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SEDIMENT ARY DEFORMATIONS IN SAALIAN GLACIOLIMNIC DEPOSITS 
NEAR WLOSTOW (ZARY AREA, WESTERN POLAND)1 

K. BRODZIKOWSKI2 & A. J. VAN LOON3 

ABSTRACT 

Brodzikowski, K. & A. J. van Loon 1980 Sedimentary deformations in Saalian glaciolimnic deposits 
near W-i-ost6w (Zary area, western Poland) - Geo!. Mijnbouw 59: 251-272. 

Three quarries near the village of W-tost6w show a sequence of 16 m of glaciolimnic deposits, dating 
from the Odra ( = Drenthe) and Warta stadials of the Saalian glaciation. Eighteen units can be 
distinguished, many of them with deformational structures: diapiric folding, breccias, load casts, fault 
structures and cryogenic disturbances. 

An analysis of the deformations shows that some of them must be considered to be syn- or 
metast:<li1m:nlary; others are formed by early diagenetic processes. The sediments are also deformed 
in a postsedimentary stage, viz. by cryogenic and diapiric (glacitectonic) activity. The nature of these 
deformations is explained and examples are depicted. 

A scheme with spatial and genetic relationships between the various sediments in a glacial 
environment is presented, in order to facilitate the environmental interpretation of the eighteen units 
exposed. 

INTRODUCTION 

Water-saturated sediments are very sensitive to shear stress, 
especially when they have a high silt content and consist of 
layers with alternating grain size. Such a stress may easily 
result in syn- or metasedimentary deformations (e .g. BOSWELL, 

1961), while early postsedimentary deformations are also 
common. Recently several papers have been published on 
these phenomena, from various environments. We mention 
lagoonal sediments (VAN LOON & WIGGERS, 1975-a, 1976), glacial 
and glaciofluvial deposits (BRODZJKOWSKI & v AN LOON, 1979) and 
glaciolimnic sediments (SCHWAN ET AL. , 1980-a, b ) . 

In this paper we will deal with glaciolimnic deposits of 
Saalian age from western Poland which have been studit:d fur 
several years by one of us (K.B.), especially in a sedimentary­
tectonic sense. The analysis was compared with the results of 
laboratory experiments. Sedimentological field observations 
by both authors were carried out in 1979. 

1 Manuscript received and accepted: 1980-07-22. 
2 Dept. of Applied Geology, Inst. of Geological Sciences, Wroclaw 

University, Uniwersytecka Street 19/20, 50-145 WROCJ:,AW, 
Poland. 

3 C. Vredenburghgaarde2, 1241 AS KORTENHOEF, The Nether­
lands. 

Fig. 1 
Situation map. M.S.F . = Main Sudetic Fault. 
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Fig. 2 
Schematic geology of the Zary area. 
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a: geomorphology. Legend: 1 = Holocene terraces; 2 = Weichselian terrace; 3 = ice-marginal valley deposits (corresponding to the maximal 
extent during the Leszo phase in the main stadia! of the Weichselian); 4 = sand of Wartian age, formed in ice-dammed lakes; 5 = highs 
(mainly Tertiary) with morainic cover of Wartian age; 6 = maximal extent of the Wartian ice sheet; 7 = maximal extent of the Wartian ice­
dammed lake in front of the ice; 8 = Drenthian II surface; 9 = extent of the lower and upper glaciolimnic sequences of the Drenthian II; 10 = 
glacitectonic tilt; 11 = sand quarries; 12 = other outcrops. 

b: synthetic stratigraphic profile of the Cenozoic. Legend: 1 = soil level in aeolian silts; 2· = coarse-grained fluvioglacial deposits; 3 = 
(rhythmic) glaciolacustrine sequence; 4 =glacial till; 5 =pavement; 6 =clay with minor sandy intercalations; 7 =mud and silt deposited in a 
fluvial or lacustrine environment; 8 =sand; 9 ='white' gravel; 10 = kaolinitic till of Tertiary age; 11=clay;12 = clay with lignite laminae 
('coaly clay'); 13 = lignite. · 

c: cross section. Legend: 1 = Holocene;2 = Weichselian; 3 = Wartian (with pavements); 4 = Drenthian II; 5 = Drenthian I; 6 = Masovian ( = 
Holsteinian) ; 7 = Elsterian II; 8 = E lsterian I ; 9 = Tertiary; 10 = glacitectonic disturbance; 11 = main outcrop; 12 = organic material. 



The aim of this study was to get an insight into the types of 
strain that are responsible for the deformations. This may 
help to explain the mechanism of deformational processes in 
other unconsolidated sediments. Special attention h;is heen 
paid to the classification of these processes. 

The size of the investigated outcrops (two small sand pits 
and a larger one) was considerable: some 1100 m of walls, 
each 2-6 m high. A large variety of structures was found, 
allowing to establish genetic relationships between the vari­
ous structures. 

Geological and geographical setting 

The northern flank of the Zary Hills in western Poland 
(named after the small town of Zary, Fig. 1) morphologically 
represents an old glacial landscape. To the south it gradually 
passes into a zone which was disturbed by glacitectonic activ­
ity during the South-Polish glaciation ( = Elster). Subse­
quently this landscape was modelled during the regional 
optimum (Drenthian) of the Middle-Polish glaciation ( = 

Saalian) (DYJOR, 1969; CIU~. 1955; BRODZIKOWSKI, 1981-a). 
Towards the north, this area passes into the pradolina (ice­
marginal valley) of the Baruth-Glog6w zone. 

The three exposures considered in this paper lie around the 
village of Wlost6w, a few km north of Zary (Fig. 1). This is 
most probably the extra-marginal zone of the Warta stadia! of 
the Middle-Polish glaciation (see Fig. 2a) . The frontal 
moraines of the corresponding ice advance must have been 
formed somewhat north of this site, but they have been 
completely destroyed by meltwater streams; this must have 
happened during the Leszno stage of the main stadia! in the 
North-Polish glaciation ( = Weichselian) (BARTKOWSKI, 1967; 
BRODZIKOWSKI, 1978). 

The slightly undulating glacial hills in the East are bordered 
by the highest terrace of the B6br river. This terrace is 
supposed to be of Wartian age (BRooz1KowsK1, 1978); it is 
covered by sands (locally silts) of an ice-dammed lake which 
was situated in front of the Wartian ice sheet (Fig. 2a). There 
are three more terrace levels along this river: the next to 
highest is related to the North-Polish glaciation, the next one 
is post-Atlantic (Holocene) and the lowest one is even 
younger Ilolocene: its age has been established in lhe OJra 
valley as about 2000 years (szczEPANKIEw1cz, 1966). 

Towards the west the area under consideration passes into a 
poorly developed marginal zone of the Warta stadia!, charac­
terized by moraines. This margin, following the line Lubsko­
Tuplice, indicates the maximal extent of the Wartian ice sheet 
and corresponds to the so-called Muzak6w Range, which has 
a glacitectonic origin. 

Stratigraphic context 

The Zary area forms part of the so-called Pericline of Zary. Its 
substratum consists of Triassic rocks, covered by a compli­
cated but almost complete sequence of Tertiary (Fig. 2b). 
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The Quaternary starts with sands and gravels (locally also 
silts and residues of glacial tills), which sometimes are 
ascribed to the Podlaskie ( = Giinz = ?Cromerian) glaciation 
( R(>7.vrx1. 1 97?.) . Tt is possible , however, that these sediments 
were deposited during an older stadia! of the South-Polish 
glaciation. One of us (K.B.) found similar sediments some 100 
m below the surface in an ancient valley, 30 km to the South, in 
the so-called Wrodaw-Bremen ice-marginal valley (see for a 
different interpr.etation: BRODZIKOWSKI, 1978). 

These sediments are followed by tills, varved glaciolimnic 
deposits and sandy glaciofluvial material from a younger stage 
of the South-Polish glaciation. Only the tills can be studied in 
outcrops in the hills . Masovian ( = Holsteinian) deposits are 
present above these tills and can be studied in deeply incised 
valleys. They usually consist of fluvial sands and silts; organic 
layers are only present locally. Up to now no detailed 
palaeobotanical or other information is available for an exact 
dating. 

In the synthetic stratigraphic profile (Fig. 2b) the next 
sediments belong to the Drenthian stadia! of the Saalian; on 
top there are a few layers, including one till, which were 
deposited during the Warta stadia! of this glaciation (we will 
not deal with the problem of the exact chronostratigraphic 
position of this stadia!). These Drenthian and Wartian sedi­
ments are considered here. A general section. with these 
sediments across the Zary area is provided in figure 2c. 
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Fig. 3 
Observations in the main outcrop near Wt'ost6w. Legend: 1 = outer 
wall; 2 = talus scree; 3 = pits dug below the general floor of the 
outcrop; 4 = location of sampled profile; 5 = borehole (diameter 8 
cm); 6 = location of sections (see Fig. 4) ; 7 = anticlinal axis; 8 = 
synclinal axis; 9 = local strike and dip. 
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Cross sections in the main outcrop (for location see Fig. 3). Legend: 1 = erosional surface with pavement of (small) boulders or gravel; 2 = 
gravel; 3 = sand and gravel; 4 = bedded or cross-laminated medium sands; 5 = bedded or cross-laminated fine and medium sands; 6 = fine­
grained sands (usually aeolian) ; 7 = very-fine lacustrine sands; 8 = rhythmically laminated glaciolacustrine sands and si lts ; 9 = laminated 
glaciolacustrine clays and very fine sands; 10 = flu vial or glaciolacustrine silts; 11 = varves of more than 5 cm thick, consisting of silt and clay; 12 
= varves of2-5 cm thick, consisting of clay; 13 = very fine ly laminated , clayey varves; 14 =glacial ti ll ; 15 = aeolian silts (loess) without distinct 
lamination; 16 = internal deformation (usually continuous folds of flow character); 17 ~ fault (with direction of displacement); 18 = slump and 
flow folds developed upon an inclined sedimentary interface; 19 = load casts and associated structures; 20 = cleavage or small-distance 
fissuring; 21 = number of stratigraphic unit. 



THE SEDIMENTARY SEQUENCE 

In the area under investigation the Quaternary rests upon 
Tertiary clays. The contact between these two deposits is 
formed by a flat surface, as is known from boreholes. The 
maximum thickness of the Quaternary is 20 m, but it is usually 
not more than 12-14 m. Since the sediments have a compli­
cated tectonic structure due to ice pushing (Fig. 3) , many 
different sections can be found in the Wlost6w quarries (Fig. 
4). Since it is impossible to find a complete, undisturbed 
sequence of the Quaternary, a synthetic profile has been 
reconstructed (Fig. 5) , showing 18 units which have been 
numbered from bottom to top. The lower units (1-14) were 
deposited during the ice advance of the Odra (Drenthe) 
stadia!; the four topmost units have a Wartian age. 

The 18 units will be described separately and their environ­
mental interpretation will be given; to facilitate this use will be 
made of a scheme showing the spatial and genetic relation­
ships in the glacial environment (Table I) . 

Unit 1 (IIl-A-3-b) 

Thin silt layer with distinct parallel lamination. Possibly this is 
a glaciolimnic sediment, deposited in the margin of an ice­
dammed lake which was situated in the deltaic (transitional) 
zone of the proglacial environment. Thus it may represent an 
early phase of glaciolimnic deposition during the advance of 
the Drenthian ice sheet. 

Unit 2 (IIl-A-2-a) 

Medium and fine sands , characterized by frequent micas. 
Ripple marks are locally well developed. Probably these 
sediments were deposited in a small channel within the proxi­
mal part of the delta. 

Unit 3 (IIl-A-2-c) 

Rhythmic layers, though different from normal varves. Possi­
bly they (partly) represent fine-grained turbidites (laminites: 
cf. LOMBARD, 1963), started on a delta slope and deposited in 
more quiet water (compare with Prioro Form:ition , described 
by VAN LOON, 1972). The clear-yellow colour may be due to a 
high carbonate content , which is presumably of postsedimen­
tary origin: when the ice sheet advanced this area changed from 
proglacial into subglacial. Fast-running subglacial water in the 
phreatic zone of the warm glacier with carbonates in solution 
may have supplied the finely dispersed carbonate. 

The siliciclastic material consists for 70-75% of silt (less 
than 5% of clay) . This extremely high silt content, together 
with the grain-size differences (there are a few relatively 
coarse laminae with white sand) , made this unit very sensitive 
to sedimentary deformation. Various types of well-developed 
deformational structures occur, usually of a small size. (Fig. 
6). Flow structures dominate, but faults are also present . At 
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Synthetic stratigraphic profile in the main outcrop, showing areal 
distribution. 

present this unit is at maximum 3 m thick, but before the 
excavation started it locally reached up to 5 m to the NW. 

Unit 4 (IIl-A-3-a) 

Originally this unit of some 15 cm thickness must have been 
continuous, but as a result of subsequent ice advance it can 
now be found only locally. There may be ( 4 maximum) varves, 
but these are not very well developed. Furthermore laminae 
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Table I 
Spatial and genetic relationships between the various glacial (s.l.) 
deposits. Codes have been made in such a way that additional or more 
rlet~ilerl inform~tion can find its place without disturbing the existing 
order. Wherever necessary, environments and deposits have received 
double codes in order to allow distinctions based on fie ld evidence. 

l:NVIRON-
i\11:-.NT 

INTRA· 
CiLACIAL 
(glac1<1I ,_,_) 
ENVIRON-
1\ll'.Nl 

II 

SUBEN\'IRON-
~vl!:.NT 

I·:\ 

SUPRACiLA( ·11\ L 
SUB-
1:.NVIRC)NMLN"I 

I.It 

I:::N(iLACIAL 
SUU-
l::NVlRONM L N"l 

1-C 

SU BGLACIAL 
SU B-

FA C l ES 

I-A-I 

MELTINli IClo 

1-A-2 

GLACIOFLUVIAL 

1-A-J 

D ELTA IC 

I-A-~ 

CiLACH>l .ACUSTR IN E 

l·B·I 
MELrlNCi ICI:. 

1-H-2 
CREVASS ES 

M l: L"I \VATER 1-C- I 

TUNNU . 

l-C-2 

SUBCILACIAL LAKl::. 

DEPOSITS 

l·A-1-a 
H .O\\' I ILLS 

1-A-1-b 
AULATION TILLS 

l·A-2-a 
KAi'-11 · TFRRA C!=.S 

l-A-2-h or 1-A-J-a 
Cl I ANNl::L DC.POSITS 

1-A-J-h 
FORE s1:·1 S 

1-A-J-(•/1-A-4-a 
UOrlOi\l SET~ 

1-A-.i-b 
MARGINAL Dl: POSITS 

1-B-1 -a 
ENli l.ACIAL J ILL'.'. 

1-H-2-:i 
KAMI:. DEPOS ITS 

1-C- 1-a 
ESKER DLPOSITS 

1-l:.2-a 
UUITOl'vl Sl:.TS 

I-C-2-b 
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1-.NVIR0Ntv1FN·r f---------+-----------t 
1-C-J 

MEl.TINCi JCF 

JI-A 

1-C-J-a 
UPPER SUllGLACJAL TILLS 

1-C-3-h 
LO\\"l:.R SUl3(iLACIAJ. TILLS 

13ASA L ·r ILLS 

ICl:-CONTA(T 
(tran,i!il111;il ) 
l::.NVIRON1'vlENT 

l -C-3-d or II-A- I -a 
>-----------< SUPRA-AQUATIC TUNNEL­

11 -A-1 

TUNNl-. L-MOUTI l 

MOU.111 DEPOSITS 

11-. .\-1-h 
SUBAQlJA nc TUNNFl.­
MOUTI I DEPOs1·rs 

Ill 

PROGLA CIA I . 
(111arn:inal. 
ntr:;dac1al) 
1-:NV.lRON­
M l:N'J 

Pl:.RIGLACIAI . 
(l' Xtramarl!mal) 
ENVIRON-
1\ll:NT 

Ill-A 

FRl-:S! I WATlR 
SUB· 
l:.i\1 VlH.UNMlf\ l 

ll-A-2/111-A-I 

(il .ACIOFLUVlAL 

11 -A-2-a/111-A-1-a 
SANDl::.R DEPOSITS 

111-A-1-h/lll-A-2-a 
>-----------< l3RA IDL:D R IVl:.R Ul:.l'OSITS 

111 -A-2-b 
DEl:IA IC FOR l::. SE'I S 

111-A-2-dlll-A-.\-a 
>----- -----< BOrl"()~\ Sl:.TS 

111-A-J 

GLACIOLACLJSTRINE 111-A-J -b 
f'. 1A RGINAI. DEPOSITS 

(jL ACIOMARINL: 111-U / 1\"-A 111-B-l -a/IV-A-l-a 
DRO P STONES & FIN.l:.R 
D L l'OSITS SUBl:.NVIRONMEI\ I 

111-C I IV-ll 

Sl.OPF 

111-C - l / l\'-B-1 111-C- 1-a/IV-H-1-a 
REDEPOSrl ED MATERI A L 
OR NON -IJ l::.POS JTION 

NON-AO LIA! IC >-----------+-----------< 
SUl3- 111-C-Z/ IV-H-2 111 -C-2-a/ IV-H-2-a 
". t\Vl\HJr-\1\ll-:N"l COVER SANDS 

ALOLJAN 
111-C-2-b/IV-B-2-b 

l .OESS 

of fine sand, silt and clay can be distinguished; the sandy 
laminae show small current ripples which are strongly 
deformed in the centre of a diapir (Fig. 7) . The clay content is 
7%; sill is 10% or more. This may have facilitated the genesis 
of strong sedimentary deformations . We consider that this 
unit is the last glaciolimnic deposit of this phase . 

Unit 5 (11-A-2-a) 

Fine- (locally medium-) grained sandy layer with cross lami­
nation . Clay is absent; silt is up to 5%. At present this unit can 
be found in the northern wall and in the strongly faulted 
western wall of the main quarry, but originally this sediment 
may have covered all older glaciolimnic deposits. This will 
have been the result of their subglacial origin in the transi­
tional environment. 

Unit 6 (11/-A-1-b) 

Both in genesis and characteristics similar to unit 5, except for 
the granulometry: the sand grains show more variation in size . 
This unit is now only present in the western wall of the main 
quarry. 

Unit 7 (l-C-3-b + J-C-3-c) 

This first glacial till (1.5 to locally 6 m thick) from the Drenthe 
stadia! shows three facies, more or less above each other. The 
lowest facies, only locally present in the northern part , is an 
overconsolidated basal till with distinct horizontal fissures . 
Locally parts of the Tertiary substratum are embedded. 

The second facies is formed by the main (middle) part and 
represents subglacial material, showing both vertical and 
horizontal fissures. It is present in the SW, Wand NW part of 
the outcrop. 

The third (upper) facies should be considered as a sandy 
flow till. It is visible in the southern part of the quarry. 

The clay content in all facies is 3-12% (but in the subglacial 
till sometimes more: up to 20%); the silt content ranges from 
25 to 57%. 

Unit 8 (J-A-2-b) 

Gravels (with pebbles sometimes larger than 10 cm) and 
coarse sands form the main constituents, but even blocks up to 
0.5 m occur. Cross bedding and imbrication occur in this unit 
which has a tectonic tilt of about 60°. The deposition must 
have taken place in an ice-contact (transitional) environment, 
en- or supraglacially with respect to dead-ice which was left 
when the ice sheet withdrew. Grain size and sedimentary 
structures seem to indicate sedimentation in channels which 
are incised in the ice . 



a 

b 

Fig. 6 
Small-scale deformational structures in unit 3. 
a: quasi boudinage developed during diapir-forming flowage of anisotropic material. 
b: pla>tic deformation (flow fo lds) on a detachment plane. 
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Fig. 7 
Deformed current ripples (unit 4). 

Unit 9 (J-B-2-a/J-A-2-b) 

Medium- and coarse-grained sands with cross bedding; flow 
structures are also distinctly developed. Presumably this 
glaciofluvial sediment was formed in an englacial position; 
locally this may have been supraglacial on top of a block of 
dead-ice (covering the older glaciolimnic deposits). In places 
where these fluvioglacial deposits are in direct contact with 
the glaciolimnic sediments, interesting sets of faults havP. 
developed . Together with units 10-12 this unit is strongly 
deformed (Fig. 8). 

Unit JO (1-A -4-a) 

Mainly silt in a thin layer which possibly was deposited in a 
supraglacial lake, just at the beginning of the limnic sedimen­
tation . There are, however, many similarities with the progla­
cial limnic deposits described in units 1 and 3. 

Unit JI (l-A -3-c) 

cm of silt with a distinct parallel lamination, fo llowed by clay 
laminae (1-1.5 cm thick) and completed with 5-10 cm of cross­
bedded sands. The average clay content is 5% , silt is 12% ; the 
sediments are completely devoid of CaC03 . This continuous 
unit shows strong deformations in the SW part of the quarry 
(Fig. 9) . It should be considered as a continuation of the 
glaciolimnic sedimentation of unit 10, representing a short 
episode of stagnant water due to a dammed traject during a 
very early st;igP. of cteglaciation at the end of the Drenthe 
stadia!. 

Unit 12 (l-A -4-b) 

These silts lack a distinct lamination. The clay content is about 
3%, silt forms 30-34%. This unit must have been formed 
during a continuation of the stagnant-water phase in the 
supraglacial environment. 

Unit 13 (l-A -4-a) 

'Classical' varves are characteristic . Due to erosion on! y 7-10 
Three layers can be distinguished: the unit starts with some 10 varves are preserved (the exact number is uncertain since a 



strong deformation has resulted in a complete brecciation of 
this unit). The nature of the varves (each showing dark 
laminae of 1-1.5 cm and light laminae of ·maximally 3 cm) 
imlicales uepusiliun in lhe central part of the supraglacial 
lake. The clay content of 18% and especially the silt content of 
43% may have facilitated the strong deformations. 

Unit 14 (l-A-3-a) 

The lower part of this unit consists of coarse sands without 
visible layering; the upper part is formed by medium-grained 
sands with cross bedding. Clay is absent, silt is less than 2%. 
Possibly this unit represents supraglacial sedimentation in 
channels. 

Unit 15 (111-A-2-c) 

This 2 m thick laminated silt layer is the first of the four units 
of Wartian age, all correlating with the sediments on the 
highest terrace of the B6br river. Although measurements are 
not accurate everywhere (due to deformation), the general 
palaeocurrent direction in all four layers is towards the East. 

The clay content in this unit is 9-11%, silt makes up 35%; 
locally up to 10% of medium-grained sand is present. Various 
deformational structures of cryogenic origin (a result of per­
mafrost) are present. On top of this unit a layer of 2 cm of 
laminated clay is present; just beneath it the amount of 

Fig. 9 
Strong deformations within unit 11. Note the detachment planes. 
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Fig. 8 
General view of units 9-12, showing various types of faul ts and folds. 
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Fig. 10 
Characteristic deformed appearance of unit 16. 

organic material increases. 
Probably this unit has, just like units 16-18, been deposited 

in a deltaic (transitional) part of the proglacial environment. 

Unit 16 (111-A-2-b) 

This 20-40 cm thick unit is very continuous in the eastern part 
of this area. The average clay content is 1 %, silt content is 4-
5%. The unit is strongly deformed all over the outcrop (Fig. 
10). It starts with 10-15 cm of medium-grained sands with 
cross stratification, followed by 2-3 cm of laminated silts and is 
completed by 10-25 cm of fine sands with distinct current 
ripples. 

Unit 17 (111-A-3-a) 

Silts and (silty) sands with a (not very distinct) lamination. 
Especially in the lower part organic material can be found. 
The entire layer clearly shows a permafrost structure. Clay 
content is about 5% , silt makes up 43-49% . Part of these 
limnic deposits may have been supplied by wind action. 

Unit 18 (111-A-3-b) 

Fine- and medium-grained sands. Most common structure is 
horizontal bedding, but locally current ripples are clearly 
visible . Clay never exceeds 1 %, silt maximally forms 5%. 
Only present in eastern part of area under investigation. 

PALAEOGEOGRAPHIC INTERPRETATION 

The entire sequence (units 1-18) formed during the Saalian 
glaciation. The reconstruction of the palaeogeography in the 
Zary area during the Drenthian and Wartian stadials has not 
only been based on geomorphological data from the sur­
rounding area (Fig. 2a) , but also on microstructural and 
sedimentological characteristics of the sediments involved. 
The interpretation is shown in figure 11. 

The advance of the Drenthian I ice was rather strong and 
resulted in local deposition of sediments upon the Tertiary or 
earlier 'Pleistocene substratum . In the Wfost6w area, how­
ever, Drenthian ll deposits form the oldest Quaternary sedi-



261 

A E 
\7 

B 1 -
F 

c G 

D 

Fig. 11 
Palaeogeographic reconstruction of the w.rost6w area during 7 stages (A-G) . Legend: I substratum (pre-Drenthian II ); 2 = lower 
glaciolimnic sequence; 3 =glacial sequence of Drenthian II; 4 = fluvioglacial (kame?) Drenthian ll (sometimes reworked by mass movements); 
5 = upper glaciolimnic sequence of Drenthian II; 6 = proglacial channel deposits (only known from surrounding areas); 7 = loess and cover 
sand (partly reworked by streams during Wartian) ; 8 = strongly deformed slope deposits (Wartian or Weichselian mass movements); 9 = ice ; 10 
= water level; 11 = direction of ice movement (drawn arrow indicates active movement ; dashed arrow: passive movement) ; 12 = shear planes in 
ice and pushed lower glaciolimnic sequence. 

ments; they consist of material which was deposited in a 
closed basin (units 1-4). Then the ice advanced, resulting in 
deformation of the soft and ducti le substratum, and in the 
deposition of glacial am! nuviuglacial material (units 5-7). 

This Drenthian II advance was not very strong; rather soon 
the ice in the marginal zone near Wtost6w started to melt. 
Dead-ice blocks formed between which sediments were 
deposited by meltwater (units 8-9). Release of pressure, due 
to the melting of ice , activated diapirism of the glaciolacus­
trine deposits (units 1-4) and till (unit 7) into the overlying 
sediments . 

Northward of the Zary area the thickness of the ice still 
increased, however, and again an ice-dammed basin was 
formed in which glaciolacustrine sedimentation started (units 
10-14). Dead-ice blocks still were present; some of them were 
moved by the active ice during small oscillations: well visible 
shear planes were formed by this process, especially in the 

squeezed-up sediments in the northernmost part. Another 
result of this process is the deformation of the· sedimentary 
surface in the ice-dammed lake. 

Deglaciation at the end of the Drenthian II resulted in fault 
structures due to melting of buried dead-ice. Part of these 
deformations disappeared during the subsequent phase of 
denudation. Erosion made the thickness of the Drenthian II 
deposits locally decrease. 

During the Wartian ice advance the Wtost6w area was not 
reached; it was situated in the marginal zone where again an 
ice-dammed lake developed , surrounded by an area where 
aeolian deposition prevailed (units 15-18). 

The deglaciation at the end of the Wartian led to renewed 
denudation which continued during the Weichselian. The 
reworked material can be found as a cover (locally rather 
thick) in the surrounding areas. 



Fig. 12 
Diapiric structure in the NW wall of the main outcrop. 
a: general view. 

a b 

c 

b: detail of figure 12a, showing central fold with plastic deformation above, developed due to space problems. 
c: detail of figure 12b, showing small shear planes within central fold . 
d: detail of figure 12c, showing deformed c.ment ripples. 



DEFORMATIONAL STRUCTURES 

A large variety of deformational structures exist, showing 
~h;ir::icteristics which allow a more or less continuous series to 
be established. These deformations have been caused by 
various mechanisms which may have acted at various 
moments (syn-, meta- and/or postsedimentary). Often it 
appears that such mechanisms have interacted. Therefore it 
seems justified to describe the structures in this chapter, and 
to discuss their moments of genesis in the next one. 

As it seems possible to distinguish five groups of deforma­
tions, irrespective of their mutual order of appearance, we will 
describe these structures according to this subdivision . 

Diapiric structures 

Various examples of diapirs can be .observed. Most of them 
are formed by material from the upper glaciolacustrine se­
quence . 

The best developed diapir has an amplitude of about 6 m; it 
is present in the NW wall of the main excavation (Fig. 12). The 
sediments on top of it show that this structure was formed 
during the Drenthe glaciation. Sediments from the lower 

Fig. 13 
Early stage of brecciation, due to small-distance fau lting (unit 11). 
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glaciolacustrine sequence were squeezed up by the weight of 
the Drenthian subglacial till and the overlyi ng ice. The inter­
nal structure is complicated by numerous plastic folds and 
flow structures which afterwards became somewhat modified 
by early diagenetic processes. The flow structures are very 
similar to the 'wild folding' described by DE SITIER (1964). It is 
not quite clear whether som~ minor structures (imbricated 
'fault blocks', upthrusts) have been formed during diapirism, 
diagenesis, or both (Fig. 12 b, c, d) . 

Brecciated structures 

Especially in units 11 and 13 brecciation is a common feature . 
In unit 13 the varved clays are locally completely destroyed, 
leaving single fragments of 2-3 cm maximally . This brecciation 
is the result of faulting (Fig. 13) with varying intensity, due to 
stresses that locally also led to very small folds. As can be 
observed by the distinct lamination in this silty material , these 
folds themselves are often faulted and brecciated, too. 

In unit 11 the sandy part has been brecciated in a compa­
rable way, but the resulting fragments have been partly 
pressed into both the underlying silty part of this unit and the 
silty overlying sediments (Fig. 14). The sequence distinctly 
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Fig. 14 . 
Well-developed brecciation . 
a : brecciated fragment of unit 13 (varves). 
b : brecciated fragments of unit 11 , pressed into sediments of unit 12. 



a 

b 

Fig. 15 
Load casting of sand (unit 18) into silts and silty sands (unit 17). 
a: general view of contact plane in the eastern wall of the main outcrop. 
b: load cast with intense internal deformation. 
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Fig. 16 
Various types of load casts . 
a: regular load cast (almost a pseudonodule) within unit 17. 
b: irregular and fau lted load casts (contact units 15 and 16). 



shows that the brecciation took place after sedimentation of 
the next unit. 

Brecciated structures were also observed at the contacts 
between the till and the lower glaciolimnic sequence . The 
situation is more complex here, since shearing and rotation 
did not only occur at slip faces . Probably relaxation of the 
overconsolidated till is responsible for this type of brecciation 
which has also been observed at Trzebnica. This might indi­
cate that such a type of deformation is a common feature 
under overconsolidated tills, but literature on this subject is 
scarce. 

Load casts and pseudonodules 

Since the early publications by MACAR (1948 , 1951) load casts 
and pseudonodules have been found in almost every environ­
ment. Nevertheless, they seem especially abundant in sedi­
ments with much silt, alternating with sand layers or laminae. 
This situation occurs frequently in shallow-marine deposits 

Fig. 17 
Well-developed load cast of small size (2 cm) in unit 11 . 
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and in lagoonal (e.g . VAN LOON & WIGGERS, 1975-b, c) and 
(glacio)lacustrine deposits (e.g. BRODZIKOWSKI & VAN LOON. 

1979; SCHWAN & VAN LOON, 1979; SC'HWAN FT AT .. 1980-a). 
In the Wlost6w outcrops these structures arc most frequent 

in unit 17; they are composed of sand from unit 18 and clay 
from the upper part of unit 17 (Fig. 15). 

The reversed density gradient at such contacts apparently 
resulted in extremely unstable conditions. Sometimes the 
gradual loading resulted in nearly symmetrical, hardly dis­
turbed loadcasts (Fig. 16a); in other cases (e.g. at the contact 
between units 15 and 16) the loading was incomplete and 
irregular (Fig. 16b ) . Very small load casts and pseudonodules 
(Fig. 17) occur in many other layers, but especially in unit 11 . 
Their size is usually restricted to 2-4 cm. 

It appears that the load-casting process was especially 
active during the deglaciation of the Drenthe stadia! , which 
coincides with the deposition of the lower glaciolacustrine 
sediments. 
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Fault structures 

Although faults can develop in Wilter-s;iturnted silts (see, e.g., 
VAN LOON & WIGGERS.1976), it appears from their stratigraphic 
position that most of the faults in the sediments under consid­
eration developed after most of the pore water had been lost . 
This indicates that there was a sedimentary overburden dur­
ing the faulting. Tn other cases , however. faulting seems to 
have taken place directly after sedimentation (metasedimen­
tary). 

The most interesting phenomena can be observed in the SW 
wall of the main outcrop, where faults originated as a result of 
the melting of dead-ice underneath (Fig .. 18) . The supraglacial 
sediments at that moment had become less ductile (after 
beginning of compaction) , so faults could develop rather 
easily , forming small grabens. 

Melt water was absorbed in unit 9 (locally also in unit 8) in 
such quantities that the liquid limit was often passed. 
Liquefaction resulted in a complete destruction of the original 
structures; in other places only plastic deformations 
rlP.vP.lopP.rl (11s11;i lly c;illerl 'flow folds' with an inadequate 
terminology). The formation of such 'flow folds' in unit 9 must 
be held responsible for the changes in local stress systems in 
the overlying material. These changes probably lasted for a 
relatively long time; during this period the faults mentioned 

Fig. 18 

above could develop. In unit 10 even some kind of kink band 
structure was formed (Fig. 19): for an explanation of its 
genesis we refer to flR007IKOWSKI & CEGLA ( 1981 ). 

Small faults can be observed in many places . The move­
ment along the slip planes is usually 2-15 cm; the length of 
these planes themselves, however, may be up to 2 m , although 
usually it is 0.2-1 m. 

Cryogenic structures 

This type of structure is only represented by the so-called 
permafrost structure of silty soils . PETIIJOHN & ronER (1964) 
call them ' ice crystal casts'. They are present in some Wartian 
deposits (units 15 and 17). It is important to note that frosting 
only disturbed these silts distinctly. The sandy load casts and 
pseudonodules from units 16 and 18, for instance , do not show 
any signs of frosting; it might be possible, however, that the 
results of frosting are too small to be observed in the field . 

THE DEFORMA TT ON AL PROCESSES 

The structural characteristics of the disturbances (which occur 
in a large number and variety) show that various deforma­
tional processes . must be held responsible for their genesis . 

Gm he n-like f~ 11 l t structure due to me lting of buried dead-ice. The light-coloured sands form part of unit 11. 



Since many processes lead to more or less comparable defor­
mations, it is not always possible to detect by which particular 
process a specific structure has been formed. An extra compli­
cation is that often two (or more) processes have been 
involved; these may have been active separately or they may 
have interacted. Especially gravity movements will have mod­
ified a large part of the previously formed structures . as is 
revealed by a detailed study of the mechanism of strain. These 
gravity deformations are , however , considered to be beyond 
the scope of this paper. 

Field evidence strongly suggests that four types of deforma­
tional processes are responsible for the main part of the 
disturbances. Although we are aware that our four types have 
been based on an arbitrary decision, we have done so in order 
to establish the possibility of a simple genetic and mechanical 
classification. The four types distinguished here are deposi­
tional, early-diagenetic, cryogenic and glacitectonic pro­
cesses. 

A more detailed discussion on the systematics of soft­
sediment deformations will be published in the near future 
(BRODZIKOWSKI & VAN LOON. 1981-a). 

Depositional processes 

In a strict sense the term 'depositional processes' should 
concern only those processes which are active during, and 
caused by or causing, sedimentation (synsedimentary proces­
ses). In many cases it is impossible, however, to distinguish 
whether a structure (e .g. a load cast) developed during 
sedimentation of the sand layer involved (synsedimentary), 
after deposition of that sand but before sedimentation of the 
next layer (metasedimentary) or even in a later stage (post­
sedimentary). Therefore it seems useful to classify all these 
structures in one group of 'depositional structures'. From a 
sedimentological point of view this classification makes sense 
because it prevents that the genetic relationship between 
three load casts (all formed in the same layer and due to the 
same reversed density gradients (see ANKETELL ET AL.. 1970), 
but at slightly different moments), is not recognized. Thus the 
genesis is emphasized at the cost of the information about the 
exact moment of development. Nevertheless it seems impor­
t:rnt to rlistinguish between depositional and diagenetic struc­
tures4. 

Especially the glaciolimnic deposits (with a relatively high 
silt content) yield unstable conditions due to the deposition of 
rhythmi'c deposits (with alternating fine- and coarser-grained 
material, leading to reversed density gradients) . This has led 
to frequent load casting which probably mainly occurred in a 
metasedimentary phase, although syn- and postsedimentary 

4 Perhaps one of the best criteria (although doubtlessly not always 
clear) to distinguish depositional structures from diagenetic ones, is 
whether the structure has been formed due to an external process of 
sedimentation (depositional structure) or due to a change in the 
internal chemical and/o r (physico)rnechanical conditions (diagcnc­
tic structure). 
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Fig. 19 
Kink band in unit 11. 

load casts are also present. 
The same holds for various faults : changes in the local stress 

systems and disturbance of the sedimentary balance resulted 
in an increasing deformational activity by faulting. Nets of 
small faults were the result , especially in the upper parts of all 
glaciolacustrine sequences. Possibly this phenomenon must 
be ascribed to the transgressional tendency in the lower 
Drenthian sequence, and to melting of buried dead-ice in the 
upper Drenthian glaciolacustrine sequence. 

Early-diagenetic processes 

According to common use, diagenesis in unconsolidated sedi­
ments is considered an early stage. Since the sediments under 
consideration are still unconsolidated, all diagenetic processes 
which have been active here must be classified as early 
diagenetic. 

Deformations formed during this stage are the result of 
different rates of dewatering and/or compaction, often inten­
sified by gravity loading. The most common type is faulting; 
much less frequent are shrinkage cracks. Another feature is 
formed by delicate undulations of layers (or laminae), caused 
by differences in the rate of drying (and thus in local volume 
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differences of the material). A spectacular phenomenon is 
the , often complicated, structure which is formed by collapse 
or subsidence of sediments after melting of buried dead-ice 
(Fig. 20). Differences in compaction play a major role in the 
processes involved in such a case. 

Cryogenic processes 

The ice-crystal casts mentioned earlier form the only cryo­
genic structure, and as such they represent the periglacial 
climate during the North-Polish glaciation. Therefore it is 
interesting that in this sequence they are only present in units 
15 and 17; together with unit 16 this is an interval of not more 
than 2-3 m. 

Also interesting are the tectonic aspects: the responsible 
stress system was maximally variable, much more than in 
other circumstances which led to deformatio.nal structures. 
One can observe important changes in the direction of the 
main stress (a 1) within 2 cm. The cohesive sediments in which 

Fig. 20 

the casts developed now offer excellent examples of these 
variable directions. 

The casts usually have been modified by creep, periodic 
flowage or liquefaction, occurring after melting of the ice 
crystals. 

Glacitectonic processes 

Apart from tilting, folding and faulting resulting from the 
power of the advancing ice (these disturbances have a quite 
different origin) there is only one feature that fits in this class: 
the diapirs. Although their amplitudes do not exceed a few 
metres, they are rather spectacular for their internal deforma­
tions (Fig. 21) . It seems quite likely that they are the result of 
subglacial squeezing-up when the weight of the overlying ice 
decreased due to ablation. Similar features (especially 
squeezing-up of basal tills) are known from many glaciations 
and from many places (e.g. KELLER.1954; JEWTUCHOWICZ.1969; 
BANHAM. 1975; SCHWAN ET AL. 1980-b). 

Fault system due to melting of dead-ice. The small distance between the faults leads to brecciation: in this case an early-diagene tic process. 



Fig. 21 
Glacitectonic deformation due to diapirism as a result of melting ice . 

SOME REMARKS ABOUT THE STRAIN 

Deformational processes in unconsolidated sediments are, 
except in a few cases of faulting, due to intergranular move­
ments. These can take place in various ways, resulting in 
different kinds of structures. The most important mechanisms 
of strain result in flexuring, shearing, compression, tension, 
torsion and several kinds of flowage. All these kinds of 
deformation can be observed in the sediments described here. 

As is shown, all deformations can be classified into four 
groups . Some of these appear to have their own prominent 
processes. For example, during depositional deformation pro­
cesses flexuring and plastic flow are the most important. 
Flexuring is often accompanied by buckling and shearing. The 
orientation of the maximum stress ( o1) is vertical. During the 
early-diagenetic deformations flexuring and shearing are the 
main processes. Generally, the axis of the main stress remains 
vertical. Only for the formation of desiccation cracks a hori­
zontal (tension) stres~ dominates . 

The prominent mechanisms which play a role during cryo­
genic and glacitectonic deformations have not been recog-
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nized yet, possibly due to the relatively small numbers of 
deformational structures of these types. It could be estab­
lished , however, that all four groups of deformations are 
represented in any form. In a future paper about the Jarosz6w 
Zone (BRODZ1KowsK1& VAN LOON.1981-b) more attention will be 
paid to this aspect. 
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