Holocene sedimentation from chirp sonar data
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Skagerrak is the deepest part and the major sediment trap of the North Sea. The investigated area is characterised by
Core MD99-2286 intense water mass mixing and high sedimentation rates, up to 1 cm/year (ref. 1), as abranch of the North Atlantic Current
e turns anti-clockwise, slows down and becomes mixed with other waters to form the Norwegian Coastal Current. Present-
day SSTs in Skagerrak are strongly linked to the NAO-index. This makes the Skagerrak a key area for our understanding of
the late Quaternary oceanographic and climatic history of the North Sea region and adjacent land areas. Previous seismic
,_,‘ studies in the Skagerrak (ref. 2,3,7,9,10,12, 17,18, 19) have demonstrated the presence of a prominent seismic reflector

o separating the upper relatively transparent units from the underlying stratified sequence. The age of this sharp reflector
& \ has previously been assumed to represent the Pleistocene/Holocene boundary (10 000 C-14 years BP = 11.5 ka cal y BP;
@NO% seaw% /:Hg Sl ” = informal working definition (ref. 6)).
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The present poster provides a detailed view of the Holocene stratigraphy in northeastern Skagerrak by reconstructing a
Ny 3D stratigraphic model from high-resolution chirp sonar data, multibeam bathymetry data from the Geological Survey of
Norway (ref. 8), and sediment physical properties of IMAGES core MDD99-2286. The age model based on 25 radiocarbon
dates shows that core MID992286 spans 12 000 calendar years, thus encompassing the entire Holocene and the latest
Pleistocene. Information on the sedimentary environment obtained from this work also provides the spatial context
necessary for interpreting measured sediment proxies in core MID99-22806.
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Chirp Sonar Profiling

Three-dimensional shadow relief model of bathymetry in northeastern Skagerrak. Chirp sonar profiles are shown as

General circulation pattern in the North Sea and Skagerrak. The High-resolution seismoacoustic data was acquired from R/ 17 Skagerrak with an X-Star chirp sonar system using the white lines, and core MD99-2286 is indicated with a circle. Multibeam bathymetry data from the Norwegian
relative magnitude of volume transport is indicated by the width : : : : Hydrographic Service (Ref. 8)
o e i, Bllue ciazss i lenie st emmiin e Skoek SB-512 tow-fish, with a 1.5-7.5 kHz 40 ms long chirp pulse. A hull-mounted Skipper GDS 101 echo sounding ydrog +0)-
mote or less directly from the Atlantic and black arrows indicate system with a 38 kHz transducer using a sound velocity of 1500 m/s provided depth measurements. Differential
indirect transport via the North Sea (redrawn from ref. 4). GPS was used for p ositioning II
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The carbonate content in core MD99-2286 was measured on a UIC coulometrics coulometer at the Department of
1550 Geology and Geochemistry, Stockholm University, on 60-mg milled, freeze-dried bulk sediment samples.
1500 ”N P-wave Velocity
- P-wave velocity measurements were carried out on split core halves in the department of Geology and
€ 1450 . . . . . 2 -
= eochemistry, Stockholm University using a GeoTek Multi Sensor Core Logger . Sampling resolution was
= Geoch try, Stockholm U GeoTek Multi S Core L, SCL). Sampli lut
8 1400 0.5 cm. The data was calibrated to on-site conditions (temp. = 7" C, salinity = 35 %o, water depth = 225 m.)
2 / / [
1350 Dating
/ Twenty-five AMS C-14 dates for core MID99-2286 were performed on mixed foraminifera and species-determined
1300 ‘ ‘ ‘ ‘ ‘ ‘ shells by the institute of Particle Physics, ETH, Zirich, Switzerland. The radiocarbon dates were calibrated using the
0 > o152 23 30 38 CALIB 4.3 software (ref. 12), with a AR-value of -40 = 25 C-14 years (ref. 11). The samples were assumed to consist
pepth (m) of 100 % marine carbon, and the calibration data set MARINE98 was used (ref. 13).

P-wave velocity in core MIDD99-2286, measured with 0.5-cm
resolution using MSCL. The acoustic signal was lost due to

insufficient coupling in the interval 10.8 11.7 m, and in virtually Dynamlc 3D-Visualisation

all measurements below 13 m. Abrupt changes in the core top are All data in this study (i.e. chirp sonar, bathymetry, and core data) was brought into Interactive Visualisation System's
e (IVS) dynamlc 3D —.Vlsuahsatlon software Fledermaus. Grey—scale r.aSter Images were prep ared from. the 2 I‘OC.CSS€d Oblique view of multibeam bathymetry and chirp sonar profiles around the coring location of MID99-2286. The chirp
chirp sonar data using an average sound speed of 1500 m/s and displayed geo-referenced as "hanging curtains". profile names are indicated, and the core MD99-2286 is marked with a black bar below the arrow. The bathymetric

terrain model is made partly transparent in order to make the chirp profiles visible. Colours on the chirp profiles mark
interpreted seismic units. Multibeam bathymetry from Norwegian Hydrographic Service (ref. 8).
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= e Core MD99-2286 represents a continuous high-resolution record of
coster] k Holocene and uppermost Pleistocene sediments Unit D is interpreted as
350 glacial marine sediments rapidly deposited close to a calving shelfice
e Reflector 3, separating the topmost relatively transparent sequence (units
830 A+B+C) from the underlying stratified unit (D) is proposed to be older than
I 2 the Pleistocene/Holocene boundary
g 0 10 3 s
Drawn black line/stippled line represents the location of the | TR ) AR T S B A ) e The change to Holocene conditions (lower unit C) is interpreted to have
ivellsy e/l mtaompsil Aeme e edio L Uk fr | i g occurred during a continuous process of increasingly normal marine
200 cal y BP (ref. 4, 12). The track lines of the chirp sonar profiles | d iti hich duall | d th distal Bcial :
are also shown. The coring site of MID99-2286 was deglaciated T ep_OSI Ion’_ whnic gradually replace c IStal glacial marine
sometimes between 14 500 and 13 600 cal y BP. Redrawn from 400 - sedimentation
ref. 12.
Chirp record showing the general stratigraphy of the survey area in northeastern Skagerrak. The defined seismic o UnitCisinterpreted as distal glacial marine sediments gradually changing
reflectors 1-4 and units A-D are indicated. A small patch of acoustic turbidity is marked with an arrow. Depth labels to postglacial marine sediments deposited during latest Pleistocene to
indicate approximate depth from the tow-fish in metres based on a sound velocity of 1500 m/s. Average towing depth early Holocene times

Eat03 NS0 22001 pe) for the chirp sonar tow-fish was ca 15 m below sea level. Chirp section located at N58°43.9', E10"14.6'.
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The uppermost units (A+B) represent marine Holocene sediments
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AD 14 deposited ina more or less modern oceanographic environment
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significant with a confidence level of 99.9 %. Note the different
depth scales. All data from core Sk000209-2 are from ref. 11.
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