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INTRODUCTION

This paper contains an analysis of the age and environmental conditions of foraminifera from the Middle Miocene deposits of the Roztocze
region (a southern prolongation of the Lublin Upland, SE Poland). Such an
analysis turned out to be indispensable for understanding the results of my
former preliminary studies on the ostracodes from those deposits, in particular for understanding the causes of the heterogeneity and variability
of ostracode assemblages occurring in the sections studied. Since they are
a more unequivocal stratigraphic and ecologic index than ostracodes, the
foraminifera provide a more precise age determination of the sediments
under study and the conditions of their depositions.
Except for the description of foraminifera from the peripheral area
of Roztocze (Odrzywolska-Bieilkowa 1966, 1972), the microfauna of this
region has not been studied to date. The age of deposits of this area which
differ in fact from that determined on the basis of foraminifera, as well
as sedimentary environmental conditions, have so far been determined
mostly on the basis of macrofauna, in particular mollusks.
In evaluating the character and distribution of foraminifera of Roztocze, I have availed myself of a fairly detailed study of the foraminifera
from the section in the environs of Trzesiny which appear to be a representative one. The results obtained were compared with those of the
foraminiferal studies conducted in other areas of Central Paratethys, in
particular in the Polish part of the Fore-Carpathian Depression.
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The section of the environs of Trzesiny was sampled according to the
description provided by Dr. T. Musial who has earlier (in: Jakubowski
and Musial 1979a) described the lithological sequence and petrographic
aspect of this section. The mollusks have been studied and described by
Jakubowski (in: Jakubowski and Musial 1979a). Professor E. Martini has
conducted an analysis of nannoplankton from two samples coming from
'I'rzesiny,
The samples from other areas of Roztocze, used for the purposes of the
present work, and which come from Dr. T. Musial collections, were previously recorded in his publications (Musial 1976, Jakubowski and Musial
1979a, b) and, in addition, will be further discussed in Musial's work (in
preparation) summing up the geology of Roztocze. The material described
is housed at the Polish Academy of Sciences' Institute of Paleobiology in
Warsaw (abbrev. ZPAL).
GEOLOGICAL SETTING

The Roztocze region, a plateau in character is a prolongation of the
Lublin Upland which, together with adjacent uplands,
forms a northern
\
margin of the Fore-Carpathian Depression (figs 1, 2). Roztocze is separa-

Fig. 1. Paleogeographic setting of the studied Roztocze area. Extent of the Middle
Miocene sea in the Fore-Carpathian Depression is stippled; rectangled is the area
enlarged in fig. 2.
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Fig. 2 Map showing contact of the Roztocze region and Fore-Carpathian Depression. .
Dashed line corresponds to a simplified boundary of the Fore-Carpathian Depression.
Location of sampled outcrops is indicated by numbered dots : 1 Radruz, 2 Gora Brusno, 3 Miasteczko, 4 Monastyrz, 5 Dlugi Goraj, 6 Huta Lubycka, 7 Huta Rozaniecka,
8 J6zef6w, 9 Tarnowola, 10 Gorniki, 11 Szopowe,12 Zelebsko,13 'I'rzesiny, 14 Wola
Radziecka, 15 Radziecin-Poduchowne, 16 Frampol, 17 Goraj, 18 Kocudza, 19 Janow
Lub., 20 Biala Ordynacka, 21 Wierzchowiska, 22 Lysakow, 23 Zdziechowice, 24 Hamernia.

ted from the Fore-Carpathian Depression by a distinct cuesta subsiding
southward. In the Miocene, Roztocze constituted a marginal part of the
Central Paratethys and, therefore, the deposits of this age represent here
the nearshore sedimentary zones of, the marine basin mentioned above.
Variously consolidated sands, marls and various types ' of limestones,
frequently intercalating each other, are rocks which most often occur ill.
the Roztocze region. These deposits outcrop in profiles which are from
a few to a dozen or so meters in thickness, sometimes more or less dislocated tectonically, situated at various absolute heights and, on the whole,
comprising various sequences of lithologically varying deposits. Calcareous
deposits predominate in principle nearer the NW periphery of Roztocze,
while sandy deposits are more frequent further from it, in particular in
the southern part of the Roztocze Upland. The distribution of facies in
Roztocze and their detailed characteristics are presented, among others,
in the following works: Brzezinska 1961; Aren 1962; Odrzywolska-Bienkowa 1966, 1972; Bielecka 1967; Musial 1976; Jakubowski and Musial 1979a,b;
Musial (in preparation).
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MATERIAL AND METHODS

I have made use of the material sampled in the profiles of Rawa Roztocze, that is, at Radruz, Brusno, Miasteczko, Monastyrz, Dlugi Goraj,
Huta Rozaniecka and Huta Lubycka; of Tomaszow Roztocze, that is, at
Jozefow, Tarnowola, Gorniki, Szopowe, Zelebsko and Trzesiny; of Goraj
Roztocze, that is , at Wola Radziecka, Radziecin Poduchowne, Frampol,
Goraj , Kocudza, Janow Lubelski, Biala Ordynacka and Wierzchowiska; of
Urzedow Upland, that is, at Lysakow, Zdziechowice, Lychow and Weglin,
as well as in the Hamernia region on the Sopot in the Fore-Carpathian
Depression; in an outcrop of what is known as Krakowiec clays situated
in the outskirts of Roztocze.
All the above mentioned Miocene localities represent a composite of
the complete stratigraphic succession at Roztocze and contain nearly all
the various taxa that occur in that section. It should be emphasized, however, that the outcrops were sampled rather at random which was conditioned by the availability of the samples for micropaleontological studies, that is, by the degree of their macerability. Samples from the
Trzesiny profile were subjected to an accurate micropaleontological analysis, while those from the remaining localities were analyzed as a control
material.
The Trzesiny section (fig. 3) is an 8 m-high outcrop at the base of which
t he re occur fine-grained sands (samples la, 1b, l c, 3, 6a and 6b) intercalated with compact sandstones grading upward into clayey sands (samples
Band 7) and terminating in a detrital limestone with intercalations of
clayey limestones (samples 10, 11 and 12).
In order to compare the faunal contents of these samples, a portion
(0.25 kg) of each was weighed, macerated subsequently, if necessary, by
means of glaubert salt (NaS0 4 10H zO) and, finally , washed on a screen
with 0.0875 mm diameter mesh. The weight of the residue after washing
called here a "r esidual sample ", is given in table 2. The diagram obtained
h ere provides evidence about the part of clayey material contained in an
unwashed sample and is suitable for interpreting the rate of sedimentation
in the profile under study and (with possible reservation) environmental
changes.
Most samples contained a considerable number of individuals and,
consequently, their residues were split before the specimens were picked,
then identified and counted under a binocular microscope. All microfaunal
individuals, both foraminifera and ostracodes, were picked in principle
f rom 1 g of a dry residual sample.
In analyzing microfauna, the present writer concentrated mostly on
foraminifera. Bolboforma badenensis sp . n., incertae sedis, and a frequent
component of plankton in the samples from Roztocze likely to be index
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form of the Upper Badenian strata has, however, been taken into account
in addition.
Due to the often poor state of preservation or dwarfed nature of the
foraminiferal tests, not all individuals could be identified specifically. At
the same time, it seemed superfluous to conduct a detailed taxonomic
analysis of some foraminiferal groups for the purpose of the present paper,
that is determining the age and deposition conditions of the samples under
study. For this reason, in describing the foraminifera of Trzesiny, I have,
in some cases, confined myself only to generic or higher rank determination.
In analyzing the foraminifera from the Trzesiny section (table 1), use
was made of the contents of 19 portions separated from residual samples.
The contents of 19 portion turned out, however, not to be representative
of the rest of a residual sample. Therefore, the elements characteristic of
the entire foraminiferal content of each sample, in particular those of
essential importance to stratigraphy and a possible interpretation of the
envir onm ent and which served as a control material were here included
for the purposes of a final characterization of the foraminiferal assemblage
of Trzesiny.
Taxa (genera or systematic units of a higher rank) numbering more
than five individuals are shown in table 1.

CHARACTERISTICS OF THE MICROFAUNA IN THE TRZF;SINY PROFILE

Stratigraphic significance

The dependence of the occurrence of both benthonic and planktonic
foraminifera on the environmental conditions (pp . 13-19) requires caution
in evaluating the significance of this group to stratigraphy and in an
appropriate selection of its representatives for stratigraphical purposes.
Of the forms studied so far, of particular importance to the stratigraphy of the Miocene of Central Paratethys are decidedly Badenian elements
occurring at Trzesiny, They include such index forms at the bolivinids and
uv igerinids, preferring in principle deeper water, as well as plankton
(Papp, Cicha and Ctyroka 1978) whose distribution depends to a considerable extent on the environmental conditions (cf. the further remarks) and
which also prefers a deeper-water habitat. Thus, their applicability to the
stratigraphy of deposits occurring in the peripheral areas of the basin is
rather limited.
In regard to stratigraphically important benthonic foraminifera, of
those mentioned by Papp, Cicha and Ctyroka (1978), single specimens of
Uvigerina brunnensis Karrer (pI. 7: 5-7) occur in the lower part of the
Trzesiny section, whereas Bolivina dilatata Reuss (pI. 7: 11) appears only
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in the upper strata. As indicated by the authors mentioned above, the two
species are recorded from the entire Badenian, the former being, however,
limited in its lower extent to the upper part of the Lower Badenian. According to Steninger (1977), B. dilatata is characteristic of the Upper Badenian, while U. brunnensis (named by this author U. semiornata brunnensis) is typical of the Spiroplectammina Zone, that is, Middle Badenian.
Thus, there occurs an indubitable controversy concerning the stratigraphic
extent of these two species.
Planktonic forms of stratigraphic importance to the Badenian mentioned by Papp, Cicha and Ctyroka (1978), in the Trzesiny section include
Globigerinoides: G. trilobus Reuss (pl . 1: 1-3, 12) and G. quadrilobatus
d'Orbigny (pl. 1: 5-9); globigerinids: G. concinna Reuss (pl. 2: 9, 10),
G. druryi Akers (pl. 2: 1-3), G. diplostoma Reuss (pl. 2: 6), G. praebulloides Blow (pl. 2: 4, 4, 8) and G. tarchanensis Subb. and Chutz. (pl. 3: 1-4);
Globorotalia siakensis Le Roy (pl. 6: 5, 7); Orbulina suturalis Bronn. (pl. 4:
I , 2); Praeorbulina glomerosa Blow (pl. 4: 6) and Velapertina indigena
(Luczkowska) (pl. 4: 9, 11, 12). As shown by the vertical range of the
species mentioned from the 'I'rzesiny section (table 2), its lower part corresponds most probably to the upper part of Sandschaler Zone, while its
upper part - to the Bulimina Zone sensu Papp, Cicha and Ctyroka (1978)
that is, to the upper part of the Middle and to the Upper Badenian respectively. Somewhat perplexing is the presence of P. glomerosa which, according to the authors mentioned above, is limited to the Lower Badenian
only. At Trzesiny, this species (single specimens) accompanies Velapertina
indigena which, in Central Paratethys, is considered a late-Badenian form.
The upper limit of the stratigraphic range of this Praeorbulina should,
therefore, by revised.
In regard to the vertical distribution of planktonic foraminifera mentioned by Papp, Cicha and Ctyroka (1978) as stratigraphically significant, of
particular importance seems to be the disappearance of most species (except for G. trilobus) representing the Globigerinoides on the boundary of
the Middle and Upper Badenian and the occurrence of V elapertina indigena
within the two stages. At 'I'rzesiny, the vertical range of most Globigerinoides (except for G. ? trilobus) does not overlap that of the Velapertina .
This may be explained by inadequate environmental conditions, in particular the water depth precluding the existence of these species. Their
concurrence, although with a very small part of the Globigerinoides, has
been recorded in other localities of the Roztocze region (e.g., Miasteczko,
J6zef6w). It is not unlikely that in those localities there were favorable
conditions for their concurrence or that the Globigerinoides occurred there
on a secondary deposit. The coexistence of the Globigerinoides and Velapertina was, however. r recorded by Kollmann and Rogl (1978) from the
Middle and Upper Badenian of the Vienna Basin.
The boundary between the Middle and Upper Badenian (sensu Papp,
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Table 2

Distribution of planktonic for am inifer a and Bolboforma badenensis sp. n.,
a planktonic for m of uncertain taxonomic affinity , in the Trzesiny section.
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Cicha and Ctyroka 1978), at Trzesiny has been delimited by the
upper limit of abundant occurrence of the Globigerinoides. It
is possible, however, that the overlying, plankton-barren layer, may reflect
a shallowing of the basin and correspond to an evaporite horizon, known
from various areas of Paratethys (at the boundary between the Middle and
Upper Badenian) and assigned by Krach and Ney (1978) to the Middle
Badenian. Assuming, however, that the strata with evaporites represent
the Upper Badenian (cf. p. 29) and the Globigerinoides ecozone (cf.
p. 18) is extended, in its upper part, to the Middle-Upper Badenian
boundary, this boundary at 'I'rzesiny should actually be traced between
strata 3 and 6, that is, in the place where the Globigerinoides disappear.
If a change in environmental, especially climatic, conditions caused
indeed a change in the character of planktonic foraminifera in the Late
Badenian and, at the same time, their vertical range was controlled by the
bathymetry of the basin, then the stratigraphic significance ascribed so
far to this group of foraminifera was overestimated. The Miocene planktonic foraminifera of Paratethys seem to be primarily of ecostratigraphic
importance useful for local (or regional) chronostratigraphy. Therefore,
they cannot serve for strictly stratigraphic purposes. Extinguished in the
Middle Badenian of Central Paratethys, the Globigerinoides survived
outside this region under more favorable conditions.
The Middle-Upper Badenian boundary (sensu Papp, Cicha and Ctyroka
1978) adapted on the basis of the distribution of planktonic foraminifera ,
denotes perhaps a short-lived geologic event, suitable for regional correlation, but not sufficient to be acknowledged as a global stratigraphic marker. According to Berggren and Van Couvering (1974: 46), "... chronostratigraphic boundaries cannot be based upon climatic changes, for these
may be local or regional or diachronous in different hemispheres, and
often are not reflected in the rock record."
On the basis of planktonic foraminifera, Steninger (1977) separated,
within the Badenian of Paratethys, its lower part with Globigerinoides
sicanus De Stefani, Praeorbulina glomerosa circularis (Blow) and Orbulina
suturalis Bronn., corresponding to nannoplanktonic zone NN5 , as well as
its upper part with Velapertina indigena and Globigerina druryi corresponding to nannoplanktonic zone NN6 and NN7. In such a system, the whole
profile at Trzesiny should be assigned to the Late Badenian. This is in
conformity with the opinion of Professor E. Martini who, after studying
the nannoplankton from the lower (stratum 1) and upper (stratum 7) part
of this profile, identified the following species; sample la: Braarudosphaera
bigelowi, Coccolithus pelagicus, Cyclococcolithus rotula, Helicosphaera
walbersdorfensis, Rhabdosphaera procera , Reticulofenestra sp. (small),
Sphenolithus abies, Syracosphaera cf. hystrica; sample 7: Braarudosphaera bigelowi, Coccolithus pelagicus, Discolithina sp. , Helicosphaera
carteri, H. walbersdorfensis, Re ticulofenestra pseudoumbilicata , R. sp.
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(small), Rhabdosphaera procera and Sphanolithus abies. According to
Professor E. Martini samples from both these strata belong to Middle Miocene,representing NN6 to NN7 .
.Bolboforma badenensis sp. n., abundantly occurring in the clayey-sandy
deposits of Trzesiny (and in other localities of the Roztocze region) (pl. 6:
1-4), seems to be useful as an index form of Late Badenian deposits,
B. metzmacheri (Clodius) and B. sp. aff. rotunda Daniels et Spiegler
described earlier (Odrzywolska-Bienkowa 1976) and which are characteristic of the Early Badenian of the southern part of the Holy Cross Mts., do
not occur in the samples studied from Roztocze.
It should be mentioned that according to the latest data on the age of
the 'I'rzesiny section based on studies of mollusks (bivalves and gastropods)
(J akubowski and Musial 1979a) its lower part (strata 1-6) is assigned to
the Lower Badenian (Opolian) and its uppermost part (strata 11-12),
sampled by the present writer, to the Upper Badenian.
Like Steninger (1977), Papp, Senes and Steininger (1978) compare the
upper part of the Badenian with the lower part of the Serravallian, which
is not younger than N13, whereas the presence of the representatives of
the Globoro talia continuosa lineage at 'I'rzesiny and other localities of the
Roztocze area allows us to extend it up to N14, that is, to the 'upper part
of the Serravallian (d. Cita and Blow 1969; Berggren and Amdurer 1973;
Zachariasse 1975; Thunell 1979).

An interpretation of environmental conditions

The microfauna sampled in the Trzesiny section is conspicuously variable both in the frequency of its particular elements, that is, foraminifera, ostracodes and incertae sedis plankton and in its taxonomic content,
that is, diversity of the faunal groups mentioned above. Two optima (samples 3 and 7), probably corresponding to the best possible conditions of the
development of microfauna can be distinguished on the whole in this profile (table 1). Above these optima, a distinct drop is observed in both the
absolute abundance and diversity of microfauna.
These optima differ from each other in the fact that the upper one, as
compared with the lower, contains an absolutely larger number of more
differentiated foraminifera (including a decidedly larger number of planktonic forami nifer a), more ostracodes and that the planktonic incertae sedis,
identified as Bolboforma badenensis sp . n., occurs only in it. The sandy
samples 6a and 6b contain few foraminifera which make up a relict of
assemblages of lower strata.
The differentiation in microfauna, in particular the quantitative one,
examined against the background of changes in the character of deposit, is
indicative of an increase in the amount of microfauna occurring together
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with an increase in the clay content of deposits. A larger productivity (?)
was connected with a slower rate of sedimentation, while the latter, as
follows from the data presented below, was determined by ba th ym et r ic
changes in the part of the basin comprising Trzesiny. The higher rate of
sedimentation was connected with shallowing and lower with d eepen ing
the basin. This thesis has been corroborated by a bathymetric m odel prepared by Dr . T. Musial (fig . 3) according to R. Passega's method and on
the basis of granulometric data.
The picture of environmental conditions, in particular those concerning changes in bat hym et r y and temperature, becomes more clear and
precise d u e to an accurate analysis of the distribution of foraminifera
(tables 1, 2). The character of the foraminiferal assemblage, in particular
the presence of planktonic foraminifera in almost the whole profile, is
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indicative of an unvarying open-sea salinity. The control examination of
the remains of the residual samples, that is, the amounts of residue larger
than the separated 1 g turned out to be of particular significance in this
respect.
The results of the analysis mentioned above, which was based on
contemporary distribution of the species found at Trzesiny, should be
treated only considerably approximating the actual one since: (1) the distribution of the foraminifera depends on many other factors and not only
on bathymetry and temperature; (2) there is evidence enough that the
environmental preferences of these same taxa could change with the passage of time; (3) there are certain differences in determining the taxonomy
of foraminifera and, finally, (4) an assemblage of fossil foraminifera may
include forms from various bathymetric horizons and various climatic zones which is a result of the inclusion of elements nontypical of a given
biotope, admixed, for example by submarine slides, cu rrents and postmortem displacements of other types. In interpreting environmental conditions a quantitative part of particular elements of the thanatocoenose
under study seems to be also of considerable importance, that is, the trace
occurrence of some elements testifies to conditions on the whole unfavorable to them and may, therefore, be neglected.
As mentioned above, samples from strata 3 and 7, that is, the ones
containing a particularly abundant and diverse foraminiferal microfauna,
are composed mainly of calcareous, benthonic and planktonic forms.
Among the benthic forms, predominant are the elphidiids (mostly EZphidium, Cribrononion and ProteZphidium), nonionids (Astrononion, FZoriZus),
cibicidids (Cibicides), anomalinids (Cibicidoides, Hanzawaia, HeteroZepa),
discorbids (Discorbis, Conorbina, Buccella, RosaZina, Discorbinella) and
asterigerinids, Asterigerina). The occurrence of Ammonia beccarii (Linne)
is limited to the lower part of the profile only. Its lower part contains, in
addition, only single specimens of Uvigerina brunnensis Karrer and Fursenkoina. schreibersiana (Czjzek), as well as few, flat cassidulinids and
bolivinids. The upper (but not the uppermost) part of the section contains,
in addition to the decidedly more numerous than in the lower part, bolivinids, uvigerinids, rotund cassidulinas and fursenkoinas, also elements
absent earlier (in the lower part of the profile) including Pullenia quinqueZoba (Reuss) (pl. 11: 5, 6), P. bulloides (d'Orb.) (pI. 10: 1, 2), Gyroidina
soZdanii d 'Orb. (pl. 10: 3, 4), HeteroZepa dutempZei (d'Orb.) (pl. 12: 6, 9),
Sphaeroidina bulloides d'Orb. (pl. 10: 7, 11) and Cibicides ungerianus
(d'Orb.) (pl. 12: 8). Such a distribution of benthonic foraminifera fairly
unequivocally, indicates that the lower part of the profile represents the
deposits of the upper part of the neritic zone of the basin, that is, the
inner shelf, not more than 50 m deep, while the upper part of the profile,
represented by samples Band 7, corresponds to an overdeeping of the
basin to at least 100 to 120 m.
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The species of benthonic foraminifera mentioned above, which occur
in higher samples, prefer, in contemporary seas, the outer shelf or even
the bathyal (cf. Berggren et al. 1976; Wiman 1978; Corliss 1979; Bremer
et al. 1980; Boltovskoy 1980; Ingle et al. 1980, etc.).
As compared to strata 3 and 7, the samples from the top strata represent undoubtedly the deposits of a shallow, regressive sea and the character of an environment represented by them was bound to be, apart from
the depth, different. Samples 11 and 12 contain a rich organogenic, calcar eous detritus and, very rare in lower strata, arenaceous foraminifera 1),
as well as numerous representatives of Eponides repandus (Fichtel and
Moll) (pl. 14: 3, 4). Abundantly occurring tests of miliolids, elphidiids and
discorbids are large and thick-shelled.
A small degree of the variability of foraminifera from the uppermost
strata of the section, a lack of plankton, large-sized tests of foraminifera
and considerable extent of reworked tests are indicative of shallow-water,
pericoastal, turbulent (?), unstable and unfavorable, that is, stressed conditions (Lankford 1967; Feyling-Hanssen 1980).
The plankton present in these deposits seems to be of decisive significance for the interpretation of environmental conditions represented by
the Trzesiny section. The planktonic forms of the lower and upper part of
the profile differ from each other. As mentioned above, the plankton is
more numerously represented in the upper (but not uppermost) part of
the profile in which a very rich planktonic fauna of uncertain affinities
occurs in addition to planktonic foraminifera. The increase in the amount
of planktonic foraminifera may be a proof of the deepening of the basin
(Ingle 1967; Reiss et al. 1974; Boltovskoy and Wright 1976), but it may be
also indicative of the cooling of its waters (Parker 1958 ; Reiss et al. 1971).
In the samples from the lower part of the section, there occur the
globigerinids, but they are also accompanied there by numerous (and only
unique in the higher part) Glob igerinoides (d. table 2). In contrast to small,
thick-shelled Globigerinoides, without large, distinct, supplementary
apertures, of one species only, that is, Globigerinoides ? trilobus (Reuss),
occurring in the upper part of the section, its lower part contains at least
four thin-walled species having large tests and numerous, well developed
supplementary and large primary apertures (pl. 1: 10, 11).
Globigerinoides trilobus (pl. 1: 1-3, 12), predominant among the
Globigerinoides, occurs at present mostly at depths to 50 m and prefers
subtropical and tropical temperatures (24 to 30°C) (Emiliani 1969; Boltovsko y and Wright 1976; Be 1977). G. quadrilobatus (d'Orbigny) (pl. 1: 5-9),
occurring in the lower part of the Trzesiny section, probably also preferr ed an appropriately high temperature which according to Douglas' and
1) The te sts of t hese foraminifera come from the control material, I.e. they
have been selected from the residual sa mpl es.
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Savin's (1978) oxygen isotopic calculations on specimens from Miocene
deposits, was 20.2°C.
Globigerinoides sacculifer (Brady) (pl. 1: 10, 11) from the lower part of
the Trzesiny section also represents mainly a near-surface dwelling species
which prefers subtropical and tropical waters at temperatures exceeding
20°C and is related at present to warm ocean currents (Be and Tolderlund
1971). According to these authors (l.c., p. 137) "Globigerin oides sacculifer
is, next to Globigerinoides ruber, the most profilic and widespread species
among the warm-water planktonic foraminifera... Globigerinoides sacculifer occurs over a surface temperature range of 15° to 30°C, with peak
abundance primarily between 24° and 30°C."
Samples from the higher (but not uppermost) part of this profile contain mostly globigerinas, including G. praebulloides Blow (or, according
to some authors, G. bulloides d'Orbigny) (pl. 2: 4, 5, 8) which, being closely
related to G. bulloides, is similar to the latter in its environmental requirements. Like most globigerinas, G. bulloides prefers subarctic and transitional, that is, colder and temperate (5-10°C) waters and, even living close
to the coast, intermediate waters depths of 50 to 100 m (Ingle 1967; Boltovsko y and Wright 1976; Be 1977). The Globigerina biofacies also includes
exceptionally abundant small-sized forms similar to Globigerina bollii
(pl. 5: 8-15) (kindly determined by its author Professor 1. Premoli Silva) ,
as well as few globigerinids resembling G. quinqueloba Natland (pl. 3: 511) and Globorotalia continuosa Blow (pl. 3: 1-7), that is, typical cold-water forms.
Sample 7 which seems to come from the deepest part of the basin (as
compared with the depths represented by other samples) contains single
representatives of Globorotalia siakensis Le Roy (pl. 5: 5-7), single orbulinids (0. suturalis Bronn.) 2) , praeorbulinids (P. glomerosa Blow) 2) (pl. 4:
6) and relatively numerous velapertinids (V. indigena Luczk.) 2) (pl. 4: 9,
11, 12).
Orbulina-like foraminifera, that is, except orbulinids and praeorbulinids, probably also velapertinids, are assigned by Douglas and Savin (1978)
to shallow- and intermediate-water forms which live in the surface mixed
layers and subsurface mixed layers, above the thermocline. On the other
hand, globorotalias are assigned by these authors to intermediate- and
deep-water forms. The deep-water nature of the Globorotalia is also indicated by Szczechura and Pozaryska (1976). According to Douglas and
Savin (1978) the morphology and ornamentation of the tests of planktonic
foraminifera pronouncedly depend on the depth of their habitat.
The Recent Orbulina universa (d'Orbigny), similar to O. suturalis
Bronn., prefers depths ranging from 50 to 150 m and, in regard to its
2) The tests of these species come from the control material, th at is, they were
picked from the remains of the residual sample.
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climatic requirements, is considered a fairly cosmopolitan form characteristic of warm-water regions of subtropical provinces (Be 1977; Thunell
1979; Douglas and Savin 1978). It prefers a temperature of 15 to 24°C
which is lower than that required by the Globigerinoides (d. Be 1977).
The connection of the orbulinas with the Badenian deep-water deposits of
the Vienna Basin is indicated by Van Couvering and Berggren (1977). The
absence of Orbulina-like forms among shallow-water and at least subtropical foraminifera, representing Globigerinoides assemblage in the lower
part of the Trzesiny section seems to be indicative of the fact that not
only an appropriately high temperature, but also a relatively deep water
is indispensable for the existence of Orbulina-like forms. Although very
rare, they occur in the upper part of the Trzesiny section together with
abundant globigerinids representing deeper-water environment. Orbulinalike form are common in the entire earlier, that is, tropical and deeperwater Badenian deposits in the Fore-Carpathian Depression and elsewhere
in Central Paratethys. Noteworthy is also the fact that the tests of O. suturalis from Trzesiny are relatively thick-shelled and small as compared
with those of the same species from Korytnica (a well known Middle Badenian outcrop in the Holy Cross Mts., Poland), a locality (and geological
level) in which there were more favorable environmental conditions (cf.
pl. 4: 1, 2 and 4) (d. Be et al. 1973; Colombo and Cita 1980). Thus mostly
climatic changes in the environment seem to be responsible for the reduction in number and the dwarf size of Globigerinoides in the upper part of
the 'I'rzesiny section, while the appearance in this part of profile of Orbulina-like forms results perhaps mostly from bathymetric changes, ie.
increase in depth. The insufficient overdeepening and insufficient temperature probably precluded any more extensive development of Orbulinalike forms in the deposits representing a maximum overdeepening of the
basin in the area and during the period included by the Trzesiny section.
It is not unlikely that the Velapertina is a cold -water equivalent of the
warm-water representatives of the Orbulina and Praeorbulina.
To sum up, it seems that the vertical range of the benthonic foraminifera in the Trzesiny section was controlled mostly by the basin's depth,
while that of the planktonic foraminifera depended primarily on the temperature and, less so, on the depth of the water (cf. also p. 26). Changes
in the two parameters mentioned above during the formation of deposits
in the profile under study are responsible for the vertical differentiation
in the foraminifera occurring in it. Climatic changes, that is, a drop in
temperature was the most likely obstacle to the development of the Globigerinoides the presence of which was limited to the lower part of the
section (the Globigerinoides ecozone) and, on the other hand, stimulated
development of globigerinids in its upper part (the Globigerina ecozone).
The shallowing, then the overdeepening and once again, the shallowing,
during the period of a moderate temperature of surface layers of the sea
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water masses in the Globigerina ecozone,3) caused an additional differentiation of the foraminiferal benthos and plankton which would allow one
to separate certain probable subecozone.
The changes of the depth of the sedimentation basin extending through
the Roztocze area appear to reflect the seemingly synchronic changes of
depth of the Fore-Carpathian Depression. These latter were stated, among
others, by Urbaniak (1974) who connected them with the unstability
(uplift and folding) of the Carpathians.

CORRELATION OF THE MIOCENE DEPOSITS OF THE ROZTOCZE

Badenian strata

Planktonic foraminifera have been adopted in the present paper as
a basis for correlating Miocene deposits outcropping in the Roztocze region.
They frequently occur in sandy-clayey-marly deposits or in limestones of
some types, for example, algal-bioclastic ones.
Data obtained by studying foraminifera from an outcrop at Trzesiny
considered as typical for the whole of Roztocze, have been taken into
account in stratigraphic consideration.
The assemblage of planktonic foraminifera, characterising the lower
part of the section, that is, the Globigerinoides ecozone, occurs, besides, at
Trzesiny, only in sandy samples from Huta Lubycka. Single elements
of this assemblage, Globigerinoides, accompany a plankton characteristic
of the Late Badenian which occurs abundantly in clayey samples from
Miasteczko and J6zef6w. However, in these localities, they probably occur
on a secondary deposit. More or less abundant globigerinids, including
G. druryi, sometimes accompanied by single and non typical Globigerinoides? trilobus and few Orbulina-like forms, occur in the remaining
plankton-bearing Miocene samples from Roztocze ie. Monastyrz, Dlugi
Goraj, G6ra Brusno, Tarnowola, Goraj, Jan6w Lubelski, Wola Radziecka,
Lysakow, Weglin and Zelebsko. Velapertina indigena was found at Miasteczko, Monastyrz, G6ra Brusno, Tarnowola, J 6zef6w and Weglin.
An accurate indication of strata containing this species will be taken
into account by Musial (in preparation).
The presence of Globorotalia bykovae (Aisenstat) (pl. 6: 8-10) was
found in addition at Dlugi Goraj and Miasteczko.
Late Badenian sandy-clayey deposits rich in plankton have almost
always been accompanied by more or less abundant Bolboforma badenensis sp. n., a planktonic form of uncertain taxonomic affinity.
3) Sandy and devoid of plankton, stratum 6 (or lower ones?) are here perhaps
a limiting zone.
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Biofacies containing plankton and assigned to the GZobigerina ecozone
predominate in the Badenian deposits of Roztocze. They occur in both
calcareous (or their sandy-clayey intercalations) and sandy-clayey deposits.
The calcareous deposits of this ecozone occur mostly on the western
periphery of the Roztocze region, while the sandy ones are better developed somewhat further from, or strictly speaking, east of this periphery. In
the north-western part of Roztocze, the differentiation of both bio- and
lithofacies is less distinct.
The distribution of planktonic foraminifera in the Badenian deposits
over the entire area of Roztocze seems to confirm the existence of a dependence of the occurrence of their particular groups on climatic and bathymetric conditions. This dependence is shown on a simplified model (fig. 4),
pt
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Fig. 4. Possible depth and temperature dependence of distribution of planktonic
foraminifera in the Badenian of Roztocze area.
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which takes into account the environmental parameters mentioned above
and which control the distribution of particular genera occurring in this
region. This model also presents the importance of this dependence for
stratigraphic (that is, ecostratigraphic) interpreting the Late Badenian of
Roztocze and other areas of Central Paratethys.
In Roztocze, Miocene deposits of various types are usually accompanied
by various assemblages of benthonic foraminifera. There are, on the whole,
various combinations of assemblages found in the 'I'rzesiny section or
counterparts of such foraminiferal assemblages occurring in this locality.
The diversity of assemblages results from the fact that deposits of various
types represent various depths of the basin and various distance from the
shore.
Microfaunal elements absent from the Trzesiny section occur, sometimes abundantly, in few samples, in particular those coming from deposits
which are probably younger than the 'I'rzesiny deposits. Here belong, for
example: Hoeglundina elegans (d'Orbigny) (pl. 10: 5, 6, 10), recorded only
in sandy-clayey samples from Monastyrz and Dlugi Goraj; Bulimina elongata d'Orbigny (pl. 7: 8, 9), particularly abundant at Goraj; Burseolina sp .
(pl. 12: 3-5), occurring at Miasteczko and Gora Brusno; Bolivinella subpectinata (Cushman) (pl. 7: 2, 4), present at Poduchowne only; Cancris
auriculus Fichtel and Moll (pl. 9: 11), particularly numerous at Zdziechowice and "Anomalinoides dividens" Luczkowska 4) (pl. 13: 5-11) which is
exceptionally abundantly represented at Tarnowola. The foraminifera
mentioned above seem to form distinct "patches" (cf. Boltovskoy and
Wright 1976: 125), that is, to be subject of a microdistribution which is
rather independent either of the lithofacies, or age of deposits (the latter,
of course, to a small extent only) and depending only on local environmental conditions.
Of more ubiquitous, benthonic species present at Trzesiny, forms corresponding to greater depths accompany facies . which are particularly
abound in plankton, that is, sandy-clayey ones, in particular those situated
east of Roztocze's periphery. For example, at Monastyrz and Dlugi Goraj,
in addition to richly represented Hoeglundina elegans (d'Orbigny), Uvigerina brunnensis Karrer, Bulimina elongata d'Orbigny, B. insignis Luczkowska (pl. 7: 13, 14) and B. cf. aculeata (d'Orbigny) (pl. 7: 1), the upper
part of the section contains all other species, both planktonic (including
Bolboforma badenensis sp. n.) and benthonic, which occur in the sample
corresponding to the greatest overdeepening of the Trzesiny section.
A similar foraminiferal assemblage rich in the Bulimina , Boli vina,
Uvigerina, Hoeglundina and Cassidulina occurs at present in the neritic
4) "Anomal inoid es dividens" Luczkowska has been considered by me to at most
a variety of Cibicides ZobatuZus (Walker and Jacob). These taxons are compared on
pI. 13. Specimens shown on pI. 13: 7 and 8 come from an Upper Badenian sample,
with many globigerines (including G. druryi) and with VeZapertina indigena.
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zone, at depths of 45-100 m, in the Adriatic and Aegean sea where it
descends to the bathyal zone (Chierici, Busi and Cita 1960). According to
Bandy (1967: OB-13B): "Hoeglundina elegans ... is an important isobathyal
species (i.e. species with rather consistent range in depth in different oceanic areas) common to the Mediterranean Sea, California, the Gulf of
Mexico, and elsewhere. The upper bathymetric limits are about 100 meters
and the most characteristic occurrence is at the edge of the shelf and in
the bathyal and abyssal zones.;" At least the middle part of the neritic
zone is confirmed by the following species accompanying them: Sphaeroidina bulloides, Pullenia bulloides, Cassidulina subglobosa, Gyroidina
soldanii, Cibicides ungerianus, C. pseudoungerianus, Heterolepa dutemplei,
Melonis soldanii, et c. (cf. Berggren and Haq 1976; Berggren et al. 1976;
Corlisss 1979; Wiman 1978).
Among them, the uvigerinids, Hoeglundina elegans, Cassidulina subglobosa, Pullenia bulloides and Gyroidina soldanii may be index species of
not only deeper, but also colder waters (d. Schnitker 1979; Corliss 1979)
and, therefore, it is not unlikely that their presence in the Late Badenian
deposits in Roztocze confirms, like that of the planktonic foraminifera, the
climatic deterioration suggested by me.
According to Schnitker (1979), who studied Neogene foraminiferal
associations in deep-sea drilling cores from the northern part of the
Atlantic Ocean, the deep-water foraminifera are differentiated depending
on the character of water masses which, in turn, depend on their temperature and oxygen content rather and not on their depth. Such associations
as the Hoeglundina-Uvigerina are included by Schnitker (Lc.) to the foraminiferal associations depending on the character of water masses.
Badenian/Sarmatian strata

The most difficult problem is posed by samples in which "Anomalinoides dividens" Luczkowska appears with decidedly Badenian forms. Such
is the case of samples coming from Tarnowola, Frampol, Lysakow and
Goraj, that is, mostly from the upper part of a complex of the algal-detrital limestones. The badenian age of these samples is corroborated by both
the foraminiferal benthos and plankton, At the same time, "A. dividens"
has generally been acknowledged as an index form of the lowest Sarmatian or of t ransitional strata between the Badenian and Sarmatian.
Noteworthy is the fact that single (and small) specimens representing
other Sarmatian foraminifera, for exam ple, Elphidium reginum (d'Orbigny)
(pl. 15: 7-9), E. eehinum Ser. (pl. 15: 2) and E. josephinum (d'Orbigny)
(pl. 15: 1) also occur in the Badenian profile of J6zef6w and in an outcrop
on the Sopot near Hamernia. The latter is located close to the periphery
of Roztocze, in the area of the Fore-Carpathian Depression. A small part
of the Sarmatian elements among the decidedl y Badenian foraminifera

MIOCENE FORAMINIFERAL BIOCHRONOLOGY

23

seems to give evidence of their in situ occurrence. Purely Sarmatian
foraminiferal assemblage seems to occur only in samples from the Biala
Ordynacka and Wierzchowiska, where large elphidiids, characteristic of
Sarmatian, for example, Elphidium reginum (d'Orbigny) (pl. 15: 7-9) ,
E . antoninum (d'Orbigny) (pl . 15: 6), E. hauerinum (d'Orbigny) (pl. 15: 4),
E . josephinum (d'Orbigny) (pl. 15: 1), E. echinum Ser. (pl. 15: 2) and
E. aculeatum meoticum Goerke (pl. 14: 6, 7) predominate.
As is well known, the Sarmatian of Paratethys is represented by the
fauna of a freshening and probably warm sea. It seems, therefore, that
combinations of Badenian and Sarmatian element occurring in relatively
deep-water deposits are the result of a higher degree of stability of the
deep-water environment, that is, a slower response of its fauna content
to changes in this environment. In the case of shallow-water faunas, their
response to such changes is more rapid and causes a more distinct differentiation depending on local conditions.
The issue of the Badenian/Sarmatian boundary seems still to remain
open to discussion, especially as the Sarmatian elements appear as early
as in the unquestionably Upper Badenian. It seems that the true Sarmatian may be distinguished from the Badenian on the basis of the distinct
predominance of Sarmatian forms occurring in the former and the presence of shallow-water elements (without plankton) characteristic of a warm
and freshening sea; still, it is necessary to find its index microfossils.
A small (or none at all) part of the Sarmatian forms in decidedly Upper Badenian samples representing the N13-N14 Zone, which corresponds
to the Upper Serravallian, indicates that the truly Sarmatian beds, without
Badenian ele m en ts , can be correlated with the Tortonian. It seem to be
valuable especially for deeper water deposits; sediments deposited in
shallower part of the basin may represent an older stage.
The foraminiferal biofacies presented above constitutes extreme examples of biofacies occurring in the Miocene outcrops of Roztocze. It is difficult to mention all of them, since the distribution of biofacies changes
not only horizontally, but also vertically so that various sediments of one :
and the same profile, making up one and the same stratigraphical horizon,
frequently contain a different foraminiferal microfauna. A more detailed
analysis of these changes would require additional and more accurate
studies.
It is beyond any doubt that the distribution of biofacies discussed
above indicates a lack of the homogeneity and stability of environmental
conditions in the Late Badenian sedimentary basin including the area of
Roztocze and gives evidence that the Late Badenian transgression in this
area covered a rugged ground, with a variable morphology of the sea
bottom.
It seems that the transgression, started in the upper part of the Middle
Badenian (sensu Steininger et al. 1978), came from the south or rather
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south-east, since the most deep-water deposits occur in the south-eastern
part of Roztocze (at Monastyrz, Dlugi Goraj), while the oldest, here studied, part of this profile appears at Huta Lubycka and at the base of the
Trzesiny section.
The Upper Badenian (sensu Steininger et al. 1978) prodominates in the
central part of Roztocze, whereas it is overlaid by the Sarmatian in the
north-western part of this region. It is not unlikely, therefore, that the absence of the Sarmatian from the south-eastern part of Roztocze is a secondary phenomenon resulting from geomorphological changes that occurred
after the deposition of sediments of this age in this area. Thus, after the
tectonic uplift of this area, Sarmatian deposits possibly occurring here and
particularly exposed to erosion might have been completely destroyed.
Deposits of a somewhat shallower sea , but intercalated by those of
a deeper and more open sea (at Miasteczko, J6zef6w, Zelebsko and Lysak6w) were formed along the elevated, western periphery of Roztocze
simultaneously with deep-water sediments of the south-eastern part of
this region deposited further from this periphery. The lack of the Lower
Badenian deposits in the Roztocze region, at least in the profiles here
analyzed, suggests rather unequivocally that Roztocze constituted then an
area already uplifted in relation to the Fore-Carpathian Depression (with
a well developed Lower Badenian) which could not been reached by the
Early Badenian transgression.

PREVIOUS ESTIMATES OF THE AGE OF THE MIOCENE DEPOSITS IN
ROZTOCZE

The age of the Miocene deposits outcropped in Roztocze, suggested in
the present paper as not older, in their lowermost part, than the upper
part of the Middle Badenian (early Late Badenian), is only in part conformable to that given by various authors mentioned above.
In regard to micropaleontologic investigations of the Miocene deposits
in Roztocze, particularly noteworthy is Odrzywolska-Bienkowa's (1966)
paper on boreholes of the north-eastern periphery of the Fore-Carpathian
Depression (including those from the environs of Radruz and Brusno, Rawa Roztocze, mentioned above). That author (I.c.) determined the age of
the deposits under study as Upper Tortonian (recte Upper Badenian) and
Sarmatian, including the calcareous-detrital deposits whose age she estimated tentatively as Upper Tortonian (recte Upper Badenian). She subsequently (Odrzywolska-Bieilkowa 1972) determined the age of sediments
occurring in the Dzwola borehole (near Frampol). On the basis of bethonic
foraminifera, in particular Cibicides crassiseptatus Luczkowska, considered
index species, as well as Bulimina insignis Luczkowska, she assigned part
of the deposits studied to the Upper Badenian and, on the basis of mol-
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lusks and foraminifera, including Elphidium reginum (d'Orbigny), she
found the occurrence of the Sarmatian.
It is beyond any doubt that the foraminiferal horizons, zones and assemblages distinguished (or only accepted after other authors) by that
author in the Miocene deposits of Roztocze correspond, in the present
paper, to the differentiation in the Badenian and Sarmatian biofacies.
They correspond to definite foraminiferal associations not necessarily related with a given type of facies and age (in particular within the range
of the Badenian various biofacies may represent the same stratigraphic
horizon) but rather with environmental conditions.
As mentioned, among other things, by Odrzywolska-Bienkowa (1972),
the estimates of the age of the Miocene deposits in Roztocze, based on
microfaunal studies are discordant with those based on macrofaunal studies. Aren (1962), Krach (1962), Bielecka (1967), Jakubowski and Musial
(1979a, b) not to mention earlier authors, even suspect the occurrence of
the Lower Badenian in the outcrop examined in the present paper, for
example, at Trzesiny (Jakubowski and Musial 1979a), Huta Lubycka (Jakubowski and Musial 1979b) and in the area of Zaklik6w, that is near
Weglin, Lychow, Zdziechowice etc. (Krach 1962; Bielecka 1967; Krach
et al. 1974).
A fairly exceptional standpoint was taken in this respect by Brzezinska (1961) who, studying mollusks from numerous outcrops in Roztocze
(including some studied by me), assigned all the deposits under study,
including lithothamnian beds, to the super-gypsum strata of the Upper
Tortonian (recte Upper Badenian) and Sarmatian, that is, in conformity
with my opinion.
In the light of the above data, of importance seems to be the finding
that a decidedly Upper Badenian, formerly unnoticed, microfauna occurs
in the detritallithothamnian limestones of Weglin, A sample, which I collected from an outcrop of lithothamnian limestones, that is, from beds
assigned to the Lower Badenian ie. Moravian, contains, in addition to
other foraminifera (Bielecka 1974: 52), Velapertina indigena and Globigerina druryi , both being index microfossils of the Late Badenian. Of the
foraminifera mentioned by Bielecka (Lc.) from the lithothamnian limestones, the planktonic foraminifera are represented by Globigerina bulloides
only.
It seems that macrofauna, in particular mollusks, are less important
stratigraphically than the foraminifera, especially the planktonic ones.
They are marked by relatively considerable longevity, their distribution
is fairly controlled by environmental conditions and thus, their main role
seems to consist in their suitability for environmental interpretation.
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CORRELATION OF THE LATE BADENIAN DEPOSITS OF ROZTOCZE WITH
THOSE OF THE FORE-CARPATHIAN DEPRESSION AND OTHER AREAS

The stratigraphy of the Late Badenian deposits in Roztocze has been
based on the planktonic foraminifera and, strictly speaking, on a change
in their character observed on the Middle/Upper Badenian boundary (sensu Papp, Cicha and Ctyroka 1978). This change was explained by climatic
changes (drop of the temperature in the Upper Badenian). Similar stratigraphic (ecostratigraphic ?) criteria can be applied for distinguishing respective Badenian deposits in the Fore-Carpathian Depression.
The change in the character of planktonic foraminifera, found in the
Late Badenian deposits of Roztocze, can be traced near the periphery of
the Carpathian Mts. (for example, in the Klaj borehole between Wieliczka
and Bochnia, studied by Luczkowska in 1978), near the northern boundary
of the occurrence of the Miocene deposits of the Fore-Carpathian Depression (for example, in boreholes situated in the environs of Stasz6w-Grzyb6w and Tarn6w-Chmielnik, examined by Luczkowska in 1964 and 1967)
and in Upper Silesia (Alexandrowicz 1963). In her paper on microfauna
from the boreholes mentioned above, Luczkowska (1964, 1967) expressively
points to the differentiation in the planktonic foraminifera, that is, to the
disappearance of the warm-water foraminifera below the strata containing
chemical deposits.
The hypothesis of a climatic deterioration in the Late Badenian is
also supported by the disappearance of the warm-water large foraminifera
Borelis, Amphistegina and Heterostegina which occur in the Early Badenian deposits of the entire Paratethys.
The cooling of climate in the Late Badenian of Paratethys is also indicated by palynologic studies (Planderova et al. 1978), as well as studies
on the Silicoflagellates (Dumitrica 1978) and other faunal groups such as
mollusks, corals, etc. (cf. Jificek 1974).
Chemical deposits (gypsum and salt) are either separated by differentiated assemblages of planktonic foraminifera, that is, the warm-water
and cold-water assemblages, or the cold-water one occurs somewhat earlier than the chemical deposits. Under such circumstances contrary to the
views accepted so far (reviewed by Kwiatkowski 1972) according to which
the gypsum deposits were formed in a hot and dry climate, the view
seems to be correct that the cooling of climate was among the causes of
their formation. Studying the conditions and causes of the formation of
Miocene gypsum deposits in Poland, Kwiatkowski (1972) suggests that
they were formed at a depth (on the average) of some dozen meters (that .
is, less than the depth of the formation of salts) and at a temperature of
about 19°C, in a dry climate under the conditions of a turbulent, shifting
sea. He also believes that the shallowing of the basin, as a result of tectonic
movements and intensive evaporation, started the sedimentation of gyp-
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sum deposits. Kwiatkowski (l.c.) quotes various palinologists' contradictory
opinions concerning climatic conditions, that is, temperature and humidity
in the Miocene in Poland. In my opinion, these opinions result from not
taking into account climatic changes which occurred during the formation
of the Middle Miocene deposits in this country (and elsewhere in Central
Paratethys). The palynologists' divergent conclusions on the Miocene climate were probably caused by their studies on floral remains coming
from various horizons of the Miocene. Cooling gives favorable conditions
for the precipitation of salts (cf. Ksiazkiewicz 1968; Gradziil.ski et al, 1976).
The formation of certain evaporations, including hydrohalite is, as proved
by Perthuisot (1980: 226), the result of cooling as an indirect factor.
Studying the genesis of the Messinian evaporations from the Mediterranean area,Rouchy (1980) drew attention to the complexity of factors
cousing the formation of the salts, including the undoubted significance of
climatic conditions. Making use of paleobotanical analyses, he related the
precipitation of chemical deposits with climatic changes, that is, drop in
humidity and temperature.
It seems that the Miocene chemical deposits were formed on the bottom
of a relatively deep basin (in particular in its axial part) which is indicated
by the character of microfauna from the underlying beds, separating and
covering chemical deposits in Poland (see Alexandrowicz 1963; Luczkowska 1964, 1967, 1978; Barwicz-Piskorz 1978).
The hitherto presented estimates of the relative age of chemical deposits in the Middle Miocene of Poland (as well as in the entire Paratethys)
were faily variable (cf. Alexandrowicz 1963; Luczkowska 1967; Krach and
Ney 1978), but until recently were rather unanimously accepted as a basis
for separating so-called "sub-gypsum" and "supra-gypsum" horizons, that
is, for distinguishing the Lower and Upper Tortonian (recte Badenian).
According to the latest stratigraphic division, the Badenian of the
Fore-Carpathian Depression in Poland (Krach and Ney 1978; Luczkowska
1978) is divided into Lower (Lageniden Zone), Middle (Sandschaler Zone)
and Upper (Bulimina-Bolivina Zone), that is, the Moravian, Wielician and
Kosovian respectively. The chemical deposits are ascribed to the top of
the Middle Badenian, that is, Wielician. In this biofacial division of the
Badenian of Poland (conformable in fact with a newer stratigraphical
division of the entire Central Paratethys), its older horizons, that is, lower
and middle, are discernible mostly on the basis of the orbulinas, large
foraminifera and lithothamnian beds (level). That latter have not been
distinguished at all in the Upper Badenian. The Upper Badenian is characterized by the presence of definite planktonic foraminifera, that is,
Velap ertina indigena (Luczkowska) and Globigerina druryi Akers. There
are distinguished, moreover, numerous strata characteristic of various
biofacies and expressing the lithological heterogeneity and faunal content
of the Badenian deposits of Poland and other areas of Central Paratethys.
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The foundations of the division of the Badenian in Poland, presented
above, allowed its authors (Krach and Ney 1978) to assign the Middle Miocene deposits of Roztocze to the Lower and Upper Badenian, of which the
Lower Badenian ones (together with those of the environs of Korytnica,
also assigned to the Lower Badenian) to correlate with what is known as
the Lower Badenian "Die nordliche Randzone" and the Upper Badenian
ones of Roztocze to compare with synchronous deposits known as "Die
Randzone".
As a result of my micropaleontological studies conducted in the Roztocze region (and based on surface samples only) these deposits do not
represent the Lower, but mostly Upper and, sporadically, also top parts
of the Middle Badenian (sensu Krach and Ney 1978; Papp, Cicha and
Ctyroka 1978). The lithothamnian limestones occurring in Roztocze have
be en assigned by me to the Upper Badenian.
On the basis of the micropaleontological studies I conducted and which
were mostly restricted to the Late Badenian deposits of the Roztocze area,
it is difficult to take a firm standpoint concerning the stratigraphy of the
lower deposits of the Badenian. On the other hand, the result of these
studies enable me to present a comparative analysis of the stratigraphy
(in particular its foundations) within the range of the Late Badenian, in
particular in Poland.
The analysis of the distribution of planktonic foraminifera (next to the
nannoplankton, the most important fossil index in stratigraphy) of the
Badenian deposits of Roztocze indicates that the determination of the age
of distinctly Upper Badenian strata (sensu Papp, Cicha and Ctyroka 1978;
Luczkowska 1978), representing the Globigerina ecozone (sensu Szczechura, present paper), and most likely to correspond to the "Super-gypsum
beds" (or gypsum-bearing beds) of the Fore-Carpathian Depression can be
accepted unreservedly, whereas the age of strata which represent the
Globigerinoides ecozone (sensu Szczechura, present paper) (and those directl y overlying it, e.g. in Trzesiny), poses a certain problem, resulting, among
other things, from the lack of unquestionable index forms unequivocally
determining the age of these strata.
Globigerina druryi, a form in fact assigned to this species only tentatively, recorded, however (like Velapertina) from both the Upper and Middle Badenian of Paratethys (see Papp, Cicha and Ctyroka 1978) occurs in
Roztocze in the biofacies containing the Globigerinoides. However, in this
region there are no index forms of the earlier Badenian, in particular orbulinids and praeorbulinids which I noticed in such obviously Middle Badenian layers as those occurring at Korytnica. It is, however, not unlikely
after all that they are facial forms (d. p. 17) controlled by bathymetry.
Thus, unfortunately, mostly negative data serve for determining the age
of the zone with Glob igerinoides.
The Late Middle Badenian age suggested for Globigerinoides ecozone,
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in Roztocze, is based, therefore, on the lack of index forms of earlier
Badenian, and at the same time, the presence of Globigerina ? druryi
together with abundant Globigerinoides being absent in Upper Badenian
(sensu Papp, Cicha and Ctyroka 1978).
The standard section at 'I'rzesiny displays a gap in the distribution of
planktonic foraminifera, which falls at the boundary between the Globigerinoides and Globigerina ecozones and thus determining the age of this
barren part of the section poses a difficult problem.
In the Fore-Carpathian Depression, chemical deposits occur either on
the boundary of analogous ecozones, or the Globigerina ecozone underlays in part the gypsum. Different parts of the two ecozones may, therefore, be contained in the barren part of the 'I'rzesiny section. Nevertheless,
it is beyond any doubt that the chemical deposits, or other strata making
up their age equivalent, should be assigned to the Globigerina ecozone,
that is, the Upper rather and not Middle Badenian as it has hitherto been
supposed.
Further studies are also necessary for explaining the real vertical
ranges of some planktonic foraminifera , in particular those considered of
str at igraphic importance to the Late Badenian, for example, Velapertina
indigena, Globigerina druryi and G. decoraperta. It seems that in the
Badenian of Paratethys they should be connected only with the Globigerina ecozone, that is, occur both above and below the chemical deposits,
but only within the limits of the Upper Badenian. Their lower range, that
is the Middle-Upper Badenian boundary, would be, therefore, conditioned
by the disappearance of the Globig erinoides which, according to Papp,
Cicha and Ctyroka (1978) are limited, to much extent, to the Middle and
Lower Badenian.
The hitherto accepted distribution of index planktonic foraminifera
mentioned above poses problems and causes inconsistencies in determining
the age of deposits containing them. Thus, for example, a bed with radiola rians from the Polish part of the Fore-Carpathian Depression and containing Velapertina indigena, so far recorded from both the Middle and
Upper Badenian of Paratethys, is assigned by Barwicz-Piskorz (1978) to the
Middle Badenian.
Deposits which, in addition to the orbulinids and Globigerinoides, contain Globigerina decoraperta were studied by Gonera (1980) in the area of
Rzeszow, G. decoraperta is typical mostly of the Middle Badenian (cf.
Papp, Cicha and Ctyroka 1978), much the same as Spiroplectamnina carinata occurring in these deposits. Despite this fact, the deposits under
study were assigned by that author to the Lower Badenian.
As a stage, the Badenian is considered by Papp, Series and Steininger
(1978) as an age equivalent of the Langhian and early Serravallian, that
is, as a section from the top part of Zone N8 up to Zones Nll-N13. This
view is in conformity with Berggren's and Van Couvering's following
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opinion (1974: 99): "... Badenian is probably not younger than the stratigraphical Langhian and early Serravallian (Zones N9-N13)". Later,
these authors (Van Couvering and Berggren 1977), reduced the age of this
stage placing it between Zones N8 and N12.
As indicated by recent studies (the present paper), the true Badenian
also includes Zone N14 and, therefore, corresponds to the upper part of
the Serravallian, while the overlying Sarmatian beds, which cannot be
earlier than N14, correspond to the Tortonian.
Definite species of planktonic foraminifera and their character turned
out to be of importance for determining the age of the Miocene deposits of
Roztocze and correlating them with such deposits of adjacent areas.
The appearance of cold-water foraminifera (considered in the present
paper as coincident with cooling of climate) in the Upper Badenian, that is
upper part of the Middle Miocene of Paratethys, coincides to a considerable extent with climatic fluctuation which occurred more or less simultaneously in various other regions of the world.
Studying the foraminiferal microfauna from boreholes of eastern Canada, Gradstein and Srivastava (1980) point out an increasing cooling that
took place during the post-Middle Miocene period. A brief period of the
Late Miocene cooling (represented by an assemblage of temperate planktonic foraminifera and a reduced number of individuals of warm-water
species) of waters of the Indian Ocean is indicated by Boltovskoy (1974).
Describing the expansion of polar planktonic faunas in the later Miocene
of southern California, Bandy (1968) ascribes it to the cold time interval.
A distinct worldwide expansion of tropical planktonic faunas in the early
Middle Miocene and, later, their equatorial contraction, as well as the appearance of cool-water species in the areas of Japan and New Zealand
were pointed out by Stainforth et al, (1975, fig. 22). These authors emphasize (Lc., p. 99): "Worldwide cooling toward the end of the early Middle
Miocene (Globorotalia fohsi lobata-robusta Zone), caused marked equatorward restriction of tropical faunas." Studying the Tertiary foraminifera
of Australia, McGowran (1979) finds that their distribution was controlled, among other things, by climate and proves that a distinct, major
decline in istotopic temperatures took place at the turn of the Middle to
late Miocene (Lc.: 255), that is, to quote him: " ... after the larger foraminiferal excursion of Zone N14 i.e. close to Middle/Late Miocene boundary."
This author also points out a concurrence of this drop in temperature
with another found by Bizon and Muller (1977) on the basis of analyzing
a calcareous plankton in the Mediterranean (falling in Zones N13-N15,
with its maximum in Zone N15). On the basis of their research conducted
by means of an oxygen and carbon isotope analysis and micropaleontological studies on samples from DSDP from the northeast Atlantic, Vergnaud Grazzini et aL (1979) stated the following (I.c.: 482): "In the late
middle Miocene, temperatures decreased again and the high a 18 0 values
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observed near Zone N15 may have resulted from the building up of
Antarctic ice cap. "
Differences resulting from the above comparison of the recordings of
Miocene worldwide climatic changes (cooling), can be explained by erroneous dating or, and may be even more so, by time delay in the cooling
as a function of latitude. The latter is indicated by an analysis of marine
temperatures in various regions of the world obtained by means of isotopic data (Savin et al., 1975). Studying the oceanic surface and bottom
temperatures in various parts of the world over the Mesozoic and Cenozoic
eras and making use of istotopic data obtained by studies on both planktonic and benthonic foraminifera, these authors unquestionably proved
fluctuation in temperature which occurred in various epochs, including
the Late Miocene and found the following (Le.: 1499): "A temperature
rise through early Miocene time was followed in middle Miocene time by
sudden divergence of high- and low-latitude temperatures: high-latitude
temperatures dropped dramatically, perhaps corresponding to the onset of
major glaciation in Antarctica, but low-latitude temperatures remained
constant or perhaps increased." These authors proved that the temperatures differed sympathetically up to the end of the early Miocene and,
after wards, differed distinctly. Referring to Gibson's (1967) studies, Berggren and Hollister (1974: 176) point out: "... southward displacement of
the temperate faunal province along the coastal margin of the Atlantic
Coastal Plain during early-middle Miocene time..."
The data on Late Miocene climatic changes and their symptoms, collected so far, are for the time being relatively scant, in particular in regard
to the areas of Tethys and Paratethys which are here of particular importance. This may be the result either of a lack of complete sedimentation
(or of plankton), or not paying a sufficient attention, if only, to short-term
climatic shift which is primarily reflected in the character of planktonic
foraminifera. Thus, further studies are indispensable for determining the
range and character of the Miocene climatic changes and their usefulness
for correlating deposits. In regard to the latter feature , of particular interest seems to be the relation of the Middle Miocene climatic crisis in
Paratethys to the deterioration in climate observed in the Upper Miocene
of the Mediterranean region (Berggren and Van Couvering 1974), especially if it corresponds to the evaporite-bearing Messinian facies.

TAXONOMY OF THE FORAMINIFERA RECORDED

In identifying the foraminifera, in particular benthonic ones, I have
myself made use of a generally accepted taxonomy conc erning the Miocene
foraminifera of Paratethys. Its more penetrating analysis exceeded the
range of the subject matter of the present paper. Nevertheless, the fol-
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lowing general observations, concerning the taxonomy of the microfauna
under study, seem to be of importance.
The benthonic foraminifera, in particular their deep-water forms, are
relatively cosmopolitan and display a world-wide distribution and extensive stratigraphic range. Many Miocene, as well as Recent forms appeared
in the early Tertiary or even in the Cretaceous. The benthonic foraminifera also display an environmental, ontogenetic and individual variability.
Erecting various names for the same species but coming from various
areas and from deposits differing in age was caused also by not taking
into account the three types of their variability mentioned above.
The investigators of microfauna of a definite age , for example, the Neogene, frequently take no account on literature concerning th e fauna of
another age, in particular the Paleogene and especially that coming from
more distant areas of its occurrence. Erecting new and new specific names
is also caused by inaccurate descriptions and illustrations, which may be
observed in particular in earlier elaborations. For example, Heterolepa
dutemplei , occurring in the Badenian of Roztocze, which was originally
described by d'Orbigny (1846) from the Miocene of Vienna Basin as Rotalina dutemplei. In my opinion, both the presence and morphology of this
widely distributed species are controlled by environmental conditions,
mostly bathymetry (?) (compare specimens presented on pI. 12: 6, 7, 9, 10
and pI. 16: 8-11). In the present paper, it is suggested that H. dutemplei
is conspecific or closely related with at least Ro talina haidingeri d'Orbigny
1846, Rotalia eoceana Gumbel 1868, Cibicides mexicana Nuttall 1932 (cf.
pI. 16: 6, 7), Cibicides subhaidingeri Parr 1950 and Epo nides spiratus
Luczkowska, 1955, later renamed by that author E. omnivagus (Luczkowska 1959) . This latter is figured in the present paper, pI. 12: 7, 10, as
Heterolepa du templei.
Hanzawaia bouana, described by d'Orbigny (1846) as Truncatulina
boueana, constitutes another example. In all likelihood, this species is
conspecific with Truncatulina producta Terquem 1882, Truncatulina americana Cushman 1918, Anomalina bundensis bundensis Van Bellen 1946
and Cibicides boueana (d'Orbigny) crassa Luczkowska 1955, which was
emended as a separate species and renamed Cibicides crassiseptatus Luczkowska 1959 (cf. pI. 12: 11, 12 and pI. 16: 1-5). This latter is figured in
the present paper, pI. 16: 4, 5, as Han zawaia boueana. According to Brzobohaty et al. (1967), Cibicides crassiseptatus is a subspecies of Hanzawaia
boueana.
In my opinion, Rosalina globularis erected by d'Orbigny (1826), should
be identified with Discorbis globularis var. bradyi Cushman 1915, and
Discorbis douvillei Cushman, 1928, whereas Eponides repandus described
by Fichtel and Moll 1978, as Nau tilus repandus, is surely conspecific with
Eponides proba tus described by Krashennikov 1958.
" A nom alin oides dividens" , described by Luczkowska (1967) and cited
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in the present paper under this name, makes up a separate problem of
importance to both stratigraphy and taxonomy. In recent literature (Brest enska 1974), this species together with Cibicides certus Venglinski 1963,
C. (Anomalinoides) pokutica Aisenstat 1954, C. (A.) kaluschiensis Aisenstat
1954, C. (A.) postkarpaticus Aisenstat 1954, C. (A.) transkarpaticus Aisenstat 1954, C. (A.) predcarpaticus Aisenstat 1955 and C. menneri Serova
1955, has been included in the synonymy of Anomalinoides badenensis
(d 'Orbigny), described by d'Orbigny (1846) from the Tertiary (Miocene) of
the Vienna Basin as Anomalina badenensis. Krach et aL (1974) also identify
Anomalino ides dividens Luczkowska with Cibicides badenensis (d 'Orbigny).
I believe that this species (or rather a group of species) is a phenotypic
variety of Cibicides lobatulus (Walker and Jacob 1978) formed as a result
of ch anges in environmental conditions, probably a decrease in salinity.
Its comparison with " A nom alinoides dividens" is shown on pl. 13: 1-11;
see also m y paper in preparation.
A proper determination of the species discussed above and other ones
mentioned in the present paper, requires further studies based on original
material. It is indispensable to determine the interdependence between the
morphology of their tests and the character of their environment, as well
as to study their actual distribution in time and space, that is, their
evolution and geographical variability.

SYSTEMATIC DESCRIPTION

Genus Bolboforma Daniels et Spiegler 1974
Bolboforma badenensis sp. n.
(pl. 6: 1-4)
Holotype : specim en ZPAL V.IXJ3; pI. 6: 3.
Paratype: specimen ZPAL V.IX/2; pI. 6: 2.
Type horizon : Upper Badenian (Middle Miocene).
Type locality: 'I'rzesiny (Roztocze), sample no . 7.
D er i vat ion of t he name: baden ensis - after Baden, Austria, the town which the

Badenian stage name is derived.
Material- Hundreds of well preserved specimens.
D iagnosis. - The test somewhat fl attened horizontally or regularly round, densely
reticulated and spiny.
De scription. - The te st slightly fl attened horizontally or round, bearing one,
exceptionally two, round apertures, without ne ck. The entire test's surface more
or le ss distinctly reticulated. Irregularly polygonal eyes of reticulation sharply
r immed; their contacting angles bear singular or branching spines. The test seems
to be pierced by rather rare, tiny, irr egula r ly spaced hollows.
Variation. - Insignificant variation concerns the size (100-180 /1), shape a n d
or n am enta tion of the tests, which m ay be regularly round or somewhat flattened
horizontally, and not always di stinctly reticulate. It is possible that the lack of
distinct reticulation of the test's surface is the result of the poor preservation of
specimens. In some specimens two, instead on e, closely situated apertures occur.
3 A ct a Palaeontologica Polonica Nr 1-4/82
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Remark s. - Bolboforma badenensis sp . n. is similar to B. reticulata Daniels et
S piegler (1974), occur r in g in the Middle and Upper Miocene of w estern Germany. It
differs from the latter by b ein g mo re densely reticulated and spiny.
Occurrence. - Late Ba denian (Middle Miocene) of the Roztocze area (SE Poland)
outcropping at: Trzesiny, T arnowola, J 6zef6 w , Monastyrz, Zelebsk o, Lysakow, Miasteczko, Goraj , G6ra Br usno and Hamernia (eastern perip hery of Fore-Carpathian
Depression).
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BIOCH RON OLOGIA I EKOLOGIA OT WO RNIC ZE SRODKOWEGO MIOCENU
PLD.-WSCH. POLSKI

Sir eszczenie

O tw ornice z ods loniee m ioce nu z pld.-wsch . P olski (Roztocze) wykorzy st ano dl a
celow st r a tygr a ficznych i inter pretacji ich w arunko w sro dowiskow ych, Stwierdzono ,
iz sposrod dajacych sie za uw a zyc zmia n para metrow sr odow isk a, zmiany klimatyczne i batyme tryczne k on trolow aly r ozprzestrzenien ie ot w or nic pl anktonicznych , n atom iast glow n ie zmiany ba t ymetryczn e wplywal y n a r ozprzestrzenienie ot wo r n ic
ben toniczn ych .
Na podstawie ot wo r n ic p lanktoni czn ych zaliczon o bad ane osa d y do srodkow ego
i gor nego bad enu (sen su P app, Cicha an d Ctyr oka 1978), wyklucza jac st wier d zony
tam wczesnie] dolny baden, a [ednoczesrrie przyp isano ekostratygraficzny charakter
gran icy p omiedzy srodkow yrn i gornym badenem. Zmiany klimatyczne na granicy
sro d kowego i gor nego badenu, tj. oc hlodze nie m ogl o spowodowac p ow stanie osadow
chemicznyc h, ktore za liczane sa tutaj do gornego bad enu. Osady gornego bad enu

39

MIO C E N E F O RA MI N IFER A L BIOC HRONOL O G Y

Rozt ocza zaliczon e sa do st a nd a r d ow e j biostra tygraficzn ej zon y p lankton owej N13N14 tj. d o g6rne j cze sci miocen u sro dkowego .
Otwornice benton iczne urno zliwify stwierd zen ie obecn osci n a R oztoczu osad6w
sa rmackich przy czy m pow st al prob le m wiek u b iofacji sa r m a cki ch. Pojawienie sie
elemen t6w tych b iofac ji w osa dac h pelnom or skich (0 normalnym zasolen iu), n iewatpliwie baden sk ich, p ozw a la przyp us zczac, ze w tym samym czasie mogly is tniec
plytkow od n e i wysl odz on e zbi or n iki, .zawiera ja ce b iofacje otw or ni cow e zdecydowan ie sa rmackie. " A n om alin oides di v id ens" Luczkowsk a , uznawany dotad jako forma
chara k te ryzu jqca w a rstw y p r zej sc iow e p orni edzy b adenem i sa rmat em, p otraktow an y jest tutaj jako odmiana C i bic i d es l oba t ulu s (Walker et J a cob ), w y stepujaca juz
w n iew atp liw y rn badenie.
Wn iosk i st r a tygr a fi czn e i eko logi czn e, wynikajqce z badania miocensk ie] m ikrofauny Roztocza wydajq sie a kt ua lne dla syn chr on iczn y ch osad6w calej Paratetydy
Centralnej .
W pracy za w a r t o uwag i n a temat t aksonomii opracowanej mikrofauny, a nadto
op is ano Bolboforma badenensi s sp.n. , planktoniczna mikroskamienialosc

0

nieznanej

przyna le zn osci sys tematy czne j.

EXPLANATIONS TO THE PLATES 1-16

Plate 1
1-3, 12. Glob ige r i no i de s t r ilob us (Reuss) ; I X100 , ZPAL F. XXVIII1 ; 2X100 , ZPAL
F . XXVII/2 ; 3X100 , ZPAL F . XXVIII3; 12X120 , ZPAL F. XXVII/4.
4.
G l obi ger i no i des sp ., X 75, ZPAL F . XXVII/5.
5-9. G l ob ig er i n oi des quadrilo bat us (d'Orb.) ; 5X125 , ZPAL F . XXVII/6 ; 6X125 ,
ZPAL F . XXVIII7; 7X100 , ZPAL F. XXVII/8; 8 X100 , ZPAL F. XXVII/IO.
10, 11. Glo big erinoides saccuiiier (Brady); IOX75 , ZPAL F. XXVII/l1; UX75, ZPAL
F . XXVII/12. All figur ed specimens are from the 'I'rzesiny loc ., sample l a ,
fro m t he Badenian stra ta.

Plate 2
1- 3. Globigerina druryi Akers; I X100 , ZPAL F. XXVII/13 ; 2X100, ZPAL F. XXVIII

114 ; 3X100, ZPAL F. XXVIII15; Monastyrz loc o
4, 5, 8. Globigerina praebulloides Blow; 4 X100, ZPAL F . XXVIII16; 5X100, ZPAL
F. XXVIII17 ;8 X100 , ZPAL F. XXVII/18; Trzesiny loc. , sample B.
6.
Gl obi ger ina d iplostoma Reuss ; X 100; ZPAL F. XXVIII19; Trzesiny loc. , sa mple
B.
7.
Glob i ger i na sp.; X 100; ZPAL F. XXVII/20; Trzesiny loc. , sample B.
9, 10. Glob ig er ina concinna Reuss; 9X100, ZPAL F . XXVIII21; 10X100, ZPAL
F . XXVI II22; T'rzeslny loc ., sample B. All figured sp ecim ens are from the
the Badenian str a ta.
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Plate 3
1--4. Wob igeri na ta rchanensis S u bb, and Chutz. ; 1X150, ZPAL F . XXVIIl23; 2 X150,

ZPAL F . XXVII/24; 3X150, ZPAL F. XXVII/25; 4X150, ZPAL F . XXVII/26;
1-3 J6zef6w loc. ; 4 'I'rze siny loc. , sa m p le 7.
5- 11. Globigerina cf . quinqueloba Natland ; 5X150, ZPAL F. XXVIIl27; 6X150, ZPAL
F . XXVII/165; 7X150, ZPAL F . XXVII/28; 8X150, ZPAL F. XXVII/29; 9X300,
ZPAL F. XXVII/30; 10X300, ZPAL F. XXVII/31; ll X300 , ZPAL F. XXVII/32;
5-8 J6zef6 w loc.: 9-11 Zdziechow ic e loc o All figured spe cim en s are from the
Ba d enian stra t a.
Pla te 4
1, 2, 4. Orbuli na suturalis Bronn. ; 1X100 , ZPAL F. XXVII/33; 2X100, ZPAL
F. XXVII/34 ; 4X75, ZPAL F . XXVIIl35; 1, 2 'I'rze siny loc ., sample 7 ; 4 Korytnic a loc ., K orytnica Cl ay s.
3.
Gl obige r i na sp.; X 125, ZPAL F . XXVII/36, Mia steczko lac.
5, 8. Glob i ger i no ides ?trilobu s (Reuss); 5X100, ZPAL F . XXVII/37 ; 8 X100 , ZPAL
F . XXVI Il 38; Trze siny loc ., sa m pl e 7.
6.
Praeorbu lina glomerosa (Blow) ; X 125; ZPAL F . XXVIIl39, 'I'rze sin y loc.,
sa m p le 7.
7, 9-12. V el apertina indigena (Luczk ow sk a) ; 7X100 , ZPAL F. XXVIIl40; 9X100,
ZPAL F. X XVII/41; lOX 150, ZPAL F. XXVII/42; ll X125, ZPAL F. XXVII/43 ;
12X 125, ZPAL F. X X VI Il4 4; 7 Mona styrz loc. ; 9, 11, 12 T'rzesiny loc., sa m p le
7; 10 J6zef6w lac. All fi gu r e d speci mens are from the Badenian st rata.
P la te 5
1- 7. Globorotalia cf. con tinuo sa Bl ow; 1X1 50, ZPAL F . XXVII/45; 2 X150, ZPAL

F. XXVII/46; 3X150 , ZPAL F. X XVII/47; 4X150, ZPAL F . XXVII/48; 5X150 ,
ZPAL F. XXVII/49 ; 6 X150 , ZPAL F. X X VII/50; 7X 150, ZPAL F. XXVII/51 ;
1, 4, 5 J6zef6w loc. ; 2, 3, 6, 7 'I'rzesiny lo c., sa m p le 7.
8-15. Globig er i na cf. bolli i Cita a n d PremoIi; 8 X150, ZPAL F . XXVII/52 ; 9X150,
ZPAL F. XXVII/53; lOX 150, ZPAL F. XXVII/54; llX150, ZPAL F. XXVII/55;
12X150 , ZPAL F . XXVII/56 ; 13X150, ZPAL F. XXVII/57; 14X150, ZPAL F .
XXVII/58 ; 15X 150, ZPAL F . XXVIIl59 ; 8, 10-15 'I'rzesiny loc ., sample 7. All
figured sp eci m ens ar e from the Badenian st rat a.
Plate 6
1--4. Bolboforma bade nens is sp. n.; 1X22.5, ZPAL V. IX/I; 2X150, ZPAL V. 002 ;

3X150 , ZPAL V. IX/3, holotype ; 4 X150 , ZPAL V. IX/4; 'I'rzesiriy loc., sample 7.
5-7. Glob orotalia si ake n sis L e Roy; 5X100, ZPAL F . XXVII/60; 6X150, ZPAL F.

XXVII/61 ; 7X 100, ZPAL F . XXVII/26; 5, 7 'I'rzesiny lo c., sa m p le 7 ; 6 M iasteczko lac.
8-10. Globorotalia by k ova e (Aisenst at); 8 X 150, ZPAL F. XXVII/ 63; 9X1 50, ZPAL
F . XXVII/64; lOX 150, ZPAL F. XXVII/65 ; Miasteczko lac.
11-13. Glo borotalia cf . conti n uo sa Blow ; ll X125 , ZPAL F . XXVII/6 6; 12X125,
ZPAL F. XXVIIl67; 13X125, ZPAL F . XXVII/68 ; Monastyrz lac. A ll figured
sp ecim en s are fr om t he Badenian strat a .
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P late 7
1.
Bulimina ct. acu~eata d 'Orb.; X 75; ZPAL F . XXVII/69, Monastyrz loc o
2, 4. Boliv i nella su bpect i n at a (Cu sh .): 2X50, ZPAL F. XXVII/70; 4 X50, ZPAL F.
XXVII/71 ; Poduchowne lo co
3.
Trifarina angu~osa (Williamson); X 125; ZPAL F. XXVIII72 ; Tarnowola loc o
5-7. U v igeri na brun nensis Karrer; 5X30, ZPAL F . XXVIII73 ; 6X30, ZPAL F .
XXVIII74; 7X50 , ZPAL F . XXVIII75 ; 5 'I'rzesiny loc ., sa m p le B; 6,7 Monastyrz
locality.
8, 9. Bulimi na e ~ ong a t a d 'Orb.; 8X50 , ZPAL F . XXVIII76 ; 9X50 , ZPAL F. XXVII/77 ;
Goraj loco
10.
Boliv i na d . hyalina Smig , X 80, ZPAL F. XXVIII78; J6zef6w loco
Bolivina dilatata Reuss; X l OO, ZPAL F . XXVIII79 ; 'I'rzesiny loc ., sample B.
11.
12.
Fursenkoi na schrei ber si an a (Czjzek); X 40, ZPAL, F. XXVII/80; Trzesiny loc.,
sa mple 7.
13, 14. Bulimina insignis Luczk. ; l 3X 60, ZPAL F . XXVII/80 ; l4 X60 , ZPAL F.
XXVII/82 ; Mona styrz loc o
15.
Reus sella incr assat a Luczk. ; X l OO, ZPAL F . XXVII/83; 'I'rzesiny loc., sample la.
16.
Virgu~opsis sp. ; X 150, ZPAL F . XXVII/84; T'rzesiny loc ., sample l a.
17.
Boliv ina pseudoplicata Heron All en and E arland; X 150, ZPAL F . XXVII/85;
Trzesiny loc ., sa m ple la.
18.
Reu ssella spinu ~ o s a (Reuss); X 70, ZPAL F . XXVII/86; 'I'rzesiriy loc ., sa m ple la.
All figured specimens ar e from the Badenian strata.

Plat e 8
1, 2. D iscorbis sp .; l XlOO, ZPAL F . XXVII/87; 2XlOO, ZPAL F . XXVII/88; 'I'rzeainy
loc., sample la.
3, 4. Neoconorbina sp.; 3X150 , ZPAL F . XXVII/89 ; 4 X150 , ZPAL F. XXVII/90; 'I'rzesin y loc ., sample l a .
5-7. Ro salina g~obu~ari s d 'Orb.; 5XlOO, ZPAL F. XXVII/9l; 6 XlOO, ZPAL F .
XXVII/92; 7 XlOO, ZPAL F . XXVII/93; 'I'rzesiny loc ., sample la.
8-11. G~abratella i m per ator i a (d'Orb.); 8X65, ZPAL F . XXVII/94; 9X50 , ZPAL F .
XXVII/95; 10X 50, ZPAL F . XXVIII96; 11X70 , ZPAL F . XXVII/97; 'I'rzesiny
loc., sa mple 10.
12, 14. Buccella ci. hanna i (Phleger a n d Parker); l2 X 100, ZPAL F. XXVII/98; l 4 X
X l OO, ZPAL F . XXVII/99; 'I'rzesiny loc ., sample la.
13.
D i scorbis discoides (d'Orb.); X75, ZPAL F . XXVII/100. All f igured specimens
ar e from the Badenian strata.

P la te 9
A steri gerin a p~anorb i s d 'Orb.; l X75 , ZP AL F . XXVII/lOl; 2X75 , ZPAL F .
XXVII/l02; 'I'rzesiny loc ., sample la.
2, 3, 8, 9. Ammon ia becca r ii (Li n n e); 2XlOO, ZPAL F. XXVII/l03; 3X l OO, ZPAL F.
X X VII/l04; 8X 50, ZPAL F . XXVII/l05; 9X50 , ZPAL F . XXVIIIl06; 2, 3 Trz~
siny loc., sa m ple l a ; 8, 9 H amernia loco
5-7. Asterigerina m i nuta Smig.; 5X150 , ZPAL F . XXVII/l07 ; 6X150 , ZPAL F .
X X VII/I 08; 7X 150, ZPAL F . XXVII/I09; 'I'rze siny loc., sa m ple la.
1, 4.
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10, 12. Neoconorb ina cf. m i ocen ic a Kra sh.; 10 X65, ZPAL F. XXVII/110 ; 12X65, ZPAL
F. XXVII/Ill; Zdziechowice loc o
11.
Ca ncris auriculus (Fichtel a n d Moll); X 50, ZPAL F. XXVII/112; Zdziechow ice
lac. All figured specimens ar e from t he Bad enian strata .

.

P late 10
PuUen i a buUo i des (d 'Or b.); 1X 75, ZPAL F . XXVII/11 3; 2 X 75, ZPAL F . XXVII/
1114; Trze siny lo c., sa m pl e 7.
3, 4. G y ro idina sol danii d'Orb.; 3 X 65, ZPAL F . XXVII/11 5 ; 4 X60, ZPAL F. XXVIII
1116; T'rze siny loc., sa m p le 7.
5, 6, 10. Hoeglundina elegans (d'Orb.); 5 X38, ZPAL F . XXVII/ 1l7 ; 6 X38, ZPAL F.
XXVII/118 ; 10 X30, ZPAL F . XXVII/119; Monastyrz lac.
7, 11. Sphaeroidina buHoide s d 'Orb.; 7 X50, ZPAL F. XXVII/120; 11X50, ZPAL F.
XXVII/121 ; Trzesiny loc., sa m pl e 7.
8, 16. H eronaHen ia cf . k empii (Heron-Allen an d Earland); 8 X125, ZPAL F . XXVII I
/122; 16 X125, ZPAL F . XXVII/123; 'I'rzesiny loc. , sa m p le 7.
9.
Pyrgo buHoide s (d'Orb.); X 30, ZPAL F. XXVII/124 ; 'I'rzesiny loc. , sample 11.
12.
Pyrgo ci, i n ornat a (d'Orb.) ; X 50, ZPAL F . XXVII/125; 'I'rzesiny loc ., sample 11.
Textularia sp.; X 20, ZPAL F. XXVII/126 ; Trzesiny lo c., sample 11.
13.
14.
Gaudryina sp.; X 38, ZPAL F. XXVII/127; 'I'rzesiny loc ., sa m p le 11.
15.
Sp i roplecta mmina acuta Reuss ; X 20, ZPAL F. XXVII/128; 'I'rzesiny loc .,
sa m p le 11. All fi gu r ed speci m ens a r e fro m the Badenian strata.

1, 2.

Plate 11
1.
2.

Epistominella sp.; X 200, ZPAL F. XXVII/129; T'rzesiny loc ., samp le B.
CassiduHna pun ctata R euss; X 170, ZPAL F . XXVII/130 ; Trzesiny loc ., sam-

ple B.
Cass iduHna cf. l aev igata d 'Orb.; 3 X1 50, ZPAL F. XXVII/131 ; 9 X1 50, ZPAL
F . XXVII/132; Trzesiny loc., sa m pl e B.
Cass i duHna sp .; X 130, ZPAL F . XXVII/13 3; 'I'rzesiny loc., sa mpl e B.
4.
5, 6. PuHen ia quinqueloba (Reuss); 5 X100, ZPAL F. XXVII/134 ; 6 X100, ZPAL F .
XXVII/135; 'I'rzesiny loc., sa m p le 7.
7, 8. CassiduHna cr assa d 'Orb.; 7 X115, ZPAL F . XXVII/13 6; 8 X115, 150, ZPAL
F. XXVII/137 ; 'I'rzesiny loc. , sample B.
10, 11. CassiduHna sub gl obosa Brady; 10 X1 50, ZPAL F . XXVII/138 ; 11 X100, ZPAL

3, 9.

F . XXVII/1 39; 'I'rzesin y loc., samp le 7. All figured speci mens ar e from the
Badenia strata.

Plate 12
Cibici de s p seudoungerianus (Cu shman); 1X50, ZPAL F . XXVII /140; 2 X50.
ZPAL F . XXVII/141 ; 'I'rzesiny loc., sample 7.
3- 5. Bur seoHna sp .: 3X 65, ZPAL F . XXVII/142 ; 4 X65, ZPAL F. XXVII/143; 5 X65,
ZPAL F. XXVII/144; M ia steczko lac.
6,7,9,10. Heterolepa d utem plei (d 'Orb.); 6 X35, ZPAL F . XXVII/145 ; 7 X35, ZPAL
F . XXVII!146; 9 X35, ZPAL F . XXVII!147; 10 X35, ZPAL F. XXVII!148; 6, 9
'I'rzesiny loc., sa m ple 7; 7, 10 Monastyrz lac.

1, 2.
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Cibicides unger ianus (d 'Or b .); X50, ZPAL F . XXVII/149 ; T'rzesiny loc., sam -

ple 7.
11, 12. Hanzawaia boueana (d'Or b .) ; 11X90, ZPAL F. XXVII/150; l2 X75, ZPAL F.

XXVII/1 5l ; T'rzesiny Ioc., sa m ple 7. All f igured specimens a re from the Baden ian strata.

P late 13
1- 3. C ibicid es lobatulus (Walker a n d J ac ob) ; l X70, ZPAL F.

XXVII/152; 2 X70,
ZP AL F. XXVII/153; 3 X40, ZPAL F. XXVII/154; 1, 2 Frampol loc .; 3 'I'rzesiny
loc., sa m p le Ia,
Transition f or m b etween Cibicides l obatulus a n d " A n om alinoi de s dividens";
4.
X l OO, ZPAL F. XXVII/1 56 ; Frampol la c.
5- 11. " Anom alin oi des div idens" L ucz k .; 5 X70, ZPAL F . XXVII/157 ; 6 X70, ZPAL
F . XXVII/158 ; 7 X150, ZPAL F . XXVIII159; 8 X 125, ZPAL F. XXVII/160; 9 XlOO,
ZPAL F . XXVII/161; lOX 100, ZPAL F . XXVIII162; 11 XlOO, ZPAL F. XXVII!163;
5, 6 Fra m pol Ioc .; 7, 8 T arnowola loc. ; 9-11 Biala Ordynack a la c.
S pecimens (numbered) 1-8 a r e from Badenian strata, wheres those numbered
9- 11 a r e fr om Sarma tian beds

Plate 14
1.

As tron onion perf ossu m (Clodi us ); X 75, ZPAL F . XXVII/164; T'rzesiny lo c.,

samp le l a.
3, 4.

Meloni s sol d anii (d 'Orb. ) ; X 75, ZPAL F. XXVII/1 66; T r zes iny loc., sam p le 7.
Eponi d es r epandus (F icht. a n d M oll) ; 3 X 38, ZPAL F. XXVII/167 ; 4 X38, ZPAL

5.

Elphi d ium d . earlandi Cush.; X l OO, ZPAL F . XXVII/169; T'rzesiny loc., sa m -

2.

F. XXVII/168; T'rze sin y loc., sa m p le 11.
ple B.
6, 7.
8.
9.
10.

11.

Elpi hidi um aculeatum m eot i cum G oerke; 6X75, ZPAL F . XXVII/170; 7 X75,
ZPAL F. XXVII/17l; Biala Ordynacka lac.
Elphidium aculeatum (d'Orb.); X 50, ZPAL F . XXVII/17 2; Trzesiny toc. , samp le l a .
Elphidium crispum (Lin n ee) ; X 30, ZPAL F. XXVII/173 ; 'I'rzes iny loc ., sam pl e
la.
Elphid i um cf. fle xuosum (d' Or b .); X 65, ZPAL F . XXVII/174; 'I'rzesiny loc.,
sam ple l a .
Florilus boueanus (d 'Orb.); X 65, ZPAL F . XXVII/175 ; Trz~siny loc., sa m p le l a.
Specimens numbered 6, 7 a r e from the S armatian strata, whereas the rest a r e
f ro m the Badenian beds.

P late 15
1.
2.
3.

Elphidium jo seph i num (d'Orb.); X l OO, ZPAL F. XXVII/176; Hamernia lac.
Elphidium ech inum Serova; X 50, ZP A L F. XXVII/l77; Hamernia lac.
Protelphidium su bgr an osum (Eg ger); X 50, ZPAL F. XXVII/178; Trzesiny loc.,

4.
5.

Elphi di um hauerinum (d 'Orb.); X 75, ZPAL F. XXVII/178; Biala Ordynacka lac.
P ro telphidium granosum (d 'Orb.); X 75, ZPAL F . XXVII/179; Zdziechowice lac.

sa m ple la.
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Elph id i u m an toni n um (d 'Orb.) ; X 100, ZPAL F. XXVII/1BO; B iala Ordynacka

lo co
7-9. Elphi d i um reg i num (d 'Orb.); 7 X50, ZPAL F . XXVII!181; 8 X 50, ZPAL F. XXVII!

/ 182; 9 X50, ZPAL F . XXVII/183; 7-9 Bi ala Ordynacka loco
Specimens numbered 4, 6-11 a re f rom t h e S arma tian strata, w he r eas t he rest
a r e f rom the Badenian beds.

P la te 16
1-3. H an zawa ia bu n d en si s bun d en si s (van Be llen) ; l X1 50, ZPAL F . XXVII/ I 84;

2 X 150, ZPAL F . XXVII/185 ; 3 X150, ZPAL F . XXVII!186; 3 X150, ZPAL F.
X X VII/187; Pamietow o b oring, depth 257 m (Poli sh Lowlands).
4, 5. H an zawaia bo uea n a (d 'Or b .); 4 X150, ZPAL F . XXVII/ 18B; 5 X 150, ZPAL F .
XXVII/189; Dlugi G oraj loco
6, 7. Cib icides mexicana Nut t a ll; 6 X75, ZP AL F . XXVII/190 ; 7 X75, ZPAL F .
XXVII/19l; Aragon loco (Mexico).
B, 9. H et erolepa dutemplei (d' Or b. ); 8 X 140, ZPAL F . XXVII/192 ; 9 XlOO, ZPAL F.
XXVII/193; Baden loc o (Austria).
10, 11. H eterolepa dutemplei (d 'Orb.); IOX60, ZPAL F . XXVII/194; 11X75, ZPAL F .
XXVII/195; Staropatica loco (Bulgari a).
Specimens numbered 1- 3 a re fr om t he M iddle Paleocene; 4, 5 fr om the Upper
Ba denian; 6, 7 from the Low er Eocen e (Aragon F rn.); 8- 11 fro m t he Middle
Badenian.
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