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Abstract The first investigations of seafloor in Estonian shelf area are related to hyvdrographic surveving carried
on in 18% c__ when the Russian Hydrographic Survey launched composing the charts of the Estonian coastal sea.
For the first time the scheduled systematic sampling of bottom deposits was carried out at end of the 19% ¢_ and
beginming of the 20™ c. After World War IL, the geological investigations on the seafloor had been launched in
late 19605 —mostly aerogeophysical investigations carried in connection with oil and gas explorations. System-
atic mvestigations directly relared to the seafloor research were launched in 1973 when the Institute of Geology
of the Estonian Academy of Sciences purchased R/V Joldia. Medium-scale (1:200 000) mtegrated geological
mapping of the Estonian shelf area supplemented with exploration works started in 1981, when the respective
programme was compiled at the Geological Survey of Estonia and B/V Marina as well as equipment needed
for seafloor investigations were purchased. The investigation results are stored at the Depository of Manuscript

Worlks whereas the reports of investigations and the metadata are kept in a digital database of the Euroseismic.
NE‘Tﬁ. mpetus in seafloor geological mvestigations came when in 1995 duning large—scale geological mapping
the hypothesis of presence of an impact structure in NW Estonia in the area of Neugrund bank was assumed and
the impact origin of the structure was proven by marine geological investigations. Beside these many applied
investigations and coastal monitoring were carried out in cooperation with several local and foreign partners.
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INTRODUCTION of systematic seafloor geological investigations at the
Geological Survey of Estoma. The investigation results

are stored at the Depository of Manuscript Works

In connection with the planned Nord Stream gas
pipeline, especially due to an idea to lay 1t across the
economic zone of Estonda, it has been sometimes spo-
ken that the Estonian shelf has not been inv estigated
at all, or at least 15 extremely poorly investigated. The
authors of this paper are the geologists who also carry
out marine geological investigations and therefore wish
to overmile the above misleading opinions. Mavbe the
Estonian shelf 1s not as thoroughly investigated as the
seatloor bordering Finland or Sweden, but definstely 1t
15 not unexplored. Unfortunately, in 1993 BV Marnna
was given away, which practically meant termination

whereas the reports of investigations and the metadata
are kept i digital databases.

BEGINNING OF INVESTIGATIONS

The first mvestigations are related to hydrographic
surveying of seafloor, because 1n the process of com-
piling manne charts the surveyors used to determine
the composition of the top layer of bottom deposits
in separate points. Thus, the beginning of seafloor
investigations can be dated back to the 18% c., when
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the Russian Hydrographic
Survey launched compos-
ing the charts of the Es-
tonian coastal sea. The
first written notes about
seafloor investigations are
related to curative mud 1n
the Rootsikiila Bay on the
Saaremaa Island.

For the first time the
scheduled systematic sam-
pling of bottom deposits
was carried out in 1883
during a manne expedition
(Braun 1894). In 1900-
1910, Russian scientists
I. Kmpovich and S. Popov
performed a geological
cross—section from Kotlin
Island to Osmussaar Island.
Approximately at the same
time German research ves-
sel Poseidon carried out
expeditions reaching the
western part of the Gulf
of Finland, which includ-
ed also investigations of
bottom deposits (Kuppers
1906). The first notes about the distribution and compo-
sttion of iron-manganese nodules i the Baltic Sea were
provided by Russian investigators . Samotlov and
A Titov (1922). Important information on the seafloor
setting 15 also mcluded in the Estomian pilot book 1ssued
by colonel lieutenant J. Mey mn 1927 W. Twenhofel
(1938) discusses. 1n his study, the seafloor geology 1n
the area of the West—Estoman Archipelago. However,
at that time the mvestigations were focused mostly on
hydrographical 1ssues.

After World War II, the Soviet Unton launched
systematic geological investigations of the seafloor
only 1 late 1960s. and they were mostly aerogeo-
physical investigations carned in connection with o1l
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Fiz. 1. Location of profiles of seismoaceoustic sounding. carried out in partcipation of

and gas exploration (Effendejeva 1967; Tugolesov et
al 1968).

Systematic investigations directly related to the
seafloor research of the Estonia’s territorial waters
were launched m 1973 when the Institute of Geology
of the Estomian Academy of Sciences purchased the
research vessel Joldia (Orviku 1974). More detailed
mnvestigations (mapping) were carried out in Pimu,
Narva and Tallinn bays and the Sea of Straits (Vii-
nameri) (Lutt 1983, 1985). However, the equipment
at that time enabled to obtamn the information only
about the uppermost part of the seafloor (Raukas &
Lutt 1993). More investigations were focussed on
the processes occurring in the bays (Matsalu, Eeibu,
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Fig. 2. Sampling points of bottom deposits in the Gulf of Finland.
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ward of Asen settlement).
The data obtained during
these investigations are still
stored at VSEGEI and in
spite of repeated attempts
and former agreements we
have failed to obtam these
materials. The first set of
maps (Malkov et al. 1983)
included the maps of bot-
tom deposits, Quaternary
deposits, bedrock geologi-
cal map and the map of
seafloor topography.
Another map set cov-
ering the central Gulf of
Finland (Talpas et al. 1989)
was compiled based on sea-
floor investigations done
by geophysical methods
(matnly seisnuc sounding)

Fig. 3. Profiles of seismoacoustic sounding carried out in the area of the Nengrund crater.

Tagalaht, Kiidema; Lutt & Kask 1980) and on the shore
(Orviku et al. 1982).

In 1980-1985, duning the expeditions arranged by
the Institute of Oceanclogy of the USSE Academy
of Sciences ca. 500 rock samples were collected by
dredging from underwater escarpments (the formation
of the sampled rocks was identified for 60 samples,
and the Cambrian or Vendian was defined for 86 sam-
ples). These data considerably facilitated deciphering
of the seismoaccousting sounding profiles (Eipli et
al. 1993).

SYSTEMATIC INVESTIGATIONS

Systematic seafloor investigations (geological map-
ping) were started m 1981, when the respective pro-
gramme was compiled at the Geological Survey and
research vessel Marina as well as equipment needed for
Seafloor investigations were purchased (Mallkov et al.
1983). The programme was aimed at a medinm-scale
(1:200 000) integrated geological
mapping of the Estonian shelf
and additional exploration works.

and sampling of loose bot-
tom deposits by gravity
corer and grip scoop. Be-
sides, drillholes penetrating into the crystalline rocks
were made on small islands of the Gulf of Finland
(Péhja—Uhtju, Viike-Tiitarsaar (2), Vamdloo). The
above-mentioned mapping resulted in compilation of
the following set of maps:

* map of seafloor topography;
bedrock geological map;
map of Quaternary deposits;
geomorphological map;
map of bedrock topography:
map of mineral deposits;
lithological map of the topmost part of
bottom deposits:
a set of geochemical maps;
map of factual material of geolophysical
investigations:

* map of drillholes and sampling points.

The seafloor geological investigations are pres-
ently continued at the Geological Survey of Estonia
(Eest1 Geoloogiakeskus, EGK). In 1993 were compiled

Table 1. Geological mapping of the Estonian territorial waters and economic
control zone at a scale of 1:500 000 and 1:200 000.

As a result, seafloor maps were
compiled, firstly, at a scale of
1:500 000 (Malkov et al. 1983),

Regional geophysical investigations in Tallinn Bay at a scale of

1:200 000

later at 1:200 000 (Malkov et al.
1986; Talpas et al. 1986; Talpas

1951-1933

Regional geophysical investigations at a scale of 1:200 000 on

Eztonian shelf between Maissaar Izsland and Juminda Peninzula

et al. 1993).
The mapping covered a ma-

Geclogical mapping of Estonian shelf at a scale of 1:500 000

jor part of the Estonian territo-

rial waters. It was agreed that the |1986-1989

Geoclogical mapping of Estonian shelf between Juminda Penin-
sula and Tiitarsaar Island at a scale of 1:200 000

All-Union Geological Institute
(VSEGEI) carnied out mapping of
the eastern Gulf of Finland (east-

1989-1992

Geclogical mapping of Estonian shelf between Vormsi Island
and Juminda Peninsula at a scale of 1:200 000




geological maps of the part of the Gulf of Riga within
the Estoman territorial waters and in 1994 a set of
maps covenng the western Gulf of Finland came out.
Within the later works almost 4000 km of seismoa-
coustic sounding was carried out, bottom deposits were
sampled in 3884 points and on small 1slands (Aegna,
Koipse, Rammu) were made drillholes reaching the
crystalline basement. Besides, in cooperation with
VSEGEI engineering—geological investigations were
carried out within Tallinn Bay.

The main investigation method was seismoacoustic
soundmg carnied out mostly by a profilograph operating
at frequencies up to 450 Hz. Besides, lugh—frequency
acoustic profilograph (24 kHz) and echo—sounder
were used. The data were recorded on thermochemical
paper. Seismoacoustic methods in some cases enabled
to “penetrate” the complex of Quaternary deposits
and sedimentary rocks down to the surface of crys-
talline basement. Besides, the bottom deposits were
sampled by up to 18 m long gravity corer. grip—scoop
and sometimes with vibrocorer. Maximum 14 m of
drillcore was obtained by this method. At 1:200 000
geological mapping the distance between geophysical
profiles as well as the distance between stations was
2 km. The dnlling and sampling were carried out in
locations selected on the grounds of seismoacoustic
soundimng results. In 1991-1992 by B/V Livoma were
carried expeditions to the central Baltic Sea. during
which by geophysical methods (seismoacoustic sound-
ing at 250500 Hz and 4 kHz and magnetometry) was
mvestigated seafloor within the Estonian territonial
waters and economic zone.

In 1993 B/V Marina was given away, which practi-
cally meant ternunation of systematic seafloor geologi-
cal investigations at the Geological Survey of Estonia.
The investigation results are stored at the Depository
of Manuscript Works as reports of investigations and
the metadata — 1n digital databases.

THE NEUGRUND IMPACT STRUCTURE

New impetus in seafloor geological investigations
came when 1 1995 dunng large—scale geological
mapping the hypothesis of presence of an impact
structure 1 WW Estonia in the area of Neugrund bank
was erected. mainly on the grounds of composition and
distribution of gneiss—breceia erratic boulders (Suuroja
& Saadre 1995). In 1996 durning Swedish—Estoman ex-
pedition the Nengrund Bank and 1ts surroundings were
mvestigated by seismoacoustic sounding from RV
Strombus and the presence of a crater—like structure
was identified (Suuroja et al. 1997). Inspired by thas
discovery, the mapping of the newly discovered crater
and its surroundings was launched 1n 1996 (Suuroja et
al. 1999). In 1998 samples were taken from the crater
wall during diving from R/V Mare and thus the impact
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Fig 4. Location of diving sites in the area of the Nengrund
crater and surroundings.

origm of the structure was proven, as well as the source
area of the gneiss breccia erratics in Western Estonia
(Suurma & Suvuroga 1999, 2000). In 20002004 the
crater structures were investigated by sidescan sonar
and video robot (Suuroja & Suuroja 2004).

APPLIED RESEARCH

Although the systematic mapping was terminated,
several applied investigations and coastal monitoring
were carried out in cooperation with several local and
foreign partners. Bottom deposits of the shallow coastal
sea were mnvestigated from German RV Littorina (in
1995 and 1996) and Humboldt, firstly to obtamn data
for modelling the coastal processes. These mvestiga-
tions included seismoacoustic sounding (1-1.5 kHz).
sidescan sonar profiling and vibrocoring. In 1994-2001
several attempts were made to investigate the shallow
coastal areas (Tagalaht, Paldisk:, Eru, Pakn and Hara
bays and sea area within Riguldi map sheet), but for
several reasons these works were not accomplished.
Besides, contractual works have been camried outto
investigate the waters and sample the bottom deposits
of several small harbours (Haapsalu. Heltermaa, Kab-
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Fig. 3. Sand investigation areas (blue polygons) and ap-
proved resources of subbottom sand (red pelygons) in the
surroundings of Tallinn.
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Fig. 6. Sand investigation areas (blue peolygons) and ap-
proved resources of subbottom sand (red polygons) in sur-
rovndings of Hilvmaa Island.

erneeme, Munalai, Mént, Parmu—Taagupi, Rohulkiila,
Toila). Investigations have been carried out to obtain a
general review of distribution of sand and gravel (A.
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