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A new bore hole in Ro¿ce (SW Mazovian Low land) drilled in 2012, com bined with a wide va ri ety of re search meth ods
(palaeomagnetism, palynological anal y sis, stud ies of plant macroremains and tex tural fea tures of de pos its) shed new light
on the age and strati graphic po si tion of the Early Pleis to cene de pos its, for merly as signed as the Lower Pleis to cene. The
study fo cuses on the de pos its from 50.7–104.0 m depth, be tween gla cial till of the Nidanian Gla ci ation (ca. 0.9 Ma) and the
Poznañ Clays (ca. 5.322 Ma). The de pos its sit u ated di rectly un der neath the till (50.7–60.2 m) are re lated to the Nidanian Gla -
ci ation and show a re versed po lar ity and cor re late with the end of the Matuyama Ep och. The de pos its from 60.2–104.0 m
depth were ac cu mu lated dur ing the Early Plio cene, i.e. ap prox i mately 5.332–4.6 mil lion years ago. They ap pear to cor re late
with the mid dle part of the Gilbert Palaeomagnetic Ep och and thus they are con sid er ably older than pre vi ously thought. The
cored sec tion in di cates a strati graphic gap of about 3.5 Ma from the Lower Plio cene to the first ad vance of the Scan di na vian
ice sheets into Po land, which are thought to have oc curred in the early Mid dle Pleis to cene. The ana lysed de pos its ac cu mu -
lated un der vari able cli ma tic con di tions show ing two pe ri ods with sig nif i cant arid ity al ter nated with two pe ri ods of in creased
hu mid ity. De pos its of the arid pe ri ods con tain no pol len, but ae olian sand quartz grains are found. Dur ing pe ri ods of more hu -
mid cli mate the area was cov ered by var i ous types of mixed for est.

Key words: Late Mio cene/Early Plio cene, Early Pleis to cene, pol len anal y sis, palaeomagnetism, min er al ogy, cen tral Po land.

INTRODUCTION

The Early Pleis to cene, cor re spond ing to the Preglacial pe -
riod (Mojski, 2006) in Po land, is one of the least re searched pe -
ri ods of the Qua ter nary (£anczont et al., 2003; Piwocki et al.,
2004). In West ern Eu rope, along the mar gins of the North Sea,
the Early Pleis to cene is typ i fied mainly by the de vel op ment of
flu vial and deltaic de pos its (Menke, 1975; Kasse, 1990;
Boenigk and Frechen, 2006; Kemna, 2008; W esterhoff et al.,
2008). In Po land, the Early Pleis to cene was thought to have
been rep re sented by flu vial or lac us trine-flu vial fa cies. They
form vast al lu vial fans de pos ited in a rel ict lake, pre served since 

the Neo gene (Ró¿ycki, 1972; Lindner, 1992; Mojski, 2006;
Makowska, 2015). Ac cord ing to Lewiñski (1928), their de po si -
tion started at the end of Poznañ Clays ac cu mu la tion dur ing the
Late Plio cene, and fin ished upon the en croach ment of the first
con ti nen tal ice sheet. In later years, these bound aries were de -
ter mined at 2.588 mil lion years BP (Baraniecka, 1991; Stuchlik,
1994) and ca. 0.9 mil lion years (Lindner et al., 2013).

The clas si fi ca tion of Early Pleis to cene de pos its in Po land
was based mainly on two drillings: Ponurzyca near Otwock
(Baraniecka, 1975, 1976; Stuchlik, 1975) and Ro¿ce near
Grójec, Mazovian Low land (Baraniecka, 1980, 1991; Stuchlik,
1987, 1994). Four cli ma tic phases of Early Pleis to cene ac cu -
mu la tion have been dis tin guished in these drillings, namely two
warm and two cold phases cor re lated with those de fined for the
Early Pleis to cene in West ern Eu rope: Praetiglian, Tiglian,
Eburonian and Waalian. The fol low ing lo cal names were used
for the pe ri ods de ter mined based on the drillings: Celestynovian 
which cor re sponds to the Waalian, Otwockian (Eburonian),
Ponurzycian (Tiglian) and Ró¿cian (Praetiglian; Ta ble 1). How -
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ever, the re sults of the lat est re search show that the strati -
graphic po si tion of the Preglacial sensu Lewiñski (1928) has be -
gun to raise some doubts, be cause the Poznañ Clays proved to
be older (Piwocki et al., 2004). The end of their ac cu mu la tion
was moved from the Lower Plio cene to the Lower Mio cene.
This change meant that the Preglacial ex tended to the Early
Pleis to cene and the whole Plio cene, and cur rently it cov ers the
pe riod be tween ca. 5.322 and ca. 0.9 mil lion years (Piwocki et
al., 2004). The most com mon de pos its are as signed to the
Early Pleis to cene. On the other hand, there are no de pos its cor -
re lated with the Plio cene. An ex cep tion is the sec tion from
Wólka Ligêzowska, cen tral Po land, with de pos its rep re sent ing
al most the en tire Plio cene (Skompski et al., 2006; Popescu et
al., 2010; Makowska, 2015; Win ter, 2015). Some re search ers
(Piwocki et al., 2004; Widera, 2007) as sume, how ever, that this
pe riod co in cides in the Pol ish Low lands with a strati graphic gap
that cov ers the pe riod be tween the end of the Mio cene and the
Early Pleis to cene.

The main ob jec tive of this study is (1) to de ter mine the age of
the de pos its dated so far at the Early Pleis to cene, and (2) to re -
con struct the en vi ron men tal con di tions un der which the ac cu mu -
la tion of the de pos its oc curred at the Ro¿ce site (cen tral Po land).

THE RO¯CE BOREHOLE DESCRIPTION

The re search in volved de pos its of a bore hole drilled at
Ro¿ce lo cated SW of Grójec, SW Mazovian Low land
(51°50’7,29”N, 20°45’6,79”E, el e va tion 178 m a.s.l.; Fig. 1), at a 
dis tance of ca. 15 m from the his tor i cal drill ing site of Ro¿ce
(Baraniecka, 1980), and fin ished at a depth of 116 m. The se -
quence of de pos its and their li thol ogy were com pared with the
sec tion de scribed by Baraniecka (1980; Fig. 2).

Six lithological units have been dis tin guished in the Ro¿ce
bore hole that vary in terms of tex tural fea tures (Fig. 2):

– Unit I (depth 104.0–116.0 m) – Poznañ Clays;

– Unit II (depth 50.7–104.0 m) – sand and silt with scarce
clay and gravel beds. In petrographic terms, the de pos -
its are highly uni form and com pletely decalcified;

– Unit III (depth 49.55–50.7 m) – gla cial till;

– Unit IV (depth 7.85–49.55 m) – con sid er ably var ied
grain-size com po si tion, rang ing from gravel to clay;

– Unit V (depth 1.6–7.85 m) – gla cial till;

– Unit VI (depth 0.0–1.6 m) – sand and gravel which grade 
into clayey silt with dis persed or ganic mat ter near the
sur face (Fig. 2).

METHODS

The study fo cuses on de pos its from the depth in ter val of
50.7–104.0 m (Unit II; Fig. 2), which can be cor re lated with the
Early Pleis to cene de pos its dis tin guished by Baraniecka (1980,
1991). Sam ples were taken and ana lysed by five dif fer ent
meth ods as listed be low:

1. Palaeomagnetism – the re sults of this anal y sis were used 
to de ter mine the age of de pos its and their strati graphic po si tion:
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Fig. 2. Ro¿ce lithological section

Correlation with the Ró¿ce historical section



– 78 cu bic sam ples (65 from this core seg ment; 2 ´ 2 ´
2 cm in size, ori ented ver ti cally) were sub jected to
remanent mag net is ation anal y sis with the use of a cryo -
genic mag ne tom e ter SQUID SRM 755 man u fac tured by 
2G En ter prise (USA). The sam ples were step-wise de -
mag ne tised with an al ter nat ing field of up to 100 mT,
which de ter mined the com po nents of the mag netic
remanence in sam ples and their in cli na tion. For the ma -
jor ity of sam ples, the re la tion ship of lab o ra tory-im posed
sat u ra tion iso ther mal remanent mag ne ti sa tion with tem -
per a ture was stud ied to iden tify the ferrimagnetic min er -
als as a source of remanent mag ne ti sa tion (STEPS 3
de vice);

2.  Palaeobotany – the re sults were used to de ter mine the
cli mate con di tions pre vail ing dur ing the de po si tion, veg e ta tion
changes and the age of de pos its:

a. pollen anal y sis

– palynological anal y sis (65 sam ples from a depth of
61.0–101.6 m). The palynological di a gram in cluded 54
pol len spec tra with at least 200 pol len grains counted.
The ba sic sum con sists of tree and shrub pol len (AP) as
well as dwarf shrubs and ter res trial her ba ceous plants
(NAP). The per cent ages of pol len of aquatic plants,
spores and palynomorphs were cal cu lated in re la tion to
the ba sic sum;

b. anal y sis of plant macroremains

– af ter the vol ume of sed i ment was mea sured
(150–200 ml), 211 sam ples were mac er ated ac cord ing
to a stan dard pro ce dure (adopted by e.g.,
Stachowicz-Rybka, 2011). Macrofossils from 30 sam -
ples were iden ti fied on the ba sis of avail able pub li ca tions 
and a ref er ence col lec tion pro vided by the
Palaeobotanical Mu seum, W³adys³aw Szafer In sti tute of
Bot any, Pol ish Acad emy of Sci ences, Kraków.

3. Micromorphology – the re sults were used to de ter mine
the cli mate con di tions, source of de pos its and the con di tions of
trans port and de po si tion:

– anal y sis of micromorphology of quartz grains in the frac -
tions of 0.5–0.8 and 0.8–1.0 mm was car ried out un der
an op ti cal mi cro scope (170 sam ples) us ing the Cailleux
method (1942) as mod i fied by GoŸdzik (1980) and
Mycielska-Dowgia³³o and Woronko (1998);

4. Pe trog ra phy and min er al ogy – the anal y sis de ter mined
the sources of de pos its and their age.

 Petrographic and min er al og i cal anal y ses: the con tent of
quartz in the frac tions of 0.5–0.8 and 0.8–1.0 mm (193 sam -
ples), heavy min er als in the frac tion of 0.1–0.2 mm, where the
sum of trans par ent and non-trans par ent min er als was as sumed 
to con sti tute 100% (71 sam ples), and the petrographic com po -
si tion of gla cial till in the frac tion of 5–10 mm (1 sam ple). Based
on the re sults of the lat est anal y sis, petrographic co ef fi cients
O/K, K/W, A/B were cal cu lated, where: O – to tal quan tity of Pa -
leo zoic sed i men tary rocks, K – to tal quan tity of crys tal line rocks
and quartz com ing from the dis in te gra tion of crys tal line rocks,
W – to tal quan tity of Pa leo zoic lime stone and do lo mite, A – to tal
quan tity of rocks sus cep ti ble to de struc tion, B – to tal quan tity of
rocks re sis tant to de struc tion (Rzechowski, 1971). These co ef fi -
cients help to de ter mine the cor re la tions with other clay lay ers in 
the re gion, and their age. The cor re la tion is based on the fact
that each con ti nen tal gla cier had a dif fer ent sed i ment source
area, and at the same time dif fer ent rocks were ex posed to
exaration (Lisicki, 2003).

Fur ther more, the to tal decalcification of de pos its pre vented
the anal y sis of ox y gen iso topes.

RESULTS

MINERALOGICAL COMPOSITION AND TEXTURAL FEATURES 
OF DEPOSITS

The grain round ness, de gree of quartz grain sur face frost -
ing of the sandy frac tion, and the com po si tion of heavy min er als 
have al lowed us to dis tin guish four ma jor depositional sub units
(A–D) in unit II (Figs. 2 and 3).

Sub unit A (depth 82.45–104.0 m) is built of poorly sorted
sand with a mas sive struc ture (Sm), interbedded with silt-clay
de pos its of mas sive struc ture (Fm), flaser lam i na tion (FSf) and
solid clay with a thick ness of only 1 cm. Lam i nated clay (Fv) was 
found at a depth of 87.28–90.91 m. In ad di tion, both duc tile and
brit tle de for ma tions of de pos its were ob served in the clay lay -
ers. Ac cu mu la tion of sub unit A oc curred in a shal low lit to ral
zone of a wa ter body. The wa ter level in the wa ter body with
lam i nated clay de po si tion was not sta ble and pe ri od i cally in -
creased. The min eral com po si tion of the sandy frac tion from
sub unit A (depth 82.45–104.0 m) is char ac ter ized by a very
high per cent age of quartz, mica and sin gle feld spars. Quartz
grains are very poorly rounded, rep re sent ing the EM/EL type
(>100%, in clud ing re gen er a tion quartz grains) of a high-en ergy
beach en vi ron ment. Based on the com po si tion of heavy min er -
als, two sub units can be dis tin guished: A1 and A2. Opaque
min er als, am phi boles and gar nets rep re sent the ma jor part of
A1 (depth 86.8–104.0 m). The per cent age of min er als re sis tant
to chem i cal and phys i cal weath er ing is low. There are also
chlorites (up to 17.7%). In sub unit A2 (depth 82.45–86.8 m), the 
con tent of gar nets de creases to wards the up per most part of the 
sub unit. They are re placed by more re sis tant min er als. The per -
cent age of pri mary iron ox ides also in creases (up to 41.5% in
the up per most part of the sub unit). The con tent of am phi boles
re mains very high (Fig. 3).

Sub unit B (depth 80.3–82.45 m) is built of fine- and
coarse-grained sand, hor i zon tally strat i fied (Sh) at the bot tom,
and loamy sand of mas sive struc ture (SFm) in the up per most
layer. No de for ma tion was ob served in de pos its of subunit B.

Quartz grains rep re sent ing a high-en ergy aquatic en vi ron -
ment (types EM/EL and EL), char ac ter ized by better round ing
than in sub unit A, are dom i nant in sub unit B (depth
80.3–82.45 m). Grains de vel oped in an ae olian en vi ron ment
(EM/RM; >43.1%) were also found there. In terms of heavy
min er als com po si tion, the sub unit (B1, B2) was found to be bi -
par tite. Pri mary iron ox ides and very re sis tant min er als with the
dom i nance of zir con play the key role in B1 (depth
81.4–82.45 m). The per cent age of gar nets de creases (<0.4%
in the up per most part). Siderites (approx. 98%) and ferruginous 
car bon ates (51.4–78.5%) rep re sent the ma jor ity of min er als in
sub unit B2 (depth 80.3–81.4 m; Fig. 3). It ap pears that the de -
po si tion of sub unit B oc curred in the subboreal con di tions.
Given the very high con tent of grains rep re sent ing the ae olian
en vi ron ment in the de pos its, and their struc ture, it can be as -
sumed that they rep re sent ae olian de pos its aer ated in the lit to -
ral zone of the dry ing lake. 

Sub unit C (depth 60.2–80.3 m) is built of mas sive clayey or
clayey-silty de pos its interbedded with fine-grained sands of ca.
2 m thick ness and nor mal graded bed ding (Sm), or
sandy-clayey de pos its with a thick ness of merely 0.03 m. Ac cu -
mu la tion of sub unit B took place in a deep-wa ter body where
steady sed i men ta tion of clayey de pos its was in ter rupted by
run-offs of sandy de pos its. No de for ma tion was ob served in de -
pos its of sub unit C. In sub unit C (depth 60.2–80.3 m), the sandy 
frac tion is dom i nated by quartz EM/EL; the per cent age of
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grains EL (>20.0%) in creases to wards the up per most part.
Grains EM/RM oc cur spo rad i cally. In terms of heavy min eral
con tent, the sub unit (C1–C3) is tri par tite. The com po si tion of
heavy min er als in sub unit C1 (depth 75.5–80.3 m) is iden ti cal to
that in sub unit B2. In C2 (depth 65.8–75.5 m), sid er ite dis ap -
pears and is re placed by re sis tant min er als, mainly zir con and
staurolite, pri mary iron ox ides and am phi boles. No gar nets
were found in the de posit. In sub unit C3 (depth 60.2–65.8 m),
there is a sig nif i cant amount of iron car bon ates and py rite in the
up per most part. Gar nets rep re sent only a few per cent of the
con tent (Fig. 3).

De pos its of sub unit D (depth 50.7–60.2 m) are rep re sented 
by me dium-grained sand with fine, hor i zon tally strat i fied gravel
(Sh). A char ac ter is tic fea ture of these de pos its is the pres ence
of feld spars in the frac tion of sand and gravel. A small thrust
fault with a gently in clined plane (ca. 45°) is ob served in the de -
pos its. Most likely, the ac cu mu la tion of sub unit D oc curred in
the con di tions of in ten sive shal low flow.

Shiny grains of type EL (>40%) and EM/EL dom i nate in the
de pos its of sub unit D (depth 50.7–60.2 m). The per cent age of
“OTHER” type of grains (that is, which is the re sult of weath er -
ing of chem i cal and me chan i cal op er at ing in situ) in creases
(>19.7%). The de pos its have a ho mo ge neous min er al og i cal
com po si tion. Gar nets, am phi boles, pri mary iron ox ides, zir con
and staurolite are dom i nant (Fig. 3).

The thus de vel oped sed i ment is over lain by gla cial till (depth 
49.55–50.7 m) char ac ter ized by the petrographic in di ces of
O/K = 1.02, K/W = 1.23 and A/B = 0.67. The com par i son of
these re sults with those ob tained by Lisicki (2003) from the
Vistula River Ba sin sug gests that the till may come from the
Narevian or Sanian I Gla ci ation. How ever, no straight for ward
in ter pre ta tion is pos si ble due to a small thick ness of the de pos -
its. It ap pears that the de for ma tion of de pos its in sub units A–D
was caused by the con ti nen tal ice sheet of this gla ci ation.

PALAEOMAGNETIC ANALYSIS

The anal y sis of remanent mag net is ation pro vided re sults of
vari able qual ity due to the sub stan tial va ri ety of mag netic min er -
als as car ri ers of mag netic remanence in the sed i ment. Even tu -
ally, char ac ter is tic com po nents of nat u ral remanent mag net is -
ation were de ter mined in 67 sam ples. Some of the sam ples fea -
tured only a low-field com po nent de mag net ised with a field of
up to 10–15 mT. The oth ers con tained two com po nents fea tur -
ing op po site po lar ity. This may sug gest re mag net isa tion that
may have oc curred as a re sult of sec ond ary mag net is ation re -
corded in a sec ond ary he ma tite or maghemite. The pres ence of 
greigite, be ing a late diagenic min eral (Sagnotti et al., 2005),
does not sig nif i cantly af fect the magnetostratigraphic data, re -
cord ing the mag netic field at most up to 100 ky later than de po -
si tion. The ob tained re sults have al lowed di vid ing the drill core
into seg ments fea tur ing the prev a lence of nor mal or re versed
po lar ity.

De pos its col lected at a depth of 80.0–105.53 m have a
dom i nant com po nent with pos i tive in cli na tion. This frag ment,
how ever, is not uni form in terms of mag netic min er als (Fig. 4).
The up per most part of the Poznañ Clay (depth
105.07–105.53 m) con tains maghemite, while silt at a depth of
99.0–101.0 m – mag ne tite and he ma tite. Sandy sam ples from a 
depth of 80.0–92.0 m con tain a very small amount of fer ro mag -
netic frac tion (mainly mag ne tite, likely sec ond ary he ma tite).
Apart from the nor mal com po nent in mag ne tite or greigite found 
in de pos its from be low 85.0 m; sam ples rich in maghemite or
he ma tite show traces of a sec ond ary re versed com po nent
(Fig. 3).
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Fig 4. Magnetic polarity pattern

Explanations as in Figure 2



A frag ment of the core char ac ter ized by re versed po lar ity of
high in cli na tion was found at a depth of 72.0–80.0 m in silt con -
tain ing much sid er ite. Fur ther more, greigite and he ma tite were
found at a depth of 79.0–80.0 m, whereas be tween 74.0 and
75.0 m – greigite, maghemite and prob a bly goethite (Fig. 3).

Sed i ment at a depth of 68.0–72.0 m shows nor mal po lar ity
with the main me dia rep re sented by iron ox ides (mag ne tite, he -
ma tite, maghemite). In clu sions of py rite/greigite weath ered to
he ma tite were found only in a mag net i cally anom a lous sam ple
from a depth of 61.2–68.0 m (Fig. 3).

De pos its col lected at a depth of 61.2–68.0 m were char ac -
ter ised by mixed po lar ity with the dom i nant com po nent of re -
versed po lar ity. Nor mal com po nents are likely to be sec ond ary,
re corded in the hematite phase.

Part of the core from a depth of 25.0–61.2 m was char ac ter -
ized by mixed po lar ity. Both re versed po lar ity (dom i nant down
to 48.0 m) and nor mal po lar ity (dom i nant in the up per part)
com po nents were found. These de pos its con tained mainly
greigite with maghemite, with the ex cep tion of clay that in cluded 
he ma tite and mag ne tite (Fig. 3).

THE PALYNOLOGICAL ANALYSIS

The al ter na tion of sand and clay de pos its from
61.00–101.80 m depth in di cates a chang ing depositional en vi -
ron ment of lac us trine-flu vial char ac ter. It af fected de po si tion of
the pol len and its pres er va tion. The pres ence of heavily dam -
aged, of ten amor phous pol len, in par tic u lar Pinaceae (at a
depth of 89.00–98.3 m; >47%) in di cates mul ti ple redeposition.
The pol len was also de stroyed by cor ro sion caused by ox i da -
tion and post-depositional weath er ing. Fur ther more, the pol len
se quence from Ro¿ce shows large gaps af fect ing the re con -
struc tion of veg e ta tion and climate changes.

Based on the changes in the pol len spec tra, six phases of
veg e ta tion de vel op ment can be dis tin guished in the pol len se -
quence from a depth of 61.0–101.8 m (Fig. 5), which in di cate
trans for ma tions of plant com mu ni ties and cli mate changes.

Al though pol len as sem blages of the old est phase, i.e.
phase I (depth 101.8–98.3m), are dom i nated by AP pol len, the
val ues of NAP are above 30%. Mixed for ests with Pinus, Betula
and Quercus and an ad mix ture of Carpinus, Tsuga, Se quoia,
Sciadopitrys and Cupressaceae oc curred across arid ar eas.
More hu mid re gions were over grown with swamp for ests of
Alnus and Nyssa. High per cent age of NAP, in par tic u lar
Poaceae (17.9%) and Cyperaceae (6.2%), as well as con sid er -
able tax o nomic di ver sity, in di cates the pres ence of open veg e -
ta tion adapted to vary ing mois ture con di tions. The na ture of
veg e ta tion in di cates tem per ate cli mate with clear seasonality.

Pol len as sem blages from phase II (depth 95.1–98.10 m)
are char ac ter ized by vary ing AP val ues and high pro por tion of
re de pos ited sporomorphs. Pol len of trees is rep re sented by
Pinus sylvestris type, P. haploxylon type/Cathaya, Quercus,
Carpinus, Alnus and Betula. The per cent ages of Picea (max i -
mum val ues of 24.5%), Sciadopitys, Tsuga, Abies and
Cupressaceae are var ied. The per cent age of NAP is also vari -
able, but rel a tively high – up to 30% (Poaceae dom i nate). At the 
be gin ning of the phase, mixed for est de vel oped with Picea and
Pinus sylvestris type, P. hoploxylon type/Cathaya, Tsuga,
Sciadopitys and Abies, where broad-leaved trees were rep re -
sented mostly by Quercus, Betula and Carpinus. Ri par ian for -
ests with Carya, Pterocarya, Salix and Ulmus spread, but
swamp for ests with Alnus con tin ued to oc cur. De vel op ment of
open veg e ta tion is ev i denced by the in creas ing val ues of
Poaceae and other her ba ceous plants. Based on the veg e ta -

tion changes, it can be con cluded that there was a change in cli -
mate con di tions. The grow ing im por tance of such trees as
Picea, Tsuga, Sciadopitys and Abies may re flect in creased pre -
cip i ta tion and a slight air tem per a ture drop, which indicates
climate cooling.

The per cent age of Ulmus, Carya, Carpinus, Fagus,
Pterocarya, Zelkova, Taxodiaceae and Salix in creases in
phase III (89.0–94.6 m). Pol len of other trees, ex cept for
Parrotia (6.5%), ac counts for up to 2% of the to tal tax o nomic
rich ness, while shrubs are rep re sented mostly by Corylus
(above 25%). At the same time, the val ues of re de pos ited
sporomorphs were still high. Ri par ian for ests with Ulmus,
Carya, Pterocarya, Salix and Liquid ambar were spread ing, en -
riched with a new taxon – Vitis. Swamp for ests with Alnus and
in creased pro por tion of Taxodiaceae were still pres ent. New
taxa ap peared in de cid u ous for est, in clud ing Fagus, Juglans,
Parrotia, Aesculus, var i ous spe cies of Tilia, Eucommia and
Castanea/Castanopsis. Shrubs rep re sented by Corylus,
Sambucus and Vi bur num be came a sig nif i cant com po nent of
for ests. The changes in veg e ta tion re flect cli mate warm ing, in -
creased amount of pre cip i ta tion, and re duced sea son al ity of cli -
mate that re sem bled a warm temperate climate.

Sig nif i cant changes in the pol len spec tra of phase IV (sam -
ples from depths of 84.60–85.65 m and 82.9 m) are re flected in
the in creased per cent age of NAP (>70%), with the dom i nance
of Ericaceae (max. 18.8%) and Poaceae (26.3%) pol len. In ad -
di tion to Poaceae, pol len of Ar te mi sia, Asteraceae,
Chenopodiaceae and Cichorioideae dom i nates in the sam ple
from a depth of 85.65 m. Brassicaceae, Caryophyllaceae and
Anthemis type are pres ent in large quan ti ties. The pol len as -
sem blage in sam ples from a depth of 85.65 in di cates the de vel -
op ment of steppe-like com mu ni ties with the dom i nance of
Poaceae and Ar te mi sia as well as com mu ni ties of Ericaceae
low shrubs. How ever, the pres ence of ar bo real pol len, e.g.
Quercus, Betula, Alnus and Ulmus and Nyssa should be linked
with the oc cur rence of more hu mid places, lo cated for in stance
along rivers. With re spect to steppe-like com mu ni ties, it can be
as sumed that the cli mate was gen er ally dry with con ti nen tal
con di tions, strong sea son al ity and rel a tively cold win ters.
Changes in plant com mu ni ties in phase IV are re flected in the
in creased quan tity of the pol len of trees, in clud ing Pinus,
Quercus, Ulmus, Carpinus, Fagus and oth ers, cor re lated with
the de creased pro por tion of NAP. Such changes sug gest a re -
duc tion in di verse plant com mu ni ties of open hab i tats. Mixed
for ests with Pinus and Quercus as well as ri par ian for ests with
Ulmus de vel oped. Open plant com mu ni ties were still wide -
spread, but with a much smaller pro por tion of Ar te mi sia and
Ericaceae. Con sid er ing the veg e ta tion changes, it can be as -
sumed that the amount of precipitation increased and the
climate became less continental.

Phase V (depth 68.5–68.9m) is char ac ter ised by the dom i -
nance of ar bo real pol len, mainly Pinus sylvestris type, P.
haploxylon type, Betula (>28%), Quercus, Fagus, Ulmus Nyssa 
and other co ni fers (Se quoia, Picea, Sciadopitys, Taxodiaceae). 
The con tent of NAP is low and rep re sented mainly by Poaceae
and Ericaceae. Pol len as sem blages in di cate the de vel op ment
of mixed de cid u ous for est. Ri par ian for ests with Alnus, Ulmus,
Nyssa and Taxodiaceae oc curred along the rivers. For est plant
com mu ni ties pro vide ev i dence for tem per ate, mild and rather
hu mid cli mate.

In phase VI (depth 61.0–68.3 m), the per cent age of NAP is
high (>50%; mainly Poaceae). Tax o nomic di ver sity of her ba -
ceous plant pol len is high and dom i nated by Ar te mi sia,
Chenopodiaceae, Rumex, dif fer ent spe cies of Ranunculus (R.
acris type and R. flammula type), Cichorioideae, Plantago and
Cyperaceae. The val ues of Ericaceae sig nif i cantly dropped. AP 
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is rep re sented mainly by pol len of Pinus sylvestris type, Alnus,
Betula and Quercus. The val ues of Nyssa, Se quoia, Carpinus,
Ulmus, Taxodiaceae, Picea, Tilia vary but do not ex ceed 4%.
Rich pol len flora of the trees re flects the pres ence of open,
mixed de cid u ous for est and ri par ian for est. Open en vi ron ments 
with veg e ta tion rich in herbs, mainly Poaceae, Ar te mi sia,
Chenopodiaceae, Cichorioideae, Rumex acetosa type,
Plantago, Urtica and Ranunculus, show fluc tu a tions that re flect
ex pan sion of open vegetation.

The cli mate of phase VI re sem bled a tem per ate cli mate with 
a strong con ti nen tal in flu ence. It fol lows from the os cil lat ing
AP/NAP ra tio re lated to the spread and with drawal of open
com mu ni ties cor re lated with the dis ap pear ance of al lu vial (ri -
par ian) com mu ni ties and cy clic in creases and de creases in the
climate humidity/aridity.

VARIATION IN PLANT MACROREMAINS

Plant re mains were found only at a depth of 79.35–98.60 m. 
Macroflora is very poor. Only sev eral taxa (usu ally small quan ti -
ties) were iden ti fied, in clud ing: a sin gle megaspore of
Selaginella pliocenica Dorof., high fre quen cies of megaspores
of Az ol la glabra Nikit. and Sal vin ia cf. intermedia Nikit., as well
as sin gle fruits and seeds of Actinidia faveolata Reid and Reid,
Sambucus lucida Dorof., Vitis parasylvestris Kirchheimer, and
Hypericum tertiaerum Nikit. They were ac com pa nied by less
abun dant Carpinus betuloides Unger., Betula cf.
cholmechensis Dorof., Dulichium marginatum (Reid and Reid)
Dorof., Urtica pliocenica Dorof., Najas cf. ma rina L., N. cf. mi nor
All., Nymphaea sp., and less di ag nos tic Lycopus europaeus L.
and Potamogeton sp.

DISCUSSION

THE AGE OF SEDIMENT

The re sults of stud ies of de pos its from Ro¿ce have al lowed
de ter min ing the age of de pos its cor re lated by Baraniecka
(1991) with the Early Pleis to cene, to fol low the chang ing en vi -
ron men tal con di tions pre vail ing dur ing their ac cu mu la tion and
the vari abil ity of sources of ma te rial sup plied to the then ex ist ing 
sys tem.

De spite rel a tively large dif fer ences in the fea ture of quartz
grain sur face, com po si tion of heavy min er als and pres ence of
am phi boles, the de pos its from the 60.2–104.0 m depth in ter val
in Ro¿ce (sub units A–C) can be clas si fied as the pre-Qua ter -
nary sub stra tum (Woronko and Bujak, 2010). On the other
hand, the changes in de vel op ment of the de pos its may be at -
trib uted to dif fer ent sources of ma te rial sup ply
(Kosmowska-Ceranowicz, 1979; Badura and Przybylski, 2004;
Piwocki et al., 2004) and cli mate changes dur ing their ac cu mu -
la tion.

In terms of min er al ogy, de pos its at a depth of 50.7–60.2 m
(D sub unit) have sim i lar char ac ter is tics to flu vio gla cial de pos its
with a vary ing flow re gime. A large amount of EL grains may in -
di cate the sup ply of ma te rial from the north. This type of grains
were found in de pos its in the P³ock Ba sin (Ro man and
Woronko, 2014), as well as in the gla cial till from the Wartanian
stadial of the Odranian Gla ci ation (Saalian) in north ern Po land
(Woronko et al., 2013) and in the de pos its of the
Toruñ–Eberswalde proglacial stream val ley (Woronko and
Pisarska-Jamro¿y, 2015). In ad di tion, a sim i lar com po si tion of
heavy min er als, i.e. pre dom i nance of gar nets and am phi boles,
was found in gla cial till of the Saalian Gla ci ation in the Neth er -

lands (Rappol and Stoltenberg, 1985) and in Lith u a nia
(Vareikienë et al., 2007). In each case, the source of de pos its
was sought in the Fennoscandian Shield, in clud ing
Archaean–Pro tero zoic crys tal line rocks and youn ger recy cled
sed i men tary rocks rang ing in age from Cam brian to Paleogene. 
It is likely that de pos its as so ci ated with the gla cial Pleis to cene in 
the Ro¿ce sec tion had the same source as well. The fact is fur -
ther con firmed by a large amount of feld spars found in the de -
pos its.

Most of the paly no logi cal ly iden ti fied taxa (par tic u larly for est
taxa) are as so ci ated with the broadly de fined zone of tem per ate 
cli mate (Ta ble 2; Figs. 5 and 6). In ad di tion, open field veg e ta -
tion be comes in creas ingly com mon. El e ments of the sub trop i -
cal flora are least fre quent in the whole pro file, while the pro por -
tion of warm-tem per ate flora is sig nif i cant (Fig. 5).

Phases I, II, III are char ac ter ized by a dis tinct pro por tion of
NAP and high tax o nomic di ver sity (Fig. 5). Based on the
palynoflora, the Mid dle Mio cene age of the de pos its should be
ruled out due to the ab sence of taxa typ i cal of this pe riod:
Sterculiaceae, Tricoloporopollenites pseudocingulum, T. fallax
and Tricolporopollentes liblarensis, and a sig nif i cant pro por tion
of veg e ta tion likely as so ci ated with plant com mu ni ties of open
ar eas. On the other hand, plant com mu ni ties com posed mainly
of tem per ate-zone spe cies (pri mar ily as so ci ated with for est
com mu ni ties), with only mi nor pro por tion of sub trop i cal spe cies, 
dom i nated in Po land in the Up per Mio cene (Ziembiñska-
 Tworzyd³o, 1998). A char ac ter is tic fea ture of the Up per Mio -
cene were large quan ti ties of Betula pol len (cli mate phase XI,
Betulaepollenites–Cyperaceaepollis spore-pol len zone;
Piwocki and Ziembiñska-Tworzyd³o, 1997), which in di cates sig -
nif i cant cool ing of the cli mate. There is a high sim i lar ity be tween
the com po si tion and the va ri ety of plant com mu ni ties from the
Up per Mio cene and the com mu ni ties from Ro¿ce, which may
sug gest the Late Mio cene age of phase I. Phase II, and in par -
tic u lar phase III, is dis tin guished by a sig nif i cant per cent age of
Juglandaceae pol len, rep re sented by Carya, Pterocarya and
Juglans. It is pos si ble that this phase should be cor re lated with
cli mate phase XII, the Carpinipites–Juglanda ceae spore-pol len
zone dis tin guished for the up per most Up per Mio cene (Piwocki
and Ziembiñska-Tworzyd³o, 1997).

Sig nif i cant changes in the pol len flora oc curred in phase IV,
doc u mented by the de creas ing pro por tion of ar bo real pol len,
es pe cially trees of warm-tem per ate cli mate cor re lated with the
grow ing pro por tion of NAP, mainly Ericaceae, Poaceae and Ar -
te mi sia. The ma jor trans for ma tion of plant com mu ni ties was ex -
pressed in the de creas ing amount of mesothermal veg e ta tion
com bined with the in creased pro por tion of her ba ceous plants,
in par tic u lar Poaceae and, to a lesser ex tent, steppe el e ments.
This dras tic change in plant com mu ni ties in di cates a cli mate
change that could be as so ci ated with a strong re gional cli mate
fluc tu a tion. The likely cause of this change is the late Messinian
Sa lin ity Cri sis (5.96–5.322 Ma), dur ing which the tem per a ture at 
mod er ate and higher lat i tudes prob a bly dropped by even a few
de grees (Ivanovic et al., 2014).

The age of de pos its from depths of 82.90 m and
84.6–85.65 m (IV phase) is more dif fi cult to de ter mine. This is
due to the lack of pol len re cord in some lay ers of the sand unit –
fre quent in this part of the pro file. There are, how ever, sig nif i -
cant changes in the nat u ral en vi ron ment, which led to de for es -
ta tion and ex pan sion of her ba ceous veg e ta tion and Ericaceae
with the oc cur rence of Quercus, Nyssa and Ilex (Fig. 5; Ta -
ble 2). A ques tion arises whether such a sig nif i cant change in
plant com mu ni ties may be as so ci ated with a very strong cli mate 
cool ing lead ing to the de vel op ment of steppe-tun dra, or rather
with a strong re duc tion in the amount of pre cip i ta tion, or per -
haps it re flects lo cal veg e ta tion en croach ment on dry and
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heavily eroded ar eas. If the pol len of Quercus, Nyssa and Ilex
oc curs in situ, one should as sume that the com mu ni ties are of
re gional dis tri bu tion. Sim i lar cli mate changes were re corded in
pro files of Cen tral Eu rope (Utescher et al., 2000), al though with
less clear continentalization of cli mate. How ever, based on the
oc cur rence of ar bo real el e ments of the warm-tem per ate flora,
with a sig nif i cant pro por tion of el e ments of the mod er ate-cold
flora, it can be con cluded that the de pos its of this phase rep re -
sent the old est Lower Plio cene. In this con text, sed i men ta tion of 
de pos its from a depth of 61.0–68.3 m (phase V and VI) took
place in the Early Plio cene.

Veg e ta tion and cli mate changes in the Late Plio cene and
late Early Plio cene were re con structed based on palynological
data from Wólka Ligêzowska (Popescu et al., 2010; Win ter,
2015). As re gards the pol len spec tra re flect ing the veg e ta tion
and cli mate at the end of Plio cene, there is a dif fer ence be tween 
data from Wólka Ligêzowska and Ro¿ce (Fig. 6). Sub trop i cal
taxa are rare in both pro files de rived from cores, while
warm-tem per ate taxa are sig nif i cantly rep re sented. The per -
cent age of warm-tem per ate el e ments is higher, in par tic u lar in
the lower part of the Wólka Ligêzowska pro file. The val ues of
pol len of her ba ceous plants and Ericaceae are very high in both 
pro files, but there are also dif fer ences ex pressed by lower val -
ues of Ar te mi sia in Ro¿ce. Based on the pol len data, the Plio -
cene/Pleis to cene bound ary was es tab lished in the Wólka
Ligêzowska pro file (Popescu et al., 2010; Win ter, 2015). The
end of the Plio cene in the Wólka Ligêzowska pro file is doc u -
mented by a high per cent age of pol len of Pinus sylvestris type,
i.e. up to 75%. (Fig. 5). No such high val ues have been de ter -
mined in Ro¿ce. The tran si tion to the Qua ter nary in the core of
Wólka Ligêzowska is ex pressed in a high per cent age of NAP,
in clud ing Ar te mi sia and Ericaceae, and by the ab sence of pol -
len of Quercus, Corylus, Nyssa, Ulmus and other plants with
higher ther mal re quire ments, which oc cur in the se quence from
Ro¿ce. Tak ing into ac count the dif fer ences in the pol len flo ras, it 

has been sug gested that phase IV from Ro¿ce may rep re sent
the broadly de fined bound ary be tween the Mio cene and the
Plio cene.

There are no palynological data for the Early Pleis to cene in
Wólka Ligêzowska, Si mul ta neously in other pro files from cen -
tral Po land with a palynological re cord rep re sent ing the Early
Pleis to cene, no pol len of warm-tem per ate trees were found,
e.g. Se quoia, Nyssa, Taxodiaceae, Aesculus, Lirio den dron and 
Liquid ambar (Win ter, 2015). And thus, pol len flora from phases
V and VI in Ro¿ce, ab sent in de pos its from Wólka Ligêzowska,
may be cor re lated with the low est Early Plio cene. The dif fer -
ences in the pol len flo ras be tween both pro files may con firm the 
Mio cene/Plio cene age of de pos its from a depth of
61.2–101.8 m in Ro¿ce.

Plant re mains from a depth of 79.35–98.60 m (I–IV pol len
phase) sug gest that the de pos its date back to the Neo gene.
None the less, a num ber of taxa found in the Ro¿ce sec tion oc -
cur in de pos its dated from the Early Mio cene to the Early Pleis -
to cene (e.g., Sal vin ia cf. intermedia Nikit., Selaginella
pliocenica Dorof., Sambucus lucida Dorofeev, Hypericum
tertiaerum Nikit., Actinidia faveolata Reid and Reid, and Vitis
parasylvestris Kirchheimer). Tak ing into ac count the re sults of
palynological stud ies, one should re mem ber, how ever, that de -
po si tion of macroremains oc curred at most in the lat est Late
Mio cene. When con sid er ing cli ma tic and en vi ron men tal con di -
tions, the iden ti fied taxa cor re spond to the first veg e ta tion
phase dis tin guished in pol len anal y sis (depth of 89.0–101.6 m)
and in di cate that the plant re mains orig i nate from a shal low ba -
sin with warm eutrophic wa ters.

Nar row ing down the age of the stud ied de pos its on the ba -
sis of palaeobotanical data and tak ing into con sid er ation the
changes in po lar ity, al lows at trib ut ing the in di vid ual parts of the
core to spe cific subchrons iden ti fied in the mid dle part of the
Gilbert Palaeomagnetic Ep och (approx. 5.23–4.62 Ma; Fig. 7).
The strata at a depth of 80.0–104.0 m may be cor re lated with
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Depth [m] Plant com mu ni ties Cli mate

VI 61.0–67.9

Mixed pine-birch for est on in fer tile sub stra tum with Quercus, Picea, Sciadopitys,
Se quoia and Carpinus as well as Fagus, Ilex and Abies. Ri par ian for ests with Alnus 
and Taxodiaceae, Nyssa and Ulmus along river banks. Her ba ceous com mu ni ties of 

var i ous spe cies com po si tion de pend ing on the type of soil, dis tance from a wa ter
body and rivers, soil mois ture and to pog ra phy.

Tem per ate cli mate with con ti -
nen tal in flu ence and pe ri odic
in creases and de creases in

mois ture con tent/arid ity.

V 68.3–68.9 Mixed for ests with Betula, Pinus, Quercus, Carpinus, and a small pro por tion of Se -
quoia, Picea and Ilex. Ri par ian for ests with Alnus, Ulmus and Nyssa.

Tem per ate cli mate with higher 
hu mid ity.

IV 82.9–85.65

Steppe-like veg e ta tion with Poaceae, Ar te mi sia, Asteraceae, Chenopodiaceae,
Caryophyllaceae, Anthemis type, Brassicaceae, Centaurea on dry hab i tats (var i ous 

spe cies), Helianthemum and Ephedra fragilis type. Wet hab i tats over grown with
plant com mu ni ties of Ericaceae, Cyperaceae, Plantago and Ranunculus. Re duced

and spe cies-poor dry pine-oak for est. Ri par ian for ests with Alnus, Nyssa and
Ulmus along rivers and at wa ter bod ies.

Tem per ate dry cli mate. Prob a -
bly a strong tem per a ture drop
in win ter months, even be low
0°C. Pre cip i ta tion in win ter.

Sig nif i cant im pact of
continentality and strong sea -

son al ity of cli mate.

III 89.0–94.6

Broad-leaved for est with con stant oc cur rence of Pinus, Quercus, Picea, a sig nif i -
cant ad mix ture of Carpinus and Fagus, and vary ing pro por tions of Parrotia,

Aesculus, Juglans, Tilia, Castanea, Castanopsis and co ni fers Sciadopitys, Tsuga,
Abies, Cupressaceae, Se quoia and Larix. Understory: Corylus, Sambucus, Vi bur -

num, Ligustrum, and Ericaceae in the groundcover. Ri par ian for ests: Alnus, Ulmus, 
Carya, Pterocarya, Liquid ambar and Salix. Swamp for est with Taxodiaceae, Nyssa
and Alnus. Open veg e ta tion: her ba ceous plants up to 30%, in par tic u lar Poaceae,
Cyperaceae, Ar te mi sia, Cichoriodeae, Chenopodiaceae, Apiaceae, Ranunculus

and oth ers.

Tem per ate cli mate, warm and
hu mid with pre cip i ta tion in

win ter and clear sea son al ity.

II 95.1–98.1
Open mixed for ests dom i nated by Picea, Abies, Tsuga and Quercus, Betula and a
small ad mix ture of other de cid u ous trees. Ri par ian for ests with Alnus and Ulmus

and Carya. Re duced im por tance of open veg e ta tion.

In crease in hu mid ity of cli mate 
ac com pa nied by slight

weather cool ing.

I 98.3–101.8
Open mixed for ests with Pinus, Quercus, Betula, Carpinus, Cupressaceae and

Picea. Ri par ian for ests with Alnus. Open veg e ta tion dom i nated by Poaceae,
Cyperaceae and Ericaceae.

Tem per ate cli mate with con ti -
nen tal con di tions and clear

sea son al ity.

T a  b l e  2

De scrip tion of lo cal pol len as sem blages and cli mate changes in de pos its of the Ro¿ce bore hole



nor mal po lar ity subchron C3n.4n (Thvera), at 72.0–80.0 m  –
with re versed po lar ity subchron C3n.3r, at 68.0–72.0 m – with
nor mal po lar ity subchron C3n.3n (Sidufjall), and at 61.2–68.0 m 
– with re versed po lar ity subchron C3n.2r (Fig. 7). On the other
hand, the over ly ing sed i ment re lated to the ice sheet ad vance,
which shows re versed po lar ity, can be cor re lated with the end of 
the Matuyama Ep och and the Narevian Gla ci ation.
Petrographic anal y ses in di cated a sim i lar age of this till, al beit it
can not be ruled out that it ac tu ally orig i nates from the Elstera
Gla ci ation.

Bear ing in mind the above palaeomagnetic and
palynological data, it may be con cluded that the sed i ment from
a depth of 61.0–104.0 m was de pos ited at the be gin ning of the
Early Plio cene. How ever, the end of de po si tion proves to be
more dif fi cult to de ter mine. It can be as sumed that the de pos its
are not youn ger than ca. 4.6 Ma, as this pe riod cor re lates with
the be gin ning of the Early Plio cene warm pe riod (4.6–3.1 Ma,
Dekens et al., 2007).

The study re sults place the so-called Preglacial sed i ment of
Ro¿ce in a dif fer ent strati graphic sit u a tion than it was orig i nally
sug gested by Baraniecka (1991) who es ti mated its ac cu mu la -
tion at 2.56–1.0 Ma years. The de pos its drilled in Ro¿ce at a
depth of 60.2–104.0 m prob a bly ac cu mu lated in a pe riod of
5.23–4.62 Ma. A ques tion arises what hap pened in this area
over approx. 3.5 mil lion years, i.e. be tween the ac cu mu la tion of
the ana lysed Lower Plio cene de pos its and the ad vance of the
first Scan di na vian ice sheet in Po land. De pos its of that pe riod
are rarely found in cen tral Po land (Piwocki et al., 2004; Widera,
2007). There might be sev eral in ter pre ta tions of this phe nom e -
non. It is likely that de pos its of this time in ter val were re moved
as a re sult of flu vial ero sion, which could be more in ten sive at
the time when the first Scan di na vian con ti nen tal gla ciers de vel -
oped. The first of them could be ei ther the late Plio cene con ti -
nen tal ice sheet at ca. 3.312–3.264 Ma (MIS M2; e.g., Lisiecki
and Raymo, 2005; Khélifi et al., 2009; McKay et al., 2012) or the 
Early Pleis to cene one at ca. 2.5 Ma (MIS 95–100; Groeneveld
et al., 2014). At that time, the wa ter level of the world’s ocean
de creased by even 65 m (Dwyer and Chan dler, 2009; Miller et
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Fig. 6. Synthetic pollen diagrams of the Wólka Ligêzowska
and Ro¿ce sites

Pol len groups (thermic clas si fi ca tion: Piwocki and Ziembiñska,
1997, mod i fied); 1 – sub trop i cal el e ments (Araliaceae,
Engelhardtia, Ilex margari tatus, Itea, Platycaria, Symplocos,
Reevesia); 2 – warm-tem pe r ate el e ments (Aesculus, Acer,
Apocynum, Buxus, Carya, Castanea/Castanopsis, Cedrus, Celtis,
Cistus, Cunninghamia, Diervilla, Eucommia, Ilex, Juglans, Liquid -
ambar, Lirio den dron, Mag no lia, Nyssa, Ostrya/Carpinus, Parrotia,
Parthenocissus, Pinus haploxylon type/Cathaya, Pterocarya, Rhus,
Sciadopitys, Se quoia, Taxodiaceae, Taxodium/Glyptostrobus,
Theligonum, Zelkova); 3 – cool-tem per ate el e ments (Alnus,
Caprifoliaceae, Carpinus, Cornus, Corylus, Daphne, Fagus,
Frangula, Fraxinus, Hedera, Hippophaë, Juniperus , Ligustrum,
Lonicera, Myrica, Quercus, Rosa, Rosaceae, Salix, Sambucus,
Tilia, Ulmus, Vi bur num, Viscum, Vitis); 4 – Cupressaceae; 5 –
Betula; 6 – Pinus sylvestris type; 7 – co ni fers (Abies, Larix, Picea,
Taxus, Tsuga); 8 – steppe el e ments (Ar te mi sia, Ephedra); 9 –
Ericaceae; 10 – Betula nana type; 11 – herbs (Anthemis type, Am -
bro sia, Apiaceae, As ter type, Asteraceae, Brassicaceae,
Caryophyllaceae, Centaurea, Chenopodiaceae, Cerastium type,
Cichorioideae, Cirsium type, Cyperaceae, Euphorbia, Fabaceae,
Helianthemum, Helianthus type, Ge ra nium, Gentiana, Humulus,
Lamiaceae, Liliaceae, Lythrum, Menyanthes, Oenotheraceae,
Plantago, Poaceae, Polygonum, Potentilla typ, Ranunculus,
Rumex, Rutaceae, Saussurea typ, Saxifraga, Succisa, Thalictrum,
Urtica, Valeriana, Xantium type and oth ers)

https://gq.pgi.gov.pl/article/view/8268


al., 2012; Dolan et al., 2015), which re sulted in a sig nif i cant re -
duc tion of the base level of ero sion. The strati graphic gap could
also be caused by plate tec tonic move ments oc cur ring in one of 
the last phases of the Al pine orog eny: the Rhodanic or
Wallachian phases. In the east ern part of the Wielkopolska Re -
gion (W Po land), these move ments re sulted in sub si dence of
some grabens by ap prox i mately 50 m, while oth ers were up -
lifted by over 100 m (Widera, 2007). It is also pos si ble that both
these causes con trib uted to the re moval of the de pos its. The
study re sults show that the Lower Pleis to cene de pos its of Po -
land re quire fur ther de tailed stud ies and the cur rent
stratigraphic di vi sions may need cor rec tion (e.g., Ber et al.,
2007).

CONCLUSIONS

The re sults of com pre hen sive anal y ses of de pos its from the 
Ro¿ce site (depth 50.7–104.9 m) en abled the au thors to es ti -
mate the age of de pos its re ferred to as Preglacial, as well as to
re con struct changes in po lar ity, cli mate and veg e ta tion. The fol -
low ing was de ter mined:

– bipartite char ac ter of Preglacial se ries: de pos its at
60.2–104.0 m are to be cor re lated with the Lower Plio -
cene (approx. 5.23–4.62 Ma), the mid dle part of the
Gilbert Palaeomagnetic Ep och, i.e. nor mal po lar ity
subchron C3n.4n (Thvera), re verse C3n.3r, nor mal
C3n.3n (Sidufjall) and re verse po lar ity subchron C3n.2r;

– ac cu mu la tion of de pos its at 50.7–60.2 m was re lated to
the first oc cur rence of the Scan di na vian ice sheet in the
re gion (0.9 mil lion years; likely the Nidanian Gla ci ation);

– there is a strati graphic gap span ning approx. 3.5 mil lion
years (60.2 m depth) from the end of the Early Plio cene
to the end of the Early Pleis to cene;

– the Lower Plio cene de pos its re veal in di ca tions of cli ma -
tic changes by show ing in creased arid ity and cool ing, re -
sult ing in re place ment of for ests by grass lands typ i cal of
open land scapes;

– climatic changes re corded in pol len spec tra are re flected 
in changes in the sed i ment min eral com po si tion and sur -
face fea tures of quartz grains;

– high per cent age of min er als char ac ter ized by low re sis -
tance to weath er ing (in clud ing am phi boles), in the heavy 
min eral com po si tion of de pos its, dates back to the Early
Plio cene;

– the Ro¿ce site is the first North Eu ro pean Late Neo gene
and Early Plio cene lo cal ity stud ied by means of pol len
and palaeomagnetism anal y ses for age de ter mi na tion in 
a long-cored sec tion.
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Fig. 7. Age of deposits

Explanations as in Figure 2
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