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The locis of persistent deposition and consequently increased thickness are con-
fined to the areas of persistent subsidence and uplift during the Quaternary time.
The succession is statigraphically more complete within this kind of structures. The
areas showing less active neotectonic vertical movements represent plains, low-relief
uplifts and have played an important role in the migration of the ice sheet. These
areas were subjected to intense transportation and removal of the material. Only a
thin cover has been preserved, mainly accumulated during the last glaciation. The
boundaries of the minimum thickness in some way mark the zones of the high
gradient of the neotectonic vertical movements. It is very likely that these areas were
not subjected to maximum exaration, but represent the pathways of the most intense
transit of the material. The composition and architecture of the Quaternary succes-
sion are closely related to the neotectonic structures and vertical movements of the
earth’s crust. The block-type architecture of the Quaternary succession is ascribed to
activity of the tectonic blocks. Therefore, data on the Quaternary continental glacial,
melt-water, lacustrine—alluvial and other deposits are essential for reconstruction of
the evolution and character of vertical movements of the earth’s crust during the
Quaternary, as well as of the linear and areal neotectonic structures.

Key words: formation, glacial, deposits, bedrock relief, block-type

Received 17 March 2003, accepted 2 May 2003
Aleksandras Sliaupa. Institute of Geology and Geography, T. Sevéenkos 13, LT-2600
Vilnius, Lithuania

INTRODUCTION

ture. The thickness, composition and architecture
of the Quaternary succession often show clear dif-

The succession of the Quaternary continental sedi-
ments dominated by glacial and melt-water deposits
represents a peculiar geological body. It is charac-
terised by specific sedimentation conditions differing
greatly from the other continental deposits. Their
deposition and redeposition are closely related to
the ice sheet and melt-water activity and bedrock
relief.

RESULT

The main features of the bedrock relief are con-
trolled by the geological-tectonic (neotectonic) struc-
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ferences within particular neotectonic structures
(Sliaupa et al., 1987). The formation conditions of
the Quaternary continental succession are an impor-
tant question. Studies of the deposits and relief of
the last glaciation indicate that the glacial and melt-
water deposits of increased thickness (50-100 m)
are confined to the highs, whereas sediments are
thin (5-15 m) within the plains. They thicken to
20-25 m and more in the depressions of the relief.
The anomalous thickness is mapped also in the pa-
laeoincisions. This correlation should be taken into
account when considering the formation of the
whole Quaternary succession. Particular genetic ty-
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pes show different conditions of the distribution. For
example, limnoglacial deposits are commonly confi-
ned to the broad plains-lowlands. Outwash plain
(sander) and bottom moraine are also widely distri-
buted. The end moraine and associating meltwater
deposits are related to the uplifted forms of the
relief, which makes a barrier for ice sheet propaga-
tion. The recognition of the genetic relationship of
the whole Quaternary succession layers provides the
possibility to effectively reconstruct the palaeogeo-
graphic-palaeotectonic conditions of its formation.
We state that the loci of persistent deposition and
consequently increased thickness are confined to the
areas of persistent subsidence and uplift during the
Quaternary time (Sliaupa, 1979; Sliaupa et al., 1987).
The succession is statigraphically more complete
within this kind of structures. The areas showing
less active neotectonic vertical movements represent
plains, low-relief uplifts and played an important
role in the migration of the ice sheet. These areas
were subjected to intense transportation and removal
of the material. Only a thin cover was preserved,
mainly accumulated during the last glaciation. The
boundaries of the minimum thickness in some way
mark the zones of the high gradient of the neotec-
tonic vertical movements (Sliaupa et al., 1987). It
is very likely that these areas were not subjected to
maximum exaration, but represent the pathways of
most intense transit of the material. Undoubtedly,
before each glaciation there existed a rather thick
succession of glacial, melt-water and interglia-
cial deposits compatible to the rest structures
left since the preceding glaciation. These de-
posits were readily removed in wide smoothed
areas, incorporated into that ice sheet body
and redeposited in more favourable places.
The bedrocks seem to have been only slightly
subjected to this process. This should be taken
into account while considering the level of exa-
ration of the sub-Quaternary rocks. I think
that the main exaration of the pre-Quaternary
bedrocks took place under the central part of
the ice sheet, whereas the main part of the
Baltic Sea area, Estonia, partly Latvia and Li-
thuania should be referred to as a zone of
active transit of the material left by the pre-
ceding ice sheet and formed during the inter-
glacial time, essentially in the Holstein and
Eemian Sea. It seems that the continental ice
sheet was still able to incorporate the mate-
rial. The further from the centre of the ice
sheet, the less pronounced this ability beca-
me. This might explain the growing complete-
ness of the Quaternary succession from the
north to the south.
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The composition and architecture of the Qua-
ternary succession allows to reconstruct the trend
of the neotectonic movements. Northern Lithuania
probably represented a low topography watershed
before the first glaciations. The depressed lowland
was inherited from the Neogene in eastern Lithua-
nia, where intense accumulation of the lacustrine-
alluvial sediments took place during the Daumantai
preglacial time. Erosional processes dominated in
the western territories, an intricate hydrographic net-
work was established on the polygenic surface of
the Neogene planation. This palaeogeographic situa-
tion, in other words, the character of the substrate
of the Dziikija ice sheet, predefined the distribution
of the Dzikija—Dainava intertill or Turgeliai inter-
glacial deposits. They are rather widely distributed
in the eastern part of Lithuania (Fig. 1). According
to Z. Malinauskas (Manmnayckac, 1991), clayey and
fine-grained sandy deposits predominate. It can be
therefore concluded that the territory of eastern Li-
thuania was on the lower topographic level than
the rest considered territories during the Dzikija
and Dzukija—Dainava times. These rest territories
are covered mainly by the Dziikija glacial deposits.
The distribution of the Dainava—Zemaitija sediments
(Malinauskas, 1991) points to changes in the pala-
eogeographic situation. Intertill or Buténai intergla-
cial deposits are more widely distributed in the west
of Lithuania, likely indicating a subsidence of the
western territories during that time. The downwarp-
ing of the earth’s surface should be related to the
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Fig. 1. Distribution, thickness and lithofacies of the Dzikija—
Dainava deposits (after Malinauskas, 1991): 1 — isopachs. Pre-
dominant composition: 2 — clay, 3 — silt-sand, 4 — sand, 5 -
gravel-sand

1 pav. Dzikijos—Dainavos nuoguly paplitimas, storiai ir litofaci-
ju sudétis (Mamunayckac, 1991): I — izopachita; storymés vyrau-
janti sudetis: 2 — molinga, 3 — aleuritiné — smélinga, 4 — smé-
linga, 5 — Zvyringa
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Fig. 2. Distribution, thickness and lithofacies of the Medininkai
deposits (after Malinauskas, 1991). See Fig. 1 for legend

2 pav. Medininky—Varduvos nuoguly paplitimas, storiai ir litofa-
cijy sudétis (ManmuHayckac, 1991). Sutartiniai Zenklai 1 pav.

formation of the Baltic Sea depression.
The subsidence continued during the
Medininkai-Nemunas time, as the inter-
till or Merkiné interglacial deposits are
more widely distributed in western Lithua-
nia (Fig. 2). They are dominated by clayey
sediments. The Nemunas intertill depo-
sits show a similar distribution (Malinaus-
kas, 1991), but they are dominated by san-
dy lithologies, which sometimes are of
considerable thickness (up to 100 m). This
is essentially typical of eastern and south-
ern Lithuania, which evidences changes in
the palaeogeographic conditions. It is pos-
sible that a tectonic uplift took place and
provided favourable conditions for accu-
mulation of thick melt-water sediments in
the periphery of the ice sheet.

It can be concluded that the pre-glacial
watershed of northern Lithuania remained
stabile in terms of the absence of the inter-
till or interglacial deposits throughout the
Quaternary time. Furthermore, this area is
covered mainly by glacial deposits of the
last glaciation, showing that this ancient
watershed represented a zone of persistent
transit of the glacial material. The ad-
vancing ice sheets removed deposits left by
the preceding ice sheet. Outside the water-
shed the processes of accumulation of the
glacial, melt-water and interglacial material
prevailed, related to the active neotectonic
subsidence or uplift.

The peculiar block type of the Qua-
ternary succession is well reflected in ab-

rupt changes of its thickness and composition.
For example, a sharp change of the thickness
is seen on the isopach map of the Quaternary
cover of the Baltic area along the narrow
Ventsipls-Kuldiga-Mazeikiai-Siauliai-Panevé-
zys—Rokiskis-Stucka—Sigulda—Ciesis zone tow-
ards Pskov (Fig. 3). This zone coincides with
particular segments of the Riga—Pskov, West
Baltic, MaZeikiai—Vilnius and other faults. Be-
side the sharp changes of the Quaternary
thickness, drastic changes of its composition
occurred along the neotectonically active shear
zones of the crystalline basement and faults
of the sedimentary cover (Figs. 4-7). They are
very distinct in the eastern part of Latvia
(Fig. 5, 6). For example, the thickness of the
Quaternary deposits is 120 m and more in
the Vidzeme High, whereas they attenuate to
10-30 m in the adjacent North Vidzeme and
East Latvian lowlands, where they are repre-
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Fig. 3. Thickness of the Quaternary of the Baltic area (after Sliaupa
et al., 1987): 1 — Quaternary isopachs, 2 — major faults of the crys-
talline basement and sedimentary cover (Puura (ed.), 1980), 3 — lines
of geological cross-sections

3 pav. Pabaltijo kvartero nuoguly storiy schema (Ilmsyma u ap.,
1987): 1 — kvartero nuoguly izopachita, 2 — kristalinio pamato ir
nuosédinés dangos pagrindiniai luziai (Ilyypa (pexn.), 1980), 3 — geo-
loginio profilio linija
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Fig. 4. Geological cross-section A-B (Geology of..
4 pav. Geologinis profilis A-B (Lietuvos..., 1994)
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Fig. 5. Geological cross-section 1 (Vonsavicius (ed.), 1980)
5 pav. Geologinis profilis Nr. 1 (Boncasuuroc (pern.), 1980)

sented mainly by glacial sediments of the last glacia-
tion. Quite often sharp changes in the composition
are recognised that do not associate with any signi-
ficant changes in the Quaternary thickness (Figs. 4,
7), such as domination of the intertill deposits sud-
denly giving way to till. For example, melt-water
sediments prevail in eastern Lithuania, whereas gla-
cial accumulation dominated western Lithuania (Fig.
7). These sharp lithological changes are usually con-
fined to faults of the crystalline basement and pre-
-Quaternary sedimentary pile. It should be noted
that these litholgical boundaries are often punctuat-
ed by pre-glacial and Quaternary palaeoincisions
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(valleys). The block-type architecture of the Qua-
ternary succession is distinct not only on the regio-
nal scale, but is also documented in the local areas.
The Vidzeme and Baltic highs are examples of this
phenomenon (Figs. 5, 6, 7).

100

01234 5km

Iy

1
glttnm}
1

[ aliinm.

[

Igitnm}

flltnm3
é figliinm} 3
—

- REx /
=%/ Liis o
=il '
> ] 3
o atl &\
£ o
Lz "eno P’A E——
! ), eaed1) 'd§ o’ | &)
3 o
zg o P . " 36 =
E \ SRl A
S LI o .
= & .
=P i
™ o
P ? £ : i
HE 1]
H 3 2 ]
£ N 1
3 g i
1y 2
- ) Y oa
Bt 2 LF
o SE @ E
;z ,x'} g F 3 T
g 8 8 &8 ° 8 8
2 € @ ;

Fig. 7. Geological cross-sections 6, 7 (after Sliaupa, Biti-
nas, 1986). A — glacial deposits: 1 — Lower Dzikija, 2 —
Upper Dzukija, 3 — Lower Dainava, 4 — Upper Dainava,
5 — Lower Zeimaitija, 6 — Middle Zemaitija, 7 — Upper
Zemaitija, 8 — Varduva, 9 — Daugai, /0 — Barciai, 11 -
Ziogeliai, 12 - Baltic; B — melt-water deposits; C — inter-
Glacial deposits: a — Merkine, b — Biiténai; D — faults:
a — proved and b — suggested; E — pre-Quaternary erratic
blocks

7 pav. Geologiniai profiliai Nr. 6, 7 (Illnsyna, Burunac,
1986): A — glacigeninés nuogulos: I — apatinés Dzikijos,
2 — virSutinés Dziikijos, 3 — apatinés Dainavos, 4 — virSu-
tinés Dainavos, 5 — apatinés Zemaitijos, 6 — vidurinés
Zemaitijos, 7 — virSutinés Zemaitijos, 8 — Varduvos, 9 —
Daugy, 10 — Baréiy, 11 — Ziogeliy, 12 — Baltijos; B —
ledyny vandens nuogulos, C — tarpledynmeciy nuogulos:
a — Merkines, b — Butény, D — luziai: a — patikimi, b —
spejami, E — prekvartero uolieny luistai
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Fig.6. Geological cross-section 2 (Vonsavi¢ius (ed.), 1980)
6 pav. Geologinis profilis Nr. 2 (Boncasuuroc (pex.), 1980)
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Despite a complex structure of the individual la-
yers of the Quaternary succession, clearcut differen-
ces are identified in their topographical position,
which coincide with the well documented faults and
structures of the crystalline basement and pre-Qua-
ternary sedimentary cover (Fig. 7).

CONCLUSIONS

Based on the affore-described evidences, it should
be concluded that the composition and architecture
of the Quaternary succession is closely related to
the neotectonic structures and vertical movements
of the earth’s crust. The block-type architecture of
the Quaternary succession is ascribed to activity of
the tectonic blocks. Therefore, data on the Quater-
nary continental glacial, melt-water, lacustrine-allu-
vial and other deposits are essential for reconstruc-
tion of the evolution and character of the vertical
movements of the earth’s crust during the Quater-
nary time, as well as the linear and areal neotecto-
nic structures.
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KVARTERO LEDYNINES FORMACIJOS
SUSIDARYMO YPATUMAI IR SANDARA

Santrauka

Kvartero Zemyniniy nuoguly kompleksas, kuriame vyrauja
ledyniniai ir ledyny vandens dariniai, yra ypatinga forma-
cija. Jos susidarymas siejasi su ledyny veikla ir ledyno
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guolio pobiidziu. Ledyno guolio bruozus salygojo geologi-
né-tektonine (neotektonine) struktoira. Nustatyta, kad at-
skirose Pabaltijo neotektoninése struktirose keiciasi kvar-
tero nuoguly storis, sudétis bei sandara. Didesnio storio
ledyninés ir ledyny vandens nuogulos kaupési nuolat in-
tensyviai grimzdusiose ar kilusiose struktiirose. Tokiy struk-
tlry kvartero nuoguly pjuviai yra pilnesni. Neotektoniskai
silpnai aktyviis rajonai sietini su lygumomis ar nedidele-
mis pakilumomis, kuriomis slenkantis ledynas intensyviai
ne$¢ ar perklosté jvairaus amziaus ir genezeés nuogulas.
Sias struktiiras galima laikyti mineralinés medziagos in-
tensyvaus tranzito rajonais.

Analizuojant kvartero nuoguly storyme, nustatytas jos
blokinis pobudis, pasireiSkiantis staigiais storio ar sudéties
pokyciais. Tokio staigaus pasikeitimo zonos paprastai su-
tampa su kristalinio pamato ar nuosédinés dangos luziais.
Blokine kvartero nuoguly storymés sandara stebima tiek
stambiuose regionuose, tiek ir nedideliuose plotuose. Sude-
tingoje kvartero storyméje neretai galima pamatyti (geo-
loginiuose profiliuose) atskiry horizonty staigius hipsomet-
rinius pakitimus, kurie dazniausiai sutampa su prekvarte-
ro sluoksniy ar kristalinio pamato struktiiros pokyciais.
Galima teigti, kad kvartero storymés blokinj pobiidj nulé-
me zemes plutos blokiniai judéjimai. Storymes sudétis bei
sandara atskleidzia neotektoniniy struktiiry formavimasi.

Anexcanapac Iliasyna

OCOBEHHOCTH OBPA3OBAHUS U
CTPOEHUSI YETBEPTUYHOM JEJHUKOBON
®OPMALINU

Pesowme

Kowmrzekc 4eTBepTHYHBIX KOHTHHEHTAJIBHBIX OTIIOXKE-
HUH, B cOCTaBe KOTOPOro MpeobiagaroT JIEAHUKOBEIE U
BOIHO-JICTHUKOBBIE 00pa30BaHMS, MPEICTABISACT COOOM
ocobyto popmanuro. X HakoIIeHHe U MepeoTI0KEHNe
OBLIM TECHEHIINM 00pa3oM CBSI3aHBI B IIEPBYIO OYepelb
C JIEJHUKOBOM M BOAHO-JIEAHMKOBOU JESTEIBHOCTBIO, &
TaKke C XapaKTepoM JoXa JIeAHHKA. [ JTaBHbIE 4epThl
JIOKa JIeHUKa KaK penbeda 3eMHON IMOBEPXHOCTH OBI-
JIX OIpeNieNIeHbl T'e0JIOrO-TeKTOHNUECKOH (HEOTEKTOHU-
yeckoit) crpyktypoit. Ha teppuropun Ilpubantuku B
mpezenax OTACIbHBIX HEOTEKTOHUYECKUX CTPYKTYp W3-
MEHSIOTCS MOIIHOCTB, COCTaB M CTPOEHHE YETBEPTHUHON
tonmu. OdyaraMu NOCTOSHHOIO HAaKOIUICHUS JIeI-
HUKOBBIX M BOJHO-JIETHUKOBBIX 0Opa30BaHUIl MOBBIIIEH-
HOM MOIITHOCTH SIBJISUTHCH PAaiiOHBI, TOCTOSIHHO W MHTEH-
CHBHO MOTPYXAaBIINECS WIM MOJHUMABIINECS 32 YETBEp-
TUYHBIA nepuon. B mpenenax Takux CTPYKTYp UMEIOTCS
OoJiee TIOJTHBIE pa3pe3bl OTIOXKEHUH. MaJloaKTUBHEIE B
HEOTEKTOHMUYECKOM OTHOLIEHUHN PalOHBI IMPEACTaBIsIN
co00¥i paBHUHBI, ITOJIOTHE MOTHATHS M UTPAIA OCOOYIO
poJib MpH MPOABMKEHHM JETHUKOB. B 3Tux paitoHax
ITOCTOSTHHO TTPOMCXOAMIN O0jee MHTEHCUBHBIE ITEPEHOC
U BBIHOC MaTepuala, T. €. OHHU SBJSUINCh 30HAMHU Hau-
6oJ1ee MHTEHCHBHOIO TpaH3UTa MaTepHaa.

AHaIM3 MOIIHOCTH U COCTaBa YETBEPTUYHON TOIIIH
MO3BOJIMJI BBISIBUTB €€ CBOCOOPA3HBIN OJIOKOBBIN Xapak-
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TEP, 3aKJTIOYAOIINICS B CPAaBHHUTECIIBHO PE3KUX H3MCHE-
HHUAX MOIIHOCTH M COCTaBa TOJIIIH. 30HBI PE3KOTO
HU3MCHCHHUS COoCTaBa TOJIIIHN OOBIYHO Ha6J'I}O,Z[aIOTCH B
pas3ioMax KpHUCTANINYECKOI'O Q)yHHaMCHTa n B JOYECT-
BEPTUYHBIX CIIOAX. BroxoBsrit XapakKTep CTPOCHUSA YCT-
BepTI/I‘IHOI‘/‘I TOJIIIM BBISAABJIIEH HE TOJBKO B KPYIHBIX
pPEeruoHax, HO M Ha HeOOIIBIITNX IIomagax. HeCMOTpH
Ha CIIOXHOCTH 3aJICTaHUsl OTACIIbHBIX I'OPU30OHTOB Y€T-
BCpTPI‘IHOfI TOJIIU, HCPEAKO B I'€OJIOTHUYECKUX pa3pe3ax

MIPOCMATPHUBAIOTCS PE3KUE W3MEHEHHS HX THIICOMETPH-
YECKOT'O IOJOXKEHUs, KOTOPBIE YacTO COBMATAIOT C H3-
BECTHBIMH JIMHEHHBIMH TEKTOHHYECKUMHU HapPYIICHUSIMU
WIA CTPYKTypaMHU JOYETBEPTUYHBIX CIIOCB M KPHCTAI-
JUYecKoro (yHIaMeHTa. BIOKOBEI XapakTep CTpOeHUs
YETBEPTUYHON TOMIU OOYCIOBIIEH OJOKOBBIMU JIBH-
KEHUSIMH 3eMHOI KOpbL. I1o coctaBy u CTpYKType 3TOH
TOJIIIM MOXHO CYIOWTh O XOJE M HAIPaBICHHOCTH HEO-
TEKTOHHYECKUX TBUIKCHIIA.
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