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Sev eral closed, infilled bas ins dat ing from the last gla ci ation were found near Jutrosin in south ern Wielkopolska. The  Nadstawem is site
lo cated 1.5 km south-east from the cen tre of Jutrosin. The bas ins are lo cated within end morainic hills which date back to the Wartanian
Gla ci ation. The de pos its com prise clay and sand with frost struc tures interbedded with till, over lain by sand and silt with three or ganic
beds. Palynological stud ies have en abled re con struc tion of the plant com mu ni ties. Radiocarbon dat ing in di cated about 38 700 BP for the
lower or ganic bed with out sporomorphs and ca. 29 000 BP for the up per two ones with a rich pol len spec trum. Hence, or ganic sed i men ta -
tion ranged from the Hengelo Interstadial to the Denekamp Interstadial. 
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INTRODUCTION

A zone of closed bas ins filled with the de pos its from the last 
gla ci ation oc curs on the Kalisz Pla teau, in the south ern part of
Wielkopolska (Fig. 1). In the vi cin ity of Jutrosin these bas ins
lie in a zone of end mo raines (Pachucki, 1956). Pachucki as -
sumed that the forms dated from the re ces sion of Wartanian
ice; the se quence of the N–S end mo raines most likely de ter -
mines the max i mum ex tent of the Wartanian Gla ci ation in this
area (Winnicki, in prep a ra tion), with no ev i dence that this gla -
ci ation ex tended fur ther south (Winnicki, 1997).

In this re gion of Wielkopolska or ganic de pos its from the
Vistulian Gla ci ation have been found in four places (Fig. 1).
Their thick ness reaches up to 10 m. They fill small closed de -
pres sions among morainic hills. Sed i ment was eroded from
neigh bour ing hills mainly dur ing cold pe ri ods. The sed i men ta -
tion of or ganic strata took place in small and shal low lakes with
im per me able floors dur ing warm sea sons (Fig. 1, sites A–C).
Or ganic de pos its are ab sent from, de pres sions with per me able 
floors (Fig. 1, site D).

LITHOLOGY

A com plete pro file of the ba sin de pos its is ex posed at the
Nadstawem site, lo cated on the south ern wall of the closed
gravel pit near Jutrosin at about 110 m a.s.l. (Fig.1). The
Vistulian de pos its are here un der lain mainly by sands and
grav els of the Wartanian end mo raines, though in one bore -
hole, lo cated close to the cen tre of the ba sin about 20 m from
the Nadstawem site, they were un der lain by flow till. The
Vistulian suc ces sion is bi par tite and its lower bound ary with
the morainic de pos its is dis tinct (Fig. 2).

The pro file be gins with light grey and green ish sandy
clays and clayey sands. At the edges of the ba sin their thick -
ness reaches 5 m. The de pos its are slightly co he sive and frag -
ment into small ball-shaped ag gre gates. There are rare grav els 
and in di vid ual crys tal line rock cob bles with di am e ters of up
to 25 cm, usu ally con sid er ably weath ered. In the north ern part 
of the wall, fine-grained sand lenses with three thin strata of
or ganic clayey silts were found. A small syngenetic frost
wedge was as so ci ated with them (Fig. 2).



The grain size anal y sis of the de pos its show that they are
silty-clayey sands, where the con tent of the sand frac tion
slightly ex ceeded 50% (Dobosz and Skawińska-Dobosz,

1998), i.e. close to sandy clay. Their sort ing is very poor (σ =
2.72) and is not dif fer ent from val ues typ i cal of flow tills. The
de pos its are char ac ter ised by a very low CaCO3 con tent (up to
1.3%) in the < 0.1 mm frac tion. The grav els mostly com prise
Scan di na vian crys tal line rocks (64%), though no Palaeozoic
lime stones were found. Sand stones (5%) mostly rep re sent
north ern rocks. In the lo cal ma te rial, quartz (20%) and sand -
stone (4%) are the most fre quent con stit u ents. Grey si li ceous
hornstone clasts, prob a bly de rived from the Gozdnica de pos -
its, are no ta bly com mon. The trans par ent heavy min er als are
dom i nated by gar net (41%). By com par i son with other Qua -
ter nary de pos its, the am phi bole con tent (18%) is slightly re -
duced, min er als of the epidote group (9%), an da lu site (7%)
and zir con (6%) were also ob served.

Very sim i lar deposits were found in closed bas ins around
Biesiekierz near Łódź in cen tral Po land (e.g. Kamiński, 1992;
Klatkowa, 1993, 1994).

The sandy and clayey de pos its grade into a suc ces sion that
in cludes three beds of peat and or ganic silts. The ver ti cal pro -
file con sists of grey and beige, fine-grained sands, usu ally
well-sorted, con tain ing isolated fine gravel clasts, silty sands
or, less fre quently, sandy silt lenses. The de pos its are usu ally
finely lam i nated, some times slightly streaked and dip ping to
the SSW, to wards the cen tre of the ba sin. They are of ten clayey
and poorly sorted near the con tact with the un der ly ing deposits.

A few silty sam ples de pos ited be tween or ganic lay ers were
ana lysed (Dobosz and Skawińska-Dobosz, 1998). Silty clays
are the most fre quent, with only one sam ple of clayey silt. The
de pos its are char ac ter ised by a very poor sort ing ap prox i mat ing 
to val ues typ i cal of flow tills. There are sig nif i cant vari a tions in
the quan ti ta tive and qual i ta tive com po si tion of heavy min er als
in the ver ti cal pro file. The trans par ent heavy min er als are char -
ac ter ised by a pre dom i nance of  re sis tant com po nents: gar net
(up to 50%), an da lu site (up to 15%), zir con and rutile in some
of the sam ples. Quartz grains were poorly rounded (R = 1.08)
in the 1–0.5 mm frac tion. Partly rounded grains pre dom i nate,
reach ing 63%.

In the sandy and silty de pos its, three or ganic lay ers were
clearly re cog nised on the ex ca va tion wall (Fig. 2). Lo cally,
usu ally at the edges of the ba sin, silts con tain ing dis sem i nated
or ganic ma te rial or lo cally clayey peat, re place the peat. The
av er age thick ness of the two up per lay ers is be tween 20 and 30
cm. The lower layer (thick ness rarely ex ceed ing 5 cm) is in
many places con sid er ably com pacted and di vided into small ir -
reg u lar blocks. In the north ern part of the wall, the or ganic de -
pos its do not form con tin u ous lay ers (Fig. 2). 14C dates from the 
three peat lay ers were ob tained in the Gliwice Lab o ra tory
(Pazdur, 1999). The age of the lower layer was de ter mined at 
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−
+ (Gd — 12 122), the mid dle one at 29 000±1000 (Gd

— 11 446), and the up per one at 28 500±950 (Gd — 11 450). 

PALYNOLOGICAL ANALYSIS

The 2.70 m thick sec tion from the Nadstawem site pro vided  
sam ples for palynological and 14C anal y ses (Fig. 2). The pol len
anal y sis was car ried out on sam ples from the three or ganic beds 
and thin or ganic silt strata found in the lower clayey and sandy
suc ces sion. No pol len was found in the low est level and in the
or ganic silts. 

The fol low ing is a de tailed de scrip tion of the sed i ments
from the Nadstawem pro file:  

Depth in metres                            Li thol ogy

0.00–0.20                                       Fine-grained and silty sands. 
0.20–0.40                                       Peat, silty in some places.
0.40–1.30                                       Silty sands.
1.30–1.50                                       Peat.
1.50–1.70                                       Clayey silts, or ganic in some places.
1.70–2.40                                       Fine-grained sands and silts.
2.40–2.50                                       Peat and or ganic silts.
2.50–2.70                                       Silty sands.
be low 2.70                                     Sandy clays.
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Fig. 1. Geological-geomorphological sketch of the Jutrosin area

Ho lo cene: 1 — peat plains, 2 — sands with val ley bot tom grav els (a) and
the lower ter race (b); Vistulian Gla ci ation: 3 — sand dunes and ae olian
sand fields, 4 — sands with grains from the higher ter race, 5 — closed bas -
ins; Wartanian Gla ci ation: 6 — tills of the mo rainic flat up land, 7 —
sands, grav els and clays of the end mo raine; A–D — sites with the
Vistulian de pos its; x — location of the stud ied sec tion (south ern wall)



Biogenic de pos its were mac er ated by boil ing in 10% KOH
and then Erdtman’s acetolysis was ap plied. Be fore ap ply ing the 
acetolysis, the sand and silt sam ples were heated in hy dro flu -
oric acid. The pol len spec tra were counted on at least two slides 
and in the sam ples with a low sporomorph fre quency it was re -
counted to five. The sporomorph fre quency var ied, from very
high to a com plete ab sence of pol len ma te rial. The re sults of the 
pol len anal y sis are pre sented in the di a gram (Fig. 3), which
con tains only 13 pol len spec tra from the depths of 0.20–0.50 m
and 1.30–1.80 m. The per cent ages of par tic u lar taxa were cal -
cu lated from the to tal sum (AP + NAP), con tain ing trees and
shrubs (AP) and her ba ceous plants (NAP). The sum does not
in clude helophytes or aquatic and spore-bear ing plants (Sphag -
num and Polypodiaceae). No ad mix ture of Ter tiary ma te rial re -
worked from the older de pos its was ob served. The di a gram has 
been sub di vided into 4 lo cal pol len as sem blage zones (L PAZ),
which have been num bered from the bot tom to the top of the
pro file and marked with the first let ter of the site name.

LOCAL POLLEN ASSEMBLAGE ZONES

ZONE N1, SAMPLES 27–25 (DEPTH 1.80–1.60 M)

The pol len spec tra are char ac ter ised by high val ues of her -
ba ceous plant pol len (NAP), while trees and shrubs (AP) oc cur
in much smaller quan ti ties. Among the trees there is a con sid er -
able pre dom i nance of Betula and Pinus. In this zone her ba -
ceous plants reach the high est val ues of up to 75%. Ar te mi sia
(28.3%) is the most nu mer ous; Poaceae and Cyperaceae are
less fre quent. There is also pol len of Caryophyllaceae,
Compositae, Cruciferae and Chenopodiaceae. Among the
helophytes and aquatic plants only Typha-Sparganium has
been de ter mined.

ZONE N2, SAMPLES 24–20 (DEPTH 1.60–1.30 M)

In this zone the pol len of trees and shrubs is predominant.
The Pinus curve in creases to 60.1 %, while the val ues for Betula

de crease from 48 to 13%. In the up per part of the zone Picea and
Larix are more nu mer ous. Quercus, Corylus and Tilia oc cur
rarely. Her ba ceous pol len val ues are re duced to a few per cent
and the va ri ety of taxa con sid er ably de clines. The most sig nif i -
cant reg u larly pres ent are Ericaceae with a cul mi na tion of 3.2%.
Polypodiaceae (26.7%) are more abun dant. Sim i larly as in the
pre vi ous zone, the pol len of Typha-Sparganium has been re -
corded for helophytes and aquatic plants.

ZONE N3, SAMPLES 12–10 (DEPTH 0.50–0.35 M)

In this part of the di a gram her ba ceous pol len is sub or di -
nate to that of trees and shrubs. Pinus and Betula are the most
abun dant. Picea, Juniperus, Larix and Salix oc cur only at low
fre quen cies. The con tri bu tion of her ba ceous plants, high at
first, has de creased to 24%. Cyperaceae and Poaceae reach
the high est val ues among the NAP. Caryophyllaceae, Cheno -
podiaceae, Compositae and Ar te mi sia (the last con tri bu tion
not ex ceed ing 3.7%) are of lesser sig nif i cance. The aquatic
taxa have not been ob served.

ZONE N4, SAMPLES 9–8 (DEPTH 0.35–0.20 M)

In the pol len spec tra of this zone the per cent age of tree and 
shrub pol len in creases to 83.8%. Betula pre dom i nates, fol -
lowed by Pinus. The con tri bu tion of Picea is low and
Juniperus dis ap pears. The con tri bu tion of the NAP and
Polypodiaceae is smaller.

HISTORY OF VEGETATION

The de pos its con tain ing the fos sil flora ac cu mu lated in a
small, shal low wa ter ba sin. No sporomorphs were found in the
silty sands en clos ing a thin layer of peat and or ganic silts at the
depths of 2.5–2.4 m, de pos ited above the clayey and sandy suc -
ces sion. The suc ceed ing fine-grained sands and silts, at
2.4–1.8 m depth, also pro vided no pol len. This part of the pro -
file may in di cate poor plant cover, char ac ter is tic of cold cli -
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Fig. 2. The Nadstawem site — the south ern wall pro file

1 — ta lus, 2 — fine-grained sands, lo cally clayey, 3 — sands with gravel, 4 — silts, 5 — clays and clayey sands with a frost wedge, 6 — peat and or ganic

silts, 7 — sands and grav els of the end mo raine; 28 500±950 — ra dio car bon dat ing
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mates. Spore and pol len were re corded in sands and silts only at 
a depth of 1.8 m (L PAZ N1). Non-arboreal plants pre dom i -
nated at this time. The area around the ba sin was prob a bly open
tun dra with her ba ceous plants, as sug gested by the high value
of NAP with a con sid er able pre dom i nance of Ar te mi sia,
Poaceae and Cyperaceae. Small patches of scarce for est might
have ex isted fur ther away from the ba sin. The char ac ter of veg -
e ta tion in di cates that the N1 zone de pos its ac cu mu lated in
periglacial con di tions. High val ues of Ar te mi sia and Poaceae
re veal that the cli mate was se vere but not arc tic, with con ti nen -
tal fea tures, which en abled the de vel op ment of fairly thick veg -
e ta tion — prob a bly pi o neer ing com mu ni ties of Ar te mi sia,
grasses and sedges as well as patches of shrub tun dra with
Betula (prob a bly B. nana), Juniperus and Ericaceae.

Dur ing the ac cu mu la tion of the or ganic de pos its (L PAZ
N2), for est con cen tra tions con sist ing of pine and birch with
some spruce and larch ap peared around the in ves ti gated site. A
de creased con tri bu tion of her ba ceous plants and the small va ri -
ety of taxa tes tify to the in creas ing den sity of for ests and cli ma -
tic ame lio ra tion. The ap pear ance of spruce (4.3%) in di cates a
hu mid cli mate (Obmiński, 1977). A con sid er able pre dom i -
nance of pine over other tree taxa may also in di cate that the

tem per a ture of the warm est month was as high as 12°C.
In the suc ceed ing N3 zone, pine and birch were still pres ent

in for ests while the proportion of her ba ceous plants in creases.
The change is due mainly to a higher per cent age of Cyperaceae
and Poaceae. A low pol len fre quency and a small num ber of in -
dig e nous taxa seem to in di cate an ex tremely poor flora and an
al most com plete ab sence of aquatic plants in the ba sin. The pol -
len spec tra pre sum ably rep re sent open herb com mu ni ties while 
the sed i men ta tion of the silty de pos its oc curred in a rel a tively
sta ble cli mate.

The top part of the pro file (L PAZ N4) is pre dom i nated by
pine and birch for ests with spruce and ju ni per. Low val ues for
her ba ceous plants in di cate dense for est and an im prove ment
in cli ma tic con di tions in re la tion to zone N3, ac com pa nied by
a tran si tion from lac us trine to peat sed i men ta tion. The con di -
tions of the sed i men ta tion were com pa ra ble to those in other
interstadials. High hu mid ity and con sid er able rain fall re sulted 
in clastic de po si tion with peat beds in lo cal de pres sions
(Mojski, 1993).

DISCUSSION

The suc ces sion of changes in veg e ta tion and cli mate de -
scribed is char ac ter is tic of an interstadial. Palynological anal y -
sis it self is not suf fi cient for a pre cise age de ter mi na tion and for
this con sid er ation of geo log i cal con text and ra dio car bon dates
are needed. Sandy and silty de pos its, which are pol len-free in
the bot tom part of the pro file, and brown silts of the old est pol -
len zone N1, ac cu mu lated in a cold cli mate. A con sid er able
pre dom i nance of her ba ceous plants in this zone in di cates the
ab sence of any patches of for est.

In the suc ceed ing N2 zone, com pris ing peat, the pol len
flora in di cates a mod er ately cold cli mate, at first hu mid and
then arid. The age of these bed was de ter mined by ra dio car bon

dating as 29 000±1000 years BP. This date cor re sponds with
the Denekamp Interstadial (Mojski, 1993).

Af ter a cold pe riod, the cli ma tic con di tions im proved and
sed i men ta tion of peat de pos its be gan. The age of peat in this sec -
tion of the pro file de ter mined by 14C as 28 500±950 years BP,
cor re sponds to the end of the Denekamp Interstadial last ing from 
32 000 to 28 000 years BP (Mojski, 1993). The  frag ment of the
pro file ana lysed sug gests that the re gion of Jutrosin was at that
time within the range of a for est — tun dra plant com mu nity, as
in di cated by spec tra with a de ci sive pre dom i nance of AP over
NAP. It can not be ruled out that in the open land scape some of
the pol len could have been trans ported over long dis tances.

De posits of a sim i lar age dated to 31 400±1100 BP have
only been found near Kępno (Rotnicki and Tobolski, 1965,
1969), about 65 km south-east from Jutrosin.

CONCLUSIONS

The sed i men tary succession in the closed bas ins near
Jutrosin dates back to the Vistulian Gla ci ation. The pre dom i -
nantly clastic suc ces sion is clearly bi par tite. In the Nadstawe
site, clays and clayey sands oc cur in the lower part of the pro -
file, where in the many places over ly ing sands and silts with
lenses of or ganic ma te rial interdigitate with them. This sug -
gests that the succession fill ing the closed bas ins was formed in
a sin gle sed i men tary cy cle but in dif fer ent cli ma tic con di tions.

The sandy and clayey de pos its be gin ning the geo log i cal pro -
file are not morainic de spite their close re sem blance to flow tills.
They were formed in a cold cli mate, prob a bly the early pleni -
glacial, which is sug gested by an al most com plete decalcifi cation 
of the de posit, con sid er able weath er ing of the crys tal line rock
cob bles and, pri mar ily, by the pres ence of frost struc tures.
Around Jutrosin the ma te rial ac cu mu lated in the bas ins came
from de nu dat ed morainic hills. The or ganic silt strata within the
sandy lens may in di cate a tem po rary ame lio ra tion.

The deposits de scribed above are mac ro scop i cally sim i lar
to the flow tills found at the foot of the Łódź Pla teau near
Biesiekierz (Klatkowa, 1993, 1994), as sub stan ti ated by the
ma jor ity of pa ram e ters de ter mined in the lab o ra tory. This
supparts the hy poth e sis that diamictite over ly ing the Eemian
or ganic se ries near Łódź is not of gla cial or i gin (Klatkowa,
1993). The clays at Biesiekierz from the top of the lo cal de pres -
sions, sim i lar to Jutrosin, are prob a bly of Vistulian age, as in di -
cated by their strati graphic po si tion.

The sed i men ta tion of the up per unit (N4 zone) was ac com -
pa nied by a grad ual warm ing of the cli mate. The low est or ganic 
stra tum with out pol len ma te rial dated to ca. 39 000 years BP
may cor re late with the Hengelo Interstadial, the age of which in 
west ern Eu rope was de ter mined as 39 000–36 000 years BP
(Mojski, 1993). The ab sence of spore and pol len ma te rial
makes it im pos si ble to re con struct the suc ces sion of the veg e ta -
tion. The N1 zone may be in ter preted as a de cline of this pe riod. 
The palynology of the or ganic zones  N2–N4 cor re lates with
the re sults of 14C dat ing and in di cates that these de pos its re late
to the Denekamp Interstadial, ca. 29 000–28 000 years BP.

In Po land there are many sites of fos sil flo ras rep re sent ing
interstadial frag ments from the Plenivistulian (Mamakowa and
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Środoń, 1977; Balwierz, 1995; Środoń, 1987a, b). In the south
of Wielkopolska this part of the Vistulian has been palaeo -
botanically de scribed in the Barycz val ley near Dyminy and
Suliradzice (Krzyszkowski and Kuszell, in prep a ra tion). The
veg e ta tion from Jutrosin does not dif fer con sid er ably from
other con tem po rary sites in the neigh bour ing ar eas (Rotnicki
and Tobolski, 1965). In the other flo ras from dif fer ent parts of
Po land there are sim i lar pol len spec tra of bo real veg e ta tion.
Her ba ceous plants are of much sig nif i cance, es pe cially grasses, 
sedges, steppe helophytes with the predominanting ge nus Ar te -
mi sia. The pre served flora from Jutrosin gen er ally re flects two
in ter vals of mod er ately cold cli mate with a small fluc tu a tion
show ing a tem po rary de te ri o ra tion of cli mate. In the Denekamp 
Interstadial south ern Po land was cov ered by park tun dra with

Betula, Pinus, Salix and Larix. The cli mate of the Denekamp
Interstadial was interpreted from floristic in ves ti ga tion of the
de pos its from south ern Po land (Mamakowa and Środoń,
1977); these au thors quoted av er age tem per a tures in July at
least 2–3°C higher than that as sumed for the Neth er lands and
Ger many, reach ing ca. 13°C, as indicated by the pres ence of
Pinus sylvestris and Betula verrucosa.

The pro file in ves ti gated did not pro vide any pol len spec tra
that reflect the de te ri o ra tion in cli mate at the end of the
Denekamp Interstadial.

Ac knowl edge ments. The au thors wish to thank T. Dobosz, 
J. Król and D. Krzyszkowski for help with this ar ti cle.
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