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Abstract
The maximum ice-sheet extent of a glaciation or glacial phase is in most cases indicated by the position of end moraines.
In some cases, however, the maximum extent of the ice sheet is indicated by a fan which represents the transitional
zone between the end moraine and the proximal outwash plain (sandur). Such a fan from the Pomeranian phase near
Charlottenthal in NE Germany has been investigated for its lithofacies, and the depositional mechanisms of the two
sedimentary environments (end moraine and outwash plain) are reconstructed. The �����������������������������������
Charlottenthal���������������������
profile is not characteristic in a sedimentological sense of a typical marginal end moraine or a sandur. The deposits represent subaerial
debris flows, sheet floods and channelized currents, which are typically processes for transitional fan.
Gravel samples from the till complex show typical Weichselian till compositions. These till compositions indicate a general transport direction from North to South, which is consistent with the known movement of the ice sheet during the
Pomeranian phase of the Weichselian.
Keywords: transitional fan, glaciofluvial sediments, gravel petrography, Weichselian glaciation, Pomeranian Phase,
NE Germany

1. Introduction
The change of the sediments of the Charlottenthal fan (Fig. 1) from proximal (ice-contact)
to distal has been investigated sedimentologically. The main objective was to reconstruct the
depositional processes and, finally, to compare
the deposits and depositional mechanisms with
fan models for glaciomarginal zones (Woldstedt, 1961; Flint, 1971; Blair & McPherson, 1994;
Krzyszkowski & Zieliński, 2002; PisarskaJamroży, 2006). An additional objective was to
establish gravel indicators which can help re-

construct the main ice-flow directions during
the Pomeranian ice advance.
Woldstedt (1961) and Flint (1971) described
end moraines as forms consisting mainly of
tills or reworked tills (flowtills) with only subordinate amounts of sorted sediments. Krzyszkowski and Zieliński (2002) indicated three
kinds of fan-type end moraine: (1) those consisting mainly of mass-flow deposits, (2) those
consisting of sorted glaciofluvial (and possibly
glaciolacustrine) deposits, and (3) a mixture of
(1) and (2). Pisarska-Jamroży (2006) described
such fan-type end moraines (which we call
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Fig. 1. Distribution of the various types of Quaternary deposits in the vicinity of Charlottenthal (from Börner, 2010;
modified from Bremer, 2000).

‘transitional fans’ in the following) as smallscale glaciomarginal forms similar to end moraines, but consisting of gravelly diamictons
derived from debris flows, sandy diamictons
derived from hyperconcentrated flows, alternating sands and gravels deposited by sheetfloods, and sandy deposits filling shallow,
braided-stream channels. We show also gravel
petrographic indicators which can help in reconstruction of mean ice-flow directions during the Pomeranian ice advance.

2. Geological and
geomorphological setting
The various phases of advance and retreat of
the Weichselian ice sheet all left their own tills
in NE Germany (Rühberg et al., 1995). During
the Weichselian glaciation, the Pleniglacial began with the Brandenburg/Frankfurt advance

Fig. 2. Digital elevation model (DEM) of the Charlottenthal area.
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(qW1 in Fig. 1). The following, stepwise, deglaciation was interrupted by at least two substantial ice re-advances, known as the Pomeranian
advance (qW2 in Fig. 1) and the Mecklenburgian advance (qW3 in Fig. 1).
The Charlottenthal gravel pit is situated
between the ice-terminal zone – including the
meltwater drainage systems – in the North and
the outwash plain in the South. Most landforms and sediments around the pit date from
the main Pomeranian ice advance. The retreating ice left a mosaic of hummocky morainecovered uplands directly behind the Pomeranian terminal moraines and the large outwash
plains south of them (Fig. 1). Schulz (1962) described a numerical order of 17 varying terminal moraine ridges, as evidence for the regional
oscillations during the Pomeranian ice retreat.
According to an ice-retreat model of Schulz
(1963), the area of the Charlottenthal gravel pit
owes its shape mainly to the terminal-moraine
ridges of oscillations no. 7 and no. 8. Particularly in the eastern, but also in the western part
of Charlottenthal, the Pomeranian terminal
moraine has a lobe-like morphology. Because
of these surrounding lobe structures, the central – N-S elongated – hillocks in the western
part of the pit may represent a local inter-lobe
structure (cf. Fig. 2 & 3).
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In the study area, the elevations of the ridgeshaped, till-covered terminal moraines vary
mostly between 55 and 80 m a.s.l. (Fig. 1). In
the northern part of the outcrop (~70 m a.s.l.:
Fig. 4), an upper till of 1–6 m thick covers
glaciofluvial sands and gravelly sands (GFE,
2000). The glaciofluvial gravels and sands were
detected in several drillings between 64–35 m
a.s.l. (GFE, 2000). The upper till is wedging out
towards the South, so that the glaciofluvial sediments become exposed at the undulating surface in the southern part of the outcrop (Fig. 2).
These gravelly sands in the undulating terrain
were mapped by Schulz (1962) as glaciofluvial
gravelly sands of the end moraines (‘kiesiger
Schmelzwassersand der Endmoräne’). In the
Charlottenthal region the meltwater flowed to
the SW and S during the deglaciation of the Pomeranian ice sheet (Schultz, 1962).

3. Lithofacies associations
The sediments in the pit consist of sands,
gravels and diamicts. The sands and gravels
are coded following Miall (1985), Zieliński
(1993) and Pisarska-Jamroży (2006), whereas
the diamicts are coded following Krüger &
Kjær (1999) (Table 1). The various lithofacies

Fig. 3. Location of the Charlottenthal
and Chełm Górny sites in relation
to the maximum extent of the ice
during the Pomeranian phase in
NE Germany and NW Poland.
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Table 1. Lithofacies code symbols used in the present study, following Miall (1985), Zieliński (1993), Pisarska-Jamroży
(2006) and Krüger & Kjær (1999).
Code
Sh
Sp
St
Src
Gm

Grain size

Structure
horizontal stratification
planar cross-stratification
trough cross-lamination
ripple-drift cross-lamination

sand, fine to very coarse
GRm
GPm
GCm

DmC(m2)

gravel

granule gravel
pebble gravel
cobble gravel

diamicton, coarse-grained,
with sandy/gravelly matrix, matrix-supported

and lithofacies associations are coded in the
same way.
The deposits constitute two lithofacies associations (Fig. 4): (1) trough- and planar crossstratified sands (St, Sp) and (2) massive heterolithic gravels and horizontally laminated sands
(Gm, Sh), and one lithofacies, viz. a massive,
coarse diamict, DmC(m2).

3.1. Lithofacies association St, Sp
3.1.1. Description
This lithofacies association (Fig. 4 D�������
–������
E) occurs in the lower part of the outcrop. Its exposed part is ~4 m thick and it has a horizontal extent of ~100 m. The individual layers are
mostly lenticular but sometimes sheet-like,
with thicknesses between 50 cm (lithofacies
Sp) and 160 cm (lithofacies St). Both lithofacies
consist of medium- and coarse-grained sands.
Some layers contain an admixture of fine gravel. The lower and upper boundaries of both
lithofacies tend to be sharp and erosional. The
laminae in lithofacies Sp dip 5–15° towards the
SE to S, and the average depth of the troughs of
lithofacies St amounts to some 5–25 cm.
3.1.2. Interpretation
Lithofacies St represents migrating sandy
3-D dunes, which implies a current of the upper part of the lower flow regime. The average
depth of the braided channels was 10–50 cm
(following the calculation method of Mohrig
et al., 2000). Lithofacies Sp represents migrating sandy, straight-crested (2-D) dunes, which

massive
massive

indicates a turbulent current in the middle
part of the lower flow regime. Deposition of
both Sp and St laminae took place on a surface
dipping 5–15° towards the SE to S, which indicates deposition on a fan. The Sp and St sands
were deposited by a current with similar directions.
The sandy cross-bedded sediments point to
distal braided rivers such as the Platte River
(Smith, 1970; Miall, 1978), to 9th-type and 10thtype braided channels (Miall, 1985), to the D3/
D4 lithotype of Zieliński (1993), and to the B
and C end-moraine fans of Krzyszkowski &
Zieliński (2002). Lithofacies association St, Sp
thus represents shallow braided-stream channels (the sets of small- and medium-scale crossstratified sands are interpreted as bars formed
during more or less average discharge).

3.2. Lithofacies association Gm, Sh
3.2.1. Description
This lithofacies association is present in
the middle part of the outcrop (Fig. 4 C, E). Its
exposed part is ~1–3 m thick and it is ~100 m
wide. Subordinate lithofacies of this association are planar, trough and ripple-drift crossbedded sands (lithofacies Sp, St, Src).
The layers of this lithofacies association
form sheets, with thicknesses up to 15 cm
(lithofacies Sh), 30 cm (lithofacies GRm), 40 cm
(lithofacies GPm) and 70 cm (lithofacies GCm).
All gravelly lithofacies consist of gravels with
an admixture of medium- and coarse-grained
sand. The lower and upper boundaries of the
gravelly lithofacies are gradual. The granule-
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sized gravel (lithofacies GRm) and the pebbly
gravel (lithofacies GPm) are matrix-supported,
whereas the cobbly gravel (lithofacies GCm) is
clast-supported. Characteristic features of the
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three gravelly massive lithofacies (GRm, GPm
and GCm) is the very good rounding of the
clasts and the rhythmical alternation of sand
and massive gravel.

Fig. 4. Details of the sections of the Charlottenthal fan.
A – Planar and ripple-drift cross-bedded sands (Sp, Src) of the Gm, Sh lithofacies association, and upper lithofacies
of the massive gravelly diamicton DmC(m2); B – Massive gravelly diamicton DmC(m2) with angular clasts (maximum size 60 cm); C – Planar cross-bedded sands (Sp) and massive pebble and cobble gravels (GPm and GCm) in
the Gm, Sh lithofacies association, and upper lithofacies of the massive gravelly diamicton, DmC(m2); D – Troughand planar cross-stratified sands of the St, Sp association, and planar cross-stratified sand (Sp) and massive pebble
gravels (GPm) of the Gm, Sh lithofacies association, massive coarse-grained diamicton of lithofacies DmC(m2); E
– Synthetic log of the proximal Charlottenthal fan: the association with trough- and planar cross-stratified sands
(St, Sp), the association with massive gravels and horizontally laminated sands (Gm, Sh), and the massive coarsegrained diamicton DmC(m2).
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3.2.2. Interpretation
The Gm, Sh association indicates currents
with an upper flow regime (Harms et al., 1982),
with plane-bed deposition. Such deposits represent shallow, short-lived currents of sheetflood type (cf. McKee et al., 1967; Miall, 1977).
The alternations of sand and gravel are due to
pulses in the current power. The textural differences and the changes in thickness reflect
short-term fluctuations in sediment supply,
possibly due to seasonal (or shorter) changes
in the ablation rate. The gravelly beds were deposited during peaks in the discharge, whereas
the sandy layers indicate phases of lower discharge. The cross-stratified lithofacies Sp, St
and Src were formed in a shallow channel with
ephemeral, low-energy currents.
The Gm, Sh association is characteristic
of lithotype P–2 in proximal glaciomarginal
fans (Zieliński, 1992) and in transitional fans
(Pisarska-Jamroży, 2006), and reflect shortterm changes in the ablation of the ice sheet.

3.3. Lithofacies DmC(m2)
3.3.1. Description
The lithofacies consisting of massive, gravelly diamicton, DmC(m2), is exposed in the
upper part of the outcrop (Fig. 4 A, B, E). It is
0.6–1.7 m thick and extends laterally over 150
m. The lower boundary with lithofacies association Gm, Sh is deformed (Fig. 4 A, E). The
diamicton is commonly matrix-supported; the
matrix consists of sand with an admixture of
silt and clay. The clasts are angular and are on
average about 30 cm long (up to 60 cm). Diffuse pseudostratification is present and flexural
folds occur at the base. The folds have amplitudes of approx. 15 cm and a horizontal extent
of up to a metre (Fig. 4 B).
3.3.2. Interpretation
Lithofacies DmC(m2) was deposited by
debris flows (flowtills), which deformed the
underlying lithofacies association St, Sp. The
deposition by debris flows is evidenced by the
massive structure, the matrix-supported texture, and the bad sorting (from clay to cobbles
and boulders) (cf. Sharp & Nobles, 1953; Scott,

1971; Nemec & Steel, 1984). The vague pseudo
stratification that is locally present at the base
of some DmC(m2) layers can be attributed to
the segregation of particles by the basal laminar shear in the debris flows (Johnson & Rodine, 1984; Nemec & Steel, 1984). Compression,
as reflected by the occasional occurrence of
folds can also occur during debris-flow deposition (Johnson & Rodine, 1984; Nemec, 1990).
Gravelly diamictons are considered to represent an ‘ice-slope zone’. Zieliński (2003) considered such deposits to indicate the proximity
of an ice margin and the formation of end moraines. Flowtills are typical of the glaciomarginal environment, where debris flows predominate and build end moraines and ice-contact
fans (Kasprzak, 1988; Zieliński, 1992; Zieliński
& Van Loon, 1996; Pisarska-Jamroży, 2008),
A and B fans (sensu Krzyszkowski & Zieliński,
2002), fans of type I (sensu Blair & McPherson,
1994), and debris-flow fans (Harvey, 1984), and
can also result in the construction of transitional fans (Pisarska-Jamroży, 2006, 2008).

4. Gravel petrography
Börner & Müller (2009) used, for their petrographical classification of till samples from
the Charlottenthal gravel pit, a pebble-counting method for till clasts of 4–10 mm that was
slightly modified after TGL 25 232/1–6 (1980).
The samples from the till complex in this pit
show gravel compositions (Fig. 5) with a high
content of sandstones and quartzites (S > 10%)
and Palaeozoic shales (PS ~4–10%). Remarkable are the relatively large amounts of Mesozoic limestones, mainly Cretaceous marls (MK
~5–8%) and Cretaceous flints (F ~3–6%). The
limestone clasts and Cretaceous marls frequently show distinct weathering.
The petrographical compositions of the till
in the Charlottenthal pit have been described
by Górska-Zabielska (2008). Her analysis of the
till clasts and glaciofluvial gravel was limited to
the 5–10 mm size, following the Polish counting standard (Instrukcja, 1996), and shows the
presence of Nordic crystallines (NK ~40%),
sandstones and quartzites (S ~18%), a remarkably high content of Cretaceous flints (F ~11%)
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Fig. 5. The petrographical groups
of till clasts and glaciofluvial
deposits from the Charlottenthal gravel pit. NC − Northern
crystalline rocks; PL1 − grey
Palaeozoic limestones; PL2 −
red Palaeozoic limestones; D
− dolomites; PS − Palaeozoic
shales; S − Scandinavian sandstones and quartzites; F − Cretaceous flints; M − Cretaceous
marls; Q − quartz.

Fig. 6. The petrographical groups
of till clasts and glaciofluvial deposits from the Chełm
Górny gravel pit (from Górska-Zabielska & PisarskaJamroży, 2008). NC − Northern crystalline rocks; PL1
− grey Palaeozoic limestones;
PL2 − red Palaeozoic limestones; PS − Palaeozoic shales;
S − Scandinavian sandstones
and quartzites; F − Cretaceous
flints; M − Cretaceous marls; Q
− quartz; L − lydite.

and smaller amounts of less indurated rocks
like Palaeozoic shales (PS ~3%), calcareous
rocks like Palaeozoic limestones (PK ~28%)
and Cretaceous marls (MK ~1%).
The petrographical analysis of two 5–10
mm samples from Charlottenthal (GórskaZabielska, 2008), taken from massive glaciofluvial gravels, shows a relatively large amount of
hard-rock clasts such as Northern crystallines
(NK ~40%), Palaeozoic limestones (PK ~31–
35%) and sandstones and quartzites (S ~16%),
but significantly smaller amounts of softer
rocks such Palaeozoic shales (PS ~2–3%) and

Cretaceous marls (MK ~0–1%). Sample Charlottenthal 2/2002 (20–60 mm) shows an abnormal enrichment in Cretaceous flints (F ~23%).
The indicator-pebble analysis (TGZ-method,
after Lüttig, 1958) of 20–60 mm pebbles by
Górska-Zabielska (2008) indicates south-western Sweden (Dalarna, Småland and Skåne) as
the main source area, with a theoretical central
position at 58.5°N and 15.1°E.
The petrography of the Pleistocene gravels
(4–10 mm) in the glaciofluvial deposits at Chełm
Górny (Fig. 6) has been investigated by GórskaZabielska & Pisarska-Jamroży (2008). Samples
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CHE1 and CHE2 comprise three dominant petrographical groups within the gravels: Lower
Palaeozoic limestones, northern sandstones
and Palaeozoic shales. Remarkable is the large
amount of Palaeozoic shales (PS ~9–10%). The
sedimentary rocks are distinctly more frequent
than the hard rocks like crystallines, quartz
and flint. The pebbles in samples CHE3-CHE5,
consisting of glaciofluvial pebbles, differ petrographically clearly from the smaller clasts in
the same layers. Sedimentary rocks like Lower
Palaeozoic limestones, northern sandstones
and Palaeozoic shales dominate in samples
CHE3 and CHE4. In sample CHE3, a maximum value was found for Palaeozoic shales
(PS ~12%). The pebbles of samples CHE6 and
CHE7 (20–60 mm) were taken from the till. The
indicator-pebble analysis (carried out in the
same way as for Charlottenthal) shows southeastern Sweden (Dalarna, Småland and Åland
islands) as the main source area. The theoretical gravel centre is located at 57.7° N and 16.0°
E in Småland (Górska-Zabielska, 2008), so that
the ice flow was roughly from NNE to SSW.

5. The Charlottenthal fan as an
example of a ‘transitional fan’
Three groups of deposits are distinguished
in the Charlottenthal pit: (1) a diamicton deposited by debris flows (a massive, matrix-supported, coarse-grained diamicton with a matrix
of sand and fine gravel), (2) gravelly to sandy
layers deposited by sheetfloods (massive gravels and horizontally laminated sands), and (3)
sands deposited in a braided channel (troughand planar cross-stratified sand). The glaciomarginal deposits in the Charlottenthal area
were formed during three phases. The lower
association (St, Sp) accumulated in quite shallow braided-stream channels in the middle/
distal part of a sandur. The Gm, Sh association
indicates deposition by sheetfloods with shortterm fluctuations in discharge, in combination
with slightly cohesive debris-flow deposits,
DmC(m2), in the ice-contact zone.
Sediments similar to the debris-flow and
sheetflood deposits from the proximal part of

Charlottenthal pit have been reported from
Pleistocene proximal terminoglacial fans
(Ruszczyńska-Szenajch, 1982; Zieliński, 1992).
The gravelly diamictons are considered to
represent the ‘ice-slope zone’ (RuszczyńskaSzenajch, 1982), whereas the sandy sediments
were deposited in the distal part of the Charlottenthal fan and represent migration of 3-D
dunes formed in the deeper part of channels
and the plane bed formed in shallow, low-energy currents; the sediments typically accumulated in shallow braided-stream channels in the
outer part of the glaciomarginal zone, between
the middle and distal parts of a sandur.
Some old, classical definitions of end moraines describe them as containing mainly
diamicton/till (Eyles, 1979; Lawson, 1979),
but some other definitions recognise that they
contain both diamictons and sorted sediments
(Woldstedt, 1961; Flint, 1971; Kasprzak, 1988;
Zieliński 1992; Dobracki & Krzyszkowski,
1997; Krzyszkowski & Zieliński, 2002). In the
case of the Charlottenthal fan, both types of deposit are present: sorted sediment at the base
and in the middle part of the fan profile, and
diamicton in the upper part. Krzyszkowski
and Zieliński (2002) distinguished, depending
on the balance between mass movement and
traction transport, three kinds of fan-type end
moraines (A, B & C). Type A and B end-moraine fans are characterised by a distinct hilly
morphology, whereas type C shows a less distinct hilly morphology and extensive widths
of 1–2 km or more. The type A end moraine
is, according to them, dominated by debris- or
mud-flow deposits in the proximal part of the
fan, and by deposits from hyperconcentrated
flows in the distal part. The type B end moraines
are thus built up as a consequence of debris- or
grain flows and high-energy sheetfloods in the
proximal part, and from sheetfloods in the distal parts (channelized currents are very rare).
The type C end moraine in the proximal part
is dominated by sheetfloods and channelized
currents (mass flows are extremely rare), and
in the distal part by low-energy sheetfloods.
This implies that the Charlottenthal fan cannot be considered as an A or B type end moraine (channelized sediments prevail), nor as
a C type end moraine (because of the occur-
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Table 2. Comparison of the sediments and depositional processes of the fan under study, with a model of the transitional fan sensu Pisarska-Jamroży (2006).

Chełm Górny fan,
(Pisarska-Jamroży, 2006)

Charlottenthal fan

Lithofacies
associations
DmC(m2)
Gm, Sh
St, Sp
DmC(m3) &
DmM(m3)
Sh, GPm
Sp, GRp
Sm

Main features of lithofacies associations
– coarse- & medium-grained diamicton
– matrix-supported
– lenticular layers
– massive gravel and horizontally laminated sand
– sheet-like layers
– trough- & planar cross-stratified sand
– sheet-like layers
– coarse- & medium-grained diamicton
– matrix-supported
– lenticular (lobate) layers
– horizontally laminated sand & massive gravel
– sheet-like layers
– rhythms: GPm→Sh
– planar cross-stratified sand & gravel
– sheet-like layers
– massive sand
– sheet-like layers

rence of a 1.7 m thick gravelly diamicton on
top) (Fig. 4).
The spatial differentiation of the depositional processes in the Charlottenthal gravel pit
clearly reflects its transitional position between
the mass-flow-dominated end-moraine ridge
(proximal part of the transitional fan) and the
fluvial-dominated outwash plain (distal part of
the transitional fan).
The sedimentary succession has been compared with the Chełm Górny glaciomarginal
fan (NW Poland), which belongs to the same
moraine system of the Pomeranian phase
(Fig. 3). The deposits in the Chełm Górny pit
(Pisarska-Jamroży, 2006) have been divided into four groups (Table 2): (1) a gravelly
diamicton deposited by debris flows (massive,
with cobbles, boulders and pebbles), (2) sandy
diamicts deposited by hyperconcentrated

Architectural elements & depositional
processes
subaerial debris flows
sheet flows
shallow flows in sandy braided channel
subaerial cohesional debris flows
sheet flows
shallow flows in sandy/gravelly
braided channel
hyperconcentrated flows

flows (massive sands), (3) sandy to gravelly
layers deposited by sheetfloods (horizontally
laminated sands and massive pebbly gravels),
and (4) sandy and granule gravels deposited
by shallow braided streams (planar cross-stratified sands and granule gravels). The sedimentological characteristics of the Charlottenthal
deposits and of the transitional fan in Chełm
Górny (Pisarska-Jamroży, 2006) both show
a dominance of debris-flow and sheetflood deposits, accumulated in the proximal part of the
fan, as well as deposits accumulated in shallow
channels in the distal part (Table 2). In the middle zone of the Chełm Górny fan, also deposits from hyperconcentrated flows are present;
these are absent in the Charlottenthal pit.
A transitional fan is a morphological unit at
a position where an end moraine passes gradually into an outwash plain. The term ’transition-

Fig. 7. Model for the transitional-fan subenvironment based on the present study.
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al fan’ was first used by Bartkowski (1972), but
the first sedimentological investigation of such
a fan was carried out in Chełm Górny (NW Poland) by Pisarska-Jamroży (2006). A transitional fan consists of flowtills, massive/stratified
gravels and sands, and is dominated by coarsegrained cohesive debris-flow and sheetflood
deposits, and by deposits from channelized
currents and hyperconcentrated flows.
In summary, the genesis of the deposits in
Charlottenthal and Chełm Górny is very similar, and the most likely is that both are part of
a transitional fan (Fig. 7).

6. Discussion
The clasts in the till constitute a petrographical assemblage that is characteristic of
the main Weichselian ice advance in the central part of Mecklenburg-Vorpommern, and it
thus indicates that the upper Charlottenthal
profile accumulated during the Pomeranian
phase of the main Weichselian glaciation. The
abundance in Charlottenthal of marls and
flints that are derived from the Upper Cretaceous is typical for the so-called ‘Kreidemoränen’ which occur in NE Germany in tills
of several glaciations.
The comparison of indicator pebbles shows
similar ice-flow directions (from NNE to SSW)
during the Pomeranian ice advance for both
the Charlottenthal and the ���������������
Chełm Górny deposits. The majority of samples show a dominance of Palaeozoic limestones, Scandinavian
sandstones and Palaeozoic shales.
The analysis of samples with different grainsize distributions and deposited by different
processes poses a following problem. The clear
petrographical differences between till samples and glaciofluvial samples from the same
profiles indicate that the samples of different
depositional histories are not fully comparable
each other. ����������������������������������
The influence of mechanical
�����������������
weathering during high-energy transport in the glaciofluvial environment, causing eventually
the disappearance of soft clasts, must be held
responsible. The distance of 200 km between
the Charlottenthal and Chełm Górny sites also
reduces the value of a detailed petrographical

comparison. Considering the above, it seems
worthwhile to investigate the influence of the
grain-size distribution on the petrographical
composition of clasts in tills and in glaciofluvial gravels (cf. Schulz, 1996).
The ��������������������������������������
Charlottenthal������������������������
fan does sedimentologically resemble neither an end moraine nor an
outwash plain. An end moraine typically consist of flowtills and massive/stratified coarse
gravels in its proximal part, of massive/stratified sands and gravels in its middle part, and
of stratified sands and silts in its distal part.
An outwash plain typically consists of stratified gravels and sands deposited by a large
braided-river system. The Charlottenthal fan
is, however, dominated by deposits from channelised currents, sheetfloods and subaerial debris-flows, and its formation in a fan environment is the most probable.
Sedimentary architecture at the ��������
Charlottenthal site is related to the morphology, i.e.
the dip angle and dip azimuth of the beds and
the laminae are co-directional to the inclined
sedimentary surface of fan. A similar style of
sedimentation had been recognised earlier in
the Pomeranian glaciomarginal zone of NW
Poland (Pisarska-Jamroży, 2006, 2008).

7. Conclusions
The deposits from Charlottenthal can be
grouped into two lithofacies associations and
one lithofacies. Lithofacies DmC(m2) represents subaerial debris flows, whereas the gravelly and sandy deposits of lithofacies Gm, Sh
jointly represent sheetfloods; the sandy lithofacies St, Sp are together form an association
representing braided-stream channels.
Debris-flow deposits derived from supraglacial ablation originally accumulated at
the ice front. Gravitation then triggered debris
flows. Sheetflood sedimentation can be attri
buted to seasonal changes in the discharge at
the ice-sheet margin.
Comparison of indicator pebbles shows
similar ice-flow directions (from NNE to SSW)
for the Charlottenthal and Chełm
�����������������
Górny sediments, which both must be ascribed to the Pomeranian phase ice advance.

Is the Charlottenthal fan (marginal zone of the Pomeranian phase, NE Germany) an end moraine?

The deposits at Charlottenthal are interpreted as characteristic of a transitional zone between an end moraine and a proximal outwash
plain (sandur), and thus constitute a ‘transitional fan’ (sensu Bartkowski, 1972; PisarskaJamroży, 2006, 2008).
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