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The Lower and Middle Buntsandstein successmn (Baltic and Pomerania formations) from the Gorzéw Wielkopolski IG 1
borehole was examined in terms of §'°C and §'®0 variability. The section is located in northwestern Poland, representing the
eastern part of the epicontinental Central European Basin System. Forty-six powder samples from predominantly oolitic
limestone intercalations were analysed for these stable isotopes, following microfacies, petrographic and geochemical anal-
yses of these rocks. The §'°C values obtained range between —3.95 and +1.43%. (V-PDB); (average —1.13%). The Baltic
Formation is isotopically much heavier than the Pomerania Formation. §'0 values range between —4. 06 and —8.68%o
(V-PDB); (average —6.62 %o). An increasing upwards trend can be observed throughout the succession. The §'C record sug-
gests the possibility of correlation with four global events: the Mid-Griesbachian Event, Late Griesbachian Event,
Dienerian-Smithian Boundary Event and Late Spathian Event. Correlation of the positive anomaly around a depth of
2120.0 m W|th the pronounced global positive Smithian-Spathian Boundary Event is less likely. The record of low and de-
creasing 8'°C within the Pomerania Formation corresponds very well to the global decrease of this isotopic |nd|catorthrough
the Dienerian to early Spathian. Comparability of the local 5'>C record with the global record suggests the suitability of using
isotopic stratigraphy on such oolitic intercalations for improvement of the Early Triassic chronostratigraphy of the
epicontinental Central European Basin System.
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INTRODUCTION Becker, 2020). A summary of these studies for the eastern part
of the basin system by Nawrocki and Becker (2020) showed

that establishing a precise chronostratigraphic scheme still re-

The chronostratigraphy of the Triassic of the Central Euro-
pean Basin System is problematic due to the lack of good
biostratigraphic indicators. This problem is much discussed in
the literature in the context of clarifying the position of the Perm-
ian-Triassic boundary and the chronostratigraphy of the Lower
Triassic in this epicontinental basin system (e.g., Bachmann
and Kozur, 2004; Nawrocki, 2004; Scholze et al., 2017). The
basin system was only slightly connected to the ocean and suf-
fered under the major end-Permian biotic crises. Research con-
ducted to date has been mainly based on palynostratigraphy
and magnetostratigraphy (e.g., Ortowska-Zwolinska, 1984,
1985; Nawrocki, 1997; Szurlies et al., 2003; Szurlies, 2007;
Hounslow and Muttoni, 2010; Kurschner and Herngreen, 2010;
Backhaus et al., 2013; Marcinkiewicz et al., 2014; Novak et al.,
2018; Maron et al., 2019; Becker et al., 2020a; Nawrocki and
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quires further research. The chronostratigraphic interpretations
based on conchostracan biostratigraphy (e.g., Kozur, 1999;
Kozur and Bachmann, 2005) are regarded as controversial and
are not discussed in this paper (see e.g., Becker, 2015; Scholze
etal., 2016). Previous isotopic studies conducted for some nar-
row intervals in different parts of the basin have shown the po-
tential of stable isotopes for chronostratigraphic correlation
(e.g., Korte and Kozur, 2005; Scholze et al., 2017; Becker et al.,
2020b). The isotopic stratigraphy method should work particu-
larly well for Lower Triassic rocks, as they were deposited dur-
ing an interval of significant perturbations of the carbon cycle,
recorded as negative and positive excursions on the carbon
isotope curve constructed from studies of carbonates world-
wide (e.g., Algeo et al., 2007, 2011; Cramer and Jarvis, 2020
and references therein). Cramer and Jarvis (2020) discussed 9
episodes during this epoch and around its boundaries, which
produced 4 positive and 5 negative excursions of the 5'3C re-
cord recognized worldwide (Fig. 1). They are (chronologically):

— Permian-Triassic Boundary Event (PTBE negative excur-

sion),
— Early Griesbachian Event (EGE negative excursion),
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Fig. 1. Variation in §"3C through the end of Permian and Early to Middle Triassic
(after Cramer and Jarvis, 2020 and references therein, modified)

— Mid-Griesbachian Event (MGE positive excursion),

— Late Griesbachian Event (LGE negative excursion),

— Dienerian-Smithian Boundary Event (DSBE positive excur-
sion),

— Late Smithian Event (LSE negative excursion),

— Smithian-Spathian Boundary Event (SSpBE positive excur-
sion),

— Late Spathian Event (LSpE negative excursion),

— Early Anisian Event (EANE positive excursion).

The Lower Triassic interval cored in the Gorzéw Wielko-
polski IG 1 borehole has already been examined by means of
palynostratigraphy, magnetostratigraphy and sequence stratig-
raphy (summary in Feldman-Olszewska, 2014a). The section is
located within the central part of the basin system and its suc-
cession is characterized by numerous thin limestone intercala-
tions. It provides a very good opportunity to test the method of
carbon isotope stratigraphy for its applicability within the Central
European Basin System. Deposits of such an epicontinental
basin with very restricted ocean connections (if any) could pro-
vide quite random results, not comparable to global standards.

GEOLOGICAL SETTING

The Gorzoéw Wielkopolski IG 1 borehole is located in the
Mesozoic Polish Lowlands Basin (MPL Basin) forming the east-
ern part of the epicontinental Central European Basin System
(Leszczynski, 2023; Fig. 2). The basin system originated in the
northern Pangea in the Early Permian due to thermal subsi-
dence of the crust after the Variscan orogeny (e.g., Dadlez et
al., 1995; Bachmann et al., 2008; Pharaoh et al., 2010). The
MPL Basin, with the Mid-Polish Trough as its depocentre, was
filled with sediments until its tectonic inversion in the early
Paleogene (Leszczynski, 2023 and references therein). During
the Early Triassic the basin was affected by strong subsidence,

resulting in increased sedimentary accumulation (e.g., Dadlez,
1989). Tectonic control was provided by rifting within the Tethys
Ocean located to the south and within the initial Proto-Atlan-
tic-North Sea rifting system developing to the north-west as well
as by initial halokinetic movements of the Zechstein salts
(Krzywiec, 2004; Feist-Burkhardt et al., 2008; Pharaoh et al.,
2010; Warsitzka et al., 2019). Glacio-eustatic control was not
significant, because the Triassic was a greenhouse or even hot-
house period (e.g., Preto et al., 2010; Winguth et al., 2015;
Scotese, 2018). The area of Central Europe during the Early
Triassic was characterized by a hot and dry climate with precipi-
tation seasonality within the northern (Fennoscandian High)
and southern (e.g., Bohemian Massif) sediment supply areas
(Péron et al., 2005; Roscher et al., 2011).

The Lower Triassic of the northwestern part of the MPL Ba-
sin consists of the Baltic, Pomerania, Potczyn, and Rot or
Barwice formations which make up the Buntsandstein Group in
the region (Fig. 3). The Baltic and Pomerania formations are
dominated by brownish fine-grained siliciclastic deposits with in-
tercalations of grey to reddish limestone and sandstone depos-
ited in very shallow environments (lagoon, mud-flat, sabkha).
The limestones are predominantly oolitic, and are interpreted as
a product of chemical precipitation within wave-agitated near-
shore bars or shoals or tidally agitated channels (Pienkowski,
1991; Voigt and Gaupp, 2000; Feldman-Olszewska, 2014b;
Voigt, 2017; Becker, 2024). Szulc (2019) argued convincingly
for a marine origin of the limestones of the Baltic and Pome-
rania formations of the area under study. Nevertheless, the de-
bate on the existence of marine ingressions into the Central Eu-
ropean Basin System and their directions during the Early Tri-
assic is still ongoing (e.g., Kasbohrer and Kuss, 2021; Becker,
2024). The Potczyn Formation is dominated by sandy to muddy
fluvial deposits and the R6t and Barwice formations represent
marginal marine deposits of a developing epicontinental sea,
which dominated the area during the Middle Triassic. The Rot
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Fig. 2. Locality of the Gorzow Wielkopolski IG 1 borehole

A — global palaeogeography during the Early Triassic after Scotese (2018) modified after Becker (2024 and references therein); red arrow
points to the Central European Basin System located in northern Pangea; B — Central European Basin System after Rohling and Lepper
(2013) and references cited therein, modified after Szyperko-Teller and Moryc (1988) and Becker and Szulc (2020). Possible seaways after
Fuglewicz (1980; hypothetic seaway), Becker (2005, 2024), Pharaoh et al. (2010), Bachmann et al. (2010) and Scotese (2018); rectangle
shows the extent of figure C; C — facies distribution of the Middle Buntsandstein in Poland after Szyperko-Teller (1997, modified); G.G —

Gluckstadt Graben

Formation represents more distal environments with evaporites
and carbonates and its lateral equivalent — the Barwice Forma-
tion — represents a more marginal sandy to muddy facies.

The end-Permian extinction and extremely shallow environ-
ments caused the lack of Early Triassic faunas suitable for
biostratigraphy within the MPL Basin. The stratigraphic frame-

work is based on palynostratigraphy (miospores and mega-
spores), magnetostratigraphy and sequence stratigraphy (see
Fig. 3). However, a precise chronostratigraphic scheme is still
under construction (see e.g., Nawrocki and Becker, 2020; Fig. 3).

The Buntsandstein Group succession of the Gorzéw
Wielkopolski IG 1 borehole consists of 360 m of the Baltic
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Fig. 3. Stratigraphic constraints on the Buntsandstein Group in northwestern Poland

Lithostratigraphy after Szyperko-Teller (1982) and Feldman-Olszewska (2014a), correlation with German formations after
Becker (2005): Pz — Zechstein, C — Calvérde Fm., B — Bernburg Fm., V — Volpriehausen Fm., D — Detfurth Fm., H — Hardegsen
Fm., S — Solling Fm., R — Ré&t; palynostratigraphy after Ortowska-Zwolinska (1984, 1985), Fuglewicz (1980) and Marcinkiewicz
(1992); sequence stratigraphy after Szulc (1995) and Becker (2005); magnetostratigraphy after Nawrocki (1997);
chronostratigraphy after Ortowska-Zwolinska (1977, 1984, 1985), Marcinkiewicz et al. (2014), and Nawrocki and Becker (2020

and references therein)

Formation, 130 m of the Pomerania Formation, 28 m of the
Potczyn Formation, and 100 m of the R6t Formation (Feldman-
Olszewska, 2014a; Fig. 4). The Potczyn Formation is strongly
reduced in thickness, suggesting a stratigraphic gap (see also
Szyperko-Sliwczynska, 1973), which is confirmed by the lack of
the palynostratigraphic miospore subzone Densoisporites
nejburgii—-Cycloverrutriletes presselensis (Ortowska-Zwolinska,
1984) and by the lack of some medium-scale base-level cycles
(Becker, 2005). The succession was investigated by means of
palynostratigraphy, but only the megaspore zones were estab-
lished within the whole succession (Fuglewicz, 1980). The

miospores were studied only from the Pomerania and Potczyn
formations (Ortowska-Zwolinska, 1984), but their assemblages
are much better interpreted chronostratigraphically than the
megaspore assemblages. A sequence stratigraphic scheme
based on depositional sequences was established by Szulc
(1995) for the whole MPL Basin and by Feldman-Olszewska
(2014b) for the Gorzow Wielkopolski IG 1. Becker (2005, 2014)
proposed a genetic interpretation of base-level cycles for the
borehole, while Becker and Nawrocki (2014) provided a
magnetostratigraphic scheme for the succession. The Gorzéw
Wielkopolski IG 1 borehole is one of the reference sections for
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Samples marked in red were investigated by CAMECA electron microprobe; lithostrati-
graphy and Upper Buntsandstein lithology after Feldman-Olszewska (2014a, modified),
palynostratigraphy after Ortowska-Zwolinska (1977, 1984) and Fuglewicz (1980), magneto-
stratigraphy after Becker and Nawrocki (2014), chronostratigraphy interpreted after refer-

ences cited in Figure 3
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the Lower Triassic stratigraphy of the MPL Basin. On the basis
of palynostratigraphic, magnetostratigraphic and sequence-
-stratigraphic proxies the Lower and Middle Buntsandstein of
the borehole studied can be dated up to substage level. The
age interpretation of some intervals is still debatable (Figs. 3
and 4).

MATERIALS AND METHODS

Forty-four core samples were taken from limestone interca-
lations within the Baltic and Pomerania formations, from which
46 uncoated thin-sections were prepared (Fig. 4). Twelve of
these were prepared from rock samples of the Baltic Formation,
and 34 of the Pomerania Formation. The microfacies and
petrographic analyses were carried out using an optical polariz-
ing microscope on all 46 specimens. Ten specimens were se-
lected for cathodoluminescence analysis and for geochemical
examination using the CAMECA SX 100 electron microprobe in
the Micro-Area Analysis Laboratory of the Polish Geological In-
stitute — National Research Institute. Selection criteria were the
facies representativeness for the whole group and a regular
spatial distribution within the vertical succession under exami-
nation (Fig. 4). Forty-six powder samples were taken with a
hand-held mini drill from the rock slabs previously used for the
preparation of the thin-sections. Carbon and oxygen isotope
analyses were performed at the GeoZentrum Nordbayern in
Erlangen, Germany. Carbonate powders 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 VPDB. Reproducibility and ac-
curacy was monitored by replicate analysis of laboratory stan-
dards calibrated by assigning a 8'°C of +1.95%o to NBS19 and
—47.3%0 to IAEA-CO9 and 30 of —2.2%. to NBS19 and
—23.2%0 to NBS18. Reproducibility for "*C and §'®0 was +0.03
and +0.00 (1 std.dev.) respectively for the main group of 36
samples and +0.05 and +0.03 (1 std.dev.) for the 10 supple-
mentary samples. Standard NBS19 was additionally analysed
as a quality control sample.

RESULTS

MICROFACIES, MINERALOGY AND ELEMENTAL
GEOCHEMISTRY

The limestone intercalations in the lower part of the Bunt-
sandstein in the Gorzéw Wielkopolski IG 1 borehole are char-
acterized by little microfacies variability, especially in the Baltic
Formation (Jasionowski and Becker, 2023); ooid grainstones
are their only component (Fig. 5A-E). In the Pomerania Forma-
tion, stromatolites (Fig. 5F), oncoid grainstones and mudstones
were occasionally encountered in addition to identical ooid
grainstones.

In most cases the ooid grainstones are fine-grained and
well-sorted (Fig. 5A, B, E) — especially in the Baltic Formation.
Coarse-grained and/or poorly sorted ooid grainstones contain-
ing large ooids (Fig. 5C, D) are less common: they were found
almost exclusively in the Pomerania Formation. The ooid grain-
stones rarely contain a larger admixture of quartz sand (Fig. 5C,
D) dispersed between the ooid grains. Other terrigenous miner-
als include feldspars (potassic and plagioclase), apatite, clay
minerals and zircon.

Various types of ooid are present, as in analogous deposits
of the Buntsandstein in other parts of the Central European Ba-
sin System (e.g., Usdowski 1962; Paul et al., 2011; Becker et
al., 2020b). Radial ooids predominate (Fig. 5A—E), but concen-
tric (tangential) and radial-concentric ooids (Fig. 5E) were also
encountered. The nuclei of the ooids are small peloids or other
unidentifiable micrite grains — commonly ooid growth occurred
on grains so small as to be virtually unrecognizable. Notably,
grains of quartz or other terrigenous minerals do not constitute
ooid nuclei. Compound ooids (ooid aggregates) and regener-
ated ooids were very rarely observed.

The oolitic limestones are almost completely devoid of
bioclasts. The only organic remains are sparse lamellar bio-
clasts with apatite mineralogy (perhaps fish scales, Fig. 5E) and
— even rarer — gastropod shells and small shells of other organ-
isms (?bivalves). These are dissolved (originally apparently of
aragonite mineralogy) and preserved as micritic envelopes em-
bedded within calcite cement.

The main diagenetic processes involved calcite cementa-
tion, dissolution, recrystallization and, rarely, chemical compac-
tion (dissolution under pressure). Three generations of cement
with calcite mineralogy were found. The earliest generation,
probably synsedimentary in origin, is a rim cement composed of
fine, occasionally fibrous crystals which form thin coatings
around ooids or other grains (Fig. 5A, B). Other cements are as-
sociated with burial and include coarse crystalline blocky ce-
ment (Fig. 5A-C, E) and poikilitic cement found in several sam-
ples. In addition, anhydrite cements are also found sporadically.
Chemical compaction is manifested by the presence of sutured
(Fig. 5D) and concavo-convex ooid contacts and was observed
only in a few cases; it appears that compaction has been largely
controlled by the presence/absence of early synsedimentary
cements.

The deposits studied are almost exclusively composed of
low-Mg calcite. A subordinate admixture of dolomite forms thin
concentric laminae and tiny inclusions in the ooids. Rarely
idiomorphic dolomite crystals are visible as well. The origin of
the dolomite may be related to the diagenetic transition of
high-Mg calcite into low-Mg calcite, which resulted in the re-
lease of Mg ions into pore solutions. Other authigenic minerals
include celestite, barite, silica and pyrite.

The content of minor and trace elements generally shows
little difference between individual components of the oolitic
limestones studied (Becker and Jasionowski, 2025; Fig. 6). The
average Mg content fluctuates around 0.5% by weight with the
highest values recorded in ooids (especially in their outer corti-
ces — 0.57%), and the lowest ones in late-diagenetic block ce-
ments (0.41%) (Fig. 6). The average Sr content of all calcite
components is relatively low, ranging from 400 ppm in finely
crystalline calcite cements to 1500 ppm in calcite of biogenic or-
igin; the maximum measured values reach 5400 ppm in the
stromatolite sample (Fig. 6). The average Mn concentrations in
calcite range from 0.15% (biogenic calcite, stromatolite and
outer ooid cortices) to almost 0.4% (finely crystalline blocky ce-
ment) and the Fe content of calcite averages from ~0.1 to
0.46% (outer ooid cortices; Fig. 6). The differences in the con-
tent of Sr, Mg, Fe and Mn are the result of changes in solution
chemistry during sedimentation and different stages of dia-
genesis. Diagenetic processes led to the homogenization of the
chemical composition of the deposits. The similar content of Mg
in all the calcite components studied is an effect of diagenesis;
the synsedimentary calcite components (ooids, cements, skel-
etons of organisms) might originally have contained more mag-
nesium, which, when released during diagenesis, contributed to
small-scale local dolomitization.
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Fig. 5. Microfacies of the Lower Triassic oolitic limestones from the Gorzéw Wielkopolski IG 1 borehole

Microphotographs in polarised light (PL) and cathodoluminescence (CL). A, B — fine-grained, well-sorted ooid grainstone, com-
posed of radial ooids, cemented with rim and blocky calcite, homogeneous in cathodoluminescence (both ooids and most calcite
cements are orange in CL) (sample 49, depth 2431.85 m), A— PL — no analyser, B — CL; C — unsorted ooid grainstone with numer-
ous quartz grains, cemented with blocky calcite (sample 117, depth 2199.82 m), PL — crossed polars; D — coarse-grained ooid
grainstone (composed of radial ooids with cross-like extinction pattern under crossed polars) with significant admixture of quartz
grains, showing strong signs of pressure dissolution (sutured contacts between grains) (sample 121, depth 2187.29 m) PL —
crossed polars; E — fine-grained ooid grainstone composed of radial and concentric ooids, cemented with coarse-crystalline
blocky calcite; arrow points to a phosphatic bioclast (fish scale?) (sample 149, depth 2139.55 m), PL — no analyser; F —
stromatolite (sample 136, depth 2166.86 m), PL — no analyser
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Fig. 6. Chemical composition (Mg, Sr, Mn, Fe) of individual cal-
cite components: 1 — ooid (nucleus), 2 — ooid (inner cortex), 3 —
ooid (outer cortex), 4 — finely crystalline cement, 5 — coarse
crystalline cement, 6 — stromatolite, 7 — (post)biogenic calcite
(after Becker and Jasionowski, 2025, modified)

5"°C and 5"%0

In general, with the exception of a few outliers, two popula-
tions can be distinguished among the samples analysed (Fig.
7). The first population, characterized by a 8'®0 range from ~—8
to ~—6.5%0 and a §"°C range between —3 and +1%o, comprises
all samples from the Baltic Formation and samples from the
lower part of the Pomerania Formation. Interestingly, a very
slight negative correlation is observed between 8'°C and 5'%0
toward the top of the section (Figs. 7 and 8). The second popu-
lation is represented by samples from the uppermost part of the
Pomerania Formation that are slightly enriched in both heavy
carbon and oxygen isotopes (8130 between ~0 and +1%. and
8'%0 around —5%o; Fig. 7).

More specifically, the §'*C ranges between —4%o (VPDB)
and +1.4%. (VPDB); —1.1%0 (VPDB) on average (Figs. 7 and
8). The results are slightly different for the two formations in-
vestigated. The Baltic Formation is isotopically heavier than
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Fig. 7. 50 versus 5'°C cross-plot for the Baltic
and Pomerania formations in the Gorzow
Wielkopolski IG 1 borehole

the Pomerania Formation. The §'°C ranges are —0.9 to +1.4%o
(+0.3%o on average; V-PDB) and —4 to +1.1%o (—1.6%. on aver-
age; VPDB) respectively. A pronounced shift from positive into
clearly negative values of 3"°C coincides with the boundary be-
tween both formations. No long-term trend of §"*C was ob-
served within the Baltic Formation. The values vary around the
average. Two positive anomalies are recorded in the lower
and the uppermost parts of the interval of the Baltic Formation
investigated. Its middle part shows a negative anomaly. The
highest value of all the results (1.4%. VPDB) was obtained in
the uppermost part of the Baltic Formation at a depth of
2249.2 m. The results for the Pomerania Formation are char-
acterized by a long-term 8'3C upwards decreasing trend. Most
of these results show values <—1%. (VPDB). The lowermost
result of the whole investigated interval (—4%. VPDB) was
measured for the uppermost sample at the depth of 2106 m.
Two short excursions into positive values are observed: a
shorter one at a depth of 2166.9 m and a longer one in the
depth interval 2117.8-2126.2 m.

The 8'®0 ranges between —8.7 and —4.1%o (VPDB); —6.6 %o
(VPDB) on average (Fig. 8). Considering the two formations,
the ranges are: —8.7 to —5.9%o (—7.5%0 on average; VPDB) for
the Baltic Formation and —7.5 to —4.1%o (—6.3%0 on average;
VPDB) for the Pomerania Formation. A slight upwards increas-
ing trend can be observed throughout the whole succession.
Nevertheless, three positive excursions occur: at a depth of
2249 m in the uppermost Baltic Formation, at a depth of
2166.9 m, and between 2117.8 and 2126.2 m in the upper
Pomerania Formation. All 3'®0 positive excursions coincide
with positive §"*C excursions. The highest 5'20 value was ob-
tained in the uppermost sample of the Pomerania Formation at
a depth of 2106.0 m, where the lowest 5"3C value was also re-
corded.

DISCUSSION

5"°C AND §'*0 RECORD VERSUS MICROFACIES
AND DIAGENESIS

As all the samples from the oolitic limestone layers studied
are very homogeneous in terms of microfacies, it is impossible
to carry out a correlation between the microfacies of the oolites
and their carbon and oxygen isotopic composition. Only three
samples that differ in terms of microfacies show distinct devia-
tions in carbon isotopic composition from the trend recorded in
the oolitic limestones. Two of these samples (nos. 136 and 155)
are stromatolites/oncolites, in which a significantly higher con-
tent of the heavier carbon was measured when compared to the
adjacent oolites. It seems that this phenomenon can be attrib-
uted to a vital effect caused by the metabolic activity of microbial
communities preferentially utilizing the lighter carbon ('*C) to
produce their cells (e.g., Schidlowski, 2001; Hohl and Vieh-
mann, 2021). Consequently, this led to an increase in the con-
centration of heavy carbon in the water within the microbial mat,
which was the medium in which calcium carbonate precipitated.
As a result, stromatolites and oncoid cortices became enriched
in the "°C isotope. Additionally, the uppermost sample, a mud-
stone, is an isotopic outlier, exhibiting a marked deviation from
the rest of the sample set studied — it is isotopically very light
with respect to carbon and relatively heavy with respect to oxy-
gen.

Primary environmental isotopic signals in carbonates may
be obscured by the effects of post-depositional diagenetic alter-
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The global curve of Cramer and Jarvis (2020; see Fig. 1) was adjusted to the local chronostratigraphic
boundaries: base Induan approximated as base Buntsandstein and within the Otynisporites eotriassicus
lower subzone, base Olenekian at the base of the D. nejburgii— Acritarcha Subzone, and base Anisian at
the base of Microcachryidites fastidiosus Subzone supposed to be within the Voltziaceaesporites
heteromorpha Zone (see Fig. 4); lithostratigraphy after Feldman-Olszewska (2014a); further explana-

tions see Figure 1

ation (e.g., Marshall, 1992). However, the limestone intercala-
tions investigated are embedded in an impermeable mudstone
succession, suggesting closed-system burial diagenesis for the
individual carbonate horizon. The section studied is very poor in
organic matter (Karcz, 2014), so remineralization of buried or-
ganic carbon could not result in the decrease of 8'*C (e.g.,
Weissert et al., 2008; Cramer and Jarvis, 2020). Meteoric wa-
ters are enriched in light carbon due to the oxidation of organic
matter (e.g., Hudson, 1977; Marshall, 1992; Lohmann, 1988).
Therefore, these waters have the potential to alter the original
8'C value of the carbonates. They also lower the 5'20 value of
the carbonate. A positive correlation between §'°C and §'°0 is

often a sign of meteoric alteration (Patterson and Walter, 1994;
Cramer and Jarvis, 2020). However, the deposits studied show
no overall covariance between §'°C and §'®0, suggesting a lack
of meteoric alteration affecting the entire succession (see Figs.
7 and 8). The variability observed in samples from the Pome-
rania Formation is due to the presence of two distinct popula-
tions, rather than one population forming a continuous spec-
trum resulting from the mixing of two isotopically distinct compo-
nents: a heavier primary component, and a lighter diagenetic
component (Fig. 7).

So, because there is no source of external carbon and the
available carbon is recycled, the carbon isotope ratios in the
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carbonates studied would generally be resistant to change.
Therefore, in such a system, the bulk rock carbonates are likely
to preserve the initial carbon isotope ratios (e.g., Weissertet al.,
2008).

LOCAL VERSUS GLOBAL §'°*C RECORD

Within the undoubtedly Griesbachian part of the Baltic For-
mation the §'°C shows its first positive excursion (Fig. 8). The
overlying negative anomaly lies within a debatable interval of
Griesbachian-Dienerian age. The global 8"*C curve shows
three excursions within its Griesbachian segment. These are:
an Early Griesbachian Event (EGE) — negative, Mid-Gries-
bachian Event (MGE) — positive; and a Late Griesbachian
Event (LGE) — again negative (Figs. 1 and 8). The lowermost
Baltic Formation, dated as Changhsingian-Griesbachian and
early Griesbachian, was not included into the isotopic research,
because of the lack of pronounced oolitic intercalations. This
implies the lack of the negative EGE within the interval investi-
gated, though the curve shown starts with quite negative val-
ues. The first recognized positive excursion can be correlated
with the global positive MGE. The following negative excursion,
lying probably around the boundary of the Griesbachian and
Dienerian, matches quite well the globally negative LGE (Fig.
8). The positive shift of §"*C values around the depth of 2250 m
is located in the upper part of the interval of undoubtedly
Dienerian age, slightly below the base of the palynostrati-
graphic Densoisporites nejburgii-Acritarcha Subzone (Orfo-
wska-Zwoilinska, 1977, 1984). According to recent studies on
the European palynostratigraphy of the Triassic, this subzone
depicts the Induan-Olenekian boundary (= Dienerian-Smithian
boundary) (Kurschner and Herngreen, 2010; Backhaus et al.,
2013; Marcinkiewicz et al., 2014; Nowak et al., 2018). The posi-
tion of the shift of §"*C values discussed strongly suggests its
correlation with the prominent global positive excursion of the
Dienerian-Smithian Boundary Event (DSBE, Fig. 8).

The most pronounced feature of the 8"°C record of the
Pomerania Formation is its general shift to more negative val-
ues than in the formation below, and its decreasing upwards
trend. The whole succession corresponds with an interval of de-
batable Dienerian-Smithian age and with the undoubtedly
Smithian interval of the succession. At the same time, slightly
below the top of the interval discussed, a pronounced positive
excursion occurs. Low §'°C values are characteristic for the
global 8"°C record of the Dienerian-early Spathian interval
(Cramer and Jarvis, 2020; Ogg et al., 2020), corresponding
very well with the results obtained from the Pomerania Forma-
tion. The question is, if the recorded positive excursion around
the depth of 2120.0 m could be correlated with the pronounced
global positive excursion of the Smithian-Spathian Boundary
Event (SSpBE). The excursion under discussion lies within the
upper part of the ubdoubtedly Smithian interval of the section
and at the base of the Densoisporites nejburgii Subzone. The
undoubtedly Spathian interval starts not earlier than at the base
of the Voltziaceaesporites heteromorpha Zone at a depth of
2048.8 m (see Ortowska-Zwolinska, 1984; Marcinkiewicz et al.,
2014). The D. nejburgii Subzone is one of three subzones of the
D. nejburgii Zone (see Fig. 3). It constitutes the middle part of
the zone, whereas its upper part is built of the D. nejburgii-
Cycloverrutriletes presselensis Subzone. The Smithian-Spa-
thian boundary is correlated rather with the D. nejburgii-C.
presselensis Subzone than with the D. nejburgii Subzone
(Kurschner and Herngreen, 2010; Backhaus et al., 2013;
Marcinkiewicz et al., 2014; Nowak et al., 2018). The position of

the positive 8"3C excursion in discussion is rather too low to
match the global SSpBE. The amplitude of the excursion is
slightly too low as well for such a correlation. The SSpBE should
reach values between 2—6%. (VPDB; Cramer and Jarvis, 2020).
The maximum value of the excursion in Gorzéw Wielkopolski
IG 1is 1.11%0 (VPDB). The positive excursion is surrounded
with points with the most negative values within the whole suc-
cession. This negative interval can be correlated with the global
negative Late Smithian Event (LSE, Fig. 8). The LSE might
have been interrupted by episodic increases of §'°C (see Fig.
1). The positive anomaly discussed above would represent
such an episode.

The last anomaly recorded in the Gorzéw Wielkopolski I1G 1
results is the short positive anomaly at 2166.9 m depth. The
anomaly is based only on one sample, which was taken from a
stromatolitic limestone. The high 8"C value in this case is
microfacies controlled and the anomaly is considered a local
one.

The global correlation of the 5'>C record from the Baltic For-
mation should be considered with caution, and only as a starting
point for further research and discussion, because of the low
sampling resolution and a relatively low amplitude of the anom-
alies discussed. The anomalies often do not exceed a margin of
uncertainty of ~1%o, assumed typically for bulk epicontinental
carbonates. A major carbonate isotope excursion should ex-
ceed 2%o against the baseline or average (Cramer and Jarvis,
2020). This is fulfilled only for the Pomerania Formation.

In general the epicontinental settings record the same §'°C
trends and excursions as the pelagic settings (e.g., Halverson
et al., 2005; Amodio et al., 2008; Weissert et al., 2008; Cramer
and Jarvis, 2020). Most commonly the pelagic §"°C curves
show lower variability and lower magnitudes compared to the
epicontinental results (Cramer and Jarvis, 2020). The curve ob-
tained from Gorzéw Wielkopolski IG 1 seems to reflect the op-
posite. It records the same sense of change as the global curve,
but it shows a general shift towards lower values and a smaller
amplitude of the record. The effects of diagenesis and provin-
cialism have to be investigated further very carefully.

3'*C RECORD VERSUS ENVIRONMENTAL
CHANGES

The fluctuations of 5'°C observed in the Baltic Formation
have a similar periodicity as the medium scale sedimentary cy-
cles recognized by Becker (2014) within the same succession
(Fig. 9). Deepening-upwards trends coincide in general with the
rising-upwards 8'°C record and shallowing-upwards trends with
decreasing-upwards 8'C. The positive anomaly of the carbon
isotope record ~2425.0 m depth slightly precedes a turn-around
point from a deepening into a shallowing trend of two cycles.
The positive anomaly ~2250.0 m depth coincides with a similar
turn-around point. The negative anomaly around 2330.0 m
depth slightly precedes the end of a shallowing trend. Szulc
(2000), who investigated the isotopic record of the Muschelkalk
formations in Poland, noticed that transgressive successions
coincide with rising 8"C. This would confirm the phenomenon
observed within the Baltic Formation in Gorzéw Wielkopolski
IG 1. On the other hand, some of the isotopic trends discussed
are based only on two data points, which could be insufficient to
record a real trend. The environmental interpretation of the suc-
cession is also still debatable (Szulc, 2019; Becker, 2024),
which raises doubts about the sedimentary cycles discussed.
Nevertheless, the coincidence of the sedimentary cycles and
the 5'°C record within the Baltic Formation is notable. There is
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no correlation of the §'°C results and the transgressive systems
tract and the high-stand systems tract of a depositional se-
quence recognized by Feldman-Olszewska (2014b) within the
formation (Fig. 9).

The situation changes distinctly within the Pomerania For-
mation, where a decreasing-upwards trend of §"’C predomi-
nates. There are no trends in the isotopic record that could be
correlated with the base-level semi-cycles of Becker (2005,
2014; Fig. 9), though both positive anomalies of §'*C are lo-
cated within the semi-cycles of a rising base-level characterized
by a retrogradational facies pattern. This corresponds to the
trends of rising 5'°C within the transgressive successions of
Szulc (2000) and the deepening-upwards cycles of the Baltic
Formation. Both anomalies, though, are more or less micro-
facies controlled. The uppermost part of the Pomerania Forma-
tion has been interpreted as a progradational high-stand sys-

tems tract of a depositional sequence (Feldman-Olszewska,
2014b; Fig. 9). The decreasing trend of 5'>C within this part of
the formation would correspond well to similar trends within the
Muschelkalk sequences (Szulc, 2000). On the other hand, the
transgressive systems tract of the lowermost Pomerania For-
mation correlates also with the decreasing s*c trend, in con-
trast to the Muschelkalk sequences (Szulc, 2000; Feldman-
-Olszewska, 2014b; Fig. 9). The decreasing upwards trend and
the similar values of 3"C at the base of the Middle Bunt-
sandstein as described here were already observed in the
Bartoszyce IG 1 borehole in northeastern Poland (Becker et al.,
2020b; Fig. 9). This suggests a regional character of the phe-
nomenon.

Summing up, an environmental control on the 5'%C changes
is to some extent possible for the Baltic Formation, but rather to
be excluded for the Pomerania Formation.
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CONCLUSIONS

The 8"C record from the Baltic Formation of the Gorzow
Wielkopolski IG 1 borehole suggests the possibility of the corre-
lation with three global events: MGE, LGE and DSBE. Further
research should be conducted with higher sampling resolution
to test this hypothesis, considering especially the possible envi-
ronmental control on isotopic trends. The record of low and de-
creasing §'3C within the Pomerania Formation corresponds
very well with the global decrease of this isotopic indicator
through the Dienerian to early Spathian. The regional character
of this phenomenon strengthens such an interpretation. The
lowermost values obtained within the topmost part of the suc-
cession investigated seem to correlate with the global negative
Late Smithian Event (LSE). Correlation of the positive anomaly
around 2120 m depth with the pronounced global positive
SSpB Event s less likely, because its position within the vertical
profile is too low and consequently represents the wrong timing
(too early), and because of the possible facies control of the
8'C record. Comparability of the 5'>C record from the Gorzéw
Wielkopolski IG 1 with the global record suggests that the iso-
tope stratigraphy made on oolitic intercalations is suitable for
improvement of Lower Triassic chronostratigraphy of the

epicontinental Central European Basin System. Moreover, it
strengthens the interpretation of the oceanic connection of this
basin system during the earliest Triassic. Nonetheless, further
research on sections from different parts of the basin have to be
conducted to test these first observations and conclusions.
Special interest and efforts should be devoted to understanding
the processes forming the primary isotopic composition in a
very shallow, epeiric basin such as the MPL Basin, and of the
role of the early and late diagenesis in forming the final isotopic
signal.
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