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Figure 9.1: Net primary production expressed by the Vertically Generalised Production Model (Behrenfeld and 
Falkowski 1997). Data shown in this figure is the monthly average from February 2013, available at 
http://www.science.oregonstate.edu/ocean.productivity/index.php (O'Malley 2014). Primary Production is 
around 300 mg carbon (C) per square metre. This is the lower edge of the global primary productivity scale. Red 
lines indicate the position of the seismic reflection profiles. 

9.2 The Deep Western Boundary Current  

9.2.1 Past oceanic setup at the eastern edge of Zealandia 
My second contribution to the paleoceanographic map of the South Pacific Ocean targeted the Pacific 

Deep Western Boundary Current (DWBC) close to Zealandia at the Bounty Trough region (chapter 6). 

Here, a larger sedimentary archive recording the DWBC history has formed, which can be used to 

reveal paleoceanographic changes since the late Cretaceous. This manuscript covers three different 

topics: 

1. Paleoceanographic setup before the opening of the Tasmanian Gateway: 

I have found indications for an active proto-DWBC below the Eocene/Oligocene boundary. Two 

sediment drift bodies in the Outer Bounty Trough are the first evidence of a deep cold flow in the 

South Pacific Ocean during Eocene and older times in the Southwest Pacific Ocean. Initiation of a 

deep flow forming the first drift body (DB 1) is probably linked to a combination of climate 

cooling observed during the late Cretaceous (Cramer et al. 2009; Friedrich et al. 2012) and 

separation of Antarctica and Zealandia (Wobbe et al. 2012). Further, the shift from DB 1 to the 
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second drift body (DB 2) is probably caused by colder climate conditions in the Late Eocene. The 

drift crest migration from DB 1 to DB 2 occurs at the same time as the East Antarctic Glaciation 

around 44 - 42 Ma. This supports the theory that Antarctic Glaciation was not caused by the 

opening of the Tasmanian Gateway. Cooling already began before the opening, favouring a 

dropping CO2 level as a cause for glaciation rather than the opening of Circumantarctic seaways.  

2. The history of the DWBC in the Bounty Trough area: 

I have compiled a complete scenario of the DWBC history at the Outer Bounty Trough region. In 

addition to drift bodies DB 1 and DB 2 I have found two additional drift bodies (DB 3 and DB 4) 

above the Eocene/Oligocene boundary. The history since the Oligocene can be summarised as 

follows: The Oligocene sediments have been removed during a long lasting erosional phase, 

creating the Marshall Paraconformity (33.7 - ~19.5 Ma). This vigorous flow of the DWBC, 

enforced by the ACC, was followed by a phase of slower flow speed creating DB 3. This period 

was followed by stronger flows due to climate cooling and West Antarctic Ice Sheet build-up 

leading to another phase of erosion between 10.4 Ma and 5.0 Ma. Between 5.0 Ma and 1.7 Ma, 

deposition started again, creating DB 4. Build–up was caused by the intensified load of the 

DWBC that has been taken up further upstream. Finally at 1.7 Ma the DWBC shifted away from 

the Outer Bounty Trough to a breach in the northern levee of the Bounty Channel. 

3. The occurrence of the DWBC west of the Outer Sill since the Miocene: 

I can estimate the extent and timing of the DWBC flow into the Bounty Trough. Up to now 

evidence was only found for a limb affecting the youngest sedimentary unit (Unit A) at the Outer 

Sill. Using the distribution of seismostratigraphic Unit B (of contouritic origin as confirmed by 

ODP Site 1122) I have shown that the DWBC may have influenced the Bounty Trough already 

since ~19.5 Ma as its deposits can be found also west of the Outer Sill inside the Bounty Trough. 

9.2.2 Present influence of the DWBC inside the Middle Bounty Trough 
The third manuscript (chapter 7) again targeted the occurrence of the DWBC west of the Outer Sill 

inside the Middle Bounty Trough. In Chapter 6 I have shown that sediments below the deposits of the 

Bounty Channel (unit B, contouritic origin) are also present inside the Middle Bounty Trough. 

Sedimentary structures within Unit B suggest the influence of the DWBC was present west of the 

Outer Sill from 19.5 Ma to 1.7 Ma. Additionally, Pleistocene DWBC variability on orbital (20 to 400 

ka) timescales is recorded in unit A. High-resolution Parasound sub-bottom profiler data can be used 

to analyse the upper sedimentary column with the detail needed to detect these orbital cycles. The 

Bounty Channel turbiditis show a different cyclicity (only deposited during glacial lowstands, since 

800 ka approximately every 100 kyrs) than the DWBC (prominent strengthening every 41 ka). Thus 

the occurrence of the 41 kyr obliquity cycle can be used to trace the influence area of the DWBC 

inside the Bounty Trough as the turbiditiy current of the Bounty Channel is the only other source that 

takes active part in shaping the sediments in the Bounty Trough area since 800 ka.  

 



 95 

 

1. Revealing cyclic signals from Parasound sub-bottom profiler data: 

Weigelt and Uenzelmann-Neben (2007) have shown that a spectral analysis with a Fourier 

transformation algorithm can reveal cyclic signals from seismic reflection data, which have been 

converted from TWT into age of the deposits. These signals can be related to climate cycles on 

orbital frequencies (Milankovitch cycles). I have adapted this method to Parasound sub-bottom 

profiler data. Spectral analysis shows that in the working area the method is capable to resolve 

Milankovitch cycles caused by obliquity (41 kyr) and longer periods. 

2. Presence of the DWBC west of the Outer Sill: 

Spectral analysis performed at six different sites along the Bounty Channel axis are used to map 

the spatial occurrence of the 41 kyr obliquity cycle documented by the deposits. The mapping 

reveals the presence of the DWBC west of the Outer Sill but its presence is limited to east of 

178.2°E. These results provide the first direct evidence on the occurrence of the DWBC inside the 

Bounty Trough during late Pleistocene to recent times. Up to now the presence of the DWBC was 

only inferred due to erosional structures at the Outer Sill. 

9.3 The deep inflow into the Southwest Pacific Basin since the 

Miocene 
The structure of the sedimentary column at the western flank of the EPR and the occurrence of bottom 

current derived features presented in chapter 5 can be further interpreted to gain information about 

paleoceanic changes in the EPR region (Chapter 8). This allows me to provide first insights into the 

Miocene paleoceanography of the South Pacific Ocean far away from any land mass. Between 19 Ma 

and 9 Ma sedimentary structures suggest a steady flow of the eastern limb, which has allowed the 

formation of the first seismostratigraphic unit. Around 9 Ma a change in oceanic setup is suggested by 

the distribution of sediments. Erosional structures in the upper sedimentary column indicate an 

increase in flow speeds of the bottom currents from the eastern limb. 

The western limb (DWBC) shows a comparable behaviour: A depositional phase creating drift body 3 

(DB 3) begins during the Early Miocene (19.5 Ma). This phase is interrupted by an erosional 

unconformity (reflector R3) created by the DWBC between 10.4 Ma - 5 Ma. Cooling due to the West 

Antarctic Ice Sheet build-up increased the flow speed of the DWBC. The expansion of the West 

Antarctic Ice Sheet and the resulting cold climate around Antarctica keeps the flow speeds high until 

the present day. Although another drift body (DB 4) has formed beneath the DWBC deposition is only 

possible due to erosion further upstream by the combined DWBC and ACC. 

The comparison of the history of both of deep cold inflow into the South Pacific Ocean shows many 

similarities since the early Miocene. It is reasonable to extrapolate the findings of the Bounty Trough 

region to the EPR region. Both limbs are influenced by the ACC and thus its intensification due to the 
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changes caused by the West Antarctic Ice Sheet build-up are not only visible close to Zealandia but 

also in the open South Pacific Ocean. 
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10. Outlook 

I have presented new evidence for paleoceanographic changes of the deep inflow into the Pacific 

Ocean. Nevertheless there are still white spots that have to be filled.   

10.1 Further research close to the EPR 
Seismic reflection profiles at the western flank of the EPR cover only oceanic crust younger than the 

beginning of chron C6n, (~19 Ma, see Figure 5.1) and thus sediments documenting the 

paleoceanographic setup of the region before ~19 Ma have not been surveyed. Likely, sediments 

deposited on older oceanic crust can reveal further structures of the eastern limb of deep cold inflow 

into the South Pacific Ocean. 

Therefore I suggest the acquisition of two additional profiles perpendicular to the ridge axis. Figure 

10.1 shows two sample locations of such profiles. These two profiles would allow analysing a longer 

history of the eastern limb of deep Pacific inflow, because they also cover older parts of the oceanic 

crust and older sediment deposits. Further, one of these perpendicular profiles should completely cross 

the EPR (as shown with the northern profile in Figure 10.1) to survey sediments on the eastern side of 

the EPR. The main purpose would be to test the hypothesis that the EPR really has a symmetric 

sedimentary cover on both sides of the rise crest (Ewing and Ewing 1967) or whether asymmetric 

sedimentation, which has been observed 30° further north of the EPR-region (Hauschild et al. 2003), 

is also present in this area. An additional profile extending from the northeast to the southwest should 

cross the previously proposed profiles. This profile would allow a correlation of findings made on the 

profiles perpendicular to the EPR and extrapolate prominent reflections to the whole area. 

For planning the western extent of the new profiles, the present and former Carbonate Compensation 

Depth (CCD) should be taken into account because the CaCO3 inside the sediments at the EPR flank 

start to dissolve when the depth of the CCD is reached. Thus, potential new profiles should only extent 

into the Southwest Pacific Basin until they reach the depth of the present CCD at ~ 4400 metres 

(Figure 10.1, drak gray line; van Andel 1975). Further we have to take into account that the paleo 

CCD was shallower than today. The shallowest CCD was reached during the late Miocene when the 

CCD rose to about 3900 metres (Figure 10.1,  light gray line; van Andel 1975). Thus possible bottom 

current footprints in carbonate sediments may have been dissolved in depth of 3900 m or deeper. 

Nevertheless sediment on crust older than 20 Ma may have preserved potential footprints as only the 

upper sediments may have been affected. Thus, oceanic crust in 3900 m to 4400 metres depth may 

give new information on the paleoceanographic setup when interpreted with caution concerning 

dissolved sediments. By comparing the CCD with the age of the oceanic crust, it is possible to derive 

new information from sediments deposited on ~30 Ma old crust (Figure 10.1 shows age colour-coded 

oceanic crust (Mueller et al. 2008) and the present CCD as dark grey contour). These three additional 
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profiles may give further insights into the history of the deep Pacific inflow back to about 30 Ma. 

Further, they can be used to refine the old model of sedimentation at the flanks of spreading ridges.  

 

 

Figure 10.1: Area around the East Pacific Rise (EPR) on a map representing the age of the oceanic crust in 
millions of years (Mueller et al. 2008). The eastern limb of the deep Pacific inflow (black and yellow arrow) and 
the Antarctic Circumpolar Current (ACC, black) are marked by arrows. Additionally the depth contours 
(GEBCO_08 grid; Smith and Sandwell 1997) of the Miocene CCD (grey contour, 3900 m ;van Andel 1975) and 
the present CCD (dark grey contours, 4400 m; van Andel 1975) are shown. To survey the influence of the 
eastern limb, three additional seismic profiles perpendicular to the rise axis (shown in purple dashed lines) are 
proposed. 

For the present thesis I could only rely on crustal ages to pinpoint major events but changes occurring 

on shorter timescales were not resolvable only on basis of the seismic reflection data. Thus a better 

age model based on sediment samples would be desirable. 

10.2 Further research in the Outer Bounty Trough area 

10.2.1 Future research on sediment drifts in the Bounty Trough area 
The Outer Bounty Trough area has revealed the complete Cenozoic history of the (proto-) DWBC in 

the area. However, some interpretations derived in Chapter 6 would benefit from an extended dataset. 

• A narrower seismic network of profiles crossing drift bodies in the Bounty Trough area:  

Besides drift bodies (DB 1 to DB 4) found on profile AWI-20110006, other single channel lines 

(see Plate 2d of Carter et al. 1994) hint on potential sites of sediment drifts (locations marked in 

purple in Figure 10.2a). A survey covering all of these drift bodies in a network centred above 
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ODP Site 1122 may be used to map out depositional centres and reconstruct paleocurrent 

pathways of this area. 

• A better age control for sediments below the Marshall Paraconformity:  

Sediments of the seismostratigraphic units C and D are extrapolated from the shelf of South 

Island, New Zealand, through the whole Bounty Trough to the deep sea. It is not clear whether 

sediments cored in the Canterbury Basin by oil exploration wells (see Figure 6.1) are comparable 

to the deposits found in the Outer Bounty Trough. The oil exploration wells and ODP Site 1122 

are approximately 900 km apart. Thus additional deep drilling of the lower sedimentary column is 

desirable. Single channel seismic reflection profiles (Figure 10.2b, taken from Carter et al. 1994) 

show a thin sedimentary cover of seismographic unit A (sediments from the Bounty Channel, up 

to 1.7 Ma old, see chapter 6) and a missing unit B above units C (Eocene age) and D (Palaeocene 

to Cretaceous). Drilling in this area (as indicated in Figure 10.2) would allow to reach at least 

sediments of Eocene age, eventually also sediments of Palaeocene or even of Cretaceous age. 

 
Figure 10.2: a) Overview over the single channel (yellow, (Carter et al. 1994)) and multichannel seismic lines 
(green, see chapter 6) available in the Outer Bounty Trough region. The purple marked spots represent findings 
of (potential on single channel lines) drift structures in this area. Further profiles crossing these locations and the 
surroundings (marked with white box) will help to map the depositions of the DWBC revealing further shifts of 
the DWBC not observable with the present dataset. b) Excerpts from the single channel profiles A and C of 
Carter et al. (1994). Note the relatively thin cover of younger sediments (yellow) above the sediments of Eocene 
age or older (white and blue). Here it would be possible to reach older sediments by drilling without having to 
penetrate more than 400 metres of sediment as at the location of ODP Site 1122. 

Drilling of Eocene to Cretaceous sediments could provide a better age resolution and characterisation 

of the sediments below the Marshall Paraconformity (top of Eocene deposits) and is also of broad 

interest for climate research. Especially the transition from the relative warm climate during the late 
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Cretaceous to the cold climate during the Oligocene (e.g. Huber et al. 2002; Zachos et al. 2008; 

Friedrich et al. 2012) is not well understood. Sediments covering the Bounty Trough area have likely 

been deposited continuously since the formation of the oceanic crust during the Cretaceous until the 

Eocene/Oligocene boundary and thus have recorded the climate transition. Bottom currents do not 

play a major role in shaping sedimentary deposits until 33.7 Ma. Besides the observed drift bodies 

(DB 1 and DB 2, Figure 6.4) no large erosional events are reported south of Chatham Rise since the 

formation of the Marshall Paraconformity. Drilling these sediments may reveal climate changes close 

to an oceanic gateway. Opening of gateways allowed the establishment of the ACC that caused a 

major cooling of the deep oceans (McAnena et al. 2013; Sijp et al. 2014). This means the Bounty 

Trough area is an ideal region to study these climate changes and decipher the oceanic and climatic 

history during the Eocene and further back in time. Additionally, drilling sediments in the Bounty 

Trough area may reveal the feedback of the deep ocean to the climate change before the opening of the 

Tasmanian Gateway. Also, new evidence for processes preceding ocean gateway opening that may 

have caused Antarctic Glaciation before the Eocene/Oligocene boundary may be found (e.g. Ehrmann 

and Mackensen 1992; Zachos et al. 1992; Zachos et al. 2001). 

10.2.2 Future use of sub-bottom profiler data for the detection of 

Milankovitch cycles  
The orbital (Milankovitch-) cycles observed in the sediments of the left Bounty Channel Levee have 

been of great use to estimate the spatial extent of the DWBC into the Bounty Trough. The method may 

be a valuable tool for further studies in the Bounty Trough area and in other regions of the world 

oceans. Identifications of different Milankovitch cycles in an area can be used to map the extent on 

climate related processes shaping the upper sedimentary units. The only necessary precondition is that 

the process that is analysed has a unique frequency observable in spectral analysis in comparison to 

other processes shaping sedimentary deposits. 

The Parasound system offers a method to map orbitally controlled sedimentation over large areas in 

relatively short time. The MeBo coring rig, capable of coring the upper 80 metres of sediment 

(Freudenthal and Wefer 2013) and possibly down to 200 m in the future (MARUM-MeBo200) can be 

a valuable addition for age control and ground truth of the acoustic data. 

10.3 References  
Carter, R. M., L. Carter, et al. (1994). "Seismic stratigraphy of the Bounty Trough, south-west Pacific 

Ocean." Marine and Petroleum Geology 11(1): 79-93.   doi:10.1016/0264-8172(94)90011-6 
Ehrmann, W. U. and A. Mackensen (1992). "Sedimentological evidence for the formation of an East 

Antarctic ice sheet in Eocene/Oligocene time." Palaeogeography, Palaeoclimatology, 
Palaeoecology 93(1–2): 85-112.   doi:10.1016/0031-0182(92)90185-8 

Ewing, J. and M. Ewing (1967). "Sediment Distribution on the Mid-Ocean Ridges with Respect to 
Spreading of the Sea Floor." Science 156(3782): 1590 – 1592.   
doi:10.1126/science.156.3782.1590 



 101 

Freudenthal, T. and G. Wefer (2013). "Drilling cores on the sea floor with the remote-controlled sea 
floor drilling rig MeBo." Geosci. Instrum. Method. Data Syst. 2(2): 329-337.   doi:10.5194/gi-
2-329-2013 

Friedrich, O., R. D. Norris, et al. (2012). "Evolution of middle to Late Cretaceous oceans—A 55 m.y. 
record of Earth's temperature and carbon cycle." Geology 40(2): 107-110.   
doi:10.1130/g32701.1 

Hauschild, J., I. Grevemeyer, et al. (2003). "Asymmetric sedimentation on young ocean floor at the 
East Pacific Rise, 15°S." Marine Geology 193(1 – 2): 49 – 59.   doi:10.1016/S0025-
3227(02)00613-8 

Huber, B. T., R. D. Norris, et al. (2002). "Deep-sea paleotemperature record of extreme warmth during 
the Cretaceous." Geology 30(2): 123-126.   doi:10.1130/0091-
7613(2002)030<0123:dsproe>2.0.co;2 

McAnena, A., S. Flogel, et al. (2013). "Atlantic cooling associated with a marine biotic crisis during 
the mid-Cretaceous period." Nature Geoscience 6(7): 558-561.   doi:10.1038/ngeo1850 

Mueller, R. D., M. Sdrolias, et al. (2008). "Age, spreading rates, and spreading asymmetry of the 
world's ocean crust." Geochemistry Geophysics Geosystems 9(4): Q04006.   
doi:10.1029/2007gc001743 

Sijp, W. P., A. S. von der Heydt, et al. (2014). "The role of ocean gateways on cooling climate on long 
time scales." Global and Planetary Change 119(0): 1-22.   
doi:10.1016/j.gloplacha.2014.04.004 

Smith, W. H. F. and D. T. Sandwell (1997). "Global Sea Floor Topography from Satellite Altimetry 
and Ship Depth Soundings." Science 277(5334): 1956 – 1962.   
doi:10.1126/science.277.5334.1956 

van Andel, T. H. (1975). "Mesozoic/cenozoic calcite compensation depth and the global distribution 
of calcareous sediments." Earth and Planetary Science Letters 26(2): 187 – 194.   
doi:10.1016/0012-821X(75)90086-2 

Zachos, J. C., J. R. Breza, et al. (1992). "Early Oligocene ice-sheet expansion on Antarctica: Stable 
isotope and sedimentological evidence from Kerguelen Plateau, southern Indian Ocean." 
Geology 20(6): 569-573.    

Zachos, J. C., G. R. Dickens, et al. (2008). "An early Cenozoic perspective on greenhouse warming 
and carbon-cycle dynamics." Nature 451(7176): 279-283.   doi:doi: 10.1038/nature06588 

Zachos, J. C., M. Pagani, et al. (2001). "Trends, Rhythms, and Aberrations in Global Climate 65 Ma to 
Present." Science 292: 686-693.   doi:10.1126/science.1059412 

 
 



 102 

11. Complete Bibliography 

Alves, T. M., T. Cunha, et al. (2004). "Surveying the flanks of the Mid-Atlantic Ridge: the Atlantis 
Basin, North Atlantic Ocean (36°N)." Marine Geology 209(1 – 4): 199 – 222.   
doi:10.1016/j.margeo.2004.06.002 

Antoine, D., J.-M. André, et al. (1996). "Oceanic primary production: 2. Estimation at global scale 
from satellite (coastal zone color scanner) chlorophyll." Global Biochemical Cycles 10(1): 57 
– 69.   doi:10.1029/95GB02832 

Atlas Hydrographic GmbH (2010). ATLAS PARASOUND Deep-Sea parametric sub-bottom profiler. 
Bremen, http://www.atlas-elektronik.com/what-we-do/hydrographic-systems/parasound/.    

Beckmann, A. and D. B. Haidvogel (1993). "Numerical Simulation of Flow around a Tall Isolated 
Seamount. Part I: Problem Formulation and Model Accuracy." Journal of Physical 
Oceanography 23(8): 1736 – 1753.   doi:10.1175/1520-
0485(1993)023<1736:NSOFAA>2.0.CO;2 

Behrenfeld, M. J. and P. G. Falkowski (1997). "Photosynthetic rates derived from satellite-based 
chlorophyll concentration." Limnology and Oceanography 42(1): 1-20.   
doi:10.4319/lo.1997.42.1.0001 

Berger, W. H. and J. C. Herguera (1992). "Reading the sedimentary record of the oceans 
productivity". Published in: Primary Productivity and Biogeochemical Cycles in the Sea. P. G. 
Falkowski and A. D. Woodhead. New York, Plenum Press: 455 – 486.    

Cande, S. C. and D. V. Kent (1992). "A New Geomagnetic Polarity Time Scale for the Late 
Cretaceous and Cenozoic." J. of Geophys. Res. 97(B10): 13917 – 13951.   
doi:10.1029/92JB01202 

Cande, S. C. and J. M. Stock (2004). "Cenozoic Reconstructions of the Austrailia - New Zealand - 
South Pacific Sector of Antarctica". Published in: The Cenozoic Southern Ocean: Tectonics, 
Sedimentation, and Climate Change Between Australia and Antarctica. N. F. Exon, J. P. 
Kennett and M. Malone. Washington, DC, AGU. 151: 5 - 18.   doi:10.1029/gm151 

Carter, L., R. M. Carter, et al. (2004a). "Evolution of the sedimentary system beneath the deep Pacific 
inflow off eastern New Zealand." Marine Geology 205(1-4): 9-27.   doi:10.1016/s0025-
3227(04)00016-7 

Carter, L., R. M. Carter, et al. (1996a). "Regional sediment recycling in the abyssal Southwest Pacific 
Ocean." Geology 24(8): 735-738.   doi:10.1130/0091-7613(1996)024<0735:rsrita>2.3.co;2 

Carter, L., R. M. Carter, et al. (1990). "Evolution of Pliocene to Recent abyssal sediment waves on 
Bounty Channel levees, New Zealand." Marine Geology 95(2): 97-109.   doi:10.1016/0025-
3227(90)90043-J 

Carter, L. and I. N. McCave (1994). "Development of sediment drifts approaching an active plate 
margin under the SW Pacific Deep Western Boundary Current." Paleoceanography 9(6): 
1061-1085.   doi:10.1029/94pa01444 

Carter, L. and I. N. McCave (1997). "The sedimentary regime beneath the Deep Western Boundary 
Current inflow to the Southwest Pacific Ocean." Journal of Sedimentary Research 67(6): 
1005-1017.   doi:10.1306/d42686b2-2b26-11d7-8648000102c1865d 

Carter, L. and J. Wilkin (1999). "Abyssal circulation around New Zealand - a comparison between 
observations and a global circulation model." Marine Geology 159(1–4): 221-239.   
doi:10.1016/S0025-3227(98)00205-9 

Carter, R. M. (1988). "Post-breakup stratigraphy of the Kaikoura Synthem (Cretaceous-Cenozoic), 
continental margin, southeastern New Zealand." New Zealand Journal of Geology and 
Geophysics 31(4): 405-429.   doi:10.1080/00288306.1988.10422141 

Carter, R. M. and L. Carter (1996). "The abyssal Bounty Fan and lower Bounty Channel: evolution of 
a rifted-margin sedimentary system." Marine Geology 130(3–4): 181-202.   doi:10.1016/0025-
3227(95)00139-5 

Carter, R. M., L. Carter, et al. (1994). "Seismic stratigraphy of the Bounty Trough, south-west Pacific 
Ocean." Marine and Petroleum Geology 11(1): 79-93.   doi:10.1016/0264-8172(94)90011-6 



 103 

Carter, R. M., L. Carter, et al. (1996b). "Current controlled sediment deposition from the shelf to the 
deep ocean: the Cenozoic evolution of circulation through the SW Pacific gateway." 
Geologische Rundschau 85(3): 438-451.   doi:10.1007/bf02369001 

Carter, R. M., I. N. McCave, et al. (2004b). "1. Leg 181 Synthesis: Fronts, Flows, Drifts, Vocanoes, 
and the Evolution of the Southwestern Gateway to the Pacific Ocean, Eastern New Zealand". 
Published in: Proceedings of the Ocean Drilling Programm, Scientific Results. C. Richter. 
Texas, College Station (Ocean Drilling Program). 181.   
doi:10.2973/odp.proc.sr.181.210.2004 

Carter, R. M., I. N. McCave, et al. (1999a). "Site 1121: The Campbell "Drift"". Published in: 
Proceedings of the Ocean Drilling Program, Initial reports:. R. M. Carter, I. N. McCave, C. 
Richter and L. Carter. Texas, USA, College Station (Ocean Drilling Program). 181: 1 - 62.   
doi:10.2973/odp.proc.ir.181.105.2000 

Carter, R. M., I. N. McCave, et al. (1999b). "Site 1122: Turbidites with a Contourite Foundation". 
Published in: Proceedings of the Ocean Drilling Program, Initial reports:. R. M. Carter, I. N. 
McCave, C. Richter and L. Carter. Texas, USA, College Station (Ocean Drilling Program). 
181: 1 - 146.   doi:10.2973/odp.proc.ir.181.106.2000 

Carter, R. M., I. N. McCave, et al. (1999c). "Site 1123: North Chatham Drift—a 20-Ma Record of the 
Pacific Deep Western Boundary Current". Published in: Proceedings of the Ocean Drilling 
Program, Initial reports:. R. M. Carter, I. N. McCave, C. Richter and L. Carter. Texas, USA, 
College Station (Ocean Drilling Program). 181: 1 - 184.   
doi:10.2973/odp.proc.ir.181.107.2000 

Carter, R. M., I. N. McCave, et al. (1999d). "Site 1124: Rekohu Drift—from the K/T Boundary to the 
Deep Western Boundary Current". Published in: Proceedings of the Ocean Drilling Program, 
Initial reports:. R. M. Carter, I. N. McCave, C. Richter and L. Carter. Texas, USA, College 
Station (Ocean Drilling Program). 181: 1 - 137.   doi:10.2973/odp.proc.ir.181.108.2000 

Chen, Y. and W. J. Morgan (1990). "Rift Valley/No Rift Valley Transition at Mid-Ocean Ridges." 
Journal of Geophysical Research: Solid Earth 95(B11): 17571 – 17581.   
doi:10.1029/JB095iB11p17571 

Clark, P. U., N. G. Pisias, et al. (2002). "The role of the thermohaline circulation in abrupt climate 
change." Nature 415(6874): 863-869.   doi:10.1038/415863a 

Cook, R. A., R. Sutherland, et al. (1999). "Regional Synthesis". Published in: Cretaceous-Cenozoic 
geology and petroleum systems of the Great South Basin, New Zealand. A. Sherwood. Lower 
Hutt, New Zealand, Institute of Geological and Nuclear Sciences monograph: 98 - 104.    

Cooley, J. W. and J. W. Tukey (1965). "An algorithm for the machine calculation of complex Fourier 
series." Mathematics of Computation 19(90): 297-301.    

Cramer, B. S., J. R. Toggweiler, et al. (2009). "Ocean overturning since the Late Cretaceous: 
Inferences from a new benthic foraminiferal isotope compilation." Paleoceanography 24(4): 
PA4216.   doi:10.1029/2008pa001683 

Crundwell, M., G. Scott, et al. (2008). "Glacial–interglacial ocean climate variability from planktonic 
foraminifera during the Mid-Pleistocene transition in the temperate Southwest Pacific, ODP 
Site 1123." Palaeogeography, Palaeoclimatology, Palaeoecology 260(1–2): 202-229.   
doi:10.1016/j.palaeo.2007.08.023 

D’Hondt, S., F. Inagaki, et al. (2011a). "Expedition 329 summary". Published in: Proceedings of the 
Integrated Ocean Drilling Program. S. D’Hondt, F. Inagaki, C. A. Alvarez Zarikian and a. t. E. 
Scientists. Tokyo, Integrated Ocean Drilling Program Management International, Inc. 329.   
doi:10.2204/iodp.proc.329.101.2011 

D’Hondt, S., F. Inagaki, et al. (2011b). "Site U1369". Published in: Integrated Ocean Drilling Program 
Expedition 329 Preliminary Report. S. D’Hondt, F. Inagaki, C. A. Alvarez Zarikian and 
Expedition 329 Scientists. Tokyo, Integrated Ocean Drilling Program Management 
International. 329: 58.   doi:10.2204/iodp.proc.329.107.2011 

Davey, F. J. (1977). "Marine seismic measurements in the New Zealand region." New Zealand Journal 
of Geology and Geophysics 20(4): 719-777.   doi:10.1080/00288306.1977.10430730 

Davis, A. S. and A. S. Laughton (1972). "Sedimentary Processes in the North Atlantic". Published in: 
Initial Reports of Deep Sea Drilling Project. L. A. S., W. A. Berggren, R. N. Bensonet al. 
Washington, D.C., U.S. Government Printing Office. 12: 905-934.   
doi:10.2973/dsdp.proc.12.111.1972 



 104 

Davy, B. (1993). "The Bounty Trough—Basement Structure Influences on Sedimentary Basin 
Evolution". Published in: South Pacific sedimentary basins. P. F. Ballance, Elsevier: 69-92.    

Davy, B. (2006). "Bollons Seamount and early New Zealand–Antarctic seafloor spreading." 
Geochemistry, Geophysics, Geosystems 7(6): Q06021.   doi:10.1029/2005gc001191 

DeMets, C., R. G. Gordon, et al. (1990). "Current plate motions." Geophys. J. Int. 101(2): 425 – 478.   
doi:10.1111/j.1365-246X.1990.tb06579.x 

Dubois, N. and N. C. Mitchell (2012). "Large-scale sediment redistribution on the equatorial Pacific 
seafloor." Deep-Sea Research I: Oceanographic Research Papers 69: 51 – 61.   
doi:10.1016/j.dsr.2012.07.006 

Eagles, G., K. Gohl, et al. (2004). "High-resolution animated tectonic reconstruction of the South 
Pacific and West Antarctic Margin." Geochemistry Geophysics Geosystems 5(7): Q07002.   
doi:10.1029/2003gc000657 

Edwards, A. R. (1973). "20. Southwest Pacific Regional Unconformities Encountered during Leg 21". 
Published in: Initial Reports of the Deep Sea Drilling Project. T. A. Davies. Washington, 
D.C., US Governmental Printing Office. 21: 701 - 720.   doi:10.2973/dsdp.proc.21.120.1973 

Ehrmann, W. U. and A. Mackensen (1992). "Sedimentological evidence for the formation of an East 
Antarctic ice sheet in Eocene/Oligocene time." Palaeogeography, Palaeoclimatology, 
Palaeoecology 93(1–2): 85-112.   doi:10.1016/0031-0182(92)90185-8 

Erickson, S. N. and R. D. Jarrard (1998). "Velocity-porosity relationships for water-saturated 
siliciclastic sediments." Journal of Geophysical Research: Solid Earth 103(B12): 30385-
30406.   doi:10.1029/98jb02128 

Ewing, J. and M. Ewing (1967). "Sediment Distribution on the Mid-Ocean Ridges with Respect to 
Spreading of the Sea Floor." Science 156(3782): 1590 – 1592.   
doi:10.1126/science.156.3782.1590 

Ewing, M., R. Houtz, et al. (1969). "South Pacific Sediment Distribution." Journal of Geophysical 
Research 74(10): 2477 – 2493.   doi:10.1029/JB074i010p02477 

Exon, N. F., J. P. Kennett, et al. (2001). "Leg 189 Summary". Published in: Proccedings of the Ocean 
Drilling Program, Initial Reports. J. M. Scroggs. Texas, College Station (Ocean Drilling 
Program). 189: 1 - 98.   doi:10.2973/odp.proc.ir.189.101.2001 

Faghmous, J. H., L. Styles, et al. (2012). "EddyScan: A Physically Consistent Ocean Eddy Monitoring 
Application". IEEE Proc Intelligent Data Understanding (CIDU), 2012, Boulder, CO.   
doi:10.1109/CIDU.2012.6382189 

Faugères, J. C. and D. A. V. Stow (1993). "Bottom-current-controlled sedimentation: a synthesis of 
the contourite problem." Sedimentary Geology 82(1 – 4): 287 – 297.   doi:10.1016/0037-
0738(93)90127-Q 

Faugères, J. C. and D. A. V. Stow (2008). "Chapter 14 Contourite Drifts: Nature, Evolution and 
Controls". Published in: Developments in Sedimentology. M. Rebesco and A. Camerlenghi. 
Amsterdam, Elsevier Science: 257 – 288.   doi:10.1016/S0070-4571(08)10014-0 

Faugères, J. C., D. A. V. Stow, et al. (1999). "Seismic features diagnostic of contourite drifts." Marine 
Geology 162(1): 1-38.   doi:10.1016/s0025-3227(99)00068-7 

Freudenthal, T. and G. Wefer (2013). "Drilling cores on the sea floor with the remote-controlled sea 
floor drilling rig MeBo." Geosci. Instrum. Method. Data Syst. 2(2): 329-337.   doi:10.5194/gi-
2-329-2013 

Friedrich, O., R. D. Norris, et al. (2012). "Evolution of middle to Late Cretaceous oceans—A 55 m.y. 
record of Earth's temperature and carbon cycle." Geology 40(2): 107-110.   
doi:10.1130/g32701.1 

Fulthorpe, C. S., R. M. Carter, et al. (1996). "Marshall Paraconformity: a mid-Oligocene record of 
inception of the Antarctic circumpolar current and coeval glacio-eustatic lowstand?" Marine 
and Petroleum Geology 13(1): 61-77.   doi:10.1016/0264-8172(95)00033-X 

Gohl, K. (2003). Structure and dynamics of a submarine continent: Tectonic-magmatic evolution of 
the Campbell Plateau (New Zealand) Report of the RV SONNE cruise SO-169, Project 
CAMP 17 January to 24 February 2003 Reports on Polar and Marine Research. Bremerhaven, 
Alfred Wegner Institut, Helmholtz Centre for Polar and Marine Reseach, Bremerhaven. 457: 
88.   doi:10.2312/BzPM_0457_2003 



 110 

12. Acknowledgements 

Many people gave helpful advice, have been patient and helped me a lot by completing this PHD 

Thesis. I would like to thank the following people: 

 

• My two supervisors Prof. Dr. Wilfried Jokat and Prof. Dr. Katrin Huhn who consented to 

supervise my PHD Thesis. 

• Dr. Gabriele Uenzelmann-Nebe for her excellent supervision, many helpful comments, two 

spectacular cruises on Maria S. Merian and Sonne, her patience during reading the first drafts 

of manuscripts and for the money she raised for my project. 

• My collegues Dr. Jens Gruetzner, Dr. Estella Weigelt, Tabea Altenbend, Katharina Hochmuth 

and Ricarda Pietsch for scientific discussions, helpful commends, design questions and may 

funny door pictures for our office door. 

• All other colleagues not mentioned for a productive working atmosphere and regular meetings 

in Dome D. 

• My wife Kerstin Horn who I had to leave for three month of travelling. Without her, this 

thesis would not have been finished. 

Additionally I want to thank the Bundesministerium für Bildung und Forschung who have funded this 

thesis! 

 

 


