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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. Ta 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 primary 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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±ritroduction

Marine sediments provide a possibility to assess in a
consistent manner thechanges in the environment~ Not only
the present-day distribution of,contaminants can,be exposed,
but also at the, same time,the historyof the sampling site,
providing certain hydrochemical andbiological conditions
are met. The use of biota aS,a pollution indicator in the
Baltic Sea suffers from the,drawback that only very few, if
any, species are represerited in all the subareas in
sufficiently large quantities~

In order to assess the use of sediments as environmental
indicator medium, the pOllutarit studies in the Baltic Sea
sediments were reviewed recently(Perttilä and Brügmann;
1992). One of the conclusions was that while a,large amourit
of work hasbeen invested in the sediment studies, both
samplirig arid analysis methods, as weIl as the positions of
the sampling sites, have been selected usirig varyirig
criteria. For these reasoris the reported conceritrations are
seldorn comparable~ Asuggestion was made to carryout a
baseline study covering all the important riet sedimeritation
areas of the Baltic Sea.

The Sediment Baseline study was planned and organized within
the ICES,Working Group on Baltic Marine Environment. In this
contribution"we 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 bathymetric map of the Baltic sea,(Winterhaiter
1981), several large basins are clearly discerned. In the
bathymetric large scale map, however, the isobaths are drawn
with20m intervals which makes it impossible to evaluate
the small scale variations withiri a large basin. The,small
scale variations are either a result of differences in the
basic topographY, rocks, ridges etc. or some of them may be
a result of the differences in the sedimentation.

The prevailing opinion has been that in the Baltic Sea there
areb~siris in,which the sedi~erits f~rm a ,fin~l sink for many
elements and substances~ When benth1c fauna1s absent, the
sediments in these basins are often laminated and seasonal
changes layer by layer can be recognized. Many of the best
examples of such sediments are found in the nearshore basins
where shallow ridges and islarids effectively shelter the
local,basin from any disturbarices and erosion (eg. Morris
&al~ 1988).
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Recently iaminated sediments ranging'from a few to some 30 ­
35 laminae on the top of homogenous looking, older sediments
have been found in the open Baltic Proper (Jonsson & al;
1990): An explanation for this change of facies has been
assumedto be the long lasting stagnation and thereby the
increased area of anoxic conditions with no biotürbation
caused by benthic macrofauna. Former dynamicbottom areas
popula~ed !ith~enthic an~mal~,have been changed to .tranquil
sedimentat~on bottom,areas where seasonally influenced
laminae are 'fornied~In the Baltic proper the dominatingly
important sink for material is the Gotland Deep;

In theGulf of Finland, the recent chänges development has
been the opposite. The halocline so characteristic at the
depth of some 50 min the western Gulf and at 30 m iri the
East has been missing during the last 3 ~ 4 years (Perttilä
& al., 1993)~ Several,seasonal turnowers of the whole water
body have obviously taken place resulting in oxidizing
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
disappeared probably as a result of bioturbation~ The
sedimentation basins in the Gulf of Finland are numerous and
a mosaik of, small basiris is characteristic of the Finnish
side where.the crystalline Pre Cambrian bedrock dominates
with rugged forms~ On the. Estonian side the cambrian and'
Ordovician basement has smoothened .the ruggy ferms and some
larger sedimentation basins are found. '

In the Gulf of Bothnia the dominant featureis the almost
constant erosion of the older sediments in'the less than 60
- 70 m dee~. coastal areas as aresult of,landuphea~alwhich
continuously rises ,former sedimentation bottoms up to the
hydrodynamically active zone; The eroded material is
transported towards the deeps. The present'sedimentation
contains a mixture of material of very old and present
autocht6rious origin.

,'"

.. General conduct of the study

The expedition was carried outeri board,the R/V Aranda in
June~July 1993;coverin~ the whole Balticsea (Fig.1).
Differential GPS was used, for the positioning, 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 sanipling~ 10 KHz and 110 KHz echo
sounding equipment was used for the inspection of the layer
structure of the bottom sediments (Fig.6). Depth
measuremerits.from the echo souriding during the grid were
combined with the ship's navigation data, and at each
station, a three dimensional picture of,the bottom was made
(Fig.7). A,side scan sonar was also,applied at most
stations~ The final selection of the sampling position was



•

•

, '

done by.means of an inspection of these three sources of
infornation.

Thesediment surface was recorded with a video camera
system. In order to study the inner structure of the
sediments, a penetratirig sediment camera system was also ,
applied, which phatographed the vertical structure~ For this
purpose; one core was also takeri forX-ray analysis. The
detailed results cif these characterizations will be
published later.

For sampIes intended for chemical analyses, a new type,of
gravity corer was used throughout the study (Fig. 2)~ This
carer consists of a double core system; producing two
identical cores at a time~ Thefunctioning of this corer
type.wasfound tobevery reliable, ,and the sampIer proved
to hit the sediment surface at upright position nearly
always, contraryto theconventional single~tube gravity
corers~ The sediment cores were cut to 1cm,thick slices
(O~8cm for redox measurements), and deep-frozen~ Redox and
preliminary Cs-137 measurements were carried out on board •

The Cs-137 measurement gives an energydispersion pattern,
in which the Cs band is easily recagnizable (Fig. 3). We ,
assume that a major part of this elementorigiriates from the
Chernohyl accidentin 1986. The Cs-137 activity can be ,
followed down in the sediment core~ At most of,the stations,
the tcipmostsediment layers showed high activity, with a
peak at the depth of 3~10 cm (Figs~ 4a and b). In sediment
layers below,thepeak,the,CS-137 .activitY,decreased rapidly
to background values. We assume that the sediment layer with
the activity,peak corresponds to the immediate Chernobyl
fallout, giving thus a roughestimate of the,net
sedimentation rate. Fig~ 5 shows the depth of the maximum
activity layer in the observation stations of the Sediment
Baseline Study.

preliminary results

- Characterization of the sedimentation basins

The descriptions of the samplingsites are presentedin
Annex 1. The preliminary measurements of gamma emitting
nuclides at least indicate, thatthe sediments chosen are
sedimentation hasins~ This isccinfirmed at least partly by
the depth to which the Chernobyl fallout ,af ,137 Cs now seems
to be buried. The clear echo sounding records 'of dune like
formations and in some cases the direct,video images of the
sediment surface indicate that in same areas our
understanding of the sedimentation process has to be
reccinsidered.
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In theGulf of Finlanct on two stati~ns (F50 arid Xy-l) we
could watch how a relatively,strong (ca 15 - 20 cmjs) near
bottom current detached particles arid aggregates from the
sedimerit surface. Particles were then transported along ,the
sediment surface. Some times the sediment surface seemed to
be rolled off by the currerit like miniature carpets. ,On some
othersamplig statioris the macroscopic benthic animals were
seen to dig into the sediment surface, and even very faint
water movement was transporting,clouds .of material away~ All
this must influerice the deptti of the Chernobyl maximun fall
out of 137 Cs and any other property of the sediments.

It appears that in most of the shallower basins witti depths
around 60 m or less, iridependent of the area of the Baltic
Sea (Arkona and Mecklenburgbasin in the seuth, the Gulf of
Finland arid. the Gulf of Bothnia in .. ' the North), sedimerit
particles were not descended ontheir firial places. The
abeve described visually observed reworkirigof the sediment
surface makes the vertical timescales uncertain and
unc6ntinuous. This kind of sediments are probably less

tt suitable for everi low frequency monitoring.

The,deeper basins often show massive sedimentary packages of
soft sediments of recerit character, as observed by echo
soundings. In these basins, stagnant dead bottcim periods
alternate with nonstagnant periods "characterized by a
recolonisation of benthic fauna arid thus areturn of water
movement~ This alternation may govern the vertical
sedimemtary record, rendering age determinationmeanirigless.
Only the deepest parts of the Baltic Sea seem to act as
final sinks for particles to form coritiriuous packages of
layers.

The GotlandDeep, however, shows striking differences in the
depth, thickriess and structure of varves. The sampleswere
of atcitally different character than expected~ On the top
of the samples ttiere wasel 10 cm thick fluffy homogenous
looking layer of very watery, leose grayish sediment. In
1992, a similar, but thiriner layer had already been observed

.. (Niemistö 1992).

No layers were visible, but the preliminary X-ray images
this fluffy layer revealed three thick separate layers.
Below,these; the layers were.drasti~allY thinner, about 0~5
to 0~2 cm. Deeper down two white bands were found.

The gamma spectrometric analysis of .... 137 Cs showed amaximum
at the depth of about 9 cm onlY.,The Chernobyl acciderit
havingtaken place in ,1986 , this layer is far too near the
sediment surface if these layers were anriual. .

riere, thus, is a very c6ntroversiai sediment~ackage. ori one
hand, the topmost fluffy layers were uridisturbed by any
bioturbatiori or mechanical reworkirig 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 might 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 •
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Fig. I. Cruisc itinerary of the 1993 ICES/Hdcol1l Sediment Baseline Study

13.6. - 9.7.1993
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Fig. 3. Example of energy spectrum from a sediment sampfe 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. Tlle resullS oflhe 137 es (OPM) me:L~un:mcnISenrreclcd
wilh lhe bulk densily. The correclion chances somewhallhe !llplnnSI
walery sedimenl slices. but slillihe Chemobyl peak is c1early
discemed.
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Fig. 4 A. The ''bulk densily" (gfcmJ) by X-ray pholography of Ihe
whole eore and 137 es (OPMl by G3Inma radiatiun from:l core
spliued 10 I em slices. 80th measuremenlS were made unboanl
emmidi:llely afler sampling••



Fig.5. Depth (ern) of of the maximum 137 es activity (DPM. wet
sediment) in the sediment eores taken during the Sediment Baseline
Study sampling.



Fig 6 B. Echogram of a sediment pillow in the Gulf of Finland (GF·6).
The sampIes were taken from the top of this 52 m deep fomlation. A
hard bouom horizon (I) is c1erly discemed ut the deplh of some 5 111

below the surface.
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Fig.6 C. Echogmm from the Äl:\Ild S~a ut th~ deplh of ahllllt I{)(} 111.

A strong retlector (I). probahly gradaf c1ay. is huried under a
sediment pucbge; sOll1e 30 ·40 111 thick ,md acollstic:llly transparclII.
Thc black spots inside the recent part (2) are ,isslImeu 10 be reflections
of gas containing "pockets". The lIndlllating slIrf:\cc may bc
rellactions of "d11 neIikeil foml;uions. whiclt indic;lIcs water I11nWll1Cnt
allllulICVCII Irallspnrt. ll1ay h~ eVl'1l l'rosillll l1\\"l'r Ihis smfal'l·.
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Fig: 6 A. Echogram of the Meckfenburg Bigt . The sampfes were
taken from this 24 m deep basin from the ca. 5 m thick resent
package of resent soft sediments (the final pface marked with an
arrow). The package is owerlying an old erosion horizon (1) c1early
seen under even the thickest part of the acoustically very transparent
sediment formation.
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ANNEX 1. De.e.lptlon ot th•••dlm.nt .ampllng .tatlon••

htU 11551

Th. ba~ln r.p••~.nt. th~ out.r pa.t ot the G••a~ Belt
ehann.l. and lt 1. maln1y ln:1u.neld by th. Sound a••a.
O.pth belo.. the thermoelln. and ha10elln. (at 20maxl...
Rerleetor layer ac 4 ~et.r. frcm the aurtace of the aed1mene
(4 _t... ot po.tg1..ela1. und••neuh glaela1 elayl.
Cha.aet••lzld by v.ry .ma11 topoq.aph1e varlatlone. Sllty.
somewhat sandy, cx1dlzed ••diment.

htt2 115"

The b... ln r.pr••ent. th~ NB Xatt.gatt. b.lng a prolongatlon
ot the ....t.rn .lope of th. d••p ehannel ln Xatt.gatt...lth
an 1.regular topog.aphy. Th•••d~ntatlon ar.a la .ltuated
on • t ••r••••• Th.r. 1... t l.a.t 10m thlek l.y.r of
po.tgl.elal .ott .edlment. but ga.-eontalnlng ~d p••v.nta
p••cl••••tlmatlon. Th••ed1ment .urf.c. la oxldlzed. but
redox tuma n.g.t1v••lr••dy at 40m d.pth.

lUd Blgh~ (1571

R.tl~etor ~t 1m vlalbla no~ end th;~/ g~~ contalnlng lo~••
lay.r doe. not .llow aeou.tle pen.tratlon/ very fl.t. ,
topog••phy. Th. a.l.etld alt. 1a ln ehe w••t.rn part of the
.edlmentatlon baaln ot th. Llttl. B.lt ••••• The ar.a haa
hydrogr.phlcally atrongly v.rying conditlona. vith a .trong
h..loelln•• Redox po.itlv. down to e•• 5 om••tt.r whleb
d.pth al.o an lndlc.tlon of R2S ean be detected. Trawllng
tr.cke d.t.etld by .id••ean .onar. whleh ...y v.ak.n th••
u••fuln... ot the acation a•• ~ltorlDg station. leeau••
ot .urroundlng land. probably atteeted by agr1cultural
dlaehargee.

1tB2 (1581

In th••ebogr"",•• _ll'~OWD e!Wlnd (po..ibly .~ldl ean
be •••n. Ga. eontalnlng .ed1lllellt bed. vlth .oma ucuetura

,. retl.eting at abollt 4m. Some patehin••• ln tha IIlrtae•.
• etructure. Strong- eroaloQ CODd1tlona pr.v.n~ lte u•• a••
...,monitorlng .t.tlon.

,
H.ckl.aburg (1591

A5~ thlek Pae~ga ot r.c~~t marin. ..d~nt iying on top ot
a v.ry flat reUeetor. whleb pollibly Nru tba dry'land

Gdan.k B.y (lUI

ACOU.tl~~llYvery tranapar.nt .re•• viCh ••veral aharp .
r.tl.etor•• No tr.e•• ot ga•• Tep ot eha .ediment haB b••n
r.dueed. Ther. 1. no regular eurr.nt sy.tem to dl.turb
.edimentation. Th. baaln 1. prcballly higb1y .tteeted by .,
pollution from indu.try .nd ag.ieultur.. It i. al.o tha maln
aecumulation area to. pollutent. from tha.Vi.tul. river.
Probab1y a .ultlbl. are. tor r.tl.ene. ual. vith re.peet to
land-ba.1d di.eharge••

_lthwuiian eoa.t 11701

~b. ;;l.c~~d ar.~ b4lon9. to th. Ilorth·.a.tarn p.rt ot th~
Gdan.k ba.in. vhleh i ••epa.Ited trom tha .I.tern Gotl..nd
deep by a treshold (1ft .ou~hw•• t - Dorthe••c dlrecc1oftl_ '
Repre.enes pollution trem ~liIl1Dgr..d .nd Kl..1peda. Po••ib1y
an .ro.ion .urtaee below tha r.elne .edlment l.yer. In tha ,
~ec.ne ••dimene layer th.~. a~. :wo reel.ccors cloae to .ach
Othe•• Probably nO ga. ln tha rltleetlng el.y.

, " ,
Eaeeern Goeland d••p (1711

Thi; i; th~ i~rg.st .~iment~CionbA;in In eh. Baltie Sea,
with .ubat.ntial p.rt. d••p•• than 200m. The .eation i. .
wel1-known. ,ltuaced at the ..scara parc ot th. ba.1a"clo••
to th. maxilllWll d.peh of th. ba.in. Th....e_ eo prev.U '.
re9ll1ar .ediment.tlon eondlt~ona, a. ehe di.eanee eo land 1.
large ln eaeh dlreetlon•• Th••tation hae 10n9 hl.eory of,
• edlment studi••• The •••a hae a ...ltltude of smaU baaina.
Aeeording eo the .ehogram. th•••l.eeld .it••hows ehe
larg•• t bed of Lltorinl ...d ov.r th. Ancylu. l ..y••• T.n .,
topmo.t eentiDetlr. a •• tOrmed b~ .lurry mat••ia1. not re.l
.edlment. Thi. l ..ye. w... d.t.e:ed al.eady in 1992. ehough
it. thiekne•• w... only 10m theM. Ea.lle. repore. ot .ueh
11u.ry do noe .xi.t. X·.Ir .tudy reveal. the .lurry to be
lam!n..tld. ln .ple. ot th...ppa••nt homog.nelty. C.137
r ••ult. indieate that th. eh.meoy1 activity 1. roIlghly
avenlr dl.tr1bu~ed from ~op ~f .~lment. down eo

R19a Bay (172'1751

Probably pr••~ntlV a net e.diment.eio~ area. After ehe
narrow e~rale leadlnq ineo the ~.y, • serie. or eurtac•• can
be det.eted. The love.e ••p••••nt. probably glaeial tll1.
then to110w upwarde two weak•• r.tleetin9 .urtace•• the.
lover one probably of varved ilac141 cl.y and the n.xc one
91aclal clay, and Ln tvo .r•••• ~. ~r. recenc .ed~nc bed
1_ on cop o~ ehe clay. El••wnera :ha surtace conalees oe

Lübeck B..y 1160-1611

Paekaqe cf ••diments vher. gas pr~v~nts the acoust1c
penetratlone. Th. vi.lble b~d i. 2m thlck. p.obably d~~p~r
(hard rock eurfac. not ••~nl.Th. lediment surfac~ 1.
oxldized. with redox turninq negativ. trom 5 cm on. Th~r~
a•• ga. r.tleeto•• in th••ediment bed. Land pollutlon 1•
• lgnitleant lag.leu1tur•• lndu.try. tou.i.ml.

'..
Arkana basln (162-1661

Th~ etudy ••e~ i. ln th. central pa.t of the tlat ba'in.
S.eondary .tation. and p.1mary .tation differed som.what in
thiekne.. of the mud l"r.r. Tb••edim.nt b.d haB a thickn•••
ot .rOllnd 2.5 ·.7m, vlth el 3m. of el..y ben~Ith_ Tbls ba.ln
1s the flr.t real r.pr.sentant of th. B.. ltie Sea I.outhern
partl. Soma patchines. in tha thin organie .urtace. ..,
indleated by th. vld.o doeum.nt. Tb•••dim.nt .urtace 11
oxldlzed. redox i. po.itiv. down eo 7 em. C.137 ana1y.i.
sho... a maxi_ aeUvity at th. d.pth ot 2'3 om. No ..n1mall
det.eeed. Small 11'2oml .ggregates Iclumpsl vilibl••.
poeaibly a eoneequence ot trlwUng. Same tr.wHng trlek.
vere inditated by .cho and lonar.

BorMol. balin (1671

AI th. bottom ~.teri~y.r and sediment .urf.e. a••• is
u.ua111 redueing. .edimellt lamlna. ve•• axpeeted, but not
found. neither by vl.u.l in.p.ctlon nor x-.ay. Tb. I.l.cte~
.tatlon i. sltu.tld It th. far .a.tern end. elo.. to the
Slup.k ehanael. reprl'.llting th. outlet ot tha Bomhols
ba.in. Probably th. .it. i. not very repre••ntativ. of th.
bal in. Flat bottom, mud layer thlekn••1 Idown to th.
r.t1.etlng .urtatel ea 2m. Th••ite ••pe••s to b. un.uitlb1.
tor r.t:ereaee ua••

BOUl-l0 (1681

Tb. elee 1. 8ituated ae th~ ~outh~rn ~n~ranc. ~a the e~ae.:n
Gotland balin. Tbe bottem 1. fUt. with 2'3m to th... ,
r.fleeting .u.f.c•• S.v.ral r.tl.eeing .urf.e.1 "bove th.
maln aeOll.tie barri•• du. tO ga•• p.Obably th. el..y layer.
Mud th1ckne.. .pp.ars tO lncrea.e tovacds the nor~n in the
are•• Ero.ion dua to cont.ct to haloel1ne may .ff.ce th.
.tation'. u.etulne•• as a monltoring .tatlon. The .it.
appear. to be unauitab1e for refe.enee u.e.

.roded glltial e1ay.Thil .equ.nc. 1. typieal of th. Baltie
Prop.r. but lt ean be lien very e1e.. rty f.OIII the. Tb.
.t.tlon haB very .tlble .edimentation conditions, vith
prletlcally nO eurr.nt.

F4r~ Deep (176. 1771

TWo po;iti~ ~r; ~t;lt~. In both. verv ;xe~Ptional
.~l~.nt, Oft top 2 em of .lurry. bue clearly lam1nat~
mate.ial •. followed by a laye. ot wary .ott. g••y. elay.y
.ed~nt vlth obviou.ly wary high vat.r content. Th••ott
elay eould be .u.p.nded glaelal elay. red.po.lted und••
marine eondlelon. I....U of 82SI •. P.ob..bly the .t.. tlon ..'
Itudi.d does not rep••••nt th. F&r~ baaln•. whU. Oth.rwb.
th. Ir.a mlght be v.ry ineer••ting fram eh. point ot view ot
rlseareh on transportatlon proce••••• Tb••tudied .ltl•••1
un.ultAble ror a reference u•••

West Gotland De;i» 1178/

Tbe re iS • elea~lY di'~ingui.habl; layer ot 2m. ben.arh at
1.a.e ewo retl.eting 1.ye••• Uneven topog.aphy. Cri.t.. lline
bae.roek (elr11•• sedimentary b....I. P.obab1y th••tudled
seation repre••nt. th. bA.ln: th. general 8tructure cf the
cor. resetlllbl•• tho•• report~ earlie". On the .urt:ac••
b.et.ri.. l tilm_ Th. upp.r layer. b.ownish. llmin..tld. 1­
7.1om brovni.h-blaekl.h. reduced. 25-30 lamin... InOt very
el...rl ••ucc•••ively ehanglng b.tv••n 7.1·11om t.om g.ey­
b.ovni.h tO more tirm ..nd mo.e elearly 1amin..ted (14
lamlna., .la.t one very black, 2.Soml ... 11-24 ClIl, mo.e flr.ft.
brown-g...n .edlment with • tew lamina•• 25-•• flrm, b1ue­
greyl.h. sulphide'"poeted, vith .. tlw vi.ibl. lamina••
Aeeordln9 to x-.ay .tudle•• the topmo.t 30m varved' then
ag.in at the depeh ot 350m wa. a 503 thiek v.. rv.d laYlr.
Setveen these layera, na l~nae va. found.

, " .'
Landeort balin 11801

Larq. de-peh variationa. Th. e.trlpl.s ""'re t3k~n tram a tloSe
platlau. Tbe studied po.itlon probably noe good tor ou.
pupose•• Sedimentaeion eondltions .eemingly v~ry .imi1a. :~

thos. tound at Ea.t Gotland Ceep. FA.~ Oeep .n~ at We.tern
C~tland O••p. Large flat srea south-.ast cf the d~.p. Th.
d~ep lcs.ir 15 very mixed du. co unknown reason8. b.1n9 thuS
noC su1t4ble tor any monitorinq purpese. Coasc3l condltions
p.obably p.. rtly ••tlectld. ln e~lnai.an with 3ene.al ,
~a1tie S~a eondltion•• du. to the av~r3ll eir~~latlan .v.t.~
of the vater•• Th. area i. probably affeeted by ehe outtlov
cf SOthnian Sea "acers.



LL19

On top ot the eedi~~e b~d. there le a thlek paekaqe ot
acou.cle.l1y penecrable .edl~.nc. Tbe thlckne•• oe Chi. ~d
Inereases vith vater depeh. vhleh le an Indieaelon ot reeene
eed1m.nc accumulacion. The sediment .~le. are very
galeou•••ven thouqh acouatle penecratlOQ 1. very good.
Larg. depth variations.

GF • 1

Tbe area le eha~aee.rlz;d by ve~ v.rlable email .eale
ditterenee. In th. eopoqr.phy and th. r.tleetor. on eh. echo
sounder lndle.elng glaelal .edlmene••omeelma. re.eh the
sediment eureace. Th. ba.ln chosen tor .~11n9 show. ,
••v.ral dllclnct refleccor' In ehe echogras.The•• glacial ,
elay layer. are burled In th••ampllng .eaelon at th. depth
ot abaut 15 M belov the .edimene .urtaee. Tbe reeent packeg.
ot .ott .ediment. eonealn••eme ga••

CP • 2

Tbe small b~;i~ cho••n .ho., th••sm. t.ature••• CP·l. ca.
tormaelon maXe. th. d••p.r r.tl.ttore noavl.ibl••

Cp·)

La~. ledlmentat10Q ar•• with GundaDt lmall ara1e
v.rlaelone. A el.ar r.tl.eeor 1. vl.ible 1D Ch. vary .urtae.
on larg. arla•• Tbl. r.tl.ctor Mlght be a g•• contalnlng
ree.nt laYlr on ChI eop ot the .&dlment but .11.0 a
dl.conelnulty larar eau••d by bloturbatlon.TbI tlnal
.ampllng wal pertormed on • ..dl..nt arla. Wblr. thl.
r.tl.ttor va. at th. d.pth ot 5 • , ••

cp·.
Tb; r~tl~etor. lndleatlng gl~~l~l el.y .~1aent. va. vary
verl.bl.. but dl.tlneely burled belov a packeg. ot r.e.nt
.ed1aentl. Tb••urtae. topoqraphy 1. vary lWJl on larg.
ar•••• vhlch ladleat•• ba.ln tllling .ed1aeneatlon ovar a
long.r p.rlod. At eh. .ampllng po.ltlon th. glaelal

.. '. nU.eeore wer. at I d.ptll ot .ane 15 • Ind In .ddltional,
~r.tleeeorva. vl.lbl. ammldlle.ly ebaWe th. gas eone.lnlng
,.bulk ot th. " ••nt .ediment.. ca. In th. .edllan.t paeuq. .

dler•••ed eh. pen.er.elon ot .eho .oundlng. aad th. varabl.
r.tleetor v•• not allvay. dl.earned.

Cp·5

.ampllng .le. 1••~ 20 • thlet. ~ ~nlY VlrY .llgt gas
fOrMation vae recorded a....11 pack.t••

0·1

Tb. Ilaee.rn Baaln 101 la th. larg~~c formation in th. .... ..
Bothnlen S.I. Larg. ar....n d••per tha 100. and th. Ilaaln
la .xcended to th. lIlf .nd1ng up lA the d.epe.t part OA the
Swed18h aide. ~ " ;.
Tb••ampllng .lt. 1. charaet.rl:ed by emall .eal. v.rl.tlone
oC a tev _ter. to ••Vlral 10 ...t .... Th. avarag. depeh 1.
"ome 120•• a.e.nt. Po.t Claelal .ed1aeAt. Ir. domlnatlng•

.'." but .redon cAannll. een b. touad lA the .na. At eh•

•
""Pung alt. Ch••ed1aent. are typleaUy oC a ba.ln Ulliog
naraer.r. Tb. elear lecu.tleal r.tl.etor at Ch. depth ot 2·

4 • belov Ch••ld1ment .urtac:e 1. probaly th. border betva.n
Ancylue aad Lltorlna .tag.. LA eh. llaltle ... evolutlcn.

1Llrn6.llDd De~p

Tbe de.".~t er;a ot th; Ia~tlrn Baal;' In the Bothnl~ See
."eledlng 210 • d..pth. Tbe .edi:oent. In Chi. d"p area are
gen..rally surprl.lngly thln. vhlch mlght be an lndle.elon of
currenes an4 11llternal vater IDOVftMtnc,. Tba Anc:ylua • Litorina
reCleceor .... Goe d1ecerDed. cl••zoly among • ..,.ra1 oeher
reCleceon.

BO·)

Tbh d~ a~.. 11 th. 1arg~.t and de..pe.t ba.l~ lA th~ BaY
ot BothDi.. Large ar.... are d••per than 100 •• Tb. .ampllnq
.lt. Poet ,l.elll .edlmant. ar.. depo.lted on an leouatie~lly

vl"ible acraln. and tlll r.Cl.etar the vhol. paCke,. be.. lng
.oma 10 • 12 • thlck.

p.,
Tb; aeatlon 1. ~lted In th••~ ba.ln a~ 80·). It 1. In the
deepe.t depre•• lon ot th. ba.ln. Aeouetleally very ,
transparent sedimene. cwerly th.. glaelal tl1l Ind moralne
retleetor•• On ehe .ampllnq .Lt. ehe thleknee. ot ehe Post
Glaeial sedlmenes va. .oma 10 • 1: M.

P·2x

In the NOrthernmoee parc ot en. aay of Bothni~ l.r~••r.~.
Are hard•. 8andy 01' moraln. bOtt:m.. Tb. act1ve Sed1~nt~tion

basin. are small and otten .lted in th" vlelnlty ot erosion
boetoca are•• OE' aven "rosi"n e:t.lnnels. Th. saJDpllnq eitre is

Lar,.. ba~ln ~lth abundane small seale varlatlons In
topogl:'aphy. Several amall sedltn@ntatlon basins Cil1ed with
acu9tically eransparent sott sediment beeween stronqly
r~tleetinq peak. and rldq~s. Ae th...a~plinq posltlon gas In
ehe recent 8edltn~nt ~d. ehe deeper reflectors ln~isibl-
but they wer••ited deeper than 4 - 5 m, probably 7 _ 10'm.

GI'·6

targI basl~ In • depres~lon eh.raeteri.~d by bedroek ~ad
glaeial moralnes. Th. depres.lon 1. tilled vlth a pillow.
llke paekaqe ot aeu.tleally very eran.paren r~c:ent ,
sediments. A elear r.fl.~tor, very much like th. on. found
also on ehe .ediment .urtA~. on CY-3, was her. slt.d cl-.rlv
belov the .urtaee the depeh v.rylng bee-.en a t ..w ~..ter; to'
more than 10 meter•• Tbe aample. vere taken on ehe eop ot
the largl plllov·llk••edl~nt p.ekage. and the r.tl.etor
deserlbed abowe v•• not vl.lbl•• but selll deeper ehan 10 m.

XV· 1

'robably the l.rgest ba.ln Ln th~ ares NE ot the Cogland
illand. Ha. been .ampled durlng several y..ara betor•• The
,laelll retleetors ara aeoustleally visible only In the
trlog_. ot th. s ..dlmentaelon b.sln and otheevlsl buried
belov amor. Chan 15 • thlck layer ot reeent .edi....ne••

LL·'
S~il.rgl .epar.t. b~~ln 10 th~ mlddle ot the Cult ot
rlol.nd. Large areas 60 • 80 m d..ep and the deep..st part 10~
• 1. probably th. deepeat ereneh ot th.. vhol. Gult ot
Plnland I area we.t ot the Hanko peninsulal. Aeou.tleally
transparent .ed1Jllent. vlth SOIMI , .. 10 th. Mlddle parts.

halid D~~p

Large tr.oeh ~rea b4.twe.n S~.n aod rlnla"d. Tb. dup~~t
part of the vhole tormatlon Is about )00 •• Sereng .ro.lon
1••ro4lng th. d••pe.t pares. but aloog th_ w tlank ot thl
trenteh aetlve .edl....ne.etlen 1. prr'.lllnq ae the depth
rang. b_evaen 250 to 150 •• Tbe bedroek and glaelal elay
lay.re Ir. el.arly di.e_rned aeou.tieally In thi. .
aedimeotatlon ar_a. Tbe .edl....nt. at ehe .~pllnq posltlon
Ar. charaetlrlzed by be.ldes the aboYe generll.Ceature. als~
by dun.llk. .mall.cal. rounded rldqe. and depr.I.10ns a tew
Mtere lA hlght. Tb.s. glva th. llnpraulon oC dyn••lc:
.ed1aent .u.tle••• Tbe ree.at ••dlmant paekaqe on th.

In ~~. ot numlrou....11 ~~~~r.tlon .r•••• Aeou.elc:.lly
eranapareac Poet Glaclal .edl~at., cODtalnlnq ••veral
retl.etore. 5 ., • thlek 1••edimentad dlreetly Oft thl h.rd
IDOralae.

US·5b

Tbl. emall .epar.t. treneh 1. the deepe.t ba.l~ In th~
BothRlan Se•• Tbl .eoustie retleetors ln th. tran.parent
sediment packag. are 8.ver.! and not very Z''!9Ular. Tb. Post
Claelal .ediment va. on the .a=pllng .lt••oma 10 • 14 m
thlek.

Tabl. 1. Station lht

It.U_ lu 10~9 4

155 UoTT1 56 21.51 11 31.02 21
156 UotT2 57 17.57 11 21,5' 15
157 EI zU0011'I' 5' ".JO 10 10." 2J
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