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1. Abstract

In 2007, a call for proposals fonultilateral research projectgas published by BONU3Béltic
Organisations Network for Funding Science EEI@presenting altogether ten resedtaiding
organisations in the Baltic Sea stabathin the framework of the BONUS.69 Science Pla\s

part of this, a group of earth scientists led by Bo Barl@gehsen and Henrik Fossing,
submitted a project proposéfiethane emission in the Baltic Sea: Gas storage and effects of
climate change and eutrophiceinoto study shallow gas in the Baltic Sea, with particular focus

on the gas generation, fluxes and budgetsthed relationship to environmental parameters,
namely to gain predictive expertise for additional methane release as a consequence of global
warming and environmental changes in the Baltic Sea region. This pimepbsalwas
successful andtarted in 2009.

Together with the start of many BONUS projects, the opportunity was given to apply for
financial support for educational training coursesiere PhD students from the Baltic Sea
region, whether they are involved in the Baltic Gas project or not, could apply for and

participate.

At this point the University of Bremen had applied for such a financial support in the name of
the Baltic Gas proj, suggesting a geophysical course on seigomustic imaging, which
included an apmwximately oneweek preparation phase a s hi p6s c-cruises e,
meeting. While the original proposal considered to organize the cruise on a German vessel
where only a limited number of participants could be seraéidr the confirmation of funding
subsequentegotiations with the University of Szcin and théMaritime University of Szczecin

led to a joint Bremetszczecin educational project, using thenr i t i me |bsodntfie r s i t

equipment andraining vessel Nawigator XXI, with 30 berths for scientists and students.

After the final announcement in June, 2010, 14 interested PhD students and scientists applied for
participation and were acceptdd.total, 17 students an@ scientists participated in the course
program and the cruisdmong these6 PhD students were associatedBONUS (4 with Baltic

Gas) 8 were Ph.D. students from other institutions and programs, 3 were B.Sc. or M.Sc.
students 9 participants are located in Szczecin (Poland), Zapot (Poland), 8 in Bremen

(Germany), 2 in Kaliningrad (Russia) and 2 in Lund (Sweden).

The teaching teamame from Bremen Universityone professor (V. Spiel3), one postdoc (N.
Fekete)threePhD studerst(Zs. Toth, F. Meier, J. Xingand a M.Sc student (A. Lenhart) were

giving talks and leading the exercises. A. Skowronek fBatzecinUniversity took the lead in
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the cruise operation and communication with the Padidghi p6s c¢cr ew, J.ishSei dl
Geological Institutgrovidedgeological background on the Polish Baltic Sea.

This training course wasrganizedrom July 18" to July, 27" with the following schedule:

15.-18. July:  Preparatory classroom courses in Szczecin, Peland

theory equipment, software, field work at sea
19.- 25. July:  Research cruise to the Southern Baltic onbd&fd Nawigator XXI
26.- 27. July:  Presentation, discussion, and documentation of preliminary results

During the preparatory course, the participansre trained in aspects of the Baltic Gas
geophysical research, introduced to processing and interpretation of single beam echosounders,
charting with theGMT software package, processing and interpretatiosidef scafbackscatter

data with thembsystensoftware, and processing and interpretation of seismic data\ista

Seismic ProcessingndKingdom Suite Seismic Interpretation SoftwBeekages.

During the first day, July 16th, the course was started with an introduction to the Baltic Sea
Geology byProf. Jan Harff(University of Szczecin). Subsequently, the course program and
scientific objectives were introduced by Prof. Volkhard Spiel3. In the afternoon, the participants
were split into two exercise groups, both supported by three team merRersses were
offered for charting(1/4 day), single beam echosounding (1dhy), side scafbackscatter

processing (¥ day), multibeam mapping @#Hay),seismic processing (1 day)

Exercises were intended to prepare participants for the onboard work during the cruise, allowing

processing of incoming datanddiscussions on cruise planning based on acquired data.

After the cruisethe group concentrated for 1.5 days on the finatgseing of the data, on the
interpretation of the data and the writing of the cruise report. At the end of thierpest

meeting, participants presented preliminary results.
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2. Participants and institutions
(N. Fekete)
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Lenz Conny LU / Hyper
Majewski Piotr IO -PAS / Baltic Gas
Maci Ng Gukasz us
Meier Florian IWES
Mysiak Joanna us
Osadczuk Andrzej us
Reinholdsson Maja LU / Baltic Gas
Seidler Jan PGI
Skowronek Artur us
Skrzypacz Anna us
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Tomczak Mi chag Mar|US
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Wroniecki Marcin us
Xing Junhui GedB
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Sgowi kows k| Maciej Cook
Maksimchyk Yauheni Steward
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3. Objectives of the cruise

As the Polishtraining vessel NawigatoXX| was chartered by the University of Szczecin, the
cruise provided an opportunity to carry out research in Polish territorial waters, which had so far
not been a target for Baltic Gas geophysical survey activiResearch @rmissions were
received fran Poland as well as from Germany, but the cruise concentrated on different parts of
the Polish Baltic Sea.

With respect to sedimentary structures, very different geologic targets can be studied, namely
Holocene deposits carrying shallow gas accumulatigtaial till deposits, Baltic Ice Lake
deposits and Mesozoic and older basement rdakshermore, surface mapping with side scan
sonar revealed morphodgmic featuressuchas scours, ripples and recent depositsing the
multichannel seismic equipmensubseafloor structuredike incised valleys, prograding

sequences, basement faults and folds or glacial till and lake deposits could be investigated.

Besides the primary goal of training students in the shipboard data acquisition, online data
processingand preliminary interpretatio@s well as cruise organization and planning-day
shipos cruise wusually provides a sufficien
sedimentary structures. This was intended to finally lead to a scientific gidslicentroducing
high-resolution seismic images from the Polish Baltic Sea to the scientific community. As an
option, we werehoping for data suitable to investigate scientific questions related to the Baltic

Gas project.

3.1. Methane in the sediments of the Baltic Sea z the project Baltic Gas
(Zs. Téth)

Most of the methane irshallow marine environments is of microbiological origin and is
produced through the degradation of organic mdttered below theseafloor.The methane is
produced bymicroorganismgprimarily from acetate or from the reduction of carbon dioxide

with hydrogei through a processalledmethanogenesis.

As methanéouilds up in the sedimenit migrates towards the sediment surface either by
molecular diffusionor as free gas bubbleend it penetrates the sulphate zone in the upper
subsurface layers.u$phateis an oxidant for methaneso at the sulphatenethane transition
(SMT) zone most of the methane isconverted to C@ CO, then diffuses up into the water

column and is taken up by plankton.
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On a global scale it is estimated that less th@¥ of the methane produced in the sediment is
released from the sea floor. This implies that by far most of theisCeffectively scavenged
before it reaches the sedimesotrface But methane also can accumulagefree gadeneath the

SMT zone: free gs bubbles develop at sediment depths where the methane concentration
exceeds saturation at the ambient hydrostatic pres$ure pressure, and thus tkaturaton
concentrabn of methane depends on the water depthccasionally, these free gas bubbles
escape from the seafloor in a diffusive or an eruptive manméngilatter case often creating a
craterlike feature, a pockmark in the seafloor.

Methane is an effective gga house ga@vith athermal nolecular absorption coefficie@5-fold

higher than that of C£) and athough it still plays a smaller roleits concentration in the
atmosphere has been increasing relatively faster than that pb¥&D the past decades. The
ocean is today only a minor contributor to the atmospheric methane flux, yet special attention is
neededbecause the flux during the Pleistocemes been positively correlated with global
warming and might therefore cause a positive fieeck on the hediudget.

Enhanced eutrophication by nutrients such as nitrate or phosphate leads to increased production
of organic matter in marginal seas like the Baltic S&anate change may increase the water
temperature and reduce deep water ventilation, factangh will stimulate anaerobic
degradation of organic matter buried in the sediment. As a consequence, more free methane gas
will accumulate in the sedimeanhd emission to the water column and into the atmosphere could

be enhanced significanthAccumulaton of shallow gas in the seabed may pose hazards to
seabed structures such as wind farms, pipelines, power or communications cablesshock off
drilling operations by destabilizing the sea floor. Enhanced ebullition frorsguit of shallow

gas will dso enhance the emission 0$3$] whichis toxic to fish and other marine life and is

highly corrosive.

On this backgroundescribed abovthere is an urgent need to better §
understand the marine methane cycle in general and the methane s

balance in the BaltiSea in particularThe international research

project BALTIC GASaims to understand how climate change a

scientists with the goal to:
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quantify and map the distribution and flux of methane in the Baltic Sea
analyze the controls on the relevant key biogeochemical processes
integrate seismacoustic mpping with geochemical profiling

> > > >

model the dynamics of Baltic Sea methane in the past (Holocene period), present (transport
reaction models), and future (with predictive scenayios)
A identify hotspots of gas and potential future methane emission intec Batabaseavailable

for national authorities and scientists.
3.2. Training course

Seismeacoustic imaging is an important precise tool to identify geologic structures and objects.
It reveals wide applications both on land and at sea, and is commercially most important for the
exploration of hydrocarbons, for geotechnical evaluadioin engireering geophysics. For many
Baltic countries, access to modern geophysical instrumentation is limited in education, and only
a few universities, mostly in the western Baltic countries, offer advanced courses in marine
geophysicsMoreover seismic imagingnd acoustic mapping are important methods within the
BALTIC GAS project, providing information about distribution and characteristics of gas
accumulations, which are targets for further sampling and modeling. Accordingly, scientists and
students involvedn this project, where disciplines as different as geophysics, geoinformatics,
geochemistry, sedimentology, micropaleontology and microbiology join forces, need an
understanding of the meaning and relevance of the geophysical data. This cruise offered a
combined lab and field course to introduce both geophysicists andewphysicists to the most

relevant instruments and survey methods, which plajeain the BALTIC GAS project.

Special emphasiwasgiven to the mapping of shallow gas occurrences in the Baltic Sea with a
multi-frequency approachHigh-frequency seismic sourcgairgund were used for imaging
sedimentary structures within and beneath the shallow gas zone. Surface expressions related to
shallow gas occurrences, seepage and ebullition, sdellaineamers, wereinvestigated with

a side scarsonar. But also all kinds of geologic features, bedrock geology, lake and marine
sedimentation, effects of currents on sedimentation, Quatetmatgry of the Baltic Sea
sedimentation and glacial influenceerg subject of training, investigations and discussions. To
ensure the success of the field work and to maintain a quality standard for the acquired data, the
participants were trained in the asic physical concepts, the methodologies of analyzing and
interpreting the data and operational aspects of a research suals#s cruise planning, watch

keeping, logistics, onboard data management and processing in advalasel This allowed

10
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all students to be involved in the technical setup of the equipment and the immediate start of the
research work at sea. During the cruise, participaetginvolved in all steps of planning, data
acquisition and interpretation, technical operation ofrimeents, interaction with the nautical

and technical staff of the ship, consideration of weather and other constraints on planning. After
the cruise, weset outto finalize the reporting and reports of preliminary reswsegiven.

4. Cruise narrative
(V.SpieR)

The joint BONUS, University of Bremen and University $fczein PhD and master student
training course for seismacoustic imaging was scheduled for Julff #srough July 2% with an
expedition onNAWIGATOR XXI being planned from July 9through July 25. Before the
cruise, a threelay traning course
was held at the Miocin
Conference  Center  of

University of  Szczecin
introduce into  principles
seismeacoustic methods and dat@s® :
processing to prepare for the wo o=
on the ship. Afr the cruise, the
scientific  crew retured to
Madkocin to prepare final data sets; =
the cruise report and to summariz

the preliminary scientific results.

After the introductory course, like for an ordinary cruiadgt of equipment had to be loaded
ontothe vessel, which was planned for the morning of Jul{, D&parture was planned for the

late afternoon.

OnJuly 19" a t 9 am, a 200 container with multichar
unloaded, and equipment was stored on the working deck et deck. A rental crane was

used to load heavy equipmetivo electrical compressors, two streamers and numerowes bo
Loading was finished arourillam, and the container was transported to the university campus

for storage. As it turned out during the morning the supposed shipboard equ(gitergcan

subbottom profiler, camera robot and CYDRvere not on board, these instruments were

11
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transportd from theMaritime Academy to the ship and loaded with the shipboard cranes. This
operation was finished around 2pm. The cars ftbenUniversity oBremen were parked on the
university campus, and at 3pm, everyone was on board for the safety instructions

In the afternoon of July, f9at 4pm, the ship left the pier in Szczecin harbor and steamed
northwards a the Oder river and through the Szczecin Lagobnreacheds wi nouj Sc i
(Swinemundgaround 9pm for the open Baltic Sea, where the survey crujgabe

As the loading took quite some time during the
morning and early afternoon, equipment was not ~ !

ready to start any measurements in the |

evening. Setup was therefore interrupted for ni
time to allow sufficient sleep for the upcomin

days, wherea shift system should be established.

The preparation of the electrical connection for the
J_a~. compressors took the whole morning of July’ 28nd the first

[

(W scientific activity was the deployment of the side scan sonar

system for a test and~

survey at 10amni a

study area of the ‘

The survey was successfuand a group of the

students ensured watch@®g of instrument &

12
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operation, the adjustment of the cable length according to the water depth changes and noted
interesting features on the online display in a protocol.

The seismic equipment with 48-channel analog streamer using
two electrical compressors and a micro GI Gun of two 0.1 L

~ chambers was ready around 4pm, and the side scan survey was
‘ stopped to deploy the seismic instrumentation. After some
‘ adjustments of cable and channel assignmentsrdig started at
6:30pm for the first long profile, GeoB4@1, which led from the
shallow nearcoast zone into the Polish part of the Bornholm
Basin. For the next 5.5 hours, the line continued northward

recording in parallel multichannel seismic and sidan data.

As we had not been successfuthe search for shallow gas, the second profile GedI®POwvas
oriented towards ENE across an area of assumed higher Holocene sediment thickness, running
parallel to the border between the Polish and the Dd&tish On this profileunninguntil 7am

in the morning of July, 21 some indication for a reversed polarity reflector at some 10 m sub
bottom depth was found. The planning discussion among the student participants led to the
decision to run two more prddis parallel to the previous one. This in turn would allow to
identify any geologic structures, which were indicated by a high quaternary sedimentary
sediment thickness striking S¥W. Assuming this higtihickness zone to be some sort of
glacial valley, weexpected to be able to trace any valley flanks as well as the nature of the
channel fill over some square kilometers. Furthermore, the possible presence of shallow gas
could thereby be mapped and potentially related to variable fddtersmud thicknesof the

presence of thicker Quaternary sediments.

At the begiming of the fourth line in the area (GeoBD04), we decided to deploy the second
high-resolution streameryhich we brought from Bremen for testing. Unfortunately the system
showed failures in ata connection, which could not be resolved during the few hours of
deployment. At the end of profile GeoBD04, the survey was finished and all instruments were

taken on board. At 7pm on July®21ve steamed eastwards towards our next working area.

On transit, the student plannirgroup developed a survey strategy to investigate a major fault
system between 17°E and 18°E, where also potential hydrocarbons had been recently surveyed
by industry. However, the focus of this research was to find shallow@asrences, this time

not related to Holocene mud, but to migrating thermogenic gas. Close to the working area at

13
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around lam on July 2% a thunderstorm warning from land led the captain of the vessel to
abandon the operation and move as quickly asiljesato nearshorewaters, where the risif
high seas due to wind was judged to be minimal.

When arriving within 5 nm of the coast we were allowed to starew survey, this time to
investigate a deep incision of >200 m depth, which was probablg¢ bifeQuaternary sediments
according to the sediment thickness map. At 5pm, survey profile Ge@B3 Qvas started,
running parallel to the coast and perpendicular to the supposed glacial valley. At 9pm, we
received the go from the bridge to return to ougioal working area further north. However, we
now changd the survey scheme to run frd8outhto North, with several profiles running across

the fault where potential hydrocarbon reservoirs may be leaking along the fault plane.

The last survey of theruise, including profiles GeoB1@06 through GeoB1016, started at

around 11am on July #2and ended at 7am on July"23rhe survey not only crossed the fault

zone with most profiles, but also coverech e d e e p er  waupskarchapnelrvhicho f t
revealed almost 100 meter water depth.

From 7am to 12am, we steametbwards

Wgadys g avieoewvee planned to pick u
another participant of the course. She was bro
safely on boar d wi t h
Afterwards, we had planned to spend atste24
hours in the Bay of Gdansk, where shallow gas
well documented by previous studies. But exac
by noon time, the new weather report indica
some stronger winds from thdorth due to the very high tempeus¢ differences between
Scandinavia anthe European continertlore than Bft 9 was predicted, which led the captain to
abandon further action and to return to Szczecin in time before the low pressure system arrives.
During the transit, the weather conditions would have allowed to run someicséisa along

the coast, but any proposal to use the still good weather for some scientific work was rejected.
When arriving in$é wi n o u$wieniede) at 3am on July 24the weather was still
reasonable, but because the prediction of strong windyht,the decision was made to stay in

the Szczecin Lagooand anchor. For more than 24 hours we then had to stay at the anchor site,

while the winds on the open Baltic Sea were blowing with more than Bft 8.

14
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. A last proposal by the scientific crew to run a
short survey in the morning of July 25 was
accepted and the ship left the anchor site at 5am
on July 2%. After reaching the open sea at
6:30am, the wind had declined to ~28 knots
and sea state was at appr@xmeters While the
deployment would have still been possible, but
difficult, the captain decided to abandon the

operation and to return now to the Szczecin harbor, where this ship arrived at around 1lam.
During the transit, all of the instruments had been paekedsafely stored in boxes on deck and

in the lab. At 12:30am, after immigration procedure was finished and the group photo was made,
everybody could leave the ship and try to adjust to themowving land conditions. At 5pm,

most of the participants lefzczecin to drive back to the Rtacin conference center.

The training course continued in the center with a feedback session in the evening, the unloading
action of the vessel on the morning of July"2&tween 9 and 12am, a session on cruise report
writing and data interpretation in the afternoon. The University of Szczecin was hosting a
farewell party in the evening. The course concluded with final presentations of the participant on
the results and concluding remarks by the organizers finished atb2080July 27"

i 1INT

15
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Fig. 1: Track chartand seismic profile numbeod the NAWIGATORXXI-2010 cruise.
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5. Vesseldescription
(N. Fekete)

M/V NAWIGATOR XXI (call sign SNHA)is a 60.3 m long training and research vessel of the
class KMI L3 sp. It was built in the year 1998 and is owned / operated by the Maritime
University of Szczecin. It carries a crew of 11 and offers up to 38 additional berths inldedr 2
and five 6bed @bins.

While its main goal is the training of future nautical officeV NAWIGATOR XXI is well
equipped to carry out scientific work. A draft of 3.15 m ensures sufficient stability even in high
sea states. A bow thruster and-bldde propeller with wéable pitch allow accurate profiling as

well as station keeping. The ship has no dynamic positioning system, thus the steering of non
standard maneuvers is done manually. A JRC DGPS of the typ@&00Rprovides navigation
data. Speed in transit can redchkn and the maximum voyage period of the vessel is about 16
days. Work can be carried out in four laboratories (biological, chemical, physical, and oil
production labs).

Fig. 2: M/V NAWIGATORXXI (Wikipedia)

A set of supplementary emoard equipmentantributes to scientific work. Two cranes with a
capacity of 0.9 tons each assist loading of equipment. Aiae is mounted port side aft on the
working deck. Shipboard scientific equipment comprises of a 3.5 m long vibrocorer (SVC 350
SEABED), a CTD (HMs 1820 by Marimatech, DK), a shallemater multibeam system {8

Elac Nautic MKII), aside scarsonar (OMS 460 Octopus), a sbhbttom profiler (Edgetech SB
216S), and a Remotely Operated Vehicle (Offshore Hyball by Hydrovision, UK).

17
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6. General description of the work ing areas
i 1- A A E.S¢dler, MTomczak)

6.1. Baltic Sea

The Baltic Sea is semienclosed intercontinental sea and is the largest brackish water body on
Earth withanaverage depth of 52 ,rbut reaching 459 m at the deepest point (LandBeep).

The Baltic basin is formed by series of subbasins shaped by glacial erosionssseparated by
shallower sills (. Gotland Basin, 230 mGulf of Bothnia, 120 mBornholm Basin, 100 m
Arkona Basin, 50 mseeFig. 3). It occupies an area @R1,560 kr andits drainagearea is

four times bigger.

The Baltic Sea is connected with the North Sea by narrow and shallow wtraitsobstructthe
exchange o$eawater with the Atlantic Ocean. The estuarine circulation in the Baltic&esed

by wet climate andpositive water balance is expressed by the inflow of denser saline bottom
water and outflow of low salinity surface water (Little Belt, 9% of the inflow and outflow, Great
Belt, 64% and the Sound, 27 %erlach, 199% The dense saline wat#ows alongthe seafloor
throughthe Bornholm Basin, pagst he S gup s k Csdavn afterlwater disthargé to w

t he Gda@Esk andgd CuanttelataddeposiBracf suspended matter buddhe

ASt ol pe Hieematal body irthe present Baltic Sea is stratified with differences in
salinity, temperature and density. The halocline prevents vertical water exchange and leads to
anoxic conditions heeath a permanent redoxcline and saves thgper sediments from
bioturbation causéng laminated sedimeation The midwater halocline has depths of <20 m in
the Kattegat, 30 m in the Arkona Basin, 60 m in the Bornholm Basin and around 80 m in the
GotlandBasin. The surfaz water salinity records a westeast decreasing gradient with 25

in the Kattegat, 8 a in the central Baltic Sea and < 2in the Finnish Bay and Bothnian Bay
(e.g. Emeis etal., 2003.

6.1.1. Quaternary geology of the Baltic Sea

The main factors which influenced tiq@uaternary development of the Baltic Sea basin were
climatic fluctuations.Morphology of the Baltic regiomvas formed by Quaternary glaciations
Scandinavian glaciers moved southward®ulh the Baltic Sea erodirttpe base sediments,
filling the PreQuatenary features and leaving behind glacial sediments. Those glacial sediments
were overrun several times kthe large inland iceshield Hardly any evidence of pre
Weichselian glaciations are found in the study ateanke 1998. Following, the reconstructn

of Elsterian, Holsteinian, Saalian and Eemian deposits within the Baltic Sea area proves to be
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difficult. Generally, the advances of Late Weichselian age formed the present landscapes and
main relief of the sea bottom which was covered by marine setficheringthe late Pleistocene

and Holocene. The Late Weichselian was interrupted by several interstadials of short duration
(Meiendorf, Bolling, Allerod) and colder phases referred to Oldest, Older and Younger Dryas. In
the Polish zone the Quaternary sédents extend from.3 mthicknessi n Sgupsk Char
more than 200 rm faults crossing Stilo Bank.

6.1.2. The post-glacial history of the Baltic Sea

Late Quaternary sediments have been accumulated in the Baltic Basin with high accumulation
rates which range from 1 mfgearto 5 mm/yearThe development of the Baltic Sea since the
Late Weichselian deglaciation was driven by eustatic sea level changes and isostatic shoreline
changes. Durindate Pleistocene and Holocetimesthere have been considéle variations in

the salinity and biological assemblages, which are the basis for the chronological division.

The melting ofthe Weichselian ice shieldccurredaround 13000 **C yr BP. The freshmelt
waterwhich accumulatedn front of the retreatingglaciersis theso calledBaltic Ice Lakewith
varved late glacial claySubsequentleglaciation causkby globally rising sea level resulted in
a marine water transgressioSeawateentered the basin through middle Sweden and a short
brackish stage ohe Yoldia Sealeveloped at 1200*“C yr B.P. Harff et al., 200). This stage

is characterized by homogenous clay, fgiteminated. Due to the isostatic rebound of the Jland
this connection with the ocean was cut off and a freshwater lakénitydusLake (96008000

“C yr B.P.), developedS{rensson, 1991 Erosion of thesills and a rapidly rising sea level
submerged the Danish Straits in the southern Baltic around €00gr B.P. and caused the
marine Litorina transgressione.g. Bjorck, 1995 Harff et al., 200). This led tomaintainthe
continuous connection tine world ocean ando develop a halocline limiting the vertical water
circulation. Anoxic bottom water prohibited any bioturbatimo that clay sediments are
laminated. Climatic fluctuadns during this stage caused variasiofthe oxygen supply to the
bottom water and this is reflected in changes from laminated telantinated sediments
(Andren 1999. During theLitorina Seastage(8000:3000“C yr B.P.) the salinity was at most
about twice the present valugcological proxies allovseparahg the brackiskmarine Litorina
Seastage from the more brackish Pdstorina Seastage. The recent Baltic Sea is represented
by gyttja clays showing geoemically the anthropogenic impact from industrial and agricultural

development in the Baltic drainage ar&ar(ck et al., 2000
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Fig. 3: Digital elevation model of the Baltic Sea and investigated area$(ineranian Bay, P
Bornholm Basin, 3 S § ugBairkk, 4 Sg u p s k @laicwaredmuende.de)

6.2. Descriptions of the study areas in the Polish part of the Baltic Sea

6.2.1. Pomeranian Bay

The Pomeranian Bay is a shallow parttbé southwestern BaltiSeawith waterdepths down to
30 m. Intheopensea, the shallow ardmrdere by thel0 misobath is called Odra Bankijth a
shallowest point of 8 m.

Quaternary sediments Bbmeraniamay canbe divided into:
- neopleistocene tills
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- fluvioglacial sediments
- limnic and swampy sediments

- Holocene marinsediments.

Lower glacial tills and fluvioglacial sediments were observed in only two sed®mostic
profiles Boomer) so fa(Kramarska, 1996 The bp of the tillis found on averagén adepth of
15-35 m below sea bottom. Lower tills are covered with fluvioglacial and fluvial sediments of
different Pleistocene stages. Higher glacial tills were obseaxfed/ meters below sea bottom.
Thicknesgsareestimated for 5 m. Depressiongn higher glacial tills mayhavebeenfilled up

with limnic and swampy sediments.

The youngest part oQuaternary sediments onstructedof marine sands from Litorina and
postLitorina transgressions. It has developed frtme Atlantic perioduntil recent times. e
thickness of sandy sedi meOntythe Qdsa Banksdngsrevealae s n 0t
thickness of up to 10 m.

6.2.2. Bornholm Basin
Recent Baltic Sea Deposits (furthegferred to asRBSD) occurring on the bottom of the
southern part of the Bornholm Basin are distinguished into the four groups of lithofacies
(Uscinowicz 2000:

A - Gravels, sandy gravels, gravely sands aaihble coarse and medium grained sands;

B - Fine sands;

C - Silty sands;

D - Sandy silts, silts, clayey silts and silty clays.

The concept of lithofacies is defined as an accumulatiosediment distinguished by its
lithologic characteristicsJaroszewski1985. Each lithofacieds characterized by the typical
features of grain size distribution, heavy mineral content, mipetabgraphic composition and

roundness of quartz grains.

Recent Baltic Sea deposits should be considered Holocene sediments formed\ilaritie,
Subborealand Subatlantic period®of the Litorina and postitorina Seaduring the last 7500
7700 yearsKotlinski, 1987, 1989 1991 Rihle 1973 Ignatius 1981, Kramarska1995.

The Bornholm Basin is a deepwater basin, a characteristic forthedaltic Sea babm. It is

separated by bottom elevations &tk andis surrouneéd bycoastal shallows and bankshas
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a maximum depth of 105 m and lies in the wespart ofthe southern BaltiSea Together with
surrounding banks and shallows it is one of &l sedimentation basins of the Baltic. The
investigated area covers the southern part of the Bornholm sedimentatiom Basish waters

Waterdepths define two morphological units in this region: coastal shallows in3Ben®depth
zone, includinghe underwater coastal slope{0 m), and the Bornholm Basin in the over 30 m
depth zone including the slopes of the basin between 30 and 50 ndesptier Maximum depth
in the areatudiedduringthe cruise was over 60 m.

Results of past geologic invesdtions show that the direct substratum of recent Baltic Sea
deposits is formed byleistocene glacial and fluvioglacial deposits (tills and sands), Pleistocene
interstadial deposits (sands and silisite Glacial deposits of the Baltic Ice Lake (varved
microlaminated and homogenous claysate Glacial and Holocen®reboreal Borealand early
Atlantic) lake and swamp deposits (sands, muds, locally peats), and finally Hol&ceberéal
andBorea) deposits of the Yoldia Sea and Ancylus Lake (Qldyscinowicz 2000.

Pleistocene glacial and fluvioglacial deposits are the main source of marine sediments subjected
to contemporary redeposition and deposition processes in the Southern Baltic, also in the
soutkern part of the Bornholm Basin. Very oftetills are presentn the substratum of recent

Baltic Sea deposits, which underwent erosion duitied.itorina transgression anduring recent

times

Sandy fluvial and limnic interstadial deposits underlay the RBSD on the north slopes of the Odra
Bank. Their age is estimatéatweer21480 to >45 000 BRKfamarska1999.

Clayey deposits of the Baltic Ice Lake occur direttneaththe recent Baltic Sedeposits, in
the zone between the 45 and 65 m depth contours. Below the 65 m isobath, the direct substratum

is formed by deposits of the Yoldia Sea and Ancylus Lake.

Lake and swamp deposits were formedneighbouringand at the same time as the deposit
the Baltic Ice Lake, the Yoldia Sea and the Ancylus L#@teresent they are heaththe RBSD
in the southwestrnpart of the described ad.e. in the Pomeranian Bay and the Sutheast of
the Odra Bank.

On top of theso-formed substratum, during the last 7500700 years the recesedimentcover
has developed. The deposits were formed during transgression, in conditions closely resembling

the present ones. From the factors affecting sedimentation processes in th&&altiyydrologic
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and meteorologicatonditions arghe mostimportantones Among themamajor roleis played
by the

- location of the southern part of the Balticaimoderate, marine humid climate zone,
- intercontinental position of the sea and impkdantact with the ocean,

- shallow water and tideless character of the sea,

- existence of constant stratification of water masses,

- very high water dynamics, occurring periodically during storms.

In generala zonatiorpattern is observedheregrain size decreas withincreasingvaterdepth.
This pattern is disturbed, especiallytive depthrange of10-30 m, by irregulaiappearancesf
gravel, sandy gravel, gravelly sand and coarse, medium and fine sands. Depoiitsfaties
A dominate in the 80 m to 2628 m depth range, separatihghofacies B deposits presént
between0 and8-10 m and from 2&8 m to 4446 mwaterdepth. Lithofacies C deposits most
often occur at depth between-48 and 580 m, passing withncreasing depth into lithofacies
D.

The thickness othe abovementioned deposits varies from several centimeters to several meters
and is related tdhe location of the lithofacies. Minimum thicknesses occur in areas where

lithofacies A and C dominate akger thicknesses are cwmtted to lithofacies B and.D

6.2.3. Czolpino Shallow

Czolpino Shallow is an erosiakaggradatioal plain and in parts a delta tteriver Geba. It is
made of marine sand and gravel and only locaflice-marginal lake clay, silt ahsand. In two
places 1 nbeneath theea bottom, glacial tills and sankavebeenobservedKotlinski 1991,

PIG, 199). The hickness ofQQuaternary sediments reaches up to 200 m.

6.2.4. 3 @psk Furrow

S@psk Furrow is an elongatdehstWest orientated depressiomhich connectsthe Bornholm

and GotlandBasins. It is filled with fine grained sediments: clay, silty clay, clayey silt in the
deepest parts of m depth and sandy silt, silty sand and their mixtures surrounding the
formerones at depths of 580 m.The dopes of the furrow are covered with sand, silt and gravel
starting at the depths of 50 mhd hickness of th€uaternarsediment rea@s5-20 m.

6.2.5. Fault zone area
The aea north ofCape Rozewie andthe port of W@adysawowo was picked for seismic

investigatiors because of the well studied fault zones and gas and oil fields locations, described
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in publications about hydrocarbon reservoirs on polish Bsitaf(PIG, 1995. Seismic profiles
were plannedcross the major faslandthe above described gas fieldsut signal penetration of
the highfrequency seismic sources only images the surface expressions of thel faesisrface
sedimentsn thearea studiedeveal afiner granulometry northwartbwardsgreaterdepths. Sto
Bank in the South is covered in majorityoy fine- medium and coarsgrained sandwhich is
observed down t@ depth of 40 m.To the North, a field of gravelly sand, sandy gravel and
gravel existseast of 1800 E andin deptls around60 m. The rorthern part of thdault zone
study area is covered with tiBubaqueousill and glacial sand. e sedimenthickness reaches
up to 50 m in proximity ofPolish coast and decreaseistinctly 25 km offshorethe port of
Wg ady s gavwaleesaf 5to 1én.

6.3. Surficial bottom sediments in the Polish Economical Zone

The bottom of the study areansinly covered by clastic marine sediments, i.e. sand ssitidy

silt or silty sand. In some places, sandy sedimentscaagserand canalso contain gravel
admixures. In the central part of the Polish Economical Zone, at the morphological structure
call ed Sgupsk Ban lsthe mgainsedienértpe; covelng theaap lof8 § u p s k
Bank in depths of ~20 meterslowever, in some part of the Polish Economical Zone very fine
grained marine sediments occur, i.e. silty clay and clay. They cover the deepest part of the

studied area, such g Bornholman d Gda GEGs k Basi n.

In general, we observgpical patternsn the surfacesediment distribution, whichre strongly
relatedto water depth shallow partsare covered by coarse sedimeriseper parts by fine

grained sediments.

The thickness of recent sediments is rather small, usually less than 5 meters. Gr&atsstlit
Holocene sedimenisonlyfoundi n t he Gda@E&sk Basin and dnome p

the Gdansk Basithethickness othesesedimentsan reachup to~50 meters.

On the other hand, sediments with thickne¥smetercan beobservedn wide areas In many
locations, Pleistocene tillswere found at the depth ojust one meter belowsea floor The
outcrops of tills are observed on the sout he
of the SJup aWwideBatim khe odfsinadte zoneof the Pomeraniacoast (north of

Kami e® Pomor ski, K oQiterbps af supaqueeaus tillskoocsr D@ thei western

and eastern slope of the Sgupsk Furrow.

In some places of the Polish Economical Zone small outcrops of sedimdmts represent

Pleistocene lakes or rivensere recognized at the depth of 1 meter belows#zefloor
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Fig. 4: Map of the surficial bottom sediments of the Polish Economical Zftes (Geological Atlas of
the Southern Baltic, Polish Geological Institute, 1995

Some parts othe Polish Economical Zoneveal gpotential forthe exploitationof raw mineras.
Thebd t om sedi ments from the Odra Bank (Pomer a
in heavy minerals. There are also areas with natural aggregafgrbedlor gravelly sany as
documented inthe Pomeranian Bay (Odra Bankhe Sgup sk Bank,hollhatdwe en
Gotland Basins and ithe nearshore zone of Polandgnr t h o f cityp 8etwepenvornholm

and Gotland Bas#) wider areasare covered by ferromanganese nodulearge noduledensity

onthe bottom wasecognized irthevi ci ni t y o f, at$hegflangsofkhe Gotland amav
Bornholm Basis. Because of the bottom of the Polish Economical Zomeaigly covered by

clastic sediments, geochemistry of sedimestsot complicated. Gravels and sandy sediments
contain small amounts @hemical elerantssuchas Fe, Mn, Al and &g Only clay sediments
enriched in organic mattewhi ch i nf i || the deeper basins

Bornholm Basin)were notedvith higher concentration of these elements.
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7. Methods

7.1. Positioning - GPS
(M. Reinholdsson, C. Lenz)

The Crescent VS110 from Hemisphere GPS was used for recéighgrecision coordinates.
The GPS receiver uses an algorithm including distance to satellites and their locations. Receiving
4 or more signals from satellites allswhe GPS receiver to calculat8-dimensional coordinate.

The antennas have been installed on the navigation deck at a place with as much exposure and as
little Ashadowd as possible. The two A10 ani
Their orientation follows the pitchinghode {ig. 5) and lies apmximately in line with the
streamer (parallel to the centerline of the vessel). The antamasnagnetic mounting, which

were used to attach them to the deck. Connected to the antennas was the receiving model
(VS110) inside the laboratory through two @0of antenna cables (TNTNC). The face of the

receiver was oriented towards the antennas. The coordinates were transferred to the computer via
a data serial cable (DBOBB9).

The DGPS was used to obtain a higher resolution. Default settings were utiesl fest of the

options.

IES cm

Eeciever face

Feceiver

Stern

Fig. 5: Setup for the GPS with pitch and heading.
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7.2. Multichannel seismic
(N. Fekete, F. MeiersZ 6th, A. Lenhart)

7.2.1. Multichannel seismic equipment

With the highresolution multichannel seismic equipment described below ¢), smallscale
subsurface structures, usually unresolvable with conventional seismic systems, are imaged on a
meter to submeter scale. The goal wasitwestigateshallow buriedsedimentary andasrelated
structures, especially in deeper basins and muddynents in the southern Baltic Sea. Parallel

to the seismic measurements a side scan d@m(EDGETECH,272TD) was towed at the
starboard side of the vessel, 10 m behind the shigl@pthrange of 5 to 20 m.

Trigger Unit
seismic sources
recording
GPS
Navigation & Data Management
Hemisphere GPS, ]
Crescent VS 100 Series - “
Source: Data
micro GI-Gun

Streamer
48 channels
21 m lead-in

Generator 0.1L
Injector 0.1L

Gl gun

- Recording Unit:
Pentium IV MaMch

3.0 GHz
Data 1 GB RAM 48 channels,

Windows XP 0.1 ms sample rate,

3x NI 6052E ADC

3% NI 1102C 10000 samples,
W Multiplexer 1 sec recording

) 1 active section a 50 m / 48 channels
buoys every 5 m

Fig. 6: Multichannel seismicystemsetup during the cruise

Seismic source

During the cruise a Sodera micro Generdigector (Gl) airgun with chamber volumes of 0.1 L

each for the generator and injector was used (signal frequency betwd@®0®Hz). It was

towed behind the stern of the sael, approximately 0.7 m below the water surface. The
umbilical was secured by a strong rope to avoid damage of the pressure line and electric cables
due to rubbing or bending. Higdressure air of 120 bsoon average was provided by two

electric compresss (KAP 14, Bauer Kompressoren)

Shot rate during the surveys was 5 to 10 seconds depending on compressor performance,

achieving an approximate shot distance of 11,5 to 23 m at average profiling speeds of 4,5 kn.
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The source was shot at an air pressureagdroximately 120 bar The horizontal towing
geometry of the seismic source is showrrinure 9. The Gkgun was towed-11.5 m behind the
ship. The towing depth was controlled by an elongated buoy, tied above the hanger of the gun.

Fig. 7: Preparingthe micraGl-gun for deployment.

Fig. 8: Analog shallow water streamer and mieBi-gun during the seismic measurements.

28





























































































