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ABSTRACT: Authors present the preliminary proposasncerning engineering-geological
division of the Baltic Sea bottom in the area of fholish zone of the Southern Baltic. These
proposals concern the preliminary engineering-ggo division of the sea bottom are founded
on the detailed analyses of the geological mapgkeoBaltic Sea bottom in scale of 1: 200 000 and
on the geological interpretation of seismoacousiestigations which were executed in the area
of the Baltic Sea. It should be noticed, that i& Bolish economic zone of the Baltic Sea all sheets
of this map were already elaborated. On the bdsimalyses of the geological maps of the Baltic
Sea bottom and geological interpretation of seismagistrations, the authors will present a
geological and geotechnical criteria of the pretfiany engineering-geological division of the Baltic
Sea bottom. Authors will execute a detailed analydethe separated sea bottom areas and will
give the general conclusions concerning of théé&artesearch on this problem.

1. INTRODUCTION of the Baltic Sea. It should be stated, that in the
Polish economic zone of the Baltic Sea all
Authors present the preliminary engineering- sheets of this map were already elaborated. It
geological division of the Baltic Sea bottom is very interesting scientific material for farther
(Polish part) in the light of geological maps of analyses, for example to the engineering-
the Baltic and seismoacustic research. Thesgeological analyses of the sea bottom soils.
proposals are founded on the detailed analyses Seismoacoustic investigations were carried
of the geological maps of the Baltic Sea out with the method of the continuous seismic
bottom in scale of 1:200000 and on the profiing, basing on EG.G system,USA
geological interpretation of seismoacoustic produce. Generally, in the marine research are
investigations which were executed in the areausing 2 seismic sources (Sparker and Boomer).



2. TECTONICS AND GEOLOGY OF 200m) below the sea level (tlnowicz, 2003).
THE BALTIC SEA BOTTOM On the area of the Gdsk Basin, the sub-
Pleistocene bedrock consisting of Jurassic
As regards of its structure and tectonics, thedeposits lies down from 134-160m b.s.l., and
southern part of the Baltic Sea is divided into consisting of Cretaceous sediments lies down
two different parts. The much larger easternfrom 90— 134m b.s.l. (Kaszubowski, 1990).
and central part lies within the East-EuropeanThe Oligocene and Miocene sediments are
Platform (Precambrian Craton). The westernfound (Western part of Gdak Gulf) at depths
part is located within the Palaeozoic platform of 20 —100m b.s.l. (Kaszubowski, 1990). On
of the central and Western Europe. Thisthe area of the Supsk Furrow, the sub-
platforms are separated by the KoszalinPleistocene bedrock occurs at depths of 90—
Fracture Zone, a part of the transcontinentall10m b.s.l. (Ucinowicz, 2003). But, the sub-
Teisseyre-Tornquist Zone (Dadlez, 1990). Pleistocene surface, which consists of Silurian
The southern part of the Baltic Sea and Devonian deposits in the southern part of
belonging to the East-European Platform isthe Gotland Basin, lies at depths of 110 —120
situated between the Baltic shield in the northm b.s.I. (Ucinowicz, 2003). The sub-
and north-west consists of crystalline rocks Pleistocene surface south of the Bornholm
outcrops and the Baltic syneclise which is Basin and S upsk Furrow reach shallower
located in the east and south-east. In thedepths, from 30-100m b.s.l. (Kaszubowski,
northern part of the analysed area, the Neogen&997, 2000; Ucinowicz, 2003).
deposits overlie a sequence of Silurian and The upper part of the Neogene (Pleistocene
Devonian sediments. In the southern part, theand Holocene) of the southern Baltic sea-
Neogene deposits overlie a level of the bottom consists of glacial, glaciofluvial, fluvial
Permian and Mesozoic sediments. The mossediments and deposits, which are represented
extent of the Mesozoic structural complex hasterrestrial and marine environments. The
the Upper Cretaceous sediments coveringthickness of this formation reaches a value of
older formations. However, the sediments 1-300m (Ucinowicz, 2003). The smallest
from Eocene to Miocene cover older depositsthickness of the analysed cover occurs in the
along the area from Koszalin in the westernareas, where both in Pleistocene and Holocene
part to Jastarnia (Hel Peninsula) on the easterosional processes have predominated, for
and reach to the slopes of the Southern Middleexample: sea-bottom of the S upsk Furrow and
Bank in the northward. It should be stated, thatthe southern part of the Gotland Basin
the Miocene and Oligocene sediments also(U cinowicz, 2003). However, thicker layers
occur locally near the coast of the Gulf of of the Pleistocene-Holocene cover were found
Gdansk (Kramarskat al.,2002). in shallow areas, which reach a value of 30—
The Palaeozoic platform locating south- 40m (Kaszubowski, 1986, 1989, 2000;
west of the Teyserre-Tornquist Zone is moreU cinowicz, 2003). In the southern part of the
complicated in its tectonic and geological Gda sk Gulf, the deposits of the Pleistocene-
structure. Lower Palaeozoic deposits, whichHolocene cover reach a value of 50-100m
have a big thickness, are covered by a platform(Kaszubowski, 1997). But, in the area of the
of the Devonian-Carboniferous complex coastal zone of the southern Baltic is found a
(U cinowicz, 2003). In the upper part of the very large thickness of this deposits (50 —
stratigraphic profile occurs the Permian- 100m), and much more reaching a value of
Mesozoic formation. 200-300m in subglacial troughs cutting
The sub-Pleistocene bedrock relief isthrough the Pleistocene-Holocene cover
mostly glacial erosion origin. The most value (Mojski, = Tomczak, 1994; Kramarska,
of the depth of the sub-Pleistocene bedrock2002)Pleistocene is represented by several
was found in the Bornholm Basin (from 100- glacial tills, fluvioglacial and limnoglacial
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accumulation sediments, also interglacial andand geotechnical research of the Western
Late Glacial barrier deposits of the Baltic lce Pomeranian area, particularly in the coastal
Lake, limnic and deltaic sediments zone of the Baltic Sea as well as on the base of
(U cinowicz, 2003). research, which were curried out in some
The deposits, which build the present sea-places of the Polish part of the Baltic Sea
bottom of the Polish part of the southern Baltic bottom  (Jegliski, Pruszkowski, 1981,
are connected with the deglaciation of thePieczka, 1981; Stucka, 1981) have preliminary
Vistulian Glaciation and later processes of theappointed the  following  engineering-
Baltic Sea stages in the Late Pleistocene andjeological units of the Baltic Sea bottom:
Holocene. The lower part of the Holocene
sediments in deep basins are made up by.1. A very good sea-bottom for civil
Preboreal and Boreal silts and clays of theengineering
Yoldia Sea and Ancylus Lake, the upper part
was formed by Atlantic, Subboreal and In engineering-geological respect, there are
Subatlantic silts and clays of the Mastogloia, the best parts of the Baltic Sea bottom for civil
Littorina and Post-Littorina seas (tinowicz,  engineering (symbol of number 1 on given

2003). engineering-geological units), where the rock
soils creating the present sea-bottom have got

3. ENGINEERING-GEOLOGICAL a very big values of the resistance of

UNITS OF THE BALTIC SEA BOTTOM compression (more than 500 kPa in lower limit

of range (tab.l). Rock soils occur in many

Engineering-geological analyse of the places of the north-eastern Baltic (absent in
deposits, which represent the present seaPolish part), directly on the sea- bottom .
bottom of the Baltic concerns the following
geological and geotechnical factors: age, origin3.2. A good sea-bottom for civil engineering
and lithology of deposits (geological criteria),
index of density Ip), index of liquidity (L), In this case have been recognized a soils
angle of internal friction () and resistance of (symbol of number 2 on given engineering-
compression Rc) (geotechnical criteria). The geological units), which have got a big values
very important problem concerns the mostof the resistance of compression (more than
upper part of the sea-bottom, where appearing00 kPa in lower limit of range (tab.1). To this
a very changed geotechnical features beingunit belong the non-cohesive soils, which have
under influence of marine waters of the Baltic different origin and age. At first, it should be
Sea. Some researchers state, that the uppeeplaced a gravels and sands of the Eemian Sea
layer as a direct sea-bottom in the area, which(sub-unit 2a), which occur in the south-eastern
is built from cohesive soils, there are occurring part of the Gdask Gulf near Vistula Lagoon
the deposits, which a state is as softly-plastic(fig. 2). An addition factor indicating about
or liquid. But, the area, which is built from the good engineering-geological conditions is a
non-cohesive soils, this upper layer is big consolidation of these soils by ice sheet of
completely saturated by marine water. Thethe Vistulian Glaciation. The thickness of
thickness of this layer has been valued on 1.5these deposits reaches a value of 30-40m.
2m. But, this problem is opened and it belongs  Next sub-unit (2b) consists of glaciofluvial
to take farther research. deposits, occur in the south-eastern part of the
The authors on the base of detailed analyses dbouthern Middle Bank, and in the south-
seismoacoustic investigations, which concerneastern part of the S upsk Bank as well as in
to some important fragments of the sea-the western part of the Gd&k Gulf (fig.2).
bottom, and the geological maps of the Baltic The soils are represented by gravels and sands,
Sea bottom and many enginering-geologicalwhich belong to the deglaciation of Vistulian
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Glaciation.Their thickness is more than 5m Gdynia (fig.2). They have enough a big
(fig.2), and have got a good geotechnicalthickness, even more than 10m.

parameters (tab.1). Sub-unit 2c consists of The next sub-unit 2e belongs to the deposits,
fluvial gravels and sands were creating in Latewhich were creating during the Middle and
Pleistocene. They occur north-east from theLate Holocene by the Littorina Sea

Odra Bank on the area, which is located

e o0 - 1500 7000
Ll I / b . P ]
N % 4 S =iss
S ez
M— { T
Arkona o %
Basin A g ~
BORNHOLM e
o (o
Q
Ranne &
$F Bank
/ﬂ pr
| Y =
b % é SR 3a= s
BN : USTKA

i 5 Wicko

Kopari

¥ = il & 2 M P ; L
Odra : . + . ' E‘ 1114 ] 4L / BERMGD
5 SR S KBRS B -4 PF )
Bank — N S (4[4 { 414 wE ; SEAWNO g, ™
WL ELT e RELARER 11! Bukowo \—G

& \

ot ESS e L L e L —Srag, \

e % E . T . 3t Ximn /
55 SN | 1t /
e i ST T3ab [ 5] K korosrzEG S \ /
= 3 [13alb ] Reésto &, . )
Al =1 % .
kR Liwig£uzq i
3 -
1#6°00"
H3a|t[11130 |===(4a |25 Slb |5 e T2 ]4d

Explanations for fig.1 and fig.2:1-rock soils natoniring in the Polish part directly on the Baltie@bottom;2a-marine gravels and sands
of the Eemian Sea (Pleistocene);2b-glacifluvialvgia and sands (Late Pleistocene); 2c-fluvial glsnead sands (Late Pleistocene); 2d-
fluvial gravels and sands (Late Pleistocene andl\E&olocene);2e-marine gravels and sands of théotiita Sea and Post-Littorina
Sea(Middle and Late Holocene);2e/4a- marine gravaisl sands of the Littorina Sea and Post-LittoriSea (Middle and Late
Holocene)on ice-marginal lake silts and clays (LBteistocene);2e/4b- marine gravels and sands efLittorina Sea and Post-Littorina
Sea (Middle and Late Holocene)on silts and claydifférent stages of the Baltic Sea (LatePleistecend Early Holocene); 3a-glacial
tills of the Vartanian Glaciation or older glaciatns (Pleistocene);3a/1-glacial tills of the Vartani Glaciation or older glaciations
(Pleistocene) on Cretaceous rock soils (on fig.@l)am Silurian rock soils (on fig.2);3b-subaquatitagal tills of the Vistulian
Glaciations (Pleistocene);3b/1- subaquatic gladidls of the Vistulian Glaciations (Pleistocene)&iurian rock soils;4a-ice-marginal
lake silts and clays (Late Pleistocene); 4b-siltsl Zlays of different stages of the Baltic SeadPégistocene and Early Holocene);4b/1-
silts and clays of different stages of the Balta $LatePleistocene and Early Holocene)on Cretasgaogk soils;4c-eolian sands of the
Baltic Ice Lake (Late Pleistocene);4d-limnic mudsl silty sands (Early Holocene);4e-marine and eokands (Late Holocene);5-clays,
silt, muds and organic muds of the Littorina Sed &wst-Littorina Sea (Middle and Late Holocene)b/4lays, silt, muds and organic
muds of the Littorina Sea and Post-Littorina Sead@e and Late Holocene)on silts and clays of déffé stages of the Baltic Sea
(LatePleistocene and Early Holocene.

transgression  and  Post-Littorina  Sea
between isobaths 20 - 30m b.s.l. (fig.1). Thetransgression. The soils are represented by
soils, which creating sub-unit 2d is representedgravels and sands, which have got also good
by gravels and sands are associated with thgeotechnical parameters (tab.1). In many
Vistula delta development in Late Pleistoceneplaces in the southern parts of the shallow
and Early Holocene. The deposits occur in thewater areas, the marine gravels and sands
south-western part of the Gd& Gulf near usually reach a not big thickness (these layers
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Fig.2. Engineering-geological units of the Polishrpof theBaltic Sea bottom (eastern part).
Explanations as on fig.1.

are usually less than 2m thick, occasionally 3mgravely-sandy sediments. Only, in some places
thick (U cinowicz, 2003). In this case, there the accumulation of sediments occurs. In the
have been given a sub-unit 2e/4a, where theoastal zone predominate erosion processes,
sandy and gravely deposits are underlying byand a long-shore transport of sediments.
glacio-limnic silts and clays (bad soils), which

were created in Late Pleistocene (fig.2). As3.3. A sufficient sea-bottom for civil
show the seismoacoustic investigations in theengineering

area of the Stilo Bank (Kaszubowski, 1986),

the layer consists of silts and clays reach a bign this case have been recognized a soils
thickness about of 30m and more. The (symbol of number 3 on given engineering-
analysing areas are located near the Wickaogeological units), which have got an average
Lake (fig.1) and neararnowieckie Lake. The values of the resistance of compression (more
marine deposits, which the thickness is morethan 100 kPa in lower limit of range (tab.1).
than 5m occur (fig.1) in the southern part of To this unit belong the cohesive soils, which
the Koszalin Bay near Bukowo and Kopa are represented by subaquatic glacial tills of
Lakes (Kaszubowski, 1989). Similar situation the Vistulian Glaciation and glacial tills of the
appears in the shallow water zone locatingVartianian Glaciation and in some places of
near Gardno, ebsko and Sarbsko Lakes asthe older glaciations. At first, it should be
well as in the area of the southern part of thereplaced the glacial tills of Vartanian
Gda sk Gulf (fig.2). As regard to geodynamic Glaciation and older glaciations (sub-unit 3a),
processes, in many places of the unit 2which occur in the area of the S upsk Bank
predominate a redeposition of sandy, and(Kramarskaat al.2002), a big areas of the



south-western part of the Polish Baltic Seabelong the cohesive soils (fig. 1), which are
between isobaths 10-40m along the coast fronrepresented by Late Pleistocene ice marginal
Dziwnéw to Wicko Morskie (fig.1), and in the lake silts and clays (sub-unit 4a). The deposits
northern part of the shallow water areas (fig.2)occur in some places on the area of the S upsk
of the eastern Polish Baltic Sea (Kramarsita, Bank. A big areas are represented (fig. 1,2) by
al., 2002). The deposits in the western partsilts and clays of the Baltic Ice Lake,Yoldia
reach, in some places a big thickness (from 20Sea and Ancylus Lake (sub-unit 4b), which
30m).As show a seismoacoustic investigations,were creating in Late Pleistocene and Early
in the area of the Koszalin Bay appear aHolocene. Generally, the thickness of these
complex glacial structures (Kaszubowski, deposits reaches a value of 10m. But, the
1989). Usually, in the eastern part, the deposits locally underlying by Cretaceous rock
thickness of these deposits reaches a value doils (sub-unit 4b/1) occur in the western part
10-20m, occasionally 30m. North from eba of the Polish Baltic Sea (fig.1). To the unit 4
on the area, which is located near the southerralso belong (fig.1, 2) barrier sands of the Baltic
slopes of the S upsk Furrow appears the subice Lake (sub-unit 4c), which have got a
unit 3a/1 (fig.2). In this case, the glacial tills something better geotechnical parameters than
(deposits have a small thickness, less than 5mjhe previous one (tab.1), as well as a limnic
are underlying by Silurian rock soils which silts and silty-sands (sub-unit 4d), which are
have got a very good geotechnical parameterscreating in Late Pleistocene and Early
This situation has been confirmed by Holocene. It should be also mentioned a
seismoacoustic investigations (Rosa, Wypych,marine-eolian sandy deposits, which occur in
1981). Similar situation appears in the westernthe area of the Hel Peninsula (fig.2). They
part of the Polish Sea bottom near Dar owohave similar geotechnical parameters like the
(fig.1), where the glacial tills are underlying by barrier sands of the Baltic Ice Lake (tab.1).
Cretaceous rocks (sub-unit 3a/1). At second, it
should be replaced the subaquatic glacial tills3.5. A very bad sea-bottom for civil
of the Vistulian Glaciation (sub-unit 3b), engineering
which occur on the areas located northwards
from the S upsk Bank (fig.1) and in the parts In this case have been recognized a soils
on the northern and southern slopes of the(symbol of nhumber 5 on given engineering-
S upsk Furrow and on the northern slopes ofgeological units), which have got a very bad
the Gdask Basin as well as on the slopes of geotechnical parameters (tab.1) The resistance
the southern parts of the Gotland Basin (fig.2).of compression is less than 50 kPa in upper
The thickness of these deposits on the westerftimit of range (tab.1l). To this unit belong a
part of the Polish Baltic Sea reach a value ofcohesive soils, which are represented by silts,
20-30m (fig.1), and in the eastern part a valueclays, muds and organic muds, creating during
of 10-15m (fig.2). South-west from the Middle and Late Holocene on the area of the
Gotland Basin (fig. 2), the subaquatic glacial deep Gdask Basin, Gotland Basin and
tills are underlying by Silurian rock soils Bornholm Basin (fig.1,2) in different stages of
(3b/1). the Baltic (Mastogloia Sea, Littorina Sea and
Post-Littorina Sea). The thickness of these
3.4. A bad sea-bottom for civil engineering deposits in the area of the Gd& Basin and
Bornholm Basin reach a value of more than
It should be stated, that the analysed soilsdm, only on the southern parts of the Gotland
(symbol of number 4 on given engineering- Basin is less then 5m (sub-unit 5/4b). In this
geological units) have got not too good valuescase, the analysed deposits are underlying by
of the resistance of compression (more than 5Gilts and clays, which were creating in Late
kPa in lower limit of range (tab.1). To this unit Pleistocene and early Holocene (fig.2).
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Tab.1. Geological and geotechnical criteria of #egineering-geological units of the Polish part of
the Baltic sea-bottom

Engineering Lithological Origin Geological age Approximate values
geological units | types Io I ] R.[kPa]
1
Very good sea- rock soils different different - - - > 500
bottom for Civil
Engineering (CE)
2 2a
Good sea-bottom gravels and sands marine Eemian Interglacial 0.4-0.6 - 30-33 200 - 400
for CE (Pleistocene)
or 2b
gravels and sands glaciofluvial Late Pleistocene 05-0.7 - 32-35 250 - 500
2c
gravels and sands fluvial Late Pleistocene 0.4-0.6 - 30-33 200 - 400
2d Late Pleistocene and
gravels and sands fluvial Early Holocene 0.4-0.6 - 30-33 200 - 400
2e
gravels and sands marine Middle Holocene 0.4-0.5 - 30-32 200 - 350
3 3a Vartanian Glaciation
Sufficient sea- glacial tills glacial and older glaciations - 0.1-0.3 20-15 100 - 300
bottom for CE (Pleistocene)
3b glacial Vistulian Glaciation
glacial tills (subaguatic) (Pleistocene) - 0.2-0.4 15-12 100 - 200
4 4a
Bad sea-bottom silts and clays | glaciolimnic Late Pleistocene - 0.2-0.5 15-10 80 - 150
for CE 4b glaciolimnic | Late Pleistocene and
or silts and clays | and glacio- Early Holocene - 0.2-0.5 15-10 80 - 150
marine
4c Late Pleistocene and
sands eolian Early Holocene 0.1-0.3 - 15-20 90 - 150
4d
muds and silty- limnic Early Holocene - 0.2-0.6 5-10 50 - 100
sands
4e
sands eolian- Late Holocene 0.1-0.3 - 15-20 90 - 150
marine
5 5
Very bad sea- muds and organiq  marine Late Holocene - 05-1.0 0-5 0-50
muds
bottom for CE
4. SUMMARY engineering-geological units: Unit 1- as a very

good sea-bottom for civil engineering (CE),
Authors have presented the preliminary where the rock soils creating the present sea-
engineering-geological division of the Baltic bottom have got very big values of the
Sea bottom (Polish part) in the light of resistance of compression (more than 500 kPa
geological maps of the Baltic and in lower limit of range (tab.1). The rock soils
seismoacoustic research. Engineering-are not directly occurring on the present Baltic
geological units of the Baltic Sea bottom have Sea bottom (Polish part). Unit 2- as a good
been recognized on the base of the followingsea-bottom for CE, where the non-cohesive
geological and geotechnical factors: age, originsoils have got big values of the resistance of
and lithology of deposits (geological criteria), compression (more than 200 kPa in lower limit
index of density Ip), index of liquidity (L), of range (tab.1). Unit 3- as a sufficient sea-
angle of internal friction () and resistance of  bottom for CE, where the cohesive soils are
compressionRc) (geotechnical criteria). In this represented by glacial tills have got average
way were recognized the following values of the resistance of compression (more



than 100 kPa in lower limit of range (tab.1). in Gdask Basin due to seismoacoustic
Unit 4- as a bad sea-bottom for CE, where the investigations. In ynieria  Morska |
cohesive and non-cohesive soils are Geotechnikd, 65-72.
represented by silts, clays, silty-sands andKaszubowski, L.J. (2000). Tektonika i
eolian sands have got bad values of the czwartorzd obszaru po udniowego Ba tyku
resistance of compression (more than 50 kPa (Summ.). Tectonics and Quaternary on the
in lower limit of range (tab.1). Unit 5- as a area of the southern Balticln ynieria
very bad sea-bottom for CE, where the Morska i Geotechnika.
cohesive soils are represented by clays, siltsKramarska, R., Wtinowicz, Sz., Zachowicz, J.
muds and organic muds have got very bad (2002). Kenozoik po udniowego Ba tyku-
values of the resistance of compression (less wybrane problemy (Summ.). Cainozoic of
than 50 kPa in upper limit of range (tab.1). the Southern Baltic-selected problems.
Przegl d Geologicznyp0, 709-716.
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