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Abstract

The sampling field work of the first Helcom - ICES Sediment
Baseline Study was carried out 13.6 - 9.7.1993 onboard the
Finnish R/V ARANDA. The principal aims of the study were to .
serve as a reliable reference for future trend analyses and
give a description of the distribution of chemical
substances in the Baltic Sea sediments. To fulfill these
aims, the first requirement was then to select suitable
sedimentation stations for future reference use.

About 25 important net sedimentation areas were covered. In
most areas, one primary sediment station was selected,
surrounded by several secondary stations. The selection of
the prlmary station was done on the basis of echo-sound
mapping of the sedimentation area.

The paper describes the characteristics of the sediments in
the studied sites, report the coordinates of the selected
primary stations which we recommend to be used in future
sediment work, and give a rough estimate for the rate of
sedimentation in these stations, based on preliminary age
determination by using a 137 cs field equipment.
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introdudtion

Marine sedlments prov1de a p0531b111ty to assess in a
consistent manner the changes in the environment. Not only
the present-day distribution of contaminants can be exposed
but also at the same time the history of the sampling site,
prov1d1ng certaln hydrochem1ca1 and blologlcal condltlons
are met. The use of biota as a pollutlon indicator in the
Baltlc Sea suffers from the drawback that only very few, if
any, species are represented in all the subareas in

sufficiently large quantities:

In order to assess the use of sediments as env1ronmental
indicator medium, the pollutant studies in the Baltic Sea
sediments were reviewed recently (Perttlla and Brugmann,
1992). One of the conclusions was that while a large amount
of work has been invested in the sediment studles, both
sampllng and analysis methods, as well as the pos1tlons of
the sampllng sites, have been selected using varylng .
criteria. For these reasons the reported concentratlons are
seldon comparable. A suggestlon was made to carry out a
basellne study covering all the important net sedimentation
areas of the Baltic Sea.

The Sediment Baseline Study was planned and organlzed w1th1n
the ICES Working Group on Baltic Marine Environment. In this
contrlbutlon,pwe report the general conduct of the study,
give a list of the selected sedimentation sites, together
with a preliminary characterization of the sites and
approximate sedimentation rates.

General of the Sedimentation in the Baltic Sea

In the bathymetrlc map of the Baltlc Sea (Wlnterhalter‘
1981), several 1arge ba51ns are clearly dlscerned. In the
bathymetrlc large scale map; however, the isobaths are drawn
with 20 m intervals which makes it 1mp0551ble to evaluate.
the small scale varlatlons within a large basin. The small
scale variations are either a result of dlfferences in the
basic topography, rocks; rldges etc. or some of them may be
a result of the differences in the sedimentation:

The prevalllng oplnlon has been that in the Baltic Sea there
are basins in which the sediments form a final sink for many
elements and substances. When benthic fauna is absent, the
sédiments in these basins are often laminated and seasonal
changes layer by layer can be recognlzed._Many of the best
examples of such sediments are found in the nearshore basins
where shallow rldges and islands effectlvely shelter the
local basin from any disturbances and er051on (eg. Morris

&al. 1988).



Recently lamlnated sediments ranging: from a few to some 30 -
35 laminae on the top of homogenous looklng, older seédiments
have been found in the open Baltic Proper (Jonsson & al.
1990): An explanatlon for this change of facies has been
assumed to be the long lasting stagnatlon and thereby the
increased area of anoxic conditions with no bloturbatlon
caused by benthlc macrofauna. Former dynamlc bottom areas
populated with benthic anlmals have been changed to ‘tranquil
sedlmentatlon bottom areas where seasonally influenced
laminae are formed..In the Baltic proper the dominatingly
important sink for material is the Gotland Deep.

In the Gulf of Flnland the recent changes development has
been the opp051te. The halocline so characterlstlc at the
depth of some 50 m in the western Gulf and at 30 m in the
‘East has been nissing durlng the last 3 = 4 years (Perttlla
& al. 1993). Several seasonal turnowers of the whole water
body have obviously taken place resulting in ox1d121ng
conditions at the sediments surfaces down to 80 - 85m depth.
The benthic fauna has recolonized these areas ( Andersin &
Sandler 1991) The topmost laminae of the sediments have
dlsappeared probably as a result of bloturbatlon. The
sedlmentatlon basins in the Gulf of Finland are numerous and
a mosaik of small basins is characterlstlc of the Finnish
side where the crystalllne Pre Cambrian bedrock dominates
with rugged forms. On the Estonian side the Cambrian and’
Oordovician basement has smoothened the ruggy forms and some
larger sedimentation basins are found. .

In the Gulf of Bothnia the dominant feature is the almost ,
constant erosion of the older sediments in'the less than 60
- 70 m deep coastal areas as a result of land upheaval which
contlnuously rises former sedimentation bottoms up to the
hydrodynamlcally active zone:. The eroded material is
transported towards the deeps. The present sedimentation
contains a mixture of material of very old and present
autochtonous origin.

General conduct of the study

The expedltlon was carrled out on board.the R/V aranda in
June-July 1993, coverlng the whole Baltic Sea (Fig:.1).
leferentlal GPS was used for the p051tlon1ng, with an
accuracy of +/ 50m or better. At each pre-selected site, a
grid was run in order to facilitate the selection of the
exact position for sampllng. 10 KHz and 110 KHz echo
sounding equlpment was used for the 1nspectlon of the layer
structure of the bottom sediments (Flg 6). Depth
measurements from the echo soundlng during the grid were
combined with the ship’s nav1gat10n data, and at each .
station, a three dlmen51onal plcture of the bottom was made
(Fig.7). A side scan sonar was also applled at most
stations. The final selection of the sampling position was



done by means of an 1nspect10n of these three sources of
information:

The sediment surface was recorded with a video camera
system. In order to study the inner structure of the
sedlments, a penetratlng sediment camera system was also
applled which photographed the vertical structure. For this
purpose, one core was also taken for X-ray analysis. The
detailed results of these characterizations will be
published later.

- For samples 1ntended for chemlcal analyses, a new type of

grav1ty corer was used throughout the study (Fig. 2). This
corer con51sts of a double core system, producing two
identical cores at a time. The. functioning of this corer
type was found to be very reliable, and the sampler proved
to hit the sediment surface at uprlght p051t10n nearly
always, contrary to the conventlonal single-tube gravity
corers. The sediment cores were cut to lcm thick slices
(0.8cm for redox measurements), and deep-frozen Redox and
preliminary Cs-137 measurements were carried out on board.

The Cs=137 measurement glves an energy dlsper51on pattern,
in whlch the Cs band is easily recognlzable (Flg. 3).

assume that a major part of this element orlglnates from the
Chernobyl accident in 1986. The Cs=-137 act1v1ty can be |
followed down in the sediment core:. At most of the stations,
the topmost sediment layers showed high act1v1ty, with a
peak at the depth of 3~10 cm (Figs. 4a and b). In sediment
layers below the peak, the Cs 137 act1v1ty decreased rapldly
to background values. We assumé that the sediment layer with
the act1v1ty peak corresponds to the immediate Cherncbyl
fallout, giving thus a rough estimate of the net
sedlmentatlon rate. Flg. 5 shows the depth of the nmaximum
activity layer in the observation stations of the Sediment

Baseline Study.

Preliminary results
- Characterization of the sedimentation basins

The‘descrlptlons of the sampllng 81tes are presented 1n
nuclldes at least. 1nd1cate, that the sedlments chosen are
sediméntation basins. This is confirmed at least partly by
the depth to which the Chernobyl fallout of 137 Cs now seems
to be buried: The clear echo soundlng records of dune like
formations and in some cases the dlrect v1deo 1mages of the
sediment surface indicate that in some areas our
understandlng of the sedimentation process has to be
reconsidered.
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In the Gulf of Flnland on two stations (F50 and XV—l) we
could watch how a relatlvely strong (ca 15 - 20 cm/s) near
bottom current detached partlcles and aggregates from the
sediment surface. Particles were then transported along the
sedinent surface.(Some times the sediment surface seemed to
be rolled off by the current like mlnlature carpets. On some
other sampllg stations the macroscoplc benthic anlmals were
seen to dlg 1nto the sediment surface, and even very faint
water movement was transportlng clouds of material away. All
this must influence the depth of the Chernobyl maximun fall
out of 137 Cs and any other property of the sediments.

It appears that in most of theé shallower bas1ns with depths
around 60 m or less, 1ndependent of the area of the Baltic
Sea (Arkona and Mecklenburg basin in the South, the Gulf of
Finland and the Gulf of Bothnla in the _North), sediment
particles were not descended on their final places. The
above described visually observed reworklng of the sediment
surface makes the vertical timescales uncertain and
uncontinuous. This kind of sediments are probably less
suitable for even low frequency monitoring.

The deeper basins often show massive sedlmentary packages of
soft sediments of recent character, as observed by echo
soundlngs. In these basins; stagnant dead botton perlods
alternate with nonstagnant periods characterlzed by a
recolonisation of benthic fauna and thus a return of water
movement: This alternation. may govern the vertical
sedlmentary record, rendering age determlnatlon meanlngless.
Only the deepest parts of the Baltic Sea seem to act as
final sinks for particles to form continuous packages of

1ayers.

The Gotland Deep, however, shows strlklng differences 1n the
depth,; thickness and structure of varves. The samples were
of a totally different character than expected. On the top
of the samples there was a 10 cm thick fluffy homogenous
looking layer of very watery, loose grayish sediment. In .
1992; a similar, but thinner layer had already been observed

(Nlemlsto 1992).

No layers were v151ble, but the prellmlnary X-ray 1mages
this fluffy layer revealed three thick separate layers.
Below these; the layers were drastlcally thinner, about 0.5
to 0.2 cm. Deeper down two white bands were found.

The gamma spectrometrlc analy51s of 137 Cs showed a ‘maximum
at the depth of about 9 cm only., The Chernobyl accident
hav1ng taken place in 1986 this layer is far too near the
sedlment surface if these layers were annual.

Here, thus, is a very controver51al sedlment package. Oon one
hand, the topmost fluffy layers were undisturbed by any
bloturbatlon or mechanical reworking caused by currents:. On
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the other hand, the layers, referring to the X-ray analyses,
were far too young to represent the proper depth layers
revealed by radio nuclide analytical methods as used on
several other sediment datings.

The origin of the fluffy layer is not known. It night be due
to a very recent input caused by the January 1993 saltwater
inflow by which the dynamic processes had detached sediments
from areas where sediments had been resting only during the
exceptionally tranquil stagnant Baltic Sea. On the other
hand, they might have been moved by a strong current from
areas where laminated sediments had been reported earlier,
before the salty water inflow in January 1993.



References

Perttild M and Briggman L. 1992. Review of sediment studies
in the Baltic Sea. ICES Cocp. Res. Rep.

Kyzyurov V, Mikheev J, Niemistd L, Winterhalter B, Hiasdnen
E. and Ilus E. 1993. (in preparation) A simple on board
method for the determination of deposit rates of recent
sediments usinfg the increase in Cesium-137 activity
following the Chernobyl accident. To be published.

Perttild M, Niemistd L. and Makeld XK. Distribution,
development and total amounts of nutrients in the Gulf of
Finland. To be published.

Andersin A.-B. and Sandler H. 1991. Macrobenthic fauna and
oxygen deficiency in the Gulf of Finland. - Memoranda Soc.
Fauna Flora Fennica 67:3-10. 199%91.

Winterhalter, B. 1981. The Baltic Sea Area, Bathymetric Map
1: 1 700 000. Printed by Publications Division National
Board of Survay Finland Helsinki 1981.

Jonsson, P., Carman,R. and Wulff, F. 1990. Laminated
sediments in the Baltic - A tool for evaluating nutrient
mass balances. Ambio 19 No3, May 1990. 152 -158.

Niemistd, L. 1992. Cruise Report. R/V Aranda Cruise 8/1992.
FIMR. 10 pp.

Morris, R.J., Niemi, A., Niemistd, L. and Poutanen, E-L.
1988. Sedimentary record of seasonal production and
geochemical fluxes in a nearshore coastal embayment in the
Northern Baltic Sea. Finnish Marine Research 256. 77 - 94.



Fig. 1. Cruise itinerary of the 1993 ICES/Helcom Sediment Baseline Study

136. - 97.1993

Baltic Sea

Finnish Institute of Marine Research

Fig. 2. GEMINI double sediment sampler ready 10 descend



Fig.3. Example of energy spectrum from a sediment sample taken
in the Gulf of Finland during The Sediment Baseline Study. In a 25
min counting the 137 Cs and traces of 134 Cs give clear peaks.
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Fig. 4 B. The results of the 137 Cs (DPM ) measurcments corrected
with the buik density. The correction chances someswhat the topmost
watery sediment slices, but still the Chemobyl peak is clearly

Fig. 4 A. The "bulk density” ( g/cmd) by X-ray photography of the
whole core and 137 Cs (DPM) by Gamma radiation from a core
splitted to 1 cm slices. Both measurements were made vnboard

emmidiately after sampling. discerned.
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Fig. 5. Depth (cm) of of the maximum 137 Cs activity (DPM, wet

sediment) in the sediment cores taken during the Sediment Baseline
Study sampling. .
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Fig: 6 A. Echogram of the Mecklenburg Bigt . The samples were-
taken from this 24 m deep basin from the ca. 5 m thick resent
package of resent soft sediments (the final place marked with an-
arrow). The package is owerlying an old erosion horizon (1) clearly

seen under even the thickest part of the acoustically very transparent
sediment formation,

Fig 6 B. Echogram of a sediment pillow in the Gulf of Finland (GF-6).
The samples were taken from the top of this 52 m deep formation. A
hard bottom horizon (1) is clerly discemned at the deplh of some 5 m
below the surface.

Fig. 6 C. Echogram from the Aland Sea at the depth of about 160 m.
A strong reflector (1), probably glacial clay, is buried under a
sediment package, some 30 - 40 m thick and acoustically transparent.
The black spots inside the recent part (2) are assumed to be reflections
of gas containing "pockets”. The undulating surface may be
reflactions of "dunelike” formations. which indicates water movement
and uneven transport; may be even erosion ower this surfice.
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ANNEX 1. Deiezlb:ion of the iédlmir;: uambnhg Q:i:iona.

Xatel (155}

The basin represents the outer part of the Great Belt
channel, and it 13 malnly influenced by the Sound area.
Cepth below the thermocline and halocline (at 20max}. oy
Reflector layer at 4 meters frcm the surface of the sediment
{4 meters of postglacial, underneach glacial clay). - .
Characterized by very small topographic variations. Silty,
somevhac sandy, oxidized sediment.

Ratet2 (156)

The basin represencs the NB Xattegact,. being a prolongatioca
of the western slope of the deep channel in Kattegatt, with
an irregqular topography. The sedimentation area is situated
on a terrasse., There is at least 10m thick layer of

postglacial soft sediment, but gas-containing mud prevents

precise escimacion. The sediment surface is oxidized, but
redox turns negative already at 4cm depth.

Xiel Bight (157)

Reflector at 7m visible now and then; gas containing lower
layer does not allow acoustic penetration; very flat - “
topography. The selected site is in the western part of the -
sedimentation basin of the Little Belt area. The area has .
hydrographically strongly varying conditions, with a strong
halocline. Redox positive down to ca. 5 cm, after which
depth also aa indicagicn of H3S can be detected, Trawling
trzacks detected by side scan scnar, which may weaken the .
usefulness of the station as a monitoring station, Because
of surrounding land, probably affected by agricultural
discharges.

x82 (158)

In the echogram, a well-known charnel (possibly eroded) can
be seen. Gas containing sediment bed, with some structure
reflecting at about 4m. Some pacchiness in the surface.

~ structure. Strong erosion conditions prevent its use as a
monitoring station,

5 . . Lo
Mecklenburg (159} )
A Sm thick package of recent marine sediment lying on top of
a very flat reflector, which possibly marks the dry-land

Gdansk Bay (169}

Acoustically very transparent area, with several sharp -
refleccors. No traces of gas. Tcp of the sediment has been
reduced, There is no regular current system to disturb
sedimentation. The basin is prcbably highly alfected by ...
pollution from induscry and agriculture. It is also the main
accumulation area for pollutants from the Vistula river.
Probably a suitable area for reference use, wilth respect to
land-based discharges. R

-L:hunim coase {170}

he selacted area belongs to the north-eastern part of the
Gdansk basin, which is separated from the eastern Gotland
deep by a treshold (in southwest - northesst directionl. .
Represents pollution from Kaliniagrad and Klaipeda. Possibly
an ercsion surface below the recent sediment layer. In the .
recent sediment layer there are two reflectors close to each
other. Probably no gas ian the reflecting clay.

Eastern Gotland deep (171)

This is cthe largest sedimentacion basin in the Baltic Sea,
with substancial parcs deeper than 200m. The stacion is . ..
well-known, situacted at the westarn part of the basin,. close
to the maximum depth of the basin. There seems to prevail ..
Tegqular sedimentation conditions, as the diatance to land is
large in each directions. The station has long hiscory of.
sediment scudies. The area has a sultitude of small basins.
According to the echogram, the selected site shows the.
largest bed of Litorina mud over the Ancylus layer. Ten ..
topmosc cencimeters are formed by slurry material, noc real
sediment, This layer was detected already i{n 1992, though
its thickness was only lcm them. Earlier reports of such
slurry do not exist. X-ray study reveals the slurry to be
laminated, in spite of the apparent homogeneity. Cs137
results indicace that the Cherncoyl activity is roughly
evenliy distributed from top of sediments down to

Riga Bay (172-17%)

Probably presently a net sedirencacion area. After the
narrow scrait leading inco the tay, a series of surfaces can
be detected, The lowest represents probably glaciab till,
then follow upwards two weaker Teflecting surfaces, the. .
lower one probably of varved glacial clay and the next one
glacial clay, and in two areas. The more recent sediment bed
is on top ot the clay. Elsewhere the surface consists of

era, Very weak reflactors are alsc visible in the upper .
sediment package. Probably representative of outflow wacer
from the Great Belt are=a.

Libeck Bay (160-161)

Package of sediments vhere gas prevents the acoustic: .
penecrations. The visible bed is 2m thick, probably deepar
(hard rock surface not seen). The sediment surface is
oxidized, with redox turning negative from $ ¢m on. There
are gas reflectors in the sediment bed. Land pollution is
signiticant (agriculture, industry, tourism).

Arkona basin (162-166)

The etudy area is in the central part of the flat basin.
Secondary stacions and primary scacion differed somewhat in
thickness of the mud layer, The sediment bed has a thickness
of around 2.5 -.7m, with ca 3m. of clay beneath. This basin
is the first real representant of the Baltic Sea (southern
part). Scme patchinesa in the thin organic surface, . . .
indicated by the video document. The sediment surface is
oxidized, redox 1s positive down to 7 em. Csl3i? analysis
shows a maximum activity at the depth of 2-3 em. No animals
detected. Small (1-2cm) aggregates (clumps) visible, ..

possibly a consequence of trawling. Some trawling tnckﬁ
were indicated by echo and scnar.

Bornholm basin (167)

fa ' b R AR D - T N [

As the bottom water layer and sediment surface area is
usually reducing, sediment laminae were expected, but not
found, neither by visual inspection nor x-ray. The seleczed
stacion {3 situated at the far eastern end,.close to the
Slupsk channel, representing the cutlet of the Bornhola
basin. Probably the site is not very representative of the
basin. Flat bottom, mud layer thickness (down to the

reflecting surface) ca m, The 8ite appears to be unsuitable
for reference use, .

BCSIII-10 (168)

The site is situated at the southern entrance to the eastesn
Gotland basin. The boctom is flatc, with 2+3m to the .
reflecting surface. Several reflecting surfaces above the
main acoustic barrier due to gas, probably the clay layer.
Mud thickness appears to increase towards the north in the
area, Ercsion due to contact to halocline may affect the

station’s usefulness as a monitoring station. The site
appears to be unsuitable for reference use.

eroded glacial clay..This sequence is typical of the Baltic
Proper, but it can be seen very clearly from the, The
station has very stable sedimentacion conditions, with
practically no current,

Fird Deep (176, 177)
Two positions were visited. In both, very exceptional -
sediment, on top 2 ¢m of slurry, but clearly laminated
material, followed by a layer of very soft,.grey, clayey
sediment with obviously very high water content. The soft
clay could be suspended glacial clay, redeposited under
marine conditions (smell of H2S),.Probably the station.. ..
studied does not represent the Fird basin, while otherwise .
the area might be very interesting from the point of view of
research on transportation processes. The scudied sites are
unsuitable for a reference use.

West Gotland Deep (178)

The re is a clearly discinguishable layer of 2m, beneath at
least two reflecting layers. Uneven topography. Cristalline
baeerock (earlier sedimentary base). Probably the scudied
scation represents the basin; the general structure of the
core resembles those reported earlier. On the surface,
bacterial Cilm. The upper layers brownish, laminated, 1-
7.1cm brownish-blackish, reduced, 25-30 laminae (noc very
clear}, successively changing between ?7.l.1llcm from grey-
brownish to more firm and more clearly laminated {134 .. .
laminae, last one very black, 2.5cm)..11-24 cm, more firm,
brown-green sediment with a few laminae, 25-44 Cirm, bDlue- .
greyish, sulphide-spotted, with a few visible laminae.
According to x-ray studies, the topmost 3cm varved, then
again at the depth of )Scm was a 5C thick varved layer,
Between these layers, no laminae was found.

Landsort basin (180)

plateau. The studied position provably not good for our
puposes. Sedimentation conditions seemingly very similar %3
those found at East Gotland Ceep, Fird Deep and at Western
Gotland Deep. Large flat area south-east of the deep. The
deep itself is very mixed due €0 unknown ceasons, being thus
not suitable for any monitoring purpcse, Coastal conditions
probably partly reflected. in comoinaiscn with jeneral
Baltic Sea conditions, due to the overall circulation system
of the waters. The area is probably affected by cthe outflow
of Bothnian Sea waters,



- reflectors were at a

LL19

On top of the sediment bed, there {s a thick package of . .
acoustically penetzable sedimenc. The thickness of this mud
increases with water depth, which is an indication of recent
sediment accumulation. The sediment samples are very
gaseous, even though acoustic penetration is very good.
Large depth variaticns.

GF « 1

The area {s characterized by very variable small scale
differancea in the topography and the reflectors on the echo
sounder indicating glacial sediments sometimes reach the
sediment surface. The basin chosen for sampling shows -
several distinct reflectors in the echogram. These glacial .
clay layers are buried in the sampling station at the depth
of about 15 m below the sediment surface. The recent package
of soft sediments contains scme gas.

cP - 2
The small basin chésen shows the same features as GF-1. Gas
formation makes the deeper reflectors nonvisible.

GF-3

Large sedimenctation area with abundant small scale
variations, A clear reflector is visible in the very surface
on large areas. This reflector might be a gas countaining
recent layer on the top of the sedimenc but allso a -
discontinuity layer caused by bioturbation. The final
sampling was performed on a sediment area, where this
relflector was at the depth of § = § m.

Gr-4
The reflectors indicating glacial clay sediments vas very
variable, but discinctly buried below a package of recent
sediments. The surface topograghy is wrzumn on large
wvhich indicates basin tilling sedimentaticn owver a
ampling position the glacial . .«
pth of some 1S m and an additional.
reflector was visible emmidiactely abowe the gas containing
bulk of the resent sediments. Gas in the sedimnet package
decreased the penetration of echo sounding, and the varable
Tellector was not allways discerned.

period. At th

GF-3

sampling site is some 20 m thick. and only very slige gas
formacion was recorded as small pockets.

EB-1

The Eastern Basin (EB) {» the largest formation in the .. ..
Bothnian Sea. Large areas are deeper tha 100m and the basin
is extended to the NW ending up in the deepest part on the
Swedish side. . . R ve (R
The sampling site is characterized by small scale variations
of a few meters to several 10 meters. The average depth is
some 120m. Recent, Post Glacial sedimencs are dominating,
but erosion channels can be found in the area. At the : o
wpling site the sedinencs are typically of a basin filling
naracter. The clear acoustical reflector at the depth of 2-
4 m belov the sediment surface is probaly the border between
Ancylus and Litorina stages ia the Baltic sea evolution.

Hirndsand Deep

4 T Y e A S . o . i .
The deepesc area of the Sastern Basin in the Bothnian Sea
exceeding 210 m depth. The sedirencs in this deep area are -
generally surprisingly thia, which might be an indication of
currents and internal water movement. The Ancylus - Litorina
reflector was not discerned clearly among several other
reflectors.

BO-3

This deep area is the la t and deepest basin in the Bay.

of Bothnia. Large areas are deeper than 100 m. The sampling

site Post glacial sediments are depoaited on an acoustically
visible moraine and till reflector the whole package beeing

some 10 < 12 m thick,

F-9
The scacion s sited in the same basin as BO-3. It {s in the
deepesc depression of the dasian. Acoustically very. . ..

cransparent sediments cwerly the glacial till and moraine
reflectors. On the sampling site the thickness of the Post

Glacial sediments was some 10 - 13 m,

F-Z*

‘ Iy

In the Northernmost part of the Bay of Bothnia large areas

are hard,.sandy or moraine bottsms. The active sedimentation
basins are small and often sited in the vicinity of erosion
bottom areas or even erosion channels. The sampling site is

Large basin with abundant small scale variations in
topography. Several small sedimencation basins filled with
acustically transparent soft sediment between strongly
reflecting peaks and ridges. At the samrpling position gas in
the recent gediment made the deeper reflectors invisibise,
but they were sited deeper than 4 « S m, probably 7 « 10 m.

GF-6

Large basin in a depression characterized by bedrock 3nd
glacial moraines. The depression is filled with a pillow-
like package of acustically very transparen recent . "
sediments. A clear reflector, very much like the one found
also on the sediment surface on GF-3, was here sited clearly
below the surtace the depth varying between a few meters to
more than 10 meters., The samples wera taken on the top of

the large pillow-1like sediment package, and the reflector
described abowe was not visible, but still deeper than 10 m.

xv-1

Probably the hrgesé bisln in th; area NE of tiaé cogxahd
island, Has been sampled during several years before, The
glacial reflectors are acoustically visible only in the

fringes of the sedimentation basin and otherwise buried
below a mors than 1S m thick layer of recent sediments.

LL-7

N L e foa h e T ‘ (- .
Semilarge separate basin in the middle of the Gulf of .
rinland. Large areas €0.- 80 m deap and the deepest part 106
m is probably the deepest trench of the whole Gulf of

Fioland { area west of the Hanko peninsula). Acoustically
transparent sediments with some gas in the middle parts.

Aland Deep

Large trench area between Sweden and Finland. The despest
part of the whole formation is about 300 m. Strong erosien
is eroding the despest parts, but along the W flaaok of the
trentch active sedimentattion is prevailing at the depth
range between 250 to 150 m. The bedrock and glacial clay
layers are clearly discerned acoustically in this -
sedimentation area. The sediments at the sampling position
are characterized by besides the above general . features also
by dunelike smallscale rounded ridges and depressions a few
meters in hight. These give the impression of dynamic
sediment surfaces. The recent sediment package on the

in one of numercus small sedimentation areas. Accuscically
transpareot Post Glacial sediments, containing several
reflectors, 5 +§ m thick is sedimenced directly on the hard
moraine.

Us-5b

Thie small separate trench is the deepest basin in the .
Bothnian Sea. The acoustic reflectors in the transparent
sediment package are several and not very regular. The Post

Gl:ciu. sedimenc vas on the sampling site some 10 - 14 m
thick.

Table 1. Station lia¢

Station lac long . 4
158 XA $6 26,57 11 0,02 29
156 RATT2 . 57 17,57 11 28,59 7%
187 XIELBIGHT S4 44,30 10 10,54 23
158 XIRLBIGHT2 $4 43,22 10 13,08 24
159 MECKLENBURG 54 19,03 1 32,57 27
160 LODECXBAY S4 04,59 . 11 10,00 22
161 LJECXBAY2 $4 07,00 11 10,00 23
162 ARKONA-L S4 38,32 13 42,.0) $0
16) ARKONA-2 $S 01,2 13 47,33 47
164 ARKONA-3 $4 $9,50 13 47,22 42
165 ARKONA-4 - $S 01,38 1) 42,37 2
166 ARKOMA(BY2)  S4 59,97 1) 45,01 45
167 BORNHOLM 53 13,39 15 $7,%6 90
168 BCIITI-10 $5 32,53 18 23,48 89
169 GDANSKBAY .- 54 $5,00 19 14,34 107
170 LITHUANCOAST $S 34,59 20 29,47 [1]
171 GOTLAND(F81) $7 19,38 20 03,33 240
172 RIGABAY-1 $7 31,34 23 13,14 4s
173 RIGABAY-2 $7 30,20 23 14,07 4
174 RICABAY-4 $7 20,58 - 2) 13,18 62
175 RICABAY.1 $7 40,50 23 )6.06 S4
176 FARODEEP . 0 05,44 19 %0,57 183
177 FARODEEP-2 $8 06.01 19 47,07 15%
178 WGOTDESP . : 8 10,59 18 09,11 148
179 LANDSORTBAS 58 37,50 18 31,359 s
180 LL19 S8 50,57 20 13,08 200
102 Gr-1 59 42,39 32.41,22 .
182 ¢r-2 $9 50,30 3% S1,59 "
18) GF-4 $9 32,57 37 46.09 s
104 CF.S S 45,51 3 . 3
188 GF-6 60 20.29 38 00,39 a4
186 GF.) $9 47,21 27 97,29 57
187 Xv-1 60 14.15 37 18,2 41
190 LL-7: . S9 50,87 ) 33 49,59 7
189 Aland Sea 60 01,19 19 32,48 214
190 EB-1 €0 $9,21 19 43,99 10
191 EB-2 . 61 10,51 30 07.)6 130
192 Hacnosand 62 39,02 13 $9,8¢ 290
193 80-3 64 18,50 33 12,14 130
194 F.0 64 21,28 32 02,87 T
198 F.2x 64 58,29 2y 23,20 o

196 Us-sB 62 15,13 . 1) 59,28 210



