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Mid dle Mio cene foraminifera from the Skawina For ma tion of the Up per Silesia Ba sin have been ana lysed. The sta ble ox y gen and car bon
iso tope sig na tures in Globigerinoides quadrilobatus (shal low pe lagic), Globigerina bulloides (deeper pe lagic) and Uvigerina spp. (ben -
thic) tests show a tem po ral pat tern of changes in the sec tions stud ied. The foraminiferal as sem blage biozones of the Badenian that were
iden ti fied ear lier, on the ba sis of tax o nomic com po si tion, cor re spond to changes in the foraminiferal d18O and d13C val ues. The
CPN7/CPN8 tran si tion – as the Moravian/Wielician bor der – is marked by dis tinct iso to pic events: a d18O in crease (IIAB/IIC bound ary)
fol lowed by a d13C de crease (IIC/IID bound ary).
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INTRODUCTION

The com po si tion of foraminifer as sem blages shows dis tinct 
lat eral and tem po ral tax o nomic changes in the Badenian of the
Carpathian Foredeep and Vi enna Ba sin. The tem po ral changes
have been re lated to char ac ter is tic, well-de fined as sem blage
biozones with the sta tus of biostratigraphic zones (e.g.,
Alexandrowicz, 1963; £uczkowska, 1964; Cicha et al., 1975).
Palaeo eco logi cal re search in di cated that sig nif i cant mod i fi ca -
tions of the tax o nomic com po si tion and hence con sti tu tion of
new as sem blage biozones in the pro file oc curred as a re sult of
con sid er able en vi ron men tal changes (Szczechura, 1982;
Gonera, 2001; Bicchi et al., 2003). These Badenian
foraminiferal biozones of the Carpathian Foredeep have the na -
ture of ecozones. 

The aim of the re search con ducted pres ently is to check the
re la tion ships be tween those foraminiferal biozones and geo -
chem i cal pa ram e ters of the foraminiferal tests. Our stud ies con -
cerned the Skawina For ma tion where as many as three such
foraminiferal as sem blage biozones are iden ti fied in the strata
prior to the Badenian evaporites (Alexandrowicz, 1963). One

of the geo chem i cal fea tures of the min eral skel e ton of
foraminifera are the ra tios of sta ble ox y gen and car bon iso topes 
(Elderfield, 2004). Sev eral such stud ies have been al ready per -
formed on Badenian foraminifera (e.g., Durakiewicz et al.,
1997; Gonera et al., 2000, 2003; Báldi, 2006; Hohenegger et
al., 2008; Kovaèova and Hudaèkova, 2009; Peryt and Gedl,
2010). We pres ent new data on d18O and d13C val ues of
foraminifers oc cur ring be low the Badenian evaporites and dis -
cuss their strati graphic im pli ca tions.

GEOLOGICAL SETTING

The area stud ied (Up per Silesia Ba sin) was a part of the
Carpathian Foredeep Ba sin dur ing the Mid dle Mio cene
(Fig. 1). The Mid dle Mio cene se quence of the Up per Silesia
Ba sin is well-known ow ing to stud ies of Alexandrowicz
(1963), and sub se quent up dates of var i ous as pects (e.g.,
Barwicz- Piskorz, 1997; Gedl, 1997; Gonera, 1997, 2001;
Górka, 1997; Peryt, 1997; Sadowska, 1997; Szczechura, 1997;
Witkowski and Gonera, 1997). 



Four lithostratigraphic units have been pro posed for those
strata: the Skawina Fm., Krzy¿anowice Fm. and Wieliczka
Fm. (evaporites), and the Gliwice Fm. (Alexandrowicz et al.,
1982). The Skawina Fm. con sists of grey marly clays (Tegel)
pri mar ily, par tially with sand or silty gravel ad mix tures and
in ter ca la tions of shelly and organodetrital limstones or marls
(Alexandrowicz, 1963, 1997). Evaporites con sist of gyp sum
(e.g., Peryt et al., 1997) and, only in the Rybnik and ¯ory
area, ha lite with claystone and anhydrite in ter ca la tions
(Garlicki, 1979). 

MATERIALS AND METHODS 

We have stud ied the Skawina Fm. de pos its in five bore -
holes lo cated along a N–S transect of the Silesian Ba sin
(Fig. 1). The ma te rial for this study (sam ples and lithological
de scrip tions of bore holes) came from the col lec tion and un pub -
lished ma te ri als of Prof. S.W. Alexandrowicz. A com plete set
of foraminiferal biozones char ac ter is tic of the Badenian sec tion 
be low the evaporites was found in the de pos its stud ied (Ta -
ble 1; Gonera, 2001). 

In the P³awniowice 1, Pilchowice 1 and ¯ory 4 bore holes,
the Skawina For ma tion lies on the sands and silts with Cepaea
and Congeria shells, plant frag ments and peb bles of older rocks 
(Early Mio cene K³odnica For ma tion). The pro duc tive Car bon -
if er ous rocks (clayey shale with coal in ter ca la tions) com prise
the base ment of the Skawina For ma tion in the Gliwice 17 and
Gliwice 24 bore holes. The Skawina For ma tion is de vel oped as
non-strat i fied marly clays (typ i cal Tegel fa cies) in the
Pilchowice 1 and ̄ ory 4 pro files. In the other bore holes the de -
pos its have some ad mix ture of sand (Schlier fa cies) or are in ter -
ca lated with silty gravel, rhodolith de bris and/or sand stones
(Fig. 2). In all the pro files stud ied, the Skawina Fm. is over lain
by Badenian evaporites, de vel oped in sul phate fa cies (silty
shales with gyp sum and/or anhydrite). 

We have ana lysed three foraminifer taxa con stantly pres ent
in the de pos its: Uvigerina spp., Globigerina bulloides
d’Orbigny, 1826 and Globigerinoides quadrilobatus
d’Orbigny, 1846. Such a choice al lowed us to de ter mine the
iso topic com po si tion of tests of or gan isms that lived on the sea
floor (Uvigerina) and in near-sur face wa ters (Globigerina and
Globigerinoides), and to ana lyse the Skawina For ma tion  along 
a the N–S transect of the sed i men tary ba sin. 

Uvigerina in the IIAB biozone (Alexandrowicz, 1963) was
mainly rep re sented by U. semiornata d’Orbigny, 1846 and the
less com mon U. macrocarinata Papp and Turnovsky, 1953
(Fig. 3). In the IIC biozone, the U. semiornata spec i mens still
dom i nated and were ac com pa nied by U. orbignyana Czjzek,
1847. Those two taxa were pres ent in the IID biozone, al though 
in re verse pro por tions: U. orbignyana dom i nated, while U.
semiornata were scarce. This set of uvigerinas was sam pled for
iso tope stud ies. Globigerina bulloides and Globigerinoides
quadrilobatus  are com mon in the Skawina Beds, ex cept in the
top of the pro file (IID) where the lat ter is scarce (Gonera, 1997,
2001). These foraminifera were picked from the size frac tion

larger than 125 mm. The num bers of spec i mens were se lected in 
the quan ti ties re quired to ob tain the 2–3 mg nec es sary to ana -
lyse the CaCO3 aliquot. 18O/16O and 13C/12C iso tope ra tios anal -
y sis was car ried out for 110 aliquots col lected from 58 rock
sam ples (Ta ble 2). 

The de ter mi na tion of the d18O and d13C was car ried out in
the GeoZentrum Nordbayern Lab o ra tory of the Friedrich-Al -
ex an der-Universität in Erlagen-Nürnberg, Ger many. Car bon -
ate pow ders were re acted with 100% phos pho ric acid at 75°C
us ing a Kiel III car bon ate prep a ra tion line con nected on line to a 
ThermoFinnigan 252 mass spec trom e ter. All val ues are re -
ported in permil rel a tive to V-PDB by as sign ing a d13C value of
+1.95‰ and a d18O value of –2.20‰ to NBS19. Repro -
ducibility was checked by rep li cate anal y ses of lab o ra tory stan -
dards and is better than ±0.01–0.03‰.
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Fig. 1. Area stud ied 

A – palaeogeographic re con struc tion of the Cen tral Paratethys 
(Early Badenian ma rine sed i men ta tion; af ter Rögl, 1998);
B – Up per Silesian Ba sin and the bore holes in ves ti gated



RESULTS

The re sults of anal y ses are given in Ta ble 2. De spite fluc tu -
a tions, over all trends  can be  dis cerned re gard less of the dif fer -
ences in ab so lute val ues for par tic u lar taxa in geo graph i cally
sep a rated bore holes (com pare e.g., Uvigerina in the
P³awniowice 1 and ¯ory 4 pro files on Ta ble 2).  Thresh olds in

the d18O and d13C val ues at the biozonal  bound aries are dis tinct 
(Ta ble 3). The re sults have been grouped within the biozones

(Fig. 3), and the d18O and d13C re la tion ships are spec i fied in
Fig ure 4. The av er age val ues within the par tic u lar biozones

show dif fer ences, and gen eral pat terns in the strati graphic col -
umn  may be traced. 

The great est d18O change oc curs on the IIAB/IIC bound ary. 

The av er age d18O value in creases from +1.3‰ (IIAB) to
+2.1‰ (IIC) and +2.5‰ (IID) in Uvigerina. In Globigerina

bulloides the d18O value in creases from –0.1‰ (IIAB) to
+1.3‰ (IIC) and +1.9‰ (IID), while in G. quadrilobatus the

av er age d18O value de creases from –1.1‰ (IIAB) to –1.5‰
(IIC). 

The most no tice able d13C change oc curs at the IIC/IID

bound ary. The d13C val ues in Uvigerina (0‰ in IIAB and
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Fig. 2. Sche matic lithological col umns of the bore holes stud ied 

T a  b l e  1

Po si tion of the Skawina For ma tion (shad ed area) within the Cen tral Paratethys strati graphy

Chronostratigraphy

Con cepts of foraminiferal biostratigraphy

Cicha et al. (1975); Papp et al. (1978); 
Rögl and Steininger (1984)
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Fig. 3. SEM pic tures of the taxa stud ied 

U – Uvigerina spp., Gb – Globigerina bulloides, Gq – Globigerinoides quadrilobatus s.l.; IIAB biozone: 1 – Gliwice 24 (205.0 m), 2, 
5 – Pilchowice 1 (310.0 m), 3, 4 – Gliwice 24 (178.0 m); IIC biozone: 6 – P³awniowice 1 (130.0 m), 7 – Gliwice 24 (161.0 m), 8 –
Pilchowice 1 (268.0 m), 9 – P³awniowice 1 (130.0 m); IID biozone: 10 – Pilchowice 1 (261.0 m), 11 – Gliwice 24 (152.0 m), 12 –
Gliwice 24 (157.0 m)

Fig. 4. Plot of av er age foraminiferal d18O and d13C val ues of the Skawina For ma tion

Let ter in di ces as in text and in Table 1 and Fig ure 3
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T a  b l e  2

Sta ble iso tope re sults of ox y gen (d18O) and car bon (d13C) of the foraminifera tests

Bore hole Biozone Depth
[m]

d18O
[‰V-PDB]

d13C
[‰V-PDB]

U Gb Gq U Gb Gq

P³awniowice 1
IIC

130.0 1.37 –0.73 –1.59 0.32 0.46 2.39

133.0 1.32   0.18 –1.38 0.04 0.45 2.21

IIAB 142.0 1.16   0.76 –1.24 0.18 1.55 2.69

Gliwice 17 IIAB

168.8 1.71 0.2  

173.0 2.00 0.08

175.2 1.49 –0.43 0.39 0.74

177.6 –0.69 0.13

183.0 1.82   0.83 0.36 1.63

187.5 1.45 0.4 0.04 0.45

190.3 1.98   1.09 0.03 1.02

194.5 1.18   0.49 –0.22  0.85

202.5 1.45   0.33 0.03 0.75

204.8 1.3  –0.64 –0.04  0.72

210.0 0.84 0.16

214.5 0.89 0.15

217.0 0.98 –1.00 0.05 0.84

220.0 0.85 0.59

222.3 0.85 –0.35  

225.5 0.74 –0.82 0.05 0.64

230.0 0.94 –0.78 –0.06  0.2  

235.0 0.75 –0.34 –0.04  0.31

239.0 0.81 –0.16 0.92 0.73

243.5 0.81 0.25

246.3 1.33 –0.14  

Gliwice 24

IID

152.0 2.66   1.94 –0.28  0.33

153.6 2.28   1.57 –0.39  0.43

157.0 2.52   1.95 –0.01  1.00

IIC

158.0 2.41   1.67 0.07 0.47

159.0 2.43   1.76 0.1  0.05

161.0 2.5   2.17 –0.03  0.38

162.0 0.96 –0.22 –1.58 0.09 0.54 1.98

IIAB

163.0 1.71   1.39 –1.26 0.09 0.57 2.3  

168,0 1.38 –0.28 –0.56 –0.15  0.26 1.61

174.5 1.75   0.13 –1.02 –0.06  0.14 2.14

178.0 1.2  –1.1 –1.71 0.03 0.6  2.62

186.4 1.35 –1.25 0.04 2.61

189.2 1.66   0.23 –0.22  0.2  

192.2 1.35   0.61 –0.13  0.56

197.6 1.19 –0.18 0.16 0.59

202.0 1.22 –0.77 –0.08  0.27

205.0 0.69 –0.8  –1.15 –0.09  0.15 2.16

208.0 0.83 –0.41 –0.34  0.18

Pilchowice 1

IID

252.0 1.91 –1.35  

256.0 2.66   2.09 –0.28  0.07

261.0 2.73   1.73 –0.62  0.02

IIC 268.0   1.53 0.37

IIAB
300.0 1.63 –0.14  

310.0 1.03 –0.38 –1.57 –0.2   0.3 1.95



+0.1‰ in IIC) de crease to –0.4‰ in IID. In G. bulloides, the re -
spec tive val ues are +0.6‰ (IIAB) and +0.5‰ (IIC), and de -
crease to +0.3‰ (IID). For G. quadrilobatus, we ob tained data
only for the lower part of the pro file, i.e. IIAB and IIC biozones,

where the d13C val ues reach +2.4 and +2.2‰, re spec tively. 
The stron gest change in d18O con tent of the deeper pe lagic

foraminifers (G. bulloides) takes place at the IIAB/IIC bor der
where there is an in crease by 1.4‰ (from –0.1 to +1.3‰). A
sig nif i cant change in d18O oc curs also at this  bound ary in the
ben thic foraminifers (Uvigerina); from +1.3 to +2‰. In the
youn ger de pos its (IID biozone), a fur ther in crease in d18O is
noted: of 0.6‰ for Globigerina bulloides and 0.5‰ for
Uvigerina. The dif fer ence be tween those ben thic and pe lagic
foraminifers (Dd18O)  un der went con tin u ous re duc tion dur ing 
this in ter val of the Badenian: from 1.4‰ in IIAB to 0.8‰ in
IIC and 0.7‰ in IID.  

The d13C changes are not as prom i nent as in the case of the

d18O val ues. At the IIAB/IIC bound ary, the av er age d13C value
de creases by 0.1‰ in G. bulloides (from +0.6 to +0.5‰) and
in creases by 0‰ in Uvigerina (from +0 to +0.1‰). No tice able

d13C change oc curs be tween the IIC and IID biozones. At this 

bound ary there is a dis tinc tive drop in d13C val ues of both

plank tonic and ben thic foraminifers. The av er age d13C val ues
de crease by 0.5‰ in Uvigerina tests (from +0.1 to –0.4‰) and
by 0.2‰ in Globigerina bulloides (from +0.5 to +0.3‰).

IMPLICATIONS

The sub di vi sion of the Badenian Stage into three parts is
based on dis tinct fau nal turn overs reg is tered in ma rine de pos its
across the Cen tral Paratethys (Ta ble 1). In this
chronostratigraphic con cept, the Moravian and Kosovian are
de fined as time spans of nor mal ma rine sed i men ta tion
(Brestenská, 1978a), and thus they are eas ily de fined by ma rine 
plank tonic in dex taxa (Orbulina suturalis and Velapertina
indigena re spec tively).

By con trast, the Wielician hall mark  is of evaporites – the  de -
pos its of a sa lin ity cri sis de vel oped in the Cen tral Paratethys
(Peryt, 2006; de Leeuw et al., 2010, with ref er ences therein).
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T a  b l e  3

Foraminiferal iso to pic com po si tion of the Skawina For ma tion biozones

Biozone
Num ber 
of data

d18O d13C

Av er age (stan dard de vi a tion
in brack ets) and me dian

Av er age (stan dard de vi a tion
in brack ets) and me dian

IID
  6 Gb: 1.88 (0.19); 1.95 Gb: 0.29 (0.40); 0.20

10 U: 2.54 (0.27); 2.59 U: –0.42 (0.46); –0.39

IIC

  3 Gq: –1.52 (0.12); –1.58 Gq: 2.19 (0.21); 2.21

10 Gb: 1.28 (1.11); 1.72 Gb: 0.53 (0.28); 0.47

  8 U: 2.06 (0.72); 2.42 U: 0.07 (0.11); 0.06

IIAB

11 Gq: –1.10 (0.44); –1.16 Gq: 2.31 (0.34); 2.33

26 Gb: –0.10 (0.71); –0.23 Gb: 0.59 (0.39); 0.58

36 U: 1.29 (0.41); 1.26 U: 0.04 (0.25); 0.03

 In dex taxa as in Ta ble 2 and Fig ure 3

Tab. 2 cont.

Bore hole Biozone Depth
[m]

d18O
[‰V-PDB]

d13C
[‰V-PDB]

U Gb Gq U Gb Gq

¯ory 4

IID

60.0 2.57 –0.78

65.0 2.6  1.97 –0.52 –0.09  

70.0 2.55 –0.38

75.0 2.9    0.37

IIC

80.0 2.63 2.1    0.01 0.84

85.0 2.82 2.05 –0.02 0.61

90.0 2.3  1.1  

IIAB

100.0 1.96 –1.03 –0.09 2.33

105.0 –1.16 2.68

115.0 2.07 0.45 –0.13   0.09 0.85 2.41

 For ex pla na tions see Fig ure 3



These de pos its oc cur across most of Carpathian Foredeep.
Globigerina druryi and/or G. decoraperta have been ac cepted as 
the in dex taxa of the Wielician substage (Cicha et al., 1975).
Nev er the less, other foraminiferal in di ca tors are  of ten ap plied in
strati graphic prac tice. The Ag glu ti nated Foraminifera Zone, also 
known as the Uvigerina costai Zone (£uczkowska, 1964) or the
Pseudotriplasia Zone (Papp et al., 1978) as well as the on set of
the Globigerina bulloides acme (Gonera, 1997) are among com -
monly used Wielician in di ca tors. The Moravian/Wielician bi otic 
change is well-rec og nized in, for ex am ple, the K-5 and ŽI-2
bore holes (Dan ube Low land Ba sin) rep re sen ta tive of one of the
Badenian faciostratotypes (Brestenská, 1978b). 

Foraminiferal palaeo ec ol ogy shows a cli mat i cally driven en -
vi ron men tal change at the Moravian/Wielician bound ary (also
known as CPN7/8) cor re lated with the Mi3 event (Gonera,
2001; Gonera et al., 2003; Harzhauser et al., 2011) i.e. the
change from the Middle Mio cene Cli mate Op ti mum to the Mid -
dle Mio cene Cli mate Tran si tion. Our iso to pic anal y ses pro vide
chemostratigraphic ev i dence of the lower bound ary of the
Wielician. The re sults of the ox y gen and car bon sta ble iso topes
in di cate that this strati graphic boun d ary is char ac ter ized by
strong, en vi ron men tally con trolled, iso to pic change. Due to the

air tem per a ture de crease (the re sulted in foraminiferal d18O in -

crease) sea sur face pro duc tiv ity was en hanced (d13C de crease,
Globi gerina bulloides acme), in the en vi ron men tal change at the
be gin ning of the Wielician.  

CONCLUSIONS

1. The sta ble ox y gen and car bon iso tope ra tios in the tests
of G. quadrilobatus (shal low pe lagic), G. bulloides (deeper pe -

lagic) and Uvigerina (ben thic) show tem po ral changes in the
Skawina For ma tion prior to the Badenian evaporite de po si tion. 

2. The foraminiferal as sem blage biozones of the Skawina
Fm. iden ti fied in the  1960s are dis tinc tive units in terms of the 
d18O and d13C ra tios of their foraminiferal tests. Changes in
the iso to pic com po si tion co in cide with biozonal bound aries:
the IIAB/IIC bound ary co in cides with a strong in crease in
d18O, while the IIC/IID bound ary co in cides with no ta ble de -
crease in d13C. 

3. The  foraminiferal C and O sta ble iso tope events de tected 
be low the Badenian evaporite can be ap plied as strati graphic
mark ers in cor re la tion across the Carpathian Foredeep.  

4. The gen eral C and O iso to pic trends in foraminifers of the 
Skawina For ma tion are not af fected by the pres ence of sand
and/or rhodolith de bris oc cur ring in var i ous parts of the pro files 
(most fre quently in the IIC biozone). Such shal low-wa ter fa cies 
are ap par ently not in situ and rep re sent slump de pos its in the
Tegel sed i men ta tion area. 

5. The lower bound ary of the Wielician substage lies at
change from the Mid dle Mio cene Cli mate Op ti mum to the
Mid dle Mio cene Cli mate Tran si tion, at the point where a nor -
mal ma rine en vi ron ment (Orbulina suturalis Zone) starts to
trans form into sa lin ity cri sis en vi ron ments of the Cen tral
Paratethys. In the Pol ish Carpathian Foredeep this turn ing point 
is lo cated within the Skawina For ma tion. 
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