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Abstract

A sedimentary succession in a gravel pit at Niedzwiedziny was investigated in order to determine its origin: kame or
moraine. The gravel pit is located in an isolated hill of approx. 600 m long and 250-400 m wide.

The succession is built of glaciofluvial deposits: a sandy/ gravelly unit in the lower and middle parts, overlain by diam-
icton. Five lithofacies have been distinguished, which represent two facies associations: (1) a fluvial association evolving
from a high-energy to a transitional to a shallow braided river on an alluvial fan, and (2) an association of cohesive
deposits representing a glacigenic mass flow. The interpretation is based mainly on palaeocurrent data and differs from
conclusions by earlier investigators. The ice-marginal zone is characterised by a large variety of glaciomarginal forms.
Their sedimentology, morphology and palaecogeography are determined by successive phases of deglaciation. The re-
sults of the present study show that the character of the deglaciation in the study area changed with time from frontal

to areal deglaciation.
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1. Introduction

Both kames and end moraines commonly con-
stitute glacial landforms with similar lithofacies,
represented by alternating gravel and sand units,
sometimes with till intercalations. Yet, they were
formed under different conditions regarding the
distance to the ice-sheet margin and the glacial
palaeogeography. Kames usually occur as iso-
lated and isometric hills, with an average size of
several hundreds of metres and a height of up to
30 m. They were formed by glaciofluvial process-
es in areas bordered by dead-ice masses. The most
typical kames consist of fine-grained sands and
silts of glaciolacustrine and/or glaciofluvial origin
(Gruszka et al., 2012). As far as end moraines are
concerned, they usually occur as ridges with differ-

ent sizes. Usually moraines are arranged in a pat-
tern connected with phases of ice-sheet stagnation.
As a rule, the sediments that build moraines are
badly sorted (from clay and silt up to gravels and
boulders).

Previous studies (Krygowski et al., 1953-1961;
Makowska, 1983; Sydow, 2004) indicated that the
moraines in the western part of Gniezno Upland
form two chains of hills (Fig. 1). This indicates that
they must have originated close to two ice-sheet
lobes. The sediments accumulated in front of both
ice lobes indicate long-term ice-sheet stagnation
and demarcate the boundary of the Poznar Phase
marginal zone (Krygowski, 1953-1961; Kozarski,
1962), i.e. the second phase of the Main Stadial
of the Weichselian, which is correlated with the
Frankfurter Stadial in western Europe. It is worth-
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Fig. 1. Study area at Niedzwiedziny (eastern Great Polish Lowland) and distribution of Quaternary deposits on the
Western Gniezno Upland (modified from Makowska, 1983)

while in this context to point out here that the study
area is situated about 5 km further north, than the
just-mentioned marginal zone. The landform un-
der study here was regarded by Kozarski (1962) as
a push moraine. The recently opened commercial
gravel pit near NiedZwiedziny provided an op-
portunity to analyse the sedimentary succession in
much greater detail.

The main objective of the present study is a litho-
facies analysis of the Pleistocene glaciomarginal
deposits in the Niedzwiedziny area (eastern Great
Polish Lowland) in order to reconstruct the palae-
ogeography of the surrounding area, which might
shed new light on the genesis of the hill, and which
might clarify the character of the deglaciation after
the Poznan Phase. A steadily retreating ice sheet
would have left kames as records of areal deglaci-
ation, whereas end moraines would be evidence of
an ice-sheet retreat interrupted by some phases of
re-advance (glacial oscillations).

2. Geological and geomorphological
setting

The study area is located in the eastern part of
the Great Polish Lowland, about 35 km north-east
of Poznar, in the western Gniezno Upland (Fig. 1).
The oldest Quaternary deposit at the surface of the
area dates from the Poznan Phase of the Weichselian
Glaciation (Fig. 2). It is a till, which extends over the
whole Gniezno Upland (Fig. 1). Its thickness is up
to 15 m, but at the NiedZwiedziny site it reaches
only about 2.5 m. The undulating till plain is the
basic geomorphological element surrounding the
study area.

Some isolated, sandy-gravelly ridges occur in
the study area. One of them is 15 km long, running
NE-SW from Kaminisko to Dzwonowo; a second
one, oriented NW-SE, starts at Dzwonowo, 30 km
farther to east (Fig. 1). Sandur (outwash plain) de-
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Fig. 2. Geological cross-section through the study area

posits, represented by sands and gravels are much
more widely distributed over the study area (Fig.
1). As Kozarski (1962) noted, there are two san-
dur levels, which are associated with successive
ice-sheet oscillations. Both of them form a low-re-
lief plain, comprising an elongated zone of 2-14
km wide. A small kame field is located north and
south-west of Boduszewo (Fig. 1). The kames are
rounded, equidimensional forms, consisting of gla-
ciofluvial silts and sands, locally with some gravels.
The thickness of the kame sediments is from 5 up
to 15 m (Sydow, 2004). The youngest deposits ac-
cumulated during the Holocene in valleys as well
as in glacial channels. They consist of fluvial sands,
silts and peats. Peat and gyttja were deposited si-
multaneously in the lacustrine depressions (Fig. 1).

The Niedzwiedziny site is situated in the NE
part of the study area. It is a hill of about 25 m high,
surrounded by till plain (Makowska, 1983) (Fig. 1).
The hill is built of up to 20-23 m of glaciofluvial de-
posits, and of till in the upper part (Fig. 2).

3. Methods

Fieldwork was carried out to study the sed-
imentary successions of the hill in detail, so as to
distinguish layers with similar granulometric and
textural characteristics; combinations of some types
of such layers have been grouped into lithofacies,
each representing a sedimentary subenvironment.
The lithofacies have been grouped into five lithofa-
cies associations, each of which represents a differ-
ent sedimentary environment.

The various types of layers and lithofacies are
indicated in the text and figures by the letter codes
proposed by Miall (1977) and adapted by Zieliriski
& Pisarska-Jamrozy (2012) (Table 1). The first code

LITHOLOGY STRATIGRAPHY

H - Holocene
We- Weichselian

E—] sit]ne

Wa - Warthian

o9 ti ]

sand and gravel
Ne - Neogene

letter describes the main grain size, and codes be-
tween parentheses indicate grain sizes of secondary
importance.

The thicknesses of depositional units are indi-
cated as follows: small-scale = 2-10 cm, medium
= 10-20 cm and large = >20 cm. Dip directions of
cross-laminae have been measured to reconstruct
palaeocurrent directions. The Digital Elevation
Model (DEM) of the relief around the Niedzwiedz-
iny site was prepared as a desk study.

Table 1. Lithofacies codes used in the present study (after
Miall, 1977; modified by Zielinski & Pisarska-Jamrozy
(2012)

Textural symbols

D diamicton

G gravel
GS sandy gravel
S sand
SG gravelly sand
ST silty sand

T silt
M mud
Structural symbols

m massive structure

h horizontal lamination (stratification)
w wavy stratification

r ripple cross-lamination

re climbing ripple cross-lamination
1 low-angle cross-stratification

p planar cross-stratification

t trough cross-stratification

d deformed structure
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4. Description and interpretation
of the lithofacies associations

The succession under study is 20-25 m thick and
is mainly composed of sand and gravel. A massive
diamicton is present in the uppermost part of the
excavation. Five lithofacies associations have been
distinguished (Fig. 3): (a) as the lowermost associ-
ation (1) gravelly channel deposits (GC), (b) in the
middle part alternating associations of (2) sandy
abandoned-channel deposits (SSC), (3) sandy shal-
low channel deposits (CSC), (4) sandy deep channel
deposits (SDC) and (c) a topmost association of (5)
glacigenic deposits (G).

4.1. Lithofacies association GC

4.1.1. Description

The lowermost association (GC) is a 5-9 m thick
coarse-grained succession consisting of two main
lithofacies: GSp,(GSm) and GSh,(GSt) (Figs 3, 4).
The association is dominated by sandy gravel with
high-angle, planar cross-stratification (GSp) in sets
of up to 0.6 m thick (Fig. 5A). The cross-bedding
indicates current directions of some 280°. The GSp

layers locally pass into massive layers (GSm), with
beds up to 30 cm thick.

Lithofacies GSh,GSt consists of medium-scale,
horizontally stratified sandy gravel, mostly ma-
trix-supported GSh, with laterally co-occurring
trough cross-stratified sandy gravel GSt (Figs 4,
5C). The GSh beds are 0.7-1.3 m thick, whereas the
GSt layers are 0.7-1.0 m thick, with troughs up to
40 cm.

4.1.2. Interpretation

Lithofacies GSp represents mid-channel trans-
verse bars formed during falling stages. They
formed in aggrading channel zones by prograding
fronts of foreset bars (cf. Singh & Bhardwaj, 1991;
Santos & Stevaux, 2000). The dominating gravel
fraction points at intensive, highly-concentrated
currents, operating during a waning stage. The
associated massive, matrix-supported GSm layers
originated in deeper parts of the channels, during
phases of extensive discharge, from high-energy
traction carpets, i.e. as high-concentration bedload
layers (cf. Sohn, 1997). In the shallow channel zones,
accumulation from supercritical currents under up-
per plane-bed conditions took place. Under these
conditions sandy gravel sheets (GSh) developed.
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Fig. 3. Lateral extent of the lithofacies and lithofacies associations at Niedzwiedziny
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Fig. 4. Lithofacies of the gravelly channel association (GC)

They usually override the transverse bars GSp, (G-
Sm) (Figs 4, 5C) (Cant & Walker, 1978).

Lithofacies GSt and SGt are interpreted as rep-
resenting the following sequence of sedimentation
conditions. Gravelly/sandy cosets with trough
cross-stratification developed in deep channels. The
bottom became scoured and was afterwards filled
with cross-stratified sediments supplied by gravel-
ly-sandy 3-D dunes (cf. Jones et al., 2001; Marren,
2001). These troughs developed in inter-bar zones
in the central parts of braided channels, where the
intensity of the currents was highest. Considering
the predomination of coarse-grained material in
this association, it is inferred that the sedimentation
took place in a gravel-bed braided-river environ-
ment characterised by highly unstable hydrody-
namic conditions. Most probably, the braided riv-
er ran on the proximal part of a large alluvial fan
(outwash plain) (Table 2); this is suggested by the
lithological features of the association, which are
quite similar to the P-2b lithotype of a fan-derived
succession (Zielifiski, 1992).

4.2. Lithofacies association SAC

4.2.1. Description

The contact between the GC and the SAC associ-
ation is sharp (Fig. 5E). The thickness of the complex
does not exceed 5 m. The SAC association consists
of three fine-grained lithofacies: STh,(Src), St,(STw)
and Src,(5d) (Fig. 3).

The first facies is built of large-scale (approx. 1 m
thick) horizontally stratified silty sand (STh) which
is intercalated with climbing-ripple cross-laminated
sand (Src) in cosets of up to 20 cm thick. Measure-

ments of the cross-lamination in Src beds indicate
that the laminae dip most commonly toward 210°
(Fig. 6).

The second facies contains abundant trough
cross-stratified sand (St), alternating with wavy-
laminated silty sand (STw) of 10-20 cm thick. The
thickness of the St cosets is up to 80 cm. At the top of
the SAC association, medium-scale, climbing-ripple
cross-laminated sands with locally deformed struc-
tures, Src,(Sd), occur. Thin (up to 10 cm) massive silt
beds (Tm) are also present.

4.2.2. Interpretation

The majority of the lithofacies constituting the
SAC association indicate that the sediments were
deposited in a shallow, low-energy fluvial envi-
ronment. Fine-grained lithofacies are characteristic.
Horizontally stratified silty sands (STh) represent
quiet current conditions of the upper plane-bed
flow regime. Frequent phases of low-discharge and
even standing water are recorded as wavy-laminat-
ed fine-grained silty sands (STw) and sands with
climbing ripples (Src). The massive silt (Tm) origi-
nated in stagnant water by suspension settling. The
St beds are common in a deep-channel environment,
but the trough cross-stratified sands (St) that alter-
nate with wavy-laminated silty sand beds (STw) in-
dicate short-lived pulses of ablational discharge.

The succession is interpreted as a deposit on
an alluvial fan of a low-energy, relatively shallow
sand-bed abandoned channel of low sinuosity lack-
ing large floods (cf. Salamon & Zielinski, 2010). The
lithological characteristics of this lithofacies associ-
ation show similarities to the D-5 lithotype of Ziel-
inski (1992), which presents the middle or distal
zone of an outwash plain (Table 2).
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Fig. 5. Details of the succession

A: Sandy gravel with high-angle, planar cross-stratification (GSp); B: Horizontally-stratified gravelly sand (SGh)
overlain by trough cross-stratified gravelly sand (SGt); C: Superimposed lithofacies GSp,(GSm) and GSh,(SGt); D:
Layers in the north-eastern part of the pit: sandy gravel and gravelly sand with trough cross-stratification GSt
and SGt intercalated by large-scale horizontally stratified gravelly sands; E: The gravelly channel association (GC)
overlain by the fine-grained sandy abandoned-channel association (SAC); F: Middle part of the glaciofluvial suc-
cession, showing the sandy shallow-channel association (SSC) and the overlying sandy deep-channel association
(SDC); G: Lithofacies Sh,(SI,Sm) of the sandy shallow-channel complex (SSC); H: The uppermost glaciofluvial sandy
deep-channel complex (SDC) with the glacial diamicton (G) atop

4.3. Lithofacies association SSC

4.3.1. Description

The SSC lithofacies association is present at two
levels in the succession (Fig. 4). Firstly, it overlies
the fine-grained sandy abandoned-channel associa-
tion (SAC), where it is represented by medium-scale
sandy and sandy/gravelly layers with a rhythmic
succession of horizontal and massive structures,
Sh(Sm) (Fig. 3). Medium- and coarse-grained sands
dominate here. In massive beds, a normal grain-size
distribution is observed (Fig. 6). The thickness of
the association at this place in the vertical succes-
sion is up to 2 m.

Secondly, the same sandy shallow-channel
association, though much thicker (up to 7 m) de-
veloped, occurs in the uppermost part of the suc-
cession (Figs 5G, 6). It is represented by two main

lithofacies, viz. SGh,(STh, SI) and Sh,(SI,Sm) (Fig.
4). Coarse-grained sands with horizontal stratifica-
tion (SGh), alternating with sands with low-angle
cross-stratification (SI) dominate. The thickness of
the SGh cosets is up to 80 cm, whereas the SI in-
tercalations are thinner, up to 40 cm. It is charac-
teristic that sandy and sandy/gravelly beds pass
upwards into silty ones.

The sand beds with low-angle cross-stratifica-
tion (SI) dip mostly towards SW. Secondary litho-
facies are massive, matrix-supported coarse sands,
locally silty sands (Sm, STm), with beds of 20-40
cm thick.

4.3.2. Interpretation

The SSC lithofacies association accumulated in
shallow, extensive streams under transitional and
supercritical flow conditions, with frequent fluctu-

Table 2. Lithology and environmental interpretation of the lithofacies associations at NiedZwiedziny

Lithofacies Most
o] common Architectural elements Sedimentary processes/environment
association c
sediments
mass flow redeposition (debris flow)
glacial associa- DTm, . . . of supraglacial material to the area in front
tion [G] DSm Clhgrakl et (ol of the ice-sheet; limited ablation during final
phase of glaciomarginal sedimentation
sandy St SGt MR 3-D dunes
deep-channel ’ CF channel fill main channel of braided fluvial system;
association SGp. Sh FM foreset bars (transverse bars) middle outwash plain
[SDC] P SU sandy upper plane bed
sandy shal-
low-channel 51 ISVII__'R:;ZI;?;H:SI]_OW dunes secondary channels of braided fluvial system;
iassgcécilatlon SGh, Sm SU sandy/ gravelly upper plane bed middle outwash plain
sandy aban-
doned-channel STh U gandy upper plane l.)Ed abandoned secondary channels of braided
L STw, Tm SS fine suspension settling . . .
association o fluvial system; middle outwash plain
Src RM climbing ripples
[SAC]
FM gravelly/sandy foreset bars
gravelly chan- GSp (transverse bars)
- GSm proximal outwash plain with channelized
nel association HF hyperconcentrated flow .
GSh currents and sheet-like currents
[GC] GSt GS gravelly/sandy sheets

MR gravelly/sandy 3-D dunes
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ations of the discharge. This resulted in a rhythmic
arrangement of sandy and sandy/ gravelly beds with
horizontal lamination or a massive structure (Sh, Sm),
which were deposited under upper plane-bed condi-
tions. The coarse fraction (> 40 mm) at the base of the
massive beds indicates that each sedimentary pulse
started from traction-carpet deposition in powerful,
rapid streams. Similar findings have been described
by Todd (1989) and Hjellbakk (1997).

The upper gravelly sand horizontally stratified
(SGh) beds possibly accumulated in lower-energy
currents during a waning flood. The currents were
unchannelised and probably were sheetfloods. Sed-
imentation of the Sh,Sm facies took place in shallow
meltwater streams, probably representing marginal
parts of a braided outwash system.

In the upper part of the excavation, the litho-
facies of the SSC as association represent a fluvial
series of shallow, high-energy currents, comparable
to sheet-like currents. The most abundant sediment
types of this association (SGh and SI) support this
interpretation. They were deposited under up-
per-stage plane bed (SGh) conditions, representing
scour fills and low-relief, washed-out dunes (SI).
Following Cowan (1991), they result from transi-
tional to upper flow-regime conditions. Deposition
took place in relatively shallow channels (thickness
of cross-beds < 0.5 m) in the middle of an alluvi-
al fan (outwash plain). The fining-upward couples
(Sh), as well as the thin massive silty sand beds
(5Tm) indicate cyclic shoaling and recurring phases
of standing water (Miall, 1996).

Taking all this together, the SSC lithofacies as-
sociation must represent a shallow braided-river
environment with strongly fluctuating energy con-
ditions (Table 2).

4.4. Lithofacies association SDC

4.4.1. Description

The SDC lithofacies association occurs twice in
the section under study (Fig. 3, 6). In the middle of
the succession, the association most common sedi-
ment type is trough cross-stratified sand (St), which
occurs in sets up to 40 cm thick and fining upward
cosets up to 1.5 m thick. The cross-laminae dip to-
wards 200°.

Beds of normally graded, planar cross-stratified
sand (Sp) and horizontally stratified (Sh) sand are
less common. The foresets of Sp beds dip toward
the WSW. The horizontally stratified Sh beds are lo-
cally accompanied by thin beds of massive sandy
mud (MSm) and climbing-ripple cross-laminated
sand (Src).

The uppermost part of the SDC association is, as
far as visible, 1.5-2.5 m thick, but initial thickness,
but may have reached 5 m before exploitation start-
ed (Fig. 6).

The main lithofacies are large-scale trough
cross-stratified sands and gravelly sands St,(SGt)
in cosets up to 1 m thick. Large-scale, planar
cross-stratified gravelly sands (SGp) are also fre-
quent. These two types of layers occur jointly with
beds of secondary frequency: horizontally stratified
silty sands (STh) (in the lower part of the facies) and
gravelly sands (SGh) (in the upper part). The thick-
ness of the beds varies from 20 cm in the SE part of
the excavation to 60 cm in the NW part.

4.4.2. Interpretation

The St beds represent migration of 3-D dunes,
a typical bedforms of deep, high-discharge cur-
rents. The flood stages were interrupted by stag-
es of average discharge, when sandy transverse
bars (Sp sediments) were formed. In the shallower
zones, upper plane-bed lamination developed in
mostly fast currents (origin of the Sh lithofacies).
The massive sandy muds (MSm) and the climb-
ing-ripple cross-laminated sands (Src) are inter-
preted as deposits accumulated in the abandoned
channels of a braided system, when the activity of
the currents had temporarily decreased (cf. Field-
ing & Webb, 1996; Therrien, 2006). In the upper
part of the SDC lithofacies association, the St,(SGt)
beds are also associated with extensive and deep
currents, which formed channel fills and sandy/
gravelly 3D dunes in the interbar channels. The
SGp beds reflect coarse-grained transverse bars
representing channel zones with a lower current
energy.

The less common SGh beds indicate the presence
of local plane-bed shoals, whereas and the STh beds
represent near-bank zones with quiet currents.

As an entity, this lithofacies association is inter-
preted to reflect dynamic, high-energy sedimenta-
tion of a main channel of a sand-bed braided-river
system (Table 2).

4.5. Lithofacies association G

4.5.1. Description

The glaciofluvial succession is overlain by
a diamicton (G) (Figs 3, 5H, 7A). The lithofacies
contain massive silty diamicton, locally deformed
DTm,(DTd) in the lower part of the association and
massive, pseudolaminated sandy diamicton (DSm)
in the upper part. The thickness of the association
varies from 1 to 3.5 m. The lower DTm(DTd) facies
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consists of a matrix-supported, massive silty diam-
icton, which passes vertically into a deformed diam-
icton of the same texture (Figs 7A, B). The deformed
layer has an irregular thickness varying from 20 to
60 cm (Fig. 7B). Small, continuous deformations
such as folds with variable orientations and sym-
metry are present. In the upper part of the diam-
icton, floating boulders of up to 15 cm occur in the
DSm facies. Thick angular DTm clasts of up to 1 m
are also present in the DSm facies (Fig. 7B). Further-
more, a gradational, undulating contact is present
between the DTm,(DTd) facies and the pseudolami-
nated massive sandy DSm facies (Fig. 7A).

4.5.2. Interpretation

The G lithofacies association was formed during
an advanced phase of deglaciation, when glacio-
fluvial deposition had come to an end. The diam-
icton consists of glacial material which underwent
reworking in the form of a mass flow (flow till).
Its genesis is proven by its textural and structural
features: a relatively small thickness, a lenticular
shape, clusters of cobbles and boulders, a gradual
transition between a massive and a pseudolami-
nated structure (cf. Ruszczyriska-Szenajch, 1998;
Thomas & Chiverrell, 2007; Sarala et al., 2009). The
large amount of silt and clay indicates that the ma-
terial slid down as a cohesive debris flow.

Deposition of the glacial G association took place
during two phases. Initially, it acted as a mudflow
(deposition of DTm), a fine-grained flow transport-
ed in a ductile/plastic way. The next phase was
a mass flow of coarser material (DSm), deposited
on the surface of the silty DTm diamicton. The silty
material of the latter became incorporated in the
most basal part of the more sandy mass flow; the
best developed deformations occur therefore in the
middle part of the diamicton.

Fluvial reworking did not take place after dep-
osition of the flow tills. This indicates that the G
lithofacies association represents the final phase of
glaciomarginal sedimentation. It suggests that dep-
osition may have taken place in an interlobate area
with dead-ice bodies, under low-discharge condi-
tions.

5. Palaeocurrent data

Over 170 palaeocurrent measurements of
cross-lamination and cross-stratification in both
coarse- and fine-grained beds were obtained from
six locations in the walls under study (Fig. 8). Those
from glaciofluvial sediments at sites I, II and III
show a mean direction toward the SW. The meas-
urements at sites IV and V show a main current di-
rection toward the SSW.

It should be mentioned, however, that the pal-
aeocurrent pattern format site V shows significant
variations of the current directions. There are two
opposite main directions, which is typical for anti-
dunes (cf. Saunderson, 1981; Fredsee, 1982; Alexan-
der et al.,, 2001). Taking this into consideration, it is
possible that it was the environment of a shallow
palaeochannel of the river system, with supercriti-
cal currents, where antidunes migrated upstream. It
is alleged that the main palaeocurrent direction was
towards the south, while the migration of antidunes
took place toward the north (Fig. 8, wall V).

6. Discussion

Several aspects need some further discussion.
They all concern the sedimentological genesis of
the landform under study. The main aspects that
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Fig. 7. Glacigenic association (G)

A: Contact between the upper glaciofluvial association (SDC) and the overlying diamicton (G); B: Types of deposits

forming part of the glacigenic association (G)
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Fig. 8. Overview of the palaeocurrent directions at NiedZwiedziny

need attention in this context are (1) the geomor-
phology, (2) the sedimentology, and (3) the palae-
ocurrent directions. A combination of these aspects
is required to ascertain whether the deposits at the
Niedzwiedziny site reflect sedimentation between
the dead-ice bodies or rather an end-moraine hill
left during recession of the ice-sheet. In the first case
the landform should geomorphologically be con-
sidered as a kame, whereas it should be considered
as a morainic hill in the second case.

6.1. Geomorphology

The Niedzwiedziny pit is situated on the north-
ern slope of the hill (Fig. 9). The differences in alti-
tude between the top of the hill and the surface of
the till plain is approx. 15 m. In the south and south-
east, the hill ends into a narrow depression. Further
to the south, a more level glaciomarginal zone is
present. The hill is situated 300 m in the foreground
of the end moraine zone of the Poznan phase of the
Weichselian glaciation.

According to the topography, the landform
suggests that it is an elongated, irregular kame. It
should be mentioned though that end moraines can
also form irregular, often fragmented chains of hills.

6.2. Sedimentology

The analysis of all lithofacies associations (GC,
SAC, SSC, SDC and G) shows that the hill is built
mainly of glaciofluvial deposits, with coarse-
grained gravels in the lower part and sandy/grav-
elly deposits in the middle. Deposition took place
by currents in a braided-river system. The currents
fluctuated strongly with regard to their energy,
sediment concentration and aggradation rate. In
the initial phase of deglaciation, the sediments were
deposited in a gravel-bed channel, which changed
its character into a sand-bed channel during the
next phase of deglaciation. Decreasing ablation,
resulting in a diminishing meltwater discharge
was the main factor responsible for this evolution
of the glaciofluvial system. The sedimentary dep-
osition thus changed from the proximal, through
the middle, to the distal part of a glaciofluvial fan.
Channelised currents and sheet-like currents acted
alternatively.

The diamicton at the top, representing flowtills,
is a direct indicator of an ice-contact environment.
Deposition of the diamictic material took place by
a relatively small amount of meltwater, most like-
ly in the confined environment of dead-ice blocks,
rather than from the massive ice sheet margin. The
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diamicton layers have not been washed out. Anal-
ogous forms, with non-washed diamictic material
atop were reported by Kriiger (1994), Marks (1995),
Bennett et al. (2000) and Kjaer & Kriiger (2001).

It is worth to point out here that there are no
large-scale deformation structures such as faults
or folds in the glaciofluvial succession. The lack of
glaciotectonic structures excludes an interpretation
of the hill as a push moraine; Kozarski (1962), how-
ever, interpreted a push moraine origin for a hill
located immediately south of the hill under study.

6.3. Palaeocurrents

The analysis of palaeocurrent directions pro-
vides some insight into the palaeogeographic

Fig. 9. Morphology of the
Niedzwiedziny surround-
ings as established through
the Digital Elevation Mod-
el (DEM)

[ ] Pits analized by Kozarski (1962)

=0 || Niedzwiedziny pit

situation of the study area. The ice sheet masses
undoubtedly must have stagnated during degla-
ciation in an NE-SW oriented depression, which
is presently filled with sandur deposits (Figs 1, 9).
In the hypothetical situation that the margin of the
stagnant ice ran parallel to the depression slope, the
meltwater must have flowed out perpendicularly to
the ice margin, i.e. towards the SE. In this case the
hill must have formed as an end moraine, in which
sediments were deposited as a glaciomarginal fan
close to the ice margin. (Fig. 10A).

The palaeocurrent analysis shows, however,
that the outflow of ablation water around the hill
occurred in a different direction than in the hypo-
thetical situation described above. The main abla-
tion outflows took place towards two directions,
viz. to the SW and the SSW. Hence, it is assumed

Bl /

ice-sheet
margin

Al

ice-sheet
margin

VARIANT: END MORAINE

VARIANT: KAME

Fig. 10. The two hypothetical models
and the meltwater outflow direc-
tions. See the text for details
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that both the sediment and the meltwater were de-
rived from the other source, i.e. dead-ice bodies lo-
cated in the north-east, in the depression adjacent
to the hill. This would imply that analysed suc-
cession has been deposited in interlobate position
(Fig. 10B).

6.4. Palaeogeography of the study area

All glaciogenic landforms in the NiedZwiedziny
area were formed during the retreat of the ice-sheet
of the Poznan phase. Some chains of end-moraine
ridges originated in the beginning of the degla-
ciation. They are located north and north-east of
Niedzwiedziny (Fig. 9). Kozarski (1962) interpreted
the nearby hills with deformed glaciofluvial succes-
sions as push moraines, but this is unlikely because
of the following. Narrow, elongated depressions
that border the morainic ridges in the NW and SW
record main meltwater outflows. During the forma-
tion of an end moraine, the ice-sheet margin was
oriented NE-SW and stagnated about 300 m east of
the exposure under study. During the next phase
of deglaciation, the ice-margin retreated to the NW
and some irregular dead-ice blocks became separat-
ed from the active ice sheet. They were located east
and south-east of the NiedZwiedziny site, in the
bordering depression.

The present study suggests that the NiedZwiedz-
iny hill represents a kame built of glaciofluvial sed-
iments (Figs 10B, 11). It was bordered in the E and
SE by blocks of dead-ice, whereas it was connected

with the parent ice sheet in the west. An interlobate
zone between the dead-ice blocks and the ice sheet
developed, where glaciofluvial sedimentation took
place. A sandy/gravelly glaciomarginal fan devel-
oped with a slope towards the SW. Deposition was
irregular, as it was controlled by significant changes
in the ablation rate. Subcritical and subcritical /su-
percritical transitional currents dominated, ranging
from deep-channel currents to shallow sheet-like
currents. In the final phase of kame development,
flowtills were deposited. The cohesive mass flows
form a silty-to-sandy diamictic succession.

The above findings differ considerably from pre-
vious ones. Kozarski (1962) conducted his studies
in now abandoned excavations which were locat-
ed about 600 m further to the south-east from the
present-day pit. In the author's opinion, the end
moraines in the SE reflect an initial phase of degla-
ciation, whereas the studied kame hill was formed
later, when the decaying ice sheet was divided into
several dead-ice blocks.

Conclusions

The following conclusions can be drawn on the
basis of the above analyses.

(1) The hill at Niedzwiedziny is located within the
marginal zone of Pleistocene (Weichselian) ice
sheet, as also indicated by geological and geo-
morphological maps.

(2) Two main types of the deposits can be distin-
guished: (a) glaciofluvial deposit; these form
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the lower gravelly channel association (GC) and
the thick sandy/gravelly associations (SAC,
SSC and SDC) which were deposited by cur-
rents with different energy levels; (b) a glacial
deposit (G), represented by flowtills represent-
ing cohesive mass flows.

(3) During the initial phase of the deglaciation, sed-
imentation took place in a high-energy, gravelly
braided river on the proximal part of an alluvi-
al fan; during the successive diminishing abla-
tion, it acted as a lower-energy fluvial system
(sandy/ gravelly sediments), on presumably the
middle and distal parts of the glaciofluvial fan.
In secondary channels and in the lateral parts
of the main channel, shallow sheet-like currents
dominated. Finally, flowtills were deposited.

(4) The vertical changes of sediment types, from
coarse-grained gravelly material in the bottom
part, through sandy/gravelly sediments in the
main (middle) part and diamictons in the top
part indicate that deposition took place by di-
minishing amount of meltwaters, which reflects
slower deglaciation of the ice sheet.

(5) The palaeocurrent data around the hill indicate
that the main outflow was oriented toward two
directions: SW and SSW. The meltwater was
derived from dead-ice blocks in front of the
ice-margin, in a narrow depression.

(6) Combination of the sedimentological and geo-
morphological analyses leads to the conclusion
that the hill at Niedzwiedziny is most likely
a kame built of glaciofluvial sediments.

(7) The previous interpretation of the hill as a push
moraine by Kozarski (1962) concerned deposits
about 600 m to the south-east from the pres-
ent-day pit. They are located in a distinct chain
of hills, reflecting the line of an ice margin. Ear-
lier interpretations of this landform as an end
moraine, presented on geomorphological (Kry-
gowski, 1953-1961) and geological (Makowska,
1983) maps seem inappropriate. In the light of
the present study, the hill at Niedzwiedziny
should be considered as a kame.

(8) The initial stage of deglaciation, i.e. ablation of
the ice front, which is usually characterised by
the formation of end-moraines passed into areal
deglaciation, characterised by the formation of
kames.
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