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Multiproxy sedimentological, gamma-spec tro met ric, foraminiferal, cal car e ous nannoplankton, and otolith data were used for 
the re con struc tion of the Badenian (Mid dle Mio cene) his tory of the Moravian part of the Carpathian Foredeep. The study ma -
te rial orig i nated from the new bore hole LOM-1, which drilled >20 metres of mo not o nous clayey siltstones with ex cep tion ally
rich and well-pre served microfossil as sem blages. Dis tal parts of the Carpathian Foredeep (a forebulge depozone) are ex -
posed in this suc ces sion. Gen er ally, a quiet en vi ron ment of outer shelf to up per bathyal of mo not o nous clayey silts was in ter -
preted, which is typ i cal for the prox i mal parts of a pe riph eral fore land ba sin. The sec tion stud ied can be sub di vided into six
in ter vals, con firm ing the cy cli cal char ac ter of Mid dle Mio cene sed i men ta tion in the Cen tral Paratethys. Interannual os cil la -
tions of nu tri ent con tent, tem per a ture and/or sa lin ity are in ter preted based on the os cil la tions of geo chem i cal as well as
palaeo bio logi cal data. The turn over con nected with the ini ti a tion of the Mid dle Mio cene Cli ma tic Tran si tion is re corded above 
the LO (last oc cur rence) of Helicosphaera waltrans in agree ment with pre vi ous ob ser va tions in the Carpathian Foredeep.
The changes in clude cool ing, a de crease in nu tri ents, a prob a ble in crease of the sa lin ity of sur face wa ter, and in crease of
sea son al ity. Sea son al ity was man i fested by an al ter na tion of mixed and strat i fied wa ter col umns with a sea sonal in put of nu -
tri ents. Con cern ing nu tri ents, sources of sea sonal riverine in put or sea sonal upwelling are both pos si ble.
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INTRODUCTION

Iso lated rel ics of Neo gene de pos its, rec og nized on the crys -
tal line base ment of the Bo he mian Mas sif in west ern Moravia lo -
cated be yond the pre served con tin u ous ex tent of the
Carpathian Foredeep Ba sin (Fig. 1), have been stud ied by a
num ber of au thors (Hladilová et al., 1999; Nehyba and
Hladilová, 2004). These rel ics pro vided palaeogeographic in -
for ma tion about the ex tent of the ba sin and are fun da men tal to
the se quence strati graphic in ter pre ta tion. Palaeontological
stud ies of some of these rel ics pro vide ev i dence of rel a tively
deep ma rine con di tions (Brzobohatý, 1997; Zágoršek et al.,
2009), enough even to sug gest that the coast line had to be sit -
u ated far ther in land.

Rel ics lo cated in the broader sur round ings of Tišnov and
Lomnice have a spe cific po si tion due to their ex cep tion ally rich
fos sil con tent. Pre lim i nary stud ies showed min i mal
taphonomical al ter ation of microfossil as sem blages. Moroever,

the sec tion Boraè sit u ated in this area rep re sents a
parastratotype of the Badenian substage Moravian (Papp et al., 
1978). How ever, a de tailed study of the his tory of this area has
not been made. A newly-drilled  bore hole (2012) en abled the
ob tain ing of ma te rial for de tailed multiproxy study of bi otic and
abiotic evo lu tion in this area dur ing the Mid dle Mio cene. The re -
sults of sedimentological, gamma-spec tro met ric, foraminiferal,
cal car e ous nannoplankton, and otolith anal y sis are pre sented
in this work.

GEOLOGICAL SETTING

The Neo gene de pos its stud ied rep re sent the sed i men tary
infill of the Carpathian Foredeep, which formed as a pe riph eral
fore land ba sin due to the tec tonic em place ment and crustal
load ing of the Carpathian orogen onto the flexed west ern mar -
gin of the Bo he mian Mas sif. Sed i men ta tion in this sec tor of the
ba sin started in the Egerian/Early Eggenburgian and con tin ued
into the Late Badenian (Brzobohatý and Cicha, 1993). The
early Mid dle Mio cene (Badenian) forms a dis tinct stage in the
evo lu tion of the ba sin, when the ba sin ge om e try was re or ga -
nized by the north ward (NW- to NNW-ori ented) struc tural con -
trac tion of the Carpathian orogenic wedge (Oszczypko, 1998;
Kováè, 2000; Nehyba and Šikula, 2007). 
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The Mio cene de pos its in the sur round ings of Lomnice are
known only as iso lated ero sional rel ics. Their ex act ar eal ex tent
is poorly known be cause of the thick Qua ter nary cover. These
de pos its are part of the Carpathian Foredeep, which rep re sents 
a pe riph eral fore land ba sin formed on the loaded east ern mar -
gins of the Bo he mian Mas sif due to tec tonic em place ment of
the Carpathian thrust wedge. Sed i men ta tion in this west ern
sec tor of the Carpathian Foredeep com menced in the Egerian
to Early Eggenburgian, and con tin ued into the Late Badenian.
In the early Mid dle Mio cene, the ba sin ge om e try was re or ga -
nized by the north ward (NW- to NNW-ori ented) struc tural con -
trac tion of the Carpathian orogenic wedge, and so the
Badenian de pos its of the fore land ba sin rep re sent a dis tinct pe -
riod of the ba sin evo lu tion (Nehyba and Šikula, 2007).

Mio cene de pos its at Lomnice are rep re sented by cal car e -
ous clays, sandy clays, quartzose sands, cal car e ous sands,
and al gal lime stones (Hudec, 1986), and they lie on the
Pre-Neo gene base ment formed by the meta mor phic rocks of
the Svratka unit of the Moravian Zone (Pre cam brian) (Mísaø et
al., 1983). Pluskal (1853) wrote prob a bly the first re ports on
Mio cene de pos its in the broader sur round ings of Tišnov (i.e.
the lo cal i ties of Boraè, Lomnièka, Tišnov a Lomnice).
Procházka (1892a, b, 1893, 1899) pub lished ex tended
palaeontological and strati graphi cal stud ies of these lo cal i ties.
He in ter preted the de pos its as ma rine ones, de pos ited along a
very ir reg u lar coast line with nu mer ous bays and is lands, with an 
im por tant role played by base ment re lief. Novák (1975) and

Zdražílková (1985) stud ied the Lower Badenian lime stones in
the area and spec u lated on their de po si tion in a nar row sea bay
with an im por tant in put of terrigenous ma te rial. Brzobohatý
(1975) – based on the study of oto liths – in ter preted nor mal sa -
lin ity con di tions and de po si tion in the shal lower neritic
(infralittoral) en vi ron ment. Hladil (1976) stud ied Scleractinia
from the lo cal ity. Hamršmíd (1985) de scribed the trace fos sil
Helicotaphrichnus commensalis from the Lomnice lo cal ity.

The strati graphic po si tion of these de pos its is based mainly
on the study of gastropoda and cor als. The Lower Badenian
age of these de pos its is con firmed by oc cur rences of Turritella
spirata, Nassa restitutiana, Mitra scrobiculata and Anachis
moravica (e.g., Hudec, 1986).

To ob tain quan ti ta tive data for de tailed biostratigraphical
and palaeoenvironmental anal y sis, a cored shal low bore hole
was re cently drilled near the town of Lomnice (Fig. 1A), and is
re ferred to as bore hole LOM-1 (GPS lo ca tion 49°23.945’N and
016°24.542’E, 382 m a.s.l.). A sim pli fied geo log i cal map of the
broader sur round ings of the lo cal ity is shown in Fig ure 1B.

MATERIAL AND METHODS

The Badenian his tory of the Lomnice de nu da tion rel ict, sit u -
ated in the Moravian part of the Carpathian Foredeep, was
stud ied us ing ma te rial orig i nat ing from the new bore hole
LOM-1, which drilled >20 metres of mo not o nous clayey
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Fig. 1A – geographic location of the Neogene Western Carpathian Foredeep and the LOM-1 borehole studied;
 B – simplified geological map of the surrounding of the locality



siltstones. De tailed lithofacies and biofacies anal y sis based on
multiproxy sedimentological, gamma-spec tro met ric, foramini -
feral, cal car e ous nannoplankton, and otholith data was car ried
out with the aim of biostratigraphy, fa cies, and palaeoenviron -
ment in ter pre ta tion as well as for cor re la tion with other Cen tral
Paratethys bas ins.

Lithofacies anal y sis is based on the study of sed i men tary
tex tures and struc tures fol low ing Walker and James (1992),
Tucker (1995), and Nemec (2005). The tech nique of la ser dif -
frac tion (Cilas 1064 granulometer) was used for grain-size anal -
y sis (35 anal y ses). Ul tra sonic dis per sion, dis tilled wa ter, and
wash ing in so dium polyphosphate were ap plied prior to anal y -
ses in or der to avoid floc cu la tion of the par ti cles ana lysed. The
gamma-ray spec tra (GRS) were mea sured by a GR-320
enviSPEC lab o ra tory spec trom e ter with a 3 ´ 3 in. NaI(Tl) scin -
til la tion de tec tor (Exploranium, Can ada). Counts per sec onds in 
se lected en ergy win dows were di rectly con verted to con cen tra -
tions of K (%), U (ppm), and Th (ppm). One mea sure ment with
a 30 min. count time was per formed for each sam ple mea sured
(60 sam ples – min. 300 g in weight).

Ground-pen e trat ing ra dar (GPR) scan ning em ployed a
Pulse Ekko Pro ra dar, man u fac tured by the Ca na dian com pany 
Sen sor & Soft ware, at a fre quency of 50 MHz with an an tenna
dis tance of 3 m. The mea sure ment in ter val was 0.5 m. Pro -
cess ing of the data was done by Kolejkonzult Brno co.

Foraminifera were stud ied from 62 sam ples (Fig. 2), from
63–2000 mm frac tions. About 200–300 spec i mens of
foraminifera from each sam ple were quan ti ta tively eval u ated.
Post mor tem changes of as sem blages were eval u ated us ing
the cri te ria of Holcová (1999).

Cal car e ous nannoplankton were stud ied from 80 sam ples,
62 of them iden ti cal to the foraminifera sam ples. The abun -
dance of nannoplankton was ex pressed semiquantitatively as
the num ber of spec i mens in the vi sual field of the mi cro scope.
The fol low ing cat e go ries were dis tin guished: (1) very rare: 1–2
spec i mens, (2) rare: 3–5 spec i mens, (3) com mon: 6–10 spec i -
mens, (4) abun dant: 11–20 spec i mens, (5) very abun dant:
21–40 spec i mens, (6) mass oc cur rence: >40 spec i mens. About 
200–500 spec i mens of cal car e ous nannoplankton were de ter -
mined from in di vid ual sam ples and the rel a tive abun dances of
taxa were cal cu lated. The abun dances of di a toms in the cal car -
e ous nannoplankton slides were re corded us ing a sim ple
semi-quan ti ta tively scale: (1) very rare: 1 spec i men in vi sual
field of mi cro scope; (2) rare: 2–3 spec i mens; (3) com mon: 3–5
spec i mens; (4) abun dant: >5 spec i mens.

Ben thic and plank tonic foraminiferal as sem blages, as well
as cal car e ous nannoplankton, were sta tis ti cally clas si fied us ing 
the non-Met ric Mul ti di men sional Scal ing tech nique (nMMDS) of 
the Paleontological Sta tis tic (PAST) soft ware (Ham mer et al.,
2001): the method was used for the clas si fi ca tion of sam ples.
Dif fer ences in as sem blage com po si tion were tested by the
Kruskal-Wallis test.

Otolith as so ci a tions were ob tained by screenwashing all re -
main ing ma te rial of the bore hole us ing a 0.4 mm mesh. Oto liths
were stud ied from 22 sam ples (taken each metre of the whole
sec tion). The sys tem atic and quan ti ta tive dis tri bu tion of taxa in
sam ples are given in the Ap pen di ces 1–4*. Ev ery sam ple has
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Fig. 2. Sedimentological core logs of the LOM-1 borehole
 and sampled intervals

* Supplementary data associated with this article can be found, in
the online version, at doi: 10.7306/gq.1249
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been ana lysed by us ing the palaeobathymetric method pro -
posed for oto liths by Nolf and Brzobohatý (1994). Some rep re -
sen ta tive graphs are shown.

RESULTS

GEO-RADAR SURVEY

Two geo-ra dar pro files were mea sured at the lo cal ity with the
aim of de ter min ing the re lief of the un der ly ing pre-Neo gene bed -
rock and to better un der stand the depositional ar chi tec ture of the
Lower Badenian de pos its. Geo-ra dar pro files were cal i brated by
the re sults of the new bore holes LOM-1 and HV 13 (Jahoda,
1988). The lo ca tion of the pro files is il lus trated in Fig ure 1.

In ter pre ta tion of the geo phys i cal pro file at Lomnice in di -
cates (Fig. 3), that the Early Badenian de pos its rest on a highly
ir reg u lar sur face of pre-Neo gene bed rock formed by the meta -
mor phic rocks of the Svratka unit, which is gen er ally in clined to -
wards the NE–NNE. The thick ness of the Lower Badenian de -
pos its ranges from 10 to about 30 m. The thick ness of the Qua -
ter nary sed i ment cover var ies be tween 1 and 4 m. Four
lithological units can be iden ti fied in the Neo gene de pos its stud -
ied and their lithological con tent can be de duced af ter cal i bra -
tion us ing the LOM 1 and HV 13 bore holes and the re sults of
Hudec (1986). Ar range ment of rec og nized Neo gene lithological 
units is partly pla nar (“aggradational”) but mostly in clined
(“accretional”) gen er ally to wards the NE. The top most unit I,
which is also pen e trated by bore hole LOM-1, has an ir reg u lar
wedge shape, its thick ness is gen er ally re duced to wards the
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Fig. 3. Ground-penetrating radar profiles near to the LOM-1 borehole

For location see Figure 1



NE. The low er most unit I cov ers the pre-Neo gene base ment
and its shape and thick ness strongly var ies due to ir reg u lar
base ment re lief. De pos its of unit I are max i mally 12 m thick
(mostly only a few m) and they are most prob a bly formed by
sands and grav elly sands. The next unit II re veals a tab u lar to
broadly lensoidal shape and cov ers unit I in the NE part of the
area stud ied. Uunit II interfingers partly with unit IV (in the SW
part of the area stud ied) but also rep re sents the subsurface of
unit III (to wards the NW). The max i mum thick ness of unit II is
6 m and its de pos its are mostly sands. Unit III has a very ir reg u -
lar lensoidal shape, a dis con tin u ous ex tent and is max i mally
4 m thick. This unit is prob a bly formed by sandy lime stones or
cal car e ous sand stones. Such lime stones were widely doc u -
mented in the ad ja cent area and can be found also within the
soil on the sur face (Novák, 1975; Zdražílková, 1985; Doláková
et al., 2008). Unit III mostly rests on unit II. The top most unit IV
has a tab u lar to wedge shape. Its thick ness reaches over 20 m
in the SW part of the area stud ied, where it di rectly over lies
unit I. The sed i men tary infill of unit I is doc u mented by LOM-1
and is formed by clays and silts.

SEDIMENTOLOGICAL AND GAMMA-RAY SPECTRAL ANALYSES

Three sed i men tary fa cies were rec og nized in the bore hole.
De scrip tions of the lithofacies are shown in Ta ble 1. The dom i -
nant lithofacies M1, which was rec og nized in the lower part of
the bore hole, is rep re sented by green-brown, ol ive-green and
rarely dark grey clayey silt, in places ir reg u larly dark grey ish
brown mot tled. Lithofacies M2 was de scribed in the mid dle and
up per parts of the suc ces sion. It is formed by light grey-green to 
grey-brown, cal car e ous clayey silt to clayey silt, lo cally red dish
brown or yel low ish mot tled. Lithofacies M3 was iden ti fied only in 
the up per part of the suc ces sion and is formed by whit ish clayey 
silt. De pos its of all fa cies are cal car e ous and structureless. The
dis tri bu tion of in di vid ual fa cies in the bore hole pro file can be
seen in the lithostratigraphic log (Fig. 2).

The clayey silts of fa cies M1 re veal pos i tive cor re la tions be -
tween con tents of K and Th (lin ear re gres sion co ef fi cient R =
0.48), K and U (R = 0.44) and also Th and U (R = 0.33). Low
pos i tive cor re la tions can be seen be tween K (R = 0.20), Th (R =
0.11), U (R = 0.23) and clay con tent. But low neg a tive cor re la -

tion was on the other hand re cog nized for K (R = –0.21), Th (R = 
–0.19), U (R = –0.28) and silt con tent.

The su per im posed de pos its of fa cies M2 re veal good pos i -
tive cor re la tions re cog nized be tween K and Th (R = 0.57), K
and U (R = 0.54) and only slightly lower for Th and U (R = 0.35).
Also rel a tively high pos i tive cor re la tions can be seen be tween K 
(R = 0.64), Th (R = 0.45), U (R = 0.51) and clay con tent. On the
other hand sig nif i cant neg a tive cor re la tion was re cog nized for K 
(R = –0.65), Th (R = –0.47), U (R = –0.53) and silt con tent.

The clayey silts of fa cies M3 have ood pos i tive cor re la tions
re cog nized be tween K and Th (R = 0.82), K and U (R = 0.69)
and only slightly lower for Th and U (R = 0.31).

De spite the gen eral grain size uni for mity of the sam ples the
spec tral gamma-ray logs show a con sid er able de gree of ver ti -
cal vari a tion (Fig. 2).

BIOTA

Cal car e ous nannoplankton. Cal car e ous nannoplankton
(Figs. 4, 5 and Ap pen dix 1) are well-pre served; their abun -
dances os cil late from com mon to mass oc cur rences. Above the 
level of the LO of Helicosphaera waltrans (0.6–5 m) cal car e ous
nannoplankton abun dance show a de crease. The spe cies
Reticulofenestra minuta dom i nates in most as sem blages, and
in the vast ma jor ity of sam ples reaches an abun dance of >50%
with the ex cep tion of in ter val 10.25–10.75 m (Fig. 5D) where the 
small R. minuta is sub sti tuted by larger R. haqii. Abun dances of
Coccolithus pelagicus are around 10% in the in ter val from 9.75
to 16.0 m with oc ca sional peaks reach ing 30%. Be low 19.5 m
and mainly above 8.3 m, the abun dances of C. pelagicus de -
crease; they are <10%. Umbilicosphaera jafari ap pears ran -
domly from the base to 8.3 m where the con tin u ous oc cur rence
started. Abun dances of last com mon group Helicosphaera spp. 
vary from 0 to 15% in three cy cles with min i mal oc cur rences at
the base of bore hole and at lev els of 16.5 and 6.6 m (Fig. 5).
Re sults of nMMDS en able five in ter vals to be de fined as shown
in Fig ure 5H.

Plank tonic foraminifera. Plank tonic foraminifera
(Fig. 6J–O, R, S, V, AF–AH, AM, AN, Fig. 7 and Ap pen dix 2) are 
well pre served with out marked signs of trans port (size-sort ing,
abra sion or break age). The P/B-ra tio (per cent age of plank tonic
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Fa cies
sym bol

De scrip tion

M1

Mostly green-brown, ol ive green rarely dark grey, cal car e ous clayey silt, some time ir reg u larly dark grey ish brown mot tled.
Structureless/mas sive, strong vari a tions in the pres ence of mol lusc shells, rare ir reg u lar Ca con cre tion (max 1.5 cm large).

Con tent of clay var ies be tween 17 and 37% (mean Æ 32%, stan dard de vi a tion STD 4.2), con tent of silt was be tween
62–82% (Æ 67%, STD 4.1), and very fine sand forms 0 to 2% (Æ 1%, STD 0.6). Fa cies M1 rep re sents 54.2% of the stud ied
suc ces sion, rec og nized only in the lower part of the bore hole, mo not o nous more than 21 m thick bed. The concentrations of
K vary be tween 0.4 and 1.8% (Æ 1.1%,SD 0.3),  con cen tra tions of U were be tween 1.4–9.9 ppm (Æ 3.5 ppm SD 1.4), and of  
Th  be tween 1.2–7.3 ppm (Æ 4.3 ppm, SD 1.5). The Th/K ra tio var ies be tween 1.3 and 9.0 (Æ 4.3, SD 1.6) and the Th/U ra tio 

be tween 0.3–3.1 (Æ 1.4, SD 0.5).

M2

Light grey-green to grey-brown, cal car e ous clayey silt to silty clay, lo cally red dish brown or yel low ish mot tled.
Structureless/mas sive, rare light grey Ca con cre tions (max 1 cm in di am e ter). Con tent of clay var ies be tween 14 and 51%

(Æ 40%, STD 10,2), silt forms 47 to 86% (Æ 60%, STD 10.2), pres ence of very fine sand is very ex cep tional (max. 1%). Fa -
cies M2 rep re sents 35.4% of the stud ied succession, sharp and ir reg u lar lower con tact with M1, gradational tran si tion to

over lay ing fa cies M3. Fa cies M2 forms mo not o nous more than 3 m thick bed in the mid dle part of the bore hole and 5 and
60 cm thick beds of M2 al ter nate in the up per part of the profile with fa cies M3.  The con cen tra tions of K vary be tween 0.3

and 1.1% (Æ 0.8 %, SD 0.2), con cen tra tions of U were be tween 1.1–3.7 ppm (Æ 2.5 ppm, SD 0.6) and of Th 1.4–5.2 ppm (Æ
3.6 ppm, SD 1.0). The Th/U ra tio vary be tween 0.8–2.8 (Æ 1.0, SD 0.5) and the Th/K ra tio be tween 3.0–7.2 (Æ 4.8, SD 1.2).

M3

Whit ish, cal car e ous clayey silt, structureless/mas sive. Con tent of clay var ies be tween 29 and 33% and silt forms 67 to71%,
sand was not rec og nized. Fa cies M3 rep re sents 10.4% of the stud ied suc ces sion, forms ir reg u lar beds with max i mum thick -
ness of 35 cm, rec og nized only in the up per part of the suc ces sion, where it al ter nates with fa cies M2.  The con cen tra tions

of K vary be tween 0.3 and 1.0% (Æ 0.6%, SD 0.2), con cen tra tions of U were be tween 1.5–2.6 ppm (Æ 2.0 ppm, SD 0.5) and
of Th 1.1–5.7 ppm (Æ 2.7 ppm SD 1.7). The Th/U ra tio vary be tween 0.6–2.3 (Æ 1.4, SD 0.8) and the Th/K ra tio be tween

2.6–7.9 (Æ 4.6, SD 2.0).

T a  b l e  1

De scrip tion of the lithofacies re cog nized in the cores of bore hole LOM-1
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foraminifera in the to tal foraminiferal as sem blage) var ies from
20–80% but most of the val ues fall within the in ter val 30–50%
with peaks at 18–18.4 m, 12 m, 9–11 m (Fig. 7B). Globigerina
praebulloides, G. bulloides, Turborotalita quinqueloba and
warm-wa ter spe cies (Globigerinoides spp., Globigerinella spp.) 
dom i nate in as sem blages, and their con tri bu tions fluc tu ate. A
marked peak of warm-wa ter spe cies was re corded at lev els of
18.4 m fol lowed by grad ual de crease to the level 11.3 m. A fur -
ther sig nif i cant peak of warm-wa ter spe cies char ac ter izes the
in ter val 9.7–11 m and the last peak was re corded at level 2.5 m
(Fig. 7F). Rel a tive abun dances of Turborotalita quinqueloba
are low in in ter vals from 14 to 21.5 m and vary be tween 0–10%,
then in crease (5–25%) and at the level of 5.6 m the spe cies
nearly dis ap pears (Fig. 7E). Globigerina bulloides is com mon;
its abun dance os cil lates be tween 30–40%, and is ap prox i -
mately the same. Globorotaliids are rare (to 10%, very rarely to
20%) with an in crease in the up per part of the sec tions (above
3.8 m). Re sults of nMMDS en able seven in ter vals to be de fined
as shown in Fig ure 7I.

Ben thic foraminifera. Sim i larly to plank tonic foraminifera,
ben thic foraminifera show no signs of trans por ta tion (Fig. 6A–I,
P, Q, T, U, W–AE, AI–AL, Fig. 8 and Ap pen dix 3). The di ver sity
of ben thic foraminifera as sem blages was ex pressed sim ply as
the num ber of spe cies in in di vid ual sam ples: those di ver si ties
vary around 20 (16–24 spe cies/sam ple) which is gen er ally low
(Fig. 8B). At lev els 15, 12, 11.3 and 9.5–8.75 m num bers of
spe cies drop even to <10 (11.3, 9–9.2 m). The base of the bore -
hole can be char ac ter ized by a dom i nance of Bulimina spp. and 
high di ver sity of as sem blages. Os cil la tions in rel a tive abun -
dances of hypoxic taxa (Uvigerina spp., Bulimina spp.,
Praeglobobulimina spp. and Bolivina spp.), lagenids and
high-nu tri ent mark ers (Melonis spp. and Pullenia spp.) and a
de crease in di ver sity were re corded in the next in ter val
(12–20 m) with peaks of hypoxic taxa at lev els 19.2, 16, 14.5
and 14 m. Di ver sity de crease at 18.4 m can be cor re lated with a 
peak of high-nu tri ent mark ers. High rel a tive abun dances of
lagenids and ag glu ti nated foraminifera were re corded in the in -
ter val 8.7–12 m and can be cor re lated with a di ver sity de -
crease. In par tic u lar, a peak of lagenids at 12 m ac com pa nied
by the dis ap pear ance of hypoxic taxa is no ta ble. A clear peak of 
Gyroidina spp. char ac ter izes the in ter val from 10.75 to 9.5 m
(Fig. 8I). Around 8 m abun dances of hypoxic taxa in crease,
Uvigerina spp. re-ap pear and di ver sity be gins to in crease. The
last marked change was re corded at level 3.6 m where abun -
dances of Cibicidoides spp. in crease while lagenids de crease
and di ver sity starts to be high. This trend con tin ues into the
high est parts of the sec tions, where Sphaeroidina spp. ap pears
and rel a tive abun dances of shal low-wa ter taxa (Elphidium spp., 
miliolids, Asterigerinata planorbis) reach val ues of around 5%
at the top of sec tion. Re sults of nMMDS en able eight in ter vals
to be de fined as shown in Fig ure 8J.

Oto liths. The pro file stud ied yielded 40 taxa, 24 of them as
nom i nal spe cies and 10 of them still ex tant (Fig. 9 and Ap pen -
dix 4). The fre quency his to grams show the nearly iden ti cal dis -
tri bu tion through out the whole sec tion (Fig. 10). Strongly dom i -
nant are myctophids (mostly Diaphus, ~10 spe cies, rep re sent -
ing nearly al ways >90% of all oto liths) in all in ter vals. The other
meso- and bathypelagic taxa such as Sternoptychidae (first of
all Maurolicus muelleri and less fre quently Valenciennellus
tripunctulatus) and Vinciguerria poweriae oc cur in smaller num -
bers. This over all pic ture is com ple mented by spo radic and first
of all ju ve nile oto liths of deep sea-dwell ing macrourids
(Coelorincus, Gadomus, Nezumia), other demersal fishes
tend ing to the deep-wa ter (Polyipnus, Merluccius,
Hoplostethus, Physiculus huloti) and the rel a tively abun dant
pe lagic Gadiculus argenteus argenteus. The as sem blage con -

tains the first Mio cene re cord of the pres ent-day meso- and
bathypelagic fish spe cies Bonapartia pedaliota (see Fig. 9A)
cur rently known also from the Med i ter ra nean Pleis to cene
(Girone and Varola, 2001).

Oto liths of fishes liv ing in a neritic en vi ron ment (e.g., gobi -
ids, Atherina, Lithognathus) oc cur very spo rad i cally and are
rep re sented by ju ve nile or of ten cor roded spec i mens dis persed
ir reg u larly through out the whole sec tion. Only small and bro ken
clu peids oc cur in small num bers (1–4 spec i mens) in sam ples
be tween 10–17 m. De spite the pres ence of deep-sea liv ing
fishes, sub trop i cal taxa pre dom i nate. The ge nus Brachydeu -
terus liv ing to day in trop i cal seas is rep re sented only by oto liths
of the fos sil spe cies B. speronatus in the in ter val 13–14 m. This
spe cies could have had a slightly broader cli ma tic tol er ance
than the pres ent-day spe cies B. auritus (see Brzobohatý et al.,
2007). On the other hand the pe lagic Gadiculus argenteus
argenteus, liv ing mostly in mod er ate seas to day, is pres ent
through the whole sec tion, some times oc cur ring in rel a tively
great num bers (e.g., in ter val 6–7 m). This could also be sup -
ported by the spo radic oc cur rence of ju ve nile oto liths
Merluccius merluccius. But other psy chro phile ga doids known
from the same strati graphic level from the north ern most Cen tral 
Paratethys (Trisopterus, Micromesistius; Po land, Radwañska,
1992), or from the youn ger up per most Badenian de pos its of the 
Vi enna Ba sin (Brzobohatý et al., 2007) are not pres ent.

As for the sa lin ity, purely ma rine taxa pre dom i nate. Only
very spo radic oto liths rep re sent ing euryhaline taxa are dis -
persed ir reg u larly through out the whole sec tion (Atherinidae,
Gobiidae). No typ i cal brack ish or fresh wa ter taxa were found.

The palaeobathymetric anal y ses doc u ment rel a tively sta ble 
con di tions at in ter val 1–19 m (ex cept 4–5 m, where the num ber
of taxa is small) and in di cate sed i men ta tion depths be tween
200–300 m (e.g., Fig. 11 for sam ple from the 18–19 m in ter val).
Some what deeper con di tions could be rep re sented by the base 
of the bore hole (19–22 m, Fig. 12D) where only two ju ve nile oto -
liths of neritic fish are pres ent. In con trast, the top of the sec tion
(0–1 m) doc u ments marked shallowing in di cat ing by the oc cur -
rence of 4 neritic taxa and a lower num ber of myctophid oto liths
(Figs. 10A and 12D).

COMPARISON OF THE LOM-1 SECTION 
WITH OTHER MIDDLE MIOCENE CARPATHIAN

FOREDEEP SECTIONS

Foraminiferal and cal car e ous nanoplankton as sem blages
were com pared with isochronous sec tions of the NN5 cal car e -
ous nannoplankton zone from the Moravian part of the
Carpathian Foredeep: bore holes Židlochovice (ZIDL-1+2;
Doláková et al., 2014), Rybníèek (RY-1; foraminifera –
Kopecká, 2012; cal car e ous nannoplankton – Holcová, unpubl.
data) and Oslavany (OV-1; Nehyba et al., in press; Fig. 1A). Re -
sults of nMMDS (Fig. 13A) as well as com par i son of as sem -
blage com po si tion (Fig. 14) showed the fol low ing dif fer ences:
(1) cal car e ous nannoplankton of the LOM-1 sec tion are near to
nannoplankton from the ZIDL-1+2 sec tions in the high abun -
dances of Reticulofenestra minuta and low abun dances of
larger R. haqii. Slightly lower abun dances of Coccolithus
pelagicus and higher abun dances of Umbilicosphaera jafari
char ac ter ize the LOM-1 and OV-1 sec tions which also over -
lapped in the nMMDS plot (Fig. 10A). Higher abun dances of
large Helicosphaera spp. (ex clud ing small H. walbersdorfensis) 
dis tin guish the LOM-1 sec tion from other ones com pared. (2)
Plank tonic foraminiferal as sem blages showed only nar row vari -
abil ity and slightly over lapped with the OV-1 and very slightly
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with the ZIDL-1+2 sec tions while the RY-1 sec tion mark edly dif -
fers (Fig. 13B). High abun dances of 4-cham bered Globigerina
bulloides, G. praebulloides and Globigerinella regularis and low 
abun dance of Paragloborotalia spp. char ac ter ize only the
LOM-1 sec tion. Turborotalita quinqueloba is quite rare. Sim i -
larly to the OV-1 sec tion low abun dances (but slightly higher
than in the ZIDL-1+2 bore holes) of Globigerinoides spp. and
Globorotalia bykovae were re corded. (3) Ben thic foraminifera
from the LOM-1 sec tion dif fer from other sec tions mainly by
high abun dances of the gen era Melonis, Pullenia and Nonion
com mune. Sim i larly to the case at Rybnièek, Am mo nia spp.,
Elphidium spp., miliolids and Cassidulina spp. are nearly ab -
sent while Uvigerina spp. are abun dant. As in the OV-1 sec tion,
abun dances of ag glu ti nated taxa as well as Cibicidoides spp.
are lower, and Bolivina spp. are higher as in other com pared
sec tions (Figs. 13C and 14).

Otolith as sem blages in the south ern part of the Carpatian
Foredeep were di vided into 4 palaeobathymetric groups
(Brzobohatý, 1997). The en tire sec tion LOM-1 be longs to the
sec ond deep est as sem blages doc u mented at the lo cal i ties
Lomnice (120 m NW from the LOM-1 Bore hole), Lomnièka u T., 
Vodìrady, Èerná Hora and Drnovice (the mid dle part of the
Carpathian Foredeep in Moravia). They are char ac ter ized by
the dom i nance of diaphids, the num ber of macrourids and
stomiiforms and the fre quent oc cur rence of Gadiculus
argenteus argenteus oto liths. All named sec tions rep re sent
depths ly ing be tween palaeoisobaths 200–300 m, as con -
structed for the Badenian Sea in the South Moravian part of the
Carpathian Foredeep by Brzobohatý (2001). The up per sec -
tions of the bore holes Židlochovice (ZIDL-1+2) dis cussed sug -
gest bathymetrically shal lower con di tions, while at Rybníèek
(RY-1) deeper con di tions (Brzobohatý, 1997, 2001; Doláková
et al., 2014).

INTERPRETATION AND DISCUSSION

FACIES ANALYSIS

The mo not o nous suc ces sion of mostly structureless silty
clays and clayey silts of fa cies M1, M2 and M3, the pau city of
sand and of any coarse extraclasts, to gether with good pres er -
va tion of calcarous shells, all point to de po si tion in a quiet off -
shore set ting with no in put of coarse bedload ma te rial or wave

ac tion. The lack of strat i fi ca tion, and dis per sion of silt and very
fine sand within the clay sug gest de po si tion from a dense fluid
mud fol low ing de cel er a tion of flow. The ma trix strength of the
fluid mud was ap par ently suf fi cient to sup port sus pended silt
grains (Plint, 2014). The sig nif i cant thick ness of these mo not o -
nous de pos its could point to a bal ance be tween sed i ment in put
and the for ma tion of ac com mo da tion space. We can spec u late
about rel a tive rapid sed i ment de liv ery, rel a tive rapid sea-level
rise and de po si tion in a shel tered bay/es tu ary (?) tak ing into ac -
count pos si ble ba sin palaeo ge ogra phy. The dif fer ences be -
tween se lected lithofacies re flect prob a bly vari a tions in the type
and in ten sity of weath er ing (i.e., pro cesses in the source area),
but not sig nif i cant dif fer ences in depositional pro cesses.

The dom i nant source of the gamma sig nal is car ried by the
clay frac tion. The low con cen tra tions of K and the value of Th/K
ra tio could be a sig nal of the pres ence of kaolinite in the clay
frac tion in stead of illite, and the prev a lence of hu mid con di tions
in the source area (Rider, 1999). The gen er ally low con cen tra -
tions of stud ied el e ments (es pe cially of K) point to deeply
weath ered source rocks (in com par i son with the base ment
formed by meta mor phic rocks of the Svratka unit). How ever,
the rel a tive low sta bil ity of the Th/K value and ver ti cal vari a tion
in the con tent of K and Th, re flect vari a tions in the de liv ery and
char ac ter of clastic ma te rial, which may be con nected with sev -
eral fac tors (e.g., cli mate, rel a tive sea level change, dysoxic vs.
anoxic con di tions). More over, the gamma sig nal is usu ally
sourced in the wider min eral spec tra.

BIOSTRATIGRAPHY

The biostratigraphic cor re la tion of the sec tion is based on the
first and last oc cur rences of plank tonic foraminifera and cal car e -
ous nannoplankton in dex spe cies (Gradstein et al., 2012). Our
suc ces sion of bioevents matches well the suc ces sions in the
Med i ter ra nean area (Ab dul Aziz et al., 2008; Di Stefano et al.,
2008; Hüsing et al., 2010), where the LO (Last Oc cur rence) of
Praeorbulina spp. is an in de fin able event which may be ob served 
above the LO of Helicosphaera waltrans. The same suc ces sion
of bioevents was de scribed in the Carpathian Foredeep by
Švábenická (2002) and also in the bore hole RY-1 Rybníèek
(Kopecká, 2012) and OV-1 Oslavany (Nehyba et al., sub mit ted).
The suc ces sion of bioevents is sum ma rized in Fig ure 15.

From the in dex spe cies, Praeorbulina (LO 14.9 Ma:
Gradstein et al., 2012; Med i ter ra nean area: Ab dul Aziz et al.,
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Fig. 4. Calcareous nannoplankton from the LOM-1 borehole

A–H – Helicosphaera walbersdorfensis Müller, 1974: A, B – 1.5 m, C, D – 2.25 m, E – 5.6 m, F – 8.75 m, G – 9.2 m, H – 10.25 m; I–T, Z, AE –
Helicosphaera waltrans Theodoridis, 1984: I–K – 21.3 m, L–O – 19.25 m, P, Q – 19.0 m, R – 18.2 m, S, T – 16.5 m, Z – 20.7 m, AE – 20.2 m;
U–Y, AA–AD – Helicopshaera carteri (Wallich, 1877) Kamptner, 1954: U–X – 9.0 m, Y – 10.25 m; AA – 1.25 m, AB, AC – 19.0 m, AD – 20.0 m; 
AF – Coccolithus miopelagicus Bukry, 1971, 19.25 m; AG – Discoaster variabilis Mar tini and Bramlette, 1963, 14.0 m; AH–AK –
Pontosphaera multipora (Kamptner, 1948 ex Deflandre, 1954) Roth, 1970: AH – 10.5 m, AI, AJ – 10.75 m, AK – 16.5 m; AL – Rhabdosphaera

sp., 18.0 m (re worked Paleogene); AM, AN – Umbilicopshaera jafari Müller, 1974, 0.6 m; AO, AP – Coccolithus pelagicus (Wallich, 1877)
Schiller, 1930: AO – 21.0 m, AP – 1.0 m; AQ – Reticulofenestra pseudoumbilicus (Gart ner, 1967) Gart ner, 1969 – large, clearly sep a rated
from R. minuta-haqii group, 16.25 m; AR – Reticulofenestra scrippsae (Bukry et Percival, 1971) Roth, 1973, 14.25 m (Oligocene–lowermost
Mio cene); AS, BL–BN – Cyclicargolithus floridanus (Roth et Hay in Hay et al., 1967) Bukry, 1971: AS – 8.5 m, BL – 10.25 m, BM, BN –
16.5 m; AT, AU – Sphenolithus heteromorphus Deflandre, 1953; 1.75 m; AV–AZ – Syracopshaera pulchra Lohmann, 1902: AV – 2.5 m, AW – 
5.2 m, AX, AY – 5.6 m, AZ – 18.0 m; BA–BF, BI – Reticulofenestra haqii Backman, 1978 (3–5 µm): BA – 1.5 m, BB–BE – 14.5 m, BF –
16.45 m, BI – 16.5 m; BG, BH – Reticulofenestra minuta-R. haqii plexus (di am e ters of fig ured spec i mens 2–4 µm): BG – 14.5 m, BH – 9.5 m;
BJ, BK – Reticulofenestra pseudoumbilica (Gart ner, 1967) Gart ner, 1969 – small, con tin u ous tran si tion to R. minuta-R. haqii group, 2.75 m;
BO – Micrantholithus ves per Deflandre, 1950, 2.25 m; BP – Eifelithus sp., 11.6 m (re worked); BQ – Archangelskiella sp., 17.0 m (re worked –
Cre ta ceous); BR – Micula sp., 20.2 m (re worked – Cre ta ceous); BS, BT, BV – Watzenauria spp.: BS – 2.25 m, BT – 18.2 m, BV – 21.5 m (re -
worked – Mesosoic); BU – Lotharingus sp., 2.25 m (re worked – Mesosoic). De po si tion of ma te rial: De part ment of Ge ol ogy and Pa le on tol ogy, 
Charles Uni ver sity in Prague
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Fig. 6. Foraminifera from the LOM-1 borehole

A – Bolivina cf. lowmani Phleger & Parker, 1951, 1.25 m; B – Bolivina dilatata Reuss, 1850, 1.25 m; C – Bolivina sp., 1.25 m; D – Bolivina

plicatella Cushman, 1930, 1.25 m; E – Uvigerina macrocarinata Papp & Turnovsky, 1953, 1.25 m; F – Sphaeroidina bulloides d´Orbigny,
1826, 1.25 m; G – Uvigerina macrocarinata Papp & Turnovsky, 1953, 2.75 m; H – Bulimina striata d´Orbigny, 1826, 2.75 m; I – Uvigerina

acuminata Hosius, 1895, 2.75 m; J – Globigerinoides bisphericus Todd, 1954, 2.75 m; K, L –Globigerinella regularis (d´Orbigny, 1846),
2.25 m; M, N – Globigerinoides bisphericus, Todd, 1974, 2.75 m; O – Globigerinoides trilobus Reuss, 1850, 2.75 m; P, Q –Cibicidoides

ungerianus (d´Orbigny, 1846), 2.75 m; R, S – Globigerina bulloides d´Orbigny,1826, 3.8 m; T – Pullenia bulloides (d´Orbigny, 1846), 3.8 m; U 
– Pullenia bulloides (d´Orbigny, 1846), 5.75 m; V – Orbulina suturalis Bronnimann, 1951, 8.75 m; W – Favulina hexagona (Wil liam son,
1848), 8.75 m; X – Stilostomella adolphina (d´Orbigny, 1846), 9.75 m; Y – Siphonodosaria consobrina (d´Orbigny, 1846), 9.75 m; Z –
Siphonodosaria scripta (d´Orbigny, 1846), 9.75 m; AA – Dimorphina akneriana (Neugeboren, 1851), 9.75 m; AB, AC – Nonion com mune

(d´Orbigny, 1846), 9.75 m; AD, AE – Heterolepa dutemplei (d´Orbigny, 1846), 12.0 m; AF, AG – Globigerina praebulloides Blow, 1959,
17.2 m; AH – Globigerina praebulloides Blow, 1959, 19.5 m; AI, AJ – Melonis pompilioides (Fichtel & Moll, 1798), 19.5 m; AK –
Globobulimina puppoides (d´Orbigny, 1846), 20.2 m; AL – Amphicoryna badenensis (d´Orbigny, 1846), 20.2 m; AM, AN – Globigerina
bulloides d´Orbigny,1826, 20.2 m. Length of scale bar 100 µm. De po si tion of ma te rial: De part ment of Ge ol ogy and Pa le on tol ogy, Charles
Uni ver sity in Prague
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Fig. 9. Otoliths from the LOM-1 borehole (Badenian, Carpathian Foredeep, Moravia)

A – Bonapartia pedaliota Goode et Bean, 1896, L – 15–16 m (DGS MU Inv. Nr. O 315); B – Nansenia sp., R – 6–7 m (DGS MU Inv. Nr. O 316); 
C – Etrumeus weileri (Smigielska, 1966), R – 0–1 ma (DGS MU Inv. Nr. O 317); D – Coelorincus coelorhinchus (Risso, 1810), L – 5–6 m
(DGS MU Inv. Nr. O 318); E – Valenciennellus tripunctulatus (Esmark, 1871), L, 6–7 m (DGS MU Inv. Nr. O 319); F – Coelorincus

macruruloides Brzobohaty, 1986, R – 11–12 m (DGS MU Inv. Nr. O 320); G – Diaphus kokeni (Prochazka, 1893), L – 9–10 m (DGS MU Inv.
Nr. O 321); H – Physiculus aff. huloti Poll, 1953, L – 15–14 m (DGS MU Inv. Nr. O 322); I – Diaphus regani Taaning, 1928, R – 1–2 m (DGS
MU Inv. Nr. O 323); J – Diaphus acutirostrum (Holec, 1975), L – 1–2 m (DGS MU Inv. Nr. O 324); K – Diaphus cahuzaci Steurbaut, 1981, L –
18–19 m (DGS MU Inv. Nr. O 325); L – Symbolophorus meridionalis Steurbaut, 1979, L – 16–17 m (DGS MU Inv. Nr. O 326); M – Gadiculus

argenteus argenteus Guichenot, 1850, L – 5–6 m (DGS MU Inv. Nr. O 327); N – Maurolicus muelleri (Gmelin, 1798), R – 14–15 m (DGS MU
Inv. Nr. O 328); O – Merluccius aff. merluccius (Linnaeus, 1758), R – 6–7 m (DGS MU Inv. Nr. O 329); all fig ures show in ner views of oto liths;
L – left otolith, R – right otolith; scale bar – 1 mm. De po si tion: De part ment of Geo log i cal Sci ences, Masaryk Uni ver sity Brno (DGS MU)



2008), Orbulina (the first oc cur rence – FO 15.1 Ma: Gradstein
et al., 2012; Med i ter ra nean 14.6 Ma: Ab dul Aziz et al.. 2008;
Hüsing et al., 2010) and Sphenolithus heteromorphus (LO
13.53 Ma: Gradstein et al., 2012, Med i ter ra nean area
13.419 Ma: Ab dul Aziz et al., 2008; Hüsing et al., 2010) were re -
corded from the whole in ter val and Helicosphaera ampliaperta
(LO 14.91 Ma; Gradstein et al., 2012) is miss ing. The top of the
con tin u ous oc cur rence of Helicosphaera waltrans (Last Com -
mon Oc cur rence – LCO at 14.357 Ma in the Med i ter ra nean
area: Ab dul Aziz et al., 2008) is re corded around the level
6.0 m. Grad ual de crease of its rel a tive abun dances in com par i -
son with abun dances of Helicopshaera walbersdorfensis is
shown in Fig ure 2B. Based on the above-men tioned data, the

LOM sec tion can be cor re lated with in ter val 14.6
Ma (the FO of Orbulina spp. in Med i ter ra nean) to 
13.42 Ma (the LO of Sphenolithus
heteromorphus), though the up per bound ary is
prob a bly older con sid er ing that, in Up per
Silesian part of the Carpathian Foredeep Ba sin,
the LO of Sphenolithus heteromorphus was re -
corded prior to the on set of Badenian evaporite
de po si tion (Peryt, 1997) which is very well-con -
strained at 13.81 Ma (Leeuw et al., 2010).

INTERPRETATION OF PALAEOENVIRONMENT

Gen er ally, the palaeoenvironment in the
Lomnice area can be in ter preted as a quiet ma -
rine en vi ron ment of outer shelf to bathyal depths
with high nu tri ent in put. How ever, os cil la tions of
palaeoenvironmental pa ram e ters are ex pected
based on fluc tu at ing abun dances of in di vid ual
taxa as well as U, Th, K os cil la tions and partly
also lithological changes.

Based on the com bined sedimentological,
geo chem i cal and palaeo bio logi cal re cords (Fig. 16), the sec tion 
stud ied can be sub di vided to the fol low ing in ter vals.

In ter val 18.5–21.5 m (base) is formed by the mo not o nous
fa cies M1. The up per part of the wa ter col umn was char ac ter -
ized by Globigerina bulloides and the sim i lar but smaller G.
praebulloides which rep re sent shal low-dwell ing, her biv o rous,
op por tu nis tic spe cies bloom ing un der a high-pro duc tiv ity re -
gime (Schiebel et al., 1997). The size os cil la tions of Globigerina 
bulloides/praebulloides group (ex pressed as Globigerina
bulloides/praebulloides-ra tio; Fig. 7H) re flect a vari able en vi ron -
ment with os cil lat ing tem per a ture and nu tri ent in put (Malmgren
and Ken nett, 1978; Schmidt et al., 2004). Pre dom i nance of
large spec i mens in di cates rather high tem per a ture and
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Fig. 10. Histograms of the otoliths according to life strategy in LOM-1

A – 0–1 m (number of otoliths = 121); B – 15–16 m (number of otoliths = 222);
 C – 18–19 m (number of otoliths = 310)

Fig. 11. Present-day bathymetric range of otolith 
taxa represented in LOM-1, 18–19 m interval



mesotrophic con di tions. More over, the co-oc cur rence of
Turborotalita quinqueloba, Globorotalia bykovae and
Globigerinella spp. with Globigerina spp. sug gest a sea sonal
suc ces sion of as sem blages (e.g., Reynold and Thunell, 1985;
Rigual-Hernandez et al., 2012; Kuhnt et al., 2013; Salmon et
al., 2014). The phytoplankton is dom i nated by Reticulofenestra
minuta char ac ter iz ing en vi ron men tal stress with rapid changes
within that en vi ron ment, in clud ing os cil la tions of sa lin ity (Wade
and Brown, 2006), and nu tri ent con tent (Flores et al., 1997;
Wells and Okada, 1997; Kameo, 2002) con sis tent with the var -
ied test size of the Globigerina bulloides/praebulloides group.
The in crease of Coccolithus pelagicus at 19.5 m is tra di tion ally
con sid ered as an in di ca tor of cold, but mainly nu tri ent-rich wa ter 
(Okada and McIntyre, 1979; Win ter et al., 1994; Cachao and
Moita, 2000) and in di cates here cool ing and/or in crease of nu -
tri ents from this level. The sea-floor was set tled by the deep
infaunal ge nus Bulimina spp. (20–21.5 m) as so ci ated with
fine-grained sed i ments, high food avail abil ity, or ganic car bon
con tent in the sed i ments and low ox y gen (Miller and Lohman,
1982, Jorrisen et al., 1992; Murray, 2003). Its co ex is tence with
small op por tu nis tic oxyphilic Cibicidoides sp. (Kaiho, 1994)
points to sea sonal suc ces sion of pop u la tions or ox y gen ated
sea-floor  Cibicidoides spp. and hypoxy in sed i ment set tled by
infaunal Bulimina spp. De crease of Bulimina spp. and in crease
of lagenids were re corded at 19.5 m which sug gests an in -
crease in ox y gen con tent at the sea-floor. This event co in cid ing
with the in crease of C. pelagicus abun dances in di cat ing in -
crease in nu tri ents and/or cool ing in the sur face wa ter seems
con tra dic tory and can be ex plained by strat i fi ca tion of the wa ter
col umn and/or mix ing of sea sonal pop u la tions. At the same
level, otolith di ver sity also in creases, which might be re lated to
in crease of nu tri ents in the wa ter col umn.

Gamma-spec tro met ric re cord showed grad ual de cline in
the con cen tra tions of Th, the value of Th/K and Th/U ra tio and

grad ual in crease in the con cen tra tions of U in the in ter val with
Bulimina spp. (19.25–21.5 m). This part is ter mi nated by a co in -
ci dence of rel a tive low val ues of Th/K, Th/U, K and Th. It may be 
as so ci ated with dysoxic con di tions and an in crease in nu tri ents.
The in ter val with lagenids is char ac ter ized by an ir reg u lar pat -
tern of con cen tra tions of Th and U. The con cen tra tions of K are
rel a tively sta ble within the en tire in ter val (� 1.2%, SD 0.26). The 
con cen tra tions of both Th (� 4.2 ppm, SD 0.8) and U (�
3.0 ppm, SD 0.69) are gen er ally av er age com pared with the re -
sults from the en tire suc ces sion pen e trated by the bore hole.

In ter val ca. 11–18.5 m is formed by the mo not o nous fa cies
M1. At the base of this in ter val, the warm-wa ter and oligotrophic 
plank tonic foraminifera (Globigerinoides spp. and
Globigerinella spp.) ap peared abruptly, re flect ing rapid warm ing 
or the in flux of warm-wa ter masses to the Carpathian Foredeep.
Both warm-wa ter gen era are symbiont-bear ing, shal low-dwell -
ers oc cur ring in sub trop i cal and trop i cal ar eas (Bé, 1977;
Reynolds and Thunell, 1985; Hemleben et al., 1989; Schiebel
and Hemleben, 2005). The co-ex is tence of these two gen era
may be ex plained us ing a Ca rib bean ex am ple: Globigerinoides
spp. were rec og nized in au tumn blooms with higher tem per a -
ture and sa lin ity vari a tions, while Globigerinella spp. bloomed
dur ing spring with nar rower tem per a ture and sa lin ity ranges
(Schmuker, 2000). There is a co-in ci dence of Globigerina
bulloides and Globigerinoides spp. with lo cal wind-driven
coastal upwelling ar eas (Conan et al., 2002), and this phe nom -
e non can not be ex cluded dur ing de po si tion of this in ter val.

Based on the ob ser va tion of Van der Zwaan et al. (1990),
the high P/B-ra tio re corded at the base of in ter val may in di cate
deep en ing though Hohennegeer (1995) ex cluded  cor re la tion
be tween P/B-ra tio and palaeodepth in the Cen tral Paratethys
Sea. How ever, oto liths also show the deep est sedimentational
en vi ron ment in this par tic u lar level from 17 to 19 m in agree -
ment with in crease in the P/B-ra tio.
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Fig. 12. Quantitative characteristics of otolith assemblages in the LOM-1 section

A – abundance expressed as number of specimens in 1 metre of core; B – diversity expressed as
number of taxa; C – relative abundances of Gadidae (Gadiculus argenteus) – a marker of the

temperate climatic zone; D – palaeobathymetry based on relative abundance of fish species (otoliths)



In the mid dle part of the in ter val (14–17 m), an in crease of
small Globigerina praebulloides and Coccolithus pelagicus
(with peaks at 14 and 16 m) is de tected while the de crease in
warm-wa ter plank tonic foraminifera in di cates cool ing and/or
eutrophication. The in crease in nu tri ents is sup ported also by
abun dant di a toms (14–18.5 m) and oto liths (14–15 m). Be -
cause there is a gen eral agree ment that here was no in put of
acidic volcaniclastic ma te rial (Nehyba, 1997; Nehyba et al.,
1999), the source of SiO2 is prob a bly exlusively de rived from
weath er ing of the ad ja cent crys tal line base ment.

High-nu tri ent mark ers dom i nated also at the sea-floor:
Melonis is grad u ally sub sti tuted by the triserial high-nu tri ent
mark ers Uvigerina and Bulimina around the level of 16 m.
Peaks of these high-nu tri ent mark ers (14 and 16 m) cor re late
well with peaks of the eutrophic Coccolithus pelagicus. Stud ies
of Re cent Uvigerina as well as Melonis show that a high sup ply
of or ganic ma te rial to the sed i ments and not the ox y gen con -
cen tra tion in the bot tom wa ters is the most im por tant fac tor in
con trol ling dis tri bu tion of both gen era (Caralp, 1989; Hermelin,
1992; Sjoerdsma and Van der Zwaan, 1992; Sen Gupta and
Machain-Castillo, 1993; Miao and Thunell, 1993; Rathburn and
Corliss, 1994). Then, abun dant Uvigerina, Bolivina, Bulimina
and Melonis typ ify re gions of high or ganic pro duc tiv ity and a
sus tained flux of or ganic mat ter to the sea-floor, e.g., un der ar -
eas of upwelling (Thomas et al., 1995) which can sup port an in -
fer ence of sea sonal upwelling from plank tonic as sem blages.
How ever, our sam ples show al ter na tions of deep infaunal
Bulimina and Uvigerina with in ter me di ate infaunal Melonis,
which in di cates dif fer ent eco log i cal re quire ments of these gen -
era. There are more, partly con tra dic tory ex pla na tions of this
neg a tive cor re la tion be tween Melonis and Bulimina with
Uvigerina from pres ent seas. It may be ex plained by Schönfeld
(2001) who re corded max i mum abun dances of Melonis un der
oxic con di tions near the sed i ment sur face where Melonis may
in di cate a high-nu tri ent but more oxic en vi ron ment. The sec ond
pos si bil ity of sub sti tu tions of high-nu tri ent taxa in sec tion may
be var ie gated qual ity of or ganic mat ter (Caralp, 1989; Mojtahid
et al., 2010). The nu tri ent ca pac ity of or ganic mat ter of
terrigenous or i gin is low ered dur ing trans port to the ma rine ba -
sin (Dumon and Grousset, 1977), while or ganic mat ter of ma -
rine or i gin pro duced dur ing phytoplankton blooms of ten trig -
gered by upwelling re gime reached the sea-floor as high-qual ity 
or ganic mat ter (Caralp, 1989). Melonis pre fer or ganic mat ter in
a more al tered form (terrigenous or i gin), Bulimina is in dic a tive
of high or ganic mat ter qual ity and quan tity (ma rine or i gin; Caulle 
et al., 2014). How ever, Abu-Zied et al. (2008) sug gested that
Bolivina, Bulimina and Uvigerina are de pend ent on a rather
con tin u ous abun dance of or ganic mat ter, that may be of a lower 
qual ity. More over, Jorissen et al. (1995) and Fontanier et al.
(2002) ques tioned the high-nu tri ent pref er ence of Melonis when 
re cord ing that, with a de creas ing or ganic in put, the ox y gen ated
layer ex pands, and un der such con di tions, in ter me di ate
infaunal taxa (such as Melonis) may be come very suc cess ful. In 
any case, the sub sti tu tion of Bulimina, Uvigerina and Melonis
re flects vari a tion in ox y gen con tent and in quan tity and qual ity of 
nu tri ents.

In the up per part of in ter val (11–14 m) there is a marked in -
crease in the abun dance of Turborotalita quinqueloba as a
shal low dweller marker of cold non-strat i fied wa ters (Rohling et
al., 1993). To gether with the abun dant Coccolithus pelagicus
they in di cate cold sur face wa ter, though Helicosphaera spp.
with peaks at 13.8 and 12.2 m has af fin ity to warmer,
mesotrophic to oligotrophic wa ter (Knappertsbusch, 1993;
Ziveri et al., 1995, 2004) which may point to vari a tion in qual ity
of sur face wa ter masses. The pro duc tiv ity of di a toms de -
creases. At the sea-floor, low-oxic foraminifera are sub sti tuted
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Fig. 13. Comparison of calcareous nannoplankton (A) and
foraminiferal assemblages (B, C) from the Middle Badenian

Carpathian Foredeep using the nMMDS 
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Fig. 14. Differences in composition of foraminiferal and calcareous nannoplankton assemblages in the boreholes LOM-1, OV-1,
RY-1 and ZIDL-1+2 from the Middle Badenian Carpathian Foredeep in Moravia

Differences significant by Kruskall-Wallis tests are indicated by arrows



by monoserial lagenids (infaunal de posit feed ers; Murray,
2006) and textulariids (mainly detrivore Kareriella as so ci ated
with mud and silt sub strate; Murray, 2006). In gen eral, a dom i -
nance of ag glu ti nated spe cies re flects the oligotrophic char ac -
ter of the ben thic eco sys tem (Jorissen et al., 1998). Thus, the
up per part of in ter val can be in ter preted as a cold in ter val with
slightly de creased nu tri ent in put and in creased ox y gen con tent
at the sea-floor.

The ir reg u lar pat tern of con cen tra tions of Th (� 3.6 ppm,
SD 1.1) and U (� 2.9 ppm, SD 0.81), and val ues of both Th/K
and Th/U ra tios, typ i cal of this in ter val, cor rob o rated the in ter -
pre ta tion of os cil la tions of ox y gen and nu tri ents. A max i mum of
nu tri ents is ex pected be tween 14 and 16 m, which agrees with
the high est abun dances of oto liths as well as of di a toms. Sea -
son al ity could have led to lo cal coastal (wind-driven) upwelling
as a source of nu tri ents due to south ward winds (west ern coast
in north ern hemi sphere; Longhurst, 2010). The in ter val of ex -
pected max i mum nu tri ent lev els is char ac ter ized by co in ci -
dence of rel a tive high con cen tra tions of U and rel a tive low con -
cen tra tions of Th and also the low est Th/K, Th/U val ues in the
en tire LOM-1 pro file. The con cen tra tions of K (� 0.9%,
SD 0.25) are rel a tively sta ble. The rel a tive low con cen tra tions
of K and the value of the Th/K ra tio in the in ter val 13-15 m could
be a sig nal of the pres ence of kaolinite in the clay frac tion in -
stead of illite and of the prev a lence of hu mid con di tions in the
source area (Rider, 1999). In creased hu mid ity may in crease
riverine in put as a source of terrigenous nu tri ents (phyto -
detritus). The ir reg u lar pat tern of con cen tra tions of Th (� 4.4
ppm, SD 1.65) and of the Th/K ra tio is typ i cal of the up per part

of the in ter val where nu tri ent in put de creased and ox y gen con -
tent in creased. The con cen tra tions of U (� 3.7 ppm, SD 0.64),
the val ues of the Th/U ra tio and es pe cially the con cen tra tions of
K (� 1.0%, SD 0.27) are rel a tively sta ble in this part of the in ter -
val. The con cen tra tions of Th and U are gen er ally higher.

In ter val 10–11 m is very pro nounced, formed by fa cies M1.
The rel a tive abun dance of warm-wa ter plank tonic foraminifera
and the P/B ra tio mark edly in crease and di a toms dis ap pear at
the base of the in ter val, which may in di cate warm ing. The in -
creased abun dances of the spe cies Reticulofenestra haqii
show ing neg a tive cor re la tion with Coccolithus pelagicus cor -
rob o rates in ter pre ta tion of warm oligotrophic con di tions in the
sur face wa ter. At the sea-floor Sphaeroidina bulloides mark edly 
pre vails. Un for tu nately, there is not much known of its palaeo -
eco logi cal pref er ences. The rather in con sis tent pub lished data
about the ecol ogy of the Sphaeroidina spp. (cos mo pol i tan
deep-wa ter taxa – Van Morkhoven et al., 1986; semi-infaunal
om ni vore – Murray, 2006; epifaunal, suboxic – Drinia et al.,
2007; marker of high dis solved ox y gen and low or ganic car bon
lev els – Hayek and Wil son, 2013) rather oligotrophic, oxic,
deeper-wa ter con di tions are pos si ble to in ter pret. Otolith as -
sem blages showed a peak of meso- to bathypelagic and pe -
lagic taxa in the in ter val 10–11 m (Fig. 12D). Gen er ally, sed i -
ments were de pos ited dur ing a warm, oligotrophic pe riod prob -
a bly ac com pa nied by deep en ing. The high est con cen tra tions of 
both K and Th were rec og nized in the sam ple from the depth
10.83 m and the high est con cen tra tion of U and also the low est
ra tio of Th/U in the next sam ple from 10.44 m. This can be in ter -
preted as a sig nal of the most dis tal (the deep est?) con di tion,
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Fig. 15A – stratigraphical correlation of the LOM-1 borehole; B – changes in relative abundances of biostratigraphical markers
Helicosphaera waltrans and H. walbersdorfensis
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Fig. 16. Summary of all sedimentological, geochemical and palaeobiological records



with a min i mum of clastic de liv ery. The max i mum flood ing sur -
face (MFS) is sit u ated in this in ter val (Berstad and Dypvik,
1982). Gen er ally the high est con cen tra tions of U (� 5.6 ppm,
SD 2.49), Th (� 6.6 ppm, SD 1.13) and also K (� 1.3%, SD
0.42) were rec og nized in sam ples from this in ter val, as were the 
high est vari a tions in the con tents of K and U. The sed i men tary
suc ces sion be low the sug gested MFS could be tentativlely in -
ter preted as a transgressive sys tems tract (TST), whereas the
one above the MFS as a highstand sys tems tract (HST). More -
over the turn over in the trend of con cen tra tions of nat u ral ra dio -
ac tive el e ments is con nected with this in ter val. A gen eral in -
crease in U, Th (also partly in K) and Th/K can be fol lowed from
the depth of about 14 m (low est Th/K and Th/U) to wards the
depth 10.44–10.83 m. Af ter wards a sig nif i cant de cline in U, K
and Th con cen tra tions was re corded. Co in ci dence of: (a) in -
crease in hu mid ity fol lowed by in creased arid ity (Th vs. K –
kaolinite vs. illite), and (b) in crease of nu tri ent de liv ery fol lowed
by its de crease (con cen tra tions of U) sig nif i cantly af fected the
biota. We can spec u late about a change in the sys tems of cur -
rents (ter mi na tion/re duc tion of upwelling?) and pos tu late that
such an event may be de tect able in the ad ja cent parts of the
ba sin.

In ter val 5.6–10 m is formed by fa cies M2 and the up per
part of the in ter val is formed by al ter na tions of fa cies M2 and
M3. A sharp and ir reg u lar con tact with fa cies M2 cor re sponds
with the lower bound ary of the in ter val and agrees well with the
sud den change in the micropalaeontological re cord. Sur face
wa ter was char ac ter ized by abun dant stress-tol er ant
Reticulofenestra minuta and Globigerina praebulloides and os -
cil la tions in abun dances of Turborotalita quinqueloba sug gest -
ing stress in sur face wa ter in clud ing os cil la tions of nu tri ent, tem -
per a ture and/or sa lin ity. Small peaks of warm-wa ter plank tonic
foraminifera (6.75, 7.75 and 8.75 m; Fig. 7) co in cide with de -
creases in abun dances of cold-wa ter T. quinqueloba in di cat ing
tem per a ture fluc tu a tions. The peaks of high-nu tri ent ben thic
foraminifera at 8.75, 7.75 and 6.6 m (Fig. 8) can be cor re lated
with peaks of warm-wa ter plank tonic foraminifera which is sur -
pris ing and may in di cate strat i fi ca tion of the wa ter col umn. In
this case the high-nu tri ent foraminifera are also dysoxia-tol er -
ant, thus suc cess ful in such an en vi ron ment. In the deeper part
of the wa ter col umn, a sig nif i cant in crease in the num ber of in di -
vid u als of the cryophilic fish spe cies G. argenteus argenteus in
the in ter val of 6–7 m in di cates cold wa ter masses. Gen er ally,
this in ter val rep re sents a var ied palaeoenvironment with tem -
per a ture, nu tri ent and prob a bly also sa lin ity os cil la tions mainly
in sur face wa ter. In deeper wa ter, more sta ble cold wa ter
masses are ex pected due to at least sea sonal strat i fi ca tion of
the wa ter col umn. In this in ter val the low est con cen tra tions of U, 
K and Th in the en tire LOM-1 pro file were rec og nized. But gen -
er ally ir reg u lar pat tern of con cen tra tions of Th (� 3.1 ppm, SD
1.11), U (� 2.3 ppm, SD 0.55) and of the Th/K ra tio can be
seen. The con cen tra tions of K (� 0.7%, SD 0.22) and value of
Th/U ra tio are much sta ble. The low est con cen tra tions of K and
the value of Th/K ra tio are con nected with a gradational tran si -
tion from fa cies M2 to M3 and may be a sig nal of in creased hu -
mid ity in the source area (Rider, 1999). How ever, in agree ment
with the var ied li thol ogy as well as with the
micropalaeontological re cord, vari able rain fall is ex pected to
cor re spond with ex treme cli mate events de duced from the
strongly neg a tive ex cur sions in d18O and d13C in the Ostrea iso -
tope ar chive (Harzhauser et al., 2011) and from the ir reg u lar
ap pear ance of clastic in ter ca la tions in lime stone bod ies
(Holcová et al., 2015). These in sta bil i ties may be re flected by
the ir reg u lar pat tern of the Th, U and Th/K ra tios.

In ter val 3.8–5.6 m is formed by al ter na tion of fa cies M2 and 
M3 and can be char ac ter ized by the ap pear ance of

Umbilicosphaera jafari and Reticulofenestra minuta.
Umbilicosphaera spp. showed af fin i ties to warmer (mean an -
nual tem per a ture un der 15°C) rather oligotrophic wa ter (Ziveri
et al., 2004; Boeckel et al., 2006). Boeckel et al. (2006) de -
scribed its tol er ance to sa line wa ter. Small stress-tol er ant
Globigerina praebulloides which pre vailed over large
Globigerina bulloides may in di cate also stress in clud ing sa lin ity
os cil la tions. Ben thic foraminifera do not change in the in ter val
bound ary but peaks of lagenids at 5.6 m and hypoxic taxa at
5.2 m were re corded. At the base of the in ter val, the LO of
Helicosphaera waltrans was re corded. The event can be cor re -
lated with the first sig nals of the Mid dle Mio cene Cli ma tic Tran -
si tion man i fested in the study area by de creased riverine in put
due to aridification caus ing in crease in sa lin ity and de crease in
nu tri ents (Holcová et al., 2015) which can cor re spond with
palaeoenvironmental changes rep re sented in the up per part of
the in ter val. The re sults of gamma spec trom e try are very sim i lar 
in the lower in ter val i.e. an ir reg u lar pat tern of con cen tra tions of
Th (� 2.7 %, SD 0.77) and U (� 2.2 ppm, SD 0.58) and sta ble
con cen tra tions of K (� 0.7%, SD 0.23).

In ter val top of bore hole – 3.8 m is char ac ter ized by high
though var ied abun dances of Umbilicosphaera jafari and
Reticulofenstra haqii; which in di cate oligotrophic con di tions with 
sa lin ity os cil la tions prob a bly due to hypersaline con di tions.
Cold-wa ter Turborotalita quinqueloba prac ti cally dis ap pears at
the base of the in ter val, and large Globigerina bulloides pre -
vailed over small G. praebulloides though their ra tio strongly
var ies which agrees with os cil la tions in the nannoplankton as -
sem blages. In crease of globorotaliid abun dances is fol lowed by 
peaks of warm-wa ter plank tonic foraminifera at 2–2.75 m;
1.25-1.5 m and 0.6 m. From 2 m up wards again there is an in -
creased abun dance of globorotaliids. Globorotalia spp.-dom i -
nated plank tonic foraminifera as sem blages sim i lar to those of
this in ter val ap pear sea son ally in oligotrophic ar eas dur ing cold
months (the Gulf of Mex ico – Poore et al., 2013; Sargasso Sea
– Salmon et al., 2014). In the midlatitude At lan tic, globorotaliids
to gether with Turborotalita quinqueloba are as so ci ated with
spring blooms while Globigerinella spp., Orbulina spp. and
Globigerinoides spp. are re stricted to the sum mer warm and
well-strat i fied ocean (Chap man, 2010). De spite these dif fer -
ences in dif fer ent cli ma tic zones, plank tonic foraminifera in this
in ter val can be well ex plained by sea sonal suc ces sion of pop u -
la tions. Lack of cold-wa ter T. quinqueloba sug gests a sub trop i -
cal cli mate. This in ter val is formed by al ter na tions of fa cies M2
and M3. The re sults of gamma spec trom e try are very sim i lar for
the two lower in ter vals i.e. an ir reg u lar pat tern of con cen tra tions
of Th (� 4.2%, SD 1.13) and U (� 2.5 ppm, SD 0.52) and sta ble
con cen tra tions of K (� 0.8%, SD 0.23). The con cen tra tions of
K, U and Th are gen er ally lower for the suc ces sion above the
pro posed MFS (up per three in ter vals) than for the suc ces sion
be low it.

At the sea-floor, peaks of Cibicidoides showed oxic con di -
tions, how ever, its co-oc cur rence with hypoxic foraminifera,
mainly Uvigerina spp., in di cate sea son al ity. At the top of the
bore hole, the high est rel a tive abun dance of shal low-wa ter ben -
thic spe cies was re corded, sup port ing an in ter pre ta tion of
shallowing. In creased num ber of oto liths of neritic spe cies iare
clearly vis i ble in the high est part of the pro file (0–1 m) in ac cor -
dance with the in ter preted shallowing.

These in ter vals can be com pared with in ter vals that re flect
or bital forced cli ma tic changes de fined in isochronous sec tions
of the Cen tral Paratethys, e.g. Sooss (Hohenegger et al., 2008)
and Rybníèek (Kopecká, 2012).

The as so ci a tion of oto liths is broadly con sis tent with this in -
ter pre ta tion. Ac cu racy com par i son with other groups is, how -
ever, lim ited by the fre quency of oto liths. That is sta tis ti cally sig -
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nif i cant es pe cially in sam ples from the 9–19 m lev els (with
200–400 in di vid u als, see Fig. 12), while other lev els of the bore -
hole show lower num bers of oto liths (sam ples of 7–8 m and
21–22 m lev els with only 51 or 56 oto liths re spec tively).

A fre quency di a gram of spe cies of bony fish show ing their
liv ing en vi ron ment (Fig. 11) is also di vided into seven lev els that 
roughly cor re spond to the in ter vals de fined and dis cussed
above. This de vel op ment in di cates that some in ter preted
changes and trends may also re flect vari able bathymetry within
the depth range of the higher bathyal zone. An in creased num -
ber of neritic spe cies is clearly vis i ble in the high est part of the
pro file (0–1 m) in ac cor dance with the in ter preted shallowing.
Oto liths in di cate the deep est sed i men ta tion at the base of the
bore hole and in par tic u lar from 17 to 19 m.

Rel a tively high num bers of the otolith G. argenteus
argenteus in the in ter vals of 16–17 m and 13–15 m is in ac cor -
dance with colder ep i sodes sug gested by foraminifera and
nannoplankton. A sig nif i cant in crease in the num ber of in di vid u -
als of this cryophilic spe cies in the in ter val of 6–7 m is, how ever, 
at the LCO bound ary of Helicosphaera waltrans. This en tirely
agrees with the ex pected first sig nal of the Mid dle Mio cene Cli -
ma tic Tran si tion in the depth of 5.6 m and may in di cate its
some what ear lier on set in the pro file stud ied. Oth er wise the
con spic u ous ab sence of more or less con tin u ous stomiiform
oto liths at the depth in ter val of 4–5 m is dif fi cult to in ter pret.

SPECIFICITY OF PALAEOENVIRONMENT RECORDED 
IN THE LOMNICE DENUDATION RELICT

The Lomnice lo cal ity of fers, from the point of the palaeo ge -
ogra phy of the Carpathian Foredeep and clas si cal mod els of
pe riph eral fore land bas ins, a pos si bil ity to study the de pos its of
the dis tal part of the ba sin along its pas sive mar gin. The al most
mo not o nous, >20 m thick suc ces sion of clayey silts re flects on
the other hand a rel a tively deep-wa ter depositional en vi ron -
ment, which is more typ i cal of the rel a tively more prox i mal parts
of the pe riph eral fore land ba sin (dis tal foredeep depozone
sensu DeCelles and Giles, 1996).

Based on dif fer ences in foraminifera and cal car e ous
nannoplankton as sem blages (Figs. 10 and 11), the spec i fic ity
of the Lomnice area is ex pressed by high abun dances of
high-nu tri ent mark ers at the sea-floor (Melonis, Pullenia,
Nonion ex gr. commune, Uvigerina) and Globigerina bulloides
and G. praebulloides in sur face wa ter. As we dis cussed in the
pre vi ous sec tion, those as sem blages may in di cate lo cal
wind-driven coastal upwelling (Longhurst, 2010). This source of 
nu tri ent is also con sis tent with the lack of the Cassidulina group
which in di cates a strong in flu ence of sea sonal phytodetritus
pulses (Gooday, 1993). An other ar gu ment to sup port the hy -
poth e sis of lo cal upwelling is high abun dances of Nonion which
are as so ci ated with highly eutrophic con di tion of high-qual ity or -
ganic mat ter (Mojtahid et al., 2010). Such ma te rial is of ma rine
or i gin pro duced dur ing phytoplankton blooms of ten trig gered by 
an upwelling re gime (Caralp, 1989). The Lomnice area was sit -
u ated in the west ern coast of the Carpathian Foredeep sea (in
the north ern hemi sphere) and there fore south wards di rected
winds must have trig gered upwelling. In this case, gen er ally
downwelling sea sonal cir cu la tion may be ex pected at the east
coast (Židlochovice) where 5-cham bered Globigerina and
Turborotalita quinqueloba dom i nated in stead the Globigerina
bulloides/praebulloides group. The prev a lent deep-dweller
Globorotalia bykovae in the Rybníèek area may in di cate the
deep est part of the ba sin.

Among warm-wa ter plank tonic foraminifera char ac ter iz ing
the sum mer pe riod with a strat i fied layer Globigerinella pre -

vailed in the Lomnice area while Orbulina and Globigerinoides
are con cen trated in the Rybnièek area. Gen er ally, com pa ra ble
en vi ron men tal re quire ments are ex pected for all three gen era,
but nar rower tem per a ture and sa lin ity tol er ances are con sid -
ered for Globigerinella (Bijma et al., 1990; Schmuker, 2000).
This might in di cate more sta ble con di tions (mainly sa lin ity os cil -
la tions) dur ing sum mer strat i fi ca tion in sur face wa ter in the
Lomnice area by com par i son with the cen tral part of the ba sin. It 
cor re sponds to the palaeobathymetry of the Carpathian
Foredeep based on oto liths (Brzobohatý, 1997, 2001).

A lack of shal low-wa ter taxa in di cates an outer shelf to
bathyal en vi ron ment in the Lomnice area with out trans port of
shal low-wa ter el e ments which is com pa ra ble with the Rybníèek
area. This agrees with the in ter pre ta tion of quiet off shore sed i -
men ta tion.

CORRELATION WITH OTHER CENTRAL PARATETHYS BASINS

The time in ter val stud ied rep re sents, sensu Hohenegger et
al. (2014), the Mid dle Badenian trans gres sion correlable with
the Mid dle Mio cene sea level cy cle TB 2.4 (Haq et al., 1988).
Biostratigraphically this can be de fined by the co-ocurrence of
Orbulina and Helicosphaera waltrans. This in ter val was rec og -
nized in the Cen tral Paratethys in the Dan ube Ba sin in Slovakia
(Ozdinová, 2008), Slovenia (Bartol, 2009) and the Vi enna Ba sin 
(Švábenická, 2002). In the Carpathian Foredeep it is con cen -
trated in its south ern and cen tral part (Švábenická, 2002).
Helicosphaera waltrans is lack ing in Po land (Oszczypko and
Oszczypko-Clowes, 2012), east ern Hun gary (Selmeczi et al.,
2012) and the north ern part of the Pannonian Ba sin in Slovakia
and these transgressive de pos its should be youn ger than
14.37 Ma (LCO of H. waltrans). This could in di cate
heterechroneity of this trans gres sion in a SW to NE di rec tion
(?through tectonical in flu ences). Selmeczi et al. (2012) sup -
ported this hy poth e sis when magnetostratigraphical re sults
showed dif fer ent ages for the Mid dle Mio cene transgresion be -
tween west ern and east ern Hun gary.

Unfortunatelly, palaeo eco logi cal data com pa ra ble with the
data pre sented here are sparse. Re sults from the Badenian
stratotype area, Sooss, are com pa ra ble al though slightly youn -
ger. As in our re sults, Hohenegger et al. (2008) de scribed an al -
ter na tion of warm and cold in ter vals with a gen eral cool ing
trend. Peryt (2013) also, in slightly youn ger strata, showed that
com pa ra ble ox y gen a tion and pro duc tiv ity changes pre ceded
the “Badenian sa lin ity cri sis” in the Pol ish part of the Carpathian
Foredeep. Though the ma rine his tory fin ished ear lier in
Moravia, and de po si tion of evaporites have not been re corded
here, the im pact of cli ma tic changes pre ced ing the sa lin ity cri sis 
on the ma rine palaeoenvironment is very sim i lar in both ar eas
of the Carpathian Foredeep.

CONCLUSIONS

1. The Lomnice denudational rel ict is lo cated in the dis tal
part (forebulge depozone) of the Carpathian Foredeep Ba sin.
Bore hole LOM-1 re corded a quiet en vi ron ment of the outer
shelf to up per bathyal zone of mo not o nous clayey silts, which
are more typ i cal of the more prox i mal parts of a pe riph eral fore -
land ba sin. This sug gests that the Badenian flood ing had to be
ex tended far ther in land to wards the pas sive mar gin.

2. Spec i fic ity of the en vi ron ment is man i fested by high abun -
dances of the ben thic high-nu tri ent mark ers Nonion and
Uvigerina as well as Globigerina bulloides and G. praebulloides
group among plank ton. These foraminifera re quired high nu tri -
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ent lev els pref er a bly of ma rine or i gin pro duced dur ing
phytoplankton blooms of ten trig gered by an upwelling re gime.
There fore, sea sonal upwelling can not be ex cluded dur ing de -
po si tion of the lower part of the sec tion stud ied. How ever, as in
other Carpathian Foredeep sec tions, a role of riverine in put of
nu tri ents is also ex pected from the oc cur rence of small
oxyphilic op por tu nis tic Cibicidoides spp., how ever, Episto -
minella and Cassidulina as mark ers of terrigenous in put are
miss ing.

3. The sec tion stud ied can be sub di vided into six in ter vals
in di cat ing the cy cli cal char ac ter of the Mid dle Mio cene sed i -
men ta tion in the Cen tral Paratethys, trig gered prob a bly by
Milankoviæ cli ma tic cyclicity. Cy cles started with rapid warm ing
and con tin ued with grad ual cool ing. A sea sonal suc ces sion of
as sem blages was in ter preted mainly from co-oc cur rence of
plank tonic foraminifera spe cies which char ac ter ized dif fer ent
sea sons: a sea son with colder mixed wa ter was fol lowed by a
sea son with strat i fi ca tion of the wa ter col umn with an
oligotrophic and warm up per layer and low oxic con di tions at
the sea-floor.

4. Interannual os cil la tions of nu tri ent con tent, tem per a ture
and/or sa lin ity are in ferred from os cil la tions of Th, U and K val -
ues and abun dances of high-nu tri ent/oligotrophic-mark ers,
warm/cold-wa ter and stress mark ers.

5. Turn over of spe cies cor re lated with the on set of the Mid -
dle Mio cene Cli ma tic Tran si tion is re corded above the LO of
Helicosphaera waltrans in agree ment with pre vi ous ob ser va -
tions in the Carpathian Foredeep. The changes in clude cool ing, 
de crease of nu tri ents, prob a ble in crease of sa lin ity of su per fi cial 
wa ter and in crease in sea son al ity. Cool ing is in di cated by high
num bers of oto liths of the cryophilic G. argenteus argenteus.

6. A shallowing trend was re corded at the top of sec tion.
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