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The bur ied and pres ent-day Vistula val leys has de vel oped along tec tonic lin ear struc tures of NW–SE trend. The Vistula river val ley and
its trib u tar ies essentialy main tained their courses dur ing the Małopolanian, Ferdynandovian, Mazovian and Eemian interglacials. Dur ing 
the Małopolanian, Mazovian, Ferdynandovian interglacials the gra di ent of the bur ied Vistula val ley was 0.57‰, while dur ing the
Eemian Inter gla cial and dur ing de po si tion of Vistulian ter races and Ho lo cene flood plain de pos its it was about 0.34‰, due to from tec -
tonic move ments. The width of the bur ied Vistula val ley was the great est dur ing the Eemian Inter gla cial (15 km) and dur ing the Vistulian
(17 km) when strong lat eral ero sion oc curred. The stra tig ra phy of the Qua ter nary de pos its is based on paly no logi cal ly doc u mented sites
of the Ferdynandovian, Mazovian and Eemian interglacials. This re gion was cov ered by ice sheets of the Nidanian, Sanian, Wilgian,
Liviecian, Odranian and Wartanian glaciations dur ing eight ad vances. Liviecian and Wartanian Gla ci ation max i mum lim its were de ter -
mined in the study area. Interstadial flu vial de pos its, be tween the premaximum and max i mum stadials of the Odranian Gla ci ation, were
re cog nised and termed sed i ments of the Gniewosznian Interstadial. The de pos its of the Wartanian Gla ci ation have been TL dated at
146–203 ka BP and the Odranian at 212–280 ka BP.
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INTRODUCTION

The study area is sit u ated in the south ern Mid dle Vistula
river val ley (Kondracki, 1998) and in cludes sur round ing pla -
teaus be tween Maciejowice and Puławy. These pla teaus be -
long to the South Podlasian Low land, the Mid dle Mazovian
Low land and the South Mazovian Heights (Fig. 1). In the
south-east part the area in ves ti gated is bounded by the
Lublinian Up land and cov ers the north ern part of the Vistula
gap.

The pa per gives the main re sults of a Ph. D. the sis (Żarski,
2000), syn the sis ing data from var i ous sources in clud ing geo -
log i cal maps. Re search bore holes pro vided im por tant geo log i -
cal data, these be ing drilled for the  De tailed Geo log i cal Map of 
Po land at the 1:50 000 scale (Sarnacka, 1986, 1990; Żarski,
1989a, 1993a, 1996, 1998). Based on sam ples taken from re -
search bore holes and ex po sures, the fol low ing in ves ti ga tions
were made: lithological/petrographic, palynological, micro -
palaeontological and soil data; TL and 14C ages. The age of the

de pos its was de ter mined fol low ing the strati graphic scheme of
Baraniecka (1990) (Ta ble 1).

Re search on the geo mor phol ogy, Qua ter nary stra tig ra phy
and bed rock stra tig ra phy started at the end of 19th cen tury
(Siemiradzki and Dunikowski, 1891). Krisztafowicz’s im por -
tant (1896) pa per out lines the stra tig ra phy of the Pleis to cene
de pos its around Puławy and Kazimierz; he re cog nised there
ev i dence of two glaciations.

Mono graphs on the Vistula river gap val ley to the south
were writ ten by  Pożaryski (1953, 1955) who stated that this
area was gla ci ated three times, a view re peated in Pożaryski et
al. (1994a, b). One of the first maps of the re search area it was
the Geo log i cal Map of Po land at the scale 1:200 000 with ex -
plan a tory text for the Radom sheet (Makowska, 1968, 1969)
and the Łuków sheet (Mojski, 1972). 

TECTONICS

The Palaeozoic and Me so zoic bed rock is strongly faulted
(Żelichowski and Kozłowski, 1983) (Fig. 2). Anal y ses of the



Photogeological Map of Po land (Bażyński et al., 1984) and of
maps of lin ear struc tural el e ments in Po land (Graniczny et al.,
1995) re cog nised two main trends of lin ea ments (Fig. 2), NW–SE
and NE–SW, with one also ap prox i mately E–W. Some of these
are co in ci dent with the course of the bur ied and pres ent-day
Vistula val ley (Fig. 2) sug gest ing the pos si bil ity of tec tonic in flu -
ence on val ley de vel op ment. The faults show con ver gence (Fig. 2) 
and may also have in di rectly in flu enced the de vel op ment of
smaller forms of Qua ter nary re lief. Lin ea ment in ter sec tions and
ar eas with faults downthrowing in dif fer ent di rec tions co in cide
with de pres sions in the base of the Qua ter nary de pos its, for ex am -
ple near Życzyn, Moszczanka and Kozienice (Fig. 2). In sta bil ity
around fault in ter sec tions may also have caused glaciotectonic
dis tur bances. Ruszczyń ska-Szenajch (1976) con nected de pres -

sions in the base of the Qua ter nary with glaciotectonic de pres sions 
in eastcentral Po land.

BEDROCK TO THE QUATERNARY DEPOSITS

The bed rock to the Qua ter nary de pos its in the study area are
de pos its of Late Cre ta ceous and Early Paleocene, Early to Mid-
Eocene, Early Oligocene and Mio cene age (Fig. 3). The age of
the Ter tiary de pos its was es tab lished us ing the strati graphic
scheme of Piwocki and Ziembińska-Tworzydło (1995, 1997)
and Piwocki (1996). The Up per Maastrichtian is rep re sented by
si li ceous marls, marls and lime stones, ex posed around
Bochotnica, Wojszyn and Nasiłów in the Vistula wa ter-gap val -
ley and gently dip ping NE-wards (Żarski, 1998).
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Fig. 1. Study area



Gaizes, lime stones, marls and glauconitic sand stones of
Early Paleocene age are ex posed around Puławy, Góra
Puławska and Bronowice (Żarski, 1998; Żarski et al., 1998).

Ma rine Eocene de pos its oc cur be low Qua ter nary de pos its
only in the south (Fig. 3) around Ławeczko and Sarnów. Near
Kajetanów they reach 22 m thick ness and are glacitectonically
de formed (Fig. 3). They are Early to Mid-Eocene in age
(Słodkowska, 1996).

Oligocene de pos its are rep re sented by clays, silts,
glauconite and quartzose sands and grav els. Palynological re -
search by Słodkowska (1986, 1987, 1988, 1992) es tab lished
their age as Early Oligocene (Rupelian) and their en vi ron ment
of de po si tion as lit to ral ma rine.

Early to Mid-Mio cene de pos its com prise quartzose sands, 
silts and clays with in ter ca la tions of lig nite and brown coal
(Słodkowska and Żarski, 1991). They are lac us trine, prob a ble 

shore line de pos its oc cur ring north of Puławy and Gniewoszów
(Fig. 3).

Late Mio cene de pos its com prise green-brown clays, silts
and sands (for merly clas si fied as Plio cene) oc cur north of Ryki
and Życzyn (Fig. 3). They are lac us trine in or i gin (Różycki,
1972). The area in ves ti gated in cludes a prob a ble south ern
shore line, dat ing from the Late Mio cene, ap prox i mately along
the pres ent-day Wieprz val ley. Around Ryki Late Mio cene silts 
are glaciotectonically de formed (Żarski, 1989a).

QUATERNARY

The Pleis to cene suc ces sion in the study area com prises, to -
gether with Prepleistocene strata, de pos its re lat ing to the
Nidanian, Sanian and Wilgian, Liviecian, Odranian,
Wartanian, Vistulian glaciations and the Małopolanian,
Ferdynandovian, Mazovian, Eemian interglacials (Ta ble 1).

The bur ied Vistula river val ley is filled with flu vial de pos -
its of var i ous ages to tal ing 40–60 m thick (Figs. 5–8). In the
re main ing part of the area the Qua ter nary se quence is
20–40 m thick.

The older gla cial (pre-Odranian) de pos its oc cur as frag -
men tary suc ces sions, pre served only in de pres sions (Fig. 2).
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T a  b l e  1

Strati graphic scheme of Qua ter nary in the study area
 based Baraniecka (1990)
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Fig. 2. Lin ear struc tural el e ments of the Qua ter nary bed rock on the ba sis at
Żelichowski and Kozłowski (1983), Bażyński et al. (1984) and Graniczny
et al. (1995)
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Fig. 3. Hipsometric map of Qua ter nary bed rock



Qua ter nary de pos its in these de pres sions are 70–80 m thick.
Out side de pres sions, de pos its of the South Pol ish Gla ci ation
(Elsterian) are not well pre served. In the study area there are 8
gla cial units, which be long to six glaciations.

THE OLDEST FLUVIAL DEPOSITS

Prepleistocene strata are the old est among Qua ter nary de -
pos its in the study area. These rep re sent al lu vial cones de pos -
ited by rivers flow ing from the south, SW and SE ac cord ing to
Lewiński (1929). One of these rivers was the “pre-Vistula”
(Kosmowska- Ceranowicz, 1966; Sarnacka and Krysowska-
 Iwaszkiewicz, 1974; Makowska, 1976). Preplei stocene de pos -
its in the study area cor re spond to the Kozienice ho ri zon
(Kosmowska-Ceranowicz, 1966, 1976, 1979). In stud ied pro -
files (Fig. 4) an ab sence of pol len has made strati graphi cal cor -
re la tion so far im pos si ble (Baraniecka, 1975a, 1991; Win ter,
1997). Prepleistocene sed i ments reach thick nesses of up to
30 m (Krukówka, Fig. 4). These flu vial de pos its (Fig. 4) are
com posed of by quartz, si li ceous rock frag ments, quartzites and 
sand stones from Ju ras sic and Cre ta ceous rocks of the South ern
Pol ish High lands (Kosmowska-Ceranowicz, 1966).
Prepleisto cene de pos its dif fer from later Qua ter nary de pos its in 

petrographic com po si tion by a lack of Scan di na vian ma te rial.
Heavy min eral suites are dom i nated by re sis tant min er als such
as gar net, rutile, tour ma line and cyanite (Gronkowska, 1988,
1997). Am phi boles and epidotes, char ac ter is tic of the youn ger
Pleis to cene are ab sent (Fig. 4). The best pre served
Prepleistocene de pos its oc cur in the re gion of Kozienice, Kol.
Zalesie and Krukówka (Figs. 4, 8 and 9). In the area of the
Vistula bur ied val ley these sed i ments are not pre served. Also,
the base of the Prepleistocene de pos its on the morainic pla teau
lies higher than the sand de pos its fill ing the low parts of the
bur ied Vistula val ley (Figs. 4 and 8). It is ev i dent that ero sion
dur ing the Prepleistocene was not so deep as dur ing Pleis to cene 
interglacials. The Prepleistocene sed i ments have been TL dated 
at 634 to over 800 ka (Butrym, 1987, 1992) (Fig. 4).

PLEISTOCENE RIVER VALLEYS AND LAKES

The bur ied Vistula runs from the Nowy Janowiec re gion to
Wojszyn and Puławy (Fig. 5). To the north of Puławy the bur -
ied Vistula val ley is con cor dant with the con tem po rary Vistula
val ley (Fig. 5). Bore hole data has en abled de ter mi na tion of the
age of the de pos its, and of their fa cies and com po si tion. A com -
mon fea ture of the Vistula val ley and its trib u tar ies is a pe ri od -
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Fig. 4. Cor re la tion pro files with Prepleistocene sed i ments; sec tions Pogorzelec, Helenów Nowy and Kownacica by Sarnacka (1986, 1990), oth ers by
Żarski (1989, 1993, 1996)

Ol — Oligocene; Mc — Mio cene; Pp — Prepleistocene (a–c — flu vial se ries); S — Sanian Gla ci ation; D — Dęblinian Interstadial; F — Ferdynandovian
Inter gla cial; Wl — Wilgian Gla ci ation; M — Mazovian Inter gla cial; L — Liviecian Glaciation; Z — Zbójnian Inter gla cial; O2 — Odranian Gla ci ation
(max i mum stadial); W — Wartanian Gla ci ation; E — Eemian Inter gla cial; V — Vistulian; H — Ho lo cene
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Fig. 6. Geo log i cal cross-section A–A’ be tween Trzcianki and Bochotnica (af ter Żarski, 2000)

Up per Maastrichtian: 1 — si li ceous marls; Lower Paleocene: 2 — gaizes; Nidanian Gla ci ation: 3 — tills; Małopolanian Inter gla cial: 4 — fluvial
sands and grav els; Sanian Gla ci ation: 5 — tills; Ferdynandovian Inter gla cial: 6 — flu vial sands and grav els; Wilgian Gla ci ation: 7 — tills; Mazovian
Inter gla cial: 8 — flu vial sands and grav els (a–d — flu vial se ries); Odranian Gla ci ation: 9 — silts, 10 — lower flu vio gla cial grav els and sands, 11 —
tills, 12 — grav els and sands of fron tal mo raines, 13 — grav els and sands of dead ice mo raines, 14 — up per flu vio gla cial grav els and sands, 15 — loess;
Wartanian Gla ci ation: 16 — loess; Eemian Inter gla cial: 17 — flu vial grav els and sands, 18 — palaeosol; Vistulian Gla ci ation: 19 — loess, 20 — flu -
vial grav els and sands, 21 — deluvial sands; Ho lo cene: 22 — flu vial sands and muds of flood plain

Fig. 5. Buried river val leys (af ter Sarnacka, 1986, 1990 and Żarski, 1989, 1996, 1998, 2000)



ic ity of de po si tion. The flu vial de pos its of the Małopolanian,
Ferdynandovian, Mazovian and Eemian interglacials usu ally
are in con tact with one an other. Gla cial strata sep a rate the de -
pos its of dif fer ent interglacials in val ley pe riph er ies and on
neigh bour ing pla teaus (Fig. 7).

The bur ied val ley (pre-Wilga?, Lindner et al., 1982)
(Fig. 5) is par al lel to the Vistula val ley and filled with flu vial
de pos its dat ing from the Małopolanian, Ferdynandovian and
Mazovian interglacials (Fig. 9).

The old est flu vial de pos its fill ing the bur ied Vistula val ley
re late to the Małopolanian Inter gla cial (Figs. 6–9). The width 
of Vistula val ley in Małopolanian did not ex ceed 4 km (Figs. 5
and 7) and the val ley gra di ent was about 0.57‰ — the same as
that dur ing the Ferdynandovian and Mazovian interglacials
(Fig. 10). Flu vial de pos its of the Małopolanian Inter gla cial fill
the low est part of the bur ied val ley. They may reach to 35 m in
thick ness and ac cu mu la tion of flu vial de pos its reached a level
of 115 m a.s.l. (Fig. 7). In the axis of the val ley older inter gla -
cial de pos its are pre served, while youn ger de pos its oc cur in
mar ginal zones (Fig.7). Małopolanian flu vial strata oc cur in a
trib u tary val ley at Tomaszów sec tion also (Fig. 5). These are
over lain by Sanian silts and lake de pos its of the
Ferdynandovian Inter gla cial as doc u mented by pol len re search
(Krupiński, 1996). The Małopolanian Inter gla cial de pos its are
rep re sented by: peb bles of gaizes, lime stones, marls and si li -
ceous rocks from the South Pol ish Up lands. Scan di na vian
rocks oc cur only spo rad i cally. Among heavy min er als there are 
mostly gar nets and tour ma lines with a small quan tity of am phi -
boles, sup port ing the flu vial gen e sis of these de pos its
(Gronkowska, 1996). Quartz grains are lit tle rounded. Różycki
(1972) re ferred all flu vial de pos its, fill ing the bur ied Vistula
val ley near Puławy, to the Mazovian Inter gla cial. Sarnacka
(1978, 1982, 1987) cor re lated the lower part of the suc ces sion
in the bur ied Vistula val ley with the Cromerian Inter gla cial.
Pożaryski et al. (1994b) in cluded the lower in ter val in the bur -
ied Vistula val ley to Małopolanian and Ferdynandovian Inter -
gla cial com bined.

I have re cog nised flu vial sands and grav els of the
Dęblinian Interstadial (Ta ble 1) in Kol. Markowola and in the 
Podobłocie sec tion on the morainic pla teau (Fig. 11). At Kol.
Markowola these de pos its are cov ered by flu vio gla cial sands
and grav els of the youn ger stadial of the Sanian Gla ci ation. Un -
der the Dęblinian de pos its there are silts and sands of the older
stadial of Sanian Gla ci ation. The heavy min eral and car bon ate
con tent and round ness of the quartz grains in di cate that the de -
pos its of the Dęblinian Interstadial at Kol. Markowola ac cu mu -
lated in a flu vial en vi ron ment. The sands have been TL dated at
491 ka (UG-1937, Fedorowicz and Olszak, 1994).

Dur ing the Ferdynandovian Inter gla cial the width of the
bur ied Vistula val ley reached 5–6 km (Figs. 5 and 7). In the val -
ley axis Ferdynandovian de pos its oc cur un der Mazovian de -
pos its. In the mar ginal zones of the Vistula val ley at Puławy,
tills of the Wilgian Gla ci ation sep a rate flu vial de pos its of
Ferdynandovian Inter gla cial from de pos its of the Mazovian
Inter gla cial (Fig. 7). Flu vial de pos its of the Ferdynandovian at
Kol. Ryki in the bur ied “pre-Wilga” val ley are over lain also by
tills of Wilgian (Fig. 9). In the val ley axis in the bur ied Vistula
val ley the old est de pos its are up to 10 m thick (Figs. 6–10). The
thick ness of the Ferdynandovian Inter gla cial suc ces sion may

reach 40 m and this ac cu mu lated at some 124–128 m a.s.l.
(Fig. 7). The Ferdynandovian de pos its are com posed of rocks
from the South Pol ish Up lands and the ad mix ture of Scan di na -
vian rocks is slightly greater than in the Małopolanian Inter gla -
cial de pos its. Quartz grains are well rounded. Among heavy
min er als, gar nets pre dom i nate with an ad mix ture of tour ma -
lines and am phi boles. Such a com po si tion of heavy min er als is
typ i cal for these flu vial de pos its. 

The stratotype pro file of the Ferdynandovian Inter gla cial is
lo cated nearby at Ferdynandów (Janczyk-Kopikowa, 1975;
Janczyk-Kopikowa et al., 1981; Rzechowski 1996a, b). Out -
side of Vistula val ley, I have doc u mented palynological sites of 
Ferdynandovian age at Stanisławice (Janczyk-Kopikowa and
Żarski, 1995), Tomaszów and Kol. Markowola (Krupiński,
1995, 1996) (Figs. 5 and 11). The site at Stanisławice is the
only one with full palynological doc u men ta tion. The or ganic
de pos its have been TL dated at 508–532 ka (Butrym, 1992;
Fedorowicz and Olszak, 1993, 1994, 1995). At Stanisławice
above the lac us trine suc ces sion there are tills as cribed to the
Odranian Gla ci ation; in the Tomaszów bore hole flu vial sands
above the lake de pos its may be re ferred to the Mazovian Inter -
gla cial and in Kol. Markowola bore hole flu vio gla cial sands
and grav els re late to the Wilgian Gla ci ation (Fig. 11). In these
three pro files, thus, lake de pos its of the Ferdynandovian Inter -
gla cial are over lain by sed i ments be long ing to three dif fer ent
strati graphi cal units.

The width of Vistula val ley dur ing the Mazovian Inter gla -
cial (Holsteinian) was about 8 km (Fig. 5). In the val ley axis
Mazovian flu vial de pos its un der lie Eemian de pos its. In mar ginal 
zones of the Vistula val ley at Wojszyn and Bałtów, Mazovian
de pos its are over lain by Odranian de pos its (Figs. 6 and 7). In the
val ley axis Mazovian de pos its are up to 20 m thick be cause the
sed i ments of youn ger se ries have been eroded. The thick ness of
Mazovian de pos its can reach 45 m and these ac cu mu lated at
Wojszyn to 145 m a.s.l. and around Puławy at 137 m a.s.l. (Figs.
6 and 7). Mazovian de pos its in the bur ied Vistula val ley and in
the par al lel bur ied “pre-Wilga” val ley (Figs. 6 and 9) ac cu mu -
lated in four flu vial suc ces sion. It can not be ex cluded that the
up per sandy suc ces sion as cribed to the Mazovian Inter gla cial ac -
cu mu lated in the Zbójnian Inter gla cial and crys tal line rock pave -
ments at Oleksów and Mozolice rep re sent the Liviecian Gla ci -
ation. As re gards petrographic com po si tion lo cal rocks pre dom i -
nate lime stones and gaizes with si li ceous rocks and Scan di na -
vian rocks. Ad mix ture of the lat ter is much greater than in de pos -
its of the Ferdynandovian and Małopolanian interglacials.
Quartz grains are very well rounded (Pruszek and Fert, 1986;
Gronkowska, 1988, 1996, 1997). The flu vial de pos its in the bur -
ied Vistula val ley and in the par al lel val ley were TL dated at
399–299 ka (Butrym, 1987, 1992; Fedorowicz and Olszak,
1993, 1994, 1995). Sim i larly, as in de pos its of the ear lier
interglacials, among heavy min er als gar nets pre dom i nate over
tour ma lines to gether with some am phi boles, which in di cates a
flu vial gen e sis.

Lake sed i ments of the Mazovian Inter gla cial are pres ent in
the sec tion at Wylezin (Fig. 12). Pol len stud ies were car ried out 
by Dyakowska (1956) and the ge ol ogy pre sented by Rühle
(1968). Mazovian de pos its are over lain by Odranian sands and
grav els, and deluvial sands and tills. This site is sit u ated low on
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the Okrzejka river val ley slope (Fig. 12). The Mid dle Pol ish
Gla ci ation (Saalian) is al most com pletely ab sent here.

Flu vial de pos its of the Zbójnian Inter gla cial are pres ent
at Kajzerówka on the morainic pla teau out side the bur ied
Vistula val ley (Fig. 4). Silts from this pro file, re ferred to the
Zbójnian Inter gla cial, were TL dated at 344 ka BP (Lub-2473; 
Butrym, 1992).

In the study area in the bur ied Vistula val ley flu vial de pos its 
of the Lublinian Inter gla cial were not re cog nised, likely due to
ero sion dur ing the Eemian Inter gla cial. Pożaryski et al. (1994b) 
dis tin guished flu vial de pos its from the Lublinian and Eemian
interglacials com bined near Puławy.

The Lublinian Inter gla cial is rep re sented in the study area
by a palaeosol at Bochotnica (Żarski, 2000), ly ing be tween
Odranian and Wartanian loesses.

Flu vial sands at Kol. Markowola near Gniewoszów (Figs. 5 
and 11), sep a rat ing tills of the premaximum and max i mum
stadials of the Odranian Gla ci ation, rep re sent the
Gniewosznian Interstadial. Their oc cur rence is lim ited to the
edge of the Vistula val ley.

In the bur ied Vistula val ley, above de pos its of the
Mazovian Inter gla cial, there are flu vial de pos its of the Eemian
Inter gla cial which are 12–20 m thick (Figs. 6–8 and 10). The val -
ley gra di ent is about 0.31‰ (Fig. 10), the same as the gra di ent on
the Vistulian (Weichselian) ter race and the gra di ent of the pres -
ent-day Vistula river-bed. This sig nif i cantly lower gra di ent com -
pared to those of ear lier interglacials en cour aged lat eral ero sion,
and as a re sult the Vistula val ley wid ened to about 15.5 km across
(Fig. 5). The lower gra di ent in the Eemian sug gests a de cline of
neotectonic move ments: ar eas stopped be ing el e vated
(Baraniecka, 1975b, 1981). Eemian Inter gla cial de pos its, as re -
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Fig. 11. Cor re la tion geo log i cal pro files with de pos its of Ferdynandovian Inter gla cial doc u mented by pol len re search; Ferdynandów B pro file by
Rzechowski (1990), oth ers by Żarski (1996, 1998)

Cr — Cre ta ceous, Pc — Paleocene, Ol — Oligocene, Mc — Mio cene, Na — Narevian Gla ci ation, P — Podlasian Inter gla cial, N — Nidanian Gla ci ation,
Mp — Małopolanian Inter gla cial, S — Sanian gla ci ation, S1 — Sanian Gla ci ation, older stadial, D — Dęblinian Interstadial, S2 — Sanian Gla ci ation, youn -
ger stadial, F — Ferdynandovian Inter gla cial, Wl — Wilgian Gla ci ation, M — Mazovian Inter gla cial, O1 — Odranian Gla ci ation, premaximum stadial, G
— Gniewosznian Interstadial, O2 — Odranian Gla ci ation, max i mum stadial, H — Ho lo cene



gards pe trog ra phy, con tain the larg est ad mix ture of crys tal line
Scan di na vian rocks by com par i son with de pos its of ear lier
interglacials. Quartz grains are well rounded and typ i cal for flu vial 
de pos its (Gronkowska, 1988, 1997). Flu vial de pos its of the
Eemian Inter gla cial at Leśna Rzeka were TL dated at about 93 ka
BP (Lub-2471; Butrym, 1992). Dur ing the Eemian the course of
the bur ied Vistula val ley was the same as that of the pres ent
Vistula river val ley, as also in di cated to the north and south of the
study area (Marks and Pochocka, 1999).

On the morainic pla teau, sed i men ta tion of or ganic de pos its
was tak ing place in lakes. The Eemian Inter gla cial site at
Kletnia Stara was ana lysed for pol len (Żarski, 1989b) con firm -
ing its age (Janczyk-Kopikowa, 1987). These de pos its over lain
ice-dammed lake clays of the Wartanian Gla ci ation (Fig. 13).
Eemian de pos its are cov ered by Vistulian sands.

The Eemian Inter gla cial is rep re sented at Bochotnica
(Żarski, 2000) by a palaeosol above loesses of the Wartanian
Gla ci ation and be low Vistulian loesses (Fig. 6).

Above Eemian Inter gla cial de pos its in the Vistula val ley
there are Vistulian (Weichselian) flu vial de pos its (Figs. 6–8 and
10). The max i mum width of the Vistula val ley dur ing the
Vistulian was about 17 km. Vistulian de pos its con sist of 4 flu vial 
units. The old est built the high est overbank ter race I, which rises
from 15 to 22 m above river level (Fig. 7). The gra di ent of the
sand and gravel ter race is about 0.34‰, the same as the gra di ent
of youn ger Vistulian ter races. It is cor re lated with the Puławy
ter race (of high cover) de lin eated by Pożaryski (1953, 1955) and  
Pożaryski et al. (1999). The youn ger Vistulian in cludes the
overbank ter race II which is at an al ti tude of 12 to 15 m above the 
river level (Figs. 7, 8 and 10). Chan nel de pos its build this ter race, 
which is about 20 metres thick and cor re lates with the Otwock
ter race (Baraniecka, 1976). De pos its of ter race I and II ac cu mu -
lated in the Leszno-Pom er a nian Stadial of the Vistulian Gla ci -
ation. The third Vistulian unit com prises overbank ter race III
(Praga ter race) at 5 to 12 m above river level (Figs. 7 and 8). De -
pos its of this ter race are 10–20 m thick and con sist of chan nel fa -
cies: sands and grav els and overbank fa cies — silts (Figs. 7 and 8).

Ter race III de pos its re late to the Early Bölling (Żarski,
1990b). Peats dated at Stężyca are 14C dated at 12 940 years BP
(Pazdur, 1986) (Fig. 14), older than pre vi ously con sid ered. Ac -
cord ing to Baraniecka and Konecka-Bet ley (1987), ac cu mu la -

tion started in the Older Dryas and per sisted to the AllerÝd. 
The youn gest Vistulian unit form ing overbank ter race IV

rises from 3–5 m above river level (Fig. 7). Sands and grav els
of this unit oc cur around Puławy and Kozienice. The width of
the ter race reaches sev eral hun dred metres.

Dunes and eolian sands on the overbank ter races (Figs. 7
and 14) ac cu mu lated dur ing the Late Gla cial and the Ho lo cene
as in di cated by 14C dat ing at Stężyca (Żarski, 1990b) (Fig. 14).

THE HOLOCENE VISTULA VALLEY

De pos its of two Ho lo cene flood plains of abut sed i ments
overbank ter race de pos its (Figs. 6–8 and 10). The higher flood
plain rises from 2 to 4 m above river level. The width of this
flood plain near Dęblin and Kozienice is about 10 km. The flow 
of the Vistula be tween Dęblin and Maciejowice on the
overbank ter race stopped at around the Pleis to cene/Early Ho lo -

cene bound ary (the age of bot tom peat at Podobłocie is 9940
years BP 14C method, G-d 5218; Pazdur, 1988). The course of
the Ho lo cene Vistula had moved by 6–10 km to the west. The
lower parts of the higher flood plain com prise chan nel fa cies
sands and grav els, while the up per parts com prise overbank fa -
cies silty clays and sandy silts. Al lu vial silts from 2.5 m depth at 
Sieciechów were TL dated at 8500 years BP (Lub-2771; 
Butrym 1992). They are prob a bly the old est overbank de pos its
from the time when the Vistula changed re gime from braided to 
me an der ing. The ma jor ity of al lu vial soils on the flood plain ac -
cu mu lated dur ing the Subboreal and Subatlantic pe ri ods
(Pożaryski and Kalicki, 1995). Chan nel fa cies de pos its on
flood plains are less sorted than those build ing overbank ter -
races, with poor round ing of quartz grains. The lower flood
plain 2 reaches to 2 m above av er age river level. It ex tends
along the pres ent-day Vistula and Wieprz river chan nels in -
clud ing all con tem po rary is lands and sand bars. The sur face of
this ter race is strongly dis sected by overbank flows. The gra di -
ent of river bed is 0.30‰. The Vistula is cur rently a braided
river while the Wieprz is a me an der ing river.

PLEISTOCENE ICE SHEET LIMITS

The old est re cog nised gla cial de pos its are tills of the
Nidanian Gla ci ation seen, for ex am ple, in bore holes at
Bochotnica (Fig. 6), Wylezin and Życzyn (Figs. 12 and 15).
Petrographic co ef fi cients of tills from Bochotnica bore hole are
as fol lows: O/K = 1.58, K/W = 0.72, A/B = 1.16 by Gronkow -
ska (1988) (O/K, K/W, A/B — re la tion be tween dif fer ent
groups of Scan di na vian rocks in tills, where: O — to tal of sed i -
men tary rocks, K — to tal of crys tal line rocks and north ern
quartz, W — to tal of car bon ate rocks, A — to tal of rocks
non-re sis tant to de struc tion, B — to tal of re sis tant rocks).
These petrographic co ef fi cients are char ac ter is tic of tills of the
Nidanian Gla ci ation in this re gion and cor re late with the N
lithotypes dis tin guished by Rzechowski (1977) and Lisicki
(1997). Be neath these tills are flu vio gla cial sands and grav els.
De pos its of this age oc cur only in hol lows.

De pos its of the older stadial of the Sanian Gla ci ation
(San 1) are rep re sented by tills, flu vio gla cial sands and grav els
and mar ginal lake de pos its. They were found, too, in hol lows in 
the north ern part of the re searched area around Życzyn,
Wylezin, Trojanów and Malamówka (Figs. 8, 12 and 15).

The TL age of de pos its of the older stadial of the Sanian
Gla ci ation, was dated by Rzechowski (1990) in the
Ferdynandów B bore hole and by Pożaryski et al. (1994b) at
Parchatka, is 543–632 ka BP. Petrographic co ef fi cients of tills
from Ferdynandów pro file have val ues of 0.44–2.78–0.33
(Rzechowski, 1990) (Fig. 11).

Tills of the youn ger stadial of the Sanian Gla ci ation
(San 2) in ves ti gated in the Bochotnica bore hole (Fig. 7) have
petrographic co ef fi cients of 1.14–0.97–0.93 (Gronkow ska,
1998). They were TL dated at 472–564 ka BP (Fedorowicz and 
Olszak, 1995). There are two tills be tween the Ferdynandovian
and Małopolanian interglacials which I cor re late with the
Sanian Gla ci ation, and be tween the Mazovian and
Ferdynandovian interglacials I have re cog nised one level of
tills which cor re sponds with the Wilgian Gla ci ation. Un for tu -
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Fig. 12. Geo log i cal po si tion of Mazovian
Inter gla cial in Wylezin (af ter Rühle, 1968
and Żarski, 2000)

Mio cene: 1 — clays; Prepleistocene: 2 —
flu vial sands and silts; Nidanian Gla ci -
ation: 3 — flu vio gla cial sands and grav els,
4 — tills; Sanian Gla ci ation, older stadial:
5 — silts, 6 — flu vio gla cial sands and grav -
els, 7 — tills, youn ger stadial: 8 — flu vio -
gla cial sands and grav els, 9 — tills;
Wilgian Gla ci ation: 10 — clays, 11 —
tills; Mazovian Inter gla cial: 12 — flu vial
sands and grav els, 13 — gyttjas; Odranian
Gla ci ation: 14 — flu vio gla cial sands and
grav els, 15 — tills; Wartanian Gla ci ation: 
16 — tills, 17 — flu vio gla cial sands and
grav els; Vistulian: 18 — deluvial sands and 
tills; Ho lo cene: 19 — flu vial silts

Fig. 13. Geo log i cal set ting of Eemian Inter gla cial at Kletnia Stara (af ter
Żarski, 2000)

Mio cene: 1 — clays; Prepleistocene: 2 — flu vial sands and silts; Wilgian
Gla ci ation: 3 — flu vio gla cial sands and grav els, 4 — tills; Odranian Gla -
ci ation: 5 — flu vio gla cial sands and grav els, 6 — tills; Wartanian Gla ci -
ation: 7 — flu vio gla cial sands and grav els, 8 — clays; Eemian
Inter gla cial: 9 — peats; Vistulian: 10 — flu vial sands

Fig. 14. Dune at Stężyca (af ter Żarski, 1990)

Vistulian: 1 — flu vial sands of the III overbank Vistula ter race (the Praga
ter race), 2 — flu vial muds of the III overbank Vistula ter race (the Praga
ter race), 3 — peats; Ho lo cene: 4 — palaeosol, 5 — eolian sands, 6 — 14C
dat ing

Fig. 15. Sed i ments in Qua ter nary de pres sion in Życzyn
(af ter Żarski, 2000)

Mio cene: 1 — silts and clays; Prepleistocene: 2 — flu -
vial sands, grav els and silts; Nidanian Gla ci ation: 3 —
flu vio gla cial grav els and sands, 4 — tills;
Małopolanian Inter gla cial: 5 — flu vial sands; Sanian
Gla ci ation, older stadial: 6 — clays, 7 — flu vio gla cial
grav els and sands, 8 — tills; Dęblinian Interstadial: 9
— flu vial sands; Sanian Gla ci ation: youn ger stadial: 10 
— ice dammed silts and sands, 11 — flu vio gla cial grav -
els and sands, 12 — tills; Wilgian Gla ci ation: 13 — flu -
vio gla cial grav els and sands, 14 — tills; Odranian
Gla ci ation: 15 — flu vio gla cial grav els and sands, 16 —
tills; Wartanian Gla ci ation: 17 — lower flu vio gla cial
grav els and sands, 18 — tills, 19 — up per flu vio gla cial
grav els and sands



nately, in no pro files on the study area do de pos its of the Sanian 
Gla ci ation, Ferdynandovian Inter gla cial, Wilgian Gla ci ation
and Mazovian Inter gla cial oc cur in su per po si tion. Cor re la tion
of tills of the Wilgian and Sanian glaciations is by ref er ence to
sites with paly no logi cal ly doc u mented inter gla cial de pos its:
Ferdynandovian (Ferdynandów B, Stanisławice, Tomaszów,
Kol. Markowola; Fig.11) and Mazovian (Wylezin, Poznań;
Fig. 12). This showed that de pos its of the youn ger stadial of the 
Sanian Gla ci ation oc curred be neath Ferdynandovian Inter gla -
cial de pos its. Tills of the up per stadial have dif fer ent pet ro -
graph i cal co ef fi cients than tills of the Wilgian Gla ci ation. TL
dat ing shows that de pos its of the Wilgian Gla ci ation are youn -
ger than de pos its of the youn ger Sanian Gla ci ation stadial. In
the study area the de pos its of the youn ger stadial of the Sanian
Gla ci ation (tills, flu vio gla cial sands and grav els) oc cur more
com monly than older stadial de pos its. De pos its of the youn ger
stadial of the Sanian Gla ci ation have been re cog nised around
Wylezin, Trojanów, Niwa Babicka and Życzyn in the north ern
part of the study area and at Tomaszów, Kol. Markowola and
Moszczanka, south of Ryki (Figs. 12 and 15).

The Wilgian Gla ci ation is rep re sented by flu vio gla cial
sands and grav els, mar ginal lake sed i ments and tills (Figs.
6–13, 15 and 16). These de pos its were TL dated at 413–519 ka
(Butrym, 1992; Fedorowicz and Olszak, 1995). Petrographic
co ef fi cients of tills, e.g. from the Bochotnica bore hole, are
1.31–0.86–1.03 (Gronkowska, 1996) and cor re late with
petrographic co ef fi cients of Wilgian Gla ci ation tills in
Ferdynandów B (Rzechowski, 1996a). Tills have been ex am -
ined petro graphi cally in the Bóbek, Ruda and Jazień pro files.
The first two pro files show petrographic char ac ter is tics sim i lar
to that of Bochotnica. At Jazień it is dif fer ent. De pos its of the
Wilgian Gla ci ation are more com mon than those of the Sanian
Gla ci ation, occuring in bore holes and at sur face. Spa tial cor re -
la tion of de pos its of this age was made on many cross-sec tions.

De pos its of the Liviecian Gla ci ation have been re cog nised 
for the first time on the study area, mov ing the max i mum ex tent 
of this gla ci ation tens kilo metres to the south of the pre vi ous
limit (Żarski, 1994). These de pos its were TL dated at
354–393 ka BP (Butrym, 1992) (Fig. 16). Petrographic co ef fi -
cients of the tills at Jazień are 1.56–0.63–1.38. De pos its of the
Liviecian Gla ci ation oc cur in the Vistula val ley zone only
(Fig. 1). This was prob a bly the short gla cial ep i sode dur ing the
Great Inter gla cial (Holsteinian). De pos its of the Liviecian Gla -
ci ation were re cog nised in the Kozienicka For est and around
Życzyn, Podobłocie, Jazień and Malamówka (Figs. 8 and 16).
They com prise tills, mar ginal lake and flu vio gla cial de pos its.
The cor re la tive units are tills only a few metres thick (Fig. 16).
De pos its of the Liviecian Gla ci ation out crop and are also found 
in bore holes at Bóbek and Podobłocie-Życzyn (Fig. 16). It can -
not be ex cluded that crys tal line rocks oc cur ring in the roof of
the Mazovian Inter gla cial, dis tin guished at Mozolice and
Oleksów, rep re sent the Liviecian Gla ci ation. De pos its of the
Liviecian Gla ci ation are of ten sep a rated from de pos its of the
Odranian Gla ci ation by flu vio gla cial sands and grav els, as are
de pos its of the premaximum stadial of the Odranian Gla ci ation
(Fig. 17). The li thol ogy, pe trog ra phy and ab so lute age of the
lat ter sug gest that they be long to the Liviecian Gla ci ation. The
wider ex tent of Liviecian Gla ci ation de pos its is prob lem atic be -
cause of a scar city of re searched bore holes.

De pos its of the premaximum stadial of the Odranian Gla -
ci ation are rep re sented by tills and mar ginal lake de pos its. Tills
were TL dated at 297 ka BP at Kol. Markowola (Fedorowicz and 
Olszak, 1994) (Figs. 11 and 17). The petrographic co ef fi cients of 
tills at Kol. Markowola are 1.04–1.14–0.76 (the quan tity of grav -
els is less than 100). Tills of the premaximum stadial dif fer from
tills of the Liviecian Gla ci ation by dif fer ent petrographic co ef fi -
cients and also by a con sid er ably youn ger age. De pos its of the
premaximum stadial were dis tin guished around Kol.
Markowola, Ławeczko and Puławy.

De pos its of the max i mum stadial of the Odranian Gla ci -
ation oc cur on the pla teau sur face in the south ern and east ern
parts of the study area. The pla teau sur face, on the left Vistula
bank be tween Wojszyn and Gniewoszów, is at an al ti tude of
150 to 177 m a.s.l. Around Kozienice the pla teau is de nuded; its 
sur face is at a height of 145 to 155 m a.s.l. De pos its of the max i -
mum stadial are flu vio gla cial sands and grav els, mar ginal lake
de pos its, tills, esker sands and grav els, end mo raines, dead ice
mo raines, cre vasse forms and kame sands and silts. In the study 
area the Odranian ice sheet has end mo raines around Trzcianki, 
Wojszyn and Kozienice. The de pos its of the max i mum stadial
were TL dated at 212–280 ka BP (more than twenty datings:
Butrym, 1987, 1992; Fedorowicz and Olszak, 1993, 1994,
1995). The av er age petrographic co ef fi cients of tills from 11
bore holes (Fig. 17) are 1.33–0.87–1.05 and char ac ter ise a lo cal
till lithotype (Żarski, 2000). Max i mum stadial de pos its are eas -
ily re cog nised be cause of their ex ten sive out crop the study area
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Fig. 16. Bore holes with de pos its of the Liviecian Gla ci ation (af ter Żarski,
2000)
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fa cil i tat ing their spa tial cor re la tion. In the south of the study
area the tills has an in ter ca la tion of mar ginal lake de pos its. Tills 
ly ing above and be neath these mar ginal lake de pos its have sim -
i lar petrographic co ef fi cients. These de pos its prob a bly cor re -
late with the postmaximal stadials of the Odranian Gla ci ation.
Lindner et al. (1985) dis tin guished two postmaximal stadials of 
the Odranian Gla ci ation in cen tral Po land. De pos its of the max -
i mum stadial of the Odranian Gla ci ation lie on Qua ter nary sed -
i ments of dif fer ent age and on bed rock (Fig. 17), ex em pli fy ing
the geo log i cal com plex ity of the study area.

The Wartanian Gla ci ation reached the Wieprz val ley, at
least (Fig. 1). For merly, it was consi de red that this ice sheet
only reached the south ern Pilica val ley. De pos its of Wartanian
Gla ci ation are rep re sented by flu vio gla cial and mar ginal lake
de pos its, gla cial sands and grav els of end mo raines, dead ice
mo raines, cre vasse forms, kame sands and silts and loesses
(Fig. 12). A long-term still stand is marked by end mo raines
and mar ginal val leys of which the big gest is the Wieprz val ley.
The Wieprz val ley has a dif fer ent course than older parts of the
Wieprz river val ley (dat ing from the Wartanian ice sheet limit).
A change of trend from N–S to E–W took place dur ing the
Wartanian deglaciation. De pos its of the Wartanian Gla ci ation
were TL dated at 146–203 ka BP (Butrym, 1987) (Fig. 17).
Two clus ters of dates (190–170 and 160–140 ka  BP) are re -
flected in a duali ty of tills (Żarski, 1990a, 1993b), which are
petro graphi cally in dis tin guish able. Two petrographic tills
types are dis tin guished. The first has petrographic co ef fi cients
of 1.68–0.66–1.19 and the sec ond of 0.93–1.48–0.70, char ac -
ter is tic of tills ex posed to de nu da tion (Żarski, 2000). Wartanian 
Gla ci ation loesses are also pres ent (Fig. 6). In the fi nal phase of
deglaciation in ten sive ero sion took place of de pos its of the
Mid dle Pol ish Gla ci ation (Saalian) on the area of the Kozienice 
For est. The Wartanian pla teau is at 160 to 190 m a.s.l. It is lo -
cated about 20 m higher than pla teau sur faces which are over
25 km to the south of study area and out of the range of the
Wartanian Gla ci ation.

DISCUSSION

The age of the Vistula val ley is con tro ver sial. In Sawicki’s
(1925) opin ion, the bur ied Vistula val ley is as old as Plio cene.
Lewiński (1914) and Samsonowicz (1922) cor re lated it with
the Prepleistocene. This  was sup ported by in ves ti ga tions of
Pożaryski (1953, 1955) and Pożaryski et al. (1994a, b) in the
Vistula river gap in the South Pol ish Up lands. Pożaryski et al.
(1994a, b) showed that the bur ied Vistula val ley con tains 4 flu -
vial inter gla cial units. Laskowska- Wyso czańska (1993) cor re -
lated the age of the Vistula val ley gap with the Odranian
deglaciation. In the bur ied Vistula val ley my in ves ti ga tions
(Żarski, 2000) up held the oc cur rence of 4 flu vial depositional
units of Małopolanian, Mazovian, Ferdynandovian and
Eemian Inter gla cial age, with dif fer ing petrographic com po si -
tions. Flu vial Prepleistocene de pos its were re cog nised out side
the bur ied Vistula val ley.

Six glaciations were dis tin guished in the study area. The
area lay within the max i mum limit of the Narevian Gla ci ation
but de pos its of this gla ci ation were not pre served (Lindner and
Marks, 1995; Lindner and Wojtanowicz, 1997).

Fur ther in ves ti ga tions are needed as re gards de pos its of the
Liviecian Gla ci ation. These de pos its were doc u mented only in
a few pro files in the Vistula val ley around Kozienice and
Życzyn (Figs. 1 and 16) A max i mum ice sheet limit of
Liviecian Gla ci ation is likely pres ent (Fig. 16).

CONCLUSIONS

1. De posits of Up per Maastrichtian, Lower Paleocene,
Lower Oligocene, Lower/Mid dle Eocene and Mio cene age are a
bed rock to the Qua ter nary. These strata de cline gen er ally
northeastwards by sev eral de grees. The area con tains a ma rine
mar gin from the Oligocene and a lake mar gin from the Mio cene.

2. Prepleistocene strata rep re sent the old est flu vial Qua ter -
nary de pos its. They are al lu vial cones de pos ited by rivers flow -
ing from the south. 

3. The bur ied and pres ent-day Vistula val leys were de vel -
oped along lin ear tec tonic struc tures of NW–SE trend. The bur -
ied Vistula val ley was filled with flu vial units of 40–60 m thick -
ness of the Małopolanian, Mazovian, Ferdynandovian and
Eemian interglacials. In the val ley axis, these are in su per po si -
tion and in mar ginal zones they are lo cally sep a rated by tills. In
the ax ial part of the val ley de pos its of older interglacials are pre -
served while in mar ginal zones youn ger de pos its oc cur.

4. The Vistula val ley gra di ent shown by Małopolanian,
Mazovian and  Ferdynandovian inter gla cial de pos its is 0.57‰;
Eemian Inter gla cial, Vistulian and Ho lo cene de pos its show a
gra di ent of about 0.34‰. The change of gra di ent was the re sult
of tec tonic move ments, abat ing in early Eemian Inter gla cial
times. The bur ied Vistula val ley was wid est dur ing the Eemian
Inter gla cial (15 km) and dur ing the Vistulian (17 km), when
strong lat eral ero sion oc curred.

5. Dur ing the Vistulian de pos its of overbank ter races ac cu -
mu lated; dur ing the Ho lo cene de pos its of flood plains pre dom i -
nated.

6. Lac us trine Ferdynandovian (at Stanisławice, Tomaszów,
Kol. Markowola), Mazovian (Wylezin) and Eemian (Kletnia
Stara) Inter gla cial de pos its have been doc u mented by pol len re -
search. 

7. This re gion was cov ered by ice sheets of the Nidanian,
Sanian, Wilgian, Liviecian, Odranian and Wartanian glaciations
dur ing eight ad vances. De posits of Nidanian and Sanian oc cur in 
hol lows in the Qua ter nary bed rock. These usu ally oc cur where
lin ea ments and faults in ter sect. In these hol lows Qua ter nary de -
pos its are up to 70–80 m thick.

8. In the study area, Liviecian and Wartanian gla ci ation lim -
its were de ter mined. The Wartanian ice sheet reached the
Wieprz val ley and the Liviecian ice sheet reached the
Kozienice–Życzyn line.

9. Flu vial de pos its of the Gniewosznian Interstadial, be tween 
the premaximum and max i mum stadials of the Odranian Gla ci -
ation, were re cog nised.

10. Lo cal petrographic lithotypes of Odranian Gla ci ation tills 
(petrographic co ef fi cients: 1.33–0.87–1.05) and Wartanian Gla -
ci ation tills (1.68–0.66–1.19) were de fined in the study area. The 
Wartanian Gla ci ation de pos its were TL dated at 146–203 ka BP
and the Odranian at 212–280 ka BP.
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