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Glaciomorphological fea tures of the North and Mid dle Lith u a nia low lands are de scribed and in ter preted. The ridged re lief of
the morainic plain in the NW part (AkmenÅ dis trict, North Lith u a nia) is char ac ter ized by mega-scale gla cial lineation (MSGL)
forms, tes ti fy ing to the ac tive move ment of the gla cier; they do not cor re late with the sub-Qua ter nary palaeosurface. The re -
lief struc ture of the NevÅûis Mo raine Plain lo cated far ther south in cludes ar eas of ob scure MSGL that were af fected by
glaciolacustrine ac cu mu la tion and abra sion, glaciofluvial ac cu mu la tion and ero sion, as well as in ten sive land drain age
(ame lio ra tion) in the 20th cen tury. Typ i cal MSGL forms in the Mñëa-NemunÅlis Mo raine Plain and relicts of MSGL forms in
the NevÅûis Mo raine Plain, as well as pat terns of ori en ta tion and in cli na tion of macroclast long axes due to mix ing of the mo -
raine ma te rial (till), re flect the dy nam ics of the slid ing gla cier. These fea tures show that the mo raine plains of Mid dle and
North Lith u a nia were formed by an ac tively mov ing gla cier, which left an iden ti fi able till layer when geo log i cal and hy dro log i -
cal con di tions al lowed.
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INTRODUCTION

Ex pres sive forms of gla cial re lief in Lith u a nia have had their
orig i nal mor pho log i cal form and struc ture changed by later
glaciofluvial ero sion, glaciolacustrine abra sion, glaciokarst, soli -
fluction and other pro cesses, as well as by hu man ag ri cul tural
ac tiv i ties. There fore, iden ti fi ca tion of the pri mary gen e sis of
these land forms is of ten dif fi cult. The sit u a tion is sim i lar on
other mo raine plains formed by the ice streams and lobes of the 
Last Scan di na vian Ice Sheet and Laurentide Ice Sheet (in Ger -
many, Po land, Belarus, Lat via, Can ada, and else where; e.g.,
Karabanov and Matveyev, 2011; Zelčs and Nartišs, 2014;
Lamsters and Zelčs, 2015; Spagnolo et al., 2016; Lang et al.,
2018; Ro man, 2019; Lamsters et al., 2021; Szuman et al., 2021 
a, b, c, 2023).

A com pre hen sive mono graph pub lished 53 years ago
(Gudelis and Gaigalas, 1971) is per haps the only one de voted
to de tailed anal y sis of the struc ture and morphogenesis of
these mo raine plains. Over the past five de cades, study has
con tin ued, ex pand ing the re search da ta base (Gaigalas, 1979;

Kudaba, 1983; Mikalauskas, 1985 and oth ers). Ini tially, the par -
al lel low and long mo raine ridges re corded to the south of the
Linkuva Ridge were called drum lins (Doss, 1910; Hausen,
1913). Later, these re lief forms were as so ci ated with the mar -
ginal an nual ac cu mu la tion of the de grad ing gla cier lobe or with
ero sion by glaciofluvial streams (e.g., Basalykas, 1965; Baublys 
et al., 1970; Kudaba, 1971; Mikalauskas and MikutienÅ, 1971).
Data from bore holes, though, show that this re lief formed in a
subglacial en vi ron ment (Gaigalas and Marcinkevičius, 1982).
Sim i lar re sults were ob tained in sub se quent stud ies that in ter -
preted these re lief forms as mega-scale gla cial lineation
(MSGL) (Baltrñnas et al., 2014, 2020). Al though some data
sug gested a fast-mov ing gla cier of the Mid dle Lith u a nian Phase 
(Basalykas, 1965; Kudaba, 1971; Gaigalas, 1971, 1979;
Vaitonis, 2000; GuobytÅ, 2001, 2002), there were also in di ca -
tions of the pas sive na ture of the Last Gla ci ation. ČepulytÅ
(1962), and Bitinas (2011, 2012) pro posed that ar eal deg ra da -
tion of the gla cier pre vailed in Lith u a nia dur ing the deglaciation.
Stud ies of MSGL and sim i lar gla cial land forms in Lith u a nia and
other coun tries are dis cussed in Lamsters and Zelčs (2015),
Baltrñnas et al. ( 2020), Lamsters et al. (2021),  and other pub li -
ca tions.

Con tin u ing the re search noted above, we have re cently
stud ied a sim i lar, only geomorphologically less pro nounced,
ridge re lief in the NW part of the Mñëa-NemunÅlis Mo raine Plain 
(AkmenÅ dis trict), and the ge ol ogy and geo mor phol ogy of the
NevÅûis Mo raine Plain, to eval u ate the glaciomorphological
fea tures of the North and Mid dle Lith u a nia low lands. The fol low -
ing tasks were in volved: (1) de ter mi na tion of the gen e sis and
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geo log i cal struc ture of the ridged re lief in the NW part of the
Mñëa-NemunÅlis Morainic Plain; (2) eval u a tion of the ter rain
dis tri bu tion char ac ter is tics of mega-scale gla cial lineation
(MSGL) and its palaeodynamic sig nif i cance in in ter pret ing the
ac tiv ity of the ice sheet dur ing of the Mid dle Lith u a nian Phase of 
the Baltija Stage of the Last (Late Nemunas, Late Weichselian)
Gla ci ation. The Mñëa-NemunÅlis and NevÅûis Mo raine plains
in the North and Mid dle Lith u a nia low lands stand out clearly on
the geomorphological map (The Na tional At las..., 2014) and
schematized de pic tion of this part of Lith u a nia (Fig. 1).

REGIONAL SETTING

The Mid dle and North Lith u a nian morainic plains are built of
gla cial till, which prob a bly formed dur ing the Mid dle and North
Lith u a nian phases of the Baltija Stage. The North and Mid dle
Lith u a nia low lands are a con tin u a tion of the Cen tral Lat via Low -
land, which to the south pass into the SW Lith u a nian glacio -

lacustrine low lands (Fig. 2). To the east these plains are boun -
ded by the Bal tic High lands, and to the west by the Žemaièiai
Up land. The area of the North and Mid dle Lith u a nia low lands is
char ac ter ized by for merly pro nounced gla cial ero sion, a low
thick ness of Qua ter nary de pos its, and the ab sence of older
Pleis to cene till. In this area, the cen tral part of the sub-Qua ter -
nary sur face con sists of Up per De vo nian rocks (do lo mite, sand -
stone, marl, gyp sum) (The Na tional At las..., 2014), and in the
NW part, Lower Car bon if er ous (sand stone), Up per Perm ian
(lime stone), and Lower Tri as sic (clay) are found, more rarely
Mid dle Ju ras sic sands and silts. In the south ern part, Lower Tri -
as sic (clay) and Up per Ju ras sic (sand, silt) de pos its are found.
In the north ern and cen tral part of the area, the thick ness of the
Pleis to cene strata ranges from 2–3 to 20 m, and at the edges of
the area it in creases to 50 m, rarely up to 100 m. The gla cial tills
pre dom i nantly date from the Last Gla ci ation, more rarely the
Medininkai till of the Mid dle Pleis to cene. The Last Gla ci ation
suc ces sion con sists of Grñda Stage and Baltija Stage tills of
vari able thick ness and Baltija Stage tills (Baltrñnas et al., 2005).
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Fig. 1. Lo ca tion of the area in ves ti gated and sche matic geomorphological map of the North  and Mid dle Lith u a nian low lands
 (based on The Na tional At las, 2014)

E XIV – NevÅûis Mo raine Plain, E XV – Venta Mid stream Mo raine Plain, E XVI – Mñëa-NemunÅlis Mo raine Plain, E XVII – Žiemgala

(Zemgala) Mo raine Plain; red rect an gle – geomorphological map of the ridged mo raine plain in the AkmenÅ dis trict (Fig. 3)

Vilnius; https://www.geoportal.lt/map/#
Vilnius; https://www.geoportal.lt/map/#
https://gq.pgi.gov.pl/article/view/7387/6037


METHODS

The gen e sis of the Last Gla ci ation de pos its was in ves ti -
gated by tak ing sam ples from till ex po sures for anal y ses of
grain-size and pet ro graph i cal com po si tion. Peb ble petro -
graphic com po si tions were ana lysed ac cord ing to the Gaigalas
meth od ol ogy (Gaigalas, 1979; Gaigalas and MeleëytÅ, 2001)
and us ing the fol low ing cat e go ries: crys tal line rocks, sand -
stone, De vo nian do lo mite, and dolomitized rock, Or do vi cian
and Si lu rian Lime stone, De vo nian and Perm ian Lime stone, and 
a group of other rocks. The cal cu lated mean vec tor is usu ally
close to the re gional char ac ter is tics of the petrographic com po -
si tion of the layer stud ied. Clast fab ric mea sure ments were also
made in gla cial till ex po sures. The ori en ta tion and dip of long
axes of 50 macroclasts with elon ga tion ra tios of ³3:2 were mea -

sured us ing a geo log i cal com pass and ap ply ing meth ods out -
lined by Gaigalas (Gaigalas, 1979; Gaigalas and MeleëytÅ,
2001). The ste reo grams were com piled man u ally, and show ev -
ery mea sur ing point. The az i muth and dip of the long axes of
macroclasts were es ti mated sta tis ti cally (Jolliffe, 2002). Eigen -
values are fun da men tal in as sess ing the vari ance in data. The
sig nif i cant dif fer ence be tween the two eigenvalues (4 591.65
and 22 162.85) in di cates that there is a ma jor axis of vari a tion.
Given that iso tropy is a mea sure of uni for mity in all di rec tions, a
value of 0.207 shows sig nif i cant ani so tropy, which is use ful for
ap pli ca tions re quir ing an un der stand ing of di rec tional vari ance.
This is suit able for iden ti fy ing the de gree of stretch ing in the
data. High elon ga tion is needed for ap pli ca tions where un der -
stand ing the shape and di rec tional ten den cies of data is cru cial. 
Data from geo log i cal map ping, and hydrogeological and min -
eral ex plo ra tion bore holes from the geo log i cal ar chive of the
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Fig. 2. For mer ice lobes of the North and Mid dle Lith u a nian low lands: I – NevÅûis Ice Lobe,
II – Venta Mid stream Ice Lobe, III – Mñëa-LÅvuo Ice Lobe (by Basalykas, 1965), IV –
Žiemgala (Zemgala) Ice Lobe, V – Zemgala Ice Lobe mov ing in dif fer ent di rec tions (by
Zelčs and Markots, 2004)
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Lith u a nian Geo log i cal Sur vey un der the Min is try of En vi ron -
ment were used to study the struc ture and com po si tion of the
morainic plains. Morphometric pa ram e ters of MSGLs in Lith u a -
nia were de ter mined by cartometric mea sure ments from top o -
graphic maps (1:10 000). A dig i tal el e va tion model (DEM) with
2 m spa tial res o lu tion was used for mi cro form anal y sis of some
small places sites (Kivyliai, Baisogala, and oth ers) in north ern

and mid dle Lith u a nia. The copy right of the DEM be longs to the
Lith u a nian Geo log i cal Sur vey of the Min is try under En vi ron -
ment. The com po si tion of MSGLs and the thick ness and sedi -
mento logical char ac ter is tics of depositional units were de ter -
mined. Macroclast fab rics were also taken from ex ca vated pits
and ex po sures in gla cial till. 
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Fig. 3. Geomorphological map of the ridged mo raine plain in the AkmenÅ dis trict [Kivyliai, Klykoliai, Kruopiai, 

and Vegeriai places; by GuobytÅ (2000), Lith u a nian Geo log i cal Sur vey un der Min is try of the En vi ron ment]

Geo log i cal-geomorphological cross-sec tions (see Fig. 5): A–B  – Kivyliai, C–D – Kruopiai, E–F – Vegeriai; 
rect an gle – im age shaded-re lief DEMs be tween Kivyliai and AkmenÅ (see Fig. 4)



RESULTS

GEOMORPHOLOGICAL FEATURES OF THE M¤�A-NEMUN#LIS 

MORAINE PLAIN IN ITS NE PART (AKMEN# DISTRICT)

Such fea tures in clude the ori en ta tion and dip of the long
axes of macroclasts, as well as the for ma tion of spe cific re lief
forms – MSGLs. The re sults of a study of these re lief forms in
the NE part of Mñëa-NemunÅlis Morainic Plain have been pub -
lished (Baltrñnas et al., 2020). The re sults are now pre sented in
the NW part of Mñëa-NemunÅlis Mo raine Plain (AkmenÅ dis -
trict; Fig. 3).

The re search was con ducted in two MSGLs that ex tend
from the ENE to the WSW, are sit u ated be tween the vil lages
of Kivyliai and Kruopiai, and are lo cated 8–10 km from Naujoji
AkmenÅ town (AkmenÅ dis trict). The MSGLs are lengths up to
16–18 km long and 0.3–0.6 km wide, with the height vary ing
from 3 to 8 m, pre dom i nant height of 4–5 m (Figs. 4 and 5).
The ridge is af fected by ero sion with small de scents along its
crest. The ab so lute height of the crest is rel a tively flat: in the
ENE part – rise to 83–90 m a.s.l., and in the WSW part – rise to 
76–86 m a.s.l.

GEOLOGICAL STRUCTURE OF MSGL FORMS 
AND RELATIONSHIP WITH THE SUB-QUATERNARY

PALAEOSURFACE

Data on the struc ture and com po si tion of the MSGLs and
sub-Qua ter nary palaeosurface in this area come from abun -
dant min eral ex plo ra tion and hydrogeological bore holes. Their
de scrip tions al low geo log i cal cross-sec tions (AB and CD) to be
drawn across the MSGL ter rain at the NW and the SE fringes of
the for mer ice lobe (Fig. 5). These geo log i cal sec tions show
that be neath the cen tral part of the gla cial de pres sion, the re lief
is less frag mented and so less af fected by ero sive and abra sive 
pro cesses. The palaeoincisions of the sub-Qua ter nary sur face
are com monly filled with sand and gravel de pos its, which are
over lain by sev eral lay ers of till up to the pres ent sur face. The
re sult ing geo log i cal sec tions do not show a di rect re la tion ship

be tween the lo ca tion of the sub-Qua ter nary palaeosurface and
the mo raine ridges (MSGLs).

Use ful in for ma tion (sec tions of bore holes, to pog ra phy) was
found in the re ports of the ex plo ra tion of the Vegeriai lime stone
de posit pre pared by Stonkus and LaurinaitytÅ (1963) and
Stankevičius (1994). The re la tion ship of the MSGL lo ca tion to
the sub-Qua ter nary sur face is partly il lus trated by the SE–NW
geo log i cal cross-sec tion pass ing through the lime stone de posit
for min ing, al most per pen dic u larly cross ing the MSGL shapes
on the sub-Qua ter nary sur face. This sec tion crosses the gla cial
ero sion palaeosurface of the Up per Perm ian Lime stone and the 
Up per Ju ras sic sand. It shows no cor re la tion be tween the
MSGL forms and the sub-Qua ter nary palaeosurface and its
con stit u ent rocks. To the north of this geo log i cal cross-sec tion,
a par al lel nar row (100–150 m wide) and rel a tively deep (up to
19–21 m) till-filled palaeoincision crosses Perm ian Lime stone.
Sim i lar palaeoincisions up to 20–30 m deep in the sur face of
Perm ian rocks have long been re corded from this place
(Kadñnas, 1976). 

PETROGRAPHICAL COMPOSITION AND LONG AXES
ORIENTATION AND DIP OF THE MACROCLASTS

The till form ing the MSGL is usu ally light brown and yel low -
ish brown, with gravel, peb bles, cob bles and boul ders, lo cally
from a depth of 3–5 m be ing a darker  grey-brown and grey, and
is most likely of the first (Grñda) Stage of the Last Gla ci ation.
Ac cord ing to Stankevičius (1994), at the Vegeriai site the Perm -
ian Lime stone is cov ered by till char ac ter ized by a typ i cal mix -
ture of macro- and microclasts. The to tal con tent of silt par ti cles
(0.01–0.001 mm) ranges from 18 to 35%, and of clay par ti cles
from 5–15%. 

Petrographic and long-axis ori en ta tion in ves ti ga tions of the
MSGL till macroclasts (5–20 mm) of the AkmenÅ dis trict were
per formed on op po site sides of the for mer ice lobe (see Fig. 3) – 
on the north side near Kivyliai and Klykoliai vil lages and the
south side near Kruopiai vil lage. The Kivyliai site is a 0.8 m deep 
ex ca va tion in a MSGL ridge, where light brown till is ex posed.
The Klykuoliai ob ser va tion site is a new rec la ma tion well
0.2–0.7 m in di am e ter re veal ing a very steeply dip ping  dark
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Fig. 4. MSGLs in the AkmenÅ dis trict: A – weakly ridged re lief near the Kivyliai site, B – weakly ridged
re lief near the Kruopiai site, C – im age shaded-re lief DEMs be tween Kivyliai and AkmenÅ (see Fig. 3) 

The copy right of the DEMs be longs to the Lith u a nian Geo log i cal Sur vey under Min is try of the En vi ron ment

https://doi.org/10.5200/baltica.2020.1.8


brown (lower part) and grey (up per part) till. On the slopes of ex -
ca vated ponds at the Kruopiai 1 and the Kruopiai 2 sites, tills
0.2–0.7 m and 0.3–0.8 m thick were stud ied (Figs. 6 and 7).
Mea sure ment data at all four study sites show quite dif fer ent
glacio-sed i men ta tion con di tions (as re gards the mag ni tude of
stress pre served in the de pos its). The Kivyliai and Klykoliai
sites are sit u ated on the ridge of the same MSGL. The Kivyliai
site shows a WSW–ENE di rec tion cor re spond ing to the di rec -
tion of the MSGL ridge, while in the Klykoliai site the di rec tion of
long axes is per pen dic u lar to the pro cess of check in the
subglacial en vi ron ment. At the Kruopiai 1 and Kruopiai 2 – lo -
cated in par al lel ad ja cent MSGL ridges, the fixed ori en ta tion of
the macroclasts in the di a grams is per pen dic u lar to the long
axes of the MSGL ridges. This may be re lated to subglacial lat -
eral pres sure on both MSGL slopes.

The pet ro graph i cal com po si tion of the macroclasts is
close to that of the Baltija Subformation till in north ern Lith u a -
nia, es pe cially the in crease in De vo nian do lo mite, and Perm -
ian and De vo nian lime stone, com pared to that of the Grñda
Sub for mation (Gaigalas, 1979; Baltrñnas et al., 2005, 2020).
The in flu ence of rocks in the shal low sub-Qua ter nary sur face
is ob served in the com po si tion of the Baltija till, which Baltija till 
at Kivyliai site con tains many other lime stones be cause the

sub- Qua ter nary sur face in cludes Up per Perm ian rocks.
Mean while, in the Klykoliai site on the same MSGL, the brown -
ish-grey sandy till is rich in De vo nian do lo mite, and Or do vi cian
and Si lu rian lime stone, in di cat ing a thick  layer of Lower Grñda 
till. In the nearby Kruopiai site the petrographic com po si tions
of the sam ples taken on dif fer ent MSGLs are sim i lar to each
other and cor re spond to the over all petrographic com po si tion
of the re gional till.

GEOMORPHOLOGICAL AND GEOLOGICAL FEATURES 
OF THE NEV#¦IS MORAINE PLAIN

RELIEF FEATURES OF THE SOUTHERN FOOTHILLS 
OF THE LINKUVA RIDGE

The Linkuva Ridge marks the ex tent of the ice sheet dur ing
the North  Lith u a nia Phase of the Last Gla ci ation (see Fig. 8). It
di vides the large Mid dle Lith u a nia Low land into smaller mora -
inic plains: in the south ern part the NevÅûis and Mñëa- Nemu -
nÅlis Mo raine Plain, and in the north ern part the Žiemgaliai
(Zemgale) Mo raine Plain. The height of the ridge in the NW part
is 97.9–94.4 m a.s.l. Far ther east, it grad u ally de scends and
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Fig. 5. Geo log i cal-geomorphological cross-sec tions through MSGL dis tri bu tion in the AkmenÅ dis trict (see Fig. 3): 
A–B – Kivyliai, C–D – Kruopiai, E–F – Vegeriai

Geo log i cal in dex: C1 – Lower Car bon if er ous (sand and sand stone), P2 – Up per Perm ian (lime stone), gIIInm – gla cial de pos its of the Nemunas
Subformation (till), fgIIInm – glaciofluvial de pos its of the Nemunas Subformation (sand, gravel); thin lines in cross-sec tion hy po thet i cally sep a -
rate tills of the Last Gla ci ation: 1 – till of Grñda Stage, 2 – till of Baltija Stage, 3 – till of Mid dle Lith u a nian Phase; ver ti cal line – bore hole
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reaches 87.5–84 m a.s.l. in Rudiškiai, 81.7–80.8 m a.s.l. in
Linkuva, 77.7–74 m a.s.l. in Linkavièiai, 60.9–55.8 m a.s.l. in
Tetirvinai, and 56.8–52 m a.s.l. in NemunÅlio Radviliëkis. The
south ern foot of the ridge also has a down wards trend in the
same di rec tion, but is char ac ter ized by two ma jor lo cal de pres -
sions at Naujoji AkmenÅ-Kruopiai and Pasvalys-Krinèinas, and
a less pro nounced one be tween them, at Šakyna-Rudiškiai
(see Fig. 8). These gla cier bed de pres sions ap par ently tes tify to 
ad vanced of a gla cier with three small lobes, the last two of
which merged into one large NevÅûis Ice Lobe. The re lief pro -
files re veal the fine ridges of the south ern foot hills of the
Linkuva Ridge, which is re lated to the MSGLs of the morainic
plain de scribed in the pre vi ous sec tion (see pro files A–B and
C–D in Fig. 4). The North Lith u a nia (Linkuva) Mar ginal Ridge
sub di vides the MSGLs into two parts – north of Pušalotas
(Linkuva town ship) and Ruopiškiai (LikÅnai Re sort) (Baltrñnas
et al., 2020). Lamsters and Zelès (2015) in ter pret this fea ture as 
an im bri cate thrust that formed at the gla cier mar gin.

PREVALENCE OF MSGLS IN THE ZONE 

OF THE NEV#¦IS ICE LOBE

Data from stud ies of well-ex pressed MSGLs in the Naujoji
AkmenÅ area (the NW part of Mñëa-NemunÅlis Plain), pre vi -
ously stud ied in the Pasvalys-Biržai area (the NE part of the
Mñëa-NemunÅlis Plain) (Baltrñnas et al., 2020) in di cate their
for ma tion in the subglacial en vi ron ment of a rel a tively fast-mov -
ing gla cier. Care ful anal y sis of the ter rain struc ture of the
morainic plain showed ar eas of ob scure MSGLs that were af -
fected by glaciolacustrine ac cu mu la tion and abra sion, glacio -
fluvial ac cu mu la tion and ero sion, as well as in ten sive land
drain age (ame lio ra tion) in the 20th cen tury. These in clude
Šakyna town ship to the south of Naujoji AkmenÅ town, Mešku -
èiai town ship to the north-east of Šiauliai town, Baisogala town -
ship to the south-west of PanevÅûys town, �Åta town ship to the
east of KÅdainiai town, and MieûiëkÅs town ship to the east of
PanevÅûys town (Figs. 1 and 8). For ex am ple, in the SE-aligned 
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Fig. 6. The vis i ble struc ture of the MSGL till at the Kivyliai (A) and Kruopiai-2 (B) sites
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Fig. 7. Fab ric of macroclasts (at left) and pet ro graph i cal com po si tion of macroclasts (at right) of MSGL till 
of the Kivyliai, Klykoliai, and Kruopiai sites

Petrographic groups: 1 – crys tal line rock, 2 – sand stone, 3 – De vo nian do lo mite and dolomitized rock, 
4 – De vo nian and Perm ian lime stone, 5 – Or do vi cian and Si lu rian lime stone, 6 – marl, dolomitic marl, 7 – other rocks
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and 23 km long pro file of Baisogala place, the re lief ridge is
more pro nounced be tween the 9 and 20 km (Fig. 9). The height
of the mo raine plain near Baisogala is 95–96 m a.s.l. and in the
east the mar ginal ridge of Baisogala reaches 110 m a.s.l. The
morainic ridged plain de scends to the east and reaches 50 m
a.s.l. The barely vis i ble length of the ridges, ori ented SSW,

reaches 15–20 km, the width – 0.3–0.6 km, and the rel a tive
height in places reaches 3.1–3.9 m.

If KÅdainiai is sit u ated in the cen tral ax ial part of the NevÅûis 
Ice Lobe, then Baisogala is re lated to the “stuck“ part of this lobe 
be tween the lat eral ridge of Radviliškis on the west ern side and
the lat eral ridge of Viešintos on the east ern side. The

8 Violeta PukelytÅ et al. / Geological Quarterly, 2024, 68,14

Fig. 8. Places with wide spread MSGLs or their relicts in the North and Mid dle Lith u a nian low lands (black hatch ing): 1 –

Kivyliai-Klykoliai, 2 – Kruopiai, 3 – Šakyna, 4 – Meškuèiai, 5 – Pušalotas, 6 – Ruopiškiai, 7 – Baisogala, 8 – �Åta, 9 – MieûiëkÅs, 10 –

Troëkñnai; ŠL – limit of North Lith u a nian Phase – Linkuva Ridge, VL – limit of Mid dle Lith u a nian Phase, P – Paliepiai ex po sure (see
Fig. 10)

Geo log i cal map ac cord ing to GuobytÅ (2022)



Radviliškis Ridge cor re lates with the shal lowly bur ied sub-Qua -
ter nary sur face el e va tion south ern spur (70–80 m a.s.l.), and
the Viešintos Ridge, with a sim i lar el e va tion also of its south ern
spur (70–80 m a.s.l.) (Šliaupa, 2004; see Fig. 11).

The lat ter sit u a tion is well-cap tured by the Paliepiai ex po -
sure to the SW of KÅdainiai town. It is lo cated on the left bank of
the �uëvÅ River (the right trib u tary of the NevÅûis River).
Petrographic anal y sis of the macroclast ma te rial showed that
the lower grey-brown till of the Grñda Stage (Subformation) dif -
fers sig nif i cantly from the higher-ly ing lay ered Baltija till in
smaller quan ti ties of De vo nian do lo mite and sand stone and a
higher con tent of crys tal line (mag matic and meta mor phic)
rocks and Me so zoic marl and phosphorite (£0.8%; Fig. 10).

In this ex po sure, the till suc ces sion of the Baltija Stage
(Subformation) reaches a thick ness of 7 m. The fab ric of the
lower part of the till (~1.5 m thick) was formed by an ac tively

mov ing gla cier from the north. The mid dle part (~3 m), char ac -
ter ized by a wider spread of ori en ta tion of clasts and their rough
in cli na tion in op po site di rec tions, most likely formed with out dy -
namic ef fects. A 0.4 m thick layer of choc o late-col oured clay oc -
curs in the ex po sure above this part. Above the glaciolacustrine
clay, the till (~0.6 m) is strat i fied, with a sig nif i cant ori en ta tion of
clasts aligned north to south with their pre dom i nant in cli na tion
to the north. Above this till that was formed by a mov ing gla cier
lies a more ho mo ge neous, clayey, fri a ble till, ~1–1.5 m thick,
with a much lower gravel con tent. This till grades up wards into
0.5 m of pre dom i nantly fine sand. The main dif fer ences be -
tween the lay ers of the Baltija Stage are the up per layer of the
Mid dle Lith u a nian Phase, which is char ac ter ized by the high est
con tent of De vo nian sand stone and siltstone, as well as the pro -
nounced N–S ori en ta tion of the clast ma te rial and the lon gi tu di -
nal in cli na tion to the north (Fig. 10).
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Fig. 9. Hypsometric pro file of Baisogala (top) through the
MSGL relicts on the NevÅûis Mo raine Plain (see Fig. 8) and im -
age of MSGL relicts of south-east Baisogala town ship (be low)

The im age is a DEM-shaded re lief, the copy right of the DEMs 
be longs to the Lith u a nian Geo log i cal Sur vey under Min is try 

of the En vi ron ment

Fig. 10. Glacigenic de pos its and ori en ta tion and dip of till
macro clast long axes in the Paliepiai ex po sure (for site see Fig.
8): I – slope de pos its; II – grey ish brown com pact till with a high
con tent of peb bles and boul ders at the top; III – yel low sand,
very fine, in lower part silty; IV – yel low ish brown till; V, VI – red -
dish brown till, grad ing into yel low ish brown sandy loam, with
thin interlayers of sandy loam and sand; VII – red dish brown till,
grad ing into clay with a dis or dered struc ture at the base; VIII –
varved clay; IX – red dish brown till, in mid dle part brown fri a ble
till with ver ti cal fis sures and sparse gravel, in lower part red dish 
brown till, un evenly clayey in places grad ing into clay; X – var i -
ous sand; XI – soil; petrographic com po si tion of till macro -
clasts (1–5 sam ples): 1 – crys tal line rock, 2 – sand stone, 3 –
De vo nian do lo mite and dolomitized rock, 4 – De vo nian and
Perm ian lime stone, 5 – Or do vi cian and Si lu rian lime stone, 6 –
other rocks



DISCUSSION

STAGES AND TIME OF FORMATION OF THE PLAINS AREA

The prev a lent till formed in the Baltija Stage as well as the
for ma tion of spe cific re lief forms (MSGLs) formed af ter the
Inter-Stage Grñda-Baltija warm ing tes tify to the dy namic ac tiv ity 
of this gla cier. The mo raine plains of Mid dle and North Lith u a nia 
that formed dur ing deglaciation are the re sult of sev eral steps.
The be gin ning of the for ma tion of these mo raine plains may be

at trib uted to the Mid dle of the Venta and Mñëa-LÅvuo Ice lobes,
by which time the gla cier had prob a bly ad vanced to north ern
Lith u a nia (Basalykas, 1965). In the sec ond step, the Mñëa-
 LÅvuo Ice Lobe, un der pres sure from the north-ex pand ing Ice
Stream of Riga, ad vanced into the lower de pres sion of the
sub-Qua ter nary palaeosurface to the pres ent con flu ence of the
Nemunas and Neris rivers near Kaunas. The “pen e tra tion“ be -
tween the el e va tions of the sub-Qua ter nary sur face from the
west ern side (Šiauliai-Radviliškis) and the east ern side (Kupiš -
kis- Viešintos) had a sig nif i cant im pact on the glaciodynamics of
this ice lobe and on the in ten sity of subglacial pro cesses (Fig.
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Fig. 11. El e va tions of sub-Qua ter nary sur face of Šiauliai-Radviliškis and Kupiškis-Viešintos in di cate the di rec -
tion, ve loc ity and subglacial pro cesses of the NevÅûis Ice Lobe

The map of the sub-Qua ter nary sur face of North  and Mid dle Lith u a nia by Šliaupa (2004); palaeoincisions
in the sub-Qua ter nary sur face are marked in blue



11). This led to an in crease in gla cier ve loc ity and subglacial
MSGL-form ing pro cesses at these el e va tions. 

Dur ing the third stage, pas sive (ar eal) deglaciation re sulted
in ac cu mu la tion and abra sion pro cesses of the glaciolacustrine
bas ins, as well as in glaciofluvial ero sion and sed i men ta tion,
which largely de stroyed or trans formed the MSGL forms for -
med dur ing gla cial ad vance. Ac tive pen e tra tion of the NevÅûis
Ice Lobe into mid dle Lith u a nia is in di cated by the geo log i cal and 
geomorphological maps of Lith u a nia com piled by GuobytÅ
(2001, 2002), where the bound ary of the dis tri bu tion of the
NevÅûis Ice Lobe “cuts off“ the mar ginal tills of pre vi ous phases.

Geo log i cal and geomorphological maps of Lithuanian Qua -
ter nary de pos its (GuobytÅ, 2022; Fig. 8) show that there are
wide spread glaciofluvial and glaciolacustrine de pos its on the
NevÅûis Mo raine Plain. This in di cates that sed i men ta tion, ero -
sion, and abra sion pro cesses took place in this area dur ing the
Late Ice Age, which largely lev eled or de stroyed the low MSGL
forms. Land rec la ma tion in the 20th cen tury con trib uted to this.
Eskers fixed in the south ern part of this plain also tes tify to in -
tense ice melt ing pro cesses dur ing deglaciation of the ice lobe.
Kame ter races on the south ern slope of the Linkuva Ridge in di -
cate the sep a ra tion of the NevÅûis Ice Lobe from the source
area of the gla cier (KarmazienÅ et al., 2013).

10Be sur face ex po sure ages of boul ders in Lith u a nia sug -
gest that the du ra tion of for ma tion of the MSGLs stud ied was up 
to sev eral hun dred years. The 10Be ages from the Mid dle Lith u -
a nian and the North Lith u a nian mo raines (13.5 ±0.6 10Be ka
and 13.3 ±0.7 10Be ka) in di cate a rel a tively slow re treat of the
Riga Ice Stream mar gin (Rinterknecht et al., 2008). These data
are not con tra dicted by sub se quent stud ies over a large area
(Tylmann et al., 2022). In the re gion oc cu pied by the Riga Ice
Stream (up to the max i mum ex tent dur ing the Pom er a nian
Stage) 10Be ages range be tween 13.2 ±1.2 ka and 17.1 ±2.0 ka
(Tylmann et al., 2022). 

FEATURES OF THE SUBGLACIAL PROCESSES

That the mo raine plains of Mid dle and North Lith u a nia were
formed by a rel a tively fast-mov ing gla cier is shown by pre vi -
ously stud ied MSGLs (Baltrñnas et al., 2014, 2020). Stud ies of
sim i lar subglacial re lief forms in di cate in creased gla cier ve loc -
ity, for ex am ple, in Can ada (Stokes et al., 2013). Chang ing
macrofabric of till (vari able ori en ta tion and dip) cor rob o rates the 
for ma tion of MSGLs dur ing gla cial ero sion by groove-plough -
ing. This oc curred when basal ice car ried clast ma te rial to
MSGL crests from interridge ar eas. The data pre sented by
Stokes et al. (2013) strongly fa vor a subglacial bedform con tin -
uum pri mar ily con trolled by ice ve loc ity; how ever, it is in con sis -
tent with the du ra tion of ice flow and the fact that new bedforms
are con tin u ally be ing cre ated, remolded, and, ul ti mately,
erased. Given that the Dubawnt Lake Ice Stream only op er ated
for a rel a tively short pe riod of time (just a few hun dred years)
(Stokes and Clark, 2003), a fur ther im pli ca tion is that MSGLs
(and subglacial bedforms more gen er ally) are likely to have
been cre ated over time-scales of de cades rather than cen tu ries 
(Stokes et al., 2013). 

The sub-Qua ter nary sur face in flu enced the ac cu mu la tion of 
gla cial de pos its of the Grñda and Baltija stages of the Last Gla -
ci ation, es pe cially on the for ma tion of the Žemaičiai Up land and 
Bal tic high lands. The NevÅûis Ice Lobe was ac tive dur ing Mid -
dle Lith u a nian Phase “pen e tra tion“ be tween these el e va tions.
The speed of gla cier move ment can in crease un der sev eral
con di tions, from char ac ter is tics of the gla cier bed and top o -
graph i cal fac tors (in steep and nar row ar eas, gla ciers can move 

faster due to in creased grav i ta tional ef fects) (Benn and Ev ans,
2010). The in ten sity of subglacial pro cesses also in creases,
among which are ice slid ing, plough ing, melt ing, ero sion, and
de posit trans port. MSGL is the re sult of these pro cesses.

The up per part of the Baltija Subformation till cor re sponds to 
an ad vance of the gla cier dur ing the Mid dle Lith u a nian Phase.
This is cor rob o rated by the struc ture and pro nounced ori en ta -
tion of the clasts in the di rec tion of ice move ment, as well as the
shape of MSGL and their relicts in the mo raine plain. This oc -
curred when basal ice car ried clast ma te rial to MSGL crests
from interridge ar eas (Baltrñnas et al., 2020). The de ter mi na -
tion of the grain-size of the Baltija till in its the sur face (up per)
part and the cal cu la tion of its rel a tive en tropy have been ef fec -
tively com bined with this in for ma tion (Baltrñnas et al., 2005),
where the rel a tive en tropy of till grain-size com po si tion, as an
in di ca tor of the mix ing of macro- and microclasts, shows ver ti cal 
vari a tion re lated to gla cier ad vance  from north to south. This is
cor rob o rated by the cor re la tion be tween the in creased rel a tive
en tropy and the more pro nounced lon gi tu di nal ori en ta tion of the 
coarse-grained par ti cles in geo log i cal sec tions. The in crease in
rel a tive en tropy and the de crease in the clay-silt frac tion
(<0.01 mm) are char ac ter is tic of morainic ar eas of the ac tive
gla cier of the East Lith u a nian (max i mum Bal tic Stage ex tent)
and Mid dle Lith u a nian phases, while the re ces sion ary phases
of the South Lith u a nian and North Lith u a nian (north of Linkuva
Ridge) phases show the op po site re la tion ship.

CONCLUSIONS

In ves ti ga tions of the North and Mid dle Lith u a nia low lands
showed that the ridged re lief of the mo raine plain in the NW part
(AkmenÅ dis trict, North Lith u a nia) is char ac ter ized by fea tures
of mega-scale gla cial lineation (MSGL) forms, tes ti fy ing to ac -
tive move ment of the gla cier. No cor re la tion with sub-Qua ter -
nary palaeosurface fea tures was ob served in the ar range ment
of spe cific MSGL forms.

Anal y sis of the re lief struc ture of the NevÅûis Mo raine Plain
lo cated far ther south showed ar eas of ob scure MSGLs af fected 
by glaciolacustrine ac cu mu la tion and abra sion, glaciofluvial ac -
cu mu la tion and ero sion, as well as in ten sive land drain age
(ame lio ra tion) in the 20th cen tury. 

Typ i cal MSGL forms on the Mñëa-NemunÅlis Mo raine Plain 
and relicts of MSGL forms on the NevÅûis Mo raine Plain, as
well as pat terns of the ori en ta tion and dip of the long axes of
macroclasts and the re la tion ship to mix ing of the till in di cate the
dy nam ics of a mov ing gla cier. These fea tures show that the
mo raine plains of north ern and mid dle Lith u a nia were formed by 
an ac tively mov ing gla cier, which left an iden ti fi able till layer un -
der fa vour able geo log i cal and hy dro log i cal con di tions.
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