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The variability of ice move ment di rec tions within the Vistula lobe of the Main Stadial ice sheet of the last gla ci ation is ana lysed. Re con -
struc tion of the ice move ment di rec tions is made based on anal y sis of the ori en ta tion of gla cial morpholineaments. Linear gla cial land -
forms are ana lysed on the ba sis of data from 26 map sheets of the De tailed Geo log i cal Map of Po land (DGMP), scale 1:50 000, com piled
ear lier by var i ous au thors. The morpholineaments were in ves ti gated in a belt of morainic pla teau that ad joins the Vistula val ley on both
sides. The anal y sis re vealed that the last gla ci ation ice sheet ad vanced di rectly from the north within the broadly un der stood Vistula ice
lobe zone, and that the ice flow di rec tion was con stant. How ever, within a nar row belt of the pre-Vistula River val ley that was formed in
the Eemian Inter gla cial, the 30–50 km wide ice stream was char ac ter ized by lo cally vari able ice flow di rec tions con sis tent with the
pre-ex ist ing val ley trend. Changes in ice flow di rec tion are re corded in the lo cally vari able ori en ta tion of lin ear gla cial land forms, in di -
cat ing that the ice stream was ac tive un til the deglaciation pe riod when the pres ent-day shapes of the gla cial land forms de vel oped.
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INTRODUCTION

The term “ice lobe”, as re ferred to the Pleis to cene con ti nen -
tal ice sheets, has been used in the geo log i cal lit er a ture in a very 
broad and am big u ous sens. It re fers to both lo cal frag ments of
ice sheets a few kilo metres wide (e.g., Skompski, 1969) and re -
gional ice sheet zones mea sured in hun dreds of kilo metres
(e.g., Kurimo, 1982; Patterson, 1997).  The lat ter in clude large
frag ments of the last gla ci ation ice sheet that cov ered N Po land, 
re ferred to as the Odranian, Vistula, Warmian and Masurian ice 
lobes (Marks, 2005; Morawski, 2005a). 

It is com monly as sumed that ice lobes dif fer from one an -
other in the time of oc cur rence and in ice flow di rec tion (e.g.,
Punkami, 1997a; Stokes and Clark, 2001; Marks, 2005). Dis -
tin guish ing of in di vid ual ice lobes is also jus ti fied by the oc cur -
rence of belts of spe cific gla cial land forms, es pe cially of cre -
vasse or i gin, called interlobe zones (Morawski, 2005a;
2009a, b) or “interlobate mo raines” (Veillette, 1986; Dredge
and Cow an, 1989; Dyke and Dredge, 1989; Punkari 1997a, b).
De pos its com pos ing the land forms are re ferred to by
Brodzikowski and Van Loon (1991) as supraglacial cre vasse

de pos its. Ar eas of vari able size, of ten of neotectonic or/and
glaciotectonic or i gin with a highly up lifted pre-Pleis to cene
base ment, are treated as interlobe ar eas (Marks, 1988; Aber and 
Ruszczyńska-Szenajch, 1997; Ber, 2000, 2008). In turn, the
char ac ter is tic semi cir cu lar ar range ment of fron tal mo raines is
as sumed to be co in ci dent with the max i mum limit of in di vid ual
ice lobes, es pe cially those smaller ones of lo cal sig nif i cance. It
seems that, of these and of other less im por tant in di ca tors that
al low iden ti fi ca tion of par tic u lar ice lobes, vari abil ity of ice
flow (ad vance) di rec tion within each lobe is the di ag nos tic fea -
ture. There fore, at tempts to re con struct ice sheet move ment di -
rec tions seem to be the ba sic el e ment in ana lys ing pro cesses re -
lated to ice sheet ad vance dur ing the Pleis to cene glaciations in
the Eu ro pean Low lands. Anal y ses of ice flow di rec tions and,
in ad di tion, at tempts to de ter mine vari a tions in ice flow ve loc -
ity, al low the dis tin guish ing of the ice streams i.e. rel a tively
nar row ice sheet zones within which the ice flow was much
faster and lo cally changed its di rec tion. Knowl edge about ice
streams re fers to both pro cesses op er at ing within mod ern ice
sheet cov ers and pro cesses re con structed for the Pleis to cene
con ti nen tal ice sheets (Clark et al., 2003). 

There are two main types of ice stream for ma tion. The first
one is re lated to a rapid lin ear ac cel er a tion of ice move ment



with out chang ing of di rec tion — a good ex am ple is the
Drygalski ice tongue in the Ant arc tic. The other is man i fested
also by lo cal changes of ice move ment di rec tion as, for ex am -
ple, in the case of re cent ice streams of the Ross Ice Shelf, in
Antarctica (Howat and Domack, 2003), that can be com pared
with a me an der ing pro cess. This phe nom e non is com monly
stim u lated by the base ment re lief (Tulaczyk et al., 2000): its
de scent or the oc cur rence of val leys as in the case of the
pra-Vistula val ley. 

The Vistula lobe was one of sev eral ice lobes of the Scan -
di na vian ice sheet of the last gla ci ation, ad vanc ing on to the
Eu ro pean Low lands (Fig. 1).  Many pre vi ous stud ies (Ehlers,

1990; Punkari, 1997a; Boulton et al., 2001; Marks, 2002,
2005; Marks et al., 2003; Wysota and Molewski, 2007) in di -
cate the pres ence of an ice stream within the Vistula lobe of
the last gla ci ation, stim u lated by the pre-Vistula River val ley
of the Eemian Inter gla cial. 

These data pro vided an as sump tion for a re con struc tion of
ice flow di rec tions within the Vistula lobe. The anal y sis was
per formed over an area of about 17 000 square km, cov er ing
the gla cial up land belts ad join ing the Vistula val ley on both
sides, in the area ex tend ing from the max i mum limit of the
Pom er a nian re treat phase in the north (near Grudziądz) to the
max i mum limit of the Vistula ice lobe south of Płock. 
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Fig. 1. Ice streams in the south ern peribaltic re gion dur ing the Last Gla cial Max i mum 



STUDY METHODS

The reconstruction of ice move ment di rec tions pre sented in 
this pa per was per formed based on spa tial anal y sis of the ori en -
ta tion of gla cial morpholineaments. The o ret i cal prin ci ples of
this method and pre vi ous re search re sults from NE Po land
were given in ear lier pub li ca tions of the au thor (Morawski,
2003, 2005b). The re search method is based on the fol low ing
main as sump tions:

— the spa tial ori en ta tion of most of gla cial morpho -
lineaments is in her ited af ter the orig i nal joint net in the
ice body;

— its ori en ta tion in the ice body was the ef fect of hor i zon -
tal stress due to move ment of the ad vanc ing ice sheet;

— the net of joints is com posed of a rect an gu lar
(extensional) sys tem con sist ing of lon gi tu di nal and
trans verse sets, and of an acute-an gled (shear) sys tem
com posed of  two di ag o nal sets;

— the ice flow di rec tion vec tor is con sis tent with the lon gi -
tu di nal set of the extensional sys tem and is a re sul tant of
the two oblique sets of the shear sys tem;

— the orig i nal joint net was re ori ented due to lo cal changes 
in ice flow di rec tion.

The au thor is aware that the above as sump tions may give
rise to some con cerns, in par tic u lar as re gards the o ret i cal
knowl edge con cern ing the phys ics of ice. These con cerns can
re fer es pe cially to the prob lems of the pos si ble for ma tion of
orig i nal joint nets in the con ti nen tal ice bod ies, the tim ing of
their de vel op ment, their ver ti cal ex tent within the ice mass and
the pro cess of fur ther evo lu tion to form a sys tem of cre vasses.
The prob lems can be re solved both by spe cial in ves ti ga tions on 
mod ern ice sheets and the o ret i cal stud ies in volv ing con sid er -
ations on ice me chan ics in con ti nen tal ice sheets. The the o ret i -
cal as sump tions pre sented above should be treated as a hy po -
thet i cal and work ing the sis de vel oped from the real anal ogy be -
tween the mu tual ori en ta tion of gla cial morpholineaments and
the mu tual ori en ta tion of tec tonic lin ea ments, a hor i zon tal
stress-gen er ated joint net in solid rocks. 

The anal y sis of morpholineament ori en ta tion used in the
pres ent study is a re con struc tion of ice move ment, uni formly
and pro por tion ally char ac ter iz ing large ar eas. How ever, it
should be noted that di rect de ter mi na tion of ice flow di rec tions
from the ori en ta tion of lin ear gla cial land forms de vel oped in
ice cre vasses and gla cial tun nel val leys leads to sig nif i cant mis -
in ter pre ta tions.  Ac cord ing to the above as sump tions and pre vi -
ous ex pe ri ence with the use of the re search method, most gla -
cial lin ear land forms in her ited their spa tial ori en ta tions from
the joint net in the ice body. The net is com posed of four joint
sets form ing two con ju gate sys tems. Among these, only the
extensional lon gi tu di nal set is con sis tent with the gen eral stress
di rec tion i.e. the ice move ment di rec tion. Com monly, most of
the dom i nant land forms be long to the shear sys tem, i.e. the
land forms are ori ented obliquely to the ice move ment di rec -
tion. There fore, re con struc tion of ice flow di rec tions must be
based on a joint anal y sis of both pos i tive and neg a tive gla cial
morpholineaments in the study area to com pile the di rec tions
on com pos ite di a grams. The di a grams are the ba sis for the
iden ti fi ca tion of in di vid ual sets and for the de ter mi na tion of the 

re sul tants of ice move ment di rec tion sep a rately for the two con -
ju gate sys tems iden ti fied.  

Pre vi ous re sults of re con struc tions of ice move ment di rec -
tions from a com plex anal y sis of the ori en ta tion of gla cial
morpholineaments (Morawski, 2003, 2005b; Pochocka-
 Szwarc and Piątkowska, 2006; Ro man, 2008) seem to form
encouragement wards a broader use of this method. The main
lim i ta tion is that the method al lows for an a lyz ing only morainic 
pla teaus, ex clud ing mar ginal zones. That is why the idea of
mak ing of such an anal y sis on the ba sis of ob ser va tions from
small parts of the morainic pla teaus ad join ing both sides at the
Vistula val ley, seemed to of fer lit tle promise. How ever, the re -
search re sults pre sented be low far ex ceeded ex pec ta tions. 

The re con structed ice sheet move ment di rec tions pre sented
in this pa per within the Vistula ice stream should be con sid ered
as pre lim i nary and as encouragement for fur ther de tailed stud -
ies us ing dif fer ent meth ods to both re con struct a more ac cu rate
di rec tion of the ice stream and to de ter mine its move ment ve -
loc ity rel a tive to the velocity of the whole ice body.

How ever, it must be borne in mind that the method pro vides 
a re gional im age of evenly dis trib uted in for ma tion, while field -
work car ried out for de ter mi na tion of ice flow di rec tions pro -
vide only point data (from good ex po sures) and the only way to
get re gional con clu sions is to ac quire a much denser net of data
mea sur ing points.

The anal y sis of spa tial ori en ta tion of gla cial morpho -
lineaments was per formed on geo log i cal maps pre vi ously con -
structed by var i ous au thors. It was sup ported by anal y sis of top -
o graphic maps. Ori en ta tions of gla cial morpholineaments (cre -
vasse land forms) and re sults of re con struc tion of ice move ment 
di rec tions were ob tained from anal y sis per formed on 26 map
sheets of the De tailed Geo log i cal Map of Po land (DGMP),
scale 1:50 000, cov er ing a broad area of the Vistula River val -
ley and neigh bour ing morainic pla teaus: Nowe (Listkowska,
1980); Gardeja (Kozłowski, 1980); Lubiewo (Heliasz and
Ostaficzuk, 2000); Chełmno (Butrymowicz, 1980); Grudziądz
Rudnik (Maksiak, 1981); Grudziądz (Uniejewska, 1980);
Skarlin (Lichwa and Wełniak, 2003); Żołędowo (Kozłowska
and Kozłowski, 1985); Unisław (Kozłowska and Kozłowski,
1986); Chełmża (Trzepla and Drozd, 1999); Wąbrzeźno
(Trzepla and Drozd, 2003); Rzęczkowo (Wrotek, 1986);
Złotniki Kujawskie (Wrotek, 1991); Gniewkowo (Jeziorski,
1992a); Aleksandrów Kujawski (Jeziorski, 1992b);
Ciechocinek (Łyczewska, 1973); Lipno (Dzierżek, 2006);
Pakość (Listkowska, 1989); Bobrowniki (Jeziorski, 1987);
Fabianki (Lamparski, 1985); Tłuchowo (Lamparski, 1980);
Piotrków Kujawski (Molewski, 1999); Brześć Kujawski
(Brzeziński, 2001); Dobrzyń (Skompski, 1968); Płock
(Skompski and Słowański, 1962); Lubień Kujawski
(Baraniecka, 1988). 

Morpholineament ori en ta tion mea sure ments and anal y sis
of ice move ment di rec tions were made sep a rately in morainic
pla teau ar eas com pos ing in di vid ual DGMP map sheets.  Al -
though this method of data com pi la tion is not sup ported by
palaeogeographic data, it con sid er ably fa cil i tates con struc tion 
of a re gional data com pi la tion at a pre lim i nary stage of re -
gional anal y sis.

Both pos i tive and neg a tive lin ear land forms of gla cial or i -
gin were mea sured (see Morawski, 2005b). Previous ex pe ri -
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ence with the method sug gests that it is a better way to an a lyse
all lin ear land forms, even those whose or i gin can not be con sid -
ered as strictly gla cial (of cre vasse or i gin), than to use a sub jec -
tive elim i na tion pro cess to ana lyse only se lected land forms.
Any elim i na tion of poorly ex pressed or un iden ti fied land forms
may risk los ing the whole of lo cally poorly pre dis posed di rec -
tion sets. In turn, a loss of a set may give rise to sig nif i cant dif fi -
cul ties in iden ti fi ca tion of any of the two (extensional or shear)
sys tems com posed of con ju gate sets. This me thod i cal as sump -
tion ob vi ously re sults in a greater scat ter of di rec tions and re -
quires con struc tion of sep a rate di a grams for in di vid ual sys -
tems. How ever, such a pro ce dure en ables si mul ta neous ver i fi -
ca tion of the ice move ment di rec tions de ter mined from each
sys tem sep a rately. Correspondence of the di rec tions re con -
structed from both the sys tems sep a rated from a sin gle com pos -
ite di a gram is the best guar an tee that the anal y sis is correct. 

The anal y sis in volved 6226 mea sure ments made on the
map sheets un der con sid er ation. The data were sub se quently
put into ro sette di a grams us ing the StereoNet soft ware. A
landform up to 1 km in length was con sid ered a sin gle mea -
sure ment. The num ber of mea sure ments on in di vid ual DGMP
map sheets varies from 95 to 724.  

RECONSTRUCTION OF ICE SHEET MOVEMENT
DIRECTIONS

The ori en ta tion of all gla cial morpholineaments mea sured
on in di vid ual DGMP map sheets is shown in com pos ite di a -
grams pre sented in Fig ure 2. Fig ures 2, 3, 4 il lus trate a di vi -
sion of the study area into DGMP map sheets in di cat ing their
names. Morainic pla teau ar eas are also in di cated (Figs. 2, 3
and 4). The anal y sis cov ered small frag ments of the morainic
pla teau im me di ately ad join ing the Vistula River val ley and its 
trib u tar ies. The num ber of land forms mea sured is usu ally pro -
por tional to the morainic pla teau area; hence, some of the map 
sheets con tain only a small num ber of mea sure ments. To re -
con struct the di rec tions of ice sheet move ment out side the
val ley, the anal y sis was also per formed for a few map sheets
cov er ing the morainic pla teau on ei ther side of the val ley. The
num ber of land forms mea sured in these ar eas is com monly
sig nif i cant. 

The anal y sis of com pos ite di a grams (Fig. 2) en abled iden ti -
fi ca tion of four sets; two sets con ju gate of the extensional sys -
tem and two sets con ju gate in the shear sys tem. The re sults of
the anal y sis are pre sented as di a grams con structed sep a rately
for the extensional (Fig. 3) and shear (Fig. 4) sys tems. The ice
move ment di rec tions were de ter mined for each sys tem sep a -
rately. A com bined anal y sis of di a gram pairs (Figs. 3 and 4) for
each map sheet en ables as sess ment of the co in ci dence be tween
the re con structed ice flow di rec tions ob tained for each sys tem. 

The morainic pla teau area of some map sheets shows a
clear ar range ment of the ori en ta tion of lin ear land forms, in di -
cat ing a con stant and or dered ice flow. On other map sheets, a
sig nif i cant scat ter of the di rec tions is lo cally ob served. This re -
quired fur ther de tailed anal y ses that usu ally en abled iden ti fi ca -
tion of two or three su per im posed gen er a tions of con ju gate sys -
tems, sug gest ing changes in ice move ment di rec tions within a

sin gle map sheet. In ter pre ta tion of the gen er a tions is shown as a 
re con struc tion of two or three ice flow di rec tions within the
map sheet area. Lo cally, only one di rec tion caused by the
extensional sys tem is dom i nant, while the shear sys tem dis -
plays a su per im po si tion of two slightly dif fer ent di rec tions
(e.g., Bobrowniki sheet, see Figs. 3 and 4). In other cases, with
one di rec tion re sult ing from the shear sys tem, the extensional
sys tem shows two di rec tions (e.g., Złotniki Kujawskie sheet,
see Figs. 3 and 4). These cases also sug gest a con clu sion that,
within the lim ited area of a given map sheet, a lo cal change in
ice move ment di rec tion is ob served. 

In suf fi cient num ber of mea sure ments in small frag ments of
morainic pla teau some times causes sig nif i cant dif fi cul ties in
iden ti fi ca tion of in di vid ual sets and sys tems. For ex am ple:
morpholineaments in the Aleksandrów Kujawski sheet form
two gen er a tions of the extensional sys tem. No shear sys tem
was iden ti fied there (Figs. 3 and 4).

As the DGMP map se ries is fin ished, it will be pos si ble to
ex tend the anal y sis into ar eas currently lack ing map sheets. It
seems that the next stage of the re con struc tion of changes in ice
sheet move ment di rec tion in the study area should be an at -
tempt to iden tify ar eas of the same char ac ter is tic di rec tion ir re -
spec tive of the di vi sion into in di vid ual DGMP map sheets.
How ever, it should be borne in mind that anal y sis of smaller
and smaller ar eas is lim ited by the amount of iden ti fi able lin ear
gla cial land forms (gla cial morpholineaments). An insufficient
num ber of landforms makes the analysis less reliable. 

ICE MOVEMENT DIRECTION 
OUTSIDE THE NARROW BELT ADJOINING 

THE VISTULA RIVER VALLEY

Ice move ment di rec tions were re con structed in the
morainic pla teau within the Vistula ice lobe out side the zone
im me di ately ad join ing the river val ley. In the north ern part of
the study area to the west of the Vistula River (Lubiewo sheet),
the ice flow di rec tion was from the north with a slight east ward
de vi a tion to wards the val ley. On the east ern side, about 40 km
from the val ley (Skarlin sheet), the ice flow di rec tion is well or -
dered and ori ented north-south (Figs. 3 and 4). A still better ar -
range ment (ex actly from the north) is ob served closer to the
Vistula River val ley in the Wąbrzeźno sheet (Figs. 3 and 4).
The re con struc tion of ice move ment di rec tion in this area is es -
pe cially con vinc ing be cause it is based on as many as 664 mea -
sure ments of morpholineaments. A dis tinct trend in the di rec -
tions is ob served within the four sets com pos ing the two con ju -
gate sys tems. The ice flow di rec tion de ter mined from both the
sys tems has the same, az i muth of about 180°.

A sim i lar ice move ment di rec tion from the north is sug -
gested from anal y sis of the ori en ta tion of morpholineaments
found within the Pakość and Piotrków Kujawski map sheets lo -
cated south of the Vistula River val ley. Iden ti fi ca tion of the two 
sys tems is a lit tle bit dif fi cult in this area. Two gen er a tions of
the extensional sys tem (Fig. 3) are prob a bly ob served in the
Piotrków Kujawski sheet, sug gest ing a lo cal fan-like spread of
the ice mass as the ice sheet over stepped the Vistula River val -
ley at its submeridional sec tion. How ever, both the re sul tant of
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these di rec tions and the di rec tion de ter mined from the shear
sys tem (Fig. 4) show a gen eral ice flow di rec tion from north to -
wards south.

A sim i lar sit u a tion is ob served on the east ern side of the
Vistula River val ley, where a clearly vis i ble N–S trend in ice
flow di rec tion is ob served on the Tłuchowo sheet (Figs. 3 and 4).

The above data from se lected ar eas lo cated out side the
Vistula River val ley show that the ice sheet move ment di rec -
tion within the Vistula lobe was well or dered and con stant over
a large area and ori ented from north to wards south. 

ICE MOVEMENT DIRECTIONS IN THE NARROW
BELT ADJOINING THE VISTULA RIVER VALLEY

All of the DGMP map sheets cov er ing frag ments of gla cial
up lands along the Vistula River val ley were ana lysed for the
ori en ta tion of morpholineaments in the study area. 

A dis tinct west ward turn in ice flow di rec tion was re con -
structed in the north, on ei ther side of the val ley (Nowe and
Gardeja sheets). This es pe cially well ac cen tu ated to the east of
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Fig. 2. Ori en ta tion of gla cial morpholineaments (cre vasse land forms) from se lected map sheets
(De tailed Geo log i cal Map of Po land) in the Vistula val ley zone — com pos ite  di a grams



the val ley on the Gardeja sheet (Figs. 3 and 4), where both the
extensional and shear sys tems show very sim i lar ice flow az i -
muths of about 208° and 204°, re spec tively.

Trac ing the changes in ice move ment di rec tion when
mov ing south wards along the river val ley, the west ward turn
in the flow di rec tion is better ex pressed; it is man i fested by the 
di rec tions re con structed on the Grudziądz and Grudziądz
Rudnik sheets (Figs. 3 and 4). The di rec tions are well or dered
here and there is no prob lem with iden ti fi ca tion of the two
sys tems in the com pos ite di a gram. The ice move ment di rec -

tion az i muths de ter mined from both the sys tems are sim i lar: in 
the Grudziądz sheet 233° (extensional sys tem) and 228°
(shear sys tems) with av er ages of 230° i.e.; in the Grudziądz
Rudnik sheet 238° (extensional sys tem) and 249° (shear sys -
tems) with an av er age of 243° i.e. — the ice di rec tions was al -
most west erly by about 13° (Figs. 3 and 4). This trend con tin -
ues fur ther south wards along the river val ley on the west ern
side of the val ley in the Żołędowo sheet (Figs. 3 and 4), al -
though there are two dis tinct gen er a tions of ice flow di rec -
tions, in di cat ing a grad ual change in di rec tion back to N–S.
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Fig. 3. Re con struc tion of ice sheet move ment di rec tions from the extensional sys tem
 of the gla cial morpholineaments ori en ta tions 



This trend con tin ues on the east ern side of the river val ley in
the Unisław sheet (Figs. 3 and 4), where the re con structed ice
move ment di rec tion changes to N–S even with a slight east ern 
de vi a tion. In the Chełmża sheet, ad join ing to the east, there
are two dis tinct gen er a tions of ice flow di rec tions. Closer to
the val ley there is a better ac cen tu ated eastwards turn,
whereas fur ther from the val ley there pre vails a N–S di rec tion
as in the neigh bour ing Wąbrzeźno sheet (see above) where

the ice move ment di rec tion is con stant and typ i cal of the
Vistula ice lobe, as re corded out side the river val ley.  

The map sheet row be low en com passes a river val ley and
ice-mar ginal val ley. The lack of morainic pla teau ar eas makes
any anal y sis im pos si ble. The next map sheet row ex tend ing to
the south in cludes small morainic pla teau frag ments where
morpholineament anal y sis in di cates a well-ac cen tu ated
eastwards turn of the re con structed ice move ment di rec tion, on
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Fig. 4. Re con struc tion of ice sheet move ment di rec tions from the shear sys tem of the gla cial morpholineaments ori en ta tions



the Gniewkowo and Aleksandrów Kujawski sheets (Figs. 3
and 4). Fur ther eastwards and south wards, this di rec tion be -
comes better ac cen tu ated and the re con structed ice move ment
di rec tion on ei ther side of the river val ley is from west to east,
partly with a slight south ern de vi a tion, on the Ciechocinek,
Bobrowniki and Fabianki sheets (Figs. 3 and 4). 

Es pe cially in ter est ing re sults of ice move ment re con struc -
tion were ob tained on the Lipno sheet (Fig. 5). This is an area of 
nu mer ous drum lins show ing a well-or dered ori en ta tion.  Anal -
y ses of pos i tive land forms (mainly drum lins; Fig. 5B) — di -
rectly from the com pos ite di a gram, and pos i tive land forms
(Fig. 5A) — from both the sys tems, were made on this map
sheet. The re con struc tion shows the oc cur rence of two gen er a -
tions of ice flow di rec tions in di cat ing a change in the ice move -
ment di rec tion in this area from SE to SES. It is symp tom atic
that al most iden ti cal re sul tant ice flow di rec tions of the two
gen er a tions were ob tained from the ori en ta tion of drum lins and 
from neg a tive land forms. It seems that geo log i cal data from
this re gion not only re cord the pre cise ice move ment di rec tion
but also have a meth od olog i cal sig nif i cance. This re fers not
only to sup port for the cor rect ness of the re con struc tion of ice
move ment di rec tion from the two morpholineament ori en ta tion 
sys tems, but also as re gards the the o ret i cal as sump tions of the
method pre sented. 

Eastwards as re gards the re con structed ice move ment di -
rec tions, there is a rapid re turn to a well-or dered ar range ment
of the di rec tions (N–S) typ i cal of the Vistula lobe in the area
out side the nar row belt ad join ing the river val ley. This change
oc curs over a rel a tively short in ter val out side the nar row belt

im me di ately next to the val ley in the area of the Tłuchowo sheet 
ad join ing to the east (Figs. 3 and 4).

Fur ther to the south, im me di ately close to the river val ley in
the area ex tend ing as far as the end of the Vistula ice lobe near
Płock, the gen eral ice flow di rec tion was still from NW to SE.
To the north of the val ley (Płock sheet), the gen eral ice move -
ment di rec tion lo cally changes (Fig. 6Aa and Ab) and ranges
within the az i muth of 115–155°. Two very sim i lar gen er a tions
of ice move ment di rec tion were re ported by Skompski (1969)
from the Płock re gion. They were in ter preted based on till fab -
ric anal y sis (Fig. 6Ba and Bb). There is also an other ice flow di -
rec tion SW–NE, in this area (az i muth of about 50°) — i.e. to
the out side of the val ley to wards the gla cial up land (Fig. 6Ac).
This di rec tion was al ready re ported by Skompski (1969) from
the Płock and Dobrzyń re gions, fol low ing de tailed field map -
ping in ves ti ga tions sup ported by nu mer ous till fab ric mea sure -
ments (Fig. 6Bc). That au thor claimed that the ice sheet, ad -
vanc ing in the pre-Vistula River val ley, was flow ing to wards
the NE i.e. to the out side of the val ley. A sim i lar sit u a tion is ob -
served to the south of the val ley within the Włocławek,
Gostynin and Gąbin sheets (Fig. 7). Re con struc tion of ice
move ment di rec tions in this re gion was per formed by Ro man
(2008) who iden ti fied a gen eral ice flow di rec tion from NW to
SE us ing both the morpholineament anal y sis method and de -
tailed field ob ser va tions of a num ber of ice flow di rec tion in di -
ca tors in clud ing till fab ric, vergence of compressional
glaciotectonic struc tures and ori en ta tion of subglacial de for ma -
tion struc tures and gla cial striae. Apart from this gen eral ice
move ment di rec tion, that au thor found that the ice flow di rec -
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Fig. 5. Re con struc tion of the ice move ment di rec tions (ar rows) from the ori en ta tions
of gla cial morpholineaments in the Lipno re gion (based on the Lipno sheet

of the De tailed Geo log i cal Map of Po land scale 1:50 000; Dzierżek, 2006)



tion was to wards the south with a west ern de vi a tion in di cat ing
an ice ex pan sion to the out side of the pre-Vistula River val ley.
The same lo cal ice move ment di rec tion (az i muth of about
190°) was re con structed by Skompski (1969) in the Gostynin
re gion from field stud ies, in clud ing till fab ric in ves ti ga tions.

CONCLUSIONS

The fol low ing con clu sions can be drawn from these study:
1. The Vistula lobe (ice stream) en tered the Eemian Inter -

gla cial pre-Vistula River val ley. It was fol lowed by the
Masurian lobe which cov ered the Mazury re gion. The gen eral
ice move ment di rec tion of the Vistula lobe was from north to
south, whereas the Masurian lobe ad vanced from north to south 
with a slight east ern de vi a tion (from NNW to SSE). A gen eral
ice-front limit in the Mazury re gion was per pen dic u lar to that
di rec tion and trended WSW–ENE. Such an ice-front con fig u -
ra tion and gen eral ice flow di rec tion per sisted in the Mazury re -
gion un til the Last Gla cial Max i mum. 

2. The Vistula lobe ex panded much fur ther to the south than
did the Masurian lobe and it oc cu pied the pre-Vistula River val -
ley as far as the area sit u ated south and east of Płock. The ice
stream within the Vistula lobe fol lowed a base ment de pres sion

of the pre-Vistula River val ley de vel oped dur ing the Eemian
Inter gla cial. The ice stream ad justed to the val ley con fig u ra tion
and the ice move ment di rec tion lo cally changed along bends in
the val ley winded. In the north ern area of the Grudziądz–Żołę -
dowo re gion, the ice stream turned west wards and fur ther south
it turned eastwards as the river val ley be came ori ented in a
NW–SE di rec tion. The NW–SE di rec tion of the ice stream
within the Vistula lobe re mained the same as far as its front run -
ning to the SE of the Płock–Gąbin line. At the ice stream end
zone, there was a lo cal ice-mass thrust ing and flow ing to the out -
side of the pre-Vistula River val ley to wards the NE, S and SSW.

3. The Vistula lobe ice stream was nar row (30–50 km) and
en com passed the pre-Vistula River val ley and a very nar row
belt on ei ther side of it. At a dis tance of 10–20 km from the val -
ley, the ice move ment di rec tion was con stant from north to
south. 

4. The vari able ice move ment di rec tions within the ice
stream man i fest them selves in the ori en ta tion of lin ear gla cial
land forms (gla cial morpholineaments) which were ul ti mately
shaped mainly dur ing the deglaciation pe riod only. This seems
to indicate per ma nent ac tiv ity of the Vistula ice stream dur ing
the Main Stadial of the last gla ci ation through the deglaciation
pe riod. 

5. This method of re con struc tion of ice move ment di rec tion
can be em ployed not only in vast ar eas of gla cial up lands but
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Fig. 6A — re con struc tion of the ice move ment di rec tions (ar rows) from the ori en ta tions of gla cial
morpho lineaments in the Płock re gion (based on the Płock sheet of the De tailed Geo log i cal Map of Po land

scale 1:50 000 — Skompski and Słowański, 1962); B — re con struc tion of the ice move ment di rec tions
from till fab ric af ter Skompski (1967), ar rows added
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Fig. 7. Vistula ice stream re con struc tion

LGM — Last Gla cial Max i mum



also in small frag ments of such ar eas lo cated close to river val -
leys and ice-mar ginal val leys. They also show that the method
can be used not only for re con struc tions of re gional ice move -
ment di rec tions in large ar eas, but also for re con struc tions of
ice streams with lo cal flow di rec tion changes oc cur ring at short
dis tances. Ice flow di rec tions re con structed in such a way are
pre cise and con sis tent with data ac quired by other meth ods re -
quir ing time-con sum ing field work. 

Ac knowl edge ments. The au thor wishes to ex press his cor -
dial thanks to A. Börner (Geo log i cal Sur vey of Mecklenburg-
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tute-Na tional Re search In sti tute) for their kind and clear-
 sighted pro fes sional re view of this con tri bu tion, which was of
great im por tance for the fi nal ver sion of the pa per.

REFERENCES

ABER J. S. and RUSZCZYŃSKA-SZENAJCH H. (1997) — Or i gin of
Elbląg Up land, north ern Po land, and glaciotectonism in the south ern
Bal tic re gion. Sed i ment. Geol., 111: 119–134.

BARANIECKA M. D. (1988) — Szczegółowa mapa geologiczna Polski w
skali 1:50 000, ark. Lubień Kujawski. Państw. Inst. Geol.

BER A. (2000) — Pleis to cene of north-east ern Po land and neigh bour ing
ar eas against crys tal line and sed i men tary base ment. Pr. Państw. Inst.
Geol., 170.

BER A. (2008) — Ver ti cal stress of the Pleis to cene con ti nen tal gla ciers
and its ev i dence in pres ent re lief of North ern Eu rope. Qua ter nary of
the Gulf of Gdańsk and lover Vistula re gions in north ern Po land: sed i -
men tary en vi ron ments, stra tig ra phy and palae ogra phy. Internat. Field
Symp. INQUA Peribaltic Group: 16–17.

BOULTON G. S., DOLGENMANS P., PUNKARI M. and BROADGATE
M. (2001) — Palaeoglaciology of an ice sheet through a gla cial cy cle:
the Eu ro pean ice sheet through the Weichselian. Quatern. Sc. Rev., 20: 
591–625.

BRODZIKOWSKI K. and VAN LOON A. J. (1991) — Glacigenic sed i -
ments. De velop. Sed i ment., 49. Elsevier, Am ster dam.

BRZEZIŃSKI M. (2001) — Szczegółowa mapa geologiczna Polski w
skali 1:50 000, ark. Brześć Kujawski. Państw. Inst. Geol. 

BUTRYMOWICZ N. (1980) — Szczegółowa mapa geologiczna Polski w
skali 1:50 000, ark. Chełmno. Inst. Geol.

CLARK C., EVANS D. and PIOTROWSKI J. (2003) — Palaeo-ice
streams: an in tro duc tion. Boreas, 32 (1): 1–3.

DREDGE L. A.  and COWAN W. R. (1989) — Qua ter nary ge ol ogy of the
south west ern Ca na dian shield. In: Qua ter nary Ge ol ogy of Can ada and
Green land (ed. R. J. Fulton). Ge ol ogy of Can ada, 1: 214–235. Geol.
Surv. Can ada.

DYKE A. S. and DREDGE L. A. (1989) — Qua ter nary ge ol ogy of the
north west ern Ca na dian Shield. In: Qua ter nary Ge ol ogy of Can ada and 
Green land (ed. R. J. Fulton). Ge ol ogy of Can ada, 1: 178–214. Geol.
Surv. Can ada.

DZIERŻEK J. (2006) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Lipno. Państw. Inst. Geol.

EHLERS J. (1990) — Re con struct ing the dy nam ics of the North-West Eu -
ro pean Pleis to cene ice sheets. Quatern. Sc. Rev., 9: 71–83.

HELIASZ Z. and OSTAFICZUK S. (2000) — Szczegółowa mapa
geologiczna Polski w skali 1:50 000, ark. Lubiewo. Państw. Inst. Geol.

HOWAT I. M. and DOMACK E. W. (2003) — Re con struc tions of west ern
Ross Sea palaeo-ice-stream ground ing zones from high-res o lu tion
accous tic stra tig ra phy. Boreas, 32 (1): 56–75.

JEZIORSKI J. (1987) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Bobrowniki. Państw. Inst. Geol.

JEZIORSKI J. (1992a) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Gniewkowo. Państw. Inst. Geol.

JEZIORSKI J. (1992b) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Aleksandrów Kujawski. Państw. Inst. Geol.

KOZŁOWSKA M. and KOZŁOWSKI I. (1985) —  Szczegółowa mapa
geologiczna Polski w skali 1:50 000, ark. Żołdowo. Inst. Geol.

KOZŁOWSKA M. and KOZŁOWSKI I. (1986) —  Szczegółowa mapa
geologiczna Polski w skali 1:50 000, ark. Unisław. Państw. Inst. Geol.

KOZŁOWSKI I. (1980) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Gardeja. Inst. Geol.

KURIMO H. (1982) — Ice-lobe for ma tion and func tion dur ing the
deglaciation in Fin land and adjacent So viet Karelia. Boreas, 11 (1):
59–77.

LISTKOWSKA H. (1980) —  Szczegółowa mapa geologiczna Polski w
skali 1:50 000, ark. Nowe. Inst. Geol.

LISTKOWSKA H. (1989) —  Szczegółowa mapa geologiczna Polski w
skali 1:50 000, ark. Pakość. Państw. Inst. Geol.

LAMPARSKI Z. (1980) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Tłuchowo. Inst. Geol.

LAMPARSKI Z. (1985) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Fabianki. Inst. Geol.

LICHWA M. and WEŁNIAK A. (2003) — Szczegółowa mapa geologiczna 
Polski w skali 1:50 000, ark. Skarlin. Państw. Inst. Geol.

ŁYCZEWSKA J. (1973) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Ciechocinek. Inst. Geol.

MAKSIAK S. (1981) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Grudziądz Rudnik. Inst. Geol.

MARKS L. (1988) — Re la tion of sub strate to the Qua ter nary paleorelief
and sed i ments west ern Mazury and Warmia (north ern Po land). Kwart.
AGH, Geologia, 14: 1–76.

MARKS L. (2002) — Last Gla cial Max i mum in Po land. Quatern. Sc. Rev.,
21: 103–110.

MARKS L. (2005) — Pleis to cene gla cial lim its in the ter ri tory of Po land.
Prz. Geol., 53 (10/2): 988–993.

MARKS L., GUOBYTE R., KALM V., PAVLOVSKAYA I. E., RATTAS
M., STEPHAN H.-J., ZELES V., GOGOŁEK W., BIELECKI T. and
KOCYŁA J. (2003) — Map of Weichselian di rec tional ice-flow fea -
tures of Cen tral and East ern Eu rope. 16th INQUA Con gress, Pro grams 
with Ab stracts, Reno, Ne vada: 117–118.

MOLEWSKI P. (1999) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Piotrków Kujawski. Państw. Inst. Geol.

MORAWSKI W. (2003) — Re con struc tion of ice sheet move ment from the 
ori en ta tion of lin ear gla cial land forms and glaciotectonic de for ma -
tions near Kronowo (west ern Mazury, Po land). Geol. Quart., 47 (4):
339–356.

MORAWSKI W. (2005a) — The Warmia Palaeogeographic Prov ince of
the Pleis to cene (north-east ern Po land) (in Pol ish with Eng lish sum -
mary). Prz. Geol., 53 (6): 477–488.

MORAWSKI W. (2005b) — Re con struc tion of ice sheet move ment from
the ori en ta tion of gla cial morpholineaments (cre vasse land forms): an
ex am ple from north east ern Po land. Geol. Quart.,  49 (4): 403–416. 

MORAWSKI W. (2009a) — Neotectonics in duced by ice-sheet ad vances
in NE Po land. Geologos, 15 (3).

MORAWSKI W. (2009b) — Dif fer ences in the re gional stra tig ra phy of NE
Po land caused by ver ti cal move ments due to glacio-isos tasy.
Geologos, 15 (3).

Reconstruction of the Vistula ice stream during the Last Glacial Maximum in Poland 315



PATTERSON C. J. (1997) — South ern Laurentide ice lobes were cre ated
by ice streams: Des Moines Lobe in Min ne sota, USA. Sed i ment.
Geol., 111: 249–261.

POCHOCKA-SZWARC K. and PIĄTKOWSKA A. (2006) — Wstępna
interpretacja fotolineamentów z północnej części Pojezierza
Mazurskiego. In: 13 Konf. Strat. plejstocenu Polski, Maróz, 4–8
września 2006. Państw. Inst. Geol., Warszawa. 

PUNKARI M. (1997a) — Gla cial and glaciofluvial de pos its in the
interlobate ar eas of the Scan di na vian Ice Sheet. Quatern. Sc. Rev., 16:
741–753.

PUNKARI M. (1997b) — Subglacial pro cesses of the Scan di na vian Ice
Sheet in Fennoscandia in ferred from flow-par al lel fea tures and
lithostratigraphy. Sed i ment. Geol., 111: 263–283.

ROMAN M. (2008) — Rekonstrukcja kierunku ruchu lądolodu lobu Wisły 
w obszarze Pojezierza Kujawskiego i Kotliny Płockiej. Acta Geogr.
Lodz., 93: 67–85.

SKOMPSKI S. (1968) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Dobrzyń. Inst. Geol.

SKOMPSKI S. (1969) —  Stratygrafia osadów czwartorzędowych
wschodniej części Kotliny Płockiej. Biul. Inst. Geol., 220: 175–258.

SKOMPSKI S. and SŁOWAŃSKI W. (1962) — Szczegółowa mapa
geologiczna Polski w skali 1:50 000, ark. Płock. Inst. Geol.

STOKES C. R. and CLARK C. D. (2001) — Palaeo-ice streams. Quatern.
Sc. Rev., 20: 1437–1457.

TRZEPLA M. and DROZD M. (1999) — Szczegółowa mapa geologiczna
Polski w skali 1:50 000, ark. Chełmża. Państw. Inst. Geol.

TRZEPLA M. and DROZD M. (2003) — Szczegółowa mapa geologiczna
Polski w skali 1:50 000, ark. Wąbrzeźno. Państw. Inst. Geol.

TULACZYK S., KAMB W. B. and ENGELHARDT H. F.   (2000 ) — Basal 
me chan ics of Ice Stream B, West Antarctica 1. Till me chan ics. J.
Geophys. Res., 105 (B1): 463–481.

UNIEJEWSKA M. (1980) — Szczegółowa mapa geologiczna Polski w
skali 1:50 000,  ark. Grudziądz. Inst. Geol.

VEILLETTE J. J. (1986) — For mer south west erly ice flows in
Abitibi-Timiskaming re gion: im pli ca tions for the con fig u ra tion of the
Late Wisconsinan ice sheet. Ca na dian J. Earth Sc., 23: 1724–1741.

WROTEK K. (1986) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Rzęczkowo. Inst. Geol.

WROTEK K. (1991) — Szczegółowa mapa geologiczna Polski w skali
1:50 000, ark. Złotniki Kujawskie. Państw. Inst. Geol.

WYSOTA W. and MOLEWSKI P. (2007) — Ostatni lądolód skandynawski 
w lobie Wisły — kontrowersje i nowe spojrzenie. In: 14 Konf. Strat.
plejstocenu Polski, 3–7 września 2007, Ciechocinek: 13–22.

316 Wojciech Morawski


