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Figure 7.3. Seismic line AWI-20090010 (CDP 3400-5000; for location see Fig. 7.1). The synthetic
seismograms calculated out of CTDs MSM12/2 #4, #5, and #7 are inserted according to the water
depths of each CTD cast. Please note that these are not the true but projected locations of the
MSM12/2 CTD casts. The box in the lower left corner depicts a schematic sketch of the structure
observed in the seismic data at the SE flank of the Eirik Drift.

of the core (Fig. 7.3). Figure 7.3 proves not only that we can resolve fine structure in seismic
data even in depths > 1500 m but also our assumption that the CTD profiles and hence the
synthetic seismograms are biased by their location relative to the WBUC core. MSM12/3 #11
lies above the WBUC core as its seafloor depth is at 2.9 s TWT, which is upslope of our
observed feature to the NNW (Fig. 7.3). The next deeper station in the MSM12/3 section is
CTD #10 (Figs. 7.1 and 7.2b), which lies at a seafloor depth of 3.93 s TWT, i.e. downslope
from our observed structure to the SSE (Fig. 7.3). Interpolation of the data between these two
MSM12/3 stations misses out the WBUC core identified in the seismic section (Figs. 7.2b and
7.3) as it is located in the depth range between these two CTD stations and its horizontal
extent of ~34 km is smaller than the CTD distance of ~41 km. The drawback of capturing
such structures with classical oceanographic measurements is thus clearly demonstrated.
Interpolation between discrete CTD stations can miss out certain depth structures or yield
distortion of the truth, the horizontal as well as the vertical extent and thus the correct
structure may not be resolved.

The WBUC core described above is attached to the slopes of the main Eirik Drift at
seafloor depths between 3.0 and 3.8 s TWT (~2200-2800 m; Fig. 7.1 and Fig. 7.3 CDP 3500-
4750) at the SE flank of the Eirik Drift and at seafloor depths between 3.1 and 4.15 s TWT at
the NW flank (~2300-3000 m; Fig. 7.1 and Fig. 7.4 CDP 4200-7200). The change in
direction from SW to NNW of the WBUC core is unfortunately not resolved by our seismic
data (Fig. 7.1). The observed downslope shift of the WBUC core from the SE to the NW
flank of ~200 m may result from an increased sediment load carried by the WBUC core at the
NW flank due to enhanced erosion at the SE flank. Also the bathymetric structure may be
responsible for this shift. The thickness of the WBUC core is about ~800 m at the SE flank
and ~600 m at the NW flank and its domed structure is found flattened at the NW flank (Figs.
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Figure 7.4. Seismic line AWI-20090005 (CDP 3800-7500; for location see Fig. 7.1). The box in the
lower right corner depicts a schematic sketch of the structure observed in the seismic data at the NW
flank of the Eirik Drift.

7.3 and 7.4). Also the lateral extent of the structure changes from ~35 km at the SE flank of
the Eirik Drift to 70-90 km at the NW flank. The observed structural changes at the
downstream and upstream flanks of the drift go along with a strong change in the slope of the
flanks. The SE flank of the Eirik Drift shows an almost homogenous dip of ~1.3° from 2000
to 3500 m depth (Figs. 7.1 and 7.3). The NE flank, however, has a steep upper part (slope
~1.3-1.5°) and continues almost horizontally to the west (slope < 0.3°; Figs. 7.1 and 7.4). We
can therefore conclude that the change in topography over the drift influences the shape of the
WBUC core. It appears concentrated and domed at the homogenous, steep slope at the SE
flank and broadens, flattens and maybe also deepens at the NW flank due to the influence of
an almost horizontal part of the slope (Figs. 7.3 and 7.4).

The observed horizontal (35-90 km) and vertical (600-800 m) extent matches the
mean values of 50-150 km horizontal extent and 300-800 m vertical extent of the WBUC
modeled by Rhein (1994) for the area 65° N to 10° S, which supports our assumption that we
image a core of the WBUC with our seismic data. The observed pathway of the upper WBUC
core over the drift is in good agreement with that suggested by Miiller-Michaelis and
Uenzelmann-Neben (2013 (in revision)) (Fig. 7.1) for the time period < 800000 years based
on a subsurface seismic study. Our interpretation of the seismic oceanography data thus
concurs with the interpretation of the distribution of sedimentary strata and we can state that
the observed WBUC core is guided by the topography. The structure of a concentrated
WBUC core attached to the slope of the flank as observed in the seismic data (Figs. 7.3 and
7.4) cannot be observed in the MSM12/3 CTD section at the entrance of the Labrador Sea
(Fig. 7.2b). Again, we can state that discrete CTD stations alone are not sufficient to resolve
the structure of the WBUC core. Holliday et al. (2009) identified solely a colder, deeper
WBUC core in depth > 2800 m in their hydrographic sections which is comparable to our
observation in the MSM12/3 section for T < 2° C (Fig. 7.2b). Their additional velocity
measurements, however, revealed the upper high velocity core at 2000 - 2700 m (Holliday et
al., 2009). This is in good agreement with our observation of the upper WBUC core at 2200 -
3000 m. Holliday et al. (2009) ascribed this upper high velocity core to consist of modified
ISOW, which has also been suggested for the upper WBUC core during warm climate
conditions by Miiller-Michaelis and Uenzelmann-Neben (2013 (in revision)).

Indications for the deeper core of the WBUC were found in the CTD stations
MSM12/3 #9, #10 and MSM12/2 #6 with a core depth of ~3250 m but not in CTDs
MSM12/2 #2 and #3 (Fig. 7.1). The agreement in T and S indicates that the CTD stations
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MSM12/2 #6 and MSM12/3 #9 and #10 captured the same, deep WBUC core with T ~1.5° C
and S ~34.89 PSU. This is interpreted to represent the DSOW component of the WBUC, as
DSOW is typically found at depths between 3000 and 3500 m with T < 1.5° C and S ~34.89
PSU (Dickson and Brown, 1994; Quadfasel and Kése, 2007). However, we cannot clearly
image this deeper WBUC core in our seismic data. The reflectivity of the amplitudes for the
expected deep WBUC core location is found to be weak, the amplitudes are hard to
distinguish from the noisy surrounding and the deep WBUC core is not identifiable on all
seismic lines. We assume, that the greater signal loss due to the increased depth of the deep
WBUC core (> 3200 m) restricts the use of the seismic oceanography method here.

7.5 Conclusion

We were able to identify and track the upper core of the WBUC via the combination of CTD
and seismic reflection data. It appears as a concentrated transparent seismic feature with a
high reflectivity surrounding attached to the slope of the Eirik Drift at seafloor depths
between 2200 and 3000 m. Its lateral and vertical extent changes with the dip of the seafloor
slope from a concentrated domed core (35 km broad and 800 m thick) at the steep,
homogenous SE drift flank to the flattened, broader core (70-90 km broad and 600 m thick) at
the NW drift flank, where the slope changed significantly and provides an almost horizontal
part (< 3° steep). The pathway of the upper WBUC core suggested by Miiller-Michaelis and
Uenzelmann-Neben (2013 (in revision)) for the period < 800000 years was confirmed by our
observations. For the first time the seismic oceanography method was successfully applied to
depths > 1500 m, but seems restricted in depths > 3000 m. This study revealed that seismic
oceanography provides an important supplement to conventional oceanographic
measurements as the small-scale structures of the deep-water masses cannot always be
resolved properly by discrete CTD measurements due to their large distance.
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8 Conclusion and Outlook

A new set of high-resolution seismic reflection data has been analyzed to decipher the WBUC
at the Eirik Drift in the past and at present. Here, the conclusions of this thesis are described,
following the major questions of the survey.
*  What is the detailed structure of the Eirik Drift?
* For which period can the first impact of deep-water circulation recorded at the Eirik
Drift be identified?
The correlation of the new seismic reflection data with synthetic seismograms based on
scientific drill site information provided the basis for a revised seismostratigraphic concept at
the Eirik Drift (see Ch. 5). The revised seismostratigraphic concept at the FEirik Drift
comprises five major seismic units and eight internal reflectors, which confine the major
changes in reflection characteristics. The seismostratigraphic concept for the Eirik Drift of
Arthur et al. (1989) was refined by three additional horizons, Al (0.8 Ma), A2 (1.4 Ma) and
A3 (17-19 Ma), and the age of horizon R5 was estimated as 12-10 Ma.
In my first paper, I concentrated on a detailed structural analysis of the oldest seismic unit
SUIV (40-19 Ma) based on the revised seismostratigraphic concept. It revealed that the
sedimentation at the Eirik Drift was not deep current controlled until the early Miocene. The
newly introduced reflector A3 was identified as a basal unconformity, which marks the onset
of drift building at 19-17 Ma under the influence of a strong deep-water flow (see Ch. 5). This
timing correlates with the onset of deep-water exchange at the Fram Strait (Ehlers and Jokat,
2013) and the firstly observed overflows at the Faroe Conduit in early Miocene (Stoker et al.,
2005) but contrasts with the hypotheses of Arthur ef al. (1989) and Wold (1994), who dated
the drift build-up after ~4.5 Ma and after ~7-8 Ma, respectively.
The dating of reflector RS and the basal unconformity A3 could not be confirmed by the drill
sites, as the oldest geological record from ODP Leg 105 Site 646 reaches back only to ~8 Ma.
The dating of the reflectors below was conducted by using the sedimentation rate of the
lowest part of that drill site in combination with interpretations from observations at other
sediment drifts in the northern North Atlantic. To gather ground truth of the suggested ages of
reflector R5 (12-10 Ma) and the basal unconformity A3 (19-17 Ma) an additional deep
drilling down to the basement reflector is needed. Even though the exact age of reflector A3
could not be confirmed by drilling results, it has clearly been demonstrated that the onset of
drift building took place much earlier than thought previously. This is an important finding as
it improves the knowledge of the paleo deep current development in the northern North
Atlantic.
* (Can the development of the WBUC be reconstructed for this region?
* Have modifications in the WBUC been documented in the sediment transport? In
what way did oceanographic modifications affect the sedimentary sequences?
* (Can oceanographic modifications observed locally be linked to major changes in the
North Atlantic climate?
The revised seismiostratigraphic concept was used for a detailed structural analysis of all
seismic sequences at the Eirik Drift. Analysis of the morphology of the bounding horizons
and the location and orientation of the depocenters observed in each seismic (sub)unit put
forward a detailed model of paleocirculation at the Erik Drift. The changes in the deep current
system at the Eirik Drift were linked to changes in the North Atlantic climate (see Ch. 6).
The structural analysis of each seismic (sub)unit revealed the influence of the WBUC
responsible for shaping the drift. At the Eirik Drift an intense WBUC is observed during
warm climates and at the beginning of cooling phases, while there is weak WBUC influence
during enhanced cooling phases accompanied by increased ice extent in the Nordic Seas. A
southward shift of the deep-water formation regions along with a shift in the main pathways
of the northern sourced deep-water during phases of enhanced ice-cover is suggested.
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Therefore, the main WBUC route did not affect the Eirik Drift during Northern Hemisphere
Glaciation. Based on our interpretation at the Eirik Drift and observations at other North
Atlantic drifts, a model of the deep-water pathways for the Nordic Seas and northern North
Atlantic during the different climatic stages is suggested.
Two separated WBUC branches of different core depth are observed at the Eirik Drift after
7.5 Ma. At roughly the same time the first overflows at the Denmark Strait were observed (~7
Ma) (Bohrmann et al., 1990). Therefore, and in accordance to the present WBUC, it is
suggested that the upper core transports ISOW and the deeper core DSOW.
The development of the WBUC at the Eirik Drift was reconstructed in detail. The changes in
pathways and intensity of the WBUC were documented in the sedimentary sequences and
interpreted with regard to major tectonic events and climate changes. The suggested model for
the Nordic Seas and northern North Atlantic constitutes an important supplement to the
understanding of the complex interplay of changes in THC, climate and tectonics in the
northern North Atlantic. Still, further investigations are needed to improve our knowledge and
decipher the complex system. More seismic data from a survey, which covers the connection
to the Greenland shelf and the SE flank of the drift, are needed. Besides, a deeper drill core
could reach the oldest sediments and would shed light on the timing history prior to 8 Ma.
* Can deep currents of depth > 1500 m be studied with the seismic oceanography
method?
* Does the observation of the WBUC in seismic reflection data improve the knowledge
gained by classical physical oceanography methods?
* Can we identify and track the present WBUC at the Eirik Drift? Does our observation
from the present WBUC support our interpretation from the past?
The seismic data data were re-processed in combination with CTD data to analyse the
structure of the deeper water column above the Erik Drift and provided the first seismic
oceanography study in depths > 1500 m (see Ch. 7). It was possible to identify the upper
WBUC core in the seismic lines at depths between 2200 and 3150 m, but it was not possible
to clearly identify the deeper core. The seismic oceanography method seems restricted by
greater depths (> 3000 m) due to the increased signal loss, at least with the frequencies used
for this data aquisition.
The identified upper core of the present WBUC at the Eirik Drift was tracked in the seismic
lines. It is found in good agreement with -and thus supports- the suggested pathway for the
time span < 800000 years (Miiller-Michaelis and Uenzelmann-Neben, 2013 (in revision); Ch.
6). The detailed structure observed in the seismic data revealed that the lateral extent of the
WBUC core broadens when the slope of the drift flank flattens. A more concentrated and
intensified deep current core at steeper slopes was also suggested by the analysis of the
seismic reflection data (Miiller-Michaelis and Uenzelmann-Neben, 2013 (in revision); Ch. 6)
It was shown that discrete CTD measurements cannot always properly resolve -or even fail to
detect- such structures depending on sampling location and -interval. Therefore, the seismic
oceanography method can be used as an important supplement for oceanographic studies,
especially for resolving structures in a high lateral and temporal resolution.
The seismic oceanography method was successfully applied to an analysis of seismic data in
depths between 1500 m and 3000 m. The present upper WBUC core was identified and
tracked and the findings supported the observations from the past. Also the possibility to
improve oceanographic research by use of seismic oceanography was clarified. However, this
method bears some disadvantages. The data processing was quite time consuming as the main
processing steps of seafloor amplitude reduction and direct wave removal had to be applied to
single shots (or shot gathers). These had to be manually checked and corrected, as required.
Moreover, the seismic oceanography method allows just a relative interpretation of
oceanographic features and not an interpretation in absolute terms of water mass
characteristics, so long as no inverse methods can be applied due to the lack of
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contemporaneously conducted CTD/XBT measurements. The development of an automated
data processing tool would be helpful to avoid long processing times in the future. Future
campaigns aiming to use seismic reflection data (also) for the seismic oceanography method,
should contemplate contemporaneous CTD/XBT measurements and consider the data
acquisition parameters carefully.

The major task of the analysis of the seismic reflection data, a detailed reconstruction of the
WBUC at the Eirik Drift in the past and at present, has been carried out. The findings have
improved the knowledge about the deep palaeocirculation in the North Atlantic during climate
modifications and a structual analysis of the present WBUC supported our interpretation.
These new insights can now be used to improve future climate models.

More high-resolution seismic reflection data covering a larger area will be helpful to enlarge
the knowledge gained and will close the gaps in the interpretation. A deeper drill core down
to the oldest sediments will gather ground truth to the dating of the interpretation prior to 8
Ma. It is advised that the suitability of the seismic data in terms of seismic oceanography
should be probably considered when defining the data aquisition parameters.

79



80



9 Complete Bibliography

Arthur, M.A., Srivastava, S.P., Kaminski, M., Jarrard, R.D., Osler, J., 1989. Seismic
Stratigraphy and History of Deep Circulation and Sediment Drift Development in
Baffin Bay and the Labrador Sea. In: Srivastava, S.P., Arthur, M., Clement, B., et al.
(Eds.), Scientific Results. Ocean Drilling Program, College Station, TX, USA, 957-
988.

Biescas, B., Sallares, V., Pelegri, J.L., Machin, F., Carbonell, R., Buffett, G., Dafobeitia, J.J.,
Calahorrano, A., 2008. Imaging meddy finestructure using multichannel seismic
reflection data. Geophysical Research Letters 35, doi:10.1029/2008 GL033971.

Blum, P., 1997. Physical Properties Handbook: A guide to the shipboard measurement of
physical  properties of deep-sea cores. ODP  Technical Note 26,
doi:10.2973/0dp.tn.26.1997.

Bohrmann, G., Henrich, R., Thiede, J., 1990. Miocene to Quaternary Paleoceanography in the
Northern North Atlantic: Variability in Carbonate and Biogenic Opal Accumulation.
In: Bleil, U., Thiede, J. (Eds), Geological History of the Polar Oceans: Arctic versus
Antarctic. Springer Netherlands, 308, 647-675.

Buffett, G.G., Biescas, B., Pelegri, J.L., Machin, F., Sallarés, V., Carbonell, R., Klaeschen,
D., Hobbs, R., 2009. Seismic reflection along the path of the Mediterranean
Undercurrent. Continental Shelf Research 29 (15), 1848-1860.

Burton, K.W., Ling, H.-F., O'Nions, R.K., 1997. Closure of the Central American Isthmus
and its effect on deep-water formation in the North Atlantic. Nature 386, 382-385.

Cartwright, J., 2011. Diagenetically induced shear failure of fine-grained sediments and the
development of polygonal fault systems. Marine and Petroleum Geology 28, 1593-
1610.

Chalmers, J.A., Pulvertaft, T.C.R., 2001. Development of the continental margins of the
Labrador Sea — a review. In: Wilson, R.C.L., Whitmarsh, R.B., Froitzheim, N. (Eds.),
Non-volcanic rifting of the continental margins: a comparison of evidence from land
and sea. Geological Society London, UK, 77-105.

Channell, J.E.T., Kanamatsu, T., Sato, T., Stein, R., Alvarez Zarikian, C.A., Malone, M.]J.,
and the Expedition 303/306 Scientists, 2006. Proceedings of the Intergrated Ocean
Drilling Program. Vol 303/306 Expeditions Report North Atlantic Climate. Integrated
Ocean Drilling Program, College Station, TX, USA,
doi:10.2204/iodp.proc.303306.2006.

Channell, J.E.T., Sato, T., Kanamatsu, T., Stein, R., Alvarez Zarikian, C.A., 2010. Expedition
303/306 synthesis: North Atlantic climate. In: Channell, J.E.T., Kanamatsu, T., Sato,
T., Stein, R., Alvarez Zarikian, C.A., Malone, M.J., and the Expedition 303/306
Scientists (Eds.), Proceedings of the Integrated Ocean Drilling Program. Integrated
Ocean Drilling Program, College Station, TX, USA,
doi:10.2204/iodp.proc.303306.214.2010.

81



9 Complete Bibliography

Chen, C.-T., Millero, F.J., 1977. Speed of sound in seawater at high pressures. Journal of the
Acoustic Society of America 62 (5), 1129-1135.

Cramer, B.S., Toggweiler, J.R., Wright, J.D., Katz, M.E., Miller, K.G., 2009. Ocean
overturning since the Late Cretaceous: Inferences from a new benthic foraminiferal
isotope compilation. Paleoceanography 24, PA 4216, doi:10.1029/2008PA001683.

Cremer, M., 1989. Texture and Microstructure of Neogene-Quaternary Sediments, ODP Sites
645 and 646, Baffin Bay and Labrador Sea. In: Srivastava, S.P., Arthur, M., Clement,
B., et al. (Eds.), Proceedings of the Ocean Drilling Program, Scientific Results. Ocean
Drilling Program, College Station, TX, USA, 7-20.

Cremer, M., Maillet, N., Latouche, C., 1989. Analysis of sedimentary facies and clay
mineralogy of the Neogene-Quaternary sediments in ODP Site 646, Labrador Sea. In:
Srivastava, S.P., Arthur, M., Clement, B. (Eds.), Proceedings of the Ocean Drilling
Program, Scientific Results. Ocean Drilling Program, College Station, TX, USA, 71-
80.

Davies, R., Cartright, J., Pike, J., Line, C., 2001. Early Oligocene initiation of North Atlantic
Deep Water formation. Nature 410, 917-920.

Dickson, R.R., Brown, J., 1994. The production of North Atlantic Deep Water: Sources, rates,
and pathways. Journal of Geophysical Research 99, 12319-12341.

Dingle, R.V., Megson, J.B., Scrutton, R.A., 1982. Acoustic Stratigraphy of the sedimentary
succession west of Porcupine Bank, N.E. Atlantic Ocean: A preliminary account.
Marine Geology 47, 17-35.

Ehlers, B.-M., Jokat, W., 2013. Paleo-bathymetry of the northern North Atlantic and
consequences for the opening of the Fram Strait. Marine Geophysical Research,
doi:10.1007/s11001-013-9165-9.

Expedition 303 Scientists, 2006. Expedition 303 summary. In: Channell, J.E.T., Kanamatsu,
T., Sato, T., Stein, R., Alvarez Zarikian, C.A., Malone, M.J., Expedition Scientists
(Eds.), Proceedings of the Integrated Ocean Drilling Program. Integrated Ocean
Drilling Program, College Station, TX, USA, doi:10.2204/iodp.proc.303306.101.2006.

Faugeres, J.C., Stow, D.A.V., 2008. Contourite Drifts: Nature, Evolution and Controls. In:
Rebesco, M. and Camerlenghi, A. (Eds.), Contourites. Elsevier, Amsterdam, the
Netherlands, 259-288.

Faugeres, J.C., Stow, D.A.V., Imbert, P., Viana, A.R., 1999. Seismic Features Diagnostic of
Contourite Drifts. Marine Geology 162, 1-38.

Fortin, W.F.J., Holbrook, W.S., 2009. Sound speed requirements for optimal imaging of
seismic oceanographic data. Geophysical Research Letters 36,
do0i:10.1029/2009GL038991.

Gibbard, P.L., Head, M.J., Walker, M.J.C., 2010. Formal ratification of the Quaternary

System/Period and the Pleistocene Series/Epoch with a base at 2.58 Ma. Journal of
Quaternary Science 25, 96-102.

82



Hansen, B., Osterhus, S., 2000. North Atlantic—Nordic Seas exchanges. Progress in
Oceanography 45, 109-208.

Haq, B.U., Hardenbol, J., Vail, P.R., 1987. Chronology of fluctuating sea levels since
Tirassic. Science 235, 1156-1167.

Haug, G.H., Tiedemann, R., 1998. Effect of the formation of the Isthmus of Panama on
Atlantic Ocean thermohaline circulation. Nature 393, 673-676.

Heezen, B.C., Hollister, C.D., Ruddiman, W.F., 1966. Shaping the continental rise by deep
geostrophic contour currents. Science 152, 502-508.

Hillaire-Marcel, C., Vernal, A.d., Bilodeau, G., Wu, G., 1994. Isotope stratigraphy,
sedimentation rates, deep circulation, and carbonate events in the Labrador Sea during
the last ~ 200 ka. Canadian Journal of Earth Sciences 31 (1), 63-89.

Hillaire-Marcel, C., de Vernal, A., McKay, J., 2011. Foraminifer isotope study of the
Pleistocene Labrador Sea, northwest North Atlantic (IODP Sites 1302/03 and 1305),
with emphasis on paleoceanographical differences between its “inner” and “outer”
basins. Marine Geology, 279 (1-4), 188-198.

Holbrook, W.S., Paramo, P., Pearse, S., Schmitt, R.W., 2003. Thermohaline Fine Structure in
an Oceanographic Front from Seismic Reflection Profiling. Science 301, 821-824.

Holliday, N. P., S. Bacon, J. Allen, and E. L. McDonagh, 2009. Circulation and Transport in
the Western Boundary Currents at Cape Farewell, Greenland, Journal of Physical
Oceanography, 39 (8), 1854-1870.

Howe, J.A., Stoker, M.S., Woolfe, K.J., 2001. Deep-marine seabed erosion and gravel lags in
the northwestern Rockall Trough, North Atlantic Ocean. Geological Society London
Journal 158, 427-438.

Hunter, S., Wilkinson, D., Louarn, E., McCave, I.N., Rohling, E., Stow, D.A.V., Bacon, S.,
2007a. Deep western boundary current dynamics and associated sedimentation on the
Eirik Drift, Southern Greenland Margin. Deep-Sea research I 54, 2036-2066.

Hunter, S., Wilkinson, D., Stanford, J., Stow, D.A.V., Bacon, S., Akhmetzhanov, A.M.,
Kenyon, N.H., 2007b. The Eirik Drift: A long-term barometer of North Atlantic
deepwater flux south of Cape Farewell, Greenland. In: Viana, A.R., Rebesco, M.
(Eds.), Economic and Palacoceanographic Significance of Contourite Deposits.
Geological Society, London, UK, 245-263.

Kaminski, M.A., Gradstein, F.M., Scott, D.B., Mackinnon, K.D., 1989. Neogene benthic
foraminifer biostratigraphy and deep-water history of Sites 645, 646, and 647, Baffin
Bay and Labrador Sea. In: Srivastava, S.P., Arthur, M., Clement, B., et al. (Eds.),
Proceedings of the Ocean Drilling Program, Scientific Results. Ocean Drilling
Program, College Station, TX, USA, 731-756.

Klaeschen, D., Hobbs, R.W. Krahmann, G., Papenberg, C., Vsemirnova, E, 2009.

Estimating movement of reflectors in the water column using seismic oceanography.
Geophysical Research Letters, 36., doi:10.1029/2009GL038973.

83



9 Complete Bibliography

Krahmann, G., Brandt, P., Klaeschen, D., Reston, T., 2008. Mid-depth internal wave energy
off the Iberian Peninsula estimated from seismic reflection data. Journal of
Geophysical Research 113, doi:10.1029/2007JC004678.

Kuhlbrodt, T., Griesel, A., Montoya, M., Levermann, A., Hofmann, M., Rahmstorf, S., 2007.
On the driving processes of the Atlantic meridional overturning circulation. Reviews
of Geophysics 45 (2), doi:10.1029/2004RG000166.

Le Pichon, X., Hyndman, R.D., Pautot, G., 1971. Geophysical Study of the Opening of the
Labrador Sea. Journal of Geophysical Research 76, 4724-4743.

Locker, S.D., Laine, E.D., 1992. Paleogene-Neogene depositional history of the middle U.S.
Atlantic continental rise: mixed turbidite and contourite depositional systems. Marine
Geology 103, 137-164.

Masson, D.G., Kidd, R.B., 1986. Revised Tertiary seismic Stratigraphy of the southern
Rockall Trough. In: Ruddimann, W.F., Kidd, R.B., Thomas, E., et al. (Eds.), Initial
Reports Deep Sea Drilling Project 94, 1117-1126.

McCave, I.N., Lonsdale, P.F., Hollister, C.D., Gardner, W.D., 1980. Sediment transport over
the Hatton and Gardar contourite drifts. Journal of Sedimentary Research 50, 1049-
1062.

McCave, I.N., Tucholke, B.E., 1986. Deep Current-Controlled Sedimentation in the Western
North Atlantic. In: Vogt, P.R., Tucholke, B.E. (Eds.), The Geology of North America -
The Western North Atlantic Region. Geological Society of America, Boulder, USA,
451-468.

McMaster, R.L., Locker, S.D., Laine, E.D., 1989. The early Neogene continental rise off the
eastern United States. Marine Geology 87, 137-163.

Mikolajewicz, U., Crowley, T.J., 1997. Response of a coupled ocean / energy balance model
to restricted flow through the central American isthmus. Paleoceanography 12 (3),
429-441.

Miller, K.G., Tucholke, B.E., 1983. Development of Cenozoic Abyssal Circulation south of
the Greenland-Scotland Ridge. In: Bott, M.H.P., Saxov, S., Talwani, M., Thiede, J.
(Eds.), Structures and Development of the Greenland-Scotland Ridge - New Methods
and Concepts. Plenum Press, New York and London, 549-589.

Miller, K.G., Wright, J.D., Katz, M.E., Wade, B.S., Browning, J.V., Cramer, B.S., Rosenthal,
Y., 2009. Climate threshold at the Eocene-Oligocene transition: Antarctic ice sheet
influence on ocean circulation. In: Koeberl, C., Montanari, A. (Eds.), The Late Eocene

Earth-Hothouse, Icehouse, and Impacts. Geological Society of America Special Paper,
USA, 169-178.

Mountain, G.S., Tucholke, B.E., 1985. Mesozoic and Cenozoic Geology of the U.S. Atlantic

continental slope and rise. In: Poag, C.W. (Ed.), Geologic Evolution of the United
States Atlantic Margin. Van Nostrand Reinhold Company, New York, USA, 293-341.

84



Mueller, R.D., Sdrolias, M., Gaina, C., Roest, W.R., 2008. Age, spreading rates, and
spreading asymmetry of the world's ocean crust. Geochemistry Geophysics
Geosystems 9, doi:10.1029/2007GC001743.

Miiller-Michaelis, A., Uenzelmann-Neben, G., Stein, R., 2013 A revised Early Miocene age
for the instigation of the Eirik Drift, offshore southern Greenland: Evidence from
high-resolution seismic reflection data. Marine Geology.
doi:10.1016/j.margeo0.2013.04.012.

Miiller-Michaelis, A., Uenzelmann-Neben, G., 2013 (in revision). Development of the
Western Boundary Undercurrent at the Eirik Drift related to changing climate since
the early Miocene. Deep-Sea research I, in revision.

Miiller-Michaelis, A., Uenzelmann-Neben, G., 2013 (submitted). Using seismic reflection
data to reveal high-resolution structure and pathway of the upper Western Boundary
Undercurrent core at the Eirik Drift. Geophysical Research Letters, submitted.

Muza, J.P., Covington, J.M., 1987. Neogene calcareous nannofossils from Deep Sea Drilling
Project Site 603, lower continental rise, western North Atlantic: Biostratigraphy and
correlations with magnetic and seismic stratigraphy. In: van Hinte, J.E., Wise Jr, SSW.,
et al. (Eds.), Initial Reports Deep-Sea Drilling Project 93, 593-616.

Nandi, P., Holbrook, W.S., Pearse, S., Paramo, P., Schmitt, R.-W., 2004. Seismic reflection
imaging of water mass boundaries in the Norwegian Sea. Geophysical Research
Letters 31, doi:10.1029/2004GL021325.

Nielsen, T., Knutz, P.C., Kuijpers, 2008. Seismic Expression of Contourite Depositional
Systems. In: Rebesco, M. and Camerlenghi, A. (Eds.), Contourites. Elsevier,
Amsterdam, the Netherlands, 301-321.

Papenberg, C., Klaeschen, D., Krahmann, G., Hobbs, R.W., 2010. Ocean temperature and
salinity inverted from combined hydrographic and seismic data. Geophysical Research
Letters 37, doi:10.1029/2009GL042115.

Pickart, R.S., 1992. Water mass components of the North Atlantic Deep Western boundary
current. Deep Sea Research 39, 1553-1572.

Pinheiro, L.M., Song, H., Ruddick, B., Dubert, J., Ambar, 1., Mustafa, K., Bezerra, R., 2010.
Detailed 2-D imaging of the Mediterranean outflow and meddies off W Iberia from
multichannel seismic data. Journal of Marine Systems 79, 8§9-100.

Poore, H.R., Samworth, R., White, N.J., Jones, S.M., McCave, L.N., 2006. Neogene overflow
of Northern Component Water at the Greenland-Scotland Ridge. Geochemistry
Geophysics Geosystems 7, No. 6, Q06010, doi:10.1029/2005GC001085.

Quadfasel, D., Kése, R., 2007. Present-Day Manifestation of the Nordic Seas Overflows. In:
Schmittner, A., Chiang, J.C.H., Hemming, S.R. (Eds.), Ocean Circulation-
Mechanisms and Impacts. American Geophysical Union, Washington, DC, USA, 75-
89.

85



9 Complete Bibliography

Ravelo, A.C., 2010. Palaecoclimate: Warmth and glaciation. Nature GeoScience 3 (10), 672-
674.

Rebesco, M., Stow, D.A.V., 2001. Seismic expression of contourites and related deposits: a
preface. Marine Geophysical Research 22, 303-308.

Rhein, M., 1994. The Deep Western Boundary Current: tracers and velocities. Deep-Sea
research I, 41 (2), 263-281.

Rhein, M., 2011. Strength of the Subpolar Gyre and the Formation of Deep Water. In:
Forschungsschiffe, L.D. (Ed.), Cruise Report RV MARIA S. MERIAN. Institut fiir
Meereskunde, Hamburg, Germany.

Ricker, N., 1953. The form and laws of propagation of seismic wavelets. Geophysics 18, 10-
40.

Ruddick, B., 2003. Sounding Out Ocean Fine Structure. Science 301, 772-773.

Ruddick, B., Song, H., Dong, C., Pinheiro, L., 2009. Water Column Seismic Images as Maps
of Temperature Gradient. Oceanography 22 (1), 193-205.

Saunders, P.M., 2001. The dense northern overflows. In: Siedler, G., Church, J., Gould, J.
(Eds.), Ocean Circulation and Climate: Observing and Modelling the Global
Ocean. Academic Press, San Francisco CA, USA, 401-418.

Schmitz, W.J., Jr., 1996. On the World Ocean Circulation: Volume I - Some Global Features /
North Atlantic Circulation, Technical Report. Woods Hole Oceanographic Institution,
Woods Hole, MA, USA, doi:10.1575/1912/355.

Shipboard Scientific Party, 1987a. Site 646. In: Srivastava, S.P., Arthur, M., Clement, B., et
al. (Eds.), Initial Reptorts, Ocean Drilling Program, College Station, TX, USA, 419-
674.

Shipboard Scientific Party, 1987b. Explanatory Notes: ODP Leg 105, Baffin Bay and
Labrador Sea. In: Srivastava, S.P., Arthur, M., Clement, B., et al. (Eds.), Initial
Reptorts, Ocean Drilling Program, College Station, TX, USA, 21-41.

Shipboard Scientific Party, 2005. Ice sheet-ocean atmosphere interactions on millenial
timescales during the late Neogene-Quaternary using a paleointensity-assisted
chronology for the North Atlantic. In Expedition Scientists (Eds.), North Atlantic
climate 2, IODP Preliminary Report, 306. doi:10.2204/iodp.pr.306.2005.

Smethie, W.R.J., Fine, R.A., 2001. Rates of North Atlantic Deep Water formation calculated
from chlorofluorcarbon inventories. Deep Sea Research I 48, 189-215.

Smith, W.H.S., Sandwell, D.T., 1997. Global Sea Floor Topography from Satellite Altimetry
and Ship Depth Soundings. Science 277, 1956-1962.

Srivastava, S.P., Arthur, M.A., 1989. Tectonic Evolution of the Labrador Sea and Baffin Bay:

Constraints Imposed by Regional Geophysics and Drilling Results from Leg 105. In:
Srivastava, S.P., Arthur, M., Clement, B., et al. (Eds.), Proceedings of the Ocean

86



Drilling Program, Scientific Results. Ocean Drilling Program, College Station, TX,
USA, 989-1009.

Srivastava, S.P., Arthur, M.A., Clement, B., et al (Eds.), 1989. Proceedings of the Ocean
Drilling Program, Scientific Results, 105. Ocean Drilling Program, College Station,
TX, USA, doi:10.2973/odp.proc.sr.105.1989.

Srivastava, S.P., Roest, W.R., 1999. Extent of oceanic crust in the Labrador Sea. Marine and
Petroleum Geology 16, 65-84.

Stanford, J.D., Rohling, E.J., Bacon, S. and Holliday, N.P., 2011. A review of the deep and
surface currents around Eirik Drift, south of Greenland: Comparison of the past with
the present. Global and Planetary Change, 79 (3—4), 244-254.

Stoker, M.S., van Weering, T.C.E., Svaerdborg, T., 2001. A mid- to late Cenozoic
tectostratigraphic framework for the Rockall Trough. In: Shannon, P.M., Haughton,
P., Corcoran, D. (Eds), The Petroleum Exploration of Ireland's Offshore Basins-
Geological Society, London, UK, Special Publication 188, 411-438.

Stoker, M.S., Hoult, R.J., Nielsen, T., Hjelstuen, B.O., Laberg, J.S., Shannon, P.M., Praeg, D.,
Mathiesen, A., van Weering, T.C.E., McDonnell, A., 2005. Sedimentary and
oceanographic responses to early Neogene compression on the NW European margin.
Marine and Petroleum Geology 22, 1031-1044.

Stow, D.A.V., Fauggres, J.-C., Howe, J.A., Pudsey, C.J., Viana, A.R., 2002. Bottom currents,
contourites and deep-sea sediment drifts: current state-of-the-art. In: Stow, D.A.V.,
Pudsey, C.J., Howe, J.A., Faugéres, J.-C., Viana, A.R. (Eds.), Deep-water contourite
systems: Modern drifts and ancient series. Geological Society of London, London,
UK, 7-20.

Stow, D.A.V., Faugeres, J.-C., Viana, A., Gonthier, E., 1998. Fossil contourites: a critical
review. Sedimentary Geology 115, 3-31.

Tsuji, T., Noguchi, T., Niino, H., Matsuoka, T., Nakamura, Y., Tokuyama, H., Kuramoto, S.,
Bangs, N., 2005. Two-dimensional mappimg of fine structures in the Kuroshio
Current using seismic reflection data. Geophysical Research Letters 32, L14609,
doi:10.1029/2005GL023095.

Van Aken, H.M., 2007. The Oceanic Thermohaline Circulation. Springer, New York, USA.

van Weering, T., Stoker, M., Rebesco, M., 2008. High-Latitude Contourites. In: Rebesco, M.
and Camerlenghi, A. (Eds.), Contourites. Elsevier, Amsterdam, the Netherlands, 457-
489.

Uenzelmann-Neben, G., 2009. Cruise Report RV MARIA S. MERIAN Cruise MSM12-2. In:
Bornemann, H. (Ed.), Berichte zur Polar- und Meeresforschung. Alfred Wegener
Institut, Bremerhaven, Germany.

Via, R.K., Thomas, D.J., 2006. Evolution of Atlantic thermohaline circulation: Early

Oligocene onset of deep-water production in the North Atlantic. Geology 34, 441—
444.

87



9 Complete Bibliography

Wildeboer Schut, E., Uenzelmann-Neben, G., 2006. Tying seismic data to geologic
information from core data: An example from ODP Leg 177. Geo-Marine Letters 26,
235-248.

Winkler, A., Wolf-Welling, T., Stattegger, K., Thiede, J., 2002. Clay mineral sedimentation in
high northern latitude deep-sea basins since the Middle Miocene (ODP Leg 151,
NAAG). International Journal of Earth Sciences 91 (1), 133-148.

Wold, C.N., 1994. Cenozoic Sediment Accumulation on Drifts in the Northern North
Atlantic. Paleoceanography 9, 917-941.

Wolf-Welling, T.C.W., Cremer, M., O'Connell, S., Winkler, A., Thiede, J., 1996. Cenozonic
Arctic Gateway Paleoclimate Variability: Indications from changes in coarse-fraction
compositions. In: Thiede, J., Myhre, A.M., Firth, J.V., Johnson, G.L., Ruddiman, W_F.
(Eds.), Proceedings of the Ocean Drilling Program, Scientific Results. Ocean Drilling
Program, College Station, TX, USA, 515-567.

Woodruff, F., Savin, S., 1989. Miocene deepwater oceanography. Palacogeography 4, 87-
140.

Wright, J.D., 1998. Role of the Greenland-Scotland Ridge in Neogene climate changes. In:
Crowley, T.J., Burke, K. (Eds.), Tectonic Boundary Conditions for Climate
Reconstructions. Oxford University Press, Oxford, 192-211.

Wright, J.D., Miller, K.G., 1996. Control of North Atlantic Deep Water Circulation by the
Greenland-Scotland Ridge. Paleoceanography 11, 157-170.

Wright, J.D., Miller, K.G., Fairbanks, R.G., 1992. Early and middle Miocene stable isotopes:
implications for deepwater circulation and climate. Paleoceanography 7, 357-389.

Yilmaz, O., 2001. Seismic Data Analysis. Society of Exploration Geophysicists, Tulsa, OK,
USA.

Zachos, J.C., Pagani, M., Sloan, L., Thomas, E., Billups, K., 2001. Trends, Rhythms, and
Aberrations in Global Climate 65 Ma to Present. Science 292, 686-693.

88



10 List of Figures

Figure 1.1.
Figure 1.2.
Figure 1.3.

Figure 2.1.
Figure 2.2.

Figure 3.1.
Figure 3.2.
Figure 3.3.
Figure 3.4.

Figure 5.1.
Figure 5.2.
Figure 5.3.
Figure 5.4.
Figure 5.5.
Figure 5.6.
Figure 5.7.
Figure 5.8.
Figure 5.9.

Figure 6.1.
Figure 6.2.
Figure 6.3.
Figure 6.4.
Figure 6.5.
Figure 6.6.
Figure 6.7.
Figure 6.8.

Figure 7.1.
Figure 7.2.
Figure 7.3.
Figure 7.4.

Schematic sketch of the global Thermohaline Circulation........meeneensersesssesssessseenns 1
Satellite-derived bathymetry map of the northern North Atlantic.......oereereeennenns 3
Simplified sketch of a detached, elongated, mounded drift.......cccmenernrirsniereeseesneenns 4
Satellite bathymetric map of the Study area ... s 7
Simplified sketch of the seismic reflection data aCqUISTHON.....uveeereerssersirssesssessseessenns 8
ODP Leg 105 Site 646 data ....ccverrerrerssesserssssssssssssssssssssssssssssesssssssssssssssssssssssssssssees 12
Correlation of the synthetic seismograms with the seismic reflection data............. 13
Single-shot processing example for shot N10. 0027272 .....ereenrerreemeeseesseessesseeseenees 14
Temperature and synthetic seismogram of MSM12/2 CTD #7..covereneermeereerreesnenseens 14
Satellite-derived bathymetry map of the North AtlantiC.....omrneeneeneernserssesens 21
Satellite-derived bathymetry map showing the location of the seismic lines ......... 22
Summary of litholigic units of the four drilling l0CAtiONS .....ccerevererereersserrerserssessseeenne 25
Original and processed Multi Sensor Track log data of the drilling locations .......26
Correlation of the synthetic seismograms with the seismic reflection data............. 27
Uninterpreted and interpreted subsection of line AWI-20090004..........ocoeereerreereenn. 31
Contour maps of horizon depth and (sub-)unit thickness of unit SUIV ................... 34
Uninterpreted and interpreted subsection of line AWI-20090004..........ccoecreerreereenn. 36
Uninterpreted and interpreted subsection of line AWI-20090005.........cocreereereereenn. 37
Satellite-derived bathymetry map of the North AtlantiC......oumiemsensernsesssessenens 46
Satellite-derived bathymetry map showing the location of the seismic lines ......... 49
Uninterpreted and interpreted subsection of line AWI-20090004.........cocoeereereereenn. 50
Uninterpreted and interpreted subsection of line AWI-20090014.........cocerrereeereereenne 51
Uninterpreted and interpreted subsection of line AWI-20090003.........cocoreereereereenne 52
Contour maps of horizon depth and unit thickness........umeemrneneenssesns 55
Model for the development of paleocurrents at the Eirik Drift.....coonenrirnnieneenens 58
Model for the deep paleocirculation for the northern North Atlantic.......ccoeereeneen. 62
Satellite bathymetric map of the Study area ... 68
Temperature plots and synthetic seismograms of the CTD casts used ......cc.cceeeneen. 70

Structure of the upper WBUC core at the SE drift flank (line AWI-20090010)...72
Structure of the upper WBUC core at the NW drift flank (line AWI-20090005).73

89



90



11 List of Tables

Table 2.1. Summarized information about the ODP/IODP drill SItes.....cuurererrmrssmessessesssessenanes 8
Table 2.2. Summarized information about the CTD casts USEd........couuurmrmernrermersmssssssssssesssessssnenas 9
Table 5.1. Refined seismic stratigraphy and reflector nomenclature at ODP 646...........cccouuunee. 30
Table 5.2. North Atlantic erosional unconformities of late Early Miocene age ......cureeseenns 38
Table 6.1. Seismic stratigraphy and reflector nomenclature at the Eirik Drift .......cooccnnerereencenns 54
Table 7.1. Analyzed CTD stations along the path of the upper core of the WBUC ...........c....... 70

91



92



12 List of Abbreviations

Al, A2, A3
AABW
AGC

BL

CDP

CF
CGFz
CLSW
CTD
DFG

DS
DSOW
DWBC
ED

EU
GMT
GPS
GRA

GS

GSR
10DP
IODP 1305
I0ODP 1306
I0DP 1307
ISOW
LDW
LFZ

LS

LSW
mbsf
MSM
MST
NADW
NCW
NMO
NS

ODP
ODP 646
RI1-R5
rms
SUI-IV
THC
TWT
ULSW
w.d.
WBUC
WTR
XBT

Reflection Horizons A1-A3

Antarctic Bottom Water

Automatic Gain Control

Boundary Layer

Common Depth Point

Cape Farewell

Charlie Gibbs Fracture Zone

Classical Labrador Sea Water
Conductivity-Temperature-Depth Probe
Deutsche Forschungsgemeinschaft
Davis Strait

Denmark Strait Overflow Water

Deep Western Boundary Current

Eirik Drift

Erosional Unconformity

General Mapping Tool

Global Positioning System

Gamma Ray Attenuation Measurement
Greenland Sea

Greenland-Scotland Ridge

Integrated Ocean Drilling Program
Integrated Ocean Drilling Program Expedition 303 Site U1305
Integrated Ocean Drilling Program Expedition 303 Site U1306
Integrated Ocean Drilling Program Expedition 303 Site U1307
Iceland Scotland Overflow Water
Lower Deep Water

Leif Fracture Zone

Labrador Sea

Labrador Sea Water

Meters Below Seafloor

Research Vessel Maria S. Merian
Multi-Sensing Track Tool

North Atlantic Deep Water

Northern Component Water

Normal Moveout

Norwegian Sea

Ocean Drilling Program

Ocean Drilling Program Leg 105 Site 646
Reflection Horizons R1-R5

Root Mean Square

Seismic Units [-IV

Thermohaline Circulation
Two-Way-Traveltime

Upper Labrador Sea Water

Water Depth

Western Boundary Undercurrent
Wyville-Thomson Ridge

Expendable Bathythermograph

93



94



13 Acknowledgements

Many people supported me during my PhD time which will always be an unforgettable part of
my life. In the following, I want to say thank you to:

Prof. Dr. Riidiger Stein and Prof. Dr. Katrin Huhn (MARUM Bremen), who consented to
supervise my PhD thesis.

Dr. Gabriele Uenzelmann-Neben for being the best supervisor ever. It would have been
impossible to finish my thesis without your guidance, patience and motivation.

My colleagues and friends from the AWI who made even the tough phases worth while.
My parents who always supported me.

Steffi and Arne; I survived the last months just because of you.

95






Curriculum Vitae

Antje Muller-Michaelis

Am Leher Tor 13

D-27568 Bremerhaven

E-mail: mueller-michaelis@web.de
Tel: +49 1578 7114219

Date of Birth: 24th of June 1976
Place of Birth: Hamburg, Germany
Citizenship: German

Academic education:

Oct 2010 - ongoing Ph.D. Geophysics

Alfred-Wegener-Institut, Helmholtz-Zentrum fir Polar- und Meeresforschung,
Bremerhaven c/o University of Bremen, Department of Geoscience, Germany
'From early Miocene to present: Reconstruction of the deep Thermohaline
Circulation at the Eirik Drift'

Apr 2004 - Jan 2009 Diploma Physical Oceanography

Intitute of Oceanography, University of Hamburg, Hamburg, Germany
'Regional Heat and Freshwater Balances of the Oceanic Surface Mixed Layer
derived from Argo Float and Air-Sea Flux Data'

Diploma Certification "very good" ("sehr gut")

Secondary subjects:

Marine Geophysics and Biogeochemistry of Marine Sediments

General qualification for University entrance: June1995

Scientific work experience:

Jan 2010 — Jun 2010 Processing and Interpretation of ARGO Float Data
as Scientific Staff Member of Prof. Dr. Detlef
Quadfasel, University of Hamburg, Germany

Jan 2009 — Feb 2009 Processing and Interpretation of ARGO Float Data
as Scientific Staff Member of Prof. Dr. Detlef
Quadfasel, University of Hamburg, Germany

Mar 2006 — Dec 2008 Student-Job: Processing ARGO Float Data with
Prof. Dr. Detlef Quadfasel and Katrin Latarius,
University of Hamburg, Germany



Participation in Expeditions:
* Sep - Oct 2006 University of Hamburg: R.R.S. DISCOVERY
Cruise D311: Physical Oceanography
* Oct - Nov 2006 University of Hamburg: FS HEINCKE
Cruise HE264: Marine Geophysics
* Nov - Dec 2007 University of Hamburg: FS METEOR
Cruise M74/4 - NEOMA: Marine Seismic and Geology
* Feb 2008 University of Hamburg: FS MARIA S. MERIAN
Cruise MSMO07/1a: Training ATLAS Parasound System
* May - Jun 2009 University of Hamburg: FS MARIA S. MERIAN
Cruise MSM 12/1: Physical Oceanography
e Jun - Jul 2009 AWI Bremerhaven: FS MARIA S. MERIAN
Cruise MSM12/2: Marine Seismic and Geology
* May 2010 University of Hamburg: FS POSEIDON
Cruise P399/1: Physical Oceanography
* Oct-Nov 2011 AWI Bremerhaven: FS MARIA S. MERIAN
Cruise MSM19/2: Marine Seismic
* Oct-Nov 2012 AWI Bremerhaven: FS SONNE
Cruise SO224: Marine Seismic

Publications:

Muller-Michaelis, A., Uenzelmann-Neben, G., Stein, R., 2013. A revised Early
Miocene age for the instigation of the Eirik Drift, offshore southern Greenland:
Evidence from high-resolution seismic reflection data. Marine Geology.
doi:10.1016/j.margeo.2013.04.012.

Under Review:

Muller-Michaelis, A. and Uenzelmann-Neben, G., 2013 (in revision). Development of
the Western Boundary Undercurrent at the Eirik Drift related to changing climate
since the early Miocene. Deep-Sea Research Part | (submitted 04/2013; in revision
11/2013, moderate revisions advised).

Job experience prior to University entrance (prior to April 2004):

* Dec 2002 — Dec 2003 Sales and Marketing Assistant
VESEG GmbH, Rehlingen-Siersburg, Germany

* Jan 2000 — Aug 2002 Sales and Marketing Assistant
WEA Records, Warner Music Germany GmbH &
Co. OHG, Hamburg, Germany

e Jan 1999 — Dec 1999 Internship Marketing Department
Ernst Dello GmbH & Co., Hamburg, Germany

*  Aug 1995 — Dec 1998 Bank assistant (training followed by employment)
Vereins- und Westbank AG, Hamburg, Germany

The following persons can give an assessment of my performance:
* Dr. Gabriele Uenzelmann-Neben: Alfred-Wegener-Institut, Helmholtz-Zentrum
fur Polar- und Meeresforschung; gabriele.uenzelmann-neben@awi.de
* Prof. Dr. Detlef Quadfasel: Institute of Oceanography, University of Hamburg;
detlef.quadfasel@zmaw.de
* Prof. Dr. Christian Hubscher: Institute of Geophysics, University of Hamburg;
christian.huebscher@zmaw.de






