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Aurelia MAKOWSKA 

Stratigraphy of the Younger Pleistocene 
in the Dolne PowiSle and the Elblqg Eleyation 

based on mapping and boreholes 

Mapping canied through in the Dolne PowiSle and itsvicinity during the last 20 years resulted in preparation 
of sheets of the Geological map of Poland, scale 1:200 000 and of 26 sheets of the Detailed geological map 
of Poland scale 1:50 000. These maps were completed with 60 boreholes that reached the Quaternary 
substrate. The whole work enabled to present stratigraphy of the Younger Pleistocene sediments. Well 
developed and widespred sediments of the Eemian Interglacial were distinguished, overlain with post-Ee- 
mian complex of terrestrial and marine sediments of the Torud and Vistula glaciations, separated with 
deposits of the Krastudy Interglacial. 

INTRODUCTION 

During the last twenty years the Dolne PowiSle was mapped by the staff of the State 
Geological Institute. These works have been done at first in the Institute itself, but 
then in cooperation or through coordination of works of the Geological Enterprise 
from Warsaw and its representative from Gdadsk. The first phase of these works, 
including mapping of the Vistula Valley with larger or smaller fragments of embracing 
plateaux, has been finished lately what enables preliminary recapitulation of results. 

* This report was presented on September 2, 1991, in Sopot at the conference ,,Last Glaciation in the 
Dolne PowiSle and eastern seaside of Poland", organized by the Committee for Quaternary Research and 
the Committee for Sea Research, Polish Academy of Sciences. But a lecture, field exposures at Kadyny, 
Pr6chnik, Gniewskie Mlyny, Gniew and borehole core Pag6rki (with W. Rabek) were presented. 
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Fig. 1. Location of mapping works in Dolne PowiSle and neighbouring areas (realized by the present 
authoress and the authors from Geological Enterprise from Warsaw and GdaAsk) 
a. Geological map of Poland in scale 1:200 000, sheets: I - Grudziqdz (A. Makowska, 1972,197%), I1 - 
Ilawa (A. Makowska, 1976,1980a), 111 - Elblqg (A. Makowska, 1977a,1979a) 
b. Detailed geological map ofPoland in scale 150 000 (coordination by A. Makowslta, 1977-1991), sheets: 
1 - Krynica Morska (A. Makowska, 1987b, 1991b), 2- Frombork (W. Rabek, in press b), 3 - Braniewo 
(W. Rabek, in press c), 4 - Elblqg P6tnoc (A. Makowska, 1987a, 1991a), 5 - Miynary (W. Rabek, in 
preparation), 6-Elblqg Pdudnie (A. Makowska, in preparation), 7-Starogard GdaAski (W. Rabek, 1984, 
1987), 8 - Gniew (K. Wrotek, 1983, 1986a), 9 - Sztum (W. Rabek, 1986, in press a), 10 - Sk6rcz ( H .  
Listkow.~ka, 1982, 1985), 11 - Kwidzyn (M. Kozlowska, I. Kozlowski, 1981, 1985a), 12 - Nowe (H. 
Listbwska, 1980, 1981), 13 - Gardeja (I. Koztowslci, I<. Wrotek, 1980, 1981), 14 - Chelmno ( N .  
Rutrymowicz, 1980, 1981), 15 - Grudziqdz-Rudnik (S. Maksiak, 1981, 1983), 16 - Grudziqdz (M.' 
Uniejewska, 1980; M. Uniejewska, M. Nosek, 1982), 17 - Koronowo (H. Listkowska, 1985,1988), 18 - 
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MAPPING 

The mapping comprised at first preparation of the Geological nzap of Poland, scale 
1:200 000 and then, after it had been already finished, of the Detailed geological map 
of Poland, scale 1 5 0  000. Further in this paper, these maps are named shortly the 
general and the detailed maps respectively. 

Geological maps in scale of 1:200 000 cover the sheets Grudziqdz, Ilawa and Elblqg. 
Their total area is equal about 12 000 km2. The works were done in 1969-1977 by A. 
Makowska, in the final phase with partial cooperation with the Geological Enterprise 
from Warsaw (A. Makowska, 1972,1973a, 1976,1977a, 1979a, 1980~). After the maps 
in scale of 1:200 000 had been finished, preparation of the Detailed geological map of 
Poland in scale of 1 5 0  000 was undertaken. It comprised firstly the Lower Vistula 
Valley, fragments of surrounding morainic elevations Eastern Vistula Delta and 
Western Elblqg Elevation. Then other areas were mapped: Kujawy in the south, 
Eastern Elblqg Elevation and Warmia Lowland in the north. In these works staff of 
the Geological Enterprise from Warsaw and Gdadsk also participated. The whole 
work was coordinated by A. Makowska (Fig. 1). 

Tbenty six sheets of the Detailed geological nzap of Poland in scale of 1 5 0  000 have 
been prepared until 1990 for the Dolne PowiSle, Kujawy, Elblqg Elevation and 

h q d o w o  (M. Kozlowska, I. Kozlowski, 1985b, 1990), 19 - Unistaw (M. Kozlowska, I. Kozlowski, 1986, in 
press a), 20 - Bydgoszcz Zach6d (N. Butrymowicz, in preparation), 21 - Bydgoszcz Wsch6d (M. 
Kozlowska, I. Koztowski, in press b), 22 - Rzqczkowo (K. Wrotek, 1986b, 1990), 23 - Labiszyn (M. 
Uniejewska, M. Nosek, 1988, in press a), 24 - Zlotniki Kujawskie (K Wrotek, in press), 25 - Gqsawa (M. 
Uniejewska, M. Nosek, 1989, in press b), 26 - PakoSC (H. Listkowska, in press) 
c. Documentary boreholes to the Geological map of Poland in scale 1:200 000 and to Detailed geological 
map ofPolartd in scale 1 5 0  000 
Skorowidz prac kartograficznych na Dolnym PowiSlu i w obszarach sqsiednich (wykonywanych przez autorkq 
artykulu i autor6w z Przedsiqbiorstwa Geologicznego z Warszawy i Gdadska) 
a. Mapa geologiczna Polski w skali 1:200 000, arkusze: I - Grudziqdz (A. Makowska, 1972, 1973a), I1 - 
Ilawa (A. Makowska, 1976,1980a), 111 - Elblqg (A. Makowska, 1977a, 1979a) 
b. Szczeghrowa mapa geologicma Polski w skali 1 5 0  000 (koordynacja prac A. Makowska, 1977-1991), 
arkusze: 1 - Krynica Morska (A. Makowska, 1987b,1991b), 2 - Frombork (W. Rabek, w druku b); 3 - 
Braniewo (W. Rabek,wdrukuc), 4-EIblqg P6tnoc (A. Makowska, 1987a, 1991a). 5 -Mlynary (W. Rabek, 
w opracowaniu), 6 - Elblqg Pofudnie (A. Makowska, w opracowaniu), 7- Starogard Gdafiski (W. Rabek, 
1984,1987), 8 - Gniew (K. Wrotek, 1983,1986a), 9 - Sztum (W. Rabek, 1986, w druku a ), 10 - Sk6rcz 
(H. Listkowska, 1982,1985), 11 - Kwidzyn (M. Koztowska, I. Kozlowski, 1981,1985a), 12 - Nowe (H. 
Listkowska, 1980, 1981), 13  - Gardeja (I. ICozlowski, K. Wrotek, 1980, 1981), 14 - Chelmno (N. 
Butrymowicz, 1980. 1981), 15 - Grudziqdz-Rudnik (S. Maksiak, 1981, 1983), 16 - Grudziqdz (M. 
Uniejewska, 1980; M. Uniejewska, M. Nosek, 1982), 17 - Koronowo (H. Listkowska, 1985,1988), 18  - 
Zdqdowo (M. Koztowska, I. Koztowski, 1985b,1990), 19 - Unidaw (M. Kozlowska, I. Kozlowski, 1986, w 
druku a), 20 - Bydgoszcz Zach6d (N. Butrymowicz, w pxzygotowaniu), 21 - Bydgoszcz Wsch6d (M. 
Kozlowska, I. ICozlowski, w druku b), 22 - Rzgzkowo (K. Wrotek, 19866, 1990), 23 - hbiszyn (M. 
Uniejewska, M. Nosek, 1988, w druku a),  24 - Zlotniki Kujawskie (K. Wrotek, w druku), 25 - Gqsawa (M. 
Uniejewska, M. Nosek, 1989, w druku b), 26 - PakoSC (H. Listkowska, w druku). 
c. Dokumentacyjne otwory wiertnicze dla Mapy geologicmej Polski w skali 1:200 000 i Szczeg6rowej mapy 
geologicmej Polski w skali 1:50 000 
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Warmia Lowland. Among them, 18 sheets were already published, the others are in 
print or are prepared to print. 

During mapping for needs of general and detailed maps in the study area, documen- 
tary full-cored boreholes were done. Almost all of them went through the whole 
Quaternary complex and reached its substrate. These boreholes were of principal 
significance for Quaternary and for Tertiary or Cretaceous sediments that directly 
underlie the Quaternary sequence. In most cases they record a new geological and 
stratigraphical setting. Among others the boreholes Bqgart, Mniszek, Nowiny, Kras- 
tudy and lately Pqklewo and Pag6rki are to be mentioned (A. Makowska, 1970,19773, 
1986a, b, 1991c; A. Makowska, W. Rabek, 1990). 

In the studied area 60 boreholes were done (Fig. I), among which 24 were 
elaborated by the authoress during documentation works fol general and detailed 
maps. The other ones were described by the Geological Enterprise during realization 
of detailed maps. Chosen fragments of boreholes were subjected to laboratory ana- 
lyses, namely petrographical, lithological, palaeobotanical and micropalaeobotanical 
ones, in agreement with the Insmkcja ... (1977). These worlrs were done in varying 
scope, dependent on technical, organization and financial possibilities. They were 
carried through by a staff team from the State Geological Institute and the Geological 
Enterprise from Warsaw and Gdansk. In single sites radiocarbon and thermolumines- 
cence datings were also done. 

Numerous geological sections formed an important element in preperation of 
maps. These sections put together and analyzed archival borehole data. Already during 
preparation of the general maps, the studied area was dissected with about 200 
geological sections that comprised about 6000 archival boreholes. Analysis of these 
boreholes on the basis of the authoress's own documentary boreholes, enabled to 
present the first stratigraphical schemes of the Quaternary in the studied area. These 
schemes were to considerable degree correct until the end of mapping works, although 
they were gradually verifield and could be more detailed when hundreds of new 
boreholes and tens of sections prepared during realization of detailed maps were 
reconsidered. 

PUBLICATIONS PUBLISHED IN PARALLEL WITH FIELD MAPPING 

The mapping was accompanied by separateworks that dealt with different Quater- 
nary subjects. Some of them played a principal cognitive role and considerably 
influenced picture of geological structure and stratigraphy of Quaternary sediments 
presented on geological maps. They were published during preparation of maps (A. 
Makowska, 1970,19733,19773,1979b, 1980b, 1982,1986a, b, 1990,1991~; A. Makow- 
ska, W. Rabek, 1990; B.J. Nowak, W. Rabek, 1987). The most important is the paper 
on ihe Eemian Interglacial in the Dolne PowiSle (A. Makowska, 1979b), initiated 
already before preparation of the general maps. It has been continued together with 
preparation of the sheet Grudziqdz of the Geological map of Poland, and its results 
were for the first time presented on this map (A. Makowska, 1972, 1973~).  Eemian 
sediments documented in this paper formed a key stratigraphical horizon in the Dolne 
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PowiSle. It separated sediments of the older Pleistocene from the younger - post-Ee- 
mian series. This principal subdivision of the Pleistocene is now visible on general and 
detailed geological maps. 

All geological works carried through in the studied area by other research teams 
have been taken into account during preparation of maps (a.0. E. Drozdowski, 1974, 
1979,1980,1986; E. Drozdowski, K. Tobolski, 1972; A. Olszewski, 1974). 

STRATIGRAPHICAL TERM.INOLOGY ON MAPS AND IN PUBLICATIONS 
O F  THE LAST YEARS 

Stratigraphical terminology on general and detailed maps has been in every case 
adapted to the applied instruction, obligatory in the territory of the whole country. 
Stratigraphical names took into account opinions on subdivision of the Quaternary, 
accepted in Polish bibliography at the time when the instruction were published. The 
instruction to the Geological map of Poland scale 1:200 000, was published in 1973. 
Stratigraphical subdivision of the Quaternary, proposed in this instruction, was obli- 
gatory for all the maps in this scale until the last map of this series was prepared. The 
instruction to theDetailedgeologicalnzap ofPoland was published in 1977. Subdivision 
of the Young Pleistocene and the whole Quaternary was more detailed in this 
instruction, although similar to the one used on maps in scale of 1:200 000. It was 
obligatory until 1991 when the instruction was amended: a.0. with new stratigraphical 
subdivision of the Quaternary (M.D. Baraniecka, 1990) that is to be used in the next 
years (Insmkcja ..., 1991). 

The whole Polish, stabile stratigraphical subdivision of the Quaternary in both 
instructions has not corresponded obviously many a time with local subdivisions, 

ion was occasionally considerably reworked as the studies progressed. Such situat' 
common in case of the Dolne PowiSle. For this reason after proper setting of Eemian 
sediments was fixed, only a general lithostratigraphical subdivision on maps was 
possible. On the other hand, stratigraphical terminology based on the instructions is 
already out-of-date. Correlation of this terminology with the one in last publications 
of the authoress is therefore presented (Table 1). 

PRINCIPLES O F  STRATIGRAPHIC SUBDIVISION O F  THE YOUNGER 
PLEISTOCENE SEDIMENTS 

It is to be underlined that stratigraphical subdivision of the Pleistocene in the 
Dolne PowiSle and the Elblqg Elevation is concordant and uniform on all the maps. 
Simplified stratigraphical scheme of the Younger Pleistocene, supplemented with 
results of last investigations is presented (Fig. 2; A. Makowska, 1986a). 

Subdivision of the Pleistocene is based on a key horizon, represented by sediments 
of the Eemian Interglacial. They spread in vast area from the Torun Basin to the 
Vistula Bay (Fig. 3) and separate sediments of the Older Pleistocene from younger i.e. 
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Correlation of stratygraphic terminology 
Powiile and the Elblqg Elevation based 

post-Eemian deposits. The latter have been previously correlated with the Vistula 
Glaciation but at  present - with two glaciations, separated with an interglacial 
(Table 1). Location and occurrence of Eernian deposits was examined at the turn oP 
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T a b l e  1 
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this map ( A  Makowska, 1972,1973a, Fig. 3). The Eemian sediments studied recently 
are in lower hypsometrical and stratigraphical, or at least stratigraphical setting if 
related to their position presented in earlier publications (R. Galon, 1934; B. Halicki, 
1951; Z. Kotafiski, 1956). In this way the lowermost till bed (locally underlain with 
an extra till) was added to the post-Eemian complex. This till has been considered 
previously to be of the Middle Polish Glaciation age ( A  Makowska, 1977b). 

Subdivision of the post-Eemian complex is based firstly on lithdstratigraphy. This 
complex is very thick in the Dolne PowiSle (locally over 100 m), much more than in 
other parts of Poland. It comprises five tills, separated with four intermorainic series 
(Fig. 2). Tills were determined by the authoress with symbols BI-V (A. Makowska, 
19736, Table 1). They occupy varying areas in the Dolne PowiSle. Two middle tills 
(BIII and BIV) are known from the whole area. The third till (BII) fills mainly the 
post-Eemian depressions and spreads in northeastern and central part of the area, 
reaching the Toruii Basin in the south (Fig. 3). The other tills: the lowest BI and the 
uppermost BV, form individual beds only in the northern part of the region. Tills are 
separated with intermorainic series of varying thickness and lithology. They are not 
the same in the Dolne PowiSle and in the Elblqg Elevation. In the latter area they are 
glaciotectonicly deformed. Intermorainic series developed during different ice-free 
phases, comprise periglacial and extraglacial, but also interstadial or even interglacial 
sediments. They are composed exclusively of terrestrial sediments in the south and 
they contain marine sediments in the north. Two series that separate the three middle 
tills i.e. the lower between the tills BII and BIII, and the upper between the tills BIII 
and BIV, are of primary significance. They were named the formations: the lower one 
-the Gniew Formation in the Dolne PowiSle and the Kadyny Formation in the Elblqg 
Elevation, the upper - the Grudziqdz Formation and the Qcze  Formation respec- 
tively (Fig. 2). The lowest and the uppermost intermorainic series that separate the 
tills BI and BII, BIV and BV, are of secondary significance and occur only locally in 
the north. The lowest intermorainic series is known as the from Knibawa Beds and as 
the Suchacz Formation. The uppermost series, being discontinuous, has not been well 
recognized yet. 

The described general lithostratigraphical subdivision was for needs of detailed 
maps in many places documented with lithological-sedimentological analyses, and in 
single cases - with radiocarbon and thermoluminescence datings. Number of the 
latter is however insufficient and should be in f u m e  considerably extented in mapping 
works. 

Fig. 2. Chronostratigraphy of marine and glacial horizons of the Younger Pleistocene in Dolne PowiSle 
1 - marine horizons; 2 - tills; 3 - TL datings of marine and lake sediments; EI, EII, EIIIa,b - valley 
series; horizon of tills: BI, BII - Torud Glaciation, BIII, BIV, BV - Vistula Glaciation; a - Knibawa 
Inteiphase, b - Knibawa Beds, c - Suchacz Formation 
Chronostratygrafia poziom6w morskich i glacjalnych mtodszego plejstocenu na Dolnym PowiSlu 
1 - poziomy morskie; 2 - poziomy glin zwatowych; 3 - datowania osad6w morskich i jeziornych metodq 
TL; EI, EII, EIIIa,b - serie dolinne; poziomy glin zwatowych: BI, BII - zlodowacenia torudskiego, BIII, 
BIV, BV - zlodowacenia Wisly; a - interfaza Knibawy, b -warstwy z Knibawy, c - formacja z Suchacza 
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Fig. 3. Extents of Pleistocene seas, till of the Torufi Glaciation and river valleys of the Eemian Interglacial 
in Dolne PowiSle 
1 -Vistula valley and delta; 2- lakes; 3- rivers; 4- fluvial valleys of the Eemian Interglacial; 5 -extent 
oE till of the Torud Glaciation (BII); extents of Pleistocene seas: 6 - Sztum, 7 - Tychnowy; presumable 
extets of the seas: 8 - Elblqg, 9 - Krastudy 
Zasiqgi m6rz plejstocefiskich, gliny zwatowej zlodowacenia torudskiego oraz dolin rzecznych interglacjah 
eemskiego na Dolnym PowiSlu 
1 - dolina i delta Wisly; 2 - jeziora; 3 - rzeki; 4 - doliny rzeczne interglacjah eemskiego; 5 - zasiqg 
gliny zwalowej zlodowacenia tomdskiego (BII); zasiqgi m6rz plejstocefiskich: 6 - sztumskiego, 7 - 
tychnowskiego; pnypuszczalne zasiqgi m6rz: 8 - elblqskiego, 9 - krastudzkiego 
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The post-Eemian sediments have been primarily entirely included into the Vistula 
Glaciation (Vistulian, North-Polish Glaciation; Table 1; A. Makowska, 1980b). Bas- 
ing on studies of marine sediments in the northern part of the area, their age has been 
ascribed to two glaciations (Table 1; A. Makowska, 1986b). These two glaciations were 
separated with an interglacial, during which the Dolne PowiSle was subjected to several 
sea transgressions. In the Younger Pleistocene four main intervals were therefore 
distinguished: the Eemian Interglacial, the Torun Glaciation, the Krastudy Intergla- 
cial and the Vistula Glaciation (Fig. 2). 

A boundary between the Eemian Interglacial and the Torud Glaciation is defined 
by palynological analyses (Z. Janczyk-Kopikowa, 1991; A. Makowska, 1991c) but 
boundaries between other units are based on lithology. 

STRATIGRAPHY O F  THE YOUNGER PLEISTOCENE SEDIMENTS 
O N  GEOLOGICAL MAPS AND SECTIONS O F  DOCUMENTARY 

BOREHOLES 

EEMIAN INTERGLACIAL 

A series with the Eemian Interglacial sediments was named the Lower Vistula 
Formation (A. Makowska, 1986b). It spreads from south northwards, from the Torud 
Basin to the Vistula Bay (Fig. 3), what is proved on the all geological maps, either in 
scale of 1:200 000 or 1 5 0  000. Sediments of this formation occur beneath a bottom of 
the Vistula Valley and almost do not outcrop in any place. For this reason they are 
indicated mainly in geological (see Figs 4-7) or synthetical sections enclosed to the 
maps. The Lower Vistula Formation is from about 30 m thick in the south (terrestrial 
sediments) to about 157 m in the north (terrestrial and marine sediments). Terrestrial 
sediments mainly fill a valley pattern from Solec Kujawski to Kwidzyn. To the north 
of the latter they separate and cover marine beds. Three main series were distinguished 
in river valleys (A. Makowska, 1977b, 1979b): lower (EI), middle (EII) and upper 
(EIII), composed of fluvial channel and overflood deposits, lake and ice-dam deposits 
that cap valley deposition. In the north there are two horizons of marine sediments, 
Sztum and Vchnowy ones, separated and covered with fluvial and fluvial-deltaic 
sediments. Expertises and pollen analyses (Z. Janczyk-Kopikowa, 1970,1976,1991) 
indicate that the middle valley series and the Tychnowy marine horizon form an 
interglacial series sensu strict@. Three pollen diagrams i.e. Mniszek (E. Drozdowski, 
K Tobolski, 1972), Nowiny and Pagbrki, were elaborated for the Lower Vistula region 
and the Elblqg Elevation. The most significant role is played by the diagram from 
Pagdrki that recorded a.0. the upper palynological boundary of the Eemian Intergla- 
cial and the first distinct post-optimal warming (named the Pagbrki warming), corre- 
lated by Z. Janczyk-Kopikowa (1991) with the Arnersfoort-Brorup Interstadial. 

The upper part of the interglacial is defined in top of lake sediments, deposited 
after retreat of the Qchnowy sea. This boundary forms in the same time the lower 
limit of the Torud Glaciation and the Amersfoort-Brorup Interstadial belongs already 
to this glaciation. This interstadial has been already earlier suggested as the so-called 
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Mniszek Warming, in a single sample from Mniszek (E. Drozdowski, K. Tobolski, 
1972) and in many other sections due to bipartity of organic sediments (A. Makowska, 
1979b). Now, for the first time its full palynological documentation is known, what 
gives to the diagram from Pagdrki and to the whole section the significant documen- 
tary role, not only for the Dolne PowiSle (A. Makowska, 1991~). 

Beginning of this glaciation is indicated by deposition of fluvial sediments in top 
of the 2nd valley series in the terrestrial zone, and by filling a depression left by the 
Qchnowy Sea and remaining lakes in the marine zone. D u r i ~ g  tire Pag6rki Warming, 
a short renewal of lake reservoirs is noted in the whole area; afterwards they are 
gradually overgrown with vegetation. 

Greater cooling is indicated by deposition of the 3rd valley series in fluvial valleys 
and of deltaic fans in area of ancient interglacial seas. As a glacier comes closer, runoff 
is dammed and deposition of ice-dam sediments in valleys occurs. Such phenomena 
indicated the first glaciation episode, named the Malbork Phase (A. Makowska, 
1979b). The largest depression left by the Eemian seas in the present Vistula Delta 
and not filled with deltaic deposits, was flooded with water, into which the first ice 
sheet advanced. After ice sheet retreated, the depression was shortly occupied by a 
cool sea, sediments of which were examined at Suchacz (sheet Elblqg P6lnoc, Fig. 2). 

During the next phase, the ice sheet occupied almost the whole Dolne PowiSle and 
advanced as far as the Torud Basin. This episode is indicated by the Torun till (BII), 

'present in northern and central part of the area, spreading along the ancient Eemian 
valleys to Torun. The till is marked on all general and detailed geological maps, as well 
as on enclosed geological sections (Figs 4-4). On land surface this till is exposed only 
in single sites along the Vistula Valley and near Elblqg, but it occurs generally beneath 
a bottom of the Vistula. On the other hand, is was noted in most documentary 
boreholes along the Vistula Valley and its vicinity. The western till limit was quite 
precisely defined on geological maps. It runs along and not far from the Vistula Valley 
(Fig. 3). Also the eastern limit is not far from the Vistula Valley. Extent of the till 
proves that ice sheet advance during the Torud Glaciation in the Dolne PowiSle was 
strictly dependent on the post-Eemian depressions. 

It should be explained and underlain on this occasion that the Torun Glaciation 
cannot be correlated with the so-called Kaszuby Stadial, set according to opinion J.E. 
Mojski (1985, 1991) between the Eemian Interglacial and the K'onin Interstadial- 
correlated to the Brorup. Studies of pollen in the section Pag6rki (Z. Janczyk-Kopi- 
kowa, 1991) indicated absence of reasonable evidence to distinguish this stadial (as a 
glacial stadial with till) in Poland (A. Makowska, 1991~). 

Till of the Torun Glaciation (till BII) cannot be either correlated to the so-called 
third glacial horizon, distinguished by E. Drozdowski. His last publications proved (E. 
Drozdowski, 1986,1988) that the third horizon is to be connected with the his second 
glacial horizon, and with till of the horizon BIII in a stratigraphical scheme of the 
authoress (Fig. 2). 
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ICRASTUDY INTERGLACIAL 

Sediments of the Krastudy Interglacial occur within the lower intramorainic 
formation (located between tills BII and BIII), named the Gniew Formation in the 
Dolne PowiSle and the Kadyny Formation in the Elblqg Elevation (Table 1, Fig. 2; A. 
Makowska, 1986b). 

This formation contains terrestrial and marine sediments, similarly as the Eemian 
(Lower Vistulian) Formation. Marine sediments occur in the northern part of the 
area. The Gniew-Kadyny Formation seems to be equally well, although differently 
developed as the Lower Vistulian Formation. It has the same or  locally greather 
thickness of about 60 m in the south to 139 m in the north, where it is however 
glaciodislocated. 

The Gniew-Kadyny Formation contains, but interglacial series, also sediments of 
decline of the Toruni Glaciation and beginning of the Vistula Glaciation. Sediments 
from a final part of Torud Glaciation are composed of silty-dayey ice-dam series in 
the terrestrial zone and of silts and clays in the marine zone. The latter were deposited 
in the Baltic Basin and are mainly the red clays, interbedded in varying proportions 
with grey clays or silts. These clays are typical for the Elblqg Elevation and have been 
known to many authors from exposures. They are indicated in more important 
localities on the sheet Elblqg P6Inoc of the detailed map. Red clays are overlain with 
the marine Elblqg Clays, known also as the Yoldia Clays. They form the most 
significant marine horizon in the northern part of the area, studied for more than a 
hundred years in cliff exposures of the Vistula Bay. Many new outcrops of these 
sediments are presented on the sheet Elblqg P6lnoc. The Elblqg Clays pass upwards 
into lake clays and silts, deposited in freshwater lakes formed due to regression of the 
Elblqg Sea. This episode was presumably connected with climatic warming. In the 
Gniew Formation on the Lower Vistula, ice-dam sediments are overlain with marins 
series that contains thermophilous marine fauna, known from the borehole Iirastudy 
(A. Makowska, 1986b; B. Nowak, W. Rabek, 1987; W. Rabelr, 1986). These sediments 
are presumably younger than the Elblqg series and were deposited during the climatic 
optimum (Fig. 2). The locality at IOastudy gave the name to the Qastudy Interglacial. 
In the Kadyny Formation there are, but the Elblqg Clays, also other younger marine 
beds defined as marine members from Prdchnik I and Kamionek Wielki. Their 
outcrops are indicated on the sheet Elblqg P6lnoc of the detailed map. Beside the 
marine series in this area, there are also numerous beds and sites with lake sediments 
that are younger than the Elblqg Clays. They prove the Kadyny Formation to be to a 
considerable degree formed within or at border of the Baltic Basin, bottom s f  which 
occasionally emerged and was subjected to terrestrial processes. 

Studies of the Kadyny Formation has not been finished yet and can result in future 
in numerous information on evolution of a pre-Baltic sea during the Krastudy Inter- 
glacial. The Gniew Formation on the Lower Vistula is overlain by a thicksandy series, 
capped locally with ice-dam sediments. The sandy series contains sediments of varying 
origin, partly ice-dam - connected with lower part of the series composed of varved 
clays and silts, and partly glaciofluvial and fluvial - deposited during climatic opti- 
mum. Sediments of this formation are exposed at plateau edges to  the east and west 
of the Vistula Valley. They are indicated on all general and detailed maps, from the 



Fig. 4. Fragment of geological section to the sheet Grudziqdz of the Geologicnlmap ofPoland in scale 1:200 000 (A. Makowsh, 1972) 
1 - peats; 2 -silts; 3 - clays; 4 -red clays; 5 - varved clays and silts; 6 -clays, silts and sands; 7 - sands; 8 -sands with gravel interbeds; 9 -sands and 
gravels; 10 -sands, gravels and boulders; 11 -marine sediments; 12 - tills of the post-Eemian Pleistocene, 13 -tills of the pre-Eemian Pleistocene; 14 - 
Tertiary sediments; 15 - Cretaceous roclts; boreholes: 16 -documentary to geological maps, 17 - archival; Cr - Cretaceous; Tr - Tertiary; K - Cromer 
Interglacial; P - South Polish Glaciation; M - Mazovian Interglacial; S - Middle Polish Glaciation; E - Eemian Interglacial; BI-V tills of the post-Eemian 
Pleistocene; H - Holocene 
Fragment pxzekroju geologicznego do arkusza Gmdziqdz Mapy geologicmej Polski w skali 1:2W 000 (A. Makowska, 1972) 
1 - torfy; 2 - muiki; 3 - ily; 4 - ily czenvone; 5 - i+y i mulki wanvowe; 6 - ily, rnuiki i piaski; 7 - piaski; 8 - piaski z przewarstwieniami iwir6w; 9 - piaski 
i wiry; 10 - piaski, iwiry i glazy; 11 - osady morskie; 12 - gliny zwaiowe plejstocenu poeemskiego; 13 - gliny zwaiowe plejstocenu starszego od eemu; 14 - 
osady tneciorzqdowe; 15 - osady kredy; otwory wiertnicze: 16 - dokumentacyjne dla map geologicznych, 17 - archiwalne; Cr - kreda; Tr - trzeciorzqd; K 
- interglacjai bromerski; P - zlodowacenie pdudniowopolskie; M - interglacjal mazowiecki; S - zlodowacenie Srodkowopolskie; E - interglacjai eemski; BI 
- BV - poziomy glin zwaiowych mlodszego plejstocenu (poeemskie); H - holocen 
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Torun Basin to the Nogat River. They form outcrops along the Vistula as wet1 as its 
right and left tributaries, and are marked in geological sections enclosed to the maps 
(Figs 4-7). Sandy series that overlies the lower vaned clays and silts on a map in scale 
of 1:200 000, has not been geneticly defined, but generally considered as glaciofluvial 
sediments, age of which was connected with age of the overlying till. On detailed maps 
a complex origin of this series was usually presented and it was referred to an 
interstadial. 

VISTULA GLACIATION 

Ice sheet of the Vistula Glaciation occupied twice the described area, advancing 
considerably further to the south and then retreating every time completely to the 
north beyond the area. Advance and retreat intervals of each ice sheet were defined 
as ~wiec ie  and Leszno-Pomeranian stadials (Fig. 2, Table 1). Between the first and the 
second stadials the area was ice-free but no favourable conditions for landscape 
processes and deposition of sediments existed, as during the directly preceding Kras- 
tudy and Eemian interglacials. This fact is expressed by relatively thin and poor 
intramorainic sediments of the Grudziqdz Formation on the Lower Vistula. Sedi- 
ments of this formation are absent in many places, whereas tills overlie directly one 
another what is well visible in many geological sections enclosed to general and 
detailed maps, particulary in southern part of the area (Fig. 5). Similarly insignificant 
separation of these tills is also visible in the Elblqg Elevation (Fig. 7), although the 
intramorainic formation (Qcze Formation) is slightly fuller and differently developed 

Fig. 5. Geological section to the sheet Rzgzkowo of the Detailed geological map of Poland, scale 1:50 000 
(after K. Wrotek, 1986b) 
Explanations - see Fig. 4 

Przekr6j geologiczny do arkusza Rzeczkowo Szczegbfow~ej mapy geologicnej Polski 1:50 000 (wedtug K. 
Wrotka, 1986b) 
ObjaSnienia jak na na fig. 4 
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than the Grudziqdz Formation. In contains a.0. organic and marine sediments. Such 
sediments were found for the first time in the Elblqg Elevation, therefore the name 
Q c z e  Interstadial was applied primarily for this interval (A. Makowska, 1986b). There 
are also premisses that suggest subdivision of this interval into more interstadials. For 
this reason, it seems reasonable to come back to the earlier name of the Grudziqdz 
Interstadial (E. Drozdowski, 1980), being the superior name - eventually with the 
name of the Q c z e  Interstadial in brackets (Table 1). In such case, there is still a 
possibility to introduce other names for new interstadials during this interval. 

This interval is most distinctly indicated by the till BIII (Fig. 2, Table 1). It occurs 
in the whole studied area, except deeper river valleys, and outsteps southwards -at 
least as far as Inowroclaw and Mogilno (M. Uniejewska, M. Nosek, 1989; H. Listkow- 
ska, in press). To the south of Mogilno this till is usually absent. 

A till is composed of various facies, studied by A. Olszewski (1974) along the 
Vistula Valley a.0. near ~wiecie where it was distinguished for the first time on the 
sheet Grudziqdz, Geologicalnzap ofPoland (A. Makowska, 1972). For this reason also 
the interval of till deposition was named the ~wiecie Stadial. The till is visible on all 
general and detailed geological maps, as well as in geological sections enclosed to these 
maps (Figs 4-7). It is also exposed in plateau edges on the Lower Vistula and in the 
Elblqg Elevation - in discontinuos outcrops at shore of the Vistula Bay and in deeply 
incised erosive cuts. It was also found in most documentary boreholes in this area. 

Fig. 6. Geological section to the sheet Gardeja of the Derailed geological map of Poland in scale 1:50 000 
(after I. Koziowski, K Wrotek, 1980) 
Explanations -see Fig. I 
Przekr6j geologiczny do arkusza Gardeja Szczeg6rowej mapy geologicmej Polski 150 000 (wedtug I. Ko- 
ztowskiego i K. Wrotka, 1980) 
ObjaSnienia jak na fig. 4 



The Younger Pleistocene in the Dolne PowiSle 113 

Sediments of this age are thin and separate the tills BIII and BIV (Figs 2,4,6 and 
7). They are located in the Lower Vistula valley and in the Elblqg Elevation and spread 
westwards and eastwards from these areas. Thickness of these sediments is varying, 
locally they are very thin or absent, especially in the south (Fig. 5), but generally 
thicken from south nortwards. They have varying composition. On the Lower Vistula 
these sediments were mainly deposited during deglaciation of the area, when ice sheet 
of the ~wiecie Stadia1 retreated. In the Grudziqdz Elevation and in several exposures 
to the north from the Crudziqdz Basin, the sediments were studied in detail by E. 
Drozdowski (1974,1979,1986). Results of these studies, accompanied with datings of 
sediments, enabled to distinguish this interval as the Grudziqdz Interstadial. Beside 
deglaciation sediments, there are also vastly spreading extraglacial, ice-dam and glacioflu- 
vial series of the Grudziqdz Formation on the Lower Vistula. In the Elblqg Elevation (Fig. 
7) sediments of the Grudziqdz Interstadial (named here the Qcze Interstadial - Table 
I), are developed differently than on the Lower Vistula. These sediments come from 
warmer interval. They are of lake, fluvial and in single sites - of marine origin, and 
represent a proper interstadial or several interstadials. They were best recognized at Qcze 
where amidst sandy fluvial or fluvio-deltaic series, marine beds were also noted. The latter 
overlie organic lake sediments, age of which was radiocarbon defined at 35.2~1.5 ka BP 
(M.F. Pazdur, 1984) what enables to correlate them with sediments dated on the Lower 
Vistula (E. Drozdowski, 1986), and with the Denekamp Intentadial. From the locality at 
Qcze, the whole formation of intramorainic sediments was named the Qcze Formation. 

Sediments of the Grudziqdz Formation are indicated on all general and detailed 
geological maps, where they occur on the land surface but also are noted in geological 
sections. On the sheet Elblqg P6hoc of detailed map, marine sediments of this age were 
also marked at Qcze, Pr6chnik I1 and Miedniki. 

LESZNO-POMERANIAN STADlAL 

Ice sheet of this stadial, similarly as the earlier one, occupied the whole Dolne Pow$<le 
and the Elblqg Elevation. In the latter area it pushed in main glaciotectonic phase deposits 
that had been partly displacemented from Baltic basin. It passed aftenvards across the 
whole area, probably as far as the maximum extend of the Vktula Glaciation. A till of this 
age, defined as BIV, is marked on all general and detailed maps. It forms commonly surface 
of morainic plateaux. The areas within the limit of the Pomeranian Phase are the only 
exception. On general and detailed maps usually a separate till is indicated, defined in 
publications of the authoress as BV (Fig. 2). Individual character of this till is not 
everywhere documented. Locally it is really separated with intramorainic sediments 
(mostly of glaciofluvial origin) from the till BIV. In most areas separation of these tills is 
however only a conventional one. In the Elblqg Elevation a till of the Pomeranian Phase 
was not indicated as there is no evidence to consider it as a separate horizon. The 
Pomeranian Phase was probably a retreat phase only. Generally speaking, distinction of 
till of this phase still constitutes an open question. 

Beside tills, the described stage contains also sediments of various landforms of frontal 
and areal deglaciation. At the end of the stadial, from the Bolling to the youngest Dryas, 



Fig. 7. Geological section to the sheet Elblqg P h o c  of the Detailed geologicalmap of Poland scale 150 000 (after A Makowska, 1987a) 
Explanations - see Fig. 4 
Plzekr6j geologinny do arkusza Elblqg P h o c  Szczegbfowej mapy geologicmej PoIshi 150 000 (wedtug A Makowskiej, 1987~). 
ObjaSnienia jak na fig. 4 
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the so-called Late Glacial is distinguished. In this time suprainundation terraces of 
the Vistula were formed. Their sediments are marked on many maps, basing on 
morphological analyses or bibliography. On the sheet Elblqg Pdhoc, there are single 
sites with organic sediments that fill thaw depressions, formed at the end of the 
Pomeranian Phase. The Late Vistulian age of these sediments was determined with 
use of radiocarbon datings. 

Translated by Leszek Marks 
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S t r e s z c z e n i e  

W ostatnich latach zakoficzono duiy etap prac kartograficznych obejmujqcych Dolinq Dolnej Wisfy i jej 
najblizsze sqsiedztwo ad Kotliny Torudskiej po Zalew WiSlany. Kartowanie prowdzono w ramch obowiqzk6w 
statutowych przez Pafistwowy Instytut Geologiczny, poczqtkowo samodzielnie, a nastqpnie przy wsp6lpracy 
lub w koordynacji z Przedsiqbiorstwem Geologicznym z Warszawy i Gdafiska.Prace szczeg&owe poprze- 
dzibwylconanie w latach 1969-1977Mapy geologicmej PoIsIdw skali 1:200 000 (3 arkusze), po ukoficzeniu 
kt6rej pnystqpiono do sporzqdzenia Szczeg6lowej mapy geologicnej P o M  w slcali 1:50 000 (26 arkuszy). 
Ihrtowaniem objqto zar6mo Dolne PowiSle, jak i Wzniesienie Elblqskie i Nizint; Warminskq na p h o c y  
oraz fragment Kujaw na pdudniu. Mapy sq obecnie w wiqkszoici wydrukowane bqdd znajdujq siq w druku 
(fig. 1). Opr6cz autorki artykulu, kt6ra r6wniei koordynowab catoSC prac, w realizacji map brat udzial duiy 
zesp6l autor6w z Przedsiqbiorstwa Geologicznego. 

W toku prac kartograficznych na omswianym obszarze wylconano 60 otwor6w badawczych przebijajq- 
cych z reguly catq pokrywq czwartorzc;dowq i docierajqcych do jej podloia (fig. 1). Wiercenia dostarczyfy 
obfitego materialu do badafi szczeg&owych i pozwolily na rozpoziomowanie osad6w czwartorzqdowych. 
Najwainiejsze profile otwor6w (Mniszek, Bqgart, Nowiny, Pqklewo, Krastudy, Pag6rki) oraz inne wyniki 
badafi prowadzonych w toku prac kartograficznych byly r6wnolegle publikowane w odrqbnych pracach i 
artykuhch (A. Makowska, 1970,19736, 19776, 19798, 1980b, 1982, 1986~1, b, 1990, 1991~;  A. Makowska, 
W. Kabek, 1990; B.J. Nowak, W. Rabek, 1987). Duie znaczenie dla podziatw stratygraficznych tego obszaru 
miab rozpoznanie oraz ustalenie pdoienia i zasiqgu osad6w Iqdowych, a ta l ie  morskich interglacjatu 
eemskiego (A. Makowska, 1979b), rozdzielajqcych plejstocen starszy od plejstocenu poeemskiego. Ten 
zasadniczy podzia! plejstocenu Dolnego PowiSla jest widoczny na wszystkich mapach geologicznych, zar6wno 
og6lnych, jak i szczeg6lowych. Mbdszy plejstocen obejmuje osady eemskie i poeemskie. Podzial stratygra- 
ficzny tego okresu i caiego plejstocenu jest na wszystlcich mapach zgodny i ujednolicony. Uproszczony 
schemat stratygrafii miodszego plejstocenu ilustruje fig. 2. Nomenklatura stratygraficzna zastosowana na 
mapach jest oparta o odpowiednie instrukcje obowiqzujqce dla calej Polski. Na Dolnym PowiSlu jest ona jui 
nieaktualna w stosunku do publikacji z tego obszaru. Odpowiednie korelacje nazw stratygraficznych na 
mapach i w publikacjach autorlci oraz w niniejszym artykule przedstawiono w tab. 1. 

Podstawq podzialu stratygralicznego mlodszego plejstocenu Dolnego PowiSla i innych obszar6w objq- 
tych mapami jest podziat litostratygraficzny poparty wynilrami r6inokierunkowych badafi laboratoryjnych 
(litologicznych, petrograficzno-mineralogicznych, paleontologicznych oraz w pojedynczych miejscach r6w- 
niei datowaniem osad6w rnetodami 1 4 ~  i TL). Poziom przewodni, jaki stanowi seria osad6w eemskich 
(formacja dolnopowiSlafiska), ciqgnie siq przez a l e  Dolne PowiSle z potudnia na p&oc od Kotliny 
Torufiskiej po Zalew WiSlany (fig. 3). Znajduje sit; on poniiej dna doliny Wisfy i na og& nie odsiania siq na 
powierzchni terenu, dlatego tei  zaznaczony jest gt6wnie na ptzelcrojach geologicznych zatqczonych do map 
(fig. 4-7). Na p h d n i u  sq to osady lqdowe, \;ype+niajqce sieC kopalnych dolin rzecznych i wyksztalcone w 
ttzech gMwnych seriach dolinnych. Na p6inocywystqpujq natomiast dwa poziomy osad6w morsltich (sztum- 
ski i tychnowski) rozdzielone i pnykryte osadami rzecznymi i neczno-deltowymi. Sent; interglacjalnqsmsu 
snicto stanowi Srodkowa seria dolinna oraz tychnowski poziom morski. W stropie tych osad6w zaznacza sie 
g6ma granica interglacjalu, okreSIona analiza py~kowqw~profilu Pag6rki na ark. ~ ran iewo  Szczeg6Fowej mapi 
g e o l o ~ e j P o I s I d  1 5 0  000. W profilu tym ujawnib s i ~  tei pierwsze ocieplenie pooptymalne korelowane z - - -  
BroGpem <z. ~anczyk-KopikoGa, 199i). pinad formacjq dolnopowiSla~slq spoczywa kompleks osad6w 
dochodzqcych lokalnie do 100 m miqiszoSci (tab. I), kt6re odslaniajq sit; w r6inym stopniu na powierzchni 
terenu i sq przedstawiane na wszystkich mapach geologicznych. Wyr6iniono w nim pi@ poziom6w glin 
zwalowych, rozdzielonych cztererna seriami micdzymorenowymi (fig. 2). Poziomy glin zwaiowych oznaczane 
w publikacjach autorlti symbolami BI-BV (A. Makowska, 1973b; tab. I )  majq na Dolnym PowiSlu r6iny 
zasiqg. Dwie gliny Srodlcowe (BIII, BIV) obejmujq zasiqgiem caly obszar przedstawiony na mapach geologi- 
cznych. Glina BII wypelnia gtwnie poeemslde obniienia podioza i zajmuje p&nocno-wschodniq i Srodkowq 
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czqSC obszam dochodzqc do Kotliny Torudskiej (fig. 3). Glina zwaiowa najniisza i najwyisza (BI, BV) jako 
poziomy odrqbne wystqpujq jedynie lokalnie w p6lnocnej czqSci obszam. 

Gliny rozdzielone sq seriami miqdzymorenowymi o r6inej miqiszoSci i wylsztafceniu litologicznym. Sq 
one zr6inicowane regionalnie nad dolnq Wislq i na Wzniesieniu Elblqskim, gdzie wraz z glinami zwaiowyrni 
sq zaburzone glacitektonicznie. W phdniowej i Srodkowej czqSci obszam sq zbudowanewylqcznie z osad6w 
Iqdowych, natomiast na p6hocy zawierajq tez osady morskie. Najwainiejsze znaczenie majq dwie sene 
miqdzymorenowe rozdzielajqce trzy Srodkowe poziomy glin zwalowych, kt6re zostafy nazwane formacjami 
Gniewu i Gmdziqdza nad dolnq Wislq oraz Kadyn i Qcza  na Wzniesieniu Elblqskim (fig. 2). Osady 
poeemskie by$ poczqtkowo w cafoSci zaliczane do zlodowacenia Wisly (A. Maltowska, 19806; tab. 1). W 
1986 r. , na podstawie badafi nad osadami morskimi w p h o c n e j  czqici obszaru ich wiek rozdzielono na dwa 
zlodowacenia przedzielone interglacjafem, w czasie kt6rego Dolne PowiSle i Wzniesienie Elblqskie podlegak 
kilkakrotnym transgresjom morskim (A. Makowska, 19866; fig. 2, tab. 1). 

W mlodszym plejstocenie na cam obszalze wyr6iniono w ten spos6b cztery gfwne okresy: interglacjat 
eemslci, zlodowacenie tomfiskie, interglacjaf krastudzki i zlodowacenie Wisly. 




