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 As so ci ate Ed i tor – Micha³ Zatoñ 

Ox y gen and car bon iso tope ra tios of well-pre served calcitic bi valves from the Lower–low er most Up per Kimmeridgian of Cen -
tral Po land (SW mar gin of the Holy Cross Moun tains) have been stud ied to re con struct palaeoenvironmental con di tions and
vari a tions in an cient wa ter chem is try. Low and scat tered d18O and d13C val ues of bi valve shells from shal low car bon ate de -
pos its of the Hypselocyclum and the Hypselocyclum–Divisum zone bound ary (–3.5 to –1.5, and 2.6 to 4.0‰, re spec tively)
are a re sult of sa lin ity changes and lo cal vari a tions in the com po si tion of dis solved in or ganic car bon (DIC) in con di tions of re -
stricted wa ter cir cu la tion. A slight in crease in bi valve d13C val ues and more densely clus ter ing of d18O val ues is ob served af -
ter the ma rine trans gres sion at the Divisum–Mutabilis zone bound ary. A global de crease of d13C val ues of ma rine car bon ates 
is partly re corded in Lower–low er most Up per Kimmeridgian bulk car bon ates from cen tral Po land (from the Radomsko El e va -
tion and the Wieluñ Up land). Lo cal neg a tive shifts and data scat ter are, how ever, ob served in rocks de pos ited in a very shal -
low en vi ron ment of car bon ate plat forms dur ing the Platynota and Hypselocyclum chrons. This in ter val cor re sponds to the
up per most part of the lowstand sys tems tract of a ma jor re gres sive trend, which had started in the Oxfordian.
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INTRODUCTION

Lower–low er most Up per Kimmeridgian (Platynota–Muta -
bilis zones) strata of cen tral Po land, which were de pos ited dur -
ing phases of growth and de cay of shal low-wa ter car bon ate
plat forms, are poorly in ves ti gated as re gards their min er al og i cal 
and geo chem i cal com po si tions. This is due to the re stricted
out crop area and prob lems with dat ing and cor re la tion of the
beds. Re cent stud ies of Matyja et al. (2006), Matyja (2011),
Wierzbowski (2017), and Wierzbowski and G³owniak (2018)
have, how ever, al lowed re-def i ni tion of lithostratographical
units and pre cise biostratigraphical dat ing of the Kimmeridgian
suc ces sion in the Wieluñ Up land, the Radomsko El e va tion and
the SW mar gin of the Holy Cross Moun tains. 

The pres ent study is based on ac ces si ble Lower–low er most 
Up per Kimmeridgian ex po sures in these re gions and ar chi val
sam ples. Well-pre served and stratigraphically well-dated bi -
valve shells were sam pled from the Ma³ogoszcz sec tion (SW
mar gin of the Holy Cross Moun tains). Bulk car bon ates from the
Wieluñ Up land, its vi cin ity, and the Rogaszyn sec tion (the
Radomsko El e va tion) were ad di tion ally in ves ti gated (Fig. 1).

Ox y gen and car bon iso tope anal y ses have been un der taken to
pro vide in for ma tion on the en vi ron men tal con di tions re corded
in ma rine car bon ates, in clud ing vari a tions in wa ter tem per a -
tures, sa lin ity and bi o log i cal pro duc tiv ity. The re sults ob tained
are com pared with the co eval geo chem i cal re cord of other re -
gions to dis crim i nate be tween lo cal and global fac tors. Long-
 term bathymetry and wa ter cir cu la tion changes, which oc curred 
in the epicontinental Pol ish ba sin dur ing the Late Ju ras sic, are
ad di tion ally dis cussed as an al ter na tive fac tor con trol ling the
iso tope re cord. The iso tope data pro vided may have broader
sig nif i cance due to the sim i lar ity in fa cies de vel op ment of
Kimmeridgian de pos its in var i ous parts of Eu rope.

GEOLOGICAL SETTING

Deep-wa ter biohermal and bed ded Oxfordian–low er most
Kimmeridgian lime stones and marls of the sponge megafacies
are over lain in cen tral Po land by rel a tively shal low-wa ter Lower
Kimmeridgian car bon ate fa cies (Kutek, 1968, 1994; Matyja,
1977, 2011; Matyja et al., 2006; Matyja and Wierzbo wski, 2014; 
Wierzbowski, 2017). This change was a re sult of pro nounced
shallowing of the depositional ba sin and progra dation of the
car bon ate plat form from east and north-east to west and south -
-west (Matyja and Wierzbowski, 2014). The shal low-wa ter car -
bon ate sed i men ta tion started in the lat est Planula Chron on the
SW mar gin of the Holy Cross Moun tains and the Radomsko El -
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e va tion, and in the Platynota Chron in the Wieluñ Up land
(Matyja, 2011; Matyja and Wierzbowski, 2014; Wierzbowski,
2017; Wierzbowski and G³owniak, 2018).

Mod er ately shal low and shal low-wa ter Lower Kimmeridgian 
de pos its, which are now a days re stricted to the east ern part of
the Wieluñ Up land and its vi cin ity, over lie well-bed ded micritic
lime stones (Wolbrom Lime stone Mem ber) and marls (Lato -
sówka Marl Mem ber) of the Pilica For ma tion be long ing to the
sponge megafacies. The Lower Kimmeridgian de pos its stud ied 
com prise: 

– bed ded chalky lime stones with si li ceous sponges rich in

ben thic fauna, and micritic lime stones and marls of the Pru -

sicko For ma tion known from the Wieluñ Up land and dated

to the Platynota Zone, 

– oolitic and chalky lime stones with oncolites, and marls of a

so-called “oolitic” for ma tion from the Wieluñ Up land, as -

signed to the up per most Platynota Zone and lower and mid -

dle parts of the Hypselocyclum Zone,

– marls, marly- and micritic lime stones with com mon bi valves

and lo cally oc cur ring onco lites of the Burzenin For ma tion,

which are as signed to the up per part of the Hypselocyclum

and the Divisum Zone in the Wieluñ Up land, and to al most

the whole Hypselocyclum and the Divisum Zone north of the 

Wieluñ Up land (Wierzbowski, 2017; Fig. 2). 
The de po si tion of the Prusicko For ma tion in the Wieluñ Up -

land took place on the outer slope of a car bon ate ramp, in a rel -
a tively shal low en vi ron ment, be low the fair-weather wave base.
Ma jor shallowing, ob served in the Wieluñ Up land, is marked by
oc cur rences of oolitic lime stones be long ing to the so-called
“oolitic” for ma tion, which are ex posed in the Szczerców out crop
(Fig. 3). These strata are, in turn, over lain by transgressive de -
pos its of the Burzenin For ma tion, partly ex posed in the
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Fig. 1. Geo log i cal map of cen tral Po land (af ter Dadlez et al., 2000) with lo ca tion of the study area

Out crops stud ied: M – Ma³ogoszcz, Mj – Majaczewice, R – Rogaszyn, S – Szczerców; ar chi val out crops: 
B – B³ota Krupliñskie (cores KP2 and KP3), D – Dubidze (core 6W), K – Kule (84), L – Lisowice (PJ110), S – Sarnów



Majaczewice sec tion (Fig. 4), which were de pos ited in a mod er -
ately shal low sea af ter a de cline of the shal low wa ter car bon ate
plat form (Wierzbowski, 2017). De po si tion of the Burzenin For -
ma tion started ear lier in a deeper part of the ba sin, north of the
Wieluñ Up land, di rectly above the mod er ately deep-wa ter Pilica 
For ma tion, where the Prusicko and the “oolitic” for ma tion do not 
oc cur. Part of the basal de pos its of the Burzenin For ma tion,
north of the Wieluñ Up land, i.e. the Brzyków Oncolite Bed dated 
to the up per part of the Hippolytense Subzone of the Hypselo -

cyclum Zone was, how ever, formed in a rel a tively shal low en vi -
ron ment (Wierzbowski, 2017). This may be treated as an in di -
ca tor of the max i mum re gres sion sur face of the lowstand sys -
tems tract, which cor re sponds to thicker oolite de pos its from the 
south. A ma jor part of the Burzenin For ma tion from the Wieluñ
Up land and its vi cin ity, with abun dant con den sa tion sur faces,
shows a transgressive char ac ter and was de pos ited start ing
from the Lothari Subchron of the Hypselocyclum Chron to the
end of the Divisum Chron (Wierzbowski, 2017). Youn ger
Acanthicum (»Mutabilis) de pos its of the Up per Kimmeridgian in
the study area, which are not ex posed now a days, con sist of bi -
valve coquinas (a so-called “co quina” for ma tion) and show a
slightly re gres sive char ac ter (Wierzbowski, 2017).

Oncolite-micritic lime stones (unit 1) are ex posed in the old -
est part of the Rogaszyn sec tion on the Radomsko El e va tion.
They are dated to the Desmoides Subzone of the Platynota
Zone of the Lower Kimmeridgian (Kutek, 1968; Wierzbowski
and G³owniak, 2018; see also Fig. 5). Youn ger strata in this sec -
tion con sist of in ter ca la tions of marls, micritic and sub or di nate
organodetrital lime stones (units 2–8) and rep re sent the up per
part of the Platynota Zone (Wierzbowski and G³owniak, 2018).
Higher, above an omis sion sur face, oc cur biodetrital lime sto -
nes, which grad u ally pass into oncolitic lime stones with oo lites
(unit 9). The lat ter strata are as signed to the Hippolytense
Subzone of the Hypselocyclum Zone (Wierzbowski and G³o -
wniak, 2018). In the youn gest part of the Rogaszyn Quarry,
which is poorly ex posed now a days, there oc cur brit tle marls
(unit 10) as well as micritic-oolitic lime stones and marls (units
11 and 12) of the Lothari Subzone of the Hypselocyclum Zone
(Wierzbowski and G³owniak, 2018). 

A ma jor part of the Rogaszyn sec tion (units 1–11) con sists
of shal low wa ter de pos its of the car bon ate plat form. These de -
pos its con sti tute a lat eral equiv a lent of the “oolite” for ma tion
and the Prusicko For ma tion, known from the Wieluñ Up land
(Wierzbowski and G³owniak, 2018; Fig. 5). The very small thick -
ness of the car bon ate plat form de pos its in the Radomsko El e -
va tion is, how ever, un usual, and may re sult from tec tonic move -
ments of lo cal fault blocks (Wierzbowski and G³owniak, 2018).
The de mise of the shal low-wa ter car bon ate plat form took place
in the lat est Hypselocyclum Chron (dur ing the Lothari Sub -
chron) and is marked by the oc cur rence of deeper wa ter fa cies
of unit 12 (Wierzbowski and G³owniak, 2018), which cor re -
sponds to the Burzenin For ma tion. 

The Lower Kimmeridgian suc ces sion of the Ma³ogoszcz
sec tion at the SW mar gin of the Holy Cross Moun tains be gins
with the “oolite” for ma tion as signed to the Platynota–Hypselo -
cyclum zones (Kutek, 1968, 1994; Matyja et al., 2006; Matyja,
2011; see also Fig. 6). It con sists of two oolitic units (the Lower
Oolite and the Up per Oolite) un der lain by Pelitic Lime stones
and di vided by the Banded Lime stone Mem ber. These units
are, in turn, over lain by the Oncolite Layer, the Oolite–Platy
Mem ber, as well as marls and marly lime stones (Shaly Lime -
stones and Un der ly ing Shales). All the rocks of the “oolite” for -
ma tion were formed dur ing var i ous phases of growth of a shal -
low-wa ter car bon ate plat form (Matyja et al., 2006; Matyja,
2011). A youn ger part of the Ma³ogoszcz sec tion be gins with an
en crusted hardground around the Hypselocyclum–Divisum
zone bound ary. This hardground is over lain by the “co quina”
for ma tion, which con sists of the Skorków Lumachelle and Up -
per Platy Lime stones. De po si tion of the “co quina” for ma tion re -
flects a deep en ing of the ba sin dur ing the Divisum Chron
(Matyja et al., 2006; Matyja, 2011). The top of the Ma³ogoszcz
sec tion con sists of marls and marly shales with in ter ca la tions of
organo detrital lime stones (Top Shales), which are dated to the
Up per Kimmeridgian Mutabilis (»Acanthicum) Zone (Kutek,
1968, 1994; Matyja et al., 2006; Matyja, 2011). These de pos its
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Fig. 2. Gen er al ized li thol ogy, lithostratigraphy, and trans -
gressive -re gres sive se quences of the Wieluñ Up land (Planula
to Platynota–Hypselocyclum zone bound ary) and its north ern
vi cin ity (Platynota–Hypselocyclum zone bound ary to Acanthi -
cum Zone; af ter Wierzbowski, 2017)

Ac. – Acanthicum, Crus. – Crussoliense, Desm. – Desmoides, Gl. –
Galar, Pl. – Polygyratus, Uhl. – Uhlandi; 1 – Wolbrom Lime stone
Mem ber, 2 – Latosówka Marl Mem ber, 3 – Kuchary Chalky Lime -
stone Mem ber, 4 – Skowronów Lime stone Mem ber, 5 – Góry Marl
Mem ber, 6 – Kule Chalky Lime stone Mem ber, 7 – unit A, 8 –
Kie³czyg³ów Marl Mem ber (unit B), 9 – units C, D, E, F, 10 –
Majaczewice Mem ber (units G, H), 11 – Sarnów Gas tro pod Lime -
stone Mem ber (unit I)

https://gq.pgi.gov.pl/article/view/25918/pdf
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show a slightly re gres sive char ac ter, and are in ter ca lated, es -
pe cially in their higher part, with bi valve coquinas.

Al though con tin u ous lime stone sed i men ta tion pre vailed in
the Early Kimmeridgian of the study area, lime stone beds are
in ter ca lated with marly lay ers. The ap pear ance of the Lato -
sówka Marl Mem ber within the Pilica For ma tion, the Góry Marl
Mem ber within the Prusicko For ma tion and the Kie³czyg³ów
Marl Mem ber within co eval parts of the “oolitic” and the Burze -
nin for ma tions as well as un named marls within the up per most
part of the Burzenin For ma tion from the Wieluñ Up land and its
vi cin ity, may be cli mat i cally or tec toni cally in duced (Wierzbo -
wski, 2017). The marlstone mem bers from the Wieluñ Up land
cor re late with co eval marly beds from the Radomsko El e va tion

and the SW mar gin of the Holy Cross Moun tains (cf. 
Matyja and Wierzbowski, 2006; Matyja, 2011;
Wierzbowski, 2017). A deep en ing event on the
Wieluñ Up land, which is marked by the de mise of
car bon ate plat forms in the Lothari Subchron of the
Hypselocyclum Chron, is al most co eval with the oc -
cur rence of deeper wa ter fa cies on the Radomsko
El e va tion (Wierzbowski, 2017; Wierzbowski and
G³o wniak, 2018). It pre dates, how ever, a sim i lar ep i -
sode known from the SW mar gin of the Holy Cross
Moun tains, which is as signed to the Hypselo -
cyclum–Di vi sum Chron bound ary (Kutek, 1994;
Matyja et al., 2006; Matyja, 2011). Shal low-wa ter
car bon ate sed i men ta tion lasted lon ger at the SW
mar gin of the Holy Cross Moun tains prob a bly be -
cause of the lesser depth of this part of the epiconti -
nental Pol ish ba sin. In all ar eas stud ied, de pos its of
car bon ate plat forms are over lain by deeper wa ter
fa cies of the up per most Lower and the Up per
Kimmeridgian (Matyja and Wierzbowski, 2014).

MATERIAL AND METHODS

Deltoideum delta (oys ters) and Trich ites (pinnid
bi valves), which are abun dant in the Ma³ogoszcz
Quarry sec tion (Fig. 6), were col lected for iso tope
stud ies. A few un de ter mined oys ter shells were also
col lected from the Ma³ogoszcz and the Szczerców
sec tions. Thin-sec tions pre pared from the bi valve
shells were stud ied us ing a cold cathodo luminescen -
ce mi cro scope. Non-lu mi nes cent or very weakly lu -
mi nes cent shell frag ments (38 sam ples), away from
the hinge or the mus cle scar ar eas, were cleaned
man u ally, us ing a microdrill, from sed i ment re mains
and bor ings. The sam ples were ground in an ag ate
mor tar. Aliquots of car bon ate pow ders were used for
chem i cal and ox y gen and car bon iso tope anal y ses. 

65 bulk car bon ate sam ples (lime stones, marly
lime stones, marls and marly clays) were col lected
man u ally from ex po sures at Szczerców, Majacze -
wice, and Rogaszyn, which are as signed to the
Platynota Zone and a lower part of the Hypselo -
cyclum Zone (Figs. 3–5). The sam ple set has been
sup ple mented with 31 ar chi val sam ples de rived
from W.C. Kowalski’s col lec tion, who stud ied the
Lower Kimmeridgian in ex po sures lo cated north of
the Wieluñ Up land (cf. Kowalski, 1958) and from A.
Wierzbowski’s col lec tion, who mostly stud ied bore -
hole cores from the north ern bor der of the Wieluñ
Up land (cf. Wierzbowski, 2017). The ma jor ity of
sup ple men tary sam ples come from the vi cin ity of

the Majacze wice sec tion (lo cal i ties: Góry Wa pienne, Burzenin
47, Burzenin 16/9, Burzenin 16/2) and the Szczerców out crop
(bore holes: 37/13.5, PD20B, 130SP, PW408, KT109). Other lo -
cal i ties are in di cated on Fig ure 1.

Ca, Mg, Sr, Na, Mn and Fe con cen tra tions in bi valve shells
were de ter mined by means of the ICP-OES (In duc tively Cou -
pled Plasma Op ti cal Emis sion Spec trom e try) method at the
Pol ish Geo log i cal In sti tute – Na tional Re search In sti tute.
50–100 mg sam ples were dis solved in 5 wt.% hy dro chlo ric acid. 
Reproducibility of chem i cal anal y ses (2s S.D.) was con trolled
by mul ti ple anal y ses of sam ples and av er ages as fol lows: 0.7%
for Ca, 1.6% for Mg, 1.1% for Sr, 4.8% for Na, 2.9% for Mn, and
14% for Fe. Re peated anal y ses of JLs-1 cal cite and JDo-1 do -
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Fig. 3. Bulk car bon ate car bon iso tope re cord of the Szczerców sec tion
(north ern bor der of the Wieluñ Up land)

Bio- and lithostratigraphy are given af ter Wierzbowski (2017); data points 
of al tered sam ples (see text) are marked with open cir cles;

 Lot. – Lothari Subzone
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lo mite ref er ences (cf. Imai et al., 1996) yielded ac cu ra cies of
mea sure ments (2s S.D.) better than 2.2% for Ca, 1.5% for Mg,
1.3% for Sr, 4.5% for Mn, and 12.1% for Fe. The pres ence of
non-car bon ate iron com pounds may have af fected reproduci -
bility and ac cu racy of Fe anal y ses. The ac cu racy of Na anal y -
ses can not be spec i fied be cause of low so dium con cen tra tions
in the ref er ences. 

Ox y gen and car bon iso tope anal y ses of bulk car bon ates
and bi valve shells were con ducted at the GeoZentrum Nordba -
yern, Uni ver sity of Erlangen-Nuremberg (Ger many). Sam ples
were re acted with 100% phos pho ric acid at 70°C us ing a
Gasbench II con nected to a ThermoFisher Delta V Plus mass
spec trom e ter. All val ues are re ported in per mil rel a tive to the
VPDB scale by as sign ing d13C val ues  of +1.95‰ to NBS19 and 
–47.3‰ to IAEA-CO9 and d18O val ues of –2.20‰ to NBS19
and –23.2‰ to NBS18. Reproducibility of mea sure ments was
mon i tored by rep li cate anal y ses of lab o ra tory stan dards Sol 2
(n = 24) and Erl 5 (n = 18). Reproducibility for d13C and d18O val -
ues was 0.09 and 0.10‰ (±2s S.D.) for Sol 2, and 0.12‰ and
0.12‰ (±2s  S.D.) for Erl 5, re spec tively. 

To cal cu late d18O-de rived tem per a tures for cal cite the re la -
tion ship of O’Neil et al. (1969) mod i fied by Fried man and O’Neil
(1977), along with the SMOW to PDB scales con ver sion given
by Fried man and O’Neil (1977), was used:

1000lnacal cite-wa ter = 2.78 × 106/T2 – 2.89 [1]

where: acal cite-wa ter – ox y gen iso tope frac tion ation fac tor be tween cal -
cite and wa ter, T – tem per a ture in Kel vin.

Tem per a tures cal cu lated for the mea sured range of
d18Ocal cite val ues us ing the equa tion of Fried man and O’Neil

(1977) are al most in dis tin guish able from tem per a -
tures cal cu lated us ing the equa tion of An der son
and Ar thur (1983):

T(°C) = 16.0 – 4.14 × (dc – dw) + 0.13 × (dc – dw)2

[2]

where: dc – ox y gen iso tope com po si tion of car bon ate

on the PDB scale, dw – ox y gen iso tope com po si tion of
wa ter on the SMOW scale. 

Palaeo tempe ratures cal cu lated us ing both
equa tions are shown on Fig ure 6 for com par i son.

DIAGENETIC ALTERATION 
OF BIVALVE SHELLS

Oys ter shells pos ses fo li ated micro struc tures
and are made of cal cite (Esteban-Delgado et al.,
2008). Trich ites shells are pri mar ily built of coarse
cal cite prisms (Chateigner et al., 2002). Al though a
thin in ner, aragonitic layer oc curs in the pointed
area of mod ern pinnid shells its rem nants are usu -
ally not found in fos sil Trich ites (cf. Chateigner et al., 
2002; Sturman et al., 2014). The ar agon ite shell
layer was also not ob served in the Trich ites shells
stud ied. 

Diagenetic al ter ation of skel e tal cal cite can be
screened us ing cathodoluminescence stud ies and
anal y ses of mi nor and trace el e ment con cen tra -
tions. Iron and man ga nese con tents of ma rine cal -

cite in creases as a re sult of al ter ation un der re duc ing con di -
tions. A diagenetic de crease in stron tium con tent is, in turn, ob -
served be cause of its low con cen tra tion in fresh wa ter and
lesser par ti tion ing of this el e ment in in or ganic cal cites (Veizer,
1983; Brand and Veizer, 1980; Mar shall, 1992; Ullmann and
Korte, 2015). In ad di tion, diagenetic Mn2+ ions ac ti vate bright or -
ange-red cathodoluminescence in cal cites, which is typ i cal of
al tered shell ma te rial (Mar shall, 1992; Savard et al., 1995). Pris -
tine car bon ate shells may, how ever, show dull lu mi nes cence
with nar row brighter bands (Barbin, 2000, 2013). 

The oys ter and Trich ites shells stud ied from the Lower
Kimmeridgian of cen tral Po land are non-lu mi nes cent or show
dif fer ent cathodoluminescence in ten si ties from dull to bright
(Fig. 7). As bright, or ange-red lu mi nes cence is in ter preted as a
re sult of diagenetic al ter ation, only non-lu mi nes cent or dully lu -
mi nes cent bi valve shells were se lected for chem i cal and iso -
tope anal y ses.  

The bi valves shells stud ied from cen tral Po land are char ac -
ter ized by vari able mi nor and trace el e ment con cen tra tions: Mn
from be low de tec tion limit (1 ppm) to 74 ppm, Fe from be low de -
tec tion limit (20 ppm) to 596 ppm, and Sr from 592 to 860 ppm
(Ta ble 1). A strong, cor re la tion is ob served be tween Fe and Mn
con tents in the shells (Fig. 8). Thresh old lim its of Mn £100 ppm,
Fe £250 ppm, and Sr ³490 ppm may be ac cepted as in dic a tive
of well-pre served Ju ras sic cal cite bi valve shells ac cord ing to
Wierzbowski and Joachimski (2007), and Wierzbowski et al.
(2016). The given lim its of man ga nese and iron con cen tra tions
are in line with the data of Jones et al. (1994). The ac cepted
man ga nese and stron tium cut-off lim its are also sim i lar to the
lim its spec i fied for Ju ras sic bi valves by An der son et al. (1994),
Price and Page (2008), Price and Teece (2010), and Zuo et al.
(2019) al though the lat ter au thors re port higher iron con tents.
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Fig. 4. Bulk car bon ate car bon iso tope re cord of the Majaczewice sec tion
(north of the Wieluñ Up land)

Bio- and lithostratigraphy are given af ter Wierzbowski (2017)
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Six bi valve shells with Fe con tents above 250 ppm were re -
moved from the well-pre served sam ple set. Af ter re moval of
these sam ples the re main ing sam ple set is char ac ter ized by
con cen tra tions of Mn £27 ppm, Fe £206 ppm, and Sr ³631
ppm, and a mod er ate cor re la tion be tween Fe and Mn con tents
(Fig. 8). All well-pre served bi valve shells (32 sam ples) come
from the Ma³ogoszcz sec tion.

RESULTS

OXYGEN AND CARBON ISOTOPE COMPOSITION 
OF BIVALVE SHELLS

d18O val ues of well-pre served bi valve shells from the
Ma³ogoszcz sec tion vary be tween –0.6 and –3.5‰ (Fig. 6 and
Ta ble 1). Ox y gen iso tope val ues from the Up per Oolite and the

Skorków Lumachelle (the Hypselocyclum and the
low er most Divisum zones) are char ac ter ized by a
sig nif i cant scat ter (from –3.5 to –1.5‰). Bi valve
d18O val ues from the Up per Platy Lime stones and
Top Shales (the Divisum–Mutabilis zone bound ary) 
show a lesser spread (from –3.4 to –2.2‰). Two
ox y gen iso tope data points from two oys ters from
the up per part of the Skorków Lumachelle (the mid -
dle Divisum Zone) are higher (–1.0 to –0.6‰) than
all other data. No clear tem po ral trend is ob served
within the ox y gen iso tope dataset.

d13C val ues of well-pre served bi valve shells
from the Ma³ogoszcz sec tion vary be tween 2.6 and
4.2‰ (Fig. 6 and Ta ble 1). Car bon iso tope val ues
from the Up per Oolite and the Skorków Lumachelle
(the Hypselocyclum and the low er most Divisum
zones) are lower and show a larger scat ter (from
2.6 to 4.0‰) than the val ues from the Up per Platy
Lime stones and Top Shales (the Divisum–Muta -
bilis zone bound ary), which vary be tween 3.6 to
4.2‰. A grad ual in crease in bi valve d13C val ues
upsection is ob served, ex cept for two low d13C val -
ues from the up per part of the Skorków Lumachelle
(the mid dle Divisum Zone).

CARBON ISOTOPE COMPOSITION OF BULK
CARBONATES

Bulk car bon ate d13C val ues range from –1.5 to
2.7‰ in the en tire study in ter val. The most vari able
car bon iso tope val ues are doc u mented from the
Szczerców (–1.5 to 2.6‰) and the Rogaszyn sec -
tion (–0.9 to 2.5‰; Fig. 9). Lesser vari a tions of d13C
val ues are noted in the sam ples de rived from bore -
holes (0.0 to 2.5‰), small ex po sures of the Lower
Kimmeridgian de pos its (1.1 to 2.7‰) and from the
Majaczewice sec tion (2.3 to 2.6‰). There is no dis -
tinct dif fer ence in d13C val ues of co-oc cur ring lime -
stone and marly beds.

Strong cor re la tions be tween bulk car bon ate
d18O val ues and d13C val ues, which may be linked
to diagenetic al ter ation, is ob served in the datasets
from the Rogaszyn and the Szczerców sec tion (Fig. 
9). Since diagenetic pro cesses may have af fected
the orig i nal car bon iso tope com po si tion of the
highly weath ered subsurface or oolitic parts of
these sec tions, they are dis cussed later in the text.

DISCUSSION

OXYGEN AND CARBON ISOTOPE RECORDS 
OF BIVALVE SHELLS

Mod ern oys ters pre cip i tate shell cal cite in the ox y gen iso tope
equi lib rium with am bi ent sea wa ter or very close to it (Hong et al.,
1995; Kirby et al., 1998; Surge et al., 2001, 2003; Titschack et al., 
2010; Ullmann et al., 2010). The equi lib rium pre cip i ta tion of ox y -
gen iso topes by Ju ras sic oys ters is doc u mented by the sim i lar ity
of their d18O val ues with those of co-oc cur ring ben thic and
necto-ben thic molluscs and brachi o pods (An der son et al., 1994;
Wierzbowski and Joachimski, 2007; Price and Teece, 2010;
Mettam et al., 2014). Al though slight dis equi lib rium frac tion ation
of car bon iso topes (of ~–1.0‰, ex cept shell por tions pre cip i tated
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Fig. 5. Bulk car bon ate car bon iso tope re cord of the Roga szyn sec tion 
(the Radomsko El e va tion)

Biostratigraphy and lithological units are given af ter Wierzbowski and G³owniak 
(2018); data points of al tered sam ples (see text) are marked with open cir cles;

Hypsel. – Hypselocyclum Zone, Hippolyt. – Hippolytense Subzone
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Fig. 6. Ox y gen and car bon iso tope re cords of the Ma³ogoszcz sec tion (SW mar gin of the Holy Cross Moun tains)

Bio- and lithostratigraphy are given af ter Matyja et al. (2006), Matyja (2011) and A. Wierzbowski’s (pers comm., 2017)



dur ing cold sea sons) is ob served in mod ern oys ters (Surge et al., 
2001, 2003; Titschack et al., 2010), Ju ras sic oys ters show higher 
d13C val ues than those of co eval molluscs (Wierzbowski and
Joachimski, 2007; Price and Teece, 2010; Mettam et al., 2014).
Ac cord ingly, it may be as sumed that the Ju ras sic oys ters ex erted 
rel a tively small vi tal ef fects in car bon iso tope com po si tion. In ad -
di tion, Brigaud et al. (2009), LathuiliÀre et al. (2015), and Zuo et
al. (2019) have re cently shown that iso tope sig na tures of Up per
Ju ras sic Trich ites are sim i lar to those of co eval oys ters and may
be used as a re li able proxy for an cient wa ter tem per a tures.

The ox y gen iso tope com po si tion of ma rine cal cite, pre cip i -
tated in iso to pic equi lib rium with am bi ent sea wa ter, is de pend -
ent on the tem per a ture and ox y gen iso tope com po si tion of am -
bi ent wa ter. d13C  val ues of cal cite pre cip i tated in iso to pic equi -
lib rium vary, in turn, along with pri mary fluc tu a tions in the com -
po si tion of dis solved in or ganic car bon (DIC). 

Rel a tively scat tered d18O and d13C val ues of bi valve shells
from the lower part of the Ma³ogoszcz sec tion i.e., the Up per
Oolite and a lower part of the Skorków Lumachelle (the
Hypselo cyclum and the low er most Divisum zones; Fig. 6) may
in di cate con sid er able vari a tions in wa ter tem per a tures, sa lin ity
and the car bon iso tope com po si tion of DIC. Early Kimmeridgian 
car bon ate plat forms from the SW mar gin of the Holy Cross
Moun tains grew in a shal low ba sin, above storm wave-base
(Matyja, 2011). Sig nif i cant fresh wa ter in flow from land ar eas or
an en hanced evap o ra tion rate may have caused tem po ral vari -
a tions in d18Owa ter val ues. River wa ter rich in ter res trial or ganic
mat ter or ox i da tion of ma rine or ganic car bon dur ing the pro cess 
of wa ter-mass age ing (cf. Patterson and Wal ter, 1994) may, in
turn, have pro duced vari a tions in the car bon iso tope com po si -
tion of DIC. More densely clus tered d18O and d13C data points of 
bi valves from the up per part of the Ma³ogoszcz sec tion i.e. the
Up per Platy Lime stones and the Top Shales (the Divi -
sum–Muta bilis zone bound ary) prob a bly in di cate more sta ble
wa ter tem per a ture and chem is try, af ter a sea level rise and
drown ing of the shal low wa ter car bon ate plat form (cf. Matyja et
al., 2006; Matyja, 2011). Al though d13C val ues of two oys ters
from the up per part of the Skorków Lumachelle are rel a tively
low, a gen eral in crease in mean bi valve d13C value (by ~0.5‰)
to wards the top of the Ma³ogoszcz sec tion is ob served. This
may be linked to a di min ish ing in flow of fresh wa ter en riched in
the light d12C iso tope and a higher rate of wa ter ex change and
cir cu la tion.

Palaeotemperatures cal cu lated from ox y gen iso tope ra tios
of bi valves from the Up per Oolite and the lower part of the
Skorków Lumachelle (the Hypselocyclum and the low er most
Divisum zones), as sum ing nor mal ma rine sa lin ity and a mean
d18Osea wa ter value of –1‰ VSMOW as typ i cal of an ice-free world 
(Shackle ton and Ken nett, 1975), vary be tween 18 and 27°C
(Fig. 6). Two oulier data points from the up per most part of the
Skorków Lumachelle (Divisum Zone) trans late into lower tem -
per a tures of 14–16°C. Tem per a tures cal cu lated for the Up per
Platy Lime stones and the Top Shales (the Divi sum–Muta bilis
zone bound ary) range from 21 to 27°C. 

Most of the cal cu lated av er age wa ter tem per a tures seem to
be over es ti mated tak ing into ac count the palaeolatitude (38°N) of 
cen tral Po land in the Kimmeridgian (cf. van Hinsbergen et al.,
2015) as well as the Late Ju ras sic palaeoclimatic model of
Sellwood and Valdes (2008) and the Early Kimmeridgian tem -
per a ture (~24°C) re con structed for trop i cal re gions (Al ber ti et al.,
2017). The as sump tion of a mean Kimmeridgian sur face tem per -
a ture of ~18°C in ferred for the area of pres ent-day Po land af ter
Sellwood and Valdes (2008) al lows es ti ma tion of the orig i nal
d18Owa ter val ues. Al though tem per a ture usu ally drops down wards
in the wa ter col umn (cf. Manca et al., 2004), fresh wa ter in flux oc -
curs more of ten in very shal low en vi ron ments, where the ther mal
strat i fi ca tion is neg li gi ble. The mea sured range of bi valve d18O
val ues (–3.5 to –0.6‰) trans lates into d18Owa ter val ues from –3.0
to –0.1‰ VSMOW us ing the palaeo temperature equa tion of
Fried man and O’Neil (1977). Wa ter sa lin ity (Swa ter) can, in turn,
be cal cu lated on the ba sis of the uni ver sal ma rine sa lin -
ity–d18Owa ter re la tion ship of Railsback et al. (1989), which takes
into ac count ef fects of fresh wa ter run off [3] and evap o ra tion [4].
The two given equa tions were used for sa lin ity cal cu la tions be low 
and above the nor mal ma rine sa lin ity re spec tively.  

d18Owa ter = d18O0 + Dfw/S0 × (Swa ter–S0) [3]

where: d18O0 – av er age ox y gen iso tope com po si tion of Ju ras sic sea
wa ter (as sumed as –1‰ VSMOW af ter Shackle ton and Ken nett,

1975), Dfw – dif fer ence be tween d18O val ues of av er age sea wa ter and 
lo cal me te oric wa ter (as sumed as –6‰ VSMOW us ing the mod ern

re la tion ship be tween an nual mean d18O val ues of pre cip i ta tion and
sur face air tem per a ture; cf. Rozanski et al., 1993), and S0 – av er age
sea wa ter sa lin ity (as sumed as 34‰ af ter Railsback et al., 1989). 
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Fig. 7. Cathodoluminescence pho to mi cro graphs

A – well-pre served, dully-lu mi nes cent Trich ites shell (sam ple M80, Up per Oolite, Hypselocyclum Zone,
Ma³ogoszcz sec tion); B – al tered oys ter shell, show ing mod er ate to bright lu mi nes cence in ten si ties

(sam ple M41, bed 5, Hypselocyclum Zone, Szczerców sec tion)



d18Owa ter = d18O0 + m0 × (Swa ter – S0) [4]

where: m0 – evap o ra tive en rich ment pa ram e ter be ing the re la tion

be tween d18O and sa lin ity ob served in evap o ra tive bas ins (as sumed 
as 0.35‰ VSMOW per 1 sa lin ity per mil ac cord ing to Railsback et
al., 1989), and other sym bols are the same as in eq. [2]. 

The cal cu lated sea wa ter d18O val ues trans late into a sa lin -
ity range of 21 to 37‰. Al though the mod el ling does not al low
for pos si ble changes in depth of the ba sin and tem po ral cli mate
fluc tu a tions, it  points to the pos si bil ity of oc cur rence of ep i -
sodes of de creased sa lin ity in the ba sin stud ied. Low and vari -
able d18O val ues of Lower Kimmeridgian–low er most Up per

Kimmeridgian fos sils from the SW mar gin of the Holy Cross
Moun tains may be re garded as a man i fes ta tion of ma jor
shallowing of the epicratonic Pol ish ba sin, be ing an ef fect of
pro longed ma rine re gres sion, which is well-doc u mented start -
ing from the Up per Oxfordian (cf. Matyja, 1977, 2011; Kutek,
1994; Matyja et al., 2006; Matyja and Wierzbowski, 2014;
Wierzbowski, 2017). The bathymetry and sa lin ity changes con -
nected with this sea level fall likely masked sub tle cli ma tic and
en vi ron men tal fluc tu a tions in cen tral Po land. Al though some
au thors have pos tu lated the pres ence of such vari a tions in the
Kimmeridgian e.g. a cool ing at the Oxfordian-Kimmeridgian
tran si tion (Abbink et al., 2001; Zou et al., 2019), a warm ing of
deep sea wa ter at the Early–Late Kimmeridgian tran si tion
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T a  b l e  1

Po si tion, chem i cal and iso tope data of bi valve shells from the Ma³ogoszcz sec tion

No. Tax on omy Unit Po si tion 
[m]

Po si tion error 
[+/-] m

Ca
[%]

Fe
[ppm]

Mg
[ppm]

Mn
[ppm]

Na
[ppm]

Sr
[ppm]

d13C
[‰]

d18O
[‰]

M1* oys ter Top Shales 206.5 1.5 38.3   596* 333  74 499  617 – –

M70 D. delta Top Shales 171.3 1.2 38.4 104 551 17 1017 709 3.62 –3.35

M59 D. delta Top Shales 171.3 1.2 39.4 114 500  21 796  675 3.84 –2.63

M57 D. delta Top Shales 171.3 1.2 39.1 92  499  18 683  690 4.00 –2.61

M56 D. delta Top Shales 171.3 1.2 38.8 171 486  17 916  642 4.02 –2.23

M54* D. delta Top Shales 171.3 1.2 36.6   509* 1422 59 629  592 – –

M53 D. delta Top Shales 171.3 1.2 38.6 206 553 22 692  653 3.94 –2.47

M52 D. delta Top Shales 171.3 1.2 38.6 152 542  14 886  687 3.90 –3.29

M51 D. delta Top Shales 171.3 1.2 39.2 86 397  10 1018 694 4.04 –2.84

M36 D. delta Top Shales 171.3 1.2 39.5 71 421  18 751  658 4.02 –2.67

M35 D. delta Top Shales 171.3 1.2 39.8 74 429  10 651  631 3.79 –2.41

M33 D. delta Top Shales 171.3 1.2 39.5 112 489  27 707  711 4.18 –2.38

M15 D. delta Top Shales 171.3 1.2 39.7 77 443  19 734  636 3.85 –2.73

M7 Trich ites Up. Platy Ls 155   3  37.7 71 419  14 1018 721 3.66 –2.50

M69 oys ter Skork. Lum. 121   1.2 39.1 109 797    5 548  649 2.98 –0.57

M9 oys ter Skork. Lum. 121   1.2 39.4 38 569   1 399  684 3.15 –1.05

M73* oys ter Skork. Lum. 104.8 1.3 38.7   464* 2920 17 1483 860 – –

M65* Trich ites Skork. Lum. 104.8 1.3 38.7   253* 1723  6 2028 729 – –

M61* Actinostreon Skork. Lum. 104.8 1.3 38.5   558* 1896 24 555  650 – –

M31 Trich ites Skork. Lum. 104.8 1.3 38.6 195 1679  5 2321 786 3.96 –2.94

M28 Trich ites Skork. Lum. 104.8 1.3 39.2 119 1664  4 2405 819 3.94 –2.81

M25 Trich ites Skork. Lum. 104.8 1.3 38.6 120 1578  5 2374 740 3.03 –1.66

M24 Trich ites Skork. Lum. 104.8 1.3 38.7 73 1678  2 2308 792 3.64 –2.68

M21 Trich ites Skork. Lum. 104.8 1.3 39.3 120 1551  4 2362 776 3.74 –2.78

M20 Trich ites Skork. Lum. 104.8 1.3 38.5 74 1702  2 2167 721 3.22 –1.49

M17 Trich ites Skork. Lum. 104.8 1.3 39.3 192 1528  6 2368 769 3.90 –3.13

M12 Trich ites Skork. Lum. 104.8 1.3 38.7 61 1371  1 2495 740 3.24 –2.47

M5 Trich ites Skork. Lum. 104.8 1.3 38.7 121 1690  3 2232 756 3.46 –1.82

M3 Trich ites Skork. Lum. 104.8 1.3 38.7 47 1779  2 2256 715 3.67 –1.47

M2* oys ter Skork. Lum. 104.8 1.3 39.4  457* 1427 21 817  637 – –

M18 Trich ites Skork. Lum. 100   3.5 38.6 170 1728  3 2279 761 3.46 –1.69

M81 Trich ites Up. Oolite   47.5 10    38.9 <20 1305 <1 2342 688 3.28 –1.69

M80 Trich ites Up. Oolite   47.5 10    35.5 <20 1246  1 1834 690 2.97 –3.21

M50 oys ter Up. Oolite   47.5 10    38.9  25 586   2 234  715 3.11 –1.62

M48 Trich ites Up. Oolite   47.5 10    38.6 <20 1284 <1 2568 805 3.39 –2.68

M47 Trich ites Up. Oolite   47.5 10    39.3 <20 1467  5 1928 734 2.60 –2.95

M44 Trich ites Up. Oolite   47.5 10    39.4 <20 1273  2 1315 761 2.99 –3.46

M77 Trich ites Up. Oolite 40  2.5 37.9 <20 1395 <1 2374 752 3.79 –3.23

*– al tered sam ples show ing el e vated Fe con cen tra tions



(Colombié et al., 2018) or a slight warm ing through out al most
the whole Kimmeridgian (Zuo et al., 2019), they are not ob -
served in the study area (Fig. 6; see also Wierzbowski, 2015).

A grad ual de crease in bel em nite and brachi o pod d18O val -
ues (from ~0 to ~–1‰ VPDB) is ob served in cen tral Po land
through out the Oxfordian (Wierzbowski, 2015). This de crease
is at trib uted to a tem per a ture rise and/or in creased fresh wa ter
run off dur ing the on set of the ma rine re gres sion. The ox y gen
and car bon iso tope val ues of Lower Kimmeridgian bi valves
from cen tral Po land (–3.5 to –0.6‰, and 2.6 to 4.2‰, re spec -
tively) are com pa ra ble to those from shal low-ma rine fa cies of
the Paris Ba sin, Bur gundy, the Jura Moun tains, and the Lower
Sax ony ba sin (cf. Brigaud et al., 2008; LathuiliÀre et al., 2015;
Colombié et al., 2018; Zuo et al., 2019). Low d18O val ues of
Lower Kimmeridgian fos sils from west ern Eu rope are likely re -
lated to shallowing of epicontinental ma rine bas ins. A sim i lar
phe nom e non and a sa lin ity-re lated de crease is also re ported
for the Early Kimmeridgian ba sin of the Rus sian Plat form
(Wierzbowski et al., 2018). Sa lin ity and thermobathymetry ef -
fects on fos sil d18O val ues at Eu ro pean lo cal i ties may also be
an al ter na tive ex pla na tion of such phe nom ena as weak lat i tu di -
nal tem per a ture gra di ents or ther mal ho mog e ni za tion of sea
wa ter pos tu lated for the Kimmeridgian (see Al ber ti et al., 2017;
Colombié et al., 2018).  

Higher d18O val ues (–0.5 to 0.5‰) are re ported again for the 
mid-Tithonian oys ters from cen tral Po land (Wierzbowski et al.,
2016). The mid-Tithonian fos sils are de rived from open ma rine
de pos its be long ing to the Pa³uki For ma tion and the low er most
part of the Kcynia For ma tion (Dembowska, 1979; Kutek and
Zeiss, 1997; Matyja and Wierzbowski, 2016; Wierzbowski et al., 
2016). This may be re lated to a suc ces sive deep en ing of the
mid-Pol ish sed i men tary ba sin dur ing a Late Kimmeridgian
trans gres sion, which be gan in the Eudoxus Chron (cf. Kutek,
1994; Matyja and Wierzbowski, 2014; Wierzbowski, 2017). All
the data show that the Up per Ju ras sic ox y gen iso tope re cord of
cen tral Po land was mainly con trolled by sea level changes.

CARBON ISOTOPE RECORD
OF BULK CARBONATES

The bulk rocks stud ied are de rived from deeper parts of the
Kimmeridgian ba sin of cen tral Po land i.e. the Wieluñ Up land, its 
north ern vi cin ity and the Radomsko el e va tion. Low d13C val ues
of bulk car bon ates (–1.5 to 0.4‰) are ob served within the highly 
weath ered and aban doned up per part of the Rogaszyn sec tion,
and po rous oolitic lime stones from the Szczerców sec tion (Figs. 
3 and 5). A low d13C value (0.3‰) is also ob served in prox im ity
to the oncolite layer in the lower part of the Rogaszyn Quarry.
Strong cor re la tion ob served be tween d13C and d18O val ues
from these lo cal i ties (Fig. 9) may be linked to the post-
 depositional equil i bra tion of rocks, sen si tive to diagenesis, with
me te oric wa ters in the subsurface vadose or phreatic zone (cf.
Jenkyns and Clay ton, 1986; Ban ner and Hanson, 1990; Mar -
shall, 1992; Huck et al., 2013; Jach et al., 2014; Swart and
Oehlert, 2018). Since other parts of the sec tions stud ied show
more sta ble d13C val ues (0.9 to 2.6‰), which are not no tice ably
cor re lated with d18O val ues (Fig. 9), one can as sume that their
orig i nal ma rine car bon iso tope com po si tion is still pre served.
Mod er ately scat tered d13C val ues (0.0 to 2.6) are ob served
within bore hole core sam ples (Fig. 9). The ma jor ity of these
sam ples have, how ever, high d13C val ues (above 0.9 ‰) and no 
cor re la tion be tween their d18O and d13C val ues is ob served. Dis -
tinctly lower d13C val ues (0.0 to 0.8‰) are seen in only three
sam ples from a nar row in ter val (66.8–72.0 m) of a bore hole
core 6W (Ta ble 2; see also Wierzbowski, 2017). As co eval
sam ples from other bore hole cores and the Majaczewice sec -
tion show much higher d13C val ues (Fig. 10) this in ter val of the
core 6W is in ter preted as diagenetically al tered.
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Fig. 8. Cross-plot of Fe and Mn con cen tra tions in the bi valve
shells stud ied

Cut-off limit of 250 ppm of Fe is ac cepted for well-pre served sam -
ples; a strong cor re la tion (R = 0.74, p <0.01) is ob served in the
entire dataset, and a mod er ate one (R = 0.42, p <0.05) in well - pre -
served sam ples

Fig. 9. Cross-plot of d13C ver sus d18O val ues of bulk 
car bon ates from the Lower Kimmeridgian sec tions stud ied

Strong and sta tis ti cally sig nif i cant cor re la tions be tween d18O 

and d13C val ues are ob served in the Rogaszyn (R = 0.78, p <0.01) 

and Szczerców (R = 0.67, p <0.01) datasets
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T a  b l e  2

Strati graphi cal and iso tope data of bulk-car bon ates

No. Li thol ogy Out crop Bed/depth Zone Subzone Po si tion in
subzone d13C [‰] d18O [‰]

KL 66 ls Majaczewice 13 Hypselocyclum Lothari 0.20 2.43 –3.92

KL 76 ls Majaczewice 13 Hypselocyclum Lothari 0.20 2.29 –4.17

KL 71 ls Majaczewice 13 Hypselocyclum Lothari 0.20 2.42 –3.53

KL 74 mrl Majaczewice 12 Hypselocyclum Lothari 0.19 2.50 –3.83

KL 63 ls Majaczewice 11 Hypselocyclum Lothari 0.18 2.42 –3.40

KL 61 mrl Majaczewice 10 Hypselocyclum Lothari 0.16 2.42 –3.88

KL 60 ls Majaczewice 9 Hypselocyclum Lothari 0.15 2.57 –3.15

KL 86 mrl Majaczewice 8 Hypselocyclum Lothari 0.13 2.51 –4.51

KL 78 ls Majaczewice 7 Hypselocyclum Lothari 0.12 2.54 –3.35

KL 62 mrl Majaczewice 6 Hypselocyclum Lothari 0.10 2.53 –3.94

KL 65 ls Majaczewice 5 Hypselocyclum Lothari 0.07 2.60 –3.20

KL 77 mrl Majaczewice 4 Hypselocyclum Lothari 0.06 2.57 –3.84

KL 59 ls Majaczewice 3 Hypselocyclum Lothari 0.04 2.59 –3.24

KL 84 mrl Majaczewice 2 Hypselocyclum Lothari 0.03 2.56 –3.85

KL 80 mrl Majaczewice 2 Hypselocyclum Lothari 0.02 2.58 –3.89

KL 72 ls Majaczewice 1 Hypselocyclum Lothari 0.01 2.53 –3.73

KL 1 ls Szczerców 6 Hypselocyclum Lothari 0.04 1.83 –3.98

KL 24 ls Szczerców 5 Hypselocyclum Hippolytense 0.98 2.28 –3.88

KL 25 ls Szczerców 5 Hypselocyclum Hippolytense 0.98 2.40 –3.64

KL 23 ls Szczerców 5 Hypselocyclum Hippolytense 0.98 2.17 –3.62

KL 10 ls Szczerców 5 Hypselocyclum Hippolytense 0.96 1.95 –4.24

KL6 ls Szczerców 5 Hypselocyclum Hippolytense 0.91 1.33 –4.28

KL 15 ls Szczerców 5 Hypselocyclum Hippolytense 0.90 1.95 –4.04

KL 4 ls Szczerców 5 Hypselocyclum Hippolytense 0.86 1.39 –4.05

KL 11* ool ls Szczerców 4 Hypselocyclum Hippolytense 0.83 –0.20* –4.58*

KL 8* ool ls Szczerców 4 Hypselocyclum Hippolytense 0.79 0.18* –4.88*

KL 5* ool ls Szczerców 3b Hypselocyclum Hippolytense 0.67 –1.38* –5.02*

KL 50* ool ls Szczerców 3b Hypselocyclum Hippolytense 0.64 –1.47* –4.77*

KL 19 ls Szczerców 3a Hypselocyclum Hippolytense 0.63 1.35 –3.45

KL 12 ls Szczerców 3a Hypselocyclum Hippolytense 0.60 2.25 –2.81

KL 22 ls/mrl Szczerców 2 Hypselocyclum Hippolytense 0.58 2.63 –2.86

KL 3 ls/mrl Szczerców 2 Hypselocyclum Hippolytense 0.56 2.64 –2.76

KL 20 ls/mrl Szczerców 2 Hypselocyclum Hippolytense 0.55 1.99 –2.97

KL 21 ls/mrl Szczerców 2 Hypselocyclum Hippolytense 0.53 1.98 –2.79

KL 13 mrl cl Szczerców 1 Hypselocyclum Hippolytense 0.50 1.34 –2.82

KL 17 mrl cl Szczerców 1 Hypselocyclum Hippolytense 0.49 1.17 –2.47

KL 16 mrl cl Szczerców 0 Hypselocyclum Hippolytense 0.40 0.91 –3.19

KL 7 mrl cl Szczerców 0 Hypselocyclum Hippolytense 0.36 2.39 –2.58

KL 2 mrl cl Szczerców 0 Hypselocyclum Hippolytense 0.23 1.14 –3.67

KL9 mrl cl Szczerców 0 Hypselocyclum Hippolytense 0.20 1.11 –3.83

KL 18 mrl cl Szczerców 0 Hypselocyclum Hippolytense 0.11 1.99 –2.95

KL 14 mrl cl Szczerców 0 Hypselocyclum Hippolytense 0.06 2.03 –3.83

KL 87 ls Rogaszyn 7/8 Platynota Guilherandense 0.99 0.91 –4.20

KL 89* ls Rogaszyn 7/8 Platynota Guilherandense 0.96 –0.25* –5.19*

KL 93* ls Rogaszyn 7/8 Platynota Guilherandense 0.95 0.22* –5.37*

KL 94* ls Rogaszyn 7/8 Platynota Guilherandense 0.89 0.35* –5.04*

KL 88* ls Rogaszyn 7/8 Platynota Guilherandense 0.82 0.35* –5.41*

KL 92* ls Rogaszyn 7/8 Platynota Guilherandense 0.75 0.26* –5.45*

KL 91* ls Rogaszyn 7/8 Platynota Guilherandense 0.68 –0.89* –5.32*

KL 53 ls Rogaszyn 7/8 Platynota Guilherandense 0.65 2.10 –3.40

KL 83 ls Rogaszyn 5 Platynota Guilherandense 0.57 2.30 –3.69

KL 75 ls Rogaszyn 5 Platynota Guilherandense 0.55 2.14 –3.83



Al though bulk car bon ate d13C val ues, which are con sid ered
as well-pre served, show  some scat ter, a gen tle, long-term de -
creas ing trend of the val ues is ob served (Fig. 10). A sim i lar de -
crease in d13C val ues of ma rine car bon ates and bel em nite ros -
tra is also noted from west ern Eu rope (Colombié et al., 2011;
2018) and the Rus sian Plat form (Riboulleau et al., 1998;
Zakharov et al., 2005; Wierzbowski et al., 2013, 2018; see Fig.

10). Ab so lute d13C val ues of an “up per en ve lope” of the cur rent
dataset are sim i lar to co eval bulk car bon ate data from W
France, W Swit zer land, cen tral Ger many and the Tatra Moun -
tains (Colombié et al., 2011, 2018; Jach et al., 2014; Zuo et al.,
2018). This in di cates that the Kimmeridgian global trend of de -
creas ing car bon iso tope val ues (cf. Price et al., 2016; Zuo et al.,
2018) and ma rine car bon iso tope sig na tures are, at least partly,
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No. Li thol ogy Out crop Bed/depth Zone Subzone Po si tion in
subzone d13C [‰] d18O [‰]

KL 52 ls Rogaszyn 5 Platynota Guilherandense 0.50 2.27 –4.28

KL 73 ls Rogaszyn 5 Platynota Guilherandense 0.46 2.15 –3.87

KL 54 ls Rogaszyn 5 Platynota Guilherandense 0.42 2.25 –3.96

KL 85 mrl Rogaszyn 4 Platynota Guilherandense 0.40 1.17 –4.04

KL 51 mrl Rogaszyn 4 Platynota Guilherandense 0.29 1.18 –4.24

KL 82 ls Rogaszyn 3 Platynota Guilherandense 0.23 2.27 –4.21

KL 69 ls Rogaszyn 3 Platynota Guilherandense 0.18 2.10 –4.10

KL 79 ls Rogaszyn 3 Platynota Guilherandense 0.09 2.53 –3.85

KL 64* mrl cl Rogaszyn 2 Platynota Guilherandense 0.04 0.26* –5.31*

KL 68 ls Rogaszyn 1 Platynota Desmoides 0.97 1.51 –5.09

KL 67 ls Rogaszyn 1 Platynota Desmoides 0.82 1.49 –5.15

KL 81 ls Rogaszyn 1 Platynota Desmoides 0.45 1.52 –5.43

KL 70 ls Rogaszyn 1 Platynota Desmoides 0.19 1.75 –4.29

KL 34 mrl core 37/13.5 (69 m) Hypselocyclum Lothari 0.69 1.72 –4.01

KL 33 mrl core PD20B (175–176 m) Hypselocyclum Lothari 0.55 2.32 –4.08

KL 35 mrl core 130SP (127–137 m) Hypselocyclum Lothari 0.54 2.37 –4.14

KL 29 ls core PW408 (149.5 m) Hypselocyclum Lothari 0.53 2.44 –3.21

KL 27 ls core PW408 (149.5 m) Hypselocyclum Lothari 0.53 2.45 –4.12

KL 31 ls core PW408 (150 m) Hypselocyclum Lothari 0.52 2.45 –4.28

KL 30 ls core PW408 (152.6 m) Hypselocyclum Lothari 0.51 2.45 –4.13

KL 32 ls core 37/13.5 (81 m) Hypselocyclum Lothari 0.5 2.23 –3.36

KL 36 ls core 37/13.5 (83 m) Hypselocyclum Lothari 0.49 2.00 –4.01

KL 28 ls core KT109 (256.5 m) Hypselocyclum Lothari 0.37 2.28 –4.14

KL 26 ls core 130SP (173 m) Hypselocyclum Lothari 0.17 2.27 –3.32

KL 40* mrl core 6W (66.8–68.1 m) Hypselocyclum Lothari 0.16 –0.02* –4.85*

KL 43* mrl core 6W (66.8–68.1 m) Hypselocyclum Lothari 0.15 0.62* –4.01*

KL 44* mrl core 6W (68.1–72.0 m) Hypselocyclum Lothari 0.14 0.83* –3.57*

KL 46 ls core KP2 (103.2–103.6m) Hypselocyclum Lothari 0.1 2.15 –4.09

KL 45 ls core KP2 (113.7–115 m) Hypselocyclum Lothari 0.07 2.28 –3.31

KL 48 ls core KP3 (116–117 m) Hypselocyclum Lothari 0.02 2.46 –3.93

KL 49 ls core KP2 (117 m) Hypselocyclum Lothari 0 2.53 –3.50

KL 47 ls core KP2 (117–118 m) Hypselocyclum Hippolytense 0.98 2.53 –4.13

KL 97 ls Góry Wapienne – Acanthicum – 0.25 1.54 –3.05

KL 90 ls Góry Wapienne – Acanthicum – 0.25 1.87 –3.02

KL 95 ls Burzenin 47 – Divisum Uhlandi 0.5 2.04 –3.01

KL 39 ls Burzenin 47 – Divisum Uhlandi 0.5 1.98 –2.77

KL 98 ls Sarnów – Divisum Crussoliense 0.5 2.46 –3.01

KL 58 ls Sarnów – Divisum Crussoliense 0.5 2.35 –3.29

KL 38 ls Burzenin 16/9 – Hypselocyclum Lothari 0.9 2.08 –2.99

KL 37 ls Burzenin 16/2 – Hypselocyclum Lothari 0.75 2.49 –5.20

KL 41 ls Kule 84 – Hypselocyclum Hippolytense 0.25 1.13 –5.15

KL 42 ls Kule 84 – Hypselocyclum Hippolytense 0.25 2.36 –4.24

KL 96 mrl PJ110 – Planula Planula 0.95 2.68 –6.72

KL 55 mrl PJ110 – Planula Planula 0.95 2.70 –6.16

* – al tered sam ples (see text); po si tion in subzone – per cent age po si tion in a strati graphi cal subzone, ls – lime stone, ool ls – oolitic lime stone, 
mrl – marl, mrl cl – marly clay

Tab. 2 cont.



re corded in cen tral Po land. Lo cal ef fects con nected with fresh -
wa ter in flow and wa ter-mass age ing in a very shal low en vi ron -
ment prob a bly caused neg a tive shifts within some car bon iso -
tope data of bulk car bon ates (Fig. 10). The neg a tive car bon iso -
tope shifts are mostly con fined to very shal low, lowstand de pos -
its of the Prusicko and “oolitic” for ma tions en com pass ing the
up per Platynota and the lower Hypselocyclum zones. Sim i lar
d13C val ues of ad join ing lime stone and marly beds in di cates
that en vi ron men tal fac tors driv ing con tents of car bon ate and
clastic ma te rial are not re corded in the car bon iso tope sig na -
tures of the rocks. This may be due to a weak re la tion ship be -
tween short-term changes in depositional con di tions and the
car bon iso tope com po si tion of DIC of the whole ba sin or due to
early diagenetic pro cesses, which might have caused car bon
iso tope ho mogeni sa tion of neigh bour ing beds. 

CONCLUSIONS

Newly pre sented ox y gen and car bon iso tope val ues of
well-pre served ma rine bi valves and bulk car bon ates from the
Lower–low er most Up per Kimmeridgian of cen tral Po land have 
al lowed doc u men ta tion of lo cal en vi ron men tal changes driven
by a ma jor re gres sive-transgressive cy cle. d18O and d13C val -
ues of bi valve shells from the Ma³ogoszcz sec tion (SW mar gin
of the Holy Cross Moun tains), which were de pos ited in an ex -
tremely shal low en vi ron ment dur ing the Hypselocyclum and
the ear li est Divisum chrons, show sig nif i cant scat ter be cause
of sa lin ity vari a tions and wa ter-mass age ing. Cal cu lated ox y -
gen iso tope tem per a tures (be tween 18 and 27°C) may be
partly over es ti mated as a re sult of de creases in the sa lin ity of
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Fig. 10. Bulk car bon ate d13C re cord of cen tral Po land (pres ent and Wierzbowski’s 2015 data), and its com par i son with the bulk
car bon ate re cord of west ern Eu rope (af ter Colombié et al., 2011, 2018) and bel em nite data from the Rus sian Plat form 

and Sub po lar Urals (af ter Riboulleau et al., 1998; Zakharov et al., 2005; Wierzbowski et al., 2013, 2018)

Strati graphi cal cor re la tions be tween re gional zonal schemes are es tab lished af ter Wierzbowski and Rogov (2013), Wierzbowski et al.
(2013), and Com ment et al. (2015). Gen er al ized lithological and ma jor se quence logs for the Wieluñ Up land (Planula to Platy nota–Hypselo -
cyclum zone bound ary) and its north ern vi cin ity (Platynota–Hypselocyclum zone bound ary to Acanthicum Zone) are given af ter Wierzbowski
(2017); the ver ti cal scale of the di a gram is based on the biostratigraphical zonal scheme and does not re flect vari able thick ness of the strata.
Lithological sym bols as in Fig ure 2



the ba sin. Par tial sta bi li za tion of the iso tope sig na tures is
noted af ter the ma rine trans gres sion, in the low er most Muta -
bilis Zone. 

Al though a global, gen tle de crease in ma rine d13C val ues
through out the Kimmeridgian is re corded in bulk car bon ate
data from cen tral Po land (on the Radomsko El e va tion and the
Wieluñ Up land), nu mer ous, low d13C val ues are found in the
in ter val of max i mal shallowing of the ba sin, which took place
dur ing the late Platynota and early Hypselocyclum chrons. 

Newly ob tained ox y gen iso tope data of well-pre served fos -
sils, along with pub lished d18O val ues of Wierzbowski (2015),
and Wierzbowski et al. (2016), may be used to doc u ment tem -

per a ture and sa lin ity vari a tions in the epicontinental Pol ish ba sin
dur ing the ma jor Late Oxfordian–ear li est Kimmeridgian re gres -
sion and the con sec u tive trans gres sions, which started, de pend -
ing on the lo ca tion, in the lat est Hypselocyclum or the Divisum
chrons of the lat est Early Kimmeridgian. The pres ent and pub -
lished data sug gest that d18O val ues of Up per Ju ras sic fos sils
from cen tral Po land cor re spond closely to sea level vari a tions.
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