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Oxygen and carbon isotope ratios of well-preserved calcitic bivalves from the Lower—lowermost Upper Kimmeridgian of Cen-
tral Poland (SW margin of the Holy Cross Mountains) have been studied to reconstruct palaeoenvironmental conditions and
variations in ancient water chemistry. Low and scattered 5'0 and §'*C values of bivalve shells from shallow carbonate de-
posits of the Hypselocyclum and the Hypselocyclum—Divisum zone boundary (-3.5 to —1.5, and 2.6 to 4.0%o, respectively)
are aresult of salinity changes and local variations in the composition of dissolved inorganic carbon (DIC) in conditions of re-
stricted water circulation. A slight increase in bivalve 3"3C values and more densely clustering of 5'®0 values is observed af-
ter the marine transgression at the Divisum—Mutabilis zone boundary. A global decrease of §"°C values of marine carbonates
is partly recorded in Lower—lowermost Upper Kimmeridgian bulk carbonates from central Poland (from the Radomsko Eleva-
tion and the Wielun Upland). Local negative shifts and data scatter are, however, observed in rocks deposited in a very shal-
low environment of carbonate platforms during the Platynota and Hypselocyclum chrons. This interval corresponds to the
uppermost part of the lowstand systems tract of a major regressive trend, which had started in the Oxfordian.
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INTRODUCTION

Lower—lowermost Upper Kimmeridgian (Platynota—Muta-
bilis zones) strata of central Poland, which were deposited dur-
ing phases of growth and decay of shallow-water carbonate
platforms, are poorly investigated as regards their mineralogical
and geochemical compositions. This is due to the restricted
outcrop area and problems with dating and correlation of the
beds. Recent studies of Matyja et al. (2006), Matyja (2011),
Wierzbowski (2017), and Wierzbowski and Gtowniak (2018)
have, however, allowed re-definition of lithostratographical
units and precise biostratigraphical dating of the Kimmeridgian
succession in the Wielun Upland, the Radomsko Elevation and
the SW margin of the Holy Cross Mountains.

The present study is based on accessible Lower—lowermost
Upper Kimmeridgian exposures in these regions and archival
samples. Well-preserved and stratigraphically well-dated bi-
valve shells were sampled from the Matogoszcz section (SW
margin of the Holy Cross Mountains). Bulk carbonates from the
Wielun Upland, its vicinity, and the Rogaszyn section (the
Radomsko Elevation) were additionally investigated (Fig. 1).
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Oxygen and carbon isotope analyses have been undertaken to
provide information on the environmental conditions recorded
in marine carbonates, including variations in water tempera-
tures, salinity and biological productivity. The results obtained
are compared with the coeval geochemical record of other re-
gions to discriminate between local and global factors. Long-
term bathymetry and water circulation changes, which occurred
in the epicontinental Polish basin during the Late Jurassic, are
additionally discussed as an alternative factor controlling the
isotope record. The isotope data provided may have broader
significance due to the similarity in facies development of
Kimmeridgian deposits in various parts of Europe.

GEOLOGICAL SETTING

Deep-water biohermal and bedded Oxfordian—lowermost
Kimmeridgian limestones and marls of the sponge megafacies
are overlain in central Poland by relatively shallow-water Lower
Kimmeridgian carbonate facies (Kutek, 1968, 1994; Matyja,
1977, 2011; Matyja et al., 2006; Matyja and Wierzbowski, 2014;
Wierzbowski, 2017). This change was a result of pronounced
shallowing of the depositional basin and progradation of the
carbonate platform from east and north-east to west and south-
-west (Matyja and Wierzbowski, 2014). The shallow-water car-
bonate sedimentation started in the latest Planula Chron on the
SW margin of the Holy Cross Mountains and the Radomsko EI-
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Fig. 1. Geological map of central Poland (after Dadlez et al., 2000) with location of the study area

Outcrops studied: M — Matogoszcz, Mj — Majaczewice, R — Rogaszyn, S — Szczercéw; archival outcrops:
B — Btota Kruplinskie (cores KP2 and KP3), D — Dubidze (core 6W), K — Kule (84), L — Lisowice (PJ110), S — Sarnéw

evation, and in the Platynota Chron in the Wielun Upland
(Matyja, 2011; Matyja and Wierzbowski, 2014; Wierzbowski,
2017; Wierzbowski and Gtowniak, 2018).

Moderately shallow and shallow-water Lower Kimmeridgian
deposits, which are nowadays restricted to the eastern part of
the Wielun Upland and its vicinity, overlie well-bedded micritic
limestones (Wolbrom Limestone Member) and marls (Lato-
séwka Marl Member) of the Pilica Formation belonging to the
sponge megafacies. The Lower Kimmeridgian deposits studied
comprise:

— bedded chalky limestones with siliceous sponges rich in
benthic fauna, and micritic limestones and marls of the Pru-
sicko Formation known from the Wielun Upland and dated
to the Platynota Zone,

— oolitic and chalky limestones with oncolites, and marls of a
so-called “oolitic” formation from the Wielun Upland, as-

signed to the uppermost Platynota Zone and lower and mid-

dle parts of the Hypselocyclum Zone,

— marls, marly- and micritic limestones with common bivalves
and locally occurring oncolites of the Burzenin Formation,
which are assigned to the upper part of the Hypselocyclum
and the Divisum Zone in the Wielun Upland, and to almost
the whole Hypselocyclum and the Divisum Zone north of the
Wielun Upland (Wierzbowski, 2017; Fig. 2).

The deposition of the Prusicko Formation in the Wielun Up-
land took place on the outer slope of a carbonate ramp, in a rel-
atively shallow environment, below the fair-weather wave base.
Maijor shallowing, observed in the Wielun Upland, is marked by
occurrences of oolitic limestones belonging to the so-called
“oolitic” formation, which are exposed in the Szczercéw outcrop
(Fig. 3). These strata are, in turn, overlain by transgressive de-
posits of the Burzenin Formation, partly exposed in the
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Fig. 2. Generalized lithology, lithostratigraphy, and trans-
gressive-regressive sequences of the Wielun Upland (Planula
to Platynota-Hypselocyclum zone boundary) and its northern
vicinity (Platynota—Hypselocyclum zone boundary to Acanthi-
cum Zone; after Wierzbowski, 2017)

Ac. — Acanthicum, Crus. — Crussoliense, Desm. — Desmoides, GI. —
Galar, PIl. — Polygyratus, Uhl. — Uhlandi; 1 — Wolbrom Limestone
Member, 2 — Latoséwka Marl Member, 3 — Kuchary Chalky Lime-
stone Member, 4 — Skowronéw Limestone Member, 5 — Gory Marl
Member, 6 — Kule Chalky Limestone Member, 7 — unit A, 8 —
Kietczygtéw Marl Member (unit B), 9 — units C, D, E, F, 10 —
Majaczewice Member (units G, H), 11 — Sarnéw Gastropod Lime-
stone Member (unit 1)

Majaczewice section (Fig. 4), which were deposited in a moder-
ately shallow sea after a decline of the shallow water carbonate
platform (Wierzbowski, 2017). Deposition of the Burzenin For-
mation started earlier in a deeper part of the basin, north of the
Wielun Upland, directly above the moderately deep-water Pilica
Formation, where the Prusicko and the “oolitic” formation do not
occur. Part of the basal deposits of the Burzenin Formation,
north of the Wielun Upland, i.e. the Brzykéw Oncolite Bed dated
to the upper part of the Hippolytense Subzone of the Hypselo-

cyclum Zone was, however, formed in a relatively shallow envi-
ronment (Wierzbowski, 2017). This may be treated as an indi-
cator of the maximum regression surface of the lowstand sys-
tems tract, which corresponds to thicker oolite deposits from the
south. A major part of the Burzenin Formation from the Wielun
Upland and its vicinity, with abundant condensation surfaces,
shows a transgressive character and was deposited starting
from the Lothari Subchron of the Hypselocyclum Chron to the
end of the Divisum Chron (Wierzbowski, 2017). Younger
Acanthicum (=Mutabilis) deposits of the Upper Kimmeridgian in
the study area, which are not exposed nowadays, consist of bi-
valve coquinas (a so-called “coquina” formation) and show a
slightly regressive character (Wierzbowski, 2017).

Oncolite-micritic limestones (unit 1) are exposed in the old-
est part of the Rogaszyn section on the Radomsko Elevation.
They are dated to the Desmoides Subzone of the Platynota
Zone of the Lower Kimmeridgian (Kutek, 1968; Wierzbowski
and Gtowniak, 2018; see also Fig. 5). Younger strata in this sec-
tion consist of intercalations of marls, micritic and subordinate
organodetrital limestones (units 2—8) and represent the upper
part of the Platynota Zone (Wierzbowski and Gtowniak, 2018).
Higher, above an omission surface, occur biodetrital limesto-
nes, which gradually pass into oncolitic limestones with oolites
(unit 9). The latter strata are assigned to the Hippolytense
Subzone of the Hypselocyclum Zone (Wierzbowski and Gto-
wniak, 2018). In the youngest part of the Rogaszyn Quarry,
which is poorly exposed nowadays, there occur brittle marls
(unit 10) as well as micritic-oolitic limestones and marls (units
11 and 12) of the Lothari Subzone of the Hypselocyclum Zone
(Wierzbowski and Gtowniak, 2018).

A major part of the Rogaszyn section (units 1-11) consists
of shallow water deposits of the carbonate platform. These de-
posits constitute a lateral equivalent of the “oolite” formation
and the Prusicko Formation, known from the Wielun Upland
(Wierzbowski and Gtowniak, 2018; Fig. 5). The very small thick-
ness of the carbonate platform deposits in the Radomsko Ele-
vation is, however, unusual, and may result from tectonic move-
ments of local fault blocks (Wierzbowski and Gtowniak, 2018).
The demise of the shallow-water carbonate platform took place
in the latest Hypselocyclum Chron (during the Lothari Sub-
chron) and is marked by the occurrence of deeper water facies
of unit 12 (Wierzbowski and Gtowniak, 2018), which corre-
sponds to the Burzenin Formation.

The Lower Kimmeridgian succession of the Matogoszcz
section at the SW margin of the Holy Cross Mountains begins
with the “oolite” formation assigned to the Platynota—Hypselo-
cyclum zones (Kutek, 1968, 1994; Matyja et al., 2006; Matyja,
2011; see also Fig. 6). It consists of two oolitic units (the Lower
Oolite and the Upper Oolite) underlain by Pelitic Limestones
and divided by the Banded Limestone Member. These units
are, in turn, overlain by the Oncolite Layer, the Oolite—Platy
Member, as well as marls and marly limestones (Shaly Lime-
stones and Underlying Shales). All the rocks of the “oolite” for-
mation were formed during various phases of growth of a shal-
low-water carbonate platform (Matyja et al., 2006; Matyja,
2011). A younger part of the Matogoszcz section begins with an
encrusted hardground around the Hypselocyclum—Divisum
zone boundary. This hardground is overlain by the “coquina”
formation, which consists of the Skorkéw Lumachelle and Up-
per Platy Limestones. Deposition of the “coquina” formation re-
flects a deepening of the basin during the Divisum Chron
(Matyja et al., 2006; Matyja, 2011). The top of the Matogoszcz
section consists of marls and marly shales with intercalations of
organodetrital limestones (Top Shales), which are dated to the
Upper Kimmeridgian Mutabilis (=Acanthicum) Zone (Kutek,
1968, 1994; Matyja et al., 2006; Matyja, 2011). These deposits
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Wierzbowski, 2017). A deepening event on the
Wielun Upland, which is marked by the demise of
carbonate platforms in the Lothari Subchron of the
Hypselocyclum Chron, is almost coeval with the oc-
currence of deeper water facies on the Radomsko
Elevation (Wierzbowski, 2017; Wierzbowski and
Glowniak, 2018). It predates, however, a similar epi-
sode known from the SW margin of the Holy Cross
Mountains, which is assigned to the Hypselo-
cyclum-Divisum Chron boundary (Kutek, 1994;
Matyja et al., 2006; Matyja, 2011). Shallow-water
carbonate sedimentation lasted longer at the SW
margin of the Holy Cross Mountains probably be-
cause of the lesser depth of this part of the epiconti-
nental Polish basin. In all areas studied, deposits of
carbonate platforms are overlain by deeper water
facies of the uppermost Lower and the Upper
Kimmeridgian (Matyja and Wierzbowski, 2014).

MATERIAL AND METHODS

Deltoideum delta (oysters) and Trichites (pinnid
bivalves), which are abundant in the Matogoszcz
Quarry section (Fig. 6), were collected for isotope
studies. A few undetermined oyster shells were also
collected from the Matogoszcz and the Szczercéw
sections. Thin-sections prepared from the bivalve
shells were studied using a cold cathodoluminescen-
ce microscope. Non-luminescent or very weakly lu-
minescent shell fragments (38 samples), away from

10m the hinge or the muscle scar areas, were cleaned
8 manually, using a microdrill, from sediment remains
6 and borings. The samples were ground in an agate
4 mortar. Aliquots of carbonate powders were used for
9 chemical and oxygen and carbon isotope analyses.
65 bulk carbonate samples (limestones, marly
0 10 ' o0 ' 10 ' 2'0 ' 30 limestones, marls and marly clays) were col!ected
o ' o e ' ' manually from exposures at Szczercéow, Majacze-
E bl 6°C [%o VPDE] wice, and Rogaszyn, which are assigned to the
o o . Platynota Zone and a lower part of the Hypselo-
marty clays FL LY micrte Qollle s | unexposed  cyclum Zone (Figs. 3-5). The sample set has been

Fig. 3. Bulk carbonate carbon isotope record of the Szczercéw section

(northern border of the Wielun Upland)

Bio- and lithostratigraphy are given after Wierzbowski (2017); data points
of altered samples (see text) are marked with open circles;

Lot. — Lothari Subzone

show a slightly regressive character, and are intercalated, es-
pecially in their higher part, with bivalve coquinas.

Although continuous limestone sedimentation prevailed in
the Early Kimmeridgian of the study area, limestone beds are
intercalated with marly layers. The appearance of the Lato-
sowka Marl Member within the Pilica Formation, the Gory Marl
Member within the Prusicko Formation and the Kietczygtow
Marl Member within coeval parts of the “oolitic” and the Burze-
nin formations as well as unnamed marls within the uppermost
part of the Burzenin Formation from the Wielun Upland and its
vicinity, may be climatically or tectonically induced (Wierzbo-
wski, 2017). The marlstone members from the Wielun Upland
correlate with coeval marly beds from the Radomsko Elevation

supplemented with 31 archival samples derived
from W.C. Kowalski’s collection, who studied the
Lower Kimmeridgian in exposures located north of
the Wielun Upland (cf. Kowalski, 1958) and from A.
Wierzbowski’s collection, who mostly studied bore-
hole cores from the northern border of the Wielun
Upland (cf. Wierzbowski, 2017). The majority of
supplementary samples come from the vicinity of
the Majaczewice section (localities: Géry Wapienne, Burzenin
47, Burzenin 16/9, Burzenin 16/2) and the Szczercéw outcrop
(boreholes: 37/13.5, PD20B, 130SP, PW408, KT109). Other lo-
calities are indicated on Figure 1.

Ca, Mg, Sr, Na, Mn and Fe concentrations in bivalve shells
were determined by means of the ICP-OES (Inductively Cou-
pled Plasma Optical Emission Spectrometry) method at the
Polish Geological Institute — National Research Institute.
50-100 mg samples were dissolved in 5 wt.% hydrochloric acid.
Reproducibility of chemical analyses (26 S.D.) was controlled
by multiple analyses of samples and averages as follows: 0.7%
for Ca, 1.6% for Mg, 1.1% for Sr, 4.8% for Na, 2.9% for Mn, and
14% for Fe. Repeated analyses of JLs-1 calcite and JDo-1 do-
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Fig. 4. Bulk carbonate carbon isotope record of the Majaczewice section

(north of the Wielun Upland)

Bio- and lithostratigraphy are given after Wierzbowski (2017)

lomite references (cf. Imai et al., 1996) yielded accuracies of
measurements (2o 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 presence of
non-carbonate iron compounds may have affected reproduci-
bility and accuracy of Fe analyses. The accuracy of Na analy-
ses cannot be specified because of low sodium concentrations
in the references.

Oxygen and carbon isotope analyses of bulk carbonates
and bivalve shells were conducted at the GeoZentrum Nordba-
yern, University of Erlangen-Nuremberg (Germany). Samples
were reacted with 100% phosphoric acid at 70°C using a
Gasbench Il connected to a ThermoFisher Delta V Plus mass
spectrometer. All values are reported in per mil relative to the
VPDB scale by assigning §'°C values of +1.95%o to NBS19 and
—47.3%0 to IAEA-CO9 and §'0 values of —2.20%0 to NBS19
and —23.2%o. to NBS18. Reproducibility of measurements was
monitored by replicate analyses of laboratory standards Sol 2
(n=24) and Erl 5 (n = 18). Reproducibility for §'*C and 520 val-
ues was 0.09 and 0.10%o (20 S.D.) for Sol 2, and 0.12%. and
0.12%o0 (+2c S.D.) for Erl 5, respectively.

To calculate §'®0-derived temperatures for calcite the rela-
tionship of O’Neil et al. (1969) modified by Friedman and O’Neil
(1977), along with the SMOW to PDB scales conversion given
by Friedman and O’'Neil (1977), was used:

1000IN0caicitewater = 2.78 - 108/T2 — 2.89 1]

where: deaicite-water — 0Xygen isotope fractionation factor between cal-
cite and water, T — temperature in Kelvin.

Temperatures calculated for the measured range of
8"®0caiite Values using the equation of Friedman and O'Neil

layer was also not observed in the Trichites shells
studied.

Diagenetic alteration of skeletal calcite can be
screened using cathodoluminescence studies and
analyses of minor and trace element concentra-
tions. Iron and manganese contents of marine cal-
cite increases as a result of alteration under reducing condi-
tions. A diagenetic decrease in strontium content is, in turn, ob-
served because of its low concentration in freshwater and
lesser partitioning of this element in inorganic calcites (Veizer,
1983; Brand and Veizer, 1980; Marshall, 1992; Ullmann and
Korte, 2015). In addition, diagenetic Mn?" ions activate bright or-
ange-red cathodoluminescence in calcites, which is typical of
altered shell material (Marshall, 1992; Savard et al., 1995). Pris-
tine carbonate shells may, however, show dull luminescence
with narrow brighter bands (Barbin, 2000, 2013).

The oyster and Trichites shells studied from the Lower
Kimmeridgian of central Poland are non-luminescent or show
different cathodoluminescence intensities from dull to bright
(Fig. 7). As bright, orange-red luminescence is interpreted as a
result of diagenetic alteration, only non-luminescent or dully lu-
minescent bivalve shells were selected for chemical and iso-
tope analyses.

The bivalves shells studied from central Poland are charac-
terized by variable minor and trace element concentrations: Mn
from below detection limit (1 ppm) to 74 ppm, Fe from below de-
tection limit (20 ppm) to 596 ppm, and Sr from 592 to 860 ppm
(Table 1). A strong, correlation is observed between Fe and Mn
contents in the shells (Fig. 8). Threshold limits of Mn <100 ppm,
Fe <250 ppm, and Sr >490 ppm may be accepted as indicative
of well-preserved Jurassic calcite bivalve shells according to
Wierzbowski and Joachimski (2007), and Wierzbowski et al.
(2016). The given limits of manganese and iron concentrations
are in line with the data of Jones et al. (1994). The accepted
manganese and strontium cut-off limits are also similar to the
limits specified for Jurassic bivalves by Anderson et al. (1994),
Price and Page (2008), Price and Teece (2010), and Zuo et al.
(2019) although the latter authors report higher iron contents.
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Skorkéw Lumachelle (the Hypselocyclum and the
lowermost Divisum zones) are characterized by a
significant scatter (from —3.5 to —1.5%o). Bivalve
3'°0 values from the Upper Platy Limestones and
Top Shales (the Divisum—Mutabilis zone boundary)
show a lesser spread (from —3.4 to —2.2%o). Two
oxygen isotope data points from two oysters from
the upper part of the Skorkéw Lumachelle (the mid-
dle Divisum Zone) are higher (—1.0 to —0.6%o) than
all other data. No clear temporal trend is observed
within the oxygen isotope dataset.

8'°C values of well-preserved bivalve shells
from the Matogoszcz section vary between 2.6 and
4.2%o (Fig. 6 and Table 1). Carbon isotope values
from the Upper Oolite and the Skorkéw Lumachelle
(the Hypselocyclum and the lowermost Divisum
zones) are lower and show a larger scatter (from
2.6 to 4.0%o) than the values from the Upper Platy
Limestones and Top Shales (the Divisum—Muta-
bilis zone boundary), which vary between 3.6 to
4.2%o. A gradual increase in bivalve 3'°C values
upsection is observed, except for two low §C val-
ues from the upper part of the Skorkéw Lumachelle
(the middle Divisum Zone).

CARBON ISOTOPE COMPOSITION OF BULK
CARBONATES

Bulk carbonate 8"C values range from —1.5 to
2.7%o in the entire study interval. The most variable
carbon isotope values are documented from the
Szczercéw (—1.5 to 2.6%o0) and the Rogaszyn sec-
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Fig. 5. Bulk carbonate carbon isotope record of the Rogaszyn section

(the Radomsko Elevation)

Biostratigraphy and lithological units are given after Wierzbowski and Gtowniak
(2018); data points of altered samples (see text) are marked with open circles;
Hypsel. — Hypselocyclum Zone, Hippolyt. — Hippolytense Subzone

Six bivalve shells with Fe contents above 250 ppm were re-
moved from the well-preserved sample set. After removal of
these samples the remaining sample set is characterized by
concentrations of Mn <27 ppm, Fe <206 ppm, and Sr >631
ppm, and a moderate correlation between Fe and Mn contents
(Fig. 8). All well-preserved bivalve shells (32 samples) come
from the Matogoszcz section.

RESULTS

OXYGEN AND CARBON ISOTOPE COMPOSITION
OF BIVALVE SHELLS

5'®0 values of well-preserved bivalve shells from the
Matogoszcz section vary between —0.6 and —3.5%o (Fig. 6 and
Table 1). Oxygen isotope values from the Upper Oolite and the

oncolitic
© ~°| limestones

tion (=0.9 to 2.5%q; Fig. 9). Lesser variations of 8°C
3.0 values are noted in the samples derived from bore-
holes (0.0 to 2.5%o), small exposures of the Lower
Kimmeridgian deposits (1.1 to 2.7%o0) and from the
Majaczewice section (2.3 to 2.6%o). There is no dis-
tinct difference in §'°C values of co-occurring lime-
stone and marly beds.

Strong correlations between bulk carbonate
8'0 values and §'°C values, which may be linked
to diagenetic alteration, is observed in the datasets
from the Rogaszyn and the Szczercow section (Fig.
9). Since diagenetic processes may have affected
the original carbon isotope composition of the
highly weathered subsurface or oolitic parts of
these sections, they are discussed later in the text.

DISCUSSION

OXYGEN AND CARBON ISOTOPE RECORDS
OF BIVALVE SHELLS

Modern oysters precipitate shell calcite in the oxygen isotope
equilibrium with ambient sea water 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 equilibrium precipitation of oxy-
gen isotopes by Jurassic oysters is documented by the similarity
of their 8"®0 values with those of co-occurring benthic and
necto-benthic molluscs and brachiopods (Anderson et al., 1994;
Wierzbowski and Joachimski, 2007; Price and Teece, 2010;
Mettam et al., 2014). Although slight disequilibrium fractionation
of carbon isotopes (of ~—1.0%o, except shell portions precipitated
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Bio- and lithostratigraphy are given after Matyja et al. (2006), Matyja (2011) and A. Wierzbowski’s (pers comm., 2017)
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Fig. 7. Cathodoluminescence photomicrographs

A — well-preserved, dully-luminescent Trichites shell (sample M80, Upper Oolite, Hypselocyclum Zone,
Matogoszcz section); B — altered oyster shell, showing moderate to bright luminescence intensities
(sample M41, bed 5, Hypselocyclum Zone, Szczercow section)

during cold seasons) is observed in modern oysters (Surge et al.,
2001, 2003; Titschack et al., 2010), Jurassic oysters show higher
8"°C values than those of coeval molluscs (Wierzbowski and
Joachimski, 2007; Price and Teece, 2010; Mettam et al., 2014).
Accordingly, it may be assumed that the Jurassic oysters exerted
relatively small vital effects in carbon isotope composition. In ad-
dition, Brigaud et al. (2009), Lathuiliere et al. (2015), and Zuo et
al. (2019) have recently shown that isotope signatures of Upper
Jurassic Trichites are similar to those of coeval oysters and may
be used as a reliable proxy for ancient water temperatures.

The oxygen isotope composition of marine calcite, precipi-
tated in isotopic equilibrium with ambient sea water, is depend-
ent on the temperature and oxygen isotope composition of am-
bient water. §'°C values of calcite precipitated in isotopic equi-
librium vary, in turn, along with primary fluctuations in the com-
position of dissolved inorganic carbon (DIC).

Relatively scattered 8'®0 and 8'°C values of bivalve shells
from the lower part of the Matogoszcz section i.e., the Upper
Oolite and a lower part of the Skorkéw Lumachelle (the
Hypselocyclum and the lowermost Divisum zones; Fig. 6) may
indicate considerable variations in water temperatures, salinity
and the carbon isotope composition of DIC. Early Kimmeridgian
carbonate platforms from the SW margin of the Holy Cross
Mountains grew in a shallow basin, above storm wave-base
(Matyja, 2011). Significant freshwater inflow from land areas or
an enhanced evaporation rate may have caused temporal vari-
ations in s‘sowate, values. River water rich in terrestrial organic
matter or oxidation of marine organic carbon during the process
of water-mass ageing (cf. Patterson and Walter, 1994) may, in
turn, have produced variations in the carbon isotope composi-
tion of DIC. More densely clustered §'®0 and §'>C data points of
bivalves from the upper part of the Matogoszcz section i.e. the
Upper Platy Limestones and the Top Shales (the Divi-
sum—Mutabilis zone boundary) probably indicate more stable
water temperature and chemistry, after a sea level rise and
drowning of the shallow water carbonate platform (cf. Matyja et
al., 2006; Matyja, 2011). Although 8'C values of two oysters
from the upper part of the Skorkéw Lumachelle are relatively
low, a general increase in mean bivalve 8"C value (by ~0.5%o)
towards the top of the Matogoszcz section is observed. This
may be linked to a diminishing inflow of freshwater enriched in
the light 8'C isotope and a higher rate of water exchange and
circulation.

Palaeotemperatures calculated from oxygen isotope ratios
of bivalves from the Upper Oolite and the lower part of the
Skorkéw Lumachelle (the Hypselocyclum and the lowermost
Divisum zones), assuming normal marine salinity and a mean
8"8Oseawater Value of —1%. VSMOW as typical of an ice-free world
(Shackleton and Kennett, 1975), vary between 18 and 27°C
(Fig. 6). Two oulier data points from the uppermost part of the
Skorkéw Lumachelle (Divisum Zone) translate into lower tem-
peratures of 14—16°C. Temperatures calculated for the Upper
Platy Limestones and the Top Shales (the Divisum—Mutabilis
zone boundary) range from 21 to 27°C.

Most of the calculated average water temperatures seem to
be overestimated taking into account the palaeolatitude (38°N) of
central Poland in the Kimmeridgian (cf. van Hinsbergen et al.,
2015) as well as the Late Jurassic palaeoclimatic model of
Sellwood and Valdes (2008) and the Early Kimmeridgian tem-
perature (~24°C) reconstructed for tropical regions (Alberti et al.,
2017). The assumption of a mean Kimmeridgian surface temper-
ature of ~18°C inferred for the area of present-day Poland after
Sellwood and Valdes (2008) allows estimation of the original
8% 0yater Values. Although temperature usually drops downwards
in the water column (cf. Manca et al., 2004), freshwater influx oc-
curs more often in very shallow environments, where the thermal
stratification is negligible. The measured range of bivalve §'®0
values (=3.5 to —0.6%o) translates into 880y values from —3.0
to —0.1%. VSMOW using the palaeotemperature equation of
Friedman and O'Neil (1977). Water salinity (Swater) can, in turn,
be calculated on the basis of the universal marine salin
ity—5'®Opater relationship of Railsback et al. (1989), which takes
into account effects of freshwater runoff [3] and evaporation [4].
The two given equations were used for salinity calculations below
and above the normal marine salinity respectively.

818Owater = 818OO + Afw/SO : (Swater_SO) [3]

where: §'80, — average oxygen isotope composition of Jurassic sea
water (assumed as —1%. VSMOW after Shackleton and Kennett,
1975), Any — difference between 580 values of average sea water and
local meteoric water (assumed as —6%. VSMOW using the modern
relationship between annual mean &'°0 values of precipitation and
surface air temperature; cf. Rozanski et al., 1993), and S, — average
sea water salinity (assumed as 34%o after Railsback et al., 1989).



Palaeoenvironmental changes recorded in the oxygen and carbon isotope composition of Kimmeridgian... 367

Table 1

Position, chemical and isotope data of bivalve shells from the Matogoszcz section

e i 13 18
No. | Taxonomy unit | PR PO e woml | ool | oml | topml | poml | Bed |
M1* oyster 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 1.2 391 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 27 707 711 418 | —2.38
M15 D. delta Top Shales 171.3 1.2 39.7 77 443 19 734 636 3.85 | -2.73
M7 Trichites Up. Platy Ls | 155 3 37.7 71 419 14 1018 721 3.66 | -2.50
M69 oyster Skork. Lum. 121 1.2 391 109 797 5 548 649 2.98 | -0.57
M9 oyster Skork. Lum. | 121 1.2 39.4 38 569 1 399 684 3.15 | —1.05
M73* oyster Skork. Lum. 104.8 1.3 38.7 464* 2920 17 1483 860 - -
M65* Trichites 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 Trichites Skork. Lum. 104.8 1.3 38.6 195 1679 5 2321 786 3.96 | —-2.94
M28 Trichites Skork. Lum. 104.8 1.3 39.2 119 1664 4 2405 819 3.94 | -2.81
M25 Trichites Skork. Lum. 104.8 1.3 38.6 120 1578 5 2374 740 3.03 | -1.66
M24 Trichites Skork. Lum. 104.8 1.3 38.7 73 1678 2 2308 792 3.64 | -2.68
M21 Trichites Skork. Lum. 104.8 1.3 39.3 120 1551 4 2362 776 3.74 | -2.78
M20 Trichites Skork. Lum. 104.8 1.3 38.5 74 1702 2 2167 721 3.22 | -1.49
M17 Trichites Skork. Lum. 104.8 1.3 39.3 192 1528 6 2368 769 3.90 | -3.13
M12 Trichites Skork. Lum. 104.8 1.3 38.7 61 1371 1 2495 740 3.24 | —2.47
M5 Trichites Skork. Lum. 104.8 1.3 38.7 121 1690 3 2232 756 3.46 | —1.82
M3 Trichites Skork. Lum. 104.8 1.3 38.7 47 1779 2 2256 715 3.67 | -1.47
Mm2* oyster Skork. Lum. 104.8 1.3 39.4 457* 1427 21 817 637 - -
M18 Trichites Skork. Lum. 100 3.5 38.6 170 1728 3 2279 761 3.46 | -1.69
M81 Trichites Up. Oolite 47.5 10 38.9 <20 1305 <1 2342 688 3.28 | -1.69
M80 Trichites Up. Oolite 47.5 10 35.5 <20 1246 1 1834 690 297 | -3.21
M50 oyster Up. Oolite 47.5 10 38.9 25 586 2 234 715 3.11 | —-1.62
M48 Trichites Up. Oolite 47.5 10 38.6 <20 1284 <1 2568 805 3.39 | -2.68
M47 Trichites Up. Oolite 47.5 10 39.3 <20 1467 5 1928 734 2.60 | —2.95
M44 Trichites Up. Oolite 47.5 10 39.4 <20 1273 2 1315 761 2.99 | -3.46
M77 Trichites Up. Oolite 40 2.5 37.9 <20 1395 <1 2374 752 3.79 | -3.23
*— altered samples showing elevated Fe concentrations
5" 0uater = 8200 + Mo + (Swater — So) [4] Kimmeridgian fossils from the SW margin of the Holy Cross

where: my — evaporative enrichment parameter being the relation
between §'®0 and salinity observed in evaporative basins (assumed
as 0.35%o0 VSMOW per 1 salinity per mil according to Railsback et
al., 1989), and other symbols are the same as in eq. [2].

The calculated sea water §'20 values translate into a salin-
ity range of 21 to 37%.. Although the modelling does not allow
for possible changes in depth of the basin and temporal climate
fluctuations, it points to the possibility of occurrence of epi-
sodes of decreased salinity in the basin studied. Low and vari-
able 80 values of Lower Kimmeridgian—lowermost Upper

Mountains may be regarded as a manifestation of major
shallowing of the epicratonic Polish basin, being an effect of
prolonged marine regression, which is well-documented start-
ing from the Upper Oxfordian (cf. Matyja, 1977, 2011; Kutek,
1994; Matyja et al., 2006; Matyja and Wierzbowski, 2014;
Wierzbowski, 2017). The bathymetry and salinity changes con-
nected with this sea level fall likely masked subtle climatic and
environmental fluctuations in central Poland. Although some
authors have postulated the presence of such variations in the
Kimmeridgian e.g. a cooling at the Oxfordian-Kimmeridgian
transition (Abbink et al., 2001; Zou et al., 2019), a warming of
deep sea water at the Early—Late Kimmeridgian transition
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shells studied

Cut-off limit of 250 ppm of Fe is accepted for well-preserved sam-
ples; a strong correlation (R = 0.74, p <0.01) is observed in the
entire dataset, and a moderate one (R = 0.42, p <0.05) in well-pre-
served samples

(Colombie et al., 2018) or a slight warming throughout almost
the whole Kimmeridgian (Zuo et al., 2019), they are not ob-
served in the study area (Fig. 6; see also Wierzbowski, 2015).

A gradual decrease in belemnite and brachiopod 'O val-
ues (from ~0 to ~—1%0. VPDB) is observed in central Poland
throughout the Oxfordian (Wierzbowski, 2015). This decrease
is attributed to a temperature rise and/or increased freshwater
runoff during the onset of the marine regression. The oxygen
and carbon isotope values of Lower Kimmeridgian bivalves
from central Poland (3.5 to —0.6%o, and 2.6 to 4.2%., respec-
tively) are comparable to those from shallow-marine facies of
the Paris Basin, Burgundy, the Jura Mountains, and the Lower
Saxony basin (cf. Brigaud et al., 2008; Lathuiliere et al., 2015;
Colombié et al., 2018; Zuo et al., 2019). Low 8'0 values of
Lower Kimmeridgian fossils from western Europe are likely re-
lated to shallowing of epicontinental marine basins. A similar
phenomenon and a salinity-related decrease is also reported
for the Early Kimmeridgian basin of the Russian Platform
(Wierzbowski et al., 2018). Salinity and thermobathymetry ef-
fects on fossil §'°0 values at European localities may also be
an alternative explanation of such phenomena as weak latitudi-
nal temperature gradients or thermal homogenization of sea
water postulated for the Kimmeridgian (see Alberti et al., 2017;
Colombié et al., 2018).

Higher 8'0 values (0.5 to 0.5%o) are reported again for the
mid-Tithonian oysters from central Poland (Wierzbowski et al.,
2016). The mid-Tithonian fossils are derived from open marine
deposits belonging to the Patuki Formation and the lowermost
part of the Kcynia Formation (Dembowska, 1979; Kutek and
Zeiss, 1997; Matyja and Wierzbowski, 2016; Wierzbowski et al.,
2016). This may be related to a successive deepening of the
mid-Polish sedimentary basin during a Late Kimmeridgian
transgression, which began in the Eudoxus Chron (cf. Kutek,
1994; Matyja and Wierzbowski, 2014; Wierzbowski, 2017). All
the data show that the Upper Jurassic oxygen isotope record of
central Poland was mainly controlled by sea level changes.

"0 [%o VPDB]

Fig. 9. Cross-plot of 8'°C versus 5'®0 values of bulk
carbonates from the Lower Kimmeridgian sections studied

Strong and statistically significant correlations between §'°0
and 8'°C values are observed in the Rogaszyn (R = 0.78, p <0.01)
and Szczercow (R = 0.67, p <0.01) datasets

CARBON ISOTOPE RECORD
OF BULK CARBONATES

The bulk rocks studied are derived from deeper parts of the
Kimmeridgian basin of central Poland i.e. the Wielun Upland, its
northern vicinity and the Radomsko elevation. Low 5"C values
of bulk carbonates (—1.5 to 0.4%o) are observed within the highly
weathered and abandoned upper part of the Rogaszyn section,
and porous oolitic limestones from the Szczercéw section (Figs.
3 and 5). A low 8"C value (0.3%o) is also observed in proximity
to the oncolite layer in the lower part of the Rogaszyn Quarry.
Strong correlation observed between §'°C and §"°O values
from these localities (Fig. 9) may be linked to the post-
depositional equilibration of rocks, sensitive to diagenesis, with
meteoric waters in the subsurface vadose or phreatic zone (cf.
Jenkyns and Clayton, 1986; Banner and Hanson, 1990; Mar-
shall, 1992; Huck et al., 2013; Jach et al., 2014; Swart and
Oehlert, 2018). Since other parts of the sections studied show
more stable §"°C values (0.9 to 2.6%o), which are not noticeably
correlated with 3'°0 values (Fig. 9), one can assume that their
original marine carbon isotope composition is still preserved.
Moderately scattered 8'°C values (0.0 to 2.6) are observed
within borehole core samples (Fig. 9). The majority of these
samples have, however, high 3'°C values (above 0.9 %) and no
correlation between their §'°0 and §'°C values is observed. Dis-
tinctly lower 8'C values (0.0 to 0.8%o) are seen in only three
samples from a narrow interval (66.8—-72.0 m) of a borehole
core 6W (Table 2; see also Wierzbowski, 2017). As coeval
samples from other borehole cores and the Majaczewice sec-
tion show much higher 8'*C values (Fig. 10) this interval of the
core 6W is interpreted as diagenetically altered.
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Table 2
Stratigraphical and isotope data of bulk-carbonates
No. Lithology Outcrop Bed/depth Zone Subzone Position I 1 §°3C [%o] | 5'°0 (%]
KL 66 Is Majaczewice 13 Hypselocyclum Lothari 0.20 2.43 -3.92
KL 76 Is Majaczewice 13 Hypselocyclum Lothari 0.20 2.29 —4.17
KL 71 Is 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 Is Majaczewice 11 Hypselocyclum Lothari 0.18 242 -3.40
KL 61 mrl Majaczewice 10 Hypselocyclum Lothari 0.16 2.42 -3.88
KL 60 Is 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 Is 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 Is 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 Is 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 Is Majaczewice 1 Hypselocyclum Lothari 0.01 2.53 -3.73
KL 1 Is Szczercow 6 Hypselocyclum Lothari 0.04 1.83 -3.98
KL 24 Is Szczercow 5 Hypselocyclum Hippolytense 0.98 2.28 -3.88
KL 25 Is Szczercow 5 Hypselocyclum Hippolytense 0.98 2.40 -3.64
KL 23 Is Szczercow 5 Hypselocyclum Hippolytense 0.98 217 -3.62
KL 10 Is Szczercow 5 Hypselocyclum Hippolytense 0.96 1.95 —4.24
KL6 Is Szczercow 5 Hypselocyclum Hippolytense 0.91 1.33 —4.28
KL 15 Is Szczercow 5 Hypselocyclum Hippolytense 0.90 1.95 —4.04
KL 4 Is Szczercow 5 Hypselocyclum Hippolytense 0.86 1.39 -4.05
KL 11* ool Is Szczercow 4 Hypselocyclum Hippolytense 0.83 -0.20* —4.58*
KL 8* ool Is Szczercow 4 Hypselocyclum Hippolytense 0.79 0.18* —4.88*
KL 5* ool Is Szczercow 3b Hypselocyclum Hippolytense 0.67 -1.38* -5.02*
KL 50* ool Is Szczercow 3b Hypselocyclum Hippolytense 0.64 —1.47* —4.77*
KL 19 Is Szczercow 3a Hypselocyclum Hippolytense 0.63 1.35 -3.45
KL 12 Is Szczercow 3a Hypselocyclum Hippolytense 0.60 2.25 -2.81
KL 22 Is/mrl Szczercow 2 Hypselocyclum Hippolytense 0.58 2.63 -2.86
KL 3 Is/mrl Szczercow 2 Hypselocyclum Hippolytense 0.56 2.64 -2.76
KL 20 Is/mrl Szczercow 2 Hypselocyclum Hippolytense 0.55 1.99 -2.97
KL 21 Is/mrl Szczercow 2 Hypselocyclum Hippolytense 0.53 1.98 -2.79
KL 13 mrl cl Szczercow 1 Hypselocyclum Hippolytense 0.50 1.34 -2.82
KL 17 mrl cl Szczercow 1 Hypselocyclum Hippolytense 0.49 1.17 —2.47
KL 16 mrl cl Szczercow 0 Hypselocyclum Hippolytense 0.40 0.91 -3.19
KL 7 mrl cl Szczercow 0 Hypselocyclum Hippolytense 0.36 2.39 —2.58
KL 2 mrl cl Szczercow 0 Hypselocyclum Hippolytense 0.23 1.14 -3.67
KL9 mrl cl Szczercow 0 Hypselocyclum Hippolytense 0.20 1.11 -3.83
KL 18 mrl cl Szczercow 0 Hypselocyclum Hippolytense 0.1 1.99 -2.95
KL 14 mrl cl Szczercow 0 Hypselocyclum Hippolytense 0.06 2.03 -3.83
KL 87 Is Rogaszyn 7/8 Platynota Guilherandense 0.99 0.91 —4.20
KL 89* Is Rogaszyn 7/8 Platynota Guilherandense 0.96 —-0.25* -5.19*
KL 93* Is Rogaszyn 7/8 Platynota Guilherandense 0.95 0.22* -5.37*
KL 94* Is Rogaszyn 7/8 Platynota Guilherandense 0.89 0.35* -5.04*
KL 88* Is Rogaszyn 7/8 Platynota Guilherandense 0.82 0.35* -5.41*
KL 92* Is Rogaszyn 718 Platynota Guilherandense 0.75 0.26* -5.45*
KL 91* Is Rogaszyn 7/8 Platynota Guilherandense 0.68 —-0.89* -5.32*
KL 53 Is Rogaszyn 7/8 Platynota Guilherandense 0.65 2.10 -3.40
KL 83 Is Rogaszyn 5 Platynota Guilherandense 0.57 2.30 -3.69
KL 75 Is Rogaszyn 5 Platynota Guilherandense 0.55 214 -3.83
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Tab. 2 cont.
No. Lithology Outcrop Bed/depth Zone Subzone Position in | 53¢ [%s] | 5'°0 [%s]
KL 52 Is Rogaszyn 5 Platynota Guilherandense 0.50 2.27 -4.28
KL 73 Is Rogaszyn 5 Platynota Guilherandense 0.46 2.15 -3.87
KL 54 Is 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 Is Rogaszyn 3 Platynota Guilherandense 0.23 2.27 —4.21
KL 69 Is Rogaszyn 3 Platynota Guilherandense 0.18 2.10 —-4.10
KL 79 Is 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 Is Rogaszyn 1 Platynota Desmoides 0.97 1.51 -5.09
KL 67 Is Rogaszyn 1 Platynota Desmoides 0.82 1.49 -5.15
KL 81 Is Rogaszyn 1 Platynota Desmoides 0.45 1.52 -5.43
KL 70 Is 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 Is core PW408 (149.5 m) Hypselocyclum Lothari 0.53 2.44 -3.21
KL 27 Is core PW408 (149.5 m) Hypselocyclum Lothari 0.53 2.45 —-4.12
KL 31 Is core PW408 (150 m) Hypselocyclum Lothari 0.52 2.45 -4.28
KL 30 Is core PW408 (152.6 m) Hypselocyclum Lothari 0.51 2.45 —4.13
KL 32 Is core 37/13.5 (81 m) Hypselocyclum Lothari 0.5 2.23 -3.36
KL 36 Is core 37/13.5 (83 m) Hypselocyclum Lothari 0.49 2.00 —4.01
KL 28 Is core KT109 (256.5 m) Hypselocyclum Lothari 0.37 2.28 -4.14
KL 26 Is 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 Is core KP2 (103.2-103.6m) | Hypselocyclum Lothari 0.1 2.15 -4.09
KL 45 Is core KP2 (113.7-115m) | Hypselocyclum Lothari 0.07 2.28 -3.31
KL 48 Is core KP3 (116-117 m) | Hypselocyclum Lothari 0.02 2.46 -3.93
KL 49 Is core KP2 (117 m) Hypselocyclum Lothari 0 2.53 -3.50
KL 47 Is core KP2 (117-118 m) | Hypselocyclum Hippolytense 0.98 2.53 -4.13
KL 97 Is Gory Wapienne - Acanthicum - 0.25 1.54 -3.05
KL 90 Is Gory Wapienne - Acanthicum - 0.25 1.87 -3.02
KL 95 Is Burzenin 47 — Divisum Uhlandi 0.5 2.04 -3.01
KL 39 Is Burzenin 47 - Divisum Uhlandi 0.5 1.98 -2.77
KL 98 Is Sarnéw — Divisum Crussoliense 0.5 2.46 -3.01
KL 58 Is Sarnéw — Divisum Crussoliense 0.5 2.35 -3.29
KL 38 Is Burzenin 16/9 - Hypselocyclum Lothari 0.9 2.08 -2.99
KL 37 Is Burzenin 16/2 - Hypselocyclum Lothari 0.75 2.49 -5.20
KL 41 Is Kule 84 - Hypselocyclum Hippolytense 0.25 1.13 -5.15
KL 42 Is 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

* — altered samples (see text); position in subzone — percentage position in a stratigraphical subzone, Is — limestone, ool Is — oolitic limestone,
mrl — marl, mrl cl — marly clay

Although bulk carbonate 3'%c values, which are considered
as well-preserved, show some scatter, a gentle, long-term de-
creasing trend of the values is observed (Fig. 10). A similar de-
crease in 8'°C values of marine carbonates and belemnite ros-
tra is also noted from western Europe (Colombié et al., 2011;
2018) and the Russian Platform (Riboulleau et al., 1998;
Zakharov et al., 2005; Wierzbowski et al., 2013, 2018; see Fig.

10). Absolute 5"3C values of an “upper envelope” of the current
dataset are similar to coeval bulk carbonate data from W
France, W Switzerland, central Germany and the Tatra Moun-
tains (Colombié et al., 2011, 2018; Jach et al., 2014; Zuo et al.,
2018). This indicates that the Kimmeridgian global trend of de-
creasing carbon isotope values (cf. Price et al., 2016; Zuo et al.,
2018) and marine carbon isotope signatures are, at least partly,
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Fig. 10. Bulk carbonate §'C record of central Poland (present and Wierzbowski’s 2015 data), and its comparison with the bulk
carbonate record of western Europe (after Colombié et al., 2011, 2018) and belemnite data from the Russian Platform
and Subpolar Urals (after Riboulleau et al., 1998; Zakharov et al., 2005; Wierzbowski et al., 2013, 2018)

Stratigraphical correlations between regional zonal schemes are established after Wierzbowski and Rogov (2013), Wierzbowski et al.
(2013), and Comment et al. (2015). Generalized lithological and major sequence logs for the Wielun Upland (Planula to Platynota—Hypselo-
cyclum zone boundary) and its northern vicinity (Platynota—Hypselocyclum zone boundary to Acanthicum Zone) are given after Wierzbowski
(2017); the vertical scale of the diagram is based on the biostratigraphical zonal scheme and does not reflect variable thickness of the strata.

Lithological symbols as in Figure 2

recorded in central Poland. Local effects connected with fresh-
water inflow and water-mass ageing in a very shallow environ-
ment probably caused negative shifts within some carbon iso-
tope data of bulk carbonates (Fig. 10). The negative carbon iso-
tope shifts are mostly confined to very shallow, lowstand depos-
its of the Prusicko and “oolitic” formations encompassing the
upper Platynota and the lower Hypselocyclum zones. Similar
8"3C values of adjoining limestone and marly beds indicates
that environmental factors driving contents of carbonate and
clastic material are not recorded in the carbon isotope signa-
tures of the rocks. This may be due to a weak relationship be-
tween short-term changes in depositional conditions and the
carbon isotope composition of DIC of the whole basin or due to
early diagenetic processes, which might have caused carbon
isotope homogenisation of neighbouring beds.

CONCLUSIONS

Newly presented oxygen and carbon isotope values of
well-preserved marine bivalves and bulk carbonates from the
Lower—lowermost Upper Kimmeridgian of central Poland have
allowed documentation of local environmental changes driven
by a major regressive-transgressive cycle. §'®0 and §'°C val-
ues of bivalve shells from the Matogoszcz section (SW margin
of the Holy Cross Mountains), which were deposited in an ex-
tremely shallow environment during the Hypselocyclum and
the earliest Divisum chrons, show significant scatter because
of salinity variations and water-mass ageing. Calculated oxy-
gen isotope temperatures (between 18 and 27°C) may be
partly overestimated as a result of decreases in the salinity of
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the basin. Partial stabilization of the isotope signatures is
noted after the marine transgression, in the lowermost Muta-
bilis Zone.

Although a global, gentle decrease in marine 3'°C values
throughout the Kimmeridgian is recorded in bulk carbonate
data from central Poland (on the Radomsko Elevation and the
Wielur Upland), numerous, low 8"C values are found in the
interval of maximal shallowing of the basin, which took place
during the late Platynota and early Hypselocyclum chrons.

Newly obtained oxygen isotope data of well-preserved fos-
sils, along with published 8'0 values of Wierzbowski (2015),
and Wierzbowski et al. (2016), may be used to document tem-

perature and salinity variations in the epicontinental Polish basin
during the major Late Oxfordian—earliest Kimmeridgian regres-
sion and the consecutive transgressions, which started, depend-
ing on the location, in the latest Hypselocyclum or the Divisum
chrons of the latest Early Kimmeridgian. The present and pub-
lished data suggest that §'®0 values of Upper Jurassic fossils
from central Poland correspond closely to sea level variations.
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