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The con di tions of glacigenic sed i men ta tion dur ing the Pom er a nian Phase of the Weichselian Gla ci ation in north east ern Ger many are re -
con structed on the ba sis of the typ i cal lithofacies suc ces sions and the depositional ar chi tec ture of the dis tal and prox i mal parts of a
sandur, as well as of those in the hin ter land area of the glaciomarginal zone. The prox i mal parts of the sandur are char ac ter ized by the oc -
cur rence of boul ders, peb bles and grav els, and hor i zon tally strat i fied sands cut by large chan nel troughs in the up per parts. The oc cur -
rence of the chan nel struc tures in di cates frequent tor ren tial ab la tion floods. Hor i zon tally and cross-strat i fied rhythms of sandy and
grav elly lithofacies, in di cat ing pulsatory ab la tion flows, are also fre quent. The dis tal part of the sandur is dom i nated by hor i zon tally
strat i fied sands and sands with low-an gle tab u lar cross-strat i fi ca tion. In the hin ter land of the Pom er a nian Gla ci ation, a thick layer of till is 
pres ent, which lo cally is glaciotectonically de formed. Mo raines left dur ing gla cial re treat, with grav ity-re de pos ited till, are also pres ent.
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INTRODUCTION 

Glaciomarginal forms of the Pom er a nian Phase of the
Weichselian Gla ci ation in north east ern Ger many have been
stud ied for over a cen tury (Keilhack, 1899; Gripp, 1925;
Liedtke, 1956/57; Cepek, 1962, 1967, 1994; Bre mer, 1966;
Hannemann, 1966, 1970; Schulz, 1966, 1967, 1972, 1975;
Jäger, 1972; Brose, 1972, 1978; Schulz and Weiße, 1972;
Marcinek  and Nitz, 1973; Cepek and Lippstreu, 1975; Rühberg, 
1987, 1998; Ehlers, 1990; Bussemer et al., 1993/4, 1995a, b, c;
Marcinek, 1994, 1995a, b; Walther, 1995; Müller et al., 1995;
Rühberg et al., 1995; Bre mer, 2004). These glaciomarginal
forms char ac ter ise, ac cord ing to Liedtke (1981), by for the most
di ver si fied re lief re lat ing to the ear lier phases of the last Scan di -
na vian ice sheet in this area (Schulz, 1967; Liedtke, 1981;
Bussemer et al., 1995b). Due to hilly mor phol ogy the area was
termed by Keilhack (1904) “the great Bal tic end mo raine” (in
Ger man: “die grosse baltische Endmoräne”). 

De spite these many in ves ti ga tions, lithofacies and
lithogenetic anal y ses of glaciomarginal de pos its in  north east -
ern Ger many have not been un der taken. The pa pers of
Hornung et al. (2007) and Winsemann et al. (2007) re view the

find ings from other re gions in Ger many (e.g. Ser a phim, 1973;
Harms, 1983; Groetzner, 1995; Winsemann and Asprion,
2001; Winsemann et al., 2003, 2004). This study fills the gap
within these in ves ti ga tions from Mecklenburg–West ern
Pomerania and Uckermark. Com pa ra ble re search of ear lier
data in cludes (e.g.: Miall, 1977, 1978, 1985; Eyles et al., 1983;
Brodzikowski and Van Loon, 1991; Zieliñski, 1992, 1993,
1995, 1998, 2003; Hambrey, 1994; Benn and Ev ans, 1998;
Zieliñski and Van Loon, 1998, 1999, 2000, 2003; Marren,
2001; Maizels, 1983, 1991, 1993, 1997; Terpi³owski, 2003;
Kj³r et al., 2004; Pisarska-Jamro¿y, 2006, 2007). 

The ice-mar ginal en vi ron ment is dom i nated by two main
types of gla cial forms: fan-like end mo raines (Zieliñski and
Van Loon, 2000; Zieliñski, 2003) that orig i nated in di rect con -
tact with a stag nant or re treating ice sheet, and push mo raines
that oc cur mainly in the ax ial zones of for mer gla cier active
lobes (Schulz, 1967; Schulz and Weiße, 1972; Marcinek and
Nitz, 1973; Bussemer et al., 1993/4, 1995a, b, c).

South of the ice con tact area, glaciofluvial gravely-sandy
ma te rial was dis trib uted by proglacial braided river sys tems. A
distinct in crease in the thick ness of sandy de pos its is noted in
the interlobe zones. The interlobe ar eas were top o graph i cally
lower than the lobe axis, and there fore they were fre quently



flooded with huge amounts of wa ter (Kurimo, 1982; Punkari,
1997). In the interlobe zones the ice move ment was sig nif i -
cantly re duced as a re sult of fric tion be tween the two neigh -
bour ing gla cial lobes (cf. Kasprzak, 2003), an im por tant fac tor
af fect ing the “depositional ef fi ciency” of this ar eas.

The area sit u ated to the north of the Pom er a nian Phase main 
stage (Fig. 1), be tween the mo raines of the suc ceed ing ice sheet 
re treat phases, com prises a hilly, un du lat ing or flat basal mo -
raine. In some places it ac cu mu lated in dy namic con di tions
marked by well-de vel oped glaciotectonic struc tures. In other
places till was de pos ited from melt-out pro cesses with out dis -
tur bances of the un der ly ing de pos its. End mo raines of the gla -
cial re treat phases form hills with lobe-like out lines, which are
easy to trace by their mor phol ogy (Fig. 1). 

Some se lected sites lo cated in the prox i mal and dis tal
glaciomarginal zone as well as in the hin ter land area are de -
scribed in or der to com pare the con di tions of the glaciofluvial
sed i men ta tion dur ing the max i mum ex tent and the de cline of the
Pom er a nian Phase of the Weichselian in north east ern Ger many.

RESEARCH AREA AND METHODS

17 sites have been stud ied. All of them are lo cated in the
north east ern Ger many, i.e. in Mecklenburg–West ern Pome -
rania (Mecklenburg–Vorpommern) and in the north east ern part 
of Brandenburg — in Uckermark (Fig. 1). The sites are sit u -
ated on the prox i mal and dis tal parts of the outwash plain as
well as on the till plain in the hin ter land of the Weichselian
Pom er a nian Phase (Ta ble 1). 

The  re search was car ried out on glaciogenic de pos its ex ca -
vated in gravel-pits (Büschow, Götschendorf, Hinterste Mühle,
Qualitz, Krakow am See, Langhagen, Rethwisch, Jabel,
Althüttendorf, Mankmoos, Sophienhof, Zietlitz), and ex posed in
road sec tions (Pernick, Pinnowhof). Sites in abandonet quar ries
(Klein Flotow, Zirzow) as well as in val ley es carp ments (Lützlow
on the Randow River) were also cho sen for the re search. 

The land forms were dis tin guished dur ing geomorpho -
logical map ping. In ex po sures, sedimentological meth ods were 
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Fig. 1. Lo ca tion of re search sites along the main lim its of the Pom er a nian Phase and the Weichselian
Gla ci ation re ces sional phases in north east ern Ger many

E — main Pom er a nian Phase; Ea — Angermünde–Chojna Phase; Eb — Penkun–Mielêcin Phase; F —
Rosenthal–Szczecin Phase; G — Velgaster Phase; H — north ern Rügen–Wolin Phase; based on Kozarski
(1965), Karczewski (1968), Kliewe and Kozarski (1979) and Liedtke (1981)



ap plied: tex tural and struc tural fea tures of the de pos its were
char ac ter ized. Lithofacies and their as so ci a tions were clas si -
fied. The sedimentological anal y sis al lowed iden ti fi ca tion of
the main and ac ces sory lithofacies. The lithofacies as so ci a tions
are in ter preted as sed i men tary en vi ron ments of the
glaciomarginal zone un der study. Sym bols of lithofacies (Ta -
ble 2) and lithogenetic codes (given in brack ets in pro files; Ta -
ble 3) spec i fied ac cord ing to Miall (1985), with mod i fi ca tions
by Zieliñski (1992, 1993, 1995, 1998, 2003) were at trib uted to

the lithofacies as so ci a tions. Wen tworth’s scale (1922) was
used to the grain-size de scrip tions. Sam ples were ana lysed in a
lab o ra tory, fol lowed by the graphic cal cu la tions (by means of
the com puter programme Siewca 2.0); grain-size co ef fi cients
were cal cu lated ac cord ing to Folk and Ward (1957). Clay in -
dex I (Karczewski, 1963) was cal cu lat ing as fol low ing:
I = (sum <0.002 mm)/(sum >0.002 mm).

PROXIMAL PART OF THE OUTWASH PLAIN

Six sites were in ves ti gated in the prox i mal part of the
outwash plain. The main lithofacies pre sented in the ma jor ity of 
the ex po sures are de scribed and in ter preted below.

DESCRIPTION OF LITHOFACIES

Mas sive coarse-grained ma trix-sup ported grav els and
sandy grav els Gm, GSm are the most com mon lithofacies at
the Klein Flotow and Sophienhof sites. Their thick ness reaches
up to 8 m and their lat eral ex tent up to 100 m. The ma trix is pre -
dom i nantly of coarse- and me dium-grained sand (Ta ble 4). The 
beds are com monly over lain by hor i zon tally lam i nated
fine-grained sands Sh (Fig. 2). The bulk thick ness of this fa cies
var ies be tween 0.5 m in Qualitz and 4 m in Sophienhof. The
hor i zon tal ex tent of the bed reaches some 20–50 m. 

Farther from the for mer ice sheet mar gin, hor i zon tally strat -
i fied sand Sh is found in beds al ter nat ing with mas sive gravel
Gm. The gravel beds are up to 1 m thick. These are clast- and
ma trix-sup ported beds of mas sive struc ture. The lithofacies of
me dium- and coarse-grained sands with hor i zon tal strat i fi ca -
tion Sh occurs in cosets up to 20–30 cm thick. In places these
are in ter ca lated with small-scale lithofacies of silty-clayey de -
pos its of mas sive struc ture Fm.

The Qualitz site is dom i nated by nor mally graded
gravelly-sandy beds where me dium-grained grav els in the lower
parts of the beds gradationally change into coarse-grained, me -
dium and fine-grained sand. The thick ness of these beds does not 
ex ceed 50–60 cm, and the thick ness of the en tire suc ces sion
reaches 7–8 m. Apart from these graded beds, coarse-grained
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Site Depositional en vi ron ment

Klein Flotow

Krakow a. See

Perniek

Qualitz

Rethwisch

Sophienhof

prox i mal part of outwash plain 

Althüttendorf

Büschow 

Götschendorf

Jabel 

Langhagen 

Mankmoos 

Pinnowhof

Zietlitz

dis tal part of outwash plain

Hinterste Mühle Lützlow till plain of hin ter land

Zirzow
hin ter land till with glaciotectonic

de for ma tions

T a  b l e  1

Po si tion of the sites stud ied along the outwash plain and the hin ter -
land ar eas in Mecklenburg–West ern Pomerania and Uckermark

Tex ture 

G gravel

GS sandy gravel

SG grav elly sand

S sand

F fines

D (c, m) diamicton (clast sup ported, ma trix sup ported)

Struc ture

m mas sive

h hor i zon tal strat i fi ca tion

l low-an gle cross-strat i fi ca tion

p pla nar (tab u lar) cross-strat i fi ca tion

t trough cross-strat i fi ca tion 

e ero sional scours of large scale

s strat i fied (only for diamicton)

T a  b l e  2

Lithofacies codes used (based on Zieliñski, 1992, 
1993, 1998, 2003)

Code Or i gins 

SB sandy bedforms

LS lam i nated sand sheets

OF overbank fines

CF chan nel fill 

GS gravel sheet

GM gla cial melt ing

T a  b l e  3

 Lithogenetic codes used (based on
Miall, 1985; Zieliñski, 1995)

Site

Frac tion
[%]

Mean
grain 
di am e -

ter
Æ

[mm]

Stand. 
dev.

d
[mm]

Skew
ness
Skp gr s silt clay

Klein Flotow 0 36 63 1 0 0.87 0.22 –0.31

Krakow a. See 0 16 84 0 0 0.56 0.34 0.012

Perniek 0 26 74 0 0 0.79 0.23 –0.23

Qualitz 0 15 85 0 0 0.68 0.40 –0.1  

Rethwisch 0 17 60 13  10  0.70 0.19   0.15

Sophienhof 0 29 71 0 0 1.12 0.35 –0.17

p — peb ble, gr — gran ule, s — sand

T a  b l e  4

Av er age grain-size co ef fi cients ac cord ing to Folk and Ward (1957) of 
de pos its of the prox i mal part of the outwash plain of the Pom er a nian 

Phase in NE Ger many



gravel is noted most of ten as tab u lar beds with low-an gle
cross-strat i fi ca tion Gl, lo cally in fill ing shal low ero sional scours.

The up per parts of the sites lo cated in west ern Meklemburg
(Perniek, Krakow am See) are dom i nated by sand lithofacies
with hor i zon tal and low-an gle cross-strat i fi ca tion Sh, Sl
(Fig. 3). Grav elly sand lithofacies SGe infills ero sional troughs
50–70 cm deep. The sand in fill ing the troughs is com monly
nor mally graded. Such suc ces sions are un der lain by a 0.5 m

thick layer of a clayey-sandy diamicton of mas sive struc ture,
Dm, or lo cally strat i fied Ds.  The con tact be tween the trough
cross-strat i fied grav elly sand and the un der ly ing clayey-sandy
diamicton Ds is gradational. The tran si tional zone sensu
Kozarski and Kasprzak (1992) is de formed; load, fold and drag
struc tures are the most com mon de for ma tions. The two-metre
thick clayey-sandy diamicton Dm(c)s, banded in places, is
char ac ter ized by the pres ence of con vo lute laminae. The
coarse-grained grav els and the boul ders are un equally dis trib -
uted within the silty ma trix. Over lap ping struc tures can be
found around some boul ders. Be low the diamicton there are
lay ers of sand and gravel cut by nu mer ous nor mal faults. The
fault dis place ments are from 20 to 50 cm.

INTERPRETATION

The coarse-grained gravel and sand lithofacies Gm and
GSm are the re cord of hyperconcentrated flow of coarse clasts
and fine-grained sus pended ma te rial. The mas sive struc ture of
the gravel lithofacies as well as the very weak sort ing (Ta ble 4)
may in di cate sud den de po si tion as a re sult of wa ter loss or de -
crease in slope in cli na tion (Zieliñski, 2003). Over a short time
all grain move ment ceased si mul ta neously, which is marked in
the mas sive sed i ment struc ture. Af ter de po si tion of the coars est
grains, the low-en ergy shal low sheet flows car ry ing grains of
sand were still func tion ing, as is shown by the fine-grained,
hor i zon tally strat i fied sands Sh. Lo cally fine-grained silts Fh
were de pos ited in stand ing wa ter.

The lithofacies Gl in tab u lar beds testifies to pulsatory,
shal low sheet flows. Where the lithofacies infill ero sional
scours, they may have orig i nated in two phases: firstly, when
the scours were formed and sec ondly, when they were infilled. 

Synsedimentary faults may have been the re sult of bur ied
dead ice melt ing. Such de for ma tion struc tures are typ i cal of
ice-mar ginal en vi ron ments. Flow folds in di cate rapid
redeposition, con nected with fluidisation of the de pos its or
changes in the slope in cli na tion, which could have been also an
in di rect re sult of the undermelting processes.

Tak ing into ac count the geo log i cal con text, all the
lithofacies types de scribed sug gest de po si tion in an ice-mar -
ginal en vi ron ment (Zieliñski, 2003). The sediments were trans -
ported in braided river chan nels and de pos ited as tor ren tial
floods. Dead ice blocks were bur ied quickly due to the high ac -
cu mu la tion rate. Undermelting of the ice caused in sta bil ity of
the sed i ment sur face, causing de for ma tion. 

Diamictons are in ter preted as de pos ited by co he sive flows
which in cor po rated the sandy gravel. Diamicton of flow till
type is com mon in fan-like end mo raines (Zieliñski and Van
Loon, 2000; Zieliñski, 2003), known in Pol ish lit er a ture also as
“sed i men tary scarps” (Kasprzak and Kozarski, 1989;
Kasprzak, 2003). In the most prox i mal (sensu Karczewski,
1989) parts of an outwash plain allochthonous flow tills were
de pos ited (Kasprzak and Kozarski, 1984). 

It can be sum ma rised that the ice-mar ginal area of the Pom -
er a nian Phase in north east ern Ger many is char ac ter ised by a
rhyth mic, pulsatory type of de po si tion re sult ing from ab la tion
pro cesses, al though the mar ginal de pres sions were filled with
diamictons de pos ited from dense mass flows. 
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Fig. 2. Flu vio gla cial de pos its of the prox i mal part of the outwash
plain of the Pom er a nian Phase in NE Ger many

c — clay, s — silt, fs — fine sand, ms — me dium sand, cs — coarse
sand, g — gravel; other ex pla na tions as in Ta bles 2 and 3

Fig. 3. Krakow am See — flu vio gla cial de pos its of the prox i mal part
of the outwash plain of the Pom er a nian Phase in NE Ger many

Ex pla na tions as in Fig ure 2



DISTAL PART OF THE OUTWASH PLAIN

DESCRIPTION OF LITHOFACIES

Eight sites (Fig. 1) have been stud ied in the dis tal outwash
plain. These are sandy and sandy-gravely lithofacies, most
com monly grav elly sand SGh and sandy gravel GSh, both hor -
i zon tally strat i fied. Low-an gle pla nar cross-strat i fied sand Sl
noted in tab u lar beds is the sub or di nate lithofacies (Fig. 4). 

Lithofacies as so ci a tions with nor mally graded rhyth mic
sandy and grav elly beds (e.g. in Langhagen, Althüttendorf) are
char ac ter ized by con sid er able lat eral ex tents (up to 200 m in
Langhagen). The as so ci a tions of the grav elly-sandy lithofacies
SGh, SGl are cut in places by very shal low chan nel troughs
(Althüttendorf — Figs. 5 and 6; Götschendorf, Mankmoos,
Pinnowhof, Zietlitz). The thick ness of these ero sional struc -
tures var ies be tween 10 and 50 cm while their width reaches
2–3 m. The chan nel troughs are filled with sand and gravel with 
low-an gle cross-strat i fi ca tion Sl, Gl. Some chan nel infills (e.g.
in Langhagen, Mankmoos) dis play nor mal grad ing. Other
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Fig. 4. Glaciofluvial de pos its of the dis tal part of the outwash plain
of the Pom er a nian Phase in NE Ger many

Ex pla na tions as in Fig ure 2

Fig. 5. Althüttendorf — sandy-grav elly lithofacies with hor i zon tal 
and trough strat i fi ca tion SGh, St, fill ing shal low chan nels 

on the dis tal outwash plain

Ex pla na tions as in Ta ble 2

Fig. 6. Althüttendorf — lithofacies SGh, SGl with a shal low chan nel
struc ture St; the knife serves as scale

Ex pla na tions as in Ta ble 2



chan nels are filled with the trough cross-strat i fied grav -
elly-sandy lithofacies GSt (e.g. Götschendorf, Althüttendorf,
Zietlitz). Clast-sup ported grav elly beds of  mas sive struc ture
Gm are very rare. 

In Jabel pit (Fig. 1), sit u ated to the north of Müritz Lake, the 
suc ces sion is a lit tle dif fer ent. A lithofacies of coarse-grained
and mas sive gravel Gm oc curs in the bot tom of the pit, over lain 
by hor i zon tal beds of fine-grained sand Sh or in places with
low-an gle cross strat i fi ca tion Sl (Fig. 7). A char ac ter is tic trend

was ob served in the ver ti cal suc ces sion: a grad ual up wards de -
crease in av er age grain-size, pro gres sively less fre quent
cross-strat i fi ca tion, and in the mostupper part, a pre dom i nance
of fine-grained de pos its from sus pen sion.

Beds approx. 0.5 m thick of fine- and very fine-grained sand
with well-de vel oped de for ma tions of diapir and loadcast type
oc cur in the top of the pro file. Isoloted faults were ob served in
the walls of the Langhagen and Althüttendorf gravel pits.

The dis tal outwash plain de pos its (Ta ble 5) con sist pre dom -
i nantly of sand (63–93%) and to much smaller ex tent of gravel
(7–37%). Tak ing into con sid er ation the stan dard de vi a tion val -
ues, these sed i ments are well sorted. 

INTERPRETATION

De po si tion took place dur ing sheet floods in the floodplain
area as a re sult of super criti cal flows. In places the de po si tion
took place in shal low sandy-bed chan nels with trans verse bars. 

Sed i men ta tion took place in braided chan nels of a large
width and small depth. Pe ri odic changes of flow dy nam ics were
as so ci ated with the rhythm of ab la tion. In con di tions of shal low
and fast flows, up per-stage plane bed (lithofacies SGh) and
low-re lief dunes (lithofacies SGl) were formed. Lo cally, in
deeper parts of chan nels the flow was channelized and the shal -
low troughs orig i nated there. The suc ces sions with nor mal grad -
ing can be re garded as in di cat ing grad u ally de creas ing cur rents
dur ing the flood wan ing stages. Lithofacies Gm pre sum ably
orig i nated dur ing un usual flood peaks when vig or ous cur rents in
the cen tral parts of chan nels de pos ited the gravel sheets. 

De for ma tion struc tures dis turb ing the orig i nal ar range ment
of the sandy-grav elly lay ers were rarely found at the re search
sites on the Pom er a nian Phase dis tal outwash plain. The diapir
and load-cast struc tures are caused by re versed den sity gra di -
ents. This sug gests that sed i men ta tion rate was high. The faults
can be ex plained by the melt ing of bur ied ice blocks or by
deposition upon naleds. 

The grad ual up wards de crease in the av er age grain-size in
Jabel shows that the en ergy of the glaciofluvial wa ter gen er ally
de creased with time and that the area be came more and more
dis tal to the ice sheet, due to the latter’s re treat. How ever, the
pos si ble re duc tion of ice ab la tion rate as a rea son for such a
struc tural pic ture can not be re jected. The suc ces sion re sem bles
the outwash re treat suc ces sion model of Zieliñski and Van
Loon (2003). 

The dis cussed lithofacies of the Pom er a nian Phase dis tal
outwash plain dem on strate that de po si tion took place in a
proglacial en vi ron ment in a braided river sys tem with oc ca -
sional sheet floods. This en vi ron ment is typ i cal of a dis tal
braided river with sandy bot tom. The in creased en ergy of the
proglacial wa ter flow dur ing peaks of ab la tion, is lo cally re -
corded by struc tures typ i cal of a deeper river chan nel sys tem,
that is by the lithofacies of the me dium scale sandy gravel with
trough cross-strat i fi ca tion GSt.

162 Maria Górska-Zabielska

Fig. 7. Jabel — flu vio gla cial de pos its of the dis tal part 
of the outwash plain of the Pom er a nian Phase in NE Ger many

Ex pla na tions as in Fig ure 2

Site 

Frac tion
[%]

Mean
grain

di am e -
ter
Æ

[mm]

Stand.
dev.

d
[mm]

Skew 
ness
Skp gr s silt clay

Büschow 0 22 78 0 0 0.69 0.29 –0.38

Götschendorf 0 10 90 0 0 0.48 0.43 –0.28

Jabel 0   7 93 0 0 0.31 0.40 –0.36

Althüttendorf 0 18 82 0 0 0.66 0.34 –0.37

Langhagen 0 31 69 0 0 1.30 0.36 –0.15

Mankmoos 0 22 78 0 0 0.54 0.27 –0.43

Pinnowhof 0 37 63 0 0 1.32 0.27 –0.12

Zietlitz 0 30 70 0 0 1.2  0.31 –0.11

Ex pla na tions as in Ta ble 4

T a  b l e  5

Av er age grain-size co ef fi cients of dis tal part of the outwash plain
sed i ments of the Pom er a nian Phase in NE Ger many 

(ob tained by a graphic method) ac cord ing to Folk and Ward (1957) 



THE HINTERLAND TILL

DESCRIPTION OF LITHOFACIES

The lower parts of the suc ces sion in the Hinterste Mühle
and the Lützlow pits (Fig. 1) con sist of grav elly sand with
trough cross-strat i fi ca tion SGt, fill ing the shal low chan nel
troughs. The grav elly sand in tab u lar cross-strat i fied beds SGp
as well as the hor i zon tally strat i fied grav elly sand SGh are
strongly faulted (Fig. 8). These sandy lithofacies are cov ered
by a 3–5 m thick clayey-sandy diamicton of mas sive struc ture
Dm. In places the diamicton beds are char ac ter ized by poorly
de vel oped hor i zon tal strat i fi ca tion Ds (Lützlow), which may
rep re sent pseudolamination from shear ing. The till in the hin -
ter land area does not build up a con tin u ous layer (Bre mer,
1994, 2004); it out crops rather lo cally over the till plain. 

In Zirzow, the site sit u ated in the north ern ex ten sion of the
interlobal sys tem be tween the lobes of Tollensee and
Peckatel–Möllenhagen (Schulz, 1967), approx. 2 m of thick
mas sive, clayey-sandy, ma trix-sup ported diamicton Dm oc -
curs. The fol low ing struc tures formed in the dy namic
subglacial en vi ron ment: up right, in clined and over turned folds, 
diapir struc tures, shear planes and nu mer ous faults (Fig. 9). All
the struc tures are in clined to wards NNE, i.e. up wards the di rec -
tion of the in cur sion. The de for ma tion zone thick ness is 4–6 m,
the top of the un der ly ing de pos its are ei ther de formed or
erosionally cut (Fig. 9). 
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Fig. 8. Till and flu vio gla cial de pos its of the hin ter land 
of the Pom er a nian Phase ice mar gin in NE Ger many

Ex pla na tions as in Fig ure 2

Fig. 9. Zirzow. Glaciotectonic de for ma tion structures
formed in the sandy-clayey lithofacies. They have been 

erosionally truncated by the dy nam i cally ad vanc ing
ice-front, that has left a ma trix-sup ported bed 

of mas sive till (Dm)

A, B, C — ex am ples of de for ma tion struc tures



The ex am ples show that the tills of the Pom er a nian Phase
end mo raine in north east ern Ger many are of dif fer ent
lithologies. The till from Hinterste Mühle shows a high con tent
of sand whereas the till from the Lützlow and Zirzow sites
shows a high con tent of silt and clay. Clay in dex I reaches, at
the two lat ter sites, up to 0.17–0.18, which there rep re sents a
subglacial type of till. Grain-size anal y sis showed that the de -
pos its con sist pre dom i nantly of sand (52–80%), with an ad mix -
ture of silt (9–30%) and clay (4–17%) (Ta ble 6). The de pos its

are well sorted (d <0.5). 

INTERPRETATION

The ex am ples men tioned above in di cate the ex is tence of
dif fer ent till types in the area of north-east Ger many ex am ined.
There is lodge ment till (e.g. Zirzow) as well as flow till (e.g.
Hinterste Mühle). The lodge ment till de po si tion took place in a
dy namic en vi ron ment. The advancing ice sheet lo cally plas tic -
ally de formed the sub strate, cre at ing as so ci a tions of
glaciotectonic de for ma tion struc tures (Zirzow). In places, how -
ever, the pres ence of an ice sheet led to the de vel op ment of a
dense fault net work in the hor i zon tally strat i fied un der ly ing de -
pos its (e.g. Hinterste Mühle).

DEPOSIONAL ARCHITECTURE 

De pos its of the glaciomarginal zone of the Pom er a nian
Phase in north east ern Ger many, as a gen eral rule rep re sent the
prox i mal part of an outwash plain, with sud den, vi o lent ab la -
tion out flows. This en vi ron ment is in di cated by the
coarse-grained sand, the grav elly sand and the sandy gravel
with large-scale trough cross-strat i fi ca tion (Ta bles 4 and 7;
Figs. 10 and 11). They were de pos ited in deep ero sional chan -
nel troughs or ero sional scours carved by proglacial wa ter. Tab -
u lar beds of hor i zon tally lam i nated sands LS in ter ca lated with
gravel chan nel sheets GS as well as with chan nel fill struc tures
CF can be there fore dis tin guished in the anal y sis of the prox i -
mal outwash plain en vi ron ment ar chi tec ture. Sandy bedforms
SB are also fre quent (Fig. 12A, Ta ble 7).

Pulsatory out flows, char ac ter is tic of the cen tral and dis tal
outwash ar eas were re spon si ble for the or i gin of the sandy,
lithofacies hor i zon tally strat i fied Sh (Ta bles 5 and 7; Figs. 10
and 11). Faster flow ing wa ter cre ated the me dium-scale chan -
nel trough struc tures of grav elly sand SGt. Sandy bedforms SB
and chan nel gravel sheets GS dom i nated in the dis tal outwash
plain (Fig. 12B, Ta ble 7). Tab u lar beds of hor i zon tally lam i -
nated sands LS are very com mon. In places fine-grained
floodplain de pos its OF are also pres ent.

In the hin ter land area of the Pom er a nian Phase, where the
ice sheet mar gin was en riched with fine-grained ma te rial, gla -
cial till de po si tion took place. The tills were de pos ited in the
glaciomarginal zones of the main and of the re treat stage, suc -
ceed ing the Pom er a nian Phase.  Folded laminae or crude strat i -
fi ca tion in diamicton lithofacies Ds show redeposition and
there fore the grav ity-flow na ture of the de posit (Ta bles 6 and 7; 
Figs. 8, 10, 11). The pres ence of re de pos ited diamictons in the
proglacial zone may sug gest that these are end mo raines of
fan-like type (Zieliñski and Van Loon, 2000; Zieliñski, 2003).
The lim ited re gional ex tent of the diamicton lithofacies com -
pared to more wide spread sandy and gravely ones sug gest that

164 Maria Górska-Zabielska

Site 

Frac tion

[%]

Mean grain 
di am e ter

Æ
[mm]

Stand.
dev.

d
[mm]

Skew -
ness
Skp gr s silt clay

Hinterste 
Mühle 0 7 80 9 4 0.25 0.25 0.08

Lützlow 1 0 52 30 17 0.03 0.03 0.54

Zirzow 0 2 53 27 18 0.03 0.06 0.53

Ex pla na tions as in Ta ble 4

T a  b l e  6

 Av er age grain-size co ef fi cients of the hin ter land till of the Pom er a -
nian Phase in NE Ger many, following to Folk and Ward (1957)

Fig. 10. Com par i son of the per cent ages of the main grain-size groups in the hin ter land till and the prox i mal and dis tal
parts of the outwash plain of the Pom er a nian Phase ice mar gin in NE Ger many

c — clay; other ex pla na tions as in Ta ble 4
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Fig. 11. Com par i son of av er age grain-size co ef fi cients ac cord ing to Folk and Ward (1957) of the hin ter land till 
and the prox i mal and dis tal outwash of the Pom er a nian Phase in NE Ger many

mgd — mean grain di am e ter [mm], st.dev. — stan dard de vi a tion, Sk — skew ness

Li thol ogy
Prox i mal part of outwash plain Dis tal part of outwash plain Till plain of hin ter land

Gm, GSm, SGe, SGp, SGt, SGh, Sp, Sl, Sh, (Ds) SGt, SGp, SGh (GSt, GSh), Sl, Sh Dm, Ds

Depositional
forms

lag de pos its in the bot tom, hor i zon tal sand strat i fi -
ca tion in the top; chan nel troughs; deep ero sional

chan nels; frac tional grain-size; nor mal faults; in the 
outwash proglacial part: sed i men tary es carp ments

sandy lithofacies as so ci a tions of the
hor i zon tally strat i fi ca tion as well as
of the low-an gle pla nar cross-strat i -

fi ca tion; sub or di nate grav elly
lithofacies hor i zon tally strat i fied 

gla cial till bed with ma trix-sup ported
bed; up right, in clined and over turned
folds, diapir struc tures, shear planes,

faults

Pro cesses

shal low pulsatory sheet floods, in places tor ren -
tial, vi o lent ab la tive flows; sud den flow de po si -

tion with big con cen tra tion of coarse-grained
clasts and fine-grained sus pen sion; allochthonous

tills flows in the proglacial zone 

pulsatory sheet floods in the
near-chan nel floodplain, in places in 

shal low sandy bed chan nels with
trans verse bars and shallownesses of 

the up per-stage plane bed

subglacial lodge ment; thick co he sive
flows; glaciotectonic de for ma tion of
the sub stra tum de pos its (faults crack -
ing and the sub stra tum de pos its top

cut ting off)

Ar chi tec tural
el e ments GS, LS, CF, SB, GM, OF GS, SB, LS, OF GM, SB, GS

Gen eral pro file
of depositional
en vi ron ment

shal low, broad, plane bed chan nels; in places bed
troughs; lo cally prox i mal part of the

glaciomarginal al lu vial fan with the tills flows 

sandy bed braided chan nel with
trans verse bars 

al lu vial fans of the re treat zones with
the gla cial tills flows and grav elly bed 
flows; lo cally glaciotectonic de for ma -
tions of the sandy lithofacies in sub -

stra tum 

T a  b l e  7

Char ac ter of the depositional en vi ron ment in north east ern Ger many 

Fig. 12. Ar chi tec tural el e ments of the glaciomarginal en vi ron ment 
of the Pom er a nian Phase in NE Ger many

Ge netic code signs are ex plained in Ta ble 3; A — prox i mal part of the outwash plain; 
B — dis tal part of the outwash plain; C — till plain of the hin ter land 



the ice sheet re treated mainly in oversaturated en vi ron ment.
The amount of wa ter flow ing out from the ice sheet cre ated
con di tions where the diamictons could have been washed
away. The fin est-grained sed i ments were dis trib uted via the
braided chan nels into the outwash dis tal zones. The en vi ron -
men tal ar chi tec ture of the glaciomarginal hin ter land zone
shows gla cial de po si tion GM, sandy bedforms SB as well as
chan nel gravel sheets GS (Fig. 12C).

The lodge ment till ac cu mu lated be neath the ice sheet in the
hin ter land of the Pom er a nian Phase. The ad vanc ing gla cier de -
formed the sub stra tum de pos its shap ing a wide ar ray of
glaciotectonic struc tures (Fig. 9). 

CONCLUSIONS

Sed i men ta tion con di tions dur ing the Pom er a nian Phase of
the Weichselian Gla ci ation in north east ern Ger many have been 
re con structed on the ba sis of lithofacial as well as lithogenetical 
anal y sis. The lat ter con sisted of de ter mi na tion of the typ i cal
lithofacial suites and the com po nents of the en vi ron men tal ar -
chi tec ture of the prox i mal and dis tal parts of the outwash plains
as well as of the hin ter land of the sec tion of the glaciomarginal
zone ana lysed. The prox i mal part of the outwash plain is char -
ac ter ized by the oc cur rence of the lag de pos its at the base,

while at the top there are hor i zon tally strat i fied sands and chan -
nel troughs show ing that tor ren tial ab la tion flows took place
there. Rhythms of sandy and grav elly lithofacies in di cat ing
pulsatory ab la tion flows are also fre quent. The suc ces sions of
hor i zon tally strat i fied and low-an gle pla nar cross-strat i fied
sandy lithofacies are the main depositional forms of the dis tal
part of the outwash plain. In the hin ter land of the north east ern
Ger many Pom er a nian Phase there is a till bed that is
glaciotectonically de formed in places. Al lu vial fans of the gla -
cial re treat zones were ob served with the ab la tion till flows. 
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