavian Swell: the Lower Tri as sic (Buków 1, Je¿ów IG 1) and
the Up per Ju ras sic (Borów 2/C, Gawrony 6V, G³ogowiec IG 1).
Hy dro car bon oc cur rences in the north west ern, west ern and
south west ern parts of the P³ock Trough are pre dom i nantly re -
stricted to the Mid dle-Up per Ju ras sic and the Ju ras sic-Cre ta -
ceous bound ary in ter vals (Ap pen di ces 4 and 5). Ex cep tions
are, how ever, quite nu mer ous and in clude the Lower Tri as sic of 
Ró¿yce IG 1, Szwejki IG 1 and Wa³dowo Królewskie 1, the Up -
per Tri as sic of Sochaczew 1, the Lower Ju ras sic of Kamionki IG 
3 and Ró¿yce IG 1 as well as the Lower Cre ta ceous of Gostynin 
8, Unis³aw 2 and Sochaczew 2. Hy dro car bon oc cur rences in
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Fig. 2. Sim pli fied lithostratigraphical log of the Me so zoic of cen tral Po land
(af ter Gajewska et al., 1997a, b; Szyperko-Teller et al., 1997; Krassowska et
al., 1997; Leszczyñski, 1997, 2012; Marek et al., 1997a, b; Pieñkowski, 2004)

The rock types are de scribed and marked with stan dard lithological pat terns
and col our sym bols
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the cen tral-east ern parts of the P³ock Trough are scat tered
among Tri as sic and Ju ras sic de pos its. They have also been re -
ported from Ju ras sic-Cre ta ceous bound ary beds of this area.
An ex cep tion is the Gra dzanowo 3 bore hole, where UV lu mi -
nes cence was ob served in Lower Cre ta ceous rocks. 

DISCUSSION

GENERAL REMARKS

The den sity of drilled bore holes is het er o ge neous. The
bore holes are com monly re stricted to top parts of the sed i men -
tary cover of large, sa line anticline struc tures (Ap pen di ces 4
and 5). The vari able depth limit of the bore hole sec tions should
also be taken into ac count, as many of them do not pierce
Lower Ju ras sic and Tri as sic strata. The ef fects ob served in the
cores may ad di tion ally be un der es ti mated by par tial cor ing, al -
beit no se lec tive cor ing of spe cific Me so zoic in ter vals can be
ob served in the bore holes stud ied.

The re stric tion of many bi tu men/gas shows to the Ju ras -
sic-Lower Cre ta ceous cover of large, sa line an ti cli nal struc tures 
or prom i nent tec tonic zones may, nev er the less, dem on strate
the pres ence of mi gra tory hy dro car bons, which flowed from
more deeply bur ied Me so zoic de pos its of in ter ven ing syn clines, 
and/or along deep-rooted fault zones con sti tut ing a path way for
fluid mi gra tion from Pa leo zoic de pos its. This is re lated to the
rel a tively low ther mal ma tu rity of the Ju ras sic-Lower Cre ta -
ceous de pos its of cen tral Po land (cf. Grotek, 2012; Wiêc³aw,
2016; Wierzbowski and Wierzbowski, 2019; Zakrzewski et al.,
2022a, b), which par tic u larly ap plies to el e vated ar eas of the
Me so zoic cover of Perm ian (Zechstein) salt anticlines or mar -
ginal ar eas of the P³ock Trough, where Me so zoic rocks are not
deeply bur ied due to their rest ing on the thick base ment of the
East Eu ro pean Plat form.

JURASSIC/CRETACEOUS BOUNDARY INTERVAL

Poorly lithified and con tain ing nu mer ous sandy and sandy
lime stone lay ers, the Up per to mid-Cre ta ceous de pos its are
highly per me able (cf. Figs. 2 and 3; Krassowska et al., 1997;
Leszczyñski, 2012). Clayey mudstone ho ri zons of the Lower
Cre ta ceous W³oc³awek, RogoŸno and a part of the Lime stone -
-Evaporite (Kcynia) for ma tions of low per me abil ity might the o -
ret i cally play a role in seal ing rocks but this is not con sis tent with 
the low min er al iza tion of Cre ta ceous deep wa ter aqui fers (cf.
Leszczyñski, 2002; Górecki et al., 2006). 

Spe cial at ten tion should be paid to evaporite de pos its of the 
Wieniec Mem ber of the Kcynia For ma tion as many bi tu men
shows in cores are re ported from lower parts of that mem ber or
from the Purbeckian lime stone-marly fa cies un der ly ing the eva -
porite rocks (Ap pen dix 2). The Wieniec Mem ber, dated to the
ostracod layer E, is pres ently in cluded into the low er most
Beriassian (cf. Leszczyñski, 2002; Dziadzio et al., 2004) but
was pre vi ously as signed to the up per most Tithonian (cf. Marek
et al., 1989; Niemczycka et al., 1997). This re sults in dis crep an -
cies in the de scrip tion of var i ous bore hole sec tions caus ing, for
a long time, prob lems with the proper clas si fi ca tion of this strati -
graphi cal level of hy dro car bons shows. The ob served ef fects in
the cores seem to be more or less ran domly scat tered over the
whole area of dis tri bu tion of evaporite rocks of the Wieniec
Mem ber, in clud ing its mar ginal zones (Fig. 4). In ter est ingly,
large pe tro leum shows/leaks and sweat ing of cores were ob -
served in the Ponêtów-Wartkowice anticline (bore hole sec tion:

Ko³o GT 1, Dobrów IGH 1 and Przyby³ów 1). The Ju ras sic-Cre -
ta ceous bound ary in ter val was, as a rule, not tested for gas in -
flow but the ob served shows in the cores ap pear to be re lated to 
re sid ual heavier hy dro car bon frac tions that may have mi grated
from the un der ly ing rocks and be come trapped in this ho ri zon. 

The evaporites of the Wieniec Mem ber at tain a few tens of
metres in cen tral Po land and con sist of anhydrite or gyp sum de -
pos its in ter ca lated with marls, marly clays, dolomites and lime -
stones (Radlicz, 1967; Dembowska, 1973, 1979). Al though
their thick ness in creases to wards the ax ial part of the Pol ish Ba -
sin, they are not pres ent in many parts of the £ódŸ Trough and
the Kujavian Swell due to Neo-Cim mer ian and Laramian ero -
sion or to lat eral re place ment by marly-lime stone de pos its
(Dembowska, 1973, 1979). It should also be born in mind that
the evaporites are shal lowly bur ied (down to 500 m be low sea
level), if pres ent, in the Kujavian Swell (cf. Górecki et al., 2006).
Due to their mod er ate thick ness, marly-lime stone in ter ca la tion
or rel a tively shal low burial in many parts of the Pol ish Low lands, 
the evaporites of the Wieniec Mem ber can not be ex pected to
be a wide spread and ef fec tive seal ing ho ri zon that might have
been in volved in the mech a nism of flex i ble prop a ga tion of
deep-rooted rigid faults con sti tut ing po ten tial mi gra tion routes of 
hy dro car bons from un der ly ing de pos its (cf. Górecki et al.,
2006).

MIDDLE-UPPER JURASSIC

Hy dro car bon oc cur rences in the Up per Ju ras sic rocks from
the top parts of the sed i men tary cover of large Perm ian (Zech -
stein) sa line anticlines of the £ódŸ Trough and west ern part of
the P³ock Trough, as well as in prom i nent fault zones of the
P³ock Trough, mostly cor re spond to ar eas of in creased wa ter
min er al iza tion of the top Mid dle–Up per Ju ras sic aqui fers re -
ported by Górecki et al. (2006) (Fig. 5). The hy dro car bon shows
are usu ally ob served in po rous deep-wa ter Oxfordian lime -
stones of mas sive (biohermal) spongy-mi cro bial type and
Lower Kimmeridgian shal low-wa ter organodetrital and oolitic
lime stones (Ap pen di ces 2 and 3). These rocks are gen er ally
as signed to the Spongy-lime stone (I) For ma tion, the Oolitic (IV)
For ma tion and co quina beds of the Lime stone-marly co quina
(V) For ma tion, dis tin guished ac cord ing to the lithostrati gra -
phical scheme of Dembowska (1979). 

Vari able to tal/ef fec tive po ros ity and per me abil ity val ues of
the Oxfordian-Lower Kimmeridgian ho ri zons are doc u mented
by phys i cal prop erty anal y ses of core sec tions (cf. Feldman -
-Olszewska, 2008, 2012; Karcz, 2018; Sobieñ, 2019; Fig. 3).
This is likely a re sult of the pres ence of poorly per me able marly
lime stone and marl in ter ca la tions be tween more per me able Up -
per Ju ras sic beds (Fig. 2). Also, the Up per Ju ras sic lime stone
de pos its pass grad u ally into marly and mudstone/marly- clay -
stone fa cies in the north west ern mar gin of the study area (cf.
Dembowska, 1979). The Up per Ju ras sic strata show, con se -
quently, low val ues of fil tra tion and ef fec tive po ros ity co ef fi -
cients; min er al iza tion of these aqui fers is low to mod er ate and
only lo cally in the east ern and northeast ern part of the £ódŸ
Trough it ex ceeds 100 g/dm3 (Górecki et al., 2006).

Nu mer ous hy dro car bon shows also are ob served in the
Mid dle Ju ras sic of the £ódŸ Trough and the P³ock Trough (Fig.
5). Al though Mid dle Ju ras sic rocks are lo cally deeply bur ied in
these re gions (down to ~3500 and ~2750 m be low sea level, re -
spec tively; cf. Górecki et al., 2006), the ob served hy dro car bon
man i fes ta tions are mostly re stricted to up lifted zones of the sed -
i men tary cover of salt anticlines (Fig. 6). In ad di tion, Mid dle Ju -
ras sic hy dro car bons have been ob served in four bore holes
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Fig. 3. To tal (open) po ros ity of dif fer ent se ries of the Me so zoic strata of cen tral Po land
(ar chi val data gath ered from the Cen tral Geo log i cal Da ta base of the Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute) 



pen e trat ing the Kujavian Swell, at var i ous depths from 800 to
2200 m (Ap pen di ces 2 and 3). 

Three ma jor Mid dle Ju ras sic hy dro ther mal wa ter aqui fers
(Lower Aalenian, Up per Bajocian and Lower-Mid dle Batho -
nian), are rel a tively poorly per me able and con sist of sand -
stones and heterolithic beds sealed by im per me able clay lay -
ers; there are also per me able Callovian sand stone-lime stone
beds (cf. Fig. 2; Feldman-Olszewska, 1997; Górecki et al.,
2006). This re sults in a scat ter of to tal po ros ity val ues of the
Mid dle Ju ras sic rocks (Fig. 3). The min er al iza tion of Mid dle Ju -
ras sic wa ters var ies from 1050 g/dm3 in the Kujavian Swell to
³100 g/dm3 in the east ern and north east ern parts of the £ódŸ
Trough and some west ern parts of the P³ock Trough (Fig. 5).

The spa tial links of the Mid dle-Up per Ju ras sic hy dro car bon
shows to the el e vated ar eas of the sed i men tary cover of salt
anticlines of the £ódŸ Trough and the P³ock Trough and prom i -
nent tec tonic zones in the east ern part of the P³ock Trough,
show ing low ther mal ma tu rity and in ter me di ate val ues of min er -
al iza tion of for ma tion wa ters, in di cate the pres ence of mi gra tory 
hy dro car bons. The hy dro car bons may have been de rived from
in ter ven ing syn clines, where Mid dle-Up per Ju ras sic rocks are
ex pected to be ther mally more ma ture (cf. Wierzbowski and
Wierzbowski, 2019; Zakrzewski et al., 2022a, b) or un der ly ing
Me so zoic or Pa leo zoic strata. 

Re con struc tion of hy dro car bon for ma tion and mi gra tion in
the Me so zoic strata of cen tral Po land needs tak ing into con sid er -

ation the tec tonic evo lu tion of that re gion. Its ax ial part (the
so-called Mid-Pol ish Trough) showed an extensional char ac ter
and sig nif i cant sub si dence dur ing much of the Me so zoic, which
re sulted in the de po si tion of a thick Tri as sic-Lower Cre ta ceous
rock suc ces sion above Perm ian (Zechstein) evaporites. A cen -
tral part of the Pol ish Ba sin (the mid-Pol ish Swell in clud ing its
Kujavian seg ment) was up lifted as a con se quence of Laramian
tec tonic move ments dur ing the Late Turonian-Paleocene (Ma -
rek, 1988; Stephenson et al., 2003; Krzywiec, 2006, 2012; Krzy -
wiec et al., 2017). The bot tom salt tec ton ics and tec tonic com -
pres sion re lated to in ver sion of the cen tral part of Pol ish Ba sin
are, thus, the main fac tors de ter min ing its tec tonic re gime.

The salt struc tures started to grow in the Early Tri as sic –
they in cluded salt roll ers lo cated at the footwalls of ro tated
blocks bounded by listric faults and salt pil lows (Krzywiec, 2012; 
Krzy wiec et al., 2017). Suc ces sive Late Tri as sic-Ju ras sic salt
move ments re sulted in the grad ual growth of salt struc tures,
and the for ma tion of half-grabens and ini tial salt diapirs
(Krzywiec, 2012). A prom i nent ac cel er a tion of salt move ment
took place dur ing the Late Turonian–Paleocene in ver sion of the 
mid-Pol ish Trough, lead ing to compressional re-ac ti va tion of
ma jor listric faults, fold ing/up lift of salt struc tures and the for ma -
tion of ma jor salt diapirs (Marek, 1988; Krzywiec et al., 2017).
The tec tonic com pres sion re sulted in the up lift and deep ero -
sion of the mid-Pol ish Swell, re-ac ti va tion of old trans verse
strike-slip fault zones, such as the Grójec fault zone, and likely
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Fig. 4. Bi tu men shows in cores at the Ju ras sic/Cre ta ceous bound ary, their depths and the dis tri bu tion of the evaporites
of the Wieniec Mem ber of the Kcynia For ma tion (af ter Dem bowska, 1973, mod i fied)
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the ap pear ance of new faults, es pe cially within the Me so zoic
cover of up lifted salt struc tures (cf. Krzywiec, 2002; Krzywiec et
al., 2017).

Tak ing into ac count pos i tive ther mal anom a lies above the
salt struc tures due to the two to four times higher ther mal con -
duc tiv ity of salt com pared to other sed i men tary rocks (Magri et
al., 2008; Zhuo et al., 2015), the ex is tence of rock frac tures and
faults above el e vated salt pil lows/diapirs and a gen eral lack of
thick seal ing ho ri zons (cf. Górecki and Zawisza, 2011) the geo -
log i cal ar chi tec ture of the Pol ish Low lands is ex pected to stim u -
late fluid cir cu la tion in the Me so zoic cover of salt anticlines. This 
as pect has never been stud ied in de tail at re gional scale. How -
ever, re ported fea tures of the Mid dle-Up per Ju ras sic rocks in
halokinetic struc tures of cen tral Po land, in clud ing the ferrugi -
nous -dolomitic min er al iza tion of Bathonian sand stones and
wide spread dolomitization of Callovian-Lower Kimmeridgian
car bon ates in the form of veins or chim ney-like bod ies (Znosko, 
1957; Radlicz, 1967; Teofilak-Maliszewska, 1968; Malisze w -
ska, 1999; Franaszek and Lis-Martyniak, 1973; Ur ban-£ucka,
1973; D¹browska, 1974; Zydorowicz, 1982; Chlebowski, 1985;
Skompski, 1985a; Niemczycka and Feldman-Olszewska,
2012) as well as sul phide min er al iza tion of Oxfordian–Lower
Kimmeridgian do lo mite-lime stone rocks tied to fault zones (Kra -
jewski, 1957; Radlicz, 1964; Górecka, 1985) clearly points to
late diagenetic fluid flow. This min er al iza tion is not ac com pa -

nied by sig nif i cant amount of diagenetic gyp sum, which might
in crease the seal ing ca pac i ties of the rocks. 

Diagenetic fluid cir cu la tion and rock recrystallization may
have caused a loss of in teg rity of weak seal ing ho ri zons of the
Mid dle-Up per Ju ras sic traps and ex plain the lack of doc u -
mented hy dro car bon ac cu mu la tion in co eval rocks of cen tral
Po land. The same may ap ply to the role of ac tive faults. In ad -
di tion, deep ero sion of the mid-Pol ish Swell, which re moved
up per most Ju ras sic and over ly ing Cre ta ceous rocks, sig nif i -
cantly af fected the per me abil ity of Mid dle-Up per Ju ras sic ho ri -
zons, al low ing in flow of sur face wa ters, which is re flected in
the low min er al iza tion of Ju ras sic aqui fers in the Kujavian
Swell and its mar ginal ar eas (Fig. 5). Its up lift is also thought to
def i nitely have halted the pro cess of kerogen trans for ma tion
(Botor, 2023).

TRIASSIC–LOWER JURASSIC 

Tri as sic-Lower Ju ras sic hy dro car bon signs are gen er ally
ob served in the top parts of sa line anticline struc tures or prom i -
nent fault zones in south and east ern parts of the study area
(e.g., the Radzi¹tków anticline). They are mostly de coup led
from zones of the high est min er al iza tion of co eval for ma tion wa -
ters noted in cen tral parts of the £ódŸ Trough and the Kujavian
Swell (cf. Górecki et al., 2006; Fig. 7). Cer tain fea tures of the
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Fig. 5. Mid dle-Up per Ju ras sic hy dro car bon oc cur rences in cores/sam pling ho ri zons (with out Ju ras sic/Cre ta ceous bound ary 
ho ri zons), their depths and wa ter min er al iza tion at the top the Mid dle Ju ras sic (af ter Górecki et al., 2006)
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Tri as sic–Lower Ju ras sic dataset may be re lated to a more ran -
dom dis tri bu tion of bore holes pierc ing that strati graphic in ter val
com pared to the Mid dle–Up per Ju ras sic bore holes. No ta bly,
the Tri as sic rocks in south ern most and east ern most parts of the 
study area oc cur at a shal lower depth that in its cen tral parts.
For ex am ple, they were gen er ally sam pled at a depth of 1400 to 
2500 m be low sea level in the Radzi¹tków anticline (cf. Ap pen -
dix 3), whereas the top of the Tri as sic de pos its oc cur <2500 m
be low sea level in the east ern part of the £ódŸ Trough and west -
ern part of the P³ock Trough (Fig. 6). The top of the Mid dle Tri -
as sic lies usu ally <3000 m be low sea level in the Kujavian
Swell, due to the sig nif i cant thick ness of the Up per Tri as -
sic-Lower Ju ras sic de pos its (cf. Górecki et al., 2006). The shal -
lowly bur ied Tri as sic de pos its were, there fore, eas ier ac ces si -
ble for bore hole stud ies.

The thick Lower Ju ras sic wa ter-bear ing sand stone ho ri zons 
of cen tral Po land are sealed by im per me able mudstone -clay -
stone beds and have good wa ter res er voir prop er ties (cf. Figs.
2 and 3; Górecki et al., 2006; Sowi¿d¿a³ et al., 2013, 2020a, b).
There fore, they are re garded as hav ing lo cally high po ten tial as
ther mal wa ter aqui fers. The ef fi cient seal ing ho ri zons of the Tri -
as sic aqui fers are Roetian (Lower Tri as sic) car bon ate- eva -
porite beds and Keuper (Up per Tri as sic) Gyp sum Beds, which
con sist of clayey-silty de pos its with anhydrite, gyp sum and ha -
lite in ter ca la tions (Fig. 2; Górecki et al., 2006). The Lower Gyp -
sum Beds have the great est re gional ex tent and thick ness, at -

tain ing up to a few hun dred metres in the north-cen tral part of
the £ódŸ Trough and cen tral part of the Kujavian Swell
(Gajewska, 1978, 1988; Gajewska et al., 1997). In that area
they con tain 1–3 halite seams of to tal thick ness of 40 to 143 m
(Czapowski and Thomassi-Morawiec, 2016). The Lower Gyp -
sum does not show, how ever, com plete lithological de vel op -
ment and eva porite in ter ca la tions are grad u ally lost to wards the
east, even tu ally dis ap pear ing in the area of the P³ock Trough
(Gajewska, 1978, 1988; Gajewska et al., 1997). A sim i lar sit u a -
tion is ob served in the Up per Gyp sum Beds, whose up per most
part con sist ing of grey claystones with top an hyd rites is not pre -
served east of the £ódŸ Trough (Gajewska, 1978). The Roetian
car bon ate-evaporite de pos its oc cur south west of the Mid-Pol -
ish Swell and in its cen tral part only (Szyperko-Teller et al.,
1997). The pres ence of Tri as sic evaporite-clayey beds, which
may form seal ing ho ri zons, is re flected in low val ues of to tal po -
ros ity of many rocks of this sys tem. The po ros ity of in ter ven ing
or un der ly ing sand stone lay ers of the Up per Tri as sic (Keuper)
and the Lower Tri as sic (Buntsandstein) is, how ever, not high,
which lim its their res er voir prop er ties (cf. Fig. 3; Górecki et al.,
2006). 

The rel a tively small amounts of Lower Ju ras sic rocks of very 
low po ros ity, which may act as seal ing ho ri zons, prob a bly did
not fa vour hy dro car bon ac cu mu la tions (Fig. 3). The low po ros ity 
of the Tri as sic siliciclastic rocks, the pre sumed low or ganic mat -
ter con tent of these strata and ex pected com ple tion of kerogen
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trans for ma tion af ter Late Cre ta ceous-Early Paleogene in ver -
sion of the mid-Pol ish Swell (cf. Botor, 2023) should also be
treated as fac tors lim it ing the pos si bil ity of hy dro car bon ac cu -
mu la tions. Some Tri as sic hy dro car bon ac cu mu la tions might,
how ever, be as so ci ated with mi nor, deeply bur ied and poorly
tec toni cally trans formed an ti cli nal struc tures. The same ap plies 
to wedged Tri as sic or Ju ras sic de pos its con tact ing el e vated
Perm ian (Zechstein) salt diapirs out side their top ar eas, which
may act as cur tain caprocks. 

CONCLUSIONS

Pub lished data on Me so zoic bi tu men shows in cores and on 
hy dro car bon in flows from sam pled ho ri zons of the cen tral part
of the Pol ish Low lands, com pris ing ar eas of the £ódŸ Trough,
Kujavian Swell and P³ock Trough, have been col lated in the
form of ta bles with the cat e go rized sig nif i cance of the shows.
De tailed maps and di a grams pre sent ing the lo ca tion of hy dro -
car bon oc cur rences against the back ground of geo log i cal stru -
c tures, the ex tent of the Ju ras sic/Cre ta ceous bound ary eva -
porites, and wa ter min er al iza tion of the Mid dle Tri as sic and
Mid dle Ju ras sic in ter vals, have been con structed based on the
data as sem bled. Our study ad di tion ally pro vides a sum mary of
data on rock po ros ity of dif fer ent se ries of the Me so zoic rocks
and a crit i cal re view of pub lished in for ma tion on the geo chem i -
cal and struc tural evo lu tion of the study area.

The data ob tained show a spa tial link of the ma jor ity of hy -
dro car bon oc cur rences to the top most part of the sed i men tary
cover of el e vated salt anticlines. The bases of Ju ras sic/Cre ta -
ceous evaporites and Mid dle-Up per Ju ras sic car bon ate rocks
are the most im por tant in ter vals of con cen tra tions of hy dro car -

bon signs in cores and sam pled ho ri zons, re spec tively. Due to
the low ther mal ma tu rity of kerogen in co eval strata, both sorts
of hy dro car bons are re garded as mi gra tory. They might have
been de rived from ad join ing syn clines and/or have been trans -
ported by fault sys tems from un der ly ing rocks.

A lack of doc u mented Me so zoic hy dro car bon ac cu mu la -
tions in cen tral Po land where there are ob served signs of hy dro -
car bons is in ter preted as a re sult of the vari able po ros ity of the
Me so zoic de pos its, de void of thick seal ing ho ri zons, the tec -
tonic in volve ment of the Me so zoic suc ces sion, which was de -
formed by salt move ments, and Late Cre ta ceous-Early Paleo -
gene up lift of the mid-Pol ish Swell. The ap pear ance of fault sys -
tems and fluid cir cu la tion, par tic u larly in the cover of salt anti -
clines may have led to a de crease in the mod er ate seal ing ca -
pac i ties of Me so zoic strata. It is also doc u mented that the tec -
tonic in ver sion stopped the pro cess of Me so zoic kerogen trans -
for ma tion.

De tailed in for ma tion on hy dro car bon oc cur rences and the
or ganic mat ter con tent of the Lower Ju ras sic, and es pe cially of
Tri as sic rocks in many ar eas of the Pol ish Low lands, is still lack -
ing. The ex is tence of some hy dro car bon ac cu mu la tions in Tri -
as sic strata can not be yet ex cluded tak ing into ac count higher
wa ter min er al iza tion and the en hanced in teg rity of Roetian and
Keuper claystone-evaporite beds, which may form seal ing ho ri -
zons. The res er voir prop er ties of Tri as sic sandy beds are, how -
ever, lim ited due to their low to mod er ate po ros ity.
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