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Evolution of the Torun Basin in the Late Weichselian
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Abstract: The Torun Basin is the eastern fragment of the Note¢-Warta ice-marginal streamway. Genesis of the Torun Basin
firstly demonstrates processes of erosion and accumulation of meltwaters and the Vistula waters which occur on the back-
ground of changes in the height of erosion base and tectonic movements. In the formation of the Torun Basin one cannot ex-
clude its older, glacial and interglacial assumptions either, as through its location the form is related to the course of the fos-
sil valleys.

The article presents functional stages and reorganizational mechanisms of water discharge directions in the Torun Basin,
stimulated by the tectonic activity of the older bed. In the Torun Basin the following terrace sets can be distinguished: a) the
outwash levels formed not so far away from the ice-sheet front, i.e. during the Wabrzezno Subphase, b) the distal sections of
the outwash (XI, X), c) the Vistula ice-marginal streamway terraces (the transitional terrace and IX), d) the Vistula ice-mar-
ginal streamway terraces (VIII-VI) from the period of this river bifurcation at Fordon, and e) lower terraces of the Vistula
valley. In the upper part of the Late Weichselian waters formed a system of sandbed braided rivers with changeable flow re-
gime, which initially had higher energy, then reduced energy and high again. This resulted from the ice-sheet front retreat,

intensity of its ablation and the inflow of the Vistula waters from the south.

Introduction

The Torun Basin is the initial eastern fragment of
the Note¢-Warta ice-marginal streamway, and be-
longs to its biggest widenings used by the valley of the
lower Vistula, within the extent of the last glaciation
(Galon 1934, 1953, Kozarski 1962, Niewiarowski
1968). The lower sections of the river valleys and
meltwaters discharge tracks are concentrated within
the valley. Hence, its genesis firstly demonstrates
processes of erosion and accumulation of meltwaters
and the Vistula waters which occur on the back-
ground of changes in the height of erosion base and
tectonic movements of the older bed (Mojski 1980,
Wisniewski 1987, Starkel 2001, Weckwerth 2000,
2007c¢). In the formation of the Torun Basin one can-
not exclude its older, glacial and interglacial assump-
tions either, as through its location the form is re-
lated to the course of the late age fossil valleys
(Weckwerth 2007c¢).

Investigations into the geomorphological devel-
opment of the Torun Basin were initialised by the

works of German researchers who claimed the exis-
tence of an ice-dammed lake in the basin (Keilhack
1904, Jentzsch 1919, Sonntag 1916, 1919, Maas 1904,
Woldsted 1932, Ost 1935). Its shallowing and the lat-
ter activity of the River Vistula were assumed to re-
sult in the development of terraces in the Toruf Ba-
sin. According to Lencewicz (1922, 1923), the
ice-dammed lake was to be formed due to the break-
ing of a glacial lake near Wloctawek. Its vanishing
made it possible to join two basins in the line of the
Vistula valley.

Samsonowicz (1924) and Galon (1929) rejected
the idea of an ice-dammed lake in the Toruf Basin.
They differentiated three terraces (upper, central
and lower), though. The subsequent developments
of opinions on the evolution of the basin relief were
based upon the results of Galon (1929, 1934). Galon
(1953) transferred the results of the investigations
into the evolution of the valley and the Brda outwash
onto the entire system of the Torun-Eberswald
ice-marginal streamway, defining the stages of the
Late Weichselian hydrographic network of the Pol-
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ish Lowland (Galon 1961, 1968). He distinguished
eleven terraces in the basin out of which the oldest
(terrace XI) was related to the discharge of waters
during the Pomerania Phase (Galon 1968).
Whereas, within the level of the terrace Vc (IX) the
bifurcation of the Vistula waters started, i.e. some
waters directed westwards through the Note¢-Warta
ice-marginal streamway, and some waters ran north-
wards. According to Galon (1961, 1968), the above
change of the Vistula flow into the northern direc-
tion at Fordon was initiated in the Oldest Dryas, and
was to occur at the levels of the terraces from IX to
VI. According to Galon, the direction of the Vistula
exclusively northwards occurred as of the Allerdd,
according to Roszko (1968) as of the Older Dryas, or
as Augustowski claims (1982) as of the Bolling (on
the grounds of the investigations conducted by Droz-
dowski 1974). Similarly, the incision of the Vistula
waters into the level of the terrace VI is dated by
Tomczak (1987) at the turn of the Oldest Dryas and
Bolling. Niewiarowski (1987) claims this may have
occurred 14,000 years ago. This author believes the
timing problem of directing the Vistula waters to the
north is still open and requires further research. Bi-
furcation of the Vistula in the vicinity of Fordon is
questioned by Wisniewski (1990). He claims the
northward direction of the Vistula waters occurred
in the level of the terrace VI. Weckwerth (2006) also
referred to the issue of the Vistula bifurcation in the
vicinity of Fordon, proving a shorter duration of this
flow than was assumed by Galon (1961, 1968) due to
the exclusion of the terrace IX.

The research into the evolution of the relief of the
Torun Basin was also conducted by Tomczak (1987),
who distinguished five terraces within the Torun Ba-
sin, and claimed the evolution of the terrace IX as a
result of water surface wash on the frozen bed (per-
mafrost). Moreover, Tomczak (1971, 1982, 1987)
recognized the geological structure and the evolu-
tion of fluvial forms within the upper flood terraces
and the Vistula flood plain. Problems of evolution
and the age of forms and deposits of the Vistula
flood plain in the Toruf Basin were dwelt upon in
the works by, among others: Wisniewski (1976,
1987), Niewiarowski & Noryskiewicz (1983),
Andrzejewski (1994, 1995), Kordowski (1997), and
Szmanda (2000, 2002).

Main properties of the Torun Basin
relief

The activity of waters is responsible for the evolu-
tion of the present relief of the Torun Basin. These
waters formed a hydrologic node joining the valleys
of the Vistula, Note¢, Drweca and Brda with the
Note¢-Warta ice-marginal streamway during the
Weichselian ice sheet recession (Galon 1934, 1953,
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1961, Niewiarowski 1968, 1969, Wisniewski 1976,
1990). Hence, the basic relief forms of the Torun Ba-
sin include outwash levels and terraces (Galon
1968). Moreover, some fragments of a morainic pla-
teau are preserved in the Torun Basin. The biggest of
them, located in the central part of the basin, near
Chro$na and Leszyce, reaches between 90 and 75 m
a.s.l. Smaller morainic remnants are found in the vi-
cinity of Nowe Dabie (to the north of Labiszyn) and
near Aleksandréw Kujawski (Fig. 1).

Despite the dominance of fluvial forms, the To-
run Basin is characterised by a considerably diverse
land relief. Its average altitude amounts to 67.93 m
a.s.l,, the areas located below 55 m a.s.l. (the Vistula
valley, below the terrace VI) make up 30 % of its en-
tire area, and the area located between 67 and 70 m
a.s.l. take approximately 22% (terrace IX). Approxi-
mately 28% of the Torun Basin is located above 70 m
a.s.l. The Vistula flood plain is located lowest in the
Torun Basin, at 32-43 m a.s.l. At its contact points
with morainic plateaux there are considerable deni-
velations, reaching up to 60 m. The highest eleva-
tions within the Torun Basin constitute culminations
of dunes located on the higher terrace levels. Their
heights often exceed 100 m a.s.l. (Szwedzka Goéra
115.9 m a.s.l., Debie Gory 110-114 m a.s.l.), which
makes up the maximum difference of height for the
entire Torun Basin of nearly 84 m. Height differ-
ences between the subsequent terraces of the Torun
Basin are minor, as they amount to 3-7 m. Consider-
ably bigger denivelations, of approximately 27-38 m,
occur only when, for instance the Vistula flood plain
borders with the terraces located higher. Significant
relative heights are found within the dunes located
on the terraces of the Torun Basin (10-25 m, maxi-
mum 4045 m).

The outwash levels and terraces show consider-
able differences in the slope of their areas. These
slopes are biggest for the outwash levels
(0.217%0-0.36%0), and nearly three times as small
for the terraces XI and X and for the transitional ter-
race (0.090%0—-0.096%o0). The gradient of the slopes
of the terraces from IX to VI rise again, and amount
to: the terrace IX — 0.120%o, the terrace VIII —
0.105%60, the terrace VII — 0.194%o0, and the terrace
VI -0.115%0. With respect to the value of the incli-
nations of the terraces in the entire Note¢-Warta
ice-marginal streamway quoted by Galon (1961),
they are smaller by 50-70% for the terraces IX and
X, and by 38% for the terrace IX, and by up to 84%
for the terrace VIII. The terrace VIl is characterised
by a similar inclination both in the Torun Basin and
in the entire Noteé-Warta ice-marginal streamway.
Perhaps this smaller gradient of the slope of the ter-
races in the Torun Basin may be related to a bigger
lateral activity of flowing waters here than in the
Note¢-Warta ice-marginal streamway (Leopold
et al. 1964, Schumm 1977, Knighton 1984).
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The hitherto prevailing investigations of the evo-
lution of the Torun Basin relief show that the terrace
levels within the Torun Basin formed at different
times, starting from the deglaciation of this form. Ini-
tially, during the Krajna-Wabrzezno Subphase, the
Torun Basin was a track for meltwater discharge
(Niewiarowski 1969). The rudimentary fragments of
outwash levels located mainly in its southern part
date from that period (Weckwerth 2005). The major
evolution of the basin occurred with the start of the
Pomerania Phase of the last glaciation. The basin
was formed as an eastern extension of the No-
te¢-Warta ice-marginal streamway, as a result of the
activity of meltwaters and waters from the extra-
glacial area (Galon 1961, Kozarski 1962, Niewia-
rowski 1968, 1969, Wisniewski 1990, Weckwerth
2004, 2005). The flow of these waters at lower
heights resulted in the formation of the terraces from
XI to VI. Further evolution of the lowest group of
the terraces was mainly related to the activity of the
Vistula after its incision into the terrace VI and its
change of flow direction to the north at Fordon
(Galon 1953, 1961). According to Tomczak (1987)
and Niewiarowski & Weckwerth (2006), the outwash
levels found in the basin and related to the
Krajna-Wabrzezno Subphase, developed at around
17 ka BP, whereas the terraces XI-IX at the end of
the Weichselian from approximately 16 to 14-13.5
ka BP, the terraces VIII-III in the Oldest Dryas
(from 14-13 ka BP to 12.4 ka BP) and in the Bolling
(from 12.4 to 12.1 ka BP), and the terrace II in the
Older Dryas (12.1-11.8 ka BP) and at the beginning
of the Allerdd (11.8-11.5 ka BP), and the flood plain
in the Holocene.

Geological structure of the Cenozoic
bed

The formations of the Cenozoic bed of the Toruf
Basin belong to major structural and tectonic units
found in Poland (Fig. 2). These are: a marginal
trough changing into a Precambrian platform (East-
ern European platform) in the eastern part of the ba-
sin and the Central Polish Anticlinorium located in
its central and western parts (Marek & Znosko
1972a, b). Their conventional border is determined
by a zone of 2 to 7-kilometre width, which runs be-
tween the deposits of the Upper and Lower Creta-
ceous, in the line Fordon (Bydgoszcz)-To-
run—Czernikowo—Nieszawa—Wtoctawek (Marek &
Znosko 1972a, Dadlez & Marek 1974, Marek &
Znosko 1983).

A fragment of the marginal trough comprising
the eastern part of the basin belongs to its Warsaw
section (Plock section, Dadlez & Marek 1974). This
marginal trough is a relatively young tectonic struc-
ture, as its southwest limit at the contact points with
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the Kujawy anticline formed during its uplift, be-
tween the end of the Cretaceous and the beginning
of the Cenozoic (Dadlez & Marek 1983). The dis-
cussed eastern fragment of the Torun Basin is lo-
cated within the inclination of the Kujawy-Pome-
rania Anticlinorium and the northern part of the
Plonsk section of the marginal trough (Dadlez &
Marek 1983). Situated within the marginal trough,
the Zechstein basin is a trough of WNW-ESE axis
(Pozaryski et al. 1983). The top of the Cretaceous de-
posits bends northwards here (from 8 m b.s.l. to
20-23 m b.s.L.). Starting from southwest limits of the
marginal trough, the bed of the Cenozoic deposits in
the vicinity of Torun make up the face of the bed
from the Upper Albian and Cenomanian (inclina-
tion of the Kujawy Anticlinorium) to the Maastrich-
tian (Fig. 2). These are marine facies and lie rela-
tively shallow along the Vistula valley, at the depth
from 50 to 120 m, where they occur in the Quater-
nary bed to the south of Torun (Fig. 3). They are
mainly represented by marl, limestone, marly lime-
stone, and marly gaizes (Cenomanian, Turonian,
Coniacian and Santonian) and marls and marly
gaizes belonging to the Maastrichtian with rich
microfauna (Niewiarowski & Wilczynski 1979).

The central and western part of the Torun Basin
stays within the Middle-Polish Anticlinorium (Fig.
2), which is intersected with a dislocation zone in the
Zechstein bed of a nearly parallel orientation (Ly-
czewska 1975, Dadlez 1980a, 1980b). As for its
course, the zone relates to the Note¢ valley and is
considered a tectonic border between the Pomerania
Anticlinorium in the north and the Kujawy Anti-
clinorium in the south (Dadlez & Dembowska 1965,
Dadlez 1980a, Marek & Znosko 1972a). It also di-
vides the Naklfo region from the Gniewkowo region
with a different degree of evolution of salt tectonics
structures. These structures in the southern direc-
tion are significantly more visible, which is related to
a considerable increase in the Zechstein thickness on
the Kujawy swell as compared to the marginal trough
(Marek & Znosko 1972a, Dadlez & Marek 1974).
The swell, pillows and salt banks of the Gniewkowo
region located within the basin occur in the vicinity
of Ciechocinek and Naklo (Lobzenica/Wigcbork),
Chro$na, Toporzyska and Szubin (Fig. 2).

Relief of t the sub-Quaternary deposits

The relief of the sub-Quaternary surface within
the Torun Basin and its closest neighbourhood is
characterised by a series of declines mainly related to
the Quaternary processes of fluvial and glacial ero-
sion (Fig. 3). The surface of the sub-Quaternary sur-
face reaches the smallest height in Bydgoszcz (120.0
and 110.2 m b.s.l.), whereas its culminations are
found in the vicinity of Torun (65.5-66.8 m a.s.l.),



and to the west of Labiszyn (72 m a.s.l.), and in
Bydgoszcz (67.6-70.0 m a.s.l.). Thus, the height dif-
ference in the sub-Quaternary surface reaches the
value of 192 m (Fig. 2). The average height of the
sub-Quaternary surface amounts to approximately
15 m a.s.l. Approximately 26% of its area is located
below the sea level (from 0 to 120.0 m b.s.l.), 44%
stays in the height range of 0-24 m a.s.l., whereas
30% is over 24 m a.s.l.

The culminations of the surface of the sub-Qua-
ternary surface within the Torun Basin consist of the
Pliocene deposits, while alongside the increase in its
depth in the depressions, the Miocene and Oligo-
cene formations, as well as the Cretaceous and Ju-
rassic formations are found (Fig. 3). The oldest Me-
sozoic deposits lying below the Quaternary
formations of the Torun Basin comprise deposits of
the Lower Jurassic in the southwest limit of the ba-
sin, to the south of Szubin, and of the Upper Jurassic
in the vicinity of Aleksandrow Kujawski and
Ciechocinek, which, thus, belong to the Ciechocinek
elevation (Lyczewska 1975, Niewiarowski & Wil-
czyniski 1979). According to Kucharski (1966) and
Lyczewska (1975), their high position is related to
particularly intensive erosion processes at the end of
the Pliocene. Moreover, the face of the Jurassic and
Lower Cretaceous bed rocks are found further to the
west towards the culmination of the Kujawy Anti-
clinorium, at the bottom of the fossil valley in the vi-

H Ziawies Wik.

Evolution of the Torun Basin in the Late Weichselian

cinity of Aleksandréow Kujawski and Nowa Wies
Wielka (Lyczewska 1975, Niewiarowski & Wilczyn-
ski 1979, Wrotek 1993, Jeziorski 1995a). The Lower
Cretaceous deposits were also found in Bydgoszcz,
at the bottom of exarational or tectonic troughs sur-
rounded by a system of faults (Koztowska & Koz-
fowski 1992).

Systems of valley forms, which run parallel and
meridionally, play a major role in the diversified
sub-Quaternary surface. The first system repre-
sented by a series of declines running accordingly to
the axis of the Torun Basin, along its southern slopes
(Fig. 3). Their bottoms merge into a major wide val-
ley form. They are located at 1-3 m b.s.l. and 14 m
b.s.l. in the eastern part of the valley (in the vicinity of
Torun and Suchatéwka) and 28-41.5 m b.s.l. in
Nowa Wie§ Wielka, where they reach the Cenozoic
bed (Lower Cretaceous). Between Tur and Jaruzyn
it goes down to 41.4-58.0 m b.s.l,, while in Nakto
upon the Note¢ down to 36.8 m b.s.l. (the Naklo tec-
tonic trench). The mentioned main valley form de-
veloped in the Pleistocene bed in the eastern part of
the Torun Basin has a broadly concave character. It
is located within the range of the Kujawy-Pomerania
swell and lateral synclinorium and shows consider-
ably smaller denivelations than those recorded fa-
ther to the west. Within this area, to the east of
Aleksandrow Kujawski and Suchatéwka, the face of
the Oligocene, at places the Miocene formations
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Fig. 2. Geological and structural map without Cainozoic formations (parly after: Marek & Znosko 1972, Dadlez & Marek

1974, Pozaryski 1974, Dadlez et al. 2000)

Upper Cretaceous: 1 — Maastrichtian, 2 — Campanian, 3 — Coniaciab and Santonian, 4 — Turonian, 5 — Upper Albian and
Cenomanian, 6 — Lower Cretaceous, 7 — Upper Jurassic, 8 —- Middle Jurassic, 9 — Lower Jurassic, 10 — Zechstein, 11 —bor-
der between the Kujawy antyclinorium and the Pomeranian antyclinorium, 12 — salt banks, pillows and swells, 13 — salt
domes, 14 —border between zone of salt domes and salt banks, pillows and swells, 15 —antyclines axes, 16 —synclines axes,
17 — detected dislocations zones in the substratum of the Zechstain sediments, 18 — probable dislocations zones in the
substratum of Zechstain sediments, 19 — morainic plateaux extent
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Fig. 3. Solid geological map of the sub-Quaternary surface
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1 —stratigraphy (Pl - Pliocene, M — Miocene, Ol — Oligocene, Cr, - Upper Cretaceous, Cr, — Lower Cretaceous, J,— Up-
per Jurassic, J,— Middle Jurassic, J, — Lower Jurassic), 2 — geological borders, 3 — fault (after various authors), 4 —lines of

geological sections, 5 — morainic plateaux extent

dominate at the bottom of the analysed depression.
Whereas, in the deepenings below the sea level,
there are the Jurassic and Cretaceous deposits which
belong to the Mesozoic elevation of Ciechocinek

In the western direction the bottom of the paral-
lel running major fossil valley to the south of Chro-
$na narrows down and deepens to 28-31 m b.s.l. It
takes a character of a narrow section developed in
the southern limit of the Chros$na anticline. This de-
cline stretches farther to the west along tectonic de-
pressions of the Kujawy Anticlinorium (the Gniew-
kowo and Labiszyn depressions), and then changes
into the Eopleistocene valley of the proto-Notec
(Dyjor 1987), and intersects the Nakto anticline in
the northern limit of the Szubin structure (Figs 2 and
3). The slanting course of the described form as com-
pared to the salt structures of the Middle-Polish
Aanticlinorium, and locally within their extent, re-
sulted in complete erosion of the Paleogene and
Neogene deposits. Hence, the bottom of the fossil
valley in these places is made of the Cretaceous and
Upper Jurassic deposits.

The predominant part of the above major fossil
valley, located in the west and southwest part of the
Torun Basin evolved before the Great (Masovian)
Interglacial (Figs 4, 5, 6). Within the area of the
Torun Basin an interglacial river running at that time
flowed to the west along the Note¢ valley (Niewia-
rowski & Wilczynski 1979, Uniejewska et al. 1979,
Wtodek 1980, Mojski 1984, Dyjor 1991, Brykczynski
1986 and others). Galon (1981), Wtodek (1980),
Brykczynski (1986) and Dyjor (1991) believed there
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had been an adjoining decline from the east, which
had run parallel to the river in the southern part of
the Torun Basin. The analysis of the geological bore-
holes showed this form had been destroyed due to
the activities of waters during the Eemian Intergla-
cial. Its farther eastern extension can probably be
found in the vicinity of Toruf, where the deposits of
that dating occur in the fossil bottoms of the pro-
to-Drweca and the valley running in the line Lulko-
wo-Wrzosy-Stawki (Wilczyfiski 1973, Niewiarowski
& Wilczynski 1979, Niewiarowski 1968). The dis-
charge of waters within their area occurred from the
northeast towards the southwest.

From the north and south other depressions con-
tact with the large concaveness of the surface of the
sub-Quaternary surface of the eastern part of the
Torun Basin. In the area located between Przylubie,
Chro$na, Suchatowka and Cierpice, the concaveness
merges with a 10-15-kilometre wide fossil river val-
ley from the Eemian Interglacial, whose deposits are
found in the form of three cycles of sedimentation
(Makowska 1979, 1980). Its limits, of a nearly meridi-
onal course, stretch onto the eastern environs of
Solec Kujawski. The extent of this valley is deter-
mined by the sub-Quaternary surface datum of 20 m
a.s.l. The considerable depth of this form with its bot-
tom located at the altitude of 4.0-12.5 m b.s.l. proves
significant intersection of the river which caused the
elimination of the Pliocene and partially Miocene
deposits. The erosion base of the Eemian river net-
work used to be located close to the Baltic depres-
sion, which resulted in the reorganisation of the



drainage system, which then began to look similarly
to the present one (Fig. 3). The location of the
Eemian fossil valley in the east and southeast part of
the Torun Basin almost matches the extent of the
present valley of the River Vistula (Lyczewska 1975,
Wisniewski 1976, Niewiarowski & Wilczynski 1979).
The major Eemian valley also comes into contact
with more narrow fossil valleys located in the vicinity
of Torun and Gniewkowo (Fig. 6).

Another Eemian fossil side valley in the south
part of the Torun Basin is located to the southwest
and west of Bydgoszcz (the environs of Labiszyn and
Nakto upon the Note¢). Its course in the western
limit of the basin covers the fossil valley of the Great

B vy d g o 5 z ¢ 2 Trzciniec

Fig. 4. Geological sections A-B and C-D
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Interglacial (Fig. 6). The Eemian deposits do no ex-
ceed the datum of 50-60 m a.s.l., and lie lower with
respect to the height of the layer of the lodgement till
from the Central Polish Glaciations. Moreover, the
Eemian valleys in the vicinity of Bydgoszcz probably
run parallel to the present channel of the Vistula in
Fordon and along the Vistula bend between Otoro-
wo and Legnowo, and they relate to the present
flood plain of the Vistula and the Brda valley.
Other forms of fossil valleys in the sub-Quaternary
surface are located in the vicinity of Slesin and
Minikowo (to the east of Nakio) and in the line of the
present Brda valley. The decline running along the
line Brda-Note¢ in the Torun Basin stretches near the
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1-peat and gyttja 2 — eaolian sands, 3 — gravels and sands, 4 —sands, 5 —silts and clays, 6 — tils, Pliocene: 7 — clays, silts and
sands, Miocene: 8 — brown coal, 9 — sands, 10 — mudstones, sandy silts, silts, cllay silts, clays, Oligocene: 11 —sands, 12 —
clays, claystones, clay silts, silts, 13 — Upper Cretaceous (marls and gaize), 14 — Lower Cretaceous (claystones, slates,
sandy-clay slates, marly mudstones, marls, gaize, limestones,sandstones), 15 — Upper Jurassic (claystones, mudstones,
slates, limestones, dolostones), 16 — Middle Jurassic (claystones, clay-sandy slates, marly mudstones, limestones, marls,
sandstones), 17 — Lower Jurassic (mudstones, claystones, slates, clay-sandy slates, sandstones), 18 — glaciotectonic defor-
mations, 19 — hypothetical age of the Pleistocene deposits: W - Weichselian, E — Eemian Interglacial, S — Middle-Polish
glaciation, M — Masovian (Great) Interglacial, P — South-Polish glaciation
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village of Drzewce and comes into contact with the
valley running parallel in the vicinity of Kruszyn
Krajeniski. To the east of the Brda valley, in the north-
ern part of Bydgoszcz, there is a depression described
by Zurawski (1959). It is found in the bed of the Qua-
ternary deposits with the bottom in the Miocene de-
posits at the height of 0-20 m b.s.l. The discussed sys-
tem of fossil valleys in the western part of the Torun
Basin intersects the layer of the height of 30-40 m
a.s.l., whose composition is dominated by the Plio-
cene silts and clays. Only in the area of Lochowo,
Biate Btota and MysSlecinek do the culminations of
this layer of the height of 50-55 m a.s.l. occur (Fig. 3).

The valley stretching from the environs of fa-
biszyn towards Nowa Wie§ Wielka belongs to the de-
pressions in the sub-Quaternary surface located in
the south part of the Torun Basin. The valley bottom
deepens to the north from approximately 0-10 m
b.s.l. (1.5 m b.s.l. in Zatach6w) to below 30 m b.s.1.,
where it reaches the Jurassic deposits. A fossil valley
located near Gniewkowo is another form (Fig. 3). Its
bottom is cut into the Oligocene deposits (16 m
b.s.l.) and is diversified with secondary deepenings
with the face of Cretaceous bed (25.0 m b.s.l. and 54
m b.s.l.). In these places the fossil valley is deepest
(72-79.8 m) as compared to the planar beds with the
face of the Pliocene bed.
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Fig. 5. Geological sections E-F and G-H
explanations like in the Fig. 4
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In the southeast part of the Torun Basin, the al-
most planar sub-Quaternary surface with the face of
bed of the Pliocene clays and silts is intersected by
several deepenings directed from the south to the
north. The deepest of these forms covers the present
valley of the Tazyna. The bottom of this fossil valley
was drilled at the level of 4 m b.s.l. (Fig. 3).

The relief of the sub-Quaternary surface in the vi-
cinity of Bydgoszcz shows particularly interesting
deep depressions of a tectonic character or related to
glacial and fluvial erosion (Jankowski 1975, Koz-
fowska & Koztowski 1992). They diversify this al-
most planar sub-Quaternary surface in this part of
the basin, located at the height of 30-40 m a.s.l. and
made of the Pliocene and Miocene deposits (Fig. 2).
At their bottoms, ranging from 120.0 m b.s.l. do 16 m
a.s.l. there are the Oligocene and Miocene deposits.
The Cretaceous deposits are found at the depth of
105.0-120.0 m b.s.l. Some of these depressions are
surrounded by a system of faults (Koztowska & Koz-
towski 1992). They may be genetically related to the
dislocations of the Naklo anticline. The breccias of
the Cretaceous rocks and the Miocene and Pliocene
clays, recognised by Koztowska & Koztowski (1992),
may indicate that these are fissures of a tectonic and
karstic origin, developed in the line of profound dis-
locations (Baraniecka 1980).
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Fig. 6. Sketch of the main fossil valleys route in the Torun
Basin

A — from the Masovian (Great) interglacial, B — from
the Eemian interglacial, C — before the Poznan phase
of the last glaciation, 1 — bottoms of the fossil valleys
and hypothetical direction of water flows, 2 — pres-
ent-day morainic plateaux (A, B based upon the works
by: Jankowski 1975, Makowska 1979, Uniejewska et al.
1979, Niewiarowski & Wilczynski 1979, Wiodek 1980,
Galon 1981, Brykczynski 1986, Jeziorski 1991, 1995a,
1995b, Mojski 1982, 1984a, 1984b, Kozlowska &
Koztowski 1992, Wrotek 1990, 1993, Uniejewska &
Nosek 1992, Weckwerth 2007c, Wysota 2002)

Outwash levels — meltwater discharge
phase

After deglaciation the Torun Basin became a
transit area for meltwaters, which created outwash
levels within it. Their minor fragments are preserved
at the contact place with the southern slope of the
Torun Basin (Fig. 1). They can be found to the west
of the Tazyna valley (80-81 m a.s.l. and 79-78 m
a.s.l.), in the vicinity of Labiszyn (87-86 m a.s.l.), and
near the village of Chro$na (80-81 m a.s.l.) in the
central part of the basin. The Struga Torufiska out-
wash enters the basin at a similar height, to the north
of Torun (Niewiarowski & Tomczak 1969, Weck-
werth 2004).

The evolution of the outwash levels in the south-
west part of the Torun Basin, in the vicinity of La-
biszyn, occurred in the line of a glacial depression.
They formed at the back of the morainic forms trans-
gressed by an ice sheet. They are currently located at
the extent limit or within the present Torun Basin

Evolution of the Torun Basin in the Late Weichselian

(Weckwerth 2007b). The mentioned outwash levels
are found to the west of Labiszyn, at 86-87.5 m a.s.l.
(Fig. 1). Their geological structure is dominated by
lithofacies of poorly graded coarse sands with gravel
of a planar cross-bedding (GSS = —0.33 phi). The
thickness of their sets oscillates from 22 to 47 cm
(Fig. 7). The secondary lithofacies include coarse
sands with gravel of a trough cross-bedding. The as-
sociation of the above lithofacies (SGp, SGt) was de-
posited in a sand-bed braided river of a changeable
bed relief. The bed was dominated by sandy-gravely
transverse bars (SGp), intersected at places by sec-
ondary interbar channels (SGt) due to the increase
in the energy of depositional environment. They ran
to the northwest (VM=309°), towards the northern
limit of the Znin channel. According to the results of
the investigations conducted by Niewiarowski (1992,
1993), their discharge could not go farther to the
south, along the Znin channel or the Note¢ valley
(Fig.1). These waters flowed along the River Gasaw-
ka at 82-83 m a.s.l., towards the later Note¢-Warta
ice-marginal streamway. They flowed through the
depression with its bottom located at 80 m a.s.l. be-
tween Pinsko and Szczepice (to the south of Nakto).
Kozarski (1962) determines the outwash track oc-
curring here on the geomorphologic map but he does
not characterise its structure or genesis. At the
Wieszki site, located on the slope of the plateau to
the south of Naklo, this level is composed of thicker,
3-metre, gravely-sandy deposits (Fig. 7). The lowest
and the top of bed location are covered with grave-
ly-sandy series (GSm, GSp, Gm). They are made of
the lithofacies of poorly graded massive gravels of a
compact grain matrix (the mean grain diameter from
0.28 to —1.40 phi). These sediments were deposited
during high water regime, at the bottom of a gra-
vel-bed braided river in the form of longitudinal
bars. These bars gained distal growth (GSp) along-
side the decreasing velocity of water discharge (GSK
skewnig positively). Additionally, these forms were
intersected with gravel sheet (Gm) which locally for-
med erosion surfaces. These are overlain by thin
beds of medium grained sands with minor gravels
(SGm), deposited during short-term falls of flow en-
ergy during the declining high water regime (Zie-
linski 1993, 1995).

The preserved sedimentation structures of the
deposits at the Wieszki site indicate the northern di-
rection of the palaeocurrent. It is related to the
course of the slope of the morainic plateau, which to-
gether with the exposure location of approx. 350 m
away from the ridge of the morainic plateau, ex-
cludes the possibility of deposition of these forma-
tions at the bed of the river which runs from the east
to the west, and thus, from the Torun Basin to the
Noteé-Warta ice-marginal streamway. It may, there-
fore, be assumed that meltwaters, which flowed to
the northwest of Labiszyn at the level of 86-87.5 m
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a.s.l., turned farther to the north, towards Paterek
and Naklo, causing the intersection of the northeast
extent of the Gniezno Plateau (Fig. 14A). Hence,
this flow connected to the ice sheet retreat from the
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line of north-Labiszyn moraines was of a marginal

character in the southwest part of the Torun Basin.
Other outwash levels in the Torun Basin are pre-

served to the west of Aleksandrow Kujawski, be-

Fig. 7. Geological structure of outwash levels in the western part of the Torun Basin
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tween the Tazyna valley and Suchatéwka (Fig. 1).
They are found at 80-81 m a.s.l. in the vicinity of the
villages Warzyn and Stare Grabie, and at 77.5-79 m
a.s.l. near the villages of Popioly, Brzeczka and Gra-
bie. Galon (1961, 1968) treated them as the terraces
XI and X and claimed they were related to the flow
of waters to the west. However, lithofacial examina-
tions conducted there dismiss the above statements
(Weckwerth 2005, 2007a). The outwash level of the
height of 80-81 m a.s.l. (the Warzyn and Stare Gra-
bie sites to the east of Suchatéwka) is composed of
lithofacial association St(Sh), deposited in a sand-
-bed braided river channel with folded megaripples
of a stable dynamics of depositional environment
(Fig. 8). The bed of the outwash series is made of gla-
cial till (the Stare Grabie site), and the flow of waters
went in the eastern direction (VM=101°). Further-
more, locally at the top of the outwash series there
are sandy silts, silty sands and sands that constitute a
lithofacial associotion Sh, Sr, SFh (Sp). It developed
within a secondary, low-energy and shallow channel
of the sand-bed braided river with a periodically van-
ishing flow in the edge part of the channel, at the
contact place with the slope of the Torun Basin. Its
characteristic property is the cyclicity of the occur-
rence of small scale lithofacies Sp with lithofacies Sr,
Sm and Sh. Water flow directed to the east
(VM=71°). The above analysis of the geological
structure and the southeast gradient of the slope of
the outwash level of the height of 80-81 m a.s.1. both
prove the flow of meltwaters in the southeast direc-
tion at this height, along the slope of the Torun Basin
(Fig. 14B). In the analysed exposures there have
been no facts confirming Kostrzewa’s opinions (1981)
on the flow of waters in this level towards the west.

The fragments of the lower outwash level (78-79
m a.s.l.), located to the west of the Tazyna valley,
slope towards the south. Minor differences with re-
spect to the height between this surface and the
above described upper outwash level (80-81 m a.s.l.)
seem to indicate they evolved at a similar period of
time, as water and glacial sediments in the Stare
Grabie site were deposited by waters flowing slowly
in the lateral part of the braided river channel.

The deposits making up an outwash level of the
height of 78-79 m a.s.l. belong to the lithofacial asso-
ciation SGp, GSp, SGt (Sp, Sm, Gm) (the Popioty
site, Fig. 8). In their lower part there are medium-
and finely-grained sands of a planar cross-bedding
(Sp), with built-on massive medium- and fine-
ly-grained sands (Sm). This is the deposit with a
mean diameter of grains GSS ranging from 1.05 to
2.96 phi and poor and moderate graded. Sedimenta-
tion structures register the mean orientation of the
palaecocurrent VM =121°. These are overlain by me-
dium-scale lithofacies SGt, which consist of poorly
graded medium- and coarsely-grained sands of a dis-
turbed grain structure (GSS from -0.50 to —0.08 phi).

Evolution of the Torun Basin in the Late Weichselian

The sedimentation structures of this deposit indicate
the SWW flow of water (VM =109°). Deposition oc-
curred in the channels with considerable velocity of
water discharge and the bed covered with mega-
ripples of folded ridges. Above the Popioly section,
there are lithofacies SGp and GSp made of
coarse-grained sands with gravel (gravely sands), of a
planar cross-bedding (SGp). The thickness of these
assotiations fluctuates from 25 to 60 cm. Further up
they change to gravels with coarse-grained sands of a
medium-scale tabular cross-bedding (GSp) and mas-
sive gravels with coarse-grained sand (GSm). They
reach the thickness from 0.4 to 1.1 m. The deposits of
the lithofacies SGp, GSp and GSm show a coarsening
upward cycle, which indicates constantly increasing
energetics of the depositional environment. At their
bottoms there are massive coarse gravels with boul-
ders (Gm). Initially, water discharge occurred to the
southeast (VM=126°) and southwest (VM=203°),
then to the south (VM =193°).

The southern direction of glaciofluvial flow
(VM=211°) is confirmed by the lithofacies Sp which
constitute a level in the village of Brzeczka at 77.5 m
a.s.l. The sediments of fine sands and silts deposited
by waters flowing to the south were found at a similar
height, approximately 2 km farther to the south in
the Grabie site (Fig. 8). Here, the outwash series is
nearly 9 m thick. Two lithofacial associations were
distinguished within: a low-energy channel of a
sand-bed braided river Sp, SGp, Sr (Sm, Sh, SGm,
Fm), and a secondary channel with a low water re-
gime or proximal flood plain (Sp, Sr, Src (Sh, Sm, Sw,
Fm, SGm). The river bed used to be dominated by
ripples, although there was sporadic intensification
of flow which concentrated in the channels of
1.6-metre depth and 10-metre width. This flow oc-
curred in the southwest direction (VM=141°). The
outwash series in the Grabie site shows considerably
lower energetics of waters flowing southwards along
the Tazyna valley than at the Popioly site. This may
have been only a part of waters whose flow is regis-
tered by deposits in the Torufi Basin and others may
have followed to the southeast, towards the present
valley of the Vistula (Fig. 14B).

Until recently the above described outwash levels
in the southeast part of the Torun Basin, located at
the contact place with the Parchanie valley, have
been treated as terraces XI and X (Galon 1961
1968), which, due to their geological structure and
direction of surface solpe, is now hard to accept
(Weckwerth 2005, 2007a). The slope of the lower
outwash levels equals 0.36%o0. This inclination stays
within the range of 0.16%o0-1.34%o0, which deter-
mines the gradient of water table transport in a chan-
nel for the deposits of the Popioly site, and is close to
a gradient of the water table determined for the top
part of the glaciofluvial series at this stand (the mean
value J,,=0,46%o0). Taking into consideration the
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above values and the palaeocurrent direction, it may
be assumed that this level and its corresponding bot-
tom of the Parchanie valley were formed by the river
before the Pomerania Phase, most probably during
the Wabrzezno Subphase of the last glaciation.

The geological structure of the outwash levels in
the southeast part of the Torun Basin (80-81 and
77.5-79 m a.s.l.) running along its slopes, the south-
ward inclination of the outwash level 77.5-79 m a.s.l.,
and the gradient of the water table determined on
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the grounds of the texture analysis of the deposits
composing it, all indicate that these levels may have
developed due to the activity of meltwaters flowing
from the stagnating ice-sheet in the line of the south
Wabrzezno moraines (Fig. 14B). The braided river
flowing in the Torun Basin at that time showed con-
siderable discharge energy, so characteristic of the
initial outwash sections. The discharge of waters in
the vicinity of Torun may have occurred at 84-85 m
a.s.l. Perhaps, as a result of it, flattenings distin-
guished by Churska (1969) on the slope of the Dob-
rzyn Plateau near Obrowo and, located farther to the
south in the Torun Basin, the level of the Miena Val-
ley at the mouth of the basin distinguished by Wis-
niewski (1976) may have developed.

Distal sections of the outwash —
the terraces XI and X
of the ice-marginal streamway

Only the fragments of the terraces XI and X are
still present among the highest ice-marginal stream-
way outwash terraces in the Torun Basin. A small
fragment of the terrace XI is located in the vicinity of
Trzciniec to the south of Bydgoszcz (Fig. 1). This ter-
race is 7677 m a.s.l. here. The thickness of its com-
posing sandy-gravely deposits ranges from 7.5 m do
10.2 m. They overlie glacial till or sands with inser-
tions of silts and clayey silts (Fig. 9).

The area of the terrace XI near Trzciniec is diver-
sified with dunes whose relative heights increase
from the west to the east, from 2 to 6.5 m (Fig. 1).
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This terrace is also composed of eolian cover sands
which are 1-1.5 m thick. Underlying terrace sands
form two lithofacial associations. The first lithofacial
association Sp, St, Sr, Sh (Src, SFm) is dominated by
Sp sets with the thickness from 50 cm to 75 cm. These
are fairly well graded silty sands (GSS=2.87 phi,
GSO=0.53 phi). Water discharge responsible for
their deposition occurred in the northwest direction
(VM=307°). The medium scale lithofacies St consist
of medium-grained sands with laminated coar-
se-grained sands. This is a fairly well and well graded
deposit with the mean grain diameter GSS from 1.70
to 2.59 phi. The analysed lithofacies were deposited
by waters flowing to the northwest (VM from 322° to
343°) and to the west (VM =276°).

The lithofacies Sr, Sh (Src(A)) are composed of
silty sands and sandy silts which were deposited from
a homogenous and fractional suspension due to low
flow energy of the palacocurrent. The low water
stages of the sand-bed braided river, in gradually left
channels of water discharge in the northwest direc-
tion (VM from 300° to 334°), were accompanied by
temporary disappearance of the water flow, the for-
mation of a ripple, locally changing into a planar bed
in shallow waters.

The other of the distinguished lithofacial associa-
tions is composed of the lithofacies FSm, Sr (Sh,
S(d)). They consist of silts, sandy slits and silty sands.
Their mean grain diameter GSS fluctuates from 3.23
to 4.87. The deposits are both fairly well and poorly
graded. These deposits represent the sub-environ-
ment of the sand-bed braided river flood plain lo-
cated at the limit of its proximal and distal parts,
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Fig. 9. Geological structure of the terrace XI in Trzciniec (to the south of Bydgoszcz)
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where finely grained deposition was interrupted by
the inflow of waters during a flood-wave culmina-
tion.

The sequence of the lithofacies Sp—St—>Sr—FSm
is a characteristic property of sandy and silty forma-
tions deposited by waters flowing in the level of the
terrace XI. These lithofacies correspond to the sand-
bed channel of the braided river with transverse bars
separated by inter-bar channels. The disappearance
of water discharge and low water stages in the chan-
nel were accompanied by the formation of transverse
bars and shallow and low-energy flow in the lower
part of the lower flow regime. Within the flood plain
neighbouring the channel, water stagnation was in-
terrupted by water inflow during flood-wave culmi-
nations.

The terrace X seems most probably to have been
the last level of meltwater discharge in the Torun Ba-
sin. Its narrow strips (up to 500 m wide) adjoin to the
edges of the Chetmno Plateau in the northern part of
Torun (Niewiarowski & Tomczak 1969, Weckwerth
2004). They stretch from Lubicz to the west towards
the district Grebocin-Bielawy. They can be found in
the northern limits of the Papowo Forest and Lyso-
mice Forest in the direction of Olek (Fig. 1). The
geological structure of the terrace X strips is domi-
nated by medium- and course-grained sands which
are from 1.1 m do 3.5 m thick underlain by the layer
of gravels deposited on the glacial till or ice-dammed
lake clay (the depth of 1.6-3.4 m). Furthermore, the
isolated fragment of the terrace X can be found in
Torun, where it is 76—77 m a.s.l. This terrace is com-
posed of 11-metre thick sands, deposited on gravels
or sands with gravels of up to 4 m thickness. Due to
the lack of well-defined pavement it is difficult to
state whether the entire series of deposits formed in
the conditions of this terrace functioning. The bed of
the above deposits includes glacial till or silts and
sandy silts, as well as fine sands. Another fragment of
the terrace X located to the west of Suchatowka con-
sists of finely-grained sands changing into silts, which
suggests its erosive and accumulative character.

The other fragments of the terrace X in the To-
rufi Basin are located in its central and southern
parts. In the vicinity of Chro$na this terrace (75-76 m
a.s.l.), intersects the surface of the morainic plateau
remnant. The thickness of its medium- and fine-
ly-grained sands amounts to 1.5-2 m on average and
up to 4 m maximum within the declines. Some of
them are filled with peats and gytija of up to 4.7-metre
maximum thickness. The erosive character of the
terrace X in the vicinity of ChroS$na can also be
proven by the glacial till noticeable on its surface,
and covered by a thicker (10-20 cm) layer of massive
sands with gravel.

The narrow strips of the terrace X (approx. 350 m
wide) adjoin the slope of the plateau located to the
north of Godzigba and Dagbie (to the north of
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Gniewkowo) and in the vicinity of Rojewo (Fig. 1).
The terrace deposits are covered with a layer of
eolian massive silty sands that are 0.9 m thick. The
glaciofluvial deposits of the terrace X mainly include
finely-grained sands (7.5 m thick), which make up a
lithofacial association Sp, Sr (FSh, Sh, Sm). The ori-
entation of the structures of the lithofacies Sp indi-
cates the direction of the palaeocurrent from NE to
SW (VM from 205° to 210°). These formations were
deposited in the conditions of the low-energy
sand-bed braided river, away from major water dis-
charge channels in the braided river forming an ero-
sive terrace near Chrosna.

The analysis of the geological structure of the ter-
race X indicates that it was formed by meltwaters,
which flowed through a multi-arm braided river of a
bar sedimentation style, similarly to the terrace XI,
characteristic of the distal parts of the outwash (Fig.
14C). The fragments of the terrace in the basin show
considerable width of the flood plain of the then
river, reaching up to 20 km.

In the levels of the terrace XI and X meltwaters
inflowing into the Torun Basin joined the waters of
the Note¢ in the western part of the basin. This
means that only in this fragment the northwest and
west directed water discharge was of an ice-marginal
streamway character.

Terraces of the ice-marginal
streamway— the phase of the Vistula
waters discharge

The terrace levels located below the terrace X de-
veloped as a result of the Vistula waters discharge.
For the first time it occurred in the level of the transi-
tional terrace located between the terraces X and IX
(Weckwerth 2004). The surface of the transitional
terrace declines from the east to the west, from
75-76 m a.s.l. near Aleksandrow Kujawski to 68-70
m a.s.l. to the southwest of Bydgoszcz, where its 2-3
metre slope divides it from the terrace IX and gradu-
ally disappears (Fig. 1). This terrace in the vicinity of
Suchatowka was classified as the terrace X or XI
(Mrozek 1958, Galon 1961, 1968). To the east of
Suchatowka, the terrace is composed of sandy-gra-
vely deposits of planar cross- and trough-cross bed-
ding from 2 to 3 m thick (Fig. 10). They are repre-
sented by the lithofacial association SGt, SGm (Sp),
which consists of coarse-grained sands with admix-
ture of medium-grained sands. At the top they
change to the llithofacies SGt of poorly graded
coarse-grained sands with minor gravels. The de-
scribed sediments were deposited in the form of
sandy-gravely transverse bars (Sp) in the initial dis-
charge phase of the Vistula waters. The traces of this
discharge in the form of oriented and elongated de-
pressions can be found on the surface of the transi-
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Fig. 10. Geological structure of the transsitional terrace in the south-eastern part of the Torun Basin (Aleksandrow

Kujawski site)

tional terrace in the vicinity of Aleksandréow Kujaw-
ski. However, more intensive discharge of waters in
the sand-bed braided river took place through the
interbar channels (SGt), which in the southeast part
of the basin was accompanied by the change of water
discharge direction to the NW. The sequence of the
lithofacies Sp—SGt—GSm and the analysis of their
graining indicators prove an increase in the dynamics
of depositional environment in stages.

Due to the height of the transitional terrace in the
Torun Basin, near Suchatowka, i.e. 75-76 m a.s.l.
and the registered palaeocurrent directions in its de-
posits, this terrace cannot be classified as the terrace
IX. Neither can it be classified as the terrace X,
which would have to be at least 78-79 m a.s.l. to the
east of Suchatéwka. Perhaps, the waters of late-gla-
cial lakes patrticipated in the merging process of the
Vistula waters discharge and meltwaters discharge,
which resulted in the formation of the transitional
terrace (75-76 m a.s.l.) in the Torun Basin. These
lakes were located in the mouth section of the Mie-
nia valley and their waters may have run towards the
Torun Basin. Andrzejewski (1994) distinguished two
late-Weichselian evolution phases of these lakes in
the mouth section of the Mienia valley at the contact
with the Torun Basin.

In the western part of the Torun Basin the surface
of the transitional terrace declines down to 68—71m
a.s.l. In many places it is separated from the lower
terrace IX by a distinctive slope, which is 2-3.5 m
high. The geological structure of the transitional ter-
race IX is dominated by sands and gravels. The area

located between Biale Btota and the village of Muro-
waniec and to the north of Tur is an exception as on
the surface there are: glacial till, sands and gravels
overlying glacial till and silts. Their occurrence is a
result of organic accumulation of terrace deposits on
older glacial and glaciofluvial deposits, which quali-
fies this section of the transitional terrace as an ero-
sive terrace (Fig. 1). There are also kettles here,
which contributed to a local decline of the terrace
surface by 2.5-4 m and increasing denivelation of its
surface up to 10 m. Moreover, this zone shows south-
ern endings of the series of kettles oriented from the
north towards the south, which may indicate the
course of former subglacial channels. The biggest of
these runs to the north of Biale Blota (Fig. 1). Pre-
sumably, the fossil channel found to the west of the
above described channel, filled with sands and grav-
els of the total thickness of 22.5 m is also of the
trough origin. In its southern extension on the sur-
face of the transitional terrace to the west of Biate
Blota there are meridionally running kettles filled
with peat which are 0.5 m thick in the northern part
and up to 3.0 m thick in the south.

The surface of the transitional terrace between
Biate Btota and Murowaniec is composed of russet
glacial till, which can be seen on the surface together
with irregular kettle, where the thickness reaches
11.3 m. The geological structure of the surrounding
and bed of the kettles where glacial till and loamy
sands are may prove the relation of these deposits to
the meltout of morainic material coming from bur-
ied blocks of dead ice over which discharge of waters

71



Piotr Weckwerth

occurred (Thomas et al. 1985, Olszewski & Weck-
werth 1999).

In the western part of the Torun Basin the transi-
tional terrace consists of sands and gravels (GSt,
SGt, (GSh)). Recognised in the Gorzen site
large-scale sets of a trough cross-bedded gravels of
sandy matrix and gravely sands, separated by con-
spicuous gravely adjoining surfaces, were formed in
the depositional environment of the sand-bed
braided river of significant energy (Fig. 11). The ana-
lysed deposits formed in the deeper part of the chan-
nel of the sand-bed braided river. Gradual decline of
depositional energetics, preceded by decreasing
depth of outflow resulted in the development of
smaller (lower) megaripples. The above interpreta-
tion is illustrated by the sequence of the lithofacies
GSt—>GSh—-SGt.

Sands of up to 3—4 m thickness dominate in the
composition of the deposits of the transitional terrace
in the southern direction within the western fragment
of the Torun Basin (Fig. 11). The lithofacies Sp pre-
vail at the Olek site near Tur. At the bottom they

change into well and poorly graded sands of the
lithofacies St, SGm (Sr) (GSS from 0.10 to 2.55 phi).
The lithofacies SGm, whose bottom defines the
course of an extensive erosive surface may be inden-
tified with a gravely bed of the main discharge channel
in the sand-bed braided river. The lithofacies St (Sr)
developed as a result of megaripples migration at the
channel bed of the sand-bed braided river. Locally,
between large-scale sets of trough cross-beddings
there are fine climbing ripple laminated sands, whose
deposition may have been related to backflow eddy
on the lee side of the megaripple.

The terrace XI is one of the best preserved levels
of water discharge in the basin. Its large area declin-
ing westwards from 70-72 m a.s.l. in the vicinity of
Torun to 67-68 m a.s.l. to the west of Lochowo indi-
cates that the flood plain of the braided river reached
the width of 21 km at least. It was formed by the wa-
ters inflowing to the basin through the Brda valley
from the north, through the Drweca valley from the
northeast, and by the waters of the Vistula and Note¢
from the south.
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To the west of Bydgoszcz the discharge of waters
in the level of the terrace IX concentrated in the nar-
row (2.5-6 km) valley bottom, hence, its energy rose
in this direction. The transitional terrace located
higher is separated from the terrace IX by a notice-
able slope that is 2.5-3 m high (Fig. 12). Its area near
Fochowo is diversified with elongated parallel run-
ning depressions which are 1.5-2 m deep. The geo-
logical surface structure of the terrace IX is domi-
nated by sands and gravels which overlie glacial till
within the elevation (Fig. 12). This glacial till can also
be found in the fragments located higher in the ter-
race. At the Lochowo site the deposits of the terrace
IX overlie a series of finely-grained and silty sands
of prevailing ripple and horizontal lamination, de-
posited by waters flowing towards north and north-
west (VM =244°, VM =286°). Their mean grain di-
ameter fluctuates from 2.71 to 3.04 phi. These
formations (the lithofacial complex A), whose
thickness ranges from 11.7 to 14 m, directly overlie
the Neogene clays. These may be older than the
main stadial of the Weichselian Glaciation
(Uniejewska & Wtodek 1977, Uniejewska et al.
1979, Wtodek 1980, Wysota 2002).

At the Lochowo stand the lithofacial complex A
comes into contact with a sandy-gravely terrace se-
ries at the top. This series fills a well-preserved fossil
channel of water discharge of a recognised depth of
approx. 4 m (Fig. 12). The channel bottom is varied
due to 3-5-cm erosive scours. Above the erosive sur-
face there is a layer of channel paving with boulders
and till blocks (till balls). At places the gravely frac-
tions form laminae, whose courses relate to the
shapes of the clay blocks occurring there. The forma-
tion of these structures may be connected to water
erosion products pushed on the river bed. After they
got anchored, the structures of crescent mark and
flute lasts formed around the till balls (Gradzinski
et al. 1986).

The biggest clayey blocks deposited in the layer of
the channel paving were analysed petrographically
with respect to gravely fraction (content of carbon-
ates from 3.8% to 15.7%). The results of the analysis
proved that the share of the Palaeozoic limestones
was more dominant (57.1%, 58.6%, 48.4%) than
crystallic rocks (31%, 29%, 35%). The content of
northern sandstones equalled respectively: 7.7%,
8.2%, 8.2%. The percentage of local rocks reaches
from 1.9% to 5.1%. The values of petrographic coef-
ficients are O/K from 1.5 to 2.3, K/W from 0.5 to 0.8,
and A/B from 1.1 to 1.6 (Fig. 12). The above results
of the petrographic analysis coincide with the petro-
graphic composition of the gravels of the Weichse-
lian till analysed at the Tur and Samokleski Mate
sites.

Above the layer of the channel paving the fossil
channel of water discharge is filled with medium-
and finely-grained sands of planar cross-bedding, of
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an extremely large scale (Si). This lithofacies reaches
the maximum thickness of 3.7 m in the axis of the fos-
sil form (Fig. 12). Among the thickest layers of fine-
ly-grained sands there are sporadic reverse ripples.
The mean grain diameter of the lithofacies Si filling
the fossil channel changes towards the top from 2.64
to 1.22 phi (mean GSS=1.94 phi), which can be a re-
sult of increasing depositional energy in the
sand-bed braided river. The orientation of the litho-
facies Si laminae indicates the flow of waters in the
west and southwest direction (VM from 216° to
262°). This direction can be identified with the orien-
tation of the analysed fossil form. At the top of the
lithofacies Si there is an increase in grains and im-
provement in deposit graded. The increasing energy
of the depositional environment led to the deposi-
tion of a thicker (0.3 m) layer of massive sands with
gravel (SGm), sands of trough cross-bedding and
finely-grained sands of ripple lamination (Sr).

At the Lochowo site the sequence of the litho-
facies SGm—Si—>SGm—>Sr—St—->SGm within the
terrace IX proves unstable conditions of water dis-
charge and two major cycles in its development. Ini-
tially the discharge took place within and above the
deep (approx. 4 m) channel of the sand-bed braided
river. It was intersected in the glacial till deriving
from the last glaciation and the sands underlying it.
In the subsequent phase of the terrace IX formation
in the vicinity of L.ochowo, after the channel of water
discharge had been filled with deposits, the sedi-
ments may have flowed by a shallower river with a
wider channel, whose bed was covered with migra-
tional megaripples. The flow of waters occurred in
the northwest direction, thus accordingly to the ori-
entation of the declines in the surface of the terrace
IX, located near the analysed site. The fact that the
filling phase of the fossil channel was related to the
discharge of waters older than the terrace IX, ex. in
the level of the transitional terrace or outwash ter-
races X or XI, cannot be neglected in the reconstruc-
tion of the development of the terrace IX near
Yochowo

The results of the investigations conducted in the
gap of the Vistula valley at Fordon allow stating that
within its line the river discharged into the Torufi Ba-
sin in the level of the terrace IX (Weckwerth 2006).
Earlier, during the ice-sheet retreat from the area of
the Swiecie Plateau, it flowed at the height of 83-86
m a.s.l., and led to the formation of the erosive level
of meltwater discharge (Niewiarowski 1987). Below
this level, on the slope of the Vistula valley near the
village of Pien, there is a flattening at the height of
68-69.0 m a.s.l. that is lower by approx. 6-7 m (Fig.
1). It is composed of sands and gravels that are up to
2.8 m thick. These deposits overlie russet glacial till,
whose continuous layer goes higher on the slope of
the Vistula valley. The mentioned fluvial formations
make up the lithofacies St, GSm (SGt, Sp, Sm, Sr),

73



Piotr Weckwerth

Edge of transitional terrace

Transitional terrace (68-70 m a.s.l.)

masl Terrace IX
i (66.67 m as.)

=i h=67.7masl. 01 23 4012 04005115225
.,-—’_'_/_'_'_'_',
N,
GSO GSK GSP
Lol
lo2
o3
0 20 40 60 80 100%

K Wpr——1Dpr——1L.p s Pp s Qp s L

—lo
Lo
Lo

Lapy—

Fig. 12. Geological structure of the terrace IX in Lochowo (66-67 m a.s.l.), to the west of Bydgoszcz
black arrow — till ball, blue arrow — lamination around the till ball, red arrow — secondary erosive scour
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whose mean diameter of grains equals 0.22-2.18 phi
(Fig. 13). They are of worse graded towards the top.
The analysis of graining indicates moderate and sta-
ble energy of depositional environment. Moreover,
there are interbeddings of massive finely-grained
sands and sands of planar cross-bedding and ripple
lamination (Fig. 13). The dominating lithofacies (St,
SGt) developed in the deeper part of the sandbed
braided river channel. Initially, gravely bed covers
formed in the channel (GSm), on which the litho-
facies of sinuous megaripples (St, SGt) were depos-
ited. Weakening dynamics of sedimentation envi-
ronment was accompanied by the formation of
individual transverse bars (Sp) during the descent of
a high water stage. These bars formed during the
moderate but unstable dynamics of depositional en-
vironment. The directions of the palaeocurrents of
cross-bedding structures point to the southern direc-
tion of water discharge (VM=177°).

The structural and texture properties of the de-
posits constituting the described terrace strip on the
Vistula gap at Fordon prove the existence of water
discharge in the level of 68.0-69.0 m a.s.1. directed to
the south, towards the Torun Basin (Fig. 14D).
These waters may have gone in the northern part of
the basin, at the level of the terrace IX, which is
approx. 67.5 m a.s.l. The results of the investigations
appear to shorten the duration of bifurcation phase
of the Vistula at Fordon as proposed by R. Galon
(1961 1968), as they exclude the terrace IX. The sub-
sequent redirection to the north in this place may be
predisposed because of the waning of the dead ice
buried in glacial deposits (Niewiarowski 1987) and
because of the existence of the subglacial channel in
the line of the Vistula valley, as indicated by Galon
(1934) and Mojski (1980). The initial discharge of
waters to the north in the Fordon gap can be seen in
the narrow terrace strip, of the height of 58-60 m
a.s.l. Such a direction of water discharge is illustrated
by the preserved planar cross-beddings developed in
sands which were deposited in the low-energy envi-
ronment (Fig. 13B). The activity of other water-
courses flowing from the neighbouring morainic pla-
teau cannot be neglected in the formation process of
this terrace. These watercourses may have been the
Vistula’s tributaries. Normal faults found in the de-
posits of the described terrace prove the existence of
water discharge above the blocks of glacial dead ice,
which were buried in the line of the present Vistula
valley at Fordon (Weckwerth 2006).

The sudden increase in the amount of flowing wa-
ters in the Torun Basin starting from the transitional
terrace found its reflection in the thicker fraction of
the terrace deposits, which indicates higher energy
of the depositional environment. Only after the gla-
cial till had been removed from the bed of the
braided river channel did deep erosion mark itself
clearly, which was noticeable starting from the ter-
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race VIII to a greater degree. The change of
hydrological conditions caused a faster reaction of
the sedimentation in the channel of the braided
river. The sandbed braided river, of dominantly
bar-style sedimentation, changed into a higher-en-
ergy flow, in which the share of lithofacies of trough
cross-bedding (St) rose. Deeper braided river chan-
nels dominated in which sinuous dunes migrated and
formed sandy-gravely bed covers. Sandy transverse
bars were rare. The material transport at the river
bed occurred mainly on the traction way or devel-
oped from the fractional near-bed suspension.
Higher energy water flow concentrated in the nar-
rower bed zone of the valley, starting from the ter-
race IX, and particularly from the terrace VIII (Fig.
1). In the eastern part of the basin, this terrace
reaches 65 m a.s.l.,, and in the central part 63 m a.s.1.,
and 62 m a.s.l. to the east of Bydgoszcz. The strips of
the terrace VII occur sporadically in the Torun Ba-
sin. Their minor fragments of 63-60 m a.s.l. can be
distinguished at the mouth of the Drweca and to the
south of Torun.

The terrace VI is the lowest level, in which flow-
ing waters directed to the west through the No-
te¢-Warta ice-marginal streamway (Galon 1953,
1968, Kozarski 1962). This terrace is 57-60 m a.s.l. to
the south of Toruf, 56 m a.s.l. near Cierpice, and 54
m a.s.l. in Bydgoszcz. In the vicinity of Ostromecko
and Fordon it is developed in two levels (VIa and
VIb) separated by a distinctive slope of 4-5-metre
height (Fig. 1). The surface of the higher level of the
terrace VI is composed of sands and gravels that are
up to 2.2 m thick. They overlie medium- or fine-
ly-grained cover sands and sands of parabolic or
rampart dunes. The terrace VIa reaches the height
of 54-55 m a.s.l. in Bydgoszcz. Their deposits overlie
the Neogene clays (Galon 1934, Weckwerth 2006).
The bottom part of the terrace series is made of me-
dium-grained sands with coarse-grained sands of a
planar cross-bedding (Sp). Their accumulation oc-
curred in the form of sandy transverse bars in the
sand-bed braided river (Fig. 15A). The increase in
the energy of the depositional environment contrib-
uted to the accumulation of trough cross-bedded
sands (St), which formed due to migration of sinuous
dunes in the deeper part of the channel. The dis-
charge of waters occurred in the southwest direction,
therefore, the terrace VI (VIa) developed still at the
time of the Note¢-Warta ice-marginal streamway.

The top of the fluvial series of the lower level of
the terrace VI (VIb) in Fordon is located at the
depth of approximately 3-3.5 m. Under the bed of
eolian cover sands (Fig. 15B) there is a real fossil ter-
race surface which is 50 m a.s.l. This height relates to
the lower level of the terrace VIb to the south of
Ostromecko (Fig. 1). To the west of Bydgoszcz, the
height of the Note¢-Warta ice-marginal streamway
bottom corresponds to the higher level of this ter-
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Fig. 13. Geological structure of the terraces in the northern part of of Vistula river gap at Fordon (after Weckwerth 2006)
A —terrace 68-69 m a.s.l. (Pien site), B — terrace 58-60 m a.s.l. (Mozgowina site)
1 —brown till with red layers, 2 — grey-brown till, 3 — boulders, 4 — massive fine-grained sand, 5 — gravel with boulder and
coarse-grained sand, 6 — trough cross-bedded medium- and fine-grained sand, 7 — trough cross-bedded medium-grained
sand with gravel, 8 — trough cross-bedded coarse-grained sand with gravel, 9 — ripple cross-laminated fine-grained sand,
10 — planar cross-bedded medium-grained sand, 11 — massive medium-grained sand
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Fig. 14. Reconstruction of discharge directions of waters
in the Toruf Basin up to the time of the Pomerania
Phase of the last glaciation

A —meltwater discharge during the deglaciation of the
Torun Basin; B — meltwater discharge during the
Wabrzezno Subphase; C-D — meltwater discharge dur-
ing the Pomerania Phase

1 —ice sheet, 2 — the extent of the ice sheet front during
its retreat in the Chodziez Subphase, 3 — hypothetical
extent of the ice sheet front in the Torun Basin, 4 —
course of subglacial channels, 5 — probable course of
subglacial channels, 6 — older outwash tracks; 7 — youn-
ger outwash courses of meltwater discharge; 8 — from
the time of ice sheet stoppage in the line of the
south-WabrzeZno moraines, 9 — from the time of ice
sheet stoppage in the line of the central Wabrzezno
moraines, 10 —in the level of the terrace XI, 11 —in the
level of the terrace X, discharge of the Vistula ice-mar-
ginal streamway waters in the levels: 12 — of the transi-
tional terrace, 13 — of the terrace IX, 14 —larger blocks
(lobes) of the dead ice, 15 — morainic plateaux, 16 — in-
active, older courses of water discharge, directions of
water outflow: 17 - older, 18 —younger, probable direc-
tions of water discharge: 19 — older, 20 — younger, 21 —
present extent of the Torun Basin, 22 — present
hydrographical network (an outline)
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race. Therefore, the terrace VIb in Fordon with the
surface covered with eolian cover sands is the level,
where the Brda initially flowing to the south, began
to run to the east towards the Vistula valley.

The deposits of the lower level of the terrace VI
(VIb) in Bydgoszcz mainly include finely-and me-
dium-grained sands (Fig. 15B). At the bottom they
change into sands with gravel, and they directly over-
lie the Miocene clayey and silty deposits. The total
thickness of the terrace deposits equals 1.6 m. The
dominant lithofacies include trough cross-bedded
sands (St). The size of the mean grain of this deposit
is 1.93-1.96 phi. The secondary lithofacies contain
the layer of channel paving, represented by massive
sandy gravels with locally occurring boulders or grav-
els of a sandy matrix with individual boulders or fine
sands and silts of horizontal lamination. The de-
scribed sediments constituting the lower level of the
terrace VI were deposited within the channel of the
sandbed braided river, in which channel flows were
marked with the formation of sandy foresets (Sp)
during the fall of a high water stage. In the deeper
part of the channel the more energetic discharge was
related to the deposition of fast transported material
in the inter-bar channels (St, SGt). The high energy
character of this subenvironment is emphasised by
numerous inserts of the blue-russet Neogenic clays
which are found along the bordering sets of trough
bedding (Weckwerth 2006). The analysis of the pa-
laeocurrent directions showed the mean orientation
of the mean vector VM=184°. Initially, waters
flowed in the channel in the southeast direction
(VM=129°), then the discharge went in the inter-bar
channels to the southwest (VM=228°). The above
changeability of palaeocurrent directions may have
resulted from the attraction of the Brda waters in the
terrace level VIb towards the gap section of the
Vistula valley at Fordon.

Evolution of the fluvial relief with
respect to the tectonic structures
of the Cenozoic bed

The evolution of the river network in the Polish
Lowland was closely related to the tectonic activity of
the structures of the older bed. Changes in the valley
network system near the Bydgoszcz-Torun hydro-
graphical node and the growth of the Torun Basin in
the northern direction due to the marginal erosion of
the Vistula, as well as the reduction of the Quater-
nary formations within the flood plain and the modi-
fication of the surface relief of their bed, all may have
been discussed in literature as the effects of these
movements (Weckwerth 2006, 2007c¢).

The Torun Basin is mainly located in the zone of
banks, pillows and salt swells of the Cenozoic bed.
There are noticeable relations between the location
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of these structures and the effects of the activity of
the fluvial processes in the Pleistocene. A good illus-
tration of these can be the similarities in the location
of the elevations of the Quaternary surfaces to the
Mesozoic elevations, particularly noticeable in the
southern part of the Torun Basin. The bottom of the
fossil valley incised into the Pleistocene bed to the
south of Torun relates to the Mesozoic Ciechocinek
anticline (Fig. 2). Partially this area corresponds to
the outwash levels and ice-marginal streamway ter-
races located high in the basin (Fig. 1). Another ex-
ample is the location of the remnant of the morainic
plateau in the central part of the Torun Basin with
the outwash levels adjoining it from the north. The
remnant lies higher than the neighbouring ice-mar-
ginal streamway terraces and is located within the
top culmination of the sub-Quaternary surface and
the sub-Cenozoic Chro$na anticline. Similar rela-
tions may be found in the analysis of the location of
the Zalesie anticline in the west and southwest extent
and the surrounding of the Torun Basin

The present evolution of the relief of the Torun
Basin may have been influenced by changeable load
of the ice-sheet which triggered glacial and post-
glacial isostatic movements (Liszkowski 1975, 1993,
Piotrowski 1991). Moreover, activation of older dis-
locations and intensification of geothermal heat flow
may have been of much importance (Petelski & Sa-
durski 1987, Dyjor 1991, Liszkowski 1993). These
processes, in the final stage of relief evolution
(ice-sheet retreat), may have resulted in the develop-
ment of forms of glacial genesis, located within the
activated salt structures. The examples of such forms
may be: the morainic plateau in the vicinity of Szubin
(within the Szubin anticline), the fragment of a mo-
rainic plateau in the central part of the Torun Basin
(the Chro$na anticline), the southeast part of the ba-
sin between Aleksandrow Kujawski and Suchatowka
(the Ciechocinek anticline), and the glaciotectoni-

Proximal lce-marginal streamway
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cally deformed morainic hummocks in the vicinity of
Labiszyn, which relate to the northern extent of the
Zalesie anticline. In the cyclical evolution of the
interglacial valleys in the area of the ice-marginal
streamway, starting from the Eopleistocene, one
cannot either exclude the ascent of deep “warm” wa-
ters squeezed from the Mesozoic formations in the
lines of intersecting those tectonic dislocations (Pe-
telski & Sadurski 1987).

The present location of the bottom of the Vistula
valley in the east and northeast parts of the Torun
Basin has clear foundations in the fossil valleys of the
Eemian Interglacial. Therefore, we cannot exclude
the evolution of the river valley within the basin at
the time of the retreat of the Warta ice-sheet. Along-
side the ongoing deglaciation of the basin, the valley
(ice-marginal streamway?) of a parallel orientation
developed. It discharged meltwaters of the Vistula
waters to the west accordingly to the valley layout of
the Great Interglacial. In the later period a separate
Eemian valley of the proto-Vistula evolved to the
west of Torun, and was directed towards the north to
the Eemian Sea.

The analogical scheme of the river network de-
velopment occurred at the end of the Weichselian
Glaciation. After the deglaciation of the southwest
part of the Torun Basin, meltwaters directed initially
to the west, at the back of the Labiszyn moraines
(within the Torun Basin), i.e. in the south and south-
west surroundings of the Szubin anticline (Figs 1, 14,
16). These processes initiated incorporation of the
Torun Basin to the Note¢-Warta ice-marginal
streamway. The main development phase of the No-
te¢-Warta ice-marginal streamway, starting from the
Pomerania phase of the last glaciation to the Late
Glacial, marked itself by the formation of several ter-
race levels (Fig. 16). Waters directing to the west of
Bydgoszcz created a significantly narrower valley of
the width of 2.5-6 km in the vicinity of Nakio upon

Vistula river valley
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the Note¢. This section is located in the northern lim-
its of the Szubin anticline and with its course it corre-
sponds to the Eopleistocene valley of the proto-No-
te¢ and the fossil valleys of the Great and Eemian
Interglacials (Figs 2, 3). The location of the de-
scribed narrow fragment of the Note¢ ice-marginal
streamway to the north of the Szubin Mesozoic ele-
vation makes it possible to classify it as a valley of the
antecedent gap character (Weckwerth 2007c). Its de-
velopment can be related to the relaxational uplift-
ing movements of the Kujawy-Pomerania
Anticlinorium (about 2,5 mm/year in time 17 to 13
ka, Weckwerth 2009) within the zone of banks and
salt swells. The tectonic activation of the Szubin ele-
vations may have also occurred after the glaciation
periods and prior to the Weichselian Glaciation.

Another example of the influence of the tectonic
movements of the Central Polish Anticlinorium
upon the evolution of the fluvial relief in the Torun
Basin can be seen in the change of the Vistula chan-
nel to the northeast (Mojski 1980). As a result of this
process, the discharge of waters through the ice-mar-
ginal streamway concentrated in the narrow belt of
its bottom to the west of Bydgoszcz (the terraces
VIII-VI), near the gap of the Vistula at Fordon (Figs
1, 16). This gap began to function most probably in
the level of the terrace VIII or lower, and thus, the
Vistula did not flow through the entire width of the
Torun Basin but only in its northern part. With re-
spect to their course the southern limits of the ter-
races VIII-VIin the Toruf Basin relate to the north-
west limit of the Kujawy-Pomerania Anticlinorium
(Figs 1, 2, 16).

Conclusion

The development of the river network in the To-
ruf Basin was largely influenced by uplifting tectonic
movements after the deglaciation period of the ba-
sin. Climatic changes were of high importance.
Therefore, it may be assumed that the similar to the
Late Weichselian Glaciation reorganizational mech-
anisms of water discharge directions, stimulated by
the tectonic activity of the older bed together with
possible bifurcation of rivers, may have taken place
in the Torun Basin at the start of the Eemian Inter-
glacial.

At the end of the Weichselian Glaciation the
Torun Basin was a hydrographical node merging wa-
ters which flowed from various directions. With ref-
erence to Galon’s investigations (1961, 1968) and the
author’s research we can distinguish the following
terrace sets in the Torun Basin: a) the outwash levels
formed not so far away from the ice-sheet front, i.e.
during the Wabrzezno Subphase; b) the distal sec-
tions of the outwash, i.e. the ice-marginal streamway
terraces (XI, X); c) the Vistula ice-marginal stream-
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way terraces (the transitional terrace and IX); d) the
Vistula ice-marginal streamway terraces (VIII-VI)
from the period of this river bifurcation at Fordon;
and e) lower terraces of the Vistula valley (V-II). In
the upper part of the Middle Weichselian waters
flowing through the Toruf Basin formed a system of
sandbed braided rivers whose changeable flow re-
gime registered in the deposits of various outwash
levels and terraces initially had higher energy, then
reduced energy and high again (Fig. 16). This re-
sulted from the ice-sheet front retreat, intensity of its
ablation and the inflow of the Vistula waters from
the south. The sudden increase in the transport po-
wer of flowing waters in the Toruf Basin occurred af-
ter the penetration of the Vistula from the Ptock Ba-
sin into the Torun Basin, and was related to the
declining width of the river valley bottom starting
from the discharge in the level of the terrace VIII.
The limited amount of bar deposition was accompa-
nied by a bigger share of deeper channel discharge of
a bed formed predominantly by sandy megaripples.
The magnitude of deep erosion of the Vistula, which
lasted at the turn of the Middle Weichselian was con-
ditioned by the energy and lithology of the channel
bed. Deep erosion was obstructed by the glacial till
of the main stadial of the Weichselian and clays.

The rising values of the hydraulic transport gradi-
ent of the water table distinguished for the deposits
of the terraces younger than the outwash ones reflect
the rising share of deep erosion. That may have been
caused by tectonic uplifting (glaciostatic, Fig. 16).
With respect to the present terrace slope, the bigger
values of the transport gradient of the water table
may prove a later neotectonic depression of their
area in the eastern part of the Toruf Basin.
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