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As so ci ate Ed i tor: Anna Wysocka

The Lower and Mid dle Buntsandstein suc ces sion (Bal tic and Pomerania for ma tions) from the Gorzów Wielkopolski IG 1
bore hole was ex am ined in terms of d13C and d18O vari abil ity. The sec tion is lo cated in north west ern Po land, rep re sent ing the
east ern part of the epicontinental Cen tral Eu ro pean Ba sin Sys tem. Forty-six pow der sam ples from pre dom i nantly oolitic
lime stone in ter ca la tions were ana lysed for these sta ble iso topes, fol low ing microfacies, petrographic and geo chem i cal anal -
y ses of these rocks. The d13C val ues ob tained range be tween –3.95 and +1.43‰ (V-PDB); (av er age –1.13‰). The Bal tic
For ma tion is iso to pi cally much heavier than the Pomerania For ma tion. d18O val ues range be tween –4.06 and –8.68‰
(V-PDB); (av er age –6.62 ‰). An in creas ing up wards trend can be ob served through out the suc ces sion. The d13C re cord sug -
gests the pos si bil ity of cor re la tion with four global events: the Mid-Griesbachian Event, Late Griesbachian Event,
Dienerian-Smithian Bound ary Event and Late Spathian Event. Cor re la tion of the pos i tive anom aly around a depth of
2120.0 m with the pro nounced global pos i tive Smithian-Spathian Bound ary Event is less likely. The re cord of low and de -
creas ing d13C within the Pomerania For ma tion cor re sponds very well to the global de crease of this iso to pic in di ca tor through
the Dienerian to early Spathian. Com pa ra bil ity of the lo cal d13C re cord with the global re cord sug gests the suit abil ity of us ing
iso to pic stra tig ra phy on such oolitic in ter ca la tions for im prove ment of the Early Tri as sic chronostratigraphy of the
epicontinental Cen tral Eu ro pean Ba sin Sys tem. 

Key words: Lower Tri as sic, Bal tic and Pomerania for ma tions, Gorzów Wielkopolski IG 1 bore hole, oolitic lime stones, car bon
iso tope stra tig ra phy.

INTRODUCTION

The chronostratigraphy of the Tri as sic of the Cen tral Eu ro -
pean Ba sin Sys tem is prob lem atic due to the lack of good
biostratigraphic in di ca tors. This prob lem is much dis cussed in
the lit er a ture in the con text of clar i fy ing the po si tion of the Perm -
ian-Tri as sic bound ary and the chronostratigraphy of the Lower
Tri as sic in this epicontinental ba sin sys tem (e.g., Bachmann
and Kozur, 2004; Nawrocki, 2004; Scholze et al., 2017). The
ba sin sys tem was only slightly con nected to the ocean and suf -
fered un der the ma jor end-Perm ian bi otic cri ses. Re search con -
ducted to date has been mainly based on palynostratigraphy
and magnetostratigraphy (e.g., Or³owska-Zwoliñska, 1984,
1985; Nawrocki, 1997; Szurlies et al., 2003; Szurlies, 2007;
Hounslow and Muttoni, 2010; Kürschner 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

Becker, 2020). A sum mary of these stud ies for the east ern part
of the ba sin sys tem by Nawrocki and Becker (2020) showed
that es tab lish ing a pre cise chronostratigraphic scheme still re -
quires fur ther re search. The chronostratigraphic in ter pre ta tions
based on conchostracan biostratigraphy (e.g., Kozur, 1999;
Kozur and Bachmann, 2005) are re garded as con tro ver sial and
are not dis cussed in this pa per (see e.g., Becker, 2015; Scholze 
et al., 2016). Pre vi ous iso to pic stud ies con ducted for some nar -
row in ter vals in dif fer ent parts of the ba sin have shown the po -
ten tial of sta ble iso topes for chronostratigraphic cor re la tion
(e.g., Korte and Kozur, 2005; Scholze et al., 2017; Becker et al., 
2020b). The iso to pic stra tig ra phy method should work par tic u -
larly well for Lower Tri as sic rocks, as they were de pos ited dur -
ing an in ter val of sig nif i cant per tur ba tions of the car bon cy cle,
re corded as neg a tive and pos i tive ex cur sions on the car bon
iso tope curve con structed from stud ies of car bon ates world -
wide (e.g., Algeo et al., 2007, 2011; Cramer and Jarvis, 2020
and ref er ences therein). Cramer and Jarvis (2020) dis cussed 9
ep i sodes dur ing this ep och and around its bound aries, which
pro duced 4 pos i tive and 5 neg a tive ex cur sions of the d13C re -
cord rec og nized world wide (Fig. 1). They are (chro no log i cally):

– Perm ian-Tri as sic Bound ary Event (PTBE neg a tive ex cur -
sion),

– Early Griesbachian Event (EGE neg a tive ex cur sion),
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– Mid-Griesbachian Event (MGE pos i tive ex cur sion),
– Late Griesbachian Event (LGE neg a tive ex cur sion),
– Dienerian-Smithian Bound ary Event (DSBE pos i tive ex cur -

sion),
– Late Smithian Event (LSE neg a tive ex cur sion),
– Smithian-Spathian Bound ary Event (SSpBE pos i tive ex cur -

sion),
– Late Spathian Event (LSpE neg a tive ex cur sion), 
– Early Anisian Event (EAnE pos i tive ex cur sion). 

The Lower Tri as sic in ter val cored in the Gorzów Wielko -
polski IG 1 bore hole has al ready been ex am ined by means of
palynostratigraphy, magnetostratigraphy and se quence stra tig -
ra phy (sum mary in Feldman-Olszewska, 2014a). The sec tion is 
lo cated within the cen tral part of the ba sin sys tem and its suc -
ces sion is char ac ter ized by nu mer ous thin lime stone in ter ca la -
tions. It pro vides a very good op por tu nity to test the method of
car bon iso tope stra tig ra phy for its ap pli ca bil ity within the Cen tral 
Eu ro pean Ba sin Sys tem. De pos its of such an epicontinental
ba sin with very re stricted ocean con nec tions (if any) could pro -
vide quite ran dom re sults, not com pa ra ble to global stan dards.

GEOLOGICAL SETTING

The Gorzów Wielkopolski IG 1 bore hole is lo cated in the
Me so zoic Pol ish Low lands Ba sin (MPL Ba sin) form ing the east -
ern part of the epicontinental Cen tral Eu ro pean Ba sin Sys tem
(Leszczyñski, 2023; Fig. 2). The ba sin sys tem orig i nated in the
north ern Pangea in the Early Perm ian due to ther mal sub si -
dence of the crust af ter the Variscan orog eny (e.g., Dadlez et
al., 1995; Bachmann et al., 2008; Pha raoh et al., 2010). The
MPL Ba sin, with the Mid-Pol ish Trough as its depocentre, was
filled with sed i ments un til its tec tonic in ver sion in the early
Paleogene (Leszczyñski, 2023 and ref er ences therein). Dur ing
the Early Tri as sic the ba sin was af fected by strong sub si dence,

re sult ing in in creased sed i men tary ac cu mu la tion (e.g., Dadlez,
1989). Tec tonic con trol was pro vided by rift ing within the Tethys 
Ocean lo cated to the south and within the ini tial Proto-At lan -
tic-North Sea rift ing sys tem de vel op ing to the north-west as well 
as by ini tial halokinetic move ments of the Zechstein salts
(Krzywiec, 2004; Feist-Burkhardt et al., 2008; Pha raoh et al.,
2010; Warsitzka et al., 2019). Glacio-eustatic con trol was not
sig nif i cant, be cause the Tri as sic was a green house or even hot -
house pe riod (e.g., Preto et al., 2010; Winguth et al., 2015;
Scotese, 2018). The area of Cen tral Eu rope dur ing the Early
Tri as sic was char ac ter ized by a hot and dry cli mate with pre cip i -
ta tion sea son al ity within the north ern (Fennoscandian High)
and south ern (e.g., Bo he mian Mas sif) sed i ment sup ply ar eas
(Péron et al., 2005; Roscher et al., 2011). 

The Lower Tri as sic of the north west ern part of the MPL Ba -
sin con sists of the Bal tic, Pomerania, Po³czyn, and Röt or
Barwice for ma tions which make up the Buntsandstein Group in
the re gion (Fig. 3). The Bal tic and Pomerania for ma tions are
dom i nated by brown ish fine-grained siliciclastic de pos its with in -
ter ca la tions of grey to red dish lime stone and sand stone de pos -
ited in very shal low en vi ron ments (la goon, mud-flat, sabkha).
The lime stones are pre dom i nantly oolitic, and are in ter preted as 
a prod uct of chem i cal pre cip i ta tion within wave-ag i tated near -
shore bars or shoals or tid ally ag i tated chan nels (Pieñkowski,
1991; Voigt and Gaupp, 2000; Feldman- Olsze wska, 2014b;
Voigt, 2017; Becker, 2024). Szulc (2019) ar gued con vinc ingly
for a ma rine or i gin of the lime stones of the Bal tic and Pome -
rania for ma tions of the area un der study. Nev er the less, the de -
bate on the ex is tence of ma rine in gres sions into the Cen tral Eu -
ro pean Ba sin Sys tem and their di rec tions dur ing the Early Tri -
as sic is still on go ing (e.g., Käsbohrer and Kuss, 2021; Becker,
2024). The Po³czyn For ma tion is dom i nated by sandy to muddy
flu vial de pos its and the Röt and Barwice for ma tions rep re sent
mar ginal ma rine de pos its of a de vel op ing epi conti nental sea,
which dom i nated the area dur ing the Mid dle Tri as sic. The Röt
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Fig. 1. Vari a tion in d13C through the end of Perm ian and Early to Mid dle Tri as sic 
(af ter Cramer and Jarvis, 2020 and ref er ences therein, mod i fied)

https://doi.org/10.1016/j.palaeo.2015.09.008
https://doi.org/10.1111/bre.12323
https://doi.org/10.1127/zdgg/2019/0190
https://doi.org/10.1130/abs/2018AM-320140
https://doi.org/10.1016/j.palaeo.2011.05.042
https://doi.org/10.1016/j.palaeo.2010.03.015
https://doi.org/10.3166/ga.18.431-446
https://gq.pgi.gov.pl/article/view/7338
https://doi.org/10.1007/s10347-020-00611-y
https://doi.org/10.1016/0040-1951(95)00104-2
https://doi.org/10.1016/0040-1951(95)00104-2
https://gq.pgi.gov.pl/article/view/8658
https://doi.org/10.1016/j.jop.2024.01.002
https://doi.org/10.1016/j.jop.2024.01.002
https://doi.org/10.1016/j.jop.2024.01.002


For ma tion rep re sents more dis tal en vi ron ments with evaporites 
and car bon ates and its lat eral equiv a lent – the Barwice For ma -
tion – rep re sents a more mar ginal sandy to muddy fa cies. 

The end-Perm ian ex tinc tion and ex tremely shal low en vi ron -
ments caused the lack of Early Tri as sic fau nas suit able for
biostratigraphy within the MPL Ba sin. The strati graphic frame -

work is based on palynostratigraphy (miospores and mega -
spores), magnetostratigraphy and se quence stra tig ra phy (see
Fig. 3). How ever, a pre cise chronostratigraphic scheme is still
un der con struc tion (see e.g., Nawrocki and Becker, 2020; Fig. 3).

The Buntsandstein Group suc ces sion of the Gorzów
Wielko polski IG 1 bore hole con sists of 360 m of the Bal tic
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Fig. 2. Lo cal ity of the Gorzów Wielkopolski IG 1 bore hole

A – global palaeo ge ogra phy dur ing the Early Tri as sic af ter Scotese (2018) mod i fied af ter Becker (2024 and ref er ences therein); red ar row
points to the Cen tral Eu ro pean Ba sin Sys tem lo cated in north ern Pangea; B – Cen tral Eu ro pean Ba sin Sys tem af ter Röhling and Lepper
(2013) and ref er ences cited therein, mod i fied af ter Szyperko-Teller and Moryc (1988) and Becker and Szulc (2020). Pos si ble sea ways af ter
Fuglewicz (1980; hypothetic sea way), Becker (2005, 2024), Pha raoh et al. (2010), Bachmann et al. (2010) and Scotese (2018); rect an gle
shows the ex tent of fig ure C; C – fa cies dis tri bu tion of the Mid dle Buntsandstein in Po land af ter Szyperko-Teller (1997, mod i fied); G.G –
Gluckstadt Graben
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Formation, 130 m of the Pomerania For ma tion, 28 m of the
Po³ czyn For ma tion, and 100 m of the Röt For ma tion (Feldman-
 Olsze wska, 2014a; Fig. 4). The Po³czyn For ma tion is strongly
re duced in thick ness, sug gest ing a strati graphic gap (see also
Szyperko-Œliwczyñska, 1973), which is con firmed by the lack of
the palynostratigraphic miospore subzone Densoisporites
nejburgii–Cycloverrutriletes presselensis (Or³owska-Zwoliñska, 
1984) and by the lack of some me dium-scale base-level cy cles
(Becker, 2005). The suc ces sion was in ves ti gated by means of
palynostratigraphy, but only the megaspore zones were es tab -
lished within the whole suc ces sion (Fuglewicz, 1980). The

miospores were stud ied only from the Pomerania and Po³czyn
for ma tions (Or³owska-Zwoliñska, 1984), but their as sem blages
are much better in ter preted chronostratigraphically than the
megaspore as sem blages. A se quence strati graphic scheme
based on depositional se quences was es tab lished by Szulc
(1995) for the whole MPL Ba sin and by Feldman-Olszewska
(2014b) for the Gorzów Wielkopolski IG 1. Becker (2005, 2014)
pro posed a ge netic in ter pre ta tion of base-level cy cles for the
bore hole, while Becker and Nawrocki (2014) pro vided a
magneto stratigraphic scheme for the suc ces sion. The Gorzów
Wielkopolski IG 1 bore hole is one of the ref er ence sec tions for
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Fig. 3. Strati graphic con straints on the Buntsandstein Group in north west ern Po land

Lithostratigraphy af ter Szyperko- Teller (1982) and Feldman-Olszewska (2014a), cor re la tion with Ger man for ma tions af ter
Becker (2005): Pz – Zechstein, C – Calvörde Fm., B – Bernburg Fm., V – Volpriehausen Fm., D – Detfurth Fm., H – Hardegsen
Fm., S – Solling Fm., R – Röt; palynostratigraphy af ter Or³owska-Zwoliñska (1984, 1985), Fuglewicz (1980) and Marcinkiewicz
(1992); se quence stra tig ra phy af ter Szulc (1995) and Becker (2005); magnetostratigraphy af ter Nawrocki (1997);
chronostratigraphy af ter Or³owska-Zwoliñska (1977, 1984, 1985), Marcinkiewicz et al. (2014), and Nawrocki and Becker (2020
and ref er ences therein)
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Fig. 4. Buntsandstein of the Gorzów Wielkopolski IG 1 bore hole with
 its chrono stratigraphic con straints and the po si tion of rock sam ples

Sam ples marked in red were in ves ti gated by CAMECA elec tron microprobe; litho strati -
graphy and Up per Buntsandstein li thol ogy af ter Feldman-Olszewska (2014a, mod i fied),
palynostrati graphy af ter Or³owska-Zwoliñska (1977, 1984) and Fuglewicz (1980), magneto -
strati graphy af ter Becker and Nawrocki (2014), chronostratigraphy in ter preted af ter re f e r -
ences cited in Fig ure 3
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the Lower Tri as sic stra tig ra phy of the MPL Ba sin. On the ba sis
of palynostratigraphic, magnetostratigraphic and se quence -
-strati graphic prox ies the Lower and Mid dle Buntsandstein of
the bore hole stud ied can be dated up to substage level. The
age in ter pre ta tion of some in ter vals is still de bat able (Figs. 3
and 4).

MATERIALS AND METHODS

Forty-four core sam ples were taken from lime stone in ter ca -
la tions within the Bal tic and Pomerania for ma tions, from which
46 un coat ed thin-sec tions were pre pared (Fig. 4). Twelve of
these were pre pared from rock sam ples of the Bal tic For ma tion, 
and 34 of the Pomerania For ma tion. The microfacies and
petro graphic anal y ses were car ried out us ing an op ti cal po lar iz -
ing mi cro scope on all 46 spec i mens. Ten spec i mens were se -
lected for cathodoluminescence anal y sis and for geo chem i cal
ex am i na tion us ing the CAMECA SX 100 elec tron microprobe in 
the Mi cro-Area Anal y sis Lab o ra tory of the Pol ish Geo log i cal In -
sti tute – Na tional Re search In sti tute. Se lec tion cri te ria were the
fa cies rep re sen ta tive ness for the whole group and a reg u lar
spa tial dis tri bu tion within the ver ti cal suc ces sion un der ex am i -
na tion (Fig. 4). Forty-six pow der sam ples were taken with a
hand-held mini drill from the rock slabs pre vi ously used for the
prep a ra tion of the thin-sec tions. Car bon and ox y gen iso tope
anal y ses were per formed at the GeoZentrum Nordbayern in
Erlangen, Ger many. Car bon ate pow ders 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 VPDB. Reproducibility and ac -
cu racy was mon i tored by rep li cate anal y sis of lab o ra tory stan -
dards cal i brated by as sign ing a d13C of +1.95‰ to NBS19 and
–47.3‰ to IAEA-CO9 and d18O of –2.2‰ to NBS19 and
–23.2‰ to NBS18. Reproducibility for d13C and d18O was ±0.03
and ±0.00 (1 std.dev.) re spec tively for the main group of 36
sam ples and ±0.05 and ±0.03 (1 std.dev.) for the 10 sup ple -
men tary sam ples. Stan dard NBS19 was ad di tion ally ana lysed
as a qual ity con trol sam ple.

RESULTS

MICROFACIES, MINERALOGY AND ELEMENTAL

GEOCHEMISTRY

The lime stone in ter ca la tions in the lower part of the Bunt -
sandstein in the Gorzów Wielkopolski IG 1 bore hole are char -
ac ter ized by lit tle microfacies vari abil ity, es pe cially in the Bal tic
For ma tion (Jasionowski and Becker, 2023); ooid grainstones
are their only com po nent (Fig. 5A–E). In the Pomerania For ma -
tion, stromatolites (Fig. 5F), oncoid grainstones and mudstones 
were oc ca sion ally en coun tered in ad di tion to iden ti cal ooid
grainstones. 

In most cases the ooid grainstones are fine-grained and
well-sorted (Fig. 5A, B, E) – es pe cially in the Bal tic For ma tion.
Coarse-grained and/or poorly sorted ooid grainstones con tain -
ing large ooids (Fig. 5C, D) are less com mon: they were found
al most ex clu sively in the Pomerania For ma tion. The ooid grain -
stones rarely con tain a larger ad mix ture of quartz sand (Fig. 5C, 
D) dis persed be tween the ooid grains. Other terrigenous min er -
als in clude feld spars (potassic and plagioclase), ap a tite, clay
min er als and zir con.

Var i ous types of ooid are pres ent, as in anal o gous de pos its
of the Buntsandstein in other parts of the Cen tral Eu ro pean Ba -
sin Sys tem (e.g., Usdowski 1962; Paul et al., 2011; Becker et
al., 2020b). Ra dial ooids pre dom i nate (Fig. 5A–E), but con cen -
tric (tan gen tial) and ra dial-con cen tric ooids (Fig. 5E) were also
en coun tered. The nu clei of the ooids are small peloids or other
un iden ti fi able micrite grains – com monly ooid growth oc curred
on grains so small as to be vir tu ally un rec og niz able. No ta bly,
grains of quartz or other terrigenous min er als do not con sti tute
ooid nu clei. Com pound ooids (ooid ag gre gates) and re gen er -
ated ooids were very rarely ob served. 

The oolitic lime stones are al most com pletely de void of
bioclasts. The only or ganic re mains are sparse lamellar bio -
clasts with ap a tite min er al ogy (per haps fish scales, Fig. 5E) and 
– even rarer – gas tro pod shells and small shells of other or gan -
isms (?bi valves). These are dis solved (orig i nally ap par ently of
ar agon ite min er al ogy) and pre served as micritic en ve lopes em -
bed ded within cal cite ce ment.

The main diagenetic pro cesses in volved cal cite ce men ta -
tion, dis so lu tion, recrystallization and, rarely, chem i cal com pac -
tion (dis so lu tion un der pres sure). Three gen er a tions of ce ment
with cal cite min er al ogy were found. The ear li est gen er a tion,
prob a bly synsedimentary in or i gin, is a rim ce ment com posed of 
fine, oc ca sion ally fi brous crys tals which form thin coat ings
around ooids or other grains (Fig. 5A, B). Other ce ments are as -
so ci ated with burial and in clude coarse crys tal line blocky ce -
ment (Fig. 5A-C, E) and poikilitic ce ment found in sev eral sam -
ples. In ad di tion, anhydrite ce ments are also found spo rad i cally. 
Chem i cal com pac tion is man i fested by the pres ence of su tured
(Fig. 5D) and concavo-con vex ooid con tacts and was ob served
only in a few cases; it ap pears that com pac tion has been largely 
con trolled by the pres ence/ab sence of early synsedimentary
ce ments. 

The de pos its stud ied are al most ex clu sively com posed of
low-Mg cal cite. A sub or di nate ad mix ture of do lo mite forms thin
con cen tric laminae and tiny in clu sions in the ooids. Rarely
idiomorphic do lo mite crys tals are vis i ble as well. The or i gin of
the do lo mite may be re lated to the diagenetic tran si tion of
high-Mg cal cite into low-Mg cal cite, which re sulted in the re -
lease of Mg ions into pore so lu tions. Other authigenic min er als
in clude ce lest ite, bar ite, sil ica and py rite.

The con tent of mi nor and trace el e ments gen er ally shows
lit tle dif fer ence be tween in di vid ual com po nents of the oolitic
lime stones stud ied (Becker and Jasionowski, 2025; Fig. 6). The 
av er age Mg con tent fluc tu ates around 0.5% by weight with the
high est val ues re corded in ooids (es pe cially in their outer cor ti -
ces – 0.57%), and the low est ones in late-diagenetic block ce -
ments (0.41%) (Fig. 6). The av er age Sr con tent of all cal cite
com po nents is rel a tively low, rang ing from 400 ppm in finely
crys tal line cal cite ce ments to 1500 ppm in cal cite of biogenic or -
i gin; the max i mum mea sured val ues reach 5400 ppm in the
stromatolite sam ple (Fig. 6). The av er age Mn con cen tra tions in
cal cite range from 0.15% (biogenic cal cite, stromatolite and
outer ooid cor ti ces) to al most 0.4% (finely crys tal line blocky ce -
ment) and the Fe con tent of cal cite av er ages from ~0.1 to
0.46% (outer ooid cor ti ces; Fig. 6). The dif fer ences in the con -
tent of Sr, Mg, Fe and Mn are the re sult of changes in so lu tion
chem is try dur ing sed i men ta tion and dif fer ent stages of dia -
genesis. Diagenetic pro cesses led to the ho mog e ni za tion of the 
chem i cal com po si tion of the de pos its. The sim i lar con tent of Mg 
in all the cal cite com po nents stud ied is an ef fect of diagenesis;
the synsedimentary cal cite com po nents (ooids, ce ments, skel -
e tons of or gan isms) might orig i nally have con tained more mag -
ne sium, which, when re leased dur ing diagenesis, con trib uted to 
small-scale lo cal dolomitization. 
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Fig. 5. Microfacies of the Lower Tri as sic oolitic lime stones from the Gorzów Wielkopolski IG 1 bore hole

Mi cro pho to graphs in polar ised light (PL) and cathodoluminescence (CL). A, B – fine-grained, well-sorted ooid grainstone, com -
posed of ra dial ooids, ce mented with rim and blocky cal cite, ho mo ge neous in cathodoluminescence (both ooids and most cal cite
ce ments are or ange in CL) (sam ple 49, depth 2431.85 m), A – PL – no analyser, B – CL; C – un sorted ooid grainstone with nu mer -
ous quartz grains, ce mented with blocky cal cite (sam ple 117, depth 2199.82 m), PL – crossed polars; D – coarse-grained ooid
grainstone (com posed of ra dial ooids with cross-like ex tinc tion pat tern un der crossed polars) with sig nif i cant ad mix ture of quartz
grains, show ing strong signs of pres sure dis so lu tion (su tured con tacts be tween grains) (sam ple 121, depth 2187.29 m) PL –
crossed polars; E – fine-grained ooid grainstone com posed of ra dial and con cen tric ooids, ce mented with coarse-crys tal line
blocky cal cite; ar row points to a phos phatic bioclast (fish scale?) (sam ple 149, depth 2139.55 m), PL – no analyser; F –
stromatolite (sam ple 136, depth 2166.86 m), PL – no analyser



d13C and d18O

In gen eral, with the ex cep tion of a few out li ers, two pop u la -
tions can be dis tin guished among the sam ples ana lysed (Fig.
7). The first pop u la tion, char ac ter ized by a d18O range from ~–8
to ~–6.5‰ and a d13C range be tween –3 and +1‰, com prises
all sam ples from the Bal tic For ma tion and sam ples from the
lower part of the Pomerania For ma tion. In ter est ingly, a very
slight neg a tive cor re la tion is ob served be tween d13C and d18O
to ward the top of the sec tion (Figs. 7 and 8). The sec ond pop u -
la tion is rep re sented by sam ples from the up per most part of the
Pomerania For ma tion that are slightly en riched in both heavy
car bon and ox y gen iso topes (d13C be tween ~0 and +1‰ and
d18O around –5‰; Fig. 7).

More spe cif i cally, the d13C ranges be tween –4‰ (VPDB)
and +1.4‰ (VPDB); –1.1‰ (VPDB) on av er age (Figs. 7 and
8). The re sults are slightly dif fer ent for the two for ma tions in -
ves ti gated. The Bal tic For ma tion is iso to pi cally heavier than

the Pomerania For ma tion. The d13C ranges are –0.9 to +1.4‰
(+0.3‰ on av er age; V-PDB) and –4 to +1.1‰ (–1.6‰ on av er -
age; VPDB) re spec tively. A pro nounced shift from pos i tive into 
clearly neg a tive val ues of d13C co in cides with the bound ary be -
tween both for ma tions. No long-term trend of d13C was ob -
served within the Bal tic For ma tion. The val ues vary around the 
av er age. Two pos i tive anom a lies are re corded in the lower
and the up per most parts of the in ter val of the Bal tic For ma tion
in ves ti gated. Its mid dle part shows a neg a tive anom aly. The
high est value of all the re sults (1.4‰ VPDB) was ob tained in
the up per most part of the Bal tic For ma tion at a depth of
2249.2 m. The re sults for the Pomerania For ma tion are char -
ac ter ized by a long-term d13C up wards de creas ing trend. Most
of these re sults show val ues <–1‰ (VPDB). The low er most
re sult of the whole in ves ti gated in ter val (–4‰ VPDB) was
mea sured for the up per most sam ple at the depth of 2106 m.
Two short ex cur sions into pos i tive val ues are ob served: a
shorter one at a depth of 2166.9 m and a lon ger one in the
depth in ter val 2117.8–2126.2 m.

The d18O ranges be tween –8.7 and –4.1‰ (VPDB); –6.6 ‰
(VPDB) on av er age (Fig. 8). Con sid er ing the two for ma tions,
the ranges are: –8.7 to –5.9‰ (–7.5‰ on av er age; VPDB) for
the Bal tic For ma tion and –7.5 to –4.1‰ (–6.3‰ on av er age;
VPDB) for the Pomerania For ma tion. A slight up wards in creas -
ing trend can be ob served through out the whole suc ces sion.
Nev er the less, three pos i tive ex cur sions oc cur: at a depth of
2249 m in the up per most Bal tic For ma tion, at a depth of
2166.9 m, and be tween 2117.8 and 2126.2 m in the up per
Pomerania For ma tion. All d18O pos i tive ex cur sions co in cide
with pos i tive d13C ex cur sions. The high est d18O value was ob -
tained in the up per most sam ple of the Pomerania For ma tion at
a depth of 2106.0 m, where the low est d13C value was also re -
corded. 

DISCUSSION

d13C AND d18O RECORD VERSUS MICROFACIES
 AND DIAGENESIS

As all the sam ples from the oolitic lime stone lay ers stud ied
are very ho mo ge neous in terms of microfacies, it is im pos si ble
to carry out a cor re la tion be tween the microfacies of the oo lites
and their car bon and ox y gen iso to pic com po si tion. Only three
sam ples that dif fer in terms of microfacies show dis tinct de vi a -
tions in car bon iso to pic com po si tion from the trend re corded in
the oolitic lime stones. Two of these sam ples (nos. 136 and 155) 
are stromatolites/oncolites, in which a sig nif i cantly higher con -
tent of the heavier car bon was mea sured when com pared to the 
ad ja cent oo lites. It seems that this phe nom e non can be at trib -
uted to a vi tal ef fect caused by the met a bolic ac tiv ity of mi cro bial 
com mu ni ties pref er en tially uti liz ing the lighter car bon (12C) to
pro duce their cells (e.g., Schidlowski, 2001; Hohl and Vieh -
mann, 2021). Con se quently, this led to an in crease in the con -
cen tra tion of heavy car bon in the wa ter within the mi cro bial mat, 
which was the me dium in which cal cium car bon ate pre cip i tated. 
As a re sult, stromatolites and oncoid cor ti ces be came en riched
in the 13C iso tope. Ad di tion ally, the up per most sam ple, a mud -
stone, is an iso to pic out lier, ex hib it ing a marked de vi a tion from
the rest of the sam ple set stud ied – it is iso to pi cally very light
with re spect to car bon and rel a tively heavy with re spect to ox y -
gen.

Pri mary en vi ron men tal iso to pic sig nals in car bon ates may
be ob scured by the ef fects of post-depositional diagenetic al ter -
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Fig. 6. Chem i cal com po si tion (Mg, Sr, Mn, Fe) of in di vid ual cal -
cite com po nents: 1 – ooid (nu cleus), 2 – ooid (in ner cor tex), 3 –
ooid (outer cor tex), 4 – finely crys tal line ce ment, 5 – coarse
crys tal line ce ment, 6 – stromatolite, 7 – (post)biogenic cal cite
(af ter Becker and Jasionowski, 2025, mod i fied)

Fig. 7. d18O ver sus d13C cross-plot for the Bal tic
 and Pomerania for ma tions in the Gorzów 

Wielkopolski IG 1 bore hole
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ation (e.g., Mar shall, 1992). How ever, the lime stone in ter ca la -
tions in ves ti gated are em bed ded in an im per me able mudstone
suc ces sion, sug gest ing closed-sys tem burial diagenesis for the 
in di vid ual car bon ate ho ri zon. The sec tion stud ied is very poor in 
or ganic mat ter (Karcz, 2014), so remineralization of bur ied or -
ganic car bon could not re sult in the de crease of d13C (e.g.,
Weissert et al., 2008; Cramer and Jarvis, 2020). Me te oric wa -
ters are en riched in light car bon due to the ox i da tion of or ganic
mat ter (e.g., Hud son, 1977; Mar shall, 1992; Lohmann, 1988).
There fore, these wa ters have the po ten tial to al ter the orig i nal
d13C value of the car bon ates. They also lower the d18O value of
the car bon ate. A pos i tive cor re la tion be tween d13C and d18O is

of ten a sign of me te oric al ter ation (Patterson and Wal ter, 1994;
Cramer and Jarvis, 2020). How ever, the de pos its stud ied show
no over all covariance be tween d13C and d18O, sug gest ing a lack 
of me te oric al ter ation af fect ing the en tire suc ces sion (see Figs.
7 and 8). The vari abil ity ob served in sam ples from the Pome -
rania For ma tion is due to the pres ence of two dis tinct pop u la -
tions, rather than one pop u la tion form ing a con tin u ous spec -
trum re sult ing from the mix ing of two iso to pi cally dis tinct com po -
nents: a heavier pri mary com po nent, and a lighter diagenetic
com po nent (Fig. 7).

So, be cause there is no source of ex ter nal car bon and the
avail able car bon is re cy cled, the car bon iso tope ra tios in the
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Fig. 8. d18O and d13C vari a tions within the Lower and Mid dle Buntsandstein suc ces sion of the

Gorzów Wielkopolski IG 1 bore hole and cor re la tion of the lo cal and global d13C pat terns

The global curve of Cramer and Jarvis (2020; see Fig. 1) was ad justed to the lo cal chronostratigraphic
bound aries: base Induan ap prox i mated 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 sup posed to be within the Voltziaceaesporites
heteromorpha Zone (see Fig. 4); lithostratigraphy af ter Feldman-Olszewska (2014a); fur ther ex pla na -
tions see Fig ure 1
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car bon ates stud ied would gen er ally be re sis tant to change.
There fore, in such a sys tem, the bulk rock car bon ates are likely
to pre serve the ini tial car bon iso tope ra tios (e.g., Weissert et al., 
2008).

LOCAL VERSUS GLOBAL d13C RECORD

Within the un doubt edly Griesbachian part of the Bal tic For -
ma tion the d13C shows its first pos i tive ex cur sion (Fig. 8). The
over ly ing neg a tive anom aly lies within a de bat able in ter val of
Griesbachian-Dienerian age. The global d13C curve shows
three ex cur sions within its Griesbachian seg ment. These are:
an Early Griesbachian Event (EGE) – neg a tive, Mid -Gries -
bachian Event (MGE) – pos i tive; and a Late Griesbachian
Event (LGE) – again neg a tive (Figs. 1 and 8). The low er most
Bal tic For ma tion, dated as Changhsingian-Griesbachian and
early Griesbachian, was not in cluded into the iso to pic re search, 
be cause of the lack of pro nounced oolitic in ter ca la tions. This
im plies the lack of the neg a tive EGE within the in ter val in ves ti -
gated, though the curve shown starts with quite neg a tive val -
ues. The first rec og nized pos i tive ex cur sion can be cor re lated
with the global pos i tive MGE. The fol low ing neg a tive ex cur sion,
ly ing prob a bly around the bound ary of the Griesbachian and
Dienerian, matches quite well the glob ally neg a tive LGE (Fig.
8). The pos i tive shift of d13C val ues around the depth of 2250 m
is lo cated in the up per part of the in ter val of un doubt edly
Dienerian age, slightly be low the base of the palyno strati -
graphic Densoisporites nejburgii-Acritarcha Subzone (Or³o -
wska - Zwoiliñska, 1977, 1984). Ac cord ing to re cent stud ies on
the Eu ro pean palynostratigraphy of the Tri as sic, this sub zone
de picts the Induan-Olenekian bound ary (= Dienerian -Smithian
bound ary) (Kürschner and Herngreen, 2010; Back haus et al.,
2013; Marcinkiewicz et al., 2014; Nowak et al., 2018). The po si -
tion of the shift of d13C val ues dis cussed strongly sug gests its
cor re la tion with the prom i nent global pos i tive ex cur sion of the
Dienerian-Smithian Bound ary Event (DSBE, Fig. 8).

The most pro nounced fea ture of the d13C re cord of the
Pomerania For ma tion is its gen eral shift to more neg a tive val -
ues than in the for ma tion be low, and its de creas ing up wards
trend. The whole suc ces sion cor re sponds with an in ter val of de -
bat able Dienerian-Smithian age and with the un doubt edly
Smithian in ter val of the suc ces sion. At the same time, slightly
be low the top of the in ter val dis cussed, a pro nounced pos i tive
ex cur sion oc curs. Low d13C val ues are char ac ter is tic for the
global d13C re cord of the Dienerian-early Spathian in ter val
(Cramer and Jarvis, 2020; Ogg et al., 2020), cor re spond ing
very well with the re sults ob tained from the Pomerania For ma -
tion. The ques tion is, if the re corded pos i tive ex cur sion around
the depth of 2120.0 m could be cor re lated with the pro nounced
global pos i tive ex cur sion of the Smithian-Spathian Bound ary
Event (SSpBE). The ex cur sion un der dis cus sion lies within the
up per part of the ubdoubtedly Smithian in ter val of the sec tion
and at the base of the Densoisporites nejburgii Subzone. The
un doubt edly Spathian in ter val starts not ear lier than at the base
of the Voltziaceaesporites heteromorpha Zone at a depth of
2048.8 m (see Or³owska-Zwoliñska, 1984; Marcinkiewicz et al.,
2014). The D. nejburgii Subzone is one of three subzones of the 
D. nejburgii Zone (see Fig. 3). It con sti tutes the mid dle part of
the zone, whereas its up per part is built of the D. nejburgii-
Cycloverrutriletes  presselensis Subzone. The Smithian -Spa -
thian bound ary is cor re lated rather with the D. nejburgii-C.
presselensis Subzone than with the D. nejburgii Subzone
(Kürschner and Herngreen, 2010; Backhaus et al., 2013;
Marcinkiewicz et al., 2014; Nowak et al., 2018). The po si tion of

the pos i tive d13C ex cur sion in dis cus sion is rather too low to
match the global SSpBE. The am pli tude of the ex cur sion is
slightly too low as well for such a cor re la tion. The SSpBE should 
reach val ues be tween 2–6‰ (VPDB; Cramer and Jarvis, 2020). 
The max i mum value of the ex cur sion in Gorzów Wielkopolski
IG 1 is 1.11‰ (VPDB). The pos i tive ex cur sion is sur rounded
with points with the most neg a tive val ues within the whole suc -
ces sion. This neg a tive in ter val can be cor re lated with the global
neg a tive Late Smithian Event (LSE, Fig. 8). The LSE might
have been in ter rupted by ep i sodic in creases of d13C (see Fig.
1). The pos i tive anom aly dis cussed above would rep re sent
such an ep i sode.

The last anom aly re corded in the Gorzów Wielkopolski IG 1
re sults is the short pos i tive anom aly at 2166.9 m depth. The
anom aly is based only on one sam ple, which was taken from a
stromatolitic lime stone. The high d13C value in this case is
microfacies con trolled and the anom aly is con sid ered a lo cal
one.

The global cor re la tion of the d13C re cord from the Bal tic For -
ma tion should be con sid ered with cau tion, and only as a start ing 
point for fur ther re search and dis cus sion, be cause of the low
sam pling res o lu tion and a rel a tively low am pli tude of the anom -
a lies dis cussed. The anom a lies of ten do not ex ceed a mar gin of 
un cer tainty of ~1‰, as sumed typ i cally for bulk epicontinental
car bon ates. A ma jor car bon ate iso tope ex cur sion should ex -
ceed 2‰ against the base line or av er age (Cramer and Jarvis,
2020). This is ful filled only for the Pomerania For ma tion.

In gen eral the epicontinental set tings re cord the same d13C
trends and ex cur sions as the pe lagic set tings (e.g., Halverson
et al., 2005; Amodio et al., 2008; Weissert et al., 2008; Cramer
and Jarvis, 2020). Most com monly the pe lagic d13C curves
show lower vari abil ity and lower mag ni tudes com pared to the
epicontinental re sults (Cramer and Jarvis, 2020). The curve ob -
tained from Gorzów Wielkopolski IG 1 seems to re flect the op -
po site. It re cords the same sense of change as the global curve, 
but it shows a gen eral shift to wards lower val ues and a smaller
am pli tude of the re cord. The ef fects of diagenesis and pro vin -
cial ism have to be in ves ti gated fur ther very care fully.

d13C RECORD VERSUS ENVIRONMENTAL 
CHANGES

The fluc tu a tions of d13C ob served in the Bal tic For ma tion
have a sim i lar pe ri od ic ity as the me dium scale sed i men tary cy -
cles rec og nized by Becker (2014) within the same suc ces sion
(Fig. 9). Deep en ing-up wards trends co in cide in gen eral with the
ris ing-up wards d13C re cord and shallowing-up wards trends with 
de creas ing-up wards d13C. The pos i tive anom aly of the car bon
iso tope re cord ~2425.0 m depth slightly pre cedes a turn-around 
point from a deep en ing into a shallowing trend of two cy cles.
The pos i tive anom aly ~2250.0 m depth co in cides with a sim i lar
turn-around point. The neg a tive anom aly around 2330.0 m
depth slightly pre cedes the end of a shallowing trend. Szulc
(2000), who in ves ti gated the iso to pic re cord of the Muschelkalk
for ma tions in Po land, no ticed that transgressive suc ces sions
co in cide with ris ing d13C. This would con firm the phe nom e non
ob served within the Bal tic For ma tion in Gorzów Wielkopolski
IG  1. On the other hand, some of the iso to pic trends dis cussed
are based only on two data points, which could be in suf fi cient to
re cord a real trend. The en vi ron men tal in ter pre ta tion of the suc -
ces sion is also still de bat able (Szulc, 2019; Becker, 2024),
which raises doubts about the sed i men tary cy cles dis cussed.
Nev er the less, the co in ci dence of the sed i men tary cy cles and
the d13C re cord within the Bal tic For ma tion is no ta ble. There is
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no cor re la tion of the d13C re sults and the transgressive sys tems 
tract and the high-stand sys tems tract of a depositional se -
quence rec og nized by Feldman -Olszewska (2014b) within the
for ma tion (Fig. 9).

The sit u a tion changes dis tinctly within the Pomerania For -
ma tion, where a de creas ing-up wards trend of d13C pre dom i -
nates. There are no trends in the iso to pic re cord that could be
cor re lated with the base-level semi-cy cles of Becker (2005,
2014; Fig. 9), though both pos i tive anom a lies of d13C are lo -
cated within the semi-cy cles of a ris ing base-level char ac ter ized 
by a retrogradational fa cies pat tern. This cor re sponds to the
trends of ris ing d13C within the transgressive suc ces sions of
Szulc (2000) and the deep en ing-up wards cy cles of the Bal tic
For ma tion. Both anom a lies, though, are more or less micro -
facies con trolled. The up per most part of the Pomerania For ma -
tion has been in ter preted as a progradational high-stand sys -

tems tract of a depositional se quence (Feldman-Olszewska,
2014b; Fig. 9). The de creas ing trend of d13C within this part of
the for ma tion would cor re spond well to sim i lar trends within the
Muschelkalk se quences (Szulc, 2000). On the other hand, the
transgressive sys tems tract of the low er most Pomerania For -
ma tion cor re lates also with the de creas ing d13C trend, in con -
trast to the Muschelkalk se quences (Szulc, 2000; Feldman -
-Olszewska, 2014b; Fig. 9). The de creas ing up wards trend and
the sim i lar val ues of d13C at the base of the Mid dle Bunt -
sandstein as de scribed here were al ready ob served in the
Bartoszyce IG 1 bore hole in northeast ern Po land (Becker et al.,
2020b; Fig. 9). This sug gests a re gional char ac ter of the phe -
nom e non.

Sum ming up, an en vi ron men tal con trol on the d13C chan ges 
is to some ex tent pos si ble for the Bal tic For ma tion, but rather to
be ex cluded for the Pomerania For ma tion.
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Fig. 9. d13C and d18O vari a tions against the en vi ron men tal change in ter pre ta tions of the in ter val in ves ti gated 

of the Gorzów Wielkopolski IG 1 bore hole (af ter Becker et al., 2025) 

Ad di tional d13C and d18O re sults of the low er most Mid dle Buntsandstein of Bartoszyce IG 1 (curves in red) 

af ter Becker et al. (2020b); note the depth scale change at the Lower-Mid dle Buntsandstein bound ary
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CONCLUSIONS

The d13C re cord from the Bal tic For ma tion of the Gorzów
Wielkopolski IG 1 bore hole sug gests the pos si bil ity of the cor re -
la tion with three global events: MGE, LGE and DSBE. Fur ther
re search should be con ducted with higher sam pling res o lu tion
to test this hy poth e sis, con sid er ing es pe cially the pos si ble en vi -
ron men tal con trol on iso to pic trends. The re cord of low and de -
creas ing d13C within the Pomerania For ma tion cor re sponds
very well with the global de crease of this iso to pic in di ca tor
through the Dienerian to early Spathian. The re gional char ac ter
of this phe nom e non strength ens such an in ter pre ta tion. The
low er most val ues ob tained within the top most part of the suc -
ces sion in ves ti gated seem to cor re late with the global neg a tive
Late Smithian Event (LSE). Cor re la tion of the pos i tive anom aly
around 2120 m depth with the pro nounced global pos i tive
SSpB Event is less likely, be cause its po si tion within the ver ti cal 
pro file is too low and con se quently rep re sents the wrong tim ing
(too early), and be cause of the pos si ble fa cies con trol of the
d13C re cord. Com pa ra bil ity of the d13C re cord from the Gorzów
Wielko polski IG 1 with the global re cord sug gests that the iso -
tope stra tig ra phy made on oolitic in ter ca la tions is suit able for
im prove ment of Lower Tri as sic chronostratigraphy of the

epicontinental Cen tral Eu ro pean Ba sin Sys tem. More over, it
strength ens the in ter pre ta tion of the oce anic con nec tion of this
ba sin sys tem dur ing the ear li est Tri as sic. None the less, fur ther
re search on sec tions from dif fer ent parts of the ba sin have to be 
con ducted to test these first ob ser va tions and con clu sions.
Spe cial in ter est and ef forts should be de voted to un der stand ing
the pro cesses form ing the pri mary iso to pic com po si tion in a
very shal low, epeiric ba sin such as the MPL Ba sin, and of the
role of the early and late diagenesis in form ing the fi nal iso to pic
sig nal.
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