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Welcome and Introduction 
On behalf of the Department of Geography at Durham University, it is our pleasure to welcome 

you to Durham for the 2018 UK Antarctic Science Conference. We are delighted that we have 

delegates spanning a range of Antarctic topics and from across the UK (and overseas!) 

registered for the meeting, many of whom are Early Career researchers. It promises to be a 

very stimulating academic programme and we are pleased to be able to host our Conference 

Dinner in Hatfield College, which is the second oldest University College. Indeed, we hope 

you get a chance to experience the splendour of Durham City during your time here, including 

the Norman Cathedral, which Bill Bryson referred to as “the best cathedral on planet Earth”.  

We wish you a successful, productive and enjoyable meeting and look forward to welcoming 

you back in the future. 

 

The Local Organising Committee 

Mike Bentley (Chair), Stewart Jamieson, Richard Jones, Bertie Miles, Felipe Napoleoni, Grace 

Nield, Mark Pittard, David Small and Pippa Whitehouse. 

 

 

Conference Venue, Department of Geography (West Building), Durham University 
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History of Durham University 

After the Dark Ages in Europe, the 7th Century saw a flowering of thought and culture in the 

North East of England. Bede - poet, scientist, historian and the greatest European scholar of 

the 7th century - is buried in Durham, as is St Cuthbert, who established 'English' Christianity 

from its Celtic and Roman roots. The Lindisfarne Gospels, 'one of the great landmarks of 

human cultural achievement', were produced nearby and resided in Durham with the body of 

St Cuthbert until the 16th century when they were removed to London. The 'Cuthbert 

Community' became one of the richest in Europe, with lands extending from the Tyne to the 

Tees and beyond. This scholarly, monastic community was a precursor of the modern 

University tradition which spread across Europe and around the world. Durham's 11th century 

Norman Cathedral was built between 1096 and 1130 and is one of the world's truly great 

buildings. Durham Castle, now part of the University, dates from 1072 and was the seat of the 

all-powerful Prince-Bishops who wielded secular and religious power over much of the North 

of England, with their own armies, system of taxation and coinage. Until the end of the Prince-

Bishopric in 1832 Durham was effectively a state within a state. 

 

 

Durham Cathedral from the River Wear 

 

Durham became one of England's leading centres of medieval scholarship, along with Oxford 

and Cambridge. Indeed, three Colleges - now part of Oxford University - were founded from 

Durham (University College and Balliol College, and in 1286 Durham College was run from 

Durham to train scholars for Durham for 300 years until it became incorporated into the 

University of Oxford as Trinity College). Henry VIII and Oliver Cromwell's attempts to formally 

establish a University for the North in Durham were subsumed by politics and North-South 

http://www.lindisfarne.org.uk/gospels/
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rivalries, and it was not until 1832, that Durham was finally endowed with the Castle and lands 

and granted degree awarding powers by the king as England's third University.  

With a medieval World Heritage Site at our heart, our new buildings continue the tradition of 

important and innovative architecture. Durham was one of the first universities to admit women 

on an equal footing to men (1890), to establish medical training (1834) and the first to award 

Civil and Mining Engineering degrees to meet regional and national needs during the industrial 

revolution (1838). Durham led in the development of science and established one of the 

earliest observatories in England. Durham University was based in two cities for over 100 

years, its medical school at King's College and other Colleges in Newcastle becoming the new 

and independent University of Newcastle in 1963. In 1992 the University established a 

significant presence at our Queen's Campus in the heart of Tees Valley, reinitiating medical 

teaching and breaking disciplinary boundaries to enhance public health and social well-being. 

 

 

 

 

 

Location and Venues 
The conference is being held in the Department of Geography at Durham University, also 

known as the West Building. This is located on the University’s Mountjoy Campus, which is a 

10 minute walk from the city centre (25-30 minute walk from the railway station, 5-10 minutes 

by taxi). The Department of Geography is labelled #40 on the Campus Map (below) and can 

be approached from either Stockton Road or South Road entrances. Accommodation is in 

Collingwood College, labelled #6. The Monday evening social event is at Head of Steam 

(shown with an arrow on the map) and the Tuesday evening Conference Dinner is in Hatfield 

College (#20). 

 

 

 

 

 

http://www.durhamworldheritagesite.com/
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Oral Presentations 

Oral presentations will take place in the Department of Geography, in lecture room W309. 

Speakers are allocated 20 minutes (15 minute presentation with time for questions). Talks will 

be run from a desktop PC and presenters should ensure that their talk is uploaded (and works!) 

before their session starts.  Presentations should be prepared in PowerPoint or PDF formats, 

preferably provided on a USB stick. You can connect your own machine via standard VGA or 

HDMI (bring your own adaptors for Mac) if you are worried about translating PowerPoint (e.g. 

from Mac to Windows). 

 

Poster Presentations 

The poster session will take place in the Department’s Gordon Manley Room from 1600-1800 

on Tuesday 11th September. This is located upstairs in the Institute for Hazard Risk and 

Resilience (IHRR), attached to the main Department of Geography building. Posters should 

be A0 landscape (boards are 113 cm wide and 83 cm high). Posters can be put up from the 

Tuesday morning and materials to enable this will be provided. 

 

Conference Social 

The conference will begin with an informal event on the evening of Monday 10th September 

from 1830 onwards. This will be held at Head of Steam off of North Road (highlighted with an 

arrow on the map), which offers a range of food and drink, and is 5 minutes walk from the 

Railway Station. For those already at Collingwood College, a group will be walking to Head of 

Steam from the Department of Geography at 1815 (meeting outside the north entrance, 

opposite the Bill Bryson Library). 

 

Conference Dinner 

The conference dinner will take place at 1930 on Tuesday 11th September in Hatfield 

College, labelled #20 on the enclosed map. Founded in 1846, Hatfield College is the second 

oldest College in Durham University. It is located between the World Heritage site of the 

Norman Cathedral and the banks of the River Wear, on one of the oldest streets in Durham. 

Those with special dietary requirements should make themselves known to the servers before 

the meal. Wine will be available to purchase. 

 

 

 

 

 

 

 

 

Venue for the Conference Dinner, Hatfield College, Durham University. 
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Antarctic Science Conference 2018  

Schedule 
 

Monday 10th September  

18.30 – Informal icebreaker (Head of Steam pub) 

 

Tuesday 11th September 

08.30 Onwards – Conference packs and badges can be collected from registration desk 

located in foyer.  

09.00 – Conference opens (Mike Bentley: welcome and housekeeping) 

 

09.10 – 11.10 Session 1 (Chaired by Grace Nield) 

09.10 - 09.30 Tom Jordan (British Antarctic Survey) - Geothermal anomaly at South Pole 

ice divide; evidence, origins and implications. 

09.30 - 09.50 Guy Paxman (Durham University) - Basal conditions of the Pensacola-Pole 

Basin, East Antarctica. 

09.50 -10.10 Fausto Ferraccioli (British Antarctic Survey) - Recent satellite and airborne 

geophysical imaging of the Antarctic lithosphere. 

10.10 - 10.30 Stewart Jamieson (Durham University) - The pre-glacial landscape of 

Antarctica 

10.30 - 10.50 Ryan Timoney (University of Glasgow) - P-RAID: A highly deployable 

subglacial sampling tool. 

10.50 - 11.10 Jakub Zalesak (University College London) - Improved Chirp Generation via a 

Phase-locked Loop for FMCW Glaciological Radar. 

 

11.10 – 11.30 Coffee break 

 

11.10 – 13.10 Session 2 (Chaired by Jim Jordan) 

11.30 - 11.50 David Vaughan (British Antarctic Survey (ITGC Science Coordination Office)) 

- ITGC – International Thwaites Glacier Collaboration - A programme to 

understand Thwaites Glacier and its contribution to sea level.  
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11.50 - 12.10 Neil Ross (Newcastle University) - 100 km Antarctic ice-shelf channel formed 

upstream by hard-bed landforms focusing subglacial water and corrugating 

the ice base.  

12.10 - 12.30 Geoffrey Dawson (University of Bristol) - Mapping the grounding zone with 

CryoSat-2 radar altimetry. 

12.30 - 12.50 Bertie Miles (Durham University) - Seasonal Monitoring of Antarctic Ice Shelf 

Velocity. 

12.50 - 13.10 Amna Jrrar (Amman, Jordan) - The Role of Interactive Stratospheric 

Chemistry in Producing Regional Antarctic Sea Ice Variability in the 

HadGEM3- AO UKCA Model.  

 

13.10 – 14.00 Lunch provided 

 

14.00 – 16.00 Session 3 (Chaired by Steve Roberts) 

14.00 - 14.20 Katie Gosling (British Antarctic Survey) - British Antarctic Survey Operations 

and Polar Funding Office updates: modernisation, fieldwork and funding. 

14.20 - 14.40 William Roberts (Northumbria University) - 30 thousand years of climate 

variability over West Antarctica. 

14.40 - 15.00 David Small (Durham University) - Constraining Antarctic thinning rates from 

vertical transects of cosmogenic exposure ages. 

15.00 - 15.20 Derek Fabel (Scottish Universities Environmental Research Centre) - 

Changes in vertical ice extent along the East Antarctic ice sheet margin in 

western Dronning Maud Land – First field and modelling results of the 

MAGIC-DML project. 

15.20 - 15.40 Richard Jones (Durham University) - Non-linear retreat of outlet glaciers in 

the western Ross Embayment during the Holocene. 

15.40 - 16.00 Mark Pittard (Durham University) - Assessing the accuracy of an Antarctic 

deglaciation model. 

 

16.00 – 18.00 - Poster session (Manley Room) 

 

19.30: Conference dinner at Hatfield College. 
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Wednesday 12th September 

09.30 – 11.10 Session 4 (Chaired by Derek Fabel) 

09.30 - 09.50 Ulrich Salzmann (University of Northumbria) - Late Cretaceous to Paleogene 

vegetation and terrestrial climate change of the Amundsen Sea Embayment, 

West Antarctica. 

09.50 - 10.10 Robert Mulvaney (British Antarctic Survey) - Beyond EPICA – Oldest Ice: the 

search for a candidate ice core drilling site. 

10.10 - 10.30 Jenny Horrocks (British Antarctic Survey) - A high-resolution study of 375 kyrs 

of environmental change in the Amundsen Sea, West Antarctica using 

sediment drifts 

10.30 - 10.50 Erin McClymont (Durham University) - Evolving sea ice conditions in the 

Weddell Sea during the last glacial stage.  

10.50 - 11.10 Steve Roberts (British Antarctic Survey) - Penguin colony responses to 

climate change and volcanism. 

 

11.10 – 11.30 Coffee break 

 

11.30 – 13.10 Session 5 (Chaired by Emma Pearson) 

11.30 - 11.50 Beatriz Gill-Olivas (University of Bristol) - Crushing of subglacial lake 

sediment as a source of bio-utilisable gases. 

11.50 - 12.10 Øyvind Lundesgaard (University of Hawaii at Manoa) - The physical 

environment of a fjord on the north-western Antarctic Peninsula. 

12.10 - 12.30 Kaitlin Naughten (British Antarctic Survey) - Modelling ice-ocean interactions 

in the Weddell Sea using MITgcm. 

12.30 - 12.50 Mariama Dryak (University of Maine) - Quantifying submarine iceberg melt 

rates around the Antarctic Peninsula using high-resolution satellite imagery. 

12.50 - 13.10 Kadmiel Maseyk (The Open University) - Investigating photosynthesis and 

productivity responses of Antarctic ecosystems through the use of Solar 

Induced Fluorescence.  

 

13.10  Lunch provided and conference closes. 
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Presentation Abstracts 
 

Alphabetical by surname 
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Publishing data with the UK Polar Data Centre (UK PDC) 

Katy Buckland1, Roger Duthie1 

 

1British Antarctic Survey 

 

The UK Polar Data Centre (UK PDC) is the focal point for Arctic and Antarctic environmental data 

management in the UK. Part of the Natural Environmental Research Council’s (NERC) network of 

environmental data centres, and based at the British Antarctic Survey (BAS), it coordinates the 

management of polar data from UK-funded research and supports researchers in complying with 

national and international data legislation and policy. One of the aims of the UK PDC is to facilitate 

adherence to the Antarctic Treaty data obligation that ‘scientific observations and results from 

Antarctica shall be exchanged and made freely available’. It is also important, however, that UK-

funded scientists get full recognition for the data sets that they produce as part of their research. In 

order to facilitate this, the UK PDC is providing a data publishing service. 

 

By publishing data at the UK PDC you will:  

 increase the exposure of your work and in turn, the impact of your research 

 comply with legal and funder requirements 

 be issued with a formal citation in the form of a digital object identifier (DOI) 

 comply with the policies of many mainstream journals, as publishers often now insist that data 
are deposited with a data centre prior to publication 

 

Our poster goes through the steps to obtaining a DOI with us, focusing on when and how you should 

submit your data and what metadata needs to be included.  
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Bottom current activity in the subantarctic Atlantic Ocean revealed 

from new seismic data on the Maurice Ewing Bank and Georgia 

Basin 

Jude A. Castelino1, Robert Larter1, Claus-Dieter Hillenbrand1, Steven Bohaty2  

 

1British Antarctic Survey, Cambridge, United Kingdom; 2 University of Southampton, Southampton, 

United Kingdom 

 

The Antarctic Circumpolar Current (ACC) plays an important role in the thermal isolation of the 

Antarctic continent. However, its significance in Cenozoic Antarctic climate transitions still remains 

unclear. Maurice Ewing Bank (MEB) and Georgia Basin (subantarctic Southwest Atlantic) are 

positioned between two major ACC fronts: the Polar Front to the north and the Southern ACC front to 

the south. Antarctic Bottom Water (AABW) fills the deepest parts of Georgia Basin and flows 

northwards along the base of the eastern slope of MEB. Sediments deposited under the influence of 

these currents give an opportunity to understand the role of past ocean currents in the glacial history 

of Antarctica.  

Multichannel seismic data acquired during RRS Discovery cruise DY087 in Jan-Feb 2018 on the 

southeast flank of MEB and western Georgia Basin are investigated to reconstruct the history of the 

bottom currents in the area. Several piston cores recovered during the expedition and previous DSDP 

drillholes provide tentative age constraints on seismic reflectors in the study area.  

Preliminary results show a transition from a mostly erosional sea floor in shallow areas of the MEB, 

where Miocene and older sedimentary strata crop out, to a depocentre on the southeast margin of 

MEB, i.e. in Georgia Basin, where younger current-controlled sedimentary sequences onlap onto the 

MEB slope. In the transition zone on the lower slope buried channels and sediment waves are 

observed. On the eastern margin of the MEB margin a well-defined moat is sandwiched between a 

steep crystalline basement flank to the west and a large sediment drift to the east. An exceptionally 

thick sequence of Plio-Pleistocene sediments has accumulated on the basin floor at the mouth of 

Falkland Trough that thins out towards the northern and central parts of Georgia Basin. This thick drift 

sequence is mostly confined to the western Georgia Basin, whereas the eastern Georgia Basin has a 

relatively thin drape of young sediments sitting unconformably over sediments of inferred early 

Cenozoic age. These sediments were deposited beneath the northward-flowing AABW, and features 

indicative of current control on deposition are evident near the base of the slope. Further up the slope 

on the MEB, a switch from deposition to erosion in the late Miocene to early Pliocene indicates 

intensification of bottom current activity associated with the ACC flow. Future deep drilling sites could 

provide precise age constraints for the timing of changes in current activity.  
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Reconstructing Antarctic Sea Ice Extent during MIS 5e 

Matthew Chadwick1,2, Claire Allen1, Kevin Oliver2, Louise Sime1  

 

1British Antarctic Survey, High Cross, Madingley Rd, Cambridge, UK; 2 National Oceanography 

Centre, European Way, Southampton, UK 

 

Marine Isotope Stage (MIS) 5e marks the peak of the last interglacial (130-120 ka) and is an important 

‘process analogue’ for understanding the high latitude feedbacks and forcings that will be active under 

future anthropogenic warming. The Antarctic sea ice extent is a particularly important factor to constrain 

due to its powerful albedo effect and the central role it plays in controlling Southern Ocean circulation. 

Previous studies have treated the minimum sea ice extent as synchronous throughout the Southern 

Ocean and concurrent with the minimum sea salt flux in Antarctic ice core records (Holloway et al. 

2017). This study compiles 8 published sediment core records from the Atlantic sector to examine 

differences in the timing of the minimum sea ice interval across this area. New diatom proxy sea ice 

records from two Scotia Sea cores are compared alongside the published records that suggest the 

interval of minimum sea ice occurred asynchronously throughout the Southern Ocean. 

 

References 

Holloway, M.D., Sime, L.C., Allen, C.S., Hillenbrand, C-D., Bunch, P., Wolff, E. and Valdes, P.J., 

2017. The Spatial Structure of the 128 ka Antarctic Sea Ice Minimum. Geophysical Research Letters, 

v.44 (Issue 21). 
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Characterizing microhabitats at relevant scales for polar terrestrial 

biota 

Peter Convey1, Stephen J. Coulson2,3, Anna Sjöblom4  

 

1 British Antarctic Survey, 2 University Centre in Svalbard, 3 Swedish University of Agricultural 

Sciences, 4 Uppsala University 

 

Ground temperatures in the top few centimeters of the soil profile are key in many processes yet 

remain very poorly documented, especially in the polar regions or over longer timescales. They vary 

greatly at various scales across the often heterogeneous polar landscapes. Meteorological air 

temperature records provide a poor proxy for soil temperature profiles, while, at present no biological 

microclimate datasets exist that are of sufficient duration to allow comparison with large-scale climate 

trends. Responses of soil-associated biota both to existing climate and to projected change cannot be 

understood without improved description of these microclimates. We introduce and provide an 

overview of multi-annual temperature records at biologically-relevant scale from 20 High Arctic 

(Svalbard) and maritime Antarctic sites. General features that are likely to have important influences 

on polar terrestrial biology include (a) summer ground and sub-surface temperatures vary much more 

than those of the air; (b) winter ground temperatures are generally uncoupled from atmospheric 

temperatures; (c) the ground thawing period may be considerably shorter than that of positive air 

temperatures; (d) ground freeze-thaw event patterns differ between Arctic and Antarctic; (e) rates of 

ground temperature change are generally low; (f) accumulated thermal sum in the ground usually 

greatly exceeds air cumulative degree days.  
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Protected areas in polar regions – lessons from Antarctica 

Peter Convey1, Kevin A. Hughes1  

 

1 British Antarctic Survey 

 

The Antarctic Treaty area, located south of latitude 60oS, is governed by consensus through the 

Antarctic Treaty System, while biologically-related lower latitude sub-Antarctic islands fall under 

national sovereignty. Area protection, with the exception of large marine protected areas, is agreed 

through the Protocol on Environmental Protection to the Antarctic Treaty. Antarctic Specially 

Protected Areas (ASPAs) can protect a range of values.  Of 72 ASPAs that have been created in the 

past 52 years, 76% included in their justification the protection of Antarctic terrestrial communities. 

However, the current ASPA network is far from representative of the region’s biodiversity. In general, 

ASPAs have been designated at locations close to research stations, with only five of the 29 Treaty 

Consultative Parties acting as proponents for over 80% of existing ASPAs. However, despite the rate 

of ASPA designation declining in the past decade, the situation is evolving. ASPAs are starting to be 

proposed by consortia of nations, increasingly at locations remote from research stations, and in 

response to climate change threats. Nations previously not involved in ASPA designation are 

becoming more involved in their management. Finally, recent work has shown that the logistical 

capacity exists to protect areas across all of the bioregions currently identified within the continent. 

While governance mechanisms are clearly different between the Arctic and Antarctica, the 

requirements of and challenges to robust and effective protection are often similar, and we suggest 

that better conservation outcomes will result through greater sharing of area protection expertise 

between the poles. 
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Mapping the grounding zone with CryoSat-2 radar altimetry 

Geoffrey Dawson1 and Jonathan Bamber1  

 

1Bristol Glaciology Centre, School of Geographical Sciences, University of Bristol, Bristol, UK. 

 

The grounding zone is the transition region between grounded and floating ice. It is the boundary at 

which the ocean has the most significant influence on the ice-sheet. Its position, dynamics and 

structure are critical in assessing the stability of the ice-sheet, for mass budget calculations and as an 

input into numerical models.  

The most reliable approach to map the grounding line remotely is to measure the limit of tidal flexure 

of the ice shelf (point F) using differential synthetic aperture radar interferometry (DInSAR) 

or ICESat repeat-track measurements. However, these methods are yet to provide satisfactory spatial 

and temporal coverage of the whole of the Antarctic grounding zone.  Here, we present method to 

map point F and the limit of hydrostatic equilibrium (point H) using CryoSat-2 radar altimetry. Our 

method is based on detecting the tidal signal in pseudo crossovers using a combination of CryoSat-2 

standard and swath elevation data. We first discuss the results of applying this method to the 

Antarctic grounding zone and show that the mapped grounding line is in good agreement with 

previous observations from DInSAR and ICESat measurements. We will finally present the results of 

measuring the width of the grounding zone (the distance between points F and H), which can provide 

insights about its structure. 
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Quantifying submarine iceberg melt rates around the Antarctic 

Peninsula using high-resolution satellite imagery 

 Mariama C Dryak1,2, Ellyn M Enderlin1,2  

 

1University of Maine, Climate Change Institute; 2 University of Maine, Earth and Climate Sciences 

 

The warming atmosphere and oceans have driven a global increase in glacier and ice sheet melt, 

impacting the amount of freshwater being added to the oceans. The magnitude of atmospheric and 

ocean warming have varied in space and time, leading to variations in the flux of icebergs to the 

oceans and the rate at which these icebergs are transformed to freshwater. Variations in iceberg 

freshwater fluxes may exert an important control on local to regional ocean stratification and 

circulation, yet the influx of freshwater into the Southern Ocean due to melting icebergs has not yet 

been quantified on a large spatial scale. Further motivation for the examination of iceberg melt 

estimates comes from their potential use as a proxy to infer variations in ocean conditions near 

inaccessible glacier termini.  Here we map patterns in iceberg melt around Antarctica through the 

differencing of high-resolution digital elevation models (DEMs) derived from WorldView stereo 

imagery. This approach has been previously applied to icebergs calved from the Greenland Ice Sheet 

in order to quantify both iceberg freshwater fluxes and melt rates. We use repeat stereo image-

derived DEMs to estimate submarine melting of icebergs from 2013 to 2018 at study sites located 

around the Antarctic Peninsula. Initial results conform to what is expected on a regional scale, with 

higher melt rates for icebergs located in regions where water masses are relatively warm and lower 

melt rates for icebergs located in regions where colder water masses are found on the continental 

shelf, including in the embayments of the former Larsen A and B ice shelves.  
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Changes in vertical ice extent along the East Antarctic ice sheet 

margin in western Dronning Maud Land – First field and modelling 

results of the MAGIC-DML project 

Derek Fabel1, Ola Fredin2,3, Arjen P. Stroeven4,5, Nathaniel A. Lifton6,7, Jorge Bernales8, Irina 

Rogozhina8, Neil F. Glasser9, Jennifer C. Newall4,5,6, Jonathan M. Harbor4,5,6, Jane L. Andersen2, Robin 

Blomdin4,5, Marc W. Caffee6,7, Olaf Eisen10, Clas Hättestrand4,5, Matthias Prange8. Sarah E. Sams6, 

Elena Serra11, Martim Mas e Braga4,5 

 

1Scottish Universities Environmental Research Centre, Glasgow, UK; 2Geological Survey of Norway, 
Quaternary Geology, Trondheim, Norway (ola.fredin@ngu.no); 3Norwegian Universityof Science and 
Technology, Department of Geography, Trondheim, Norway; 4Stockholm University, Geomorphology 
& Glaciology, Department of Physical Geography, Stockholm, Sweden; 5Stockholm University, Bolin 
Centre for Climate Research, Stockholm, Sweden; 6Purdue University, Department of Earth, 
Atmospheric, and Planetary Sciences, West Lafayette, USA; 7Purdue University, Department of 
Physics and Astronomy and Purdue Rare Isotope Measurement Laboratory (PRIME Lab), West 
Lafayette, USA; 8University of Bremen, Center for Marine Environmental Sciences MARUM, Bremen, 
Germany; 9Aberystwyth University, Centre for Glaciology, Department of Geography and Earth 
Sciences, Aberystwyth, UK; 10Alfred Wegener Institute, Helmholtz Centre for Polar and Marine 
Research, Bremerhaven, Germany; 11University of Bern, Institute of Geological Sciences, Bern, 
Switzerland. 

 

Constraining numerical ice sheet models by comparison with observational data is crucial to address 

the interactions between cryosphere and climate at a wide range of temporal and spatial scales. Such 

models are tested and refined by comparing model predictions of past ice geometries with field-based 

reconstructions from geological-, geomorphological-, and ice core data. For the East Antarctic Ice 

sheet, there is a critical gap in the empirical data necessary to reconstruct changes in ice sheet 

geometry in the Dronning Maud Land (DML) region. In addition, there is poor control on the regional 

climate history of the ice sheet margin, because ice-core locations, where detailed reconstructions of 

climate history exist, are located on high inland domes. This leaves numerical models of regional 

glaciation history in this near-coastal area poorly constrained. 

MAGIC-DML is an ongoing Swedish-US-Norwegian-German-UK collaboration with a focus on 

improving ice sheet models of the DML margin by combining advances in modeling with filling critical 

data gaps regarding the timing and pattern of ice-surface changes. A combination of 

geomorphological mapping using remote sensing data, field observations, cosmogenic nuclide 

surface exposure dating, and numerical ice sheet modeling are being used in an iterative manner to 

produce a comprehensive reconstruction of the glacial history of western DML. Here, we present an 

overview of the project, field evidence for formerly higher ice surfaces, and in-situ cosmogenic nuclide 

measurements from the 2016/17 expedition. Preliminary field evidence indicates that interior sectors 

of DML have experienced a general decrease in ice sheet thickness since the late Miocene, with 

potential episodes of increasing thickness in the late Pleistocene (700-300 ka, 250-75 ka). To aid in 

interpreting these field data, new high-resolution ice sheet model reconstructions, constraining ice 

sheet configurations during key episodes, are being developed.  
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Recent satellite and airborne geophysical imaging of the Antarctic 

lithosphere 

Fausto Ferraccioli1, Joerg Ebbing2, Folker Pappa2, Rene Forsberg3, Tom A. Jordan2 

 

1NERC/British Antarctic Survey, UK; 2University of Kiel, Germany; 3Technical University of Denmark, 

DK 

 

The Antarctic lithosphere forms the cradle on which the East and West Antarctic ice sheets flow. 

Understanding its structure and evolution is also of key importance because of its linkages with 

formerly adjacent continents throughout the supercontinental cycle.  

Here we present some highlights from three ongoing international projects supported by the European 

Space Agency (ESA), aimed at re-investigating the Antarctic lithosphere and its influence on the 

cryosphere (including GIA) at continental scale by analysing GOCE satellite gravity gradient, airborne 

gravity and aeromagnetic images, and developing new 2D and 3D potential field models, coupled with 

seismological and petrolological modelling.  

The GOCE satellite gravity gradient data augment previous seismological studies by enhancing our 

knowledge of crustal and lithosphere thickness variations, reveal the complexity in the architecture of 

distinct lithospheric provinces within the composite East Antarctic craton and lead to new estimates of 

effective elastic thickness. 

In East Antarctica, thick crust is imaged beneath the Transantarctic Mountains, the Terre Adelie 

craton, the Gamburtsev Province and interior Dronning Maud Land. The thinner crust and lithosphere 

of the West Antarctic and the Weddell Sea rift system is also imaged. However, insights into the 

architecture of narrower rift basins can only be derived from airborne gravity, due its higher spatial 

resolution. New PolarGAP aerogravity data also significantly augment GOCE by providing key 

constraints on crustal architecture in the South Pole frontier.  

Finally, tantalizing new views of the Antarctic continent are emerging from a recent magnetic anomaly 

compilation that now includes over 3.5 Ml line km of magnetic data. These data are being analysed 

within ESA’s 3D Earth project (2018-2020) that promises to transform our knowledge of crustal 

architecture and tectonic evolution, will enable more robust linkages between Antarctica and formerly 

adjacent continents to be made, and aims to help unveil key basal conditions beneath the Antarctic 

ice sheets, such as the location of sedimentary vs crystalline bedrock provinces and re-assessing the 

variability in geothermal heat flux and its links with lithosphere and crustal evolution.          
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Crushing of subglacial lake sediment as a source of bio-utilisable 

gases. 

Beatriz Gill-Olivas1, Jon Telling2, Alexander Michaud3, John Priscu4, Martyn Tranter1 

 

1University of Bristol, UK; 2 University of Newcastle, UK; 3Aarhus University, Denmark; Montana State 

University, MT, USA. 

 

Recent research has shown microbial ecosystems exist under glaciers and ice sheets. The sources of 

energy to support these ecosystems are still not fully understood, particularly beneath the Antarctic 

Ice Sheets, where direct access to the atmosphere and in-washed organic matter and oxidising 

agents does not occur. Hence, sub-ice sheet energy sources are restricted to those in subglacial 

environments, except for ice-margin environments. This study focuses on sediments from Subglacial 

Lake Whillans (SLW), the first subglacial lake to be directly and cleanly sampled. Sediment from three 

depths in a shallow core extracted from SLW were used to assess the possible energy contributions 

from mechanochemical reactions to this subglacial ecosystem. To do this, the samples were crushed 

under an anoxic atmosphere using a ball mill. The sediments were then transferred into serum bottles 

under anoxic conditions. They were wetted and the headspace gas was subsequently sampled and 

analysed during a 40 day incubation. Results show the release of substantial amounts of hydrogen, 

which could potentially serve as an abiotic source of energy to microbes, in particular, methanogenic 

archaea. Significant amounts of short chain hydrocarbons (including methane and ethylene), possibly 

from the reactivation of ancient organic carbon, were also observed. Crushed samples showed a 

significant concentration of hydrogen peroxide produced on contact with water, as well as significant 

amounts of Si radicals, showing comminution of these sediments unlocks the potential for a wide 

range of redox conditions and reactions to develop within glacially eroded sediment under ice. This in 

turn provides a previously overlooked source of nutrients and energy for microbes to utilise. 
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The Polar Funding Office based at British Antarctic Survey (BAS) manages, on behalf of NERC, the 

planning and approvals processes for all projects involving NERC-BAS Antarctic science facilities and 

logistics support. This is for research projects including NERC, other Research Councils and other UK 

or International grant sources. This presentation will provide a summary of some recently funded 

projects together with information on the various routes to funding and the fieldwork application 

process. 

The presentation will also provide an update from BAS Operations on some of the modernisation and 

science projects underway, and how they will impact BAS’s capability to support fieldwork over 

forthcoming seasons. The Antarctic Infrastructure Modernisation Programme will transform how 

NERC, through BAS, enables and supports frontier science.  The programme is progressing well with 

the recent completion of building work at Bird Island Research Station and the commencement of the 

Rothera wharf construction in the 2018/19 season. The UK’s new polar research ship the RRS Sir 

David Attenborough is reaching the end of the construction period following the successful launch of 

the hull in July, the ship will enter service in 2019. There are also a number of large field campaigns 

planned for the next few seasons that will bring new operational challenges. 
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We present the first high-resolution palaeoceanographic study of around 375 kyrs of environmental 

change in the Amundsen Sea. Five sediment mounds on the continental rise stand up to 900 m above 

the sea floor and are asymmetric, with a gently-sloping western flank and steeper eastern flank. Four 

piston cores from two of the mounds were analysed for sedimentology (grain size and sortable silt, 

physical properties, spectrophotometry), mineralogy (clay minerals, sand fraction composition) and 

geochemistry (XRF, biogenic silica content, TOC, CaCO3). The core data were used in conjunction 

with geophysical and bathymetric data to suggest the mounds are mixed contourite-turbidite drifts, 

similar to those located west of the Antarctic Peninsula. These data were then used to infer the supply 

of terrigenous material from the West Antarctic Ice Sheet, the amount of biological productivity and 

the nature of the bottom current. Age constraints are derived from relative palaeomagnetic intensity, 

diatom biostratigraphy, AMS 14C dates, tephrochronology and lithostratigraphy.   

The sediments exhibit strong cyclicity corresponding to glacial-interglacial cycles. During interglacial 

periods, deposition was mostly of olive-brown, bioturbated, diatom-bearing and often calcareous-

foraminifera-bearing, mixed contourite and hemi-pelagic muds. Sedimentation rates range from 0.2 to 

≥3.7 cm/kyr reflecting changes in productivity that were mostly controlled by sea-ice coverage. The 

smectite content of surface samples from the drifts are larger than any other known sample from the 

Amundsen Sea shelf or rise and suggest that the bottom current also deposits far-travelled clay.   

During glacial periods, deposition was mostly of grey, terrigenous, typically laminated contourites with 

dispersed ice rafted debris and locally-sourced kaolinite and illite. Sedimentation rates ranging from 

0.1 to 17.2 cm/kyr reflect WAIS advance and retreat across the shelf. The eastwards-flowing bottom 

current pirated the fine-grained fraction of turbidity currents which appear to have been initiated at the 

margins of, and between, the mouths of Pine Island Trough East and West and Abbot Trough. The 

turbidity currents eroded maximum 20 km wide and 400 km long channels separating the drifts. 

There are no major depositional anomalies or thick IRD layers in the drift cores that might indicate 

collapse of the WAIS. However, millennial-scale cyclical variations in the provenance of terrigenous 

material during mid-late MIS 6 may reflect changes in ice dynamics. Manganese contents suggest 

suboxic conditions during glacial periods. 
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The subglacial landscape of Antarctica is less well known than that of the moon or Mars. Much of our 

understanding of its evolution derives from land exposed at the coast, but the geomorphological 

record that lies beneath the ice holds significant potential for understanding changes in the Antarctic. 

As knowledge of modern bed topography increases yearly, we present a framework for using it to test 

hypotheses of interactions between plate movement, tectonics, surface processes and glacial 

erosion. We suggest that the landscape evolution of Greenhouse Antarctica before ca.34 Ma, has 

analogues with typical passive margin evolution (e.g. Australia), displaying feedbacks between base-

level change, fluvial erosion, scarp retreat and marginal uplift. Intense weathering would occur under 

the warm conditions, and flat regions near the coast would form via surface wash. In Icehouse 

Antarctica, we propose that expansion and contraction of ice produced waves of warm-based erosion 

which were most effective where flow directions were maintained regardless of ice sheet scale, and 

where pre-glacial topography steers ice. There may be thresholds of glacial behaviour whereby 

topography controls significant jumps in ice volume between mountain icefields and ice sheet 

glaciation. Glacial erosion occurs over long timescales so marine-based beds continually deepen and 

become more reverse-sloped. We therefore suggest the modern ice sheet is more sensitive to climate 

changes than in the past. 
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Outlets of the Antarctic ice sheet are experiencing dynamic thinning, terminus retreat and mass loss, 

however, we are currently unable to accurately predict their future response. Reconstructing 

deglaciation following the Last Glacial Maximum (approx. 20,000 years ago) provides an opportunity 

to better understand patterns, mechanisms and drivers of ice sheet retreat.  

We investigate the former behaviour of two East Antarctic outlet glaciers by combining chronologies 

of ice extent, offshore geomorphology and numerical modelling. In the Ross Sea sector, geomorphic 

features preserved on the seafloor indicate that streaming outlet glaciers once extended >100 km 

offshore of Victoria Land prior to back-stepping towards their modern configurations. In order to 

adequately interpret the style and causes of this retreat, the timing and magnitude of corresponding 

ice thickness change is required. New cosmogenic-nuclide (10Be) surface-exposure data from 

Mawson Glacier, collected in elevation transects above the modern ice surface, reveal that rapid 

thinning occurred at ~6–8 ka. This is broadly coeval with new ages of grounding-line retreat at ~6 ka 

and rapid surface lowering recorded at nearby Mackay Glacier at ~7 ka. Our data also show that a 

moraine formed near to the modern ice margin of Mawson Glacier at ~0.8 ka, which, together with 

other ice elevation data, indicates that glaciers in this region likely readvanced during the Late 

Holocene. 

We argue that 1) the accelerated thinning of outlet glaciers was driven by local grounding-line retreat 

through overdeepened basins during the early-mid Holocene, and 2) the glaciers subsequently 

readvanced before retreating to their current positions, possibly from late Holocene changes in ocean 

temperature. Our work demonstrates that non-linear ice sheet retreat was typical of Antarctica’s 

marine-based margins during the last deglaciation, and that glaciers in the western Ross Sea were 

closely coupled to environmental and topography-induced perturbations near their termini throughout 

the Holocene. 
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The East Antarctic Ice Sheet contains within it water equivalent to a sea level rise of ~53m, an order of 

magnitude greater than the Western Antarctic Sheet. Whilst East Antarctica is thought to be 

comparatively stable when compared to West Antarctica, some recent studies suggest that parts of 

East Antarctica are thinning and may be vulnerable to ocean induced retreat. We present here 

preliminary work looking at this previously understudied area. 
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Geothermal heat flux can determine the rate and extent of basal melting in the slow moving interior of 

the East Antarctic ice sheet. Such basal melting can destroy ancient climate records accessed by 

deep ice cores, and can lubricate the ice-bed interface facilitating enhanced ice flow further 

downstream. Although important, estimates of geothermal heat flux are generally limited to regional 

geophysical studies with low spatial resolution, or very sparse point measurements at ice core drill 

sites.  Here we present new airborne radar sections upstream from South Pole collected as part of the 

ESA PolarGAP project. These sections reveal an area ~100km by 50km where internal ice sheet 

layers are drawn down towards the ice sheet bed. This layer drawdown is interpreted together with 

patches of high basal reflectivity as the result of anomalously high basal melting. In places over 400m 

of basal ice has been lost, and models indicate melt rates of 6±1 mm/a, requiring a maximum 

geothermal heat flux of 120 ±20 mWm-2, more than double that predicted by regional models. We 

suggest highly radiogenic granites and geothermal circulation associated with a major continental 

scale tectonic boundary are the main causes of anomalously high heat flux and melting. Water from 

the region of enhanced basal melting feeds a number of dynamic lakes today, and has potentially 

contributed to past variability of flow in the South Pole region. Our discovery highlights the importance 

of detailed geophysical observations for understanding the ice sheet basal conditions underpinning 

ice flow models and before attempting costly ice drilling projects. 
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Stratospheric ozone depletion is an important driver of climate change in the Southern 

Hemisphere. Some studies have also proposed that observed regional trends in Antarctic sea ice 

might have been caused by the formation of the ozone hole in the late 20th century. Despite the 

perceived importance of a realistic representation of ozone chemistry, few models use interactive 

chemistry schemes in which ozone changes are allowed to feedback into the climate system. In many 

models, ozone and other major radiatively active trace gas species are imposed as fixed climatologies 

that cover both the seasonal cycle and the model’s spatial dimensions. Here we explore the impact of 

using prescribed versus interactive stratospheric chemistry on Antarctic sea ice variability using the 

HadGEM3-AO model. The atmospheric chemistry is represented by the United Kingdom Chemistry 

and Aerosols (UKCA) model which is coupled to the MetUM. We run two versions of the model; one 

with the UKCA fully coupled to HadGEM3-AO model and another with fixed climatologies from the 

interactive runs. For each version, we run two time slice integrations one forced with 1850s climate 

(pControl) and another with the year 2000 climate (TS2000).  

Our analysis of the pControl integrations shows that the model calculates more extensive SH sea ice 

extent in the non-interactive set-up. On the other hand, the TS2000 simulations show similar net sea 

ice extent in both versions, but with slightly different regional sea ice variability. Examining the impact 

of the change in the forcing (TS2000 minus pControl) on the spatial distribution of sea ice, the non-

interactive version shows a near-circumpolar decrease in sea ice in TS2000 compared to pControl. In 

the interactive simulations, the sea ice distribution is different with sea ice increasing in the Eastern 

Ross - Amundsen seas and the Indian ocean in TS2000 compared to pControl. The different patterns 

of spatial variability of sea ice in the two versions of the model are consistent with different 

atmospheric circulation responses to the change in forcing.  

Our results demonstrate that including interactive stratospheric chemistry has an impact on regional 

Antarctic sea ice variability in our model.  
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The western Antarctic Peninsula is lined with glacio-marine fjords which connect the coastal ocean 

with the terrestrial ice sheet. The physical oceanography of these fjords is relatively unexplored 

despite their potential importance for regional glaciology, oceanography, and geochemistry, as well as 

for the productive marine ecosystems in the fjords. Here, we characterize the oceanographic and 

glaciological environment of Andvord Bay, a fjord located in the Gerlache Strait on the north-western 

Peninsula. Comprehensive oceanographic and atmospheric measurements were conducted between 

December 2015 and March 2017 during three research cruises and with moored sensors as part of 

the FjordEco project. Since Andvord Bay is located just north of the present influence of warm shelf 

water masses, the fjord glaciers are not currently in retreat, and glacial mass flux into the ocean 

occurs predominantly in the form iceberg calving. Meltwater runoff, mean winds, tidal currents and 

mixing are all weak inside the fjord, and as a result the fjord is dynamically quiet compared to the 

outside ocean. The lack of a strong mean circulation provides beneficial conditions for phytoplankton 

blooms, and partially isolates the fjord from temperature variations in the Gerlache Strait. Seasonal 

water mass exchange is likely driven by low-frequency dynamics of the Gerlache Current as well as 

by occasional katabatic wind events. We discuss our current understanding of how Antarctic 

Peninsula fjords interact with glaciers, ecosystems and the coastal ocean, and how such fjords may 

change as ocean and atmospheric warming progresses. 
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The response of Antarctic vegetation to the rapid environmental changes occurring in the region is of 

paramount interest for the resilience and stability of Antarctic terrestrial ecosystems. The nature of the 

environment makes widespread ground-based field measurements difficult, but advances in remote 

sensing and the development of UAV-based measurement techniques provide new opportunities to 

address this challenge.  An emerging technique for measuring photosynthetic activity of vegetation is 

based on solar induced fluorescence (SIF); a small signal emitted from chlorophyll during the process 

of photosynthesis. As a measure of activity, and not a reflectance property related to structure or 

capacity, SIF has the potential to provide new and valuable information on ecosystem productivity at 

local to regional scales. We have explored this approach using ground-based measurements of SIF in 

different locations around Rothera Station in January 2018. SIF was measured using a dual-field-of-

view high resolution spectrometer system mounted on a tripod that is capable of unattended 

measurements in the field. These measurements were coupled with continuous measurements of 

surface CO2 exchange using an automatic chamber connected to a gas analyser. A range of data 

sets covering different plant composition (moss and the two higher plants), duration (hours to days) 

and environmental conditions were collected. These show variation in the net CO2 exchange rates 

and spectral signatures from the different locations and under the different conditions. In this 

presentation we will present first quantitative estimates of the SIF from Antarctic terrestrial vegetation 

and their relationship with CO2 exchange rates and discuss the potential for this new approach to 

measure and monitor Antarctic ecosystem productivity over larger scales. 
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The Quaternary brought numerous cycles of ice sheet extension and contraction across the Antarctic 

continent, resulting in major disruption of terrestrial habitats and the extinction of diverse taxa. 

Currently there are two main hypotheses to explain the present-day occurrence of freshwater biota in 

Antarctica (1) recent colonization from lower latitudes during interglacial periods; (2) persistence in 

refugia within Antarctica. Boeckella poppei is unique as the only terrestrial or freshwater invertebrate 

that occurs in all three of the generally recognized Antarctic biogeographic regions (i.e sub-, maritime 

and continental Antarctica). We used a combination of molecular approaches targeting one 

mitochondrial fast-evolving (cox1) and two nuclear slow-evolving markers (28S and ITS), and 

traditional morphological taxonomy. Our data clearly support the refugial hypothesis, rejecting the 

idea of recent colonization from South America. We described two independent regional 

recolonization events from putative refugia in the southern Antarctic Peninsula and the South Orkney 

Islands (Signy Island). Molecular phylogenetic reconstruction showed two distinct clades, 

(1) South America and (2) Antarctica. Within Antarctica two haplogroups were present, (1) South 

Georgia + southern Antarctic Peninsula and South Shetlands Islands (2) northern Antarctic Peninsula 

+ Signy Island. These results represent the first genetic evidence of ancient persistence of freshwater 

biota. 
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During the Last Glacial Maximum (LGM), a doubling of Southern Ocean sea ice extent and an 

increased density and geographical extent of Antarctic Bottom Water (AABW) might account for the 

majority of the observed drawdown of atmospheric CO2. Some climate models require continuous 

Southern Ocean sea ice cover at the LGM to prevent CO2 ‘leaking’ from the ocean into the 

atmosphere, yet in the modern ocean, breaks in the sea ice (‘polynyas’) can limit or enhance both the 

transfer of CO2 and the export of heat via AABW. Although there are some indications that polynyas 

were present at the LGM, a lack of empirical evidence of whether they were small local phenomena or 

more regionally widespread has meant that their role remains under-represented in climate models. 

In this project we address this issue using a novel, biological record of sea ice conditions: the 

stratified deposits of regurgitated sea bird stomach contents (‘Antarctic mumiyo’). We exploit the 

dietary and environmental information recorded in the stomach oils of snow petrels (Pagodroma 

nivea) to assess evolving sea ice conditions in the north-east Weddell Sea during the last glacial 

stage, around 27,000 yr BP. Using a range of geochemical analyses, including XRF scanning and 

biomarker characterisation, we have identified three distinct intervals within a 15 cm sequence of well-

dated mumiyo from the Lake Untersee region. When this sequence was deposited, both the summer 

and winter sea ice margins lay far to the north of this site, and beyond the snow petrel foraging ranges 

we observe today. The presence of the mumiyo (and thus snow petrel nests) during the LGM thus 

supports previous proposals of polynyas in the region, which would have provided a critical food 

source. Our geochemical analyses suggest, for the first time, that the nature of these polynyas must 

also have evolved within the glacial stage, raising important questions about the properties, controls 

and impacts of Southern Ocean sea ice through the LGM. 
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The 6/12 day repeat cycle of the Sentinel-1a/b satellites has provided unprecedented coverage of the 

Antarctica Ice Sheet enabling the investigation of previously undocumented processes. Using offset 

tracking on pairs of Sentinel 1a/b SAR images we present a velocity dataset at a temporal resolution of 

6-12 days, covering key Antarctica outlet glaciers and ice shelves over the past 18 months. Some outlet 

glaciers show evidence of a seasonal cycle in velocity, which we link to sea-ice buttressing (e.g. Totten), 

whereas others show little change in their behavior throughout the observational period (e.g. Cook East 

Ice Shelf). We are also able to analyze the dynamic response in velocity to recent calving events (e.g. 

Pine Island). The mechanisms driving rapid changes in outlet glacier velocity may ultimately play an 

important role in their future stability. 
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The 18O/16O ratio in polar ice cores has long been used as a palaeo-temperature proxy. During the past 

decade, high precision measurements of the corresponding 17O/16O ratio have also been possible. The 

resulting triple-isotope data have been interpreted in terms of relative normalised humidity at the water 

vapour source region (ocean surface), or as a supersaturation-controlled kinetic isotope effect 

associated with in-cloud ice formation1,2. Neither mechanism, however, provides a fully satisfactory 

explanation of the isotopologue distributions. Recently, a different approach has been proposed3, based 

on the observation that clear-sky precipitation (of tiny ice needles, known as ‘diamond dust’), which 

occurs widely in inland Antarctica, is characterised by an unusual relative abundance of 17O, such that 

1 + δ17O = (1 + δ18O)0·531, over a wide range of temperatures and hence water vapour supersaturation 

values. Furthermore, this relationship appears to be largely preserved in the ice core record. In contrast, 

synoptic cloud-derived snowfall appears to conforms to 1 + δ17O = (1 + δ18O)0·528, even at the lowest 

temperatures in Antarctica. The respective mass contributions of diamond dust and cloud-derived 

precipitation in snowfall accumulation – on both temporal and spatial scales – provides a simple, first-

order explanation for 17O/18O variations in Antarctic surface snow, firn and ice cores. 

This analysis indicates that, during the last major deglaciation (~22,000 – 11,500 years before present), 

precipitation in both western Antarctica, at the West Antarctic Ice Sheet (WAIS) Divide, and on the high 

plateau of eastern Antarctica, at Vostok, consisted almost entirely of diamond dust, despite there being 

a large temperature differential – and thus different water vapour supersaturation conditions – at the 

two locations. In contrast, cloud-derived snowfall events dominate the accumulation record at both sites 

throughout the Holocene (the current geological epoch, which started ~11,500 years ago). 

A corollary is that kinetic isotope effects seem to have a negligible role in controlling oxygen triple-

isotope distributions during in-cloud ice formation, even at very low temperatures. Instead, the isotope 

distribution appears to correspond to that of equilibrium exchange between the vapour and solid 

phases. In contrast, ‘diamond dust’ formation is associated with an unusual (and temperature 

independent) 17O/18O isotope fractionation, attributed to the kinetics of crystal growth from the vapour. 
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The International Partnership for Ice Core Sciences (IPICS) has as a primary goal the recovery of 

deep ice cores that record the climate, environmental and atmospheric gas record for the last 1.5 

million years.  Glaciological modelling of parameters such as ice accumulation, surface temperature, 

ice depth, bedrock topography, ice flow and the geothermal heat flux have suggested a number of 

sites of interest across the East Antarctic ice sheet. One area is close to Dome C, where the EPICA 

ice core project recovered an ice record spanning 800 kyrs.  European Horizon 2020 funding for the 

‘Beyond EPICA – Oldest Ice’ has enabled a three year programme of field research to refine selection 

amongst candidate sites for future deep drilling, including one in a region about 40 km from the site of 

the EPICA deep ice core, in an area that has become known as ‘Little Dome C’. 

Fundamental to the selection a candidate deep drilling site is a detailed knowledge of local ice sheet 

thickness and basal topography.  Early radar surveys of the East Antarctic plateau, recorded in 

BEDMAP2 (Fretwell et al, 2013), were refined by an airborne radar campaign (ICECAP, carried out by 

UTIG, Texas) in January 2016, and a small area of ‘high ground’ in the basal topography in the Little 

Dome C region was identified as of potential interest for Oldest Ice.  The region was further surveyed 

in the 2016/17 and 2017/18 austral summer field seasons using a ground based radar system. 

 Over the two field seasons, approximately 2200 line km of radar data were recovered across an area 

about 18 km x 12 km, with spacing between lines initially 500 m, but refined to 250m or better where 

interesting areas were indicated by the data.  Processing the data in the field within days of collection 

allowed us to build a detailed picture of the basal topography, and the depth of internal layers that 

could be dated by reference to the EPICA ice core chronology.  The ice is generally around 2500 to 

3000 m thick, with plateaus in the bedrock incised by deep valleys.  In many of the deeper valleys, the 

radar signal indicated the presence of water. 

Using a rapid access ice drill, a 461 m borehole was drilled at one of the candidate sites in the Little 

Dome C region, and samples of ice chippings recovered every 0.2 m through the ice column.  

Climate-related stable water isotope analyses of the chippings indicates that the borehole penetrated 

to the end of the Last Glacial Maximum, and that the surface temperature and accumulation rate at 

this site are lower than at the site of the EPICA core – both good indicators that ice older than the 

EPICA core might lie near the base of the icesheet. Borehole thermometry indicated that the ice is not 

melting at the base, and provided an estimate of the local geothermal heat flux. 
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Recent studies in Antarctica, have revealed more than 400 lakes partially interconnected in a 

hydrological system beneath Antarctic Ice Sheet (Wright & Siegert, 2012). This hydrological system 

affects the transient acceleration of ice streams and ice sheet behavior (Fricker et al., 2007), which is a 

key process influencing sea-level change (Stearns et al., 2008). West Antarctic Ice/sheet (WAIS) has 

enough ice to contribute up to 3.3 m to sea level rise (Bamber et al., 2009), and thus it is fundamental 

to understand the dynamic of the ice-sheet (Bentley, 2010; Ross et al., 2014). Here we present the 

Radio Echo sounding data analysis of potential subglacial lakes in the Ellsworth-Whitmore (EWM) Block 

and the potential hydrological network within it. 
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The Filchner-Ronne Ice Shelf (FRIS) is of particular interest to the Antarctic science community, due 

to the extensive size of the FRIS catchment, the increasing number of observations within the cavity, 

and the importance of the surrounding Weddell Sea for the ventilation of the deep ocean. Here we 

present a new configuration of the MITgcm ocean model designed to study the FRIS cavity and its 

teleconnections to the deep Weddell Sea. In particular, the response of the cavity to Weddell Sea 

polynyas, as observed in the 1970s and again in 2017, will be assessed. Upcoming simulations will 

be coupled to the Úa ice sheet model and feature a fully evolving ice draft; the first results from these 

coupled simulations will be discussed. 

  



38 
 

Can a GIA model with lateral variations in Earth structure explain 

GPS uplift rates in the Southern Antarctic Peninsula? 

Grace A. Nield1, Pippa L. Whitehouse1, Wouter van der Wal2, Andrew J. Lloyd3, John Paul O’Donnell4, 

Douglas A. Wiens3, Graham Stuart4, Alex Brisbourne5 

 

1Department of Geography, Durham University, Durham, UK; 2Faculty of Aerospace Engineering, 

Delft University of Technology, Delft, NL; 3Department of Earth and Planetary Sciences, Washington 

University in St Louis, St. Louis, MO, United States; 4School of Earth and Environment, University of 

Leeds, Leeds, UK; 5British Antarctic Survey, Natural Environment Research Council, Cambridge, UK. 

 

The one-dimensional, radially varying Earth structure adopted in many glacial isostatic adjustment 

(GIA) models leads to bias in model-predicted uplift rates in locations where rheological parameters 

differ significantly from the globally averaged 1D structure used. To overcome this problem, regional 

studies of GIA often make use of a 1D Earth structure that is representative of local parameters, for 

example to capture the low viscosity upper mantle in West Antarctica, although it remains unclear 

over what spatial scale the 1D Earth structure may be suitable. In the Southern Antarctic Peninsula 

GPS uplift rates reveal significant variability over short spatial scales, with differences of up to 5.8 

mm/yr observed over a distance of only 500 km, which cannot be replicated using a GIA model that 

adopts a 1D regional Earth structure. Here we use a finite element GIA model that includes 3D Earth 

structure derived from a high resolution seismic velocity model to investigate whether lateral 

variations in lithospheric thickness and upper mantle viscosity can explain this small scale variability 

in uplift rates. Combining the 3D GIA model with an ice history that includes Late Holocene changes 

improves the fit to GPS observations in the Southern Antarctic Peninsula. 
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Ice loss from the West Antarctic Ice Sheet (WAIS) is estimated to account for around 10% of current 
global sea-level rise. Of greater significance is the potential for this region to undergo accelerated ice 
loss, triggered by ocean forcing and maintained by unstable grounding line retreat. Satellite 
gravimetry theoretically offers an efficient means of monitoring WAIS mass change and hence 
quantifying its predicted contribution to sea level rise. In practice, the superimposed gravitational 
signal of glacial isostatic adjustment (GIA) - the lagged response of the ductile Earth to past ice mass 
change - must first be removed. The GIA response in turn depends on the regional Earth structure.  

In early 2016 the UK Antarctic Network (UKANET) of 10 broadband seismometers was deployed for 

two years across the southern Antarctic Peninsula and Ellsworth Land. Using UKANET data in 

conjunction with seismic records from our partner US Polar Earth Observing Network (POLENET) and 

the Antarctic Seismographic Argentinian Italian Network (ASAIN), we have developed a tomographic 

shear wave velocity model of the West Antarctic crust and uppermost mantle using Rayleigh wave 

phase velocity dispersion measurements extracted from a combination of earthquake and seismic 

ambient noise data. Seismic receiver functions which are sensitive to impedance contrasts have been 

employed to map crustal thickness and, in conjunction with potential field data, improve delineation of 

West Antarctica’s mosaic of tectonic blocks.  In addition to enhancing understanding of West 

Antarctica’s tectonic structure and evolution, the seismic models will ultimately inform the 3D variation 

in crustal and uppermost mantle rheology governing the regional GIA response. This will lead to 

improved estimates of present day WAIS ice mass change.     
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The East Antarctic Ice Sheet (EAIS) is underlain by a series of low-lying subglacial sedimentary basins. 

The extent, geology and basal topography of these sedimentary basins are important boundary 

conditions governing the dynamics of the overlying ice sheet. This is particularly pertinent for basins 

close to the grounding line wherein the EAIS is grounded below sea level, and therefore potentially 

vulnerable to rapid retreat. 

Here, we analyze newly acquired airborne geophysical data over the Pensacola-Pole Basin (PPB), a 

previously unexplored sector of the EAIS. Using a combination of gravity, magnetic and ice-penetrating 

radar data, we present the first detailed subglacial sedimentary basin model for the PPB. Radar data 

reveal that the PPB is defined by a smooth bowl-shaped topographic depression situated 500 m below 

sea level. Gravity and magnetic depth to source modeling indicate that the basin is underlain by a 

sedimentary succession with thicknesses of 2–3 km. Our modeling results suggest that the PPB is a 

long-lived topographic and sedimentary basin, and has likely influenced the dynamics of the EAIS for a 

large portion of its history. 

We also note that the northern part of the basin, close to the modern grounding line, is characterized 

by smoother and lower-lying subglacial topography than the southern part of the basin, and likely hosts 

water at the bed. The transition between these two regions coincides with the onset of streaming flow 

of the EAIS, indicating that basal conditions currently exert a strong influence over the dynamics and 

flow regime of the overlying EAIS in this vicinity. 
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Temperature calibration models based on the relative abundances of sedimentary temperature 

sensitive glycerol dialkyl glycerol tetraether (GDGT) membrane lipids of Archaea/Bacteria have 

enabled past temperature reconstructions in both marine and terrestrial environments. Nevertheless, 

to date these methods have not been widely applied in high latitude terrestrial environments due to 

poor performance of GDGT-temperature calibrations at lower temperatures. To address this we 

examined environmental controls on GDGT composition in 38 lakes from Antarctica, the sub-Antarctic 

Islands and Southern Chile. The composition of branched (br)GDGTs is strongly correlated with mean 

summer air temperature (MSAT). This enabled the development of a regional brGDGT–temperature 

calibration for use in Antarctic and sub-Antarctic lakes. Here, we present the first quantitative 

reconstructions of past temperature change from Antarctic and sub-Antarctic lake sediments using 

GDGTs and examine Holocene palaeoclimate change and the deglaciation of ice-free areas on the 

northern Antarctic Peninsula and South Georgia.  Reconstructed summer temperatures from 

strategically-located palaeolimnological records reveal that deglaciation near to present limits was 

likely completed by or during a mid-late Holocene phase of warmer temperatures, centred on c. 4–3 

ka in both locations. The warmest phase in the Fan Lake record on Annenkov Island, near South 

Georgia, occurred between c. 3,770 and 3,230 cal yr BP and was followed by a persistently 

downward trend in reconstructed GDGT temperatures throughout the late Holocene. This was 

interrupted at c. 600 cal yr BP during the well-documented Medieval Climate Anomaly by a short-lived 

upturn in temperatures. The most severe cold phase of the last 4,000 years occurred between c. 300 

to 100 cal yr BP. Minor glacial readvances during the C16–19th Southern Hemisphere ‘Little Ice Age’ 

on South Georgia and on the South Shetland Islands are broadly consistent with the timing of the 

Northern Hemisphere ‘Little Ice Age’. Our new temperature reconstructions highlight the key role that 

comparatively minor changes in insolation and the position of the South Hemisphere westerlies 

(SHW) and the Southern Annular Mode (SAM) play in determining decadal-millennial scale climate 

change and precipitation-driven glacier readvances on sub-Antarctic islands. 
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Understanding the evolution of the Antarctic Ice Sheet throughout the last glacial cycle has important 

implications for understanding its present-day contribution to sea-level change. Satellite-based 

measurements of the present-day mass balance of Antarctica must be corrected for a signal 

associated with deformation of the solid earth beneath the ice sheet. However, this rate of 

deformation is dependent on a number of factors, including the viscosity of the mantle and the 

deglaciation history of the ice sheet. The estimated maximum volume of the ice sheet at the last 

glacial maximum ranges from ~5m of sea level equivalent to up to ~30m of sea level equivalent 

depending on the methodology used (Clark and Tarasov, 2014). While there are observations of the 

present-day rates of deformation, these are point measurements which are both spatially and 

temporally sparse requiring models to incorporate all of Antarctica. The response of the solid earth 

can be predicted using a deglaciation model of Antarctica in conjunction with an isostatic adjustment 

model. Outputs can be validated with the existing observations, however uncertainty in the rheology 

of the solid earth allows for different deglaciation models to match these similarly. There is a growing 

database of observations of the past configuration of the ice sheet which can be used to quantitatively 

assess the accuracy of existing and new deglaciation models of Antarctica. Here we develop a 

scoring methodology which focuses on using observations of ice thickness, ice extent and ice thinning 

rates in addition to comparing the output to present day uplift rates.  The use of ice thinning data 

(Small et al. 2018) is important for assessing the rate of retreat during the deglaciation and could have 

implications for estimate of present day uplift. The uncertainty in the dating of palaeo-observations 

and the asynchronous nature of the detraction is taken into account.  We test our scoring 

methodology on two deglaciation models, ICE-5G (Peltier 2004) and W12 (Whitehouse et al. 2012a) 

and outline an approach to scoring an ensemble of fully dynamic ice sheet simulations. 
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Even though baleen whales in the Southern Ocean are recovering from the whaling era of the 20th 

century, certain parts of their range are experiencing rapid environmental change and increasing 

amounts of human activity, such as the Western Antarctic Peninsula (WAP). Using platforms of 

opportunity, students from the University of St. Andrews collected 5 years of whale survey data along 

the WAP. Using this data, I predicted humpback, fin, and minke whale relative abundance along the 

WAP with hurdle models. While total abundance estimates cannot be made, reliable estimates of 

relative abundance can be made. The models predicted humpback whale abundance near the coast 

in areas of shallow and complex bathymetry, especially in the Gerlache Strait and northeast of 

Adelaide Island. I predicted fin whale abundance adjacent to the shelf edge (500 m depth contour), 

with pockets of abundance near the South Shetland Islands. I modelled minke whales with one model 

with a zero-inflated poisson distribution due to consistent unrealistic large predictions in the hurdle 

model. The model predicted minke whale abundance in similar areas to humpback whales, except for 

in shallower waters nearer to the coast. The predictions identify important areas for the three-study 

species and demonstrate much of the previously noted habitat partitioning in the study area. These 

important areas for baleen whales can be used to manage human activity along the WAP, because 

the rise of human and whale activity in the WAP is going to increase the likelihood of ship strikes. This 

may mean speed restrictions, marine mammal observers, and possibly acoustic deterrents to avoid 

injury or fatalities to whales. This study allows for a current understanding of baleen whale habitat use 

for comparison in the future when climate change may have impacted whale habitat use. 
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Recent changes in penguin colony populations on the Antarctic Peninsula have been linked to several 

environmental factors, but the potentially devastating impact of volcanic activity has not been 

considered. Using detailed biogeochemical analysis of a c. 8,500-year lake sediment record from 

Ardley Lake, we tracked penguin colony change on Ardley Island, currently home to one of the AP’s 

largest populations of gentoo penguins. The first sustained penguin colony was established on Ardley 

Island c. 6,700 years ago and that the colony experienced five population peaks, reaching its 

maximum between 4,000–3,000 years ago during the warmest part of the mid-late Holocene. By 

comparing our data with sub-fossil evidence of penguin occupation and records of past climate, sea-

ice extent and volcanic activity from across the Antarctic Peninsula, we found no consistent 

relationships with local-regional atmospheric and ocean temperatures records or sea-ice conditions. 

Instead, three of the five phases of colony expansion ended abruptly after volcanic ash from large 

eruptions of the nearby Deception Island was deposited on Ardley Island and elsewhere across the 

northern Peninsula. Sustained post-eruption colony recovery took, on average, 400-800 years, and 

was slowest following the largest and most disruptive eruption event, c. 5,500-5,000 years ago. We 

have recently extracted ancient DNA (aDNA) from the Ardley Lake sediment record using 

bacterial/higher predator (species-specific) primers and Next-generation sequencing (NGS). Early 

results indicate significant differences in the bacterial composition of each guano phase and good 

preservation of gentoo and Adélie penguin aDNA. Further biogeochemical, biomarker and aDNA 

analysis of seabird guano and sub-fossils preserved in lake and peat sediments from the Antarctic 

Peninsula and the sub-Antarctic islands will enable us to examine long-term regional-hemispheric 

drivers of penguin population change, and the influence that seabird guano has on the Southern 

Hemisphere-global biogeochemical cycle. 
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While an ever increasing number of climate proxy records show how the long term climate evolved 

over the last deglaciation, there are far fewer records which report how the variability of the climate on 

shorter, year to year, timescales evolved. Understanding this short term variability is of utmost 

importance since this is the timescale that humans experience the climate.   

Here, we investigate climate variability on these timescales for the last ~31 ka using an ultra-high 

resolution and continuous water isotope record from the WAIS Divide ice core (WDC) in the Pacific 

sector of West Antarctica. We document an abrupt decline in the amplitude of the variability of ice 

core's isotopic composition at ~16 ka. Using a climate model, we demonstrate that the climates of 

both West Antarctica and the Indo-Pacific were substantially altered at ~16 ka by the same forcing 

mechanism: the lowering topography of the Laurentide and Cordilleran Ice Sheets (LCIS). In the 

tropics, the LCIS topography affects the rainfall patterns, which explains the Indonesian deglacial shift 

from expanded-grasslands to rainforest-dominated ecosystems. This change in the tropics then alters 

the way that the Southern Hemisphere atmosphere responds to the year to year climate variability in 

the Tropics. The result of these changes is the observed decrease in the year to year variability seen 

at WDC.   
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Satellite imagery reveals that the surface of the Foundation Ice Stream, Antarctica, is characterised by: 

(a) flowstripes parallel to grounded ice flow; and (b) meandering features on the adjacent ice-shelf that 

cross-cut ice flow and are thought to be formed by basal water exiting a well-organised subglacial 

system. Ice-penetrating radar data reveal flow-parallel hard-bed landforms (2-3 km wide; 100-300 m 

high) beneath the grounded ice, and channels incised upwards into the ice shelf beneath the 

meandering surface channels (2-3 km wide, and up to 800 m high at the grounding zone, reducing in 

height downflow). As the ice transitions to flotation, the ice shelf incorporates a ‘corrugation’ resulting 

from the landforms. Radar bed-reflections reveal the presence of water beneath the ice stream focused 

alongside the landforms. We interpret this as evidence of a well-organised drainage system, which exits 

as a point source one side of a bedform, mixes with cavity water and incises upwards into a corrugation 

peak, accentuating the corrugation downstream. Our analysis shows that hard bedded glacial 

geomorphological landforms influence both subglacial hydrology and ice-shelf structure. As these 

landforms are known to be widespread on formerly glaciated terrain, their influence on the ice-sheet-

shelf transition could be more widespread than thought previously. 

  



47 
 

Late Cretaceous to Paleogene vegetation and terrestrial climate 

change of the Amundsen Sea Embayment, West Antarctica 

Ulrich Salzmann1, Johann Klages2, Claus-Dieter Hillenbrand3, Steve Bohaty4, Juliane Mueller2, Jürgen 

Titschack5, Karsten Gohl2, and the Expedition PS104 Science Party 

 

1University of Northumbria, Newcastle, UK ; 2Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- 

und Meeresforschung, Germany; 3British Antarctic Survey, Cambridge, UK; 4University of 

Southampton, UK; 5MARUM at University of Bremen, Germany 

 

The past vegetation and climate of West Antarctica and the evolution of its highly sensitive and 

dynamic ice sheet are poorly constrained by geological data. The few existing far-field data, and even 

fewer proximal records, indicate a major ice-sheet build-up in West Antarctica from the Oligocene to 

the Miocene, with partial or even complete ice-sheet collapses during warm Late Cenozoic intervals 

with near-modern atmospheric CO2-concentrations. Here we present first palynological results from 

the MeBo70 seabed drill cores collected in early 2017 from the Amundsen Sea shelf. The cores 

contain unconsolidated to highly consolidated sediments of Cretaceous to Holocene age. Preliminary 

analyses of pollen, spores and dinoflagellate cysts indicate that during the Cretaceous and early 

Paleogene the Amundsen Sea Embayment was covered by warm-temperate and temperate forests. 

The paper will focus on Turonian to Santonian (ca. 93-85 Ma) peat layers in the oldest sections of the 

cores, which contain micro- and macrofossils documenting the evolution of a highly diverse, conifer-

rich swamp forest during the Late Cretaceous. 
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Constraining Antarctica ice sheet evolution provides a means to validate numerical ice sheet models 

that aid predictions of sea-level rise. Additionally, temporal and spatial patterns can be used to 

elucidate drivers of past change and improve understanding of mechanisms that control ice sheet 

deglaciation. Cosmogenic surface exposure dating can constrain past configurations of ice sheet 

surfaces by obtaining ages from progressively lower elevations on exposed nunataks. To date, such 

data has been used to infer the timing of ice surface elevation changes (n.b. thinning), and in more 

limited cases, rates of past thinning. Here we combine data that has previously been used, or has the 

potential to be used, to constrain rates of thinning of the Antarctic Ice Sheets since the Last Glacial 

Maximum. We undertake quality control of the data and adopt a Bayesian approach to outlier 

detection. Past rates of thinning are quantified by Monte Carlo linear regression analysis. The 

resulting data set is the first Antarctic wide collation of past rates of ice sheet thinning and thus 

provides a useful information for undertaking future model-data comparisons. The timing and 

magnitude of changes are spatially variable and the patterns allow us to draw inferences on potential 

driving mechanisms as well as allowing comparison to contemporary ice sheet thinning. 
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The West Antarctic Ice Sheet (WAIS) is one of the largest potential sources of future sea-level rise. 

For the last 40 years glaciers around west Antarctica have thinned at an accelerating rate resulting in 

greater destabilisation of the WAIS. These changes are likely driven by an increase in ocean 

temperature, however, due to difficulties in calibrating proxies for the Southern Ocean, our 

understanding of this mechanism is limited to last few decades of instrumental records. Glycerol 

Dialkyl Glycerol Tetraether (GDGT) proxies (e.g. TEX86 and TEX86L) are powerful tools for 

reconstructing ocean temperature, but these proxies have been difficult to apply in the Southern 

Ocean. In this study, we characterise intact GDGTs (iGDGTs) representing living archaeal population 

and test the hypothesis: “Ocean physicochemical parameters and nutrient cycling control iGDGT 

signatures in the Southern Ocean”. We analysed suspended particulate matter (SPM) samples from a 

range of depths and along a temperature and nutrient gradient from the Amundsen and Scotia Seas. 

GDGT and monohydroxylated GDGTs (OH-GDGT) make a significant contribution to the overall 

iGDGT suite, with diOH-GDGTs a relatively minor component. Low diversity in the number of 

cyclopentane moieties was found with GDGT-0 and crenarchaeol dominating the iGDGT suite. Three 

polar head groups were identified including, monohexose, dihexose (DH), and hexose-

phosphohexose (HPH). iGDGTs show clear depth trends, where GDGTs associated with the DH and 

HPH head groups relatively abundant at the thermocline potentially suggesting active archaeal 

populations at this depth. Furthermore the relationship between iGDGT relative abundances and 

physicochemical properties of the Amundsen and Scotia Seas is complex and we discuss the 

implications this has for reconstructing palaeo-ocean temperature in this environment. 
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The new NERC-commissioned UK polar research vessel, RRS Sir David Attenborough, is currently 

under construction at the Cammell Laird shipyard in Liverpool. When the ship is ready for operation in 

2019, it will host a wide array of scientific instrumentation and as a marine platform will deploy a range 

of remotely-operated data gathering equipment, both marine and airborne. The resulting datasets will 

be both complex and voluminous and their management and availability will need to fulfil the 

requirements of a wide range of end users from cruise participants to global data archiving facilities. 

The UK Polar Data Centre, based at the British Antarctic Survey, is leading on the development of the 

scientific data management systems aboard the new vessel. While the design of the ship’s IT 

infrastructure is broadly agreed there are a number of key decisions to be made in relation to data 

including: What system will be used to log underway data? How do cruise participants want to interact 

with these logged data? How will scientific deployments (events) be recorded? How will real-time data 

be visualised on board? What data subsets need to be streamed off the ship in near real-time? These 

questions (and many more like them) can only be answered effectively by consulting with end users. 

This presentation will provide an overview of the scientific instrumentation currently planned for the 

ship and the types of data that will be routinely collected. Various options to address the key 

questions will be presented and an opportunity will be provided for the marine community to have 

their say in these upcoming decisions. 
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Reference placards describing photo-identification features for large whales have been developed for 

distribution to naturalists and citizen scientists in the South Georgia and Antarctic Peninsula region. 

Information includes primary ID features used for seven species likely to be encountered; right, blue, 

sei, fin, humpback and killer whales (key species), to orient photographers to the basics of whale 

identification photography. Minimal training is required for a considerable improvement to the quality 

of identification photographs that are collected by naturalists and citizen scientists and ultimately 

provided to established photo-ID catalogues from the region. Photo-identification is a non-invasive 

method of tracking individual whales, informing scientists, policy-makers and managers of population 

movements to/from Antarctic habittas. A formal collaboration with the global photo-ID platform, 

HappyWhale (Cheeseman and Southerland 2018) was established to enable photographers to 

contribute images of all species to a single point contact. Sightings are incorporated into a global web-

based photo-identification platform; photographers are informed of matches made from contributed 

images; and images are forwarded on to relevant regional catalogue curators.  
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Bedrock samples from below the West Antarctic Ice Sheet are much sought after because they will 

allow us to define the margin of the ice sheet across geological time. A wide range of geological 

studies are seeking to understand smaller-than-present configurations of the ice sheet as part of 

efforts to better predict future behaviour of the ice sheet in a warmer world. One approach to doing 

this is to retrieve bedrock from beneath the ice and measure the inventory of cosmogenic isotopes 

that have accumulated during past exposure in warm periods. Careful site selection and analysis will 

allow us to test past ice sheet retreat scenarios. However, there is a logistical cost involved in moving 

from one location to another, and this cost becomes prohibitive when today’s deep drilling rigs, with 

masses of tens of tonnes, are considered [1]. A tool with the ability to bring up subglacial samples, 

and be deployed on a single aircraft, would provide the logistical flexibility we need to create an 

effective grid of sample points all across West Antarctica. 

This tool, the Percussive Rapid Access Isotope Drill (P-RAID), is currently being developed based on 

the existing BAS RAID ice drill [2]. By incorporating a number of low weight-on-bit concepts originally 

developed for Mars sampling applications [3] rock drilling is achieved using the BAS RAID concept. 

The original RAID drill includes a wireline sonde that can penetrate the ice sheet, and when the 

ice/rock interface is reached the lower part of the RAID sonde will be replaced with the new P-RAID 

sonde tip to take a rock sample from the bottom of the hole. The P-RAID sonde tip, as designed, is 

approximately 4m in length and 81mm in diameter, and will operate at a weight-on-bit of 

approximately 10-20N. Given that the mass of the sonde tip alone is approximately 50kg, this means 

that the device must be supported through the cable while a smaller rock-coring bit emerges from the 

bottom end to take the sample itself. The rock samples will have a diameter of 20mm and a maximum 

length of 350mm. Although P-RAID is commanded from the surface, the deployment of the rock-corer 

is managed by an autonomous control loop such that the weight-on-bit remains within preset bounds. 

Coring is achieved by a decoupled rotary-percussive method, whereby three teamed circumferential 

motors rotate the auger as a fourth larger motor operates a cam-hammer system that can be tuned to 

deliver between 1-5J per blow. Several hundred blows per minute are delivered while the auger 

rotates at a minimum rate of 250rpm to lift the spoil. The anti-torque function will be provided by upper 

part of the unaltered and well-proven RAID sonde. In the laboratory, using a technology breadboard 

with total power consumption settings of up to 150W, rates-of-progress on the order of 1m/hr have 

been recorded to depths of around 300mm in limestone, with slightly slower progress in sandstone 

and markedly slower progress in microgabbro. 

The new tool will be deployed to Skytrain ice rise in January 2019 for initial field testing. 
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Since the 1990s, satellites have shown accelerating ice loss in the glaciers draining central West 

Antarctica into the Amundsen Sea. The rate of ice loss now accounts for about 10 percent of global 

sea-level rise. Pine Island Glacier, which has the highest rate of ice loss, was the focus of the UK-

NERC iSTAR Programme and US-NSF funded projects during the past decade. Recent studies 

indicate that the greatest uncertainty and risk for future rapid sea-level rise now arises from Thwaites 

Glacier. Rapid changes are already underway and there is concern that ice sheet loss from the 

Thwaites Glacier basin will become irreversible, if it is not already. 

The need to characterize the potential range and uncertainty in Antarctic contributions to sea-level 

rise on decadal to multi-century timescales was underscored by the SCAR in its "Horizon Scan 2020", 

and by U.S. National Academy of Sciences, Engineering, and Medicine. Building on this priority, and 

recognizing the high logistic and scientific demands call for an international endeavour, the US-NSF 

and the UK-NERC have begun a joint initiative focusing on Thwaites Glacier and the adjacent 

Amundsen Sea, involving ~30 UK and US institutes, and international partners. The program will 

improve understanding of the stability of marine ice sheets, the processes of thinning, retreat, and 

acceleration, and the role of oceans in driving change. It will require shipborne, aircraft, and over-

snow research in the austral summers of 2018-2021. 

In this presentation, I will outline the programme, and the projects within it, and the ways to get 

involved. 
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South Georgia and the South Sandwich Islands (SGSSI) Marine Protected Area is one of the world’s 

largest protected areas, mostly conserving vast Sub-Antarctic deep ocean areas that harbor diverse 

vulnerable marine ecosystems. Currently, there is a lack of information on benthic diversity of the 

deep ocean floor and the linkages between deep sea areas within the SGSSI, which is required to 

provide scientific advice as a basis for management decisions.  

As part of the UK Government Blue Belt Programme, a deep-water camera system was deployed 

from the MV Pharos SG in a trial survey to obtain high-resolution imagery of the benthos around 

South Georgia, particularly within the South Georgia Benthic Closed Areas. The camera system was 

deployed across a range of depths to the north of South Georgia within the MPA, within the Benthic 

Closed Areas and across a variety of inshore habitats to examine community diversity and structure.  

The camera system will next be deployed at the South Sandwich Islands to survey the unexplored 

deep-water habitats of the region, contributing to understanding the role of habitat heterogeneity in 

shaping deep benthic biodiversity. 
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Direct Digital Synthesis (DDS) is a convenient way of generating highly linear frequency modulated 

sweeps for use in modern glaciological radar, such as the Autonomous Phase-Sensitive Radio Echo 

Sounder (ApRES). This instrument jointly developed by the British Antarctic Survey and University 

College London is being used to measure amongst others the inter-seasonal melt rates of polar ice 

sheets and is currently deployed at the Filchner Ice Shelf. As the fundamental signal processing of 

this frequency-modulated continuous wave (FMCW) radar is dependent on accurately measuring the 

phase of the echo signal, the purity of the transmitted radar chirp is of vital importance. We present a 

preliminary study to compare phase-locked loop (PLL) chirp generation systems, previously unused in 

the context of glaciological radar, over traditional DDS-based chirp generators. Simulation and 

measurement results of a model PLL-based system suggest an improvement of phase noise 

performance, along with high ramp-linearity for use in FMCW applications. The results suggest PLL 

chirp generation could potentially improve the unambiguous detection of deep internal ice-layers 

which are often masked by the noise floor and spurious tones associated with DDS-based radars. 

Furthermore, up to an order-of-magnitude reduction in power consumption is a useful property of the 

PLL, allowing for longer operation than currently possible. Simulations of a PLL system in the 

operating range of the ApRES are presented, and laboratory experiment results are discussed. 
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