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The paper presents main glacial and interglacial units of 
the Pleistocene and their correlation in the Malopolska, Lu-. 
blin, Volhynian and Podolian Uplands, the Sandomien Basin, 
the northern Polish andUkrainian Carpathians, and their close 
surroundings (Fig. I), GIacial units are indicated by glacial 
and glaciofluvial sediments or by subaerial loesses with 
preserved frost smctum, occurring in key sections, Intergla- 
cial units are best represented by ffuvial and lake series, 
comprising organic sediments with separate floristic succes- 
sions, and also by intra-loessy forest palamsols. 

Sediments of glacial and interglacia1 units do not form a 
compact cover in the described area but frequently are a 
residuum orpatches, separated by outcrops of pre-Quaternary 
rocks (mainly Mesozoic or Tertiary ones). Their maximum 
thickness, usually to several dozen metres, is mostly common 
in the northern surroundings of the uplands, in the pre-Pleik 
tocene buried river valleys, occasionally of tectonic origin. 

The Pleistocene coves contains frequenay subtill and 
supratill loesses and Ioessy-1i ke sediments. In spite of patchy- 
like occurrence, they are also significant for stratigraphical 
correlation af glacial and intergIacia1 units. 

This paper corresponds strictly to the previous studies of 
L. Lindner (1 980,1988a-c, 19951, W. hiaryski el al. (1 994, 
I945), L. Dolecki (1995), J. Wojtanowicz (1984, lW5,1996) 
and H. Maruszczak (1996) in the Makplska  and Lublin 
Uplands, named also the South-Polish ones. Results of these 
studies founded abasis for thePleistocene 8 main glacial units 
(glaciations) i.e. Narevian, Nidanian, Sanian 1, Sanian 2 = 
Wilgian, Liviecian, Odranian, Wartmian and Vistdian, and 
7 interglacials, namely Podlasian = Augustovian, Matopla- 
nian, Ferdynandovian. Mmvian, IMjnian, Lublinian = Lu- 
bavian and Eemian (L. Lindner, J. Wojtanowicz, 1996,1997a. 
b). Main source of data for the Volhynian and Podolian 
Uplands comes from examination of the key loess sections 
(A. B. Bogutsky, T. D. Morozova, 1981; A. B. Bogucki etal., 
1995; J. Nawrocki eta!., 1996) and the authors unpublished 
data. 
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Pig, I .  Location sketch of described areas of southmstcm Poland and the nonhwestern Ukraine, with location ofkey sections ofthe Pleistmne deposits and 
extents of Scandinavian ice-sheets. after L. Lindner and J.  Wojtanowicz (1997a), supplemented 
1 --section with interglacinl plant remains; 2 -other key sections; ice-sheet extenh during the glaciations: 3 - Nareviim, 4 -Nidmian. 5 - Sanian I.  6 
- Smian 2.7 -Liviecian. 8 - Odranian, 9 - Wartanian: 10 -main patches of a loessy cover 

Szkic Iokalizocyjny opisywanych obsznr6w SB Folski i NW Ukrainy z potoieniem reperowych profil6w osaddw plejstoceiskich onzzasiegzrmi 7Jodowamd 
skandynawskich w d h g  L. Lindnera i J. Wojtanowicza(1997n), uzupdniony 
1 - profile uwierajjrtcc intcrglacjalne szcwtki floly; 2 - pazostnle pmfilc repemwe; zasiegi 4dolcd6w w cnsie zlodawaceb: 3 - n m i ,  4 - nidy, S - 
snnu 1,6 -sanu 2.7 - liwca, 8 -d ry .  9 -warty; 10- gl6wne platy pokrywy lcssowej 

Studies of the key sections formed the foundations for a 
description of the Sandomierz Basin and the northern part of 
the Polish and Ukrainian Carpathians (among others: W. 
Laskowska-Wysoczahska, 1967,1987; A. B. Bogutsky et aL, 
1980; J, Wojtanowicz, 1985; J. Butrym et nl., 1981, 1988; M. 
hnczont eb al., 1988; M. Eanczont, 1995; L. Dolecki et nl, 
1996). Data on glacial sediments and neotectonics were also 
taken into account (among others: W. Laskowska-Wyso- 
czariska, 1971,1981 ; J. BuraczydskE, 1986,J- Buraczyfiski et 
ai., 1991 ; M. S. Demediuk, Y. N. Demediuk, 1988,1995), the 
same is true for extents and age of the Pleistocene water 
reservoirs (W. Laskowska-Wysoczadska, 1992). 

PLEISTOCENE GLACIAL 
AND INTEXGLACIAL UNITS 

This glaciation is represented by the oldest glacial sedi- 
ments or their residuum, preserved in the northern foreland of 
theMaIopolska and Lublin Uplands only (Fig. I). To the north 

of the Malopolska Upland they are composed of the oldest ti11 
at the section Fodg6rze near Radom (L. Lindner. 1988a). 
Pieces of Scandinavian rocks in a fluvial series at the section 
Ceteri (Figs. 1 and 2) constitute presumably the equivalent of 
this till. They are overlain by sediments, correlated by Z. 
Bor6wko-Dlutakowa Cfide L. Lindner, J. Wojtanowicz, 
1997n, 6 )  with decline of the Cromer Interglacial (Podlasian 
= Augustovian). Final deposition of fluvial sediments (allu- 
vial fan?) of the Wit6w Series should be also referred to this 
glaciation mg. 2). 

In the northern foreland of the Lublin Upland, this glaci- 
ation is indicated by two tills and the older fluvial sediments, 
thermoluminescenw dated in the volley channel of the Giel- 
czwa at 878 ka (El. Harasimiuk et nL, 1988). These fluvial 
sediments are underlain by the pre-Pleistocene series and are 
overlain by silts of the Podlasian Interglacial at the section 
Izbica pig. 2). The older till of the Narevian Glaciation is 
therrnoluminescence dated at 822 ka at the section Aorostyta 
(L. Dolecki, J. Wojtanowicz, 1992) whereas the younger till 
- at 771 ka at the section ~ m i a r k i  (L. Dolecki et al., 1994) 
and at 784 ka at the section Serniki (5. k h o w s k i ,  1986). 

No sediments of the Narevian Glaciation have been found 
in the Sandomierz Basin yet, the northern part of the Polish 
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Pig. 2. Attempt of correlntion of the main PIeistocene bads of glacial sediments ond sepnrating interglacial orgnnic k e s  as well as of Ioesges md sepamting 
interglacial palmsols in theMalopolskaand Lublin Uplands Iakr L. Lindner and d. Wojtnnowicz. 1997~). and in the Smdomier~ Basin, nortkrn part oftbe 
Carpnthians and the Volhynian and Podolian Uplands 
1 - gravels and sartds of thc Wil6w Scries: 2 - tills; 3 - subtill loesses; 4 -interglacial florn: 5 -interglacial fauna; 6 -interglacial palaeosols; supmtill 
beds o f  subaerial loesses fmm the glaciations: 7 -Snnian 1,8 - Srtninn 2,9 -Liviecian, 10- Odmian, 11 - Wartanian. 12 -Vistulian; 13 --alluvial 
loesgcs 

Pr6ba korelmji plejstoceriskich poziomdw osad6w lodowcowych i oddzielajwch je interglocjalnych 4 6 w  organogenicznych oraz less6w i oddzielajqcych 
je interglacjcjdnychglcb kopalnych na Wyiynic Mdopolskiej i Lubelskiej (wcdlug L. Lindneni J. Woj tanowic~  1997a), w Kotlinie Sandornierskicj. p6lnocncj 
c e c i  h r p a t  onz nn Wyiynie WoIyriskiej i Podolskiej 
1 - iwiry i piaski serii witowskiej; 2- gliny zwdowe; 3 -kssy pdglinowc; 4-flora interglacjalna; 5- hunn interglacjalna; 6-interglacjalne gleby 
kopalc; nadglinowe poziomg lessdw subaenlnych z o h 6 w  zlodewncek 7 -sanu 1,8 - sanu 2,Q- liwca, 10- odry, 1 1  -warty, 12 - wisly; 13- 
lessy oluwialne 

and Ukrainian Carpathians, the Podolian and Volhy nian Up- 
lands, and their northern foreland. 

PoDLASIAN INTERGLACIAL (P) 

Sediments of this interglacial are preserved in the northern 
foreIand of the Maiopolska Upland and in the Lublin Upland. 
In the first case, they are represented at the section Ceteii 
(figs. 1 and 2) by a peaty gyttja, overIain by a silt (cf. L, 
Lindner, 1988a; L. Lindner, J. Wojtanowicz, 1997a). In the 
second case, this interglacial is indicated by afluvial series at 
the section Izbica (Figs. 1 and 2), thermoluminescence dated 
at 767 and 731 ka (M. Harasirniuk et al., 1988). No sediments 
of this interglacial have been found in any other part of the 
described area yet. 

NIDANIAN GLACIATION (Ni) 

Advance of im-sheet of this glaciation in the Malopolska 
and Lublin Uplands was preceded by deposition of the oldest 
subtill loesses (Fig. 2). They were thermoluminescence dated 
at 638-612 ka in the eastern Lublin Upland (L. Dolecki, 
1995). The younger till or its residuum (agglomerates of 
Scandinavian crystalline rocks) delimit a maximum extent of 
the ice-sheet pig. 1). They are present in speleothems at Kozi 
Grzbiet, with the conserved boundary Brunhes/Matuyama (J. 
Glazek es al., 19773, thus determine age of this glaciation at 
about 700 ka (Fig. 2). Glaciofluvial sediments that underlie a 
till of this glaciation in the northern fareland of the Lublin 
UpIand, were thermoluminescence dated at about 585 ka (L. 
Dolecki, J. Wojtanowicz, 1992). The till is presumably an 
equivalent of Ihc olderphaseduring the Serniki Stadia1 within 
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KRUKlENlCE NOWVOLYNSK PRZEHYSLOV BOJANICE KUUSHOV REMENEV 
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Fig. 3. Key sections of the Pleistocene deposits in the Volhynim and Podolian Uplands, and the northern foreland of the Ukcninian Ca-pathians: Krukienica 
and Novwdynsk (A. B. Bogutsky aal. ,  1980), Przernyslov and Bojanice (A. B. Bogucki et a!.. 1994), Korshev (A. B. Bogutsky etal., 1980, supplemented) 
and Remenev (1. Wojtnnowicz, unpublished data) in agc interpretation OF the authors; numbers at the sections indicate TL age in ka after J. Butrym ~$de J. 
Butrym et at.. 1988; A. B. Bogucki el al., 1995; V. N. Shelkoplyas sr aL, 1985; J. Wojtanowicz. unpublished data). in b d c h  after V. N. Shelkoplyas Vide 
A. B. Bogutsky st at,, 1980; V. N. Shelkoplyas el at., 1985; V. N. Shelkoplyns. T. F. Khristofmva, 1987) 
1 - marls, 2 -clays, 3 -tills, 4 -sands with gravel. 5 -sands, 6 -sandy silts, 7 -silts, 8 - gyajss, 9 -pats, 10 -sands and grnvels with lag 
concentrnte at the bottom, 11 - loesses and I-y-like deposits, 12 - iUuvCI horizons (B) of forest soils, 13 - chcrnomms. 14 -tundra soils. IS - 
salifluction deformations, Cr - Cretacmus. Tr- Tertiary (Miocene), Pp - pie-Pleistocene, S I - Sanian 1 Glaciation, F - Ferdynmdovian Interglacial, 
52 - Sanian 2 Glaciation, M - Mmvian Interglacial, L - Liviecim Glaciation, Z - Zb6jnirm Interglacial, O - Odranian Glaciation, Lu - Lublinian = 
Lubavim Interg1acial. W - Wartanian Glaciation, E- kmian Inkrglacial, Y -Vistulim Glaciation 
Pmfle repemwe osad6w plejstacedskich Wyiyny  Wolyiskiej i Padolskiej om p6lnocnego pmdpola Karpat Ukraidskich: Knrkienice i Nowowolyfisk (A. 
B. Bogutsky i in., 1980)- Prtemysl6w i Bojaniae [A. B. Bogucki i in., I994), Korszdw (A. B. Bogut~ky i in., 1980, uwpdniony) i Remendw (J. Wojtanowin, 
materinty niepublikowane) w interpretncji wiekowej autohw; limby przy profilach oznnczajq wiekTL w tys. lilt wedlug J.  ButrymafideJ. Butrym i in., 1988; 
A. B. Boguckii in., 1995: V. N. Shelkoplyns i in., 1985; I. Wojtanowict,daneniepublikowane),a w nawiasach wed1ugV.N. Shelkoplyasa@de A. B. Rogutsky 
i in., 1980; V. N. Shelkoplyas i in., 1985; V, N. Shelkoplyas, T. F. Khristoforova, 1987) 
1 - margle, 2 - ily. 3 - gtiny zwalowe, 4 - pinski zc iwircrn, 5 - piaqki, 6 - muiki piasmyste. 7 - rnutki, 8 - gytic, 9 - torfy, 10 - piaski i h i r y  
z brukiern glamwy w smu, 1 I - lassy i umary lessopodobne, 12 - poziomy iluwialne (3) gleb leinych, 13 - curmanemy, 14 - gleby tundrowe, 15 - 
mburzenia soliflu kcyjnc, Cr - M a ,  Tr - inmiorzed (miocen), Pp - preplejstoczn, S1 - zlwlowacenie sanu 1, F - interglacjal ferdynandowski, S2 - 
zlodowacenie mnv 2, M - interglacjal mazowiecki, L - ztodwaccnic liwca, Z - interglacjal zbdjna, 0 - zlodowacenie odly, Lu - intcrglacjal lubelski 
= lubawski, W - zlodowacenie warty, E- interglacjl eernski, Y -zldowacenie wisly 



78 L. Lindner, J. Wojtmowicz, A. B. Bogutsky 

ern foreland of the Malopolska Upland, a till of this ice-sheet 
is therrnoluminescence dated at about455 ka, whereas under- 
lying silts - at about 467 and about 463 ka (L. Lindner, 
19886). In the western Sandornierz Basin, this till is thermoI- 
umi nescence dated at about 5 18 and about 490 ka (I. Nitycho- 
ruk, 19911, and in thecentral part- at the sectionGiedlamwa 
- at about 508 ka (Fig. 4). This till is a bipartite one at the 
section Jasionka (Fig. 4). It does not seem, ,howevw, im- 
possible that the lower bed represents the earlier glaciation(?). 
At the section Hamernia, gravel-sandy (glaciofluvial) sedi- 
ments are to be referred to the Sanian 2 Glaciation. They are 
therrnoluminescence dated at about SO5 ka and overlain by 
lake sediments of the Mazovian Interglacial (Fig. 4). 

A ti11 of this glaciation is well preserved in the Yistula 
gorge across the South-Polish Uplands where it is thermol- 
urninescence dated at 481463 ka (W. Poiaryski et al., 1994, 
1995). In the Lublin Upland, the Sanian 2 Glaciation is 
represented by two tills, olderone of which is thermolumines- 
cencedated at about 520-500 ka, and the younger one at about 
460-430 ka (J. Butryrn et al., 1988). In the Wiepn valley near 
Serniki, they ptobabl y correspond to the youngest pre-Mazo- 
vian till, correlated by J. E. Mojski (1969) to theKock Stadial. 
Tn the eastern part of the upland, these tills are accompanied 
by loesses, thermoluminescence dated at 482 ka (I,. Dolecki. 
1995), 

At the northern margin of the Carpathians, a till of this 
glaciation is thermoluminescence dated at the section Nieby- 
lec at 509 and 485 ka, whereas the overlying glaciofluvial 
sands and gravels - at 447 ka (Fig. 4). At the section 
Siedliska, Iocated in the same area, this till is therrnolumines- 
cence dated at 500 and over 262 ka (Fig. 4). At the neighbour- 
ing section Opty6, the Sanian 2 ~laciation'are probably 
represented by glaciofluvial sands with gravel and by a silt 
insert, thermoluminescence dated at 516-437 ka (Fig. 4). A 
deglaciation presumably resulted in deposition of sands and 
gravels with eratic material (the so-called mixed gravels) at 
the neighbouring Pikulice, as well as in deposition of the 
overlying loessy-like sands and silts, therrnoluminescence 
dated at about 454 and 426 ka (N. Maruszczak ea a!., 1992). 
I n  the northwestern Ukraine, a thermoluminescence age of a 
till of this glaciation was determined at 521 ka at the section 
Krukienice. At the section Bojanice these tills are thermol- 
uminescence dated at 473 or 530 ka, whereas the underlying 
loesses of the same glaciation - at about 496 ka (Fig. 3). The 
oldest loesses at the section Korshov (S2L at Fig. 2) are their 
age equivalents, and are therrnoluminescence hated at about 
412 kn (Fig. 3). 

MAZOVIAN INTERGLACIAL (M) 

This interglacia1 is a warm unit in a stratigraphical scheme 
of the Pleistocene in the described area and possesses the best 
evidence. It is represented by numerous sections with organic 
sediments as well by more and more cornmom sections with 
forest palaeosols. 

The most representative sections of organic sediments of 
this interglacial in the Malopolska Upland include Sewery- 
n6w, BarkowiceMokm, Olszewice (Fig. 2) and Karsy, where- 

as in the Lublin Upland - the sections at Krepiec, Brus, Ruda 
(Pig. 2) and Semiki (L. Lindner, J. Wojtanawicz, 19976). In 
the Sandornierz Basin (Figs. 1 and 4) they correspond to 
organic sediments at the section Adam6wka (K. Birika era!., 
1987; W. Laskowska-Wysocza6ska, 1987) and Hamernia (A. 
~rodofi, 1984; 5. Butrym et al., 1988), In northern foreland of 
the Ukrainian Carpathians (Figs. 1 and 31, this intergIacia1 
(Mazovian = Likhvin) is well represented by organic sedi- 
ments at the section Kmkienice (A. B. Bogutsky etal., 1980; 
V. P. Grichuk, E. E. Gurtovaya, 1981). At the section Jhpiec, 
sediments of this interglacial are thermolumineseence dared 
at less than 499 and more than 350 ka (L. Lindner, J. Wojta- 
nowicz, 1997b). Themoluminescence age of these sediments 
(younger than 505 ka) was determined at about 333 and 319 
ka at the section Harnernia (Fig. 4), and at about 367 ka at the 
section Krukienice (Fig. 3). 

In the described area there are also well preserved buried 
aIluvial series of this interglacial, particularly in the Vistula 
gorge across the South-Polish Uplands where they are repre- 
sented by the series M (W. Poiarys!d et nl., 1994, 1995). 
Deposition of fluvial(?) sands and mixed gravels at Pikulice 
near PrzemySl can be presumably referred to the same inter- 
glacial. They are thermoluminescence dated at about 384 ka 
and underlain by older loessy-like sediments (cf. H. Marusz- 
czak et al-. 1992). The mentioned palaeosols in the loessy 
sections of the Lublin (Kolonia Zadebce) and Volhynian 
(Bojanice, Korshov) Uplands have been formed during the 
same interglacial. In the Volhynian Upland (Fig. 2) these soils 
aredetermined as the Sokal ones (A. B. Bogutsky et al., 1980; 
A. B. Bogucki et a/., 1994). At the section Bojanice, this soil 
has developed on a relic till, thermoluminescence dated at 473 
ka (530 ka) and connected with the Sanian 2 Glaciation, and 
overlain by n loess, dated at 342 ka (Fig. 3). At the section 
Korshov this till has developed on a loess, dated at 412 ka, the 
upper part of which (already subjected to interglacial soil 
processes) is thermoluminescence dated at about 399 ka 
(Fig. 3). 

LMeCIAN GLACIATION (L) 

A separate till that deIimits icssheet extent during this 
glaciation is preserved in the northern foreland of the Malo- 
polska and Lublin Uplands only (Fig. 1). i n  the vicinity of 
Deblin, it is thermoIuminescence dated at 339-35 (h4. jarski, 
1994), and at 385 ka at the section Sosnowica (L. Dolecki ea 
a!., 1991). Silts deposited at that time in the extraglacial area 
are dated at 388 ka at the section Zb6jno (L. Undner, J. 
Wojtanewicz, 19Wb). In the northern foreland of the Ukrai- 
nian Carpathians, they probabIy correspond to the sandy silts 
that overlie organic sediments of the Likhvin = Mazovian 
Interglacial at the section Krukienice (Figs. 1 and 3). 

Deposition of lmsses occurred also in the extraglacial arm 
(LL at Fig. 2)- Two beds of loess are preserved in the LuMin 
Upland at the section Kolonia Zadebce (I,. Dofecki, 1945). In 
the western Volhynian Upland there are also loesses of the 
same age at the section Eojanice (Figs. 1 and 3), themolumi- 
nescence dated at 342 and 326 ka, and where they form a 
substrate of the younger interglacial soil (Luck Horizon). 



Stratigraphy of Pleistocene in SE Poland and NW Ukraine.. 79 

Fig. 4. Key sections of the PIeistocene sediments in the SandomienBasin and the northern part of the PoIishOr@ians: Hucisko (J. Wojtanowicz. unpublished 
dah), G id lmwa (J. Wojtmewicq 1983, Adambwka (W. LaskowshWysocza6ska, 198T), Hamemia (A. Srodori, 1984; J. Butrym et a1.,1988), Siedliskn 
[M. tanczoni, IWS), Jaionka (W. Lmkowska-Wysm7&ska, 1967), Niebylec (J. Butrym. T. Gerlach, 1985) and Optyfi (M. Lanczont er a[., 1988). in age 
interpretation oE (be authors; numbers at the sections indicate TL age in ka aRer J. Butrym Vide J .  Butrym et al., 1988; J. Butrym, T. Gerlach. 1985; N. 
tanczont, 1995; M. tanczont et ab, 1988; 1. Wojtanowicr, 1985 and unpublished data), in brackets aftw M. Prh~zyriski flde W.Laskows!a-Wysoczaiska, 
1987) 
1 - shnles and sandstones, 2 -clays, 3 -tills, 4 -lag conccntrate. 5 - grnvcls nnd sands, 6 -sands, 7 - snnds and silts. 8 -silts, 9 -silts with inserts 
of clay, 10 - gyttjas, 11 - peats, 12 - mds and gnvcls, 13 - slope dcposits, 14 - palaeosols, 15 - Imsses and loessy-likc dcposits, Tr- Tertiary 
(Miocene or Eocene), S1 - Sanim 1 Glaciation, F- Ferdynnndovinn Interglacial, 52 - Snnian 2 Glncintion, M - Mazovian Interglacial, W - Wnrtanian 
Glaciatiom, E- Eemian Interglacial, V - Vistulian Glaciation 
Profilereperoweosnd6w pIejsioce6skich Kotliny Smdomierskiej orazp6lnocnej c d c i  polskich Karpat: Hucisko (J. Wojtanowicz, materiafy niepublikowane), 
Giedlmwa (I. Wojtanowicz, 1985). Admdwka (W. Laskowska-Wysoczariska, 1987), Haamernin (A. Smdofi, 1984.1. Buh-ym i in.,1988). Siedliska (M. 
Lanczont, 1993, Jasionka (W. Laskowska-Wysoczariskn, 1967), Niebylec (1. Butrym, T, Gerlach, 1985) i Optyri (M. tanczont i in.. 1988) w interpretacji 
wiekowej autor6w; liczby przy profilachoznaczojq w i e k n  w tys. lat wedlug J. Butiyma Vide J. Butryrni in.. 1988; J. Butr)r~n.T. Gerlach, 198% M, tanczont, 
1g95; M. hnczont i in., 1988; b. Wojrmowicz, 1985 i dane niepublikowane), n w nawiasacb wedlug M. Pfiszyriskiego fide W, Laskowska-Wysoczariska. 
1987) 
1 -1upki i piaskowce.2-ify, 3-gliny malowe.4- brukglnzowy, 5-kwiryipiaski, 6-piaski. 7-piaski i mulki. 8-mulki, 9-mu1ki zwktsdkami 
ih, I0 - gytie. 1 1 - torfy, 32 - plxki i iwlry, 13 - osady zboczowe, 14 - gleby kopalne, 15 - lessy i uwoty lessopodobne, Tr -trzeciomed (rniocen 
lub men) ,  St - zlodowmnie smu I ,  F- intergIacjd ferdynandowski, S2 - zlodowacenie sanu 2, M - interglacjal mazowiecki, W - zlodowacenic 
warty, B-interglocjat eemski, V - zlodowacenie wisly 
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Deposition of sands, separating the older interglacial soil 
(Sokal Horizon) from a younger interglacial soil (of the Luck 
Horizon), occurred at the section Uorshov (Figs. 1 and 3), 

In the northern foreland ef the Ukrainian Carpathinns, the 
loesses of this glaciation cap the section at Krukienice (Fig. 
1) and are therrnoluminesmnce dated at 322 and 258 ka 
(Fig. 3). 

ZB~JNIAN INTERGLACIAL (2) 
LUsLMIAN INTERGLACIAL &a) 

In the described area (Fig. I), this interglacial is firstly 
indicated by peats at the section Zb6jno (L. Lindner, E. 
Erykczydska, 1 9801, Fluvial sediments of this interglacial are 
thermoluminescence dated at 352 ka at the section W$cchock 
(L. Lindner, M. PrBszy fiski, 19791, at 344 in the Dqblin region 
(M. Zarski, 1994) and at 33 1 ka at the section Sandomierz (W. 
Poiaryski et al., 1994, 1995). A palaeosol of this interglacial 
or an interglacial soil complex are noted in loesses of the 
Lublin Upland at the sections Kolonia Zadqbce and Nieledew 
(L. Dolecki, 1995; H. Manrszczak, 1996). At the loessy 
sections Bojanice and Korshov (Fig. 1) in the western Volhy- 
nian Upland, a palaeosol is named the Luck sbil (Fig. 2). It 
has developed on a loess, thermoiuminescence dated at 331 
and 326 ko, and covered by a loess, dated by the same method 
nt 31 8 ka (Fig. 3). 

Ice-sheet of this glaciation occupied a northern part of the 
described area (Fig. 1). It is indicated by the next, locally 
bipartite till, preserved under sediments of the Mazovian and 
Zb6jnian Interglacizils at northern and northwestern slopes of 
the Mdupolska and Lublin Uplands, and in the northern 
foreland of the Volhynian Upland (L. Lindner ecr al., 1991). 
This till is particuIarly well accessible in numerous exposures 
that cut morainic plateaux at the valley escarps of Pilica, 
Vistula and Bug Rivers. It is also noted in the northern part of 
the Sandomierz Basin (W. Laskowska-Wysoczariska, 1981; 
5. Buraczyriski, 1986). At the section Sandomien, this till and 
the underlying ice-dam clays are thermoluminescence dated 
at 295 and 309 ka, respectively (W. Poiaryski et al., 1994, 
1995). 

Collected data suggest that this glaciation is indicated in 
the Middle Vistula drainage basin by deposition of the older 
lower Ioesses (0L at Fig. 2), preserved at many sections on 
this till or to the south of its extent (1. Jersak, 1973; H. 
Mmszczak, 1976, 1996). At the section NicIsdew in the 
LubIin Upland, these loesses are bipartite and their thermol- 
uminescence age i s  equal to about 300 and about 258 ka, 
respectively 6. Lindner, J. Wojtanowicz, 1997b). AE the 
section Odon6w in the Mabpolska Upland, a bottom part of 
this loess is thermoluminescenct dated at264 kaand the upper 
part (subjected to the younger soil processes) - at 229 ka (L. 
Lindner, J. Wojtanowicz, 1997b). In the western part of the 
Volhynian Upland, loesses of this glaciation (OL at Fig. 2) are 
we11 preserved at the section Bojanice, as well as at the section 
Korshov (Figs. 1 and 3). At Bojanict, their lower part is 
thermoluminescence dated at 3 18 and 227 ka, and the upper 
part, subjected to younger soil processes, at 243 and 238 ka. 
At the section Korshov, a similar Ioess of this glaciation is 
dated at about 331 and 304 ka, as well as 259 and 242 ka, 
respectively. 

In the Malopolska Upland, this interglacial is firstly indi- 
cated by a mid-leessy soil compIex, pmervd at the sections 
Tomas26 w and Odor16 w (Fig. 1 $. This complex, developed on 
the lower older loess, is named a soil of the type Tornasz6w 
(J. Jersak, 1973). In the LubIin Upland, it corresponds to a soil 
complex in Ioessy sections, composed of a forest soil and the 
oval ying forest-steppe soil (H. Maruszczak, 199 I). At the 
both mentioned uplands, this complex separates the older 
lower loess from the older upper one. This interglacial is 
indicated alsa by deposition of silts, sands and organic sedi- 
ments as at the sections Polichna [J. Buraczyriski eta!.. 1982) 
and Sosnowica(L. Dolecki era!., 1991). In the northernPofish 
Cnrpathians this interglacial is, according to M. hnczont 
(19951, indicated by the lower palaeosol at the section Pmi- 
kowce (Fig. 2). 

In the western part of the Volhyninn Upland, this intergIa- 
cia1 is expressed by a mid-loessy soiI complex at the sections 
Bojanice and Korshov (Fig. 1). In both these sections this 
complex, named here the Korshov complex (Fig. 21, i s  com- 
posed of 2 palaeosols with superimposed chernozems (Fig. 
3). Basing on the thermoluminescence data, age of this com- 
plex is equal to from about 242-238 to about 212-21 1 ka. 

WARTANIAN GLACIATION (W) 

The Scandinavian ice-sheet occupied during this glaci- 
ation a northwestern part of the described area only (Fig. 1). 
A till of this icesheet is preserved in a zone just close to the 
Middle Vistula valley and its thermolumCnescence age is 
equal to 193-155 ka (M, Zarski, 1990). A remaining part of 
the described area occurred in an extraglacial zone of that time 
- in periglacial environment that favoured deposition of the 
older upper loesses (J. Jersak, 1973; B. Maruszczak, 1976, 
1996). In most loessy sections (Odon6w, Tomaszhw, Niele- 
dew, Kolonia Zadqbce) of the Makpolska and Lublin Up- 
lands, these loesses (WL at Fig. 2) separate a soil complex of 
the Lublinian = Lubavian Interglacial from a younger soil 
complex (type Nietulisko I) of the Eernian Interglacial and 
beginning of the youngex glaciation. Thermoluminescence 
age of these Ioesses is equal to 208-147 ka. 

In the western Volhynian and Podolian Uplands, this 
glaciation corresponds to deposition of a thick loessy cover 
as well as of valley sands and gravels that fill many of buried 
fossil incisions. Fragments of  a loessy cover of this time (WL 
at Fig. 2) m very well preserved at the four main key sections 
in this area (Przemyslov, Bojanice, Korshov, Remenev), and 
the mentioned valley sediments are known from two sections 
(NovovoIynsk, Korshov). At the section FVzernyslov (Fig. I), 
the loesses of this glaciation are underlain by s ti11 of the 
Sanian 2 Glaciation and form a substrate of the younger 
@mian-Vistulian) palawsol (Fig. 3). They are underIain by 
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Pig. 5. Main chronoshatigraphic units of the Quaternmy in Western Europe (after L. Eissmann, f 994 B. Urban, 1995; F. Wiegank. 1982; W. H. Zagwijn, 1989) 
and midemtern Europe (after A. &. Bogucki sr 01.. 1994; L. Lindner. 19916; L. Lindner, J. Wojtmowicz, 1997a; H. Mmszczak, 1996; J.  Nawrocki et ah, 
1996: M. E Veklich, 1979), and attempt of their comelation 
Gkiwne jcdnostki chmnos~graficzne m m o ~ u  Eumpy 7achdniej (wedlug L. Eissrnmna. 1994: 3. U r k ,  1995; F. Wieganka. 1982: W. H. Zagwljna, 
1989Ei Eumpy frodkowo-wschodniej (wedbg A. B. 5oguckie.go i in., 1994; L. Lindnera, 1991 b; L. Lindnera, I. Wojlanowicw, 19970; H. M m x n k a ,  1996; 
J. Nnwmkiego i in., 1996 M. P. Veklicha. 1979) o w  pr6bGI ich korclacji wiekowej 

sandy silts. thermoluminescence dated at about 129 ka at the 
section Remenev (Fig. 11, and also form a substrate of the 
younger, mid-loessy soiI complex (Fig. 3). These loesses 
mantle the older, interglacial soil complex (of the type Kor- 
shov = Tomaszhw) at the sections Bojanice and Korshov (Fig. 
l), and form also a substrate of a younger interglacial soil 
complex (Fig. 3). ThermoIuminescence age of these loesses 
was determined at 212-1 50 ka. 

In the described area (Fig. 13, this interglacial is indicated 
by deposition of organic sediments (among others at Bedlno, 
Slawno, Karczunek), and by fluvial and weathering-soil pro- 
cesses &. Lindner, J. Wojtanowicz, 19970, 6). The best 
examples for the latter are the mid-loessy soil comp1exes of 
the type Nietulisko I (J. Jersak, 1973). They do not indicate 
the Eernian forest soils only but also the EarIy Vistulian 

chemozems at most loessy sections (Fig. 2) of the Malopolska 
and Lublin Uplands (among others Odondw, Sandomierz, 
Tomasz6w, Nieledew, Tyszowce, WoBuczyn, Hnisz6w, 
Ratyczdw, alkiewka), and at the northern margin of the 
Polish Carpathians (among others Pi kulice-Nehrybka, Tar- 
nawce, Orzechowce, Pmlkowce). Thennoluminescence data 
at the sections Qdon6w and Sandomierz (Fig. 1) suggest that 
this interglacial was younger than 149-142 ka and older than 
118-98 ka a. Lindner, J. Wojtanowicz, E997a, b). 

In the western Volhynian and Podolian Uplands, this 
interglacial is very well indicated by a lower part of the soil 
complex of the type Horukhov, a part of which represents an 
illuvinl horizon @) of a forest soil (A. 3. Bogutsky, T. D. 
Morozova, 1981). This soil complex (Fig. 2) is preserved at 
the top of the older upper Ioesses at the sections h m y s l o v ,  
Bojanice, Korshov and Remenev (Figs. 1 and 3) and af sandy 
sediments at the section Korshov (Figs. 1 and 3). Thermol- 
uminescence data from loesses that form a subsme of this 
soil complex at the section Bojanice and from the overlying 
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younger loesses, enable to determine the age of the recorded 
soil-forming processes during the Eemian, between 150 and 
120 ka. 

VISTULIAN GLACIATION (V) 

During this glaciation the whole described area (Fig. 1) 
occurred in an exeaglacial zone - in a periglacial environ- 
ment that favoured lwsy,  slope and valley deposition, inter- 
rupted by short (interstadial) weathering-soil processes (cf. 9. 
E. Mojski, 1965), Loesses of this glaciation (VL at Fig. 2), 
named the younger loesses (1. Jersak, 1973; B. Maruszczak, 
199 1 ), occupy a vast area (Fig. f ). Their therrnol uminescence 
datings at many sections (among others Wachock, Sando- 
mierz, Nieledew, Tyszowce, Wozuczyn) suggest that loessy 
deposition lasted from about 120-1 18 ka to about 15 ka and 
was interrupted during 3-4 interstadial warmings. Develop- 
ment of sfope processes and fluvial activity of that time 
favoured alluvial deposition in the valleys, development of 
supra-inundation terraces of most rivers and in tefingering 
with deluvial deposits, named by W. Pornski (1953) the 
sands of high deposition. Periglacial conditions of this time 
favoured development of frost weathering andof various frost 
structures, preserved mainly at the Ioessy sections (A. Jahn, 
195 I), and corresponding to the main development phase of 
blocky fields in the Holy Cross Mts. (T. Klatka, 1962). 

In the western part of the Volhynian and Podolian Up- 
lands, this glaciation i s  abo  expressed by deposition of several 
loesses, well preserved at key sections of this area (Fig. 1). At 
most of them (Novovalynsk, Pnemyslov, Bejanice, Korshov, 
Rernenev), these loesses at Fig. 2) and the separating 
initial tundra (interstadial?) soiIs have been deformed by 
solifluction (congelifluction) and pseudomorphs of frost wed- 
ges, thus indicating a presence of permafrost in that time. 
Themoluminescence datings of these loesses at the section 
Bojanice suggest their deposition from about 120 ka to about 
22 ka. 

ATTEMPT OF CORRELATION 

Presented geologic, biostratigraphic, palaeopedologic and 
thermolurninescence data for glacial and locssy deposits in 
southeastern Poland and northwestern Uhaine, enabled 
correlation of the main stratigraphical units of the Pleistocene 
i n  this area (Fig. 2). In this part of the paper, an attempt is 
undertaken to correlate them to similar units of the Quaternary 
of Western Europe and of a wider area in mid-eastern Europe 
(Fig. 5). 

According to the Dutch scientists (among others W. H. 
Zagwijn, 19891, the earliest part of the Quaternary in Western 
Europe is composed of two cold stages: PraetigIian and Ebu- 
ronian, represented by the Marderwijk Formation with the 
Fennoscandian material (cf: J. de Jong, G. C. Maarleveld, 
19831, and two warm stages: TigIian and Waalian (Fig. 5). In 
Germany (c j  L. Eissmann. 19941, the equivalents are the 

other two cold stages: Mulde and Wyhra, and two warm 
stages: Wyhra-Mulde and PIeisse-Wyhra (Fig. 5). In mid- 
eastern Europe and particularly in Poland, this part of the 
Quaternary i s  named the pre-Pleistocene or the proto-Pleis- 
mene, and considered for a preglacial part of the Quaternary 
( c +  S .  2. Rbiycki, 1980). In Poland (cf. M. D. Baraniecka, 
1991), it is aIso subdivided into two cold stages: R6ician and 
Otwockian, and two warm stages: Ponuwcian and Celesty- 
novian (Fig. 5). In the Ulcraine (cf. M. F. Veklich, 1979) they 
should correspond to two coolings: Berezan and IIyichevsk, 
and two warmings: Kryzhanov and Shirokino (Fig. 5). 

The PIeistocene itself, comprisin glaciaE after S. 2. 
R6iycki (1980) a glacial part of the Quaternary, starts with 
the first advance of the Scandinavian ice-sheet in the area of 
mid-eastern Europe (cf. L. Lindner, L. Marks, 1994). This 
advance, in Poland (cf. S. Z. Rhtycki, 1961; L. Lindner, 
1988~)  as well as in Belarus (cf: L. N. Voznyachuk, 1985; Y. 
K. Yelovicheva, 1997), is named the Narevian Glaciation 
(Fig. 5). In the Ukraine, it can correspond to the cooling 
Priazovye (cf. M. F. Veklich, 1979). I n  western Europe, this 
glaciation corresponds to the cooling Menapian (cf. W. H. 
Zagwijn, 1989), with distinct supply with Fennoscandian 
material Wnschede Formation) in the Netherlands (d. J. de 
Jeng, G. C. MaarIeveId, 1983; J. Mangerud et d., 1996), and 
the cooling Pleisse (Fig. 51, with favourabIe conditions for 
deposition of the Mahlis Loess JV (cf. L. Eissmann, 1994). 
According to H. Manrszczak (1996), deposition of this loess 
should be rather connected with a younger cooling, correlated 
to "Q stage 18. 

The younger stratigraphic unit is represented by a warm- 
ing, corresponding in Poland to the multi-optimal Podlasian 
Interglacial, a part of which has received a very good palyno- 
logical evidence lately (Augustovian Interglacial) at the sec- 
tion Szczebra near August6w (cf. Z. Janczyk-Kopikowa, 
1996). En Belarus, this stratigraphical position seems to be 
occupied by the Minsk = Korchevo Interglacial (cf. L. N. 
Voznyachuk, 1985; Y. K Yelovicheva, 19971, and in the 
Ukraine (cJ M. F. Veklich, 1979) -by the warming Mafto- 
nosha(?). I n  the Netherlands, this warming should be repre- 
sented by the Bavelian Interglacial, together with the younger 
IntergIaciaI I within the Cromerian Complex (cf. W. H, Zag- 
wijn, 1989). In Germany, this stratigraphic position is occu- 
pied by the earliest warming within the Thuringian Complex 
- favourable for development ofthe Lower Mahlis Palaeosol 
(cf. L. Eissrnann, 1994). 

In Poland, the next stratigraphical units of the Pleistocene 
(Fig. 5) are the three South-Polish Glaciations: Nidanian, 
Sanian 1, Sanian 2 and the separating two interglacials: Malo- 
polanian and Ferdynandovian (cf. L. Lindner, 1991a, 6; L. 
Lindner, L. Marks 199% L. Lindner, J. Wojtanowicz 1996, 
1 9 9 7 ~  b). In the Ukraine, this part of the Pleistocene (cf. M. 
F. Veklich, 1979) is subdivided into two coolings: Sula and 
Tiligul, with the separating Lubny Warming (Fig. 5), and in 
Belarus - three glaciations with two separating interglacial s 
( c f .  I,. N. Voznyachuk, 1985; Y. K. Yelovicheva, 1997). In 
the Netherlands, this part of the Pleistocene is occupied by the 
GIacial A and the Glacial B (Elsterian I) within the Cromerian 
Complex, and the foflowing Elsterian II Glaciation (cf: W. B. 
Zagwijn, 1489). In Germany, the two older coolings are 
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indicated by deposition of the Mahlis Loess IU and 11, the cial, well represented among others by the soil Horokhav, and 
cooling 3 -by deposition of the Mahlis Loess I and two tills the following Vistulian (Weichselian, Valday) Glaciation. 
of the Elsterian 1I Glaciation (Fig. 5). According to H. Ma- These units are so univocally identified that their cotrelation 
ruszczak (1996), the Mahlis Loess III should b~ correlated to is undoubtfu1 in the described area. 
the Sula Horizon in the Ukraine, the Mahlis Loess II - to the 
younger Sanian 1 Glaciation and the Mahlis Loess I - to the 
Sanian 2 Glaciation. 

The following younger stratigraphical units of the Pleis- EWAL REMARKS 
tocene arc represented in Poland by the interglacials: Maze 
ria" and ~ b 6 j  nian, separated by the ~ i v i e c i k    la cia ti on (cf. 
L. Lindner, 1991a). In Belarus, they correspond to the inter- 
glacial~: Alexandriysky and Grodnensky = Smolensky(?), 
with asepmtingpre-Dnieper Cooling (cf: L. N. Voznyachuk, 
1985; Y. K. Yelovicheva, 1997). In the Ukraine, these inter- 
glacial~ should be correIated to development of the soils Sokal 
and Luck (cf. A. 13. Bogutsky etal., I980), whereas deposition 
of the Ioess Ore1 - to a separating cooling (cjf M. F. Veklich, 
1979). In Western Europe, the older of these interglacials is 
described in Germany as the Holsteinian s.s., whereas the 
younger - as the Reinsdorf Interglacial, and a separating 
cooling is the Fuhne cold phase (cf: B. Urban, 1995). In 
France, Praclaux and Landos are the equivalents of these 
interglacials (cf. J. L. de Beaulieu, M. Reille, 1995). 

Still younger stratigraphical units of the Pleistocene are 
indicated in mid-eastern as well as in Western Europe by two 
separate advances of the Scandinavian ice-sheet. In Poland 
they .are represented by two Middle-Polish Glaciations: Odra- 
nian and Wartanian, and by the separating Lubavian = LubIi- 
nian Interglacial Fig.  5). In BeIarus, they cornpond to the 
Dnieper and Sozh Glaciations, and to the separating Shklov 
Interglacial (cJ Y. K. Yelovicheva, 19971, and in the Ukraine 
-to the Dnieper Glaciation and the yaunger one, indicated 
by deposition of the loess Tyasmin and the separating inter- 
glacial, favourabIe for development of a mid-loessy Korshov 
soil (Fig. 5). In Western Europe, a position between the older 
(Saale I = Drenthe) and the younger glaciation (Saalian Zl + 
III = Warthe) is occupied among others by sediments of the 
Rugen Interglacial (cJ A. G. Cepek, 19861, and probably, also 
by sediments of the Schiiningen Interglacial (cJ B. Urban, 
1995). 

The youngest main stratigraphical units of the PIeistocene 
in mid-eastern and Western Europe are the Eemian Intergla- 

Presented materials prove that the Quaternary sequence in 
southeastern Poland and the northwestern Ukraine forms a 
basis to distinguish the main 3 5 climatostratigraphical units 
of the Pleistocene (the glacial Quaternary) in  this area. Ter- 
minology used in Polish publications (among others L. Lind- 
ner, 1988~; L. Lindner, L. Marks, 1994; t. Lindner, J. 
Wojtanowicz, 1996, 1997a, b; M. D. Bmniecka, 1990; 13. 
Siowariska, A. Makowska, 1991; W. Poiaryski eF aL, 1994, 
1995; A. Maruszczak, 1996) was applied. Eight of these units 
are descsi bed as separate glaciations (Narevian, Widanian, 
Sanian 1, Sanian 2 = Wilgian, Liviecian, Odranian, Wartanian 
and Vistulian), and seven -as separate interglacials (Podla- 
sian = Augustovian, Malopolanian, Ferdynandovian, Mazo- 
vian, Zbbjnian, Lublinian, Eemian). 

Analysis of many dozen of key sections and data from 
geological mapping and palaeogeographical analysis, also the 
present opinion of the authors on maximum extents of the 
Scandinavian ice-sheets during the Pleistocene seven glaci- 
ations are presented for the describd area. 

Significant role of loess stratigraphy in making a strati- 
graphical scheme of the glacial Quaternary more accurate is 
indicated, especially to determine rhythmus of the Quaternary 
climatic changes, and particularly a role played by loessy 
sections with several horizons or complexes of palamsols. 

Attempt of correIation of the main cIimatostratigraphica1 
units of the Quaternary in Western and mid-eastern Europe is 
presented. It proves exceptional significance of the area to the 
south of the Baltic Sea as the part of Europe with traces of 
most continental glaciations and their possible correlation 
with the Late and Middle PIeistocene loessy-creating cycles. 
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GLOWNE JEDNOSTKI STRATYGRAFTCZNE PLEJSTOCE~ SE POTSKI I NW UKRAIW OW ICH 
KORELACJA NA OBSZARZE ZACBODMEJ I SIODKOWO-WSCHODNEJ EWROPY 

S t r e s z c z e n i e  

Na podstawie and iy  42 reperowych profil6w osad6w l o d o w ~ y c h ,  
jeziornych, mcznych, jaskiniowych i 1cssowycb, z zachowanymi w nich 
glebami kopalnymi (fig.l), dokonmochnrakterystyki i koretacji 15gl6wnych 
jednostek podzialu stmtygrafimncgo plejstocenu SE Polski i NW M i n y .  
Osiem jednostek reprezentuje o d ~ b n e  dodowacenia @ m i ,  nidy, snnu 1, 
sanu 2 = wilgi. liwca, odry, warty i wisly), siedem -ad~bne interglacjdy 
(podlaski = augustowski, malopolski, ferdynmdowski. mazowiecki. zb5jno- 
wski. lubawski = lubelski I eemski). Pozaostatnimzlodowaceniem Iqdolody 
skandynrtwskiew~y~naopisywmy obsmpozostawiaj~cosady i formy 
m f b y  wyznacznjqce icb maksyrnalne zaiegi (fig.l), . 

Prexntownne opraaownnie SciSCe nawiwuje zar6wno do wcdniejsmj 
koretacji osaddw lodowmwych I less6w o m  osnd6w jeziomych i gleb 
kopalnych na obsutrze wyiyn poludniowopolskich(por. L. Lindncr, J. Woj- 
tanowicz. 1997h), jak te2 do pnc dotycqcych korelacji stratygraficznej 
less6w polskich i ukmiiskich (por. A. B. Bogucki i in.. 1995; H. Mmszcmk, 

1996; J. Nawrocki iin., 1996). Dzjeki tym pracom i uzyshym materidom 
pmdstnwiono nowa pr6k kmlncji wiekowej 05ad6w czwartorqdowych 
zachownnych w p f i l a c h  slratygraficznych w Kotlinie Sandomierskiej, na 
Nhocnym przedpotu Karpat oraz Wytynie Wolyhskiej i Podolskicj (fig. 3 i 
4). Z uzyskanych tq drom dwych widat jak wain9 role naleiy pnypisad 
stratygrafii lessowo-glebowej pmy uSciSlanlu schematu stralygnficznego 
czwarto~flu (fig. 2). 

CdoSC zebmych matwiddw poawoliia na pdjgcie pr6by korelacji 
gI6wnych jednostek podziatu strotygraficznego czwartarqdu zachodniej i 
Srodkowc-wschodniej Europy (fig, 5). Komlacja ta  dowdzi wyjqlkowego 
znaacnio SB Polski i NW U h i n y  jako obszaru, gdzie zachwaly siq Slady 
pobytu I~dolodbw skandynawskich w c m i e  7 kolejnych zlodowaced [od 
narwi do warty) oraz gdzie istnieje najlcpsm rnoiliw& korelocji tych 
zlodowaceri z lessami akurnulowanymi zar6wno w strefach brzeznych zlo- 
dowacefi, jak tet w warunkach ekstraglacjalnych. 


