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Lithostratigraphical studies in the outcrop at Ujscie, 
Toruft-Eberswalde Pradolina, western Poland 

M A R G O T B Ö S E & MARIA G Ö R S K A * ) 
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ice flow directions, Toruft-Ebersw aide Pradolina. western Po land 

A b s t r a c t : T h e outcrop at Ujscie is situated at the southern 
margin o f the Toruh-Eber swa lde Pradolina, b e t w e e n the 
P o z n a n and Pomeranian Phases . Four till b e d s inter-
bedded with fluvioglacial sands fomi the approx. 50 m thick 
s e q u e n c e . In addition to till fabric measurements , granulo-
metr ic analyses and the determination o f ca l c ium ca rbona
te conten t , priority has b e e n given to pet rographic analysis 
o f the gravel content o f the tills in the 4 - 12.5 m m fraction 
and to indicator bou lder counting; both m e t h o d s will clar
ify ice flow directions in the continental ice shee t . 
T h e uppermos t till (Chodz iez subphase) con t a in s a very 
strong east Balt ic g roup o f indicator boulders wi th Aland 
granite and many Pa laeozo ic l imestones as wel l as a rela
tively great number o f Devon ian dolomites. In compar i son 
with the uppermost till, the second. Leszno -Poznah till 
conta ins less material o f east Baltic origin a n d f ewer Palae
ozo i c l imestones . T h e increasing amount o f Hint points to a 
m o r e wes te rn p rovenance . T h e third till is o f Saal ian age 
and its compos i t ion , including numerous do lomi t e s , points 
again to an east Baltic source area, which is typical for tills 
o f the Warthanian phase . T h e petrographical g r o u p o f the 
lowest till represents a northerly p rovenance , conta in ing 
material from Dalarna and Smäland. This till is p robab ly o f 
Saalian age . too, but an Elsterian age canno t b e exc luded 
c o m p l e t e l y . 

[ L i t h o s t r a t i g r a p h i s c h e U n t e r s u c h u n g e n i n d e m 
A u f s c h l u ß b e i U s c h , T h o r n - E b e r s w a l d e r U r s t r o m t a l , 

W e s t - P o l e n ] 

K u r z f a s s u n g : Der Aufschluß in Usch liegt am Südrand des 
Thorn-F 'berswalder Urstromtales zwischen de r Frankfurter 
Staffel und d e m P o m m e r s c h e n Stadium. D i e rund 50 m 
mächt ige Sedimentfo lge wird aus vier G e s c h i e b e m e r g e l 
b ä n k e n mit zwischengescha l te ten glazifluvialen Sanclen 
gebi ldet . N e b e n G e s c h i e b e e i n r e g e l u n g s m e s s u n g e n , gra-
nu lomet r i schen Analysen und der Bes t immung des Karbo
natgehal tes liegt der Schwerpunkt der Un te r suchungen in 
den pe t rographischen Analysen der Kiesante i le der G e 
sch iebemerge l in der Fraktion 4 - 12,5 mm und in der Leit-
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gesch iebebes t immung . B e i d e Methoden g e b e n Erkennt
nisse übe r Eisfl ießrichtungen im Inlandeis. 
D e r obers te G e s c h i e b e m e r g e l (Kolmarer Staffel) enthält 
viel ostbal t isches Material mit Aland-Graniten, vielen 
pa läozo i schen Kalksteinen und relativ vie len devonischen 
Dolomi ten . Der zwei te G e c h i e b e m e r g e l (Brandenburge r -
Frankfurter Stadium) enthäl t im Vergleich dazu weniger 
os tbal t i sches Material und wen ige r pa l äozo i sche Kalke, da
g e g e n nimmt der Feuerstein-Anteil e twas zu, was ebenfalls 
a u f e in weiter west l ich ge l egenes 1 lerkunftsgebiet hin
weist . D e r dritte G e s c h i e b e m e r g e l hat saalezei t l iches Alter; 
die zahlreichen Dolomi te s o w i e die sons t ige Gesch iebezu 
sammense tzung weisen wieder auf ein os tbal t i sches Her
kunftsgebiet hin, das typisch für warthezei t l iche Glazialab
lagerungen ist. Der unterste G e s c h i e b e m e r g e l mit Gesch ie 
b e n aus Dalarna und Smäland läßt auf e inen Eistransport 
aus Norden schl ießen. D i e s e Moräne ist wahrscheinl ich 
ebenfa l l s .saalezeitlich, e in elsterzeitl iches Alter kann je
d o c h nicht völlig ausgesch los sen werden. 

1 Introduction 

T h e i n v e s t i g a t e d o u t c r o p is s i t u a t e d in w e s t e r n P o 
l a n d , a t t h e s o u t h e r n m a r g i n o f t h e T o r u h - E b e r s w a l 
d e P r a d o l i n a ( F i g . 1 ) . T h e P r a d o l i n a c o n s i s t s o f t h r e e 
( K R Y G O W S K I 1 9 6 1 ) o r f o u r ( K O Z A R S K I 1 9 6 2 ) pa r t s 
a m o n g w h i c h t h e U j s c i e B a s i n a n d t h e C z a r n k o w 
p a r t a r e t h e c e n t r a l a r e a o f this h u g e i c e m a r g i n a l 
s p i l l w a y in t h e y o u n g m o r a i n i c a r e a ( F i g . 2 ) . T h e 
m o r p h o l o g y o f t h e s t u d y a r e a h a s a l r e a d y a t t r a c t e d 
t h e a t t e n t i o n o f K E I L H A C K ( 1 8 9 7 ; 1 8 9 8 ) ; M A A S ( 1 9 0 4 ) ; 
K O R N ( 1 9 1 7 ) a n d W O L D S T E D T ( 1 9 3 2 ) , e s p e c i a l l y a s 
t h e r e a r e t w o d i f f e r e n t i c e m a r g i n a l p o s i t i o n s at t h e 
s o u t h e r n f r inge o f th i s pa r t o f t h e P r a d o l i n a , t h e 
C z a r n k o w ( S c h a r n i k a u ) a n d t h e C h o d z i e z ( K o l m a r ) 
s u b p h a s e s . B o t h t ire y o u n g e r t h a n t h e P o z n a n 
( F r a n k f u r t ) p h a s e a n d o l d e r t h a n t h e P o m e r a n i a n 
s t a g e . W O L D S T E D T ( 1 9 3 2 ) h a s a t t r i b u t e d t h e o n s e t o f 
t h e P r a d o l i n a f o r m a t i o n t o t h e C h o d z i e z s u b p h a s e , 
d a t e d t o 1 7 . 2 0 0 B P b y K O Z A R S K I ( 1 9 8 6 ) . w h e n t h e 
m e l t w a t e r s e r o d e d a d e p r e s s i o n in t h e h i n t e r l a n d o f 
t h e C z a r n k o w e n d m o r a i n e s . S t a r t i ng a t t h e la tes t in 
t h e P o m e r a n i a n p h a s e , d a t e d t o 1 5 . 2 0 0 B P b y K o -
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Fig. 1: Location o f the study area and the main Weichse l ian ice margin posit ion in NW Poland 
(based on NIEWIAROWSKI & W Y S O T A 1994). - P m - Pomeranian Phase , KW - Krajna-Wacbrzezno Phase, Ch - Chodziez 
Subphase . Ku - Kujavian Subphase , Pz - Poznan Phase, L - Leszno Phase . 

Abb. 1: Lage des Untersuchungsgebietes und der Haupteisrandlagen in Nordwest-Polen (nach: NIEWIAROWSKI & 
WYSOTA 1994). Pm - Pommersches Stadium. KW - Krajna-Slaffel, Ch - Kolmarer Staffel, Ku - Kujawische Staffel, Pz - Frankfurter 
(Posener) Stadium, L - Brandenburger (Lissaer) Stadium. 

Z A R S K I ( 1 9 8 6 ) , t h e m e l t w a t e r s f o l l o w e d a c o n t i n u o u s 
P r a d o l i n a f r o m T o r u h t o E b e r s w a l d e ( c f . F i g . 1 ) . 
L a t e r a l e r o s i o n a n d a c c u m u l a t i o n p h a s e s h a v e left 
t h r e e t e r r a c e s o f L a t e P l e n i g l a c i a l a n d L a t e G l a c i a l 
a g e s . T h e u p p e r m o s t t e r r a c e is c o n s i d e r e d b y K O 
Z A R S K I ( 1 9 6 2 ) t o b e p a r t o f a f o r m e r o u t w a s h p l a in 
t ha t h a s b e e n d i s s e c t e d l a t e r . T h e f l o o d p l a i n is c o v 
e r e d b y H o l o c e n e o r g a n i c s e d i m e n t s ( c f . F i g . 2 ) . 
T h e m o s t r e c e n t i n v e s t i g a t i o n s in th is a r e a w e r e c o n 
d u c t e d in t h e o u t c r o p w e s t o f U j s c i e a n d a r e r e l a t e d 
t o t h e l i t h o s t r a t i g r a p h y a n d k i n e t o s t r a t i g r a p h y o f t h e 
W e i c h s e l i a n tills ( K O Z A R S K I & N O W A C Z Y K 1 9 8 5 ; K A S P R -

Z A K & K O Z A R S K I 1 9 8 5 ; K O Z A R S K I 1 9 9 1 ) . T h e a n a l y s e s 
o f d i r e c t i o n e l e m e n t s in s e d i m e n t s o f t h e C h o d z i e z 
s u b p h a s e a n d u n d e r l y i n g f l uv iog l ac i a l m a t e r i a l i nd i 
c a t e t h e t r a n s g r e s s i v e c h a r a c t e r o f th is i c e a d v a n c e 
( K A S P R Z A K & K O Z A R S K I 1 9 8 5 ) . 

2 The outcrop 

T h e o u t c r o p at t h e s o u t h e r n b a n k o f t h e N o t e c ( N e t 

z e ) is s i t u a t e d a l m o s t o p p o s i t e t h e m o u t h o f t h e t r ib 

u t a r y r i v e r G w d a ( K ü d d o w ) a n d t h e N o t e c is f o r c e d 
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lag. 2; G e o m o r p h o l o g y o f the surrounding area ( b a s e d on Przegladowa Mapa 
Geomor fo log iczna Polski) . - 1 - fluvial erosional edges . 2 - Weichse l i an 
terraces o f the Toruh -Ebe r swa lde pradolina. 3 - We ichse l i an terraces ol the 
Toruh-Eberswa lde pradolina; ou twash plain younger than Chodziez s u b p h a s e 
(alter KOZARSKI 1962) , 4 - undulated till plain, 5 - flat till plain. 6 - thrust e n d 
moraine, 7 - deposi t ional e n d mora ine , 8 - outwash plain, 9 - outwash fan. 10 
- dunes, 11 - flat surface with H o l o c e n e organic material . 

Abb. 2: Die Geomorphologie der Umgebung (nach: Przegladowa Mapa Geomorfo
logiczna Polski). 1 - tluviale Erosionskanten, 2 - weichselzeitliehe Terrassen des 
Thorn-Eberswalder Urstromtales, 3 - weichselzeitliehe Terrasse des Thorn-Ebers-
walder Urstromtales; Sander, jünger als die Kolmarer Staffel (nach KOZARSKI 1962). 
4 - wellige Grundmoränenplatte, 5 - ebene Grundmoränenplatte, 6 - Stauchend
moräne. 7 - Satzendmoräne. 8 - Sanderfläche, 9 - Sanderkegel. 10 - Dünen. 11 - Tal
boden mit holozänen organischen Ablagerungen. 

Fig. 3; Locat ion o f the outcrop in Ujsc ie . 
Abb. 3: Lage des Aufschlusses in Usch. 

t o t h e v e r y s o u t h e r n e d g e o f t h e va l 

ley s o that all t e r r a c e s h a v e b e e n d e s 

t r o y e d a n d t h e m o r a i n i c p l a t e a u 

f o r m s a c l i f f t o t h e f l o o d p l a i n . T h e 

o u t c r o p h a s e x i s t e d at l e a s t s i n c e t h e 

b e g i n n i n g o f th i s c e n t u r y a n d b e 

l o n g s t o a g l a s s f a c t o r y ( F i g . 3 ) . T h e 

o u t c r o p w a s i n v e s t i g a t e d in 1 9 9 0 , 

1 9 9 1 , 1 9 9 2 a n d 1 9 9 4 . It h a d a n a v e r 

a g e d e p t h o f a b o u t 5 0 m . T h r e e tills 

h a d b e e n d e s c r i b e d p r e v i o u s l y ( K O 

Z A R S K I & N O W A C Z Y K 1 9 8 5 ; K A S P R Z A K 

& K O Z A R S K I 1 9 8 5 ; K O Z A R S K I & K A S 

P R Z A K 1 9 8 7 ) , b u t in 1 9 9 0 a n d 1 9 9 1 a 

fou r th till w a s r e v e a l e d in s o m e 

pa r t s a s t h e pi t w a s e x c a v a t e d a t 

l o w e r l e v e l s t h a n b e f o r e ( F i g . 4 ) . 

T h e u p p e r m o s t till (till A ) is o n l y 

part ly p r e s e r v e d ; it is c a l c a r e o u s a n d 

m e d i u m b r o w n in c o l o u r . T i l l A is 

s e p a r a t e d f r o m t h e u n d e r l y i n g till B 

b y a th in s a n d y l a y e r o n l y a f e w c e n 

t i m e t r e s t h i c k , c h a r a c t e r i z e d b y a 

m y l o n i t i z a t i o n z o n e ( K O Z A R S K I & KA

S P R Z A K 1 9 9 2 ) ( F i g . 5 ) . T h i s till is o f a 

s l ight ly d a r k e r b r o w n c o l o u r a n d 

s h o w s a s a n d y f a c i e s a l s o i n c l u d i n g 

m o r e g r a v e l s . 

I n t h e e a s t e r n pa r t o f t h e i n v e s t i g a t e d 

s i te this till is d i r e c t l y u n d e r l a i n b y a 

l ight g r e y i s h till (till C) w i t h a f r i ab l e 

s t m c t u r e d u e t o a g r e a t n u m b e r o f 

sma l l joinLs. T o t h e w e s t , th i s till d i p s 

d o w n w a r d a n d g l a c i o f l u v i a l s a n d s 

s e v e r a l m e t r e s t h i c k a r e i n t e r c a l a t e d 

b e t w e e n t h e o v e r l y i n g till a n d th i s 

g r e y i s h o n e . 

T h e l o w e s t till (till D ) is s e p a r a t e d 

f r o m t h e o v e r l y i n g till b y l a y e r e d 

s a n d s o f q u e s t i o n a b l e H o l s t e i n i a n 

a g e ; t h e y h a v e b e e n s t u d i e d u s i n g p a -

l a e o m a g n e t i c a n a l y s e s ( A U S T I N 1 9 8 8 ) , 

a n d resul t s p o i n t t o t h e B m n h e s 

e p o c h . T h i s l o w e s t till in t h e o u t c r o p 

is dark g rey i sh ( D , ) , wi th v e r y d a r k 

b r o w n parts m a i n l y at t h e b o t t o m par ts 

( D 2 ) (Fig. 4 ) b u t n o i n t e n n e d i a t e layer . 

T h e different iat ion o f c o l o u r is p r o b a l > 

ly re la ted t o w e a t h e r i n g p r o c e s s e s , t h e 

l o w e r m o s t par t c o n t a i n s m o r e s a n d . 

3 Methods Used 

V a r i o u s m e t h o d s w e r e a p p l i e d t o 
o b t a i n s e d i m e n t o l o g i c a l a n d s t ra t i -
g r a p h i c a l d a t a . 
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Fig. 4: Local summary sequence and the till fabric in the out
crop in Uiscie. - Sh - horizontally stratified sand. Sp - planar 
cross-stratified sand, SGt - gravelly sand of trough cross-strati
fication, Dm - massive glacial diamicton (glacial till). Df -
glacial diamicton o f friable structure; a - layer top. b - layer 
bottom. 

Abb. '(: Zusammenfassende Darstellung der Sedimentfolge mit 
Kinregelungsmessungen im Aufschluß in Usch. - Sh - horizon
tal geschichtete Sande. Sp - schräggeschichtete Sande, SGt -
kiesiger Sand in Gerinne-Füllungen. Dm - massiver Geschie
bemergel. Df - Geschiebemergel mit bröckeliger Struktur; a -
oberer Bereich, b - unterer Bereich. 

- Grain size distribution was established by sieve 
analysis and C A S A G R A N D E ' S gravitational silt (< 0.1 
mm) analysis in P R Ö S Z Y N S K I ' S modification ( L I T Y N S K I 

1972). 
- The calcium carbonate content was determined ac
cording to S C H E I B L E R . 

- Petrographic gravel analysis of the 4 - 12.5 mm par
ticle size was undertaken to facilitate stratigraphical 
interpretation. Ten components were distinguished 
megascopically or by using magnifying lenses: K-
crystalline rocks, S-sandstone and quartzite, TU-Pa-
laeozoic shale and siltstone, F-flint, KK-Cretaceous 
chalk, PK-Palaeozoic limestone, D-Devonian dolo
mite, L-lydite, Q-quartz, WQ-white quartz; the sum 

Fig. 5; Contact b e t w e e n the Chodziez (till A) and the 
Leszno-Poznan (till B ) tills with horizontal w e d g e , deve lop
e d in the stoss o f a s tone (Photo: B O S K , 21/6/90). 

Abb. 5: Kontakt zwischen Kolmarer Geschiebemergel (A) und 
Brandenburg-Frankfurter Geschiebemergel ( B ) mit horizonta
ler Sandeinschaltung an der Luvseite eines Steines (Foto: 
B Ö S E , 21.6.90). 

of all particles of one sample equals 100%, other 
components such as concretions or Tertiary material 
were counted separately. The source areas of Palae
ozoic, Devonian and Cretaceous sedimentary rocks 
are marked in Fig. 6. To facilitate comparison, com
positional properties were then characterized by co
efficients. Lydite and white quartz are considered to 
be southern fluvial components incorporated in the 
tills. 
- Indicator boulder countings and evaluation by the 
TGZ (Theoretisches Geschiebezentrum) method 
were carried out according to LÜTTIG (1958). 
- As they represent local ice-flow directions, till fab
ric measurements are considered to be more useful 
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Fig. 6: Distribution o f pre-Quaternary layers in the Baltic d e p r e s s i o n (from FLODEN after M E Y E R 1991) . A - pre-Cambrian 
(mainly crystalline), J N - pre-Cambrian, Jo tn ian sandstone, C m - Cambrian, O - Ordovician. S - Silurian. DN - Downton , 
D - Devonian, C - Carboniferous. P - Permian, T - Triassic, J - Jurass ic , Cr - Cre taceous . 

Abb. 6: Verteilung der präquartären Ablagerungen im Ostseebereich (nach: FLODEN in M E Y E R 199D- A - Präkambrium (hauptsächlich 
Kristallin), JN - Präkambrium. Jotnischer Sandstein, Cm - Kambrium, O - Ordovizium, S - Silur. DN - Downton. D - Devon, C -
Karbon, P - Perm, T - Trias. J - Jura. Cr - Kreide. 

for a palaeogeographical interpretation of the study 
area than for stratigraphical purposes. 

4 Properties of the tills 

4.1 Till A 

The uppermost till was investigated using two sam
ples with very different granulometric compositions. 
Sample 1 contains an unusually high quantity of 
clay, whereas sample 2 represents the "normal" san
dy till (Fig. 7 ) . The fine-grained material probably 
corresponds to a sediment called "lehmiger bis toni-
ger Sand mit undurchlässigem Tonmergel - und tie
ferem Geschiebemergel-Untergrund" mapped as 

top layer on parts of the till plain by K O R N ( 1 9 0 7 ) on 
the adjacent geological map sheet "Scharnikau". The 
calcium carbonate content varies from 26% in the 
clay-rich part, which is definitely the highest value of 
all samples, to about 1 0 % in the "normal" till (Fig. 8 ) . 
Till fabric measurements by K A S P R Z A K & K O Z A R S K I 

( 1 9 8 5 ) show an ice flow from ENE for the upper till 
which is mainly due to the fact that the outcrop is lo
cated in the western part of the ice tongue which 
shaped the end moraine of the Chodziez subphase 
(Fig. 4). 

The gravel content (4 - 12 .5 mm) shows significantly 
little crystalline (~ 3 7 % ) , and the Palaeozoic limestone 
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Fig, 7: Grain-size distribution o f the tills A, B , C in the outcrop at Ujscie . 
Abb. 7: Korngrößenverteilung der Geschiebemergel A, 15 und C. 

^ CaC03 

• PK 14.0- 12.5i 

Fig. 8: Ca lc ium carbonate con ten t o f the four tills in the outcrop. 
Abb. 8: Kalziumkarbonatgehalt in den vier Geschiebemergeln. 

consists almost entirely of grey 
components, whereas red ones are 
rare. Both samples contain dolo
mite and relatively few sandstones 
and very few flints (Table 1). The 
composition of the coarser 12 .5 -20 
mm fraction is similar. 

The boulders in the >20 mm frac
tion, used for indicator boulder 
countings, also contain more Palae
ozoic limestone (43%) than crystal
line (39%). This distribution in all 
investigated fractions already indi
cates a general ice advance from 
NE. Thirty-one boulders were iden
tified as indicator boulders with a 
high percentage of Aland granites. 
The TGZ (Fig. 9a, 10) indicates an 
East Baltic influence which is sup
ported by the high quantity of Palae
ozoic limestone. 
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T a b l e 1: Percentage o f petrographic con ten t o f 4-12 .5 m m gravel fraction. 
Tab. 1: Die pelrographische Zusammensetzung der Kiesfraktion 4 - 12,5 mm in Prozenten. 

Sample/till K S TU F KK PK D L Q WQ SUM 

1 A 36,9 9.9 - 0,5 0,2 45,4 0,6 - 6,5 - 100,0 
2 37,5 17.6 - 1,0 1,4 36,2 2,0 0,4 2,7 1,2 100,0 
3 B 37,8 10,6 0,2 0,3 0,8 47,6 0,3 - 2,4 - 100,0 
4 42,2 14,1 0,8 2,0 0,2 29,5 0,2 - 11,0 - 100,0 
5 53,3 10,5 0,6 0,6 0.2 30,6 - - 4,2 - 100,0 
6 C 40,0 13,9 - 0.8 1,6 37,5 3,7 - 2,5 - 100,0 
7 35,9 19,3 - 1,7 - 33,4 2,1 - 7,6 - 100,0 
8 47,3 11,8 0,7 U4 - 33,3 1,4 0,3 3,8 - 100,0 
9 43,1 17,1 0,7 - - 33,6 1,4 - 3,4 0,7 100,0 
10 Dt 44,7 12,0 1,4 1,9 - 35,7 - - 4,0 0,3 100,0 
11 36,1 11,0 - 3.0 0,2 37,2 0,4 - 12,1 - 100,0 
12 48,6 9,9 2,3 0,5 - 30,6 0,9 - 6,7 0,5 100,0 
13 38,3 8,8 0,3 2,3 - 40,6 - - 9,7 - 100,0 
14 42,8 5,8 0,7 2,9 - 41,3 0,7 - 5,8 - 100,0 
15 Da 45,4 8,5 - 0,7 - 39,0 - - 6,4 - 100,0 
16 43,8 12,7 0,9 2,4 - 33,7 - - 6,5 - 100,0 

T a b l e 2: Coefficients o f 4 -12 ,5 m m gravel fraction. 
Tab. 2: Koeffizienten der Kiesfraktion 4 - 12,5 nim. 

Sample/Till Q/K F7K S/K (PK+D)/K K7(PK+D) (PK-FD)/S F/PK K/D 

1 A 0,176 0,013 0,268 1,247 0,802 4,656 0,010 59,75 
2 0,108 0,027 0,468 1,018 0,982 2,173 0,028 18,50 
3 B 0,062 0,009 0,280 1,268 0,788 4,521 0,007 83,75 
4 0,260 0,047 0,335 0,702 1,424 2,097 0,067 215,0 
5 0,078 0,011 0,196 0,575 1,739 2,927 0,019 -
6 C 0,061 0,020 0.346 1,030 0,970 2,970 0,022 10,88 
7 0,211 0,048 0,537 0,994 1,007 1,848 0,051 16,33 
8 0,080 0,029 0,250 0,735 1,360 2,941 0,041 34,00 
9 0,095 - 0,397 0,810 1,235 2,040 - 31,50 
10 Dl 0,091 0,042 0,268 0,798 1,252 2,977 0,053 -
11 0,335 0,084 0,305 1,039 0,962 3,403 0,081 101,5 
12 0,138 0,009 0,203 0,648 1,543 3,180 0,015 54,00 
13 0,254 0,059 0,229 1,059 0,944 4,370 0,056 -
14 0,136 0,068 0,136 0,983 1,017 7,250 0,070 59,00 
15 D2 0,140 0,015 0,187 0,860 1,164 4,580 0,018 -
16 0,149 0,050 0,290 0,770 1,298 2,650 0,070 -

4.2 TUIB 

Till B (Fig. 4) contains more sand (Fig. 7), and silt 
and sand show a bimodal distribution. The gravel 
content in the three samples taken for gravel analy
sis is also higher in comparison with till A. Most of 
the gravels are well rounded, indicating that prob
ably a high percentage of fluvial material has 
been incorporated which would also explain the 
high sand content. The CaC0 3 content is <12% 
(Fig. 8). 
Till fabric measurement for this till gave a general di
rection of ice flow from NNE ( K A S P R Z A K & K O Z A R S K I 

1985) (Fig. 4). 

In samples 3 and 5 the proportion of crystalline to Pa
laeozoic limestone is higher than in till A (Table 1); 
two samples (3 and 4) contain a low quantity of do
lomite, in one sample (5) dolomite is absent. Sample 
4 is probably not representative for the whole till as it 
derives from a basal part and includes more quartz 
and flint ( Q / K >2) (Table 1 and 2). As those "hard" 
components are normally enriched in fluvial materi
al, it gives a further indication of the incorporation of 
fluvial and/or fluvioglacial material ( B Ö S E 1989). 

With increasing particle size the proportion of 
crystalline increases; in the indicator boulder frac
tion (>20 mm) crystalline amounts to 50% whereas 
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Fig. 9: Distribution o f the s o u r c e areas o f the indicator boulders b a s e d on their percentage content ; A = till A, B = till B , 
C = till C, D = till D. 
Abb. 9: Die Herkunftsgebiete der Leitgesehiebe gemäß der prozentualen Verteilung; A = Geschiebemergel A, B = Geschiebemergel B, 
C = Geschiebemergel C. D = Geschiebemergel D. 

limestone totals 26%. The flint content is also higher 
(6%) than in till A. This material is more influenced 
by material from the western Baltic basin and Swed
ish rocks mainly from the Växjö area and some from 
southern Sweden; the TGZ value is situated much 
farther south and more to the west than that of the till 
above (Fig. 9b, Fig. 10). 

4.3 Till C 
Till C has a different appearance: iLs colour is greyish 
and its friable structure evidences hea\y stress and pres
sure. The granulometric analyses show a poorly sorted 
sandy silty matrix (Fig. 7). The two samples whose cal
cium carbonate content has been detemtined are very 
similar to those of the overlying till (Fig. 8). 
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59-

58-

57-1 

14 T5 16 A0 

Fig. 10: T G Z values (det. M E Y E R , GÖRSKA): 
Chodz iez till A • 15 45'E 58 55'N 

Leszno-Poznan till B • 15 31E 57 53'N 
Saalian till C • 15 42'E 57 31'N 
Saal ian or Elsterian till D A 14 36'E 58 17'N 

Abb. 10: TGZ-Werte (det. MEYER, G Ö R S K A ) 

Kolmarer Geschiebemergel A 15 45'E 58 55'N 
Brandenburg-Frankfurter Geschiebemergel B 

15 31'E 57 53'N 
Saalezeitlicher Geschiebemergel C 

15 42'E 57 31'N 
Saale- oder elsterzeitlicher Geschiebemergel E) 

14 36'E 58 17'N 

Till fabric measurements indicate the local ice flow 
direction which shifts from ENE in the lower part of 
the till layer towards NNE in the upper part (Fig. 4). 
The almost easterly direction in the basal part may 
be due to a very local flow direction as the till dips 
down from east to west in the outcrop into a very 
shallow palaeo-depression. Between the till and the 
underlying sands is a transitional zone. Hence these 
sands are of proglacial origin, from the same ice ad
vance as till C. 
The four samples (6, 7, 8 and 9) reveal a much more 
homogeneous petrographical composition than 
those of the tills described above. Till C contains on 
average more crystalline, and the sandstone content 
is more consistent. Sample 7, taken in the lowest part 
of the till layer, again shows an increasing amount of 
quartz (Q/K >2) and flint (Table 1 and 2). 
In the indicator boulder fraction (>20 mm) numer
ous boulders show weathering features at their sur
faces. The crystalline content increases with the size 
of the particles. Among the 50 indicator boulders 
Aland rocks are quite frequent, but Hardeberga 
sandstone from southern Sweden and boulders from 
Smäland are also included (Fig. 9c). The east Baltic 
influence is represented by the Palaeozoic limestone 
as well as dolomite (4%). The TGZ-value is situated 
nevertheless somewhat farther to the south and west 
than that of the uppermost till A (Fig. 10). 

(%)|CLAY 
too. f ine 

( p m ) 2 

S I L T 
m e d i u m coarse 

S A N D 
f ine medium coarse 

D 1 

• D 2 

6,3 6 3 2 0 0 6 3 0 2 0 0 0 

Fig. 11: Grain-size distribution o f till D in the outcrop at Ujsc ie . 
Abb. 1 1: Korngrößenverteilung im Geschiebemergel D. 

4.4 Till D 

The lowest till layer 
(Fig. 4), unknown 
until now, is sandy-
silty and poorly sort
ed, too. The bottom 
part is partly brown
ish and more sandy 
(Fig. 11). The five 
samples - three from 
the black and two 
from the brownish 
part - show a some
what greater variety 
in their calcium car
bonate content, es
pecially sample 14 
has an extremely 
low CaCOj content 
in the fine material 
(Fig. 8). 

Till fabric measure
ments in the lower 
part indicate north 
to eastnortheasterly 
directions; in the 
upper part of the till 
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layer the western part of the outcrop indicates an ice 
flow from the east, whereas about 150 m to 200 m to 
the east northerly directions are indicated (Fig. 4). 
This may also be due to a very local effect of ice flow 
into a shallow depression or directed by a slope in 
the eastern part of the outcrop, as has already been 
described for till C. 
Seven samples for gravel analysis have been taken, 
two of them (15 and 16) from the brownish bottom 
part (Table 1). The crystalline content is always high
er than the Palaeozoic limestone content. The flint 
occurs in varying amounts, but is generally higher 
than in the other three tills, whilst sandstone and 
crystalline are less frequent. Samples 11 and 13 have 
a higher quartz content, which is also clearly shown 
in the quartz/crystalline ratio (>2). Besides the Nor
dic components, some probably Tertiary lignite and 
pyrite as well as secondary iron concretions have 
been found. 
The indicator boulders were from central and. more 
often, southern Sweden (Fig. 9d); consequently the 
TGZ value is clearly different (Fig. 10). 
Between this till and the Tertiary surface is a se
quence consisting of about 40 m of Quaternary sedi
ments of unknown composition. The surface of the 
Tertiary sediments forms a northwest-southeasterly 
oriented trench where the pre-Quaternary surface is 
situated between -20 and -50 m below sea level. A 
small tributary branch in an eastnortheast-westnorth-
vvest direction is located just below the outcrop at 
-10 m, filled with fine sand containing charcoal (cf. 
Mapa Geologiczna Polski 1:200 000, Pila, 1977). 

5 Discussion 

The interpretation of the sediments in this study is 
mainly related to stratigraphical questions. 
Lithostratigraphical investigations of tills have been 
conducted by several Polish authors (cf. N U N B E R G 

1971; R Z E C H O W S K I 1980: C H O M A - M O R Y L et al. 1991; 

K R Z Y S Z K O W S K I 1988, 1990, 1994). Problems arise in 
comparing the results of different studies as the 
methods differ to a certain extent. 
N U N B E R G (1971) bases her interpretation on two 
coefficients: 
- O/K" and 
- A/B 

O are sedimentary rocks: Palaeozoic limestone, do
lomite, sandstone, quartzite, and brown coal, i. e. 
both Nordic material and more local, Tertiary mate
rial are included. 
AT are crystalline and quartz. 

A are "non-resistant rocks" such as Palaeozoic lime
stone, dolomite, and brown coal; 

B are "resistant rocks'' stich as crystalline, quartzite, 
quartz and flint. 

Cretaceous limestone (KK) as well as Palaeozoic shale 
and siltstone (TU) have not been distinguished. 
R Z E C H O W S K I (1971; 1980) uses three coefficients, two 
of which are similar to those of N U N B E R G . His sedi
mentary rock components (O) are Palaeozoic sand
stone, quartzite and Palaeozoic limestone; as in N U N 

B E R G (1971), if represents crystalline and quartz. 
His "non-resistant" components consist of Palaeo
zoic limestone, Palaeozoic shale and siltstone, and 
dolomite, so brown coal is absent but Palaeozoic 
shale and siltstone is included; his "resistant" rocks 
are crystalline, sandstone, quartzite and quartz. Flint 
is not taken into consideration in the coefficient. 
K/Wis his third coefficient consisting of crystalline to 
calcareous material. The tills are related to Saalian 
deposits, but his study area is situated in Middle Po
land, and therefore too far away for comparison with 
the results from Ujscie. 

C H O M A - M O R Y L et al. (1991) give much more general 
indications about the types of rock material of their 
coefficients. O/K represents sedimentary rock to 
crystalline, K/Wcrystalline to calcareous material in 
general. The components of the "non-resistant to re
sistant" coefficent A/B are not specified, so it is diffi
cult to compare any other results with them. 
K R Z Y S Z K O W S K I (1988. 1990. 1994) also uses these 
three coefficients. For the sedimentary rocks he dis
tinguishes Palaeozoic limestone, dolomite, sand
stone, quartzite, Palaeozoic shale and siltstone; for 
K, he distinguishes crystalline and blue quartz in his 
paper of 1990, but only crystalline in his other paper 
published in 1994. As this paper mentions only milk 
quartz and not the other, more frequent quartzes 
(blue and shiny) they are presumably considered to 
be part of the crystalline. 
K R Z Y S Z K O W S K I ' s A/B coefficient consists of the "non-
resistant" rocks Palaeozoic limestone, dolomite, Pa
laeozoic shale and siltstone. The "resistant" ones are 
crystalline, sandstone and quartzite. 
The coefficient K/W corresponds to K/PK+D in Ta
ble 2, Cretaceous limestone (KK) is not taken into 
consideration. 
Since various authors use the same coefficient 
names to denote different compositions, even dia
grams which look very similar at first glance are not 
wholly compatible ( C H O M A - M O R Y L et al. 1991; K R Z Y 

S Z K O W S K I 1994). 
Nevertheless, in order to compare a general trend in 
the diagrams the values of the coefficients O/K, K/W, 
and the A/B have been defined for this study as fol
lows: 

O = S (sandstone and quartzite) + TU + F + KK + P K 
+ D 



Lithostratigraphical s tudies in the o u t c r o p at Ujscie, Toruh-Eber swa lde Pradol ina, wes te rn Poland 11 

K= K 

W= PK + D 

A=S (sandstone and quartzite) + TU + KK + PK + D 

ß = K + F + L + Q + WQ 

Unlike K R Z Y S Z K O W S K I and R Z E C H O W S K I , we have not 
included quartz in K, because the amount of quartz 
in a sample is not only related to the crystalline con
tent (cf. changing Q/K-coefficient in Table 2) but de
pends also on the amount of locally reworked fluvi
al or glaciofluvial material as described in the sam
ples 4, 11 and 13 (Table 1), and can therefore easily 
be enriched. 
Hence only a limited comparison is possible be
tween the diagrams (Fig. 12 a-d) and the results of 
C H O M A - M O R Y L et al. (1991) who have been working 
in the Szamotuly area. 
K R Z Y S Z K O W S K I (1990) presents a north-south profile 
from the Baltic Sea coast to the Leszno terminal mo
raines in western Poland. He indicates three tills 
which however do not correspond to the views of 
other authors. His lower Weichselian till reaches 
from the Baltic coast down to an area still north of 
the Pomeranian ice margin and is probably related 
to a first Middle-Weichselian ice advance. His "Mid
dle Weichselian till" extends only as far as the area of 
the Chodziez subphase and is restricted to a west-
east stretch (cf. K R Z Y S Z K O W S K I 1990: Fig. 1). It is con
sidered to be rich in limestone (>50%). The "Upper 
Weichselian till" of K R Z Y S Z K O W S K I corresponds to the 
Leszno-Poznah phase; for the Pomeranian phase, no 
separate till is indicated, a view which is supported 
by the studies of K A R C Z E W S K I (1994) but cannot be 
correlated with the results from the northeastern part 
of Germany where the Pomeranian phase is a defi
nite readvance with its own till ( M A L M B E R G - P E R S S O N 

& L A G E R L U N D 1994; C E P E K 1972). According to K R Z Y 

S Z K O W S K I (1994) all morphologically relevant end-
moraines are due to smaller readvances so that the 
ice marginal positions almost always contain more 
than one till layer. 

6 Interpretation 

The uppermost till A has been interpreted by K O Z A R 

S K I & N O W A C Z Y K 1985, K A S P R Z A K & K O Z A R S K I 1985 

and K O Z A R S K I 1991 as belonging to the Chodziez 
subphase, a distinct readvance of unknown distance 
between the Poznan and the Pomeranian ice margi
nal positions. The lithostratigraphical composition 
of the till indicates a strong east Baltic influence 
which is even supported by the indicator boulder 
counting showing the most northeastern position on 
the TGZ of all the samples investigated in Uj scie. Ac

cording to E H L E R S (1983) the dynamics and direction 
of ice flow change during each glaciation: first, the 
main ice stream comes largely from the Scandinavi
an mountains which implies a more north-south di
rected ice advance; during glaciation the ice dome 
and therefore the ice divide shift more to the east so 
that younger tills of the same glaciation are subjected 
to a more easterly influence. 
The diagram (Fig. 12a) shows a dominance of Palae
ozoic limestone in relation to crystalline (cf. Table 
2). A Weichselian till similar to the uppermost Ujscie 
till has not been found by C H O M A - M O R Y L et al. 
(1991). 
Till B is related to the Leszno-Poznah phase ( K O Z A R 

S K I & N O W A C Z Y K 1985, K A S P R Z A K & K O Z A R S K I 1985): 
the composition of two samples (Fig. 12b) resembles 
Weichselian samples studied by C H O M A - M O R Y L et al. 
But one sample (5) is more like the upper till than 
the samples of the same layer. Sample 3 fits in with 
the description by K R Z Y S Z K O W S K I (1994) of the Bytyn 
till as the uppermost Weichselian till layer south of 
the study area but in the hinterland of the Poznan 
end moraine. Taken in the upper part of the till, it al
ready indicates the more easterly influence, al
though the dolomite content is slightly lower than in 
the overlying till and some Paleozoic shale and silt-
stones are still present (Table 1); similar characteris
tics have already been described from an area more 
than 200 km to the west ( B Ö S E 1989; 1990). No till 
has been identified corresponding to the Maliniec 
till, the uppermost Weichselian till in the Konin area, 
where crystalline and Palaeozoic limestone are re
presented in almost equal proportions. Indicator 
boulder counting shows the dominant influence 
from the Swedish area which is surely typical of the 
main part of the till layer. 

In till C the indicator boulders show weathering 
signs giving a first hint of a time hiatus with warmer 
climatic conditions. The Palaeozoic limestone content 
is lower than the crystalline content, but neverthe
less the quantity of dolomites is higher than in the 
uppermost till (Table 1). Dolomite-rich tills are typi
cal for the Warthanian glaciation ( K R Z Y S Z K O W S K I 

1990; 1994). Compared with the results of C H O M A -

M O R Y L et al. (1991) of Warthanian till, the values O/K 
are similar, K/W show the same tendency but are 
somewhat higher in Ujscie, and A/B are different 
because the values in Ujscie are clearly higher 
(Table 2, Fig. 12c). 
This is probably due to the fact that the proportion of 
carbonatic rocks in the Ujscie till has been reduced 
by weathering processes, clearly showing the east 
Baltic influence by the relation PK and D, although 
they have both been reduced. Dolomite is also 
represented in a considerable quantity among the 
indicator boulders and the TGZ is situated farther 
northeast. The results allow us to interpret this till 



12 M A R G O T B Ö S E & MARIA GÖRSKA 

1.2 

0,8 

0 ,6 

0 ,4 

0,2 

O/K K/PK 

— Ujscie 1 

Ujscie 2 

A/B 

err Ind. 

••• Ujscie 6 err.ind 
- • U j s c i e 10 

-*• Ujscie 7 - • -Ujsc ie 11 
- U j s c i e 8 - U j s c i e 12 
•*- Ujscie 9 •»-Ujscie 13 

•*• Ujscie 14 

- • U j s c i e 15 

»-Ujscie 16 

Fig. 12: Grav 
Ahl). 12: 
Kap. 5). 

;1 coefficients 
Koeffizienten 

o f four tills in Ujscie ( exp lana t ion cf. chap . 5 ) . 
der Kiesfraktion aus den vier Geschiebemergeln (Erklärung vgl. 

C as belonging to the 
Wartha phase of the Saa
lian Glaciation. 
The lowermost till of the 
outcrop, till D, is charac
terised by more flint in 
most of the samples (Ta
ble 1), so five of seven 
samples show an F/K co
efficient of >0.04 (Table 
2, Fig. 12d). 

C H O M A - M O R Y L et al. 

(1991) have described a 
fourth till not far from the 
study area which they 
classify as belonging to 
the Elster Glaciation. This 
till contains few or no do
lomites, and few Palaeo
zoic limestones (<26%), 
whereas the Ujscie till has 
>30%->40% (Table 1). As 
a further indicator C H O 

M A - M O R Y L et al. (199D 

give high K/W values due 
to a high crystalline con
tent. This has not been 
found in the till D in 
Ujscie as the K/PK+D co
efficient is almost similar 
to those of the other tills. 
The CaC0 3 content of the 
till of C H O M A - M O R Y L et al. 
(1991) is much lower 
than in the other tills 
owing to weathering 
which is not the case in 
the till in Ujscie (Fig. 8), 
where only sample 14 is 
significantly reduced in 
calcium carbonate but 
not in PK. The lowermost 
till is the only one in 
which the content of cal
cium carbonate does not 
parallel that of the Palae
ozoic limestone. 
C H O M A - M O R Y L et al. 

(1991) describe their val
ues as typical in western 
Poland, but a similar till 
has not been found at 
Ujscie. Consequently the 
composition of till D is 
not typical for the Elsteri-
an till of the area. 
The petrological compo-
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sition of the Drenthe(-Odranian) till has not been 
studied in detail in western Poland, so no compari
son is possible. 
Like the gravel analyses, the indicator boulders sam
pled in the outcrop show that the ice stream flowed 
almost N-S (cf. BÖSE 1990: Fig. 5). This result sup
ports the interpretation that this till is related to an 
early phase of a glaciation in the sequence of a gla
ciation cycle. It may be interpreted as an Odra till 
which has not undergone excessive weathering. But 
the possibility that it is an Elsterian till which has not 
been strongly weathered cannot be excluded. 
Drillings in the Quaternary sediments below the out
crop could give more information, especially if fur
ther till layers were found and investigated. 
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