
ISSN 1897-1695 (online), 1733-8387 (print)  
© 2011 Silesian University of Technology, Gliwice, Poland.  
All rights reserved. 

  

 

GEOCHRONOMETRIA 38(4) 2011: 397-412 
DOI 10.2478/s13386-011-0038-1 

 
Available online at 

www.springerlink.com 
 

AGE AND SEDIMENTOLOGICAL FEATURES OF FLUVIAL SERIES IN 
THE TORUŃ BASIN AND THE DRWĘCA VALLEY (POLAND) 

PIOTR WECKWERTH1, KRZYSZTOF PRZEGIĘTKA2, ALICJA CHRUŚCIŃSKA2, 
BARBARA WORONKO3 and HUBERT L. OCZKOWSKI2 

1Institute of Geography, Nicolaus Copernicus University, Gagarina 9, 87-100 Toruń, Poland 
2Institute of Physics, Nicolaus Copernicus University, Grudziądzka 5/7, 87-100 Toruń, Poland 

3Faculty of Geography and Regional Studies, University of Warsaw, Krakowskie Przedmieście 30, 00-927 Warszawa, Poland 

Received 26 May 2010  Accepted 28 March 2011 

Abstract: The deposits of the Toruń Basin are dominated by a few-metre thick sand series which fill 
up buried valley-like depressions. In many cases they underlie the Weichselian till which builds up 
the ice marginal streamway (pradolina) terraces or they are exposed at the basin slopes. As the results 
of the geological and sedimentological studies, as well as of the dating of the deposits at the sites in 
the Toruń Basin indicate, the deposits include two fluvial series accumulated before the advancement 
of the Leszno Phase ice sheet, i.e. in Middle Weichselian and at the beginning of Late Weichselian. 
The oldest fluvial series connected with the Saalian Glaciation was found at the mouth section of the 
Drwęca Valley. The fluvial system of the Toruń Basin during Middle Weichselian and at the begin-
ning of Late Weichselian developed in two phases of the sand-bed braided river. During the first one 
the river channel were dominated by large mid-riverbed sandbars, while during the second phase the 
water flow was smaller and, as a result, low transverse sandbars and two-dimensional dunes devel-
oped. Other active river channel also showed low-energy flows, more intensive meandering than in 
the case of the braided rivers, as well as sandy side-bars. Analysis of the rounding and frosting of the 
quartz grains indicate that the studied series of the Weichselian sandy deposits represent alluvia of a 
river which were fed from two diverse sources. The first one might have represented the alluvia of a 
warm river which transformed its load, while the other one might have mainly carried the underlying 
Quaternary deposits. 
 
Keywords: Weichselian Glaciations, sand-bed braided river, sinuous channel, Toruń Basin, OSL da-
ting, frosting and rounding analysis of quartz grains. 

 
 
1. INTRODUCTION 

Fluvial series deposited in the Toruń Basin at the time 
when it was free from ice sheet intersected one another 
and used the earlier valley forms which had not been 
totally levelled by either glacial accumulation or erosion. 
The series of sandy and sandy-gravel deposits, which 
dominate in the geological structure of the western and 
the south-western part of the Toruń Basin, fill up buried 

valleys the bottoms of which contact the top of the Neo-
gene deposits (Weckwerth, 2007; 2010). The main lower-
ing of the buried valley follows here the basin’s axis. The 
Pleistocene fluvial series which fill up the western and 
south-western part of the Toruń Basin end up the Weich-
selian accumulation of sands or sands and silts (Włodek, 
1980; Wysota, 2002). These deposits are common in the 
Toruń Basin which, according to Włodek (1980), is cru-
cial for stratigraphic recognition of Weichselian. In ac-
cordance with the research results of Wysota et al. (1996) 
and Wysota (2002) on the neighbouring Chełmno Plateau Corresponding author: P. Weckwerth 
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to the north, these deposits can be related to the intersta-
dial deposits of the Rzęczkowo formation of Middle 
Weichselian. Moreover, the investigations carried out by 
Molewski (2007) indicate that their later deposition, i.e. 
in Late Weichselian shortly before the Leszno Phase ice 
sheet advance, needs to be considered.  

The referred fluvial series deposited before the 
Leszno Phase are exposed in numerous settings located in 
the central and western part of the Toruń Basin and are 
found under the sandy-gravel deposits of the pradolina 
terraces or beneath the till layers. As the results of the 
studies carried out so far on the fluvial series in two re-
search sites in the Toruń Basin indicate, their deposits 
were accumulated by braided rivers (Weckwerth, 2009a; 
2009b). The deposits of these rivers differ in terms of 
their age and they show diverse shaping of riverbed forms 
and thus they had different energy of the depositional 
environment which depended on the advance and retreat 
of ice sheet.  Due to this the development of river systems 
which exhibit braiding diversity and both braided and 
meandering or anabranching patterns (Olsen, 1988; Mar-
ren, 2005; Salamon and Zieliński, 2010).  

The results of the studies presented in this article, to-
gether with the analysis of the development of the fluvial 
series within the following research sites located in the 
Toruń Basin and in the lower section of the Drwęca Val-
ley (Fig. 1), make it possible to characterize the palaeo-
environment of fluvial accumulation of the deposits un-
derlying the till on the pradolina terraces, as well as to 
assess their age.  

2. RESEARCH METHODS 

The reconstruction of the depositional environment in 
the research sites in question was based on the structural 
and textural features of the deposits. Genetic classifica-
tion of the deposits, the types of lithofacies, as well as 
characteristics of the individual lithofacies and the con-
tact between them in order to delimit sedimentary units 
characteristic for the environment and fluvial sub-
environment were established in exposures (Miall, 1985; 
Zieliński, 1993; 1998). The lithofacial analysis was based 
on the lithofacial code (Miall, 1978; Zieliński, 1998). The 
reconstruction of the directions of palaeocurrents was 
based on the orientation of the cross-stratification pre-
sented on rose diagrams, where: N – population, VM – 
vector mean (º), CI – confidence interval, SD – standard 
deviation and R – clustered data ratio (%) (Figs. 8, 9, 11). 
The grain size distribution of gravel-sand fraction in 
interval of 1 phi was determined by the sieve method and 
for sand-clay fraction was measured with laser particle 
size analyser (Analysette 22) in interval 0.25 phi. The 
analysis of the distribution of the size composition of the 
deposits enabled the authors to determine the median 
grain diameter d50 as well as their statistical parameters 
using the method of Folk and Ward (1957) graphical 
measures, i.e. GSS – average grain diameter, GSO – 

standard deviation, GSK – skewness, and GSP – kurtosis. 
These statistical parameters were assisting in the lithofa-
cial analysis. The studies of the tills in the selected pro-
files included the analysis of their grain size, the meas-
urement of the longer axes of the clasts (population N 
from 30 to 50) with their results presented on contour 
diagrams (Mean lineation vector V1, Eigenvalues S1 and 
S3; Figs. 8, 9, 11). The measurements of the orientation 
of glaciodynamic structures were presented on the dot 
diagrams. As a result of the petrographic analysis of the 
fine-grained gravel fraction of the tills the following 
rocks were delimited: northern rocks: crystalline rocks 
(Kr), limestones (Wp), dolomites (Dp), shales (Łp), sand-
stones (Pp), quartz (Qp), and local rocks (L). Moreover, 
the following petrographic coefficients were calculated: 
K=Kr+Qp, O=WP+Dp+Pp+Łp, W=Wp+Dp, 
A=Wp+Dp+Łp, B=Kr+Qp+Pp. 

Frosting and rounding analyses of Cailleux (1942) 
were performed on 0.5-0.8 mm quartz grains, with the 
modification of Goździk (1980) and Mycielska-
Dowgiałło and Woronko (1998), in order to define: (1) 
the environment in which thick sandy series building 
deposits were accumulated, and (2) the character of the 
potential source deposits. 

 
Fig. 1. Location of study area (A) and analysed sites in the Toruń 
Basin and in the mouth section of the Drwęca Valley (B). A: maximum 
extent of Poznań Phase (P), Pomeranian Phase (Pm), Gardno Phase 
(Ga); B: sites: 1 – Chobielin, 2 – Tur, 3 – Nowe Dąbie, 4 – Łochowo,  
5 – Zielonczyn, 6 – Wypaleniska, 7 – Młyniec; white dashed line - 
presumable range of exaration depression (according to Molewski, 
2007). 
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Seven types of grains were determined, each of them 
referring to a specific environment: aeolian (RM, 
EM/RM), high-energy aqueous environment (EL, 
EM/EL), broken (C), angular and fresh (NU), and in situ 
weathering (OTHER). The analysis was performed on 17 
samples collected at the site in Nowe Dąbie, 16 samples 
from the site in Wypaleniska and 28 samples from the 
exposure in Zielonczyn (Fig. 1). The selected samples 
with the surface of the quartz grains of 0.5-0.8 mm diam-
eter were further micromorphologically tested using the 
scanning electron microscope (SEM). Additionally, the 
quartz content in each sample was calculated, as the 
amount of this material increases in the deposits subject 
to numerous redeposition events (Mycielska-Dowgiałło, 
2007). 

The OSL dating method, applying the single aliquots 
regenerative (SAR) dose protocol (Murray and Wintle, 
2000; Wintle and Murray, 2006) was used for the age 
determination of fluvial deposits. At the excavation sites 
samples were collected under special cover and packed 
directly to plastic tubes, in order to prevent any accidental 
exposure to daylight. In laboratory, the sand grains of the 
diameters from the range 0.100 – 0.200 mm were extract-
ed with help of wet sieves. Then, samples were cleaned 
with perhydrol (38% H2O2 for at least 1 hour or until the 
reaction was stoped) and hydrochloric acid (10 % HCl for 
at least 1 hour or until reaction became quiet) to remove 
organics and calcite, subsequently rinsed with distilled 
water and ethanol and dried. After that, the quartz grains 
were extracted using floating method (heavy liquids pre-
pared as solutions of sodium polytungstate: 2.70 g/cm3 
and subsequently 2.62 g/cm3). Then quartz grains were 
etched in hydrofluoric acid (40% HF for 40 minutes), 
which removed the outer layer of grains and etched out 
any remains of feldspar in the samples. The etching pro-
cess was stopped with help of hydrochloric acid (10 
minutes in 10 % HCl), then samples were rinsed with 
distilled water, ethanol and dried. The purity of samples 
was checked by routine IR OSL tests. After applying 
laboratory dose no IR OSL signal was observed that 
confirms the absence of feldspar contaminations in the 
samples. 

The Riso reader, model Tl/OSL-DA-12 equipped with 
xenon lamp and excitation filter pack GG-420 (410-580 
nm) for stimulation and PM with U-340 filter (290-370 
nm) for detection was used for OSL measurements 
(Bøtter-Jensen and Duller, 1992). The beta source 
(90Sr/90Y) with dose rate of 41 mGy/s was applied for 
irradiations. 

For every sample 24 aliquots (each one containing 5 
mg of quartz grains) were used for OSL-SAR measure-
ments (100 s of stimulation at 125°C). The tests of pre-
heat temperature were carried out at: 180°C, 200°C, 
220°C, 240°C, 260°C and 280°C, using five aliquots for 
every specific temperature. On this base the annealing for 
10 s at 240°C was chosen as the best preheat procedure 
(Fig. 2). From now on in the presented figures the regen-

eration doses are termed in seconds of beta irradiation 
time in order to avoid taking into account 2% of uncer-
tainty of laboratory beta dose rate calibration. The test 
doses, applied for monitoring sensitivity changes were 
fixed on the level of 10% of expected equivalent dose 
(DE) values. For calculations only the beginning part of 
OSL decay curve (0-1.2 s) was used. The OSL was 
stimulated by the Green Light for 100 s, and it was 
checked out, that it is enough to totally bleach OSL signal 
to the PM background level (Fig. 3). However, in our 

 
Fig. 2. Results of preheat tests obtained for the sample TO127. Sym-
bols represent DE values obtained for individual aliquots preheated for 
10 seconds at the given temperature. The bold line segments denote 
DE values averaged for every group of aliquots.  Thin line segments 
indicate standard error limits. The least dispersion of DE was obtained 
for procedure with preheat at 240°C. Results for the others samples 
were similar. 

 

 
Fig. 3. Typical shine-down OSL curve presented by the sample T0124. 
After 100 s of exposure to the stimulating Green Light (GL: 410-580 
nm with the total intensity at the disk position in the order of 160 W/m2, 
after Bøtter-Jensen and Duller, 1992) the signal decays to the level of 
90 counts, while the PM background is usually in the range from 20 up 
to 150 counts. 
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routine procedure of data analysis the signal from the end 
part (from 98.8 s to 100 s) of the preceding OSL decay 
curve is always subtracted. The effectiveness of this pro-
cedure was tested in the recuperation experiment (see 
Fig. 4) which results showed that after bleaching the 
residual OSL signal is lower than 1% of DE value. After 
bleaching the recovery tests were carried out.  

The values of regeneration doses Di were set up to 
cover the range around expected DE value, predicted from 
the results of preheat tests. The preheat (10 s at 240°C) 
and OSL readout (100 s at 125°C) conditions were kept 
the same during the whole SAR procedure (for measure-
ments of regenerated OSL as well as in the calibration 
steps applied for sensitivity correction). For every aliquot 
the growth curve was constructed (Fig. 5) and the linear 
function was fitted to the points nearest to the level of 
natural OSL signal. On this base the DE value was calcu-
lated. For single aliquot the uncertainty of DE value origi-
nates mainly from limited quality of linear fit and uncer-
tainty of natural OSL signal (Duller, 2007).   

The recuperation effect was studied by measuring the 
GLOSL reply of the samples after applying zero dose 
(Fig. 4). Then, the regenerative dose value, which was 
applied as the first one (D1), was repeated (D5 = D1) and 
the measured GLOSL signal was used to determine the 
recycling ratio (Fig. 6). Its value is defined as the propor-
tion of regenerated GLOSL signal after dose D1 to that 
one after dose D5. The aliquots exhibiting the ratio values 
lower than 0.9 or higher than 1.1 (usually less than  
4 aliquots in the series of 24) were excluded from averag-
ing DE results. For some samples relatively wide distribu-
tions of single aliquot DE values were observed and we 
discuss this problem in details in separate paper (Weck-
werth et al., 2011). At the end of our SAR procedure the 
IR OSL signal was monitored for detecting aliquots af-
fected by potential impurities of feldspar contaminations. 
For this purpose the same regeneration dose, as used 

earlier for recycling ratio (D1 and D5) was administered 
again and IR OSL signal and post IR GLOSL signal were 
measured (Fig. 7). 

The annual dose rates (Dr), comprised of beta and 
gamma radiations, were calculated on the base of gamma 
spectra measured in laboratory (sample amount of 600 
ml) with help of Canberra System 100 spectrometer 
equipped with an HPGe detector. Usually 15 isotopes 
were detected and their activities were measured. On this 
base the activities of the rest of involved radio-isotopes 
were estimated and accounted for in calculations of Dr 
values. The correction for water content and the compo-

 
Fig. 4. The recuperation effect exhibited by aliquots of TO132 sample 
after applying regeneration dose D4 = 0 s. The GLOSL residual values 
are termed as percentage of DE values. 

 

 
Fig. 5. The growth curve constructed for the sample TO132 can serve 
as typical example. The linear function was fitted only to the data 
points closest to the level of Natural OSL (represented by the bold line 
accompanied by thin lines indicating error limits). Due to this restriction 
to tight range of regenerative doses the assumed linear dependence of 
OSL signal on the applied dose is justified. 

 

 
Fig. 6. The recycling ratio results obtained for aliquots of the sample 
TO132. The range of accepted values extends from 0.9 to 1.1 and its 
limits are marked by the horizontal lines. The data obtained from 
aliquots which don’t fit to the specified range (here positions: 7, 19 and 
24) are not taken into account in averaging DE values. 
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nent of cosmic radiation were also taken into account 
(Oczkowski and Przegiętka, 1998; Oczkowski et al., 
2000). 

3. RESULTS 

The lithofacial and textural research of the above 
mentioned sand deposits, together with the OSL dating, 
enabled the authors to identify in the Toruń Basin and in 
the lower section of the Drwęca Valley a few series of 

fluvial deposits which were accumulated before the 
Leszno Phase of the last glaciation. Dating the bottom 
part and the top of the sedimentary unit was aimed at 
determining the start and the end of the deposition of one 
fluvial series. Since the OSL ages of the samples overlap 
each other by their uncertainty margins, the dating resolu-
tion turns out to be too low in comparison with apparent-
ly short deposition time. It is possible to identify only 
approximate age, representative for whole sedimentary 
unit, fixed as the average value of the OSL dates obtained 
from appropriate sand layers. 

The oldest fluvial series 
Fluvial deposits was recognized in the Młyniec site, 

which is located in the lower section of the Drwęca Val-
ley. The unit M1 have over 5.5 m thick (Fig. 8). It is 
represented by two groups of lithofacies. The first one – 
Si – is mainly built from medium - to fine-grained sands 
with large-scale inclined stratification Si (laminas dipping 
at angle of 10-12º to the south-east, Fig. 8). The deposits’ 
median grain diameter in the central set is 0.25-0.31 mm, 
while in the top part it is 0.17 mm. These deposits are 
overlain by the lithofacies association Sp(St). They are 
dominated by medium-grained planar cross-bedded sands 
and slightly coarser grains (d50 from 0.42 to 0.52 mm) in 
relation to the underlying lithofacies Si. The above-lying 
medium-scale lithofacies Sp and St show lower median 
grain diameter (0.32-0.34 mm). They are overlain by the 
lithofacies Sr, SFw, Fw, Sp and Sl, which are built of 
medium-sorted fine-grained sands and silty sands. The 
orientation of the current structures of the analysed group 
of lithofacies indicates the eastern and south-eastern 
direction of the water flow. The sediments of the unit M1 
were deposited about 200±30 ka ago (Fig. 8, Table 1). 

 
Fig. 7. The outcome from monitoring the sample TO132 for aliquots 
affected by potential impurities of feldspar grains. The results of IR 
OSL (circles, corresponding scale on the left axis) and post IR –
GLOSL (squares, the scale given on the right axis) are termed as the 
percentage of GLOSL signal values measured directly after applying 
D1 regeneration dose. All the aliquots were found to fit into the desired 
range of limits: below 5% for IR OSL and above 80% for post IR –
GLOSL. 

 

Table 1. List of OSL dates of sandy deposits in the Toruń Basin, for the age estimates the combined standard uncertainty is given. 

Site Sedimentary unit (lithofacies) Lab number OSL age (ka) Dr (mGy/a) DE (Gy) 

Młyniec M1 (Sr) TO150 200±30 1.26±0.11 250±25 
M2 (Sr) TO157 57±8 1.24±0.10 71±8 

Chobielin C1 (SFw) TO160 38.3±4.7 1.37±0.11 52.5±4.9 
C1 (Sr) TO161 29.5±3.9 1.13±0.10 33.4±3.2 

Nowe Dąbie 
N1 (Sh) TO119 32.1±3.0 1.12±0.05 35.9±3.2 
N1 (Sr) TO120 27.5±4.0 1.12±0.06 30.5±4.7 
N1 (SI) TO121 34.8±5.3 0.84±0.04 29.0±4.5 
N1 (Sr) TO122 38.2±4.2 0.85±0.04 32.6±3.6 

Łochowo 
L1 (Sr) TO128 28.5±3.8 1.27±0.11 36.1±3.8 
L1 (Sr) TO129 24.3±3.2 1.39±0.11 33.8±3.6 
L2 (Si) TO130 37.6±4.4 1.13±0.10 42.6±3.2 

Tur T1 (Si) TO131 24.0±3.3 0.83±0.09 19.8±1.8 
T1 (Si) TO132 17.6±5.2 1.26±0.11 22.3±6.4 

Wypaleniska 
W2 (Sr) TO123 22.3±1.7 1.83±0.08 40.9±2.5 
W2 (Sr) TO124 22.1±1.5 1.54±0.07 34.1±1.8 
W1 (Sp) TO126 29.2±2.6 1.00±0.05 29.4±2.2 
W2 (Sr) TO127 23.9±1.6 1.02±0.05 24.5±1.1 

Zielonczyn 
Z1 (Sp) TO162 28.5±3.4 1.17±0.10 33.3±2.8 
Z3 (Sr) TO158 26.9±3.2 1.30±0.11 34.9±3.0 
Z3 (Sr) TO159 25.4±2.5 1.38±0.11 35.1±2.0 
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Fig. 8. Geological structure of the oldest and younger fluvial series in the mouth section of the Drwęca Valley (Młyniec site). 
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The younger fluvial series 
The younger fluvial series in the Toruń Basin and the 

Drwęca Valley, is represented by sandy deposits and, 
locally, sandy-gravel ones up to 12 m thick in the ana-
lysed exposures. Their top reaches the altitude of 60-65 m 
or 83 m above sea level (Figs. 8, 9). 

The deposits which belong to the younger fluvial se-
ries show considerable lithofacial diversity. At the Nowe 
Dąbie 1 site this series is located below the till layer (unit 
N2) developed as an brown and massive silty-sandy dia-
micton (Fig. 9). The bottom part of the till layer trans-
forms into a sandy and silty diamicton which contains 
numerous little sandy folds and budins intersected by 
reverse faults. The underlying sandy deposits of the 
younger fluvial series (N1) include a few sets of lithofa-
cies. In the exposure the bottom position is taken by the 
lithofacies association Sp(Sh,Sr,St). They include well 
sorted fine-grained sands and fine- and medium-grained 
sands (d50 from 0.15 to 0.25 mm) having medium sorting. 
Locally, the sets of tabular bedding include backflow 
ripple structures. Generally, the water flow had the west-
ern direction. In the top these deposits change into fine-

grained sands of ripplemark lamination (d50 from 0.14 to 
0.17 mm). The overlying lithofacies association 
Sr,Src,SFh is up to 2.1 m thick. It is built of fine-grained 
sands (d50 from 0.13 to 0.17 mm) which are dominated by 
the ripple lamination, including climbing ones. Further up 
there are the next sets Sp(Sl,Sr,St) found in the Nowe 
Dąbie profile 1 and Sp(Sr,St) in the Nowe Dąbie profile 
2, which are up to 4.75 m thick. They are built of fine- 
and medium-grained sands. Lithofacies of tabular and 
low-angle stratification reach up to 2 m and 1.2 m, re-
spectively. In their top, the deposits are cut through by a 
medium-sized lithofacies of medium-grained sands St and 
horizontally bedded sands. These deposits are extended 
up with a 0.4-metre layer of fine-grained sands of ripple 
lamination and medium-sized lithofacies Sp. The azimuth 
of the palaeoflow, determined on the basis of the orienta-
tion of the structures of the cross-bed structures, amounts 
from 233° to 242°. The upper part of the discussed set in 
the Nowe Dąbie 1 profile (lithofacies Sp) has its contin-
uation in the Nowe Dąbie 2 profile (Fig. 9). Their sets dip 
towards south-east, while the laminas indicate the north-
western direction of the palaeocurrent (285°-332°). Ex-
cept for this, in the Nowe Dąbie 2 profile there is a litho-

 
Fig. 9. Sedimetary logs of the younger fluvial series (sites: Chobielin and Nowe Dąbie). Explanations of structural features like in Fig. 8. 
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facies association Sp(Sr,St) below (at the depth 1.8-4.1 m, 
Fig. 9). Predominantly, these are large- and medium-
scale tabular cross-stratification, locally cut by fillings of 
shallow channels (St) and extended up with a layer of 
fine-grained sands of ripple lamination. These deposits 
belong to a coarser fraction in relation to the lithofacially 
corresponding layers in the Nowe Dąbie 1 profile. De-
spite this, the orientation of the sedimentological struc-
tures is similar and indicates the value of the palaeocur-
rent’s azimuth from 284° to 315°. The age of the deposits 
at Nowe Dąbie site is c.a. 33 ka (Table 1). 

The results of the rounding and frosting of the quartz 
grains from the Nowe Dąbie site indicate that the EL and 
EM/EL grains are dominant and make up from 55.3 up to 
97.5%. A large contribution (from 8.3 to 33.3%) is made 
by the grains of insignificant rounding (>0.7 according to 
the Krumbein (1941) scale of rounding). Furthermore, 
these grain samples also contained fractured grains (C) 
which are the outcome of damaging the grains of either 
EL or EM/EL type. Their contribution is insignificant and 
does not amount to more than 6%.  

The younger fluvial series also includes the sandy de-
posits exposed in the site of Chobielin (Fig. 1, Fig. 9). 
They lie directly beneath till layer which is formed of 
silty diamicton of light-brown colour and the thickness of 
about 1.7 m. In this till at the depth of 0.8-0.9 m there is a 
non-continuous layer of fine-grained sands. The contact 
between the diamicton and the underlying fluvial deposits 
is flat and clear (Fig. 10). The petrographic analysis of 
the lower part of diamicton layer (unit C2, Fig. 9) shows 
a larger share of limestones (40.2-46.6%) than crystalline 
rocks (26.9-30.8%). The content of sandstones is 4.7-
9.8% and percentage of local rocks reaches from 12.4 to 
13.7%. The mean values of the petrographic coefficients 
are: O/K=1.9, K/W=0.6, A/B=1.3. The underlying fluvial 
series in this site is over 7.5 m thick. In the bottom part of 
the exposure there is lithofacies SFw built of moderately 

and moderately well sorted fine-grained sands (d50  
0.15 mm). Above the profile has fine-grained sands of 
four cycles of fluvial deposition: Sl, Sl(Sm,Sr), 
Sl(Sm,Sr,Src), and Sl(St) (Fig. 9). They are predominantly 
medium- and, locally, large-scale cosets Sl, built of well 
and moderately well sorted fine-grained sands the lami-
nas of which dip at the angle of 6-8° in the south-east 
direction. In most of these lithofacies, the beginning of 
the finning upward cycle is visible. The bottom part of 
the full sequence of the lithofacies is built of fine-grained 
sands of a bit coarser grains and massive structure Sm, 
and it is topped by a fine-grained sands in ripple laminat-
ed cosets (Sr or Src). Moreover, in the top zone of the 
fluvial series there is a scour-and-fill structure of the 
maximum depth of the cut of 0.45 m and the width of  
2.5 m, deformed by a number of reverse faults (Fig. 10). 
The orientation of the sandy laminas which fill up this 
structure indicate the north direction of the water flow. In 
accordance with the results of the dating of the deposits 
of the fluvial series at the site of Chobielin the deposition 
took place c.a. 34 ka ago (Fig. 9, Table 1). 

At the mouth section of the lower Drwęca Valley the 
younger fluvial series includes the deposits of the unit 
M2, which are clearly separated from the unit M1 (the 
oldest fluvial series from the Saalian Glaciation) by a 
continuous layer of the channel lag deposits with brown 
till balls (Fig. 8). At the site of Młyniec the younger flu-
vial series is represented by a set of medium- and large-
scale lithofacies association Sl,Src(Sp). They are built of 
moderately well sorted fine-grained sands, although the 
lithofacies Sp and Sl have a little coarser grains (d50 0.53-
0.56 mm). In most cases the laminas of cross-bedding in 
the unit M2 dip into the south. The age of these deposits 
is 57±8 ka (Fig. 8, Table 1). 

The younger fluvial series is possibly exposed at the 
lower section of Wypaleniska site (Fig. 11). It is mainly 
represented by medium-grained sands and gravels which 
build lithofacies association SGp,Sp(SGm) (unit W1, Fig. 
11). 

The youngest fluvial series 
The youngest fluvial series was recognised in the sites 

of Łochowo, Tur, Wypaleniska and Zielonczyn (Fig. 1, 
Fig. 11). In these profiles it is located below the till layer 
which builds the surfaces of the pradolina terraces, or 
between two layers of till (the Zielonczyn site).  

In the lower section of the exposure at the site of 
Łochowo, the lithofacies association SFh,Src(Sw) is rec-
orded. It is built of fine-grained and silty sands of ripple 
lamination (including climbing ripples) and horizontal 
lamination, as well as massive silts. Locally palaeoflow 
was directed to the north-west and south-west (Fig. 11). 
These deposits are overlain by the sandy-gravel unit L2. 
It fills up a buried channel about 5 m deep. Its bottom is 
marked by an erosive surface of a concave character, 
which cuts the deposits of the unit L1. Above the erosive 
surface there is a layer of channel lag deposits of 0.75-

 
Fig. 10. Scour-and-fill structure in the upper part of younger fluvial 
series at Chobielin site. 
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Fig. 11. Sedimetary logs of the youngest fluvial series (sites: Łochowo, Tur, Wypaleniska and Zielonczyn) and an examples of the scour-and-fill 
structures in the middle and upper part of the Zielonczyn formation. Explanations of structural features like in Fig. 2. 
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0.15 m thickness which includes boulders and till balls 
surrounded by coarse-grained sands with gravel (GSm). 
Sporadically, gravel fractions form laminas here, the 
course of which is concordant with the shape of the till 
balls. The samples of fine-grain gravel collected from the 
largest till balls were tested petrographically. As the re-
sults of the analysis indicated, limestones dominate (48.4-
58.6%) over crystalline rocks (29-35%). The share of the 
sandstones is 7.7-8.2%, while the percentage of local 
rocks is from 1.9% to 5.1%. The value of the petrograph-
ic coefficient O/K amounts from 1.5 to 2.3, the coeffi-
cient K/W from 0.5 to 0.8 and the coefficient A/B from 
1.1 to 1.6. The above results of the petrographic analyses 
are concordant with the petrographic composition of the 
gravel in the till at the Tur site.   

At the site of Łochowo the main part of the unit L2, 
above the channel lag deposits, is built of medium- and 
fine-grained sands of the planar cross-bedded of excep-
tionally large scale (Si). This lithofacies reaches maxi-
mum 4.7 m along the axis of the buried form. The lami-
nas of coarse-grained sands with fine gravels which are 
found there reach up to 2 cm, while those of fine-grained 
sands up to 7 cm. Further up in the profile successive 
decrease in the thickness of these laminas for more 
coarse-grained laminas was recorded. Among the thickest 
layers of fine-grained sands backflow ripple lamination 
are found sporadically. Towards the top of the lithofacies 
Si mean grain diameter increases while the sorting of the 
material changes from medium to weak. The orientation 
of the laminas of the lithofacies Si indicates the west and 
south-west direction of the water flow. This direction can 
be related with the orientation of the buried channel under 
scrutiny.  

The deposits of the youngest fluvial series are also 
exposed at the site of Tur (Figs. 1, 11). They lie beneath 
till 1.1-1.25 m thick and are represented by fine- and 
medium-grained of planar cross-bedded sands, which in 
the top turn into silts with partly preserved horizontal 
lamination. The orientation of the laminas in the lithofa-
cies of tabular cross-stratification shows the deposit was 
accumulated by the waters flowing in the north-west 
direction (VM=299º, Fig. 11). At the site of Tur their age 
is c.a. 21 ka (Table 1).  

At the profile of Wypaleniska the youngest fluvial se-
ries is mainly represented also by fine- and medium-
grained sands which build lithofacies association 
Sp(Sr,St) (unit W2, Fig. 11). Their bottom is marked by 
well sorted fine-grained sands (d50 from 0.14 to 0.18 mm) 
of the ripplemark lamination (including climbing ripples) 
or localy SGp which turns into massive gravels with 
boulders SGm and rounded till balls. The above-lying 
lithofacies Sp are up to 0.8-1.3 m thick. They are mainly 
built of medium-grained sands (median grain diameter d50 
from 0.27 to 0.31 mm) which are moderately and moder-
ately well sorted. Moreover, in the top of the unit W2 
appear medium-grained, trough-cross bedded sands St. In 
accordance with the results of the OSL dating the ana-

lysed series at the site of Wypaleniska was deposited up 
to 21 ka ago (Fig. 11, Table 1). 

A diverse development of the lithofacies of the 
youngest fluvial series can be observed at the site of 
Zielonczyn (unit Z3, Fig. 11). The results of the OSL 
dating for these deposits indicate that their accumulation 
took place c.a. 26 ka ago (Fig. 11, Table 1). This series is 
located between two layers of till. The bottom of the 2-m 
thick till layer (unit Z2) is represented by a sandy massive 
diamicton of light brown colour with light beige lenses of 
fine-grained sands. At its top it turns into a brown mas-
sive diamicton with little detached folds and lenses of 
fine-grained sands which are cut by normal faults of  
1-8 cm slip. The till fabric date indicate north to south 
direction ice movement (S1 is 0.59, while S3 is 0.08). The 
results of petrographic analysis indicated, that limestones 
(46.4%) dominated over crystalline rocks (33%). The 
sandstones reaches 6.2%, while the percentage of local 
rocks is 9.4%. The petrographic coefficient are: O/K=1.7, 
K/W=0.7 and A/B=1.3.The petrographic composition of 
the lower till in Zielonczyn site (unit Z2) is similar to the 
till in the Chobielin site (unit C2, Fig. 9). 

The top of the diamicton at the Zielonczyn profile 
(unit Z2) is eroded and covered with gravels and sand 
which belong to the youngest fluvial series (unit Z3, Fig. 
11). In one of the studied profiles of the Wypaleniska site 
the described till includes till balls within the gravel-
sandy lithofacies of channel lag deposits of the youngest 
fluvial series. The thickness of the youngest fluvial series 
at the site of Zielonczyn is a bit over 16 m and is located 
at the altitude of 62-78.5 m above sea level (Fig. 11). The 
complex of these deposits includes five sets of lithofacies. 
The lower position is taken by the lithofacies association 
SGp,Sr, at the bottom of which poorly sorted sandy grav-
els are recorded, which further up turn into gravely pla-
nar-cross bedded sands and fine-grained sands of the 
ripple lamination Sr. The orientation of the laminas of 
tabular cross-stratification shows the west direction of the 
river flow. The layers further up belong to three similar 
cycles of sedimentation: Sl,Sm(St), Sl(Sr,Sm) and 
Sl(Sr,St). They are dominated by cosets of large-scale 
lithofacies Sl 0.8-2.6 m thick. They are built of well sort-
ed fine-grained sand (d50 from 0.15 to 0.16 mm). The 
laminas of the lithofacies Sl dip at 6-10° into the north-
east, south-east and south-west. The sands of the lithofa-
cies Sm, which are found at the bottom of the deposition-
al cycles, include a bit coarser grains (d50 from 0.15 to 
0.17 mm) and poorer sorting. The upper range of the next 
cycles of sedimentation is marked by the lithofacies St, 
which are connected with scour-and-fill structures and 
reach up to 0.35 m (Figs. 11, 12). They are built of fine-
grained sands (d50 from 0.16 to 0.17 mm) of normal se-
quence of fractional graining.  

The top part of the youngest fluvial series is built of a 
lithofacies association Sr,Sm(Sh,St). In the bottom section 
these are moderately and well sorted fine-grained sands 
(Sm). These sands upward turn into the ripple-cross lami-
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nation (Fig. 11). They show the gentle coarsening upward 
cycle, in which the median grain diameter d50 increases 
from 0.13 mm to nearly 0.15 mm. 

Above the described the youngest fluvial series at the 
site of Zielonczyn there is a series of fine-grained sand 
deposits (Z4) of deformed primary sedimentological 
structure as well as interbeddings of brown clayey-silty 
diamicton. There are numerous reverse faults here, which 
are cut through by the structure of a clastic dike of about 
0.2 m in diameter. Primarily, before the deformational 
processes took place, the deposits of the unit Z4 were 
building the top of the series Z3. These deposits are over-
lain by the till which builds morainic plateau (unit Z5, 
Fig. 11) or the surfaces of the pradolina terraces (units 
T2, W3, Fig. 11). In the first case it is represented by 
light brown, sandy diamicton of massive structure, at the 
bottom of which there are sandy folds and interbeddings. 
Within the Toruń Basin (Tur site) this till is represented 
by brown diamicton of massive structure, where the in-
tensity of the orientation of the longer axis of clasts is 
large (S1=0.68; S3=0.04), while the maximum concentra-
tion shows the direction NW-SE. The petrographic analy-
sis of the fine-grained gravel fraction of the diamicton 
shows a larger share of limestone (47.2%) than crystalline 
rocks (32.0%), as well as a significant share of sandstones 
(10.1%) and local rocks (5.6%). The values of the petro-
graphic coefficients are: O/K=1.5, K/W=0.8, A/B=1.0, 
while the share of carbonates is 8.5%.  

The analyses of rounding and frosting of quartz grains 
at the Wypaleniska site indicate that the share of EL and 
EM/EL grains is from 73.5 to 98.1%, while in Zielonczyn 

from 64.2% to 93.6%. Moreover, a large percentage of 
grains is very well rounded; at the Wypaleniska site it is 
12.3 to 28% and at the Zielonczyn one 6.4-22.6%. The 
percentage of fractured grains (C) at the Wypaleniska site 
is insignificant (up to 6%). At the Zielonczyn profile, C 
varies and is in most cases high or very high (>19%). 
Moreover, the results of the Cailleux analyses (1942) 
with the modification of Goździk (1980) and Mycielska-
Dowgiałło and Woronko (1998) show that the tills at the 
Zielonczyn profile have a similar spectrum of grain types 
and both the underlying and overlying sandy deposits 
(units Z1 and Z3).  

4. DISCUSSION  

The geological structure of the slopes and erosive ter-
races of the Toruń Basin as well as the lower section of 
the Drwęca Valley includes three fluvial series. They are 
predominantly built of sandy deposits and underlying a 
layer of till correlated with the advance of the Scandina-
vian ice sheet of the Leszno Phase during Late Weich-
selian (Wysota 2002; Wysota et al. 2009). According to 
Molewski (2007) and Wysota et al. (2009) within the 
Vistula Lobe this ice sheet had its maximum extent about 
20.3 ka ago and reached a bit further south from the 
Toruń Basin. 

The oldest fluvial series, which comes from the Saali-
an Glaciation, was identified at the mouth section of the 
Drwęca Valley (Fig. 8, Table 1). It includes lithofacies Si 
of exceptionally large scale, the laminas of which show a 
successive change in the direction of the dipping as well 
as a significantly smaller angle of dipping in relation to 
the tabular sets also found in this place. It is almost per-
pendicular to the direction of the palaeocurrent delimited 
on the basis of the cosets Sp (Fig. 8). The interrelations 
and significant differences in the thickness of the lithofa-
cies Sp and Si indicate that was the development of side-
bars rather than a laterally accreted mid-channel bar. 
They were developing along the banks of river channel of 
up to 5 m of water flowing through it. The coexisting 
cosets Sp were deposited due to the development of 
transverse bars which migrated there and covered side-
bars. A similar development of the channel forms was 
described by Olsen (1988) in the sandy braided-
meandering river system in Germany and Schwartz 
(1978) in sand bed of the braided-to-meandering transi-
tion zone of the Red River. The lithofacial features of the 
oldest fluvial series might represent the mixed-load, lat-
erally active channels of an anabranching river (Nanson 
and Knightom, 1996). 

As far as the analysed sites are concerned, they con-
tain neither a series which would be related to a meander-
ing river from the Eem Interglacial as described by Ma-
kowska (1979) in the Toruń Basin, nor any fluvial depos-
its from Lower Powiśle which were deposited by a braid-
ed river during the Early Weichselian (Wysota, 2002). 
This is caused by the fact that in the north part of the 

 
Fig. 12. Time diagram with luminescence dating (age and range) of 
Weichselian fluvial series in the Toruń Basin and in the mouth section 
of the Drwęca Valley. 
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basin their top is at the altitude of about 35-40 m above 
sea level, i.e. much deeper than the sites analysed in this 
article. Due to this the older part of the Rzęczkowo for-
mation (cycle RI) was not found in the analysed sites 
(Wysota, 2002).  

The younger fluvial series shows diverse lithofacial 
features. As the results of the OSL dating indicate, this 
series were accumulated in the upper part of Middle 
Weichselian, i.e. by about 29 ka ago (Fig. 12). They refer 
to the second stage of the deposition of the Rzęczkowo 
series (RII) which was found in the northern edge of the 
Toruń Basin (Wysota, 2002; Wysota et al., 1996). The 
sandy deposits of the younger fluvial series are represent-
ed by a cyclical sequence of the lithofacies associations 
Sp(Sl,Sh,St,Sr)→Sr,Src,SFh. They were deposited by a 
sand-bed braided river, at the bottom of which developed 
aggradational forms at the initial phase of the waning 
flood (Cant and Walker, 1976; Zieliński, 1992; 1993). 
The dominant cosets Sp indicate the development of 
transverse bars, as well as a significant depth of the flow-
ing water. The best developed lithofacies association of 
the younger fluvial series include Sp(Sl,Sr,St) at the site 
of Nowe Dąbie (Fig. 9). It developed in the conditions of 
a limit between the upper and the lower stage of lower 
flow regime and as a result of the growth of large and 
complex transverse bars (Weckwerth, 2009a). At the 
same time, however, they might be the recording of the 
surfaces of reactivation being formed during the follow-
ing floods (Collinson et al., 2006). These forms were 
moving west and south-west. Due to their large size their 
surfaces were variously modelled and depended on the 
depth of the river. The sections located deeper were cov-
ered with secondary lower and shorter sand bars or two-
dimensional dunes (the profile of Nowe Dąbie 2). The 
upper sections of the large bars were covered with shal-
low-water lithofacies Sh and Sl in the transition condi-
tions to the upper regime of the water flow (the profile in 
Nowe Dąbie 1). Moreover, their emerging sections were 
being cut by the shallow channels of flowing water (St). 
In the other secondary channels smaller sand bars and 
two-dimensional dunes were migrating (Miall, 1985; 
Zieliński, 1992; 1993; 1998). The fading water flow trig-
gered off the development of the ripplemark bottom. The 
waters flowed in the north-west direction. The fine-
grained sands and silts lithofacies Sr, Src, SFh, SFw and 
SFh, found in the analysed sites, indicate the existence of 
a floodplain.  

The lithofacial feature of the younger fluvial series in 
the Toruń Basin (the site at Nowe Dąbie) show similari-
ties to the lithotype of the lower section of the River 
Platte (Smith, 1970). Some similarities may also be found 
in relation to the deposits of the South Saskatchewan 
River (Cant and Walker, 1978). This river also shows and 
insignificant gradient, shallow and even bottom as well as 
the presence of the floodplain (sand flat lithotype). The 
riverbed deposits are well sorted here and d50= 0.3 mm.  

The deposition of the younger fluvial series, which is 
exposed at the site of Chobielin, shows a different charac-
ter. The common here medium- and large-scale lithofa-
cies Sl with the secondary Sm and Sr might represent the 
subenvironment of shallow and wide braided river with 
dunes being washed away or a near-channel section of the 
floodplain covered with deposits during overbank floods 
(Zieliński, 1992). The dipping of the laminas within the 
cosets Sl is insignificant. This may indicate that the sand 
sheets were deposited by overbank sheet flows (Tun-
bridge, 1981; 1984), although the fine-grained sandy 
fraction indicates low energy of flowing water. On the 
other hand, however, the fact that there are large-scale 
lithofacies Sl, which are covered either with sands of 
ripple lamination or by scour-and-fill structure, might 
suggest the development of point-bars sensu lato (Olsen, 
1988). In this situation the younger fluvial series which is 
exposed in Chobielin would have been deposited in the 
sinuous individual channels of a braided system of 2.5-3 
m depth. The river system, thus, had the character of a 
sand-dominated or mixed-load laterally active anabranch-
ing river (Nanson and Knighton, 1996). 

The results of the OSL dating of the youngest fluvial 
series indicate that the deposition took place about 27-21 
ka ago, which can be related to the upper part of Middle 
Weichselian and lower Late Weichselian when the land-
scape was dominated by herbaceous vegetation (Lat-
ałowa, 2003). The above-lying till (the site at Tur) shows 
similar petrographic composition to the till building the 
morainic plateau located to the west (the site of 
Samoklęski Małe, Weckwerth, 2004) as well as the till 
from Starogród Zamek and the upper unit of  Łążyn till 
(Wysota, 2002). In the central and southern part of the 
Toruń Basin the youngest fluvial series is dominated by 
medium- and large-scale lithofacies Sp, the sets of which 
end up with a ripplemark cosets (Wypaleniska and 
Łochowo sites). Such a diverse lithofacial character cor-
responds with the deposits accumulated at the bottom of a 
sand bed braided river of dominant transverse bars sedi-
mentation (Zieliński, 1992; 1993). The development of 
the lithofacies Sp indicates the changeable dynamics of 
the water flow and its decreasing depth. The west and 
north-west directions were dominant. As the OSL dating 
results indicate, the deposits of the unit L2 (the Łochowo 
site, Fig. 11) might be included into the fluvial series 
from the end of Late Vistulian. However, due to the simi-
larity of petrographic composition of the till balls at the 
Łochowo site and the till layer at the Tur site as well 
as the fact that buried channel include the shallow palae-
ochannel on the surface of the pradolina terrace, the litho-
facies Si (unit L2, the Łochowo site) might belong to the 
deposits of the IXth terrace of the Toruń Basin (the 
pradolina terrace deposits, Weckwerth, 2010).  

The youngest fluvial series also includes the inter-till 
sandy series from Zielonczyn (unit Z3, Fig. 11). It con-
tains five cycles of deposition which are dominated by 
large-scale lithofacies Sl covered with sands of either 
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ripple lamination or the scour-and-fill structure. Such 
lithofacies are characteristic for side-bar deposits (Olsen, 
1988; Zieliński, 1998, Salamon and Zieliński, 2010). In 
its upper part they were being cut by chute channels or 
covered with fine-grained sands of ripple lamination or 
horizontal bedding (the lithofacies association Sr,Sm(Sh), 
Fig. 11). The fact that there is a tabular lithofacies Sp, 
which was later deformed glacitectonically, indicates 
there might have existed the chute bars (unit Z4, Fig. 11).  

The lower till layer found in the exposure of the 
Zielonczyn site is located between the younger and the 
youngest fluvial series. The results of the OSL dating of 
theses fluvial deposits show that the tills’ deposition took 
place c.a. 28 ka ago (Figs. 11, 12). The till fabric data 
show the north ice flow direction in the area of the Toruń 
Basin. The chronostratigraphic position of the lower till 
from Zielonczyn corresponds with the Klintholm Till 
Unit (Houmark-Nielsen, 2007; 2010; Houmark-Nielsen 
and Kjær, 2003). In accordance with the suggestions of 
Houmark-Nielsen (2010) and Marks (2010) the Klin-
tholm ice advance might have reached the northern part 
of Poland. 

The detailed structural analyses of the fluvial series 
are also supported by their textural features, which pro-
vides information on the source material and the transport 
conditions. The analysis of rounding and frosting of 
quartz grains of the sandy fraction (0.5-0.8 mm) accord-
ing to Cailleux (1942) indicate that in the younger and in 
the youngest fluvial series (the sites of Nowe Dąbie, 
Wypaleniska and Zielonczyn), the high-energy fluvial 
environment (EL and EM/EL) grains dominate irrespec-
tively of the lithofacial development of the deposits. The 
majority of the grains are of a very good rounding (on 
average >15%, but up to as much as 35%). In the Pleisto-
cene deposits the portion of the grains of that type gener-
ally does not exceed 5%. This also refers to the underly-
ing deposits (Woronko, 2001). Such a high percentage of 
the very well rounded grains of shiny and smooth surface, 
which developed in aqueous environment, was recorded 
in the contemporary alluvial sediments of the Vistula 

below the Włocławek Dam (unpublished). Undoubtedly, 
the high level of rounding resulted from the long-lasting 
and active presence in the fluvial environment where 
redeposition of the same alluvium took place a number of 
times. The morphological analysis of the quartz grains 
from the lower till in Zielonczyn showed identical spec-
trum of the grain types, for both the deposits of the 
younger and the youngest fluvial series at this site. This 
might have been conditioned by a cyclical exaration of 
the local base by the advancing ice sheet, and conse-
quently, might have resulted in the development of a 
lowering (a depression) (Fig. 1). The investigated sites 
are located within the Torun Basin, which is surrounded 
by morainic plateaus sloping towards it. It can be con-
cluded they are the northern extension of the exaration 
depression (Fig. 1) in the northern part of the Kuiavian 
Plateau, described by Molewski (2007). The results of the 
micromorphological tests of the quartz grains show that 
the dulled surface of the grains of this type contains a 
large number of V-shaped percussion cracks (Fig. 13). 
These cracks are an indicator of the advancing abrasion in 
the beach environment (Krinsley and Takahashi, 1962; 
Krinsley and Doornkamp, 1973) and the fluvial environ-
ment (Manickam and Barbaroux, 1987; Ostrowska, 2008; 
Woronko and Ostrowska, 2009). Based on the number of 
such microstructures, Margolis and Kennett (1971) classi-
fy aqueous environments and their energy: from fluvial 
with single cracks, to low-energy beach environment, and 
to high-energy aqueous environment where the number of 
cracks is significant. Moreover, Krinsley et al. (1964) say 
that the number of these cracks grows with the distance at 
which the grains are transported. On the other hand, how-
ever, the surfaces of grains of medium rounding (0.3-0.6 
according to the Krumbein (1941) scale of rounding) and 
smooth and shiny surface (EM/EL), abrasion in the aque-
ous environment limited the number of V-shaped percus-
sion cracks on the edges (Fig. 14). 

In numerous samples of the studied sand series there 
were grains with surfaces shaped by intensive chemical 
weathering that has left traces of in situ etching (OTH-

 
Fig. 13. A – very well rounded quartz grain with dulled surface represents high-energy aqueous environment (type EL) (Wypaleniska site), B – frag-
ment of the quartz grain with dulled surface with high frequency of V-shaped percussion cracks, crescentic gouges and small conchoidal fractures 
(Wypaleniska site). 
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ER). The aeolian environment grains (RM and EM/RM) 
are represented only symbolically with a contribution not 
exceeding 7%, and in most cases being just 1-2%. The 
Vistula’s alluvia below the Włocławek Dam do not con-
tain grains which represent aeolian or weathering envi-
ronment (of the OTHER type), and the cracked grains (C) 
make up less than 3% (unpublished). Additionally, except 
for the well-rounded grains, the analysed profiles contain 
totally angular or poorly rounded feldspars.  

The results of the rounding and frosting analysis of 
the quartz grains seem to indicate that the younger and 
the youngest fluvial series, which come from the end of 
Middle Weichselian and the beginning of Late Weich-
selian (the sites of Nowe Dąbie, Wypaleniska and 
Zielonczyn), represent the alluvium from the rivers fed 
from two different sources. This idea is supported by the 
amount of the V-shaped percussion cracks on the surfaces 
of the quartz grains; it is very large for most of the EL 
grains and low on the surfaces of the EM/E grains. In the 
first case, the source of the material might have been the 
alluvium of a warm river which “worked” its sediment a 
number of times, while in the second case these were 
mainly the Quaternary deposits. The river system, thus, 
developing during the two cycles of accumulation of the 
younger and the youngest fluvial series in the Toruń Ba-
sin, might have been fed, on the one hand, by the older 
extraglacial deposits (a number of redepositional events 
of the same alluvium). On the other hand, these were also 
the deposits from the melting ice sheet. The aggradation 
of these two alluvial deposits was fast enough to keep the 
textural features of both sources materials. This is sup-
ported by the fact that the share of totally angular or poor-
ly rounded feldspar is significant in the deposit. It can be 
assumed, thus, that at the end of Middle Weichselian and 
at the beginning of Late Weichselian the river systems of 
the ice marginal streamway (pradolina) character existed 
along the Toruń Basin. Their evolution was stimulated by 
a cyclical advance or retreat of the ice sheet against the 
neotectonic movements (Weckwerth, 2007; 2010). Simi-
larly high homogenization of the textural features of the 
deposits recorded in the analyzed deposits of the younger 

and the youngest fluvial series, as well as in the both 
levels of tills from the site of Zielonczyn, was found in 
the tills near Lusowo (10 km to the west of Poznań). 
They build the forms which were formed by the ice 
streams during the Last Glacial Maximum in the Wielko-
polska Lowland (Morawska and Morawski, 2009). At the 
same time the Vistula Valley was also taken by an ice 
stream (Punkari, 1993; Boulton et al., 2001; Wysota et 
al., 2009), which might have been responsible for such a 
development of the deposits. The ice moved southwards 
along the existing river valleys, which resulted in enrich-
ment of the tills in local deposits of the two youngest 
fluvial series, and the creation and renewing the exarative 
depression along the Lower Vistula Valley and the Toruń 
Basin.  

5. CONCLUSIONS 

Interpretation of the OSL results is difficult due to the 
relatively large uncertainties associated with OSL dates 
and short time of sedimentation on the other hand. How-
ever, the results of the studies on the fluvial series in the 
Toruń Basin and the mouth section of the Drwęca Valley 
enabled the authors to delimit three fluvial series of di-
verse age and the features of the depositional environ-
ment. The oldest of them (the oldest fluvial series) was 
found in the lower section of the Drwęca Valley and was 
deposited during the Saalian Glaciation by a low-energy 
sand-bed river with side-bars and migrating transverse 
bars. Its deposits might represent the transitional features 
of the fluvial deposition: from a meandering river of low 
sinuosity to a braided river. The water was flowing to-
wards south-east. 

During Middle Weichselian, i.e. by about 29 ka ago, 
the deposition of the younger fluvial series took place in 
the Toruń Basin and the lower section of the Drwęca 
Valley. At that time a sand-bed braided river was flowing 
there. It contained large transverse bars. These were 
complex forms and created mid-channel areas of shallow 
water with secondary bars of almost five times smaller 
size (or two-dimensional dunes). Moreover, this river 

 
Fig. 14. A – well rounded quartz grain with dulled surface represents high-energy aqueous environment (type EM/EL) (Wypaleniska site), B – frag-
ment of the quartz grain dulled surface with low frequency of V-shaped percussion cracks (Wypaleniska site). 
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developed secondary channels of diverse depth as well as 
a floodplain dominated by the low-energy deposition of 
the suspended material accumulated when flood waters 
were going down. The river system included the main 
bed of the sand-bed braided river, as well as sinuous 
individual channels of a braided system opening into it.  

Between about 27 ka and 21 ka ago, the river system 
included low sinuous channels with side-bars and low 
channel gradiend, which was later transformed in a braid-
ed river of the sandy bottom (increasing channel gradient) 
dominated by transverse bars in the central and southern 
part of the Toruń Basin (youngest fluvial series, 
Zielonczyn formation). The water flow conditions were 
between the lower and the upper stage of the lower flow 
regime. With the change in the flow direction from the 
west to the north-west the dynamics of the water flow 
decreased. 

The age of the younger and youngest fluvial series in 
the Toruń Basin, separated by the till in Zielonczyn site 
(lower Zielonczyn till), indicates the first advance of the 
Scandinavian ice sheet during the Weichselian Glaciation 
into the Toruń Basin took place about 28±4 ka ago, alt-
hough this thesis should be confirmed by the research in 
the other sites of North Poland. This approximate age of 
the lower Zielonczyn till formation, was estimated as the 
centre and width of the time range limited by the OSL 
dates obtained from the beneath (TO162: 28.5+3.4 ka) 
and above (TO158: 26.9-3.2 ka) sediment layers. 

The source material for the two rivers within the 
Toruń Basin, both during the Middle and the Late Weich-
selian, were possibly the deposits transported by the riv-
ers flowing into the basin from the extraglacial zone in 
the south, as well as the deposits exarated by the ice sheet 
from the older river series and from the pre-quaternary 
basis from the north. It can be assumed, thus, that at the 
end of Middle Weichselian and at the beginning of Late 
Weichselian the river systems of the ice marginal 
streamway (pradolina) character existed along the Toruń 
Basin. 
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