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The pa per deals with sub-evaporite Badenian de pos its (Mid dle Mio cene, Paratethys) that dis play a sud den ap pear ance of
globorotaliid taxa show ing pref er ences in the tax o nomic set and coil ing di rec tion. An in ter val of sinistrally coiled Jenkinsella
mayeri with pro por tion ally coiled Globoconella bykovae is at the bot tom of the stud ied se quence. It is fol lowed by an in ter val
of pro por tion ally coiled Jenkinsella transsylvanica. Pro por tion ally coiled Globoconella bykovae with a small num ber of pro -
por tion ally coiled Jenkinsella transsylvanica are at the top of the Moravian (CPN 7) substage (Orbulina suturalis alias
Lagenidae Zone). The sub-evaporite part of the Wielician (CPN 8) substage (Uvigerina costai alias Spiroplectammina Zone)
be gan with a globorotaliid-bar ren in ter val (IIC biozone). It is fol lowed by biozone IID dis play ing three globorotallid peaks
amongst globorotallid-bar ren de pos its. Only globoconellas are pres ent in all these three events. Pro por tion ally coiled
Globoconella bykovae ap peared first. It is fol lowed by pro por tion ally coiled Globoconella minoritesta and sinistrally coiled
Globoconella bykovae at the end of the biozone IID. Coil ing pref er ences of globorotaliids have been com pared to changes in
the hy dro graphic re gime un fold ing dur ing the CPN 7 and CPN 8 in the stud ied area of the Paratethys. The study dis cov ers
that the coil ing of globorotaliids re sponded se lec tively to the hy dro graphic changes. Globoconella bykovae is highly op por tu -
nis tic and can tol er ate con sid er able tem per a ture changes. Spec i mens of this taxon per sist to coil pro por tion ally dur ing the
sub-evaporite Badenian, ex cept for the shift to sinistral coil ing just prior to the Wielician evaporites. Sinistrally coiled
Jenkinsella mayeri is the most sen si tive to hy dro graphic changes. This taxon re treated at the on set of the tem per a ture drop
dur ing the mid-Moravian cryp tic cool ing. This cool ing is marked by the new jenkinsellid oc cur rence – pro por tion ally coiled
Jenkinsella transsylvanica. Pro por tion ally coiled Globoconella minoritesta is pres ent in the mid dle of the IID globorotaliid
peaks. The globorotaliid coil ing data, pre sented in this pa per, has been cal i brated to the global stra tig ra phy. The in te grated
data (foraminifera, nannofossils, ox y gen and car bon sta ble iso topes, ra dio met ric mea sure ments) sup ports the view that the
CPN 7/CPN 8 bound ary is co eval to the Langhian/Serravalian one. In the Pol ish part of the Carpathian Foredeep, the bound -
ary runs within the Skawina For ma tion. 
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INTRODUCTION

Coil ing di rec tion is an eas ily trace able mor pho log i cal as pect 
of trochospiral foraminifera. These or gan isms show a ten dency
to coil their test in a clock wise (dextral, right-handed) or coun -
ter clock wise (sinistral, left-handed) di rec tion (Boltovskoy and
Wright, 1976). The sinistral to dextral (L/R) ra tio within the re -
cent plank tonic foraminifera pop u la tion has been es tab lished,
among oth ers, for Neogloboquadrina pachyderma, Globoro -
talia crassaformis, Glob. hirsuta, Glob. truncatulinoides and
Globigerina bulloides (Ericson et al., 1954; Jenkins, 1967;
Thiede, 1971; Lidz, 1972; Malmgren and Ken nett, 1976;
Reynolds and Thunell, 1986). A re la tion ship be tween coil ing di -

rec tion and sur face wa ter tem per a ture has been dis cov ered
based on the spa tial dis tri bu tion of the foraminifera pop u la tions
of the above spe cies. The data dem on strate that dif fer ent spe -
cies may re spond in op po site ways, how ever, coil ing di rec tion
and the am bi ent wa ter tem per a ture in which the spec i mens
lived are in deed cor re la tive (Ericson et al., 1961; Boltovskoy,
1962, 1973; Bandy, 1972).

Bolli (1971) was the first who rec og nized the pat terns in
coil ing di rec tion and its use in stra tig ra phy, and was fol lowed
by many evo lu tion ary and phylo gen etic stud ies. It was as -
sumed that ran dom coil ing per sists dur ing the early evo lu tion -
ary stage of morphospecies. Stratigraphically youn ger rep re -
sen ta tives of these taxa can ex hibit a pre ferred dom i nance in
coil ing di rec tion. Those that at tain left or right pre ferred coil ing
di rec tion dur ing their early evo lu tion main tain it as a rule and
may tem po rally switch in dif fer ent coil ing di rec tions, but do
never show ran dom coil ing. Within the strati graphic range of a
sin gle morpho spe cies, dis tinct os cil la tions in coil ing di rec tions
can oc cur (Bolli, 1971). 
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Some taxa pre fer ei ther dextral or sinistral coil ing and the
achieved coil ing pref er ence re mains the same world wide dur -
ing the strati graphic range of the spe cies. There are also taxa
pre fer ring ei ther dextral or sinistral coil ing, but the pre ferred
coil ing di rec tion can change from one geo graphic re gion to an -
other at the same time. For ex am ple, such two chiral forms of
in di vid ual morphospecies (left- vs. right-coiled) are rep re sented 
by Langhian Globorotalia praescitula de scribed from lower ver -
sus higher lat i tu di nal ar eas (Majewski, 2010; Foresi et al., 2011; 
re spec tively).

This case of co eval geo graph ical dif fer ences in coil ing
pref er ence within one morphospecies is ap par ently de pend -
ent on the tem per a ture of wa ter. Bandy’s (1960) opin ion that
bio chem i cal pro cesses ef fected by tem per a ture are re spon si -
ble for the dif fer ent ra tio of coil ing has been ar gued
(Tolderlund and Bé, 1971; Brun ner and Kroon, 1988; Kucera
and Ken nett, 2002 with ref er ences therein). The state of coil -
ing, its bi ases and swings oc cur ring in both re cent spe cies and 
fos sil morphospecies, is a fea ture worth to ob serve re gard less 
of the con trol ling causes like tem per a ture and/or other en vi -
ron men tal fac tors. As a sim ply mea sur able sin gle-val ued mor -
pho log i cal as pect in trochospiral foraminifera shells, coil ing di -
rec tion has high po ten tial in chro nol ogy and stra tig ra phy.
Strati graphic stud ies us ing the vari a tion in coil ing di rec tion
have been broadly car ried out on plank tonic foraminifera.
These stud ies dem on strate the strati graphic util ity of coil ing
di rec tion changes, al though the pat terns ex hib ited are com -
plex (Nagappa, 1957; Vella, 1974; Ken nett, 1976; Olsson,
1970; Hofker, 1972; Eisenach and Kelly, 2006 with ref er ences
therein). Though, some par tic u lar bio chem i cal pro cesses re -
spon si ble for coil ing pref er ences are still un der dis cus sion,
this mor pho log i cal fea ture is ex ten sively rec og nized, traced,
mapped and ap plied in stra tig ra phy and palaeo ge ogra phy
(e.g., Ericson, 1959; Bolli, 1971; Ken nett, 1976; Reynolds and
Thunell, 1986; Naidu and Malmgren, 1996; Lit tle et al., 1997;
Win ter and Pearson, 2001; Pfuhl and Shackle ton, 2004;
Eisenach and Kelly, 2006). 

For the Mid dle Mio cene of the Paratethys, the re cord of
globorotaliid coil ing di rec tion within the Badenian de pos its had 
been per formed by Vašièek (1953) in the vi cin ity of Brno,
Czech Re pub lic (Fig. 1). As the sub-evaporite Badenian
(Skawina For ma tion) globorotaliids of the Up per Silesia Ba sin
was de scribed by Gonera (2013), the ma te rial is re vis ited now
con cern ing  coil ing di rec tion of the spec i mens (Fig. 1 and Ta -
ble 1). The pres ent study dis cusses the globorotaliid coil ing
pref er ences of sub-evaporite Badenian morphospecies in
these sed i ments. The globorotaliid tax on omy con cept ap plied
by Gonera (2013) has been sus tained into this pa per. The
con ven tion of view ing the spi ral side of tests by Bolli (1950)
were fol lowed to de ter mine the coil ing di rec tion of globorotaliid 
spec i mens. 

A re la tion ship be tween the coil ing pref er ence and
hydrography was tested by the palaeo eco logi cal method. The
plank tonic as sem blage is con sid ered with re spect to
symbiont -bear ing and tem per a ture-re lated groups of plank -
tonic taxa vs. the per cent age of a non-spinose deep-pe lagic
group of taxa (globorotaliid) in the as sem blage. Ac cord ingly,
the plank tonic foraminifera morphospecies have been
grouped into broadly de fined cat e go ries based on ecologic cri -
te ria, i.a. by Bé and Tolderlund (1971), Bé (1977), Bé and
Hutson (1977), Bolto vskoy et al. (1996), Simstich et al. (2003), 
Schiebel and Hemleben (2005) and Wilke et al. (2009). The
ba sic hydro graphy in di ces of en vi ron ment are ex pressed in
the stud ied ma te rial by the pro por tion of these cat e go ries
(groups of taxa). A com par i son of the globorotaliid coil ing with

the palaeo hydro graphic in di ces is pro vided and the use ful -
ness of the globo rotaliid coil ing pref er ences for stra tig ra phy is
dem on strated in this pa per. 

Fig. 1. Lo ca tion map

A – dis tri bu tion of Mid dle Mio cene ma rine de pos its in the Cen tral
Paratethys (mod i fied af ter Seneš, 1971; Rögl, 1998);

 B – lo ca tion of the stud ied bore holes. 



GEOLOGICAL SETTING

The Up per Silesia Ba sin was lo cated in the pe riph eral, NW
part of the Carpathian Foredeep of the Paratethys dur ing the
Mio cene (Oszczypko et al., 2006). The sub-Mio cene base ment
in the Up per Silesia Ba sin is rep re sented by Car bon if er ous and
Tri as sic de pos its, and the thick ness of Mio cene de pos its
ranges from 60 to 600 m (Alexandrowicz, 1963; Gonera, 2001). 
Patches of Lower Mio cene brack ish and fresh wa ter de pos its
(Karpatian stage; e.g., Peryt et al., 2005) oc cur lo cally at the
base. They are cov ered by the ma rine Badenian (Skawina Fm.
in Ta ble 1) with an av er age thick ness of 66 m in the study area.
The Skawina Fm. con sists pri mar ily of grey marly clays, and
partly of sand or silty gravel, with in ter ca la tions of shelly and
biodetrital lime stones and marls (Alexandrowicz, 1997). The
Badenian evaporites oc cur in part of the Up per Silesia Ba sin,
gen er ally at tain ing a thick ness of a few tens of metres (Garlicki,
1979). In the stud ied bore holes, they are in cluded in the
Krzy¿anowice Fm. (14.5–57.2 m thick). The well-known Wieli -
czka Fm., con sist ing of ha lite, ap pears only in the vi cin ity of
Rybnik-¯ory (Garlicki, 1979, 1994). 

Biostratigraphic sub di vi sion of the Skawina Fm. de pos its is
based mainly on foraminifers (Ta ble 1). Con sid er able fau nal
shifts were ob served in the se quence, which led to the use of
par tic u lar as sem blages as as sem blage biozones (Alexan dro -
wicz, 1963). Palaeo eco logi cal meth ods re vealed that the strati -
graphic suc ces sion of foraminiferal as sem blages cor re lates
well to palaeoenvironmental changes, and these biozones
were es tab lished as ecozones (Gonera, 2001, 2013). Cli mate
and cli mate-driven cir cu la tion pat terns of palaeocurrents were
found to be con trol ling the suc ces sion of these biozones
(Szczechura, 1982; Gonera et al., 2000; Gonera, 2001, 2013;
Bicchi et al., 2003; Gonera and Bukowski, 2012). 

In spite of the var i ous names used for the par tic u lar
Badenian biozones within the Cen tral Paratethys, they show
con sis tency and can be readily traced through out this area
(e.g., Steininger et al., 1985; Popescu and Brotea, 1994; Cicha
et al., 1998; £uczkowska, 1998; Báldi, 2006; Doláková et al.,
2014; Báldi et al., 2017). 

MATERIAL AND METHODS

Ma te rial for this pa per co mes from sam ples al ready ana -
lysed with re gard to foraminiferal palaeo ec ol ogy (Gonera,
2001), globorotaliid in ter vals (Gonera, 2013) and Globigerina
bulloides coil ing di rec tion (Gonera et al., 2003). New sam ples
from the Wilcza 2 bore hole (Fig. 1) and one sam ple rel a tively
rich in globorotaliids from the Wieliczka Salt Mine (sam ple no.
47 of Gonera et al., 2014) are also in cluded. The sam pled de -
pos its are mudstones and marly claystones. Rock sam ples
were pre pared by the stan dard mac er a tion pro ce dure with
H-per ox ide, and then washed on a 0.1 mm sieve. The res i due
(frac tion >0.1 mm) was ana lysed stereomicroscopically. 

Al to gether, the stud ied ma te rial con sists of 173 rock sam ples 
of the Skawina For ma tion de pos its. Thirty-eight sam ples had
only low per cent age (£3.0%) of globorotaliids in the plank tonic
as sem blage (see Gonera, 2001). As the first step of ma te rial fil -
ter ing, these had been left out con cern ing coil ing di rec tion, but in -
cluded into the hydrography da ta base. For the re main ing 135
rock sam ples of the Skawina Fm. de pos its, globorotaliid taxa
coil ing ra tios were pre sented (Ta ble 1). Count ing re sults for par -
tic u lar taxa are as fol lows: 112 Globoconella bykovae, 2 G.
minoritesta, 59 Jenkinsella mayeri, and 56 J. transsylvanica. A
full list of all counts can be found in Ap pen dix 1*. The num ber of
tests (>125 mm) ex am ined for the taxa var ied be tween 1 and 532
for Globoconella bykovae, 115–695 for G. minoritesta, 1–178 for
Jenkinsella mayeri, and 3–364 for J. transsylvanica. In or der to
have a sta tis ti cally sig nif i cant da ta base, re ferred here as counts,
the coil ing data of a par tic u lar taxon in the sam ple hav ing <41
counts had been dropped out; it was usu ally case of low per cent -
age (£3%)  taxon in the plank tonic as sem blage. 

Fil ter ing of data with the two-step pro ce dure re sulted in a
trust wor thy da ta base with a sta tis ti cally sig nif i cant num ber of
coil ing counts, suit able to ob tain cred i ble re sults. Only the fol -
low ing counts were con sid ered: 91 counts for Globoconella
bykovae, 2 for G. minoritesta, 37 for Jenkinsella mayeri and 43
for J. transsylvanica (Ta ble 2). The re sults of the pres ent study
are based on this da ta base.

Coil ing di rec tion in Mid dle Mio cene globorotaliids (Foraminiferida)... 157

T a  b l e  1

Lo ca tion of the stud ied sub-evaporite Badenian (Moravian and Wielician – pars) against 
the back ground of Cen tral Paratethys stra tig ra phy
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* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1397
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The per cent age of cool-wa ter ver sus warm-wa ter plank tonic
foraminifera in the sam ple is con sid ered as the epipelagic tem -
per a ture sig na ture. Globigerina bulloides and Turborotalita quin -
queloba are re garded as cool-wa ter epipelagic dwell ers. Globo -
quadrina altispira, Globigerinoides quadrilobatus and Orbulina
suturalis are as sumed to be warm-wa ter epipelagic dwell ers.
The third con sid ered group com prises globorotaliids as deeper -
-pe lagic non-spinose taxa. The set of other in di ces has been ap -
plied to tie the switches in globorotaliid coil ing to hydrography
changes known to hap pen dur ing the de po si tion of the stud ied
se quence. The per cent age of globorotaliids has been used to
as sess ba sin depth his tory. As the in di ca tion of both bathymetry
and shore line dis tance, the P/B ra tio was used (Murray, 1976).
The da ta base on ox y gen and car bon sta ble iso topes sub mit ted
by Gonera and Bukowski (2012) are re con sid ered now as the
trac ers of tem per a ture and car bon cy cling, re spec tively.

RESULTS

MORAVIAN

Globorotaliids of biozone IIA are rep re sented by Globo -
conella bykovae and Jenkinsella mayeri. Out of the to tal num -
ber of 60 ex am ined rock sam ples, only one sam ple con tains
<3% of globorotaliids among plank tonic foraminifera (Gliwice
21, 233.5 m). Ac cord ing to the first step of the ma te rial se lec -
tion, this sam ple has been omit ted. 

The per cent age of G. bykovae in the plank tonic as sem -
blage ranges from 0.3% (Gliwice 21, 267.6 m) to 89.5%

(Pilchowice 1, 320.0 m) with the mean value of 33.5 ±26.2%
(Fig. 2). Eight sam ples of in suf fi cient G. bykovae coil ing counts
(£40 spec i mens) re corded in the Gliwice 21 bore hole have
been omit ted in sinistrality counts of the taxon. For the re main -
ing 51 rock sam ples the me dian of sinistrally coiled spec i mens
is 50.9% (Fig. 2 and Ta ble 2), the per cent age of G. bykovae
among plank tonic foraminifers var ies from 1.8% (Gliwice 19,
270.0 m) to 89.5% (Pilchowice 1, 320.0 m), and the av er age
value is 38.1 ±25.1%.

In the ana lysed 59 sam ples, the per cent age of J. mayeri in
the plank tonic foraminiferal as sem blage fluc tu ates from 0.5%
(Pilchowice 10, 615.0 m) to 28.8% (Gliwice 21, 224.3 m) and
the av er age is 9.1 ±7.2% (Fig. 2). The num ber of in suf fi cient
coil ing counts (£40 spec i mens) is 22; most of them in the
Gliwice 21 (9 sam ples) and Gliwice 17 (6 sam ples) bore holes.
The me dian of sinistrally coiled spec i mens is 92.5% in 37 rock
sam ples (Fig. 2 and Ta ble 2): the per cent age of J. mayeri in
plank tonic foraminifera ranges from 2.0% (Gliwice 19, 289.0 m;
Pilchowice 10, 605.0 m) to 28.8% (Gliwice 21, 224.3 m); av er -
age value is 12.0 ±7.3%. 

Biozone IIB con tains two globorotaliid taxa of Globoconella
bykovae and Jenkinsella transsylvanica. Out of the to tal num -
ber of ex am ined rock sam ples (33) only one con tained <3% of
globorotaliids among the plank tonic foraminifera (Gliwice 21,
204.0 m). In the re main 32 sam ples G. bykovae oc curs only in
16  and J. transsylvanica in all of  rock sam ples (Ap pen dix 1).

The per cent age of G. bykovae in plank tonic foraminifera
var ies from 0.5% (Pilchowice 10, 575.0 m) to 45.0% (Gliwice
21, 202.2 m) with the mean value of 6.8 ±11.8% (Fig. 2). Only
four sam ples re main re li able con cern ing coil ing data ac cord ing
to the ap plied method, and the me dian of sinistrally coiled

Bold – av er age and stan dard de vi a tion of the sub-evaporite Badenian; in the brack ets – num ber of sam -
ples; as ter isk – data on coil ing counts (min i mal, max i mal, me dian); dashed area – bar ren of taxa in the par -
tic u lar biozone

T a  b l e  2

Per cent age of sinistrally coiled globorotaliid spec i mens



G. bykovae spec i mens is 47.7% (Fig. 2 and Ta ble 2). The per -
cent age of G. bykovae in the plank tonic foraminiferal as sem -
blage ranges from 0.7% (P³awniowice 1, 142.0 m) to 45.0%
(Gliwice 21, 202.2 m); av er age value is 20.2 ±19.4%. 

In 32 sam ples of biozone IIB, J. transsylvanica ac counts for
from 2.5% of (Gliwice 21, 202.2 m) to 95.2% (Pilchowice 10,
565.0 m) among plank tonic foraminifera, with an av er age value
of 47.0 ±23.5% (Fig. 2). There are in suf fi cient coil ing counts
(<40 spec i mens) in one sam ple (Gliwice 21, 202.2 m). The me -
dian of sinistrally coiled spec i mens in the other 31 sam ples is
51.1% (Fig. 2 and Ta ble 2), and the J. transsylvanica per cent -
age among plank tonic foraminifera var ies from 12.5% (Gliwice
19, 220.0 m) to 95.2% (Pilchowice 10, 565.0 m) with a mean
value of 48.4 ±22.4%. 

Biozone IIb con tains two globorotaliid taxa: Globoconella
bykovae and Jenkinsella transsylvanica. Among all the ex am -
ined rock sam ples, two sam ples con tain the not re quired num -
ber of globorotaliids (£3%) in the plank tonic foraminiferal as -
sem blage (Gliwice 19, 181.2 m; ̄ ory 4, 105.0 m). G. bykovae is 
pres ent in 35 sam ples more. J. transsylvanica is found in  26 of
them (Ap pen dix 1). The per cent ages G. bykovae among plank -
tonic foraminifera ranges from 2.4% (P³awniowice 1, 139.0 m)
to 63.6% (Pilchowice 10, 554.0 m) with the mean value 26.8
±18.1% (Fig. 2). In six sam ples, the num ber of coil ing counts is
£40 spec i mens. In the other 29 sam ples, the me dian of
sinistrally coiled G. bykovae spec i mens is 49.4% (Fig. 2 and
Ta ble 2). The per cent age of G. bykovae among plank tonic
foraminifera of these 29 sam ples var ies from 3.4% (Gliwice 19,
179.0 m) to 63.6% (Pilchowice 10, 554.0 m) with the mean
value at 28.9 ±17.4%. The per cent age of J. transsylvanica
ranges from 0.7% (Wilcza 2, 96.0 m) to 69.0% (P³awniowice 1,
139.0 m) with the mean value 17.1 ±21.0% (Fig. 2). In the sam -
ples of this biozone the num ber of sam ples dis play ing in suf fi -

cient coil ing counts is 14  and only 12 sam ples are con sid ered
re li able coil ing data. The me dian of sinistrally coiled spec i mens
is 51.0% (Fig. 2 and Ta ble 2), and the per cent age of J.
transsylvanica in these plank tonic foraminiferal as sem blage
ranges from 5.6% (Gliwice 24, 163.0 m) to 69.0% (P³awniowice
1, 139.0 m) with the av er age 33.0 ±21.9%. 

WIELICIAN 

The IIC biozone is bar ren of globorotaliids (12 rock sam ples
were checked). Globorotaliids are ab sent also in sam ples of the 
IID biozone, ex cept for globorotaliids quan ti ta tively sig nif i cant 
oc cur rence (peaks) traced  within few sep a rated sam ples in the
stud ied II D biozone ma te rial. Al to gether, 30 rock sam ples of
the IID biozone com pris ing peaks in 8 sam ples were checked; 
sin gle Globoconella bykovae spec i mens in sam ple 81.0 m of
the Wilcza 2 bore hole is omit ted from the globorotaliid coil ing
count ing. The peaks com prise Globoconella bykovae in six
sam ples and Globoconella minoritesta in two sam ples (Ap pen -
dix 1). 

There are dif fer ent coil ing pref er ences of G. bykovae pres -
ent in the stud ied six sam ples. In three of them (P³awniowice 1,
133.0 and 130.0 m; Gliwice 19, 173.5 m) the mean value of
sinistrally coiled spec i mens is 52.3 ±3.0% with the me dian
53.6%. The per cent age of G. bykovae in the plank tonic as sem -
blage is from 3.5% (Gliwice 19, 173.5 m) to 11.7% (P³awniowice 
1, 130.0 m) with the mean value 6.5 ±4.5%. In the other three
sam ples of the G. bykovae quan ti ta tive peaks (¯ory 4, 55.0 m;
Sumina 2, 286.0 m; KSW sam ple no. 47) the mean value of
sinistrally coiled spec i mens is 86.0 ±3.3% with the me dian
87.1%. The per cent age of G. bykovae in the plank tonic as sem -
blage of these sam ples range  from 12.3% (KSW sam ple no.
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Fig. 2. Globorotaliid abun dance (me dian) vs. sinistrality within Moravian biozones (IIA, IIB, IIb)
and globorotaliid ep i sodes (IID1, IID2, IID3) dur ing the Wielician IID biozone

Sinistrality 47–53% is im ple mented as pro por tional coil ing



47) to 66.7% (¯ory 4, 55.0 m) with the mean value  40.4
±27.2%. In the two peaks of the Globoconella minoritesta
(Bielszowice 7, 83.0 m; Gliwice 19, 172.0 m) the mean value of
sinistrally coiled spec i mens is 48.2 ±1.7%. The per cent age of
G. minoritesta in the plank tonic as sem blage is 6.6% (Bielszo -
wice 7, 83.0 m) and 35.8% (Gliwice 19, 172.0 m) with the mean
value 21.2 ±20.6%. 

The strati graphic or der of the globorotaliid events is shown
in Fig ure 2 and Ta ble 2. In the Gliwice 19 bore hole, pro por tion -
ally coiled G. bykovae (IID1) in sam ple 173.5 m is fol lowed by
pro por tion ally coiled G. minoritesta (IID2) in sam ple 172.0 m of
this bore hole (Ap pen dix 1, Ta ble 2 and Fig. 2). The dom i nance
of sinistrally coiled Globoconella bykovae (IID3) is re corded in
the Sumina 2 (sam ple 286.0 m) and ¯ory 4 (sam ple 55.0 m)
bore holes, and in the Salt Brec cia Mem ber of the Wieliczka de -
posit (xe no lith sam ple no. 47). In the pres ently stud ied ma te rial,
sinistrally coiled Globoconella bykovae  event (IID3) is not
traced in the same bore hole jointly  with any of the events men -
tioned above (Ap pen dix 1). As this event  is ob served just few
centi metres be low the evaporites of the Krzy¿anowice Fm. in
the Sumina 2 bore hole, this  of the Wielician globorotaliid
events is po si tioned as the youn gest globorotaliid-bear ing
layer. 

COMPARISON AND DISCUSSION

COMPARISON OF COILING DATA WITH COEXISTING
GLOBOROTALIID MORPHOSPECIES 

The taxa names of globorotaliids Jenkinsella transsyl va -
nica, Globoconella bykovae and G. minoritesta are in use only
in the Paratethys. These taxa names do not have coun ter parts
even in the ad join ing part of the Med i ter ra nean Ba sin con -
nected with the Paratethys through sea ways (i.a. Rögl, 1998).
Only Globoconella bykovae has been de scribed apart from the
Paratethyan area (e.g., Saito and Maiya, 1973; Fujiwara et al.,
2008). This gen er ates a sig nif i cant ob sta cle to per form com par -
i sons be tween the globorotaliid coil ing data pre sented herein
and non-Paratethys data. Com par i son of coil ing di rec tions with
non-Paratethys data is pos si ble only if we as sume that the
Globoconella bykovae, Jenkinsella transsylvanica and Globo -
co nella minoritesta are morphotypes of some of the glob ally
known taxa. 

The di rect com par i son of the coil ing mode can be un der -
taken con cern ing Jenkinsella mayeri Cushman, Ellisor, 1939
and its syn on y mous Globorotalia siakensis LeRoy, 1939 (af ter
Bolli and Saunders, 1982). A dis tinct change from pro por tional
to sinistral J. mayeri oc curred in the Mio cene Zone N8 (no ta tion
af ter Blow, 1969). The sinistrality per sisted un til the ex tinc tion of 
the taxon at the end of the Mid dle Mio cene (Win ter and
Pearson, 2001). In the stud ied Paratethys sed i ments, J. mayeri
spec i mens are sinistrally coiled and abun dant within the IIA
biozone. They dis ap pear at the base of the IIB biozone (Ta bles
1, 2 and Fig. 2). As Orbulina suturalis is pres ent, thus the stud -
ied sed i ments can be not older than N9 (no ta tion af ter Blow,
1969). The strati graphic range of J. mayeri with sinistral coil ing
in the Up per Silesia Ba sin is con sis tent with data from Win ter
and Pearson (2001). Jenkinsella mayeri spec i mens show av er -
age per cent ages of ~9% (max. 28.8%) within the IIA biozone,
which has been used as this taxon acme within the CPN 7 (Ta -
ble 1). This Paratethyan in ter val cor re lates well with N9
sinistrally coiled J. siakensis acme Ab in the Med i ter ra nean sed -
i ments (Ab dul Aziz et al., 2008; Hüsing et al., 2010). Ac cord ing
to Hilgen et al. (2009), this acme ends at the top of N9; how -

ever, the data on coil ing mode has not been pro vided so far.
The Ab Paragloborotalia (J.) siakensis is shown also by Foresi
et al. (2011) in the Langhian GSSP, but the spec i mens are ran -
domly coiled therein, with out ex act counts of coil ing di rec tions. 

Based on the re sem blance of mor phol ogy, Globoconella
bykovae can be con sid ered as the morphotypes of ei ther
Fohsella peripheroronda or Globorotalia praescitula (Gonera,
2013). Both are glob ally known taxa and com mon com po nents
of the Med i ter ra nean Mid dle Mio cene plank tonic foraminiferal
as sem blage (Iaccarino, 1985). In the stud ied ma te rial, Globo -
conella bykovae spec i mens are pro por tion ally coiled up to the
IID3 in flux – only in this ex cep tional event the spec i mens dis play 
a strong bias to sinistrality (Fig. 2 and Ta ble 2). Within the
fohsellids, the pro por tions of coil ing di rec tion have been doc u -
mented from their ap pear ance dur ing early phy log eny, from
long-rang ing Fohsella peripheroronda to F. peripheroacuta, all
with strong pref er ence for sinistral coil ing (Bolli, 1950). This bias 
to sinistrality in fohsellids was raised by Eisenach and Kelly
(2006) in the Serravalian M8 biozone (no ta tion af ter Berggren
et al., 1995). The fohsellids youn ger than Fohsella periphero -
ronda are not dis played in the Med i ter ra nean Mio cene (Cita and 
Blow, 1969; Iaccarino, 1985; Hilgen et al., 2009; Foresi et al.,
2011). The pres ence of Fohsella cf. peripheroacuta is men -
tioned by Lirer and Iaccarino (2005), yet with no coil ing data. In
the Paratethys, F. peripheroacuta is shown by Rögl (1985) as a
Wielician globorotaliid, but data on coil ing di rec tion is not given.
An other pos si bil ity is that G. bykovae spec i mens of the stud ied
Paratethys sed i ments are morphotypes of Globorotalia praesci -
tula. The pro por tion ally coiled Globoconella bykovae spec i -
mens dis play the same coil ing mode as Globorotalia praesci -
tula de scribed from the Med i ter ra nean Langhian by Foresi et al. 
(2011). Sinistrally coiled Globoconella bykovae (IID3 event)
can not be com pared to the Med i ter ra nean globorotaliids at
pres ent, as the lack of ad vanced data on coil ing mode of the
Med i ter ra nean F. peripheroronda and G. praescitula. Be cause
of the cur rent lack of data, the doc u mented coil ing pat terns in
the study area (basinal part of the Carpathian Foredeep in the
Up per Silesia Ba sin) can not to be com pared to that in other ar -
eas of the Paratethys. 

The spec i mens of J. transsylvanica and G. minoritesta
dem on strate mor pho log i cal re sem blance to well-known globo -
rotaliids: Globorotalia challengeri Srinivasan and Ken nett 1982
and Globorotalia miotumida Jenkins 1960, re spec tively. Un til
now, there have been no sys tem atic stud ies on the coil ing pref -
er ences, just oc ca sion ally men tioned in the lit er a ture (e.g.,
Scott et al., 1990). As in the Med i ter ra nean Mio cene sed i ments, 
none of the men tioned Paratethyan taxa has been shown.
There fore, un til an ad vanced study on the tax on omy of these
taxa is writ ten, the com par i son of coil ing to global data in the
pres ent work has its lim i ta tions. How ever, the men tioned
Paratethyan globorotaliids con firm Bolli’s (1971) opin ion on a
pro por tional coil ing pat tern at the ini tial stage of phy log eny of
the spe cies at its strati graphic ap pear ance. 

GLOBOROTALIID COILING PREFERENCES VERSUS BASIN
HYDROGRAPHY INDICES 

Quan ti ta tive data on the hy dro graphic in di ces of the ana -
lysed sam ples within the stud ied Badenian are dis played in Ta -
ble 3. The num ber of sam ples used to eval u ate hydrography
over comes by ~28% these used to globorotaliid coil ing counts
(com pare the data in Ta bles 2 and 3). 

Sinistrally coiled Jenkinsella mayeri (J. mayeri SINI) oc curs in 
the stud ied sed i ments within biozone IIA. The  spec i mens dis -
ap pear at the base of biozone IIB, and they do not oc cur in the
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In the bracket – num ber of sam ples con sid ered for par tic u lar biozones; * – means Globigerina bulloides and
Turborotalita quinqueloba; ** – means Globoquadrina altispira, Globigerinoides quadrilobatus and Orbulina
suturalis

T a  b l e  3

Hy dro graphic in di ces (av er age and stan dard de vi a tion) of the sub-evaporite Badenian biozones

Fig. 3. Plank tonic foraminifera eco-groups vs. P/B ra tio (me dian) of the sub-evaporite
Badenian in the study area

1 – cool-wa ter (Globigerina bulloides and Turborotalita quinqueloba), 2 – warm-wa ter
(Globoquadrina altispira, Globigerinoides quadrilobatus and Orbulina suturalis),

3 – per cent age of globorotaliids, 4 – P/B ra tio



up per part of the Skawina Fm. (Gonera, 2013). At the IIA/IIB
bound ary, the P/B ra tio in creases by ~14% (Fig. 3), while the
per cent age of warm-wa ter plank tonic forms in the plank ton
foraminiferal as sem blage re mains sim i lar (only ~3% in crease).
These two biozones show a fau nal shift re gard ing the de crease
of cool-wa ter taxa (~12%) and an in crease of globorotaliids
(~8%). This re sults in a rel a tive de crease of Globigerina
bulloides and Turborotalita quinqueloba per cent age in plank -
tonic foraminiferal as sem blage, while the per cent age of deep -
est-dwell ing globorotaliid plank tonic forms in creases. 

The change at the IIA/IIB bound ary is very pro nounced re -
gard ing ox y gen and car bon sta ble iso topes (Ta ble 4). There is
a d18O in crease in both ben thic and plank tonic foraminifers and
a si mul ta neous de crease in D d18O be tween pe lagic and bot tom 
dwell ers in the ba sin (Fig. 4). The palaeoenvironmental change
at the IIA/IIB bound ary has been al ready in ferred by Gonera
(2013) as the im print of the mid-Moravian cryp tic cool ing in the
study area. At the IIA/IIB bound ary, d13C shows a re mark able
shift (Fig. 4). There is a slight de crease in d13C within ben thic
foraminifera tests and a pro nounced in crease within plank tonic
foraminifera tests (~0.05 and ~0.41‰, re spec tively). Par tic u -
larly pro nounced is the D d13C of the IIB biozone com par ing to
that of the IIA biozone (0.76 and 0.30‰, re spec tively). These
mea sure ments al low as sum ing that nu tri ents sup ply in creased
and the pro duc tiv ity in ten si fied due to IIB cool ing, thus
phytoplankton drained iso to pi cally lighter car bon caus ing 13C
up lift in plank tonic foraminifera tests. The pro cess was very in -
tense, as in ferred based on the com par i son of Globigerina
bulloides 13C con tents be tween the biozones of IIA and IIB. The
de cay of phytodetritus at the sea floor en hanced the bot tom wa -
ters in 12C. Due to the in cor po ra tion of the lighter car bon, the
Uvigerina tests were richer in 12C than the uvigerinas of the IIA
biozone (Fig. 5). Biozone IIB dis plays a sig nif i cantly dif fer ent
state of the con sid ered hy dro graphic in di ces com pared to those 
of biozone IIA. These new con di tions elim i nated J. mayeri SINI

from the en vi ron ment. 
The IIB sed i ments con tain an other Jenkinsella spe cies. It is

pro por tion ally coiled J. transsylvanica (J. transsylvanica PROP).
The fa vour able hab i tat con di tions of this pe riod in duced an
acme of the morphospecies. Up ward, within the IIb biozone,

strong re duc tion in the J. transsylvanica con tent (still pro por -
tion ally coiled) oc curs. In this youn gest biozone of the Moravian
substage (CPN 7) there is a slight drop in the P/B ra tio com -
pared to the pre vi ous IIB biozone (Fig. 3 and Ta ble 3). While the 
per cent ages of cool-wa ter taxa re main sim i lar (only ~3% in -
crease) these two biozones dif fer as re gards warm-wa ter ones
(~13% in crease) and the globorotaliid con tent (~10% de -
crease). At the first sight, these foraminiferal in di ces of the IIb
and IIA biozones are sim i lar, but there is a pro nounced dif fer -
ence in the ox y gen and car bon sta ble iso tope val ues. The  d18O
is 0.72‰ higher in plank tonic foraminifers and 0.9‰ higher in
Uvigerina. Thus, the ba sin tem per a ture dur ing the IIb biozone
was much cooler than dur ing IIA. On the other hand, the sur face 
tem per a ture of IIb was warmer than of IIB, but the bot tom tem -
per a ture was even cooler than of IIB (Fig. 5). Dis sim i lar ity be -
tween IIA and IIb is also ob served as re gards d13C. Dur ing the fi -
nal Moravian biozone (IIb), d13C in both bot tom and pe lagic wa -
ters was higher than dur ing IIA: 0.09 and 0.56‰, re spec tively
(Fig. 5). Both IIb plank tonic and ben thic tests in cor po rate the
car bon reached in 13C. The change to these warmer and nu tri -
ent-poor pe lagic wa ters was the fea ture dis crim i nat ing J.
transsylvanica PROP from the ba sin, as only low amounts are still
pres ent in some IIb sam ples. As globorotaliids, this taxon re -
treated from the stud ied sed i ments due to the de fin i tive dis ap -
pear ance of the Moravian biotope at the base of the Wielician
IIC biozone in the study area of the Paratethys (Alexandrowicz,
1963; Gonera, 2001). 

Globoconella bykovae is a rel a tively com mon and long-last -
ing globorotaliid in the study area. The taxon is pro por tion ally
coiled at the be gin ning of biozone IIA and per sists in this coil ing
pat tern dur ing the Moravian biozones. This coil ing pat tern was
kept un changed in spite of the changes in ba sin hydrography in -
di ces, even when the num ber of taxon’s in di vid u als is low and
ten ta tively di min ishes dur ing biozone IIB. As all the globoro -
taliids, G. bykovae dis ap pears in the Wielician biozones, ex cept 
for a sin gle spec i men in the stud ied sam ples. At the be gin ning
of the Wielician, the con tin u ous pres ence of globorotaliids in the 
sed i ment ended. Af ter the Moravian/Wielician bound ary, there
were solely ep i sodic in fluxes of wa ters car ry ing globorotaliids
into the study area. These in fluxes car ried only globoconellas.
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T a  b l e  4

Iso to pic com po si tion of plank tonic (Globigerina bulloides) and ben thic (Uvigerina spp.)
 foraminifera (mean value and stan dard de vi a tion) in the sub-evaporite Badenian 

(da ta base af ter Gonera and Bukowski, 2012)



The hy dro graphic fea tures, which elim i nated the globorotaliids,
are de scribed be low.

The P/B ra tio slightly in creased at the IIb/IIC bound ary and,
si mul ta neously, the polytypic (rich in taxa) plank tonic fora -
miniferal as sem blage has been sub sti tuted by a monotypic
(poor in taxa) pop u la tion. A bloom of cool-wa ter Globigerina
bulloides (Ta ble 3 and Fig. 3) can be re con structed. The IIb/IIC
bound ary is very pro nounced in re gard to the ox y gen sta ble iso -
tope (Ta ble 4 and Fig. 4). There is a d18O in crease in both
plank tonic and ben thic foraminifera: 2.1 and 0.8‰, re spec tively 
(Fig. 5). Note wor thy is the con tin u ous in crease in d18O through -
out the Moravian. Nev er the less, in pe lagic realms the de crease 
hap pened in the warmer in ter val of the IIb biozone (Fig. 5).
Strong cool ing is re flected in the pe lagic as sem blage of biozone 

IIC, and, com bined with de creas ing Dd18O, must be the re sult of
strong shallowing of the ba sin. This newly es tab lished shal lower 
depth caused dis ap pear ance of globorotaliids from the en vi ron -
ment. In the IIC biozone, the d13C in creased in Globigerina
bulloides tests and slightly de creased in Uvigerinas. These d13C 
con tents in the IIC and IIB biozones are slightly sim i lar re gard -
ing Dd13C: 0.6‰ in IIC and 0.76‰ in IIB (Fig. 5). The causes of
such d13C con tent were the same as in the IIB in ter val, al though
they are pro nounced stron ger within the IIC biozone. The wa ter
col umn dur ing IIC was much cooler, poorly strat i fied and shal -
lower than any time be fore, thus the globorotaliids lost their hab -
i tat in the study area.

These cir cum stances sus tained also dur ing the youn ger
Wielician (IID) biozone. The per cent age of plank tonic spec i -
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Fig. 4. Foraminiferal ox y gen vs. car bon sta ble iso tope val ues (me dian)
 of the sub-evaporite Badenian

A – plot of Globigerina bulloides (plank tonic); B – plot of Uvigerina spp. (ben thic);
for more data see Ta ble 4



mens in the foraminiferal as sem blage di min ished con sid er ably, 
al beit there were the same cool-wa ter taxa (Fig. 3 and Ta ble 3).
Ther mal strat i fi ca tion of the wa ter col umn, as can be re ferred
based on  d18O, re mained sim i lar to that of the IIC biozone (Fig.
4 and Ta ble 4). Yet, the con spic u ous change is in the 13C con -
tent. The IID biozone is dis tin guished by a low con tent of 13C, as 
noted be low (Fig. 5). The drop was 0.5‰ both in plank tonic and
in ben thic foraminifers. The d13C at tains the low er most val ues
within the sub-evaporite Badenian: 0.07 and –0.46‰, re spec -
tively (Fig. 5). It is char ac ter is tic that this drop in sta ble iso tope
val ues was ob serv able both in the pe lagic and ben thic or gan -
isms of the ba sin. This is a fun da men tal dif fer ence be tween the
pre vi ous biozones (IIB and IIC) show ing a d13C de crease only in 

the bot tom wa ters, cou pled with a d13C in crease in the sur face
wa ter. The drop of d13C within the whole wa ter col umn dur ing
the IID was sup pos edly caused by the ces sa tion of 12C cap ture
by phytoplankton. The above-dis cussed hydrography dur ing
the IID in ter val was in ter rupted by three in fluxes of fully ma rine
wa ters from out side of the ba sin, al ways globorotaliid-bear ing.
The Globoconella bykovae spe cies is pres ent in two of these in -
fluxes: IID1 and IID3 (Fig. 3 and Ta ble 3). 

Dur ing the first in flux (IID1) the P/B ra tio is dou bled com -
pared to the non-flux IID pe riod (Fig. 3 and Ta ble 3). Warm-wa -
ter taxa (Globoquadrina, Globigerinoides, Orbulina, and Globi -
gerinella) ac count for 56% of the plank tonic foraminiferal as -
sem blage. Globorotaliids make up only a small pro por tion of the 
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Fig. 5. Foraminiferal sur face vs. bot tom ox y gen and car bon sta ble iso tope range (me dian) cal cu lated
 for the sub-evaporite Badenian

For more data see Ta ble 5



plank tonic foraminifera with pro por tion ally coiled Globoconella
bykovae. The ox y gen and car bon sta ble iso tope data are
scarce for zone IID1. Nev er the less, a dif fer ence be tween IID
and IID1 is re mark able in both sta ble iso topes (Fig. 4 and Ta ble
4). Dur ing this in flux the Dd18O value is higher (1.63‰) com -
pared to that of IID (0.63‰), in di cat ing a con sid er able in crease
in ther mal strat i fi ca tion of the wa ter col umn. The dif fer ence is
also in the d13C con tent – it is much higher in IID1 than in IID
(Fig. 4 and Ta ble 4). Note wor thy is that the d13C in crease is ob -
serv able in both plank tonic and ben thic foraminifers (Fig. 5).
This d13C in crease in the en tire IID1 wa ter col umn could be due
to the re turn of d12C cap ture by phytoplankton.

The Globoconella bykovae coil ing is pro por tional in both
IID1 in flux and the IIb biozone sam ples. Among the globo -
rotaliids of IID1 the J. transsylvanica tests are rare, like in the IIb
biozone. These two dif fer in the P/B ra tio, in spite of the sim i lar
set of warm-wa ter symbiont-bear ing plank tonic fora minifera
(Gonera, 2001). The dif fer ence be tween  IID1 and IIb sam ples
(Gliwice 19, 173.5 m; P³awniowice 1, 130 m and 133 m) is in the
d18O and d13C con tents; nev er the less, these data are scarce
within IID1 (Ta ble 4; Figs. 4 and 5). 

The sam ples of the sec ond Globoconella bykovae-bear ing
in flux con tain sinistrally coiled spec i mens. The P/B ra tio of this
in flux is the low er most among all the de pos its stud ied (Fig. 3
and Ta ble 3). This scanty plank tonic as sem blage is dom i nated
by cool-wa ter symbiont-bear ing globigerinas (G. bulloides, G.
quinqueloba) and Globoconella bykovae SINI. The as sem blage
com prises only sin gle spec i mens of warm-wa ter plank tonic
foraminifera: Globigerinoides and Orbulina. Ap par ently, the
plank tonic foraminiferal as sem blages are less di verse than
those rec og nized within the lower parts of the sub-evaporite
Badenian. Un for tu nately, there is no sta ble iso tope data pro vid -
ing in for ma tion on the hy dro graphic con di tions of this event.
Globoconella bykovae per sisted pro por tion ally coiled dur ing
the Moravian and sub-evaporitic Wielician and changed the
coil ing pat tern to sinistral within this par tic u lar in flux. 

Be fore the Globoconella bykovae SINI-bear ing in flux, there
has been pro por tion ally coiled Globoconella minoritesta (G.
minoritesta PROP) dis cov ered within the IID2 in flux (Fig. 2 and Ta -
ble 2). The P/B ra tio of this in flux is ~29% (Fig. 3 and Ta ble 3).
Cool-wa ter symbiont-bear ing taxa dom i nate in the plank tonic
foraminiferal as sem blage (74%). Globoconella minoritesta PROP

is the only and com mon globorotaliid herein (~21%). Warm-wa -
ter plank tonic foraminifera (Globigerinoides and Orbulina) are
rare in the as sem blage. It is es sen tial to men tion here that be -
fore this par tic u lar in flux, termed IID2, Globoconella minoritesta
spec i mens do not oc cur in the older Badenian sed i ments (Ap -
pen dix 1). 

THE GLOBOROTALIID DATA VERSUS THE ADJACENT 
SEAS OF THE PARATETHYS 

The three dis cov ered in fluxes car ry ing outer ma rine wa ter
into the IID ba sin brought dif fer ent globorotaliid spe cies, as de -
tected in some of the stud ied bore holes. In one of them (Gliwice 
19) the depth dis tance be tween the IID1 and IID2 in fluxes is
merely 1.5 m, thus the thick ness of globorotaliid-bear ing sed i -
ments must be rather thin com pared to the Moravian globo -
rotaliid lev els (in ter vals). Thus, sam pling den sity seems to be
the piv otal fac tor to re veal the pres ence of the in fluxes. In the
stud ied bore holes, the sam pling in ter val in the Wielician de pos -
its of the Skawina Fm. var ies from 1.3 m (Gliwice 24) to 17.0 m
(Pilchowice 10) and is 4.7 ±1.9 m in the re main ing bore holes.
This sam pling cov er age seems in suf fi cient to find out a com -

plete set of the in fluxes within par tic u lar sec tions (bore holes).
The dis cov ered globorotaliid events of the sub-evaporite
Wielician seems to be a prom is ing tool in high-res o lu tion stra tig -
ra phy to po si tion the Wielician evaporites in par tic u lar ar eas and 
to map this sa lin ity cri sis (Peryt, 2006). 

In the stud ied ma te rial, the gyp sum de pos its of the
Krzy¿anowice Fm. are lo cated ei ther above IID1 (P³awniowice 1
bore hole) or above IID2 (Bielszowice 7 and Gliwice 19 bore -
holes). The third in flux (IID3) pre cedes the Krzy¿anowice Fm.
de pos its in the Sumina and ¯ory 4 bore holes. It is pres ent in
one of the Brec cia Mem ber salt xe no liths of the Wieliczka ha lite
de posit (sam ple no. 47 in Gonera et al., 2014). This youn gest
in flux (IID3) is lo cated within the ha lite sed i men ta tion area of the
Carpathian Foredeep Wielician (Wieliczka For ma tion), de lin -
eated by Garlicki (1979) and Bukowski (2011). Thus, the ha lite
sed i men ta tion ar eas sus tained lon ger un der the terrigenous
part of the Skawina For ma tion – it was up to the third
globorotaliid in flux. In ha lite-free ar eas, the Skawina For ma tion
sed i men ta tion ter mi nated ear lier, not per sist ing so long as in
the ha lite sed i men ta tion ar eas. The sub mit ted globorotaliid data 
can serve as an in di rect ev i dence on the not isochronous de po -
si tion of the Wielician sa lin ity cri sis fa cies. In the study area, it
im plies that the bound ary of the Skawina and Krzy¿ano wice
Fm. is diachronous. 

The Wielician globorotaliid events pre ceded the evaporite
for ma tion in the basinal part of the Pol ish Carpathian Foredeep
Ba sin (this pa per). In the coastal part of the ba sin, these events
has been ei ther ab sent (Gonera and Kulka, 1979; Peryt, 2013)
or de tected in one of the bore holes, but no data on coil ing has
been given (£uczkowska, 1964). 

The Globoconella bykovae and Jenkinsella mayeri globo -
rotaliid in ter val of the Up per Silesia Ba sin (IIA biozone) is co eval 
to the Židlahovice parastratotype sec tion de scribed by Holcová
and Demeny (2012) and Doláková et al. (2014). The globo -
rotaliids youn ger than IIA biozone are bar ren in sed i ments of
the Židlahovice bore holes. De scribed by Rupp and Hohene -
gger (2008), the globorotaliid as so ci a tion from the Badenian
stratotype sec tion is much sim i lar to that of the IIb biozone (i.e.
the youn gest globorotaliid level of the Moravian) and it fol lowed
the Badenian de pos its con sid ered by Doláková et al. (2014).
The pro posed Globorotalia transsylvanica Biozone (Filipescu
and Filipescu, 2014–2015) is co eval with the IIB – at least as re -
gards the dom i nant taxon. Ex am in ing the coil ing pat tern of
Globorotalia bykovae, found by Báldi et al. (2017) be low the
Soltvadkert Trough evaporites of the Pannonian Ba sin, might
be use ful for intra-Paratethys strati graphic cor re la tion. In re la -
tion to the Wielician globorotaliid events de scribed in this pa per, 
the piv otal cor re la tion as pect is the coil ing pref er ences of the
two globorotaliid peaks de scribed by Kováèová and Hudáèková 
(2009) within the CPN 8 in the Slo vak part of the Vi enna Ba sin.
It ap pears nec es sary to make a com mon prac tice to ex am ine
the sec ond ary fea tures of plank tonic foraminifera tests like the
coil ing pref er ence in the case of globorotaliid tests. It is be lieved 
that, if coil ing di rec tion counts be come rou tine in plank tonic
foraminifera anal y ses in the Paratethys, the col lected data can
serve as a base for a higher-res o lu tion stra tig ra phy.

CALIBRATION OF THE STUDIED MATERIAL
 TO GLOBAL STRATIGRAPHY 

The GSSP (Global Stra tig ra phy Sec tion and Point) data are
con sid ered to achieve the cal i bra tion of the stud ied ma te rial to
global stra tig ra phy. Ac cord ing to Fornaciari et al. (1997) the top
of the Langhian his tor i cal stratotype co in cides with the First Oc -
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cur rence (FO) of Orbulina universa and the First Com mon Oc -
cur rence (FCO) of the nannoplankton Helicosphera walber -
sdorfensis. The morphospecies Orbulina universa is not men -
tioned from the Serravalian GSSP and no par tic u lar in dex taxon 
is rec om mended for this Point (Hilgen et al., 2009). In this
stratotype sec tion coccoliths Sphenolithus hetereomorphus
Last (Com mon) Oc cur rence – L(C)O slightly post dates and
Helicosphera walbersdorfensis (FCO) pre dates the Lang -
hian/Serravalian bound ary  (Hilgen et al., 2009). Ac cord ingly,
the bound ary  is brack eted  by these coccolith events within the
Serravalian GSSP (Hilgen et al., 2009).

In the Paratethys, the youn gest orbulinid is Orbulina sutu -
ralis (Cicha et al., 1998). Us ing the orbulinids da tum in dex taxa
(Blow, 1969) we are obliged to claim that the stud ied de pos its
are not youn ger than global Zone N9. Af ter Lehotayova (1982),
Dudziak and £uczkowska (1991), Peryt et al. (1997), Peryt
(1997), Chira (1999) and Garecka (2014), Sphenolithus hetero -
morphus spec i mens (with out quan ti ta tive data) oc cur  within the 
sub-evaporite Badenian. In the Up per Silesia Ba sin (Gliwice 17, 
Gliwice 19 and Gliwice 21 bore holes), Helico sphera walber -
sdor fensis is ab sent in the sub-evaporite Badenian (Peryt,
1997) or oc curs only as sin gle spec i mens east of the ba sin
(Garecka, 2014). Helicosphera walbersdorfensis spec i mens
oc ca sion ally oc cur within the Wielician gyp sum de pos its of the
ad join ing ar eas of the Up per Silesia Ba sin (GaŸdzicka, 1994;
Peryt et al., 1997). Ap par ently, there are no cal car e ous in dex
taxa (orbulinids, H. walbersdorfensis FCO) to tie the stud ied
globorotaliid events to the global stra tig ra phy. Nev er the less,
the (bio)strati graphic events cor re lated to the Mid dle Mio cene
cli mate changes can be used to cal i brate the dis cov ered coil ing
pref er ences of the Paratethyan globorotaliid and globorotaliid
in ter vals to the global stra tig ra phy. The ref er ences on Globige -
rina quinqueloba, Paragloborotalia siakensis, sta ble iso topes
and ra dio met ric data are here ap plied as the guid ing tool to per -
form  this strati graphic cal i bra tion.  

The Globigerina cf. quinqueloba Acme End (AE) dis cov -
ered within the Blue Clay For ma tion ~0.5 m above the Serra -
valian GSSP is dated at 13.74 Ma by Hilgen et al. (2009). In the
stud ied Paratethyan de pos its, the Globigerina quin queloba first 

com mon oc cur rence (acme) is re corded as early as biozone IIb
in three sam ples: 162.0 m in the Gliwice 24 bore hole, and 310.0 
and 300.0 m in the Sumina 2 bore hole (Ta ble 5). It ac counts for
14, 30 and 39% of the plank tonic foraminiferal as sem blage, re -
spec tively. As stated above, the IIb foraminiferal biozone rep re -
sents an in ter val re flect ing the dis ap pear ance of the Moravian
eco sys tem – a step-by-step elim i na tion of taxa typ i cal of the
Moravian IIA and IIB as sem blages (ecozones), be fore the new
Wielician eco sys tem as sem blages of IIC and IID be gan.
Globigerina quinqueloba is com mon in the IIC and IID as sem -
blages of the Up per Silesia Ba sin (Gonera, 2001). In these de -
pos its, G. quinqueloba with quan ti ta tively sig nif i cant peaks (up
to 100%) interfingers with Globigerina bulloides (Gonera,
2001). This pat tern of the taxa dis tri bu tion con tin ues up to the
evaporitic lay ers and even above it, within the Neobulimina
longa Zone de pos its (Ta ble 1; Alexandrowicz, 1963; £uczko -
wska, 1964; Gonera, 2001). Globigerina quinqueloba AE,
which is po si tioned ei ther at the base of the evaporites or at the
top of the Neobulimina longa biozone de pos its, is within the
Wielician ac cord ing to Gonera (1997). 

Con sid er ing the Globigerina quinqueloba Acme as co eval in 
the Med i ter ra nean and Paratethys, the con trary ap pears in re -
gard to Globigerina quinqueloba AE ver sus Sphenolithus
heteromorphus L(C)O in these two bas ins. In the Serravalian
GSSP, Sphenolithus heteromorphus L(C)O, dated by Hilgen et
al. (2009) at 13.654 Ma, oc curs af ter G. cf. quinqueloba AE
(Hilgen et al., 2009). In the stud ied Paratethys area, the events
hap pened in a re versed se quence: G. quinqueloba AE oc curs
af ter the S. heteromorphus last oc cur rence (Gonera, 1997;
Peryt, 1997). There is an ab so lute age of 13.62 ±0.10 Ma avail -
able for the Neobulimina longa Zone de pos its dated by the in -
ter ca lated tuffite (Bukowski et al., 2010). 

Ap pli ca tion of the evo lu tion ary da tums of low-lat i tude
fohsellids (Blow, 1969) or tem per ate-lat i tude globorotaliids
(Berggren et al., 1995) in the Paratethys re cord is im pos si ble.
The ob sta cle is the Paratethyan globorotaliid tax on omy:
Globoconella bykovae, Globoconella minoritesta and Jenkin -
sella transsylvanica un der these names are es sen tially re -
stricted to this area. The only ex cep tion is Jenkinsella mayeri,
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dis cussed by Gonera (2013), as a global-range taxon as signed
to the Paratethyan Mio cene. Here, Bolli and Saunders (1982)
are fol lowed in the res o lu tion that Paragloborotalia siakensis is
a ju nior syn onym of Jenkinsella  mayeri. The taxon coil ing is
pro por tional un til N8, and then be comes sinistrally coiled up to
its Mid dle Mio cene ex tinc tion (Nagappa, 1957; Bolli and
Saunders, 1985; Win ter and Pearson, 2001). Abun dant and
sinistrally coiled J. mayeri within the Paratethys IIA biozone re -
treats at the top of this biozone (Fig. 2 and Ta ble 2). The J.
mayeri AE at the top of biozone IIA is prom i nent and the cor re -
la tion of this event to the Med i ter ra nean re cords is an im por tant
achieve ment. 

The Paragloborotalia siakensis acmes have been re corded
in many sec tions of the Med i ter ra nean Mio cene, but the events
are not in dexed in the uni fied man ner (cf. Ab dul Aziz et al.,
2008; Hilgen et al., 2009). The Paragloborotalia siakensis A1E
lo cates within the Langhian part of the Serravalian GSSP sec -
tion and has been dated at 14.250 Ma (Hilgen et al., 2009). This  
is dated by Ab dul Aziz et al. (2008) at 14.240 Ma (AbE ) and is
co eval with the Mi-3a cool ing event. In the study area, the re -
treat of Jenkinsella mayeri SINI is fol lowed by J. transsylvanica
PROP AB (Acme Be gin ning). This J. transsylvanica in ter val (IIB
biozone) has been dis cov ered as a cryp tic cool ing pe riod based 
on the iso to pic data of the stud ied sec tions (Gonera, 2013).
Thus, there is a cor re spon dence be tween the Paratethyan
sinistral J. mayeri Acme End at the on set of the IIB biozone
cryp tic cool ing and the Med i ter ra nean Paragloborotalia sia -
kensis A1E at the Mi-3a cool ing. The Paratethyan sinistral J.
mayeri of the IIA biozone cor re lates well with the Med i ter ra nean 
sinistrally coiled J. siakensis bioevent A1E alias AbE. The J.
transsylvanica FO, im me di ately fol lowed by its acme, is co eval
with the on set of the Moravian cryp tic cool ing in ter val (IIB
biozone) in the stud ied ma te rial. The J. transsylvanica dis plays
pro por tional coil ing dur ing this pe riod (Ta ble 2 and Fig. 2).
Thus, both acmes of the Paratethyan (IIA biozone) sinistrally
coiled J. mayeri and the Med i ter ra nean J. siakensis Ab end with
the on set of the Mi-3a phase of the cli mate cool ing dated by
Hilgen et al. (2009) at 14.250 Ma, i.e. at the end of biozone N9. 

Holbourn et al. (2007) also found higher  d18O val ues in the
in ter val from 14.229 to 14.071 Ma. This is con sis tent with the
Paratethys iso to pic re cord: the IIB biozone dis plays cooler con -
di tions com pared to the IIA in ter val. The cryp tic cool ing in ter val
in the Paratethys (IIB biozone) is fol lowed by iso to pi cally re -
corded (Globigerina bulloides  d18O) warm ing of the IIb biozone
(Gonera, 2013). In the same sec tion, Holbourn et al. (2007)
dem on strated a warm ing re corded by  d18O be tween 14.025
and 13.874 Ma, i.e. un til the end of the Langhian. The Para -
tethyan IIb biozone may cor re late with this warm ing. 

The IIC biozone dis plays cool ing in both iso to pic and
foraminifera data (Durakiewicz et al., 1997; Gonera et al., 2000; 
Gonera, 2001; Gonera and Bukowski, 2012). This cli mate cool -
ing at the be gin ning of the Wielician was for merly named Mi3
Event (Gonera, 2001; Bicchi et al., 2003). Con sid er ing the new
de vel op ments in the area, it should be dated at the Mi-3b Event
and co eval with the be gin ning of the Serravalian. This cool ing is 
re corded up ward con tin u ously in the Wielician de pos its, and in -
ter rupted by three globorotaliid in fluxes bring ing some of the
warm-wa ter symbiont-bear ing plank tonic foraminifers into the
ba sin (Fig. 3 and Ta ble 3). These plank tonic foraminifera are
most nu mer ous in IID1 and scarcer in the re main ing two in fluxes 
(IID2 and IID3). Un for tu nately, the ox y gen and car bon sta ble iso -
tope mea sure ments of these in fluxes are non-sys tem atic and
spo radic, but they in di cate the  d18O con tent lower than in the
IID back ground sam ples (Fig. 4 and Ta ble 4). The three warmer 

swings above Mi-3b had been also re corded by Holbourn et al.
(2007) and dated at 13.705, 13.620 and 13.500 Ma, re spec -
tively. The re mark able cor re la tion of these global events with
the herein pre sented Paratethys globorotaliid in fluxes (IID1, IID2

and IID3) can not be ig nored. The Paratethyan globorotaliid spe -
cies as so ci ated with these three in fluxes are Globoconella
bykovae PROP, Globoconella minoritesta PROP and Globoconella
bykovae SINI. 

The Serravalian GSSP is lo cated by Hilgen et al. (2009) at
the E3 alias Mi-3b Event of the d18O re cord (Wood ruff and
Savin, 1991; Miller at al., 1991; Flower and Ken nett, 1994;
Abels et al., 2005). The strong swing to  d18O pos i tive val ues at
this Event is re garded as the ter mi na tion of the Mid dle Mio cene
Cli mate Tran si tion. This is the CM6 Event of the d13C re cord
and means the iso tope max i mum at the end of the Monterey
car bon iso to pic ex cur sion (Miller et al., 1991; Jacobs et al.,
1996). At the Serravalian GSSP, as tro nom i cally dated at 13.82
Ma, the ox y gen and car bon iso tope re cords re veal shifts to
heavier val ues as the sig na tures E3 alias Mi-3b and CM6, re -
spec tively (Hilgen et al., 2009). 

In the basinal part of the Pol ish Carpathian Foredeep, the
tuffite layer named WT-1 is ra dio met ri cally dated at 13.81
±0.08 Ma (de Leeuw et al., 2010). On the other hand, Dudziak
and £uczkowska (1991) stated that this tuff layer (WT-1) is lo -
cated within siliciclastics of biozone IIC, i.e. within the low er most 
part of the Uvigerina costai Zone (Ta ble 5). Based on these
data, we have a good rea son to date the be gin ning of the
Wielician in the Pol ish part of the Carpathian Foredeep just be -
fore 13.81 ±0.08 Ma, which is co eval to the on set of the Ice
House age (Mi-3b event) af ter Hilgen et al. (2009). Thus, the IIB 
cryp tic cool ing in this area should be cor re lated with the up per
Langhian Mi-3a Event (Ta ble 5). In the da ta base pre sented in
Gonera and Bukowski (2012) and re con sid ered in this pa per,
the Globigerina bulloides d13C val ues of the IIB, IIb and IIC
biozones char ac ter ize the in ter val from Mi-3a to Mi-3b (Fig. 5).
These high est d13C val ues em brace the Moravian/Wielician
bound ary in the stud ied ma te rial, dis play ing therein an im print of 
the end ing of the Monterey car bon iso tope ex cur sion. 

The pre sented con cept of the Langhian/Serravalian bound -
ary within the Skawina Fm. is not dis crep ant with the
Serravalian GSSP in re gard to the Sphenolithus hetero mor -
phus L(C)O and Discoaster floridanus LO res o lu tions af ter
Hilgen et al. (2009). These in dex taxa are pres ent in both the
Moravian (biozones IIA, IIB and IIb) and Wielician (IIC and IID
biozones) sed i ments (Peryt, 1997). The range of Sphenolithus
heteromorphus in the Up per Silesia Ba sin de pos its jus ti fied the
Serravalian GSSP po si tion ing at the be gin ning of biozone IIC,
i.e. at the base of the Wielician substage. The pres ent pa per
sup ports and fur ther con firms the opin ion pos tu lated by Rögl
and Müller (1978), £uczkowska (1998) and Hohenegger et al.
(2014) on the Langhian/Serravalian bound ary placed at the
Orbulina suturalis/Uvigerina costai (alias Lagenidae/Spiro -
plectammina) Zone bound ary in the Cen tral Paratethys (Ta ble
5). In the Pol ish part of the Paratethys, this bound ary is found
within the de pos its of the Skawina For ma tion. 

CONCLUSIONS

1. The Paratethyan Jenkinsella transsylvanica and Globo -
conella minoritesta, as the morphospecies ap pear ing in the
stud ied sec tion, con firm Bolli’s (1971) ob ser va tion on the first
ex hib it ing pro por tional coil ing in early phy log eny of any taxa. 
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2. The con sid ered in di ces of coil ing pat terns vs. hydro -
graphy dem on strate that sinistrally coiled Jenkinsella mayeri
(J. mayeri SINI) is ut terly sen si tive to hy dro graphic changes.
This is based on the ob ser va tion that the taxon re treats from
the ba sin when rel a tively warm pe lagic wa ters be came cooler
at the IIA/IIB biozone bound ary. On the other hand, pro por -
tion ally coiled Globoconella bykovae (G. bykovae PROP) was
found highly op por tu nis tic to chang ing hab i tat con di tions. This
taxon showed pro por tional coil ing through out all the no tice -
able en vi ron men tal changes through the Moravian and the
sub -evaporite Wielician (IID1), and al tered its coil ing pat tern to
sinistral within the warmer wa ter in flux (IID3) just prior to the
sa lin ity cri sis. Pro por tion ally coiled Jenkinsella transsylvanica
and Globoconella minoritesta are pres ent un der par tic u lar en -
vi ron men tal cir cum stances (J. transsylvanica PROP dur ing the
IIB in ter val; G. minoritesta PROP dur ing the IID2 in flux) and re -
treat as the fa vour able en vi ron men tal con di tions van ished. 

3. The cor re la tion of Serravalian GSSP with the Paratethys
Moravian/Wielician bound ary has been achieved by the dis cov -
ered globorotaliid bioevents cou pled with the Mid dle Mio cene
cli mate changes. Ac cord ing to the Paratethys biostratigraphy,
this GSSP cor re sponds to the Orbulina suturalis/Uvigerina
costai (alias Lagenidae/Spiroplectammina) Zone bound ary. In
the study area, this bound ary is co eval with the IIb/IIC biozone
tran si tion within the Skawina Fm. 

4. The rec og nized globorotaliid events of IID1, IID2 and IID3

in ter pos ing the sub-evaporite Wielician re cords are piv otal to
re solve the dat ing of the Wielician evaporites within ad join ing

ar eas of the Paratethys: are they isochronous, or non -
-isochronous? 

5. The be gin ning of the cryp tic cool ing biozone (IIB) cor re -
sponds to the dis ap pear ance of sinistrally coiled Jenkinsella
mayeri and the ap pear ance of pro por tion ally coiled J.
transsylvanica. The event is co eval with the Paragloborotalia
siakensis AbE of the Med i ter ra nean Mid dle Mio cene sec tions
and termed as Mi-3a, one of the cool ing events of the Mid dle
Mio cene Cli mate Tran si tion pe riod. The dis ap pear ance of
globorotaliids at the IIb/IIC biozone bound ary cor re sponds to a
pro nounced drop of tem per a ture due to the Mi-3b cool ing event
with the ad vance of the Mid dle Mio cene Ice House pe riod. 

6. In the stud ied ma te rial, the high est 13C con tent in Globi -
gerina bulloides tests of the IIB, IIb and IIC biozones brack ets
the Moravian-Wielician bound ary (CPN 7/CPN 8). This sign is
the im print of the ter mi na tion of the Monterey car bon iso to pic
ex cur sion at trib uted to the global Langhian/Serravalian
bound ary. 

7. The ev i dences on the globorotaliid coil ing pat tern, pre -
sented in this pa per, make us hope to de velop a com monly
used method of strati graphic cor re la tion be tween any re gions
within the Paratethys or out side. 
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