
IDEA200 

 

A proposal for an overarching science topic for the IPY 2007/8 within the 

IPY Theme Understanding Change at the Poles 

 

Polar ocean gateways: 

The key for long-term global change 
 

Overarching science questions 

The world oceans are the primary drivers for the climatic state of the Earth and its global 
environmental changes as they carry energy and matter, and transport these through a 
complex global current system. Exchanges of polar water between the Arctic Ocean and the 
northern Atlantic and Pacific and between the southern Pacific, Indian and Atlantic Oceans 
through the Antarctic Circumpolar Current (ACC) appear to be the most significant ones in 
the global circulation. These currents are steered and restricted by bathymetry, which has been 
formed by tectonic and magmatic activities. Changes in ocean circulation resulting from 
opening and closing of so-called “gateways”  connecting the oceans are widely thought to 
have resulted in major global climatic and environmental changes. 

The Arctic Ocean is a restricted basin receiving freshwater from the rivers that drain the 
northern continents, seawater from the Northern Pacific through the Bering Strait and 
exchanging seawater through two Arctic gateways, Fram Strait and the Canadian Arctic 
Archipelago including Nares Strait. This exchange influences deepwater formation in the 
North Atlantic and the Pacific as well as the saltwater budget of the Arctic Ocean. These 
oceanographic processes moderate the present climate across the high latitudes of the northern 
hemisphere and control the periodic oscillations between “greenhouse” and “ icehouse”  
conditions, including the formation of the large ice sheets in North America, Europe and Asia. 
The exchange of seawater through these channels has varied dramatically over time in 
response to changes in sea level, ocean circulation and tectonic processes. 

In the circum-Antarctic oceans, the last barriers to development of a continuous circumpolar 
deep-water pathway were the South Tasman Rise, the Drake Passage and the Kerguelen 
Plateau. Free flow of seawater past these obstacles was a pre-requisite for the initiation of the 
Antarctic Circumpolar Current. The ACC is the largest modern ocean current and is 
responsible for most of the water-mass exchange between the Pacific, Atlantic and Indian 
Oceans. Recent modelling studies yield differing results on the question of whether or not 
inception of the ACC was the primary cause of large-scale ice sheet development on 
Antarctica. However, there can be little doubt that its initiation had widespread effects on 
global ocean circulation and climate. 

The history of these gateways is an essential boundary condition for understanding the 
evolution of the global climate. The detailed opening history of the gateways is not well 
known. Until these histories are known, the climatic effects of these portals will be inferred in 
relation to the poor existing age constraints. Establishing the detailed histories of these 
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features would make it possible to connect these events to palaeo-climate observations 
collected across the globe. 

Focussed studies of tectonic-magmatic, sedimentary and biostratigraphic processes as well as 
the past and recent oceanographic conditions in the gateways could establish these 
constraints. This work should include state-of-the-art oceanographic and geophysical 
techniques, coring, ocean drilling and accompanying land investigations. This would make an 
outstanding project for the IPY, facilitating international cooperation between all nations with 
active polar research programs. 

 

Contributing IPY initial proposals 

The following initial and new proposals/ideas, or large components of these, are ideally suited 
to be clustered in this overarching science topic: 
 
proposal 
number 

title of initial proposal proponent(s) 

2 Arctic Geology and Geophysics Johnson 

55 Arctic Gateways Coakley et al. 

67 POBACE - Polar Ocean Bathymetry Coordination 
Effort 

Klenke & Schenke 

68 Atlas of Sidescan Sonar Imagery of Polar Continental 
Margins 

Thiede 

74 BIPOMAC - Bipolar Climate Machinery Gersonde et al. 

83 POGE - Polar Ocean Gateway Evolution Larter et al. 

101 Exploring Evolution of Arctic Ocean (Theme 2) Roscher-Nielsen 
(for Norwegian IPY 
committee) 

new Geodynamic, depositional and environmental history of 
the region off the Amery Ice Shelf (Prydz Bay – 
Kerguelen Plateau Geotransect) 

Leitchenkov et al. 

new COMBINE - Collaborative Multibeam International 
Effort (Antarctic Peninsula) 

Rebesco et al. 

 

 

Projects during the IPY 

A)  Northern gateways 

Fram Strait 

Opening of the Fram Strait, the only deepwater connection between the Arctic Ocean and the 
world ocean, may have begun about 60 million years ago, as the mid-Atlantic Ridge 
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propagated north to form the Gakkel Ridge and the Eurasian basin. Prior to this time, the 
Arctic Ocean was a closed, and at least locally an anoxic, basin, connected to the Gulf of 
Mexico through a shallow Cretaceous interior seaway across North America. The opening of 
a deep connection through the Fram Strait must have had dramatic consequences for the 
ocean chemistry and circulation. Study of the rifting process with geophysical data would 
better constrain the history of the Eurasian basin, provide an absolutely essential boundary 
condition for palaeo-oceanography and could result in a scientific drilling expedition. This 
program would be an excellent opportunity for international collaboration to address the 
issues associated with the oceanographic and climatic importance of the Fram Strait. 

An international collaborative project to work with this data could: 

• study the pattern and dynamics of present oceanographic flow through the Fram Strait 
gateway; 

• determine when the Fram Strait opened to allow for exchange between the polar basin and 
the North Atlantic water masses; 

• document the complete history of inflow of warm Atlantic water through the FramStrait 
as recorded in deposition of large sediment drifts on the north flank of Yermak Plateau; 

• search for similar depositional features on the Northeast Greenland margin to study the 
variation and properties of outflow from the Arctic Ocean through time; 

• document the history of export of the deepest draft ice from the Arctic Ocean as recorded 
by impacts on the seabed in different stratigraphic horizons; 

• study the conjugate continental margins of Norway and Greenland formed by shear 
motion; 

• study the nature of magmatic processes associated with the flanking Yermak Plateau and 
the Morris Jessup Rise; 

Bering Strait 

The Bering Strait separates North America from Eurasia. During the low-stands of the last ice 
age it was periodically exposed, cutting off the input of water from the northern Pacific Ocean 
and making the “peopling”  of North America possible. Geophysical study of the history of the 
Strait could set the stage for a drilling proposal. Understanding the history of exposure of the 
Bering Strait would have important consequences for oceanography and archaeology. 

From this project, we would hope to learn: 

• the role of the Bering Strait as a micro-plate boundary; 

• determine when it could have provided a pathway for the “peopling”  of North America; 

• quantify the timing, physical characteristics and the volume of the inflow of Pacific water 
to the Arctic Ocean; 

• obtain, through drilling, climate records from both terrestrial and marine sediments; 

• high sedimentation rates on the shelf offer the opportunity to collect high resolution 
records of climate; 
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Nares Strait and Canadian Arctic Archipelago 

The Nares Strait and Canadian Arctic Archipelago Seawater exchange through this gateway is 
a diffuse process. One branch of the flow through Baffin Bay continues north through the 
Nares Strait. The other branch follows various paths through the Canadian Arctic 
Archipelago. While this flow is volumetrically smaller than the flow through the Fram Strait, 
it is significant. As for the other conduits into the basin, answering questions about the 
tectonics of the high arctic provides constraints on the palaeo-oceanographic history of the 
Arctic Ocean. The Nares Strait separates Ellesmere Island from Greenland. There is an 
ongoing controversy about the amount of separation between Greenland and North America. 
Plate tectonic analysis requires approximately 200 km of strike-slip separation. Geologic 
mapping and geophysical imaging can only find, at most, approximately 100 km of this 
motion. This offset is complementary to the propagation of the Atlantic Mid-Ocean Ridge, 
but the exact timing of the offset and its relationship to geologic events within Arctic Ocean is 
unclear. Working out the complementary plate tectonic history of the separation of North 
America, Greenland and northern Europe would be an outstanding contribution from the IPY. 

Possible targets are: 

• the investigation of sedimentary basins north of Baffin Bay for a long-term sedimentary 
record; 

• the identification of marine and terrestrial periods through time; 

• the geological correlation of the land areas across Nares Strait; 

• the present exchange of seawater in both directions through the strait; 

• geodetic precision measurements of present day movements in the area of the strait; 

• archaeological investigations of Inuit settlement waves through the strait area; 

 

B)  Southern gateways 

Drake Passage 

The Drake Passage is the most critical pathway for water exchange between the southern 
ocean basins. It enabled the development of the ACC and the climatic and ecological isolation 
of the Antarctic continent. Its significance increased enormously after the closure of the 
Panama Isthmus, as the Drake Passage has remained the only deep-water connection between 
the Pacific and Atlantic Oceans. It is estimated that the present flow rate through the passage 
is 125 Sv on average, which is the highest water flux through a passage globally. The Drake 
Passage and the region of the Scotia Sea are areas of complex tectonic history with an active 
subduction zone and volcanic island arc, active and extinct spreading ridges, various 
microplates of different ages and numerous thick sedimentary basins. In recent years, several 
new attempts have been made to reconstruct the opening of this gateway, but the data 
constraining such reconstructions have increased only marginally in the past decade and the 
uncertainties remain large. For example, recent estimates for the age of first development of a 
deep-water pathway through the Drake Passage and the Scotia Sea range from 15 to 34 Ma. 

The project would involve: 
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• study of the dynamics of present oceanographic flow through the western and eastern 
Scotia Sea; 

• development of models for the shallow and deep-water opening from 40 Ma until present 
in terms of palaeo-topographic reconstruction; 

• documenting the development of the ACC across the gateway; 

• investigating the change in current dynamics as an effect of the Panama Isthmus closure; 

• study of the plate-kinematics of the Antarctic Peninsula relative to southern South 
America; 

• study of how the topographic barriers that border the Scotia Sea have evolved as a result 
of tectonic deformation and magmatic processes; 

Tasmanian Passage 

While the timing of the break-up of most of southern Australia from Antarctica and the 
opening of the Australo-Antarctic Gulf is fairly well known, the actual opening of the deep-
water seaway across the Tasmanian Gateway is far less constrained, because its opening is 
complicated by a complex strike-slip movement of the South Tasman Rise from Northern 
Victoria Land and eastern Wilkes Land of East Antarctica. Estimates for the beginning of 
deep-water flow from the southern Indian into the Pacific Ocean remain inaccurate due to 
sparse data providing parameters on crustal subsidence, faulting and sediment 
deposition/erosion. ODP Leg 189 and accompanying surveys from the South Tasman Rise led 
to first comprehensive models on the gateway opening process, but there are still conflicting 
models for the timing of shallow and deep-water opening (ranging from 37 to 25 Ma) from 
biostratigraphic reconstruction and geophysical observation. 

The project would involve: 

• study of the present oceanographic flow rate and flow dynamics between the South 
Tasman Rise and Northern Victoria Land; 

• development of models for the shallow and deep-water opening from 37 Ma to 25 Ma in 
terms of palaeo-topographic reconstruction; 

• documenting the development of the ACC across the gateway; 

• investigating the change in current dynamics as an effect of the Panama Isthmus closure 
and opening of the seaways through the Indonesian archipelago; 

• study of the plate-kinematics of the Northern Victoria Land relative to South Australia; 

• study of the nature of geodynamic and magmatic processes the led to the break-up of 
Australia from Antarctica; 

Ridges and plateaus in the ocean basins: 

The Northern and Southern Kerguelen Plateaus as well as the Pacific-Antarctic Ridge and its 
associated large-offset Eltanin and Udintsev Transform and Fracture Zones play significant 
roles in deflecting the ACC. The crustal growth and formation of these ridges and plateaus 
and, therefore, their topographic steering control on the ACC is not well understood. 

Investigations would include: 
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• study of the plate-kinematics and associated tectonic growth of the plateaus and ridges; 

• investigating the underlying geodynamic crustal and mantle processes that caused the 
formation of the plateaus and large-offset transform faults; 

• assessing the effects these topographic obstacles have on deep-water current deflection 
through time; 

 

Approach and expected products 

The coupled tectonic and oceanographic history of the Arctic and circum-Antarctic oceans 
can be studied in detail through examination of the gateways between the ocean basins. These 
interdisciplinary, international programs, based on geophysical data acquisition and analysis 
that would lead, where appropriate, to scientific drilling (through IODP and planned RV 
Aurora Borealis), would generate data on the palaeo-oceanography and climatic history of the 
high latitudes of the northern hemisphere. The inclusion of the archaeological aspect, the 
study of the movement of peoples through the Bering gateway as the most recent, climate-
related event, provides an additional social and human history aspect to the proposed studies.  

As a result of recent technological and infrastructure developments, the opportunity now 
exists for a concerted multinational campaign to collect significant new data that will 
constitute the basis for more detailed and much better constrained gateway reconstructions. 
Furthermore, with continuing increases in computer speed and memory it is likely that by 
2007/8 it will be feasible to utilize detailed palaeobathymetric reconstructions in 
oceanographic models. Other developments that make the proposed work timely are the 
installation of deep-water swath bathymetry systems on several ice-strengthened research 
vessels, the availability of magnetic survey equipment on helicopters operated from ships, and 
advances in reconstruction techniques (e.g. utilization of gridded datasets and animated 
reconstructions). 

Data required include: 

• Swath bathymetry corridors along fracture zones to constrain the present seafloor 
morphology at high resolution and to serve as basis for detailed history of plate movement 
directions; a prerequisite for systematic bathymetric mapping will be a combined effort of 
polar bathymetric data acquisition, compilation and archiving through a coordinated 
international infrastructure which continues after the IPY; 

• Dense oceanographic transects across and near the gateways to determine present shallow 
and deep-water flow rate and dynamics; 

• Seismic investigations to determine the original limits of continental margins, and the 
nature and origin of shallow banks that might have blocked the incipient gateways; 

• Dense marine magnetic and aeromagnetic surveys to reveal the precise positions of key 
marine magnetic lineations and tectonic boundaries in the vicinity of the gateways; 

• Dense coring (long piston-coring or SHALDRILL facilities) program on selected transects 
across the gateways to obtain high-resolution stratigraphy and biostratigraphy of 
Quaternary; 
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• Deep drilling (IODP) at selected sites in gateways to obtain stratigraphic and 
biostratigraphic data from Tertiary sequences, and composition and ages of tectonic 
basement; 

• Detailed onshore geological studies to constrain deformation of the continental areas 
flanking the gateways during and since the time of opening; 

• Archaeological studies in the Bering Strait to reveal traces of human migration across this 
gateway; 

Existing scientific drilling results and results of any new drilling legs that take place in the 
vicinity of gateways within the timeframe of the IPY, will provide ground truth that will allow 
the resulting gateway development histories to be related to palaeo-oceanographic and palaeo-
climatic changes. Integration of the new gateway development histories, including palaeo-
bathymetry, with the latest ocean and coupled climate models will enable predictions to be 
made about the impact of these events on the Earth system. Testing these predictions would in 
turn provide the basis for future geological and ocean drilling investigations. 

The deliverable products of such a coordinated multidisciplinary research effort will be: 

• Models of the evolution of the underlying geodynamic/magmatic and plate-tectonic 
processes leading to break-up and deepening of the gateways; 

• Constrained reconstruction of the break-up and deepening of the gateways until present 
state in a modelled grid of high spatial and temporal resolution; 

• Present state of current flow through the gateways at high resolution and development of 
“gateway flow dynamics models” ; 

• Initiation of a new generation of palaeo-oceanographic and palaeo-climate models in 
which reconstruction conditions of gateways and adjacent basins are represented at 
highest resolution; this closely links the marine geological and geophysical community 
with the ocean-climate modelling community; 

• Improved history of people migration in the Arctic; 

• Initiation of continuous monitoring program of the physical and biological conditions in 
the gateways; 

 

Outreach and education 

As much of the work required by this initiative will take place on research vessels, a 
“classroom at sea”  programme could be implemented to ensure outreach to schools. Trial 
programmes of this type have already been carried out successfully. They involve offering a 
place on each research cruise to a teacher, whose role is to update a cruise website on a daily 
basis, providing easy to follow explanations of shipboard activities through text, photographs 
and video clips. A good part of this theme is ideally suited for TV documentaries, as polar 
expeditions, visualisations/animations of geodynamics as well as climatic change models and 
archaeology of people migration are excellent topics to capture public imagination.  
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This proposal for an overarching topic has been developed by the initiators of the above 
listed initial proposals and other science groups. The main corresponding contacts are: 

Karsten Gohl, Alfred Wegener Institute, Germany; kgohl@awi-bremerhaven.de 
Bernard Coakley & Leonard Johnson, Univ. of Alaska, USA; bernard.coakley@gi.alaska.edu 
Robert Larter, British Antarctic Survey, UK; r.larter@bas.ac.uk 
German Leitchenkov & Garrik Grikurov, VNIIOkeangeologia, Russia; german_leitchenkov@hotmail.com 
Dietmar Müller, Univ. of Sydney, Australia; dietmar@geosci.usyd.edu.au 
Michele Rebesco, OGS, Italy; mrebesco@ogs.trieste.it 
Yngve Kristoffersen, Univ. of Bergen, Norway; yngve.kristoffersen@ifjf.uib.no 
 
 


