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Spore-pol len and phytoplankton anal y sis of the Up per Mio cene de pos its 
from Józefina (Kraków–Silesia Up land, Po land)
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Pol len grains, spores and phytoplankton from the Neo gene suc ces sion of a bore hole at Józefina (north ern part of the Kraków–Silesia Up -
land, Po land) have been stud ied. The com po si tion of the pol len spec tra and the mu tual ra tio of palaeotropical and arctotertiary el e ments
sug gest  a Late Mio cene age. Among the pol len grains, there are sig nif i cant el e ments char ac ter is tic of ri par ian for ests (Pterocarya, Carya
and Liquid ambar) and mixed mesophytic for ests (Pinus, Fagus and Carpinus). Such a pol len and spore as so ci a tion sug gests a tem per ate
and mid-wet cli mate, cooler than dur ing the Early and Mid Mio cene pe riod, but still warmer than the pres ent-day cli mate of Po land. This
makes the pol len-spore as so ci a tion from Józefina com pa ra ble with XII cli ma tic phase rep re sented by the Carpinipites-Juglandaceae
spore-pol len zone. The oc cur rence of aquatic plants and fresh wa ter al gae (e.g., Sigmopollis, Zygnemataceae and des mids) in di cates a
lac us trine palaeoenvironment.
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INTRODUCTION

The stra tig ra phy of epicontinental Mio cene strata in Pol ish
Low lands (Fig. 1) is based pri mar ily on lithostratigraphy, in -
clud ing coal seam cor re la tion, and subordinately on pol len and
spore biostratigraphy (e.g., Piwocki and Ziembińska-Two -
rzydło, 1997; Ziembińska-Tworzydło, 1998). Palaeobotanical
stud ies of these strata, de pos ited mainly in con ti nen tal palaeo -
environments, have shown cli ma tic fluc tu a tion through out this
time in ter val (e.g., Słodkowska, 1998; Ziembiń ska- Tworzydło, 
1998). Lower and Mid dle Mio cene strata, de pos ited gen er ally
dur ing warm and wet cli ma tic phases, have well-doc u mented
palaeobotanical ev i dence stud ied from nu mer ous sec tions
(e.g., Kohlman-Adamska, 1998).  By  con trast, Up per Mio cene 
strata, which orig i nated dur ing cooler and less hu mid cli ma tic
con di tions, have much poorer palaeobotanical ev i dence stud -
ied from  rare sec tions of that age. The lat ter are known from
south west ern (e.g., Stachurska et al., 1971, 1973), South ern
(Oszast and Stuchlik, 1977), Cen tral (Stuchlik et al., 1990), and 
North ern Po land (e.g., Doktoro wicz-Hrebnicka, 1957). 

This makes the Józefina suc ces sion, lo cated on the south ern 
bor der of Late Mio cene epicontinental ba sin (Fig. 2A), an im -
por tant site for palaeoenvironmental re con struc tion. Our study
pre sented in this pa per in volves palynological anal y sis of very
well pre served pol len, spore and phytoplankton as so ci a tions
from a dark-col oured in ter val un der taken for age in ter pre ta tion
of  the de pos its in ques tion. A high tax o nom i cal di ver sity of
sporomorph as so ci a tions al lowed re con struc tion of plant com -
mu ni ties, and, on their ba sis, we have at tempted to re con struct
palaeoclimatic con di tions.

GEOLOGICAL BACKGROUND

Mio cene strata in Po land were de pos ited in two, mostly 
mu tu ally iso lated bas ins. The ma rine ba sin in the Carpathian
Foredeep (South Po land), was a part of the Paratethyan ba sin
sys tem, a rem nant of the Tethyan Ocean clos ing by  Al pine Belt 
fold ing dur ing the Mio cene. The bulk of Po land ter ri tory was
oc cu pied by an epicontinental ba sin filled with mainly con ti -
nen tal strata. These two bas ins were sep a rated by an up lifted
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area, the so-called Meta-Carpathian Swell. The stud ied Mio -
cene suc ces sion of the Józefina bore hole was de pos ited on its
north ern most lim its. 

Lower to Up per Mio cene strata of the Pol ish Low lands
con sist of loamy and sandy de pos its, mainly of flu vial, lac us -
trine and marsh or i gin. Biogenic sed i men ta tion in the lat ter en -
vi ron ments left brown coal seams that oc cur in four to five
main seam groups (e.g., S³odkowska, 1998). Their ap pear ance
was as so ci ated with a warm-tem per ate, mainly wet cli mate that 
gen er ally pre vailed dur ing the Early and Mid Mio cene. Cli ma -
tic cool ing and aridation dur ing the Late Mio cene ceased or -
ganic-rich sed i men ta tion (in clud ing lig nite de po si tion), and led 
to sed i men ta tion of or ganic-poor, pale-col oured, mainly loamy

de pos its of the so-called Poznañ clays (e.g., Piwocki, 1998;
Stuchlik, 1998; Ziembiñska-Tworzyd³o, 1998).

 The thick ness of Mio cene strata is vari able, mainly up to
20–350 m, with max i mal val ues in tec tonic trenches – over
500 m. The thickness of the Mio cene at the south ern lim its of 
its  out crop ranges from 20 to 60 m (Piwocki et al., 2004).

MATERIAL AND METHODS

A bore hole at Józefina near Wieluñ was  drilled some 2 km
west of the vil lage (Fig. 2B). It was sit u ated  on the north ern
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Fig. 2. Lo ca tion of the Józefina bore hole and its lithological pro file with in di cated po si tions of sam ples stud ied for palynology

A – lo ca tion of Józefina on a geo log i cal map show ing the Late Mio cene palaeo ge ogra phy (geo log i cal map from Piwocki, 1998); 
B – lo ca tion of Józefina; C – lithological log of the Józefina bore hole (af ter G³azek et al., sub mit.) and sam ple po si tions



lim its of the Kraków–Silesia Up land. Dur ing Late Mio cene
this site was a pe riph eral area of the epicontinental ba sin, which 
makes the Józefina bore hole suc ces sion ge net i cally re lated to
the ter res trial ba sin of the Pol ish Low lands (Fig. 2A).

The Józefina bore hole was drilled for geo log i cal map ping
pur poses (Głazek et al., sub mit.). It pen e trated 60 m, and was
stopped in Me so zoic strata (Up per Ju ras sic lime stone), which
oc curred at  a depth of some 57 m (Fig. 2C). The Józefina bore -
hole suc ces sion in cludes: Ho lo cene sandy soil (at  depth in ter val
0–1 m), pre-Ho lo cene Qua ter nary (gla cial) de pos its (at  depth in -
ter val 1–25 m), Mio cene strata (at  depth in ter val 25–57 m) and
Up per Ju ras sic lime stone (at  depth in ter val 57–60 m). Twenty
three sam ples from Mio cene and Ju ras sic strata were pre vi ously
stud ied for palynology by P. Gedl (unpubl. data); the Mio cene
sam ple dis tri bu tion is shown on Fig ure 2C.

The Mio cene suc ces sion starts with con glom er ates al most 
4 m thick built of lime stone clasts de rived from underlying Ju -
ras sic rocks. In its basal part (at depth 56.4 m), lime stone clasts
(up to a few cm  in di am e ter) are coated in non-cal car e ous grey
clays. Higher (depth 55.6 m), they are smaller (up to 1 cm) and
they  are embeded in a non-cal car e ous pale-grey ish loamy ma -
trix with glauconitic grains. Above the con glom er ate, an in ter -
val of pale-col oured sandy-loamy  de posit de void of lime stone
clasts oc curs (depth in ter val 53.5–51 m). Higher, dark-col -
oured (dark green ish and black) non-cal car e ous clays oc cur
(depth in ter val 51–45 m). The 20 m thick top most part of the
Mio cene suc ces sion (depth in ter val 45–25 m) con sists of mo -
not o nous pale-col oured (pale-grey-green ish to wil low-green)
non-cal car e ous clays.

The sam ples were pro cessed in the Micropalaeontological
Lab o ra tory of the In sti tute of Geo log i cal Sci ences, Pol ish
Acad emy of Sci ences, Kraków, ac cord ing to a stan dard
palynological pro ce dure in volv ing 38% hy dro chlo ric acid
(HCl) treat ment, 40% hy dro flu oric acid (HF) treat ment, heavy
liq uid (ZnCl2 + HCl; den sity 2.0 g/cm3) sep a ra tion, ul tra sound

for 10–15 s, and siev ing at 15 mm on a ny lon mesh. A to tal of
twenty sam ples (Fig. 2C) have been pre pared, and two mi cro -
scope slides were made from each sam ple us ing glyc er ine jelly
as a mount ing me dium. The quan tity of rock pro cessed var ied
from 50 to 100 g. The rock sam ples, palynological res i dues and 
slides are stored in the col lec tion of the In sti tute of Geo log i cal
Sci ences, Pol ish Acad emy of Sci ences, Kraków.

Mi cro pho to graphs of se lected taxa (Figs. 3–5) were taken
us ing a NIKON Eclipse mi cro scope fit ted with a Canon dig i tal
cam era.

The taxa have been clas si fied to  the ap pro pri ate
palaeofloristic el e ment (see Ta ble 1), mainly on the ba sis of the
check list of se lected pol len and spore taxa from the Neo gene
de pos its pro posed by Ziembińska-Tworzydło et al. (1994), and 
the at las of pol len and spores of the Pol ish Neo gene (Stuchlik et 
al., 2001, 2002, 2009).

RESULTS 
OF PALYNOLOGICAL STUDIES

Sam ples from the low er most in ter val of the stud ied suc ces -
sion (con glom er ates and pale-col oured loamy de pos its –

57–51 m; Fig. 2C) were bar ren or they yielded a palynofacies
com posed of large phytoclasts, de void of palynomorphs.

Rich and very well-pre served sporomorphs have been
found in three sam ples (45.7–47.5 m) col lected from the
dark-col oured in ter val (51–45 m; Figs. 2C, 3–5). About
600–800 pol len grains and spores, as well about 60–260 spec i -
mens of fresh wa ter phytoplankton, were en coun tered in each of 
these sam ples. Pol len spec tra from these sam ples are tax o nom i -
cally highly di verse: 40–50 taxa of pol len, spores and
phytoplankton oc cur in each sam ple. A to tal of 77 taxa of pol -
len and spores, as well as 18 taxa of fresh wa ter al gae have been
de ter mined (their list ing, bo tan i cal af fin ity and palaeofloristic
el e ment are given in Ap pen dix and Ta ble 1).

In all sam ples pol len grains of Pinuspollenites (mainly P.
labdacus)  strongly dom i nate. Ad di tion ally, fre quent pol len
grains of Tsuga (Zonalapollenites maximus and Z. verrucatus),
Sciadopitys (mainly Sciadopityspollenites serratus), as well as
Abies (Abiespollenites absolutus and Abiespollenites sp.),
Picea (mainly Piceapollis tobolicus), Cathaya (Cathayapollis
pulaensis, C. wilsonii and Cathayapollis sp.), and other co ni -
fers from the Pinaceae fam ily oc cur. Pol len grains of
Cupressaceae type are rare – only a few spec i mens of
Inaperturopollenites sp. and Sequoiapollenites sp. have been
found. Rel a tive fre quent are pol len grains of de cid u ous trees:
Fagus (Faguspollenites verus), Carpinus (Carpinipites
carpinoides), Pterocarya (Polyatriopollenites stellatus), Carya
(Caryapollenites sim plex), Liquid ambar (Periporo pollenites
stigmosus) and oth ers. Herbs are rep re sented by grasses
(Graminidites pseudogramineus and Graminidites sp.),
Chenopodiaceae (Chenopodipollis mul ti plex), Nymphaeaceae
(Nymphaeapollenites sp.), Asteraceae (Cichoreacidites
gracilis and Tubulifloridites granulosus) and oth ers. Fern
spores have been found spo rad i cally.

Rel a tively fre quent are also fresh wa ter phytoplankton taxa,
in clud ing mainly Sigmopollis (S. laevigatoides, S.
pseudosetarius and S. punctatus), Zygnemataceae zy go spores
(Cycloovoidites cyclus, Diagonalites diagonalis, Ovoidites
elongatus, O. gracilis, O. grandis, O. spriggii, Tetraporina sp.,
and Stigmozygodites microfoveolatoides), des mids (e.g.,
Closteritetrapidites magnus), as well as Spintetrapidites (e.g.,
S. quadriformis), and oth ers. In ad di tion, sin gle spec i mens of
fungi (Microthyriaceae and Tetraploa type) as well as frag -
ments of moss tis sues, dis persed stomata of Pinaceae and
Cupressaceae type, and dis persed cu ti cles of ar thro pods have
been found. 

In the ma te rial stud ied the fol low ing palaeofloristic el e -
ments have been dis tin guished: palaeotropical (P), in clud ing:
trop i cal (P1) and sub trop i cal (P2), and arctotertiary (A), in clud -
ing: warm-tem per ate (A1) and cool-tem per ate (A2), as well as
cos mo pol i tan (P/A). The com po si tion of sporomorph as so ci a -
tions from the sam ples stud ied shows an ap par ent dom i nance
of arctotertiary (in clud ing warm-tem per ate and cool-tem per -
ate) palaeofloristic el e ments (Fig. 6). Palaeotropical el e ments
are rep re sented by a few taxa only (mainly sub trop i cal), all oc -
cur ring as rare spec i mens (spores of Leiotriletes
maxoides/maximus, L. wolffi, Leiotriletes sp., and pol len grains
of Araliaceoipollenites edmundi, Arecipites pseudoconvexus,
Graminidites bambusoides, Tricolporopollenites pseudo -
cingulum and T. staresedloensis). The most fre quent in this
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Fig. 3. Fresh wa ter al gae and sporomorphs from the Mio cene of the Józefina bore hole

A – Sigmopollis laevigatoides Krutzsch et Pacltová, depth 47.5 m; B – Sigmopollis pseudosetarius (Weyland et Pflug) Krutzsch et Pacltová, depth 47.5 m;
C – Tetraporina sp., depth 47.5 m; D – Diagonalites diagonalis Krutzsch et Pacltová, depth 47.5 m; E – Ovoidites elongatus (Hun ger) Krutzsch, depth
46.2 m; F – Closteritetrapidites sp. 1, depth 47.5 m; G – Rudolphisporis ma jor (Stuchlik) Stuchlik, depth 47.5 m; H – Leiotriletes maxoides Krutzsch,

depth 47.5 m; I, J – Cathayapollis pulaensis (Nagy) Ziembińska-Tworzydło, depth 47.5 m; scale bars – 10 mm
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Fig. 4. Sporomorphs from the Mio cene of the Józefina bore hole

A, B – Cathayapollis wilsonii (Sivak) Ziembińska-Tworzydło, depth 47.5 m; C, D – Cedripites parvisaccatus (Zauer) Krutzsch, depth 47.5 m; E –
Intratriporopollenites instructus (Potonié) Thomson et Pflug, depth 46.2 m; F – Lonicerapollis gallwitzi Krutzsch, depth 45.7 m; G – Faguspollenites
verus Raatz, depth 47.5 m; H – Carpinipites carpinoides (Pflug) Nagy, depth 47.5 m; I, J – Araliaceoipollenites edmundi (Potonié) Potonié, depth 47.5 m;
K – Caryapollenites sim plex (Potonié) Raatz, depth 47.5 m; L – Polyatriopollenites sp., depth 47.5 m; M – Celtipollenites sp., depth 47.5 m; N –

Cichoreacidites gracilis (Nagy) Nagy, depth 47.5 m; scale bars – 10 mm
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Fig. 5. Sporomorphs and phytoclasts from the Mio cene of the Józefina bore hole

A – Graminidites bambusoides Stuchlik, depth 47.5 m; B – Vaclavipollis pacltovae Krutzsch, depth 47.5 m; C – Chenopodipollis mul ti plex (Weyland et
Pflug) Krutzsch, depth 47.5 m; D – Tubulifloridites granulosus Nagy, depth 47.5 m; E – Graminidites sp., depth 47.5 m; F – stoma of Pinaceae, depth
47.5 m; G – frag ment of moss tis sue, depth 47.5 m; H – sporocarp of Microthyriaceae fungi, depth 47.5 m; I – frag ment of ar thro pod cu ti cle, depth 47.5 m;

J – a: Closteritetrapidites sp. 2; b: stoma of co ni fer, depth 47.5 m; scale bars – 20 mm
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T a  b l e  1

Re sults of palynological anal y sis (num ber of palynomorphs) in sam ples from the Józefina bore hole 

S – spores, G – Gymnospermae, An – Angiospermae, V – varia, P – phytoplankton, F – fungi



group are Graminidites bambusoides pol len grains, which rep -
re sent 4.5% of the spore-pol len sum in a sam ple from depth
47.5 m (28 spec i mens counted).

All sam ples from the higher in ter val (45–25 m; Fig. 2B),
con sist ing of pale-col oured mo not o nous clays, are bar ren.

PLANT COMMUNITIES – SEDIMENTARY SETTING
AND PALAEOCLIMATE

Re sults of pol len anal y sis of the dark-col oured clay in ter val 
of the Józefina bore hole point to the pres ence of mixed
mesophytic for ests, and show a sig nif i cant role of wet land and
ri par ian veg e ta tion (Fig. 6). The large share of mesophilous
taxa is em pha sized by high pol len pro duc tiv ity of the Pinaceae.
The oc cur rence of Nymphaeaceae pol len, Salvinia -
ceae/Azollaceae microremains, and abun dant fresh wa ter al gae
(mainly Sigmopollis and mor pho log i cally dif fer en ti ated zy go -

spores of Zygnemataceae and des mids) points to sed i men ta tion 
in a fresh wa ter ba sin. Among the Zygnemataceae, the most fre -
quent are zy go spores re lated to the re cent gen era: Spi ro gy ra
(Cycloovoidites and Ovoidites), Mougeotia (Diagonalites and
Tetraporina) and Zygnema (Stigmozygodites). The ex tant
Zygnemataceae is a fam ily of fresh wa ter fil a men tous green al -
gae, usu ally liv ing in shal low, fresh wa ter, ox y gen-rich en vi -
ron ments such as ponds, lake mar gins (paludal or low gra di ent
flu vial), ditches and very slow-mov ing streams (Kad³ubowska,
1972; Grenfell, 1995; van Geel and Grenfell, 1996). There fore,
the sed i men tary set ting of the dark-col oured clay in ter val could 
be re con structed as a fresh wa ter body (?me an der ing river,
?ox-bow lake, ?small lake) sur rounded by swamp-aquatic veg -
e ta tion, com posed of herbs (in clud ing grasses), and ri par ian
for ests dom i nated by Pterocarya, Carya and Liquid ambar, ac -
com pa nied by Ulmus, Juglans and oth ers. Drier, higher ter rains 
were pre sum ably cov ered by mixed mesophytic for ests dom i -
nated by Pinus, Fagus and Carpinus, ac com pa nied by Tsuga,
Sciadopitys, Abies, Picea, Cathaya and oth ers. 
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Fig. 6. Ra tios of palaeofloristic el e ments and plant com mu ni ties in the sam ples stud ied from the Józefina bore hole



The pre dom i nance of trees of the gen era grow ing now un -
der tem per ate and warm tem per ate cli ma tic con di tions and the
very low share of trop i cal plants is well marked (Fig. 6). How -
ever, many of  the plant taxa en coun tered and Tetraploa fun gus 
oc cur re cently in ar eas with a mild cli mate (Farr et al., 2008).
The pres ence of the Microthyriaceae fungi is an im por tant
palaeo eco logi cal in dex of high to tal an nual rain fall – above
1000 mm (Elsik, 1978). All these ob ser va tions in di cate that the
cli mate dur ing de po si tion of the dark-col oured de pos its of the
Józefina bore hole suc ces sion was tem per ate (cooler than dur -
ing the Early and Mid Mio cene in ter val, but still warmer than
the pres ent-day cli mate of Po land) and mid-wet. This in ter pre -
ta tion fits well with the com po si tion of spore-pol len spec tra of
the Late Mio cene XII cli ma tic phase. At that time, moist ri par -
ian for ests as well as mixed for ests with a high ra tio of co ni fers
(es pe cially pine), and with scarce palaeotropical rel ics, grew
(Ziembińska-Tworzydło, 1998).

A lack of palynological mat ter in the pale-col oured in ter -
vals stud ied of the Józefina bore hole suc ces sion does not al low
com plex palaeoenvironmental re con struc tions of the whole
suc ces sion. These strata must have been de pos ited in en vi ron -
ments that were not fa vour able for or ganic mat ter pres er va tion. 
The lowermost part (57–51 m), con sist ing of con glom er ates
and loamy sands, was most likely de pos ited in a con ti nen tal,
high-en ergy en vi ron ment. The topmost loamy in ter val
(45–25 m) pre sum ably rep re sents sed i ment of lac us trine or i gin, 
de pos ited in an ox y gen-rich en vi ron ment with lim ited in flux of
ter res trial or ganic par ti cles. All palynomorphs and phytoclasts,
if pres ent, were ox i dized.

AGE OF THE PALYNOFLORA

The palynomorphs stud ied show clear sim i lar i ties to the
Late Mio cene palynoflora from Sośnica, south west ern Po land
(Stachurska et al., 1973), which also con tains sparse
palaeotropical el e ments: only a few pol len grains of Ilex,
Araliaceoipollenites edmundi, Tricolporopollenites pseudo -
cingulum and Parrotia, and spores of Leiotriletes have been
found there. The main com po nents of the Sośnica as sem blage
are arctotertiary (with a high ra tio of tem per ate) gen era of trees
grow ing in mesophytic and ri par ian for ests (e.g., Pinus,
Carpinus, Ulmus, Quercus, Betula, Fagus, Liquid ambar,
Pterocarya and Carya); herbs are not nu mer ous, but are tax o -
nom i cally dif fer en ti ated.

There are also many sim i lar i ties be tween the palynoflora
stud ied and as sem blages from the rel a tively close lo cal ity of
the Bełchatów Lig nite Mine (Stuchlik et al., 1990, pro file VI).

The com po si tion of the Józefina as sem blage also re sem bles 
the fos sil palynoflora from Gnojna, southwest ern Po land
(Sadowska, 1991). Dif fer ences be tween these two lo cal i ties
seem to be mainly fa cies-related.

The Józefina palynoflora is also slightly sim i lar to the Late
Mio cene palynoflora from the Gozdnica (pro file 4), southwest -
ern Po land (Stachurska et al., 1971), which is also dom i nated
by arctotertiary el e ments. The main com po nent of Gozdnica
palynoflora is Pinus (Pinus type diploxylon, up to 40%; and

Pinus type haploxylon, in clud ing Cathaya – up to 50%).
Liquid ambar, Fagus, Clethraceae-Cyrillaceae, Symplocos, and 
Ilex dom i nate among the an gio sperms. Pol len grains of
Araliaceoipollenites edmundi and Tricolporo pollenites
pseudocingulum do not ex ceed 1–2% of pol len spec tra. Herbs
are rep re sented mainly by grasses, but their grains are not nu -
mer ous. The main dif fer ence be tween the Józefina and
Gozdnica palynofloras is the abun dance of Ilex, Symplocos,
and Cupressaceae pol len grains in the lat ter.

On the other hand, the palynoflora from Józefina dis tinctly
dif fers from the Plio cene flora from Ruszów (Stachurska et al.,
1967), in which low val ues of Pinus, a per ma nent pre dom i -
nance of Alnus, and trace amounts of rel ict Mio cene taxa are
ob served. 

There fore, a Late Mio cene age for the Józefina palynoflora
can be sug gested. As com pared with palynofloras from other
lo cal i ties, the as sem blage stud ied is some what youn ger than the 
Late Mio cene Gozdnica palynoflora and older than the Plio -
cene Ruszów palynoflora. More over, the Late Mio cene age of
the sed i ments in ques tion is also in di cated by the com po si tion
of pol len spec tra and by the mu tual ra tio of palaeotropical (P)
and arctotertiary (A) palaeofloristic el e ments (Fig. 6). The as -
sem blage stud ied shows sim i lar ity with the XII cli ma tic phase
be long ing to the Carpinipites-Juglandaceae spore-pol len zone
sensu Ziembińska-Tworzydło (in Piwocki and Ziembiń -
ska-Tworzydło, 1995; see also Piwocki and Ziembińska-
 Tworzydło, 1997; Ziembińska-Tworzydło, 1998). Un for tu -
nately, pro files with a well doc u mented XII cli ma tic phase are
in fre quent in Po land (see Piwocki and Ziembiń ska-Tworzydło, 
1995). De pos its bear ing such as sem blages oc cur within the
flamy clays mem ber (top-part of the Poznań for ma tion, or up -
per part of the Wielkopolska mem ber) and within the lower part 
of the Gozdnica for ma tion, de pos ited dur ing the Pontian
(Fig. 1). This age as sess ment, as well as the lithological char ac -
ter is tics of the de pos its in ques tion, in di cat ing that the Józefina
suc ces sion can be as signed to the Poznań for ma tion. 

CONCLUSIONS

1. A bore hole drilled at Józefina (Kraków–Silesia Up land,
South ern Po land) pen e trated a 32 m thick suc ces sion of
sandy-loamy de pos its rest ing upon Up per Ju ras sic lime stone,
and cov ered by Qua ter nary de pos its. It was stud ied for
palynology. Of twenty sam ples, only three, col lected from
dark-col oured clays (depth 45.7–47.5 m), yielded rich and very
well-pre served palynological ma te rial suit able for fur ther study.

2. A rich as so ci a tion con sist ing of 77 pol len and spore taxa,
and 18 freshwa ter al gae taxa have been found in these dark-col -
oured clays. The pollen-spore as so ci a tion is dom i nated by pol -
len grains of Pinuspollenites. Rel a tively fre quent are pol len
grains of other co ni fers from the Pinaceae fam ily (Tsuga,
Abies, Picea and Cathaya) and, less fre quent, pol len grains of
de cid u ous trees (Fagus, Carpinus, Pterocarya, Carya and
Liquid ambar). Herbs are rep re sented mainly by grasses,
Chenopodiaceae, Nymphaeaceae and Asteraceae. Among
freshwa ter phytoplankton taxa, Sigmopollis, zy go spores of
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Zygnemataceae and des mids, as well as Spintetrapidites are
most fre quent.

3. A char ac ter is tic fea ture of the sporomorph as so ci a tion is
an ap par ent dom i nance of arctotertiary (in clud ing A1 and A2)
palaeofloristic el e ments. Palaeotropical el e ments (mainly sub -
trop i cal, P2) are rep re sented by rare spec i mens of a few taxa
only, among which Graminidites bambusoides pol len grains
are the most fre quent.

4. Anal y sis of the spore-pol len as so ci a tion shows that plant
com mu ni ties grow ing at the freshwa ter ba sin mar gin were
dom i nated by trees of gen era grow ing re cently un der tem per -
ately warm cli ma tic con di tions. At the same time, a very low
ra tio of trop i cal plants has been ob served. This sug gests a tem -
per ate and mid-wet cli mate dur ing de po si tion of the dark-col -
oured strata of the Józefina bore hole suc ces sion.

5. De po si tion of the Józefina bore hole Mio cene suc ces sion
took place in change able palaeoenvironmental con di tions. The
lowermost, bar ren part of the suc ces sion was pre sum ably de -
pos ited in a high-en ergy con ti nen tal en vi ron ment that be gan
Mio cene sed i men ta tion in this area. Later, a much calmer
freshwa ter, pre sum ably lac us trine en vi ron ment ap peared. At
the be gin ning, cer tain palaeoenvironmental fac tors (rich veg e -
ta tion, sedimentological con di tions) made fa vour able con di -
tions for pres er va tion of palynological or ganic mat ter (re -
flected in the dark colouration). Dur ing this time in ter val, the
freshwa ter body was sur rounded by a swamp-aquatic veg e ta -
tion, com posed of herbs (in clud ing grasses), and ri par ian for -

ests dom i nated by Pterocarya, Carya and Liquid ambar. More
dry, higher ter rains were pre sum ably cov ered by mixed
mesophytic for ests dom i nated by Pinus, Fagus and Carpinus.
Later on, par tic u lar changes in the palaeoenvironment made the 
sed i men tary set ting unfa vour able for pres er va tion of
palynological or ganic mat ter.

6. Com par i son of the sporomorph as so ci a tion from the
Józefina bore hole with those from other Neo gene sites sug gests 
its Late Mio cene age. Its com po si tion makes it com pa ra ble to
the Carpinipites-Juglandaceae spore-pol len zone typ i cal of the
XII cli ma tic phase (Late Mio cene). This al lows clas si fy ing the
de pos its in ques tion to the Up per Mio cene Poznań formation.
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APPENDIX

Sys tem atic list ing of phytoplankton, spore and pol len taxa en coun tered in the Józefina bore hole:

INCERTE SEDIS (?CYANOPHYTA, ?CHLOROPHYTA)

Sigmopollis laevigatoides Krutzsch et Pacltová
Sigmopollis pseudosetarius (Weyland et Pflug) Krutzsch et Pacltová
Sigmopollis punctatus Krutzsch et Pacltová

CHLOROPHYTA

Botryococcus sp.
Closteritetrapidites magnus Krutzsch et Pacltová
Closteritetrapidites sp.
Cycloovoidites cyclus (Krutzsch) Krutzsch et Pacltová
Diagonalites diagonalis Krutzsch et Pacltová
Ovoidites elongatus (Hun ger) Krutzsch
Ovoidites gracilis Krutzsch et Pacltová
Ovoidites grandis (Pocock) Zippi
Ovoidites spriggii (Cookson et Dettmann) Zippi
Pseudoschizaea rubina (Rossignol) Chris to pher
Spintetrapidites quadriformis Krutzsch et Pacltová
Spintetrapidites sp.
Stigmozygodites microfoveolatoides Krutzsch et Pacltová
Tetraporina sp.
Zygodites sp.

TELOMOPHYTA
BRYOPHYTINA

Corrusporis sp.
Stereisporites sp.

ANTHOCEROPHYTINA

Rudolphisporis ma jor (Stuchlik) Stuchlik
Rudolphisporis sp.

LYCOPHYTINA: LYCOPSIDA

Retitriletes frankfurtensis Krutzsch

LYCOPHYTINA: SELAGINELLOPSIDA

Echinatisporis sp.

PTEROPHYTINA

Baculatisporites ma jor (Raatz) Krutzsch
Baculatisporites primarius (Wolff) Pflug et Thomson
Foveotriletes megafovearis (Krutzsch) Grabowska
Foveotriletes sp.
Laevigatosporites haardti (Potonié et Venitz) Thomson et Pflug
Laevigatosporites nitidus (Mamczar) Krutzsch
Leiotriletes maxoides Krutzsch
Leiotriletes maxoides/maximus type
Leiotriletes wolffi Krutzsch
Leiotriletes sp.
Rugulatisporites quintus Pflug et Thomson
Salviniaceae/Azollaceae
Verrucatosporites favus (Potonié) Thomson et Pflug
Verrucatosporites megafavus Krutzsch

GYMNOSPERMS

Abiespollenites absolutus Thiergart
Abiespollenites sp.
Cathayapollis pulaensis (Nagy) Ziembińska-Tworzydło
Cathayapollis wilsonii (Sivak) Ziembińska-Tworzydło
Cathayapollis sp.
Cedripites parvisaccatus (Zauer) Krutzsch
Cedripites sp.
Inaperturopollenites sp.
Keteleeriapollenites sp.
Piceapollis tobolicus (Panova) Krutzsch
Piceapollis sp.
Pinuspollenites labdacus (Potonié) Raatz
Pinuspollenites sp.
Sciadopityspollenites serratus (Potonié et Venitz) Raatz
Sciadopityspollenites sp.
Sequoiapollenites sp.
Zonalapollenites maximus (Raatz) Krutzsch
Zonalapollenites verrucatus Krutzsch
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ANGIOSPERMS

Aceripollenites sp.
Alnipollenites verus Potonié
Araliaceoipollenites edmundi (Potonié) Potonié
Arecipites pseudoconvexus Krutzsch
Carpinipites carpinoides (Pflug) Nagy
Caryapollenites sim plex (Potonié) Raatz
Celtipollenites sp.
Cercidiphyllites minimireticulatus (Trevisan) Ziembińska-Tworzydło
Chenopodipollis mul ti plex (Weyland et Pflug) Krutzsch
Cichoreacidites gracilis (Nagy) Nagy
Corsinipollenites ludwigioides Krutzsch
Cyperaceaepollis neogenicus Krutzsch
Diervillapollenites sp.
Ericipites callidus (Potonié) Krutzsch
Ericipites ericius (Potonié) Potonié
Ericipites roboreus (Potonié) Krutzsch
Faguspollenites verus Raatz
Graminidites bambusoides Stuchlik
Graminidites pseudogramineus Krutzsch
Graminidites sp.

Intratriporopollenites cordataeformis (Wolff) Mai
Intratriporopollenites instructus (Potonié) Thomson et Pflug
Juglanspollenites sp.
Lonicerapollis gallwitzi Krutzsch
Nymphaeapollenites sp.
Nyssapollenites sp.
Periporopollenites stigmosus (Potonié) Thomson et Pflug
Persicarioipollis sp.
Polyatryopollenites stellatus (Potonié) Pflug
Quercoidites sp.
Ranunculacidites sp.
Salixipollenites sp.
Tricolporopollenites pseudocingulum (Potonié) Thomson et Pflug
Tricolporopollenites staresedloensis Krutzsch et Pacltová
Trivestibulopollenites betuloides Pflug
Tubulifloridites granulosus Nagy
Ulmipollenites undulosus Wolff 
Vaclavipollis pacltovae Krutzsch
Vitispollenites sp.
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